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Result of Permeability Test
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PERMEABILITY TEST

swisshering

Swissboring Oversoas Caorporation Ltd,

CLIENT ELEXCTRIC POWER DEVELOPMENT Co. DATE 2-diclembre-2001 LUGEON TEST N°. 1
PROJECT . TOROLA HYDROELECTRIC COMPLEX SITE DAM SITE (left margin) TESTED BY Geols. L.Peréz- R. Alvarado
HOLE Ne - CDB-1 ELEVATION 208.84 m.s.l CHECKED BY Geol. W. Hernéndez
Packer typs Neumatic Length (m) = oso Water pump Bear Royal 535 Flood ({min} =
Test geplh (M) from 2.00 to 80D
Test length {cm) L*CosX®= 50000 Dopth of hole (m) 800 Dp X(%=0
Swivel H1 (m) H1 = 280 Diamater of hote O (cmj 787 WL Before of tast {mj= 28
Water level Ha {m) 28 Ha*CosX® = 280 Hydrostatic load (kg/om2) Lh= (H1+Ma)10 = 0 560
Steel plpe, Length (m) = 1® = 500 Plastic. Plps , tength {m) im = 500 _Redugciongs,  Valv uniones 02
Diameter ¢1 {m) = 04603 Diamster ¢2 (m) =00254 o Packer 012
Coef rugosidad nl = 001 Coet rugos:dad n2 =0008 Codo 0 008
PRESSURE 1035, EFECTIVE INJEGTED WATER FLOOD SPECIRC LUGEON PERMEABILITY
TIME YOLUME ABSOPTION UKIT COEFCIENT
Po PlowP1+P2+P3 |Pe= Po4lh - P t at Go=Qtt | Qi=Gso0o0 | az=qmoo | Ae=a/L {uy - l";ﬂ 3 '%}T' In %
e}
(kejerm2) { kgiem?) { kgfem?) ¢min) {1 {rin) oY) (emefs) {¥minjm) UL (cm/s)
160 & 08000 t 56 10 000 0.00 0 ODE+00 0.00 0.00 0.0 0 00E+00
0.00 0 DOOCG 0.56 10 000 00D 0 00E+00 D00 Qg0 0.0 0 ODE+00
G o0 0 80000 0.58 10 00D s3] 0 00E+0D 0.00 Qoo 00 0 Q0E+00
0oy 000000 058 10 0.00 0430 D 00E+00 000 0.00 00 0 O0E+00
a GG 006000 056 10 oco 0.00 0 DDE+DD 0.00 000 oo 0.00E+00
TOTAL LOSS LOAD
Pc= Pc, +Pc, + Pc,
1
p, . 1034 ()" * Q)" It 10 34*(n,)* *(Q,") *Im .
L= 533 P, = 5 33 P3 =2(1 (Ql)
@) ¢2)
P1= loss Joad on steel pipe P2= loss load on plastc pipe P3= loss load on reducciones,
valvulas y uniones
2
2 VALUES OF LUGEON UNIT
! LUGEQN UNIT
? Qo 02 04 o8 (-] 10
-~ 1 H Io.c
..§’ 1 g 2leo
£ E afeo
o E
a0 §6 2 4o
E
0 B slep
1]
o PERMEABILITY (LU) = 00
000

Po = Pressure Reading; Lh = Hydrostalic Load; Plo = Loss Pressure,
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PERMEABILITY TEST swissbering
Swissbonng Overseas Corporation Ltd,
CLIENT ELECTRIC POWER DEVELOPMENT Co. DATE 2-diciembre-2001 LUGEON TEST N° 2
PROJECTTOROLA HYDROELECTRIC COMPLEX SITE DAM SITE (left margin) TESTED BY Geols. L.Peréz- R, Alvarado
HOLE No CDB-1 ELEVATION: 208.84 m.s.] CHECKED BY: Geol.W. Herndndez
Packer type Neumatic Length {m) = C 8 Water pump Bean Royal 535 Flood (t/min) =
Test depth {m) from, 500 -] 1000
Test length (om) L*CosX®= 50000 Depth cf hote {m) 1000 Dip X{9= D
Swivel K1 (m) 1] = 080 Diameter of hole D (cm) 787 W L Before of test (m)= 2 55
Water level Hs () 255 Ha*CaosX® = 255 Hydrostatic toad (kg/em2]  Lh= (H1+Ha)10 = 0315
Stesl pipe, Length (m) = 1t = 500 Plastic Plpe . Length {m) im = 500 _Reducciones,  Valv uniones 0z
Dameter &, (m) = 00603 Diameter ¢z Im) =00254 @ Packer 012
Coef rugosidad nl = 00 Coef rugosidad n2 =0008 Codo 0aoa
PRESSURE Loss EFECTIVE PUECTED WATER FLOOD SPECIRG LUGEDR PERMEABILTY
AEADING PRESSURE PRESSURE TIME VOLUME ABSOPTION UNIT GOEFICIENT
Fo Plo=P14P2+P3 JPe= Podth - Pl t o Go=oypt | Q1=yeno0o | z=grous | Ae=Q/L |y . 10; ;\0 K- 2:01: = u?-ﬁ!:
( kgfem? ) [ kg/em?) ( kgicm?) (min) 0] {\frmin) (m/s) {ema's} {¥min/m) UL (cm/s}
1.00 0.00000 1.32 10 000 0 00 0 00E+00 0.00 000 00 0 O0E+00
300 0 00019 331 10 B.00 080 1 33E-05 13 33 016 0.5 6 25E-06
500 0 00306 531 10 32 00 320 5 33E-05 53 33 064 12 1 56E-05
300 0 00015 331 10 700 070 1 17E-05 1167 014 04 5 47E-06
100 0 00000 132 10 000 000 0 00E+00 000 000 00 0 ODE+0D
TOTAL LOSS LOAD
Pc= Pc, + Pc, + Pc,
2
p. 10347 (@) * (@)1 p L1034% (@) *(Q,") *m P -Se’@Q
! @ 553) 2= 53 3—20' ( 1)
1 ¢.7)

Pe {kg/cm?)

P1= loss load on steet pipe

P2= loss load on plastic pipe

200

150
Q (/min)

Po = Pressure Reading, Lh = Hydrostatic Load, Plo = Loss Pressure,

P3= loss load on reducslones.
valvulas y uniones

VALUES OF LUGEON UNIT

LUGEOM UNTT
14 0.2 04 08 o2 10 12 14

1|00
% 2 05
w3 1.2
g
B 4 04
2
* sloo
PERMEABILITY (LU} = 1.2
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swisshering

PERMEABILITY TEST
Swissboring Overseas Corporation Lid,
CLIENT ELECTRIC POWER DEVELOPMENT Co. DATE 2-diciembre-2001 LUGEON TEST N% 3
PROJECT TOROLA HYDROELECTRIC COMPLEX SITE: DAM SITE (left margin} TESTED BY Geols. L.Peréz- R. Abvarado
HOLE No CDB-1 ELEVATION' 208.84 m.s.l CHECKED BY Geol.W. Hernédndez
Packer type® Neumatic Length {m) = 08B0 Water pump Bean Royal 535 Flood {l/min) =
Test depth (m) from 1000 to 1500
Test length {cm) L*CosX®= 50000 Depth of hole (m): 1500 Dp X(=0
Swivel H1 (m) Hi = 170 Dlameter of hale D {cm) 757 WL Before oftest (mjr 4 5
WalerlevelHa (m) 465 Ha*Cos X° = 450 Hydrostatic load {kg/em2)  Lh= (Hi+Ha)/i0 = 0620
Sigel pipe, Length {m) = 1n = B&OD Ptastic Pipa.. Length {m) im = &00 _Beduccinnes, Valv uniones 0.2
Dmeter ®1  (m) = OoBO3 Diameter  $2 () =Do0254 a Packor 012
Cosl rugosidad nl = 001 Coef rugesidad n2 =0008 Codo 0008
PRESSURE LO3S EFECTIVE MIECTED WATER FLOOD SPECIRC LUGECH PERMEABILITY
READING PRESBURE PRESSURE TIME VOLUNE ABSOPTION UNIT COERCIENT
Po PlooP14P2sP3 |Pe= Posih - Pi t at Co=Gtn | Q1=0/E0000 | 020100 | Ae=Q/L |y _ 10The |k e enit
(kg/iem? ) (kg/em2) (®gyemz2) {min) n (vmin) {rry/s) [crm/s) {Ymin/m) UL ° (emys)
100 000686 1.61 10 48.00 480 8 QDE-05 8000 096 60 7 TE-05
500 007604 5.54 10 160 Q0 16 00 2 67E-04 266 67 320 58 7 48E-05
1000 D 39982 10 22 10 367 00 36.70 6.12E-D4 61167 734 72 9 30E-05
500 006160 556 10 144 00 14.40 2 40E-04 240 00 288 52 6,71E-05
1.00 000000 162 10 000 000 0 O0E+00 000 000 00 C 00E+00
TOTAL LOSS LOAD
Pc= Pc, + Pc, + Pg,
p, 1034 *(n)* *(Q)* 1 p 1034 (@,)"*(Q,)*Im P .
s (¢ 5-33) 2 = 533 3 =20. (Ql)
1 (‘15 2 )
P1= loss load on steel pipe P2= loss load on plastic pipe P3= loss load on reducciones,
valvulas y uniones
12 -wmrr~er-r-=--p--—-p----p--eep-srm oo

Pe (kg/em?)
o
1
n
1
‘
1
L
1
[}
1
1

1 1 1 r

) 1 i
[1J S s POV

i
PR I

VALUES OF LUGEON UNIT

LUGEGH UNIT

00 19 20 30 40 50 60 70 a0

PRESEURE RANGE

[
!

1
1
I
L3 T
H
5
t

000 500 1000 1500 2000 2500 3000 3500 4000

Q (i/min)

Po = Pressure Reading, Lh = Hydrostatic Load, Plo = Loss Pressure,

PERMEABILITY (LU) = 72
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swisshering

PERMEABILITY TEST
Swissbonng Over Corporation Ltd.
CLIENT. ELECTRIC POWER DEVELOPMENT Co. DATE:  3-diciembre-2001 LUGEON TEST N& 4
PROJECT'TOROLA HYDROELECTRIC COMPLEX SITE. DAM SITE (left margin) TESTED BY Geols. L.Peréz- R. Alvarado
HOLE No.: CDB-1 ELEVATION 208.84 m.s.] CHECKED BY: Geol,W. Hernéndez
Packer type Neumatic Length (m) = ¢BO Water pump Besn Royal 535 Flood {Umin) =
Test depth {m) from 1500 o 2c 00
Test length {em) L*CosX°= 50000 Depth of hole {m) 2000 Dip X(9=0
Swivel H1 {m) H = 280 Diameter ot hale D {em) 757 W |, Belare of test {m)= 4 §
Water lavel Ha (m) 48 Ha*CosX® = 480 Hydrostatic load (kg/em2)  Lh= (H1+Ha)10 = 0760
Stepl pige. Length ) = 1t = 500 Plastic Pipe, Length {m) im = 500 _Foduccionas:  Valv uniones 02
Dlameter ¢ (m) - 00603 Diameter @z (m) =00254 o Packer 012
Coef rugoesidad [)] = 001 Cosf rugosidad n2 =04008 Codo ocoe
PRESSURE LOSS EFECTIVE INJECTED WATER FLOOD SPECIFIC LUGEON PEAMEARILITY
READING PRESSURE PRESSURE TME VOLUME ABBOPTION uNT GOERGHENT
- Q2 L
Fo PlosP14P2¢P3 [Pess Poilh - Pl 1 ar Do=Otf | 0I=0/80000 | G2=C"100/8 | A8=0/L 1y « ILBR Y Koo i e
[ kgfeme) [kg/lem?) { kefemz } {min) {1 {¥min} {rPis) {omds) (Vrainfm) UL {erys)
1.00 000120 176 10 20.00 200 3.33E-05 33 33 040 23 2 95E-05
500 D 05576 5.70 10 137 00 13 70 2 2BE-04 22833 274 48 6 22E-015
10 09 1.42528 933 10 693 00 69 30 1 16E-03 1155 00 15 86 148 1 92E-04
500 0 15436 561 10 22800 22 80 3.80E-04 380 00 4 56 81 1 05E-04
100 0 00087 176 10 17 00 170 2 83E-05 28 33 034 19 2 50E-05
TOTAL LOSS LOAD
Pc= Pc, +Pc, +Pc,
p, 1034 * ()" * (@) "It p, J1034*(@,)°*(Q;) Im P (0
1= (¢ 533) 2 = 533 3 =Ea ( 1)
1 (‘«t' 2 )
P1i= loss load on steel pipe P2c loss load on plashe pipe P3= loss toad on reducciones,
valvulas y umones
10 -'__!‘""'I"'___l"_""l_‘__"r"—'__l__-_—as___-l

Pe (kg/em?}

Qo 20

VALUES OF LUGEON UNIT

LUGECN UNIT
40 €0 &0 100 1zo 140 6o

1 23

PRESSURE RANGE
w

3 1_"'5___|_____L_--_l_____L...___l___.._L.-..__:___..-
1 1 ' ] 1 1
'Y S U DU U U P S S
000 10.00 2000 3000 4000 5060 60.00 700D B0CO
Q (l/min)

Po = Pressure Reading; Lh = rydrostatic Load, Plo = Loss Pressure

PERMEABILITY (LU) =

144

148

7-5-4
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swissbering

PERMEABILITY TEST
Swissbonng Ove Cotparation Lid,
CLIENT ELECTRIC POWER DEVELOPMENT Co. DATE:  3-diciembre.2001 LUGEON TEST Ne. §
PROJECT'TOROLA HYDROELECTRIC COMPLEX SITE DAM SITE (left margin) TESTED BY Geols. L.Peréz- R. Alvarade
HOLE No. CDB-1 ELEVATION: 208.84 m.sd CHECKED BY Geol. W, Hernéndez
Packer type Neumatic Length {m) = 080 Water pump Bean Royal 535 Flood @/min) =
Test depth {m} from 2000 o 2500
Test langth {&m) L*CosX®= 50000 Depth of hole (m}) 2500 Dip X@=0
Swivel H1 (m) Hi = Q080 Diamster of hels D (em} 757 W1 Belore oftest (m)= 77
Water level Ha (m) 77 Ha*CosX® = 770 Hycdrostatic load {kgfoma)  Lk= {H1+Ha)/10 = 0850
Stesl pipe: Length (m) = " = 500 Plagtc Pipg . Length {mj) im = 5§00 _Hoducganes, Valv uniones o2
Drameter ¢g {m} = 00603 Diametar @2 {m) =00254 141 Packer otz
Coef nugosidad m = 001 Coet rugosidag n2 =0008 Cedo 0008
PRESSURE 103 FFECTWE INECTED WATER FLOOD SPECIFIT VUGEDN PERMEAGILITY
READING PAESSURE PRESSURE TME VOLUME ABSOPTION v COERGENT
Po PlosP1+P2+Ps [Pe= Fodlh - Pi t Qt Qo=0iA | Q1=Q/80000 | Qz=QM100%8 | Ae=0/L |ui« E’% K~z ,‘OP: e '2'15!"
{ kglem?) { kg/om?} {kglerm? ) (min (0 {/min} (s} {cmys) (Yminim) UL {cmmys)
100 000868 184 10 54 GG 540 5 ODE-05 2000 108 59 7 60E-05
5.00 0 52610 532 10 421 00 4210 7 02E-04 701 67 842 158 2.05E-04
10.00 192313 893 10 805 00 B0 60 1 34E-03 1341.67 16 10 180 2 34E-04
5,00 0 55395 530 10 432 00 43 20 7 20E-04 720.00 B 64 6.3 2 11804
i 00 004495 1.81 10 123 00 1230 2 05E-04 205 00 248 136 1 77E-D4
TOTAL LOSS LOAD

Pc=Pe¢, +Pc, +Pcy

= 10.34 * (n,)* * (le) 1t

=10.34*(n2)2 *(Q,)*Im
¢,"")

P,
CP)

P,

P, = 20‘ *(Qy)

P2= lpss load on plastic ppe

P1=lass load on stesl pipe

P3= loss load on reducciones,
valvulas y uniones

______ . VALUES OF LUGEON UNIT
1
"""" ‘: LUGEQK UNTT
e (1] 50 1040 150 200
ﬁE‘ _______ _E 1 59
2 ! ¥ 158
- S IR P Sy upp s PR “
5 e _!_ § ) 1390
& : § 4 163
_______ 4 £
1 5 2.8
——————— -
_______ J
, o PEAMEABILITY (LU) = 18.0
0oo 20 00 40 00 60,00 8000 100 Q0
Q (/min)
Po = Pressure Reading; Lh = Hydrostatc Load, Plo = Loss Pressure.
7-5-5




swissbering

PERMEABILITY TEST
Swiasboring Overseas Corporation Ltd,
CLIENT: ELECTRIC POWER DEVELOPMENT Co. DATE'  3-diciembre-2001 LUGEON TEST N° 6
PROJECT TOROLA BYDROELECTRIC COMPLEY SITE DAM SITE (left margin) TESTED BY Geols. L.Peréz- R. Alvarado
HOLE No.; CDB-1 ELEVATION 208.84 m.s.] CHECKED BY. Geol. W. Hernéudez
Packer type Neumatic Length [m) = [P F:1V] Water pump Bean Royal 535 Flood {/min} =
Testdepth (m) from 2500 1o 3000
Test length (em) L*CosX®= 500,00 Depth of hole (m) 30 0C Dp X(O=0
Swival Ht {m) H = 060 Diamneter of hole D (cm) 757 WL Before of test (m)= 4 8
Water lavelHa im) 48 Ha*Cos X% = 480 Hydrostatic foad (kg/em2)  Lhe (H1+Ha)/10 = D540
Steal pipe, Length {m) = i = 500 Plastic Pipa . Length (m) im = 500 _Radugclangs, Valv unines 6g
Diameter (m) = 00603 Dameter P2 m} =00264 o Packer 012
Coef rugosidad nt = OO Cosl sugosidad 2 =0008 Codo Q008
PAESSURE L0ss EFECTIVE INJEGTED WATER FLOOD SPECIFIC LUGEGH PERMEABIITY
TIME YOLUME ABRSOPTION UNT GOEFLGIENT
Pa Plo«P14P2sPs [Pe= Podlh - Py 1 o Qo=Gut | Q1=0/60000 { G2=0¥100/6 | Ae=Q/L U . J0tAe | B2 w0l
{ kgleme) (kglem®) { kgiem?) (min) (1) (iimin) (m?/s) (em¥s) fifmin/m) UL {emys}
1.00 0 00000 1.54 10 000 000 0 00E+00 000 000 00 0 QOE+00
500 000158 5,54 10 2800 230 3 B3E-05 38 33 Q46 08 1 08E-05
100D 007785 10 46 10 162.00 16 20 2 70E-D4 270 00 3.24 31 4 01E-05
500 0.00868 5,563 10 54 00 540 9 00E-05 90 00 108 20 2 53E-05
1.00 0 00000 154 10 000 000 0 ODE+Q0 000 0.00 00 0 DDE+00
TOTAL LOSS LOAD
Pe= Pe, + Pc, +Pc,
p, . 1034 @) *(Q) " I p, 10347 @) *(Q))*Im P, = Sa*(Q)
! 533 2 = 53 3= Z 1
@, ) {¢.)
P1= loss load on steel pipe P2= loss load on plastic pipe F3= loss load on reducciones,
valvulas y uniones
VALUES OF LUGEON UNIT
LUHGEON UNIT
08 05 10 15 20 25 38 25
' 1|ee
E w
D
E g 2 oe
= E 3 ar
E ‘a,, 4 20
E 5|00
PERMEABILITY {LU) = 341

Po = Pressure Reading, Lh = Hydiostatic Load, Pio = Loss Pressure
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swissbering

PERMEABILITY TEST
Swisaboring Overseas Corporation Lid.
CLIENT. ELECTRIC POWER DEVELOPMENT Co. DATE 3.diciembre-2601 LUGEON TEST N° 7
PROJECT.TOROLA HYDROELECTRIC COMPLEX SITE BAM SITE (eft margin) TESTED BY Geols, L.Peréz- R, Alvarado
HOLE No* CDB-1 ELEVATION- 208.84 m.s.l CHECKED BY Geol, W. Hernsndez
Packer type' Neumatic Length (mj = o] Water pump, Bean Royal 535 Floog imin) =
Test depth [m) from 3000 to. 35 op
Test langth {emj L*¥CosX®= 50000 Dapth of hole [m) 35 00 Dip X{=0
Swivel H1i (m) H1 e 09D Diametsr of hole D (em) 787 W L Befare of test {m)= 4 75
Water lovel Ha () 475 Ma*CosX® = 475 Hydrostatic load kg/em2)  Lh= {Hi+Haj10 = 0565
Sleot pipg. Length (m) = ® = BOO Plaghc Pipe. Length {m) im = 500 Besucclones,  Valv uniones 02
Dlamster ¢= {m) = 0.0603 Diameter ¢z fm) =00254 a Packer 012
Coet rugosidad 3] = 0O Coef rugesidad n2 =0008 Cado 0 008
PRESSURE L0589 EFECTVE INJECTED 'WATER FLOOD SPEGIAC LUGEON PERMEABILITY
P TIRE VOLUME ABSOPTION UNIT COEFICIENT
Po PlosP1+4P2+Py |Pe= Posih . I t ct Qo=Cit | Q1=QE0000 | Q2=0-100/8 [ Ae=G/L juL .. JE;_AE k-2 crnlk
o nrs
{ kgfom? § { kgfem? } (kgicn¥ } (i} 3 (Yerun} {mYs) (cm?/s) {Venin/m) UL {cmis)
100 000000 1.67 10 000 000 0 DOE+00 0.00 000 0o 0 Q0E+00
500 0 06863 5 50 10 152 00 15.20 2 53E-04 25333 3.04 55 7 16E-05
10 00 190407 8 66 10 801 00 80,10 1 34E-03 1335 00 1602 185 2 40E-04
560 ¢ 47970 509 10 402 00 40 20 6 70E-04 670,00 BG4 158 2 DSE-N4
100 003215 153 10 104 00 10.40 1 73E-04 173 33 208 138 1 76E-04
TOTAL LOSS LOAD
Pc= Pc, +Pc, + P¢,
10.34 *(n,)* *(Q)* It 10.34*(n,)* * (Q,%) *Im
- 2 2 *
b= (¢ 533) P, = 533 PS =Eu (Qz)
1 (¢.7)
P1= loss load on stee! pipe P2< [oss load on plastic pipe P3= lpss Joad on reducciones,
vahvulas y uniones
W= | i st T T T T m———— b hufd =
' \ ' e VALUES OF LUGEON UNIT
2 I e e —m—a I o= = - ==~ 1m - —- - —B E 6 -—-
b 1 1 !
[ 3 e b I e 4 LUGEOK UNIT
o S :____7*,_ _____ L o] 00 50 :?j 150 200
Y S b Lo R ER—— . e
© 50 ! 1 1 1 e 55
- I N ol T ¢ [+ P T [ w z
4 ' 1 1 1 1 LY 85
o df--nfa_o [ Ji [ | S | u
& : ‘/ : : : : ﬁ 4 158
3 b Aty v mTTT T 1T T T T T ST 3JTTT T T | -]
\ 1 ' 1 ' & 5 ET
I= ! 1
1
‘ PERMEABILITY (LU) = 185

000 20 00 4000 6000 8000 100 00
Q {i/min)

Po = Pressure Reading, Lh = Hydrestatic Load, Plo = Loss Prassure
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swissbering

PERMEABILITY TEST
Swissboring Overseas Corparation Lid,
CLIENT ELECTRIC POWER DEVELOPMENT Co, DATE,  3-diciembre-2001 LUGEON TEST N%, 8
PROJECT-TOROLA HYDROELECTRIC COMPLEX SITE DAM SITE (lefi margin) TESTED BY Geols. L.Peréz- R. Alvarado
HOLE No CDB-1 ELEVATION 208.84 m,s.] CHECKED BY Geol.W, Hernfindez
Packer type Neumatic Length (m) = o08p Water pump Bean Royal 538 Fleod (Ymin) =
Test depth {m) from 3800 10 40 00
Test length {om) L*CosX*®= 50000 Cepth af hele (m) 4000 Dip X(B=0
Swivel H1 (m} H = 100 Diamater of hale D (om) 757 WL Before of test (m)= 64
Wator levet Ha () 64 Ha*CosX® = 640 Hydrostatic load (kg/em2)  Lh= {H1+Ha)/10 = 4740
Steel pipe. Length (m} = 1 = 5§00 Plastic Pine,, Langth {m) tm = 500 Baguoclonas,  Valy unanes a2
Thameter ¢'1 {m) = 0 0EL3 Diameter ¢2 (m: =00254 Q Packer o2
Coe! rugosidad nl = 00 Cosf rugosidad n2 =DQ08 Codo 0ocs
PRESSUAE Lots EFECTVE INJECTED WATER FLOOD SPECIAG LUGEON PERMEABLITY
READING. PRESSURE PRESSURE TIME VOLUME ABSOPTION uKIT GOEFICIENT
Po Plo=P1+P2+P3 [Pe= PoLh - Pl t at ac=Qtt | Q1=Cyeon00 | Qz=0t1005 | Ae=0/L JuL= ‘_‘%52 K- 2:’: oo 2D1'
( kglemz) { kglom?) ( kgfom? ) imir) 4] {l/rnin) {rmd/s) {em3s) (Umin/m}) uL [emiE)
100 0 00306 174 10 32 60 320 5 33E-05 53 33 064 37 4,77E-05
500 0 78110 496 10 513 00 51 30 8 55E-04 855 00 10 26 207 2 68E-04
1000 2 80370 794 10 972 QQ 97 20 1 62E-03 1620 00 19 44 245 3 17E-D4
500 0 79948 4.94 10 519 00 5180 B 65E-04 865 00 10 38 210 2 72E-04
100 0.15572 1,58 10 229 00 22 90 3 82E-04 381 67 4 58 28.9 3.74E-04
TOTAL LOSS LOAD
Pc= Pc, +Pc, +Pc,
2
p. 21034 " (0))* * (Q) *1t 10.34*(n,)**(Q,")*Im P "
e (¢ 533) P, = 53 3 =EU. (Ql)
1 (¢ 2 )
P1= loss load on steel pipe P2= loss load on plastic pipe P3= loss load on reducciones,
valvulas y uniones
9 _______________________________________
I S ¢ T VALUES OF LUGEON UNIT
2 U R o LUGEGN UNIT
0o 50 00 150 200 258 300 350
%‘ L el St o= 1 azr
-3, S s’ 5Vl E 2 207
A S e PO g "
[ g
N a4 U E 4 210
o g 288
1 .
L , ! [ , PERMEABILITY (L) = 245
000 2000 40 00 60 00 8000 100 00 12000
Q {K/min)
Po = Pressure Readng, Lh = Hydrostatic Loag, Ple = Loss Pressure
7-5-8
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swisshering

PERMEABILITY TEST
Swissboring Overseas Corporation Lid,
CLIENT ELECTRIC POWER DEVELOPMENT Co, DATE, 4-diciembre-2001 LUGEON TEST Ne. 9
PROJECT.TOROLA HYDROELECTRIC COMPLEX SITE DAM SITE (left margin) TESTED BY Geols, L.Peréz- R. Alvarado
HOLE No CDB-1 ELEVATION 208.54 m.s.l CHECKED BY- Geol.W. Herndndez
Pacier type Neumatic Length {m) = osp Water pump Bearn Royal 535 Flood {Umin) =
Testdepth (m) from 40 00 to 45 Q0
Test length fcm) L*CosX®= 500.00 ! Depth of hole ) 48 00 Dip X(3=0
Swivel H1 {m) H1 = 205 Diameter of hole D {om) 757 WL Belore of test (m)= 2095
Water level Ha f[m) 2095 Ha*Cos X° = 2095 Bydrostatic lpad (kgicm2)  Lh= (H1+Ha)/10 = 2300
Steel pipe, Length (m) = 1t = 500 Pilastic Pipa . tength {m) im = 500 _Bedutciones, Vaiv uniones 0z
Demater $1 (m) = 00602 Dameter ®2 () =00254 o Packer, 012
Coef rugosidad L] = 901 Coef rugosided n2 =0008 Codo 0008
PRESSUAE LOSE EFECTIVE IRIEGTED WATER FLOOD SPECIAE LUGECN PERMEABILITY
TIME VOLUME ABSOFTION UNIT COEFICIENT
Po Plo=P1+P2+P3 [Pe= PodLlh - PI 1 al o=ttt | O1eGre0o0 | az-gmooe | Aesa/L |uL.l0tdelx 92 .2l
Pe 2abe L o
{ kglem?} { kgrern? } { kg/eme ) {min) i) {Vmin) {mPfs) {cmYs) min/m) UL {emi's)
100 0 00000 330 10 000 000 0 OOE+00 0 0o 0 GO oag 0 00E+00
500 002972 727 10 10000 10.00 167E-04 166 67 200 28 3 56E-05
10 0D 099842 1130 10 580 00 58.00 9 67E-04 966 67 1160 108 1.33E-04
506 042414 6,88 10 37800 37.80 6 J0E-04 630,00 756 110 142E-04
100 006419 324 10 147 00 470 2 45E-04 245 00 294 91 1 18E-04
TOTAL LOSS LOAD
Pc= Pc, + Pc, +Pc,
p, 1034 () * ()"t 10.34*(n,)* *(Q,*) *Im P -
P= 6 ) P, = 5 3 =2°— Q)
¢, 6.7
Pt= ioss load on steel pipe P2= loss load on plashc pipe P3=lpss load on reducciones,

Pe (kyiem?)

0+ it + e et !
oao 10.00 20 00 3500 40 00 5000 60 00 7000
@ (I/min)

Po = Pressure Reading; Lh = Hydrostatic |.oad, Plo = Loss Pressure

PRESSURE RANGE

valvulas ¥ uniones

VALUES OF LUGEON UNIT
LUGEGN URIT

0o z0 40 0 g0 w0 120
Jee
2 28
3 103
4 1ne
5 91

PERMEABILITY (LU) = 10.3
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swisshering

PERMEABILITY TEST
Swissbonng Ovearseas Corporation Lid,
CLIENT. ELECTRIC POWER DEVELOPMENT Co. DATE 4-diciembre-2001 LUGEON TEST N> 10
PROJECT TOROLA HYDROELECTRIC COMPLEX SITE DAM SITE (left margin) TESTED BY Geols. L.Peréz- R. Alvarado
HOLE No CDB-1 ELEVATION 208.84 m.s.l CHECKED BY- Geol.W, Herngndez
Packer type Neumatic Length (m) = 0ac Waler pump Bean Royal 535 Flood {l/min) =
Test depth {m) from 45 00 o 50 00
Test iength {erm) L*CosX°= S00Q0 Depth of hole (m}) 5000 Op X{9=0
Swival H1 (m) H1 = 095 Diameter of hole D (em) 757 WL Before of test {m)= 3615
WatertovelHs (m) 36 15 Ha*"CosX° = 2615 Hydrostatic foad (kg/fcm2} Lh= (H1+Ha)/10 = ano
Steol pine, Lengih {m) = 1t = 500 Plashc Pipe, Length (m) 1m = 500 _Reducciones, Valv wniones 0z
Dizmeter %1 (m) = 00803 Dameter $2 (m) =00254 a Packer 012
Cosf rugosidad nl = 001 Caoel rugosidad nZ2 =0008 Codo 0008
PRESSURE Loss EFECTVE INECTED WATER FLOOD SPECIFIC LUGEON PEAMERBILITY
READING PRESSURE PRESSURE TIME VoLUME ABSOPTION UNIT COERCIENT
Po Plo=P1+P2+P3 |Pe= PofLh - Pi t o co=att | 01=0/60000 | Q2=0*100/6 | Ae=Q/L |uLe % K- ,_f,f T 'ln%"
{ %gfome ) { kg/eme) { kglom?) {min) (1 {Wmin) (m¥s) (eme/s) (¥mun/m) uL (cms)
100 007700 463 10 161 00 1610 2 BBE-04 268 33 322 70 9 0DE-05
500 1 20805 750 10 638 00 63 B0 1 06E-03 1063 33 1276 170 2.20E-04
1000 361028 1010 10 1103 00 110 30 1 84E-03 1838 33 22 06 218 2 B3E-04
500 1.84745 6 86 10 789.00 78 80 1.32E-03 131500 15.78 23.0 2 9BE-04
100 0 19764 451 10 258 0D 25 80 4 30E-04 430 00 516 114 1 4BE-04
TOTAL LOSS LOAD
Pc=Pc, +Pc, +Fc,
2
10.34 * (n,)* *(Q,") * 1t 10.34*(n,)* *(Q,”)} *1m
P.= = B, = P =2u*(Q)
( ¢ ) ( ¢ H 33) 3 1
1 2
P1= loss load an steel pipe P2z logs load on plastic pipe P3= loss load on reducgiones,
valvulas y umones
12
VALUES OF LUGEGN UNIT
10
LUGEON UNIT
oo 50 00 150 200 250
- 8 1 L]
E ‘6" 7o
B 6 z
& § a s
o E
& 4 g me
[
& 5 14
2
0 . ) . s \ " PERMEABILITY (LU) = 218
0.00 2000 40,00 80,00 8000 100 00 120 00
Q (/min)

Fo = Pragsure Reading, Lh = Hydrostatic Load, Plo = Loss Pressure
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swissbering

il

PERMEABILITY TEST
Swissboring Overseas Corporation Lid,
CLIENT ELECTRIC POWER DEVELOPMENT Co,. DATE 4-diciembre.2001 LUGEON TEST N° 1
PROJECT:TOROLA HYPROELECTRIC COMPLEX SITE DAM SITE {left margin) TESTED BY Geols. L.Peréz- R. Alvarado
HOLE No CDB-1 ELEVATION- 208.84 m.sd CHECKED BY- Geol.W. Herndndez
Packer typs Neumatic Length {m) = 080 Water pump: Bean Aoysl 535 Flood ¥min) =
Test depth (m) from- 80 00 o $500
‘Test langth {em) L*CosX®= 5DDOD Depth of hola {m) 6500 Dp X(®B=0
Swivel H1 (m) H1 = 135 Diamster of hole D {em} 757 W L. Before of test (m)= 167
Waterlovel Ha (m) 167 Ha*CosX® = 1670 Hydrostatic load (hgiem2)  Lh= (Hi+Ha)19 = 1805
Stes pipa. Length {m) = it = 5@ Plastic Pipe . Length (m} im e 500 _Reducriones. Valv umiones 0z
Dametst ®;  @m) = 00603 Demeter @2  (m =005 “« Packer 012
Coef rugosidad wl = 0o Coef rugosidad nZ =0008 Code oooe
PRESSURE Loss EFECTIVE INIECTED WATER FLoDD SPECIFIG LUGEON PERMEABILITY
READING PRESSURE PRESSURE TIME VOLUME . ABSOPTION UNIT COERCIENT
Po Plo=P1+P2:P3 [Pe= Poilh - PI t @ Co=Qyt | OT=0/60000 | CA=C*0GE | Aa=Q/L UL - %ﬂg Ko 2 - -m%
I3 L3
{ koicm? ) (kgfem?) [ kgfom?) {min) [¢h] (limin) (m/s) {em?/s) {Uminym} uL (crn/s)
100 0 00000 281 10 000 000 0 00E+00 000 [TY] 0.0 0 00E+00
500 027617 653 10 305 GO 30 50 5 0BE-04 508 33 610 93 1.21E-04
10 00 187231 10 43 10 680 00 68 00 1 13E-03 1133 33 13 60 130 1.68E-04
500 0 66126 614 10 47200 47,20 7.87E-04 786 67 944 154 1 99E-04
100 0.24796 256 i0 289 00 28 90 4 82E-04 481 67 578 226 2 93E-04
TOTAL LOSS LOAD
Pc= Pc, + Pc, + P¢,
2 2
1034 * (n,)* *(Q ) *1t 10.34*(n,)* *(Q,") *Im
P = = P, = P =Eg,*(Q)
533 3 1
@, ) ¢, )
P1=loss load on steel pipe P2= loss load on plastic pipe P3= lass load on reducciones,
valvulas y uniones
VALUES OF LUGEON UNIT
LUGEGN usiT
[]] 50 wme 150 200 250
o= 1|00
g g 2 83
2 E s
g
-4 A 154
H
L 1 26
PERMEABILITY (LU} = 13.0

000

0D _ 4 0 6000 700 8000
100 2000 300 G&]gﬂn)SOD 0 0 0

Po = Pressure Reading, Lh = Hydrostatic Load, Plo = Loss Pressure.
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swisshering

PERMEABILITY TEST
Swissboring Owvearseas Corporation Lid,
CLIENT ELECTRIC POWER DEVELOPMENT Co. DATE:  S-diciembre-2001 LUGEON TEST N* 12
PROJECT TOROLA HYDROELECTRIC COMPLEX SITE: DAM SITE {jeft margin} TESTED BY Geols. L.Peréz- R. Alvarado
HOLE No  CDB-1 ELEVATION 208.84 m.sd CHECKED BY- Geol.W. Herngindez
Packer typs, Neumatle Length {m) = peo Water pump Bean Royal 535 Fiood {Umin) =
Test depth (m) from 5500 to 8000
Test length {em) L*CosX %= 50000 Dapth of hole {m} 6000 Dip X{9=0
Swivel Hi1 (m). H1 = 245 Diameter ot hole D (em) 757 WL Before of test (m)= 14 8
Water lavel Ha {m) 4 8 Ha*Cos X° = 1480 Hydrostatic lord (rgfeme}  Lb= (H1+Ha)/10 = 1725
Stes| pipe, Length (m} = 1 = 500 \Plastic Piga . Length (m) im = 500 _Regucciones, Walv unianes a2
Diameter ¢1 {m) = 09603 Diameter ¢2 {m) =00254 o Packer Q12
Coef rugosidad n = oot Cost ugesidad nz =00D8 Codo Q008
PRESAURE Loas EFECTVE INJECTED WATER FLOOD BPECIAC LUGEDH PERMEABILITY
TIME VOLUME ABSOPTION NI COERACENT
Po Plo-P1+P24P3 [Pe= Fo4Lh - Pl t at Qo=Ctt | o1-0re0000 | Ge=a*icols | Ae=Q/L JuL= ’°F' T 92 _nik
(kglem? ) (kglem? ) { kgfom?} {min) () (min} (m¥s) {eme/s) (Ymin/m) UL temis)
100 0 00000 273 10 000 A e]s] 0 00E+D0 oon 000 0.¢ 0 00E+00
500 0 00001 672 10 2.00 0.20 3.33E-06 3as 0.04 01 7 71E-07
1000 0.42414 1130 10 37800 37 80 6.30E-04 630 00 756 67 B 6705
500 0 07322 £ 65 10 157.00 15.70 2 62E-04 261 67 314 47 6 12E-05
1.00 001144 27 10 §2.00 .20 1.03E-04 102 23 124 46 5 92E-05
TOTAL LOSS LOAD
Pc= Pc, + Pc, + Pc,
2
p, 1034 (@)’ *(Q)* It 10.34* (0,)* *(Q,") *Im .
1= @ 5.33) P, = T Pa =Zu' (Ql)
1 @, )

P1=Ipss load on stee! pipe

P2= toss load on plastic pipe

Po (ka/em?)

11,ac1

PRESSURE RANGE

2000 2500

Q Hmin}

000 5§00 10,60 1500

3000 3500 4000

Po = Pressure Reading, Lh = Hydrostahc Load; Plo = Loss Pressure.

L] 10 20 a0

P3= loss load on reducgiones,
valvulas y untones

VALUES OF LUGEON UNIT

LUGEQN UNIT
40 50 &0 To an

oo

67

PERMEABILITY (LU) = 6.7
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PERMEABILITY TEST

swisshering

Swigsboring Overseas Corporation Lid,

CLIENT. ELECTRIC POWER DEVELOPMENT Co. DATE S-diciembre-200% LUGEQON TEST N¢ 13
PROIECT-TOROLA HYDROELECTRIC COMPLEX SITE DAM SITE (le margin) TESTED BY Geofs. L.Peréz- R. Afvarado
HOLE No. CDB-1 ELEVATION 208.84 msl | CHECKED BY- Geol. W, Hernindez
Patker fypa Neumatic Length {m} = 080 Water pump Bean Royal 535 Fload {min) =
Test depth {m) from 60C0 1o 85 00
Test length {om) L*CosX°= 80000 Dapth of hate {m) 5500 DPp X@=0
Swivel H (m) Hy = 110 Dlameter of hole £ femj E&-14 WL Bafare of test (m}= 2825
Watet level He m) 28 25 Ha*CosX® = 2825 Hydrostatic load {kg/em2}  Lh= (Ht+Ha}/i0 = 2938
Stesl pipe, Length {m) = i = §00 Plastc Pipe . Length (m) im = 500 - Beductienas,  Valv uniohes 62
Diamster ¢1 {m) = 00603 Diameter ¢z (m) =00254 o Facker 012
Ceel rugosidad nt = oo1 Cosl, rugosidag n2 =0008 Codo o008
PRESSURE Loss EFECTIVE NJECTED WATER FLOOD IPECIFIC LUGECH PERWEABILTY
READING PRESSURE PRESSURE TIME VOLUME ABSOPTION UNIT COERGIENT
Po PlosP1+P2+Ps {Pe= Poild - Pl 1 ot GosQUt. | G1=0/60000 | Q2+G*100/6 | Ae=Q/L fyi . 10"Ae | k. TR
L:l
(kgiem) { kgem?) { kgicm?) {mir) h {min} {m¥/s} {emd/s) {ifminym} UL {emys)
100 0.00108 393 10 1800 190 3.17E-05 31.67 038 10 1 25605
5.00 002740 7N 10 96 00 960 1 60E-04 16000 1.92 24 3,155-05
10 00 0 00345 1293 10 34 00 340 5 67E-05 56 67 0.68 05 6 81E-06
500 002999 790 il 116 00 1160 1 93E-04 193 33 232 28 3 81E-05
100 000218 303 10 27 GO 270 4 5GE-05 45 00 054 14 1 78E-05
TOTAL LOSS LOAD
Pc= Pg, +Pc, + Pc,
2
10.34 * (n,)* * *It *(m,)° *(Q,0)*
P = ( 1)533(01 ) -10-34 (nz) (Qz ) Im P. = a.*(Q )
(¢ ) F ( ¢ H 33) 3 ]
1 2
P1= loss load on steel pipe P2= loss load on plastic pipe P3= loss load on reducciones,
valvulas y uniones
VALUES OF LUGEON UNIT
LUGEON UNIT
0.0 L] 10 15 0 25 30 35
fod 1 10
£ w
% 2 2 24
= g s 08
@
-8 g 4 29
4
L | 14
PERMEABILITY (LU} = 0.5

406 200 400 800 800 10.00 1200 14 00
G (min)

Po = Pressure Reading, Lh = Hydrostathc Load, Plo = Lass Pressure
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PERMEABILITY TEST

swisshering

Swiasboring Overseas Corporation Lid,

CLIENT: ELECTRIC POWER DEVELOPMENT Co. DATE 6-dhciembre-2001 LUGEON TEST N* 14
PROJECT.TOROLA HYDROELECTRIC COMPLEX SITE- DAM SITE (left margin) TESTED BY Geols. L.Peréz- R. Alvarado
HOLE No.: CDB-1 ELEVATION: 208.84 m.s.}! CHECKED BY Geol. W, Hernéndez
Packer type Neumatic Length {m) = 080 Water pump Bean Royal 535 Flood (min) =
Test depth {m) fram 6500 1o 7600
Test length (em) L*CosX°= 50000 Daspth of hole {m} 7000 Dp X(%=0
Swvel Hi {m)y H1 = 180 Dhameter of hole D fom) 757 WL Before of test {m)= 18 57
Water levet Ha (m) 18 57 Ha*Cos X® = 1867 Hydrostatic load (kg/em2)  Lh= {H1+Ha)/10 = 2m7
Stesl pipe. Length (m) = 1 = 500 Plastic Pipe . Length (m) im = 500 _Redugciones, Valv uniones oz
Diameter ¢1 (m) = 00503 Dameter  #2 {m) =00284 24 Packer 012
Goat rugasidad ni = 00 Cosl rugoesitdad n2 =0008 Coda 0 ooe
PRESSURR 1058 EFECTWE TNJECTED WATER FLOOD SPECIFIC LUGEON PERMEABILITY
TNE VOLUME ABSOPTION uNIT CCERICIENT
Po PlocPisp2sp3 [Pe= Podlh - Fi 1 at Qo= | 1=0/60000 { Q2=C*1006 | Ae=Q/L Jur - ITAe] k- T bl
( kgiem?) {kg/em?) { kofem? } tmin} n {ljrmn) (/) (ems) (Vmin/m) UL {em/s)
100 000218 an 10 27 00 270 4 50E-05 45 00 0.54 1.8 2 32E-05
500 0 00868 701 10 54 00 540 9 00E-05 80 00 108 1% 2 D0E-05
1000 0 35744 11 €6 10 347 00 3470 5 78E-04 578 33 6.94 60 7.71E-06
500 008787 593 10 172 00 17 20 2 B7E-04 286 67 344 5.0 6.43E-05
100 (00000 302 10 0.00 0,00 G 00E+00 .00 400 aa 0 00E+00
TOTAL LOSS LOAD

Pe {kofcni?)

_10347(n,)*" Q) "It

P
@,

P1= loss load on steel pipe

Pec=Pc, +P¢, + Pg,

p _1034%@,)"*(Q,)")"Im

: @,

P2= loss load on plastic pipe

pory
F-

prs
[\

-
o

PRESSURE RANGE

1500 2000

1000

500

2500

@ {i/min}

30D 3BOD 4000

Po = Pressure Reading, Lh = Hydrostatic Load, Plo = Loss Pressure

[-1-]

Py = 2‘1* Q)

P3= loss load on reduccrones,
valvulas y uniones

VALUES OF LUGEON UNIT

LUGEON UNIT

30 40 50 [:1.] 70

PERMEABILITY (LU) = 60

280



PERMEABILITY TEST swissbering

Swissbaring Overseas Corporation Lid,

CLIENT: ELECTRIC POWER DEVELOPMENT Co. DATE 8.diciembre.2001 LUGEQN TEST N> 1

PROJECT TOROLA HYDROELECTRIC COMPLEX SITE: DAM SITE (left margin) TESTED BY Geols. L.Peréz- R. Alvarado

HOLE No- CDB-2 ELEVATION- 18395 m.s.] CHECKED BY: Geol, W. Herndindez

Packer type, Neumatic Length (m) = 080 Water pump Bean Royal £35 Flood {fmir) =

Test depth (m) from 975 to 478

Test length (¢m) L*Cos X°= 50000 Depth of hote {m} 1476 Dp X(9=0

Swivel H1{m) Hi1 = 260 Diameter of hele D {em) 7s7 WL Before of test {imjc 35

Water lavel Ha (m) 35 Ha*Cos X® = 350 Hydraostatic foad (kg/omz} Lh= {H1+Ha)1& = D10

Steslpipe, Length {m) = 1 = 500 Flaghe Pipg.. Length (m} im = 50D | Bedugtiongs, Valv uniones 02

Diameter 4 (m} = 50503 Diamster  $- (M) =00254 o Packer 012
Coe! rugosidad n? = oM Coef rugosidad n2 =0Q008 Code Q008
PRESSURE LosE LFECTIVE INJECTED WATER FLOGD SPECIFIG LUGEON PERMEABILITY
READING PRESSURE PRESSURE TIME VOLUNE APSUPTION UNT COEFICIENT
Po PlosP1spospa [Fe =Fo -Lh- Pld t o Qo-Qt | Q5=Gre0oan | G2=0*100/6 | Ae=G/L |yl v lﬂ.ﬁ‘eﬁﬁ K- EniP:'T. ik
{ kgfom? | (kg/om?] (kgiom?] {rmis} {1} L] mfs) [cmrs) {mingm) UL ems)
100 0.00000 161 10 000 000 0 00E+00 o0go 000 a0 0 GOE+00
300 0 0DB30 360 10 46.00 460 767E-05 76 67 0.92 26 331E-05
500 007795 553 10 16200 16 20 2 70E-04 270 0D 324 59 7.59E-05
300 002571 358 10 83.00 930 1 55E-04 155 00 186 52 6 72E-05
100 0 0D037 161 10 11 00 1.10 1 83E-05 18 33 D22 14 177E-05
TOTAL LOSS LOAD

Pc= P, +Pc, + Pc,

1034 *(n,)> *(Q) * 1t 10.34* (1,)* *(Q,)) *Im
P = (d’ 15-33) PZ = (:5 2533) : P3 EZG*(QI)
Pt<= loss load on steel pipe P2= |oss ipad on plastc pipe P3= loss load on reducciones,

valvulas y unicnes

VALUES OF LUGEON UNIT
LUGELN UNFF
9o 1o 20 30 40  sc 84 70

Pe (kg/em?)

PRESSURE RANGE

PERMEABILITY (LU) = 59

000 500 10.00 1500 20,00
Q (I/min)

Po = Pressure Readng, Lh = Hydrostatic Load, Plo = Loss Pressure
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PERMEABILITY TEST

swissbering

Swissboring Overseas Corporation Ltd,

CLIENT" ELECTRIC POWER DEVELOPMENT Co. DATE"  8-dctembre.2001 LUGEON TEST N* 2
PROJECT TOROLA HYDROELECTRIC COMPLEX SITE DAM SITE (left margim) TESTED BY Geols. L.Peréz- R. Alvarado
HOLE No CDB-2 ELEVATION 183.95 m.s.] CHECKED BY Geol.W. Hernéndez
Packer type Neumatic Length {m) = 080 Water pump Bean Royal 638 Flood (fmin) «
Testdepth (m) from 1500 to 20 00
Test length {cm) L*CosX°= 50000 Depth of hole (m} 2000 Dip X(9=0
Swvel Hi(m} Ht = 080 Diameter of hole D (em) 787 W L Before of tast (m)= 395
Water levei Ha (m) 395 Ha*Cos X° = 385 Hygrostatc load (kg/cm2)  Lh= (Hi+Ha)/10 n 0475
Stael plpa. Length (m} = n = koo Plastc Pipe . Length {m) im = SO0 Begucclongs, Valvy uniones 02
Drameter ¢1 m) = 00603 Diameter 92 {m) =00254 « Pagcker 012
Coef rugosidad nl = 0M Coef rugosidad n2  =0008 Codo oaes
PRESSURE 1038 EFECTIVE INJECTED WATER FLOGD 8PECIAIC LUGEON PERMEABILITY
READING PRESSURE PRESSURE TNE VOLUME ABSOFTION uNT COERCIENT
Pa Plo=P1+P2+P3 Pt =Po +4Lh- mJ t at Qo=Qift | =Q/60000 { Q2=0C"100/6 | Ae=0J/L {4 10748 U; 28} Kuo a‘: = uZ_DE
(kg/em?) (hg/em?} (kgfom?) {min) (1 (V) (méfs) (cm¥s) {fmin/em} uL ® {emfs}
1.00 000043 147 10 12,00 1.20 2 Q0E-05 20 g0 024 16 211E05
500 (01585 546 10 73.00 7.30 1 22E-04 121 67 146 27 3.46E-D5
10.00 0 19005 1028 10 253 00 25 30 4 22E-04 421 67 506 40 G 37E-05
500 004138 543 10 118 00 11 80 1 97E-04 196 67 236 43 5 63E-05
1.00 0 00077 9 47 10 16 00 1860 2 67E-D5 26 67 D3z 22 2.81E-05
TOTAL LOSS LOAD
Pc= Pc, + Pg, + Pc,
2
p. 10347 (@)’ * (@)1t p 10347(n,)" *(Q,)*Im P *
: @ %) 2 = H 3 =2a Q)
L] ¢.7)
P1= loss load on steel pipe P2= loss load on plastic pipe P3= loss load on reducciones,
vahvulas y umiones
12
VALUES OF LUGEON UNIT
10
LUGEQN UNIT
(1) 10 20 ao 40 50 €0
=~ 8 1 18
£ B 27
® 6 g ¢
®, % 3 a9
[
% 4 E 4 43
-3
& 5 22
2
a PERMEABILITY (LU) = 49
000 500 10 00 1500 2000 2500 3000
G (/min)

Po = Pressure Reading; Lh = Hydrostatic Load; Plo = Loss Pressure.
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swissbering

PERMEABILITY TEST
Swissbonng Overseas Corporation Ltd,
CLIENT ELECTRIC POWER DEVELOPMENT Co. DATE. §-diciembre-2001 LUGEON TEST N® 3
PROJECT.TOROLA HYDROELECTRIC COMPLEX SITE DAM SITE (Jeft margin} TESTED BY Geols. L.Peréz- R, Alvarade
HOLE No CDB-2 ELEVATION, 183,95 m.s.} CHECKED BY Geol.W, Hernéndez
Patker type Neumatic Length {m) = 080 Water putnp Bean Roya! 535 Flaod (ifmin} =
Test depth (m] from 2000 to 2590
Test length {em) L*CosX%= 50000 Depth of hole (m} 2500 Dy XD
Swivel H1{m) Hy = @80 Chametar of hole D {emy, 757 W L Bsicre of lest (m)= 3.5
Water level Ha {mj 35 Ha*Cos X© = 350 Hydrostatiz Joad fkglema)  Lh= [H1+Ha)10 = 0430
Steet pine, Length (m} = 14 = 500 Plast: Ping, Length (m) 1m = 500 _Reduccones,  Valv unionss 02
Giameter Pr () - pos03 Diameter 92 fm) =00254 a Packer 012
Caet rugasuiad n = 0] Coaf rugasidad n2 =0008 Code 0008
PRESSURE 1oss EFECTIVE INJECTED WATER FLOGD SPECIFIC LUGEON PERMEABILITY
READING PAESSVRE PRESSURE TRE YOLUME ABsSGPTION UNIT GOEFICIENT
- g2 2L
Po PiocP1+P2+P3 [Pe =Po 4Lh - Py t ot Qo= | Q1=Q/60000 1 Q2=C*100/6 Ae=Q/L |yy « ?GP:G Ko T “lp =
{kgfemz ) { kofom?® ) ( kglom?} {mun} {1} {/min) {m%s) {omn¥ys) {Ymin/my) UL {om/s)
100 D.00000 143 10 0,00 000 0 ODE+Q0 000 0.00 Do 0.00E+0Q0
500 0 13983 529 10 217 G0 2170 3 62E-04 361 67 434 B2 1.06E-04
10 00 106134 9ar 10 558,00 59 80 G 97E-04 996,67 1196 izg 1 65E-04
5.00 0 18400 525 10 240,00 2490 4 15E-04 415 00 4 98 95 1 23E-04
100 01959 i 4 10 82 00 820 1 37E-04 136 67 164 116 1 51E-04
TOTAL LOSS LOAD
Pc= Pc, +Pc, + Pc,
10.34 * ()" *(Q,) *1 *(n,)* *(Q,)*
P =2 M) *(Q,)* It P 10.34*(n,)" *(Q, ) *im P *(Q
(¢ 5-33) 2 = 533 3 EEG‘ ( 1)
1 ¢:)

Pe (kg/em?)

P1=loss load on steef pipe

P2=loss load or plastc pipe

Pa= Joss load on reducciones,
valvylas y uniones

000

_____ ' VALUES OF LUGEON UNIT
!
""" : LUGECH UNIT
o 66 gn 40 & 80 W00 120 140
_____ E 100
! g . 82
_____ ' z
‘n o 128
------------ . "
4
----- : :
) a g s
_____ !
o | l W A PERMEABILITY (LU) = 12.8
1000 2000 3000 4000 5000 6000 7000
Q (I/min)

Po = Pressure Feading; Lh = Hydrostatc Load, Plo = Loss Pressure
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PERMEABILITY TEST swissbering
Swissboring Over Corporation [td.
CLIENT ELECTRIC FOWER DEVELOPMENT Co. DATE,  9-diciembre-2001 LUGEON TEST N® 4
PROJECT TOROLA HYDROELECTRIC COMPLEX SITE. DAM SITE (left margin) TESTED BY Geols. L.Peréz- R. Alvarado
HOLE No. CDB-2 ELEVATION 183.85 msl CHECKED BY Geol.W, Hernandez
Packer type Neumnatic Length (m) = 080 Water pump Bean Royal 535 Flood {Ifm:n) =
Test depth (m} from 2500 to 3600
Test length {om) L*Cas X%= 50000 Depth of hole (m) 3000 Dp X(9=20
Swivel Ht {m) Hi c 188 Diameter of hole D (cm) 757 W . Before of test (m)= 26 4
Watetlovel e tm) 26 4 Ha*CosX® = 2540 Hydrostatic load {kg/em2)  Lh= (H1+Ha)/10 = 2828
Stoel pipe, Length (m) = 1t = 500 Plashc Pipe, Length (m) 1m = 500  RBeducciohas, Valv umiones 0z
Olameter ¢'1 (m) E] 00603 Dlamseter ¢2 {m =00254 o Packer 012
Coef rugosidad nl = o;m Cosf jugosidad n2 =008 Codo oocs
PRESSURE Loss EFECTIVE WJECTED WATER FLOOD SPECIFIE LUGEON PERMEABILITY
TINE VOLURE LABSOPTION UKT COEFICIENT
Po PlosPiebosbs [Pe Po 4Lb-Pd ¢ at Go-Qit | @1=CUB0000 | Ozo¥100/8 | Ao=0/L fyr, 207Aef k.82 "nit
.-}
(kgiom?) { kgfem? ) { kafom? ) {min) (1 {rin) (m¥s) {em®is} {Vmin/m) UL [cm/s)
100 010721 372 10 190 00 1900 317E-04 3667 380 02 1 32E-D4
500 206912 576 10 835 00 83 50 1.39E-03 1391 67 16 70 200 3 76E-04
1000 3 92448 890 10 1150.00 11500 1 52E-03 1916 67 23 00 258 3 35E-04
500 2 88080 493 10 987 G0 98 70 1 65E-03 1645 00 1974 400 5 18E-04
100 081185 3o 10 523 00 52 30 8 72E-04 871 67 10 46 347 4 50E-04
TOTAL LOSS LOAD
Pc= Pc, + Pc, +Pc,
2
p, 21034 * ()" * (Q7) *1t p . 10.34* @)’ *(Q,%)*Im P "
! @ 533) 27 533 3= Eﬂ. (Ql)
1 ¢.7)
P1= loss load on steel pipe P2= foss load on plastic pipe P3= loss load on reducciones,
valvulas y uniones
VALUES OF LUGEON UNIT
LUGEQN UNIT
LY 100 FIY wa 80 50
& 1 102
E w
Lo g 2 290
g 3
= W 2 EL
o -3
o, g . 400
=
1 L | ny
\
)
| | PERMEABILITY (L) = 258

1 [
| PV IPVRPRPPYON B

100.00

4000 6800 80 0Q 12000 14000
Q {I/min}
Po = Pressure Reading, Lh = Hydrostatic Load, Plo = Loss Pressure
7-5-18
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swisshering

PERMEABILITY TEST
Swissbonng Ovarseas Corporation Ltd,
CLIENT: ELECTRIC POWER DEVELOPMENT Co. DATE.  9-diciembre-2001 LUGEON TEST N> 5
PROJECT'TOROLA HYDROELECTRIC COMPLEX SITE DAM SITE (feft margin) TESTED BY Geols. L.Peréz- R. Alvarado
HOLE No.. CDB-2 ELEVATION 183.95 m.sd CHECKED BY Geol.W. Herndndez
Packer typa Neumnatle Length (m) = teo Water pump Bean Aoyal 535 Fload {lfrmin) =
Test depth (m) from 3000 1o 3500
Taest length {em) {*Cos X°= 50006 Depth of hole {m} 35.00 Dp X@=0
Swival Hiy (m). Hy = 108 Oiameter of hefe O (cm) 757 WL Before of test {m)= 286
Water levelHe (m) 28 6 Ha*CosX° = 2860 Hydrostatic load (kgfom2) Lh= (H1+Hay10 = 2968
Sisel pipe. Length {m) = it = 500 Plastic Pipe . Length (m) im = 500 _Beducciones,  Valv uniohes 02
Diameter  $4 {m) = 00603 Diameter ¢2 {m) =00254 a Packer o1z
Coel rugosidad ni = 00 Cosf rugosidad n2 =0008 Codo! 0 0og
PRESSURE Loss EFECTIVE INJECTED WATER FLOOD SPECIFIC LUGEON PEAMEABILTY
READING PRESSURE PRESSURE TME VOLUNME ABSOPTION untt COEATIENT
Fo PlosPlsbzsRa Pe =Po 4Lh <P t ot Qo=QUt | Q1=C/E0000 | Q2=G100/6 [ Ae=Q/% |y . 207 A0} k- 1,093 creli
{ kglem?) { kg/em? } {kglemn?) (rmin () {Uraun) {mors) {cm¥s) {iferindm) UL fem/s)
1.00 0,04208 382 10 119 00 11 90 1 98E-04 198 33 2,38 61 7 86E-05
500 0.77806 719 10 512 00 51 20 B.53E-04 853 33 10,24 142 1 85E-04
10 00 3 02719 994 10 1010 00 101 00 1 68E-03 1683 33 20,20 205 2 83E-04
500 133623 663 10 871 00 67 14 1 12E-03 1118 33 13,42 202 2 62E-04
100 027799 369 10 306 00 3D 80 5 10E-04 510 00 612 166 2 15E-04
TOTAL LOSS LOAD
Pc= Pg, + Pc, + P,
2
p, 1034 % (0,) *(Q) &t 10.34*(n,)* *(Q,") "I "
1= 533 2= 33 P3 220’ (Ql)
@) ¢.7)

P1= loss load on steel pipe

P2= loss load on plastic pipe

P3= logs load on reductiones,
valvulas y uniones

VALUES OF LUGEON UNIT
LUGECH UNIT
Q0 50 100 158 20 RBC

= 1 [~ (3]
E ’é’ 2 142
‘D ]
= E a 203
& g . w2

2

L 108

PERMEABILITY (LU) = 203
0.00 2000 40 00 60 GC 3000 100 00 120 0D
Q (/min)
Po = Pressure Reading, Lh = Hydrostatic Lead, Plo = Loss Pressure
7-5-19




swissbering

PERMEABILITY TEST
Swissboring Oversoas Corporation Lid,
CLIENT, ELECTRIC POWER DEVELOPMENT Co, DATE 3-thaiembre-2001 LUGEQN TEST N* &
PROJECT.TOROLA HYDROELECTRIC COMPLEX SITE DAM SITE (left margin) TESTED BY Geols, L.Peréz- R. Alvarado
HOLE No CDB-2 ELEVATION" 183.95 m.s.l CHECKED BY Geol.W. Herndndez
Packer typa Neumatic Length (m) = 080 Water pump Boan Royal 538 Fiood {min) =
Testdepth (m) frem 3500 o 4000
Test length (cm) L*CosX°= 50000 Dapth of hole (m) 4000 Dip X (9= 0
Swivel H1 (m) H1 = 008 Diameter ef hole D fom) 757 WL Before of test (m)= 20 1
Water levet Ha {m) 291 Ha*Cos X© = 2910 Hydrostatic load (kg/fcm2)  Lh= (H1+Ha)/10 = 3008
Slesl ppe. Length {m) = 1t = 500 Plastc Pigs . Length {m}) 1m = 500 | Beducclones,  Valv uniones [F-]
Diameter ¢1 {m) =  DOE03 Dizmeter P2 im) =00254 ¢ Packer LR}
Coef rugosidad m = D01 Cosf rugosidad ng =0008 Codo 0008
PRESSURE Loss EFECTIVE NJECTED WATERH FLOOD SPECIFIC LUGEON PERMEABILITY
READING PRESSURE PRESSURE TINE VOLUME ABSOPTION UNIT COEFICIENT
Po Plo<P1+P2+P3 be o 4Lh- PId t o Go=0ut | Q1u0/60000 [ Q2wGM1008 | Ae=Q/L Uy - 1A - e i
e
( kglom?2) (kglome ) {kgfom2} {oiny [4}] {Ueniny sy femis) Moty UL (cmys)
100 002913 398 10 99 00 990 1,65E-04 165 00 1.88 50 6 45E-05
50D (54274 7 46 10 4208 OO 42 B0 7 13E-04 713 33 B 56 15 1 49E-04
10 00 182313 1108 10 805 00 80 50 1.34E-03 1341 67 1610 145 1 8BE-04
500 0 96768 704 10 571 00 57 10 9 52E-04 951 67 1142 162 2 10E-04
100 012602 3 88 10 206 00 20 60 3 43E-04 343 33 412 106 1 37E-04
TOTAL LOSS LOAD
Pc= Pc, +Pc, + Pc,
p._1034* @) * Q)" p _10347(,)'*(Q,)"m .
V= @ 5.33) 2 = 53 P3 =2a (01)
1 @¢2)
P1= loss Joad an steel pipe P2= loss load on plastic pipe P3= loss load on reduccicnes,
valvulas y uniones
I e g i Rl e e B
{ b 11.08 VALUES OF LUGEON UNIT
"""""""""""""""""""""" LUGEON URT
oo 50 100 150 200
___________ 1 50 o ’
w
g 14
____________________ E 3 146
£
a 4 162
_______________________ g
B o5 108
PERMEABILITY {LU) = 145
+E, et —— 4 e !
000 20.00 40 00 60 00 80 00 100 00
Q {/min)

Po = Pressure Reading, Lh = Hydrostate Load, Plo = Loss Pressire
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swissbering

PERMEABILITY TEST
Swissboring Overseas Corparation Lid,
CLIENT ELECTRIC POWER DEVELOPMENT Co. DATE 10-diciembre-2001 p LUGEON TEST N°. 7
PROJECT TOROLA HYDROELECTRIC COMPLEX SITE- DAM SITE (left margin) TESTED BY Geols. L.Peréz- R. Alvarado
HOLE No. CDB-2 ELEVATION 183.95 m.s.] CHECKED BY Geol. W. Hernéindez
Packer type Nsurnatic Length (m) = 080 Water pump Bean Royal 535 Fleod (fmin) =
Test depth (m} from 4000 o 45 00
Test length {em) L*Cos X %= 500C0 Depth of hole {m) 4500 Cip X(9=10
Swivel H1 {m) H1 = 220 Diameter of hale O (cm) 757 WL Belore of tesl (in)s 362
Waterlevel Hs m) 382 Ha*CosX*® = 3820 Hydrostatic load (kg/em2)  Lh= (Hi+Ha)10 = 4040
Stes! pips, Langth [m) = 1" = 500 Plastle Pige . Length {m} 1m =500 _Beduccionas, Valv uniones 02
Diameter ¢1 {m) = 0Q603 Diameter ¢2 {m =00254 a Pacier 012
Coet rugosidad ni = 00 Cosf rugosidad n2 =0008 Code 0 Qo8
PRESSURE Loss EFECTIVE INJECTED WATER FLOOD SPECIAC LUGEON PERMEASILITY
P TIME VOLUME ARBCPFTION UNIT GOERCIENT
Fo PlosP14P24P3 [Pe =Po 4L~ Flo 1 at Qo=Qrr { Q1=Q/60000 | Q2Q006 | Ae=Q/L jui . RS K- T2 nik
[kgfom®) {kgfem? ) (kgiem) {mir) (1) (s} (m?/s) {om?/s) (Vrun/em) UL {emys)
100 011177 493 10 194 00 19 40 3 23E-04 32333 388 78 1 02E-04
500 0 29645 874 10 316 00 31 60 5 27E-04 526 67 632 72 8 36E-05
1000 1.63883 12 40 10 743 00 74 30 1 24E-03 1238 33 14 86 120 1.55E-04
500 0 62243 B35 10 483 00 48 30 B 05E-04 805 00 9 66 1186 1 50E-04
100 021325 4 B3 10 268 00 26 80 4 47E-04 446 67 536 111 1 44€.04
TOTAL LOSS LOAD

p. 1034 ()’ *(Q) *1t
@™

P1= joss load on stee! pipe

Pc= P¢, + Pc, + Pg,

10.34*(n,)* *(Q,")*Im

P,

@, )

P2= loss load on plastc pipe

14

P, = Sa*(Q)

P3= loss load on reducctiones,
valvulas y unignes

1 1240 VALUES OF LUGEON UNIT
12
10 /// o0 20 an :‘f’m .::n we 120 40
] 874 — i ——
Foy [ 1 8
5 P4 AZ{ ] 72
] 2
E 8 / /‘ é 3 120
=
& r / / :.:7’ ' 16
4 o ALa 4,83 E
4 & 5 111
2t
3
0 E L . N PERMEABILITY (LU} = 12.0
00n 10,00 2000 3000 4000 5000 60.00 7000 BOQO

Q (/min)

Po = Pressure Reading, Lh = Hydrostatic Load, Pio = Loss Pressure
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swisshering

PERMEABILITY TEST
Swissbonng Overseas Corporation Lid,
CLIENT: ELECTRIC POWER DEVELOPMENT Co. DATE 10-diciembre-2001 LUGEON TEST N% 8
PROJECT TOROLA HYDROELECTRIC COMPLEX SITE: DAM SITE (left margin) TESTED BY Geols, L.Peréz- R. Alvarado
HOLE Mo CDB-2 ELEVATION 183.95 mas.l CHECKED BY: Geol ' W. Hemgndez
Pacheer type Neumatic Length (m) = 080 Water pump Bean Royal £35 Fleod {limin} =
Test depth (m) from 4500 to 5000
Test langth (cm) L*CosX®= 50000 Depth cof hole (m) 5000 Dip X(9=0
Swivel Hi {m) Hi1 = 045 Diameter of hole D {cm) 757 WL Betore of test (m)= 27 75
Water lavel Ha (m) 27 75 Ha*CosX® = 2775 Hydrostatic load {kg/fcm2) Lh= {H1+Ha)f10 = 2820
Steel pipe, Length {m) = it = 500 Plastic Pipe, Length (m) 1m = 500 Bedusciones. Valv unlones oz
Diameter $1 (m) = DOB0S Dameter $2 (m) =00254 a Packer o1z
Cosl rugosidad m = 0m Cosf rugosidad nz =0008 Codo £ Q08
PRESSURE oSS EFECTIVE THJECTED WATER FLOOD SPECIAIC LUGECN PERMEABIUTY
READING PRESSURE PAESSURE TIME VOLUME ADSCPTION UNTT COERCIENT
Po Pla=P14+P2+P3 [Pr =Po 4Lh- PJJ t o co=atn | a1-areaoms | Gz-gr1o06 | AemQri L .190A2| x._22.p2L
Pe Infe L b
(kgfem?) (kgfom? ) (kg ) {rmin} (N (ifrrun) {m?/s) {cm?/s} {/mun/m) UL {em/s)
100 0 00000 382 10 ¢ o0 000 0 00E+00 000 000 0o 0 00E+00
500 Q Q0000 782 0 0.00 p00 0 ODE+00 00D 000 00 0 GOE+OD
10 00 0.00269 1282 10 30,00 300 & 00E-05 50 00 060 05 6 06E-06
500 000019 782 10 800 080 1 33E-05 13 33 016 02 2 65E-06
100 0 00000 382 10 000 o000 0 ODE+Q0 0 00 0ad 00 0 00E+0D
TOTAL LOSS LOAD
Pc= Pc, +Pc, + Pe,
p, L1034 (m)* * (@)1t p 10347 @,) *(Q,)*Im P .
! (¢1533) 2 = (¢ 533) 3 =2a (Ql)
2
P1=loss load on steel pipe P2= loss load on plastic pipe P3= loss load on reducciones,
valvulas y uniones
14
E 1282 VALUES OF LUGEON UNIT
12 t _Z
// LUGEON UNIT
10 e 4 00 01 02 03 o4 06
sETBez 1 / . 1|00
% 782 % FAET]
£ 6 : 3 0%
o z
a i / B o oz
4 £
smd 5100
24
Y AP | iy \ - PERMEABILITY {LU) = 0.5
000 050 100 160 200 250 3.00 350
G {I/min}
Po = Pressure Reading, Lh = Hydrostatic Load, Plo = Loss Pressure,
7-5-22
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swissbering

Swissbonng Overseas Corporation Ltd,
CLIENT ELECTRIC FOWER DEVELOPMENT Co. DATE  lO-diciembre-2001 LUGEON TEST N* 9
PROJECT TOROLA HYDROELECTRIC COMPLEX SITE- DAM SITE (Jeft margin) TESTED BY Geols. L.Peréz- R, Alvarado
HOLE No CDB-2 ELEVATION: 183.95 .51 CHECKED BY: Geol. W. Hernindez
Packer type Neumatc Length {m) = 080 Water pump Bean Royal 535 Flood {/min} =
Test depth {m} from 5000 to 5500
Tos! length (em) t*Cos X°= 50000 Bepth of hole {m). §5 00 p X{=0
Swivel H1 (m) H1 = 126 Diameter of hole D (em) 757 WL Before of tost (m)= 26 75
Walar leval He {m) 26 75 Ha™CosX? = 2675 Hydrostatie load (kglem2)*  Lh= {Hi+Ha} 10 = 2 80D
Stepl pipe. Length (m) = "t = 500 Plashic ®ipa, Length (m) im = 50D _Reducciones. Valv uniones 02
Oamster ¢1 {m} = 00603 Prameter ¢z fm) =0025%4 @ Packer 012
Coef rugosidad nm = oo Coef rugasidad a2 =0008 Caodo 0008
PRESSURE Loss EFECTIVE INJECTED WATER FLODD SPECIFIC LUGEDN PERMEABILITY
HEADING PRESSURE PRESSURE TIME VOLUME ABSOPTION UHIY COERCIENT
Po Plosf4P2+Pa [Pe =Po +Lh= PId t ot Qo=Qift | Q1=0yE0000 | Q2~C*100/6 | As=Q/L (UL = “’; :e X - 23,: = ln%
{kg/em?) (kglem?) { kgicm? ) {min) (1) {¥min) (m¥/s) (emyis) (fminm} Ul {omys)
100 001458 379 10 7000 700 11704 11687 140 37 4 78E-05
500 006419 774 10 147 00 1470 2 45E-04 24500 294 38 4 92E-05
1000 0 38046 12 42 10 358 0D 35 80 5 97E-04 596 67 716 58 7 47E-05
500 0 09623 770 10 180 00 18 60 3 QUE-04 300 00 3.60 47 6 Q5E-02
100 0 02462 378 10 91 00 210 1 52E-04 151 67 182 48 6 24E-05

Pe (ka/cm?

P,

_1034*(n)" *(Q°) "1t

(¢ 1533)

P1= lpss foad on steel pipe

TOTAL LOSS LOAD

Pc= Pc, + Pc, + P,

10.34* (n,)**(Q,))*Im

P2 535
(F)

P2= lnss load on plastc pipe

T SO T iy

PAESSURE RANGE
w

1 1 T +

1600 1500 2000

25.00

a (/min}

3000 3500 4000

Po = Pressure Reading, Lh = Hydrostatie Load, Plo = Loss Pressure

o0

P, = Ea* Q)

P3= loss Inad on reducciones,
vahulas y uniones

VALUES OF LUGEON UNIT

LUGEOH UNT
3a £¢

5@ 60

Z0

ar
X3

5B

PERMEABILITY (LU) = 58
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swissbering

Swissboring Oversens Corparation Lid,
CLIENT ELECTRIC POWER DEVELOPMENT Co. DATE:  10-diciembre-2001 LUGEGN TEST N¢ 10
PROJECT-TOROLA HYDROELECTRIC COMPLEX SITE- DAM SITE (jeft margin) TESTED BY Geols. L.Peréz- R. Alvarade
HOLE No CDB-2 ELEVATION. 183.95 m.s.l CHECKED BY Geol W. Hernfindez
Packer type Weumati Length (m} = cao Water pump Bean Royaf 535 Flood (fmn) =
Test depth {m) from 5500 to 60 00
Test tength {em} L*CosX°= 50000 Bepth of hate {m) oot Dip X(9=0
Swvel H1(m) Hi1 = 098 Diameter of hale D {aem) 757 WL Before of 181 {m)= 31 4
Water levol Ha fm} 314 Ha®CosX° = 3140 Hydrostatie load (kg/fem2) Lh= (Hi+Ha}10 = 3238
Steel pipe, Length (m) = 1t = 500 Plastiz Pipe, Length (m} im = 500 Reducciones, Valv unicnes, oz
Olameter $1  (m) = 00603 Diameter P2 (m) =0025¢ o Packer 012
Ceef rugosidad nl = oM Coef rugosidad n2 =0008 Codo 0aoe
PRESSURE Loss EFECTIVE INJECTED WATER FLOOD SPECIAC LUGEOQN PERMEABILITY
P TIME VOLUME, ABSOFTICR NP CREFGIENT
Po Plo=P1+PzsPa e Po 4Lh-Pid t at Qo=Qut | Q1-0/60000 | G2G4700%6 | Ae=G/L [uL . 10TAe | K. Ty hini
{ kg/em?) { kglem?) (ka/em?) (min) (€3] {lfmin) (s} (em¥s) (Hreirym) UL {emis)
1.00 000008 4 24 10 500 050 8 33E-06 8,33 010 02 3 06E-06
500 012228 812 10 203 00 20 30 3 38E-04 338 33 4 06 50 € 4BE-05
1000 112984 1211 10 617 00 6170 1 03E-03 1028 33 12 34 102 1 92E-04
500 0 35951 780 10 348 00 34,80 5 BUE-b4 580 00 686 :¥:] 1 14E-04
1.00 0 04208 4.20 10 11900 1190 1 99E-04 198 33 238 57 7.35E-08
TOTAL LOSS LOAD
Pc= Pe, +Pe, +Pc,
p, 1034 * (@) * (@) *1 10.34*(m,)° *(Q,))*Im .
1= (¢ 533) P2 = 533 P3 = 2‘1 (Ql)
: G
P1= lpss load on stesl pipe P2= loss load on plastic pipe P3= loss load on redugciones,
valvulas y uniones
VALUES OF LUGEON UNIT
LUGEON UNT
o0 20 4qQ [.1:] a0 100 120
= H oz T B
E g = 50
B 2
= g s w02
o I 08
o w
B
L 57
PERMEABILITY (L) = 102
0+ ot —t i
00 70.00
oo 1000 2000 augpwmﬁ.‘ e} 5000 0.0
Po = Pressure Reading, LN = Hydrestanc Load, Pio = Loss Pressure
7-5-24
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swissbering

PERMEABILITY TEST
Swissboring Overseas Carporation Lid,
CLIENT: ELECTRIC POWER DEVELOPMENT Co, DATE:  10-diciembre-2002 LUGEON TEST N® 1
PROIECT TOROLA HYDROELECTRIC COMPLEX SITE: DAM SITE (right margin) TESTED BY ERNESTO HERRERA
HOLE No.; CDB-3 ELEVATION: 131.6 m.s.l CHECKED BY: Geol.W. Hernéndez
Packer type Neumatic Length (m) = 0,80 Water pump Bean Royal 535 Floed (i/min) =
Tast depth {m) from 1000 10 15 00
Test length (tm). L*CosX®= 50000 Dapth of hole {m) 1500 Op X(%=0
Swivel Hi [m) Ht = 250 Diameter of hole D {em) 757 W.L Before of test ()= 4 7
Water lovel Ha (m} 4 7 Ha*CosX%= 470 Hydrostatic load {kg/fem2). ih= (Hi+Ha}/10 = 0720
Stesl vips; Length {m} = It = 1130 Plastic Pipe: Length {m}) Im = 500 _Bedugars, Valv cuopling 0.2
Diamster @, {m) = 0.0603 Diameter  $,  {m) =0.0254 a Packer g1z
Roughness index o = 001 Roughness mdex n2 D008 Unson elbow: 0.008
PAESSURE Lo&s EFECTIVE INJECTED WATER FLOOD SPECIFIC LUQEDON PERMEABILITY
READING PRESSURE PRESSURE TIME VOLUME ABSOPTION UNIT COEFICIENT
Po PlosP1sF2+pa [Pe Fo 4Lh- Plo t o G=Qin | Q1=Qre0000| Qe=CM1ONE] Ae=0/L JuL. 1%1’:9 R L
e
( kglerm?) { kglom? ) { kglom? ) {frmn) {n {l/mn) (m¥s) em/s} @i/} UL femis)
100 003214 1.69 10 103.00 10.30 1.72E-04 171.67 2.06 2.2 1.58E-04
500 1.05667 466 10 581.00 59.10 9 BSE-04 985.00 1182 253 3.2BE-04
10.00 2 05889 866 10 826.00 82.50 1.38BE-03 1375.00 16.50 181 247E-04
500 1.08184 464 10 588.00 58.80 9 97E-04 996,67 1186 258 3 34E-04
1.00 011629 1.60 10 196 00 10.60 3.27E-04 326 67 3.92 244 317E-04
TOTAL LOSS LOAD
Pc= Pc, + P, +Pc,
p,. 1034 ()" * Q) "1t 10.34*(0,)" *(Q,")* Im P "
1= 53 p,= 535 3 =2(1 (01)
(¢. ) @.7)
Pt=loss load on steel pipe P2= |oss load an plastic pipe P3= loss load on couplings,
valvies and packer
VALUES OF LUGEON UNIT
LUGEGN UNIT
0o S¢ 190 150 200 250 a0
g 1 A 122
£ w
£ 3 2 255
o £
£ g 91
£ £
4 252
g 4+
2 § 244
PERMEABILITY (LU) = 19.1

80 00 100.00

6000
Q (/min)

2000 4000

Po = Pressure Aeading, Lh = Hydrostatic Load; Plo = Lass Pressure.
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PERMEABILITY TEST

swissbering

Swissboring Overseas Corporstion Litd.

CLIENT: ELECTRIC POWER DEVELOPMENT Co, DATE:  li-diciembre-2002 LUGEQN TEST N= 2
PROJECT:TOROLA HYDROELECTRIC COMPLEX SITE: DAM SITE (right margin) TESTED BY JULJIO RIVERA
HOLE No.: CDB-3 ELEVATION: 1316 m.sd CHECKED BY: Geol.W, Herndndez
Packer type* Neumatic Length {(m} = 080 Water pump Bean Royal 535 Flood (Hmin) =
Tesi depth (m) from 1800 10, 23 00
Test length (cm). L*CosX°= 500.00 Depth of hole (m}* 2300 Dp X(9=10
Swvel H1{m): 21 = 250 Diameter of hole D (em) 757 WL Before of tast (m)=23
Water lovel Ha (m) 23 Ha*Cos X° = 230 Hydrostatic load (kg/cm2) Lh= (Hi+Ha)l/10 = 0480
Stogl pipa: Length {m) = it = 1970 Plastie Pipe, Langth {m) Im = 500 |_Beducers, Valv cuopling 0.2
Diameter @4 (m) = 00603 Diameter &2 {m) =00254 o Packer 012
Roughness index m = 001 Roughnessindex n2: 0008 Union elbow 0.008
PAESSURE L.08g EFECTIVE INJECTED WATER FLOOD SPECIFIC LUGECN PERMEABILITY
READING PRESEURE PRESSURE TIME VGLUME ABSOPTION T COEFICIENT
. Q2 2L
Fo PlosPi+P2+ps |Pe 2o 4LhePho 1 ot Q=Qut | Q1=QI60000 [ Q2=CA00/6 1 Ao =Q/L |,y . 208 Ad g8l
( kglemz) { kg/em? ) { kafem? ) (min) (€} {/min) (rm¥/s) (cmafs) (/minfm) UL (em/s}

1.00 0.00659 147 10 4600 460 7.67E-05 76.67 0.92 62 8.09E-05

500 0.09834 538 10 178.00 17.80 2,87E-04 296 67 356 6.6 8 57E-05

10.00 0.36926 1611 10 345.00 34.50 & 75E-04 575.00 €90 €8 8.84E-05

5.00 0.05247 5.43 10 130.00 13 00 217E-04 216.67 2.80 48 6.21E-05

100 0.00000 148 10 000 000 0 00E+00 0.00 000 0.0 0 00E+00

TOTAL LOSS LOAD
Pc= Pc, +Pc, + Pc,
10.34 *(n,)* * (Q) * 1t 34*(0,)* *(Q,)*Im
P = (n,) ( 1) P =1034 (n,) *(Q,) P3=20.*(Ql)

(d) 1533)

Pe (kg/cm?)

P1= loss load on stee! pipe

2 (tﬁ 25 33)

P2= loss load on plastic pipe

PAESSURE RANGE

£3= loss load on couplings,
valvies and packer

WVALUES OF LUGEON UNIT

LUGEON UNIT
an 10 20 a0 40 50 4] 78 80

! 1
. : : PERMEABILITY (LU} = 6.8
0- it e i
000 500 1000 1500 2000 2500 3000 3500 4000
Q {mn)
Po = Pressure Readimg; Lh = Hydrostahic Load; Plo = Loss Pressure
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swissbering

PERMEABILITY TEST
Swissboring Overseas Corporation Lid,
CLIENT* ELECTRIC POWER DEVELOPMENT Co. DATE.  Il-iciembre-2002 LUGEON TEST N% 3
PROJECT:TOROLA HYDROELECTRIC COMPLEX SITE: DAM SITE (right marginj TESTED BY ERNESTO HERRERA
HOLE No.: CDB-3 ELEVATION: 131.6 m.s) CHECXED BY. Geol. W. Hernsndez
Packer type: Netmatic Length {m} = 0 80 ‘Water pumnp Bean Royal 535 Fiood {l/min) =
Test depth (m) from, 2600 to' 3100
Test longth {em), L*CosX®= 50000 Depth of hole (m). 3100 Dip X(9=0
Swival H1 {m) Ht = 200 Diameter of hole D {crm)” 757 WL Before of test {m)= 115
wator lsvel Ha (m} 115 Ha*CosX°= 115 Hydrostatic load (kg/em2) Lh= (Hi+Ha)10 = 0315
Sies! pipe, Length (m) = 1t = 2720 Plastic Pipe . Length (m}) tm = 5.00 _Reducers, cmms 0.2
Diametor €3 {m) = 00603 Diameter ®» (m) =-00254 & Packer: 012
Roughnhiess index m = 00 Roughness index n2; 0.008 Uniors elbow: 0.0a8
PREISURE LOBS EFECTIVE WJECTED WATER FLOGD SPECIFIC LUGEDN PERMEABILITY
READING PRESSURE PRESSVRE TIME VOLUME ABSOPTION UNIT COEFICIENT
Fo Plo=P1+P2+P3 [Pe Fo +4ih-Flo t Qt Q=Citt | @1=0/60000| Q2=0*100/6| Ae=Q/L |u_ . JL;? K= “01: = hz_nr'-
(kgfem? ) { kgfem? ) (kgiem? § {min} (1} {frin} {mas} {cm¥'s) ] A/min/m) UL {emis)
1.00 0.00535 1.3 10 41.00 410 6 83E-06 68.33 0.82 6.3 8.11E-05
500 0 02865 5.29 10 95 Q0 950 1.68E-04 158 33 190 3.6 4.66E-05
10 00 0 16631 10.16 10 222,00 2220 8.70E-04 370 00 444 4.4 5.66E-05
5.00 0.02572 5.29 10 90.00 900 1.50E-G4 150.00 1.80 34 4 41E-05
1.00 0.00000 132 10 0.00 000 0.00E+00 000 0.00 0.0 0.00E+030
TOTAL LOSS LOAD
Pc= Pc, + Pe, + Peg
p, o 10.34* (n)’ * (Q)*1t 10.34*(n,)* *(Q,")*Im YT
! 53 P, = 533 3= Ea (Ql)
¢:) ¢.)
P1= loss load on sieel prpe P2= loss foad on plastic pipe P3= loss load on couplings,
valvles and packer
12
VALUES OF LUGEON UNIT
10
LUGECN UNIT
00 10 29 30 40 5¢ €0 70
En 8 1 b _’_”
E t
-% 6 8 2 38
5 g 3 44
@
o 4 lﬁ‘ 4 a4
£
Ef00
2
1
!
0 aor ) PERMEABILITY (LU} = 4.4
0.0 500 1000 1500 20,00 25.00
Q@ (/mun)
Po = Pressure Reading; Lh = Hydrostatic L 6ad, Plo = Loss Pressure.
!
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PERMEABILITY TEST swissbetring
Swissboring Overseas Corporation Lid,
CLIENT: ELECTRIC POWER DEVELOPMENT Co. DATE:  1l-diciembre-2002 LUGEON TEST N* 4
PROJECT:TOROLA HYDROELECTRIC COMPLEX SITE: DAM SITE (right margin) TESTED BY ERNESTO HERRERA
HOLE No.: CDB-3 ELEVATION: 1316 m.s.] CHECKED BY: Geol.W. Herndndez
Packer type. Neumatic Length (m) = 080 Water pump Bean Royal 535 Flood (ifmin} =
Testdepth {m) from 31.00 to. 36 00
Test length {cm)* L*CosX®= 500.00 Depth of hole (m) 36,00 Dp XP=0
Swivet H1 (m) H1 = 000 Diamster of hole D (cr)’ 757 W L Before of test (m)= 12
Water level Ha (m) 12 Ha*CosX® = 1.20 Hydrostatle ioad (kg/em2)*  Lh= {Hi+Ha)/10 = 0120
Siteel pps; Lenpin {m) = it = 3520 Plasuc Ppe ., Length {m) im = 500 Heducers: Valv, cuopling D2
Diametar ¢1 (m) = 00803 Diamoter ¢2 {m) =00254 a Packer. 012
Roughness mdex n1 = 001 Roughness index  n2, 0008 Union elbow 0008
PRESSURE Loss EFECTIVE INJECTED WATER FLOOD SPECIFiC LUGEGN PERMEABILITY
READING PRESSURE PRESSURE TIME VOLUNE ABSQPTION UNIT COEFICIENT
Po Plo=P14P2+P2 |Pe Fo 4Pl t o =it | O1=QUB0000} QR=CI00/6| Ao = QUL foL - 12209 K- alornlit
(-] T
{ kgiem?) (kg/omz) { kglon? ) (rmin) (1} {i/min) (s} {cm?/s} {l/min/m}) UL (cm/s)
1.00 000084 112 10 16 00 160 2.67E-05 26 67 032 29 3.70E-05
5,00 0 00630 511 10 44 00 440 7 33E-05 73.33 0 88 17 2.23E-05
10 00 G 02347 1010 10 B85 00 8 50 1.42E-04 141 67 170 17 2,18E-06
5.00 006000 512 10 0.00 0.00 0 00E+00 000 0.00 0.0 0 OCE+00
1.00 © 00000 112 10 000 000 0.002+00 0.00 000 00 © OOE+00
TOTAL LOSS LOAD
Pc= Pc, + Pc, + P¢,
2
p,1034* (m,)* *(Q,)*1It 10.34*(n,)* *(Q,%)*Im "
L= 533 P, = 533 Pa = Ea (Q])
@) ¢z )
P1= loss load on steel pipe F2= loss load on plastic pipe F3= loss load on couplings,
valvies and packer
12q---r==- B e bl .
! ! VALUES OF LUGEON UNIT
! 1010 i
10F----wu= _: ------------ 'I LUGEGN URIT
1 1 (3] 05 10 16 20 25 e 38
P TN SN S s S ! : : 2
& 1 1
_!E?_ . ! % 2 a7
[ R - - e Lmemmm e 1
f_: / : E E E 3 17
e ! B alee
a7 i e oo : |
1 i 1 1 { 5|00
1 i 1 1 :
R ik beeoooed oo besosoon .
1
' . | | | PEAMEABILITY (LU) = 1.7
([ AN ! j f -
. .00 800 1000
000 200 4 (:!00 (Ilmin)s 0
Po = Pressure Reading; Lh = Hydrostatic Load; Plo = Loss Pressure.
7-5-28

294



AY

swissbering

PERMEABILITY TEST
Swissboring Overseas Corparation Lid,
CLIENT: ELECTRIC POWER DEVELOPMENT Co, DATE:  Il-diciembre-2002 LUGEON TEST N% 5
PROJECT.TOROLA HYDROELECTRIC COMPLEX SITE: DAM SITE {right margin) TESTED BY ERNESTO HERRERA
HOLE No.: CDB-3 ELEVATION: 131.6 m.s.l CHECKED BY: Geol.W, Hernéndez
Packer typs' Neumatic Length {m) = 0.80 Water pump, Bean Royal 535 Floog {J/min) =
Test depth (m) fromr 40,00 tor 4500
Test length {em): L*CosX*®= 50000 Depth of hole {m), 45,00 Dp X®=0
Swivel H1 {m) H1 = 050 Diameter of hole D (&m) 757 W.L Befare of test (m)= 125
Water level He (m} 1 25 Ha*CosX°= 125 Hydrostatic load (kgfcm2)®  Lh= (Hi+Ha)/10 = 0175
Stesl pups, Length {m) = It = 3970 Plastc Pipe . Length (m) im =500 _Beducars, Valv. cuophing 0z
Diameter ¢1 {m) = 00603 Diameter P2 (m) =00254 o Packer: D12
Roughness index  n1 = 0 Roughnass index n2: £ 00§ Union elbow 0008
PRESBURE Lo8s EFECTIVE INJECTELD WATER FLOOD SPECIFIC LUGEOH PEAMEARILITY
REALING PRESSURE PRESSURE TIME VOLUME ABSOPTIGN uNIT COEFICIENT
Po Plo=P1+P2+pa |Fe Fo Lh-Ple L o 0=011 | O1=Q/60000) Q2=Q*100/6] Ae=Q/L |y . 12*6_»% K~ ﬁhz_z_ ‘In ZD_L
{ kgfemz ) { kglem?) { ka/cm2) {rnin) ) (t/roun) (m/s) {srm¥s) (/min/m) UL {crmis)
1.00 001033 1.16 10 56,00 5.60 9 33E-05 93.33 1.12 9.6 1.25E-04
500 0.17835 500 10 233,00 2330 3 88E-04 388.33 4.66 8.3 1.21E-D4
10.00 0.73472 944 10 473.00 47 30 7 BBE-04 788.33 9 46 10.0 1 30E-D4
500 0.28588 489 10 285,00 28 50 4 92E-04 491.67 £.80 121 1 56E-D4
1.00 0.00608 117 10 43.00 430 7 17E-05 71.67 0.86 74 & 53E-05
TOTAL LOSS LOAD

_10.34 *(n,)* * Q) 1t
@.™)

P,

P1= loss load on steel pipe

Pc= Pg, + Pc, + Pg,

p, . 1034*@,)" *(Q,) i
@5 25 33)

P2= Igss load on plastic pipe

P, = Sa*(Q)

P3= loss load on couplings,
valvies and packer

VALUES OF LUGEON UNIT
LUGEON UNiT
oo 2.0 40 6.0 Bo 100 izo "e
E 1 - — -1
L :ré 2 93
g E 3 e
nﬂ" g 4 121
=
T 74
117 ' ' ' = PERMEABILITY (LU) = 10.0
R PN B
1000 2000 30.00 4000 5000
G {/min)
Po = Pressure Reading, Lh = Hydrostatic Load; Flo = Loss Pressure J
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PERMEABILITY TEST swisshering
Swissbaring Ovarseas Corporation Ltd,
CLIENT: ELECTRIC POWER DEVELOPMENT Co. DATE:  12-diciembre-2002 LUGEON TEST N 6
PROJECT:TOROLA HYDROELECTRIC COMPLEX SITE: DAM SITE (right margin) TESTEDBY ERNESTO ALVARADO
HOLE Neo.: CDB-3 ELEVATION; 1316 mst CHECKED BY. Geol.W. Herndndez
Packer type’ Neumatic Length (m) = 080 Water pump Bean Royal 535 Flood {fmin) =
Tost depth (m} from: 45 00 te 50 60
Test length {em): L*Cos X®= 50000 Dapth of hole {m) 50,00 Dp X{9=0
Swival Ht (m) H1 = 080 Dhamgter of hote D (cm)’ 757 WL Before of test (m)=1
Water level Ha (m) 1 Ha*Cos X° = 1.00 Hydrostatic load (kgfem2)  Lh< (H+Ha)}/10 = 0150
Stesl pipe, Length (m) = It = 44,70 Plastg Prpa . Length (m} Im = 500 _Raducers, Valv cuopling 02
Dametet 1 {m) = 00603 Diameter @2 (m) =00254 o Packer 12
Roughnass Index nl = 001 Roughness index n2: 0008 Union elbow 0008
PRESSURE Loss EFECTIVE [NJECTED WATER FLOCD SPEGIFIC LUGEON PERMEABILITY
READING FHRESSURE PRESIURE TINE VOLUME ABSOPTION UNIT COEFICIENT
Po PlosP14P2+pPa [Pe 2o {Lh- Flo t ot Q-0vt | qr=Qysonoe| Oz=ar100/6{ Ae=Q/L |ut .- IPT;?. S
{ kgfem®) (kgfom?} (kgfern?) {min} (h Jirny (re/s) {ard/s) {ifmin/m) UL fernis)
100 0.00177 115 10 23.00 2.30 3.83E-05 3833 046 4.0 5.19E-05
5.00 0 02682 5.12 10 88.00 8.80 1 47E-04 146.67 176 34 4 45E-05
10.00 0.19184 996 10 240.00 24.00 4.00E-04 400 00 4 80 48 6 24E-05
5.00 001636 5.13 10 70.00 7.00 117E-04 116.67 1.40 27 3 53E-05
1.00 0 00097 1.15 10 17.00 1.70 2.B3E-05 28.33 0.34 30 3.83E-08
TOTAL LOSS LOAD
Pc= Pg, +Pc, +Pe,
2
p,_1034% @) * Q1) * It p 1034*@,)*(Q,)*Im P *(Q
1= (¢ 5.33) 2 = (¢ 533) 3 _Ea ( 1)
1 2
P1=ioss load on steel pipe P2= loss load on plastic pipe P3= loss load on couplings,
valvles and packer
12qp----v=p-=---- T qe-=-==-= L R ]
o5 VALUES OF LUGEON UNIT
8
Wf---mmmf-mremeg o= “ ------ 7" -----
LUQEQN UNIT
(131} 10 20 30 40 -1} L:3:]
PO S A - [ e I 1 [— 40 )
H / g e 3
2 ) 7 --------------------- E a 48
o z
P SR I/ AU S PRI i g 27
=
o a0
PERMEABILITY (LU} = 48
0.00 5,00 1000 18.00 2000 2500 3000
Q {/min}
Po = Pressure Reading, Lh = Hydrostate Load, Plo = Loss Pressure
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PERMEABILITY TEST swissbering
Swissboring Overseas Corporation Lid,
CLIENT: ELECTRIC POWER DEVELOPMENT Co. DATE:  22-noviembre-2002 LUGEON TEST N* 1
PROJECT.TOROLA BYDROELECTRIC COMPLEX SITE:  DAM SITE (right margin) TESTED BY* A Contéz
HOLE No, CDB-4 ELEVATION; 211.9% m.s.l CHECKED BY: Geol.W. Hernindez
Packer type Neumatic Length {m) = 0.80 Water pump Bean Aoyal 535 Flood {min} =
Testdepth (m) from, 1500 10! 2200
Test langth (cm). L*CosX®= 70000 Dapth of hole (my* 22.00 Dip X@®=10
Swavel Ht (m} He = 110 Hele Diameter D (o) 757 W.L Betfore of test (m)= 185
Watet lsvelHa fm) 1B 5 Ha*CosX® = 1850 Hydrostatic load {(kg/em2)*  Lh= {F+Ha)10 = 1.960
Steel pipe, Length {m) = It = 1470 Plastic Pipa 5 Length {m) Im = 600 _Reducers, Valv cuophing: 02
Diameter @, (m} =  0.0603 Dameter ¢, (m) =00254 o Patket 012
Roughness index  n1 = 0¢ Roughness index n2 G008 Union efbow. 0008
PRESSURE Loas EFECTIVE INJECTED WATER FLODD BPRECIFIC LUGEON PERMEASILITY
READING PRESSURE PRESSURE TIME YOLUME ABSOPTION UNIT COEFIGIENT
\ Po Plo=Pi+P2+P3 [P¢ 2o 4Lh-Pio t ot O=CQit | Q1=0/60600] Q2=G*100/8| Ae=Q/L luL= E';E K~ 5—;%— )n-’Di
] o
D (hyiem?) { kfema ) { kgiom?) frrar) () ) () (em?js) Wmirym) gL femis)
1.00 044839 2.51 10 383.00 3B.30 £.38E-04 638.33 5.47 218 3.02E-04
5.00 112976 583 10 608.00 60.80 101E-03 101333 8.69 149 2 06E-04
1000 240428 856 10 887 00 88.70 1.48E-03 1478 33 12,67 133 1 B4E-D4
500 101389 585 10 576 Q0 57.60 §.60E-04 860 00 8.23 13.8 1.92E-04
100 0 34306 2,62 10 335.00 3350 5 58E-04 558 33 479 183 2 B3E-04
TOTAL LOSS LOAD
Pc= Pc, + Pc, + Pc,
p _1034% (@) * Q) "1t 10.34* (0,)" *(Q,") *Im P *
1= 55 P, - T3 3 =2(1 (Ql)
@) ¢.)
P1=loss load an stesl pipe P2= loss Joad on plashc pipe P3= loss load on couplings,
! valvies and packer
"""" a
; VALUES OF LUGEON UNIT
1
- LUGEON UNIT
1 oo 50 10.0 150 200 250
- lmmemm-- *: 1 — 28
E ! 8
Q t 2 148
:g,. -------- 4' § 3 03
o ' :
I R T N A T 3 E’: 4 138
! £
1 s 183
1
; PERMEABILITY (L) = 13.3
co0 2000 4000 6000 80.00 10000
Q (/min)
Po = Pressure Reading, Lh = Hydrosiatic Load; Plo = Loss Pressure,
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PERMEABILITY TEST swissbering
Swissboring Overseas Corporation Lid,
CLIENT* ELECTRIC POWER DEVELOPMENT Co. DATE:  23-noviembre-2002 LUGEON TEST N 2
PROJECT:TOROLA HYDROELECTRIC COMPLEX SITE: DAM SITE (right margin) TESTED BY: Julio Rivera
HOLE No.: CDB-4 ELEVATION 211.99 m.s.] CHECKED BY: Geol.W. Herndndez
Packer type’ Neumatec Length {m) = 080 Water pump: Bean Royal 535 Flood (i/rmn) =
Test depth (m) drem 22.00 to: 2700
Test length {cm). L*CosX°= 50000 Depth of hole {m) 27,00 Dip X(9=0
Swivel H1 (m): H1 = 110 Hole Diameter D (cm)* 757 W.L Before of test (m}= 22 5
Water level Ha {m) 22,5 Ha*Cos X° = 2250 Hydrostatic boad (kg/em2).  Lh= {Hi+Ha)/10 = 2 360 .
Steel qipe; Length {m) = n =  22% Plastic Pipe . Lenpih () im =500 Berducers, Valv cuophng: vz
Dameter @7 (m) = 00803 Dameter  $2  (m} =00254 o Packer 012
Roughness index  n1 = 0Ot Roughness index n2 0.008 Union elbow 0008
PRESEURE Loss EFECTIVE INJECTED WATER FLOGD SPECIFIC LUGECN PERMEABILITY
READING PRESSURE PRESSURE TIME VILUME ABSOPTION UNIT COEFCIENY
Pa Plo=P14+P24+P3 |Fe Eo 4Lh Plo t Qt Q=i | Q1=0/600007 Q2=0"100/8) Re=QJL |y . _1_::% £-3 uQPf L "“%
{ kgfom )} { kgfem?) { kg/em? ) (rin) {1 (l/mron) {mo/s) {cm?/s) (Ifmin/m} UL {erm/s)
1.00 0.69045 267 10 470.00 47.00 7 B3E-04 783 33 240 35.2 4 56E-04
500 1.12813 823 10 €00.00 60,00 1 OOE-03 1000 00 1200 19.2 2 49E-04
10 00 2.02517 10.33 10 805.00 80,50 1 34E-03 1341 67 1610 156 2 02E-04
500 1.02259 634 10 572.00 57.20 9.53E-04 953.33 11.44 181 2 34E-04
1.00 0.47544 2.683 10 39000 39.00 6.50E-04 650 Q0 7.80 270 3.50E-04
TOTAL LOSS LOAD

p,_1034" () *(Q) *1It
A

P1=loss load on stee! pipe

Pe (kg/cm?)
&

Pc= Pg, +Pc, +Pg,

p, L 1034*@,) *(Q,")*Im
§ ¢,

P2= loss load on plastic pipe

0.0 50

P, =Ya*(@Q,)

P3= loss load on couplings,
valvles and packer

VALUES OF LUGEON UNIT
LUGECN UNIT

300 150 200 250 300 350 400

PRESSUAE RANGE

100.c0

2 1 1 ]
1 t ]
I ! b
0 +— f— i } s }
000 2000 4000 60 00 8000
Q (/min)

Po = Pressure Reading, Lh = Hydrostatic Load, Plo = Loss Pressure

PERMEABILITY (LU) =

as2
19.2
156
181

270

15.6
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swissbering

PERMEABILITY TEST
Swissboring Overseas Corporation Lid,
CLIENT: ELECTRIC POWER DEVELOPMENT Co. DATE:  23-noviembre-2002 LUGEON TEST N°. 3
PROJECT:-TOROLA HYDROELECTRIC COMPLEX SITE: DAM SITE (right margin) TESTEDBY JULIO RIVERA
HOLE No.: CDB-4 ELEVATION: 211.9% m.sd CHECKED BY: Geol.W. Herndndez
Packer type' Neumatic Langth (m} = 080 Water pumg. Bean Aayal 535 Flood (ifmin) =
Test depth (m) from 2740 to’ 3200
Test length {cm) L*CosX°= 50000 Depth of hole {m). 3200 Dip X{9=0
Swival H1 [m), H1 = 250 Hole Diametet D {cm}) 757 W L Before of test {m)= 28 5
Watar lovet Ha (m) 29,56 Ha*CosX°®= 29.50 Hydrostatic load (kg/em2):  Lh= {Hi+Ha)/10 = 3.200
Stesl pips; Length (mj = it = 2870 Plastic Pipe . Length {m) Im =500 | Redugers, Valv cuoplmg: 0.2
Diameter ¥4 (m} = 00603 Diameter ¢z {my =0D254 o Packer. 012
L Roughness index  ni = 001 Aoughness index n2. 4,008 Unien elbow 0 Opg
PRESSURE LOSS EFECTIVE JRJECTED WATER FLOOD SPECIFIC LUGEDN FEAMEARIITY
‘} AEAOING PRESSURE PRESSURE TINE YOLUME ABSOPTION UNIT COEFICIENT
Pa Plo=P1+P2+pP3 the o 4k P 1 ot Q=Giit O=Q/60000) Q2=0*100/6 AR=Q/L |uLa i0*Ae i x. 7 “pr L . .z_bl;
( ko/lem?) { kgfem? ) { kgicm? ) {run) () (lfroun} {refs) {cemfs) {min/mm) UL {omys}
1.00 (.89431 3.31 10 53000 5300 8.83E-04 883.33 10.60 32.1 4,15E-04
5.00 165031 6 55 10 720.00 72.00 1 20E-03 1200.00 14.40 22.0 2 85E-04
10.00 3.18326 1002 10 1000.00 100 00 1.67E-03 1666.67 20,00 204 2 59E-04
5.00 1.14610 7.05 10 600 00 60.00 1 0DE-03 1000.00 12,00 17.0 2.20E-04
100 0 50945 369 10 400.00 40 00 6.67E-04 666 67 800 21.7 2 B1E-04
TOTAL LOSS LOAD
Pe= Pg, + Pc, + Pc,y
p, 10347 ()’ (Q)*k 10.34* (m,)* *(Q,”)*Im P (0
1= (¢ 533) P2= 5133 3 =za ( 1)
1 (¢ 2 )

P2= loss load on plastic pipe

P1= loss load on steel pipe

P3=loss load on couplings,
valvies and packer

! VALUES OF LUGEON UNIT
I
______ | LUGEON UNIT
X 00 50 100 150 200 258 06 350
______ 4 b 4 —+———
o ' 1 a2
3 : 8 20
2
L Rt iy i S Gl S : i
! w3 200
o ! 2
______ 4 w4 7o
! &
h & s 217
I ISR
i
1
, , i PERMEABILITY (LU) = 20.0
00c 2000 4000 6000 80 00 100,00 12000
G (/min}
Po = Pressure Reading; Lh = Hydrostatic Load, Plo = Loss Pressure
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PERMEABILITY TEST

swissbering

Bwissboring Overseas Corporation Lid,

Po = Pressure Reading; Lh = Hydrostatic Load; Plo = Loss Pressure

CLIENT: ELECTRIC POWER DEVELOPMENT Co. DATE:  24-noviembre-2002 LUGEON TEST N% 4
PROJECT:TOROLA HYDROELECTRIC COMPLEX SITE: DAM SITE (right margin) TESTED BY JULIO RIVERA
HOLE No.: CDB-4 ELEVATION- 21199 m.s.] CHECKED BY: Geol. W. Hernéndez
Packer type. Neumat Length {m) = 0,80 Water pump, Bean Royal 535 Flood (ifmin) =
Test depth {m) from 3200 to 37 00
Testiength (cm) L*Cos X%= 50000 Depth of hole {m). 37.00 Dip X(9= @
Swivel Hi {m) H1 = 250 Hole Diameter D {cm). 757 W L, Before of tast {m)= 34 5
Waterlevel Ha (m) 345 Ha*CosX? = 3450 Hydrostatic load (kg/om2),  Lh= (Hi+Ha)/10 = 3760
Sieel pipe; Length (m) = It = 3450 Plastic Pipe . Length (m) Im =500 _Bedugars. Valv cucpling' 0.2
Diameter ¢1 fm) = DOB03 Diameter ¢'2 {m) =00254 o Packer: 012
Roughness index nt = 001 Roughness index  n2: 0.008 Urizon elbow 0008
PREBSURE LCSE EFECTIVE INJECTED WATER FLOGD SPECIFIC LUGEON PERMEABILITY
i HEADING PRESSURE PRESSURE TIME VOLUME ABSOPTION UNIT COEFICIERT
Fo Plo=P1+P2+P3 |Pe PO Lh-Plo t at Q=CtA | Qi=Qyeooon| Q2=Q*100/6 | Ae=Q/L |uL = E};ﬁ K -?’%'ln%
= Cl ©
(kg/em® ) { kgfemz ) { kg/orm? ) {xrun} (£} {freun) {mfs) {cmd/s) {fonln/mog UL {crals)
1.00 0.33149 437 10 320.00 32.00 5 33E-04 533.33 6.40 147 1 90E-04
5.00 161308 7.08 10 706 00 70.60 1 18E-03 1176.67 1412 199 2 53E-04
1000 263875 11.06 10 903.00 90 30 1 51E-03 1505 00 18.06 16 3 2,12E-04
5.00 1 65446 7.05 10 715.00 71.50 1,19E-03 1181 67 14,30 203 2 63E-04
1.00 0 69985 400 10 465.00 46 50 7 75E-04 775.00 4.30 28.2 3 01E-04
TOTAL LOSS LOAD
Pc= Pc, +Pc, + P,
2
p, 1034 *(n) * (@) * 1t p, _1034*@,)"*(Q,")*Im P, = Ya*(Q,)
= = - .= Sa*(Q,
@ ) @2
\ P1= loss [0ad on stegd pipe P2= loss load on plastic pipe P3= Ioss load on couplings,
1 valvles and packer
12r---=--- q
| VALUES OF LUGEON UNIT
1L -
! LUGEON UNIT
: o0 50 0 150 200 250
& L S 1 1 ﬁu 7 ,
E | w
o 1 e 2 189
By : g
i , w3 w3
) -4
& O _% E 4 203
: & g 202
1 1 1 1
o 1 1 \ ; PERMEABILITY (LU} = 16.3
0.00 20.00 4000 60 00 8000 100 00
Q (}/min}
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40.00 60.00 80 00

PERMEABILITY TEST
Swissboring Overseas Corporation Lid,
CLIENT: ELECTRIC POWER DEVELOPMENT Co. DATE:  24-poviembre-2002 LUGEON TEST N% 5
PROJECT.TOROLA HYDROELECTRIC COMPLEX SITE: DAM SITE (nght margin) TESTED BY ERNESTO HERRERA
HOLE No.; CDB-4 ELEVATION:; 211.99 m.s.] CHECKED BY: Geol. W, Hernéndez
Packer type Neumatic Length (m) = 0.80 Water pump Bean Royal 535 Flood {lfmn} =
Tast depth (m} from, 37 00 to 42 40
Test length {cm) L*Cos X% 50000 Depth of hole (m)’ 42,00 Dip X(O=10
Swivel H1im) H1 = 250 Hole Drameter O (om) 757 W L Before of test {m)= 39 5
Water levelHe (m) 395 Ha*Cos X° = 3950 Hydrostatic load {kgfem2)'  Lh= (H+Ha)/10 = 4 200
Steal pipe, Langth {m) = It = 370 Plastic Pipe, Length {m) Im =500 _Reducers: Valv cuoplng: 0.2
Diameter ¢’1 {m) = 00603 Dizmeter ‘352 (m) =0.0254 a Packer. 012
Roughness index ~ nt = 001 Roughness index  n2., 0 008 Union aelbow. 0008
PRESSURE LosS EFECTIVE INJECTED WATER FLOGD BPECIFIC LUGECN PERMEABILITY
13 TIME VOLUME ABSOPTION UNIT COEFICIENT
Po Plo=P1+P2+Pg |Pe o &b Flo t o o=0tt | Q1=C/e0000| Q2=0M00/6 | Ae=Q/L |y - % K- fhz T
{ kgieme) { kgfem? ) { kglom? ) {min) (3] {lfmin) (md/s) (cm?¥/s) {/min/m} UL {cm/s)
1.00 0.52402 4.68 10 400.00 40.00 6.67E-04 666.67 8.00 171 2 22E-04
5.00 1 17887 8.02 10 600.00 60.00 1 00E-03 1000 00 12.00 15.0 1.94E-04
10.00 2.,53566 11.66 10 880.00 88.00 147E-03 1466 67 17.60 151 1.95E-04
5.00 1.46994 7.73 10 670.00 67.00 1.12E-03 1116.67 1340 173 2 25E-04
100 0.57772 462 10 420.00 42,00 7.00E-04 700.00 840 18.2 2 35E-04
TOTAL LOSS LOAD
Pec= Pc, + Pe, + Pc,
p, 1034 * (@) *(Q7)*lt 10.34*(n,)* *(Q,")*Im *(Q
T 533 P, = EE P, =Ea Q)
¢, ) (P
P1= loss load on steel pipe P2= loss load on plastic pipe P2= loss load on couplings,
) valvies and packer
14
VALUES OF LUGEON UNIT
12
LUGEGN UNIT
0.0 50 mwe 150 20
10 A . —_
i 1 m
58 8 . 0
E 3
x w3 151
g g
0
¥ ﬂ 4 173
[
4 e g 182
2
PERMEABILITY (LU) = 15.1

30l

000 20.00 100.00
Q (I/min)
Po = Pressure Reading, Lh = Hydrostatic Loag, Plo = Loss Pressure
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PERMEABILITY TEST
Swissboring Overseas Corporation Lid,
CLIENT. ELECTRIC POWER DEVELOPMENT Co. DATE  26-noviembre-2002 LUGEON TEST N°. 6
PROJECT:TOROLA HYDROELECTRIC COMPLEX SITE. DAM SITE (right margin) TESTEDBY ERNESTO HERRERA
HOLE No: CDB-4 ELEVATION: 211.9% m.sl CHECKED BY: Geol. W, Hernéndez
Packer type Neumatic Length (m) = 0.80 Water pump. Bean Royal 535 Flood (Hrmin) =
Test depth (m) from’ 41 00 1o 48 00
Tast length (cm) L*Cos X°= 70000 Depth of hole (m) 48 00 Dip X{(9=¢
Swival H1 {m)' H1 = 220 Hole Diameter D (cm) 7567 W.L Before of test (m)= 44.5
Water jovel He (1) 44 5 Ha*Cos X° = 4450 Hydrostatic load (kgiem2)  bLhe {(Mi+Hg}10 = 4 670
Stea! pipp, Length (m} = It = 4240 Plastc Pipe . Length {m) Im = 500 _Beducers, Valv cuopling: 02
Diameter P4 {m) = 00603 Dameter 92 (M) =00254 o Packer: p.12
Roughness index  n? = 0] Roughness Index  n2 0008 Union elbow 0008
PRESSURE LOSE EFECTIVE IRJECTED WATER FLOOD SPECIFIC LUGEQN PERNEABILITY
READING PRESSURE PRESSURE TIME VOLUME ABBOPTION UNIT COERICIENT
Po PlosP1+P2:P3 [Po 2o +Lh-Plo 1 at Qi Q180007 [ Q2-Q"100/E | Ae= QL [ui o 2042 (k. ol lk
{ kgiem?) { kafem? ) {kgfomz) (rmin) (n {{/min) (ms) {cmils) (fmin/rm) uL {cmys}
1.00 0 76865 490 10 482,00 4820 8.03E-04 803.33 689 140 1.95E-04
5.00 1.91077 7.76 10 760.00 76 00 1.27E-03 1266 67 10 85 140 1.94E-04
10.00 3.11247 11.56 10 970 00 97 00 1.62E-03 1616.67 13.86 12.0 1 66E-04
500 191077 7.76 10 760 00 76 00 1 27E-03 1266.67 10 B6 140 1 94E-04
100 127171 4.40 10 620.00 6200 1.03E-03 1033.33 8.86 204 2 T9E-04
TOTAL LOSS LOAD

_1034* @) *(@})*

P, 533
¢.7)

P1= loss load on stesl pipe

Pc= P¢, + P, + Pg,

P 10.34*(n,)* *(Q,)*1m
> 6.5

P2= loss load on plastic pipe

P, =Sa*(Q)

P3=loss load on couplings,
valvles and packer

Q {i/min)
LR e Hiiah e ' VALUES OF LUGEON UNIT
1
L e e Sl el out ri-Fel : LUGECH UNIT
: 00 14 100 15¢ 200 250
LUE el it i G - Suiniaiaieiaie : 1 == 140 o
“E ______ : E 2z 140
S 8 4 : & 2 120
g !
[ i LR Rl B R il Sl Rtk \ 2 a 140
& , &
1 & g 201
. e :
1
1
R e e e E i e b ; PERMEABILITY (LU) = 12.0
U || } + Jl
000 20 G0 4000 60 OO 8000 100 00 12000
Po = Pressure Reading; Lh = Hydrostatic Load; Pio = Loss Pressure.
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swissbering

Swissboring Overseas Corporation jid,
CLIENT: ELECTRIC POWER DEVELOPMENT Co. DATE:  28-noviembre-2002 LUGEON TEST N 7
PROJECT:TOROLA HYDROELECTRIC COMPLEX SITE: DAM SITE (right margin) TESTEDBY JULIOQ RIVERA
HOLE No.: CDB-4 ELEVATION: 211.9% m.sl CHECXED BY: Geol.W. Herndndez
Packer type* Neumatic Length (m) = 080 Water pump’ Bean Royal 535 Flecd d/min) =
Test depth {m) from 65.00 o 7000
Tost length (cm) L*CosX°= 50000 Dapth of hole {m) 7000 Dp X(9=0
Swivel H1 {m} H1 = 250 Hole Diamater D (cm}) 7.57 WL Before of test {m)= 67 5
Water levelHa (m) E7 & Ha* CosX*® = 67 50 Hydrostatic load (kg/em2)  Lhs {Hi+Ha)/10 = 7 000
Staol pipe; Length (m) = It = 6B70 Plastic Pips , Length (m) Im = 500 _Roducers, Valv, cuopling: [:§:3
Diameter ¢1 (m) = 00603 Diameter ¢a {m) =G0254 o Facker 012
Roughness index n1 = 001 Roughness index n2 oQcs Union elbow 0.008
PRESSURE Lass EFECTIVE INJECTED WATER FLOOD SPECIFIE LUGEGN PERMEABILITY
READING PRESSURE PRESSURE THRE VOLUNE ABSOPTION URIT COEFICIENT
Po PlosP1+P24P3 [P¢ 2o 4Lh.Plo N o G=ain | Q1-y60000| Geegrions| Ae=a/L juiw18Ae| k- Choenlt
{ kgfem?) (kg/em? ) ( kg/oni) {min) ) {ymin} (s} (cm¥s) {ifmin/mj UL {cm/s)
1.00 062267 7.38 10 420.00 42,00 7.00E-04 700.00 840 114 1.47E-04
500 1.27062 10.73 10 600,00 60.00 1 0DE-03 1000 00 1200 11.2 1 45E-04
10.00 2.54986 14 45 10 860 00 85 00 1.42E-03 1416.67 17.00 118 1 52E-04
500 163199 10,37 10 680,00 68 00 1 13E-03 1133 33 13.60 18.1 1 70E-04
100 0.81326 719 10 480.00 48 00 8 00E-04 800 00 8.60 134 1.73E-04
TOTAL LOSS LOAD
Pc= Pg, + Pc, + Pc,
P.= 10.34 * (n1)2 * (le) *1t 10-34*(112)2 *(sz)ﬂm P *(0)
T (¢ 5-33) P, = 533 3 =20‘ ( 1)
1 ¢:.)

P1=loss load on

steel pipe

P2= logs load on plastic pipe

P3= loss load on couplings,
valvles and packer

VALUES OF LUGEON UNIT
LUGEON UNIT
""""" 00 105 1L 15 120 125 130 135 14D
[l £ I R Rl el i R T 1 ;1 4
E I 2”1 nz
g e ic
= ! E 3 e
& STt 2 4 131
g
-------- = 14
. . . PERMEABILITY {LU) = 11.8
090 20,00 4000 60 00 80,00 10000
Q {i/min}
Po = Pressure Reading, Lh = Mydrostatic Load, Plo = Loss Pressure
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swisshering

Swissboring Overseas Corparation Lid,

CLIENT: ELECTRIC POWER BEVELOPMENT Co. DATE:  2B-noviembre-2602 LUGEON TEST N, 8
PROJECT:TOROLA HYDROELECTRIC COMPLEX SITE:  DAM SITE (right margin) TESTEDBY  JULIO RIVERA
HOLE No.. CDB-4 ELEVATION: 211.9% m.sl CHECKED BY: Geol, W, Hernéndez
Packer typa- Neumatic Length {m) = Dao Water pump. Bean Royal 535 Flood (Ymin} =
Test depth {m) from 7000 1o 7500
Test langth (cm), L*Cos X°= 50000 Depth of hole {m). 75.00 Dp X(%=10
Swive! Hi(m) H1 = 250 Hole Diameter D (cm), 757 WL Before oftest {mj=725
Water levelHa {m} 725 Ha*Cos X¢ = 72.50 Hydrostatic load {kg/em2)  Lh= (Hi+Ha)10 = 7500
Stes! pipa, Length {m) = it = Ti70 Plastic Pipe . Length (m) Im = 500 _Regucers, Valv cuopling: 0.2
Diamster ¢1 {m} = 00803 Diametar ¢2 {m) =0.0254 a Packer 0,12
Roughnessindex a1 = 0Ol foughness index  n2 0008 Union slbow 0.008
PRESSURE Lass EFECTIVE \NJEGTED WATER FLOGD BPECIFIC LUSEQR PERMEABILITY
READING TIME VYOLUME ABSOPTION URIT COBFICIENT
Po Pio=P1+P2+P3 |Pe 2o 4h-Plo 1 ot Q=Qit | Q1=0/60000| G2-CP100/6 | Ae=QJL fuL19Ae | kuo 22 it
{ kgiom?} (kgiem? } { kgl } {rtn} {1} (i) s} {orm?/s) (min/em) UL (cm/s}
1.00 120264 7.30 10 £80.00 5800 9 67E-04 966.67 1t 60 15.9 2.08E-04
5.00 1.70200 10 8O 10 690 00 69.00 1 15E-03 1150 00 13.80 128 1 66E-D4
10.00 291484 14.59 10 903.00 9030 1 51E-03 1505 00 1806 12.4 1 60E-04
5.00 196757 10.54 10 740 00 74,00 1.23E-03 1233.33 14 80 14.0 1.82E-04
100 1.41890 708 10 630 00 63 00 1.08E-03 1050.00 1260 17.8 2 31E-04
TOTAL LOSS LOAD
Pc= Pc, +Pc, +Pc,
2
p 1034~ (n)* =(Q)*1t p 10.34*(n,)* *(Q,”)*Im P 2 Q)
1= 533 2= 53 3= 2 1
¢.7) ¢27)
P1= loss load on steel pipe P2= loss load on plastic pipe P3= loss Joad on couplings,
valvies and packer
16 T T T '
E ) | | | |+ VALUES OF LUGEON UNIT
14 ‘E ______ b | e Fr-m T s { -T==
E : : : ; LUGEON UNIT
12------- Hmemo— - i HE LV 00 50 100 150 200
e 1 " ' I -
£ 10F-emenn- dmmmmmm . -/'4- - 34 == m -
E E 1 1 | ; w
2 E 1 1 1 i 2
g 8f-- t Pttty 2t
£ donoo- G Lo IW_LToA . i ________ g
E : I | | £
- A, e mmm——— s e —m = b e m It mm e e e o
F 1 1 1 {
o ] 1 1 i
A tide oo dmmmmroos -
0 3 ! ! L L PERMEABILITY (LU) = 12.4
0.00 2000 4000 8000 80.00 100.00
Q (I/fmin}
Po = Pressure Aeading, Lh = Hydrostanc Load; Plo = Loss Pressure
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PERMEABILITY TEST swissbering
Swissbanng Overseas Corporation Lid,
CLIENT: ELECTRIC POWER DEVELOPMENT Co. DATE:  30-noviembre-2002 LUGEON TEST N°. 9
PROJECT.TOROLA HYDROELECTRIC COMPLEX SITE: DAM SITE (right margin) TESTED BY  ERNESTO HERRERA
HOLE No.: CDB-4 ELEVATION: 211.99 m.sd CHECKED BY. Geol.W. Herndndez
Packer type. Neumatic Length (m) = 080 Water pump Bsan FRoyal 535 Flood {lfmun) =
Test depth {m) from, 7300 tor BG 0D
Test length (¢m) L*Cos XC= 700,00 Depth of hole (m) B8 00 Dp X(9=0
Swivel H1{m) H = 250 Hole Diameter D {cm)- 757 W.L, Before of test {m)= 76 5
Water fevel Ha{m} 765 Ha*CosX? = 7650 Hydrostatic load (kg/em2): Lh= (Mi+Ha)/10 = 7 800
Stes! pipe: Length (m) = It = 7470 Plastic Pipe . Length (m) m =500 _Reducears, Valv cuophing: 02
Dameter ©1  {m) = 00603 Diameter $2  (m) =-00254 a Packar 0,12
Roughness mndex n = 001 Roughness index n2: 0008 Union albow 0008
PRESSURE Logs EFECTIVE INJECTEP WATER FLOOD SPECIFIC LUGEONR FERMEABILSTY
\} READING PRESSURE PRESSURE TIME YOLUME ABSGPTION UNIT CCOEFICIENT
Po Plo=P1+Pp+p3 [Pe Bo {Lh-Flo t ot Q=Qtt | QF=Q/60000 | G2-0%100/6{ Ae=Q/L juL = % - “"Pf T ‘]n-?'il'-
(kgfem?) (kg/cme ) ( kgfem?) (min} (n {/min) (m/s} {cm3/s) (\fmun/m) UL {em/s)
1,00 0.79580 8.10 10 470.00 47.00 7.83E.04 783.33 6.71 83 1.15E-04
5.00 2.05330 10.85 10 755.00 7550 1.26E-03 1258 33 10.79 9.9 1.38E-04
10.00 3.50890 1439 10 987.00 98.70 1.85E-03 1645 00 14.10 9.8 1.36E-04
5.00 1.89338 11,01 10 725.00 72.50 1.21E-03 1208 33 10.36 9.4 1.30E-04
1.00 076231 8.14 10 460.00 46.00 7.67E-04 766 67 6.57 81 1 12E-04
TOTAL LOSS LOAD
Pc= Pc, +Pc, +Pc,
p, 1034 * (@) * (@) "1t 10.34*(n,)* *(Q,”)*Im P *
1= 533 P, = 53 3 '_‘2‘1 (01)
¢.7) @,
P1=toss load on steel pipe P2= loss load on plastc pipe P3= loss load on couplings,
i valvles and packer
16 T T T T T
) i : ' Ja 30 VALUES OF LUGEON UNIT
144--=---- pem——— Lttt dhah i P
E : : t LUGEQN UNIT
12g------ Fooooos il Frviaily? it 0o 20 40 60 86 wo 120
TA0F------ AR bomm g g VT R 1 . s
1 1
G 814 w
LAY S SO It E S g - o
= ] ! ! g0 ! ! ! A 98
2 F e Lmwe = bwm———— P [ doom e =] £
o 8¢ i 1 1 ' 1 a2 4 vé
1 1 1 i 1 o
4g------ be-noo- bemeoo- foeneo- TR TREREEEE £ &
[ ' i 1 i |
I ll. ______ J U :l. ______ ;! ______ R —
o 1 1
0 b ) ; L s _ PERMEABILITY (LU} = 9.8
0.00 2000 40 00 60 00 80.00 100,00 120 00
G (i/min)
Po = Pressure Reading: Lh = Hydrostatic Load, Plo = Loss Pressure
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PERMEABILITY TEST
Swissboring Overseas Corporation L,
CLIENT ELECTRIC POWER DEVELOPMENT Co. DATE,  7-febrero-2003 LUGEON TEST N 1
PROJECT.TOROLA HYDROELECTRIC COMPLEX SITE:  DAM SITE {left margin) TESTED BY: MELVIN PAZ
HOLE No CDB-5A ELEVATION, 217.25 m.s.] CHECKED BY LUIS ZAVALA
Packer type Neumatic Length (m) = 8o Water pump Bean Royal 535 Flood {lfmin) =
Test depth (m) from 1600 to 2000
Test length {cm) L*Cos X®= 40000 Depth of hole {m) 2000 Dip X@=0
Swivel H1 {m)* H1 = 210 Hole diameter D (cm} 960 WL Before of test {m)= 181
Waler lavel Ha {m) 1B 1 Ha*CosX° = 1810 Hydrostatic load {kg/em2} Lh= (Hi+Ha)10 = 2020
Stesl pipe, Length {m} = It = 1730 Plastic Pioe, Length (m) tm =500 _Reducers, Valv cuoplinge o2
Diameter ¢y {m) = 00778 Diameter ¢,  (m) =00254 24 Packer 032
Roughness index o = o0 Roughness index n2, 0008 Unien elbow ooge
PRESBURE Losg EFECTWE INJECTED WATER FLOOD SPECIAC LUGEOH PERMEABILITY
READING PRESSURE PRESSURE TIME VOLUME ABIOPTION UNST COEFICIENT
Po PlosP1+p2+F3 |Pe 2o 4Lh-Flo t at Q=Qut | Q1=G/B0000 | Q2-0M10US | Ae=Q/L fyi - I0TAe | x- S it
L:]
{ keferm?} { kglem? ) { kglem?) tmin) (n {Vrin) (m?fs) {cmd/s) {min/m) uL {emis)
1.00 001965 3.00 10 690 00 69.00 1.15E-03 1150 00 17.25 57.5 €.75E-04
500 006193 686 10 1230 00 123 00 2.05E-03 2050 00 30.75 44,2 518E-Da
700 0,09438 893 10 1520.00 15200 | 253E-03 | 253333 38 00 42.6 4 99E-04
5.00 0.06324 696 10 1243.00 12430 | 207E-03 207167 3108 44.7 5 24E-04
100 001960 3.00 10 689,00 68,90 1 15E-03 1148 33 17.23 57 4 6 74E-D4
Nota® No se toma an cuenta la pérdida de carga en las mangueras porque dan valores muy altos debido al gran caudal.
No Se puede subir la presién de inyeccion a més de 7 kg/cm2 debido al grado de fracturamiento y mala calidad de la roca
TOTAL LOSS LOAD
Pc= Pc, + Pc, +Pc,
2 2 2
_1034%(m ) *(Q)*1t p 1034%(1,)" *(Q,")*Im P =Sa* Q)
(¢ 5-33) 2 533 3= a 1
1 ¢.)
P1=loss load on steel pipe P2= loss load on plastic pipe Pa= loss Joad on couplings,
valvles and packer
10 bt ottt el Mt et it H e A |
1 1 1 1 1 | 1 1
e e e e & 1 VALUES OF LUGECN UNIT
-3 NS SRR SNRNPDAS REPRREY IPIPEDNPEY NP IR giguppiy
i ! ! 1 LUBEGN UNIT
2 SR SRR SRR P A A I g —— 00 1bo =0 30 400 00 600 700
- : i 1 1 '
E Bfrmmmpmer s mm b ——ampmw—— = B R Y 1 57.5
o 1 I I H w
5 ©
g 5 ___..JL----}..._.._JI._ B b E 2 “z
1
L R e iy L el et Shdbalal skl R} ¢ 4 "y
t ] I 1 1 | ¥ ] E
- e e T T R s 874
! I 1 1 1 1 1 ]
R A SECELEEREL PP ELSSY EERE
P SO DU DU DU DU DU DS P PERMEABILITY (LU) = 42.6

000 2000 400

6000 80
Q (I/min)

00 10000 12000 14000 16000

Po = Pressure Reading, Lh = Hydrostatic Load, Plo = Loss Pressure,
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PERMEABILITY TEST
Swssbonng Overseas Corporation Ltd,
CLIENT: ELECTRIC POWER DEVELOPMENT Co. DATE:  $-febrero-2003 LUGEON TEST N% 2
PROJECT TOROLA HYDROELECTRIC COMPLEX SITE: DAM SITE (Jeft margin) TESTED BY JOSE YALLECILLOS
HOLE No.: CDB-5A ELEVATION' 217.25 m.s.! CHECKED BY- LUIS ZAVALA
Packer type Neumatis Length (m) = ] :11] Water pump, Bean Royal 535 Flood {Ymn) =
Test depth {m} from 20 00 ta 2500
Test length {cm} L*CosX%= 50000 Depth of haie (m) 2500 Op X({%=0
Swivel H1[m) H1 = 210 Hele diameter I {em) 980 W L Before of test (m)= 247
Water lovel Ha (m) 247 Ha*CosX® = 2470 Hydrostatic load (kgfem2), Lh= (H1+Ha)/10 = 2660
Steel pipe, Length {m}= It = 2130 Plastic Pips . Length (m) Im = 600 _Reducers, Valv euoplings 02
Demeter $:  (m = bo7e Diemeter  $2  (m) =-oo02s4 a Packer 012
Roughness index nl = 0;m Roughness ndex n2 008 Union elbow 0008
PRESSURE Losg EFECTIVE INJECTED WATER FLOOD SPECIFIC LUGEON PERMEABILITY
] READING FRESBURE PRESSURE TINE VOLUME ABBOPTION UNIT GOEFICIENT
Po PloxP1+P2+p3 |Pé 2o 4Lh-Plo t at Qo-Qut | 01=C/60000 | Q2=CH100E | Ae=QJL |y o 20280 | k- P S
{ kg/em? ) { kg/em?) | kgfom?) {min) {1} {lfrmin) [mY/s) [cm?¥fs) {Urmin/m) UL (cmis)
100 005387 363 10 1035.00 103.50 1.73E-03 1725 00 2070 57 1 7.04E-04
400 008998 658 i0 1338.00 13380 | 223803 | 2230.0D 2676 40 6 5 00E-04
400 008371 6.58 10 1336 00 133.60 2 23E-03 2226 67 2672 405 5 00E-04
1.00 0Q7377 3.61 10 121100 121,10 | 202E-03 | 2018.33 24.22 67.2 8 28E-04
Nota No se toma en cuenta l2 pérdida de carga en las mangueras parque dan valores muy altos debide al gran caudal Mo Se puede subir la presion de inyeccion a

més de 4 kg/em2 debido al grado de fracturamiento y mala calidad de |a roca

301

p, 10347 (n))"* (Q°)*1

#,")

P1=loss load on steel pipe

TOTVAL LOSS LOAD
Pe= Pc, +Pc, + Pg,

_1034%(,)" *(Q,")*Im

P,

@, ")

P2= ioss (oad on plastic pipe

P, = Sa*(Q)

P3=lass load on couphngs,
valvles and packer

VALUES OF LUGEON UNIT 571

LUGEON UNIT
0O 100 200 %0 400 500 800 700  BOD
“E 1 571
w
£ 2 2 406
2 ]
< -4
-~ E 3 405
'y =2
o Z &2
w 4
-4
halS
PERMEABILITY {LU) = 42.3

000

2000 4000 €0CO

8000

10000

Q (min)

14000 160 CC

120 00

Po = Pressure Reading, Lh = Hydrostatie Load, Plo = Loss Pressure
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PERMEABILITY TEST
Swissboring Overseas Sarpaoration Lid,
CLIENT: ELECTRIC POWER DEVELOPMENT Co. DATE. 9-febrers-2003 LUGEON TEST N% 3
PROJECT.TORQLA HYDROELECTRIC COMPLEX SITE. DAM SITE (left margin) TESTED BY JOSE VALLECILLOS
BOLE No.: CDB-5A ELEVATION, 217.25 m.sd CHECKED BY: LUIS ZAVALA
Packer type Neumatio Length (m) = DER Water pump Bean Royal 535 Flood {[/min) =
Testdepth (m) from 2500 to: 3000
Test length (em) L*CosX®= 50000 Depth of hele (m) 5000 Dip X(%=10
Swivel H1 [m) H1 = 115 Hole diameter D {cm) 960 W L Before of fest {m)= 23 12
Water leval Ha (m), 2312 Ha*CosX® = 2312 Hydrostatic load {kg/iem2)  Lh= (Hi+He)10 = 2427
Steslpipe. Length {m) = It = 92535 Plastic Pipa : Length {m} Im = 600 Beducers: Valv cuoplings oz
Diameter ¢1 (m) = DO778 Diameter ¢z {m} =00254 o Packer' 012
Roughness ndex n = 00 Roughness index n2 0008 Union elbow 0 008
PRESSURE LOSE EFECTIVE INJECTED WATER FLOOD SPECIRC LUGEON PERMEABILITY
READING PRESEURE PRESSURE TYE VOLUME ABSOPTION UNT COEFICIENT
Po Plo=P1+P2sp3 |Pe Fo 4lh.Plo t at Q=Ctt | O1=Cy60000 | 02=0"100/6 | Ae=QfL J, - 10°Ae D; :“’ K- h“,,f T %
( kafem? ) { kg/emz ) { kglemz ) (min} 11} {Umin) {m¥s) {crmi/s) {Vmin/m) uL {cm/s)
1.00 0 05881 397 10 991 00 98,10 1.65E-03 1651.67 1982 58.8 7.26E-04
500 010727 732 10 1340.00 134 00 2,23E-03 2233.33 26.80 36 6 4 51E-04
500 0 10695 732 10 1338 00 133 80 2 23E-03 2230 00 2676 366 4 51E-04
100 0 05406 3.37 10 950 00 95 00 1.58E-03 1583.33 1900 56 3 6 94E-04
Nota No se tomia en cuenta la pérdida de carga en las mangueras porque dan valores muy altos debsdo al gran caudal No Se puede subir la presién de Inyeccidn a

més de 5 kg/cm2 debido al grado de fracturamento v maia calidad de la roca

TOTAL LOSS LOAD
Pc= Pc, + Pc, +Pc,

10.34 *(n,)* *(Q,°)* It

P.=

) 2 ¢

P _1034%(m,)* *(Q,)*Im

P, = 2‘1* Q)

P1= loss load on stesl pipe P2= loss load on plastc pipe

Po = Pressure Reading; Lh = Hydrostatic Load, Plo = Loss Pressure.

F3= loss load on couplings,
valvles and packer

8 """F""F"_'T_'_'T“_‘T"_'T'Fsz'_'!"_“"l
! ! : ! ! ! 2 ! VALUES OF LUGEON UNIT
Fg----r-=--r--=~-f-=--1----7
: LUGEON UNIT
6f----p----p----pmmm- o0 1w 00 a0 400 500 €00 700
1 N
& 5f----L-—- 1 8.8
s : 8
24 —-——:—————L———— g z 368
i |4
o
g3 _.__._IL____L.__.._I.-_-—_J---—— g a 368
2 ————Il-————I-.._-_J-,.—--J.—..__J-—___J.____J-—___J £ 4 HI
1 ] ] 3 3 1 I 1
P S S P U SR U SR S
N S R R P PERMEABILITY (LU) = 36.6
000 2000 4000 8000 8000 10000 12000 14000 18000
Q {i/mm)
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B Nota No se toma en cuenta la p

rdida de carga en las mangueras porque dan valores muy altos del

PERMEABILITY TEST
Swissbonng Overseas Corporalion Lid,
CLIENT. ELECTRIC POWER DEVELOPMENT Co. DATE.  10-febrerp-2003 LUGEON TEST N% 4
PROJECT:TOROLA HYDROELECTRIC COMPLEX SITE: DAM SITE (left margin) TESTED BY JOSE VALLECILLOS
HOLE No.:  CDB-5A ELEVATION. 21728 m.s.] CHECKED BY: LUIS ZAVALA
Packer type Neumatic Length {m) = [o}:11] ‘Water pump' Sean Royal 535 Fiood (Ifon) =
Test depth (m) from 3000 o 3500
Test length (cm} L*CosX°= 500,00 Depth of hole (m) 3500 Dp X@=0
Swivel Hi1 {m) H1 = 150 Hole diameter D {cm} 860 W L Before of test {m)= 32 5
Watetlovel Ha{m) 32§ Ha*Ces X9 = 3280 Hydrostatic load (kgfem2), Lh= (Mi+Ha)ho = 3400
Stes|pipe, Length (m]j = it = 3670 Plastic Pipa, Length {m;} Im = 600 | Reducers, Valv cuoplings 02
Diameter  §y {m) = Do778 Dameter P2 {m) =00254 o Packer o012
Roughnessndex  n1 = oo Roughness index n2 0008 Umien elbow 0008
PRESSURE 1038 EFECTWE INJEGTED WATER FLOOD SPECIAC LUGEON PERMERBILITY
READING PRESSURE PRESSURE TIHE VOLUME ABSOPTION uNT COERGENT
Fo PlosP1+P2+pa [P B0 AhePlo 1 at Gt [ o1-0/60000 | Geaeto0fs | Ae=Q/L |yp . 19TAy K- L
{ kglomz ) { kgfem?} { kg/ome ) {mn} (1) (¥min) (mefs} {cmdfs) {yminjm} UL fem/s)
10D 008887 4,31 10 110900 | 11090 | 1,85E-03 | 1848.33° 22,18 514 6 34E-04
300 013779 626 10 138100 | 138.40 | 230E-03 | 2301.67 27 62 441 5.44E-04
300 0 13858 6 26 10 1385.00 138 50 2,31E-08 2308 33 2770 44 2 5 45E-04
100 0 10656 4.29 10 1214.00 | 32140 | 2.02E-03 | 2023.33 2428 56 5 € 97E-04
bido al gran caudal. No Se puade subir la preslén de inyecen &

més de 3 kg/om? debido al grado de fracturamiento y mala calidad de ia roca

TOTAL LOSS LOAD
Pc= Pc, + Pc, + Pc,

oog

40 00

20.00

60.00

8000

10000 12000 14000 16000

Q {/min}

Po = Pressure Reading, Lh = Hydrostatic Load, Plo = Loss Pressure

2 2
p, 1034 *(n,)* *(Q, I*H P _1034%(n,) *(Q,")*1Im P -Sa(Q)
@) T @2 — :
2
P1= |oss load on steel pipe P2= loss load on plaste pipe P3= loss load on couphngs,
valvies and packer
7 aladadl st il e Siadiatinl sadbalioiiells Mieninnlls St S |
VALUES OF LUGEON UNIT
LUGEON LNIT
oo 10.0 200 w00 400 50.0 L]
i 1 51.4
§ y
2 E 2 441
?El N S5
PERMEABILITY (LU} = 442
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PERMEABILITY TEST

swissbering

Swisaboring Overseas Corporation Lid,

CLIENT: ELECTRIC POWER DEVELOPMENT Co. DATE: 10-febrero-2003 LUGEON TEST N2 5
PROJECT TOROLA HYDROELECTRIC COMPLEX SITE: DAM SITE (left margin) TESTED BY JOSE VALLECILLOS
HOLE No:.  CDB-5A ELEVATION: 217.25 m.s.l CHECKED BY: LUIS ZAVALA
Packer type Neumatic, Length (m) = 080 Water pump Bean Royal 535 Flood {lmin} =
Test depth {m) from 3500 o 4000
Test length {cm) L*Cos X°= 50000 Depth of hele (m) 4000 Dip X(®=0
Swwvel Hi (m) Hy = 080 Hole diemeter D {em) 880 W L Before of test {m)= 35
Water Javel Ha (m) 35 Ha*Cos X9 = 3500 Hydrostetic load (kg/cm2)  Lh= (H1+Ha)10 = 3580
Steel pipe, Length {m) = it = 8510 Plastic Pipe . Length {m) Im = 600 | _Baducers. Valv cuophng: c2
Diarneter ¢1 {m) = 00778 Diameter ¢2 {m) =00254 o Packer 012
Reughness index ni = 0o Roughness index n2 0o0e Linfon elbow 0008
PREBBURE LO3B EFECTIVE TNJECTED WATER FLOGD BPECIAIC LUGEON PERMEABILITY
TIME VOLUME PESOPTION UNT COEFICIENT
Po Plo=P1+p2sPa [Pe o +Lb-Pio t at Q=Qut | Q1=0/60000 [ Q2=C100/6 | Ae=GQJ/L ju - 10%he| k- Tl ewik
-]
{ kgfem? ) { kgfem? ) ( kglermz ) {miny {1y {Vrmn} {mds) (em¥/s) {imin/m} uL {cm/s)

100 0.01879 457 10 475.00 47 50 7 92E-04 791.67 8.50 208 2 56E-04

500 0 08518 8.50 10 1015 00 101 50 1.69E-03 1691.67 20 30 23,9 294E-04

700 Q.14105 10,45 10 1307.00 130.70 2 18E-03 2178 33 2614 250 3 08E-D4

500 0 08687 850 t0 1025.00 102.50 1 71E-03 1708 33 2050 24 1 2 97E-04

100 0 02024 4.57 10 493 00 49 30 8 22E-04 821.67 9,86 216 1 48E-01

TOTAL LOSS LOAD
Pc= Pe, +Pc, +Pg,
* 2 % 2y w * 2 % 24 %
D= 10.34 (“1)533 Q)" P, = 10.34*(n,) 53§Q2 }¥im PS = va * (Ql)
®:) ) e

P1=lnss load on steel pipe

Pe (kg/cm?
o

1 1

1 I I

1 i i
N | e u
T T T

P2=loss load on plastic pipe

o+

000 2000 4000 60.00 B80GO 0000

Q (i/min)

4

120,00 14000

Pa = Pressute Reading, Lh = Hydrostatic Load, Plo = Loss Pressure

PRESSURE RANGE

Pa= loss load on couplings,
valvles and packer

VALUES OF LUGEON UNIT
LUGEGHN UNTY
0 50 we o 20 280 Mo
1 208
2 28
3 %0
4 241
5 28
PERMEABILITY (LU) = 250
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PERMEABILITY TEST swissbering
Swissboring Overseas Corporation Lid,
CLIENT. ELECTRIC POWER DEVELOPMENT Co. DATE:  11-febrero-2003 LUGEON TEST N* 6
PROJECT.TOROLA BYDROELECTRIC COMPLEX SITE. DAM SITE {left margin) TESTED BY JOSE VALLECILLOS
HOLE No.: CDB-5A ELEVATION 217.25 m.s.t CHECKED BY: LUIS ZAVALA
Packer fype, Neumahe Length {m) = oBD Water pump Bean Royal 535 Fleod (i/min) =
Test depth (m) from 4000 1o 48 Qo
Test length {cm) L*Cos X°= 50000 Depth of hole {m] 45 00 Dip X{%= 8
Swivel H1{m} H1 = 170 Hole diameter D {cm) 960 W L. Before of test (m)}= 29 55
Waterlovel Ha (m) 39 55 Ha*Cos X° = 3955 Hydrostatic load (kgfem2)  Lh= (H1+Ha)/10 = 4128
Steel pipe, Length {m) = 1t = 4090 Plastic Pipe : Length {m) ym = 600 _Reducers, Valv cuoplings b2
Diameter 1  (m) - ©co77e Diameter %z (m) =00254 a Packer. 012
Roughness index m = 0® Roughness index  n2 008 Union elbow 0008
FPRESSURE Leas EFECTIVE INJECTED WATER FLOGD SPECIAC LUGEON PERMEABILITY
READING PRES9URE PRAESSVRE TIME VOLUME ABSOPRION UNIT COEFICIENT
Po Plo=P1+PzsPa |Pe o 4Lh-Flo t o) Q=Cit | 01=0/60000 | G2-M1C0k | Ae=Q/L fup . 102Re K. Tl
e
( kaform? ) { kglom? ) { kgfem?} {min) (N {tirmn) {m?s) {cm?/s) {Yrmin/m) UL {em/s)
1.00 003678 509 10 617 00 61,70 103E-03 | 1028 33 1234 243 2 99&-04
5.00 016149 896 10 1296 00 120 60 2.16E-03 2160 00 25 62 28.9 3 56E-Q4
6 Q0 0.18517 894 10 198800 | 13880 | 231E-03 | 2313.33 27.76 279 3 44E-04
500 0 14408 898 10 122400 | 12240 | 2.04E-03 } 2040.00 24.48 273 3 36E-04
100 0.03364 500 10 §90.00 5900 | DH3E-04 | 98333 11 80 23.2 8 40E-02
TOTAL LOSS LOAD
Pc= Pc, +Pc, + Pg,
p, - 1034 % (n,)’ = (Q) "1t p 10347 (@) *(Q;1)"Im P, = Ya*(Q,)
1= e 2= 53 3 = t
¢,7) 9.7
P1= loss lead on steel pipe P2= loss Ioad on plastic pipe P3= loss load on couplings,
valvies and packer
12 St st ol odil i el it Al el R |
VALUES OF LUGEON UNIT
10
LUGEON UN{F
[ 50 100 150 200 250 oo L1
8 — — —
%‘ . 1 243
S & 2 84
g °® E
o k3 79
2 g
4 & 4 224
3
&g 222
B I R e el el ot Rl S |
1 1 1 | 1 1 1 1
1 1 1 b 1 1 1 +
[+ S [P S SNV SO SR HI PERMEABILITY (LU) = 27.9
000 2000 4000 BO0C BCOC T00Q0 2600 14G00 168000
Q@ (I/min)
Po = Pressure Reading, Lh = Hydrostatic Load, Plo = Loss Pressure

7-5-45
M



swissbering

PERMEABILITY TEST
Swissboring Overseas Corporation Ltd,
CLIENT: ELECTRIC POWER DEVELOPMENT Co, DATE:  11-febrero-2003 LUGECN TEST N°. 7
PROJECT:TOROLA HYDROELECTRIC COMPLEX SITE DAM SITE (left margin} TESTED BY JOSE YALLECILLOS
HOLE No: CDB-5A ELEVATION. 21125 m.sd CHECKED BY: LUIS ZAVALA
Packer typo Neumatic Langth (m) = 180 Water pump Bean Royal §38 Flocd {Ymin) =
Test depth (m) from 45 09 o 5000
Test length {cm} L*CoaX®= 50000 Depth of hela () 5000 Dp XF=0
Swival Hi {m). H = 130 Hale dametar O {om) 880 WL Before of test {ml= 334
Water level Ha (m) 394 Ha*Cos X° = 394D Hydrostatic load (kg/cm2) Lh= (H1+Ha)/10 = 4070
Sieel pipe, Length {m) = it = 458D Plasts Ppe . Length (m} Im = 60C _Reducers: Valv cuophngs 02
Demeter 1 m = DOTIS Dameter P2 |m) =00258 a Packer o1z
Roughness index m = ool Roughness ndex  n2 0,008 Unior elbow 0008
PRESSURE Loss EFECTIVE INJECTED VATER FLOOD BPEGIFIC LuGEQN PEAMEABILITY
READING PRESSURE PAESSURE TIME VOLUME ABSOPTION Unmr COERCIENT
Po Plo=P14P2sPa [Pe 2o 4Lh-Flo t o Q-Qit | G1=Qis0000 | Q2=Q"100/8 | Ae=Q/L |y . 10TR0 1 X L
[ kglem? ) { kgjem? } ( kalom? ) (min) (n (lfrpnin} (mi/s} {em¥s} {Uimin/m) UL {cm/s)
100 000171 507 10 124.00 12 40 2 07E-04 206 67 248 4.9 6.03E-05
500 0 00762 9.06 10 265.00 26.50 4 42E-04 441.67 530 58 7.21E-05
10.00 008108 13 99 10 870.00 87 00 1.45E-03 1450 00 17.40 12,4 1.63E-04
500 0.02998 904 10 528 00 52 B0 8 BDE-04 880 00 10 56 1.7 1.44E-04
1.00 001101 5.06 10 318.00 31.80 5 32E-04 531 67 638 1286 5 88E-02
TOTAL LOSS LOAD
Pc=Pc, +Pc, + P,
Z 2 2 2
p,- 10347 (@) *(@7) "t p, -1034*(@;)'*(Q,") Im P -S0 @)
533 3
) 6 A
P1= 10ss foad on steel pipe P2= Ioss load on plastic pipe P3= loss [oad on couplings,
vaivies and packer
16
VALUES OF LUGEON UNIT
14
LUGEON UNIT
12 0.0 20 40 60 1-1] 100 120 140
& 1 49 ;
2 10 ; N
% 8 "L 2 =2 58
-y
= h w s 124
S s £
o B h g "7
4 CBOZ o bmmn BOE e e m e e mm e b eeeee ; £ 28
| : | I j
24 ------- F=———-—- T pm—————— o ————— :
1
. ) » e i , PERMEABILITY (LU) = 12.4
0oQ 2000 4000 60 60 B0 0O 300 00
Q {/min)
Po = Pressure Reading, Lh = Hydrostatic Load; Plo = Loss Pressure
7-5—46
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PERMEABILITY TEST
Swissboring Overseas Corporation Lid,
CLIENT: ELECTRIC POWER DEVELOPMENT Co. DATE:  12-febrero-2003 LUGEON TEST N% 8
PROJECT.TOROLA HYDROELECTRIC COMPLEX SITE DAM SITE (left margin) TESTED BY JOSE YALLECILLOS
HOLE No.. CDB-5A ELEVATION: 217.25 m.s.l CHECKED BY. LUIS ZAVALA
Packer type Neumatic Length {m) = 0 80 Water pump, Bean Royal 535 Fiood (ifmin) =
Test depth {mj from 50 00 o 500
Test length {cm) L*Cos X°= 50000 Depth of hole {m) 5500 Dp X@=0
Swivel H1 (m) H1 = 350 Hete diameter D (cm) 960 W L. Befors of test (m)= 458 1
Watar lovel Ha (m) 491 He*Cos X° = 4910 Hydrostatic load {kg/em2}  Lh= (H1+Ha)/10 = 5060
Siealpige. Length {m) = B’ = 5070 Plastic Pipe : Length {m} Im = €00 Aeducers, Valv cuoplings 02
Diameter ¢’1 {m) = 00778 Diameter ¢2 (my =00264 a Packer 012
Roughness index nt = 0 Roughness index n2 ocoB Union elbow 0008
PRESSURE Lass EFECTIVE IMECTED WATER FLOOD BPEGIRE LUGEON [ Y
READING PRESBURE PRESSURE TIME VYOLUME ABSOFTION UMNT COEFICIENT
Po PlosP14P2sPs |Pe 2o 4Lh-Pia t et Q=00 | G1=Gisa000 | G2-Ge00/s | Ae=QrL . 207 AR (k. L
= o
{ kgfom?) ( kafem? ) [kgfom? ) {rrun) (&) {imin) mfs) {em?/s) {Wminfm) UL {cm/s)
100 0 08521 599 10 739.00 73.90 1.23E-03 1231 67 1478 247 3 04E-04
500 019603 9,86 10 1283 00 12830 | 214E-03 2138 33 25.66 260 3 21E-04
700 0 22477 11 84 10 1374 0D 137 40 [ 220E-08 2280 00 27 48 232 2.86E-04
500 0 18668 987 10 1252 00 12520 { 208E-03 2086 67 25.04 254 3 13E-04
100 0 08439 598 10 844 0D 8440 | 141E-03 | 140667 16 88 283 1 16E-01
TOTAL LOSS LOAD
Pc= Pc, +Pc, + Pc,
p, 2034 % (m)° *(QH)* 1t 10.34* (8,)**(Q;")*Im NG (O
! ¢ 533) E, = 533 Ps = 20' (QU
3 .7
P1= loss ioad on steel pipe P2= loss load on plaste pipe P3= loss load on couplings,
valvles and packer
I e e Ml ltlied tholiliel el S
| i i : : : : ; VALUES OF LUGEON UNIT
12 ——--.n..-———l--.-——b-—--—)-—-——l-—---l-—--1?-51‘--—\
A R S SR 7 A S e e T e
L i e £ 207, SADRRRbt " ' =
P 1 1 ! 1 1 i BEF I f 247
;% ! ) | T / 1 T § 2 260
S SRS S SR SO <+ ol Sl SN S R =
& : | ;B8 s, | | X 7 . 254
4o -l ibuc-ocbaumr-bloaerbeaarlboce-bonol =
1 ] 1 | | 1 I 1 & [ 283
1 ¥ ] 1 1 1 1 ]
. R R N i PERMEABILITY (LU} = 23.2
000 2000 4000 6000 8000 10000 12000 14000 16000

Q (Kmin)

Po = Pressure Reading, Lh = Hydrostatic Load, Plo = Loss Pressure
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PERMEABILITY TEST
Swissbonng Oversoas Corporation Lt
CLIENT: ELECTRIC FOWER DEVELOPMENT Co. DATE: 12-febrero-2003 LUGEON TEST N* 9
PROJECT.TOROLA HYDROELECTRIC COMPLEX SITE: DAM SITE (teft margin) TESTED BY JOSE VALLECILLOS
HOLE No.. CDB-5A ELEVATION: 21725 m.s.f CHECKED BY LUIS ZAVALA
Packer type Neumatic Length (m) = LE:Ti] Water pump Bean Royal 535 Flacd (Vmin) =
Test depth {m) from 55 00 to 6000
Test length {cm). L*CosX®= 5O0DOD Dapth of hole {m) 60 00 Dp XO=0
Swivel H1 [m} H1 = 170 Hole diameter D {cm) S 60 W L Before of test {m}= 58 25
Water jevel Ha (m) 58 25 Ha"CosX° = 5825 Hydrostatic load (kg/fem2}  Lh= (Hi+He)10 = 5595
Steal pipe, tength {m)= It = 5580 Elastic Pips ., Length {m) im = 600 _Reducers, Valv cuaplings 02
[hameter @1 m) = 00778 Diameter (f’z im) =00264 a Packer 012
Roughness index ni = 00 Roughness index n2 0008 Union elpow 4008
PRESSURE 1088 EFECTIVE IKIECTED WATER FLODD SPECIFIC LUGEON PERMEABILITY
READING PRESSURE PRESSURE TINE VOLUME ABRSOPTION UNIT COEFIQENT
Po Pio=P1+P2+F3 |Pe Fo 4Lh-Flo t at Q=Qtt ] Qi=0J60000 | Q2=QMOB/E | Ae=Q/L |uLa. 10;:\3 k- 2:;09:2 T’ i’%
{ kgfem?) { kglem®) { kglormz ) {mn) n {frmin) {m¥/s) {cme/s) {/min/m) uL {cmis)
100 008188 6.91 10 789 00 78 80 1 32E-03 1315 00 1578 22.8 2 81E-04
500 0.13401 10.86 10 1010.00 101 00 1 6BE-03 1683 33 20 20 186 2 29E-04
700 0.22903 1277 10 1321.00 13210 2 20E-03 2201 67 26 42 207 2.55E-04
500 0.13909 10 86 10 1029.00 102 90 1 72E-03 1715 00 20.58 19.0 2.34E-04
100 010412 6 B9 10 890.00 83 00 1.4BE-03 1483 33 17 80 258 § 36E-02
TOTAL LOSS LOAD
Pc= Pg, +Pc, + Pc,
p, . 1034 " (n,)’ * Q7)1 10.34*(n,)" *(Q,")* Im P, = 5 0*(Q)
1= 53 2 = 553 3= 1
@) 62 L
P1=loss load on steel pipe P2= loss load on plastic pipe P3=loss load on couplings,
valvies and packer
p----- 1
| VALUES OF LUGEON UNIT
124----- 1
' LUGEON UNIT
LT “p—— 1 oo LY ] 10 150 200 250 300
\ .
T 1 1 220
E gd ___. : w
"?i‘a 1 g 2 8
X 1 o
A X 1 g @ 207
L4 1 a
o \ E 4 190
4 ---—u ! g, 250
1
2f----- :
i ; PERMEABILITY (LU) = 20.7

60 00 8000 10000 12000 4000
Q {/min)

000 2000 40,00

Po = Pressure Reading, Lh = Hydrostatic Load, Ple = Loss Pressure
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PERMEABILITY TEST swissbering
Swissboring Overseas Corporation Ltd,
CLIENT, ELECTRIC POWER DEVELOPMENT Co. DATE 12-febrere-2003 LUGEQON TEST N, 10
PROJECT TOROLA HYPROELECTRIC COMPLEX SITE. DAM SITE (left margin) TESTEDBY  JOSE VALLECILLOS
HOLE No. CDB-5A ELEVATION: 217.25 m.s.l CHECKED BY: LUIS ZAVALA
Packer typa Neumatic Length {m) = Q80 Water pump Bean Royal 535 Fleed (Imin} =
Test depth (m) from 60 00 to 65 00
Test length (om), L*CosX%= 50000 Depth of hole (m) 6500 Dip X{%= 0
Swivel H1(m) H = 215 Hole diameter D (cm) 960 WL Before of test (m}= 58 25
Water level Ha (m) 58 25 Ha*CosX° = 5825 Hydrostatic load (kgiom2} Lh= {H1+Ha)/10 = 6040
Steol pips, Length (m) = It = 6135 FElastic Pipe . Length (m) Im = 600  Reducars, Valv cuoplings [1F-4
Diameter ¢1 {m) = 00778 Diameter ¢‘2 (m} =00254 o4 Packer 012
Roughness index Rl = 0Mm Roughness index n2 0 ooB Union elbow oooa
PRESSURE Loss EFECTIWVE INJECTED WATER FLOGD BPECIAC LUGEOH PERMEABILITY
TME VOLUME ADSOPTION UNIT COERCIENT
Po Plo—P1+P2sPa |Pe 2o 4lh-Plo t ot Qeair | @1=0/60000 | Q2-Gr100/8 | A =07k Lo 1020 K- Tl il
( kg/emz ) ( kgfemz) { kgiem? ) {min) {n {ifrum) (m¥s} {cm?/s) {rnfm}) ulL {emis)
1.00 006874 697 10 650 00 69,00 115E-03 1150 00 13.80 198 2 44E-04
500 012416 10 52 10 928 00 92 80 1 55E-03 1546 67 18.56 170 2 10E-04
700 024712 12,78 10 1310 00 13100 | 2 tBE-08 2183 33 2620 205 2 52E-04
500 0 14819 10.89 10 1014 00 101,40 | 169E-03 1690 00 20 28 186 2,29E-04
100 0 14042 6.90 10 987 00 98 70 1 65E-03 1645 00 18.74 286 8,20E-02
TOTAL LOSS LOAD
Pec= Pc, +Pc, + Pc,
10.34 *(n,)* *(Q) * It 10.34%(n,)* *(Q,”)*Im *
P:= ) ) = 3 P=20¢'(Q)
33 3 1
¢, . )
P1= loss [oad on steel pipe P2=loss load on plastic pipe P3= loss load on couplings,
valvles and packer
4r----- = q----- Toem s m - a
! : ! VALUES OF LUGEON UNIT
124 ———ua I Hmm e Fem oo
| 1\ | LUGEQR UNIT
10 L Lo o 1] 50 120 50 200 250 300 350
_____ "7 | 1 + +
g [} i I 1 BB
-E.. Bf----- ARhb 1--oo- T g . 170
(=] 1 1 1 i‘;
< Y - A . 5T e — - ; 3 205
L ! 1 ] =2
a | 1 | § . 188
4F - - [ N L mmem 3
t 1 ] 5 208
| 1 )
2f----- S SEST R
7 Y S 1 : e : , L X . PERMEABILITY (LU) = 20.5
0.00 2000 4000 6000 800D $00.00 12000 140.00
Q (/min)
Po = Pressure Reading, Lh = Hydrostatic Load, Plo = Loss Pressure
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PERMEABILITY TEST

swissbering

Swissbaring Overseas Corporation Ltd.

CLIENT: ELECTRIC POWER DEVELOPMENT Co. DATE.,  13-febrero-2003 LUGEON TEST N 11
PROJECT TOROLA HYDROELECTRIC COMPLEX SITE: DAM SITE (left margin) TESTED BY JOSE VALLECILLOS
HOLE No.. CDB-5A ELEVATION. 217.25 m.s.l CHECKED BY: LUIS ZAVALA
Packer type Neumatic Length {m) = Xl Water pump Bean Royal 535 Flood (¥min) =
Test depth {m) from 65 00 to 7040
Test length (cm) L*Cos X°= 50000 Depth cf hote (m) 70 00 Dp X(9=10
Swivel Ht (m) H1 = 215 Hole diameter D {cm) 96D WL Before of test {m)= 60 €5
Waterlevel Ha (m) 60 65 Ha*CosX® = €085 Hydrostatle load {gicm2)  Lh= (H1+Ha)/10 = 6 280
Steelplpe, Length (m)= it = 6635 Plastie Pipe . Length (m} Im = 600 _Heducers, Valv cuoplings 02
Dameter ®1 (m - 0o77e Diameter  $2  (m) =00254 o Packer 012
Roughness index ni = 001 Acughness index n2 0Qo8 Uriion elbaw 0008
PRESSURE LOSE EFECTIVE INJECTED WATER FLOCD SPEGIRG LUGEON FERMEABILITY
READING PRESSURE PRESSURE TIME VOLUME ABSOPTION LNIT COERCIENT
Po Plo=P1+P2:P3 |Pe 2o 4Lh-Plo t ot QeQut [ Qi=0/60000 | Q2=CMI00E | Ae=Q/L [y - 18cAe| K T wix
[kgfem? } { kg/em# ) ( kpfem? ) (rn) 1) {I/mun} [ms) {om¥/s) {(Umuin/m} UL (em/s)
1.00 067735 7.20 10 704 00 70 40 117E-03 1173.83 14 08 195 2 41E-04
500 0 29907 10 98 10 1386 00 | 13860 | 231E-03 | 2310.00 2772 252 3 11E-04
5.00 0 29907 10 98 10 1366 00 13860 | 231E-03 | 2310.00 2772 252 3 11E-04
100 012066 7.15 10 912 00 91.20 1 52E-03 1520 00 18 24 255 3 14E-04
TOTAL LOSS LOAD
Pc= Pe, +Pc, + P,
- 2 r a
p, 1034 ()" * Q)" Ik P 10.34*(n,)* *(Q,")*Im P " Q)
1= 53 2 = 533 3= 2 1
(¢:7) @)
P1=!oss load on steel pipe P2= lpss load on plastic pipe P3= |oss Ioad on couplings,
valvies and packer
t
12 indaiaell plad il pliadieli il S it ettt il e |
; ! : ; ! o 4 VALUES OF LUGEON UNIT
TV VUV AU SpRpRPRPE P AU S A
i : . :- v , LUGEQH UNIT
1 1 1 1 ' oo 50 100 150 200 250 00
P R IO NN IR N cafl I ol R0 R ' )
1
‘E X : : ) ! : ! w5
I 1 1 I7.20 1 w1k | 1 H]
R A R i s -
: N £, -
o, S O O Y NP IPUPRR Sy &
1 1 1 i ! 1 1 1 H
1 1 1 t t | 1 1 & 4 255
1 1 1 1 1 1 1 1
- T e e S e Rl Rkl s
1 1 t 1 1 I 1 |
+ 3
IS S DU N B I PERMEABILITY (LU) = 25.2
000 2000 4000 6000 BOGO 10000 12000 14000 16000
G {i/min}

Po = Pressure Reading: Lh = Hydrostatc Load, Plo = Loss Pressure
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swissbering

PERMEABILITY TEST
Swissboring Overseas Corporation Lid,
CLIENT' ELECTRIC POWER DEVELOPMENT Co. DATE:  30-enero-2003 LUGEON TEST Ne, 1
PROJECT:TOROLA HYDROELECTRIC COMPLEX SITE- DAM SITE (left margin) TESTED BY J. VALLECILLOS Y M., PAZ
HOLE No.  CDB-6A ELEVATION: 228.54 m.sl CHECKED BY: LUIS ZAVALA
Packer type Neumatic tength (m) = 0.80 Water purmp Bean Royal 535 Fload {ifmin) =
Test depth (m) from. 3200 to 36 00
Test length {oim): L*CosX%= 4D00D Depth of hole [m): 3600 Dp X[MP=10
Swve) By {m) Hi = 1.70 Hole diameter D {cm) B 60 W L Before of tast (m)= 137
Water levelHa {m} 137 Ha*CosX® = 1370 Hydrostatic load (kg/cm2):  Lh= (Hi+Ha)A0 = 1.540
Steel pipe, Langtk (m) = I = 3290 Plastic Pype_. Length {m) Im = 600 Beaducars; Valv cuopling: nz
Dameter $1  (m) = oome Dameter P2 (m) -0.0254 a Packer 012
Roughnessindex 1 = oo Roughness index  n2: 0.008 Union efbow: Qa8
PRESSURE LOss EFECTIVE IRJECTED WATER FLOOD SPECIFIC LUGECH PERMEABILITY
READING TIME VOLUME ABBOPTION UNIT COEFICIERT
Po Pio—Pleposps [PE =Po kb - Bl 1 a GeQtt | Q1=Q/60000[ G2=0"1006 [ Ae=GQ/L fuL- J%AE K-St enll
44
{ kglem?) (kglen?) (kglem?) {min) tn {min) {me/s) {om/s) (ifrun/mm) UL (emis)
1.60 @ 00030 254 10 8.00 050 1 5DE-05 1500 0.23 D8 1.04E-05
500 0 00081 654 10 1500 150 2.50E-05 2500 0.38 0.6 6 73E-06
7.00 358333 4 96 10 1000 00 100 00 1 67E-03 1666 67 25.00 504 5.92E-04
5.00 1.68151 4.86 10 685 00 68,50 1.14E-03 1141.67 1713 382 4 14E-04
1.00 023129 2.31 10 254.00 2540 4 23E-04 423,33 6.35 275 3.23E-04
Al subir la presién a 10 kg/emz2 se produce la ruptura de laroca Se continla haciendo la prueba.
TOTAL LOSS LOAD
Pc= Pc, + Pc, +Pc,
p,. 1034 *(n)* *(Q ) "1t 10.34* (n,)* *(Q,°)*Im P *(Q
: 533 P, = 533 3 ==2G. ( 1)
@) ¢.)
P1=loss load on steel pipe P2= loss load on plastic pipe P3= loss load on reducciones,
valvutas y uniones
VALUES OF LUGEON UNIT
LUGEQN UNIT
o0 10.0 200 ano 400 500 800
Ly s Jos ‘ i - -
§ g
-.u..’ 5 2 Jos
5 =
@ E 2 504
-8 g 3 352
e 5 -4
PERMEABILITY (LU) = 50.4
000 20.00 4000 6000 80.00 100.00 120,00
Q {/min)

Po = Pressure Reading, Lh = Hydrostatic Load; Plo = Loss Pressure,
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PERMEABILITY TEST swissbering

Swissboring Overseas Gorporation Ltd,

CLIENT: ELECTRIC POWER DEVELOPMENT Co. DATE:  3l-nero-2003 LUGEOQON TEST N¢ 2
PROJECT:TOROLA HYDROELECTRIC COMPLEX SITE DAM SITE (left margin)} TESTED BY J. VALLECILLOS Y M. PAZ
HOLE No. CDB-6A ELEVATION: 22854 ms.l CHECKED BY: LUIS ZAVALA
Packer type Neumatic Length (m) = 080 Water pump Bean Royal §35 Flood {lfmin) =
Testdepth {m) from' 3600 to* 4100
Test length (cm). L*CosX°c 50000 Depth of hole (m)- 4100 Dp X@=0
Swivel H1 (m)- Ht = 225 Hole diameter D {cm) 9860 W L. Before of test (m)= 33
Water level Ha (m) 33 He*CosX° = 33.00 Hydrostatic load (kglem2)  Lhe (Hi+Ha)10 = 3.525
Steal pipe; Length (m) = It = 3745 Plastic Pipe, Length {m) Im = 600 _Beducers. Valv cuoplng' 0.2
Diameter @ m} = 00778 Diameter 9z (m) =0.0254 o Packer. 012
Roughness index n1 = 00t Roughneoss index  n2' ooos Union elbow. 0008
PRESSURE LOSS EFECTIVE IRECTED WATER FLOOD SPECIFIG LVGEDH PERMEABILITY
READING PRESSURE PRESSURE TIME VOLUME ABSOPTION UNIT COEFICIENT
Po Plo=P14p2+P3 fPe =Fo 4h -Ply t at Q=Qtf | Q1=Q/60000| Q2=Q+100/6 Ae=Q/L gy .10t Aef k. B2 2L
Fle c
{ kgfem?) { kgfem? ) { kg/em?} {imin) {n (fmn) {m¥/s) (em¥s) {rnin/m) UL {ers)
1.00 000003 452 10 3.00 030 5 00E-06 5.00 0.06 0.1 1 63E-08
500 0.00023 B.52 10 8.00 0.80 1 33E-05 13.33 0.18 02 231E-06
1000 0.00036 13.52 10 10.00 100 1 67E-056 16.67 020 0.1 1.82E-06
5.00 000018 852 10 700 0.70 1.17E-05 11 67 014 g2 2.02E-06
100 0 00000 452 10 1.00 010 1.67E-06 1.67 002 00 S45E-07
TOTAL LOSS LOAD

Pec= Pc, + Pc, + Pc,

10.34 *(n,)* *(Q,°) * 1t 10.34* (n,)* *(Q,%) *Im
P.= @ ) P, = (; ) : P, =2a*(01)
2
P1= loss load on steel pipe P2= loss load on plastic pipe P3= loss load on reducciones,

valvulas y uniones

VALUES OF LUGEON UNIT
LUGEGN UNIT
oo o1 o1 0.2 Q.2
= 1 o1
€
% § 2 0.2
% % 3 a1
o % 3 9.2
E 5 o8
o PERMEABILITY (LU) = 0.1
0.00 0.20 040 0.60 080 100 120
Q (I/min)

Po = Pressure Reading; Lh = Hydrostatic Load; Plo = Loss Pressure.
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swissbering

PERMEABILITY TEST
Swissboring Overseas Corporation Lid,
CLIENT: ELECTRIC POWER DEVELOPMENT Co. DATE:  3I-enero-2003 LUGEON TEST N% 3
PROJECT:TOROLA HYDROELECTRIC COMPLEX SITE: DAM SITE (left margin) TESTED BY J. VALLECILLOS Y M. PAZ
HOLE No.: CDB-6A ELEVATION: 228.54 m.s.l CHECKED BY. ELUIS ZAVALA
Packer type. Neumatic Length (m) = 080 Water pump Bean Royal 535 Flood {l/min) =
Test depth {m) from, 4100 to 46 00
Test length {cm) L*Cos X%= 50000 Depth of hole {m}) 48,00 Dp X(9=0
Swivel H1 (m) H1 = 125 Hole diameter D (em)* 9.60 WL Betore of test (m)= 11 26
Watet lovel Ho (m)  11.26 Ha*Cos X°® = 1126 Hydrostatic load (kg/cm2) Lh= (Fi+Ha)/10 = 1.251
Stes) pipe, Length {m) = It = 4145 Plastic Pips.. Length {m} im = 600 Beducers, Valv cuopling: b2
Diameter $;  (m} = 00778 Diameter $2 (m) <=00254 o Packer. 012
Roughnaess index n1 = 00 Roughness Index  n2: 0.008 Union elbow* 0008
PRESSURE LOSS EFECTIVE INJECTED WATER FLOGD SPECIFIC LUGEGN PERMEABWLITY
READING PRESSURE PRESSURE TIME VOLURE ABSOPTION UNIT COEFICIENT
Po PloaP1+P2+p3 [Pe =Po b -Plo t ot G=Qut | O1=Q/60000| Q2=0*100/6 [ Ae=0Q/L [yp.10tAefg._92_. ik
{ kgfem? ) { kgfem? ) { kglom? } {min) {n {I/min} {mfs) {cm?/s) {i/min/m} uL {cm/s)
1.00 002368 223 10 81.00 810 1.35E-04 135 00 162 73 8.96E-05
5.00 069774 555 10 440.00 44 00 7 33E-04 733.33 8 80 16.8 1.95E-04
10.00 4,76533 6.49 10 1150 DO 115.00 1.82E-03 1916.67 23.00 35.5 4.37E-04
5.00 190882 434 10 728.00 72 B0 121E-03 1213.33 14,56 33.5 4.13E-04
1.00 0.27261 1.88 10 275 00 27.50 4 58E-04 458 33 550 278 3 43E-04
TOTAL LLOSS LOAD
Pc= P¢, +Pc, +Pc,
P 10.34 * (n1)2 * (012) * 1t P 10-34*(112)2 *(sz) *Im P a* (Q )
1= 533 2 = 535 3 = 2 1
@, ) ¢:)
1= loss load on steel pipe P2= Joss load on plastic pipe P3= loss load on reduccrones,
valvulas y uniones
7 ‘‘‘‘ r-——-—+«= ToT === T*T - arTT T T A === == 1
» ' VALUES OF LUGEON UNIT
[ T Rl 1 i e T I !
: : LUGEDN UNIT
Y A U UL U S U ——m—— e . 00 58 fop 150 200 250 0 IS¢ 00
!E‘ : : 1 74 o
Y TR v AP PIP A Qu L. I F [, 1 w
B /;'- , ' § z 158
== ] 1 3 s
PREE:E dataialy’sl dlubabaink 5 calulol Subiee e e ik mm - ‘ 4
o ] 1 2
1 1 i o 4 335
P LK dar e .= P P |, 1 ié'
ST :
[} i 1 1 1 1 1
1 ---- TS—“*- T-——-="= T =" b i aT T T | i 1
1 1 1 1 1 1 1
o ! o o ' o ! ! PERMEABILITY {LU) = 35.5
0.00 20 00 40 00 6000 80 DD 10000 120.00  140.00
Q {i/min)
Po = Pressure Reading; Lh = Hydrostatic Load; Plo = Loss Pressure.
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swissbering

PERMEABILITY TEST
Swissboring Ovearseas Cotporation Lid,
CLIENT- ELECTRIC POWER DEVELOPMENT Co. DATE:  1-febrero-2003 LUGEON TEST N% 4
PROJECT:TOROLA HYDROELECTRIC COMPLEX SITE: DAM SITE (left margin) TESTED BY J. VALLECILLOS Y M. PAZ
HOLE No., CDB-6A ELEVATION: 22854 ms.l CHECKED BY. LUIS ZAVALA
Packer type Neumati¢ Length {m) = 0.80 Water pump Bean Royal 535 Fiood {Ifmin) =
Test depih (M} from. 46 00 to 5000
Test length {cm): L*Cos X°= 40000 Depth of hole (m), 50 00 Dp XM=0
Swivel Hi (my H1 = 080 Hole diameter D (em) 950 W L. Bafore of test {m)= 37 35
Water level Ha (m)* 37 35 Ha*Cos X® = 3735 Hydrostatic lbad (kgfcm2}  Lh= (Hi+Ha}/10 = 3815
Steel pipe: Length {m) = 1] = 4600 Plastic Pipe. Length {m) im = 8.00 Beducers: Valv cuopiing: 02
Diameter ¢1 {m) = 00778 Diameter ¢2 (m) =00254 a Packer 012
Roughness index nt = 00 Roughness Index  n2 o008 Union elbow 0.008
PRESSURE Lass EFECTIVE INJECTED WATER FLOOD BPECIFIC WGEAN PERMEAGILITY
HREADING PRESSURE PRESSURE TIME VOLUME ABSOPTION U COEFICIENT
Po Plo=P1+P2:F3 [P =Po b ~Plo t at Q=0 | ©1=Q/60000 | G2oQU00/6 | AP =Q/L |y = 20080 | X~ TERRLE
{ kg/emz) [ kg/cmz ) { kg/emR ) {many {1} (ymmny {m3/s) {cms/s) {ifmunfm) UL {emis)
1.00 0.00870 48 10 49.00 4.90 8.17E-D5 8167 123 2.5 2.99E-05
500 015197 B 66 10 205.00 20.50 3.42E-04 341 67 513 59 6.94E-05
10.00 1.34931 12.47 10 611.00 6110 1.02E-03 1018.33 1528 123 1.44E-04
5.00 013751 B 68 10 185 00 19.50 3.25E-04 325,00 4.88 5.6 € 59E-05
100 000580 481 10 40.00 4,00 6 67E-05 66.67 1.00 2.1 2 44E-05
TOTAL LOSS LOAD
Pe= Pc, + Pc, + Pc,
p _1034* (@)’ = QY"1 10.34*(n,)* *(Q,")*1m P .
1= " 533) P, = 55 3 =Ea (01)
(¢4 ¢.7)
P1=loss load on steel pipe P2= loss load on plastc pipe P3= loss load on reducciones,
valvulas y uniones
14
VALUES OF LUGEON UNIT
12 !
I LUGECH UNIT
10 I‘ 00 20 40 (=] 80 100 120 140
: . . N )
- 1 25
E g 2 : w
L 1 1 1 g o 58
g | A :
: 6 . - . .é. 2 123
& : : E § 4 55
4 Ju 7 ! £ 5 21
1 I 1
2 T - |
1 1 t 1 1 t 1
ok ey o0 ! ! PERMEABILITY (LU) = 12.3
0.00 1000  20.00 30.00 40.00 50.00 6000 70 00
Q {I/min)
Po = Pressure Reading; Lh = Hydrostatic Load, Pio = Loss Pressure
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PERMEABILITY TEST swisshering

Swissboring Ovemeas Corporation Lid,

CLIENT. ELECTRIC POWER DEVELOPMENT Co. DATE: 1-febrero-2003 LUGEON TEST N¢ 5

PROJECT:TOROLA HYDROELECTRIC COMPLEX SITE: DAM SITE (left margin) TESTED BY J. VALLECILLOS Y M. PAZ

HOLE No.: CDB-6A ELEVATION. 22854 m.s.l CHECKED BY: LUIS ZAVALA

Packer type, Neumatic Length {m) = 080 Water pump, Bean Royal 535 Flood (l/min) =

Test depth (m) from 5000 to: 5500
Test length {crm): LtCosX®= 50000 Depth of hole (m) 8500 Dip X{9= ¢
’ Swivel H1 {m) H1 = 155 Hole diameter D (cm) 960 W.L Befora of test (mj= 15.56
Water lovel Ha {m)' 15,56 Ha*Cos X° = 1558 Hydrostatic load {kg/em2); Lh= (Hi+Ha)/10 = 1711
Stesl pipe: Length {m} = It = 5078 Plastic Pipe , Length (m) Im = 600 _Baducers, Valy cuopling: ne
Dametet ¥ (m) = 00778 Demeter #2 (m) -0025 a Packer 012
Roughness indeéx n = 001 Roughness index n2: 0008 Union elbow 0008
PRESSURE Lass EFECTIVE INJECTED WATER FLOOD SPECIFIS LUGEON PERMEASILITY
READING PRESSURE PRESSURE TIME VOLUME ABSOPTIGN UHIT COEFICIENT
Po PlozP1+P2+P3 [Pe =Po 3h <Pk t ot Q=0 | O1=0r60000 | Ge=gri006| Ae=Q/L fu . 19"Ael k- E%T. . 1“‘26]:
(kgfem?) (kgfome) | (kgion?) (min} o | e | ems | emiom vy © ()
1.00 0.01308 270 10 €0.00 6.00 1.00E-04 100 00 1.20 4.4 5 48E-05
5.00 028027 643 10 278.00 27 80 4 G3E-04 463 33 5.56 8.6 1.07E-04
1000 4 89468 682 10 1162 00 116.20 1 94E-03 1936.67 2324 34,1 4.20E-04
5.00 186374 485 10 717.00 71.70 1.20E-03 1185,00 14,34 29,6 3 65E-04
1,00 075303 1.96 10 456 Q0 45 60 7 6OE-04 760 00 9.12 46.6 5,74E-04
TOTAL LOSS LOAD

Pc= Pc, +Pc, + P¢,

10.34 *(n,)* * (Q) * It 10.34*(n,)* *(Q,°)*Im "
P.= 533 P, = 333 P, = Ea (Ql)
@) @, )
P1=loss load on steel pipe P2= loss load on plastic pipe P3=loss load on reducciones,
valvulas y uniones
8
VALUES OF LUGEON UNIT
7
LUGEON UNIT
6 0.0 100 200 300 400 500
1 44
£ S "
L2 g =2 BE
oL
24 ] E "
1
& 3 o § F} 286
1 | ol
{ ! g 58
2 Y -
| ) i
L A ¥ K |
t A \ . PERMEABILITY (LU) = 341
04— o it ]
0.00 204Q0 40.00 60 00 80.00 10000 12000 14000
Q ({i/min) ]

Po = Pressure Reading; Lh = Hydrostatic Load, Ple = Loss Pressure
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swissbering

PERMEABILITY TEST
Swissbaring Overseas Corporation Ltd,
CLIENT" ELECTRIC POWER DEVELOPMENT Co. DATE;  2-febrero-2003 LUGEON TEST N° 6
PRGJECT TOROLA HYDROELECTRIC COMPLEX SITE. DAM SITE (Jeft margin) TESTED BY J, VALLECILIOS Y M, PAZ
HOLE No.: CDB-6A ELEVATION: 228,54 m.s.l CHECKED BY: LUIS ZAVALA
Packer type Neumatie Length {m} = 080 Water pump; Bean Royal 535 Flood (Ifirin) =
Testdepth (m) from 55,00 to. 6000
Test length (cm)” L*CosX%= 50000 Depth of hole (m). 6000 Bp X(®= 0
Swivel H1 (m} H1 = 215 Hole diameter D (cm)’ 960 W L Before of test (m)= 11.31
Water lovel He {m}, 11,31 Ha*CosX® = 1131 Hydrostatic load (kgicm2)'  Lh= (H+Ha)}/10 = 1346
Stee! pipe, Length (m) = It = 5635 Plastic Pipa.; Length (m) Im = 600 _Reducers, Valv cuopling: 02
Drameter ¢1 {m) = 00778 Diameter ‘«')52 {m) =00254 a Packer 012
Roughness index  n1 = o0 Roughness index n2. 0008 Union elbow 0008
PRESSURE Loss EFECTVE IRJECTED WATER FLOOD SPECIFIC LUGEGN PERMEABILITY
READING PRESAVRE PRESSURE TIME VOLUME ABSOPTION URIT COEFICIENT
Po PlozP1+P2+P3 [Fe —Po 3h -Plo t @ Q-Qit | Q1=QB000D | Q2=C100/8 | As=Q/L |y - 10Aed K i _nit
{ kalom? ) { kgfen2) (kafom? ) {min) {n {ifmin) (mvjs) (cm?/s) {Vmin/m} UL femis)
100 001786 233 10 70 00 7.00 117E-04 116 67 140 6.0 7 41E-05
500 009513 625 10 165.00 16,50 2.75E-04 27500 3.30 53 6.51E-05
10.00 146715 988 10 635 00 63.50 1 DBE-03 1058.33 12.70 12.9 1 58E-04
500 062371 572 10 414.00 41.40 6.90E-04 690.00 8.28 14,5 1.78E-04
1.00 023288 211 10 253.00 25 30 4.22E-04 421,67 506 239 2 98E-04
TOTAL LOSS LOAD
Pc= Pc, +Pc, + Pc,
10.34 * () *(Q*) * 1t 10.34*(m,)* *(Q,%) *Im
Py= ¢ 1)533( ) P, = ( 2)saa( ) P =Ea*(01)
¢.) @:)
P1= loss load on steel pipe PZ2= loss load on plastc pipe P3= loss load on reducciones,
valvalas y uniones
12y-=-=---p----- i e
[ oo VALUES OF LUGEON UNIT
(o Subiniied il Sl Attty iy y? T LUGEDH UNIT
[114] 50 €0 150 200 25.0 00
_______ —..—:"/A I R + : + 1
o
-S_ / / §
UL b i At ik Sy 57 e et i g
I3
Y S VAN S / __________________ g
el 5
/2 A A I B
PERMEABILITY (LU} = 129
O ! 3 ek L " P L
000 10.00 20 00 3000 40.00 50.00 60.00 70.00
Q (I/min)

Po = Pressure Reading, Lh = Hydrostatic Load, Plo = Loss Pressure

7_

5~-56

322



swissbering

PERMEABILITY TEST
Swissboring Overseas Corporation Ltd,
CLIENT: ELECTRIC POWER DEVELOPMENT Co. DATE:  3-febrero-2003 LUGEON TEST N% 7
PROJECT:TOROLA HYDROELECTRIC COMPLEX SITE: DAM SITE (left margin) TESTED BY J. VALLECILLOS Y M. PAZ
HOLE No: CDB-6A ELEVATION: 228.54 m.s.l CHECKED BY: LUIS ZAVALA
Packer type, Neumatic Length {m) = 080 Water pump Bean Royal 535 Flood (/min) =
Test depth (m) from 60.00 1o 6500
+ Tast length {cm). L*CosX®= 50000 Depth of hele (m) 65.00 Dp X{9=0
Swivel H1 (m)' Hi = 070 Hole diameter D {om) 960 WL Before of test (m)= 13,15
Water level Ha(m) 13 15 Ha*CosX®= 13,15 Hydrostatic joad (kg/cm2):  Lh= (Hi+Ha)/10 = 1 3B5
Steel pipe, Length (m) = it = 5990 Plashc Pipe, Length {m} Im = 600 | Beducars, Valv. cuophing: 02
Diameter 93 m = 00778 Dameter P2  (m) =00254 o Facher- 012
Roughness index ni = 001 Raughness index  n2: 0008 Urion elbow., b oos
PRESSURE Loss EFECTIVE INJECTED WATER FLOOD SPECIFIC LUQEGN PEAMEABILITY
READIRG PRESSURE PRESSURE TIME YOLUME ABBOPTION UNIT COEFICIERT
Po Plo=P1:P2+P3 [Pe =Po +h -Plol 4 o o=ott | 1=iG0o00| Ce=Cr100/6| Ae=Q/L [ub=10tAe| ko SRR
(kgfeme ) { kgfom? ) ( kg/cm? } (rmum) [43] {I/min) {m¥fs} {cm¥/s) {lfrmin/m) UL (cmis)
1.00 0 00133 238 10 19.00 190 317E-05 3167 038 16 1.96E-05
500 0.22618 8.16 10 249.00 24 90 4 15E-04 415.00 4.98 8.1 9.97E-05
10.00 390623 748 10 1035 00 103 50 1.73E-03 1725 00 20.70 27.7 3 41E-04
5,00 1.54078 484 10 650.00 65.00 1 08E-03 1083,33 13.00 26.8 3.31E-04
100 0.62816 1.76 10 415,00 41 50 6.92E-04 691 67 a3ag 47 2 5 82E-04
) TOTAL LOSS LOAD
Pc= Pc, +Pc, + Pc,
2
10.34 * (n)* * (Q ) * 1t 10.34*(n,)* *(Q,>)*1m "
Pi= 533 P, = P =2(1 (Q)
533 3 1
¢, ) @,")
P1= loss load on steel pipe P2= |pss load on plastic pipe P3= loss load on reducciones,
} valvulas y uniones
8 -
VALUES OF LUGEON UNIT
7
LUGEQHN UNIT
6 oc o 200 30 00 00
o5 t I 18 ’
._E_ § 2 81
g 4 § 3 277
o a 268
Y % g
4 a
2 5 412
1 L
; \ : | PERMEABILITY (LU) = 27.7
04— e I S .
\ R 40 00 60,0 8000 100 GO 120 00
0.00 20.00 a (?lm?n)
Po = Pressure Reading; Lh = Hydrostatic Load, Plo = Loss Pressure,
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swisshering

PERMEABILITY TEST
Swissboring Overseas Corporation Lid,
CLIENT: ELECTRIC POWER DEVELOPMENT Co. DATE:  3-febrero-2003 LUGEON TEST N 8
PROJECT-TOROLA HYDROELECTRIC COMPLEX SITE: DAM SITE (left margin) TESTED BY J. VALLECILLOS Y M. PAZ
HOLE No.: CDB-6A ELEVATION: 228.54 m.s.l CHECKED BY: LUIS ZAVALA
Packer type’ Neumatic Langth (m) = 080 Water pump* Bean Royal 535 Fload {/min) =
Testdepth {m) from 65 00 1o 7000
Test length {cm) L*CosX°= 50000 Dapth of hole {m)’ 7000 Dp X{9=0
Swivel H1 [m) H1 = 115 Hole diameter B {cm)* 0 60 W L Before of test (m)= 13 58
Water levelHa (m) 13,59 He* CosX° = 1358 Hydrostatic load (kg/em2)  Lhe (Hi+Ha)/10 = 1474
Steel pipe: Length {m} = it = 6535 Plastic Pipa : Length (m) Im = 600 _Reducers:  Valv cucphng: 02
Diameter % (m) = 00778 Diameter ¢z {m} =00254 a Packer 012
Roughnaess Index nt = 001 Aoughness index n2 0008 Union elbow 0.008
PRESSURE LOss EFECTIVE IKJECTED WATER FLOOD SBPECIFIC HUREQN FERMEABILITY
READING PRESSURE PRESSURE TIME VOLUME ABSOPTION UNT COEFICIENY
Po Plo=P14P24+P3 [Pe =Fo &h -Pig t ot Q=Qt | Qi1=Q60000 | G2=G*100/6] Ae=Q/L [uL= % Kus 1°Pf —ouil
(=]
{ kgfom? ) {kgfom? } (ka/cm? ) {rmin) (1) (Vmin) {mels) {cm¥s) (ifrrun/m) UL {cmys)
1.00 0.00917 248 10 50 00 500 8 33E-05 83.33 1.00 41 5.00E-05
5,00 0.04761 643 10 114 00 11 40 1 S0E-04 19000 2.28 35 4,37E-05
10.00 3.57923 7 B9 10 885 00 98 90 1 65E-03 1648 33 19,78 261 3 09E-D4
5.00 1.33510 514 10 604 00 60 40 1 01E-03 1006 67 12.08 285 2 9DE-04
1.00 0.29734 218 10 285 00 28 50 4,75E-04 475 00 570 262 3 23E-04
TOTAL LOSS LOAD
Pc= Pc, + Pc, +Pc,
10.34 *(n,)? *(Q,) * 1t 10.34* (n,)* *(Q,*)*Im
Pi= (1)533( ) P, = ()" *(Q,7) P =Ea*(0)
@) @5 - -
1 2
P1=loss load on steel pipe P2= |loss Joad on plastic pipe P3= loss load on reducciones,
valvulas y uniones
VALUES OF LUGEON UNIT
LUGEON UNIT
o0 50 100 150 200 250 300
1 41
g
- E 2 A5
5 E 3 =1
-g § 4 ns
& E 5 282
: PERMEABILITY (LU) = 251
3 ! i | i :
o+ —— oo — et — .
0.00 20,00 40,00 6000 8000 10000 120.00
Q {ljmin}
Po = Pressure Reading; Lh = Hydrostatic Load, Plo = Loss Pressure,
7-5~-58
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PERMEABILITY TEST swisshering
Swissboring Ovarseas Corporation Lid,
CLIENT: ELECTRIC POWER DEVELOPMENT Co. DATE 12-diciembre-2001 LUGEON TEST N° 1
PROJECT TOROLA HYDROELECTRIC COMPLEX SITE DAM SITE (left margin) TESTED BY Geols. L.Peréz- R. Alvarado
HOLE No, CDB-7 ELEVATION 184.06 m.s.l CHECKED BY- Geol.W. Herndndez
5 Packer type Neumatic Length (m) = [1:]s] Water pump Bean Royal 635 Flood {ifmin) =
B Test dopth (m) from 10 00 to 15 60
Test length {cm) L*Cos X°= 50000 Depth of hole (m) 1500 Dp XO=0
Swval Hi (m) Hr = 160 Dramster of hole D {crm} 757 WL Before of test {m)= 85
Waterlevel Hafm) 95 Ha*Cos X% = 950 Hydrostatlc load (kgfem2)  Lh= {Hi+Ha)10 = 1110
Stoal pipe, Length {m) = it = 500 Plastic Pipe . Length (m) im =500 Haducciones., Valv uniones: o2
Diameter ¢4 (m) = ooco3 Dameter ¢z (M) =00254 a Packer 012
Coni rugosidag ni = 00t Goef rugosidad n2 =0008 Codo 0008
PRESSURE Loas EFECTIVE INJECTED WATER FLOOD SPECIRC LUGEON PERMEABILTY
TIME VOLUME ABSOPTION UNIT COEFICIENT
Po Plo=P14P24P3 [Pe =Po 4Lh-Plo t a Do=Qit | 01=0/60000 | Q2=0*100/5 t Ae=0Q/L UL e %:i? K- h“;f et h%
i:]
{ kg/em?) (Kglem#} { kglome ) (mini} [43] {Umin} (m¥s) {cm/s} {fmin/m) UL {cmis)
1.00 0 28899 1.52 10 31200 3120 5.20E-04 52000 624 34.3 4 44E-04
5§00 1 46253 4.65 10 702 00 7020 1 17E-03 1170 00 14 04 302 3 91E-04
10 00 293204 818 10 994 00 99 40 166E-03 1656 67 19.88 243 3.15E-04
5400 162518 448 10 740 00 74 00 1 23E-03 1233 33 14.80 33.0 4.27E-04
100 0 38901 172 10 36200 3620 6.03E-04 603 33 724 421 5 45E-04
™y
! TOTAL LOSS LOAD
Pc= Pc, +Pc, + Pc,
p, = 1034 (0))* *(Q) * 1t 10.34* (n,)* *(Q,*) *Im P *(Q
' (¢15.33) P2= (¢ 533) 3=2u ( 1)
2
P1= loss load on steel pipe P2= loss load on plastic pipe Pa= loss load on reducciones,
) valulas ¥ urones
9
8 VALUES OF LUGEON UNIT
7 LUGEQN tiMiT
00 100 200 R0 400 500
- ] P i
E 5 g . 302
2 :
<4 wos 23
o g
& 3 2 a a0
) E 421
11
‘ 2 h
1
1 L
N e} e o PERMEABILITY (LV) = 243
000 2000 4000 0.00 8000 100 00 120 00
Q {/min}
Po = Pressure Readmng: Lh = Hydrostatic Load, Plo = Loss Pressure

3%
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PERMEABILITY TEST

swisshering

Swissbonng Over Corporation Ltd,
CLIENT, ELECTRIC POWER DEVELOPMENT Co. DATE 12-diciembre-2001 LUGEQON TEST N* 2
PROJECT TOROLA HYDROELECTRIC COMPLEX SITE: DAM SITE (left margin) TESTED BY Geols, L.Peréz- R, Alvarado
HOLE No CDB-7 ELEVATION 184.06 m.s.l CHECKED BY. Geol.W. Hernédnde:
Packer type Neumatic Length {m) = 080 Water purnp Bezn Aoyal 535 Flood {/min) =
Test depth (m) from 1500 to 2000
Test length (cm) L*CosX®= 50000 Dapth of kole {m) 20 00 Dp X[9=0
Swivel Hi (m} H1 = 270 Diameter of hole D {om) 787 WL Before of test (m)= 10 25
Water leveiHa {m) 1025 Ha*CosX? = 1025 Hydrostatic lead {kg/em2)  Lh= (H1+Ha)/10 = 1298
Stesl pipe, Length (m) = 1" = §&00 Plastic Pipe . Length {m} im = 500 _Baduggiones, Valv. uiones 0z
Dlameter $1  (m) = 00503 Diameter P2  {m) =0 0254 a Packer 012
Coef rugosidad n s 001 Coaf rugosidad nz =0008 Codo [eRell:]
PRESSURE Loss EFECTIVE, INJECTED WATER FLOOD BPEGIFIC LUGEGN FERMEABIITY
READING PREBBURE PRESSURE TIME VOLUME ABSOPTION ANIT COERGIENT
Po PlomP1+P2+P3 [Pe =Po 4Lh-Flo t a Qo=QtA | Q1=Q/0000 | G2=CG™100/6 | Ae=Q/L |y . %ﬂ}g K- uOPz - .,2_]}-,
{ kglom? } { kgfom?) {kg/om?) (min} {1 {Umin) (md/s) {ems) (Yrmun/m) UL {cmys)
100 000526 229 10 42 00 420 7 O0E-05 70 00 084 37 4 75E-05
500 0.13346 616 10 21200 2120 3.63E-04 353 33 424 69 8 91E-05
10 00 128279 10 00 10 660 00 66 00 1 10E-03 1100,00 1320 132 171E-04
5.00 0.55652 574 10 433 00 43 30 7 22E-04 721 67 8 66 151 195E-04
100 0 04868 255 10 128 00 12 BO 2 13E-D4 213 33 256 114 1 48BE-04
TOTAL LOSS LOAD
Pc= Pc, +Pc, + P,
p, 1034 * () *(Q7)* 1t b _10347(@) * (@) *Im P :
s (¢ 533) 2= 523 3 =2(1 (Ql)
i .7
P1= loss load on stesl pipe P2= loss load on plastc pipe P3= loss load on reducciones,
valvulas y uniones
2r----- = - - e r=—=--- === Q===-- T-—-- )
! : ! ! ! : : VALUES OF LUGEON UNIT
S S R S T o ___L__Jow
' ' ‘ LUGEON UNF
1 1 ' 00 2o 40 60 80 00 120 140 60
8 _____ S AR I [ IR I t e
|- ! ! 1 3z
] 1 1 ' u
] 1 1 2 P
E-) [ e [ g (R N — 1 Z
& ! B s 132
4 ; | :
LY SR SN G R e e 1 g + 151
1 1 H
' ' 1 &g 14
2 1 ) !
. - bl Shihnlidindhall el it H r-—-—=-- 1
CHEE v { 3 . |
1 H 1
N ; : . , ; X L e PERMEABILITY (LU) = 132
000 1000 20.00 3000 4000 50 00 60 00 7000
Q (I/min)
Po = Pressure Reading, Lh = Hydrostate Load, Plo = Loss Pressure
7-5-60
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swisshering

PERMEABILITY TEST
Swwsbonng Overseas Corporation Lid,
CLIENT ELECTRIC POWER DEVELOPMENT Co. DATE 12-dciembre-2001 LUGEON TEST N¢ 3
PROJECT TOROLA HYDROELECTRIC COMPLEX SITE DAM SITE (left margin) TESTED BY Geols. L.Peréz- R. Alvarado
HOLE No CDB-7 ELEVATION. 184.06 m.s.d CHECKED BY- Geol, W. Hernfindez
Packer type Neumatic Length {m) = 08d Water pump Bean Royal 535 Flood (imun) =
Test depth {m) from 2000 ta 2500
Tast length {¢m) L*CosX®= 50000 Depth of hale (m} 2500 Dp X(3=0
Swval H1 (m) H1 = 085 Diamater of hale D {em) 757 WL Before of test {m)= 10 25
Water lavel Ha (m} 1025 Ha*CosX® « 1D2% Hydrostalic load [kg/em2}  Lh= [H1+Hal1D = 1120
Steel pipe, Length (m) = 1 = 500 Plastic Pipe., Length (m) im = 500 Reductlones, Valv uniones cz
Damster () = 00603 Diameter @2 (m) =9 0254 o Packer 01z
Coef tugosidad nl = 00 Coef rugosidad nz =0008 Codo Q008
PRESSURE LOSS EFECTIVE SKJECTED WATER FLOOD SPECIFIC LUGEGHN PEAMEABILITY
READING PRESSURE PRESSURE TIME YOLUME ABSOPTION UNIT COERCIENT
Po Plo=P1+P2+sP3 {P¢ =Po 4Lh -Plo t ot Qo=0Kt | 01=0/60000 | 02=CM1006 ] Ae=Q/L g o %‘:A_a K- hup: = hln_i-
{ kgfem?) (kyfemz ) [ kglem?) {min} {n {Ymin) (m3fs) (o) {i/rin/m) UL {cmys)
100 0 40000 212 10 0.00 000 0 0DE+00 000 000 0o 0 00E+00
500 0 00251 612 10 2900 2890 4 B3E-05 48 33 058 09 1 23E-05
10 00 003340 1109 10 106 00 1060 1 T7E-Q4 176 67 2,12 19 2 48E-05
500 000715 611 10 49 00 4 30 B 17E-05 81 67 098 16 2 08E-D5
100 0 00000 212 10 000 0.00 0 00E+00 000 000 [+]] 0 ODE+00
TOTAL LOSS LOAD
Pc= Pe, +Pc, +Pc,
2
P = 10.34* (n,)* * (Q ) *1t P 10.34*(n,)* *(Q,))*Im P *(0
g @ 5-33) 2 = ) 3= E:a ( 1)
1 @.)
P1=loss load on steel pipe P2= loss load on plaste pipe P3= loss load on reducciones,
valvulas y uniones
VALUES OF LUGEON UNIT
LUGEON UNIT
00 05 10 15 20 25

Pa (ka/em?)

PRESSURE RANGE

212 ! ) 1 1 1
0 R I R PERMEABILITY (LU) = 19
000 200 400 600 800 10 00 1200

Q {min)
Po = Pressure Reading, Lh = Hydrostatic Load, Plo = Loss Pressure
7-5-61




PERMEABILITY TEST

swisshering

Ew ing Over Corpaoration Ltd,
CLIENT ELECTRIC POWER DEVELOPMENT Co. DATE  12-diciembre-200% LUGEON TEST N> 4
PROJECT TOROLA HYDROELECTRIC COMPLEX SITE: DAM SITE {left margin) TESTED BY Geols. L.Peréz- R. Alvarado
HOLE No CDB-7 ELEVATION: 184.06 m.s.l CHECKED BY. Geol. W. Hernfindez
Packer type Neumatic Length {m) = 080 Water pump Bean Royal 535 Floed {Umin) =
Test depth (m} from 2500 to 3000
Test length (cm) L*Cos X°= 50000 Depth of hele Im) 3000 Dip X(9=0
Swivel H1 (m} Hi = 110 Drammetsr of hole D (em) 757 W L Before of test (m)= 1105
Water levelHa (m) 11 95 Ha*Cos X% = 1105 Hydrostatle load (kgfem2) Lh= (H14Ha)10 = 1215
Stesl pipe. Length (m) = " = 500 Plastic Pipe, tength (m} im = 500 Badugciones,  Valv uniones 62
Damster $1 (m) = 00603 Dameter P2 (m) =00254 e Packer 012
Cael rugosidad ni = 001 Coef rugosidad n2 =000B Codo 0008
PRESSURE LOSE EFECTIVE INJECTED WATER FLOOD SPECIFIC LUGEON PERMEABILITY
RAEADNG FRESSURE PRESSURE TIME VOLUNE ABSOPTION UNIT COEFICIENT
Po PiosP1sP2+pa [Pe Po 4lh-Plo ! at Qo=Qit | Q1=Cye0000 | Q2=Ct100/6 | Ae=Q/L UL 1_0;5_3 ko3l ewlit
[ kafem?) [kgfem?) { kgfen) ()] (n (¥rmin) [m?/s) foms) {Vmunym) uL {em/s)
100 000172 22 10 24 00 240 4 00E-05 4600 048 22 2 81E-05
500 0 36991 585 10 353 00 35 30 5 88E-04 588 33 706 121 1 56E-04
1000 1 28496 593 10 658 00 65 80 1 10E-03 1096 67 1318 133 1 72E-04
500 0 49655 572 10 409 00 40 90 6.82E-04 681 67 818 143 1 85E-04
100 011760 210 10 199 00 19.80 3 32E-04 33167 388 190 2 46E-04
TOTAL LOSS LOAD
Pc= Pc, + Pc, + Pc,
p, 1034 @) *(Q7)* 1 p _1034%(,)**(Q,")*Im 5 ;
X @ s:n) 2= 535 3 ‘2“ (01)
1 @.7)
P1i= loss load on steel pipe P2= loss load on plastic pipe P3= loss ioad on reducciones,
valvulas y uniones
12
VALUES OF LUGEON UNIT
10
LUGEON UNIT
[:]:] 50 00 150 200
&~ 8 1 2.2
E g 121
2 6
5 g 2 143
@ ! =
&, ; B s 143
1 4
i L 180
1 1
2 ' ¥
2 I 210 1 t 1 1 1
o ; R Lot PERMEABILITY (LU) = 133
ooo 1000 2000 3000 4000 50 00 60 00 7000
Q {/min}

Po = Pressure Readmg, Lh = Hydrostatic Load, Plo = Loss Pressure.
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swisshering

PERMEABILITY TEST
Swissboring Overseas Corporation Ltd,
CLIENT: ELECTRIC POWER DEVELOPMENT Co, DATE 13-diczembre-2(01 LUGEON TEST N> 5
PROJECT:TOROLA HYDROELECTRIC COMPLEX SITE- DAM SITE (left margin) TESTED BY Geols. L.Peréz- R, Alvarado
HOLE Ne: CDB-7 ELEVATION, 184.06 m.s.! CHECKED BY Geol. W, Hernindez
Patker type Neumatlc Length (m) = 080 Watar pump Bean Royal 536 Flood {¥mn) =
Test depth (m} from 30 Q0 to 3500
Test length (o) L*CosX°= 50000 Dapth of hole (m) 3500 Dp X(=0
Swivel H1 (m} H1 = 290 Diametet of hole D (em) 757 WL Before of test {m)= 31 256
Water levelHa (m) 31 25 Ha*CosX° = 3125 Hydrostatic load (kgiemz) Lh= (H1+Ha)10 = 3415
Stes! plpa, Length (m) = 1t = 500 Plastic Pe ., Length (m) im = 500 _Aaducoiones.  Valv uniones 02
Diameter ¢'1 {m) = 00803 Ciameter 4’2 (m) =00254 o Packer 012
Coef rugesidad n1 = oM Coet rugosidad n2 =0008 Codo o008
PRESSURE 1088 EFECTIVE IRJECTEP WATER FLOOD SPECIRC LUGEDN PERMEABILTY
READING PRESIURE PRESIURE VIME VOLUME ABSDPTION UNIT COEFICIENT
Po Plo=P1+P24P3 [P =Pa ALk -Flo ! ot Co-it | G1=0/60000 | 0201005 | Ae=C/L e o 100 AR f ko tR o 2L
0
{ kg/emR) { kgiom?) { kgfom?) {min) n {lfmun) {m3s) {emd/s) (Umin/m) UL {omys)
100 0.31744 410 10 327 00 3270 5 45E-04 545 00 6 54 16.0 2.07E-04
500 0.80256 7 61 10 520 00 5200 B 67E-04 B66 67 10 40 137 177E-04
10,00 2 50086 1091 10 918 00 91 B0 1.53E-03 1530 00 18 36 168 2 18E-04
5.00 1.40887 M 10 689 00 68 90 1.16E-03 1148 33 1378 19.7 2 55E-04
100 049412 392 10 408 00 40 80 6 80E-04 680 00 B 16 208 2 TO0E-04
TOTAL LOSS LOAD
Pc= Pc, + Pc, + Pc,
p, 1034 ()" *(Q)f) * 1t p . 1034*(n)"*(Q,7)*Im P -Sa*(Q)
1= 333 2 = 533 3= E 1
@,) ¢.) .
P1= loss load on steel pipe P2= loss load an plastic pipe 3= loss load on reducciones,
valvulas y unignes
VALUES OF LUGEON UNIT
LUGEON UNIT
1] 50 160 150 200 250
%‘- 1 188
E 2 37
2 3
4 u 2 18.8
© 5
a ! 2 4 8T
! -
: o 5 208
[ 1
: 1
[ y t 1 1 7
s ; ; ; ; ; PEARMEABILITY (LU} = 16.8
000 2000 40 00 60 G0 8000 100 Q0
Q ()/min)

Po = Pressure Reading, Lh = Hydrostatic Load, Plo = Loss Pressure
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PERMEABILITY TEST

swissheting

Swissboring Overseas Carporation Lid,

CLIENT ELECTRIC POWER DEVELOPMENT Co. DATE 13-diciembre-2001 LUGEON TEST N* 6
PROJECT TOROLA HYDROELECTRIC COMPLEX SITE DAM SITE (left margin) TESTED BY Geols. L.Peréz- R. Alvarado
HOLE No.: CDB-7 ELEVATION 184,06 m.sl CHECKED BY Geol. W, Hernéndez
Packer type Neumatie Length (m) = 080 Water pump Baan Roya! 535 Flacd (Yfmin) =
Test depth {m} from 3540 to 4000
Test length {cm} L*CosX%= 50000 Depth of hale {m) 4000 Dp X(9=10
Swivel H1 (m) H1 = 100 Diamster of hole D (em) 7587 WL Befors of test (m)= 28 45
Water level Ha (m) 2B 45 Ha*Cos X° = 2845 Hydrostatic load (kgfem2) Lh= (H1+Ha)/1D = 2945
Steel pipe, Length {m) = h i} = 500 Plastic Pipe . Length {m) im = 500 .Beguccicnes. Valv uniones 0z
Diameter 4 {m) = ©po6o3 Dameter $2 (m) =00254 o Packer 012
Coe! rugesidad nl = oM Coef rugosidad n2 c0008 Codo 0ao8
PRESSURE Loss EFEGTIVE INJECTED WATER FLOOD SPECIAIC LUGEQN PERMEABILITY
READING PREESURE PRESSURE TIME VOLUME ASBOFTION UNIT COEFICIENT
Po PlosP1+P2:P3 [P+ =Po 4Lh-Plo t ot Qo=att | @1=y60000 | Qz=0t100f6 [ AewQ/L Juu . 10 Ae k- Tl
-]
(kgfen?) {kgicm?) { kgiem?) {milr) ) (¥rmin) {m¥/s) {em?/s) {Umin/m) UL [emis}
1.00 0.173689 377 10 242 00 24 20 4 03E-04 403 33 484 128 1 66E-04
5 00 0 75983 719 10 506 00 50 60 8 43E-04 843 33 10,12 141 1 82E-04
1000 2 18467 1076 10 858 00 85 80 1 43E-03 1430 00 17.18 159 2 07E-04
500 098812 £96 10 577 00 57 70 9 62E-04 981 67 11.54 16 6 2 15E-04
100 0 23277 3.71 10 280 00 28 00 4 67E-04 466 67 560 151 1 95E-04
TOTAL LOSS LOAD
Pc= Pc¢, +Pc, + P,
2
P =10'34 *(m)** Q)1 P 10.34*(0,)" *(Q,’)*im P *
: @ 553) 2 = £ 3 #20. Q)
1 (¢ 2 )
P1= loss load on steel pipe P2= lass load on plastic pipe P3= loss load on reducciones,
valvulas y uniones
12
VALUES OF LUGEON UNIT
10 LUGEGN UNIT
o0 50 100 150 w0
8 1 128
‘E g . 141
o
o
x 6 é 3 1589
o E
3
o 4 E 0 188
R 1 151
2 _______________________________________
PERMEABILITY (LU} = 159
o+ - —
000 20 00 40.00 6000 80.00 100 00
Q @/min)

Po = Pressure Reading, Lh = Hydrostatic Load, Plo = Loss Pressure
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swisshering

PERMEABILITY TEST
Swissboring Qverseas Corporation Ltd.
CLIENT' ELECTRIC POWER DEVELOPMENT Co. DATE 13-diciembre-2001 LUGEON TEST N° 7
PROJECT“TOROLA HYDROELECTRIC COMPLEX SITE DAM SITE (left margin) TESTED BY Geols. L.Peréz- R, Alvarado
HOLE No.- CDB-7 ELEVATICN- 184.06 m.s.) CHECKED BY Geol. W. Herndindez
Packer type Neumatic Langth (m) = 080 Water pump Bean Royal 535 Flood {mun) =
Tast depth (m) from 40 00 o 45 C0
Test length (om) L*Cos X°= 50000 Depth of hole {m) 4500 Dip X@A=10
Swivel H1 [m} H1 = 220 Diameter of hote D {em) 757 W L Before of tes! (m)= 24 15
Water level He (m) 24 1§ Ha*CosX® = 2415 Hydrostatic joad {kg/cm2) Lh= (Hi+Ha}l10 = 2635
Steal plpe, Length {m) = 7t = b5oQo Piastic Pips. Length (m} 1m = 500 _Beducclones,  Valv uniones o2
Diametr 1 (m) = 0oB0d Dameter P2 (m) =00254 o Packer o1z
Croef rugosidad nt = Q0 Ceel rugosidad n2 =0008 Codp 0.008
PRESSURE Lo3s EFECTIVE INJECTED WAYER FLODD SPECIMG LUGEDN PEAMEABILITY
READING PRESBURE PRESSURE TIME VOLUME ABSOFTION UHIT COEFICIENT
Po Plo=P1+P2+P3 [P =Po {Li-Flo t at Qo=aut | O1=Q/e0000 | Q2=C*100/6 | Ae=O/L juL-19ZA2 k- Tl ewit
{ kg/em?) [ kgfem? ) { ka/erm? ) {min) [y {Umin) {myfs) (em?¥/s) {ymin/rm) uL {enys)
100 3 00000 364 10 000 ooe 0 COE+D0 000 000 0¢ 0.00E+00
500 0 00234 763 10 28 00 280 4 67E-05 46 67 0.56 07 9 50E-06
1060 0.00805 12 63 10 5200 520 8 67E-05 BB 67 104 of:] 1,07E-05
500 0 00269 763 10 3000 300 5 0DE-05 5000 060 08 102E-05
100 0 00001 363 10 200 020 3 33E-08 333 004 01 1 43E-06
TOTAL LGSS LOAD
Pc= Pc, + Pc, + P,
10.34 *(n,)2 *(Q, ) *1t *(1,)2*(Q,”)*Im
p,- 1034 @)° (@) p, 1034°()"*(Q.) P, =S (Q)
@) @, )
Pi= lpss load on stee) pipe P2= loss lpad on plastic pipe P3= loss load on reducciones,
valvylas y uniones
14—
: 1263 VALUES OF LUGEON UNIT
2+ -~
: LUGEON UNIT
10 + / oo o2 DA 06 08 10
9 - -1 2 o?
? _ / & :
e & r w a 23]
o P £
e / 2 & s
4 'y ‘ol £ 0y
364 | 363
2 b
ot e . . PERMEABILITY (L) = 08
000 1.00 200 300 400 500 600
G (/min)
Po = Pressure Reading, Lh = Hydrostatic Load, Plo = Loss Pressure
7-5-65




PERMEABILITY TEST

swissbeting

Swissboring Overseas Corporation Lid,

CLIENT' ELECTRIC POWER DEVELOPMENT Co. DATE 13-diciembre-2001 LUGECN TEST N© 8
PROJECT TOROLA HYDROELECTRIC COMPLEX SITE DAM SITE (left margin) TESTED BY Geols. L.Peréz- R, Alvarado
HOLE No. CDB.7 ELEVATION 184.06 m.s.] CHECKED BY Geol W, Hernfindez
Packer type Neumatie Length {m} = ol Water pump Bean Royal 535 Fload (¥mir) =
Festdapth (m} from 45 00 to 5000
Taest langth fem) L*CasX%= 5Q00Q0 Dapth af hole (m) 5040 Qp XO=0
Swivel H1 (m} H1 = 108 Diameter of hole D {em) 757 WL Belare of test (m)= 26 35
Waler laval He (m) 256 35 Ha*Cos X® = 2635 Hydrostatic Joad (kg/em2)  Lh= (H1+Ha)/10 = 2740
Steal pipa, Length (m} = 1 = 500 Plastc Pipe, Length (m} 1im =500 | Badueciones,  Valv uniones 02
Diazmetar ¢'1 {m} = D 0503 Diameter ¢'z {m) =00254 o Packer 012
Coef rugosidad nl = 00 Coef rugosidad n2 =000B Codo o008
PRESSURE LOsS EFECTIVE INJECTED WATER FLOCD SPECIFAL: LUGEQN PERAMEABILITY
READING PREBSURE PRESSURE TIME VOLUME ABSOPTION Ny COERCIENT
Po Plo=P1+Po+ps [Pe Po +Lh-Plo t at Qo=Qit | Q1=0/60000 | D2-C*100/6 | Ae=Q/L |y - 1T AR ) k- Aol
( kg/om?} { kgfem?e) { kgiemz ) [min) {h (Umin) (s} (cm?/s) (rrondm) UL (cmis)
1.00 000202 374 10 26 00 260 4 33E-05 43 33 052 14 1 8OE-05
500 002250 772 10 87 00 B70 1 45E-04 14500 174 23 2 92E-05
10 00 012118 1262 10 202 00 20 20 3 37E-D4 336 67 404 32 4 15E-05
500 0 03999 770 10 116 00 1160 1 93E-04 193,33 232 30 3 90E-05
100 0 00234 374 10 2800 2.80 4 67E-05 46 67 0.56 15 1 94E-05
TOTAL LOSS LOAD
Pc= P¢, + Pc, + Pe,
p, . 1034% (n)° * (Q) *1t 1034*(n,)* *(Q,") "Im "
! @ 533) P, = 533 Py =EU‘ (Ql)
1 $.)
P1= loss load on stee! pipe P2= luss load on plastic pipe F3= loss load on reducciones,
valvulas y uniones
VALUES OF LUGEON UNIT
14
[ J262 LUGEON UNIT
124 /‘ 0o os 10 15 20 25 LT 35
0+ 8 23
5 £ 2
o= r //
E i 7R g . a2
B ] 770 3
- 6t /yr //x é 4 30
1
[ 374374
2L PERMEABILITY (LU} = 32
o+ — S .
000 500 1000 1500 2000 2500
Q (\/min)
Po = Pressure Reading, Lh = Hydrostatic Load, Plo = Loss Pressure
7-5-66
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swissbering

Po = Pressure Reading; Lh = Hydrostatic Load, Plo = Loss Pressure

PERMEABILITY TEST
Swissboring Overseas Corporation Lid,
CLIENT. ELECTRIC POWER DEVELOPMENT Co. DATE.  S-noviembre.2002 LUGEON TEST N¢ 1
PROJECT:TOROLA HYDROELECTRIC COMPLEX SITE: DAM SITE (right margin) TESTED BY: ERNESTO HERRERA
HOLE No.: CDB-8 ELEVATION: 196.43 m.s.l CHECKED BY: Geol.W. Herndndez
Packer type Neumatie Length (m) = 0.80 Wiater pump: Boan Hoyal 535 Flood (I/min} =
Taest depth {m) trom: 15.00 to 2100
Test length (cm): L*CosX°= &00.00 Depth of hole {m}) 21.00 Dip X(=0
Swivel H1 (m) H1 = D75 Hole Diameter D {cm) 757 W L Before of tast {m)= 1B
Water level Ha (m} 18 Ha*CosX® = 1800 Hydrostatic toad (kg/cm2)  Lh= {Hi+Ha)/ 10 = 1875
Stesl ppe; tength (m)= It = 1495 Plastic Pipe; Length {m} Im =500 Beducers; Valv cuopling: 02
Diameter ¢, (m) = 00603 Diamater ¢, (M) =00254 o Packer 012
Roughness index m = 001 Houghness index n2. 0008 Union elbow 0008
PRESSURE LOBS EFECTIVE INJECTED WATER FLOOD SPECIFIC LUGEON PERWMEABLITY
READING PRESBURE PRESSURE TIME VOLUNE ABSCPTION UNIT COEFICIENT
\ Po PloeP14F2+Ps |Pe 2o 4Lh.Plo t at GeQUt | Q1=Q60000| G2=GMO06|  Ae=QUL |ui = 12Ae | k-2 22wl
7 (kglome) { kgfem? ) { kgfem? ) (rmin) m {tfrum) {mefs) {um/s) {timunjm) uL {omis)
1.00 0 40309 2.47 10 363 00 3630 6 05E-04 605 00 6.05 24.5 3.29E-04
5.00 1130860 574 10 608.00 60.80 1.01E-03 1013.33 1013 176 2.37E-04
10.00 271945 9,16 10 943 00 94,30 1 57E-03 1571 67 15.72 17.2 2.31E-04
500 1.43508 544 10 €85.00 68 50 1 14E-03 1141.67 1142 210 2.82E-04
1.00 045342 242 10 38500 38.50 6 42E-04 641 67 6.42 26.5 3 56E-04
TOTAL LOSS LOAD
Pc= Pc, +Pc, +Pc,
10.34 * (1,)* *(Q) * It 10.34* (m,)* *(Q,")*Im ;
P.= im P, = P =2a (Q)
533 3 1
@.7) @.7)
P1= loss load on steel pipe P2= loss load on plastic pipe P3= loss load on couplings,
) valvles and packer
VALUES OF LUGEON UNIT
LUGEON URIT
(1] 50 100 150 200 250 3090
. - us
i w
£ g = 176
o o
= A 172
g
£ a 4 270
-
& 5 265
PERMEABILITY {LU) = 17.2
0.00 20.00 4000 60.00 80.00 100.00
Q (i/min)
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PERMEABILITY TEST

swissbering

Swissboring Overseas Corperation Ltd,

CLIENT: ELECTRIC POWER DEVELOPMENT Co. DATE:  S-diciembre-2002 LUGEON TEST N% 2
PROJECT:TOROLA HYDROELECTRIC COMPLEX SITE: DAM SITE (right margin) TESTED BY: JULIO RIVERA
HOLE No:. CDB-8 ELEVATION: 196.43 m.s.) CHECKED BY: Geol.W. Hernédndez
Packer type Neumatic Langth (m) = 080 Water pump Baan Royal 535 Flood {l/min} =
Testdepth (m) from 2000 to. 2500
Test length {em) L*CosX9= 50000 Depth of hole (m) 25.00 Dp X{O=0
Swivel Hi (m) Ht = 100 Hole Diameter D {cm). 757 W L Before of test {m)= 22 15
Water lovel Ha (m} 22,15 Ha*Cos X° = 2215 Hydrostatc Ipad (kglem2), Lh= (Hh+Ha)10 = 2.315
Stesl pipes Length (m) = It = 2520 Blastic Pipe ; Length (m) Im = 56¢0  Beducars: Valv cuopling: 02
Diameter P4 {m} = 00603 Dameter 02 (m} =00254 o Packer: 012
Roughness index m = 001 Roughness ndex n2 0008 Union elbow 0008
PRESIURE LOSS EFECTIVE INJECTED WATER FLOOD SPECIFIC LUGEON PERMEABILITY
READING PRESSURE PRESSURE FIME VOLUME ABSOPTION usIT COERCIERT
. - Q
Po Plo=P1+P+Ps |[Pe 2o +Lb-Plo t a QeCt | Q1=QUB0000 | Q2=GM100/6 [ Ae=0/L |y, . 107 A0} oo 22wl
{ kgleme) { kgfemz) { kgreme ) {min} m (irmin) (rrd/s) {cm¥/s) {ifminem) UL fermis)
1.00 1.29084 2,02 10 640 00 64 00 1.07E-03 1066.67 1280 632 8 19E-04
500 199185 5§32 10 795.00 78 80 1.33E-03 1325.00 15,90 209 3 87E-04
10 00 377165 854 10 1094 00 108 40 1.82E-03 1823 33 2188 25.6 3 32E-04
5.00 2 44050 4.87 10 880,00 88 00 1.47E-03 1466 67 17 60 361 4.68E-04
1.00 1.82035 1.49 10 760 00 76 00 1.27E-03 1266.67 1520 101.7 1.32E-03
TOTAL LOSS LOAD
Pc= Pg, + Pc, + Pg,
2
p.o10.34 * ()" *(Q) * It 10.34*(n,)* *(Q,") *Im P .
1= 53 P, = 35 3 =Ea Q)
¢,) ¢,
P1=loss load on steel pipe P2= loss load on plastic pipe P3= loss load on couplings,
valvies and packer
9y------ To----- qesmm=-
8 R S S A A | VALUES OF LUGEON UNIT
1 1
" [ e e LUGEON UKIT
' ! ] 20 406 oo 214 1000 1200
1 1 I 1
‘E 6f------ TooTToT 1T 1 &2
L S Te----- - mmmos E 2 T
g ! ! g
il R N et w3 258
o ! ! E
& | 1 a 361
3= J R N 4
! ! £, 107
e -r-—-—- Te—————- dm—————
1 1
LR EEEEES t----- AREEEEE
o | N e ! { PERMEABILITY (LU) = 25.6
0co 20 00 40.00 60.00 80.00 100 00 120 00
Q (/min)

Po = Pressure Reading; Lh = Hydrostatic Load, Plo = Loss Pressure.
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Appendix 7.6

Water Level in Drillhole after Drilling

Appendix 7.6.1: Monthly Water Level in Drillhole

Appendix 7.6.2: Water Leve] in Drilthole measured by CEL
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Appendix 7.6.1

Monthly Water Level in Drillhole
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Appendix 7.6.2

Water Level in Drillhole measured by CEL
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