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Table 5-1  Total Length .of the Seismic Traverses
at the Ene River Projects in 1984

Site No.s of Selsmic Total Length
Traverse .
Tambo Puerte Prade 5 Traverseé ' 3,960 m
Ene Paquitzapangb 4 Traverses _ 1,070 m '
Grand Total "4 Traverses ' 5,030 m
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OBEH % Table 5-2 KRS,

Table 5-2 - Total Length Drilled and Numbers of Permeability Test
: ' at the Ene River Projects in 1984

Site No.s of- Total Length | No.s of Permea-
. ' Drill Holes Drilied bility Test
Tambo Puerto Prado { . 3 Holes 116 m 17 Sections
Ene Paquiltzapango 1 Hole 50 m 10 Sections
Grand Total 4 Yoles 166 m 27 Sections
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5.4 FEMSKOBE

5.4.1 Tambo Puerto Prado Hy

1) ERELH |
ASAICH T 5 I LCATERIC X 2 BHMETHE LT, MEBEHRL 27 K-y ¥
FCEBWTRESD D, ThbOMBEDWG 5 —4KREATNE,
ARV R BRI X A EEOEERE T Table 5 — 6 KiRT, TOREHRERE,
DWG 5 —5&5 —6lEANTWE,

Table 5-6 Quantitative Features of the Seismic Prospecting
at Tambo Puerto Prado

Length Geophone Shot Magnetic

Traverse (m) Stations Points Direction Remarks
§T-1 - 600 * | 900 20 N53°W * On the right
' 300 #% . . A bank
T L _ %% On the left
st-2 - | 1,200 1,200 | 21 N52°E bank '
_ 3 _ k%% Partly
§T—3 840 84 .18 N7°W N28°E and
N54°40'E
sT-4 | 720 72 16 N46°F **%
ST~5 | 300 30 17 N48°W
Total 3,960 m 396 Stations 92 Polnts

Kﬂﬁkﬁﬁ&ﬁ—)vﬁ%EI$ﬁ§—ﬁﬁﬁme5—7%%?0ChB@ﬁwv
yﬁkibﬁﬁﬁk?—fﬁ.ﬁﬁﬁ%iab&ﬂ:73§&tﬁw,iﬁ,ﬁm?xr
' ﬁﬂﬁ & Péfmeab_ility Vélues © ARSI f?::h%’:ﬁ Appendix —A 2{5}~A — 2(9]&
RANTWA, - : _ |

S A ;{aﬁz,ﬁ.'(f‘i'i, _I:;?_E@ subsﬁrface'explorations VC?JtIi“C, #i R 1/10,000 #1TEEG %+ B

W7 gealogical reconnaissance % AR TWh,
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2) Hb i ‘

Ere Jilid £ OR T RE AT L T 24, £OEENS bRIET 5 Perene Il & AU
Db Tambolll S B AIED o £ 6 ¥4 M, L OFTAD D25 km FHRICHLET 2,
CTambo)lld # 2 ¥4 T T EOHEROH AT, LR~KE (ELI L5,

Favd b, KRWICH HE, SHEMECKERS N CRENW—S B H 0 5 Lk
-*’@.Tambormiﬂiﬁﬁ%\‘ﬁﬁ@]w? LARBREY > Ck b, Tambo il & A¥ 4 AT b
E0, O EFHRMTHEADEECE >TWa,

H AV OREOIRE VTR Y 400~450 MmO KT b b, WE & b Bk
b o THIE CHBSICHE D il LT\ 2%, ZEIEEEODHRTHEMN A SORO N 5
DR, (TR Tod, _ _ _

Fad A+ OROMAE, DWG, 65— 5ICRT L 9% 2 7 Mg - B4 0 fER
T LTH Y, WEREBOMITH 400m, LEaH 200mEHTORMEE 1,000mTD 5,
Tambo JI| OB MK BOLERME DY, % O 140m ( as of the end of July,
1984 — in- the dry season ) C, T OBAKRIATBAEEI X 2LH8m ( as of
" the end of Octover.1984 ) Td 5, MEMATMOBAIH 35° T, TORMIT I 84
Rk A D i, | y | : :

BRBTHE, # Aav4 P EREHMOERTHRBEO—BCLRENBRI A Tw 5,

1984 (EICHRE S N B R bRAI NAHR 1/25000 B L5 L, ¥ 4

A HEOMEOBBRE 282 mTh A,
@ W =
(0 BREROHD - HR

FHARATE, BEATEOERL, ARILMALEBIECABEOBEHNDL, 3
ﬁb’rillho]e DT—-2 —éﬁ%é i7.5 mH LILIKOEL 50mE TOMR THERBEOBENHER
Ak, thE COBECTHRS L7 bedrocks i+ 0 BHMHHICES T, BB
P HNEHRIBIC BT 5 &, DWGS5 —4, 5~ 55105~ 6K bRANH LI,

" alternation of sandstone and mar! (8s/Mr), sandstione (S8s), and limestone
(Ls) D320 mits KEHPTE S, THh 5D rock units OWERRL, BEFHBHC

T J:l& L, ‘8s/Mr unit At terti-ary(Paleogene ?)8s unit 2 Cretaceows ~ Jurrasic,
Ls unitﬁiTr_i"assic ?é%ﬁi; %&0) unit ¢ Tri#ssic LhdtnetEoE&HLD &:2651

r__:né rock units i, N60° ~70°Wo R, 35°~ 45° SW oE#F, AL, Fayq ¢

" %6 ] According to Mr.C. Rangel (Geblogist Y, v, BE, SWEET ) the age of
' .thié limestone fofmation_ié considered to be older tham Triassic because

“of yielding o6f fosailas in this formation.
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TR NI T BN T, LUNOEM R LT LTS,

Rock unit Ss/Mr BA# & ﬂhﬁ@.tﬁﬁ.ﬁ'lﬁ%@ IWERcEEsh Sandstbne' , mar}
s;vmmmoﬁﬁwgacrﬁp.%%%@Eé@@%ﬁ%ermuTﬁé5;$
it OB EAABEOD MO S DL, KAOH RS OREGE RS, Marl i,
—BICKEC, WA MK bedding plane KM% Calcareous shale & B B L 7 4y
xh&ﬁbh%%@%@%ismmnm@&wb%méﬁ,nm—mmmmm%aan
Aumit@ ICRELCHY, BRCUESRELTN0T, wFho BT s £ Bl
CH, bFEMCHILL TV, Aunit BEO wits BT 5 &, B X2%50%
EBUARTCTY, BRELEIORCHRTRIEDEHLLR D,

RmkaSsﬁ,ﬁA&4rﬁﬁﬁ%iﬁﬁOMﬁmﬁﬁﬁﬁﬁéh%ﬁ,$Kﬁ
HBROEE AL BROOFEFCRE, bH % silicesus sandstone X V&2 b, TOTFEHT
RFEROPELBE, bEEMarl LOEES b2 B, |

mquthﬂ,EA#4b?ﬁbfﬁ%iﬁﬂ®ﬁ%m%%fﬁmbtiﬁ
MHWMeDPE&%%%éﬂfh%ﬁ.Wﬁf%ﬁ.E%ﬁﬁﬁﬁﬁiﬁm,%ﬁ%
K% L RBEO Marl X4 Shale kT 5 4 05 bk 5o HRACERE, b
BEREEERL, BRAS (karstification) i, 20 LA W, '

Rock unit Ls @ T L@ bedrock 23f 2, BEEA T3 Dn‘t'_lhoie DT-2 ré;{éﬁé&%f@ By

2) Qeological Structure | | N

EREMOWEEECE LT, FROBD, ¥ 294+ ¥ LOLORBTELTO
Rock mnits B, — 5 Homoclinic T& T L fIMA ( 35° ~45°) ERLTWaH, %
hbOEMEFERT b T ACELL T b, M, HRMTRN 60°~70°W OEME
RYOIEH LT, ERMTENIOWERL, COENMICRRAT 20, ABATER
RCD b, | |

3} Fault , e

HEAVA P HETR, FAvA rOTHH (FEF A8 X D 600 ~700m T ) T,
Tambo JI| & FIF E AL T % 5 M O Wi E 2 photogeological i'nterpfefa_ti'on X bitE3
NCnb, COBEHRE, BERBEICLS L, MHNEELEF2 L ORIATY
% (See DWG 5—5), A&, bedrocks DEBEHBL% ¢, WIBICHT2HES S
A\, 2N ETICHERI N7 Fault & LTI, Drillhole DT~2 O X 37.45m — 37.65

«7] Tambo Puerto Prado HA®ZH5F, Ene Paquitzapango :iIERFCIiMarl' HL i _
Calcareous shale DBAHiT %, Marl E’..Calrca;"eoua shale &ﬁ&f‘ﬁﬁﬂ’;‘%ﬁtii. ¥,
data BT HBETCH S 0T, KL TRE D HAT Marl HH—EICHAL T b,

8 ) DT -2 DBRE 35.5m®?7ltﬁ@ﬁﬁﬁk_i b aphanitic 1imestoﬁc_.k¥ﬂﬁéo
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mi (B LA faunlting X B L Bbh bolay TR ) KGR 1 %&b 2T E%
[ _

{a) .-73'_11/7\# . ‘
ﬁﬂﬁwﬁ.ER%%@D@ERNE“E#QWthé# & Drillhole DT
—~2@QaF TCHhHNLED, %bhﬂ)»xbiﬁ%ﬂ&&h&lﬁ L& L, BiEE&E T,
$ﬂé@ﬂwxbﬁ%&ﬂﬁ?&mﬁ TRCHET BT — 2 BLETEBOT, T LK

?%ﬁt&ﬁx&&h _
o) REHRBO N - HR

A5 ® Overburden & L Tk, riverbed deposits, [1ood plane deposits. and
talus depomts 1‘)*@%

riverbed deposus (iiﬁ"(l’i@@zﬁéiﬁ?féém AL REEEERETRTW
57%@#@%0fﬁb&&ﬁummmcmmmm¢&ﬁMLﬁDnmm%qugwkﬂ@ﬁ
K7 Abid, vab b LEBLOBEERREL TR 0L ThA,

ﬂmdﬂme@mﬂmﬁ,ﬁﬁfﬁ?»P%JUH&@&&&@%@%%LT@%O
talus deposits X, t-opsm] PEDRIOTD D s Bk, YA PRIV AT T
CEAKYA XD rrock fragrnénts HhE SoTNnE,
i b Overburden L # 441 L FTEORBAEECH A - LTnb, WHEH
}wmmd@¢ﬂmdmmewmﬁmﬁg<ﬁbo<énfﬁb.%ﬁﬁ%ﬁ&mm—
hm%mxémT%E%%mxba,Eéum&@z&}wHMdmmgm#ﬁ%én.
%%ﬁfﬁsmwom%L<m%nyi@dwmnsﬁg@ﬂ%ﬁ#mﬁgnﬁo |
topsoil and talus depesits 3, # a¥ 4 MEEMEHOKBI LB > T b, WWHE
REORKBICHES LMD ENEH TR 20mICET 2THEAD 2 ¢ & 2R LR
W b ABAMER
{a P —Wave Velocity of The Ground

A Hb A TCEM A A Seismic prospecting (Refraction Method ) € & 5 CRH BN
7z P —wave velocitry { Seismic primary wave velocity = Vp) valuesid#5#ic 5
BICKHAN D, Table 58 EAMAICRY 54 seismic traverse © 5 FD Vp fii %
D | | o
DﬁlmM%DTfL-ﬂ;md—3@ﬁﬁﬁxﬁérﬂﬁ@@@@VDH%®§@$
ﬁ04~0mmuu;%%fﬁ17~18#&24~2ﬁmﬂwcomé,tﬂmd@wus
'ﬁ05~06#b12~1SM%wQﬁ&k&ﬁbkoEK Drilthole DT -2 KHiFA

*9. |

bedrocks of llmestone ;nterbedded with mar! and shale @ Vpht 3.8 or 4.0 km/sec

+9 | ‘I'—ﬁ]figiﬁ'a_ Bedrocks ®Vp#:* 3.8 or 40 km/sec " ThH % L, EHXORIHECE BLOLBEDLND,

-
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DfEER L, _ _

bWG 5~5 lJ: 5—6 VCP:i each. seismic traverse it o7k geéphysiéa ! aﬁ'd
geological sections AR E J’L“Cln%zﬁ, .‘I:#VC‘. a4 bﬁlﬂﬁﬁﬁ%}ﬁ‘%ﬂ&mﬁfi%ﬁ@ Vp
@ﬂﬁﬁﬁﬁﬁkﬁifkssesément of engineering geology 255 B ic, HREITNEAT>5,;
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(b) Coeﬂlcmnt of Petmeablllty
A TR, %T@dnHMMS?ﬁKTRP#%ﬁéh %@ﬁ*ﬁDWGs 60
S@m@mML@SMDnummﬁwménfhaoémﬁfgménﬁﬁmfxb
O X3k & RERTESRE Appendix  A—2 (7], (8) 4 XU [0 IGRZ ATl B, |
FMEOEAT AN SR EEHT 2RO LOK RS !

o Riverbed deposits @ Permeability coefficicnts (e 1072 cm/sec & 1070~ 1070

em/sec OF —# ~ERAFTERED 5, _ L |

o LEE® permeability coefficients @5 b, 10‘5 ~ 1.0‘°c'm/sec Ol e R TER A
&b%ﬁ&ﬁ?&&t&%m%LTM5 %nbm%ﬁom—u/yzfﬁéaa&&
BAFEEIRTWICEY &lﬂ# ?ﬁ}%@rtfcﬁ b o &R ( sift or ciay) BHE

ZELTHED, THOEBI (PREVWHEELEZLFLLbL S,

° Drilthole DT~2 TH bedrocks & LT shale & Vimestone SRERE LT\ B A, T
DI OEKFEEBE 107 cmfsee ©F — & — D% RT o

o JRIME Nt & A b bedrocks @ 2 7 ORBED LUK T 5 L, RIROEAMEME b T
CBATHEA RE L A5 45, LAWENHECHIT, KE2OROMEEL B KO 25%
KEETH 2\, | |

(¢} R.Q.D
AMA T, Drillhole DT = 2@%«175mw65mmﬁLwEﬁoaﬁ bedrocks
BEdEB L ed, TOREMD L recover N & cores DR. Q D( Raock Qual:ly Desi -
gnation ) G’iDWG 56 geological logWiRENTW A,

DT—2 CRAFE DK Shale 2% 28% 32 1T 0, Shale BH 5 7 K2 10em
M EERTCENENTD S, DT—2 O bedrocks ® R.Q.DIFHT 38.6%TH 5,
(6) AT |

(a} # & HiAR _
A M A BTN, Bre JI| & Perene JIl 48 LT Tambo Jil & % o TR 1O H; B fBe
mﬁﬁ%mggfﬁh5uﬁw$©ﬁmﬂéﬁgfwaofA;{fﬁxﬁﬁgo%g
/, besLRREORETS B, o
-b$ﬁﬁ®ﬂﬁﬁ@?5ﬁﬁﬂﬁﬁbﬁh#ﬁﬁﬁ&ﬂﬁi@?éﬁ,FA%4P
(€5 LT3 LA & e T3 I MR To 2, f-C, ©oTH oY
T HA L 076, AU A 55\ C AR © A BRI AR D X 5 1% & ATl
Bo | S o

o A HAIA I, JF\ riverbed deposits KB D ANT b, TOEEE Dritl-
hmﬂMPaf&t(k%wmuibgéﬁéétéﬁﬁ%éﬁiﬂb,R.#ﬁﬁ
EH LR BRAROB R BANCHET DL, HABIRHE60~70m & L <@
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ThE ED BRI TN,

o#A%%%&LTt@&ﬁ&@%@&EDﬁEH @ﬁ? &@@CﬁmrMm@ﬂ
ﬁ®w,mém AMEERRTATHL Y,
EK;ﬂ/?)*bﬂ{i@ﬁA%%i&%%ﬁ.ﬁAﬁﬁﬁﬁfﬁ%@ﬁT@
riverbed deposits %%:‘EE:&M’IE&&V\O .
74»%47#A@%%m;$ﬁ*37ﬁoé.%h%@%?%m%L<m,%@%
BIPICHAMEABUH K B REK S — v &6 B b D FRADMBHIRTR L% 5,

o & H 5 O FEFARHE 1L & DRSS % BR & bedrocks @ outcrops W % <, % & T ORI R
HOKRE, Vp(velocily of séismic. pfimary wave ) 72 1.6 ~ 1.9 km/ sec @/
—y HER HBK 20m S LB AR EOBRI I THBLCN B 2 LERLTA 5,
coxﬁﬁ&mmﬁmﬁﬁ@f—ym FKEFED soft materials » bk 5T X & HY
RLTE Y, EDLI%FA T OF ATHN, O dam abutments OFEP & LT,
B BELrALHAZERLBOMNRLEZDLNELOTD D,

o A Hi,5 D bedrocks @ Vp i, HBMNEEE O Y —v 2B 3.0 ~ 4.0 km/sec & JhBg

-%KMVVVDE%ﬁ?OEﬁ&miofﬁb6ﬂﬁvp®ﬁm,kéﬁhﬁﬁém

, EABE S KE (O, X, #RMk, VDZ)*?)km/SGCHJ:@:?’Lﬁ sound rocks @

BEES oTWALRS CENRTE B,

o KHBK O bedrocks i, TOUBMMNBEOTDO 2 63 5 L. B 100 10m2 7 %
D227 ) =+ 2L TOXADKEBL LTOMFHEERELTVEXSKAIT bR
5, | , '

_oKﬂﬁbbﬂmﬁs@%K%ﬁﬁ,DHHMMDT—ZKIDK@IW%MHWO#~
H-DEFRIACR S, COMBY SHEBELT, Fa0r1 7, BICHKE
ﬁ%@é@ﬁﬁﬂﬂ@%%ﬁ&TL1m5o

'oﬁA547&L174»ﬂ4f#§ﬁéné%Aﬁ $ﬂﬁ®ﬁ@&mg#umm$
TR T 37.200.'m3/sec'2:35ﬁ¥¢j§3 WETSED, Fhicw 3 a8k &4E % #uliic
B BBERE T B, Lo THICHR KRR EFET 2B, WADEY,
fﬂ@%ﬁ%%bﬁﬁﬁ@wwummMm@bnfw&caMﬁfaﬁﬁﬁaﬁi
@Eﬁ%%%}?ao | ' B
°iAﬁﬁﬁﬁ@m%@%T*ﬂ$&?K9m1H%ﬂ%ﬁm Zh b Otk Lime -
 stone i’a’:hUCalcareous-rocks THE X ﬂ’CV!Z)C&:Ij‘GJ BrAdfbr4 ¥ bOEK
oMADY, 4 &%CTaﬂTKOQﬁ&%t ik % BT S0 O I D
Tﬁﬁﬁﬁﬁ?%%%@é%

2) Bk R
Pambo Puerto Prado ICHIHK EFE 20 ~30mH EQ ¥ 4 £ 455 T 11T, LOFAM
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W Bne JI[ & Perene JHO W BICE T % o FIftIRICH , - ZhET %E."iﬁ’*ﬁ’— Lo,
BRES LCAREERRHHLTCNBC EBIMEN T D, X, SEEM LS
ﬁﬁﬁT%W%@ER%ﬁKMHKd,@($ﬁﬁ&ﬁ&SNMMeELMm%®M&‘
AL AR TnD, Thb @ﬂbﬁl’&:ﬂ‘};'ikﬁﬁ@ watertighiness 22 & @ 3 ;,—?\“C%\ 5k,
SR B L A R b TR D 2 & &, WM L AT 0 b O kA
ﬁ&ﬁﬁ%¢m15&ﬁﬁMM&91mﬁmc&,m@mﬂﬁhc&%iﬁ@ﬁaha'
BEMTEEKE 5T n5 &4 £ LRGN+ 5 & 5 A 62 HO .,
T ORO R AILBRS L OKBORKOWEEE LWL SIS LIS,

Lol, BBATH, cOXDRMECHEREFTTCRT —2 8RS TEE C, 48,
BEOWH, HAMMANOBRKOAEEH T, IVFL-HESRLBETOE LR
FORTHLRNCT ETD B,

ﬁmﬂmﬁmmﬁ.mﬁﬁ&uwemuM%ﬂlaawkﬁﬁLfm5ﬁ;m%ﬁ
T, BNCEREETLL 920U AILHITD 5, :

it 5 AW, LANDSAT images & Aerial photographs % fl\»# interpretations
€xBE, cOBAMA, B, Tanbo Puerto Prado site & Bne Paquitzapango
site DET, MBLAMY, Fnelllk NW-SEHfmENE-SWHBKHZL, »oMM
47 AR % R A B S h B o §3K, Tambo Puerto Prado site I high dams
HEIND LI 2BAKH, cOWBORESLELES ),

5.4.2 Ene Paquitzapango Hik
) HEEELE , _
FipAleHd 4 2 JICATEERIC & A Subsur face explorations & LT Seismic Pros-
pecting & core dritling2¢® b, T OMBE DWGE 5 —TKREANTND,
ARG B IR X 2 REOEMBEE Table 5-9 WRIR T 5, COBE
DHEILDWG, 5 —8IRINTnE, o
WA B A~V v 7 PBEHE—%R% Table 5~10 KT Drillhole DE-1
ﬂb%&hﬁdMaﬂE%ﬁﬁiéﬂbBﬂAWMMF%rZH]KmﬁéhTh%O%K
7 A } 504k & Permeability Values 23 % 2B AW bh 23t BR & Appendix~A—2(7),
[8)% X0 (9) KM IR TR, | | |
HE AWEE LUFORBROWTIE, RO subsurface explorations BAA € Enell |
Ehﬁﬁ%—ﬁl%@wmkﬂnMMMWmeﬁﬁﬁﬂNﬁWﬂ%@&mhf%ﬁﬁ
i,
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Table 5-9 Quéntitativé Features of the Seismic Prospecting
at Ene Paquitzapango

- Lenéth Geoph&ﬁe Shat Magnetic
~ Traverse {m) Stations Points | Direction Remarks
SE-1 480 47 I R70°W
SE-2 180 18 5 NIO°W
SE-3 260 24 7 N6°E
) * Crossing

SE-4% 170 17 14 Na7°30'v the Bne River
Total 1,070 m ~ 106 Stations 37 Points

Tabje 5-10 - Actual Quantity of Core-drilling and Perméahiiity Test

at Ene Paguitzapango

Diameter of Permeabllity
g;i;lhole Location Elevation T.ength Direction Drillhole Test
{m}) (m) (cra) (Times)
Om = 25,0m :
DE~-1 pansite on| . 345a 2/ 50.0 Vertical $ = 9,27 (HC) o
the left- ' 250 ~ 50m Ky 22/ o g
bank = 7.31 (NX)

Hotes: */ The elevation of Drillhole DE-1 is roighly estimated by
the aero-topographical map {1/25,000 in scale),

. ¥/ The permeability test K3 corresponds to the
- "Packer method” under constant water head.
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(3

o
Bone Paquitzapango $hgikl, Bnelll& Perene ljO# MR LD Flﬁ-’fi?’n\/‘?") 50 km ot >

AT 5o AHAMEESE 102 kmi bk o T VH HOWEHNBRS nCH b, Fne
N % DA I ERIICNE HRIC T+ B, |
OB, (=) OOOmFs‘j&(Dlﬂ (opOILTHE 35, NW- SI‘ }J*F]KLU\Z)LLIHIR%
TEHEA M f%TlﬁVC%EEénth@%fﬁ@k’dﬁﬁL“Ctné '
Fayq4t&LCEs &hfh&ﬂﬂﬂ@@@%%}\{d DWG 5-8 crc/ré :h.'mnz, s
W, WS LD W5 100m 3 fﬁﬁﬁﬁ%af@ﬁﬁ%}ﬂﬁ@ 30K, HiROThEH 35
TR B2 & @t 100m ~ 200 m b 7 50U i 24 514 50°~ 55° , ﬁﬁfﬁﬂl'@ﬁéﬂ"w 15°
ERLCV B, X, £ 404 b HETE, nmm6m%mﬁ%7oﬁf%@ﬁxm&ﬁﬁ

BARBCLLEH16m ( as of the end of October, 1984 ) TH b , WEML b O

4 150m (& 500m } ’C@%Qrbﬁi%fJ 180m Td 5, B
a@w@L%WTm,wﬁﬁﬁﬁKMEmmm@nrmEWﬁ,t@ﬁ@bingm
AN LOMRD S RED 2 ~ 3452w LA R L LK% D, % TEBH0 L
EAEESh T, |
1984 (IR S NAMBE AL LRI MR 1/25000 WBRK 5L, ¥ a¥4
MR OMBCESHB 340 m TS B,
)
(a) FEHEEOLH - R
A A AT TR, ﬁ%ﬂﬁ%hQWQ&.%E*ﬁﬁﬁ®%%%ﬁ%ﬁrﬁ#

LT d, B, #6494 b OWEBERNO Drilthole DE—1 ﬁf@i‘émeﬁﬁf
50 mOBIE THEEE L, ThE TO investigation works & bﬁ@ﬂ’é ho 7 A H
A@Eﬁ:ﬁéﬁﬁéﬁ%vﬁ AU L H WER{URICIIEE S 5 &, Alternation of. sandstone ,ma-
rl,and shale { ALT-U) , Alternation of sanc_lslone, marl , and shale ( ALT~D),
Cherty marl (Mr—c), Quarizose Sandstone (Ss;-q) Shaly marl ( Mr—rs), amd
Limestone (Ls) @ 6 2O rock units WK B4 ﬂéaa i B’@_R-ock. wmits OB
WG AMIES (&, Rock wits D9 b, Alt —U and Alt — D¢ Tertiary ( Pale-
ogene T), Mr—c & Ss —g o Cretaceous, Mr—s & Ls % Triassic & & T\ Bo B
FAr @ Rock unit Ls @Tambo Puerto Prado @ timestone unit ( Ls ) VCTJH:'C%Z: b

OTH Y, FROE Y & O limestone ¥ Triassic &DE’IV}&%?&E% Hbh,.

€@ rock wnits H, kT B LOEH a ¥4 + O FRAT anticline LHHLTE D,
gA%4r&%b%nxbimM?u,Emmmmbfmwﬁﬁfaﬁm(Nmuhm'
W) T ERMBH ( 20°~ 35°SW) &5 L TAH LT\ 5, |

Rock wnit ALt ~Uik, Bne MEEAE TH BA O LIRMATEICA M L, MR
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GBI 0 DRI RS T BRI > TR T 56 O LBDN B, 4T
) 'gt:oldgi@al "r'ecéhnaissénce T, En.e MNoBEBWEDB TR L AT % Sands Lone
@ﬁ@#ﬁﬁéhﬁk#ftmo¢mmimﬁszﬁamﬁ$ﬁﬁfuwwmh&m%t
light yellowish white % M8 O B HRMARY b o & unit O HR B DT
EABRBEOLEND D, R
Rock unit Alt=Di, Alt=UOF ¢ FROMET, BADLE b LEMMEOH
PRIBTRICHE I LT\ B, & unit AL —U X gk, % Ol EAE EICHREN A, 5
BE IR R T B RICH> TAB LT D, &OBEICE >THEA TS NW-§
BHECIEY & WA OB LMAAT ( or Wings )X BH O wnit THRS LT b,
iii unit ¥, cross lamina -@%%Lfc_reddi'éh » fine-graind sandstone &, grey ~
dark grey © muddy % shale & marl, && 5IC & 5Tk whity % fine -grained
sandstone DI bHHANTH b, EHBOMIAL C LD 1mEML 54D b
ééﬁk%ﬁﬁﬁl%mﬂTfﬁ%Kl<ﬁ%bfhaoi@no%ﬁ%ﬁﬁ%ﬁf
A%mﬁb,%@@ﬁﬂ%ﬁ?&%mthSrﬂ@SM@MMKb%&#Kﬁéw
Rock unit Mr-c @, Alt—-DOTHICHA L, light grey OFFEWCEE, LHT
‘Cherty % Calcaleo.us rock T3 b, RN THE —FEMIC Cherty marl EHRLTW 5,
Rock unit Ss—q & F O TFTAD unit Mr—s ﬁié: % ¥ Drillhole DE—**INJ’C fresh %
Cores & LTRINANT D, Ss—qEAEGOmidium-grained qt_iartzose sands tone
O3 bR Y, S mssive TH D, COPHEEL -<TRET H L, & quartz O
grain %iﬂtﬂ-‘*ﬂﬁﬂ‘fé , 13i% quartz grain§; OH3nbEAEDb, BECEETH 5,
Rock unit Mr-—s Piﬁﬁz‘: Lf!@, Calcareous , argillaceons fine-grained
- sedimentary rock —marl #EH TS 525, Drillhole DE—1 T non - calcareous,
dark gr.ey shale,gréyey white.calcareoug ' s.andstone . grey or dark greyish
calcarcous 4 conglomeratic mudstone AR I e, shaly 2 EHEHH exfol iative
THb, |
- BHAEOBR THEAINSD rock unit © 5 LT, B THD wit Ls HHE
 %ibﬂim%fA%@bfwnTmmmﬂmer&uC@lm%mmﬁﬁﬁfux
OB ARLEREEED LR LR, —HCmassive TIREBZTEL, BIE, DETH 2,
£ limestone @ karstification HEETH A5 E Y b b EHETH R o

T .'*IIO-J "DE-=-1OERE 7.0_151}:.__41.._8 mO3 PIIERBREOKRE, K4, “quartz arenite or
" guarigose sandstone” & “calcareous quartz arenite and limestone " L83

Lfas
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(b} HLETHEE

Ammebwmms&ﬁm?éméwbﬁrmkmnsﬂmmNW@SBTmmﬁﬁﬁL
&mTot@%ﬁﬁ@%ﬁﬁA%&b%7mmFmﬁﬂf&mM&mmﬁﬁiéﬁ@
CHEG Tl B, CORMECOWABOTET, NW—SE HRICIES S UKD BR & &
BB LT b, f6 2 OUMREITBS: T3 5 BRILETS b, O PR He
ROEW rock wnit HAMH LTNBLC L% $OBR >CT0D, |

DWG 5-7 THREINTCAD L SIC, £0 anticlineld, FEXIHAY (asymme rical)
T3y, SWOTH) MRS (linb) X b NB (Tt ) WREOS 7 M LT,
COBBRETDE 2 ILEO BB R DL TV S,

Fayq bl DLﬁfﬂﬂﬂJﬁﬁﬁﬁ‘B@ﬁiﬁﬁfﬂiﬂ%é#Ltﬂﬂf%@%ﬁf'i AHBEMTHEN
50°—60° W TH20KHLTEMTE, N30°~40° WEbTFhATHDLAEND B,
COFEERROBAHEENICL B O, £OMICLBH, AUNAT ALESHDS,

e) B & _ .

F a4+ IO bedrocks © outcrops ¥ BE L @BHEATHE LWEiBE %,

M BENFI LB L, 13RO anticlinal axis X b FHMT, ThEEERARO KR
Bt b OWiIBH e M aSNb, dLTO2ROWBAELET HEL TS, $ﬂﬁ®ﬂ
WEACERE R BBRENEB DR N, ﬁEWﬁE@%%#&&

(dy A At . | : . .

Kﬂﬁm@ﬁﬁ%&ﬁtbwkmwmrmmﬁﬁ%LTM%ﬁ,EmM@h@ﬁE.
@ﬁg,txfm;6§¢mb®ﬁﬁﬁxﬁg¢ﬁﬁﬁﬁ®$%ml<yt$%bmw
AAMTHEBARBD GhAEWVW, L L, HEBEATH, FHiE0o» A+ ABEHRT A |
KT — 2 RENDT, FEBBNE C LRELE W,

(e} HEHBWO MG, R | o

A F L CFO B O overburden & L Tk, riverbed deposits, flood plane
deposits,and talus deposits #d 5, '

B K T riverbed deposits i, BEO)EE Cbgtﬁb‘f’ﬂﬁﬁéﬁé’ﬂi LT
WAHILT & R\, river channel O botiom It DTk, BEEW LR ( scismic traverse
SB—4WL5) THNTY, BMEBABTS o, 2K L, #4v4 MEECE river
channel O % HADE Y # 70m & HBEK AL End, BOKE, ThES (AN,
AR AT SRS B HE, LENEVEH CHRBODEE O A% & R E R
VY I L o THATSETHS 5o X A4 b AFETE,  talus deposi ts EFTRR
E%EOﬁEﬁimEbhtméﬁﬁwﬁﬁféo%ﬂgoﬁémomtﬁ%@aca
BAKI% T — 2 B nit, WBEROR S LM T A EESAmEBAb L LEAWLE
5lcibirs, |
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B KON, ETFWHEE b am & MEBOMEIK % D riverbed degosits &
flood plane deposits X =T, Th 6@@@1@&9( éh’cb%u T e TOEAK
BT A7 —2d%Ws, ROMREIWEDOHELSHEET L L LHERMOFE I EH
10mBlER S D 5TD B, |
c T C® riverbed deposits i, FM THEW sand and gravel & 6% o T 53,
LTARE 5T silt, etc OMBAWA S BINTVBLED 9, 2/, flood plane
.deposits ORI EE, F BRI riverbed deposits D+ LB —Cd B4, R
THMNBPEZN LT silt BEBL TR B,

A XX OANT, WEMHE BB 2T T, bedrocks D FFHA % W 4
talus deposits MPA LTV B LEL TENWAD 5, T deposits DFIHHICH L
ra,%@aC6$%?ééo

(4) EARHEMNER
(a)  P—Wave Vélrocity' of the ground

AR CE M X N7 Seismic Prospecting ( Refraction Method ) 1€ £ T3 & b
7 P—wave velocity ( seismic primary wave velocity =Vp ) values 85T 5@
WERNEh DB, Table 5114, FMALPRIT 54 seismic traverse © 58 Vplik 7

B B

DWQ, 5 —7 LA HRCHT 2HEREEOURLBE LRI L THbH, tNER
THhbid i, seisfnic traverse [ Drillhole DE—1® point £ @ 2Tk \n,
FOmEE, DE~1OHEOBHALS seismic traverse ORERFHTH o2 BT

b B, fEoT, Table 5 —11 W RENAA layer BED L 5 ZWHARFCHILET 200
HECHESWTRINTNE, CCTHERT~NE C &, FBALRT B bedrocks @
_P—Wavé velocity ’«S‘:ﬁx’f&:;ﬁbn% 5 th Layer @ Vp #% 2.8 km/sec & b 3.2 km/scc®
MicdsceTdb, &b VpOEIE AR L7 Tambo Puerto Prado © bedrocks®Zh

{ Vp=3.1 ~ 4.0 km/sec ) KH:.%ETZ: EBWEZ LT3 5, T DEWERE, RHESKE
LOBEBERS > TwE AL, RABALER, ToMho ZRAHLZERT Vp #ET LA

BPDOAFIAATHHLBDALE, SHETORRANOAORELLETS 2,

Seismic travers'ie SE-4 ¢, .river channel O Vpid 2.5 ~ 2.6 km/sec O %
FRLTWA, Ehik riverbed deposits & hedrocks DEEOHEAMB TS 5 LitEah
B _

i s, riverbed. deposits OF} & bedrocks DHBOFED L% 5 H 4 OF B Vp
LRBTENTE By . A

_ :a'.:ﬂg_ﬁ@ overburden @ Vp ik, AR @ Tanbo Puerto Prado @ fil & (& FE SO % 7
LT, '
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b

)ﬁmﬁﬁ . A _
Dritthote DB=1 (Tength drilled - 50m) OHFIE B\ TRIZEEM T packer
‘method € X BEAHRBRAEMA hE OKIRE, DW_G' 5—8 D "-Ge'olog'ical_ Log of

Drillhole” (R ShTin ks imnﬁﬂménﬁﬁmixroﬁma;aﬁ%@n'

Appendix A — ~207),(8), # X V(9 KIFAANTWAE,
Dunmm]Nw&®ﬁm7zbﬁ$%%%?%&m@;5%&5

o HhEH SERE 10mME T TORM ('-qtlaftzose_sandstorié ) @?ﬁ?k_ﬁ’a??ﬁ(@i-lﬁ“s c'n{/sec
DA —# —DfE%ETT, ' ‘

IOﬁé 10 m 3 % b%é 35mFH‘] (F quartzose sandstone) @%Zkﬁ*ﬁﬁl 10 tem/sec

fc)

Ot = OB, :
O%é 35mH LILE (BS 50m) FCOM (EVC alternation of shale and calcarems
sandstone ) @ﬁﬂ(ﬁéﬁl‘i 1075~ 10°° cin/sec DA~ B @f@‘,%‘:?]‘"?'o

°U\L©@3§E®Eﬂ(ﬁ§ﬂ¢ ﬁmﬁﬂﬁ::T@%ﬁ@&H}ﬁL‘t% ﬁ( reasonable't'
%5,

RQD

Dril'lhnle-I‘)_Efl T bR 2 ’b%é 32.1 m L quartzose sahdstdne';-a_ﬁi, a3zl

mA»bFE (B3 500m) T TOM bﬂ:;E_VC calcareous sandstone L shale 2 b#% HHTE

® cores RIPME N, DE—1® cores ® RQD ( Rock' Quality Degigna't-a'on-)'v:tlnw_

G 58 © geological log Kﬁ“éiﬂ‘fh%z‘)* %ﬂ?)h (5% quartzcse saﬂdstone &y T
b FROBRBES TN RQ,D ?g}k&bf%»% x, 9&&% 82% & 9 51 BER B,
DE—1 @ cores £24%0© RQDVL%J 72 %Thh, chbORQDW, & LR LB

crack DRBRDPAENVWZ LEFIR L TWA
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mvmaﬁmmmu B ummwﬂ,
monmvmomwmuuou H«gﬁmoﬂomm §=38 . E~ES 7-38 1-48 . P :
. , . ’ : ©Y | oSI9ARIL DIWSTIS .
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B LA AR

(a) 4 & S |
A A, z:jc’ech'i‘ts%ﬁﬂ L8 L,“‘C‘Vx'Z:J:ﬁ'lfC', anticlinal ridge 238 7%
%K%ﬁéﬂk&@HKﬁELTm& ﬁﬁﬁfﬂ NWANLEEEADI VI Y -} &
AT DY sBHEL LN T D, cnﬁtwﬁwawé éibﬁgfm&hm%.ﬂ
ﬂﬁﬂK%GMT¢mﬁ®iAmEWm&ﬁﬁa&@ﬁbré&
OPMMMWMW@%ﬁHEé#%Mm&D,%@M&Emﬂ@ﬁﬁﬁﬁ%ﬁﬁhf
w2, ﬁE,ﬁA%%r@%®%@ﬁ©imﬁlﬂﬂﬁﬁﬁkﬁﬁbfhé.iﬁ{
F OO T M 11/3ﬂmﬁﬁvcv:t anticlinal axns#ﬁﬁ,ﬁﬁl’cﬂif&‘ LT B,
o 20 anticline O LI, %A TH MBI S FWEREF (Ls uni )85
HLTWDB, @ anticline %ﬁl@%@imﬁux.bTﬁ{ﬁwﬁi%, WHE MR EMT
SEHOTbNE, T, ¥ ot HEAEHOIHLRET L THE, O
anticline 59 LUPOHHBE L ERD 2 ERTE By

o PR TH, C@aMmhmiD%?WmLmﬁﬂ@ ﬁ%%fmqmnmm
sandstone A AT AWAKE aBAEL A TW B A, cﬂﬁf&ﬁ&@ﬁﬂ%'ca‘oz)
LEA BB, Ll ©OBELE N MEEICH AT S b i i B TR S
BT -~ BHE VD THIETEE N,
o%iﬁAm&hOMEﬁ@ﬁDwes—smmumA A)KTéhTh6# O
B, #iEE iﬁ@:ﬂﬁﬁﬁzﬁﬁ) outline Z7RL T b, %ﬁ- rock unit OFRUED .E!JT-S.
@ﬁﬁ@@ib&ht&&%ﬁmlnf%,ﬁ%ﬁ@@¢ﬁuﬁwu3mkmnAn
ﬂDﬁﬁm%@ﬁﬁmhn—Uﬁﬁﬁ?ééamﬁﬁ?ﬁéfééu

oAtk LAIAL AL 9, Alt—D unit THETAEER, £ XD THO Rock
units Mr —¢, 8s—q.3 X ¥ Ls 7&,2:’3:-9. Bi#tg .k phyéic_al propeftiés i A e
LSRR DB LTS, COMERE, MHADK & DB & REMICHE
T AR, TOBE TAHT B TEERD B, |
o M ATR, BERAR ( 28,300 n¥sec) 1€ I L THIKE % & UIbA hAsk 4,
Sy DYk B AT DE ABER BT B, RENO AN SRR ER D
&M@f,ﬂ%%%#@Afm,7—%##?%~%%K%ET%%;9&%Q&&
IE5TH B, I P - | |

o F av A L HEOWRDBROAMRIEL, WEATRRECTS 5o WM LO BB
#&%@%ﬁ@ﬁ&%ﬁ@&&t.fzﬁ4rmmﬁ%w%@%@ﬁééﬁﬁac&
K3 L TH core drilling(C & % exploration ﬁs%ﬁb)'ﬁﬁ@ LorRBbhk,

o KR ﬁ@ﬁm&momrm D&d@ﬁﬁfzrr ﬂ%%(& @Kﬁﬂ%&m
SBEFEREBTE, Ls un;t@&'ﬁﬂ{:‘ﬁ@ﬁﬂ(ﬁ{fcohf X, T abitments i€ D
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TR FARD Mk OWHOEAMECIE B F -2 RAFTE B 9 % WHAR
CWRTCD B,
(b FrkibH |
Paquitzapango BB, EEHI 150ms 7 AQF A5G T 2L, TOHKLO
A Apurimac )l & Mantaro JHO AR L b WL L LMK $ THT S, 2Hh 2T
O L WRCHE T ABEREAE b O LB WAR WA, ThiC ks s, LROKAMN
R DO HR~KEOWAREET B I 5 % WA, BEMENEIDH o Tk
Vot L Ly BABRICHAREREESABL TS Eb b, SHL G, WAME
 HUF, KO Watertightness '{t‘&%ﬁE‘i’“zelZ\:ﬁ#&w%o
K a4 b OMET BIRAO TEICNW — S B 75 I HE G 5 LR (L 7 © T (2 oty R
RSB DR\ Tertiary formatious THR S T 5 TEEMES 2 B, Paqui tzapango i€ &
X 100m %ML B dam 2 FET AHACE ¥ F % O ridges © watertightoess 2REE X
AROREE bRV, 2T, O ridges OHBEH, KBHIAMILREINBT 550
AENBBLED 5, | |
Bk RO 5 b, BIC, RN 5 6580 MR 2 e BAHR T
S AATNE, LALESL, TALOS bEBATHANZERETRbREZ S0l
DR OEAWEEL BN B,

5.4.3. Ene Cutivireni#ii
L) BERRUBE
 F#Aut, Tne Paquitzapango HA®, EnellMiBS¥\ag 60km ik, b, Ene
NI O 5% Mision 0 2 km FIRICEET 5o AMAL, HETANEMBE (R
1/25000) € &5 &, WMERKEAESH 385mTD U, THRRCHAEIEZY 385m b
LA RENRUTOF A BINABECR) X A BHMEREE DD,
CEHACELTE, JICABERC X VBT BRNMSEMS hrlbic, 19844575
DRI, AL AEBEEE L, 1985/ 6 BERCE, HEBRWEA A — & Blarh
| MBENEB I NI, ' 7
A, FnellAEOMEE NEA & NNWIEA 581 0 8 i 81€ % T b, &
'rﬂﬁ©£ﬁwﬁ,m%ﬁnm&UCMMmmeEMHMﬁﬁL.Eﬁ&mﬁﬁﬁ%
gbfhaoTﬁﬂ%%mﬁskm@ﬁmﬁﬁ@ﬁ§LTMéo
 FATEIEATONNE 200mT, WEOEETELS b0 LBHEA 100m~ 150
T, SRR LA FREO ML RT B, |
¥ n AL, BEEMEER, LANDSAT Mg, 2HErsps osRe£5< L1 0
" bedrocks & Tertiafy'o Ipururo Formaﬁdn‘"@ﬁﬁ}ié ﬂ’C WARAREMEMN D B, @ Ipururo

65— 31



Formationd, B & mudstone, sandsione cDEJE:G\'f‘o RABEINTHDH, RETO
2L OBMOMTR LY TR E HHT AR LB CNL, CONMEORAZNNW ~
NS %, MM 10°WhRT &R aha, | o |
F a4 b O LW LkmiCE NNE —~ SSW ROBE RS I n, KWW Bae JI|0 |
HMBERCERELL TWA LTINS,
Hav 4B LFEONIED riverbed deposits ki BEwWimEKREHEELTEF Y,
BT CHB, |
(2) bk M
ChETOAMAKET BWIREG A% T KT, EN SARMEOTEE TS 2,
LL, ©hE TIRHBLTY MBS L, H#Esh s iERERD, £ oA LToY
hﬁﬂ&ﬂﬁ@@é&mﬁiamct,%L;ﬁA%%ﬁiékbfééﬁb%mfAn
TAERWC LBEITD B, '

5.4.4 Ene SumabeniHiX
1 #EERUBE : : _

FH Ak, Ene Cutivireni #4746 & Bne JiliiE RV, & 50km kiR —ﬁﬂ'E,Apurimac
& Mantaro SO &HA L b 15 km FRICHET 50 & A S5 RAE WBE (5
R 1/25000) € X % EWKAHREHH 440mTH b, AL D FoACHARAH
440md LR ZAUTOF ARHEINLBEOK s FHBATD 5, o

$ﬂ$KﬁL1HJwA%§@H,Lﬂm&w@ﬁ&E#ﬁEO%ﬁHﬂK1%4¢7
BRRE AT BrLOEPHBEET - Cind, B, 198546 ARRUBBHEVIH
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Log A = 3.090 + 0.347M - 2 log (R+25) oy

 pr6posed by C. Oliveirall,

Log A = 2.674 + 0.278% - 1.301 log (R#25) - . .= (2)

e

1)

2).

3)

4)

proposed by R.. K. McGuireZ) Ci

Log & = 2,04Ii+ 0.3A7M_— 1.6 log D o o .-. -3

proposed. by L. Fsteva and h Rosenblueth3)

Log A = 2,308 + 0.4114 - 1,637 log (R*BO) R (S

proposed by T, Katayamaq)

L e i i e e . 1m0 e B ol R o o P i e

" References:

Oliveira, G.; Seismic Risk Analysis, EERC 74-1, sartﬁquake .
Englneeang Research Genter, Unlver31ty of Callfornla, Berkeley

(1974) 1 102,

.McGuire,_R. K.. Selsm1c Structural Response Rlsk Analy51s incor-

porating Peak Response Regr9351ons on Earthquake Magnltude and

Distance, Mass, Inst, Tec¢hnol, Dep. Civ. Eng., R74- 51_(197&)

Esteva, L..and Rosenblueth, E.:-Espectpdssdé;Temb[oiész; _
Distancias.Moderadas y Grandes, Proc. Chiléan Cdﬁference'on
Seismology and Earthquake Engineering; Vol. 1,'University;of thle
(1963). o S

Katayama, T.; Fundamentals of Probabiiistic“EValuatiOn"of Séismic

Activity and Seismic Risk (in Japanese), SEISAN-KENKYU (Monthly -
Journal of Institute of Industrial Science, University of Tokyo),

27-5 (1975), 1-11,

5 fr36
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E&ﬂﬁfﬁbﬁﬁ%ﬁ#f&@iﬁmﬁbéhéo :
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Kﬁu WHﬁﬁBwmﬁﬁT®¢@ﬁkwﬁg#méﬂfhéoC®%iﬁﬁmmWMx

_[ﬁoﬂgA—1~5B—1~5,C~1~5K@ﬁéh1wé %% DIFKMEORRT

HAEE, ROLoKHEINE,
P(m)w(N m+1)/(N+1)
th,N(=5MM%H@E®&§,muﬁmx%%ﬁwammﬁT&5 e OB,

%3%&%%%&&Lfﬂm*hk@mmﬁw%w?ﬁéhfrb.cn@&ﬁxﬁwﬁ?&
%A@fAﬁﬁKﬁw
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Table 5-12  Location of Project Sites

S W
A: Tambo Puerto Prado |  11°09'10™ -| 74°14'21"
{Tambo-10)
B: Ene Paquitzapango | 11°31'04" 74“04}30"
{Ene-40) ' . ' ‘
G: Ene Sumabeni 12°09' 50" 74°04'13"
' (Ene~-10) '

Table 5-13 Maximum Accelerations for Three Return Periods - (Qal)

Model _ Retﬁfn Period, Tr (year) | -
(Eq.No.) Proposer(s) - o -
q-5o. 50 | 100 - 200
(1) | C.oliveira | 33.5 | 53.4 | 82.7
(2) R. K. McGuire | 94.9 | 133.3 | 185.4
(3) L. Esteva & 30.8 51.8 |  86.4
E. Rosenbiueth
(&) T. Katayama 59'.6 92.4 | 142.6
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Table 5-14 . - Maximum Accelerations for Three Return Periods  (gal)

Model S Return Period, Ir&(year)
| (EquNo.) Proposer(s) _
1-5047 - 50° 100 200
(1) | ¢, oldveira | 22,7 31.0 | 40.9
@ | R,'K..Mcsﬁife | 745 | 94.4 | 117.2
{3) Le Esteva & 22.3 32.3 45.4
"E. Rosenbiueth oL :
(4) | T. Katayama. | 44.9 | 61.7 | 82.8

Table 5-16  Maximum Accelerations for Threa Return Periods (gal)

Modei" o . Return Period, Tr (year)
| (Ba.50.) Proposer(s) ‘ -
QeNO=) 1 , ' 50 100 200
(1) | c.olivetra | 32.1 | S6.4 | 98.8
©(2) | R. K. McGuire | 87.2 126.4 | 177.1
(3) -] L. Esteva & | 46.6 87.6 | 164.4
: .- E. Rogenbiueth
(4) T. Katayama | 47.2 69.6 | 101.7
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INGM., 1975, '
Geological Map of Petro-Peru (Scale: 1/500,000), 1968.
. 3. LANDSAT Images Processed of Digital Mosaic,
(Scales: 1/1,000,000, 1/500,000, and 1/250,000), JICA
MISSION, 1985.
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.Gl Rlverbed dsposits {Locally includes
fon deposits)

Gf ‘Ftood plane degosifs
A Ta Talus deposits (With ossumed thlckness
A A of 1.5m or mere, indudes topsoil} .

M * Alternotion of sondstone and

s e o S Siliceous sandstone {Interbedded with
. calcareous rocks)

L Limestone (Interbedded with marl
s - or shale) :

ﬁ/ Strlke and dip of stratum
{(/ Qutcrop of bedrock

P Gzologic boundory
-
// Assumed foult
P :
[((‘3 Slope fallure
py- Drillholes nome
:)/EL.EI -——— Elevatlon lin m)
L. ~———  Length  ({in m}
S¥- ~ .
w="1 Seismic travose [ Length in m.}
AL_ _}A Locotion of section

Note : X/ : The elevations of the drillholes are
temporarily referred to the "1/25000- scale mop"
made up from air -photographs in 1984,
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A0.9~10) () 10203
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500

400 —

300 —

200 -

400M
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'!‘III!_Irll

Flood plane deposlts '(S_in, sdnd. gte.lve!)
Tolus deposits { Sil, cla.y, rack frogments)
Limesione lIn!erhédded with mari or shu.l.t-;!.l
Geological bo’undc.uy

Bottom of river water (By echo sounding
device, on 1sh, Nov. 1984} -

A.—-’é-?)' Seismic primory wave velocity {in kmrssec)
\fé:ié'” and its boundary
1Y ;! Relatively low- velocity zone (ln km/sec)
¥ . o :
DT- Driffhodes name - -
EL. =—— Elevatien {in m.} -
L =——  length (inm)
sT- © ’ Naeme of seismic troverse

of refrdcifon prospecting -

Notes : 1), #/; The ele_vul'lons of fhe driliholes are temporarily .
" referred to the “1/25000- scole mop“ made up from air-
photegraphs in 1984, .

2], Geological legs of the drillholes DT-1 and -2 are “shewn
i in DWG,5-6 :
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SECTION E-E
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300

"LE
. o (Se
Déscriptions . Permeabilify&mke Descriptigas Parmeabliity EMAc)
Riverbed deposiis (O | ) Tolus deposits ot - OM Gl Riv
~26M): sond ond : ~5,0M,  Limestona boul~
gravel. DaedxI0* dor gravel, and brown
Al gravels are watl . EL S X162 soll,
rounded. : ‘—““m‘ P—— Gf Flo:
Max. gravel size . Riverbed deposits at 5.0M,
# 2 106m : ~17.5™, malnly grevel
and portially sand
Only gravets are re- ara recognized. [ Ta Tol
cognized { Soeady of A A
| siny materials ors Gravels . recogiized ot i
missed), . - ] 60M-11.4M gra most- ]
. ) 358202 Iy of limestone. ——1 ' g Ss/Mr A
Lithology of gravels — fazrag® - :
sandsiens, calcoreous i ]
sondstone, sandy . Bedrock surfogs ) . X
shals, granediorite, | {at iz 5m, Ss sil
1. .- . =1 " {355 Non-colo. shole inter-
Diorite, Andesite, T!?E > ;35 badded with limestones
gnelss, etc. - T .rot 17.5M -24.0m. . ] .
: . : 5 3? Shales are slightly @ Ls Li
Max. gravel size : ey I == 5jsheared os o whole. @5_'5,“0'3
| B2 155M gt 25.6cm @4.le0 = PYEY A Beddir:; somewhat clear, 3 .
: @ saa0?| gt 0% | ®381x10 -
=2 251 Limiestones vith argii-- o - Ge
i | 2)2|3{ lacebus parts ace inter- oy -
S [¢ 15 |bodand wirh shales. | EDSI5XI07
—-Coreloss 1%} = | . ) £aoexio : 0
DT-3 . b3 |313]2 | Limestoné Is rather @l,ﬁ?xio‘e o1 Se
=5 masslve, sourd, ond . D - ?,?’
EL. 284% ' W its
" 0.0 : o 54 compact. : K] A
" oo - A LEL3 Y Shale of 3QOSM-306mL, .| VoA
C (] B ] 22|18 sheorad, weotherad. -3 2.2 Re
rn WHC Descriptions Pemeabil ity (EMses) - | 2ls |11, : &e79xd 774
400- T . Bédding, clear, ot 45* .
JRiverbed deposits: a5 1 El )
fom -agm) - i o 51313 DT- br
sand, gravet, ond o | k é é z Fault. clay in limastone Et.!f -— |E-I:
few silts are recogalz- 1230 V13T o 37 anie 6x10° )
od of OM- 3m, _ I [if 2| of 3Pasm-3TEEM. |26 x10
- . = 5] Alternations. of shale andp__~_
At grawls are tess thon o E 3 7| timoszane o1 3a7m-419m 5T~ i
5~6EM long In slze’ i . 15 A fea very small : of
A . 4.13x10 |2}z > k————— :
and welt rounded. S:I:gi s 1 i[5 |5 | setuston cavities ore azsad?| -
300 Core recovery is 100% N2 43R0 45_ 2 |33 in’ imastones, in part. @ L 35%
. - g > i a - -
ab O -I3m. |eaxio® _"‘%f Limestone bedding, in- |- Notes : %1 The
o (}———
- . - 111 |3 L distinct, ot abour 407 ” refarred
Only grevels ore g@qu:cﬁ 1 sp2 320’ air - pho
fecognlzéd at 13M-40m - 1#[ HEE .
tSupposedly fine~ 50 : ¢ 2y - Dayy
_|groined materiats ars ) % C :
washed away during t Coreloss {%)
200 | drilling.} —R.Q.D. (%)
"|Max. size of grovel . .
is 10 ~I5%M |gng. . LEGEND
. . @ -8 _
Core. recovery is 60 ~ 24x10 {Log of Drillhole)
T0% at 13M-20M, gnd
50~B0% ut 20M- ApM, : Length
. : ’ : Oov_ﬁ Cora recovery (%) B R Q.D.(%
Columnor corss (#= [ ] 1007, Physica) conditions of rock
56MM } gre recoginized JB_0 Mzl
Ies_ihan 5%_1:\ whole bagrao of weathering
secton of this hole. - Hordness
@G?‘Zﬂdb Crack spacing
W= | {Fresh)~5 (Very strongly weothesed)
: ﬁ — H=1 (Very hord) ~ 51 Very soft)
: 7-74xi0 Cadi (>o00m) ~ B 16m)
R§Lc.:reioss:“n
- . Explanations of femeability
l } Seciion tested for permeobility
@ ! Permeabilily volue by epen-end
: censtant lood method (in ¢M/sac.)
E

vorlable fod

@ :  Permachillt
with cons?

@ : " Permeability volve by open-end
constont foad method (In<M/ec. }

fle Fronc Type PRE

& : Permeadility velue by cpen—end

¢ method tin “Misec.)

y volue by pocker method

t Typa) A&/
ant  lood {in 9Vsec) Ligzon Typa)
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gravel. ) 364G T dar grovel. ond brown
LAl gravels ore well i.g w02 - soll. = .
’ roungdéd, s - 1.9 ¥10 AT Flaod plone depostis ([ Sily, sond, gravel)
;| Max. gravei stze : : - |Riverbed deposlts at SO™)
$&lgem - —te 5™, melaly gravel
; - ond. partially sond
Oplg_gr_nvels are [o- are - técognized, Taotus deposits {Silt, cloy, rock frogments)
cognlzed { Sondy or
silty materials ore - " | Grausls recognlzed at
missed}.- - B 60M-1L.4M are most- _
B IR . K)ssexc?| . ly of Iimestone. N iy Alternatlon of sondstons, ond maorl
thlol.o_qy of gravels. - B @aren0?| - - l . 5):4.27;(!0
8, © . . e —
sondstone, sondy. : B Bedyock surface .
shidleé, granodlosite, 4 1. |etzem, - Siliceous sandstons (Interbedded with merl of shale}
R R - B3Faps  Men-celc. shale inter- .
Diorite, "Andasite, Zi3)3 bedded with Hmestones
gnelss, ete. ot 1725m=240M, . o i .
) . . 1 . 3? Shales are slightly @ Ls Lirmestone {Interbedded with masl or shale)
Mox. gravel size : =3 17 |5 ] shiéared "os 0 whole. @5‘@1!5‘
3 |5CM gt 26,.5¢m 4,1x10° T3+ Badding somewhal clear, Co
# 3 I55M gt 25,50 o VBE P B | @asixia®
- 25 . - | Limestones with ergtl- i Pid Geological boundery
) 3| lacetys ports dre inter- 31 Pt
S 4| bedded with shates. gj::x:g-! .
Coreloss 194) =, E N .Cax
h o [3[2| Limestone I$ rather @"32“0-2 _QT!.\ Selsmic primary wave velecity lin Km/sec) and
1 moassive, sound, dnd -2 \sz(;g‘.‘l‘- its boundary
B 353 cotnpact. : - -
] 219 Ashole of 3005M-306M [, 1 g
L s : 2|2}is sheared, weathered. o3 T o) Relotively  low velocity zone Lin km/sge.)
Descriptishs Permaobilitylsec) JE TV alglsf oo - . |@erexic A
Riverbsd deposils | ¢ |3 Bedding, dlear, ot 45
tom -~dom ) 35— HEE B . gy - DT~ orifthole's name
, gravel, | 15 H . B EL. & =—-  Elevation (in m.}
sqnd, gravel, and o ) 1L alalalFoult cloy in Umastone ) H/T -—— Lengthr  lin m.)
few silts are fecognii- T2 i m o |@2.6x107
ed o OM- |3M, 31 ﬁ af. 37 450~ 3TE5M. )
o : E=t. P15 Alternations of shole andfg— - | o
All granils arg déss than . WOEas 215{3 limestons af Zagm-419m ST~ Name of seismic fraverss
560N fong i Size 5 = iwiAf " . of retraction prospecting
ond well rounded. 4 13xI0 o [ 1lee] . very <ha 1
A s I u]smn-cnvlu_as are @435“0_3
.{Core recovery !s 100% | @_-#T-qa o 1 211 ja]in limestones, in parlk, - . . . .
ot QM -p3m - . lez;lt)'z 45] ZE] Limestone bedding, in- < . Notes : %®/; The slevalions of the drillholes ore temporarity
1 - S q@l = 1 1 ? % distinct, ab about ace, referced to the "1/25,000 - scale mop" made up from
c{oniy graveis ore . g@mm‘m-" E 3L S ) @32 x0? alr - photographs in 1984,
recagnized gt 13M-40M 21213
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{drifiing.).

. |Mex. size of gravet

{Columnor céres (¢=

{Supposadly fine-
grained materigls are
washed away during -

Is [0 ~155M long,

Gore -recovery is 60~
T0% ot 13-20M, and
50~80% at 20M0- 40M,

58mMM } gre” recoginized
less than 5% in whole -
section of this hole.
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( Log of  Drilihole)

Core racovery (% 8 R.Q.D.4%

Physteal conditions of fock

Degree of weathering

Hordness
Crock spacing .

=1 [Fresh) -5 (Very sirongly weoshered}
1 tVery hard) »~ 51 Very soft)
=1 {5080 ~ 5(< §6m)

Explanations of Pemeability

| i } Section tested for permeabitity -

Y

®

Permeability valug by open-eénd
constont load methed (in ¢M/sec)

. Pormeobility volie by epen—and -
copstapt lood method {inCMisac. )

Permaability value by-epen-end.
ariable . foad methed . | in ©MVssc.}

Permecbility - volue by packer method
with consfant load = (in “Mfsec}

ILe Fronc Type)Z&

{Lugeon Yype )&%/

2% Delgiled explunclions ore given in Appendix— A-2 7)
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Gl Riverbed deposits [ Locally Includes
fan deposits}

Flood plone daposits

Talus deposits {With assumad thickness
of 1.5m or more, includes lapsail)

I~ Alt-u Alternation of sandstona, merd, dnd shale
x— |

(—*—1

1 Alt-p Alternation of sandstone, marl, and shale
X T

== Mr-¢c Cherty marl

B Wi

Quartzose sonrdstone.

Shaly marl
@ is Limestone
30W ' .
Strike ond dip of stratum
r(_,—"‘ﬂ Quicrop of bedrock
//-"’ Geological boundary
-
// Assumed fault
-~

A/ Axils of anticline

OT- Drillhale's name
EL. %  ——— Elevation (in m}
L ~——— Length Unm.}

5E-
L= 1} Saismic i{raverse {Length in m.}
AL JA Locotion ef section

Note : # ; The elevations of the driilholes are
teinpararily referred ro the " 1/25000- scale map"
made up from air -~ photographs in 1584,

~Q

100 200 3(')0 4C:O 50‘0«’!1
I

ENE RIVER HYDROELECTRIC POWER
DEVELOPMENT PROJECT

GEOLOGICAL PLAN
OF

ENE PAQUITZAPANGO SITE

DWG.6-7

- 5 — 56







— 500

— 400

[—300

r‘300

-~ 400™

— 300

—200

IHRInIatP

Jel [

SECTION A-A

“Mr-5—F—=

ey i i N A B N T

SECTION B- B

(SE-1]}

SECTION D-D

{SE-3)

0.7~08)  103~04)

F

(2.8~29)

A —

|
LIPS s

T & T 1T T 1
P
| .

ENE RIVER

400 " a00™

zooJ N

SECTION E—~E
(SE-4) '

400™

200

500 —

400 —|

300

2_00J
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L. 50.0
0% : ] ‘
om0 WHC . Dascriptions- Permecblllty (HMsac)
Midium_ grained, quariose
2| sandstoe at QM -~ 32 tm, ——————
2{} | Mossiva, fresh, sound, ond ® Lo2 x 16>
5 few jolats In general. :
. Ecch quarts’ grain 1s visibia
—{ with lupe, but lts consolidation
2l degree Is rather high.
10} Very ihin 'sil?-bangs in part
F18] tdip=fQ® ~20G°) -
) Grey boaded port: H=2 3,
2|/ €23 a1 14.4m-180Midip=E?)
15 - Very stightly brittte.
E ? ? Parttally cores ere somewhat
:. _i?_ H braken .In bonded parts. @3.8? x 164
o 1§ : P—
] 212 " ]
il Steeply dipped crack with
k 1l1]/ rough, weatheied surfoces @105 x 16
7 ] ay 22 .8 - 23 5M,
25 Portiolly cores ore broken in- 4
= 3 2 to- pieces by vertlcai. cracks
J Cpi| with rough surfoces. : _
1 f S - 523 x10”
] 3| Quarfzose sandsfone changes
A | |- graduslily Inlo colcareous sand- 4
30' 13f stone ot 32.1m, -
51.0on ) . . -
k =132 | -
] 2 2| Slishhy “cale.,, midium grained @142 x10
] 117] sondstone,
35-) 2]5| Conglomeretic shale of 33.9M35, 1
4 1| 5| Galcarsous sondstone at 35.3M-
E 33| 378™ Rowgh cracks in park. .
] i &305 0 15°
3 33 Alternation of shole ond
" cale. sondstone. - Bedding dips 3 —
40, il ar 5* 1o Shale is Hlack, non-
] 214 calcareous. Fartiolly marly. ) 6
] - 228 110
B =Fal°sl Alternation of- shale, morl, and
45 - 13]3] cotke. sondstonz. ¢t 42, 95M-50,0mM, T
] 3 41 Generally slightly exfotiotive
E {2tz and partially somewhal R _x
. ]| brittle. Shale is black ond @ras <10
E 413] non- catealerous.
50 <

- Coreless {%)
ROD (%)

By
LEGEND

tLog of Drillhole}
- Length

———————— Core recovery (Y2} & R.Q.D (%)
Fhysical conditions of rock

: Cegree of waathering
Hardness
Crack spacing

W= 1 (Frash)~5 [ Very strongly weathered)
H =1 {Very hord}) ~5{ Very soft)
C=1 (>500M ~ 5{< jcMy

Explanotions of Permeability

‘ } Section tesled for permecbility

@ . Parmaabiilty velue by opeﬁ«end
consfan? load method {in “M/sac.)

@ H Pejrmeubiliry value by open-end

consfent load method { intMsge. ) fle Franc Type) XV

@ :  Permeability vatue by open-end
vorfable lead method  ( in “M/gac.)

@ H P_eirmeubilily value by pecker method

wiih constant lood - (In GMsee)  Tlugeon Tipe)a®

Gl

Gf

LEGENTE
{Sactions

Riverbed de
¥load plone
Talus deposit
Alternction «

Cherfy marl

Quartzose ¢
Shaly marl

Limeslone

Geologlecal
Bottom of ¢

Seismic prim
its boundary

Relatively |y

Drillole’s n
Elevation (i
Length ]

Name of se
of refractior

Notes : %/, The elevatios

xy

teferred o
made up fi

Datailed exph
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— 400™
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SECTION C-C
(SE-2)
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4004

200~

EL.
L. 500
100% - Lo
om 0. WHGC Dascriptlons Parmaabllity (EMysec)
N Midium groined, quartose
{i » 2| sandstons .ot QM - 32, Im, -
1°* 2{2]1] Massive, fresh, sound, ond @ 192 x 167
5_" . M few Jeinls 1h generol. )
b Edch quarts graln 1s visibte

with lupe, but ils consolidation

“dedren Is rather high,

N | .
1o . . 2 Very thin siit-bonds in pert
4. $13i4] tdipai0® ~20%)
1. Gray bonded poart: H=2 3,
21|z L
4 . C=3 gt 14.4MN-|5.0M {dip=15°)
N [-4-4 - Very slightly britife.
15 y slightly
o 212| Partialiy ¢ores are semewhot
kN | } { Broken in banded parts, 587 x16°
8 i
04 . EIRINN v ke
1 2% HE Steeply dipped crock with
5o 1}1}/. rough, weathered surfaces & o5 x 16
IR 2113l ) 22.8M - 235m,
a5 . Pattially cores are broken in- 4
I - 1z 2l o piaces by vartlcal crocks
1. -] §| with rough surfoces. -
L il o[ 3523 x 10
] 3 Quurtzuss sondstone chonges .
sods . 2|t | gradually ink colcareous sond-
1. 13| stone of 32.1m, ~
1|2 - o4
: 32.1m__
TBLL sty cdie, midim gratned @4z xi0
! sendstong, - :
2f2} Conglomératic shale af 33.9M 2537,
|11 Colcareus sandstone ok 35.3M-
3)3] 3T.8M Rough cracks in port. .
! , P 305 2167
al3 Alternation of shole and
calc. sandstone. Bedding dips b ]
] $1318| ar 5¢ 10° Shale is biack, fon- .
= - J2|4]| calearsous. Pariielly. marly. .
= i __ 20 x10°
2P3P5] Avtaraation of shale, mar, ond |
s 3 cek. sondstone of 42.95M-50.0m, ks ' ]
i G y slightly exfoli
? 2la enemllyv slmmly exhn‘mlve
Fi egef and ‘porliolly somewhol -8
= 3l | brittie. Shals is black on @res x 16
= 53 non- colcolerous, .

B
) L‘—_?u,re[nss (%)

RAD %]

0

LEGEND
{ Log - of - Drillhote}

Length

l———— Core recevery 1%} & R.Q.D {%)
[ 100% Physical conditions of rock
m o1 jwhE—

Degren of weaméring
Hardness
Crack spacing

W= 1 {Frash) ~5 ( Very strongly weathered }
H a1 {Very hord) ~5{ Vary soft)
C=1 {>50M .~ 5[ < |cm}

Explanations of Permeability’

{ } SecHon tasted Ffor permeabliily

@_ ¢ Parmeqbility value by opgn-end
consfant load method {in ©M/sec.}

@ : Permeui:ility value ~ by cpen—énd

! E.L7)
constont  lood method { in®Msec. ) fe Franc Typed

@ :  Permeabllity volue by open-end

@ -t - Peimecbility vale by pucker method

varlable foad method  (In C""/_sec.l

{Lugech Type)2l/

with censtant load {in ¢My5ac.)

Gl

Gf
To
Alt-0
Mr-¢

Notes ; %y,

LEGEND
(Sections)

Riverbed deposlis (Sill, sond, gravel}
Flood plane depesits (Silt, sond, gravell
Talus deposits [ Cloy, slit, rock lronmgni#)
Alternellon of sandstene, mori, ond shale
Gherfy marl

Quarizoss sandstone

Shulyr morl

Limestone

Geoloplenk  boundary

Botiom of river water {By echo sounding device, on 3T st Oct, 1984}

‘Splsmic primary wave velschty In lkmAfsec) oad
its boundary

Reletively low velocily zone {in km/ssec)

Drillhela’s name
Elevation (in m}
Length {in m.}

Name of selsmic troverse
ot refractien prospecting

The elevotions of the driliholes ore temporarily
referred 1o the "1/25000-scoele map"

made up from air - photograghs in 1284,

Detalled explonations are given in Appendix— A-2 E7)
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LEGEND

Riverbed deposits { Locally in-
cludes flood plane deposits)

Tolus deposits ( Colluvial
deposits)

Fay
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