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CHAPTER 1. DIDUYON PROJECT






1.1.

Diduyon Project

- The. Dtduyon Project is. a hydroelectric develOpment progect with a

maximum capacity of’ 345 MW and annual energy generation of 957 (GWh,
mltheupper reaches of the: Diduyon River, a tributary of the. Cagayan;

River" System in Northern Luzon.

The background and hlstory of the progect development are’ given in
Vol. I, 1.1.

-Studnyrogress_

A fea31b111ty study of the progect started 1n July 1978 The study
‘was carried out by technical asslstance prov1ded by ‘the Japanese
.Government through Tapan Internatlonal Cooperatlon Agency (J1ca)

1n response to a request made by the Phllipplne Government .
'The study was carrred out into'threegetages:
llit_stage (6 .nonths_). a -
Field reconnaissance, gathering'datarand their.examination,'

programmlng of fleld exploratlon works, 1nstallatlon of gauging

statlons and other preparatory workb. o
'_an'stagg‘(lG months}

Execution of geologlc exploratlons, production of aerographlc
and ground survey maps, hydrological observatlons, material

'test and ‘other fleld works.
3rd stage:(S months) S

'Offlce study of alternatlve plans for the prOJect and selectlon
Cof the optlmum plan, de31gn ‘and” cost estlmates of the project
.evdluation of ‘the prOJect from the* v1ewp01nts of economlcs, flnance

and env1ronmental aspects, and preparation of the report



ased'upon the agreed Terms of Reference and7Scope'ofIWOrk‘mutua]ly
51gned between National Pover Corporation (NAPOCOR) and the JICA
Study Team.in the: beginnlng of the study, NAPOCOR has. undertaken
maJor part of field works,_such as production of aeiotopographic
- maps. aud ground survey, exploration of geologic surveys including
:drilling, aditting and seismic prospecting, production of regional
'geological maps and installation of: gauging station on the s1te
w1th observation.. JICA has been responsible for- planning of : the
'prOJeCt field investigation programming, analyses of all aspects
of the prOJect including cost estimates and economic/financial
':evaluations,=and preparation of rcport. In the follow1ng table. is
'mentloned the division of respon31billt1es in the study between JICA
- and the Phillpplne Government - NAPOCOR with summary ‘of ‘works
actually accomplished in the- study.

' Thus, a fea31billty study of the progect was carried out by complete

mutual c00perat10n between the Phlllpplnes and Japan.

'The JICA Study Team made preliminary studies of alternatlve plans
- for power development on the river ba51n based on reconnaissance
made all over the rlver b351n from July 1978 to February 1979.

All the results were. reported :in the JICA- Interim Report prepared

E 1n March 1979

According to the'recommendations'given in the Interim Report,
'necessary-field-exploration Works were carried out all over the
project area, mainly hy'NAPOCDR and partly”by the contractors
'_employed by NAPOCOR.; In the year of 1979 the weather in the .
-Diduyon river ba31n was not favourable for smooth execution of
pfleld 1nvest1gat10ns due to the early coming of the ralny season,
This deteriorated serlously ‘the road condition of the logglng track
to and in the 3ob 51tes._ In early 1979 the Phillppines was annoyed.
by another fuel crisls which 1ncreased difficulty in transportation_
and procurement of necessary food materlals, and technical personnel
'.to the 31te.u It was ant1c1pated in advance that the topographlcal
:ruggedness of the area would brlng the surveying teams. a great

.vhardshlp, but combined w1th the bad: weather conditions and difficulty



in accessibility.to theaioh sites, the field works were_all lagged
behind the schedule,

In summer of the same. year, there arose ”the August Incident" on
the" site, which resulted in.loss of all NAPOCOR bankhouses and _
warehouses on the dam31te, and 1nevitab1e retreat of the NAPOCOR
and JICA survey teams with a complete suspenslon of all fleld works

for nearly two months.-'

"At thlS Juncture, NAPOCOR in consultatlon with JICA took all ‘

p0531b1e means . to recover the situatlons, 1nclud1ng several pac1f1—
:catlng meetings w1th the 1nhabitants in the reglon, and consequently

. peace came again in the reglon With reorganized work orders and
_employment of local contractors, the survey works were resumed

. very v1gorously on. all Job sltes. JICA also sent several tlmes

_Lechnlcal experts to a531st NAPOCOR

Thus, the maJority of the scheduled f1eld works was “finished by

May 1980 With the results of fleld surveys on hand, the JICA Studyl
Team carr1ed on the office studles of deslgn and analys1s of the-
progect All the results WEIE reported in a draft final report
';submltted to ‘the JICA Head—quarter and then to NAPOCOR in Oetober
1980. '

"Thls Flnal Report 1nvolves all the study progress, the results of:
surveys as far ‘as obtained up to now, the f1na1 optlmum development
plan w1th conclusion and recommendatlons as well as recommendatlon

for neceSsary future works

A fea51b111ty study of the Dlduyon Progect has verlfled the v1ab111ty

" of the prOJect for development in the nearest future



Division of Reoponaibilities in the %tudy

between JICA and NAPOCOR

Qhantity

- Item of Works _ e : - Remarks
' ‘ : Plannmed ' Acgomplished=
1. Field Réconnaissance 1 1 by JICA
2..TopographiCal Survéyg '
~Aerial topo-maps: & by NAPOCOR .
. (1/10,000), 1300 km? 1300 -
-t (1/5 000) 5.9 km? 5.9 - n.
.Ground Survey @, 000) 5.9 km? 6.8 o
'Miscellaneous survey 1:1 1 =M
3. Dri}lingr__i = | S
No.3 Damsite * 13 holes~880 m 14 holes-945 m by NAPOCOR
No.2 Damsite "3 holes=140 m 3 holes=140 m - "=
Headrace .= : 4 holes-160m 4 holes-160 m - " -
" Surge .tank & penstock -4 holes-160 m 4 holes-162 m -~
- Powerhouse (open type) 3 holes-120m "3 holes-120 m = -~ " -
- (underground _ S 7 : o _
o - type) 1 hole~-400 m- 1 hole ~400 m~ - " =
Quarry. . . - 5 holes-250 m 5 holes-236'm -
' Total ‘holes~2,110m = 34 holes—2,163m
4. Aditting, Mo.3 Damsite ' 6 adits-300 m° 6 adits-300 m by NAPOCOR
1 5. Seismic'?fospecting_
- Ne.3 Dahsite . Iines=2.3 km 4 lines—z 1 km by NAPOCOR
" No.2 Damsite . line -1.0 km 1 1ine <1.0 km . " o
Others L lines—6.7 km 12 lines-6.7 km - " -
Total lines= 10 km 17 1ines-9.8 km.
6._ﬁ§d?oiogicai Observations 1 1 .' i-“ by NAPOCOR |
N ' .. _ by NAPOCOR
| 7. Material test | ; 1 & 1ica
'8; Sedimentation Test 1 1 ‘_by.NAPOC6R
_ by NAPOCOR
9. Geologic Map. . 1 i & JICA o
10 Preliminary- Compara;ive 1 Ty by JIcA
: Analysis of Plans - - i R
1. Feasibiliry Design 1 1 by JICA
12 Reports _ o
" Progress Report: 1 1 by.JECA
~ Interim Report - | 1 1 ==
.. Draft Final Report 1 1 T
.+ Final Report 1 1 - T




1.2,

Acknowledgement

JICA sent the Feasibility Study Tea

" ﬁo tﬁe'?Hi1ippines for the

. staying periods as mentioned_ below.. The team members dispatched_

are as follows

Name

1. Mr, M. Tkeda

2. Mr. T. Hamada.

3. Mr, S.'Takemogo
4, Hr. M; Sﬁeﬁori
5. Mr, H. Kohashi
6. ﬂr, Y. Chiaki

7. Mr. M. Doi
8, Mt. T. Kochi

.9. Mr. H, Yugefa

10. Mr. T. Shuku

11.-Mf. Y. Sekimura

12, M. N. ﬁeguchi

13. Mr. Z. Yamaguchi

3Hydr016gist

©Tdtle:..

Team Leader

Civil Engiﬁeer

Deputy.Tea@'Leéder

Plénning Engiheer

Coordinator
Coordinator

Coordinator

Civil Enginesr -

“Planner

Civil Enginéer -
- Designer
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Electficéi:Engineer

. Environment Engineer

Agronomist
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Jul.,

Jun,

Jul.

Jan.
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Jul.
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16
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16
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Jul.
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'Aug.

Aug.
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Aug,

Aﬁg.

-'StayingiPeridd
5,

16,

.15’

13,

20,

. 5,
. 27,
-3,

21’

26,

19,

19;

19,

.3

19,

14,
8,

17,
5,
15,

5,

‘5,

s,

1978
1978
1979
1979
1979 -
1980
1980
1979
1979
1980

1978

1978

1978
1980
1978
1979
1979
1980
1978
1980
1978
1978

1978 -



13,

14,

15.

16.

Ticle Stdylng Perlod

Name . .
Mr.:Y.:YOshiho Photogﬁemetrist . Jul.‘ﬁ—Dec. 2, 1978

Mr. T. Shibata .Driliiﬁg-zkpéfc-
Mr.

U Mr,

Jan.l6lAug.24,‘1979

T. Murakami Material Test - Jan.16-Mar.26, 1979
_ Spec1allst ‘ - o
$. Kawazato Geophisical Expert . 'Jan.16~Juﬁ520, 1979

' ﬁAPOCOR_assigned neceseary-counterpart personnel in the respective

) speciality‘to eoope;eﬁe_with the JICA team and to execute all

the necessary field works,

' ”Stedy are as follows :

1.

~10.

'Mf)
Mr; J.
Mr.l
Mr.
ﬂf:"
iMr{
Mr,
Hr;
g MiT

Mr. R.

E-Kég Officers

G. Y.

Itchon

. Jovellanos
:De Jesus
.- Abesamis

Baltazar

AlmeroG

Santos, Jr.

“Acuna

Wi

Geroso

The NAPOCOR staff'{nyoived in this

".President, NPC o

' _sf,‘vige“Prééident NPC

ViCe President Eng1neer1ng Serv1ces

e Manager, PrOJect Development Dept

Chlef ClVll Plannlng Div
Chlef Geology & GEotechnice.Diy.

~Lh1ef Geodesy & Carthography Dlv. :

. Maneger, Materlals lnvestlgatlon & Test Div.

Hydrology Spe01allst

GChlef, Luzon Engineering Laboratory

p Personnel Directly Assigned to the Scudy

711:.'

12,
13,

:14.

15,

16.

17..

MI,
s
Mr..
eMr.
Mr.
.Mr;

Mr., -

c,_s,

E. F.

__Gu_an_l.o
Croe;-Jf{J
. Gorree,;Jf;
. Barron
"Caloeg
eValdez

Blanco;, Jr.

Plannlng Speciallst B

Plannlng Coordlnator

V.aFleld Inveetigatlon Engr

_OIC Geodesy & Carthography Unit Dlduyon
Pr1nc1pa1 Hydrologlst
Sr. ClVll Engr 111

Sr. Civil Engr. It



18. - Mrs. T. A. Dechavez %r. Civll Engr. Iii:

190 Mrs 0. Moniihong,‘jr .0IC, Geology Unit Diduyon

’Qb.. ' MrQ‘Eltcelfete'f L Geotechnieal Engr
2i. Mr.fJ..Feruendeé“__ :Geologlst
22.”i. Mr. M. Gepuz, Jr. Geologist:
23, Mr. . Vargas ' Geologist

24. - Mr. A. Albasom, Jr. Mechanical Engr.

25. Mr. W. San Roque . Material Test Engr. II

'Many other NAPOCOR,englneers and technlclane part1c1pated in the
Fleld works Without their earnest c00perat10ns and helps exrended

to the JILA study team, it mlght be almost 1mp0551b1e to fulfill
'"_the duties ‘and taks a351gned

. On thls occa51on of presentatlon of this Reprot, all the members
- of JICA heTeWLth WlSh ta exprese out heartfelt thanks to NAPOCOR
and 1ts staff, especlally those who worked Wlth us in the remote
Jungle area under hot and” humld weather, overcoming the most’
~rugged topographical features of the region and the dlffleulty

in_access which hampered 1oglst1c_supports to the survey teams.

jOur acknowledgement shall also be extended to many government
- organizations’ such-as PAGASA. (Weather Bureau), Bureau of

Forest Development Bureau of Fisheries and Aquatlc Resources,
Bureau of Land, and - thelr 1oca1 branch folLeS, where various .

1nformation and data were prov1ded te us.

Our deep gratitude_ehall-also be'ekpfeSSed_to_the’Municipelitiee
of Kasibu (Nueva Vizcaya) and'Cebarroguis'(Quirino); and Philippine
Conetabuiary.(PC):perSthel, for their kind cooperations and pro-

vision of facilities needed for our surveys.



. Based on the.agfeeﬁenf between the.two.Govefnments, JICA accepted
the following three'NAPOCOR'engiueers for the participation'in
Ehe office study and discussion in Japan of the Diduyon Project.

Name . - w. ' .‘Title. . B ' _ StéyingiPéfiod_
1. Mr. E.F, Cruz;fJf.l - Planning Coordinatbr May 23 = Jul. 21, 1980
2._Mr; AE, Valéﬁcérina- Principal Ceotechnician - ditto -

'3, Miss P.S. Lingat _ Planning Engineer - ditto -

‘ Theiy study iﬁcludéd not only technical diSCﬁésions of the_?rdject,but
"'also-in9§ectidh and. study of tﬁe“similaf engineefing projects in . '
o Japah. Afdoﬂr and dgep undefstanding.expressed by those engipeers

were impréssivé to the JICA pérsonnei_concerned,_and Shall be highly

prAised.



1.3, Project Highlights

The'salient'featurés-of the Diduyon Ptoject are_givgn-on‘the
following table:- | B

Project Highlights

 Item ~ Unit  Description

'CétcﬁmentHAréa L S kﬁz _ —_—  477—

Stream Flow _ . L
_ AnnUalﬂéverage_'_ _ : m?/sec. o 30.8 1'for past l6_years
Drought discharge. =~ SRR 1047 '

.Eloqdﬁ?;;::. o : " . 614 Past maximum

_Plant’ Discharge

_:.Maxiﬁumidischérge_‘ _ C m¥/sec. 852 I
o AP . woo . ‘for & hours of daily
Flrm_dlscahrge : 21.3 peaking at least |

Firm peak discahrge " 852

High water level . - U EL. 48
" Low water leyel - D 620
Avéilable'drawdéwn - : _ w ‘. 28
' Téilrace.wéterﬁlevél s o EL. - - 162
'Gross head -  ' : ' _ 3 m _486
Effective head,.:".: o S o ' 451

zGenerating_Elant -

No. .of units : _ - e 2
Rated Capacity W . 3ogs
peaking‘cégabiiityj :',1« o ﬁ'-' ' - '5345 (172.5 MW x 2)
Anﬁual énérgy genération '__ .- 'GWh_ _; _'957 :

Plant factor . % 32

Reservoir | - _ _ _
-Gross{storage' L 10%m% - - 579
Livé”stqfagési . | "o ..__. 454

 Surface area’ S . kn? 27.3




Ttem : Unit - Description - =

Type o - _  Concrete gfavity
'-Héight : m - ' ‘ 111 '
Creét width : " ' 8§
Crest length _ S o _ | f'375
' 1 0.1

{
[
I. -

._Bam slope bn.thé;ﬁpstream_side
;ng'SIOpe on the downstream _ S o 1:0.8
- slde - S o = S < U

~ Dam volume - - - 10%mY o _ 1;2

aiiTuay | T
Type o ' . ' c t and_tunnel
_Type; T . : hute type spillway
“Design flood discharge - mifsec. ' ' - &,900 '

Intake co - e
Type . - o ~ 'side intake, inclined tunnel
Gate = . - ' - R -Steei_toller gate, 1 set

" Pressure Tunnel

Type . o - . : Circular; pressure tunnel
Number of lines . ' - ' 1
Internal diameter _ = 5.9

Length S 11,700 .

Surge-Tank
' Type : - _ ‘. P B Chamber type
Namber - 1
fhfernal diameter {main éﬁaft) m. - 8

Height (Main shaft) =~ - " : 77

Penstock _
‘Type | SR v ; —  Open laid tyﬁé.::
‘Number of lines - o 1, bifﬁrcating downwards
" Pipe lemgth Cm o 2,m3 | '
-internal'diameter L " _ 5.0 to 2.7

Powerhouse

Type S - | - Open type

" Dimensions o " m 29.6 %60 x 37



Description

Item Unit  __
Tailrace L _ _
Type ' - freé~fibw tunnel,-D=5.9 m
Lengtﬁ m 203
‘Switchyard
Typé- - idufdéof type,-simﬁlé'rihg.bﬁs
Area m -84.x 62 ' | '
. Main.EleCtriééI, EQuipﬁeﬁts '
1) Hydraulic turbine L |
Type . - - | Vé’ftigal shaft’
' ' ' Francis turbine
_Maximum ohtput Mﬁ 352 (176 x 2)
Revolution i+ r.p.m. 360 -
-Numbér of'uniﬁs - 2
2) Geﬁéfator
' Tybe - 3—phase AC'generatbr
Output MVA 383.4 (191.7 x 2)
Voltége kv 13.8
.Péﬁer factor - 0.9
Fréquency Hz 60
Revolution r.p}m. 360
Number of units - 2
3) Main transformer
Type - _Outdoor;-3fphase,'foféedeoil
and forced-alr cooled type
Capacity MVA 383.4 (191.7 x 2)
Voltage kv Primary : 13.2
Secondary; 230
_Frequéhcy . Bz 60
VNumbér_bf units - 2
Tréhsmiésion'Liné' -
Size pf[cbﬁduétOr - ACSR 795 MCM
Line voltage KV 230 |
Nﬁmber of circuits - 2
Route length frém Diduyon i 45 |

to Santiago . :

-1



Iten - R Unit - Description

'COnsttnqtion'Scﬁedule'

"thﬂéfstétidﬁ ol o years : 5
'ﬁTraﬁéﬁissidn;line w7 " o 2.5

Expéﬁﬁéd.cdmmfssipn o - _ E P 71989

Cohstructibn Cost'(iﬁ¢1udiﬂg'iﬁterest during construction)
© Powerstation . - 10%Us8$ 461

.Ttansmission=line R e 10

Eccnoﬁigs ;(iﬁcluding transmission line) :
Benefit (B - C)- -~ 10°US$ ' 29.3
Benefit-cost ratio (B/C) - S 174

 Interﬁa1_edqnoﬁic'tate of - : L .24.1

-1_j12 -
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2.1,

2,1.1,

2.1.2.

Topographical Surveys

'Regulrement -

For the purpose of formulating alternative plans- for the Project
and ‘of eelectlng the dimensiono of various structures and
approxlmately accurate poeitlone, preparation of required
topographical mape and proflle and- cross sectlon eurveyo were.
undertaken. TAt the commencement of investigation. tOpographical
maps available conslated of general maps of 1/50,000 acale and

some’ photogrammetrie maps of 1/5 000 scale of major structure

eitee lncludlng two alternative damsltes which was prepared

otily to: know the local topographies and the relative differences

'in elevatlon among the structure sites.

"The topographies of both the No 2 and No 3 dam sites were

actually aurveyed eince they ‘are vetry tmportant for conducting
the comparatlve study ln which the quantltiee and difference iIn

elevation estimated on the basis of the site topographles are

iinfluential factors.

" Survey Work Items =

(1 Preparatlon'of Topographical'ﬂaps g

'Avallable topographical maps as basic data were mape ‘of
1/50 000 ecale. Topographical mape of 1arger scale were in
| urgent need for the study._ Topographical maps normally
'needed for the feasibllity deelgn were ae follows.

1) Topographical maps of the area at or near the sltes of

. the principal structures (photogrammetric maps).

For programming fteld lnvestlgatlon works and estimating

their quant[ty requirements as well as the initial ‘study,



: Topbgraphical maps were:prepared on the basis of avallable

‘aerial . photographs of 1/15,000 scale and ground control -

'surveys.

1) Scale. : 1/5,000

1i)  Area o5, 92km2 covering two aiternattve damsites

(No.2 & No.3), a portton of proposed
. waterway, penstook route and powerhouse

site as shown on'Fig.zfl—L.

2) Topograpthal map for the enttre project area

(photogrammetty)

.,:Topographical maps of 1/10 000 scale for the entire

project area were prepared by taklng aerial photo—:

graphs or using already available aerial photographs of

7 1/15 000 scale and ground control surveys &g basic data

for elaborating the output studies construction work

‘--program, baslc designs, studies of reservoir condltions,

road construction program and rgsettlement program.

i) Scale : 1/10,000

11) - ‘Area photographed: 300km2.

111) Area mapped : 300km2 as shown on Fig.2-1-1
Preparation of topographical maps. at and around the

princ1pal structure sites (ground survey)

-'Tooograoﬁioai wips ofhill,OOO sc@le_needed for layout

studies and preliminary design of principal structures,

.:anﬂ preparation of éqqstruotion plan-and_programs'for

'rhe_Projecr_Were_prepared, The initial plan called



1i) Area .;

'for preparing maps on the basis of photogrammetry, but
these maps of aite topographies were actually prepared
on the basls of ground surveys as delays 1n taking

aerial photographs due to unfavorable.weather cond Ltions

- was caused to affect thé_progfess'of the Study.

1/1,000.
' 5.92kn> as shown on Fig. 2~I-1

:i) .Scale :

Profile and Crbss~Sect1§nISurVéys

Aside from’ the onFsifeqsurveys néeded for preparing'fhé

topographical maps discussed above, the following profile

and cross—section surveys were carried out.

1)

2)

Cross-gection survey of the river in'the reservolr area

A cross-section- surveys across the. river in the reservolr

'afea'waS-cgrried-dﬁt;fbr—fhé‘pdrbosenof'upgradihg the

accuracy of calculations of the reservoir area and storagé
volume on the basis of 1/10;000“écale aerial survey maps

“prepared: for the _ehtire project area.

~ bkm,

‘1) Location : as sHOwn-on Fig. 2-1-1
Quantity : 5 traverses with a total extension
: o of 8kin.
Cross—section éutveys'at.the damsite -
.'Surveys'of:crdsé—sectioné'at the damsite were carried
out. ' .
1) Position: 'qs'shoﬁn'on Fig 2- 1 1
11) Quantity: 6 traverses

with total extension of



3) Proflile and cross~sectlon surveys of the river near

"~ the damsite.

Profile and cross éection~surveys of the rivers course
;néar'the'damslte:ﬁére éarried out for the purpose of
calculating a relationship between the riverflow
discharge and the ‘water level at the upper and 1ower

:reaches pf‘the dam. °

1) Location: '  as shown on th 221~ 1 .
1) Quantity: ___One profile with extendlng for 3k,
' 29 crogs sections- across the river,-

6k in total extens[on.

4) - Proflle and 6f0$8~sectton surveys of the river near

the powerhouse site (the taiirace outlet).

'\?rofile:and cross-sectlon sﬁrveys along the river were
carried: out for the purpose of calculatlng a relationship
between the riverflow discharge and the river water level

at the upper and lower reaches of the tailrace outlet,

1) Location:  as shown on F{g.Z—l—l' .
ti)-_Quantityﬁ-; One profile with extending for 3km.
.29 cross secthns, 6km in total

extensloﬁ.
{3) Otﬁef Surveys

Other,sufﬁeys necessary f6r ;he folldﬁing field investigations

“were carried out. .

1) Survey. of ‘drilling holes.
S2) Survey'of test . adit portéls.,f._
3 Survey of selsmic prospecting lines.

" 4)  Survey of test pits for construction materlals.



2.1.3.

Summary of Topographical Survey Works

"~ The following is the survey workﬂ done by the Survey Division
~‘of NAPOCOR. o : -

(1) Techﬁicai_Summéry.of Survey Works.
1) General

'Locatioﬁ Baée Camp:. Town of Kasibu, Province of

. Nueva Vlzcﬁya _
Area Surﬁeyed: ‘The Diduyon River Area
Purpose of Survey: The_ﬁurpﬁséfof the survey is to
' provide topographic maps which will give fleld data
- and Basic 1ﬁformatibn'fot thé'feasibility study,

geblbgiéal investigatidn'and_prelimiﬁary design.

2) Phases of'Wb;k,Uhaertaken'

Ground poographic-Happing:
(i)_ReéoﬁnéLssance

:A-recdnnaissancéngoﬁp.composed of sufvey personnel
* was fdrméd”and'fecOnhqitéred the project area to
.examiné fhé generé1'terraLn qf'thé-surrdﬁnding.afeé,
'acceSSibii{ty?of roads;'weather.cdﬂdifioné, vegetétion
and;ptbbiems bfﬁciéaring.* Also the:group.seiected
the Kasibu town as the best site for its office and
‘__liﬁiﬁg'Qﬁarfers‘1ﬁ?ordér‘ﬁ6_maxiﬂize maﬁpqgep_éffiéiency._
Fileld' camps ﬁere'also:égtfup-at’thé damsite NO.ZI&=N0.3,
. and”the poperhbdée‘éite'for*péfsonﬁél'undertaking sdrveyl

worke.



(i1) Topographic Survey

To secure data from which the location of the damsite,
powe:hcusérsité; penstock and surge tank will'be'
detérminéd.both in.plan'éﬁd elevation and which are
_ﬁecesséxy for ﬁhé'productlon;of'topographic=maps,
: grounGICOntrolé.(hérlﬁohtal'and vertical) were
established. . ' |

ClaéSiflcatiom and standard of accuracy for control poihts:

Hofizontal Control
System : Triangulation (Prlmary) -
Accuracy | . +  Third Q:def

- Spacing of Arc./ o
Dist.bet.sta.: As required

Base Measurement: Actual error not
to exceed - 1/75,000

Probable error not
to exceed - 1/250,000

Triangle Closure: :10 sec. (maximum)
Lengfﬁ Closure. : 1/5,000 m,
_ Method of Angular.
Measurement : Repetition Method
Instruments used: :Gnefseﬁ. direct readiﬁg
: theodolite '
The degfee df pfeqieion'éf all hériZOntal control
data correspond approximately to that prescribed
by the Bureau of Lands for all control stations
- used In the project. The rectangular coordinates
or origin of coordinates for. the base line were

determined_by astronomiéal/aolar obaervation works,



Veftiqél Control

-

System -. Spirit levelling in loop closures

Accuféey _ 't Third order

Max.:Dlétahéelbet.
" gtaffs & level- '
ling instrument:’ 50 m.

Check bet. forward
"& backward run-
“‘ning or loop . S -
¢losures 12mm. VK
- where K ~ dis. In kms.

)

Instruments used: NK-10 (Wild) level

S - NI-21 (CARIL, ZEIS)

" automatic level
All elevations of vertical controls, referred to
mean sea level, ‘are based from BM NV-33 at
L.307.231m of P." C. and G. S. flrsf'order'

levelling, located along the National High-way

_#5, about 250m, N E. of Km Post #256 in the town

of Bambang,:Province of Nueva Vizcay&.

-In the establishment of bench marks_for the Project,
levelling ln loop closure was carrted'along the
existiﬁg road from the towh_of Bambang to the Kasibu
fown;enrohté'to the location of varicus strucfure
sites for the:altefnative damsites, poﬁerhouse site

and waterway.

.Method of-'ind_.ication of control stations;

Horizontal Control
- A generdl lay-out of the primary triangulation _
scheme was planned on an. extstlng 1: 50 000 scale

military map.



- Two. survey groups equipped with: Lnstruments huch
as walktewtalktes,_compass, altlmeters, etc.,
were organlzed on both banks of the river to .

-'select the*location'of'trlangulatton statLOns.“

- For strength'of-fléorec‘a scheme of qoadriiateraiq'
for trtangulatlon stations was adopted wheretn no

angle less than 30° occurs.;;

= To facilttate easy ident[ficatton and relocatlon,
"all statlons were marked wlth a nall in .the center
of a. 30cm equilaterally trlangular concrete
B monument 60cm long and set. 55 em underground
“with the inscrlptton M-, N?C 1979"
-T_;yPrior to actual angular measurement tne surround ing
B ;area.ofreach;station was cleared of ali obstructlon.
'Since.each point-ts”to'Be'used-frequently,‘wOoden
-ooleslﬁith black & whiteicloth braced and held
vertically by several guy wires were used to

: facilitate observattons.
Vertical control.

e From'the-P=d. and G.S. controi emanated the 1evelling_ﬂ
survey of vertical controls from which bench marks

‘were establtshed over the area.

- All bench marks were’ patnted on stones or ‘pegs .
. with corresponding descriptions were. drtven '
'into the ground nailed on trees and- pavements or

_'chlsel marked and painted on.. street curbs.

'w;During the course of levelling works, 1mmedtate
computation and calculation “of - results was. made

in accordance whlch the accuracy adopted.



- Bench marks established la or near the damsite,
powerhouse and penatock area were monumented for

_ready and.immediate reference, -

Photogfémmetftq Mappingf

The aerial photogrammetric mapping of the Project
structure sites was undertaken by Certeza Surveying
Aerophoto Systems, Ines, a contractor cof HPC for

this particular scope of work

Attached herewlih is a brief Summary'df photo-
_ grammetric mapping works submttted by Certeza

.Surveylng Aerophoto Systems, Inc.:



Instruments
Survey instruments used:

Horizontal  ~ Wild T~-2 theodolites
- Wwild DI 3S.

Vertical =~ = = Wilk NK-2 levels
 Instruments used for stereo plbtting:and aerial friengulation:

For aerial triangulation - Wild universal A-7 aufograph

For ‘stereo mapping -~ Wild B85

" Procedures

Sfruéiure sites (Bloeke_I, II, III and IV) ﬁete_ﬁirsf surveyed
independenily uaing’essnmed data-fo: both horizontal and vertlcal survey
'&ofks; Theseusites were later tied in tp.the NAPOCOR established basic -
' cpntrol,siatLOns and bench marke ustng eur§ey methods of third order
'_accuracy for the horizontal wprk.. For elevations, a cembination of

'spirit'levelling and trigonometric'1evelling-was employed.

-The.overail_afea pﬁotogrammet;ic napping ﬁas'undertaken'ntilizing
existing'aerial'photbgraphy of 2970~1972, Picture point controls for
:Sfereonapping were EStablished in the field to.cover major porticn of
the area, and this was . supplemented by aerial trLangulatLon points.
established with the use of our Wwild A~7 autograph. Stereo plotting of

maps was done on Wild BBS stereoplotters.

A1l the above work wag done in accordance with the NAPOCOR terms of

reference prepared for -this photogrammetric mapping.
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Accuracy

.;The final map - accuracy is entirely dependent on the accuracy of the
NAPOCOR basic control net. From these NAPOCOR control atatxons
emanated the surveys used in establishlng photo polnts that were-

'the basis of the stereo mapping work,

Haps were compiled in cenfotmity'wtth internat ional photdgrammetric
mapp ing standafds}- If.the'basic NA?OCOR,control net is-cotrect.and'np
- to’ standard 907 of the elevations should be within 1/2 of the contour
1nterva1 and’ maxxmum error in elevation should not be more than one

contour interval,

For densely wooded areas where heavy brush or trees cover fully obscures
the ground the contours are shown as dash lines (form 11nes) and follow
'roughly only the form of the ground as far as can be discerned from the-

stereoscoplc model.

Miscellaneous survey works

' A) Relocatlon of and laying out seismic lxnes, dr111 holes and adlts

for geologlc investigation

Locations of all seismic iinee,'dtili holes,.and'adits:fot .

7 geologic anesttgatton purposes relocated and laid-out in the
field were tied to the established horizontal and vertical
controls, The rectangular coord1nate5 for these lines, drlll
holes and adits were based on the adjusted true values, “while

“elevations were referred to mean-sea-level datum (true elevatLons);
 B) River cross-section at the damsite and powerhouse site
The cross-section of the river is measured duang low water

period to’ obtaln as accurate as pOSSLble profile data.

Starthg above hlgh water level a traverse 1eve111ng on both

2 =11~



banks was secured by the spirit levelling method. As per

Consultants requirements. the length of crogs- sectlon 1s about

1.

5 km upatream and dowmstream of the dam axis at IOOm intervals

and about 150m up from both banks of the rlver.

The coordinates and elevation (true) of these cross—sections

were based from the nearest control stations in the area.

Computatlon/Ploftlng '

Theocompntationnoffsurﬁey‘reeulrsffor'Subsequent_plotting:wes expedited

at the various field_camps. Each field.eanp had -an assigned compnter

plotter to'lmmediately calculate results and check lf data obtained

fell within the standard elasslfieation:and’accuracy adopted for this

. project. -

Records of control points

~All ground controls (primary to tertiary) and survey'points,with.their

location

and description are givén in Tables 211 to 2-1-2,

3) Delays/Problems encountered

Since the start of survey works the follow1ng have always been

the major problems encountered whrch caused us much delays and

_setnbacks'

=Impaseable-roeds and_bridges;_-

Unpredictable weather conditions prevailing in the area*

.Difficulty in hauling of equipment and - food supplieq,'

Lack of servlceable vehicle most suited for the EXLStlng road
conditions, : -

~Threat to NAPOCOR personnel by outsxde elements and indifference
of local inhabitants who are against the proJect, ' :

Problem.in local hlring of emergency peraonnel for the prOJect,
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~ Sudden breakdowd of survey instruments and vehlcles;

~ Lost and Bﬁ%ﬁed_field notes and data due to burning incident
at the Damsite No.3, ‘
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Table 2-1-1 .

Lod&tidn of'Cdntrol Points (1)

Station

* Designation 'Ndrthiﬁggfréinatasﬁasting | Flevation Remarks
|BLIM = 7 17,973,390 | 20,596,170 -
LINE. 18,644,448 19,858.142" 750,909
|CERTEZA BASE - | 19,453.320 | 19,739.675 753.130
NPC BASE 19,642,925, 19,862.005 737.384
D1 18,305.272 21,016,507 744.920
o2 17,204,619 20,362,527 750.633
D - 3 17,298.763 21,733,417 802,499
D -4 16,229.619 - |  21,401.502 802.620
D-5 | 15,853.896 23,356,824 743.829
D -6 14,931,649 | . 21.984.566 774.481
D~ 7 15,797.992 24,909,785 729.829
D -8 14,523.304 | '23,737.250 725.364
D -9 16,242,000 26,725.659_ 687.831 _ ;
D - 10 15,062.488 26,237.738 773.568
{p =11 17,213.979 28,846,856 756.909 TER
D~ 12 15,141,001 | - 27,346.137 778,283 ROOSE
D - 13 16,449.971 30,843.381 737.705
I - 14 14,279,673 28,808.192 804.236 | KATAR
D~ 15 14,156,679 32,008.353 801,203
ID - 16 12,012,410 31,398.777 769.671. | BIYOY
D~ 17 15,199.624 | 36,380,561 981. 540
D~ 18 11,892.510 | . 36,670.663 '1,218.184
D - 19 16,763,669 .| 37,314.762 996. 539
D20 ©13,927.712 38,907.392 853.618
D - 21 20,914.633 40,613,724 1,018,907
D - 22 16,367.452 41,115.045 949,164
Ip - 23 25,579.757 | 42,948.598 449,674
D~ 24 ‘18,472,961 | 42,965,341 804,946
D= 25 26,513.110 45,700,541, 448,707
D~ 26 21,877.605 | 45,395,217 537,942
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" Location of Control Points (2)

24,020,827

44,072,139

Desigracion | Toriine T ey ] levatton | Remarke
lemasE. 13,795.709 | 33,771:943 | 646.389 | Check Base ac|
*CHECK 14, 148406 33,971.698 619.637 Damsite #2 |
s -1 TTI30691.340 | 34,432.696 | 683,219 Secondary
s -2 .__14;675.695 | ;§4;975:510 ;, ' 720;9@9’f-- Station o
*BM 64B 13,987,710 | . 35,92§.757 _ 572,978 ‘Bench Mark at
*BM 65 713,950,336 | 36,640,337 §27.297 Damsite #3
sY - 2 114,171,912 3@,&16i322_ . 571.875 '
St - 3 14,338.952 | 36,542,941 ' 679.004
SY - 4 © 14,086.831 | 36,351.828 ' 667.857 _
*DR - 1 TT14,076.426 | 36,343.941 672.670  [Bore Holes
lDR -2 ‘14;133L714'--  363391?156 L 601.312 f':_DamS?te.#3
DR - 5 14,032.668 | 36,310,771 |  652.777
DR - 6. 13,959,232 |  36,276.016 ‘Esaé.gss
DR - 7 13,880.379 | . 36,247.065 653.150
DR - 8 13,793.233 | 36,215,066 669,135
DR - 9 113,699.362 {. 36,181.227 688,375
*DH ~ 1 14,202,732 | = 36,439.682 553,769
*DH § 2 14,184,902 | ~36,420.167 556;473
DL - 3 14,272,321 | 36,492,432 15781778
DL - 4 14,259.595 | 36,482,786 - 567.081
PH 24,077,882 43,858,832 . _ [heck Base at
CB (-CIA) 25,022,936 | 43,627.825 bowerhouse
AL 24,378.339 .| 44,528.007. ,
XPH - 1 - 24,052,164 | 44,131,764 164,876
%PH - 3 171.466

Legend : *Leve

j1ed -
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Location of Control Points (3)

_'‘Coordinates .

2 - 16

_Z“T—Déiigizgybn' Northing. Easting Elevation Remarks.
| Basg 13,795.700 | 33,771,943 666.389 Check Base at
~ CHECK 14,148,406 | 33,971,698 619.637 Damsite #2
T30 14,034,170 | * 34,305.845 584, 280
R 14,306,484 | 33,941,498
T - 32, t"f14;273.849 ‘5a,210;i05 583,763
T - 33 14,530.909 | 34,079.183 585,250
T - 3 14,380.624 | 34,390,517 610,180
T - 35 . 14,646,239 | 34,375,902 580,891
T - 36 14,306,943 | 34,582,361 | 600,043
Y 14,585,200 | 34,603,247 579.658
T 38 14,273,830 -34;789,396._ 53&.15§.‘_T -
T - 39 14,465.852 | 34,696,205 578.149
T - 40 14,299,312 | - 34,873.410 583.019
T~ 41 14,355.490 | 34,828.822 | - 577,713
T - 42 14,271.634 |- 35,022.008 575.818
T - 43 14,346,488 | 35,012,177 577,613
T — 44 "-_ 14,276.872 |  35,108.612 571.813
T - 45 14,342,073 35,088,771 577.741
T - 46 14,215,750 | 35,262.5§7 | 571,555
T - 47 14,300,386 | 35,204,703 574,928
| T 48 14,139.475 | . 35,379.440 ©569.739
T - 49 14,218,194 | 35,387.107 974.178
T - 50 14,067,466 | - 35,541.388 571,187
CTost 14,144,876 |  35,540.152 572,13
1~ 52 14,015,676 35,645.865 568,717
T 253 14,079,236 35;687,850 | 5?2.992
T 54 ' i3;§55.§75 ' 35,732.389. 571,653




Location of Control Points (4)

Statioﬁ"
Designation.

. Coordinates

~Northing

_[Easting

EleVation'

. Remarks

..55

14,046,454

35,732,138

569.734

- 56

13,968,321

35,892,481

_570;7415

- 57

14,026,077

35,834,483

568,066 .

o 53 

14,108,206

35,956,712

568.523

- 59

14,096,258

35,872,643

S71.443

- 60

14,177,063

36,014,767

571,986

- 62

14,205.699

35,939,435

573,147

T - 62

14,244,432

36,084.935

" 568.761

- 63

14,293.175

36,029.456

569,703

- 4

. 14,267,047

36,155,746

564.623

T~ 65

14,326.516

36,161,245

569.913

- 66

14,263,157

36,224,264

566,536

_67

14,322,665

36,251,972

563,226

- 68

14,236.200

136,312,338

562,904

- 69

| 14,315,942

. 36,354,689

562.020

-'70,

14,220,098 |

36,387,475

562,980

- 71

14,260,484

36,483,557

. 569.463

—

14,183.310

36,477.297

557.505
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o BM

- iBM

'Table - 2~1-2 Location of Benchmarks (1) .
. Station/' ' A o
" Description Elevation Location/Description .
PC & GS NV - 33 307.231 | BC & GS NV - 33, located at Barrio Aban,
' . | Bambang, ‘Nueva Vizcaya, inside the property
of Maneses Magbual
M- 1 313.043 | National Highway, located at Barrio Abian,
S . , 0pposite Km. 2564,
. 2 315,602 National Highway, iocated at Barvio Abian,
P opposite Km 253,
C{BM < 2 320,005
BM .- 3 320.004 | National Highway;.Iocated at Km. 252 Banbang,
S : ' “Nueva Vizcaya. '
BM - 3A 320.858"
4 320.300 :Located 1n ‘front of Bambang Harket ‘Mark BM - 4
‘ - et big concrete monument .
{BM - 5 - 316.055 1Mark -~ X, at trunk of Caymito tree rightside
: o o :going to Kaaibu. T .
BM -6 314,948 | Mark - X, at rightside of Km. Post 252 going
' ' to Kasibu : . :
BM T.7 :-318;060' _Hark - X, at the ‘Foot of Caymito tree, Left-
- ' L ”side of ‘the road going to Kasibu.- '
BM I 326.101 . Mark - X, atrightside oftheroadgoingtoKasibu
' :' Barrio San Fernando, Bambang, Nueva V1zcaya.
BM - 9  333;597' _Hark on top of Km Post-255 going'to Kasibu.‘:
BM - 10 335,525 :&ark - X, on top of big boulder near Km. Post
o ' i ' 256 to Kasibu,_ '
BM; 11 :-_351.028’ _Mark - X, of Km: Post 257 going to Kasibu.
BMf '12_ . 3&5.145; Mark - X, on root of mango tree about 7 meters
X right of Km ‘258, :
;'BM 'i13 365.417, ‘Mark. - X, on top of boulder Opposite Km. 259
et T at Barrio Labni.
- 147 385.466 . ;Mark on top of boulder about 2 meters from K.
' ‘260 going to Kasibu.
M 15 432,1i7;:'ﬂub near Km. 261 going to Lasibu, rightside of
o | the road.
IBM =16 - © 455.796 | Mark on top of boulder opposite Km, 262, right—
' = '  side of small house. - :
|BM - 17 530.837.

Mark on_tOp*of:boulder.lefééide::of Km. 263.

218




Location of Benchmarks (2)

Station/

1B -

- - Elevation | L t1o Descri ti o
Degcription - EI?“971°“ . oca “/ eso p_ on
{BM - 18 615,212 Mark on top of boulder rightside of road going
e e to Kasibu ' C
BM - 19 715.291 | Mark on top of boulder abouL 10 meters, the Km
' ' Post 265, rightside - to Kasibu.
BM =~ 20 849{140 Mark - X, at the huge boulder oppoqite of Km.-
. o L _256,_1eftside going to Kasibu.
BM - 21 936.793 | Mark = X, at the BM 21 big boulder, lefiside
e _going to Kasibu.m N : . :
BM - 22 8.63_.'343_ 'Mark X at the top of Km, 268 going to Kasibu.
B - 23 819;542 Nark X at the big boulder leftsideofthe road
- ' at aHout 5 meters after K.m. 269 going to Kasibu,
BM - 24 817.182 Mark - X, at ‘huge! ‘boulder leftside lG_meters
: before Km, 270 at Kasibu. ' ' '
BM - 25 795.640 fMark X, at the boulde1 attheflowergardenlnwd'
- ;frontofl@ndicho sPartyoccupiedhouseowned by
p 'Mr. Maor._ : :
BM = 26 7?6.86? :Rightside g01ng to Ka91bu Mark - X, at big
"'i' S L boulder near the Jackfruit tree.
BM - 27 768.416 'Mark at b1g boulder rightside of the foad_going
' ' ff o to Kasibu . c -
-{BM - 28 774.787 duark at- blg boulder ‘near the Xm. Post #274
R .leftslde to Kasibu.“ '
BM - 29 756.198| Mark I %, ar big boulder mear Km, Post #275,
- : _rightside to Kasibu,-
C{BM ~ 30 745.723| Maxk - X, at the big boulder rightside of
o : road,near the Km, Post #276 going to Kas1bu.--f
BM ~ 31 763.175 '-Mark on Lop of the boulder near _to K, Post #1277
E ' about 25 meters rightside of the road going to Kasﬂn ;
BM - 32 ~756.340 Mark on’ top of - big boulder near Km, Post #278
T ' ' rightside 301ng to. Kasibu. ,: - ¥
1BM - 33 761,674 Mark '~ X, at ‘big-boulder rightside of the road
. ' _going to Kasibu, Km. Post #279. -
BM - 34 . 756_._78__7 :_Mark X at the concrete guide of the culvert at :
‘ e about 10 meters after Km. Post#279goingtoKasibu'
BH'fﬁ35: Q;?Q?;S?S iMark - X. at big boulder right of the road
R ' -‘going to Kasibu. ' .
B 697}562' Mark - Y, ‘at the cemented reprop of the’ gdrden

opposite of Km, 0, Kasibu. (leftside) oppoqlte=—

-of, Vice Mdyor 5 house._
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Locatioh of Benchmarks (3)

Station/

- BM

e

BH

{front of the store-and 25 meters in front of Katarawan
_bunkhouse office leftside of the road.

Déscription | Elevation Location/De&cription_
CleMLo3r 688h416" Mark on top of big boulder rightside going to
: : " {Kasibu, " - oo
BM = 38 721,806 Mark on top of poulder leftside of the road
o ' - going to Kaqibu.
BM,— 39 685.233 Mark - X of boulder at about’ 25 meters from
' ' place and about 70 meters from the house of
".Fonbuena at Barrio Pudi. :
BM - 40 714,282 Mark on top of boulder right of the road going -7
o to Kasibu. R E
IBM - 41 706,575 |Mark on top of the boulder right of the road -
o ' o going to’ Katarawan.
BM - 42 ~707.605
BM - 43 659942 |Mark = X, at big boulder leftside of the road
- ' _ - going to Katarawan.
BM - 44 664,971 {Mark o top” of the boulder rightside of the
C {road going to Katardwan._ _ E
| BM - 45 664,811 Mark - X, trunk of a tree leftside of the road
' ' at Sitio Paxquet civinities. " '
BM - 46 654,386 Mark X at the root of the trunk of the tree at about
' : 300metersofPacquetBarrioschool leftsideofthe
N _ _road at about 50 meters of the stare.
BM - 47 658,952"Mark on top of the boulder rightside of the road
' e : r-‘going to Katarawan.:' S
BM - 48 . 640,807 ¢ Mark on top of boulder rightside of road going
i S o Katarawan. -

IBM -749 _ 645,748 Mark - X, at a planted boulder at Sitio Poliguen
| ' ' 1eftside of the road , .
.| BM -~ 50  625.875 Mark X at a planted ‘boulder at rightside of the|
' . o road at about 7meters, road going to Katarawan.

- 51 640.620 |Mark at boulder rightside of the road going to .
: B _ Katarawan : ) .
BM ~ 52 659,487 ‘Ma;katleft#idéofthexﬂaﬂagingtokatarawan.
-53: ' '639.747 " |Mark ~ X, at the trunk of the tree leftside of the
e . |road g’oing.to’ Katatawan Camp at about 1.1 km.
—53A o 642:.-199? Mark - X, at the cut of huge tree at about 7. meters 1n-
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' Location of Benohmarksi(d)

.-r.Oj -

Station/ Elevation Location/Description -
Description o . _
BM - 54 - 656.350 | Mark - X, at the half-~ burried boulder at about 618 |
' ' ' meters from camp site Katarawan, leftside ‘of the
_“road :  . ' _ L
BM - 55 | 619.490 | Mark on top of boulder leftside < of the road
: going to Biyoy R
BM - 56 ‘612;181 'Mark on top of boulder rightside of the road o
- : SRR Tgoing to’ Biyoy. ' s S &
EM:f 57 '600.176 VMark ‘at boulder rlghtside of the road g01ng to
_ ) e :-'45Kumamasi AT . _ : :
TTIBM - 57 '600.176 -Mark ~:X,:aﬁ'riog?§éddiesﬁét QIhugéjhubs;
BM - 58 6'50;9_A:1 Mark x at a planted boulder beside the'big tree,
_ _ - "leftside of the road going to Kamamasi. o
BM - 59 5?7.9&? EN&:katbOulderleftsidegoingtoPapalonéan.
BM - 60 560.13%“:Hark X, at a big tree rightside of the road
_ Lo Damsite #2
BM ~ 60A - 685.649 | Mark at atore leftaide of ‘the road going to
" ' REE Papalongan. . .
BM - 60B. -677,34073Side shot only and preparation for 1evelllng
' : : oL primary control :
TRM - L . 669.726(
A - 586.685| Mark - X, at.the half-burried boulder R. abut—
ST ment of Diduyon River Dam #2 '
™ - 61 - 710.481 .Mark on tOp of ‘boulder leftside go'ing-to Damsite #3
BM - 62 :677.852- Mark on. top ot boulder rightside of *oad going
: : i} to Damsite #3. -

BM - 63 645,339 -Mark X, at the cut of . the big tree leftside of
: o the road at Sitio Papalongan. - =
BMIr 64] - "661;011;3Hark x at the bed rock rightside of the road

EE | going to -Japanese Consultants. .
[BM - 644 614.803
BM - 64B 572.978 | Mark om top of big boulder near the NPC
- Consultant houae at Damsite #3.
£ - 568. 284
BM - 65 .627;297 Mark - X atthehugeboulderleft51deoftheroadat
B aboutZSOmetersaftertheConsultants house.
BM - 654 635.494
625,704
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. Location of'Behchﬁarké (5)

Statiom’ , - o ot T
Description 'Elevation" Location/Description
|BM - 66 '566.736] Mark on top of big boulder rightside of the
' road going to Alicia.-

BM.f 67 564.97§ ‘Mark - X at huge ‘boulder between two crecks at

' : : “about 200 meters. 4

BM - 68 540.633 Mark on top of big boulder rightside of the road
' ' R going to ?owerhouse. .

BM ~ 69 516.032 |- Mark on top'c_)f big boulder.

BM - 6OA 455.613  Mark on top. of big bouider rightside of the

S ‘ = river near the Baliti tree, .
BM - 70 423.420| Mark on top’ of big boulder rightside of the
' ' 'river near the Narra tree, near the house of
- 'Mr. Padawa.

BM - 71 380;892'fLeftside of ‘tiver - Mark Stone.

BM - 72 34:0.874-

BY - 73 299,046 Mark on top of big boulder rightside of the

- "'river. 

BM - 74 ' 259;622-'Hark ~ X, at the top of huge boulder left

o B :  abutment :

BM - 75 '236;706 ‘Mark on,toﬁ of:boﬁldef leftside of the river.

BM ~ 76 . 209;89% Mark - X, “at the bedrock right abutment of the

PR _ river. :
nw - 77 191,439 |

BM - 78 174.873 }Mark on top ‘of: the big bouldez rightside of the_

) ' : :river. :
1BM - 79 . 163.378 ;Mark - X, at the boulder ‘at the center of peanut_
© | plantation at about 1 km. before Alicia.
PH - 1 164,876
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2.2,  .Geologlc Survéy 

2}2;1. With regard to the geological survey of the Project area
| _the governments of the Philippines and Japan agreed that JICA
_will carry out lnvestlgation programming, supervlsxon and pre-
~paration of the report and NAPOCOR will carry out the fleld

investigatlon work

2.2.2. Summary of Geologie Report‘on:the'éroioct Area

'The-folloﬁing is a éumméry of the'reéults of inVeStigation
compiled by E. P Vargas, Sr. Geologlst 111, Geology &
Geotechnics, NAPOCOR who undertook the fielid anestLgation.

(» ihtroduotion'”

Purpose and Scope - This report was written to present and
- discuss the results of the geological investigation,
particularly regional and detalled geological survéf of
~the feésibility studies at the Project. These studies
_Here conducted to ldentlfy geologlc hazards thch may or

‘may not exist 1n the progect area.

'Project Deécriptioo - The_projeét-érea, épproximately 300 km
in size, is situated in the municipality of Kasibu, HNueva
Viscaya and Cabarroguls, Quirine Province. The major.
apputténant'structufes; partioularly the proposed damsite,
headrace tunnel route are within the mﬁhicipal jurisdiction
'ofVKasibu; Thé‘bowerhouoe; penstock andﬁsutge:tank are

' in Burangay Dibiowan, Cabbarroguis, Quirino.

‘The propose&'déﬁsite;_located at iatitude 16°15" and
~ longtitude 121° 27', will have a proposed hEIght of 111 m,
'a high water level at EL 648m. The power plant will have

a maximum capacity of 345 MW.  They will be built across
_the Diduyén River. |
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Prevlous Studles = Prlor to gtudies conducted by JICA and
NAPOCOR, which commenced during the first half of 1978
other government agencies conducted geologloal survey and
watershed lnventory of the Diduyon River Basin.  In 1965
the US ‘Bureau of Reclamation (USBR) ln cooperatlon with
dtfferent government agencies of the Philippines had made
a study on the power generat{ng potenttal of the Cagayan
River Basin, which 1ncludes the Diduyon River. Tt mentloned
in its report that a dam, with a helght of 110 meters “and
a watershed area of 484 km located at latitude 16°16" and
iongtttude 121“27‘ can be constructed It is surprising
to note that the present 1ocation of the dam axis is very
close to that proposed by the USBR. Other studles were
conducted by the Philippine Bureau of Mines in cooperatlon
with JICA in conjunction with its nineral inventory of
Nueva Vlizcaya Province, which commenced‘ln 1975 ond ended
in 1978.

Method of Investtgatton - The geological sutvey of the
Project cons[sted of reglonal_and detailed geological
_mapplng of the reservoir area and appurtenant structures,
.diamond drilling, seismic prOSpecting at proposed damsite -

0.2 and No.3, surge tank, penstock vroute and headrace
tunnel roote. Aditting was conf Lned at the proposed

_damstte No.3.

.eAside from the fleld work other useful geologlcal data
such as regtonal trend analy515, drainage pattern and
other regional geologic topographic features vere analyzed
by the use of topographic army maps of 1: 50 000 scale

and aereal photographs of 1: 15 000 ecale thru statistlcal

analysis of Joints, lineaments and feults.

_Petrographic analysis of rock samples from the project area

was another tool used in identlfying different rock units.
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'Duratlon of Investigation s Preliminary studles at the proposed

dansite and appurtenant structures were conducted for a short

durat Lon by the ‘team of Japaneae consultants from JICA and

“thelr counterparts from NAPOCOR Theae studies were

'¥conducted during the montha of July to August 1978 and

January to February 1979, to which the JICA team formulated
guldelines in undertaking feasibility studies of the

. Project.

‘ Geological aurvey, drilling, asttlng and seismic prospecting

covered the space of. one and a half years, from the start of

the mobilization of drill rigs and geologic mapping to the
complet {on and demobilizatlon.'

Géographzl

Location and Accessibility —fThe-PfoJECt oituated in the

province of Nueva V{zcaya'andZQuirino Province is geo-

graphically bounded by the coordinates 16°13' to 16°23*
east latitute and 121°15" to'121°32' North longitude..

It 1= approximate1y 315 ki from Hanila and caﬁ'ﬁe reached
by'lahd véhicleé through concfété roado.up to Bambang then
through logging reads to the project slte. These logging

roads leading to the different appurtenant structure sites

are Impossible to reach during the rainy season.

T0pograohy'éndiDrainagé{“ The project area lIs situated in the

‘Mamparang Mouqt&ln.Rﬁnge; It is cbérécterized by a mountalnous

to hiliy'tetrhiﬁjwith patchés of flat lands in' the meanders

of the major rivers. The mountains, which have an average

height ef 900 meters, have pointed to rounded oummits.

-THighest'elgfatlon_in:the project area 13.1,200 m, and the

" loviest ls about 280m above mean sea level at Barangay Alicia.

Other topographic féatures found in the area are karsi
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topography, hanglng valleys, and saddle areas. Caves,
sinkholea, and underground rivers are found in the

1imestone belt.. Saddle areas which are sometimes Lndicative
. of shear. éones are ‘numerous. Most of the saddle areas
‘investigated did not reveal any: shear zone, but are mostly
products of differential erosion of hard and soft rocks
Hanging valleys were_generally.qbagrved downstream of damsite

NO,:},: o

The afea.whléh {s in its early geomorphic ﬁéturing has a well
_ integrated drainage ﬁattern cha:acterized,by.numerous creeks,
-__waterfails; fapids and_gﬁilies."The Diduyon River, the‘major
ri#er_dlséecting_the:projeét area and om which the dam will

be built, has a wide V-sghaped valley'with‘a meandering course.

Studles by the JICA Team classified Addalam—Diduyon Rlver system
" into three dtatinct gsections namely: (1) sectlon with a riverbed
gradient: of 1/370 upstream of the riverbed EL 600, (2) section
with steeﬁeét.gradieﬁt of 1/30 and {3) 1/530 gradient downstream
of the riverbed EL 200, It is'worthwhile mentloning here

_that in  the seccnd section creeks and minor river join the

. Dlduyon Rlver -in hanging valleys.

According to the JICA Team, feétures menticnéd above provide

the best conditions for hydropower development..

'_Végetatidﬁ'énd Climate - Aﬁprdximatéiy_éoz to 601‘0f the aréa
tg covered by virgin forest. Numerous “Kéingiﬁs" were ohserved
along the hill sides which are planted w1th camote, upland rice,
_.ginger, bananas and corn., Flat 1ands and - river terraces are

planted_with rice, corn, peanuts and beans.
A dry period ‘occurs. only during the months of Februarv to

' June whlle the wet period occurs during the rest of the

year.
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--(3) General Geology

eLitho]egy - Roek types dietributed in the prbject area consiet
of pyroclastic rocks Lntruded by dike ‘volcanic flows, sedi=~

e.mentary rocks and alluvial deposits.

Two types of pyroclaeiic roeks are found at the Diduyon
River basin.'nameiy agglomerate and tuff. The agglomerate
is gray to dark gray, hard ahd sound, and contains large
quentitiee.of'sub-angular toeeubr0uﬁded boulders of ande-

sitic composition.- The matrix is andesitic.

Low-grade'metamorphism on this rock type has changed the
matrik'into“hornfels, but relict'textures of the voleanic
character are still recognizable as determined from petro-

' graphic analysis.

'Outcrops of this agglomérate are found along the Diduyon
River and at the damsite area, Barangay Katérawan reservoir

area and underground powerhouse area at Didipio River.

The second type:of pyroclastic-rbck'found in the reservoir
area is the tuff formation, It'ie buff to red in color |
and contains andesites, glass~fragmenfs, feldepar,
pyroxene, quartz and minor. opaque minerals. Three- types
of tuff were-obeerved. The first type found along the
riverbed at sitic Pacquet, which seems to be fhe base, is
'aggldmeratic with greater than 32 mm_subeangular to sub-
roﬁnded fragmenté of andesite in the tuff matrix. The
second type, reddish.in coior has pebbie_size fragments
of tuff .and glass In~ the tuff matrix. The third type was
identlfied as vxtric tuff. '

Fresh outcrops of this tuff are noderately cemented while -

weathered portlons are soft.
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Two types of volcanic flow were observed ln the Diduyon

River Basin. The first type is andesite. It ts dark gray

-;nto black, fine grained porphyrltic and very hard._ Pheno~

Hcrysts consieta of 20~50 percent oligoclase~ande51ne feldepal,
10-30 percent pyroxene and minor amphibole on the majority

of the rock samples analyzed by micro—petrogrephy The
i'gt‘ound mass 1s made up of brown to black glass and microlites.

‘of feldspar ‘and ferromagneelan mlnerals.

:Ourcrope'of'this‘rock type are found distributed along
river banks, creeks, logging road cuts and precopiis of

ridges, from the reservolr area up ‘to the powerhouse area.

.Andesites from'Kasibu to Haglan interbed wlth'tuff and
overlie the agglomerate "while andesites near the damsite

areas are intercalated with agglomerate..

The’ second type of volcanrc flow is the porphyritic trachyte.
_VThls s found in ‘the Malabing-Alayan reservoir area and’ along
Dibiowan creek at: the powerhouse ‘area. ‘The trachyte at

the reservoir area is light to dark greenish gray, fine-
.grarned and porphyritic. ‘Phenocrysts consist of pink
dedecahedral .analcite- crystals ranglng in slze from 3 mm '
_ to 50 mm in - dlameter set in a- groundmass of glass, feldspar
(oligoclase-andesite ‘and orthoclase) microlites, chlorlte
=:and opaque minerals. It is worthmwhlle mentioning here

that this trachyte consists of three types of volcanic
_:effuslon._ The first one, a 1ava flow, has 1arge analcite

'cryetals-with a maximum diameter-of 50, mm. Pyroclastics

.';;(lapilli ‘tuff to lighlc tuff) with trachytic composltion,

",of explosive volcenism, is the second eplsode. Analcite. -
'crystals are still present here,’ Small analcite pheno~-"

crysts having a minimum of: five mm dlameter constitute the
: lthird~type of_lava effusion,..The groundmass is almost

identical to the firet.type.ﬁ'Thls overliee the andesite



and agglomerate.

The trachyte In the powerhouse area, on the other hand
aleo a volcanic flow, is slight to fresh in color._fine-
grained and porphyritlc. Phenocrysts consist of euhedral
orthoclase, pliagloclase, nepheline and ferromagnesians
.set in a groundmass of brown to plnkish glass, feld—
'.spar microlites and sericite._ Tth is overlain by
'fandesite. However, this ‘andesite may be younger than the

'andesites ‘{n ‘the reservoir area.j

' The seghentary roek seqnence'{nsﬁhe projeEt-nrea eonsists

of coralline 1imestone, ‘sandstones and conglomerate._ The
.1imestone is white to cream,'very ‘hard and gives out.a'
metallic sound when struck by a hammer.: It is distributed
‘in an elongated belt trending North-North westerly to North-
'South from the Barangay of MalabLng down to Katarawan. An

' advanced stage of karst topographlc development is evident

) Sinkholes, pepine hills and caverns with underground rivers.
dot this 11mestone belt. S

Approxlmate thickness of this 11mestone is 100 m. -The
base is exposed at Alayan around EL 625 m.= No calcareous

_sandstone or sxltstone was observed Ln this ‘particular

-_'_area. Only a sma11 outcrop of what seems to Be a basal.

'conglomerate of 11mestone with rounded to sub—rounded
' pebbles of volcanics and 1imestone wasg’ observed This
' ’1imestone 1s hypothesized as a capang, unconformably

'noverlxes the porphyrltic trachyte.'

:The'sandstone'and conglomerafes'are expOsed elong the Diduyon
River and Dibiowan creek at the . powerhouse area. This

E formation, 10-20 m thick unconformably overlles the

voleanic rocks;_ The base is conglomerate_grading to

pebbly sandeone."The top portion is silty sandstone,
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:The conglooerate is.dark grey, well ceﬁented-and contains
sub—angular to Submrounded pebbles and cobbles of limestone
andeslte, trachyte and reworked fossils. Matrix is
sandy wlth considerable amounts of clay and silt. -Quartez
 was not. Ldentified in the petrographic analysis. The |
.sngularity of the fragments and. the considerable amount of
'clay minerel suggest that provenance is very close, - The
top portion, i.e. silty sandstone, ls buff to derk greenish
gray, bedded, poorly sorted and poorly indurated It
contains angular fragments of plagloclase, ferromagneslans,
carbonstes and reworked microfosslls. Cementation is
salcium carbonate and clay., This formatton is probably

younger than the 1imestoner

Dikes lntruding the agglomerate are’ hornblende andesites.
Outcrops were observed about 1 km from the proposed dam
axis, along the Didlpio River, and at the Diduyon River.
‘The general trend is N 20° A dike was also observed
from drill cores recovered at the proposed underground

powerhouse area.

Alluvisl deposits edd terrace grsvels.sre preponderous
,siong river.oanks and,terraeee. These contain angular,
*'sdbrOUnded tO'rounded.pebbies, coobles'snd boulders of
sandstone, agglomerate, andesltes and trechyte. Thickness
of these deposits range from 2 m to 20 m. The ‘base of |
_some terrace deposits was observed at two 1oca11t1es,
‘namely sitlo SLguem near . the junetion of the Didayon and
Lempote Rivers and at Biyoy near the junctton of the Biyoy'

'“snd_Diddyon Rivers,
Terraoe-ﬁesr'rieer valleys-ampiy uplift in the area.

Geologic Structures - Field ohservations as well as’ aereal

photo/topographic map analysls of 630 faults, joints,
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1ineament traces and linear features traneecting the rocks

In the Diduyon River basin indlcate two prominent tectonic

_trends. Theee are the NFuSW set and the NW—SE set.
. Statistical data shows that the NEW—SW trend ls dominant
'over the NW<5E @et, Relative ages of these two ‘trends '

are hard ‘to determlne.

Structures of tectonic origin exieting in the project areas

'“tnclude faults, joints, anticlines and synclines.' Structures
‘of non-tectonic origin consist of bedding planes and flow.

.1ayers.

Faults are either strike*slip (dextral and ‘sinistral) or
gravxty faults. Most of the strikewslip faults _have

 thickness ranging from 2 mm to 0.5 m, whlle the shear zone

- of gravity faults have as much as 15 m thtckness.

_Interstttces of these faults constst of mylonite breccia,
: and gauge. 0x1dation is not common._ Strikehslip faults

are generaliy cemented by calcite rhodochrosite_and_

silica. Gravtty faults are gaugy.

. Joints are tight to open.‘ Some have caltite; thbdochrosite

and_eil;ca filling. . Thtckness ranges from 2 mm to 10 cm.

Three fold trends were inferred from the progect areat-

a Northwest Southeast and a North—éouth trend at the

reservoxr area, and an Eastwﬂortheasterly trend at the

_powerhouse area. .. Dips measured from bedding planes 1in

:1imeatone, tuff and sandstone range from 5° to 30°

indicatlng that folding of the rocks in the ‘area concerhed

was not. too intense, -

Engineering Implications
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.Damette No.3

:Rocks underlying thls partlcular damslte are composed of
agglomerate inttuded by andeaite dikes.' Thls agglomerate
forms a monoclinic structure trending N 35”~ 50° By 25-35° . E
Three promlnent sets of structures (faults and joints) extst
in this area.. These trend N 50n55w N30~35E and. N65-70E.
Dips of these structures are steeply dipping to the Vertical

Calcite. rhodochrosite and silica oceupy or cement the

'_interstices of these structures.-

The.important geologic problem'at this site lies on the
saddle pert On.tﬁe'r{ght bank. Drill core data, parn
'_ticularly DR-06, 06 A, 07, 07 A and DR-08 indicate that

a weak zone exists in the area._ The thlckness of this

Zone s more or 1ess 70 m while the extent ts approximately
3200 m. Several amall scaxe faults and slips with 60° to
vertical dips vere actually measured In the recovered cores.
The cores are brecciated, mylonitized and slightly altered.
‘Rhodochrosite £111 the'ihtefetiees of the structures. Other
structures with clay fllllng expand when water is doused

over the cores.

All'low angle fault which exist at the feet of the flght
bank at the . proposed dam axis may cause some problems on

~ the stability of the foundation. This fault trending NS 4°E
‘and dipping 32° NW was followed for 8m at adit DR—I The

_shear zote LS 34 cm.

Powerhouse, Penstock and Surgetank Area -

The bedrock in these areas ie:andesite, sandstone and
conglomerate intercalated with endestte and porphyritic.
trachyte.- The proposed powerhouse site overliea a wide

rlﬁer terrace which consists of boulders, cobbles and pebbles

of andesite with silt, sand, and clay matrix. The thickness.
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of thils tertace has an average of 10m, The bedrock i=
andesite. Referrence should be made to 2.2.4 In respect of

‘the underground powerhouse site.,

The penstock and surgetank area is uhderlaiﬁ by andesite. _
The andeslte at the surgetank is highly jointed while that
‘at the penstock is blocky. Overburden in the penstock route

has an average or 10 m,

-Thé'most pfominent fault observed-lﬁ the area ls a'gtavity
“fault tending N30°E and dipping 64° SE. It has.a'ls.m shear
.zone with sulphuric emanattons. ThlB large scale fault which
is inferred to be several kilometers long may. not affect

the stabiltty of the foundation in the area as no recent

movements were observed.

Limestone Belt (Refe: to 2.2.3)

'-The 1imestone belt in the reservoir area at the Malabing
_Yiver 'is distributed in the Barangays of Halabing, Kapisaan,
Alayan and ‘Belet, Approximate area is 10 km .

- The main ptdblem concerntng this belt e leakage as this
limegtone may extend to the eastern er of projected
reservolr limit. Investigations on  the eastern rim,
however 'did not reveal any extenSLDn. Moreover, the

'11mestone~volcanics contact is confined at EL 650 based
on the Csrteza topographic map of 1:10 000 scale,
Mountalns bordering_thls eastern rim are biotite besring

porphyritic andesite.

Laﬁdslidé‘Areas.r
Most of the 1andslide areas investLgated were in the

vicinity of damsite No. 3 to Biyoy. These slides have an

“extent of more or less 20-50m. These contain angular
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fragments of pyroclastlcs and clay, . The elldee are mostly on the
steep slopes and_rlver banks of the Dlduyon River. They ere_often

aggravated by bulldozing of logging roede.

Landslides 1in other”parts of the_reservolr area ave minimal.

These are ofteolcoofioed_to.oear 1ogglng roads.o

The reglonal geologtoel map made ln'the atudyyis'presented in Fig.

2-2-1, ‘and all graphical geologic logs;]geologic development

maps. and geologie_sectlons'ere shown. in Figs., 2-2-2 to 2-2-46,

Sgectal Comment on Geologic Appratsal of the LLmestone at

fMalabing-Alayan Reservolr Area

The following are prellmtnary.fiﬂdings on the occurrence of 1iﬁestone

l-and its:11thologic}topographic relatlonshlo with other rock types at

the Alayan—ﬂelabing Reservoir'Area. Attached herewith are maps and

profile sections of 1:10,000 scale.. The_comment'was also prepared by

Mr. Vargas, NA?OCOR Geologist.

(1) .

Physiography .

Location and Topographic/Drainage Characteristics

_The”lieestone'belt'is situated at the Baragays of Malabing,

Kapisaan, Alayan and. Belet on a North—South trending synclinal

.valley This valley is surrounded by 1 ,000 m class mountains,

in the north by the Palali Mountatn range, whlle to the east
and west by the Mamparang Mountaine. Karst topography is.

evrdent here, hills, knolls, sinkholes dot the valley. The

highest elevatton of . the above mentioned ‘hills attain a

maximum of 750 m, wrth steep to almost vertieal slopes.

Two caves and underground rivers were explored at Alayan

and Malablng, respecttvely. The portal of the cave at

Alayan’ is about EL 650 while the underground river is

'approximately 15 m below, with a dtscharge greater than

150 1iters_per second, flowlng in an eaeterly direction.
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The aecond cave at Malabtng is 4 km Northnnorthwest of

Alayan cave, The portal and inouth. of the cave and rtver

respectively are at ‘an approximate EL 630 m.- “The flow of
this underground river ls westerly.: Both of these under-
ground rivers contain pebbles and cobbies of wvolcanle

otigtn_tn their channels,

‘ The southernly flowing Malabing River and its tributaries

are the ma in dratnage system in this reservoir area. It
is interesting to note" that most ‘of the creeks transectlng
the volcanic rocks in this particular area flow in an
East—No1theast to Fast-West direction on the Eastern side,
whilé these on the western side flow vtee versa. Creeks’

near the contact of the limestone and volcanics flow North

to South.

General Ceoiogy '

Lithology Alluv1al depostts,'coralllne 1imestone, and
voleanic rocks of andesmttc to alkali trachytic compositton
constttute the Malabtng—Alayan Reservolr Area. A thin
veneer of alluvial deposits, approximately 2 m thick,
covers a vast expanse of the valley. Topographic expression

of these deposits ate plain 1ands. These deposits are

~ commonly composed of SUbrounded to rounded pebbles ‘and
cobbles of volcanic rock .and 11mestone at Lts 1ower portion,
“and gravel and silt at its upper portLon. These deposits

'overlie both limestone and volcanles

‘fAs ment ioned earlter in the precedlng dibcusston, hills,
'eknolls, sxnk—holes and caverns with underground rivers
are preponderous. These phySLographlc features are

charactertstic of the coralllne 1tmestone._ Aoproxlmate

thickness of this- formation is 100 m. The base is exposed

at Alayan at around EL 625 m.
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 Unconformably overlain by the 1imest0nerare_themvolcénic
. rocks, Tﬁe eastérn:rlm of the reservolr:is cbmpdaed
mosriy'bf bioﬁtre—aﬁdésiré porphyry, while the western:
‘énd northern portion'bj ﬁnalcifeftraphyte porphyry.

The biotite bearing andesite porphyry is finemgrained iight_
 to dark gray in color and porphyritic on fresh

. outcrops. Phenocrysts consist of subhedral crystals of
feldspar with distlnct 1ineatlon, and secondary blotite
flakes. Outcrops are mostly found along creeks and

loggrng roads.

'-Preponderous along the Halabing River and Alayan Creek 1is-
the analcite—trachyte porphyry. This rock conslsts of.
_volcanig flow, agglomerate,'and tuff. The base and the
top portion of this formation are volcanié flows, while
the intermediaté-part is‘aggloﬁerate and'tuff It is
worthwhile to note here, that the base of the flow has
.larger analcite crystals, Jem in diameter _than the top

layer which_h;s only a maximum dlameter of 7 mm,
“Structures

VThé area.invest{gated fs rnférred to be an assymetrical
syncline with a North South trend. Tﬁe.dipszon the _
éastern rim of ‘the. fold range from 5° to 8°, whereas those
at the western rim range from 10° - 12°, Flow layers from
the volcanics trend N 15-35 E and des range from 20° to
35°.  This implies that the 1imestone has an angular
unconformable contact over the volcanics. The contact
observed at the Alayan Creek is quite short'in extent

to be a mappable unlt, about 3m Iong. 'In any case,

round pebbles of volcanics and 1imestone was observed

and_sampled_at ‘this ‘outerop.
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' Due to thick overburden and hlgh weathering rate In the
Sarea concerned, ‘contacts of the rock unlis were inferred
'by (l)uchanges In the topography and (2)~changes in the

stream pattern.

‘A5 m shear zone, Inferred to'beee normal fault,rt#ending

N 28 5 with'a dip of 60° easterly, was observed at Alayan.

Joint ‘pattern in the:limestone was not-dlfectly'observed,
however, Northeastwéouthweet_en&-Nortthst—Southeest patterns
were inferred from iineaﬁents or lioeaf features of ridges,
 gullies, and creeksffrom aereal photos and 1:50,000 topo~
graphio map.

(3) Conclusion

The iimestone-in tﬁe\reeervoir area of the Diduyon River
'Project.is'dietributed in the barangays of Halabiﬁg,
Kapisaan ‘Alayan, and Belet with an approximate area-of 10
' km in total. Thie limestone, probably ‘a capping, has no
indication of interoedding or interlayering with the
volcan{co. Néither-éalcareous sandstone-siltstone inter-
face nor indications of it were observed in the limestone-
volcanics contact, - Only a small outorop of what”seems'fo
be a:basal_congloﬁerate of-limestone with'foﬁhded to sub-
rounded pebbles of volcanle rocks and limestone fragements

" was observed.

- As mentioned earlier, rock fragments on the margins of the
reservoir, consist of volcanic rocks, i.e. analgite—

3 trachyte porphyry and biotite bearing andesite porphyry.
This therefore implies thet water from creeks on the _
eastern and western rims_of the reeervoir oozes out from
volcanic rocks. In addition to thie; the_ﬁighest elevation

of run-off at creeks has an average of EL 700 m, high above
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‘the reservotr'high'water level of 648 m, implying the

.'water.tightnese'of;this partlcular reservoir area,

Spectai’Comment on the Geologic Log of UPH - 01

(Underground Powerhouse Site)

(1

' Hereunder is presented special comment on the geologic log of
'UPH—OI obtatned by drilling explorations carried out thereupon.

~ The report was prepared by Mr, C.G. Mhnlinong, Jr., Geotechnical
‘Engineer, NAPOCOR,

Introduction

PurBose

The geological and'geotechnieal 1nvest1gatlons for

feasibility stedies.of_the Project brought up two majof

" 'schemes. for the eroposed power tunnel - ‘ways. One scheme

of a single stage development has its power. tunnel routes

directed at Didipio and its end terminat {ng at a proposed

open type powerhouse at Dibiowan, Cabarroguis, Quirino

province, The second scheme ls of a single stage develop-

_ment with Lts tunnel route taken nearer. to the Dlduyon

River and the underground powerhouse to be situated just
before :reaching the Didipio Creek, and the diecharged water

ffpm the powerhouse with be geided to a tailrace outlet

located at Dibioﬁan.

The purpose-of this drilling is to determine the viability

of the latter scheme through interpretation of the geologic

condltions of the underlying rocks represented by cores
recovered from the drill hole UPH-01, '
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(2)

Location and Accessibility

‘ The drill hole UPH—Ol ig 1ocated at Barrio Alimit withln
‘the: jurlsdlctton of the Municipaltty of Kasibu, Nueva

Vlzcaya and approximately 30 km road distance from

. Debible, Qutrino province, the neareet source of provisions

and_food supplies. it is accessrble via logging roads

“by eey four wheeIed5axle vehlcle._ These_roads can be

passed through with difficulty during rainy seasons and

are most often unpassable during adverse weather conditlons.

Togograghi.

:The terraln above the proposed underground powerhouse

site is very rugged and mountainous with few rolling

hills and plains along the meander of .the Didipio creek,

located below and east collar.of drill hole UPH-01.

The area is forested with noticeable patches of Kaingins

created by the local inhabitants.
General Geologic Descriptive Log,

Borehole Data:

'Ieclinétion ;.....,..;.,...............,...... Vertical

Depth Of HOLe itueeeenneienenecnnneinmennennas 400 m

oo 9 m
Date Started .........civeevensnsnnsussinaasassss Jan. 26, 1980

Depth of Bedrock .....ivivvusenierseinnenns

Date Completed ,..i..viuievunsanaransnnsassass April 7, 1980

Driller o....--....-c.o_.----c-u--'---sr----tu---- EGI
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