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NAME AND ADDRESS OFPROJECT

Project Nanle

NONOC NICKEL PROJECT

Company Name and Address

が1‰】撃胤脚1増
i搬
贄:780

Ayala Avcnuc,小 4akati City 1200

Tclcphonc1   867‐ 4334
Facsitη ilc1    816-7039

V

10

11

12

2.0 TYPE AND NATURE OF PRO.IECT

2.1 ProjcctDescription

The mail] objecti!c of lhc pro.jcct is to condLrct exploration work in the
the project sile. 'lhc two-year exploration period will cover mostly
South Dinagat Island. The NipSA covers 25.000 hectares wirh
geographical coordinates :

460 heciares of
the portion of
the following

The schedule ofaclivities in the t$o-year explorarion period is shoqr in Figure 2.1.

-fhe 
estimated cosl fol rhe t\vo-vear exploration period is aboul p g.j62.9S 1.00 or US$

167,259.62 ar a forex rare ofUSS I = p 50.

2,2 Mincrals

Nickeliferous iron laterite is a rvcalhering product ol mafic and ultramafic rocks.
\\'righr, et al. (1958) cited the follolving condirions favorable ro rhe lormarion of
lalerite ore: dislinct wet and dry season; flat or nearly flat topography for greater

Are. Larirude l-on!iIUde
Nonoc Islafd. llanigad lsland. & Boundcd by(9'48'37.109'

55'00''

-
42.24''

!!l!ir Diflrg,rr Point I 10'015176‐ 125・ 41'2660''
Poillt 2 9'SI'5789'' 12S・ 12'01 06｀ '

Poiin l 9・ S3'0787'' 3S.2856｀ '
Point 4 つ

1
56｀ 25`1'・ 125° 37'3686''

l'oLnt i: , 59 19'5 125° 37.3686｀ '

Pdm8 1  lo'o6216,

125・ 37.0255''

12メ 37'0255"
125'40.3081"
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and Cantiasav. and lhe lolal island population reached
shutdown.

Other islands sunound Nonoc Island. These are:

12.i58 in 1935, a year bciore

V

Dinagat lsland Go the nonh ofNonoc Island);
Hanigad Island (to the northwesr);
Awasan lsland (to the north);
Bayagnan Island (to the south).

E\cepl lbr Bayagnan lsland. these islands are separated lrom Nonoc Island by nanow
channels.

Access and Transportation

fronr Manila, Nonoc Island is accessible eithcr by air transport or by sea. At present,
Do flights are available ar Surigao City, so one has lo take the plane 10 Butuan City
and rehn by land transport Irom Butullt City ro Surigao Ciry. From Surigao City,
lherc is a recnlar ferry going to Nonoc Island every day. For transport by sea, one can
take a plane going to Cebu, then ferry lionr Cebu ro Surigao City. Both Nonoc, Soulh
Dinagat, Awasan and Hanigad Islands are accessible by sea.

Road

-lhe eristing road ncnrork establishcd on Nonoc Island ,,,,ill hc adequare lor ihe on-
!ornq ol.raiion oi:rhc mine and refincr\. 1l_addtlional accr'ss roeds are reqLrired. thev
\\ill be conslnlctcd r,,irhin thr: 4prr4rriirte guiclelines establrshed for lhe Cirl of
Suricarr. The roaCs ai Nonoc *ili be rcpaircC and rnaintaincd to pror,ide all-rveather
access rrtere practicable. and mJy bc upgraded lo minimize dust in dn,rveather and
sillation runoff and minor roadside flooding in the \rcl season. No road netlvork at
North Dinagal. Awasan and Hanigad.

Air

Nl)noc lsiund is uuusLnl as it hrs a fulll scrriceahlc uirport trith a concrete runwav
l.;00 mr'lers lo[g aud ii(] mclers \\'idL' 'lhc hangrr ar]d lerninal builclings rvill be
repaircrl on a appropriate stindurd. As thcre is no runrva."- liglitiug s),stent. thc
tirpofl is limited to dal-light operalions.

Sea

Existilla ',l,an,es on Nonoc lsland rvill be rcpaired and upgraded to ntanage vessels
Lrp to l!0 n1er..-s in lengrh and a draughr of I2 metc,rs. Smaller *harves will be
rlpaire-1 lo faatlitatc gentral srnali cralt ofcrations includine passenger fcrries and
conrnlcicirl oFar0lions. Thc Porl oi Suiiqito Njll ser\e ille nlaritinte requirements for
,rcIerill crrgo lbr the project.
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Tot:rl Project Area32

The Surigao Mineral Reservction comprises 250,000 hectares (ha) and covers
resources located at Surigao Del Norle. Awasan, South Dinagat, Hinatuan, Nonoc,
Siargao, Hinatuan. Ivlasapelid lslands, and a po(ion of Eastern Mindanao. It has an
overall resoLlrce of over 667,000.000 tonnes of nickeliferous laterite and is divided
inlo four p2rrcels (Figure 2.3, EPEP). Parcel Il comprises Nonoc Island and a number
ofsmall islands, and has an estimated total resource in excess of 135.8 million tonnes
averaging 1.127o nickel.

-llrc iUi'SA covcrs 2j.000 heclarcs cornprising Nonoc (.{,172 ha ). Arvasan (916 ha.),
Ilanigad (976 ha.) and Dinagat lsland (18,736 ha.). The 2-yr. E\ploralion Program
rvill cover l,J8{ hectares mostly the norlhern part of MPSA (l'arcel Il & lll of
Mineral Reservation), Awasan and Hanigad and po(ion ofSouth Dinagal.

10 BASIILINE ENVIRONIIENTAL CO^-DITIO,\..S

L^nd llnvironment.1.1

1.1.1 Topography/Physiography

Nonoc Island

Nonoc lsland hns a lo\! to mod€rarc rclief (Figurc 3.1, [lS). $ith the highesr peak
elc\arion of ll5 meters ASL represenrcd b1 rhe pcak of lvlt. Conico. The other
sLrbordinatc pcaks in l\vonoc are I\1r. 'l iDago (180 merers ASL). I\,lt. Sigbanog (220
nrctcrs ASL). The tenain genemlly varics lrom rolling lo rueecd with the tops of
rid,rci aDd spurs generall), \\ide and comnronll- rounded- rvilich is an indication of a

nriturc slege in landtbrm development. Anrong the eentler terrains in Noloc, are
locxled on the plant sile in dre southem portion of the islalld and LutawoD Basin at lhe
no(hern par! ol Notoc lsland.

I)rcvious nrininq activity has altercd thc lopography in parts ofthe islaud. Thcse areas
alc highly visible clue to the deep red color of the bare soil. The ntined our arcas have
becr llattencd lvilh the rentoval ol the laterile cover. l-lowe!er. the past mtning
aeli\il\ has not si-sniticanrl) alrercd lhc gc0eral ropograplric charnctcristic ofNonoc
lsland.

As idenltticd b! previous \\orkers. (Santos-Yriigo. l96l and Wright, 1958) the
donrinant tolrographic fearures of the island are the north to nonheasterly trending
ridges. Thesc ridges, Irom west to east, arel

. Nonoc Ridge

. Conico Ridge

. Tinago Ridge

. IUaribojoc-Lutawonfudge

. Banlor Ridge
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. Sigbanog Ridge, the only northeasterly trending ridge in the island.

The two major basins recognized in the island are the Lutawon Basin, located
bcr\leen the iUaribojoc-Lutarvon Ridge and Banlot Ridge, and the Conico Basin,
juxtaposed at the southem pa( of the Conico Ridge and Tinago Ridge. Figure 3.2 of
the EIS shows the geomorphic features ofNonoc Island.

Dinaeat. Awasan and Haniead Islands

The topography of South Dinagat (Figure 3.3, EIS) is dependenr ufon Ml. Gaboc. lt
is thc highcst clevation iD the Project silc with a peak elevation of 5,19 masl. The slope
ol lvlount Caboc is mostly steep lo very steep. Towards Cagdianao 1o the north,
terrain varies Io low elevation and a less rugged topography.

The noflircrn pan of Dinagat Island exhibits generally rugged topograplry, with a

maximum elevalion ofjust o\er 600 m above mean sea level (a.m.s.l.). Several
lower, north-east and north-lvesl trending ridges traverse Awasan and Hanigad
Islands, with elevations typically between I l0 m to 160 m.

Sabang River Watershed Site/I{eservoir

Being of rhe same gcology, the topography of tlre watershcd is identical to the rest of
South Dinagat and Nonoc lslands. Topography varies from moderatel)' rugged to
rolling. 'l he watershed has a low elevation with more than 90o% of the land area below
300 masl (Tnblc 3.1, f,IS). The highest peak in the drainage divide is 323 masl
(Figure 3.{, EIS).

Slope Distribution

The slope distriburion in tlle project sile is listed in Trble 3.2 and is sllo\\n in Figurc
3.5 ofthe ElS.

{.1.2 Lxnd Usc/Capnbilit}

ir'lethods and Procedures

Land uses in the stud) siie \\'ere detenrrined fronr vertical aerial photographs, oblique
aerial pholographs. te|restrial photographs and lieid obsen'ation. The 1963

CEIII-EZA \,crtical aerial photo mosaic $as used to detemlil1e historical land use and

lhe iinrit ol land uses that are observed 1o have persisted up to thc presenl tirne. The
obliqLr. phoros \\cre lake0 lion) i\llUIC s Annual Reporls. Terr(rstrinl photograplis
\\cre lakcn during the li to l9 Jul) 1998 lieldwork. Base map ibr the study site was
preplred using lhe NAMRIA topographic ntap. Subsequeltly, the CIS ibrilal base

nrap prepared by Dames and N{oore was adopled.

llistorical lard use pattern in the Project site rvas establisbed fronr various Iiteratures.
.,\nrong lhc relirerces used sere the soil and land use map preparcd by the Bureau of
Soils and \\'arr'r lvlanagemenl and rhe 1958 report on the Philippine Bureau of Mines'

ヽ
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(l']tli\'l) geological exploration of Nonoc Islard and South Dinagat br Wright and

Salazar (1955). The PBNI report conlained a short accoLui of the previous exploitarive
activities in the isiands prior 10 the large-scale mining project thal suned in 1971.

-l-he 
coverage ofthe land use component included Nonoc lsland, South Dinagat lsland

up to the northern limit of the coverage of Philnico's MPSA and the Sabang
watcrshed, the source ofthe Project's water supply.

Ir should bc noted at this point that updating of the land use of the Project site was
confined to Nonoc lsland. Sabarrg Watershed and the eastern seaboa-rd of South
Dinagat due to time constraint. Further updating will be done after the aerial
photography, contracted to CERTEZA, is completed.

Ccncrally acccptable land usc cllssificntiols ha\,e been adopted for this study. The
lend Lrses in the strdy area can be classiljcd inlo t$,o major classilicalions. natural and

nran-nrade or modifiecl land use. Land trsc calcgories under this classification are as

lbllows:

l. Natural Land Uses

Dense Scrubs
Open Scrub
Crassland
Vlangrore

Man-made or modified land use

Built-up and settlements
Tailings pond

r\griLi:iiure - coconut plantalion

Bare and mined-out areas.

0

ll i srorlqal!44s!rjtli.arl4lt!L&9!!]]I!qlb9

lhc I)rotcct rrcl is a special Lrsc ilral hcing dcclar'c'Ll os plrt ol the Surigrro Mineral
I{csclration in I919 tluough l)roclrnillion No. l1)l Prcsiclential Proclamation 391
cnconrpasseel thc isLands ol'N"onoc. Dinagat. Siargao, Bucas Crande and the stnaller
surrouDding islands.

\o impo ant nlining activity !!as repo ed in the study site even afier dre discoverl of
lhc lalerite deposit ol lhe Surigao Mineral Rcservation. In 1916. ihe Japanese sho$'ed
int.'rest in the Surigao Latcrite and Nas alloved to collect samples for analysis.
Results ofthe anal!sis horvever rvere unfavorable.

-quhsequentl). dlc Pllilippille Bureau of Mines started an erplorarion progranl in l9i7
until 1913. ln 19.10 to 19.11, a other Jrpanese group e\plored lhe laterile reserve of
Nonoc. \\'ith the oulbreak of \f,'orld \\'ar II, rhe Japanese abaDdoned the rvork and left
\irh no record olthe !\'ork done.

`
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Even dit, thc islands havc bccn dcclat

cariicd Out in thc island it 、vas rcpOrt(
conductcd lo8ging in Nonoc sometimc t

Bureau of Mincs rcsunlcd c、 p10ration in
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lllc sOtlthcrl, part oF NonOc lstatld settlements Occupicd a very linlitcd land arca Of

thc isla1ld

r1le dcvcloplη cnt Of tllc NonOc Nickcl Rcnncry and cvcnttlal operation intrOduccd
c1lanses in tl]c lantl co、 cr a1ld gcnt・ ral latld use or thc islal〕 d lt is cstimatt・ d that thc
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Present Land Usc

Consequentl). the prcscnl land use patleru of Nonoc' South and Nonh Dinagat'

Arvasan and Hanigad Islands is largcly dictltcd by the pasl mining and explorriion

activities. The hailities of the previous mining and exploration project continue 10

exist and are therefore considered in the classilication ofthe land cover and land use

. Opeo and Dense Scrubs

Despi!e the past exploitation activities of loggirlg and mining and presently charcoal

mrking. a substanrial Fonion of the study area is still coYered by natural vegetation'
'[hc sirul's classification u'as adopted since it accurately dcscribes the type of
\rcletnlion co,"cr in rhe islands Thc scrtlbs arca are fu(hcr classilled as open and

rlensc. Scrub hnd uillr opcn canopl containing tlp to a olaximum oi'40 percent open

rrca is classilicd as opcn scl\lb. On llle othcr hand. closed scrutr canopy is classileLl as

clcnse scr;r'r... Dcsfile tlre pl.vious exploitation activities, substantial land area is still

covered b1' dcnle scnrb vegetation. Abottt 50 percent of Nonoc Island is slill densely

vegetated.'fhe sanle condilion is observed in Souih Dinagat, especially the Sabang

\\/itershed Iieservation, Awasan and Ilanigad Islands that has been effectively

protccted during the last 27 years or so.

t,ancl use map of lhc Bureau of Soils as uell as the 1968 aerial pilotomosaic show

clense vegetaiion in the slopes of N{t. Gaboc. However, only the eastern slope was

verified during the field visit on 15 to l9 Juty 1998.

r\n example of thc areas classified as open scmb is shorvn in Pl:lte 3'12 \'hile a

rlpical exanple ofa dense scrub is shown in Plate 3'13 oflhe EIS'

V V

. Grassland

Grasshild fonnalioll is not common in the study area unlike other parts oi lhe country

\tere disturbed areas are dominated by grasslands lhis is attributed lo ihe type of
substratc present in the study site. Crass (commonly Saccharun) in the study site

grorvs orrl,v irr non-lateritic soils. Hencc. grassland are only prcse!1t in disturbed areas

i,r thc r..rr"rn side of Nonoc Islarrd. rvhere lhe country rock is non-ultramafic (the

pilrent malcrial of lalerile). Grassland constitlltes at mosl 3 percenl ol the land area of
Nlonoc lsltrnd ancl Sourth Dinagat. Onc of lhe ferv grassiand in the slLldy sile is shown

in Plntc 3.1.1 (ElS).

. I\langrove

'lhe colstline ol the sludy area is lined by nlangrove. Large nral)grove areas are found

around Doot lsland and t'*onoc Ba1 shile strips of mangrove stand line dre coasl of
Gaboc Channct on both sircs ofNonoc Island. Dinagal, A\!asaD aDd Ilanigad Islands

About 9OO hectales ol oangrove have been mapped in the study sile.477 hectares in

Nonoc Island and about 417 hectares in South Dinagat
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. Built Up Areas

'fhe distribulion of land use in N-onoc
T:rblc 3.8. ]'he land use ap isattached

4.1.1 l,edolo$ 1lnd Soil Characteristics

Nploc-I-rlod

A snlall part ofthe mangrove ofNonoc Island has been convened
Abou{ 7 ha of fishpond is presenr in Nonoc 8a1,. Fishpond in the
Awasan and Dinagat do not exist.

Built up areas constit te less than 500 hectares in Nonoc lsland and these are mostlv
associared with the previous mining projecr. The buik up area includes the industriil
complex, airstrip, mined out areas, road networks and tailings pond. Built-up areas at
Dinagar,.Awasan and Hanigad Islands include rhe municipiliiy of Cagdianao and is
surrounding barangays.

. Scitlements

'lhis category refirs to settlemenls outside the mine area. These are the settlements of
l3arangay lalisay. Barangav Nonoc and Barargay Cantiasay in Nonoc and other
barangays at Dinagat, AB.asan and llanigad Isla;ds Ir is esrimated that settlemenrs
occupy only an area of 88 ha in Nonoc Island and 212 ha. in South Dinaqat. The
abscnce of flal lands along lhe coast, the restncted access to Nonoc Island and the
Iack of other econonic activities asitle from employment are the major limiling
factors in the grouh of tlle selllements in the island. ir was reponed thaithe present
bar.rrrgay pob!.rcions rvere rxice Iarger than today. Ar rhe h.ipl,t of the pieuot,s
mining projccr, tlte poblacions expanded lorvards the sea rJ uc.om,noiate the
incresing populction. Sign of at(empts to reclaim as well as rennanls of houses on
slrlts crn sljll be observed in Talis.y and Cantiasay, Typical se(lement in the area is
sho*,n in PIate 3.15 (ElS).

r Cultivation

Cultivation is verv limited in \onoc. Dinagat. Alvasan and Haniead Islands.
Cultiration is only possible in non-larcrirrc arels. In \onoc Island. rhis is confined
along rhe rvesrern side. in the vicinil!.of Barangay Canriasay and Barangay Nonoc.
Crops are comnro|lv coconul and banana. Small patches of -kamore_ng t<ahoy,,
(casseva) and pincapple are scauercd in lhe non_lateritic areas. Cultit,a_red land
rccounts 1br 

-o1rl, 
5 percenr and 9.2 pcrcent in Nonoc lsland and South Dinagat,

rcspectively. l,latc 3,16 (EI5) sho\\s onc ol the cultivated areas il1 tlre studv irea.

. Fishpond

and Soulh Dinagat Islald is summarized
as Figur€ 3.12 (EIS).

to aquacullure use_

islands of Hanigad,

in the island of
sandy clay loam

ln

Three soil tvpes/mappinq units rvere idenrified aad characterized
Nonoc. The three soil types are Kibatohan clay loam, San Manuel

0
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and ihe llydrosol (Figure 3.11, EIS)' Three miscellaneous land types were also

i**",ii"i i, trr" itr-ainamely, the mined-out area'/quany, tailing pond and ihe built-

up ,,r""a ffr" qrrarr) lnrined-o ui area and lailing pond rvere also charactelized'

ofr,oiu,', '-irl ioam- is the biggest mapping unit !\ilh.cn aggregrte area of 2'587

h;,;.;. ", 52.31percent of rhelotal area of the island' The second largesl unit is the

our,rrlo, ntrn",t-nu, orc.l (uhich is also 
^ 

Kabatohan clay loam' if not disturbed) and

i,. .,,i, 
^r"" 

of f.,lSO heclares or 30.27"6 of the iand area The third largest unit is the

liyaturof *i,f, on oggregete area of477 hectares or 9 66% ofthe land area The for-rrth

triu"rt unit it rf'," Uliit-tip arcas with an atea o1229 hectarcs or 4 64%o oithe iand area

ofif1";tf"n.f. The finh largest unit is the tailings pond which with an area of 128

hect"res o,2.60% ofthe land area Thc smallest unit is the San Manuel sandy clay

loam qith an area of25 hectares or 0 529lo ofthe land area'

Krbatohan ctay loam, the most extensive unit in the island has two mapping units

O[e is locatcd in the eastem part in the hilly areas where the South Dina-eat conveyor

srstel]r is located. The othei one is in the western part specifically in Barangay

irtirol, t'loro.. ona in Canliasa)'. This has a dominant slope range of30-50% (Table

i^i, nisl u* in some areas, parlicularly in lhe planl sile, the slope.is.more ge le at 3

i"-iy". itni. lateritic soil is dark reddish brown ro dark red, well dlained' nloderately

dcco t50-100 cm, at Barangay Nonoc, Phte 3't' EIS) to very deep (> 200 cm deep'

or.i ii 
",,a 

lv - Pl:rtcs 3.i io l.a, Els) and conrposed of clay loanr developed from

."rn"nten,ticor,,ltr;rbcsicrocks.lhissorllxsagoodpcnetlabilitlrvithabulkdensity
o,t6 Or g,"u, per cm' te'cct Hvdrarrlic conducttvity is rery fast at 2'67 x l0'cm/sec'

iLris .oii is ,tiongly o.iiic (pl I 5.2) with moderate content of organic matter at2 32vo'

'..', lorv nhosoiorus at l.?l mg/kg and low porassium at 0'l cmol'l and cation

"*.iuno. ""po.itt' 
at 4.60 cmol/i. Base saturation percentage is-high al'7681yo'

l*u".,ibt" aluninum of 0.i8 cmolll is below the critical limit of 0 5 cmol/l' Zinc

.ontin,i, n',oa"r"," at (]-89 mg/kg *hile copper and iron contents arc high at 0'56

,," i" .',a 8.9 rns'klr. ,.,p".ti*.i1'. N'langanese conlent is veq' hish al 43 mg/kg'

X,.i"i. tir,.or. ..j,".m. cobalt arid chromium are all above the critical values of 50'

3, lOO, and 100 mg/kg, respectivell. This soil has lorv natural ferlility'

Thc soil ofthe quarrylnined out areas is similar to the Kabatohan soil type' except for

rhe penenabilitv u'hich is relativelv more compact at 1 03 g/cc However' below the

t,,ti densitr liurir ol l.l0 g/cc. h!drauiic conductivity is slouer and is of medium

ipecrl ar'r J; r 10 - cm secl Thrs soil lype is nloderately acidic rvilh pH equal to 5'6'

Like the Kabatohan soilllpe. conlents ofall major elements are low to very low' with

most ofthe heavy oetals above the crirical values. Natural fertility ofthis soil is lou'

'Ihc tlydrosol is the poorLy drained silt)'clay loam on the tidal flats wilh flat to almost

llrt rerrain (0-3% slope). Soils are deep (greater lhan 150 cm deep)' ultra-acidic (pH

3.,1) and h.rre n."ry- high orlaDic tlrattcr content (15'7?%)' Phosphorus content is

Ycrr lolr llt 2.6 mgi'kg. The cation e\change capacitl ard base saturation percentage

arc lrigh at 101.8 clnol/l, and 58% respeclively \\'hich may be due-.to the sodium

collteu-t of rhe brackish water. lhis soil may turn to acid sulthte soils upon drying

\vhich are then considered to be a problem soil.

10
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The e\isring railing pond has a flal rerrain (0 to 3% slope - plxtes 3.5 & 3.6, EIS). h
has a moderarely well-drained loamy sand malcrials uhich is deep (> 100 cm deep). lt
has a modcrate alkaline reaction (pH 8 2) and has low organic matter content at 1.30
mg/kg. Potassium content is low at 0.13 cmol/I. Bolh the cation exchange capacity
ard base saturation percentage are high with 20.85 cmoVl and 62.06 %, rJspeciively.
Zinc content is low at 0.26 mg&g while coppcr content is high at 0.g2 mg,&g. Both
thc iron and manganese contents are very high at 136 mg,&g ana :.+ mg*g,
rcspccli,vely. Silicon. cadmium, cobalt. chromium and nickel are all above tlle critical
valucs of2l.l.3. I00. 100, and 50 ppm, respecrively. Lead wilh the amount of 16.4
mg/kg is still wirhin the normal value_ The natural fertiliry ofthis material is low.

San Nlat)tlcl stndl' clal loam occurs on lhc localized valle.r,s/coastal_alluvial plains
rlirh a slope ran[e of J-8%. This is a \vell-drained sandy cla]. loanr wirh a deep iolum
(rhick soil). 'fhis soil is slighrly acidic (pH 6.4) wirh moderate amounr of organic
mitller (1.15%). Phosphotus is vcry low ( 1.69 mg,&g), but polassium cation exchange
caplcity and base saturation pcrcentage are bolh high. Zinc and copper contents are
high a( 1.0 and 0.9 mg/kg, respectively, while iron and manganese aie very high at 24
mg/kg and 80 mg/kg, respectively. The natural ferrility ofrhis soil is modeiatel

Sabanq River Warershed and South Dinaqat Island

lbuf soil l"pcs/mapping units wcre identified and characterized in Dinagat island,
namcly: Kabatohin clay loam. Anao-aon clay Ioanr, Sar lVlanuel sandy clay-loanr, and
Ilydrosol. 1he Kabatohan clay loam is the biggesr mapping unit and has an area of
12.985 ha or 79.05% ofthe toralarea ofSourh Dinagat.

The scconJ lareest unil is the Anao-aon clay loam rvilh an area of l.g2g ha or ll.l3%
ol-the mrning claim in Sourh Dinagat. 1-he rhird largesr unjt is the San Manuel sandv
cla) loarn rith an area of987 ha or 6.0l pcrcenr ofrhe mining claim in rhe islanj.
The sr,allest soil-mapping unit is the Hydrosol tlilh an area of 417 ha or 2.53% of rhe
mining claim in the island.

Krbalohan clay loanr has two snraller mapping units. One is located at the southern
pir! ol Dinagar islaucl. specificalll. in Mt. Gaboc. The other one is located in the
noflhcrn frall of lhe mining claint. liom the Sabang reservoir to the northem project
boundary in llamngay l,ayagaan. 'lhe physico-cheurical properlies of these mapping
units are similar to the Kabatohan clay loam of Nonoc island (see Kabarohin in
Nonoc Islarrd).

.\nao-aon cla) loam is the nrapping unit ai the neck of the Dinagat Island from
Baransx) Cagdianao in rhe sourh to llarangal.Del pilar in the north.ihis brown soil
devclopcd fro1) melanorphosed shale. The dominant slope range is lg_30%. This soil
is rrcll.<lrained and moderately deep (< 100 cm) and composied olclay loam. Root
penetrabiliry-is good uirh bulk dcnsitt of 1.0 g/cc. fl)draulic conducriviiy is very fast
ar l.6l \ l0: cn/scc. Soit reacrion is modera"fy *iai. Oi i.il-*i,f-r "r.llrr.,j**,of organic matter (3.87o).

||
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Phosphor.rs is !,ery low at 1.38 mg/kg while polassium is low at 0.23 cmol/). Cation
exchange capaciry and rhe base saruration percentage are both high at 2l.l crioVl and
4,1.90lo, respecrively. Zinc conrent is high ar l.l4 mgftg whiie l*r*.'ir"" _amanganese contenrs are all very high ol. ?1 .g*g. ?2 mg/kg, and lg0 mg,&g,respectively. The nJlural lerrility ofthis soil is lowio iedium - "

San Manuelsandy clay loam occLrrs on Iocalized villeys/coasral alluvial plains. They

:l:.:::ll.::1-ll.,ll. wholc Dinrscr nrining cJaim aiong tr,".o,sr. Tl; ;;).,"o_cr)cnlcilr froperttes ot lhrs mJppin! unil are^sim-ilar lo lhe San Manuel sand) clayloam of Nonoc Island. Refer lo secrion 2.1.2.1, Non.. I;l;; ;;; i"i"lf, "icharacteristics_

IJ_vdrosols occur on tidal flats around Dinagat Island. The physico_chemical Drope(iesofthis mapping unir are similar ro hydrosoiofNonoc Islaid.'

r Revegeration and Soil Suitability Classification

Qualirative soil suitabilitl, classification !!as prepared by comparing rhe plant,s
cr!,'onmcnlal rcqr.rrremenrs * rrh rl,e .lrysico-chen,""l p-p.ni.i Jiirr.".o;i .;pprngunits rTxbl(s 3.6 and 3.7, EIS),

IlesLrlr...shouetl rh:rt 
.tlte 

selecred planrs ore suirable in the soils of the proiecr area

:)l..I: l": l: ^ trmirarion. panrcularly.in rhe mined oul crea and rhe taiiinls pond.
Locorrrlt 5l)o\\s sotl relcrion (pl.ltts tlte Irntitatron for Kabatohan clay loam. Eakauanano p.rgupat are su[ed jn lhe Hydrosol. and not in the terreslrial {upiand).

1'he plants. rhat are nor included in trre suitabirity classification but are foundatlaptrblv grorving in abundance in thc Sab,rng U,arershed. pr""ri",l, on firi"r"fr_
:jl),1::],]..:l:,ll" Iron rrec. l\r.,;rono {.\.ttirho,rhent,,1 ,'",r,,;;,;;:;,;,;.';;;,,p,,,
\_1.:.1.t\':l_,:l t l /1.rri'J../,\). S:rla-to (llilrrrnanria ncyeniL'l.t). (plxtcs j.7 to- 3.10,l.lS). Coarse fcrtuscrambling fcln lDic.runoptcri.t lneio.ir;. und u s.dge li,la;;acrina
8lorrcr.ala) (similar lo Iemon grass in appearance , plate 3.1l, EIS).

1.2 \1:xicrEnvironmcnt

4,2.1 Wntcr Qunlity

4,2.1.1 Freshrvttcr and Sediment

Phlsical Paramaters

lxhlc 3.39 of (he El\ sho$s rhe nh!qi..l chJraclerisrics of rhe rvaler consideringrl,r,,rii hctor., sru,lt.e. r"n,p.,",,,r.. pf{ conducriril\. *li"iir: al*"fr.i ;;;r"; 
"rO::ljl:,]ll:,t..! :"1,.]- 

d.rring rlrc.rnrptrng rl rhL,nrourtr nr jutr tgr)S ei,no.unt tr,.urc Dir\lc strte. urlj n \till fell uirhin lhe r:tnce sel b). lhe 6ENR\lnr .rd. uhiLh rs 6.5 ro g.5. fhc resr oi the parane,.r, ".iliri "l,frlr 
ll. ii#ira,for Class A water.

|,

ヨ
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Tablcs 3.40 nnd 3.41 (EIS) show on the olher hand the resulrs of the u.ater analvsis
oune dtrrint the monlhs of Seprcmher, Nor ember lqqr and Februarr and April l99g
from vaiiuus ground $,'ater sources and from the lhree sampling slations in th'e Sabang
reser\oir. Alrhough some of the slations were nor reflecred in the July sampling, the
results are still wirhin rhe DENR standards excepr for a relarively high roral hardness
(139--483 mg/l) in rhe Talisay Deep\,".ell during rhc four sampling moirths considering
the DENR sranda.d which is 100 mg/I. Magnesium hardness ii the same sampling
area during the monrhs of Seplember and November l99j were 4,13 mg/l and 246
mg/l respectively in comparison wirh the DENR standard which is 50_150-mg/I. In the
sanre santplirg area, rotal dissolved solids with a range of55l_603 mg/l alsoixceeded
the DENR standard which is 16, 4851-39,810 mg/l during the sampliig regimes.

l-hcre was a slight dc\iation fron) rhe DENR standard (6.0-8.5) for pll by 0.2-0.25
units in the three srations in the Sabang reservoir during the sampling regimes

Chemical parameters:

Trblc 3.,12 (lilS)shows the heavy neral analysis of rhe rvater from lhe designated
salnpling poinrs during the monrh of July. 1'he five creeks in Mining areas (liining
area V, between Mining area lV & IIi, Mining area lll -l and Mining area III_2J

:*::",1"9 l!" DENR srandard (0.05 mg/l) for the chromium level which ianged from
0.l5lo l.50mg/l. lron content ofthe \r'atcr in the two creeks of Miningarei3-l and
i\{ining area 3-2 (2.2 and 5.8 nrg,/l respectively) was high in considlrarion of the
DIINR slandard $hich is 1.0 mg,/I. Such phenomenon is normal since rhe areas have
trcen c.rplored bl the plevious nrining company thal occupied Nonoc island leaving
mounds ot materials that contantinaled the nearbv cieeks. The area is also
characterized by the lalerite type ofsoil which are sources of chromium and nickel.

Tnblc 3.43 and 4{ (trlS) sho* the resulrs of rhe waier analysis based on irs heavv
nletal content from nine stations during the months of September 1997 and Februan,
and April 1998. Chromium rvas high in all the designated ;htions with a range ot 0.3b
10.0.07.nrg/l-during the sampling regime lvav beyond the standard ser by tie DENR
rvhich is 0.05 ms/I. There r.vas a slight increase in the iro[ content of tlra *u,",
samplcs liom Talisay deepwell, Cantiasay springs I and 2, VIp and Nonoc spring
rclative lo lhe DENR standard which is sel al 1.0 n18/1. Cadmium was also high al the'lR-3 spring BSQ-l sampling point. lhe tesl ofthe paranteters that rvere co'nsidered
lbr arrallsis such as copper. lead. zinc. nickel- nrercuiv. nungaiese and cyanide were
\yirhin rhe srandards sel b) lhe DENII. Tablc l.rS ani :.,t0 (ElSl shorv the
liesh\\'ater analjlical results fbr bacteriological paramelers.

4.2.1.2 Marine Water and Sedinrent

Spatial DistLibution

. Salinily

Th! lrcndjn surface sdinity at rhe lg sralions is given in the EIS as TBble 3.S2(Figurc 1.22). Results shorv a narrorv range in saliniiy from :S.: ppr t" lO.i'ip *itfr
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an averdEe value of 35.3 ppr. The uniform surface saliniry values among all thes(rtlonsintplyabsenceoIanyfreshwcterirrputfromtheislan,]''__-Jq,'lwrr6'

. Temperature

Surface lemperature values ranped from 2q.4o ro 30.6"C. Temperatures werevcrtically uniform rhroughour rhi *arer column u,r,-r" "*.g" .,i,r#'iir* 
"r19.8"C and an averege borrom lemperarure of 29.6.C. This irai** 

" 
*.i[ri*a

r-r aler column

r Transparency

]:.i:I,"r",]:f.l:,a":.hidenlh) ofrhe \^arcr cotunrn ar rhe differenr silcs ranped lrom.)-tuvro or ule uater depth. Thc low€sl lransparency readings rverc atltns. I2fN;on,'c Picr) and 7 (pipe lreslle) ..hitc highest were ",,f,..i"ii.*.,"i,"*i'lrO ^denrh). Ijor rhe dccDcr srarions. comnenslatio,, d"p,h-;; ;H';;; 
""..Jiii'n,l* ",l:ciJe slight 

penetrales throu8h rhe warer column was catcutat.j rrsing rtre iottowing

k=1.7/D where D is the Secchi depth
k is the Iight altenuation coefficient

z=ln 0 01/k where z is the compenstion depth

1,1

Resrrlts show'hat the comoensdlion de.lhs are bevond rhe werer column depth. Thisrnrplrrs higlr lransf\crcn(\ ercn ul dr.eper .1.p,f,. ,f,", i.r".rirg ffi ;:::r".;* 
"fprinrary rroduction all the*avtorhe bouom ot,rhe *ot"..olrmnl- ii. oirr;,il""ri"for Class SC warers is a mi mum Secchi depth value of I

r Total Suspended Solids

The lSS in thc waler column around No[oc Island ranged from O_ll mg/L with an

;i:llii,| ii'i,ijJ"i'rlli,l,i;,il:i::l rss larue. "",i a",.,,i,*j 
",'ii"i i,rip.

,h" p'..,. ;"i,"g;1,,p,;Jl 
";,i ;.';:::,.':Jl:""TT::|,:ili,"Ji,:,,lil_ t"J,:il:"#,]thercb) resuspending sedimenl malerial nta-\ be rhe ,"o.on, for- lrini.. .l.SS

co.cenrrarious al rhese siarions. Borh surfl.. o,,d bono. riirli"",,r.r"'ii"i 
",,r,"servageourfalt (Srn. l2). The lowest 1.SS r,rtu. *o, ut Srn. i-o, if,; .;;;;,i"*Clunnel.

. Chlorophyll-a

Chlolophyll"a values ar all the stalions rarged liom 0.2-2.8 pg/L with an average
:ll.:::tll I 

concenrrarion of.08 pg/1. 
-The 

highest values weie found at Srns. 12(lo\!nrle !!'isre orrtposr) and ll iJelr,, 3). fn"," n"o.turion, ur" 
-rlr*i, 

a'"*f,, 

.,]]..|.:ll,_1 .!",1, 
nrr\ hc if[Ecred b] sc..igc il)purs fr",,, ,f," 

""i""n 
"if 

te";li,i"i#r,,-,colrcL-,ltratrolrs rvere also fotrnd in botti
r,.rrr.1.,u.crrcr in ,i,..,j;;;l;;,, l"::i:n) 

\arers (0 nl) or srn. r r orronoc pispl

.,,,.r ,,ou.r,.,i,g, ,,,.,*, :l; ';;il;il,i;::T 
i].11 

,1;:.1,,,"r.,"#:,.j;rr,fli"::::
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the living pan. By assuming that chlorophyll-a conribures. on the ave.age, 1.57o of
the dry weight organic malter of the algae, esrimares of rhe algal biomiss may be
obrrined bv,.mulriplying lhe chlorophyll-a conient by a factor of 67 (Standad
Merhods.^ 14"'rdition ). Based on this approximation, lhe living parl can comprise up
to l0% ofrhe TSS in the waters around the lsland.

. Dissolved Oxygen

Dissolved oxygen (DO) concentralions around the Island ranged lrom 5.6 to g.3 mg/.
The lowest DO value was found in ihe vicinity of the sewage outfall (Srns. 12 and
l3B). This value lrowever is still above rhe minimum allowible level iet by DENR
for Class SC waters (5 mg[).

. Nutrients

l\uutrient concentrarions for all the l5 srations are given in Table 3,52 (EIS). Among
llle nilrosell species, ammonia was predontinant (66-9990 of toral inorganic nitrogen =
nitrale + nitrite + ammonia) followed by nilrare (0-3loo) and nirri; (O-?%). The
rangcs of conccntralion are 1.4-2.8 pM for amnlonia, 0_0.2 pM for nitrite. and O-0.2
p1\{ for nitrite. Average values are 2 ) pLM for ammonia,0.2 LrM for nirralc, and 0.03
BN,l fbr nitritc. High nitrate and nitrite concentrations \\,ere detennined at Srns. 12, I3,
and l3B in the selvage outfall area. phosphare concentration rvas also high in the
boltom waters ofStn. 12. The range of phosphate values is 0.05_0.2 plriwith an
average concenrration of 0.1 pNI. These concentrations are characteristic of open
ocean surface waters uhere a minimum nitrate value of 0.3 UM u"s determined for
rhe South China Sea (studies of Mcclone et al.. 1998). Nitrite in rhe South China Sea
was mostlv non-detectable but ammonia concenfadon was O.g pM.

. Producrion Eslimates

PrimaN produclion is the rate oI fornlalion of enerey_rich organic conlpounds from
lnorganic marerials (CO2. HtO. N. p) Tltese organic .o.po*d. rvoulj be food for
thc hi3h.r nlembers of rhe food chain that include plankton and fishes. Hence the
anrounl of available lbod (nutrieDts) ciln rlteoretically be LLsed ro predicr oolential
producrion ofirigher members ofrhe ibod chain. fhe equalion for rh,i is as folloru",

Primary pdn (gC/m,11,4 = 
^- 

conc x depth of I% light x l06C/l6N x 70iyr x
l2 gc/mole

Assuming a l07o transfer efficiency between trophic levelsl

Secortdary pdn 1gC/rn1yr) = loo primar] pdn
Fislr pdn t3C/rrr'/1 rt - I % secondary pdn

Assumc C is 38% of rhe dry rveight (DW) of the lish and
lish \\'el \\eight (WW). Hencei

V

the dry weight is 14% of

Dや =́FISH PDN/038
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。rophyn‐ a data The cqua● 。n hvdvcd

Pdn(gC/m2/yr)=chla x 3 15 mgc/mgChl‐
allr x 12 h″ day x 365″rXdepti1 0r l%light
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TIe behavior of heavy metals in the water column is discussed under
Distribution.

Temporal Distribution

.pH

Ⅲnh ЪЫc■54仰助R■‖もい。w鯛
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・  Total sOhds(Ts), TOtal Dissolvcd sOlids(TDS), alld Total suspcnded SoHds

(TSS)

The variability in Ts,TDS,and TSs cOtlccntrations with timc fOr an thc stations arc
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4.2.2 Hydrology and Hydrogeology

4.2.2.1 Hydrologic Scttihg
Surlace Water

The Project area includes Nonoc Island, North and Dinagat Island, Awasan gnd
l.lanig-ad lslands rhar are separated by the Gaboc Channel. Dinagat Island includes the
area from the catchment ofthe Sabang Dam in the north and-the proposed mining
areas on ils southem tip. These islands are underlain by an impervious rock suite of
ultramafic rocks and partly by sedimentary and voicanic rocks. The ultramafic
component olthis suite is mantled by a thick lateritic residual soil ranging from one to
three m in thickness to as much as i5 m in ce(ain places

The imperviousness of the catchmenr mat€rials favors runoff with very limited
groundrvalcr retenlion. 'l his accounts for the predominance ofinterntitlent cr;eks in lh
islands. 'fhe crceks rvith reportcd perennial Ilow correspond lo those witlr relatively
large.catchmellts that can store more groundwater into tlie underiying fractured rocks
and fie overlvtng weathered section.

l"vonoc Island is drained predominanlly by short perennial streams characte zed by
small catchmenl areas and modeGte to steep gradients. These slreafis display;
dendritic pattern with a eeneralorientation towards the north and northeast sugiestrve
of srructural control. A Natershed sludy conducted by philnico listed l5 catif,menrs
within Nonoc lsland wilh a tohl drainage area of 3,91g ha. The four biggesl
catchments corrcspond to the creeks with the reported perennial flotvs. These are the
East Lutawon, Conico, Duyangan and South Tinago CrJeks.

Ilccords ol the discharges of the creeks wirh reported perennial dischlrges have not
irccn made ;\ccordingl). llo\\ duration and raring curris cannot be preiarcd (Ttblc
-1.10, EIS) Peak tlorvs at the mouth of thc.l creel,s rn Nunoc Islarri l,irh a reoorted
perornial lio\ uere esrimated usjng the Rarional Merhod Jnd presenred in Tabl;3.11
(Ers).

A series of small brackish tlater ponds are found along the southwestern end of\oooc Island with an estimated rotal area of about 5 lra. These ponds are found
irDnrediatelv nol.th of the mine road boundins rhe present trilings pond arld fish Dond.
l hcse rvere alificially fonrred when the mini roai blocled rhe ito" of "u,.r'i.o, tfra
ir,tennittentcreeks rhar drair sourhward inro rhe bay. (plate 3.17, EIij
l'hc enlire No.roc Island has an indicatit,e aunual runolf of g2,300,000 mt. Thellattjon^u.ltich flows ovcr lhe built,up iincl mined our rr".,. 

"on".oona. 
iu uUor,

17.900,000 nrillion m'. North and Sourh Dirrrg.rr is composed of io;n.a 
- 

r,r."..rrhosc main clunnels are orieltted alon-l llte east west in upporani,",ronra ,osrrucrural conrrol. These srreams have a collec(rve drainaBe ar"" 
"i fq,OJO f,i *rn 

",indicarive annuat runoff of 269.000,000 nrr. e, i" x""'"". if," i,tiriu", 'airpoy 

"
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de:rclrit;c pattern. Perennial florv is reponed at Nueva Estrella, Sabang, and
Layagoang Creeks.

C.oundwater

Crcrrnrlwatcr in tl:-: reirlirgl),, irnf.'cr\ious rccll suile of bi.ti N.rrcc an.! frinarat
Isl:rnds occrrr u.ithin tita irtercoinatied liiiaiIras olthe rocks .nrl 1l:e interstictt of I'he
i,':rll,rtg resi&ril soil. Co,tse.tiirltlv, fro !rC*.al.i storaqe i.; in5ij:nillcallt ind on;y
4UJquca9 tE at$d rh{ rFFdtrrC !p.rht, rhrl ar|nt! rrr$nuri.l srs*!r,

2.apciicd grouidlvaier occi)reirces a:c linrited io Noncc.id ile so..:ihern iii_, of
Diia8at Island.'fhe sp.ings are charactcrizc(l by low djscharges rhar dccline d;dng
thc relalivel), dry months oi the yeai. Discharge cornes from iractures traversing thi
pcridotitc rnass or from the contact ofthe overburden and the Feridotite.

1..:niled glouorl$'atcr is also found in the lhin deposit of a,hlial scdinrenrs at the
,rourhs of lhc crecks and the nano\ bcachcs at selected sections oflhc projecl area.'fhcse 

are lappcd by the shallolv iube wclls in 1'alisay and Nonoc.

A ;nap of lrydrogeologic utrils is auached as Figure 3.13, ElS.

W:uer Point Inventorl'

A lvalcr point invcntory rvas conducted to determine the present use and condition of
the watcr rcsources in Nonoc Isiand and thc proposed mining area in South Dinagat
lsiand. \\'aler from the inventoried sprin-qs co plement the suppi) of rreated waler
liom Philnico. Trblc 3.12 (ElS) presents rhe summar! of rhe data regarding the
inventoried springs.

Di.icllar'ge lneasurcments u,ere ntrilc it the accessible perennial crecks in Nr-noc
lsland. 'lhc rcsults ofthe measureotcDts are pre"eenl(,d in 'fnblc 3.1J.

A :rrxvilv (lant has been consuucled acro:is Sabang Creek in 197.1 to stor. N,ater ior
the nri iDg operations at Noooc Island.

l-h('creels it the southem seclion ol'Dinagxt lsland rvhere rhe mininli *ill be made
are short \vith.moderatc to steep gradienrs. A Narershcd studl conducieri by philnico
iisied 2'l catchnlenrs with a combinerl drainage area of j,6{l ha and an lrrdicatrve
annual runoff of 70-000,000 mr.

Dcmarrd -Supply Projcctions

Existing Water Sources

Th,: nirin sourcc of waler lor NonLrc islritd is ihe S]barti lluserrlir. J.his *rs(ortstrucrlC i!] I974 and bas a r,:l.rrcd slo(l!c.l!.r.cil1.cf'12.000.000 xrr. \\.a1cr

:,],::: 1^,I, a rirrrhr:reni ol' i.j;l rr.1 rrhich has an indi.ative annLml ricid of,t /U0.U00 n) . This is eq,.ri.. alenr t. a :lor! rrrc of L I6 m/,s

1つ
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Water from ihe reserloir is pumped to a water tteatmeni plant in Nonoc through a 2?-
kilometer long pipeline with a diameter of 30 inches. The treated water is distributed
to the main mine facilities as well as to the townsite tkough a netrvork ofpipes.

Additional drinking water for the local residents comes from the small discharge
springs within Nonoc lsland ard from lhe reservoir.

Water used for washing by rhe barangay residents comes from individually- owned or
community-built shallow tube wells.

Cunent Consumption

Currenl waler produclion from S,tbang Reservoir is eslimated to be 108 I/s (0.10g
rn'/s). This amounr is uscd b) the resident ntine stafi lor lhe maintenance of the
Philnico iacilities and exploration purposes. The domestic consumplion of local
residents and mifle staff are also included in this figure.

Projected Water Demand

The projections are based on the following assumptions:

l). The thrce barangays have a total population of 1,200 prior to start of
mining operations.

2). The annual population gro\r1h rate is 1.5 percent.
3.;. The per capira rvarer consumption ofthe baranga]- residents is 55 lpcd.
4). fhe average number of mine personnel for the 20-year period is 1,158 with

a per capita consumption of 155 lpcd.
5). The average water consumprion for the mine operation is 6,000 gallons per

minute (0.380 m'/s).

'Iible 3.14 of the EIS presents the population and warer demand projection for the
barangays in Nonoc Island.

lhe c\errge number of ntine personncl will consume an average of 1.3 liters per
secouJ 10 001 m s, ol \\arer dxil) \\itlr I peJk oa 2 lit(rs per second {0 002 cms).

The eslirrrled contLrirlcd peak donlestic cousumprion of the i baranqa.vs and lhe nrine
lcrsonnel is abcul 0.026 nt'/s(?6 Ips). 

-l_hrs 
anto nr is (ollserviltl\( \!hen colnpared to

the PIIINICO allocalion ofabour 0.09 mJ/5( 1500 gpnt) for rhe domestie consumption.
'l hc anrount of 0.09 nll/s is includecl in lhe total eiiimated rvater consLrmption fir the
mining operarion of 0.708 mr/s-. lhis is 6.5 times rhe estimated curient Sabang
Reservoir production of 0.108 mr/s and represents 6l percent of the indicative water
yield ofdle Sabang catclment.

The relationship between lhe available u.ater resource and the estimated nrining and
donrestic deurand is presented in Figure 3.14 (EIS).

,0
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43 Nlctcorologl'/Air QualitJ and Noisc

V

4.3,1 Ctimate

The climate in Surigao Province belongs to Type 2 of the Modified Corcnas

Classihcation (Figure- 3.39, EIS). This type of climate has rto dry season with very

pronounced wet period from November to January'

'lhe synoptic meteorological station of Philippine AlmosPheric, Geophysicai and

,nsrron,ri:,ical Aclministrition (PAG.{SA) nearest lo lhe project sile is located in

Surigao City Airport. The climatological norrnals for this sration recordcd from 1961

to tiqs (lj yea.s) are shown in Tablc 3.81, ElS The climatological extremes are

given in Table 3.82, EIS

The total number of 850 tropical cyclones passed the Philippine Area of

Responsibiliry from 194810 1990, giving an average of20 cyclones per year' Several

ofthese affecied Surigao province. The usual path oftyphoons ove' the Philippines is

shown in FigurG 3.40, EIS.

4.3.2 Temperature

The annual average temperalure at the project site is 27'3"C' The mean monfily

temperature in the area rangcs from a minimum of 22'6"C in the months of January

and February lo a maxinlum of 12.5'C in tlle month of June Tire highest ambient

temperaturc recorded in the area is i7 5"C on June 15' 1987' The lorvest ambient

temperature level occurred last Jaluary 24, 1905 at 18 2'C'

4.3.3 Rainfall

The annual distribution of mean monthl)' rainfall sho\\n in Table 3 82 of the EIS

indicatcs a more $el peliod from Novenrber to lvlarch \ith monthly a\,erages ranging

liom.l:;a.610 3i7.2 mnr. Thc months ofApril to oclober have mean monthly rainfall

rangiDg llonl 2,19.4 to 258.3 mnl. The highest rainfall that occlrreLl^in the area is

56417 inr as recorded last November 18. 1963. The mean annual rainfall recorded in

35 years is 3639 mm.

The mean annLlal number ofrainy days in the area is 216. The minimum average

number ofrainy days per month is l2 days occuning in August. The rainiest month is

December with au average of25 days

.{.3.4 Rcl^(ircHumidity

The nrean monthly reiativc humidity in thc sile range from 80 to 88%. Its variation is

mainlv associated \\i1h the moisture charactcristics of prevailing air mass that passes

over the sitc. DLrring tllc peak ofthe south\vcst nlonsoon season lhe air nrasses thal

passes o\cr lhe area are relalivel,!.' drier lhan during lhe northeast nlonsoon and the

easterlies. The mean annual relative lrumidity is 84%.

)l
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4.3.5 Wind

Tie cliriiaiological normals show that the frequent wind directions in rhe area are
northeast^frofi December 10 February, southwest from June to September, and east for
the rest ofthe rionths. The southwest and cast winds are relatively stronger *ith mean
surface speed of3 n/s. The northeast ntonsoon winds are weakan"a ua ih"y paa. or"a
land giving mean surface speeds ofonly 2 m,s.

The daily wind rose (Jan. 1996 to Dec. 1997) at the project sire is shown in Figure
3.41, EIS.

4.3.6 Air Quality

The air quality in Nonoc Island is affected by rhe past and exisring acliviries in the
project site. Roads and mined areas in the islirnd are tltc nrajor sour-ces of suspended
paniculate mstters. The volume ofvehicles plying rhe existing roads are minimal.

The ambienr groLrnd level concentrations of sulfur dioxide (SO:). nin.ogcn dioxide
(1,JO,), hydrogen sulfide (llrS) and lotal suspended parriculare (TSp) mea'sured from
May 1997 to July 1998 in Nonoc Island are shown in rhe EIS as T;bles 3.g3,3.84,
and 3.85. Thiny- nrinule. hourlv and 24-hour samples ofambient gas concentrations
were taken from eleven (l l) air quality sampling stations as showln in Figure 3.42,
EIS.

As sho\\,n in Table 3.83, lhe ambient hourly concentrations of SO2 in the area ranged
from not detedable OID) ro 3 t.2 u,q.Ncm. T llese are below the Nationoi erti"r,
Standard lbr SO2 from industrial solrrces of 140 ug/r.r--cm (hourly). Likewise, these
\,alues arc typical li)r clean atmospheric air which ringe from 2 to-50 ue,4.lcnr. ih.
2.1-lrour avcrages neasured in ljve slalions (1':rhle 3.gj rvere also withrnlhe National
Ambient Air Quality cuideline for SOz of 180 ug,4.Jcm.

Ambient ground level concenrrarions ofNO2 tDersured from iua) 1997 ro Julv 1998
were also belo!v tlte prescribed nNationill Anlbient Srandards. Tlic Narional anrbient
Slandirds N\Or from jnduslriitl sources ar.e 260 ug,4rlcm and 375 ug.4\cm for hourly
and i0-n'rinute sarrrples. respecrivelv. The Narional Arnbienr Ai. QLralit..C,_ridelinerequircs marimum shorl-lenr NO: concenlralion of 150 ug/N-cm for if,a Z,l_tou,pcriod lJrirrl (10) ,linure sampres corecrt'd from r0 samiring ooiion.-inai.u,"a
concentralions ranging fronr ND lo 7.69 ugNcnr. Hourly ar.,b-i.nt con.entrations
ranged frorn ).27 to 29.49 ugNcnr. For 2+Jrour samplei ur1Ui"nt .on"antrut,or,
ranging from 2.82 to 50.05 were measured.

N.leasuren)ents of hourly HtS conceDlralions conducled lasl Jul! Iggg indicated lhatllrs is not derectable. The Nalional Anbienr S,urau.a io.'H,S fronl lnl"r,nuf
sources is 100 ug,Ncm.

Tdu m"Qtcd p面酬accSI:濡
T誂 ::∫mtξⅧ:∬∬u1lpavcd 10ads arOtind Nonoc ls

vehicles pllilg rhe
showed that houriy

,,
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TSP concentrations range from 3. I 8 lo 262.I ugn,lcm. Ttventy-four (24) hour average
concentraliorrs ranged from 20.1 I to 53.3 ug/Ncm. Higher TSp levels were collecred
near the residential areas and roads where anthropogenic activities are higher. It was
observed that resuspension of dust is high on unpaved roads. At the mine site. TSp
level was relatively low.

1.f.7 Noisc

Noise levels were also measured at l2 stations around Nonoc lsland during moming,
daytirne, evening, and niShttime (Figurc 3.42, EIS). Table 3.86 of rhe EIS shows
lhat noise levels ranged lrom as low as 30.5 lo 65 dB(A). As expecred. noise levels
durirrg evening, nightrime, and morning, are relatively lower than during daytime.
Very low noise levels below 35dB(A) \a€re observed in Nonoc Mining Area V.

4.4 Geolosr and Geomorphology

Interesl in the laterite-rich areas of Surigao can be traced back to the early pan of the
celltuD,. The mineral resource of Surigao was first recognized in l9l2 when H.p.
Carneron. the Chicf Engireer for the Dcpa|tnrenr of Mirdanao alld Sulu. took interest
in the latcritc deposir (W ghl. el. al.. 1958). Sampling and laboratory analyses of
laterite samples conlirmed the presence of iron in the laterite deposit.

The firsl detailed exploration of Nonoc Island and Dinagat, collectively known as
Parcel II ofthe Surigao Mineral Reservation. was conducted in 1956. The philippine
lJlreau of Mines, in cooperarion $ith thc National Economic Council of the
Philippines and rhe Unjted Srares International Cooperation Adminislration,
crnductcd exploration activirics. The Philippine BLrreau of Mines conducted a parallel
study cr rhe geology and geochemistly of Parcel II. and the result of such study was
published in 1951.

-Ihc 
pLrblishcd reports of these various exploration rvorks are ertensivclt. used as

|clcrcncc iu cstablishirg the geologic a[d physiograp]iic condition of the iUpSA area
of the I)roiect. I)r'inlary data collection is lir:rited to rhe Ileldwork, rhich was done on
15 to 19 July 1998. Inspected dr.uing this period were rhe mining areas in Nonoc
Island and the Sabang River Watershed.

,\s pa[r ol the bitseliDe characterizalion. geolog]- and landfonus of Nonoc Island ard
South Dinalrat are evaluated accordiDg to their intportance as geomorphic (landform)
resourccs. \'erv lintited \\ork has been done on this aspecr of philippine
geonrorphologr'. -l'hc onh attempt in lhL' countr). to evaluare landtbnr as
gconloipholo8ic resoLlrces is the \vork donc b1., the iVinistrl, of l.!uman Se(llentents in
I971. 'fhe slsten of classification presented by the aurhors in the said refere[ce is
adopted lbr tlris srud).

J.4.1 Study Area Boundary

study area for geology and the other terrestrial components is the NIpSA area.
MPSA has a total land area of25,000 hectares and ir covers the southem halfof
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DinaSat Island, Nonoc Island, Awasan and Hanigad lsland. Tlese islands belong to

the n_orth-south trending cluster of islands al the northeaslem tip of Mindanao Based

on the Project development plan. there ale three primary impact areas within the

MPSA- ano these are:

V

'l hc largcst oI the islancls is Dinagat

*ith a land arca of 4,172 ha, $hilc
976 ha and 916 ha. respectivelY.

V

with n lotal land area of 18.716 ha. next is Nonoc

Hanigad and Awasan Ishnds have land areas of

Nonoc Island, where mining and processing will take place.

South Dinagat Island where mining and other ancillary facilities will be

localed.
Sabang River Watershed in central Dinagat, which is the Project's water

source.

Consequeltly, geology and the other terrestrial components focused on these primary

impact areas.

Ceology strongly suggests that the islands of rr-onoc. Dinagat. Awasan and Hanigad

are forirre y, pitt of one landmass. Teclonic activities and sea level adjtlstnrent during

the Plcistocene nrost likel! dro\tned lhe main island, Siving rise to channels and bays

producing the various islands. Bcing of the same geology. these islands display

identical laidforms.

1'ypical of the islands in this region, Nonoc and Dinagat lslands have very inegular

shoreli,'.",:'esulting to channels. coves. ba]'s and other embayments- The inegular

shoreline, the p,esincc of rery steep bathymetric profiles and the absence of coastal

plains are geomorphologic evidences of submerged shorelines.

4.5 BiologicalEnvironment

4.5.1 Terrestrial Flora nnd Faunt

. Terrestrial Flora (Vegetation)

l he sire obserlalion ntaps for Nonoc ancl Soutlt Dinagat lslands are giren in the EIS

as Figur€ 3.15 and 3.16 respectilely.

Ecological (Habitat) Diversity

ln lhe pasl. rhe ecological (habilat) diversily lypes of Nonoc lsland, rvas described by
\\'righl and Salazor (1955) and Sanlos-Ynigo and Esguerra (1961). These

inrcsrigalors identilied fir'e (5) ecological (habitaO ditersity types, namely: l)
lowlald dipterocarplbrest.2) magkono-donrinated secord-gro\rth fornation (scrub),

l) gnssland formation,4) mangrove formation. and 5) cultivated vegelalion. The
salieDt features ofthese diversitl types are summarized in Table 3.15, EIS.
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wrioht and Sal.rzar (1q55) and S3nlos-Ynigo and Fsguerrz t tq6l ) reponed thar the

,.jr?.irr"' .*i"*""i ituui"o diversity types cre charccrerized by particular

liteforms. These are presented in Table 3'15'

Field surveYs conducted on 15-19 July 1998 confirmed lhe occurrence of tlte

i"r"-",*.."f"*i""f thabital) diversily lypes and the respecrive dominant species' An

;;ii;; i;;;"", .;cogni,ed, 
',ameiv 

the freshwater wetlands These are apparentlv

;;;;";;;;;;. . pr.ui"ou, nrining operations in the island that accumulated some

;;i;il;;;;;;,:. rime severaiolthese occur in various parts of the island' The

.as.l "iiL.* 
*arer bodies are lined with a coarce fem (Actostichuth aureum) and

_ralahib" 
{ Sact }a; rrn sponloneunll'

Thc six (61 ecological (habitat) di\ersit) t)pes ir Nonoc Island are presented in

diagrammltrc format in Figure 3'6' EIS'

The present disturbed state of the terrestrial environnent in Nonoc' is the resull of a

,.ii"l uf un.r.tninnble development or events that staned in l9i9 onrvards These

;;i;;"'' aiii;,g.-*"le logging; (2) forest fire; (3) uood-gathcring for charcoal-

."f.i"g, 
"'"1 

fol]"rg" scalei]ckel and cobalr oPen pil rnining during lhe period 1974-

iq8a. itao" ol the' original foresl cover ( low-land drpleroccrp formalion) were

n"n"."itu ,.-rtnn,".t o-r revegelatctl b)r (l) lo\\-stalured magkono-domiraied

"ir.U.".i. 
r"r'ir",iun in thc l.rtcri-tic areasi (2) talahib lsaccharunt) cogon (1'?c'{rt'r)

"r"r.fo,-ra 
iotn,"ion. brokcn here and there by pools of frcshrvater wetlands and bare

iri,l.i'-"rt it""r, 
^"a 

tJ) cultivaled and buill-uP xrers In the non-l3tcritrc^3reas' Tible

l.ii friii t,-."rr)"s the chronology of events relative to the deforeslation of

Nonoc Island from lqrq to the present'

Thclirrge.scaleorcommercialloggingcxtractedredandwhitelauansandperhaps
;t;. ;i;.;;.;,o..ies tr,rtte r.ir, rts)- coastal communities extracted magkono

i."l in" "ia-*.titn 
loresrs lbr charcoal-making uhile non-lateritic. areas were

.,rru".tca inro_.uttiuated areas ( coconut bananas and other sonomic and ornamental

planls) and human habitations'

'Ihe Sabarrg \\'atershed is in e\cellenl condillon dtle lo the stricl protLction measures

i"i"* 
"ppii"arryii* 

philnico securilY unil' I1 is characlerized by a closcd canopy old-

,,ro*itl,'lo*-lund dipterocalp l'oresr. closL'd canop]- old-gro\{h Nangkono-dominated

i"r.., 
"na 

t"tt dense lormaiion of mixed cocollul-s(conJ gro\rlh fonnition

Field sr.rrvey of tlre 4,000 ha Sabang River Walershed Site (ReseNoir) on 18 July

fqqS i,.rai"",.a two ecological diversity types' namely the tcrrestrial t)'pe whaich can

be subdivided inlo tlu". tub-typ"., i) dre lorvland dipterocarp forest 2) the magkono-

du,,,inat..l forcst. al1d i) the riised_cocnut secord lro$Ih formation, and secondly'

rhe aquatic (Netlaud) rype represerlted by lhe lake (reservoir) itself (Figure 3 18,

EIS).

lhe lt'rriand clipterocarp forest is one oftlte major forest t)'pes in the hills ltisdense
and of the closecl canopy type. I1 l\'lay bc considered old growlh. A local informant

has indicated that the forest harbors species of lauan. A published account on

,ヽ
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Philippinc dinrerocarps (Rojo, 1979) rcpofled l9 diplerocarpaceous species fium
Surigao and it is possible that some of these may be present in the Sabang as may be
discerned from Table 3.18, EIS.

The nlagkono-dominated forest is the other major forest type in the Sabang River
Watcrshed. l-ike the lowland dipterocarp foresl, it is dense and of the closed canopy
l! pL'. l-ikewsic, it is hcrc considered old gro*th. This foresr typc is distincrivc due to
lhe prcsencc ofnuntcious remains ofdead stancling magkono trecs lhat overto\i.er the
rrholc Iorest landscapc f,redoninantly populaled by lounger magkono trees. A local
infonnant indicated to lls that the dead trees are patt ofan overmature populatiorl.

'Ihc third lorest typc i0 the Sabang Rivcr Watershed id the mixed-coconut-second-
grorvth lorest formation. It occrrpies the area from the \r.atcr's eJge from l0 to 30 m
up lhe slopes. Closc to the watcr's edge to about 5 nt up the slopcs is a conrmuniry
made up of hcrbs. vines, sh(tbs and small lrees do inatcd b). rhe scranrtrling fem
(Dict'onoptarir), talahib (Sotcl4r.rrrr !pontdn.wd. prtcher plants qNcpinthes
nirubilis), Saruranga philippincnsis. Trema orientalis, and Homalanthus_

Species Diversity

Il s.linc dilta (secondarl') on lhe florit accumLrlaled and contpiled in l92l-1926 b1.
N,lcffill indiclled the prescnce in Surigao in gcneral and Dinagal lsland. Siarsao lslond
ilnd llucdi airande IslaDd ofnumcrous Ilo\\cring lifclbrnrs (Tablcs 3,19 ro 3.21, EIS).
Many ofthesc rnay occur also in 

^vonoc 
Islald bccause ofthc geographiical proximir].

1o these islands and Nonoc Island sharc siIrrilar environmental condiions wilh the said
islands.

Field surve),s conducted on l5 - l9 JulJ- 1993 yielded 2l species of pteridophtric
liellbrms (ferns) and 20 species of cultivated flowering lifeforms. These are listed in
the EIS as Tlbles 3.22,3.23 and 3.21, respecrively.

'l-he exislirg habitat l)'pes are species-poor bu rvith local ilorirl endemism. The Icrv-
statrrrcd naturc of the nagkono-dominated formation and the lo\r-stalLLred bakauan
lalake-dominated mangrove Iormation are veD, chamcteristic.

A rcview of available datil on the botany of tlte Dinalat Island i'orest landscape has
indicared the prcsencc of nunrerous endenric spccies. h is entirely possible rhai many
ol these species are still in the Lrndislurbed ponions ol the Dinagat Island forest.
espcciall) ii rhe Sabang River Warershed.

Ilndeuricitl

Secondar)- d,rta (illcrrill) showed 7J species of rhc flowerinu planrs (Table 3.25, EIS)
lonr tlc Proiccl silcs Of rhese 7.1 species rhar bclLug ro 5l!enerr iiiblc3.26, i,lS).jlarccrL[rric.Thisrcprcsents6ggoofrhclotal numbrrofs1rccics ii,t",t 1T"t,l":.22,l-lS). Ol tbe 5J_ gcucra ol llo\\cring planls to \hich the 7.1 specil,s belong.2 genera
(represenring :l 7o of the total nunrber of genera listed) are endemic lfalte 

-:.ZtiUSy,
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nemely Creeniopsis (wirh I sDeciesli","iritr"ti" jij,e'-'- ' "1'curor and villaria (with lspecies), both of the coffee

B::1*lJH,?;::l"T5,liill"1,,'lftr:',',rha, rhe prujec, e\hibirs a ri,her hish
lisrcd foirire p'"j".i ,i,..r".").i;'ll'J':" 

on'': t*^'* oflhe totd' numhcr ofgener3
src(ies) rur,r,. ."ii""*",',iil'i;:lJt:l: i:ill'. ll endenric- senera ( u irh only 37
flo.ne,ins prants in ihe r,-":i.i';",1, ui'i"Xff:ITr:l,"TlJr: endern,c senera or

Abrlndance, Frequency and Distribution

Information on the relative abundar
.p..1", or u",.rt.i,-pi"ri-' i il-.] i]i,itt, 

relatire frcquencv and disrrihurion of 79

r 
"::;*j],,,::;tlT 

jl*j:,:r:ilI:Hffi 
,fi 

T:,,i:, j triH,!;.i;i,i1
.,n,,a0,,,, .o i r," n,.,;',lr l,Lil"Ili,li".,":'i,tJ.l",:l.jiTi: #ffi:.]:",];"" fl Iiul.lcqnriil ln distribution in lhc localitv. nrmel): ....-.,.-, .i

Di:-ratu'ptctt-t lin?fiit tau\am. a coarse scrJrnblin! ferr))
lc:.t,1'.!-r 

rnun thvscg,,.r imatrsulasi. a m) ri..""rr.ilrt,L.tttt\pLrmunt sp ls?):Ql!t anorher mynaceoLrs shnrh)

,!,i!::i.)i:::,!;:ii,;;,,,;;il-,,#',,".1l:^n,::-.:"i".t,-,b"su,f,.e,,,i2o,,," s.,src,r)
,r," .rti""" o'iiir" rr",)''-urt' 

cocrse lern with rhizomes to about 0'5 m below
Stchurum sfo dncun Ltalshjb. another coarse grass)

',.r",r,,'rll'" 
orrcntalrr lanabionu' u 

"ruu "*".0:''ir"e" o, seconda.y grornrh

.\'u n I h o s t h e m o n v c r d ugo,.rarl_.I!llgkq&another myrtaceous shrub)

Photos ol terrestriai vcgelation are given as I,lntcs 3.lg to 3.25, EIS
N.fagkono is said to have reached its nrrponor.rvri,raunoou,a'ir,."i]"""1,','i,jllil"iffiiJ!,fi:fil,H:l.in rhe nonheasrern

As is chrracleristic ofullrabasic habitar
total absence. r!.pes, tall trees are conspicuous by the almost

. Teresrr.ial Fauna (Wildlife)

IlJscltrte d.rtr rrc|c coller:t,id orcr tlrr,rckr)\.n. cr l1l (loolr. II.:r.,r "".1 
:,Iti|'' 

uJ. /oulu!rsrs Lle AlcalJ rl9s6).
rrrn.r ,rr c i',,,,",,,, ,,"jii'i'i.'l,,,:l',1)':l*:i"lf:t-.1.,,11.1',ll :'lld. Rrb,,r {rqs:,.
soci(r\ r19,,7) o.,., ,r,r"r.a',,r0,.,)',"'.,""0".,rnii 

lh( \\rldJrr; con.,cr!arion

iHtx.iiililii.fi r;l:,si jlir{i;[:iTi' i,::i!ii dr:i:H,^l,t'i'i,:::
crrJ.rrrgcrcd ,n"a o"i"'u""i 

"i ,,r:';,: i:]':"' 
ol ll).\e lililornrs rre ,,oi ti"red as

endenric burreruy (Tatrr":.jj. iis',.' ' rrrrrpprnes l99T) inclurlirrg a spccies of an

'7
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Animal Diversity

'lhe presence of wildliie fauna in a parlicular area can be used as an indicator of the

environmental health of the said area. The location of the wildlife transect survey

slations in N-onoc is given in Figurc 3.19 while that in the Sabang Watershed is given

in Figure 3,20 of the ElS. The following baseline data would be uselul as a basis for

future assessmenl of the state of the health of the Project sile (that is, Nonoc lsland

ard South Dinagat lslands).

Trblc 3.3{ (EIS) enurrerates lhe various species ofbirds encountcred in various Parts
of r-onoc Island such as in the vicinities of dre slafI houses. coal park, nursery,

lailings poncl. Mining Areas I. IV, anLl V, Canliasay and HaniSad lsland during ilre

field survcy on l8-19 July 1993 ns shown in'fable 3.3'l (EIS). the 3l specics were

notcd cluring the suwcy period. The nuluber of specics found in the corresponding

areas arei l0 spccics ltear the stafl hotrses. I I spccies in the coal park, nille species

ncar the tailings pond. 7 species in the NlillinS Area V, 3 species in the Nlining Area

IV and 9 species in the Mining Area 1,20 species in the nursery, ? species in

Cantiasay, and 4 species in Hanigad lsland.

ln Nonoc Island. the dominanl species are the Chestnut Mrnia (l,ohcura malacca),

I-arge-billcl Crow ((ir1a6 macrcrh.\/nchns) and Durasian Trcc Sparrorv (Ptrsar

ruotitttnts) ltt onc instance, more than 200 inrlir iduals of the rare aud migratory Piok-

headcd Duck (llhotlt)nessct cctr'lolh),llttcctr) were encountered. Another migralory

spccies, lhe Brorvn Shrike (l-anuis clitklllti) rvas seen in the corl park and in the

ricinities of tlre slaff houses. Still anolhcr migralory species. Oriental Great Reed

\\arbler (,4crocepholt6 orientolis)\\'as seen in Mining Area l. Platcs shorv some of
the wildlife observation areas in Nonoc and Dinagat lslands.

Faunal species divelsity is represenled by various species of birds. amphibians,

reptiles and mammals, not a ferv ofwhich are locai endemics.

The Sab".rg Watershed is presumably rich in endemic lifefornls. both plants and

anirnals. This leatlrre of the \!atershed nlay be conlirmed through fulure biodi\ersily
tield surrevs ol the area iflhis is made plrt oftlle \\alershed management plan

Tablcs -1.15,3.36, 1.37. ard 3.311 ol tlre illS lrst the \crioLrs spccics of fauna

ellcou!tarcd in lhc hlbilllt llp.s ilt lh,r Slhlng Rirer \\'ater'shcd dtrring the field

sr.rr\ey on 2J-25 Jul1 l998. Listed in Tablc 3.38 (ElS) are tlre eighl species of
terrestrial reptilcs, in Tnble 3 37 llle two species of amphibians. and in Tnblc 3.35 the

29 species ofbirds.

N{ost of the birds wcre encounlered in the primal forest zone. Of these, the most

donliDant are lhe sunbirds. Seven migrator]- birds were seen in the area. These are the

Plunred Egret (/rsr(,//r/ inte rcdi ). Crcy Plover (Plrlntlis squotoroln). Browrl Sltike
(L.,ni1$ cristatu:). Whimbrel (llrr"rirt plldclr/j), Black capp.d Kinglisher (Halcyon

pileat.r) and com on Kingfrsher (,4/cedo oll,ir.y'.

]N



Ｅ

ゴ

．
目

．
露

．
郎

．
川

¨
闊

中
目

．
ぱ

．
ピ

．
ぽ

．
ピ

．
ぽ

．
ピ

．
＝

．
ぼ

．
湖

．
目

・
＝

・議

・
嘲

Seven of the faunal lifeforms are considered as source of food by the local ,esidents.
These are the Python rcticuktto, l'aranus salyator, S s barbat&s, Megapode
(Megapodius frcyciner), Whire-breasted Sea Eagle (Haliaetus leucogasrerJ, philifpine
MallarC (laas luzonica) and the Calao (Brrcerus hydrocorax).

Considercd nuisance lifelornrs by the local residents are three species, namely, mt
(Rattus sp ) , mice (lvhlJ rnascrl/rr) and the Chestnur Munia floxch uta malacca).

On rhe whole, the Project site can be said to support a very rich fauna, particularly the
Sabang River Water.shed because the extant habilat tvp€s are in excellenl condition.
llere many species can maintain healthy populations. Wildlife is not at present heavily
hunted because the watershed is under strict protection by philnico security unit.

Due to time constraint, dle survey made is not verv exhaustive_ Various aspects ofthe
local wildlife rvill remain unknon'n particularlv the seasonal movements and
distribution ofrare and secretive birds.

Endemicity

The following are the endemic bird species in the study area of Nonoc Islaod:
CollocaliLt ttrtglotlyta.s, Halclon thktri: calluri.,;, (orvus mucrorh),nchos, Laloge
nigftL Ncctorinia iu! laris, itactorinia ,perata. Prcnanot s goioritr, p!-chonohts
plumosus, Eud)namis scolopacca, Rhipialw.u jarahica, Copsychtts saularis, Oric!,rs
chinensis, Anthreptes malacensis,and Pycnohotus rostictus.

In Sabans Watershed. an amphibian species (PlaD)nantis dorsali.l). fou_r species of
mammals (,.1cerolo, jubatus, Cynocephalus tolans, Ptenochirus minor, Ralus
everetr) are endemic.

'Ihe follorving bird species found in Sabang Warershed are endemic.

Anui lu:t)l,tiLn,Anlhrt no\:ac.rc!lundrcrc, Buceros htrhtrcotot. ( oryus ncrtrotht,ncus,
(alloLuliu Iroglol\!Lr llutllrutnt.r stol,' ttL-t,,t Ltu ,,:rt,ltuJus n,rrtttt.,. rjalliralltts
to|quut : uulcrt)'t chhtris colluri:. lltlt.ttttt :;nv.ncnsis_ Hurpt:tcru arclens.
llt?sipt!lti.t t!\'ct'( i Luloge nigro Ncctarini.] jugulari\ Nectarinia sparokt. Oriohts
thinensi.t. l)enclopiics pcmrni, PhLtpitt-Lt-tn lL/,ct'trt. phapitrtron adethystina,
Ptililopns lechcrnchtri, Pycnont s goic.liar. ptcnonotu! urostictus, Rhipidlta
iuwnica. Sorcops cal..;rls, and Trcron pompadoro.

Abundance, Frequeucy and Distribution

In Norroc Island, lhe Drost abllndant species arc Lonchuro malucc,a, paset ntontanus
and Corvus macroth.ynchus

l:or ltequen$.and clislriburion ofspecies. please reler to Tablc 3.36, ElS.

l lre ntosl abundaDt avian snccies in Slbarrg Watershcd Ncre thc sunbirds, ,,'rllrreptr,-r
tttolacanti.r, Aethop)'gt rOaftio, nectut.ihiu j g|lc .is xnd, I'ectarina spe)on. Except
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for Anas luzonica, Corvts macrorhynchos, Halclon chloris collaris. Lonchura
malacca and the bulbuls, all ofthe species were only seen once or twice.

Eudynamis scolopacea 
^nd 

Hdryactes atdens were only listed because of sound
identification.

4.5.2 Frcshwater Flora and Faun:r

Tablc 3.56, EIS sho\ls the phloplaDkron composirion ol rhe difttrenr sampling
poinls during the nronlh ofJuly 1998. 'l_he phyroplankton collected from Nonoc and
Dinagar islands belonged to Divisions Cyanophyta wirh 7 species. Ct,toroptryta *irh S
species. Chr)sophyta \-,,irh 7 spccies anJ Drvision Euglenophyra wirlr one specres
Pl,rtcs 3.41 to 3.56 of the EIS shows somc of rhe cJlecred rnicroalgae frJm the
diflcrent sampling stations-

Tlrere was tlre abundanc.e ofditl'erent species of diaroms such as Sy-netlra. Cymbella_
Navicula, Pinularia, l'ru\hlk!. Acanthts ^id Nit2.tchia in the'creeks Jf Weir,
Duvangal, Panadtarau (rcservoir), Mabini and l-lercon. The creek in Mabini had the
species of Z.1,rgb)'a and Sc)rtoncna ,while panadtaran has species ol Oscillatonct,
( hroococctrs, Ritulortu and Gloeocap.ra which are cyanophytei or blue green algae.

lvlougeotio . a filamentous green algae. was observed to occur in lnost oflhe sampling
slations. I1 is possible that this is an indicalor specics considerins rhe inlluence of the
laterite lypc ofsoil on surface walers. Staurastrun , a green dcsmid, was abundant in
Weir and Hercon creek which is a possible indicitor species too. There was
abundance of Ocdogonium, a lilamentous green algae rn the Talipapa sprirlq and
Spirogta in Duyangan creek (nursery) which are borh filamenlous gr."n ilgu".
Cosmarium, a green algal desmid, was collected in Hercon creek.

1he reservoir rvith the Panadtaran and Maraging stations had an abundance of
dialoms tocelher \\ilh a fe\\ (rr-cil/.//orit? and ( d/dtlr.i.\ both filamentous l\.pe of blue
lrccn algac. A rLniccllLrlar green algae rvas also tbund in Cantiasav anrj Druonnrn
crc.ks but idcntillcarion has to bL'rerilicd since lhis purricular specics has not blen
cr)countercd in mosl ol lhe literatrlre usc(I. ln eeneral rhe ph)loplarkton composition
ol thc dil]erenl silcs is it)dicative ofa Class A rvater. 'lhere rrlas also the presence ofa
desnrid, l,crltr)t. uhich is not normally obscrved in other freahs\ater ecosvstem and
hls not been reponed in local Iileralure.

Aclurtic insccts rrndcr lwelve l'anrilies, sevcn gaslropods and three crustaceans were
:oll:e::d ljoll rl)e drl.t'ere samptrng poiuts dririrrg ihe rrronrh ofJuly 1998 as siro$nin'lrblc 3.5? irnd l)lxtcs j.5? ro 1.66. EIS. llr; Itjc(ls *ere colLcrc,l usine ners\\hilc the gastropods rvere collectcd trsiug tlte sp.rde .rnd passcit throLrgh r seies of
sievcs. Due lo linle constrailtt, sanlpling l_or these orgauisurs was not aunaarOlr"O.

l hcle rvos an abundauce of aquatic insects btlongilg to t\\i,lve Ianlilies collectedIiorrr Drryowan. N,lar.aging Talip.rpa ind Weri cieeks. ltr,,.,r,t,.ncir,,,r'ro., uti'cshwater slrrimp, \\irs collected ii.onr IIerlon. i\hbrni und lf.r.ai", *i"f,Nlaraging and Duya\van creeks had the nlost diverse macroinveneU,ui... ' ' - -

't0
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exposed side of Doot Island
in front ofthe'l'ailings Pond
fringe reef of IJaranga.l. Tal isa],
a si.on stretch in front oflrline Area Ill
a short stretch in front of Mine Area IV
southeastern section of Mine Area V
most of Gaboc channel.

Thrce specics of gastropods undcr the genus ilclQnoiLlcs \vhich might ha\,e been
rnoderrrcl\ irbu J.rrrt \ ere scar(c becrLrsc (hese are berng e:rrcn by ihe phiiippine
nrallard. The presence of ^Srcrolr/cr sf.collecred from D-ulangan'creek is a new
record ln the area and is possibly a nerv spec,es.

Three species of crustaceans considered as zooplankton wete collected using the
plankton nct- Considcring the abundance of diaroms and some ttamenior',s aieae that
can be possible sources of food for these organisnrs. rheir scarcily i, qrir.-rr,|r,rlng.
This is due to the pesricidal eflecl ofnickel ;n rhese crusraccans. 

'lrli.k'"i;i;;;i" 
"r"ol the elements incorporated in insecricides and molluscicides but i. ";;;;;;"1.

4.5.3 Marine Flora and Fauna

4,5.3.1 Corals and Associat€d ReefFish

Rapid Resource Assessment

Atotalof 10.1 spot inspcctions rvere made around the island (Figure3.26, IilS). Live
harcl coral.cover rangcd froru .good, to .excellent categories,'in nearly'60i7"'ot the
lotal. spol irlspeclions. Nearly 35% of thcse spor inspirions .*.." ,ni.. rhe:r,rry
good cover category' (=,1). a little over l9%rndir the .good category, (=3) anJnearty
5% undcr the 'excellenr category (:5). Strong ,rate. crrrenialoni 

"tartn"t, 
una

areas characterizeci areas rvith hard coral cover of ranging the go;d to excellent
categories. These areas are located a1:

\lany oflhese areas slretch from 200 to 500 m. Many ofthe hard corals observed alIlrr\r 0rr.r\ rrure branclrrnS tnd large tabulate lt.roporcr (>).5n_t in niu*i.ra
,lr.Irr(rcr) .lt\i ollrrr rfcai(s. 0nlibl\ l,rlr(.f ol (l)e nu,si!c anJ brancltin{ grosth
lomrs. In l-rol)t ol tlle laililgs pond. lrrge fblrose to.rn. of f,rii,rri,i *.r"
donrinarrt.

'lhe fair'cate':orr'(=2) ofhard coral cover rvas obse^,ed in a Iittre more rhan 22u% ofthe spols inspecred rvhile a liule less rhan 20% w.ere considcred uncle; ij;;:poo,,
category. Most ol thesc spots rvere locared in areas ofhigh emba1.r"riirl"ii.r"al.

Dead coral cover rangcd frorn <10 to j07u rn more than 9070 of the snnrq in(nected
.rnd rr.rs jl-i0o'" in rhe remaininp snn.{ None 

"f ,f" .p",i i",p.",.a-ffi',r'# ,fr"nsuco de.,d coral cover. Areas oi :i-so"; d".d .";;i ;;,;; ,'';i; l""i"Jo' 
"l'o' """-conlinuous. For example, this was observed near Banlot a, f"fir.'ar* iV'".a1"* ,fr"

tl
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loundutions ol tlt( srt(r prpe runnirrg bcrween Dincg.rt and
Uaboc Lhannel

Similarly, soft coral cover ranged lronr <10 ro
inspected. Nonc of the spots had more than 50olo
amounts of soft coral cover were those relativelv
Banlot silt dam and east ofthe pier at Talisay.

磯 ::rr::孝c10絵r翼霊ピ蹴l
Silty  For cxamplc thc arca ncar

Nonoc lslands along

Areas largely devoid of biotic benthic cover comprised a small po(ion of the coastalperirnetcr (litrre over 77o of rhe rorar spot inspected). u*r .iti".. *.."'i, r-nt orlne oecch areas ot lhe exposed siJc of Barangay Nonoc promonlory. Less than I4Zoolthc spots inspectcd comprisinq inncr portions'ofthe coves locatej*o.J ii,"'i.funa
nild slll srnJ co\'(r c\tln.rlL.rl l 5l-7i".. A Icrsc mflturilt L,I the snots inspected
(nearly 80%) had a silr/sand covcr eslinlrrL,d ar les;rhrn 50% Mo,. rt o'n t uti oi tt .,e
had silt/sand cover of less than 30%.

Benthic Lifeforms

r Ceneric Composirion of Coral Commun ities

A tolal ot J5 genera ofscleractinian corals were observed collectively in all g stations
(Tablc 3.59). -fhc 

nurnbcr of genera observed ibr each sration rurg"d f.o. li t" 2+\!ith the highest ohtaincd ar srarions Tailings pond and Talisay. Su.roti- inJiu;Orol
colonies of /.,/'il/J and AcroporLt \!ere tlte mosl contmon co;plsing r,.urtrlOX oi
llre ro(:11 occurrcnces. Seven generJ. pt)ttct- Acroporo. f.urg,.,. OZi,ruo'. fou,t"r,'lirbinotia 

^]nd. 
Goniopo,.a, were common to all g staiions.

. Coral Cover

The pcrcentage covcr of various reef contponents varied between stations. Ofthefive
mirjor benthic reel ca(egories. the nlosl imponani \rcre cover of fi"" aoiufr, a"aa
corals and abiotic contponents lbr all slations surveyed. percentag. 

"*.r-of ,lararious reefcomponents are derailcd in Trble 3.60 ro j.66, ElS.

Lire c'oral corcl ranqed fronr 2l% lo 75 % (Figurc 3.27, EIS) wi(h lhe highest
occurfinL at the stxtion in liont ol l\Iine Area V. TIie station at Gaboc channel had the
rccorrti highost pclcenlalc covcr of lire corals ar ncrrly 6,lyo. fni, "ni ioito.a
cl, s.'l) h' :utiorrs ur tlunr ot thc'lrrllrF. lunJ.rrrd [l.rring.ty t"1,.., o, n."rti ofrg"{lor t\otlr). lNo sr.rrinlls. Nurroc ltrd Carrrr.rser. had lire coral covers ofa litrje less
lhan 40yo $hile ar)orlter 2, Mine Areas ll/lll and IIVIV, t,oa 

"orat "o*r. oi o f,trf"
o\er 20Yt

Tabulak a,id branrhirtg Acropora (ACTs atrd ACBs, respecrively) logether conlprised
nrore rhan 90%u ofthe live hard corals al rhe srcrion in f.* 

"f 
frli".-a,." l:l'iiri"*

corals (cFs). predonrinanrly Turbinatict. and AcBs rrere rrr" n,ori i.porlni 
"or"or, 

u,the sralions in Gaboc channel and in fronr ol rhe Tcilinls t",rJ ."",p,i.i,rg ,"r" ,fr*3i and,'rii6. respecli\cl). l'hc perc.rltage corer of c-orals o, ,f,a ,,u,ion- in fofou'Nerc alnlost equally dislributed to 5 groilth typ"r. fn a..r.u.i,rg ;;;;;:';;r";;

,う
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ACTs. encrusting corals (CEs), ACBs. massive corals (CMs) and CFs. In Cantiasay,
lhe couuton corals sere CNIs. branching corals (CBs) and CFs. In Nonoc. ACBs,
CMs and CFs were the more common type of coral grorvrh fortus. 'I-he percentage
cover of CMs at the station in front of N,line Area ll/lll comprised more than 2/3 of
the total hard corals while CBs, CMs and ACTs were common at the station in front
of Mioe Area III/lV.

'I_he percentage cover of soft corals were quile subslantial in stations belween Mine
Areas lll/lv and II/lll. Talisay and Tailrngs pond Algcl cover \ ere fairly ample in
slations ber\\een lvline Areas IIllll and IIIi lV and Tclisa). The most common algae
was (.ctulcrpa spp. Additionally, moderatc nunlbers of the stinging cnidarian
AglctoThenia sp was prese t at these J stitions

. Cover ofDead Corals and Other Abiotic ReefComponents

-l-he 
pcrcentagc cover ol-dead corals rangcd liorr 49," ro 5l% (Figure 3.2g, EIS). i he

highcst perccntage cover of dead corals occurred al Cantiasay (52%) and i\onoc
(49%). This rvas followed by srations ar Mine Area III/tV (30yo), Talisay f23%) and
Caboc (21%), then srarions ar Mine Areas V and IIlllI (bo!h xr ll%). 

-The 
station

with the least percentage of dcad coral cover was in front of the Tailings pond (4%).
Most ofdead corals accounied \!ere covered with algae.

'fhe pcrccntlgc co\cr of ahioric reof contponents rxnged fronl l% to 3g% (Figure
--1.29, IilS). lhe hishest pcrccnra,:ecn!crofahiotic rccfconlponenls \\as recorded for
sliitions in l\fine Area ll lll (j8o/;) and lailings ponrl (289.ir). lhls urs followed by
slations in i\{ine Area III/lV (li9/o). Nonoc (11.69,i,). lv,line Area \'(1096). Cantiasav
(969';) and 1-alisay (8%). lhe sraiion in Grboc had rhc lcasl co\er of abiori;
conlponcnls. in stations Minc A!.ea llilll.'failings l,ond. Canriasav and Nonoc. silr
accountci for a large proponion of thc abiotic componenl. Rubble \\.as a ma1or
abiotic component in Talisav while sand conlposed most of the abiotic factors at Mine
Areas III/IV and V.

Associated ReefFish

. Species Composirion of ReelFish Assemblages

,\ Ioliil o1'l(r{ species (lislributed t() ll lantilies *.ere ohselveci in all g starrons
comhined (T.rblc 3.66, EIS). Target spccics conrprised 26yo of ll1e roral number of
sn!'cics \\hile indicator species (Chacrodonridac) rccounted about 99,o of (he total
numbcr of sfecics. Abour ,15% of the spccies belong to I Iarnilics alone
(}onraceirtridae (249/") and Labridae (219i,)). l-he resr ol rhe species (20%) were
distributed lo l5 orher families (Figure 3.30, EIS).

Fortv-three species from l3 families were considered target fish wilh varying
conrntercial r'alucs. All of dlese except ll species fronr Senanidae have medium to
low- n1x1191 valuc when sold locally. Serrlnrds lgroupers tnd trouts (lapu-laDu)) are aIighl\ soughr alicr tlsh and comntand a hrgher nrarier ralur parricLrllrll rihen scld
li!e thaD rhe rest.
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. ReefFish Biomass

]te mean biomass offish ranged lrom IOj to Jg00 g 50ni:. The highest mean
biomass was:ecorded at Talisay (il6j0 lSEl) and rhi lowest 

"t Cuniii*y-1::Sy.
Estimates of fish biomass in stations ar lvline Areas ll/lll, V una iiflfv^uni'fuifing.
Pond were moderate. The mean biomass al these slations was B5l (1265), 645(r120),564 (!297) and 528 ('00) g 50m'2. respectively. eut,nu,.. ofioi Uio."r,
in stations at Nonoc and Gaboc were fair wirh il0 (ttlg) and 15? (;lili ;50;.r,respectively.

A sun)mary of the contributions of the top 5 species and the top 5 families lo thecunlulative csrima(cd bionrass of fish lbr each sration l. pr"..nt"a ln f"fi", flOZ una
.1.68. rcsn!.ti!el) (Fi4urc 3.J1. EIS). Specre,*rthcumulatir.i*Ir,",.".",ri,,,i"",
e\lcedrng t)UU g 500m. inclu,.Jrd lhL. black spot snapper Lutjunut ltlti (t na, thelirsiliers (,-;,.rio c.ucrulauretts. C: L.tnitls 

^nd 
prciiurcsi,i lilr. 'tlre"corai 

rrorrl'lcc_t.ropont: laopurdrs atd the rainbo*i rrrnncr Elegarrr bipi,;,"i.;;; 
- 
i""f nrf,Ianilies wilh cLurlulalive biomass contrjbution, 

"*"".,ling f3OO g iOO.; i".fra"
P^omacenrlidae (darnselfishes) Labridae (wrasse9, I_utlaniaie lsnapplr.y,"C*.ioniAu"(fusiliers) and Senanidae (groupers).

4.5.3.2 Seagrrss and Seawced Communitics

Pcrcentage Cover and Frequency ofSeagrass and Seaweed Species

A roral of 8 sampling stalions rvere surveyed during the stLrdy. Seven (7) seagrass
spccies, nanrell. Enhulut acoroitles. (\,motktcctt ,o-turtL n. t- ,nrln,latr),'Th-olnrrio
ht'.'1'tttltii- .\)rrn_a,tlttnt tjoct,ttt;lu,ht. HatoJtttc piniplit ola Uut,,fnlui,,, ,),lip,,_,,.r.
and 6 searvced specics. HLline(la ntact,tlubu_ Hulinre,tu sp.. pu,l,n,l 

^,rrl,,,rl' 
i:pr"nsf. 

!tLt,tofhor.t sp. and (hrrl..,7.r r,/(.(./,r{rr.r. uer(, idenrified in .,tt siarronscornhrnc(t. spectes conrposition. dcnsity. frequency and percenta.qe cover of
seagrasses a,d presence of seau,eed species in the g stalions are p.aran_*d in Trbl",
3.70 and 3.?1. EIs

l-hc,total^pert.enlagc cover of seacras5 species ranqed fiom 5 to 6g% with mean of
l\".li1r, ]u ";. Il]:,lowcsl pcrcenrilc coverot seagrass was observed in Srarion 6 (S ofr.,,,ot t\trrrrl] \\hrt( lhc hi{hcsr irr Stirlrr)n 2 (SW ol.Canli.sav) Except at Stalion 7.llr( rno\l intpo inl speucs ol'scttrJls tlere C),rrrodoccrr'rutrrrk,tr, 

^d Enhnlr,,,/.,,r,,1/,.\ arrd lhttl.tr,ttt ln) t .tL.tt;!_ Ihcre I species N(,rc rhe ntriL,r conrponenls ofscagrass beds surveyed on the island. ln Srarion 7. lburup".i". ui.5u 
"r"nfycoDlplised the seagrass conrmunity.

:l:c-:!: 
for Sralions 7 (Gaboc channet) and 8 (Talisay). rhe abundance of seaw.eed\ne(rcs r\i6 lrol rcmirrabre trrou!h rhey were noted. [iorinecro tt,rarutrtn aonrtit,,taa,. 0 or ur( coler lll )lalton / \\1Ile.\.r.(,1.\\rr,i/,u/tL).r/r r was lhe slngle \eeetationobsenaed ar Srarion 8. Nurne.ors parlrr.s oi'inr7",f; ;;;r;'":;';i::*"

o(casionilll). in sotne statjons. Ｉ
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A detailed description of seagrass and seaweed communities are given below for each

station.

Station I (near Barangay Can(iasay)

Several small beds of seagrass were obsewcd on the norihern podions of the bay but
the most extensive beds $'ere observed towards the souih. The seagrass bed in front
of Cantiasay lvJs anron[ the more extensive bec]s. Thc seagrass comnruDily in this
stition was moderalely deep ( l-3 m) and exlends from the pier of BaranBay to about a

kilometerinrvards1othebay. Thc substratunr$asmudd). A totalof4 seagrass and 2

searveed spccies rvcre prcsenl in this slation.'l'hc nrosl dontioanl seagrass species was

[nhalus acttroitlcs with a pcrcentage cover of 38.07o. followed by Cymodocea
rotundat:l \vith 8.0%, then ('ymodocca serrulota \4.98 yo) and T holossia henptichii
(2.0%). Similarly, E acoroides was the most fiequent species encountered (20%),
followed hy Cymodocca rctunlluto it0.4 o/o), Thulossia hemprichii (1.0%) and
('yntodc,t ttt sartuLuro (l-6 7o). Thc searveed specics obselved in this station
conrprised of l/dlimcrlrr macntloba aid Padiko fiinot. Thc fbrrrer was inlerspersed
on the substratun whill3 the latter lvas more donlinant on the rocky shores. The cover
ofthese species was unremarkable.

. Slation 2 (2 km. southwest ofBarangay Cantiasay)

'fhe seagrass bcd in this station extends southwards about halfa kilometer. The bed

was shallow (l-2 nr) and the subslratlm rvas sandl. The seagrass bed was a

monostand of C,-modocca rotundata while the genera Halimeda, Hypnea and
Acontophora comprised dre seaweed communitv for this station. The percentage

cover and fiequency ofC. roiundata were 68.0 and 80.0%, respectively. The seaweed

species were sparse.

Station 3 (entrance ofchitnnel across Barangay Nonoc)

'l hc scigrass bcd in this stalion was shallow ( l-2 rri) ancl small u ith dre rvidest breadth
eslimslcd at 250 fi. fhe substratuDl \\'as characterized rs silty to nruddy iype. A total
of thrcc (i) se;rgrass and tlrree (i) sca\ecd species uere rr'corded.'Ihe seagrass

spccies (:!rrod{).e.r roturulata hrd th. highest percenlrqe covcr (20.71%). followed
bt'lhdussiu hc lprit:hii (6.81o/") and Lnhulus acoroilas (i.0 ol,). C. rotnndata \vas
rhe nrosl iiequentl)'encountered species i579'o) follo*ed b1 T- hcntprichii (25o/o) and
L- acoroilc.t (10%). The 3 searveed species \ve(e Pudina fiinor. 

^teoheris 
sp- and

HLtlinledo sp. The abundauce ofthese species rvas rrot remarkable.

Station 4 (50utlr\\esl ofJcltJ'l)

Ihc se,ilrass bccl in this station *as r.'latirelr shallo\\ (0.r-2 nr) and relatively small
shich er,lends scarvalds to onl) about 150 nr. 'lhc substratunl \\ts characterized as of
the silly-nrudd) lvpe the resuspelrsion ol \rhi.l] tuakes \\'ater visibility almost zero.
Three sear:tass and a searveed species \\'ere noted in this statiolt. Of the fbur spccies,
onlv one species of sea\\,eed is identitled. Thc bed uas mairly inhabited bY Enlolrrs
acoroides, Halodule piniJ'olia ani Halopllild (lecipiens, rlith a percentage cover of
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。 Station S(norlhcast Or」 ctty 3)

。  StatiOn 6(sOЧth oF D00tlsland)

・  StatiOn 7(a10ng Caboc channclぬ cing Awasan isialld)

鮪:漣灘 }瓶鋼肌l
o StatiOn 8(in f10nt OrBarangay Talisay)
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\/

l5 0o" R 0o.o cnd 5..loo. respecrr\elr. Ihe rel.Iire
ftnuolLt an.l H J,crft.rr were 2S.0.o. 12.0o" and
seaweed species nored in this slation was padna
SPecles was Iow.
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conrnrunil! was rclarivel!'large exlendinS about 50_70 m sea\tards from the subtidal

,"".. it" a.pir, *ri"o ttom t-+ m. The substratum \ras comPosed chiefly of small

to large boulders of limestones and interspersed by sand'

Density and Biomass of Seagrass Species

The densitl and bionlass ofseagrass species are presented in Tablc3'71'IlS' Both

".or,,r.,"r. 
rlricJ rrithrn anJ betrrccn sfre(ics 

'cross 
ststions' The densily and

i.i.r-u.. nI rearrur, tpreies ranptd fronr Q to Q7] shoots m ' and tiom 0'56 to 178 6 g

arv *. .t i.specnuely. The highesr density was recorded in Station 2 for

Cyrrorlor"o rutrirtntn uid the lowest observed in Station 3 for Linhalus acoroides

iiuuL z.rl. The lriglrcst biomass was observed in Station I fot E' acoroides uld the

lowest in Station 4 for Halophila decipiens'

Mean density artcl ttrcan biomass wcre available only for species that occurred in at

least 4 stations. 'fhcse are presented in T'rblc 3'?l (EIS) for E acoroides' C'

,lotiunaoiu una Thakusia hemprichil. The nrean density of C r"ftr'ddl'r {466's-shoots

ni:) rvas ncarly 5 times thrt of T hcnl'richii (qb'5 shools m__) ond ne-3rly 19 tlmes

iiuiorr r.,"uiA'rt:4.8shootsmi). Con\ersel). the mean biornassoff' acoroides

i;;. ii ; ;; ;..''.';-ii was about t*icc that of C"rorundata (49'4 g drv *r' m'2; and

Lo tlmJs trrat ot il himprichii (27.4 gdry * nt'1)'

The tolal density antl total bionrass of seagrlss species varied between. stat ions' The

ur,nt a"n,i,1 ond tolal biomass of seagr'r'ss species in 3 sl'llir'n rlngcd Iionl l8 to 972

,rrooo ,-,tt 
"i,rt 

o 
"t"nn 

of'l l2 shoots itr I rnd 89 to 2i i'o g dr1 \Yl lli' rrith a mean of

i;o - " Att rvt nr 
r. respeclirel\- -Ihc highest mean total density uas recorded in

sl,,"fi""a rhc lorrest in Sraiion 6' l-he highest mean total biomass occurred in

SEtion I afld the lowest at Station 6.

The results of this investigation were consisleit with those found by Nienhius et al'

iisig). tn"y repo,ted iint the number of shoots per surface area uas species

d.p"ndenr u,ri density was relatively wide in "supply place" Fortes (1990) obsened

;;:t ";,i"it nrul,lic seas.:tss beds al Bolinao Bay (northwestern Luzon) -ranged

il,.;:,.r"" tt:;J ibil ;i;;tJ;,t (l*; Je.'e beat to more than 400 shools/m2 (trulv

J.'Il." .""s.a.). Allhough the dcnsirics oi seagrass beds in Noooc lsland *idely

\ aricd bet;veerl sta(ions. the total nleiln clcnsit.'-- *as a little over tlrat oi the truly dense

seagrass bed (.terri, Fortes 1990).

Ilollon and Fortcs (1939) reported a ranrie of 8 to 132 g clry wt m-! for total biomass

ol- selectctl sclgt'ass conlnrunilies irl tlre Philippines A rccellt \\'ork 
^estimated

'ra!,rrs. brurrrai\ in l)rrnpilrLrn. Trtyabas Ilal slto*ed an anlttal range of90'28 to

ll7-.q-l dry.rr g/nr:tDA-l:Sl'. lqq6) The bionlass obtained in the present study was

S.n".otl-" i o nri.t"n, ttith results of earlier studies' Enholus acoroides contributed

l"r-".,, a ,ft" lolill biornass of seaBrass beds rhan any other species in Nonoc Island

dclite a liritl;.. lo$ mean densil\'. -l 
he more massive and heavier rhizomes of this

speii"s than tliat of C roltntlata ar.d'1. hlmprichii expla|n the larger contribution of

t aco,'oi(/ej to the lolal biomass.
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4.5.3.3 Plankton

Composition, Density and Abundance of plankton Communities

lntroduction

Mean Density Bct$een Plankron Croups

The dersity and abundarce of laxonontic groups comprising plankton conlmunilies for
crclt statioll arc lrcscrlled in Txhlc 3.72 tnd -1.73, ElS. A r;l;l of 17,25{ nlankton was
estimated in all stalions combined. Nlore rhJn 650" of lhis ucrc phyroplankron while
zooplankron conrpriscd the rest. A rotal of 2l genera constirutei ihe phlroplankton
Broup while the zooplanlton group consisted of g raxonomic groups. ihe cla.ses
Cyanophyta (blue green algae), Bacillariophlra (diaroms; and pyrroihyta lred algael
comprised the phytoplankton.

The density varied rvidel.,- between plalklon groups and between stations. The mean
dcnsily amon! the gcltcra ofph)toplankron ranged fiom I to lll individuals m-l. fhe
highest mcan dcnsitv rvas obser'!cd tbr lhe dialom frdl.rr.liorlrrrr and rhe lo.west for
another dial()In Bucilluriu. The mosl abundaltly imporlant genera of phyloplankton
include Thtrlassiothri)i. Choetocero.\. Slnedra. ('osciioli.rt.rrs. ' Skcletonentu,
Trichodesntiun, Cerutium and Pol-vkrittr.r. All rvere recorded in at least g ofthe total
l5 sanlpiing stations \\ith Thalossiotht,ix being present in all stations. All except the
last 3 genera are diatoms.

The mecn densirJ- amonq taxonomic groups of zooplankton ranged from 15 to 196
rndi!iduals m-r The highesr rrls recorded for nauplii 1a lawal ibrnr ofcrustaceans)
and the lowest lbr rhc cyclopoid copepocl. n-auplii and calanoid copepods were the
most abundant zooplankton. The foruter was recorded in all stations while the laner
was present in all but one siation.

Composition and toral dcnsit). oi plankton between sralions

Tlrt' numbcr ol'o((urrenees of pbnlton groups in a station rangcd from l0 to lg
:.rL,uns nr' \!rrh J l)uirn ot l J gtoupj nt' .'[hc highest \\as obselrcd in Srations 2 and
l0 anc! tli,.- lorvcsr at Stalions I arld 9. Starions 2..1.6. l0 ancl ll hari a hieher Dumber
ol groups ol platrklon m 

j 
than the ntean. ()n lll. a!(rJ,te. 600,0 ot rhe pl,l,rtton groups

in a sample for each slarion uas phlroplankton and 40yo zooplankton.

Thc total densiry ol'plankron ranged fiom 5,{j to 24j 1 individuals m-l rvirh a mean ofIl58 irrdiritlulls ni' . The hiclrest toral dcnsil) rras observed in Station ll and the
lo\vcsl al Sutiol 3. Nearly.ialf of the srarions had lotal dersirics of piuntton in
excess of 1000 inciividuals m-1.
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4.5.3.4 s,,ft Bottom Fauna

Composition of Soft Bottom Fauna

A total of 919 benthic organisms were counted from 15 stations combined (Table

3.71, EtS). These orBanisms represerted 37 families under 4 major classes as well as

from 8 other large gioup/phyla. The largest class was Polychaeta with 23 families,

lbllowed by Crustaica with 10, Pelecypoda with 3 and Gastropoda with l The 8

other large group/phyla uere Chaetognatha, Chiton, Nematoda, Ophiuroidea,

Rynchocoela. Sipunculida, Turbellaria and Foraminiferans'

The composition of sofr bottom fauna was largely dominated bl- only 3 gror'tps,

namely, ihe pollchaetes (marine scgmented rvorms) ('16%). lhe small crustaceaus

(23%)-and the nematodcs (round \\'or s) (22%). Together they conlprised 9lolo oflhe

total organisms cottnted. The rest were distributed to 2 other classcs and 7 phyla The

polycha'etes were prcsent in all stations with hiSh abundances recorded in Stations 2'

i I and l. emongthe pol)'chaeles. the 5 most abundant rvere Cilr'alulidae Spionidae'

Capitellitlae Narei<lae ind S1llidae. Crustaceans lv'ere rcpresented in all but 3 stations

rriih the highest abundance noted in Sta(io[ 6. Tanaidae. Cammiridae and isopods

u,cre the m;sl dominanl crustaceans. Similarly. nematodes ucre present in all but 3

stalions with high abundances obselved at Stations l, 2 and 6'

Dcn.ity and Diversity ofSofr Bottom Iauna

-[hc lotal density ofsofl botlom fauna fbr each station 6 to 196 individuals m-2 with a

nrcarr of 6l inJividuals m-2 (Tabl€ 3.75, EIS) ranged irom ar iidividual per sq' m'

lo 74 indv/sq.m. Il \^as observed ill lhe sttld)' that t'aunal abundance jncreased with

depth. Station 6 recorded the highest lolal density of 196 indv/sq m mainly-dominaled

b1:crustaceans. Tiris rvas sampled al 4 meter depth in the sandy area ofPort Gaboc

leutrance) whe|e l'anaidae predominated. Sp€cies of lanaidacca (tiny cru$aceans)

arc tilter feeders, clctrilal leeclers and sometinles predators but moslly detrikl feeders

(Nlc Laughlin. 1980) fhe high density oftanadacea is due to the available.food' lt is

"t 
th" 

"uit",n 
erltrance 1o I'on Gaboc *here a srnall co munil] is pri arily fishing'

llo*erer- intervierv wilh fisherlblks rcvcalcd that prodtrclion in tish traps has becn

rcclrced greatl]- al the entrance ollhc Chrrrncl lhis nrll be drre to d]ramite fishing

p[]cticc l_hn1 is tcrl comnrnn in lhe arclt lts lroted during tltc tintc ofsanlpling' 'l_his

nray bc also bc ,luc to slash and bLrr'n techniques praclicc(l lr) tlrc connnunily lor

lire\looo galhering rnd rccenerntiorl as describcd in thc environrtlental assessmelt of
the area c-onducteil last AugtLsl 1996 l-o lcssen nelilti\! inlpocts appropriate and

sullicient setbacks lbr nline siics and n)iDing arcas near coastlines should be

established. Without lhese. minirrg in or near steep sloPes adjacent to coaslal areas

should not proceed. Only the eslablishn)ent of setbacks will prevent the input of
sediment il1 coastal waters and benthic habitats.

1hc second dcflscst st.tion was Stalion 2 \\ilh a valtle ol 154 indv/sq.m., being

pol!chir.i.s as the ltrosl donlinant organisms follo"ved b1 nemalodes. Slations 3 and 8

recorded the least number of individual organisms sampled with a density of 7 and 6

per sq.m, respectively.

V
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Based on the total number of identified laxa in different sampling sites. Stations 2 and

9 showed io conrpose the rrost diverse benlhic species follorved by Stations I I and 6.

Among the benthic fauna, thc polychaetes were well represented at all stalions. The

greatest number ofpolychaetes was collected at Station ll al 7l indv/sq.m. followed

by Stations 2 and I wilh 69 and 62 individuals per sq m. respectively. Various

tamilics of polychaete. which includes Nereidae, cirratulidae. Spionidae and Syllidac,

were found nlost common in nearly all stations comPared with other families- Their
wide distribution suggests a high adaptabilily (o any kind of marine sofi bottom

communitv. The least represented among polychaete families were Cossuridae,

Lacydniidae and Stemospidae, \,thich shows its restricted dislribution. Stemospidae

rvas foun<l onll al Stalion 27. Lacydoniidae al Station 4 and Cossuridae at Station 6 -
lll occurred once per sq. nr ofsedimenl sanlples Members of family Anphinomidae
occurred twice per sq. nr. in Station 2 only.

Among crrstaceans, Station 6 presenls thc hiShest number of individuals at 97 per sq.

m. while none were found in Stalions 7, lJ alld 14.

lloth Chaetognaths and Rvnchocoelas occtrrred

Chitons appeared irvice frorrl the samples pcr sq

appeared in Station l0 only at l5 indv/sq.m.

oncc per sq. m. in Station 2 only.
m. in Station 9 while loraminiferans

It mLlst be noled that vel) productive conlfiunities can have either very high or very

low species diversity. Stabilily seenls nlore directly conelated \,'illt divetsity than

does Froductivity.

{.5.3.5 Dcscription of thc Fisherics

The number of flshers in ilarangays Nonoc. Cantiasay alld Talisay constitute less than

l0% of the lotal population (Tnblc 3.76 and 3.77, IilS) ln terms of lhe number of
houscholds horveYer. it is cslimatcd thrt I irr 5 households has a fisher for l'*onoc and

I in l0 foi Canliasa)-'. lhis Parameler \\'irs unavailable lbr Taiisal. lhe number of
motorized boars was lcss than (hat of non'motorized boats. This suggests that

nrajority were subsistence tishers. These resLllts are fairl)' consislent lo an earlier

study conducted by GAIA South, lic.

The lishers iu lhe arca are engaged in 'l tvpcs oifisher1. luncl). hook and line. seine

nc1s. sperr rl(l lish cofials. Ofthesc. lrook and linc \\.ls lhe fiost donlinant t]pe of
l'ishcry in all bara[ga]'s. 'lhe ci'iorl sp.rtt b) llsllers ibr hook and line varied between

barangays and ranged lronr 2_5 to l_6 hotrls r(presenlirl! 3l.rn!( ln crrtcl) sizes <l_6

to l-l5 kg. On average, hook and line lishers spends aborrl l-l j hrs dJ! ' lishing and

capture 2.0-2.5 kg of tish. A total of l5 species belonging to Serranidae (groupers),

Letlrrinidae (emperors), Lutjanidae (srappers) and Nemipleridae (breams) were

targeted by this fishery. These species are carnivorous fishes and have high market
value.

1hc spear fisher1 in the area largeis a suitc of spccies $ith high lo moderate market

ralues. 'l hesc species are listed in Table 3.78. All species excepl ll\e Plectropon s

.ll

V
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spp.. Epincphelus spp and Caphalopholt! snp.. are moderately valued fish. Fishers
engagcd in rhis fisher) reqLrire a lelel ofskill. The time they spend hunring fish vary
from ?.! to 2-o hrs with catches ranging frour l-l0lo l-15 kg. On arerale, a spear
fisher hunrs for about 3 hrs day- I and collect between 1.5 lo 4 kg of fish dai.r in the 3
barangayg.

The seine net fishcry in the area is scasonal althollgh some praclice this fishery all
1.ear round. This fishery is relati,,ely acti!,e during the rliov season targeting peiagic
fishes around LIinaluan Passaqe. Thcse specics are listed i; Trble 3.?g. Cuic; s,z.s
in this fishery is highly variable. Carchcs varv betu.een I ro j0 kg for a 2-6 hrs work.
On average, seine fishers spend about j hrs day-l and capture about 1.5 kg day-r. A
related llpe.of fishery exisrs in Barangay l alisay. This is rhe bag net f.ish-ery ihar is
aided by lights lo lure pelagic fishes suchas Dacaptctus. clupeids and sardines. This
fishery is more time consuming (8-18 hrs) and the catch varies *idsly bet\ een l-150
kg. Most ofthe respondenls stick to this fisherv becaLrsc ofrhe chance oflarge catch
sizes.

Fish corrals-are,a passive type of fisher). Designs and sizes !ar! depe0ding on the
resoutces ofa fisher. On average. fish colruls in the rr(a occup) sboul 100-m2 on a
recfflat rvith openings facing a man{rrove parch. This is designed to trap fish movinB
iiom a ntangrore arca lo,seagrass or coralline areas during iidol 

"bbr.- 
On average,

lishcrs sprrrd )-l hrs d.r\'r lo check arid coll(.r lrappeLl fi.hirirh rn rrerrre cilch size
ol L5 kg:1:rr Dr.rring rhe period belween Novenlber to earlv Januarv]this fisherv
potentially lraps 30-50 kg offish on fcu occasrons. I,i:.h collccred fronr rhis fishery
include 4 species ofrabbitfishes and surgeonfishes_

{.6 Socio-cconomic Enyironment

.1.6.1 GcncralCharacteristic of Nonoc lsland

Barangars in the proiect area have beerl ideutified as direct impact areas. These are
Barangals Cantiasay. Nonoc and Talisay. which occur on Nonoc Island. Barangays
Boa and Dcl Pilar at Norlh Dinagar. Baranlal, I\labini at Souih Dinagat and
Baran,l,s Aurora and San Pedr.o in Arvasan and Ilanigad Islands. Thc pioposed
project is located witl'tin the political boundar.ies ofthese identilied impact areas.'

\onoc lsland hls a popLrlltion of 7.7.19 ls ol l995 and the population gro\\.s at an
a\crllc riltc ot 2.0119; 1l:, resideuts rlerir'e income ll.o t cntnlolment. lishing and
bLrsrncss [:aeh balaDqer hls its or\lt c]cnrcnlarr.school nn(l in June rhis velr-lilisal
opcned its lirst public high school oltiring llrsl and second vear. l he Jesus Cabarrus
Catl-rolic School also plovides eleme|rarv and high school edLrcarion, and is being
subsiclizcd by the project proponent. 1'he proponent provides social services such as
electr icitl', waler ald transponation.

Lile in thc co,nmuniry is generall) peacclirl ifnot unevenlful. people are generally
corlscious aborrl hcalth. environment and sanitation. N{any wonren are lne;bers of
Plinrary llealth Care (PHC) rvhile ntanl nlen are nrentbers of BESIC. They have
Lrudcnalicn p|ojects related to herbal tuedicit1. (BLtticct Binhi), famill. planning. etc.

J,
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1 62 1 Population: Size, Crorrlh nnd l)ensitl

Thc proponent also provides services and faciliries to the islanders. lt provides the
only ntea)ls of land transportation in the island. It has constructed roads to connect the
three baranqays and lhe rownsile. While the barangays have their own roads in the
poblacion area. access to the diiierent parts of the island is made possible through the
road network construcred b),1he proponent. Children who go to school are pick-ed up
by_conrpany trucks to bring thenl to school. The proponenisupplies power;nd street
lighting to tltc three baranpavs llarangay Nonoc borro*ed 

_from 
the companv a

generator ser ro providc elcctricitl during lhe night. Ir lrns also private gcner;tors to
proride elecrricity ar certain times ofrhe day. Barangal Carrtiasay andialisay have
also passed resolutions to borrow a generatmg sel for the compcny to provide
electricity for the baran8ays. The company lt0s irs own $,ar.r systenuuhiie nloJt ofrhe
residenls who live outside the refinery cornpound make use ;[ natural resources like
springs. 'Ihc proponerlt is providing Barangay Talisay rvith a potable driDking w.ater.
Conrmunicalion lines through the telephone system. pLDl lines are availabli in rhe
islaDd.

'lhere is also a comnrunitt broadcasl relcvision h.ansmiltcr for the rhole island. The
proponent ntainUins a clinic. Sonre company enlployees arc provided lree board and
lcdging uhile orhers ha\e access to frce housiug and lice use of utiliries. The
conrpal. scctrrity guards also nraintain pcacc and order rrilhin the refinery conrpound.
They are backed-up by a Philippine Consrabulary (pC) cicrachmenr in lalisay which
intervenes only when requested to do so.

The proponent is perccived not oDI.v', as al) emplovment provicier but also as provlder
of basic social services to the residents of the island_ fhey are dependeni on the
company for some oftheir basic needs. l\,lany compare their lives before and after the
compaDy shuldo\\'n. One of tlre basic rcasons why there is a one hundred percent
approval raring lbr rhe re-opcrario0 of the rcfinery. .l-hey 

eagerly arvait the
rehabilitation and re,operation ofthe mining and refinerv aclivities i; anticipation of
hr ightcr firture [or lhenlsclves and thell conrmunlt\ .

4.6.2 Dcmography

TRl)iで 387(EIS)p:CSenも sonle or口 lc nlost inlpOllant charactclstics Of thc
inhabitants Of Nonoc lsia:nd spccincal , 。l thc pOptllatiOn of t1lc t1lrcc idcntifled
dircct ilnlpact arcas,(Ca1ltiasa), NOnoc a1ld Talisay) Dala On thc pOpulation of

Surigao City are incltldcd fOr cOmparativc purpOscs

Thc pOpt1latiOn oftlle bそ lrangays at NOntlc、  Dil,agat Aヽ、asan alld Hanigad lslands and
St!ri3`10 Cit, 1lad bec1l decrcasi]13 1br t1lC last threc ccnstls〉 carS E、ccpt rOr Barangay
Cantiasay tilc dccrcasc ll:ld bcel]at an ncicasilng ratc 13aransay cantiasay had thc

llighcst inctcasc in pOptllatiOn l10:l1 1980-19Ss Fllis c:、 nいce、 Plai1lcd by tl,c ract that

h誡 :蹴よ」楡 腫罵 柵 歳 I[警
哺 l熊麟 鮮 ]ね‖iWil蝉 l

startcd tO dcchnc as ranlilics lcft thc island
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The declinc coniinued as tlre fanlilies and lheir members go! be(er opponunities in
other areas. According lo thc individual accounts of some members of the
communitics, nost oflhosc who nligratcd to othet areas \\'ent 10 work in mining areas
in other provinces or olhcr counties. DLrring rhe past l0 years (1935-1995). 1,545
families have left Nonoc Island and the number of inhabitants has decreased by a total
of8.984.

ln 1995. lhe combincd population of rhe three barangars at Nonoc lsland u.as only
3.61" of the tolal population of Surigao Cil). BaranSay 'falisa."- hld lhe higllest
nulrlbcr of rcsidenls, as this $,as whcrc lhe housilg units 1br Philnico's juniur staff
were Iocated. More than half of the household populatioll of the three barangays had
srx members (Table 3.88, EIS).

The 1998 survcv conductcd b_v Philnico )ielded thal there uas at least one adult uho
rvas able and willing to wor k ( l,l4 or 52.91%) for every d0pendent (t l9 or 4j.74%) in
Baranqa;, ix111x5n.1. For llarangar 'l'alisay the ratio was berrer \!ith i65 adults or
57.66% able and rvilling to u,ork for 251 dependents or 39.96% For Barangay Nonoc,
the number of dependents (82 or 51.9070) was more rhan the number of adults able
and willing to rvork to supporr them (75 or 47.47%).

[]or the \\hole Nonoc Islanrl, there r!as at lcast one adull ahle and rvilling to rvork and
provi.le support (584 or 51.9196) lor cvery dependenr (451 or 12.71%) (T{ble 3.89,
Ers).

4 62 2 l'opula{i0n: Litcrrc\ llrtc nnd Educ:rtionxl Attainmcnt

ln 1990. approximately 70% of thc popularion of Suriglo Citv \\ere lirerate (Ttble
1.90, EIS). In terms of gender distribution. the fcntalc popularion had a slightly
hi{her lerel of literac} (5lozir) than the male populalion (.19%). There is a big
disparitl between the number of lilerate individuals \vho came lrom the urban
barangays (67.6%) than those who came liom the mral barangays (32.3%).

In 1990-199). oIl] three aclditional schooll \\ere conslnrclcd in Suriqao Cil]. DLrrin!
rhc sxrlc pcrio(1. lhe nunlhcr of elcntcnlar\ school.l)il(lrcll rrho enr.ollcd declined
c\er\ ]e r. I:or lhe secondarl schools- lhc nLmtbcr ol enft)llces tluctualcd every year.'[hc nulib.r of cnrollecs iu tertiar\ schools also dcclincc] sharply, iiom a high of
I2.9:16 slLrdcrts for the school year l99l-1992 to onl) 5.042 students in school year
1994-1995 (Trblc 1.91, EIS).

Nonoc lsland and Surigao City had low density in tenns of population. Barangay
Cantiasay had the highest density with three people per square km.

I'or schoollear 1994-199j, rhe nul]lber of srudents \\ho s.ere able to llnish their
clenlentirrv cducation rvas low contpar-ed to lhc prcrious school!ear (1990-199i) and
llre succeeding schoolyear(1995-1996).

.1.i
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On the average, the teacher-student ratio within the
elementary schools in Surigao City rvas I teacher for
secondary schools. the average was I teacher for every 44

period 1990-1996 for the
every Jl students. For the
students.

Therc was a 92.57o increase in the cost of each eiementary student enrolled between
lhe schoolyear 1991 and 1993. Fcr the secondary students, the cost had increased by
62.47o between the schoolyear 1993 and 1994.

Within the Nonoc Islrnd. there \\'erc three elcnrenlrrr and secondarv schools
operaling. Of these. the coulpa,ry has bcen subsidizing the Jcsus Cabarrus Catholic
School, which off-€rs clementary and secorldary education. Jhis school has bcen open
to all dependents ofernployees ofPhilnico at halftuition.

The rcsulls of both surveys are almosl similar. The resulls of the 1997 survey
indicates th.t the tuajority of the responclcnts graduated from elctnentary school while
the 1993 survey irdicates that the majorily of the respondents graduated from high
school. Both srrrve)s show lhat a snlall pcrcentage ofenrollees? (22-Ayo and,21,.6%)
graduated from college. ODly eight respondents graduated from vocational school
(Tnble 3.92, EIS).

1 6 2 3 ltopulntioni Ethnic Croups,rnd Culturc

Thc data on ethno-linguistic groupings u.ls lirDite.l to lhc sunl lbr the tirree barangays
as there lvas no data available lbr each barangay. The majority of the inhabitants of
[-onoc Island spoke Surigaonon (6.+.9%). follo$ed b1 Cebua0o (24.4%). Most of
these \\ere liom Baranga,! Noroc. $hich sas the original baralqav ofthe island. This
is understandable since Surigao Cily is jusl fotr hours arvav from Cebu and Samar,
both of \vhich are Cebuano- speaking provinces. Also. most of rhe families who
migrated to the islaDd \rhcn Philnico started the mining operations came from these
ne.rby provinces (Tablc 3.93, EIS).

-lhc N{ajorirv of thc inhabitaDts ol \onoc lsland and its neighboring islimds speak
Surigaonon (61.99';). lbllo\\cd b\ (cbueno (2,1.,19lo) i\lost of thesc a.e from
Brran3rv Nonoc. rrhich is the original bl|lnuar ofthe isllnd. fhis is understandable
sincc Surigllo Cil) is iun lbLrr hou|s a\ar lionr Cebu ancl Sanriir. both olrrtich are
Cebuano- speal<ing plorrnces. Also. ntosl oflhe l'amilics rrlto ntigrated 10 the island
rrlrrn Phiinico started the urining operations conte ftorn thcse neilrbl prorinces.

lhelc is;ru reportcd NlantanNa, ihc lrit,al group originalll inhabitin.l the cit] and its
islund barrngavs. still liring on tlre isllnd. As of 199(r (OItice of the Sourhern
Cultural Miuo|itics, Surigto Cil)). lhe only remaining lrlanranwa live on Mat-l and
nunrbers only 59.

162“ Populrtioni Ilcligious .{flili:r(ion

B.sed on Tnt,lc l.9l oflhe ElS. ntjorn! ofrhc rcspondenrs in bolh survrls was Ronrrn Carhotic
(60.6%). 'lhe resr was Aglipay (12.:9r). UCCp nrembers (j.59") and orher religious organizarion
(l29lo).
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4.6.-1 fI6u5ing

4,6.3.1 Housing Structure

No data was available on the housing structures for rhe barangavs. ln lieu of this, the
data for the Surigao City is presented. Of the 18,681 houseirold families living in
Surigao City in 1990, 18,000 families or 96.34% occupied lheir own housing unit.
The resl lived with their first-degree families and relatives.

N4osl of tlre houses were of the single detached type (92.04%). The r€st lived in
duplcx units (,1.5'%). mulli-unit residerrtial (3.2%). commercial/induslrial/agriculrural
(0.I l%), institulional li\ing quarters (0.0696). and orher housing unirs (0.06%).

The ratio ofhouseholds to occupied housing unils indicaled rhirl for each housing unir
only one family resides. 'l-he ratio of household poprlation ro occupied housitlg unirs
conlirmcd ihe earlier dala that the popLllatioD density for the island was low.

Philnico had its own housing units inside the refinery for its permanent employees.
l he proponent has providcd 143 housing units thal can house a total of J76 families
and 816 employees on bachelor status- Those occupying managerial positions were
provided with single-detached concrete bunBalows \\'ith three bedrooms while those
in lorver supervisory positions li\e in nlorc sinple drvelling qulners. Nlany houses,
which had been vacated after the shurdown. are in a state of disrepair after being
damaged by strong typhoons.

1 63 2 llousing Ilrtcrill\

Bascd on Table 3.94 (ElS), Gl roofand concrete rvas the housing materials used by al
lcasl i6-34% of the respondents 1() the sulveys. 15.5970 used GI roof and wood uhile
26.06% used nipa and wood. The majority of the rcspondenls from Barangay
Cantiasay uscd nipa and wood (5,1.05%). For dle majorit). of rhe respondents of
llarangay Nonoc. tltcy used both nipa ancl CI roof and wood. lior the majority ofthe
respo d€nts coming tiont Baranga)- l alisry. C I roof and conccrete and lvood were the
housing nraterials used. This was so because rhe hoLlsing unirs of Philnico can be
found in Baran.eay Talisay.

J.6.{ S{nitntion

{.6.4.1 Watcr

Bascci on Tlble 1.96 (EIS)- the majorilt ot'llrlilies in Baraneay Cantiasay get their
Nrter tiour dug \rells (40.6%), deep rrcll (35.,{%) alrd spring (40.09/0). For Barangay
Nonoc. rhe majority gels their !\ater ll.om dug \\ells (79.jo,,o). springs (50.0%) and
dcep \ells (50.0%). For Barangal Talisay. the majorit) hns a warer line connection
1() the conrpan\ thtl supplies them \virlt \\'ater at least ever\, olher day. Fanrilies
wiihout \vater line connection get rvater from dug rvells (74.8%) ard water pumps
{21.9%).



―■
■
目
・、日
・
暉
・
ば

・
ぼ

・
口
・
口
・
口

・
口
・
口
・
目
・耐

・
口

・
口

・ｄ

・耐

・口

・＝

・ぱ

■
『

V V

4.6.5.2 Lighting Materials

Kerosene is the lighting material used b1 majorirl of the respondents (170
respondco6 or 42-6'%). There is no elecrrical connection in the three barangays.
Barangay Cairtiasay uses only kerosene atrd battery for lighting_ The electricity used
by Barangays Nonoc and Talisay comes from the generator set owned by the
barangay oflicials (Tablc 3.101, EIS).

4.6.6 Livelihood and lncomc

4.6.6.1 Sourccs of Livelihood

1'hc majority of lhc rcspondenrs in the 1997 and the 1993 suwel were employed by
plivate organizations (146 respondeots or 36.6%). Fishing is the source of Ii.r.elihood
ol 70 rcspondents (17.5%) A good nultlber of respondenrs in the 1998 survey are
cnrployee of Philnico (49 rcspondenls or 25.3%). Thc oocupations lisred in Others,'
include lish vendor', driver, midwilc. barangay captain, and pensionado. Those who
did not 3ive any ans\rer (6.11%) are presumably jobless. The nickel mining and
refinery operations still constitute dre major means of employment on the island
(TI'ble 3.102, EIS).

After the shutdown of thc refinery in 1992. sonre n]embers of the cofimunity have
bcgun to work in thc city or elsewhcre including orerseas, while their families have
rcn)aincd in Nonoc Island. They reported dlat fie shutdown ol'lhc refinerv operalicns
has resulted in rrcrnendous loss of incontc on their parr. Majoriry (57.26%) of the
r.'spotdpnrs has srated that a membcr oi their famil] had u.orked rvith the former
N'lalinduque N,lines in various capacitjes as laborers or supervisors. Ir4any are u,aiting
for operations to resumc to enable them to get jobs or make use of other income

Bc'nerating opportunities. This is especiall) true of many residents from Talisay
(relinery site) and Caniiasay. While there are considerable number of fonner
lllarinduque employees in Baranuay Nonoc. il is least dependent on the refinery,
rrheD cornpared to thc other t\\o baranga)'s. i\lan\ residents have thrived on
subsislcnce fishing and the people hr\,c reported that their a\,erage catch amounts 10

1'j50 a drr. 'lhe rcspondents idenrilied lhc lhree main occupations in the isla[d as
lbllorvs: tishing. private entployment and busiDess.

As tlre land is not suitable lbr agricLtlturc. subsistence lirruing is a popular activtt)
irnong tlte rcsiclcnts and thc\ pbnl rc{ctablcs. rootcrops. Iiuits. ?j/-ryrrl and herbal
nredicine. Sonte raise l'arn auimals srrch as the goat. chicken and corv.

{.6.6,2 Estimatcd l\lonlh11' Incomc

l-he lnajority ofthe respondents has been rcceiring a rronthly income betrveen 1,000
lo 3.000 Pesos (201 respondenls). This is below the po\erly level 0f6,000 pesos fbr a
lural l'aulil)'. A lotal of l0l respondenrs have been rcceiving j,O0l to 6,000 pesos
\\hile 4.+ respondenls have been receiving between lj.OoO pesos and above (T{ble
1.r03, Els).



Ｆ

目^

・ぼ

・口
・口

・ぼ

・口

・口

・ｄ

・＝

・■

・口

・口

・口

・口

・＝

・＝

・Ｈ

腱
Ｅ
Ｆ

・顧

ー V

,1.6.7 FishingOperations

Each ofthe 510 respondents in the lwo sUrveys that havc been conducted uses fishing
tools associated with subsislence fishing. 224 or 4'1.5% are using lambat. 132 fisheE
ot 24.9Vo arc using arrow and 92 fishers or 17.357o are using hshpen (Table 3.104,
EIS).

5.0 DESCRIPTION OF EXPLORATION WORK

5.1 Dcscription of Exploration Merhod(s) and equipment to be used

5.1.1 CcologicalMapping

Exploration in the MPSA area involves nttpping of lateritc areas and identification of
rock types as lvcll as to check previous \rorkings test pirs. Brunton conrpass, 50-m
tape, sanlple pick and other geologist's tools will be used in mapping.

5.1.2 Geophysical Methods

No plan for geophysicrl exploralion uorks will be applied sincc drillinS and test
pitting are tlte suired mclhods in identifying lhe nickel mineralizalion.

5.1.3 GeochemicalMethods

1-he geochemical methods applied in nickel larerite exploration uill include sampling
on 50-meler grid in-fill drilling and 100-rnerer grid drilline. Samplint will be done per
meter oflhe drill core aud channel sanpling will also be done on test pits.

With the assa) results of the abole sanples. geochemical maps rvill be produced
through computers.

5.1.{ Drilling Method

'I-hrce (3) Urrits Yoshida Bo|ing machinc ( \'BM ) drill rigs, using diarlond and
tungstcn ca|bide bis rvirh core dianretc| ol f inches . Nill bc urilizcd to drrll dorvn ro
the bcdrock 'lhe YB\l drill is li,thl \eishl and easr lo lrinsporr c\..n ol a highlr
rus{ed lerraln requirinc snlilll litlnt trxclors to n]obilize ihe rig on the ntosl remole
Ior:r'.ols Al,plurirrnl(l) 750 h,,l(5 itrc >(.lt(J.rlrd ro be drrlled ir YllM dlll.
(lel'er to aruchment "A" for the details).

Constnrctionoflinlitedaccessroadforthedrillsisnecesscryforeasyntaneuverabiltyoffann
traclorc pulling the rig in nrost difficult terrairr.

515 Tr● Pitting

Tc、 t pittil,s ll,'  `1!11 、、111 Ьc tlndclt(lke1l iぅ  the stratcsic drill sitcs  Tlle
obJeclvc ci tcsi pitlng is t0 0btain bulk sanlPに Sb,Channcl sainpling at

prinlar,

cヽ cry l

0(,
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meter inlerval for density measuremenl. nroisture content and metal analysis.
Mapping of the test pirs is also conducted to delineate the contacts of the limonite-
transition and saprolite zones and the bediock.

5.1.6 Others

The conslruction of limited access road for the easy an<J efficient mobilization and
transfer of the drills fronl the dilterenr clrill sites is necessary particularly along
difficult and remote drill hole locarion during the two-year explor;tion period.

5.2 Preliminary processingof samplcs

ln YBN4 drilling.core logging will be conducted by samplers \\,.ith supervision of
geologists and/or mining engineers. The data includes material typ; (limonite,
transition or saprclile). material color, corc rccovery al1d other intportant iniormanon
regarding rhe san)ples Channel sanrplcs lron) test pirs will be analyze(l for densiry
nreasurement, nretal and moisture contenl analysis. The drill core and channel
samples collected in the field will be placcd in labeled plaslic bags, recorded and
submitted lo Phrlnico laborarory for analysis

Ilap sho\ing lhc locxtion of thc proposcd \yor-k arcfl in rclxti0n to rcadilv
identificd grorrllphic and cnriroIm(nrlll fcatur(.s {refcr to Fiqure 5.1 & 5.2)

Estim.rtcd crplorltion costs

ー V

The estimared cost lbr the lwo-)ear e\ploration period is aboul p g.l57.913.g5 or USS
167.153.68 at a forex rare ofUSS I = P 50.
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lDENTIFiCAT10N OF POTEヽTIAL ENVIRON卜 IENTAL EFFECTS

On Land

6.1.1 Impacrs ol-explorarion drilling are qualirarivel). rared verl. low. yBM drill
ri{s !\ill be used in the exploration drilling and lhese $.ill require rhe construction of
lirnited access roads for urobilization and transferring ol drili rigs from the different
drilling sites.

6.1.2 lnrpacts on changes of land fornrs dUe to test pitring and inslallation of
canlpsites are rated ver!. low. Digging ol t.st pirs rvill bi rest;cted only at two (2)
lest pils pcr erplorarioll sites or a totr\l ol lbur (.{) tesr pirs lbr rhe whole 2-1-'ear
c\ploration_perio(1. Like\!ise. no pcl.ritrncnl and concrete struclures for exploration
camps wili be erected. The exploration canlps will be temporary in narure and made
oftents and canvass.

and excavation of tesr pits rvill be
rurinirnal.

ヽo
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On Hydrology and Wat€r Qu^litv62

6.2.1 lhe arcas slbjeclcd to e\plontion are laterite fonnation and underlain bv an
ullrabasic rock. It is expecled that no potential generation ofacid mine drainage.

6.2.2 Sillation and pollution of surface watcrs due to surface run-off. erosion and
dusl are rated very lorv. 'lhis project considers no major excavalions to be
unde(aken. This entails limired excavarions such as digging oftwo(2) test pits (lm x
lm) per exploration siles.

6.2.3 tlard drilling u.ill rcsult to increasc ofwater consumption for the yBM clrilling
opemtion. Water for the drilling operatiorls will be sourced lrom the creek. An
average of 900 lilday of water will be required lbr the rhree (j) yBM drills. This
inrpact will be considered low to moderate depending on the exrent of drilling in the
hard ground formation.

6.3 On thc Bcologt.,

Thc effecls on ecos),stcms are rated !er! lo\ Campsite preparation. erploration
drilling and test pitting \ould entail nrininial production of small panicles of soil that
may eventuall\' find its lva) into the nearb). creeks. -[hc 

expected noise sources
duling the 2-Yr. Exploration Propram are the dlilling equipmeDt operations. The
projcct will nor resull to drastic chanscs in rhe ethnic composition of the population
no matler whcre they 8er rhe workers. This is due to the fact thar most ofrhe residents
ofthe communities are also migrant to the islands.

Surigao City has iclcntificd rhe derelopmenl of mincral resour.ccs as a major
development prospecl for d1e cily sincc thev havc comparative advantaue in nlineral
d.posits.'fhe PNPI'S Explorarion pro1ect $ill llelp realize rhis derelopment goal, as
the rcsui.lrtion of rhe 2-Yr. Explorarion drilling operalions rvill create job
opportunities to Nonoc and its neighboring Islands

6.{ On Socio-Economic Elfccts

70  ENVHRON:Ⅵ ENTAl′ lЧ ANACI]ヽlEヽT IVIEASt RFS

7.1 Restoralion ofdrilling sires is mininral aud this is closel).ir)regrated with the
duratior of the drillillg operations. lf ancl rrhcn applicable. re\egelation of the
disturbcd drilling, access roads and test pil sites Nill be undenaken to prevent possible
eroslon.

7.2 All corc samples \\ill be bloLrght to I,hiluico laboralory ibr analvsis rvirh
duplicatcs 1o be storcd in PNPI Samplc,Corchousc ar No oc lslarrd for iirrure use.
Erca\ated samples fronl test pits will be pr.operly enclosed with CI sheels or canvass.
lhcsc sanlples will bc preserved and, if and when necessary, will be brought and
slored at Nonoc for future use.
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73  1n this exp10ration wOrk prOgram,limitcd acccss rOad wi1l bc cOnstructcd

74  No tOxic chcmicals and hazardOus matcrials tO bc handlcd during thc prOJcct

7 5 Thcrc wHl be nO m10r accommodalon Or othcr ccOnomic acavnics in thc arca

during thc prOJect

76  Habitat oF nora and Fauna win nOt bc advcrscly affcctcd during thc prOject

77  Hiring O「 、、Orkers iム in bc thru barangay cOOpcratives   PNP1 0frlcials have
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Thc Environ[ncntal Mallagcnlcnt Plan is prcscntcd inヽ
4atrix 7 1

8.0 NA]\TE AND SIC\ATURE OF PERSONS PREPAIIING 'TTIE EWP

,r,4 . /
vrctfiGN{l.Nu*r.z
PPC / PNPI OIC Plantsire and Minesire
Ilegistered Mining Engineer
PRC License NO. l2l6
PTR No. 0513526X
Date oflssuer 1 l3 - 02
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MATRIX 71-ENVIRONヽ lENTAL

V

MANACEIⅥENT PLAN

lncrease ln
entplovnlenl
oppottunities

hiring ollocal
skilled and non-
skilled rvorkers by
the btrangay coop
are git en priority

ïrllccted areils.
rcstoration of sLtrface
lo its appropriatc

P9878
milliOn
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Project Aclivilics

Establishmenr of
grid lines &
layout of
boreholes

( anrpslle
preparation

「 51ヌ[藪えらπll17「。「

lmpact
Description Per

Parameter

Mitigation/Enhancc
ment plan

COSt(PhP) Schcdulc

local loss ol
vegetati\'e covcr

local loss ol'
vegetative co!c

雖

mlnlmize cuting o1'
!rces, avoid
uprooting oftrees
and r€vegelating the
aflected arcas if and
when neces!ary

P  5000 bcrOrc
and

during

opcratiOn

lcvegetalino Iltc
aftected arear

P   2,Ooo before
and
during
op€ration

ＣＣａ^ｕｒ
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¨
ｍ
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P  l,000 dltr]ng
operat10n

during

opcrat:On

during

opcrat10n

4 0 Survcy,drilling

and tcst pitting

local ponding &
erosion oI
slockpiles

increase in
accidents/healrh
hazards

provisions oftesl pit
cover, peripheral
drainage canal and
sample encloslres

ptovision oI satet)
gadgets and free
medicalsupplies for
all workers

P  5000

P164,00o
P  92,00o

P50000 During
and afler
operation

configuration

|
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2 YEAR EXPLORAT10N WORK PROGRAM
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Figure 2-2
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CONsIDERAT10NS:
l D「 |l holes are selecled based on lopOgrapy(llat tO mOderate slopes)

2 Ave「age 20 meter′ d「i"hole
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Republic of rlle l'hilippnles
Deparlmentof En!ironn)en!andNatural Resources

MINES AND GEOSCIENCES BUREAU
Norlh Avenue, Dilirnan, Quezon City

f, XPLORATION WORK PROGRAM

1.0 Nrme and Addrcss ofCompany/Propon€nt

l'rcific Nickrl Philifpines. lnc.
ll'r' FIoor, N4anrlr Bdnk Buildrns
6?72 Ayala Avenue
N{akari Cjty

2.0 l,ocalior of Projecl

'l'hc MPSA area applied lor covers lhe whole ofNonoc lsland, Awasan lsland, Hanigad lsland and

rhe South Dinagar lrland The table belo\v shows lhe geographical coordi ales ofrhe teremenr

Aて EA l ATlTUDE 1 0NG「 It'I)に

Nonoc lsland, Hanigad

lsland

Bounded by
90 48' 37" ro
90 55'oo"

250 34' 25" lo
25o 42' 24"

South Dinaqar Porol I 10" 04. 51 76. 41. 2660'
POin1 2 ,・ Sl' 5789 ' 42' 0t 06"
Poinr 3 9" 53' 0787 . 25'38', 28.56"
Point 4 I' 56' 2561 ' 37  3686'
n ) 90 59' t9.75" 25" 37', J6 86"
n 6 9' 59' 1975'' 37 ()25S'.

Po ‖ 7 10・ 06' 2469｀ 15" 37' 0255''

Po 111 8 loo 06' 24 69' 40' 3081''

30

Nonoc Island is located approximately 15 km nonhea$ of Surigao City, and is s€pamtei &om
mainland Mindanao by the Hinatuan passage. Danagal lsland is localed nonh ofNonoc, Awasa,
lsland lo dr€ no(h and llaniSad lsland lo lhe norlhwest.

Area or size olcoverag€

The MPSA covers 25,000 hectares. The lwo'year €xleosioD for exploration will cover Area - B
Soulh Dinagal and Area - C Soulh DinaSar and ponions ofParcel ll are3 .
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1.0 lTojc(l .\rcn D$cril)lioI

.t.t Tqrain/l,tr)siogrrptr).

't he nonhern parr ofrtre renene
$rrh so,ne 0rr pon,ons on ,., .j'.1':l ll 't'1"'"""d b) rnuderJr( ro russed ro
rrre hitshe, erevarion is o0o ;.1'^llll 

Ili|: s^' 
" 'r'' ':'ii;;;;;"'; ;:';:"1'I""3Tj,T.

i',i,,",r" *i, 
"i,r,.',*,, ,i,illi lll'l' '' 

p"" 
"rNw-sE rrerrirrni I'dic' N'rarurri\ersunroirrxr8 rls $arers ru rtrc pacrfic yJe -

A\yasar and l|anigad tslands h

l;:i::;..l:;";;sfll.it,:d,[r",, j]"fi[!i- r.T ].:hil,:i:t;.:r;;:,j\r
rr:,,. rr-i!"?iil,i*,.i;:aJ::'^::-'"''"r1:'sarr rs abour i60m whrre Hanisad is
,;as-' 0"'ri'.-i."J..,,':;:,:::lli"" Idndru nsr Norrocj'rdndsu'recrdssinedas

r'r.i,'a 
",4 ",1*.,i i",ir,'i,,,,11","::'l'^ ard enrbJ)rnenrs Nonoc rlrand Asasan

t 1 rhe c.,to. ctrrnnet " "_ial lsland 
'eem lr be Pnrlr of a rrgrdq Puzrle separdred

t_2 {ccrssjbitity

Surigao City, \\trjch is rhe nra
r(r.J,<J xorn Mrnit! b) boJl vr*!1,(onrrrru(ri 

dr'ln(l rrc'r rle prolt'r arun. can be

Nu oc tstdrJ.,, u.,;..r"i.1,,,,,.rfl0r 
a,rJ prtJrr du.rari rronr sualao(jr).

arrsrrip ar rhe I'r;,;;;;";,,;1..1.',Ill 
oBnarr boJls An alcredrred an'i igisrerea

oi,"gi, e'"*", 
""a 

u""iililll:"ll' 
p",""" or 

'harrcrer arrcrah Nonh and Sourh

L,,i;;;;;;;';;;:ffiJ:il','ffI [."ff:JJ".,:] 
,ur] ur..a,r boa s ,,aniead

.1..1 DranrageS).stcnrs

the narurat drainage sysrems in
ror rhe shon crccks rogern".,",,n'l:i:,':1.':':"0:'rc 

\lrJrd(r(nred by rnrernnrtrnr flou

"'a tv r"" t,, p"i"n"i,i';i;;;;l.il':!'11''' Io s('ep crctrs wirh smarr carchmed areas

nrode,aresrad,enrsll.,-**.'fi"l'""'tvtir-g€cdrLhrnenBdrainedbv(,.ekswi!h
r,'", ,,'.."",*ii 

',,,i li.r,.l']J":'-: 'n':'"* "r 'he 
rocrs nrdlins up th" corcirmenr

groundwarer occu'cnces a." ii,,,i,:l'll'l "',9':'"j*arer noratse Acco;dinglv. reponed
rraversjng rhe peridorire mu.. ur, ;io 

lu "'"tt olt't'orsc sprincs enranarinq ft-n- r'actures
hL bour,ddry bcr$eell o!gburJen and rie peridoue.

-I.lre 
bjg rivcr sysrenrs are localed

K,ler s)srem, \lhcre Nono" ,.,",u 11.)l:ll 9l"tultnonl or MPSA), one is rhe sabang
,,r,."", *,,,,"iir. s,r"l';;J :",' '1" 'i:i " :'ppr) rhe 

'.orrrparv aod rnLrudins ne

""'* uq,r'", 
'i',1,' ;" ir" ir]iiJ,l""'l:'"'"9 

o"nr'rn' prpcrrrre ro Nonoc rsrdrrd rhe

'rnrrlcr "1srcrrrr.,rr n..,",,, ,,;.i, "n'li 'ti." 'o(drcd 
nuflir of sabdns' Ar Nunuc lslaxd,

(,(([. .rs t,rc l)uy rrr,Ir Crcch. Iinago Creel, dnd Lr,l,rwon

11

絆 :淵 ICに
よS acPresm a AЧ wnttd Hat“ Ыm“ 川 .e nOMng mdd“

Land use

li]111fi:llilt躍 illi∫1lliliF:∫

!07::llil『

int乱鶯脱f°11lR:11ま

相論議[d錦職般凛鑑:Tll]∫::1lF辮:雷t論[d認躙盤
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cooslirure 9.2 percenr
South Drn gnt is ljned

of Dutsfl Irhr(l's ,rrer
b) e\tcn\i\:c Ir.rrgnr!es,

V

clよlぶ援lじ 1、lξ:認」檀姜ld

Dcs.ril)lion ot [\t,lor{tion Progrnnr

5.1 Rese rch Work

5.1.1 Sur\ ey of Pre\ ioxt \\i)r ti/r on ltr.Area

● Irrevious exploraliofi \rorks ard srudies r!fihr,r lhe Surisao Mineral
Reservariojl-begdn L lhe 1,,{0's up ro t960.s by rl,e phrtippi;e Bureau ofMrncs (PBM) JrJ rtrc U ired Srares.txr(,,raliou;t Cooperlion
Adnrioisrarion (US-lCA).

A 1958 repon on drc -[e-Ni,Co Resources of Noooc, Awasan, & Sourh.rrr
Dinagar lslands in pJ.cel of rhe Surisao Uin"rat nesenarion, Surilao,
Mindanao" \'as n de by w S.wrighr, US-tCA and L.Santos,vnigo, eiat.,
PBM.

The "Grology and Ceochcmisrry of lhe Niclctitirous Lareriles of Nonoc
Jnd Adjdcenr Lld .l,. SLrflj,,o province. ptrrtrj,p[,.s, ,ra! a redarlh nrdde
b) L Sdnlos-Ynilo dld I B Esguena ot pBM , trot.

[4drnduque Nrn rg Jr,l ftrd ,rriJt ( vrpurr oll tJuMj(). shr.h srs .r
dorneyrc mrnrns.lrporariull hdd enl(reJ i tu J r. ro,andum ofagreemeot
(MOA) with the g ernmenr on July 3, DOS ro e:iptore, developl exptoii,
utjliz€ and process rhe nickel ores wirhin rhe t,aicet I of fi; S;isa;
MineralReseRaiion

b

5.1.1-l Na(ure or Trfe ot St{dy or Undcr r{lting

a ln Octob€r l9jl, rhe PBN.I in cooperalio wnh US-ICA onderlook a
projecr to dulernxre rhe aDou t, grrde, and amEnability to
eronon L prJ(es5 r3 ot rhe nh ket-trox rr,unus rn a rep,.seurorire
pd.r ofSulgJo Mrneral R(se^Jlroll (SN,lRr. lhe rncenrive for ure
inveirigafiol) ot'llxs tJterilic areJ uJs roused by rhe succesrt.ul
e\plo dlio of nuarly rdenri.dl d(posrls in Cubd and N(rv
Caledolia, drJ b) rhe *ortd rhorrJge ul r)i(k(t rhJr e \rcJ Jr rtut
lime.

'lhe explonrlion ofrle oickel deposils ir llle islands includes tcst
piIi0Band augcr drillirg ntainrairrrd ar l00lr x l00m grid intcrval.

11. MMtCtad condLrcted resl pitriflg on a l00nr x l00m grid wirhin lhe
Parc€l ofrtlc SMR and conducled detailed drillinglxptomrion ar
25m x 25m in Nonoc tslaod prior to rnnring in I9?:L

5.1.1.2 Duration

The e\plorarion and resen,ch srudE! IrJJe b, pBM & US.|CA of
rhe pan of Surigdo Mrneral Res(rvarion (parcel lt) tlas (oirducted
in Ocrober l9t I lo Dccemb€r l9i7

b 14MIC condu.rc,l J(r,it(d subsurtu!e (\ptorJrion rn p,rrcet II uflhe
5MR ir l0o9 dnLl l97U pldnr operJrions srdn(d in 197J. Nonoc
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MiriDg & ltrdrlsrrial Corporalion (NMIC) which $as formed by
Developorenl Bt{rk of e Philippires (l)RP) & Philippiie Nalional
Bank (PNB) ancr forcclosins oo MN'llC ir) 1984 rook ovrr
managernenr of lltc n)itrnrg and rtfiDery operalion in Seplenrbcr of
rhar )eir. ln lr)86. rlere \!Js a nuss aclior oflhe enployees due to
rhe dela).d salaries.$hich forced rhe sluldorln up to the presenl.

5.1.1..1 Coverage

a. The smdy by PBlvl and USICA of lhe P rcel ll of the Surigao
Mineral Reseryarion incl'rded ,1500 hectares oi land which is

blanlered by l.l8 meters ofNi-bearing ferrugirous laterile. Test
pitling and auger drilling al lo0rneter interval was done over 2500-
hectar€ poflion of lhis area, €nrbracing lhe lalernes of Nonoc,
A$asan and Soulhern Dinagat lslands

b. Mlvllc covered Noooc lsland and conrpleled les pils in Awasan,
llanigad ard parl ofNorrh Dinagnr lslands.

5.1.1.,1 Proponrnl

a. Philippine Bureau of Mines alld L]nitrd Stales lnlenutio0al
Cooperarior Adnrinistralion.

b MarirrduqLre N,linirg and lndusr.iai Coryor.rtior.

5.1.1.5 ltesulls or Conclusiofls Arrir'ed At

a. Nonoc lsland was selecred as a desirabl€ ficld of invesligalion by
PBM &US-ICA for rhe reason thar it $as coNrdered a definile
laternic area large enough lo afford suflicienl ore for a long-lerm
minins opemrron in rhe elenr profirabie €xplonarion should be

indicared, ard assurning also lhai the negolialions for developmenl

could be consullnnaled.

With thc favorablc results of the Nonoc ficld invesliEation aDd

preliurirary nr€tallLrrgjcal lesrs , il was decided lo exlend the

pro.iect to irclude lhe lalerile area in Soolherr Dinagat Island a0d

Awa5an Island.

b. The delaiied subsuriace explorrtion of MMIC had delincaled

several nickel ore bodies ir Nonoc lsland a d dre nickel plarl
operarion naned l97l to 1986

5.1.2 DataCompilation/Collatiod

5.1.2.1 CeochemicaUGeoplysitrl Dal,

The available geochcmical/assay data were bas€d on th€ test pils and

drillholes made by MMIC.

No geophyticaldara as available for rhe applied MPSA area.
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5.1.2.2 Lilhological Dala

Ihe available lilhologicrl/geological dala used by Mi\4lClNonoc
Mining & Indusrriil Corporation (NMIC) was rlut offie one produced
by rhe Bureau of Mitres. D.tailed lrappiog and checking of dre
lithology \ill srill. bc conducted du.ing rhe lJear e\l.nsion of
erploration pro_qrrnr

5.1.2..1 ioeralizalion/AIlr|alior Sludics

'lhe data on rhe chenisrD, and nrioeralogy (panicularly XRD analysjs)
of coorposne sadrples \rere garrered lrolr South Dioagat and part of
Nonoc. Ho$ev!r, no derailed petrographic aud ore
rricroscupi.tnineragrnphic studies was conducted b) rhe conrpany in
rhe area e\ccpr rhose oflhe Bureiu ofMines

5.1.2.1 Vniious Themalic M,rps coreritrg lhe T.rrgcl Area

Land use map

Ceomoryhologic fcalurcs
Hydrog€ologic nrap
Siope map
Predicted Erorion nnp
Ilislorical tsunanri evenrs

5.1.2.5 Esrimated Con

The cost for conducring laboratory analyses (petrogmphic and
Irineragraphic) lir 30 sarl)ples will be about P 10,000.00.

llcconnai15!fl cc/Resioral Surre! or Sludies

Reconnaissance nupping \rillbe conducled an Soulh Dinagar aod ponions ofl'arcel- ll .

Since linrired infonnaiion on Ih€ miD€rauzalion rs available t|ithin rhis area, a

rccomaissance n)apping and saurpling will be conduct€d lo define the e.oorrnic

Scmi-dehiled Surley or Follorr-Ur Sludics

Ritshr afier rhc reconnaissancc survcy is conducled, wiren porenlial nrineraljzation is
ideltificd, a lollo\v upsurveysillbc Lrodcrlakco. 

-lhis irrludcs a1001nlo50nr. grid
drillirg.

Top(,graphic Surrcy

5.1.1 Covcrage

Tlre survcy will coler Sourh Dinagdt areas and po(ions of Parcel - ll.

5.1,1 Scalc ard coolonr inlerr !ls

The scale oflhe maps lhat willbc produced is l:5,000 and wilh contour irlerval
of 5 ll)elcrs.
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5.{.2 Manporrr'cotr,plrmcnls

Matrposer \vill be pro\idcd b) l,NPt sune) reunr

S.1.3 Oulput

Tidal conrpurariols, l.yeling con)puhtions and nr ps \!iih CD ROM.

5.5 Deuiled Surrcy

Th€ in,fill drillirg ol 50tr) x 50rr ar)d 100 or. x I00u grid surlcy $i be cooducted in
Area B Soudr Dimgar and Area - E, Sourh Dinagiu respecriv.ty where pol:nrial
econorric ntiDeralizalioo \\.n already ide tilied by previoLrs test pilri g progran).

5.5.1 Subsurfacelnr'€stigaliotr

5.5.1.1 Drillitrg and Trst l,i n'g

5.5.l.l.l T] p(

I)rillirg by Yoshida Boring MachI)e ( ytlM ) wirh diamond
aod rur)gslcn carbide birs with a corc dirnrerer of2 inches wjl
b. used doring lhis detailed nage.

Tesr piuilg will be conducred in setecled drilt starions. The
objectn.e lbr rhe ren pi! is lo gel rhe butk densiry/moisrure
conlent pcr cllbic nleter aside arou getri g irs assay yalues

through channelsa ples Mappirg ofdre ten pir is imponant
irr gelrilrg rhe cofiposilion of the underlying latelte materials
as $ell as to gel rhe rrue conracls of lhe lirnonite, rlaxsirion
and raprolit! zones and rhe bedrock.

S.5.1.1.2 Nrmhcr aod dcpth (Allach erl .,A,,)

5.5.1.1.1 [sln ntcd rrmber ofsrtrrtlcs (Atractrurcnr .,A,,)

5.5.1.1.1 Morrc o t rnn lysis/la rget ele ents

Atomic Absorplion Specrrophotonretry (AAS)
tilcnrcnrs: Ni, Co, te, Mg

5.5.1.1.5 Cosb (All chor(lrt "B")

5.5.1.2 Tunnclillg 0r Aditting

Not applicable

6 Iolrl Erploratiotr Co!l (A(n.l'nrrnl ..4,)

7 Scherlulc of Acrivities (A(achmc'rt ..C,,)
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Toposraphic map showins cxptoratioD are;s

Signalure ofpro{,onerror pcrson preparilS thc cxptor.rior rvork progran,! ptease speci6,I,RC
Liccnse and P llt numbers.

:'I'C′ PNP1 01C I】 ai“ site and Mincsite
Registeredヽイinil13 Engi:]eer

PRC No:    1216
PTR NO    o513526X
Daic lssucd l l-18‐ 02
1'lace issued i Suri3oO City
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2 YEAR EXPLORAT10N WORK PROGRAM
South Dinagat Area

(No of D1l Holes and Depth)

Exploration No of

unlt6 Classllicataon
Drin

interval

Ta「 let
Or‖ I Holes

Ta.get No of
6am ples Drillinq

Prolect“

Com pletionActiv ty

AOv′ day′ unt (Months,

South Dinagal Resource L

Area‐ E  I  YBM Dd“ ing  1  3 1 1nd cated 1 300 1∞ m xl∞ m1 250 1501り咀 50,000J Q,0り ,t9ヽ 1  3
South Dinagal Resource

|

TOTAL 3 ス60  1         1  750 60,05口 60.000          24

CONSIDERATIONS:
1. Drill holes are selec,ted based on topograpy ( flat to moderate slopes )
2. Average 20 meter / drill hole
3. Hectarage based on 0.9 o; Ni cut off

ATTACHMENT'.A..

′
―
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2 YEAR EXPLORAT10N 8UDGET

V

ATTACHMENT"BⅢ
Parcel‐ l‖North Oinagat Mining Area-

COST CENTERS Year - 1 Year -2 TOTAL

A DR!LLlNG OPERAT10N
1. Salaries and wages Area‐ B and E,

I 1 Basic Sala.ies South Dinaqat 123756000 1237.56000 247512000
1 2 0 rectヽVaqe Retated Costs 222761 00 22276100 44552200

1 3 13th l.lonth Pay 10013000 10313000 20026000
S ub― Total 166146100 1.503,45100 3,126.90200

2. Materials and Supplies
2 1 Fueland Lubr,cants 92233100 92233100 1,34466200

2 2 Supplies and Mateaals / Medicines 12964800 96.69800 2263460C

2 3 orillinq Equipmenl Maantenance parls 18000000 180,00000 3600000C

Sub‐ Total 1,231,97900 1.199,02900 2431.00000

3, Services
3 1 Assayino Charqes 84240000 34240000 163400000
3 2 Transpod and Iravel (stafi ) 10000000 10000000 20000000

3 0 Bullozer ttcess R∞ d Ploting cost 8000000 80,00000 16000000
Sub― TOtal 1,022,40000 1,022,40000 2,044,80000

4 Totai 3,317.83000 3,734,00000 7602.71000

Add: '10% Continqency 381.73300 370,43800 760,7100

Total PhP 419961000 4.163,36800 336298100
Total uSD(luSD=50 Php) 83,99226 03,26736 167,25962
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