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TERRAIN DIAGRAM 
1 IB0 1 ?90 

PALAWAN PROVINCE (I? I.) 
L 

GALAMIAN GROUP 

Terrain diagram drawn on map base U.S.C. & G.S. 
Charts 4716 and 47l4 reduced t o  1:850,000. 
Details added from U.S. Coast P i lo t  of the 
Philippine Islands, Part  11; U.S.C. & G.S. 
Charts 4315, 4316, 4317, 4319, 4321, 4323, 4324, 
4325, 4346, and 4349 photographs; sketches; 
and published descriptions. Altitudes i n  f ee t  
above sea level. 



PALAWAN PROVINCE (P I-) 
A. Introduction: Palawan Province, one of t he  l e a s t  

known and l e a s t  populated pa r t s  of the  Phil ippine 
Islands, comprises 1,169 i s lands  with a t o t a l  land 
area  of 5,693 square miles . The elongate and mountain- 
ous Palawan Island, l a r g e s t  of the  group (4,550 square 
miles)  trends northeast  and separates t h e  Sulu Sea 
from t h e  South China Sea between the  i s lands  of Borneo 
and Mindoro. Small i s land groups l i e  a t  e i t h e r  end of  
Palawan and t o  t h e  ea s t .  Because of the  lack of 
mineral resources (except for  the  manganese deposits  
on Busuanga ~ s l a n d ) ,  t h e  l ack  of extensive areas  
su i tab le  f o r  cul t ivat ion,  and t he  re la t ive  i so l a t i on  
from large commercial centers,  Palawan Province is 
r e l a t i ve ly  unknown and undeveloped. 

B, Terrain: 

Palawan Island: Mountainous Palawan Island has 
discontinuous coasta l  lowlands seldom over .two o r  
th ree  miles wide. These a r e  most extensive on t he  
ea s t  coast  south of Puerto Princesa and in the  
Cape Buliluyan area. a t  t h e  southern t i p  of the  
is land.  Elsewhere h i l l s  and mountain spurs termi- 
nate  i n  s teep slopes or c l i f f s  along t h e  reef- 
fr inged shore. The shorelirre i s  generally irregu- 
l a r  with many small is lands  and deep bays, es- 
pecia l ly  i n  the  northern part. Puerto Princesa 
and Malampaya Sound a r e  t h e  most important harbors. 
Small mangrove swamps f r inge  shores where the coast  
i s  low, especia l ly  a t  heads of small bays. Terrain 
of the  island i n t e r i o r  and the  character  of the 
west coast  south of Uluqan Bay a r e  not  known i n  de- 
t a i l ,  but in the  i n t e r i o r  slopes a r e  steep, stream 
valleys deep and narrow with only small floodplains. 
M t .  Mantalingajan, a l t i t u d e  6,839 feet ,  i s  t h e  
highest  summit on t h e  island. Crossings from west 
t o  e a s t  coasts  can be made with ease a t  only a f m  
places: from the  west coast t o  San Antonio Bay, 
from Ulugan Bay t o  Honda Bay, and from Malampaya 
Sound t o  Taytay Bay. Elsewhere mountainous 
t e r r a i n  makes crossings d i f f i c u l t .  

Busuanna, Culion, and C=n Islands: Busuanga and 
Culion Islands, north of Palawan, have i r r e g u l a r  
coasts  with many s m a l l  bays and offshore islands;  
narrow coas t a l  lowlands i n  places; elsewhere s teep 
slopes descend d i r e c t l y  t o  sea. Hi l ly  t e r r a i n  
( r e l i e f  t o  2,000 fee t ) ,  s t eep  slopes, and lack of 
alignment of valleys hinder cro ss-f sland movement. 
Nearby Coron Island has a bold c l i f f e d  coast and 
rugged c l i f f e d  i n t e r i o r  t e r r a i n  unsuited f o r  land- 
ings or movement. Small i s lands  s imilar  t o  Coron 
a re  sca t te red  throughout Palawan Province. 

3. Balabac and Nearby Islands; The heavily fores ted 
i s lands  t o  the south of Palawan, with t h e  excep- 
t i on  of Balabac, are  low cora l  is lands with sandy 
reef-fringed shores. Balabac i s  p a r t l y  h i l l y  with 
a l t i tudes  of more than 1,800 feet ,  s teep slopes, and 
deep, narrow valleys.  I n  the  nor th  and west, 
coas ta l  lowlands a re  heavily forested.  Coasts a r e  
fringed by coral  r e e f s  and i n  l a rge  par t  bordered 
by narruw, b e l t s  of mangrove. 

4 .  Cuyo and Casyan Islands: The small reef-fringed 
Cuyo and Cagayan Islands (not  shown on t e r r a i n  
diagram) l i e  e a s t  of  Palawan, Cuyo, t h e  largest ,  i s  
h i l l y  with narrow s t re tches  of coas ta l  lowlands. 
Along the  coasts of these  small i s lands  sandy 
beaches a l t e rna t e  with narrow b e l t s  of mangrove 
swamp. 

C. Climate: Hot, humid climate characterized by nor theast  
Kinds from October t o  April  and southwest winds from 
May t o  September. Maximum reported r a i n f a l l  ranges 
from 79 t o  126  inches with pronounced wet and dry 
seasons. Mean annual temperature reported t o  be about 
82' F,; l i t t l e  var ia t ion throu&out t h e  year. Tempera- 
t u r e  decreases and r a i n f a l l  increases with a1 +A tude . 
In  t he  mountains the  climate may be uncomfartably cool 
and damp. Climate is  generally enervating. 

D. Water Supply: 

1. =sting Supply: There a r e  few ex is t ing  water 
f a c i l i t i e s  i n  Palawan Province. Shallow wells  and 
springs have been developed near same of t h e  l a rge r  
settlements; elsewhere drinking water i s  obtained 
from rain-water c i s te rn3  and streams. Some f ac i l -  
i t i e s  can be fu r the r  developed t o  furnish adequate 
and r e l i a b l e  supplies. 

MILITARY ASPECTS OF TERRAIN 
2. Wrgency  Supplp Streams, springs, shallow dug 

wel ls  o.r p i t s .  and plant  sources w i l l  furnish  
adequate &nergency supplies f o r  personnel except 
i n  areas  of mangrove swamp, on narrow beaches, 
and on sane of the smaller i s lands .  Smaller 
streams commonly dry during d r y  season. Permanent 
streams cross coas ta l  regions a t  i n t e r v a l s  r a r e ly  
exceeding 12 miles; may be brackish near mouths. 

3. Permanent Supply: Permanent sources can usually 
be developed frcm surface supplies along l a r g e r  
streams o r  shallow wel l s  i n  coas t a l  lowlands and 
stream alluvium. In areas  of limestone bedrock, 
l a rge  springs can be developed f o r  permanent 
supplies. 

E. Problems of  Road Construction: 

1. Exist ing Roads and Routes of Communication: I n  1940 
there  were abou t150  miles of roads i n  Palawan 
Province; only about 1 0  percent of the  mileage was 
surfaced and all-weather. Road ne t s  a re  present 
i n  the Puerto Princesa area  (Palawan 1sland) and 
on Busuanga and Cuyo Islands. Additional mileage 
was  projected i n  1941; some may have been completed. 
The main project  was the  construction of roads along 
the  eas te rn  coast  of  Palawan Is land from Taytay t o  
San Antonio Bays. Cross-island roads were planned 
t o  follow the t r a i l s  from Taytay Bay t o  Bacuit Bay 
and frcm San Antonio Bay t o  t h e  west coast.  Else- 
where, cross-island routes of communication are 
poor t r a i l s .  Throughout the  ~ r o v i n c e  numerous 
t r a i l s  connect, the  more important settlements. 

2. Ease of C o n s t r u c t i n ~  Additional Roads: The moun- 
tainous t e r r a i n  of much of Palawan Province w i l l  
ser iously  i n t e r f e r e  with road construction. Con- 
s t ruc t ion  w i l l  be r e l a t i ve ly  easy only i n  coas t a l  
lowlands and the  few cross-country lowlands, most 
of which have already been se lected f o r  the  pro- 
jected roads. 

3. w o r  Construction Problems: Stream crossings may 
be a major problem; it is reported t h a t  streams 
a r e  numerous and mostly unmapped. Many small 
streams a r e  dry during t he  dry season, but a r e  sub- 
j e c t  t o  occasional f l a s h  floods. Drainage i s  
probably a ser ious  problem in some coas ta l  areas. 
Construction mater ia ls  may be scarce, bu t  where 
rock exposures a r e  lacking, stream channels may 
y i e ld  adequate quan t i t i es  of sand and gravel. 
Locally, c lea r ing  may be d i f f i c u l t ;  however, i n  
most a reas  su i tab le  f o r  roads, set t lements with 
cleared and cu l t iva ted  land a r e  common. 

F. Air f ie ld  Construction: 

1. Areas Suitable f o r  Airfields;  Extensive f l a t  areas  
sui table  f o r  construction of l a rge  a i r f i e l d s  a r e  
generally lacking i n  Palawan ~ r o k n c e .  Most f l a t  
land i s  i n  coasta l  a reas  where runways must be 
oriented p a r a l l e l  t o  the  coastl ine.  Areas most 
su i tab le  f o r  a i r f i e l d  s i t e s  a r e  on the  west coast  
of Busuanga Is land (Gutob Bay), along e a s t  coast  
of Palawan Island from region of Puerto Princesa 
t o  Cape Buliluyan, and on small f l a t  coral  i s lands  
south of Cape Buliluyan (Bugsuk and adjacent i s lands)  

Ma.i o r  Construction Probl=r L i t t l e  grading gener- 
a l l y  necessary; can be accomplished by graders and 
dozers. The maj or  problem, drainage, may ne cessi- 
t a t e  t he  use of subdrains, s ide  co l lec t ion  channels, 
and ra i sed  subgrades. Clearing and grubbiag i n  some 
heavily fores ted a reas  will require b l a s t i ng  and 
power equipment; elsewhere graders and dozers can 
c l ea r  low vegetation. Small streams and sea water 
near proposed runway s i t e s  w i l l  generally furnish  
su f f i c i en t  water f o r  construction. Sui table  construc 
t i o n  mater ia l  generally avai lable  near  t h e  s i t e s .  

G, Construction Materials  Available: Coral reef limestone, 
comonly avai lable  on f r ing ing  coas ta l  r e e f s  flhich a r e  
bare a t  low t ide ,  may furnish  best  construci.lon mate r ia l  
f o r  use on coas ta l  roads and a i r f i e l d s .  Upraised cora l  
reef limestone i s  reported i n  southern p a r t  of Palawan 
Island and t he  adjacent small i s lands .  Sand and gravel  
a r e  l q c a l l y  avai lable  on coas ta l  beaches and i n  small 
stream channels. I n  north p a r t  of area,bedrock is 
mainly sandstone and shale; i n  south par t ,  grani te  and 
sandstone with some limestone. Bedrock w i l l  generally 
require use of power t o o l s  and b l a s t i n g  f o r  quarrying. 
Granite and sandstone (where hard)  w i l l  require spec ia l  
equipment f o r  crushing. Abundant suppl ies  of timber 
su i tab le  f o r  heavy construction a r e  l o c a l l y  available.  

Prepared by U. S. Geological Survey 
f o r  Chief of Engineers, U. S. A m y .  



PALAWAN PROVINCE [ f?  1.) 
INTRODUCTION 

This r epor t  was prepared by t h e  Geologic Survey, 
U. S. Department of I n t e r i o r ,  f o r  t h e  Chief of Engineers, 
U. S. Amy during t h e  period of Uarch t o  June 1944. It 
presents  a genera l  regional  p i c t u r e  of Palawan Province 
(P .I.) and a l s o  discusses d e t a i l e d  problems and f e a t u r e s  
t h a t  have m i l i t a r y  signif icance.  By means of t a b l e s  and 
maps, t h e  repor t  considers t h e  re la t ionsh ip  of t e r r a i n ,  
ground, and vegetat ion t o  movement, t h e  problems of a i r -  
f i e l d  construction and water supply, and data  on construc- 
t i o n  mater ia ls ,  vegetat ion and climate. 
Note: No road const ruct ion sheet  i s  included i n  t h i s  f o l i o ;  - 
br ief  notes regarding problems of road alignment and construc- 
t i o n  a r e  given undep Terrain Appreciation, Movement. 
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TERRAIN APPRECIATION INDEX PALAWAN PROVINCE (I? I.) 

EXPLANATION 

Dashed numbers and l e t t e r s  r e f e r  t o  
AL!S quadrangle maps, S401; Scale  
1:500,000. The quadrangle maps and 
the  d e t a i l e d  t e r r a i n  t a b l e s  fo l low 
the  g e n e r a l  t ab l e .  

Large numbers and heavy l i n e s  r e f e r  
t o  t e r r a i n  a r e a s  descr ibed  i n  t e x t .  



PALAWAN PROVINCE (I? 13 TERRA1 N APPRECIATION 
Rel iab i l i ty  rating: Class B: Cagapn Islands and Balabac S t r a i t  Quadrangles; 

the  Calamian Group; Coast of Palawan Island, except * 

central  western coast. 
Class D: a l l  other areas, 

For fur ther  information, see quadrangle maps and de- 
t a i l ed  t e r r a in  descriptions following t h i s  table. 

I n  northern Palawan Island and Busuanga Island 
trails are  numerous. In the past, trails have been 
the main routes of  overland t r ave l  between settlenents. 
Water routes probably a re  most-used f o r  transportation 
i n  the  province. 

The mountainous t e r r a in  i n  much of the province i s  
unfavorable fo r  road construction. Steep slopes and deep, 
narrow ravines i n  the  mountains of Palawan Island and 
the en t i r e  areas of rocky islands, such a s  Coron, w i l l  
make road construction d i f f icu l t .  It i s  probable that 
the proposed roads are projected on the  most sui table  
routes. They a r e  almost everywhere confined to  coastal  
lowlands and open valleys. Moderate slopes prevail 
i n  these areas. N e a r  se t t lenents  much of the land has 
already been cleared. Stream crossings may be bne of 
the  most d i f f i c u l t  problems. The maps, par t icular ly 
of Palawan Island, are  reported t o  show only a few of the 
numerous streams draining from the  in t e r io r  mountains. 
The channels may be dry during part  of the  year, but 
floods and high water can be expected i n  t h e  rainy season. 
A careful survey w i l l  be necessary t o  determine the 
number of stream crossings. Sufficient supplies of sand, 
gravel, and crushed rock should be available i n  most 
areas, but it may Se necessary t o  obtain rock,from stream 
channels and banks because rock exposures a re  generally 
scarce. Drainage problems may be serious i n  some coastal  
areas. For de ta i l s  on drying and other properties of 
so i l s ,  see Soils: Engineering Data Sheet. 

s ive in the coastal  areas of other Philippine Islands, is 
generally l imited i n  this region to  narrow belts. 

General Statement 

Palawan Province i s  one of the l e a s t  known and l e a s t  
populous parts  of the Philippines.. It comprises 1,169 
islands with a t o t a l  land area of 5,693 square miles. 
Palawan Island, the largest  division, has an area of 
4,550 square miles; it i s  278 miles long and from 4.5 t o  
30 miles wide (average width 17 miles). The next largest  
islands, wi th  t he i r  areas i n  square miles, are 8usuanga 
(3.44), Culion (150), Dumaran (126), and Balabac (125). 

Roads and Trai ls  

Palawan Province had only about 150 miles of completed 
roads i n  1940. Xuch additional mileage was proposed; some 
of it may have been completed since t h a t  time, Not more 
than 10 percent of t h e  completed mileage was surfaced 
all-weather road; probably a l l  of t h i s  i s  i n  the Puerto 
Princesa area and const i tutes  the main road net  of 
Palawan. This network of roads extends north t o  Honda 
Bay and south of Puerto Princesa Bay f o r  about 30 miles 
along the eastern coast. I n  Busuanga Island, roads 
cover par t  of t h e  southern coast and connect the  mining 
d i s t r i c t s  i n  t h e  in t e r io r  with t h e  north central  coast. 
Poor roads cover much of Cuyo Island. 

According to  t h e  1939 Census, Palawan Province has 
a population of 93,673. The main settlements a re  
Puerto Princesa ( the  capital)  , Culion ( ~ u l i o n  island) , 
and Coron (Busuanga Island). The population of the  
Puerto Princesa d i s t r i c t =  10,887. The southeastern 
coast of Palawan Island and Cuyo Island a re  also relative- 
l y  populous d i s t r i c t s .  Most settlements consist  of small 
native habitations; a few settlements have permanent 
structures,  Busuanga Island has probably been developed 
more than other islands i n  recent years, owing t o  the 
establishment of a mining industry. 

In  Palawan Island, a proposed road from Bacuit Bay 
t o  Malampaya Sound on the northwestern coast was t o  
connect with a road exbending northward from Honda Bay 
to Taytay Bay on the eastern coast. A section near 
Taytay Bay was completed and other sections were under 
construction i n  1941. The road south of Puerto Princesa 
was t o  be continued t o  San Antonio Bay with branches to 
the  western coast from Island Bay and San Antonio Bay. 
On the  eastern coast, this road probably is t o  follow 
the  route of the telegraph line.  Extension of the  
southern coastal  road i n  Busuanga Island and roads 
around the coasts of the Balabac and Dumaran Islands 
were also proposedc 

The climate i s  hot and humid, ht i s  moderated 
by frequent breezes. Rainfall  ranges from a b u t  79 to 
126 inches per year; the rainy season i s  from May t o  
December. 

Most of the islands are  heavily forested. Because 
of the scanty population, re la t ive ly  l i t t l e  land is  clear- 
ed o r  under cultivation. Mangrove swamp, which i s  exten- 

Map Area I Movement I Observation I concealment I Cover 

Existinp Cover: Mountain slopes - 
good; i n  coastal  areas, base of 
slopes, caves, shore bluffs,  and 
undercut stream banks provide 
cover. 

Relief: Mountainous and h i l l y  region; many 
peaks over 2,000 feet ;  main ridges pa ra l l e l  
coasts; slopes of 30 t o  40$ common; largely 
forested; some grassy lowlands. Very rugged 
small islands off  northwestern coast; is lands 
to eas t  and northeast topographically similar 
to Palawan. 
Drainage: Many streams from in te r io r  moun- 
tains,  mostly unmapped; some navigable t o  
small boats in lower courses. 
Coastal Features: Discontinuous lowlands, 
some 4 t o  5 miles long and wide; separated 
by c l i f f ed  headlands. Much mangrove swamp 
on eastern coast and i n  embaymats on western 
coast of Palawan. 

Existing Routes: Numerous t raLls .  Road 
projected from Bacuit Bay t o  Malaxpaya 

Mountain slopes command 
routes, cultivated areas, 
settlements. Off shore 
is lands overlook important 
mbayments. V i s ib i l i t y  
l imited i n  forest ,  i n  areas 
with much undergrowth o r  
thickets, and i n  mangrove 
swamp; generally good 

Concealment f r m  
a e r i a l  and 
ground observa- 
t i o n  good i n  
forest ,  t!lrickets 
mangrove swamp; 
from a e r i a l  ob- 
servation, good 
in coconut 

Sound, thence t o  eastern coast and soutl 
was not completed by 1941. 
Areas Favorable f o r  Cross-country 
Movement: In general, barrier area; 
open valleys and coastal  lowlands 
probably allow movement of foot  troops 
and vehicles. 

NORTHERN PALAWAN 
AND 

ADJACENT ISLANDS Construction of Shelters: Exca- 
vation generally easy; lower 
slopes i n  mountains have 10 f e e t  
o r  more of so i l ;  drainage ade- 
quate. Coastal s o i l s  may be very 
thick, but a re  commonly water- 
logged. Blasting necessary on 
rocky islands and c l i f f ed  head- 
lands. Timber fo r  protected 
she l te rs  available; rock scarce 
i n  many places, but probably 
obtainable from streams. 

poor i n  wet weather; generally good i n  
dry weather . Fore st permits movement, 
but thickets  are  obstacles; t a l l  grass 
and underbrush require clearing i n  
cultivated and grassland areas; man- 
grove swamps impenetrable f o r  vehicles, 
d i f f i c u l t  f o r  foot troops. 

Ease of Cross-country Movement: Many 
slopes too steep fo r  vehicles. Footing 

grouml observation, good where grass i s  
t a l l ,  shrubs and ixees a r e  abundant; 
poor in park-like areas, in open cul t i -  
vated land and on beaches. 

- -  - 

elsewhere. groves, poor i n  
grassland; from 

Rex&: Forested h i l l y  lowland; mzldwnn re- 
l i e f  below 1,200 feet ;  valleys on east and 
west; h i l l  slopes up t o  4%. 
Drainage: Major stream extends about X) miles 
inland; takes sma l l  c r a f t  about 7 miles up- 
stream, Salt-water channel a t  southwest 
(not shown on quadrwle  maps) extends 2 miles 
inland. 

W s t i  Routes: Eastern coastal  road 
from Puerto Princesa (Area 3) crosses 

Best observation points in 
higher mountainous areas to 
north and south (Areas 1 
and 3). (See discussion 
of v i s i b i l i t y  under Area 1.) 

See discussion 
under Area 1. 

Existing Cov,er; Probably good 
i n  hills; however, area i s  com- 
manded by mountains t o  north and 
south 
Construction of Shelters: Blast- 
i ng  probably r e q ~ i r e d  i n  many 
places; s o i l  on east  and north- 
eas t  thin; to west and southwest, 
excavation easy; s o i l s  10 f e e t  
and more deep. Timber and rock 
readi ly  available. 

area. Connecting road from Honda Bay 
to Ulugan Bay proposed; stage of con- 
s t ruct ion unknown. 
Areas Favorable f o r  Cross-country 
Movanerrt : Relativel-J easy movement 
f o r  foot  troops; f o r  vehicles i n  valleys 

Coastal Features. hlarrraw lowlands on both 
coasts, fringed mostly d t h  mangrove m p ;  
slopes on east  about 2 1/2$, on west 8 t o  

and on coast, 
Ease of Cross-country Movement: H i l l  
slopes too steep fo r  vehicles. We% 
weather footing best i n  southwestern 
pa r t  of area. (See discussion under 
Area 1.) 

Relief: - Heavily forested mountainous region 
~ 5 t h  ranges paralleling coasts; numerous 
peaks over 2,000 feet ;  slopes of 30 to  5C$ 
common. On east, plain slopes gently, 3 to 
4$, from mountains; in places 6 t o  8 miles 
wide. Lowland around Puerto Princesa Bay. 
Western part of area poorly surveyed. 
Drainae: Many streams (mostly unmapped) 
drain i n t e r i o r  mountains; some navigable by 
small craft i n  lower courses. 
Coastal Featurest Mangrove swamps and short  
sandy beaches on eastern coast; low wooded 
plain i n  south par t  of western coast; hills 
extend to coast south of Puerto Princesa. 

Existiw Routes: Road net around Puerto 
Princesa, extends along eastern coast 
to Honda Bay on north and fo r  about 30 
miles south on eastern coast. Proposed 
road continues t o  south. 
Areas Favorable for  Cross-sountry 
Movement: In  general, barr ier  area; 
open valleys and coastal  lowlands 
probably allow movement of foot  troops 
and vehicles. 
Ease of Cross-country Movement: See 
discussion under Area 1. 

Eastern coastal  lowland can 
be observed from i n t e r i o r  
hills. (See discussion of 
v i s i b i l i t y  under Area 1.) 

Similar t o  
Area 1. 

Existing Cover: Inner edge of 
coastal  lowlands, undercut 
stream banks, shore bluffs. 
Permanent buildings and structures 
i n  Puerto Princesa and nearby 
settlements. 
Construction of Shelters t 
Similar t o  Area 1. 

CENTRAL PALAWAN 
IS LAND 

Belief: Wooded bhd, between hills of Areas 
3 and 5,near eastern coast. Hills on west- 
ern coast. Maximum r e l i e f  500 t o  1,000 
feet;  l i t t l e  information regarding slopes on 
north and south. 
Drainage: Small unmapped streams empty in to  
bays on both coasts. 
Coastal Featu-r : Low sandy plain on Island 
Bay coast fringed with mangrove swamp. 

E x i s t i  Routes r P a i l  across island, - 
m a y  have been converted i n t o  road. 

Hil l s  within area, also 
bordering mountain slopes 
i n  Areas 3 and 5, of fer  
observation points. (see 
discussion of v i s i b i l i t y  un- 
der Area 1. ) 

Similar t o  
Area 1. 

=sting Cover: Poor i n  general; 
probably good a t  base of h i l l s  
a t  north and south and i n  caves 
on western coast. 
Construction of Shelters: Easy 
excavation; s o i l s  10 f e e t  or  
more deep; inland s o i l s  drain 
well; coastal  s o i l s  may be water- 
logged. Timber available; rock 
fo r  construction scarce. 

4 
ISLAND BAY- 

MALANUT BAY 
I I 3 m  

  astern coastal  road projected through 
area; stage of construction unknown. - 
$reas Favorable fo r  Cross-country 
Movement: Generally easy east-west 
movement for  foot  troops and possibly 
f o r  vehicles. Access to Areas 3 and 5 
along co as t  s . 
Ease of Cross-country Movement: Free 
-.I- 

movement f o r  vehicles. b o d  dry- 
weather footing; generally poor i n  wet 
weather. (See discussion under Area 1.) 

Relief* High forested mountains i n  cent ra l  
part; numerous peaks over 3,000 feet ;  slopes 
30 t o  508. Hills less than 1,000 f e e t  high 
on west. Open lowland, about 3 miles wide, 
along much of eastern coast, slopes gently 
from mountains. 
Drainage: Many small streams (mostly 
unmapped) f haw from central  mountains. 
Coastal Featuresr Low, heavily wooded land, i n  
places giving way t o  grassy plain. Scattered 
sandy beaches; mangrove swamp around Island 
Bay. Western coast poorly surveyed. 

-sting Routes: T ra i l  on western coast 
from Eran Bay south. Proposed eastern- 

Mountain slopes overlook 
eastern lowland and lowlands 
of Areas 4 and 6. (See dis- 
cussion of v i s i b i l i t y  under 
Area 1,) 

Similar to 
Area 1. 

JQdsting Cover: Mountain slopes 
i n  i n t e r i o r  provide cover; i n  
coastal  areas, base of slopes, 
shore bluffs, and undercut stream 
banks afford cover. 
Construction of Shelters; SO%'LB 
10 f e e t  o r  m r e  deep; excavation 
generally easy except in western 
hills and i n  southern part  of 
eastern coast where s o i l s  are 
thinner. Drainage on coasts may 
be poor. Timber is available; 
rock f o r  construction scarce 
except i n  southeastern coastal  
area and western h i l l s .  

5 
S O U T E R N  PALAWAN 

MOUNTAINS 

coastal  road from Puerto ~ r i n c e s a  
(Area 3) to extend through area; was t o  
connect with western coast via Area 6; 
stage of construction unhwn. 
Beas Favorable for Cross-country 
Movement: In general a barr ier  area; 
eas ies t  movement on eastern coast. 
Ease of Cross-country Movement: See 
discussion under Area 1. 

( continued) 
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Rel iab i l i ty  rating: Class B: Cagayan Islands and Balabac S t r a i t  Quadrangles; 
the  Calamian Group; Coast of Palawan Island, except 
central  western coast. 

Class D: a l l  other areas 

Map Area + Movement 
- 

Relief: Wooded lowland extending inland from 
San Antonio Bay; inadequate information on 
western end of area; probably extends t o  
coast a t  Tagbita Bay. Hills near western 
coast. Slopes of about 1@ i n  h i l l s  on north 

e: Largest stream of south Palawan 
Iwahig River) empties in to  San Antonio Bay; ?F* 

drains open f e r t i l e  valley. 
Coastal Features: Itow cleared and cultivated 
land on eastern coast. Sandy beach and b luf fs  
on western coast. Mangrove swamp fr inges 
low areas. 

Observation 

=sting Routes: Proposed road (190) 
linking eastern and western coasts to 

Hills i n  Areas 5 and 7 
offer  observation points. 
(See discussion of visi- 
b i l i t y  under Area 1.) 

I I I 

Concealment 

Similar t o  
Area 1. 

Cover 

EIdsting Coverr Generally poor; 
best at  inner rim of lcmland 
against slopes of Areas 5 and 7, 
Construction of Shelters: S o i l  
mostly thick; excavation easy; 
drainage fair except a t  coasts 
where s o i l s  may be waterlogged. 
Timber available: rock from h i l l  
slopes f n  Areas 5 and 7 adjoin- 
i ng  lowland. 

cross lowland near San Antonio Bay; 
stage of construction unknown. 
&eas Favorable f o r  Cross-country 
Wvement: East-west movanent prob- 
ably easy; inadequate information on 
western par t  of area. 

SAN ANTONIO BAY- 
TAGBITA BAY 

AREA 

I p s e  of Cross-co-mtry kvement: Slopes 
a r e  generally not an obstacle, S l i p  
pery-footing- i n  wet weather; dry- 

- 

weather footing good except i n  swampy 
coastal  areas. (See discussion un4er 
Area 1.) 

Relief Forested mountains i n  north central  -* 
par t  of area; maxjmum a l t i t ude  a b u t  3,500 
feet ;  bordering h i l l s  a r e  commonly l e s s  than 
1,000 f e e t  high; slopes i n  mountains 40% o r  
more; i n  hills, lo$. Low plains with some 
hills fr inge coasts; slopes of 4%. Sinall 
is lands offshore a r e  low and wooded; no 
prominent r e l i e f  features. 
Drainape: Several streams drain fron, i n t e r i o r  
upland; other unmapped streamsprobably exist. 
Coastal Features: Mangrove swamp at  southern 
t i p  of Palawan and along eastern coast; l e s s  
extensive on western coast. Sandy beach in- 
land from swamp i n  places. Larger is lands 
bordered by mangrove swamp; smaller ones 
have sandy beaches. 

Existing Routes: T r a i l  from Cape 
J3uliluyan north along eastern coast. 

Some hills may command 
coastal  areas; i n t e r io r  
mountains probably overlook 
eastern and western coasts. 
(See discussion of vis ibi l -  
i t y  under Area 1.) 

Similar t o  
Area 1. 

Existing Covert Coasts and off- 
shore islands provide poor cover) 
best cover provided by forested 
mountains i n  north. 
Construction of Shelters: Easy 
excavation i n  in te r ior  ( s o i l s  
10 t o  20 f e e t  deep). Blasting 
may be necessary i n  coastal  areas 
where s o i l s  may be thin,  Drainage 
poor along coasts. Timber avail- 
able  throughout area; rock scarce 
except i n  some coastal  areas 
especihlly a t  northeast. 

Meas Favorable f o r  ~ross-count ry  
Movanentt Foot troops and vehicles 
can move eas i ly  i n  coastal  areas except 
swamps; low h i l l s  may permit movenent 
of foot troops. 

SOUTHERN PALAWAN 
AND 

ADJACENT ISLANDS 

Ease of cross-country Movment: Free 
movement except in  northern mountains. 
Wet-weather footing poor; low coastal  
areas, especially swamps, may be water- 
logged at all  times.  o or e f fec t  of 
vegetation, see discussion under Area 1. 

Relief: Balabac Island i s  h i l l y  and loca l ly  
mountainous; maximum a l t i t ude  1,867 fee t ;  h i l l  
slopes range from 10 t o  2%; low h i l l s  extend 
along western coast; lowland reported across 
southern par t  of island. Ramos Island is low 
and wooded; few h i l l s ,  highest 350 feet.  
Drainage: Streams known t o  be present; no 
de ta i l s  available. 
Coastal Features: Mangrove swamp and low 
coastal  plain on western coast of Balabac 
and i n  bays on east; bluffs  and c l i f f s  on 
eastern coast* Mangrove swamp and sandy 
beach on Ramos Island coasts. 

Existing Routes: T ra i l  from Bdlabac 
Town t o  western coast. Proposed road 
around e n t i r e  coast of Balabac Island; 
stage of canstruction unknown. 

Southern h i l l s  provide best 
observation points. (See 
discussion of v i s i b i l i t y  
rmder Area 1.) 

Similar t o  
Area 1. 

Eklsting Cover: In ter ior  hills 
and shore bluffs  afford cover. 
Construction of Shelters: Easy 
excavation; most s o i l s  10 f e e t  o r  
more deep; near sett laneni;~,  may 
be th in  and rock excavation may 
be necessary. Drainage satis- 
factory, except i n  coastal  areas. 
Timber available; rock fo r  con- 
s t ruct ion may be scarce. 

8 
BkLAl3AC AND 

RkMOS ISLANDS  rea as Favorable f o r  Cross-country 
bvement: Western coastal  area and 
southern lowland probably best; may 
permit use of vehicles. 
Ease of Cross-country Moment: Footing 
good i n  dry weather except i n  swampy 
coastal  areas. (For e f fec t  of vegeta- 
tion, see discussion under Area l.) 

Relief: Busuanga and Cdion  Islands are com- 
posed of low mountains and open valleys; 
maxFmum r e l i e f  in Busuanga, 2,UQ feet ;  i n  
Culion, 1,558 fee t ;  slopes from 15 t o  6%, 
~ 5 t h  steeper ones more common i n  Busuanga, 
Coron Island i s  extremely rugged throughout; 
a b ~ o s t  ver t ica l  c l i f f s ,  hundreds of f e e t  
high, and knife-like c res t s  a re  predominant 
features; highest a l t i t ude  about 2,QOO feet .  
Many small islands; topographically resemble 
Wlsmga, 
D r a h a ~ e :  Meandering streams along coasts 
of Busuanga and Culi on; low in te r io r  plains 
may be flooded a t  times. No permanent 
channels on Coron Island, For the  most part, 
streams a re  unmappedo 

Existing Routes: Roads i n  southern 
and cent ra l  Busuanga; some are  under 

Ridge cres ts  and peaks 
command extensive areas of 
Busuanga and Culion; shore 
c l i f f s  of Coron overlook 
lower is lands to  east  and 
north* (See discussion of 
v i s i b i l i t y  under Area 1.) 

Similar t o  
Area 1. 

m: Cover provided by 
mountain slopes, permanent build- 
ings i n  settlements of Busuanga, 
caves i n  Coron, and coastal  bluffs  
Construction of Shelters: Blast- 
ing may be r ewi red  t o  excavate; 
s o i l  probably t h i n  except i n  
coastal  areas of Busuanga and 
Culion; drainage is  poor. Timber 
and rock available. 

9 
C A W A N  GROUP 

construction. ~ o a d  northern Culfon. 
Numerous t r a i l s  i n  Busuanga, some i n  
Culion; mostly unmapped. No routes 
known i n  Coron. 
Areas Favorable fo r  Cross-country 
Movenentr Relatively easy movement f o r  
foot  troops and vehicles i n  most of 
Busuanga and Culion, D u f i c u l t  movement 
throughout Coron fo r  foot  troops; no 
bown routes f o r  vehicles. 
Ease of Cross-country Movement: Open 
low areas i n  Busuanga and Culion permit 
easy movement. Slopes a re  a bar r ie r  i n  
a l l  pa r t s  of Coron. Footing adequate 
i n  dry weather. (For effect  of vege- 
tation, see discussion under Area 1.) 

Coastal ~ea tu res ,  Mangrove swamp i s  common 
on coasts of Eusuanga and Culion: on north 
and east  coasts of &suanga and on west and 
south coasts of Culion, bluffs  and c l i f f s  
commen, Coron Island i s  faced ~ 5 t h  very 
steep c l i f f s  (commonly over 10% slope) tha t  
rise several hundred feet ;are  undercut a t  
base and contain caves, 

Relief: Small rocky islands and i s l e t s ;  high- - 
e s t  peak 1,024 fee t ,  Slopes of 30 t o  '7%. 
Ddanganm Islands most rugged. 
Drainage: Small streams indicated; probably 
few permanent channels . 
Coastal Features: Cliffed coasts common; 
small rocky in l e t s ;  lowland a t  northwest of  
C abulauan Island. 

Existin? Routes: None indicated. 
p e a s  Famrable f o r  Cross-country 
Movement: Dif f icu l t  movement i n  most 
places. 

Hilltops and ridge cres ts  
overlook islands, V i s i -  
b i l i t y  good except where 
undergrowth i s  abundant. 

Generally poor; 
( for  discussion 
see  Area 1.) 

Ekdstinn Cover: Generally poor; 
coastal  c l i f f s  and in t e r io r  h i11  
slopes provide some cover. 
Construction of Shelte= Blast- 
ing probably necessary; s o i l s  
t h i n  throughout. Timber and rock 
available. 

10 
CABULAUAM AND 

D A L A N G A r n  I S M  Ease of Cross-country Movertent: Steep 
slopes a re  barrier; l i t t l e  l eve l  land. 
~ o o t i n ~  adequate i n  dry weather, poor 
in wet weather. Vegetation not an 
obstacle, 

Relief: Small h i l l y  is lands and low reef 
o---.-- 

i s l e t s .  Cuyo Psland is  largest ;  composed of 
two prominent h i l l s  connected by low neck3 
slopes of 6 t o  8$ in larger, southern par t  
of Cuyo. Quiniliuban Group at  north a r e  
rugged; m x b u m  a l t i t ude  1,010 fee t ;  slopes 
of 30 t o  55%. 
Drainage: Few permanent stream channels; in- 
adequate data. 
Coastal Featweg: Mangrove swamp most common 
on Cuyo Island; sandy beach on eas t  coast and 
in central  islands. Northern islands cl i f fed;  
local  beaches. 

=st ing Routes: Several fair t o  p n r  
roads on Cum Island. Trails on other 

Hill tops in al l  is lands a r e  
observation points. V i s i -  
b i l i t y  generally good, 

Similar t o  
Area 1. 

Existing Cover: C l i f f s  and ledges 
at  coasts provide cover; poor 
cover i n  in te r ior ,  except i n  
Quiniluban Group. 
Construction of Shelters: Exca- 
vation easy i n  Cuyo Island; s o i l  
i s  10 f e e t  or  more deep; drains 
well i n  inter ior .  Thin s o i l  on 
other islands; blasting may be 
recpired, Timber and rock avail- 
able, 

Areas Favorable f o r  Cross-countr 
Movement r --Easy movement on CuyoYIsland 
and southern islands: Quiniluban Group 
probably djff icul t .  
Ease of Cross-country Movement: Steep 
s l o ~ e s  can be avoided i n  most is lands 
e x k t  Quiniluban Group. Wet-weather 
footing good only in in t e r io r  of Cuyo 
Island. k c h  open land; vegetation i s  
a l imited obstacle. 

Relief: Low, narrow, wooded is lands on ex- 
tensive coral reef,  Smooth, l eve l  topped 
ridges, 150 t o  200 f e e t  high; many slopes 
5 to 15%, m a x i m u m  35%. 
Draina~er  No streams mapped. 
Coastal Featurea: B l u f f s  and sandy beach, 

Ejdsting Routes: None indicated. 
Areas Favorable f o r  Cross-country 
Wvement 2 Easy movement except on 
bluffed shores. 
Ease of Cross-country Movement: Slopes 
gentle on some coasts. Low t r ees  and 
shrubs may impede movement. Footing 
sat isfactory a t  all  times, except in. 
low coastal  areas and on small i s l e t s .  

Ridge tops overlook islands; 
v i s i b i l i t y  may be limited 
where vegetation i s  dense. 

. Generally poor; 
heavy cover of 
low t r e e s  and 
shrubs give 
best concealment 

Existing Cover: Generally poor; 
coastal  bluffs  best. 
Construction of Shelters: Exca- 
vation generally easy; s o i l s  are 
10 t o  30 f e e t  deep; drain well. 
On low-lying i s l e t s  and i n  some 
coastal  areas, s o i l s  may be thin; 
blasting necessary. Timber and 
rock available. 
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PALAWAN PROVINCE (P I.) SIBALTAN: AMS-S~O~, NC50-3 TERRAIN APPRECIATION 
R e l i a b i l i t y  rat ing: Class B fo r  Coastal Area 

Class D fo r  I n t e r i o r  Area 

I AREA 1. NOIlTHERN PALAW&' AND ADJACENT ISLANDS val ley and lowland near Ulugan Bag. I 
Topography Ease of Cross-Country Movement: Slopes probably too s teep 

f o r  v e h i d e s  i n  many places,  but open va l l eys  may permit estab- 
lishment of routes.  I n  Babuyan River v a l l e y  foot ing generally 
poor i n  wet weather; good i n  dry weather; i n  h i l l y  region to  
south,  foo t ing  i n  wet weather i s  b e t t e r  than i n  r i v e r  valley,  
and ground can be well drained. Where slope and ground permit 
movement, f o r e s t  i s  not an obstacle except f o r  th ickets ;  easy 
movement i n  cul t ivated land around Baheli, except i n  wet r i c e  
land; narrow mangrove swamps a t  Ulugan Bay obstruct  movement of 
foot  t roops  and vehicles, 

Relief:  Mountainous and h i l l y  region. Main r idges  of Pal- 
swan p a r a l l e l  coasts; i n  places r i s e  d i r e c t l y  from shore. In  
p laces  l a t e r a l  r idges extend from cen t ra l  chzins to  coasts. 
Many peaks over 2,000 f e e t ;  maximum a l t i t u d e  5,225 f e e t  (Cleo- 
~ a t r a  Needle). Some r idges  have broad l e v e l  tops; o thers ,  nar- 
row k n i f e l i k e  cres ts .  Slopes of 30 t o  409 common; slopes of 
1 6 6  present  on is lands  off B ~ c u i t  Bay. Mountains covered with 
heavy r a i n  fores t .  Open grpssy val leys  between some ridges; 
g a s s y  lowlands around Taytw Bay end i n  i n t e r i o r  t o  south. 

Observation 
Drdnage: Numerous streams drain from central  mountains; 

nost  a re  unmapned; few exceed 5 miles i n  length; head i n  nar- 
roa  ravine.;. Near coasts,  some streams meander across small 
p l a i n s  and through mangrove swamp; sand bars a t  r i v e r  mouths. 

Observation voints  on h i l l s  and upper slopes; bes t  ~ o i n t s  
i n  higher mountainous area  enclosing lowland (Areas 1 and 3). 
(For discussion of v i s i b i l i t y  see Area 1.) 

Coastal Features: Coastal lowlands a r e  discontinuous, may 
be 4 to  5 miles long; possibly same maximum width; i n  most 
p laces  bounded inland by s t e e ~  slopes. Mmgrove swamp comon 
on eas tern  coast, i n  shel tered embayments and es tuar ies  of 
western coast. Sandy beach very l imited.  Cliffed headlands 
separate low coestal  belts .  

Concealment 

Similar to  Area 1. 

Cover 

Existiner Cover: In  general, poor cover; e n t i r e  area  is  un- 
der observation from higher a l t i t u d e s  i n  Areas 1 and 3. kdjacent I s lmds:  Dumaran and Linapacan Islands and others  

off eas tern  coast  a r e  topographically s j n i l a r  to Palawan. Is- 
lands  outside Bacuit Bay and Mahnpaya Sound a re  extremely 
rugged, 

Construction of Shelters:  Excavation i n  Babuyan River val- 
l e y  i s  d i f f i c u l t  except i n  depressions; s o i l  i s  th in  and expos- 
u r e s  tha t  require b las t ing  a r e  proba-bly common. In h i l l s  t o  
south, excavation i s  easy; s o i l  may be as much as 30 f e e t  deep; 
sands near coast a r e  10 to  15 f e e t  deep; drainage generally 
good. Timber f o r  protected s h e l t e r s  avai lable  throughout area. 
Rock f o r  construction probably avai lable  i n  Babuyan River val ley  
and adjacent area. 

Movement 

Exi s t i n p  Routes: Numerous t r a i l s  i n  northern Palawan; 
main t r a i l  crosses mountains from Malampaya Sound t o  Green Ie- 
land Bay. Trail crosses h a r a n  Island from eas t  t o  west; road 
proposed around e n t i r e  coast  of Dumaran Island. Road projected 
(1941) from Bacuit t o  Malampaya Sound, e a s t  to Taytay, and 
south along eas tern  coast. Incompletely shown on map. Section 
west of Taytay completed and l i n k  to  Pancol under construction. 

AREA 3. CENTRAL PALAWAN ISLAND 

Areas Favorable f o r  Cross-country Movement: Foot troops 
and veh ic les  probably able  t o  move r e a d i l y  i n  open val leys  and 
coas ta l  lowlands. I n t e r i o r  mountains a r e  ba r r i e r  to vehicles 
and w i l l  g rea t ly  impede movement of foot troops. 

Re1 i e f :  Heavily fores ted mountainous region; r idges  extend 
c lose  t o  coasts.  Slopes of 30 to 50% common. (See Puerto Prin- 
cesa Sheet). 

Drainape: See Puerto Princess Sheet. I Ease of Cross-country Movanent: Many slopes too s teep  t o  
allow movement of vehicles; r o w  coasta l  c l i f f s  may be almost 
v e r t i c a l .  Wet-weather foot ing i s  generally poor; dry-weather 
foot ing good t o  adeqyate; coastal  s o i l s  dry slowly, Where 
slope and ground permit, high fo res t  allows easy movement of 
veh ic les  and troops; th ickets  require clearing. Tal l  grass  
slows down foot  troops. Mangrove swamp excludes vehicles,  ham- 
p e r s  foot  troops. 

Coastal Features: C l i f f s  and b l u f f s  l i n e  western coast and 
entrance to  Ulugan Bay; narrow mangrove swamp (unmapped) a t  heed 
of bay and i n  deeper indentations on western coast of bay. 

Movement 

Exist  inp Routes: None indicated. 

Areas Favorable f o r  Cros rs-coun t r y  Movement: No recommended 
areas;  movement of foo t  troops possible i n  coastal b e l t  along 
Ulugan Bay, back from mangrove. 

Observation 

Observation points  on mountain and h i l l  slopes command 
coas ta l  areas,  settlements, routes, cul t ivated land. Offshore 
i s l ands  overlook embayments, e.g. Triluran Isaand commanding 
Malampaya Sound. V i s i b i l i t y  i n  f o r e s t  may be l imited t o  20 t o  
30 yards;  ta l l  t r e e s  o f fe r  lookouts; th icke t s  r e s t r i c t  v i s i b i l -  
i t y .  I n  grasslands, cul t ivated land, and Casuarina f o r e s t  on 
sandy beach, v i s i b i l i t y  i s  generally good; l imited to  few f e e t  
o r  yards i n  mangrove swamps and sandy beaches tha t  have much 
low growth. 

Ease of Cross-country Movement: Similar to Area 1. I 
Observation I 

Peaks afford observation points  over1 ooking Ulugan Bay and 
Tapul-Baheli lowland (Area 2). (For discussion of v i s i b i l i t y ,  
see  Area 1.) 

Concealment I Concealment 

Similar to Area 1. I Primary fo res t  o f f e r s  complete concealment from a e r i a l  ob- 
servation; good concealment from ground observation, I n  secon- 
dary f o r e s t ,  dense growth and th ickets  on margins of primary 
f o r e s t  give good concealment from a e r i a l  and ground observation; 
l o c a l l y  open park-like areas  afford poor protection. In grass- 
land areas ,  concealment from ground observation i s  excel lent  i n  
t a l l  g rass  and where t r e e s  and shrubs a r e  abundant; concealment 
frcan a e r i a l  observation, generally poor, especia l ly  f o r  vehi- 
cles.  Density of vegetation var ies  i n  cul t ivated areas ;  coconut 
groves can conceal vehicles and personnel from a e r i a l  o b s e r v s  
t ion ,  but 'not  f r a n  nearby ground observation; garden p l o t s  and 
r i c e  paddies provide l i t t l e  concealment. Mangrove swamp excel- 
l e n t  f o r  concealment from ground and a e r i a l  observation. Forest 
on sandy beach conceals personnel and equipment from a e r i a l  ob- 
servat ion;  dense undergrowth provides concealment f r a n  ground 
observation. 

Cover I 
exist in^ Cover: Coastal b l u f f s  and lower slopes of r idges  

fu rn i sh  bes t  cover. Much of area may be exposed t o  Ulugan Bay 
and sea  t o  west. 

Construction of Shelters:  Excavation probably d i f f i c u l t  ex- 
cept on Ulugan Bay coast, where s o i l  may be 10 f e e t  deep. Drain- 
age good except along bay. Timber for  protected s h e l t e r s  avail- 
able.  Rock f o r  construction may be obtained from c l i f f  ed coastal  
headlands. 

AREA 9. CALAMIAN GROUP I 
Cover Relief;  Culion Island i s  second l a r g e s t  i s land of Calamian 

Group; topography s imilar  to  Busuanga Island ( s e e  WesternBaa!g 
Island and Mindoro Island Sheets). Low mountains and h i l l s  with 
open p l a i n s  characterize island.  Maxinm r e l i e f  i s  1380 f e e t  
(Mt. ~ a u s ) .  Slopes range from 15 to 40%; mapping incomle te  i n  
many places. 

Exis t ing Cover: Good cover i n  h i l l s  and mountains. I n  
coas ta l  areas,  base of wooded slopes surrounding lowlands o f f e r s  
b e s t  cover; where present, caves, shore bluffs ,  and .undercut 
s t r e m  banks provide good cover. Beaches and cul t ivated land 
o f fe r  poor cover. 

Drainape: Numerous streams, not mapped, dra in  i n t e r i o r ;  have 
meandering and branching channels. I n t e r i o r  p la ins  flooded at 
times. 

Construction of Shel ters :  Lower mountain slopes probably 
have s u f f i c i e n t  s o i l  (10 f e e t  or  more) to permit easy excavation; 
drainage generally adequate. Soi l  very th ick i n  coasta l  areas  
(may be over 100 f e e t  deep); excessive water and danger, of 
slumping present problems. Timber f o r  she l t e r s  ava i l ab le  i n  a l l  
areas. Rock f o r  construction scarce in  most areas; boulders 
can p r o b ~ b l y  be obtained in stream channels. Soi l  th in  or  ab- 
sent  on rocky is lands  o f f  western coast  and on c l i f f e d  head- 
lands;  b l a s t i n g  generally necessary f o r  excavation. 

Coastal Features: Southern coast  i s  r o w ,  and p a r t s  of west- 
e rn  coast  may be l ined with bluff  s. In  Hal sey Harbor and on 
northern coast, mangrove swamp is  common. Sandy beach i s  present 
on southwestern and northwestern coasts. 

Movement I 
AREA 2. TAPUL-BAHELI LOWLAND 

Topogra~hg 

exist in^ Routes: Road f r m  Negative eas t  t o  Crilion Leper Col- 
ony ( see Cuyo Islands sheet);  numerous unmapped t r a i l s .  I 

Areas Favorable f-or Cross-country Movement: Foot troops and 
Relief:  Forested, h i l l y  lowland; maxirmun r e l i e f  i s  1,191 vehic les  probably can move eas i ly  in most of island; mountainous 

f e e t  (conical  H i l l ) .  A t  eas t ,  dominated by Babuyan River val- t e r r a i n  i s  ba r r i e r .  
ley.  Slopes i n  h i l l y  region, about 20%. 

Drainam: Babuyan River extends about 20 miles, from in- 
t e r i o r  e a s t  of St .  Panil Bay ( ~ r e a  1) t o  Ronda Bay ( s e e  Puerto, 

Ease of Cross-country Movement: Mountain and h i l l  slopes can 
be by-passed v i a  open p la ins  and valleys. Rocky southern coast 
and mannove  swan^ a re  obstacles t o  movement. Clewed and cul t i -  1 - ( Princesa sheet) .  vated land i n  c e n i r a l  and northern p a r t s  of i s l m d  probably allow I 

Coastal Features: Mangrove swamp (unmapped) f r inges  coast 
of U l ~ g a n  Bay. LOW coasta l  a rea  extends inland toward h i l l s ;  
s lope 8 t o  10$. 

e a s i e s t  movement. 

Observation 

I n t e r i o r  h i l l  and mountain tops f u r n i s h  observation po in t s  
overlooking l a r g e  p m t  of island. V i s i b i l i t y  good i n  cul t ivated 
and cleared land; l imited in  fores ted areas; mangrove swamp per- 
m i t s  v i s i b i l i t y  f o r  only few feet .  

Movement 

E ~ i s t i n a  Routes: Proposed road across area  from Puerto Prin- 
cesa ( k e a  3) t o  northern Palawan (Area 3); p a r t l y  surfaced, 
8.11-weather road from Tapul to  Babuyan ( s e e  Puerto Princesa 
Sheet) has been completed. Road from Baheli t o  Tapul ( see 
Puerto Princess Sheet) under construction (1941). 

Concealment 

Similar  t o  Area 1, 

Areas Favorable f o r  Cross-oountry Movement: In  general, Cover 
e n t i r e  a rea  probably affords  moderately easy movement f o r  foot  
troops; r e l a t i v e l y  easy access t o  i n t e r i o r  i n  Babuyan River Ex is t inp  Cover: Coastal b lu f f s  and c l i f f s  provide cover. 

L i t t l e  cover provided i n  cul t ivated and cleared land of i n t e r i o r  
p l a i n s  . 

Construction of Shel ters :  Bedrock exposed over wide areas; 
s o i l  generally thin, possibly l e s s  than 1 foot;  b l a s t i n g  necessary 
f o r  excavation, In  coastal  areas, s o i l  may be thicker.  Drainage 
i s  poor. Timber f o r  protected s h e l t e r s  and rock f o r  construction 

I available.  I 
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TERRAIN APPRECIATION 
Reliabi l i ty  rating: Class B i n  eastern coastal area 

Class D elsewhere 
- -- 

growth may l i m i t  v i s i b i l i t y  to few feet. 1 
Concealment I 

Coastal lowland fringing mountains. Mangrove swamp from 
Castillo Point westward to  Babuyan (Area 2). (See Area 1, 
Sibal tan Sheet, fo r  more detailed information). 

See discussion under Area 1, Sibaltan Sheet. I 
Cover 

Existing Cover: Inner edge of coastal lowlands a t  foot of 
mountains provides good cover; undercut s tream banks and shore 
bluffs offer adequate cover. Buildings a t  Puerto Princesa and 
Iwahig Penal Colony may provide cover. 

Relief: Forested lowlands extending northward from T a p u l  - 
and Babuyan, separated by h i l l y  area; slopes i n  h i l l s  range up 
t o  40%. 

Construction of Shelters: Excavation generally easy; depth 
of s o i l  i n  most parts  of area averages 10 f e e t  or more; excava- 
t ion more d i f f icul t  i n  western coastal area between Table Point 
(see Sibaltan Sheet) and Moorson Point, where so i l s  a r e  thinner. 
Drainage good i n  mountains; generally poor i n  low h i l l s  and 
coastal plain. Timber f o r  protected shelters available i n  a l l  
parts of area; rock fo r  constructi on scarce, except for  stream 
boulders. 

Drainam: Babuyan River extends from in ter ior  (see 
Sibaltan Sheet) abmt  20 miles to coast a t  Honda Bay; navigable 
by mall boats to rapids, itbaut 5.5 miles north of %buyan. 
Tapul River (unmapped) i s  a s a l t - ~ a t e r  channel extending 2 
miles inland; accommodates boats of 6-foot draft  t o  dock 1.5 
miles inland. 

AREA 4. ISUYD BAY-MALANUT BAY LOWLAND I Coastal Features: Narrow coastal lowland facing Honda Bay; 
gentle slopes about 2 1/2$ up to h i l l s .  Mangrove swamps along 
much of coast and i n  Babuyan River valley. 

Relief: Wooded lowland flanked by h i l l y  countrg. About 
3 miles west of Aboabo, h i l l s  come close together; a m  separated by 
narrow valley. Slopes on north and south not defimd i n  de ta i l ;  
gentle r i s e  to ranges on sal th indicated near Island Bay. High- 
e s t  a l t i tudes i n  area range f r m  500 to 1,900 feet. 

I Movement 

Existing Rmtes: Graded road from Tapul north toward - 
Baheli (see ~ i b a l t &  S b e t ) ;  par t ly  surfaced, all-mather road 
from Babuyan to Tapul connects w i  th road to  Puerto Princesa 
(see Area 3). Drainage: Small unmapped streams empty into Island and 

Malanut Bays; sand bars and mangrove swamps obstruct r iver  
rnouths a t  Island Bay. Ease of Cross-country Movement: See Sibaltan Sheet. 

I Observation Coastal Features: Low sandy plain on Island Bay coast 
fringed with margrove swamp. No information on Malanut Bay 
coast. (see Sarap Sheet). I See Area 1, Sibaltan Sheet. 

I Concealment Movement I 
I See Area 1, Sibal tan Sheet. Existing Routes: Trail f roa  Aboabo to  Alfonso X I  11 (see 

Sarap sheet) may be obstructed by vegetation inasmuch a s  l a t t e r  
settlement was abandoned; however, road projected (1941 ) 
over old route may have been constructed. Proposed eastern 
coastal road to extend southward from Aborlan ( ~ r e a  3) across 
area; stage of cons truc ti on unknown. 

Cover 

Existing Cover: See Area 2, Sibaltan Sheet. 

Construction of Shelters: See Area 2, Sibaltan Sheet. 
Areas Favorable for  Cross-country Movement: East-west move- 

ment generally easy f o r  foot  troops; may be possible for  vehi- I AREA 3. CEmTRAL PALAWAN I SLBND 
~ 1 0 ~ .  Access t o    re as 3 and 5 along coasts. I 

Ease of Cross-country Movement: Slopes generally no ob- 
stacle. Wet-weather footing poor; coastal s o i l s  ru t  easi ly when 
wet; good footing i n  dry weather. Interior fores t  peFmits 
movement of foot troops and vehicles; near coasts, thickets at 
edge of fores t  w i l l  obstruct mwement ; cultivated areas except 
wet r i ce  land are not obstacles; mangrove swamp prevents move- 
ment of vehicles and hinders foot troops. 

Relief: Heavily forested mountainous region with ranges 
more or l e s s  paralleling coasts; numerous peaks over 2,000 fee t ,  
maximum al t i tude 5,666 fee t  ( in  Victoria Peaks); =me ridges 
with flat-topped crests;  deep ravines and gorges i n  in ter ior  
mountains: intermountain areas not w e l l  defined, but may in- 
clude level uplands. Slopes of 30 t o  50% common; 90% on some 
summits. On eastern coast, plain slopes gently (3 to 4$)from 
mountains t o  sea (width i n  places 6 to 8 miles). Lowland 
surro.lurds Puerto Princesa embayment. Western part  of area 
poorly surveyed; information unreliable. Lowland of unknown 
extent reported east  of Treacherous Bey. 

Observation I 
Observation of coastal settlements m d  lowland routes pos- 

s ible  from hills within area and mountain slopes i n  Areas 3 and 
5. For de ta i l s  of v i s i b i l i  ty,  see discussion under Area 3. 

Drainape: Main drainage i s  east  and west from central 
mountains; many urnnapped streams are reported. Near coasts, 
many streams meander across plains and through mangrove swanrps; 
sand bars a t  river mouths. Katubungan River i s  known t o  have 
wide valley extending into in ter ior ;  other valleys may be 
similar. Streams gemral ly navigable only to boats drawing 
l e s s  than 6 f e e t  of water. 

Concealment I 
Similar to Area .l, Sibaltan Sheet* I 

Cover I 
Existing Cover: Generally poor; area comanded by heights 

i n  Areas 3 and 5. Coastal Features: Mangrove swamps al ternate with short 
sandy beaches on eastern coast; Puerto Princesa anbaymeat en- 
t i r e l y  fringed with swamp. H i l l s  meet coast along 5-mile 
s tretch from muth of Table Head. On western coast,  low wooded 
plain extends from Treacherous Bay to  Bluff Point. 

Construction of Shelters: Easy excavation; so i l  i s  10 f e e t  
or more deep i n  most places; near coasts may exceed 100 feet ;  I 
inland s o i l s  drain well, but coastal soi ls  dry slowly a f t e r  rain. 
Timber for protected she1 ters  readily available: rock f o r  con- 
struction probably scarce. Movement 

Exist i  w R~.I t e s  r Road net extends outward from Puerto 
Princesa to Babuyan i n  north (Area 1 )  and to Aborlan i n  south; 
proposed route (1941 ) continues southward along present te le-  
graph line. Trail from Iwahig Penal Colony t o  western coast 
near Bluff Point; t r a i l  from Anepahan on western coast to Al- 
fonso X I 1 1  (see Sarap Sheet, Area 4). 

ARE!A 5. SOUTHXRN PALAWAN MOUNTAINS I 

Mountainous and h i l l y  area; al t i tudes to abmt  1,500 feet. 
From Pescado Point south, grassy o r  park-like lowland f lanks 
nountains on eastern coast. Mangrove swamp along much of coast 
from Island Bay to Pescado Point. Settlements probably on 
sandy beach. (See Sarap Sheet). 

Areas Favorable f o r  Cros,s-country Movement: Foot troops 
and vehicles probably can move on eastern coastal plain. Open 
valleys and passes through mountains may permit movement of 
f oat troops across island; east-west movement d i f f i cu l t  and 
probably impossible for vehicles. Western coast may permit 
limited movement; informati on scanty, 

Movement I 
Existing Rcu tes: Projected road (1941) a l o w  eastern coast 

in to  Area 5 may have been extended beyond Aborlan ( k e a  3); 
no information on stage of road construction. See Sarap Sheet. Ease of Cross-country Movement: Slopes generally too steep 

If or vehicles except i n  coastal s e a s .  Wet-aeather footing 
Areas Favorable for Cross-country Movement: See Sarap Sheet, 

Ease of Cross-ccuntm Movement2 See Sarap Sheet. 

commonly poor i n  a l l  par ts  of area except i n  coastal plain where 
i t  is  good at a l l  times i f  drainage i s  maintaimd. Where slope 
and ground permit, movement of foot  troops and vehicles i s  
possible i n  high fores t  and i n  cultivated or cleared landsis 
seriously impeded by thickets a t  edge of forests  and undergrowth 
on sandy beaches. T a l l  grass slows down foot troops. Vehicles 
cannot move through mangrove swamps, d i f f i cu l t  movement f o r  foot 
troops. 

Observation I 
Observation points i n  mountains connnand lowland (drea 4) t o  

north. See Sarap Sheet. 

I Observation Concealment I 
Plain on eastern coast and Puerto Princesa area are ex- 

posed to observation from inland h i l l s ;  probably also from h i l l s  
r i s i n g  above coastal area. Inter ior  mountains may give observa- 
I tion, but fores t  w i l l  conceal most painhs.Visibili ty i n  forest  may 
be limited t o  20 or 30 yards; some treetops offer  lookouts; dense 
thickets a t  edge of fores t  r e s t r i c t  v i s i b i l i t y  to fen yards, 
Cultivated and open land i n  coastal area generally offer good 
v i s ib i l i ty ;  mangrove swamps and s andy beaches with much low 

See discussion under Area 1, Sibaltan Sheet. 

Cover I 
E x i s t i s  Cover: See discussion under Area 1, Sibal tan Sheet. I - 
Construction of Shelters: Soils  of sufficient depth f o r  

easy excavation present throughout area; drainage adequate. 
Timber available; rock, except stream boulders, probably scarce. 
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PALAWAN PROVINCE (I? I.) TERRA1 N APPRECIATION 
Reliabi l i ty  rat ing:  Class B, Eastern Coast of Palawan Island; 

Balabac and Ramos Islands. 
Class D, elsewhere. 

AREA 4. ISLAha BAY-MALANUT BAY LOWLAND Cover around Cape Buliluyan and on o f f  shore islands. Low h i l l s  w i l l  proba- 
b ly  also prmit movement of foot troops. Movement more d i f f i c u l t  i n  
Bulanjao Range. Topography Existing Cover: See discussion under Area 1, Sibal tan  Sheet. 

Low pla in  bounded on south by mountains ( ~ r e a  5).  Malanut Is- 
land, separated by narrow channel from mainland, has bold ve r t i ca l  
c l i f f  on northeast, several 700-foot peaks (unmapped), limestone caves 
of unknown s ize ,  Mangrove swamps(not shown on mad on shore of Mala- 
nut Bay and Malanut Island (except northern t i p ) .  (see Puerto 
Princesa Sheet. ) 

Construction of Shelters : Excavation easy on i n t e r i o r  mountain 
slopes; s o i l s  generally 10 f e e t  o r  more deep; excavation more d i f f i -  
cult  i n  h i l l s  on western coast and on eastern coast from S i r  J Brooke 
Point southward where s o i l s  are thin. Drainage is good i n  i n t e r i o r ;  
may be slow along eastern coast. Some areas are waterlogged more or  
l e s s  prmanently and excavations w i l l  f i l l  with water. Timber fo r  
protected she l t e r s  is  readily available. Rock f o r  constluction 
probably scarce i n  i n t e r i o r  mountains; exposures more common i n  
h i l l s  of western coast and inland on eas tern  coast from Filantropia 
Point southward; a lso  available on coast southward from S i r  J Brooke 
Point. 

Ease of Cross-Count ry Movement : Slopes generally are  not 
obstacles t o  movement except i n  northern mountains. Wet-weather foot- 
ing i s  poor; coas ta l  ground tends  t o  be sl ippery and s t icky when wet; 
dry-weat her footing good except i n  swampy areas. Foot troops and 
vehicles able t o  move readi ly  i n  forest  and open or cult ivated land a t  
o r  near coasts; mangrove swamp prevent s movement of vehicles on coasts ,  
slows down foot troops. 

Movement 
Observat i on 

See Puerto Princesa Sheet. 
Observation is poor i n  low areas;  some h i l l s  near coasts may 

afford observation points; mountains i n  north probably command both 
eastern and western coasts. Vis ib i l i ty  generally limited t o  short 
distances; b e t t e r  i n  cul t ivated land around settlements and park-like 
areas on eas tern  and western coas ts  of Palawan. 

Observat ion 
P.REA 6. SAN ANTONIO BAY-TAGBITTA BAY AREA 

Malanut Island commands entrance t o  Malanut Bay and provides 
observat ion across lowland t o  east coast. Similar observation from 
h i l l s  i n  Area 5. V i s i b i l i t y  probably good except on Malanut Island 
and on edges of i n t e r i o r  fores t  of Area 5. Relief: Wooded lowland extending inland from San Antonio Bey; 

inadequate i;zformation on western end of area; lowland probably con- 
nected with western coast through pass between Bulanjao Range (Area 7)  
and Double Peak (Area 5) .  Relief may be greatest southwest of Pagoda 
Cl i f f  (Area 51, where o u t l i e r s  of Bulanjao Range meet high h i l l s  of 
Bulaloc Bay area. Bounded on north and south by slopes of about 10$. 

Concealmnt 

Concealment Mangrove swamp and forested areas with much undergrowth give 
good concealment. (See discussion under Area 1, Sibaltan Sheet. ) 

Open areas near coast afford l imited concealment. Thickets 
provide good concealment f o r  personnel and equiplm~nt. Cover 

Cover Drainage : Iwahig R i w r  is larges t  stream of sout he rn Palawan ; 
drains f e r t i l e  populous valley; sand bar a t  mouth of river. 

Existing Cover: Coastal areas and offshore islands have l i t t l e  
good cover. Hi l l s  and mountains i n  i n t e r i o r  of Palawan o f fe r  best 
cover. Existing Cover: C l i f f s  and caves on Malanut Island give good 

cover; base of mountain s l o p s  of Areas 3 and 5 fuxnish cover also. 
Poor cover i n  coastal  area. 

Coastal Features: On eastern coast, cleared and cult ivated low- 
land extends into open valley of Iwahig River. Mangrove swamp (un- 
mapped) f r inges  Tagbita Bay and much of San Antonio Bay. Sandy beach 
from Cliff Point north on western coast ; and a t  southern part of San 
Antonio Bay. Bluffs on western coast. 

Construction of Shelters:  Excavation easy i n  most coas ta l  areas 
and i n  lower mountain slopes. Thick s o i l ,  often more than 100 fee t  
deep, i n  coas ta l  area between San Antonio and Coral Bays, and inland 
from mangrove swamp t o  south. In  low h i l l s  of western coast, s o i l s  
are few f e e t  th ick  and rock exposures, requiring blast ing for  exca- 
vation, may be common. In  in te r io r ,  s o i l  i s  probably 10 t o  20 fee t  
thick,  especia l ly  on lower slopes of mountains. Drainage of th ick  
coas ta l  s o i l s  i s  poor; generally adequate f o r  other so i l s .  Timber f o r  
protected shel ters  available;  a l s o  rock for construction i n  areas 
noted above, but may be scarce i n  r es t  of area. 

Construction of Shelters : Excavation easy; s o i l  i s  10 fee t  o r  
more i n  depth except on Malanut Island, &ere rock may be close t o  
surface o r  exposed and blas t ing w i l l  be  necessary. Drainage of 
coas ta l  s o i l  good except i n  mangrove swamp. Rock f o r  construction 
probably available i n  Malanut Island. Timber f o r  protected shel ters  
obtainable throughout area. 

Movement 

Existing Routes : Proposed mad (1941) from San Antonio Bay t o  
Culasian on western coast (Area 5 )  follows lowland west of bay; stage 
of mad construction not known. 

Areas Favorable f o r  Cross-Country Mowment: Iwahig River valley 
probably permits easy movement of foot t r o o ~ s  and vehicles. Lowland 

M A  8 BALABAC AND RAMOS ISLANDS 

Relief:  High forested mountains extend through c e n t r a l  part of - 
area;  numerous peaks over 3,000 fee t  high; highest peak of Palawan 
( M t .  Pantalingajan, 6,839 f e e t )  i n  southern prt of area; mountains 
approach coast i n  southeastern part of area;  on west, mountains give 
way t o  h i l l s  commonly l e s s  than 1,000 fee t  high. Grassy o r  open mrk- 
l ike  lavland, generally about 3 miles wide (maximum width about 4.5 
miles ) flanks mountains on eastern coast from Pescado Point (see 
Puerto Princesa Sheet) south t o  San Antonio Bay; i n  places lowland is 
swampy. Slopes i n  mountains range from 30 t o  50$, on some peaks 95%; 
i n  valleys, a s  much as 7 miles inland, s l o p s  of about 15%. 

&d between ranges may form corridor;  i i t t l e  information regarding 
western end of area. 

Relief: Northern Balabac Island is  low i n  large  pa r t ;  some h i l l s ;  - 
maximum a l t i tude  i n  northern part is 735 f e e t .  Ramos Island is low and Ease of Cross-Country Mowmnt : Slopes generally do not obstruct 

moverrent. Soi ls  sl ippery md st icky when wet: dm-weather foot inn wooded ; few small h i l l s ,  maximum a l t i tude  350 f e e t  . Maximum slope 
about 10%. good except close to-coas t ;  may be good on s&dy beach. ~ovement-of 

foot t r o o p  and vehicles possible i n  fores t ,  cult ivated land, and 
sandy beach; ff iff icult  i n  th ickets ;  impossible f o r  vehicles i n  mugrove 
swamp. 

Coastal Features: Mangrove swamp and low coasta l  p la in  are  
present on western and northern coasts  of  Balabac; mangrove swamp 
fringes a l l  of Ramos except northeastern coast, which consis ts  of 
sandy beach. Eastern coast of Balabac is a l so  sandy beach (not indi- 
cated on map); loca l ly  b luffs  o r  c l i f f s .  (see Balabac S t r a i t  Sheet.) 

Observation 
Drainage : Many s m a l l  streams, not mapped, drain from cen t ra l  

mountains; channels may be dry a t  times; subject t o  f l a s h  floods. 
Deep gorges i n  headwater courses; lower courses i n  open valleys.  

Best observation from slopes and h i l l s  i n  Areas 5 and 7 t o  north 
and south. Vis ib i l i ty  i n  fores t  limited t o  20 t o  30 yards. Near 
coasts ,  open grassy o r  park-like areas may be c o m n ;  v i s i b i l i t y  is 
good; good a l so  i n  cul t ivated land; undergrowth, t a l l  grass,  and 
th ickets  r e s t r i c t  observation. 

Drainage: No speci f ic  information available ; streams indicated 
a s  flowing through mangrove b e l t s  from i n t e r i  o r  of Balabac and Ramos. 

Coastal Features: Eastern coast is  low; i n  general heavily 
wooded. Low sandy beach (not shown on map) is found a t  S i r  J Brooke 
Point; succeeded inland by about 0.6 mile of dense fores t .  Grassy 
plain extends from t h i s  dense fores t  t o  mountain slopes. West coast 
is incompletely surveyed ; mangrove swamp i n  southern part  ; remainder 
may be bluffed shore with sandy beach i n  some indentations; low wooded 
plain f r inges  coast from Eran Bay t o  Culasian Bay and may be present 
i n  places t o  south. 

Movement 

Existiqg Routes: T r a i l  from Catagupan on western coast of 
Balabac Island t o  Balabac Town. (See Balabac S t r a i t  Sheet.) Proposed 
road (1941) around coast of Balabac Island. 

Concealment 

See discussion under Area 1, Sibaltan Sheet. 

Cowr Areas Favorable fo r  Cross-Count ry  Movement : Easy movement f o r  
foot troops and vehicles except i n  swampy coastal  areas. Insufficient  

KO wment Existing Cover: Inner r i m  of lowland at foot  of mountains 
(Areas 5 and 7) probably gives best cover, but e n t i r e  a rea  i s  command- 
ed by numerous high-elevati on point s. 

data t o  indicate possible routes. 

Routes: Road projected (1941) along eastern coast  from 
P u e r t t m  3) south t o  San Antonio Bay; no information a s  
t o  stage of road construction. T r a i l  on western coast from Eran Bay 
south t o  Culasian; road proposed (1941) from Culasian t o  San Antonio 
Bay through Area 6. 

Ease of Movement: Thickets on edge of forest and undergrowth i n  
cult ivated land w i l l  impede movement ; mangrove swamps permit only 
d i f f i cu l t  movement f o r  foot t r o o p .  Footing i n  wet weather is gener- 
a l l y  poor; generally good i n  dry weather except i n  swamps. 

Construction o f  Shelters : Easy excavation in  large part of a m a ;  
s o i l  is th ick ,  possibly over 100 f e e t  i n  places. Drainage f a i r ,  except 
on eas tern  coast where s o i l s  may be more o r  l e s s  pe mane& l y  wet. 
Timber f o r  protected she l t e r s  is  available. Rock f o r  construction i s  
probably available on mountain and h i l l  s l o p s  adjoining lowland (Areas 
5 and 7 ) .  

Observation 
A r e  a s  Fsvoxable fo r  Cross-Country Movemnt : Movement along 

coasts ,  especia l ly  eastern,  probably possible for foot troops and Large part of area probably under observation from h i l l s .  Ground 
v i s i b i l i t y  i n  lowland is l imited t o  short  distances; be t t e r  i n  open, 
grassy o r  cul t ivated land. 

vehicles; information on western coast inadequate. Some valleys may 
permit inland penetration by foat  t mops, but available in fo rmt ion  
indicates no routes f o r  vehicles i n  i n t e r i o r  mountains. 

AHEA 7. SOUTHERN PfiAWAN AND ADJACENT ISLANDS 

Topogra Zhy Concealment 
Ease of Cross-Country Mowmnt : In te r io r  slopes t o o  steep f o r  

easy movement of foot  troops ; prevent movebnt of vehi cles. Wet- Good concealment from p u n d  and a e r i a l  observation i s  available;  
open, grassy land gives poor concealment from a e r i a l  observation; i n  
plant a t  ions with 1 it t l e  undergrowth, concealmnt from nearby ground 
observation is poor. 

Relief: Forested mountains (Bulanjao Range) i n  north centra l  - 
part of area;  maximum a l t i tude ,  3,470 fee t  ; bordered by h i l l s  commonly 
l e s s  than 1,000 fee t  tha t  approach eastern coast a t  Coral Bay. Low 
plains with h i l l s  fr inge coasts. Mountains have long gentle slopes of 
20 t o  40% surmoupted by sharp peaks. Slopes i n  h i l l s  about 10%; i n  
plains about 4%. 

weather footing poor; near coasts, s o i l s  tend t o  be sl ippery and 
s t icky when wet. Dry-weather footing generally good. I n t e r i o r  fores t  
permits movement of foot troops and vehicles where gmund and slope 
permit ; open park-like o r  grassy areas i n  coas ta l  lowland allow easy 
movement ; s:~ampy areas and th icke t s  a r e  obstacles. Movemnt on sandy 
beach easy where undergrowth is lacking; a lso  generally easy on cu l t i -  
vated Land. 

Cover 

Existing Cover: In te r io r  h i l l s  give adequate cover; coas ta l  
region exposed, but shore b luffs  may provide cover. 

Drainage: Several streams dra in  f r o m  central  upland t o  Palawan 
coast ; flow through mangrove swamps i n  coas ta l  area;  probably numerous 
other streams a re  present but unmapped. Bugauk River on Bugsuk Island 
is a large  estuary extending about 4 miles inland. 

Observet i on 
Construction of Shelters:  Most s o i l s  a r e  10 fee t  o r  more deep; 

excavation generally easy. On coasts near settlements, s o i l  generally 
th in ,  excavation more d i f f i cu l t .  Drainage i s  adequate except i n  low 
coastal  areas. Timber f o r  protected she l t e r s  readily available. Rock 
f o r  construction may be scarce;  data  inadequate. 

Observation points on mountain slopes especial ly command eas t  
coast lowland, and lov~land of Area 6. Vis ib i l i ty  i n  fores t  may be 
limited t o  20 t o  30 yards; some t ree tops  o f fe r  lookouts; dense 
th ickets  at edge of fores t  r e s t r i c t  v i s i b i l i t y  t o  few yards. Park-like 
and grassy land i n  coas ta l  area gives good v i s i b i l i t y ;  sandy beaches 
without much undergrowth also good. 

Coastal Features: Mangrove wramp i s  extensive a t  southern t i p  
of Palawan; continues along eastern coast almost uninterruptedly t o  
San Antonio Bay and on western coast f o r  about 10  miles north from 
Cape Buliluyan. Bluff on eas tern  side of Capb Buliluyan. I n  area 
between San Antonio and Coral Bays, sandy beach l i e s  inland from 
swamp; probably also present at  settlements on other pa r t s  of coast. 
Bugsuk and Pandanan Islands have extensive mangrove swamps; eas tern  
coast of Bugsuk and ent i re  coast of Mantangule and Bancalan Islands 
are sandy beach. 

Concealment 

Primary fores t  offers  complete concealment from a e r i a l  obser- 
vation; good concealment f rom ground observation. I n  secondary fo res t ,  
dense growth and th ickets  on margins of primary fo res t  give good con- 
cealment from a e r i a l  and ground observation; local ly  open park-like 
areas afford poor prot ection. In  grassland areas,  concealment from 
ground observation is excellent i n  t a l l  grass and where t r e e s  and 
shrubs are abundant ; concealment from a e r i a l  observation, generally 
poor, especia l ly  f o r  vehicles. Density of vegetation varies i n  cu l t i -  
vated areas ;  coconut groves can conceal vehicles and personnel from 
a e r i a l  observation, but not from nearby gmund observation; garden 
plots and r i c e  paddies provide l i t t l e  comealment. Mangrove m m p  
excellent f o r  concealment from ground and a e r i a l  observation. Foreat 
on sandy beach conceals personnel and equipment from a e r i a l  obser- 
vation; dense undergrowth provides concealment from ground observation. 

Islands : Bugsuk , Pandanan, Mant angule , Bancal an, and several 
very s m l a n d s  off southern coast of Palawan are low and wooded; 
no prominent r e l i e f  features known. 

Movement 

Existing Routes: T r a i l  (not mapped) from Cape Buliluyan north 
t o  v ic in i ty  of Sapa on eastern coast of Palawan; may be obscured by 
vegetation. 

Areas Favorable f o r  Cross-Country Movement: Foot troops and 
vehicles can move i n  most of coastal  ared, except i n  mangrove swamp 
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PALAWAN TERRAIN 

I Re l i ab i l i t y  rating: Class B I 
AREA 8. BALABAC AND RAMOS ISLANDS 

(See a l so  Sarap Sheet) 

I Topography I 
Relief; Balabac Island i s  h i l l y ;  i n  places mountainous, I n  south, 

several  ranges of high, flat-topped h i l l s  with average a l t i t u d e  about 
900 feet .  Maximum r e l i e f  is i n  Balabac Peak (1,867 fee t ) .  Law foot- 
h i l l s  extend along western coast, about 1 mile inland, between Pasig Bay 
and v i c i n i t y  of Punagis Point (see Sarap sheet).  Slopes generally range 
from 1 0  to 2@, Lowland is reported t o  extend across i s l and  from 
Dalawan Bay i n  northwesterly di rect ion between Balabac and Transept 
Peaks. 

Drainage: Streams empty i n t o  various bays through mangrove swamps; 
no spec i f ic  information available;  stream courses generally unmapped. 

Coastal  Features: Western coast  f r inged with mangrove swamp, suc- 
ceeded inland by heavily wooded h i l l y  t e r ra in ,  On eastern coast, b lu f f s  
o r  c l i f f s  a r e  common. Clarendon Bay l i ned  with mangrove swamp; sandy 
beach probably near set t lements i n  Calandorang Bay a rea. 

I Movement I 
Exis  tin^ Routes: Proposed coas ta l  road (1941) around e n t i r e  Balabac 

Island. Stage of road construction n o t  k n m .  

Areas Favorable f o r  Cross-countm Movementt Western coas ta l  area - 

may provide e a s i e r  mvem n t  f o r  f oo t  t mops and vehic les  than eastern 
coast. Lowland extending westward from Dalawan Bay may a l s o  permit easy 
movement. 

Ease of Cross-countm Movement: Forest gere r a l l y  open; w i l l  al lw 
movement of foot troops and vehicles, except i n  th icke t s  a t  edge, I n  
cleared land, undergronrth l o c a l l y  w i l l  impede movement; mangrove swamp 
permits only d i f f i c u l t  movement of foo t  troops, Footing i n  wet weather 
gene r a l l y  poor; i n  dry weather good except in  swamps. 

I Observation I 
High h i l l s  i n  south overlook law western coasta l  areas  and bays on 

east .  Ground v i s i b i l i t y  i s  l imi ted;  best  i n  cul t ivated and grassy land. 

I Concealment I 
Concealment from ground and a e r i a l  observation i s  generally good. 

Concealment from a e r i a l  observation poor i n  grassy land; concealment 
from nearby ground observation poor i n  planta t ions  lacking undergrowth. 

I Cover I 
Exist ing Covert I n t e r i o r  h i l l s  furnish  adequate cover; coas ta l  

region exposed t o  higher h i l l s  i n  i n t e r i o r ;  b lu f f s  on eas tern  coast  may 
provide cover. 

Construction of Shelterst  Most s o i l s  are  10 f e e t  o r  more deep; 
easy excavation i n  general; on coasts  near settlements, s o i l  generally 
thin. Drainage sa t i s fac tory  except i n  low coas ta l  areas. Timber f o r  
protected she l t e r s  readily available. Rock f o r  constmct ion my be 
scarce; data inadequate* 
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PALAWAN TERRAIN 
PROVINCE (F! I.) ~ 1 ~ 1 3 ~ 0  I S L ~ :  BMS-S~O~.  m51-4 APPRECIATION 

I Rel iab i l i ty  rating: Class B I 
AREA 9* CALAMIAN GROW 

Relieft  Busuanga Island i s  l a rges t  is land of Calamian Group; - 
characterized by low mountains and open valleys; some ranges, especial 
l y  i n  ea s t  m d  soath, have a l t i t udes  over 1,000 f e e t ;  maximum alti- 
tude i s  2,140 f e e t  (Mt. Tundalara) i n  southeast. Slopes of 40 t o  
60$ are  common i n  motmtains; of 20 t o  30$, i n  lower coastal  areas and 
valleys . 

Drainage: Streams on Busuanga Island are  la rge ly  unmapped, but 
numerous s t r eam probably drain f ron  in t e r io r  h i l l s  through mangrove 
swamps on coast. 

Coastal Features: H i l l s  and mountains a?proach close t o  north 
and eas t  coasts. Bluffs and c l i f f s  a r e  cornmon; low indentations be- 
tween headlands a re  l ined  with mangrove swamp. On soiith, lowland of 
variable width l i e s  i n  f ront  of i n t e r i o r  peaks; some ridges extend 
to  coast. 

Movement 

Existing Routes: Road extends along par t  of southern coast; 
branch to  northern coast, passing through manganese mining d i s t r i c t  
i n  center of island. Proposed road (1941) along south coast extend- 
ing to Busuanga (see Western Busuanga Island Sheet) ; stage of con- 
s t ract ion unknown. Numero-as unmapped t r d  1 s. 

Areas Favorable f o r  Cross-country Movement: Poo t troops and - 
vehicles probably able to move readi ly  i n  most areas;  especially i n  
broad valleys. 

Ease of Cross-countr~ Movement: Slopes i n  mountains w i l l  hinder 
or prohibit  use of vehicles ,  but can be avoided by using valley - 

routes. Mangrove swamp and c l i f f e d  headlands on coasts  w i l l  serious- 
l y  i n t e r f e re  with movement, probably prevent use of vehicles. Poor 
footing i n  wet weather; ground d r i e s  slowly, but drj-weather foot ing 
i s  s a t i s f a c t o ~ j .  Extensive areas of grassland and open park-like 
collntry i n  central  p r t  of is land and cllltivated land on southern 
coast w i l l  f a c i l i t a t e  movement of foot  troops and vehicles; t a l l  
grass ,  tMckets a t  edge of fo re s t ,  and undergrowth i n  c d t i v a t e d  land 
a re  obstacles. 

Observati on 

Peaks near southern and eastern coast w i l l  a f ford observation 
points fo r  extensive areas i n  Busuanga and probably adjacent is lands 
(see Chvo Islands and Sibaltan Sheets). V i s ib i l i t y  generally good, 
especially i n  cleared and cul t ivated land; l imited t o  short distances 
i n  dense fo re s t  on motmtains, i n  mangrove swamp, and i n  undergrowth 
and thickets. 

Concealment 

Concealment from a e r i a l  observation i s  poor i n  grassland and 
cleared land, especially for  vehicles; generally good i n  fo re s t  and 
cocon~it groves; excellent i n  mangrove swamp. Good concealment from 
ground observation i n  forest  and i n  grassland a reas  where t a l l  grass ,  
shrubs, and t rees  are  abundant; excellent concealment i n  mangrove 
swamp; poor i n  c d t i v a t e d  land. 

Cover 

u s t i w  Cover: Heavily wooded manta in  slopes and b lu f f s  on 
coasts provide coves; i n  central  par t  of island, mine buildings and 
underground tunnel s give she1 t e r  . 

Construction of Shelters: Excavation may require blas t ing i n  
places. Soil  i s  of var iable  thickness, may be l e s s  than 1 foo t ,  ex- 
cept i n  some coastal  areas. Drainage i s  poor and s o i l  d r ies  slowly. 
Timber f o r  protected shel ters  i s  read i ly  available; rock fo r  con- 
s t ruct ion probably available i n  many places. Some rock f r o m  mi= 
dum~s. 
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PAL AWA N P R O V l N C E ( I ) cmo I S L ~ S  : . ~ ~ - ~ 4 0 1 ,  ~ ~ 5 1 - 1  TEI?RAIN APPRECIATION 
I 

Reliabi l i ty  rating: Class B, Calamian Group and Coasts of Other Islands. 
Class D, Elsewhere. 

I AREA 9. CAZcABXIAN GROUP d i f f i cu l t  movement for  foot troops i n  many places. I 
Relief: - Culion Island consists of low h i l l s  and mounteins 

with open inland plains; maximum re l ie f  i n  eastern part  of is- 
laod i s  1,558 feet .  Slopes range from 15 to 40%. Similar 
topography i n  small islands east  of Culion Island and south of 
Busuanga Island (Uson and Apo Islands). Coron Island has ex- 
tremely rugged terrain. Sharp peaks and ridges with knife-like 
cres ts  occupy almost ent ire  island. Slopes commonly over 100% 
and locally almost vertical;  maxirm al t i tude i s  1,965 fee t ;  
some low land i s  indicated i n  northeastern part  of island. 

Drainage: In  Culion Island streams (unmapped) drain in- 
te r ior  mountains; plains i n  in te r io r  are flooded a t  times. 
Coron Island i s  not known t~ have any permanent stream channels; 
several lakes i n  inter ior  (unmapped). 

Coastal Features: Culion Island and smaller adjacent is- 
lands are generally frixged with mangrove swamp; c l i f fed  
headlands i n  places. A t  coast of Coron Island, precipitous 
c l i f f s  r i se  several hundred fee t  t o  knife-like crests; slopes 
commonly over loo$, =me almost vertical. Cliffs  undercut i n  
many places. 

Movement 

Existing Routes: Road on Culion I s l ~ n d  from Culion Leper 
Cololly west t o  Negative (see Sibaltar. sheet). Trails fron 
Culion Leper Colony south. 'No routes indicated on Coron or 
small er  i slands. 

Areas Favorable f o r  Cross-country Movement: Inter ior  of 
Culion Island probably permits movement of foot troops and 
vehicles. Coron Island generally m a i t a b l e  for  vehicles; 
movement of foot troops d i f f icul t .  

Ease of Cross-country Movement: On Culion Island , in- 
te r ior  plains and valleys between ridges permit free movement. 
Mangrove swamp and c l i f f s  on coasts of m i o n  Islend and 
smaller adjacent islands are obstacles. Steep slopes present 
i n  all. parts of Coron Island are barrier to movement. Cleared 
and cultivated land i n  northeastern Culion Island and grass- 
land on Uson Island permit easy movement; remainder of N i o n  
Island and all other islands are covered with dense fores t  i n  
which movement i s  possible where ground and slope permit. 

Observation 

In Culion Island, h i l l s  and mountaintops afford observa- 
t ion of surrounding area (see Sibaltan and Mindoro Island Sheets). 
Eigh peaks on Coron Island coast dl1 provide best observation 
i n  ent ire  area. On a l l  islaods v i s i b i l i t y  i n  in ter ior  probably 
limited by heavy forest growth. On N i o n  Island and small 
islands cleared and clil t ivated land provides bet ter  observation. 
Visibi l i ty  poorest i n  mengrove swwp and where thickets or 
undergrowth are abundant. 

Concealment 

Forest provides good concealment from ae r i a l  and ground 
observation. Grassland gives poor concealment from aer ia l  
observation. Adequate concealment from ground observation 
where grass i s  t a l l .  Coconut groves offer good concealment 
from aer ia l  observation; where undergrowth i s  present con- 
cealment fron p a d  obarvntbn k goob Concealment excellent i n  
mangrove swamps. 

Cover 

Existing Cover: Cleared and cultivated land provides no 
cover except near hilis and mountains. Undercut c l i f f s  on 
coast of Coron Island and heavily wooded mountain slopes .pro- 
vide good cover. 

Construction of Shelters: Blasting f o r  excavation probably 
necessary i n  many places; exposures of bedrock probably com- 
mon. Soil generally thin, possibly less  than 1 foot i n  many 
places. Easy excavation ( so i l s  thick), i n  coastal areas, 
except on Coron Island, where rocky coastal c l i f f s  are common. 
Erainage i s  poor. Bmber f o r  protected shel ters  and rock fo r  
construction generally available. 

AR?U 10. CABUUUAf AND DALANGANEM ISLANDS 

Ease of Cross-country Movement: Steep s l o p s  are barr ier  
to  movement i n  mostof area. Footing generally poor i n  wet 
weather; satisfactory i n  dry weather. The sparse vegetation i s  
not an obstacle. 

Observation 

Hilltops and ridge crests  afford view over islands. Visi- 
b i l i t y  good except where undergrowth i s  abundant. 

Concealment 

Concealment generally poor; where thickets are dense, mfty 
be good. In coconut groves, concealment from aerial  observe- 
t ion i s  good, from ground observation generally poor. 

Cover 

Xxist iw Cover: Islands generally e q  osed; cover may be 
available i n  coastal c l i f f s  and possibly i n  inter iors  of Dalan- 
ganem I slands . 

Construction of Shelters: Soils & i n ,  possibly as  l i t t l e  
a s  1 foot deep; blasting may be necessary for  excavation. 
Timber and rock probably available i n  a l l  islands. 

AREA 11. CWO ISLANDS 

Relief: Group of small h i l l y  islands with low, reef - 
i s l e t s .  Largest, Cuyo Island, consists of round, smooth-sloped 
(about 15 to 255) 851-foot h i l l  a t  north connected by narrow 
neck of land w i t h  main body of islend, center of which r i ses  
t o  600-foot h i l l ;  i n  south, slopes of 6 to a$ are common. 
Agutaya Island i s  main island i n  center of group; h i l l s  i n  
northeast have maximum re l ie f  of 885 fee t  and s l o ~ e s  of about 
20%. Northern islands (Quiniluban Group) are rugged and cl i ffed 
slopes of 30 t o  55% common; maximum re l ie f  i s  1,010 fee t  i n  
Quiniluban Island. 

Coastal Features : Cuyo I s l a d  has a r r o w  discontinuous 
mangrove swamp (not shown on map) except a t  extreme north and 
along most of eastern coast; roc@ ledges, some steep, a t  north 
and a t  varicus points to  south; sandy beach especially on east 
coast. Wgrove swamp less  common on other islands i n  southern 
part  of group. Agutaya Island has sandy beach i n  most parts. 
Wniluban Gro~p have coastal c l i f f s  and ledges; locally beaches 

Drainage: Few streams indicated; drainage probably through 
gull ies ,  no permanent stream channels. Data inadequate. 

Movement 

Existing Routes: Roads, mostly poor,cover most of Cuyo 
Island. Trail present on Agutaya Island. No other routes in- 
dicated. 

Areas Favorable f or Cross-country Movement: Foot troops 
and vehicles probably able to move readily on a l l  islands ex- 
cep t Qui ni luban Group. 

Ease of Cross-country Movement: Slopes of h i l l s  w i l l  im- 
pede or prevent use of vehicles, but can be avoided i n  mos t  
islands except Qpiniluban Group. Wet-weather footing poor 
everywhere except i n  in ter ior  of Cuyo Island. When ground i n  
dry, footing adequate t o  good. Movement obstructed by forest;  
easy i n  cultivated areas and grassland except where undergrowth 
i s  thick or grass i s  t a l l .  

Observation 

Observation points afforded by hi l l tops i n  a l l  islands. 
Visibi l i ty  generally good; poor i n  areas of dense undergrowth 
ar,d mangrove swamp. 

Concealment 

In cultivated areas and grassland, concealment f r o m  aer ia l  
observation i s  probably poor; may be good i n  coconut groves. 
Tall grass provides adequate ground concealment; where under- 
growth i s  present i n  cultivated land, ground concealment i s  
probebly good, Excellent concealment i n  mangrove swamps, 

I Topograpb Cover I 
Relief: Small rocky islands and is lets .  In Cabulauan 

Island, maximum al t i tude  i s  775 feet ;  i n  Calandagan Island, 
1,024 feet. Low h i l l s  surruund peaks i n  Cabulauan Islands; 
slopes from a b a  t 30 to over 707%. Dalanganem Islands a re  more 
rugged and have very steep c l i f f s ,  

a Small streams indicated; probably f e w  permanent 
s t re~rn  channels. Data inadequate. 

Coastal Features: Cl i f fs  comonly face  coast; some smll 
rocky in le ts ;  low level land i n  northwestern Cabulauan Island. 

Movement 

Existing Cover: Coastal c l i f f s  and ledges probably give 
adequate cover on most islands; i n  general in ter ior  lacks cover 
areas except i n  more rugged Quiniluban Group. 

Construction of Shelters: In in ter ior  of Cuyo Island, ex- 
cavation probably easy; s o i l  may be 10 to 30 fee t  deep; drains 
well, but becomes sticlcy i f  worked when wet; coastal s o i l s  of 
Cuyo Island are commonly deep (as much as 200 fee t ) ;  drainage 
i s  main problem. Other islands have thin so i l s ,  as l i t t l e  as 
1 foot deep; blasting necessary f o r  excavation. Timber f o r  
shelters probably available; rock fo r  construction obtainable 
easily. 

I Existing Routes: None indicated. I 
I Areas Favorable for Cross-country Movement: Movement of 

vehicles probably d i f f i cu l t  to  impossible i n  most places; 
--- -- 
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I 2 o a  PALAWAN PROVINCE (I? I*) 1210 WATER SUPPLY 
I- 

/ CABULAUAN ISLANDS 

GROUP 
Quiniluban I 

I tCXJLANDS AND HILL LANDS 

Area unde r l a in  by u p l i f t e d  r e e f  o r  by massive 
and cavernous l imestone,  smal l  t o  ve ry  l a r g e  
y i e l d s  from w e l l s  a few f e e t  t o  200 f e e t  deep 
i n  the  lowlands. Depths t o  water  may be as 
much as 700 f e e t  i n  h i l l  l ands .  Water i s  
hard ano of good q u a l i t y  except  i n  the low- 
lands  where it may con ta in  harmful b a c t e r i a ,  
Kany sp r ings  and s treams a r e  present .  

Area unde r l a in  by g ran i t e - l i ke  o r  vo lcanic  
rock, o r  q u a r t z i t e ,  s l a t e ,  f l a k y  t h i n l y  
layered  rock ( s c h i s t )  and dark  green s o f t  
sheared rock (serpent ine) .  Some limestone i s  
probably p re sen t  on Calamian I s l anus  about  
Coron Bay. Small y i e l d s  from w e l l s  a few 
f e e t  t o  300 f e e t  cieep. Water may be bac- 
t e r i a l l y  u n s a t i s f a c t o r y  i n  s h a l l o x  w e l l s  i n  
t he  lowlands, bu t  elsewhere q u a l i t y  is com- 
monly good, Many streams and a few sp r ings  
a r e  present .  

Area unde r l a in  by sands tone,  conglomerate, 
c l ay ,  and sha l e .  Wells, a few f e e t  t o  200 
f e e t  deep i n  the  lowlands have moderate t o  
l a r g e  y i e l d s ,  Depths t o  water  may be as much 
as s e v e r a l  hundred f e e t  i n  the  h i l l  lands. 
Water i n  sou th  may be hard, and from shallow 
w e l l s  i n  the  lowlands it may be b a c t e r i a l l y  
impure; elsewhere, q u a l i t y  i s  good. This is  
probably the  b e s t  a r e a  f o r  developing ground 
water ,  Many streams and a few sp r ings  a r e  

pre se MOUNTAINOUS AREAS 

Mountainous a r e a  under la in  by various rock 
Areas a r e  commonly inacces s ib l e ,  

and depth  t o  water  is  s o  g r e a t  t h a t  w e l l s  a r e  
g e n e r a l l y  not  f e a s i b l e .  I f  w e l l s  a r e  re- 
qu i red ,  s i t e s  should be s e l e c t e d  by a qual i -  
f i e d  ground - water  geo log i s t .  Many smal l  
s t reams and some sp r ings  p re sen t  1,000 t o  
1,500 f e e t  below summits. 

Numbered towns a r e  those having p ipe -d i s t r i bu t ion  
s ys tems . 
Underlined town names i n d i c a t e  minor c i v i l  d i v i s i o n s  
on which census d a t a  a r e  r e ~ o r t e d .  
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WATER SUPPLY PALAWAN PROVINCE (I? 

r INTRODUCTION 

I General Statem'ent 

Except on the islands of Palawari Province having 
an area l e s s  than 5 square miles, water resources a r e  
adequate for  a l l  purposes. I n  general, surface waters 
w i l l  be the  most eas i ly  developed and most sat isfactory 
sources of supply for  a l l  purposes. On the  la rger  
islands a r e  numerous small streams and a few la rge  ones. 
Most streams a r e  perennial, but some a r e  ephemeral. 
High-water stages a r e  frequent i n  a l l  streams; flood 
stages a r e  reached occasionally. Water from streams i n  
the hills and lowlands w i l l  generally require chlorination 
and f i l t r a t i on .  Except i n  the mountains, readi- 
ly accessible and eas i ly  developed watering points on 
streams can generally be selected. Lake Manguao near 
Taytay i n  northern Palawan Island i s  probably the  only 
permanent fresh-water lake i n  the province. 

Ground water i n  suff icient  quant i t ies  f o r  most 
purposes is  generally avai lable  i n  the lowlands and 
h i l l s .  I n  many places where wells a r e  not advisable, 
springs a re  present. Much of t he  ground water i s  hard, 
but it contains no harmful minerals. Water from shallow 
wells and many springs m i l l  require chlorination. 

Small emergency supplies of drinking water o r  an 
acceptable subst i tute  can be obtained from green coco- 
nuts, climbing bamboos, and cer ta in  l i anas  known t o  the  
natives. Rain water can be caught and stored a t  a l l  
seasons. 

Existing water f a c i l i t i e s  a r e  limited t o  a few 
small pipe-distribution systems, some of which del iver  
water unsuitable for  drinking o r  culinary purposes 
without treatment. Near Aborlan on Palawan Island and 
Coron on Eusuanga Island a re  a number of deep, d r i l l ed  
wells owned by individuals or communities. Throughout 
the province a r e  numerous shallow wells. Water from 
shallow wells i s  usually contaminated. 

General Statement: Palawan Province (land area 
about 5,700 square miles) consists d1,169 islands, 63 
of which are larger  than 1 square mile. I n  t h i s  dis- 
cussion, the  islands a r e  divided in to  5 groups: 
(1) Palawan and adjacent islands, (2) Balabac and adja- 
cent islands, (3) Cuyo, Quiniluban, Dalanganem, and 
Cabulauan Islands, ( b )  the Calamian Islands Group, and 
( 5 )  the  Cagayan Islands. 

Palawan. and Adjacent Islands: Palawan (area about 
$555 square miles) is the  la rges t  is land i n  the  pro- 
vince. It i s  about 270 miles long and about h t o  30 
miles wide. A rugged central  mountain range extends 
almost the  en t i re  length o f t h e  island, but i s  broken 
i n  a few places by h i l l y  lowlands and plains. Coastal 
lowlands separated from the  mountains by ro l l ing  t o  
steep foo th i l l s  reach a maximum width of 5 miles on the  
southeastern coast; elsewhere they a r e  narrow o r  absent. 
Dumaran has an area of about 126 square miles. It and 
the  smaller islands of the group a r e  generally 'rolling 
t o  h i l l y  with l i t t l e  l eve l  lowland. The coasts a r e  
local ly  precipitous and rocky; t he  beaches a re  few and 
small; mangrove swamp i s  present a t  many places. 

Balabac and Neighboring Islands : Balabac Island 
has an area of about fZ5 square miles. In the east- 
central  pa r t  of the is land stands Balabac Peak, a l t i -  
tude more than 1,860 feet.  Altitudes decrease t o  the  
north and south t o  steep ro l l ing  h i l l s  with small, 
narrow valleys. The h i l l s  and mountains a r e  encircled 
by a narrow coastal lowland, which is widest on t he  
west. The smaller is lands of the group a r e  low with 
only a few scat tered ro l l ing  h i l l s .  

Calamian Group: The la rges t  islands of the  
~ a l a d a n  Group a r e  Busuanga (area 344 square miles), 
Culion (area 1% square miles), and Coron (area 27 
square miles). A few peaks r i s e  t o  a l t i tudes  between 
1,100 and 2,000 f ee t  but, except f o r  Coron, the is lands 
a r e  generally hi l ly with low rounded s d t s  r i s i ng  
250 to 700 f e e t  above broad l eve l  valleys. Many valleys 
a r e  marshes during the rainy season. Coron i s  very 
rugged throughout. -- - 

The C u p ,  QuMlutrian, Dalanganem, Cabuluan, and Cagayan 
~ s l a n a s :  The islands of Cuyo (area 57 square miles) and 
Ga~ayan (area 7 square miles) a r e  t he  largest.  The 
t&ography of a l l - t he se  islahds is  roughly similar con- 
s i s t i ng  of  small mountainous areas  of  l e s s  than 1,000 
f e e t  a l t i t ude  and more extensive areas of  ro l l ing  h i l l s  
and leve l  lowlands. The coasts a r e  generally precipi- 
tous, and beaches a re  few and small. 

I Stream Characteristics 

Stream channels i n  the  l eve l  lowland valleys a r e  a s  
much a s  1.50 to 200 f ee t  i n  width. Gently sloping banks 
of alluvium a r e  3 t o  5 f e e t  high. I n  many places they 
a r e  sof t  and marshy. Stream beds near the  coast a r e  
muddy, but above t he  inflbence of high t i d e  they a r e  
sandy and gravelly. Small rapids and f a l l s  occur with- 
i n  a mile of the coast  on many streams. I n  the  narrower, 
steeper valleys i n  the h i l l s  and uplands, stream channels 
a r e  seldom wider than about 50 feet. The steep, 4- t o  
6-foot high banks a r e  alluvium o r  bedrock and a re  gener- 
a l l y  firm, The beds a r e  generally sandy and gravelly; 
small waterfalls and rapids a r e  numerous. I n  the moun- 
ta ins ,  channels are  narrow but generally not deep; The 
banks a re  bedrock i n  most places. The bedrock channels 
a r e  generally mantled with cobbles and boulders; where' 
gradients a r e  low, they a r e  covered by sand and gravel. 
Rapids and waterfalls,  some several hundred f ee t  high, 
a r e  common. 

Geology 

Reef limestone probably underlies much of the  coast- 
a l  p la in  of southern Palawan Island, and the lowlands of 
Balabac, Cuyo, Cagayan, and t he i r  adjacent islands. This 
limestone is  a so f t  to moderately hard, gray t o  white 

Rel iab i l i ty  rating: Class D 

rock; generally highly permeable but containing,in some Beaches and Mangrove skimps: Areas of beaches and 
places, re la t ive ly  impermeable marly beds. It i s  a f a i r  mangrove swamps a r e  too small to be shown on accompany- 
source of ground water, but many wells may be dry holes ing map. For information regarding location and a rea l  
and others near the sea may s t r i ke  s a l t  water. Best extent of such features,  see the U. S. Coast P i lo t ,  
opportunities for  obtaining ground water a r e  where marly Philippine Islands, Part 11: Palawan, Mindanao, and Sulu 
beds are  present. They support perched water bodies i n  Archipelago, and the coastal  charts  of the U. S. Coast 
some places and i n  others a c t  t o  exclude sea water. and Geodetic Survey. These publications also give in- 

Massive and cavernous limestone underlies large formation i n  regard to known watering places along the 
areas  i n  the uplands and hills of the province. It i s  coast. 
moderately hard gray t o  buff o r  white rock, impermeable 
i n  mass but containing, i n  many places, fractures and Supplemental Water Sources: Small supplies of 
cavi t ies ,  which s tore  and transmit w t e r .  It i s  a f a i r  water o r  an acceptable subst i tute  a r e  available from 
source of ground water but many wells may be dry holes. sources other than ground or surface water. Coconut 
Yields w i l l  vary over short distances depending upon palms grow on nearly a l l  beaches, i n  large cultivated 
number and s ize  of openings encountered. Badly frac- p lo t s  i n  lowlands, and i n  smaller cultivated groves i n  
tured areas of fe r  best poss ib i l i t i es  of obtaining water, the  h i l l s .  The milk of the  green coconut i s  a palatable 

Granite-like and volcanic rocks underlie l a rge  subst i tute  for  drinking water. Climbing bamboos grow 
areas i n  a l l  but the  Calamian Island Group. They a r e  i n  open glades i n  the forest  from sea leve l to  high i n  
hard black t o  l i g h t  gray rocks, impermeable i n  mass but the mountains. The segrnents between the  mdes contain 
containing, i n  many places, f ractures ,  cracks, and small amounts of water. Certain water-bearing l ianas,  
vesicular zones which s tore  and transmit small amounts known t o  the natives, have a dis t r ibut ion similar t o  
of water. They a r e  a poor source of ground water. the bamboos, but a r e  also found i n  the deep forest .  A 
Yields w i l l  be small and variable as  they depend upon two-foot length of l i ana  contains as much as a p in t  of 
s i z e  and number of openings encountered by the  well. palatable water. 
Fracture openings tend t o  close a t  deptn and i f  Rain water can be caught from t r ee s  (see Figure 1 )  
water i s  not encountered a t  depths of l e s s  than 300 o r  on tarpaulins during a l l  seasons. It is  the only 
feet,  holes should be abandoned. loca l  source of supply i n  mangrove swamps, on many of 

Schist, s l a t e ,  and serpentine (dark gray t o  green- the snal ler  islands and beaches, and on high bare 
i sh  metamorphic rocks of moderate hardness), and shale mountain peaks. Emen are isolated fbr aqy length dtime i n  
occur beneath the lowlands and hills of Palawan and the such areas , it w i l l  be necessary e i ther  t o  transport 
Calamian Group . They a r e  poor aquifers and w i l l  yield water to themor t o  s e t  up d i s t i l l i n g  plants  to t r e a t  
l i t t l e  o r  no water. However, i n  some loca l i t i e s ,  par- sea water. Sea water i s  recommended for d i s t i l l a t i on  
titularly on Dumaran Is land and the Calamian Islands, ra ther  than swamp water as  c e p a i n  earthy t a s t e s  and 
they are  found i n  conjunction with very hard, dark odors found i n  the l a t t e r  pass over the s t i l l  with t he  
brown to  yellow and white, fractur'ed quartzi te  and con- water. 
glomerate. A t  such places, the fractures  i n  t he  quart- 
z i t e  and conglomerate contain small amounts of water. Accessibility: The accessibi l i ty  of the various 
Perched ground-inater bodies held up by impermeable areas to foot o r  vehicular t r a f f i c  is  indicated i n  t h e  
shales o r  s l a t e s  a re  present. Yields a r e  small a s  con- col- on occurrence of surface water. In  most 
di t ions controlling the  occurrence of m t e r  a r e  s i m i l a r  instances reference should be made t o  the  t e r r a in  sheets 
t o  those i n  the granitic o r  volcanic rocks. for data and specific loca l i t i es .  

Soft to moderately hard, a l te rna te ly  bedded clays, 
sandstones, and conglomerates underlie areas on Palawan Recommended Sources o f w a t e r  Supply: These columns 
and Balabac Islands. The sandstones and conglomerates of the table  list what a r e  probably the most feasible  
a r e  generally permeable and of fe r  the  bes t  pos s ib i l i t i e s  sources of water for  various types of operational and 
of developing ground water i n  the province. Perched occupational phases. The several sources l i s t e d  under 
water bodies supported by clay beds may be found i n  each category a r e  al ternat ives  given i n  order of decreas- 
places. ing de s i r ab i l i t y  and importance. Selection of sources 

Alluvium, found i n  many valleys and possibly i n  and re la t ive  des i rab i l i ty  were based on supplies needed 
some of the  coastal  lowlands, consis ts  of heterogeneous for one division. Length of tenure, water requirements 
bodies of sand, gravel, and clay. Permeability i s  very per man, r e l i ab i l i t y  and qual i ty  of supply, ease of 
variable over short distances, but i n  general t h e  best development, and ava i lab i l i ty  of equipment were con- 
l o c a l i t i e s  fo r  shallow dug o r  driven wells and i n f i l -  sidered i n  the recommendations. 
t r a t i o n  ga l le r ies  a r e  i n  this material. Several terms used in the table  a r e  more fu l ly  de- 

fined a s  follows: 
Population 

Imported: Two days' supply to be carr ied by each man; 
The population of Palawan Province i n  1939 was or  arrangements made t o  truck o r  otherwise de- 

about 94,000. Palawan and ad j acent islands included l i ve r  miter t o  established watering points. 
about 47,800 people; Balabac and adjacent is lands 
about 2,800; the Calamian Group about 21,400; Cuyo, Rain Water: Rain water caught from trees ,  ora t a r -  
Quinilubian, Dalanganem, and Cabuluan Islands about paulins, o r  other catching surfaces. 
21,400; and the Cagayan Islands about 3,000. hbcut a000 d the 
population a r e  natives. Whites, pr incipal ly  on Palawan Cisterns: Tanks for storage of water diverted from 
and the  Calamian Islands, numbered 79. There a r e  few ephemeral streams, o r  gathered from coLlecting 
towns; most of the population l i ve s  i n  scat tered barrios grounds o r  other surfaces. Ordinarily such struc- 
of 30 houses o r  l e s s  located i n  the lowlands and along tures  can be f i l l e d  only during the rainy season. 
the coasts. 

Precipi ta t ion 

Palawan Province has d i s t i nc t  wet and dry seasons. 
The amount of precipi ta t ion varies somewhat from place 
to place. Rainfall  i n  t he  dry season generally occurs 
a s  afternoon showers of small areal extent, although 
occasionally ra in  f a l l s  alrnost continuously f o r  periods 
of a few hours t o  a day. During t he  wet season, rains  
a r e  often steady and heavy over large areas; storms may 
last from a few hours t o  several days. Available rain- 
f a l l  data  a re  summarized i n  the table a t  the bottom of the 

e. The data from Cuyo i s  representative of the Cuyo, 
nilubuan Dalanganem Cabuluan, and yan Islands the E pm@9P 3 reprebartative of SF% ~sla$s.  ihe 

recor s rom w i g  a r e  representative o e eas ern 
pa r t  of Palawan Island between San Antonio Bay and 
Fleches Point. The estimates for  western Palawan a r e  be- 
lieved to be representative of the balance of Palawan 
Island anid Balabac and adjacent islands. 

Construction Materials Available Locally: The exten- 
s ive forests  of the province contain numerous t rees  which 
a r e  excellent f o r  curbing, shoring, timbering, and tempo- 
ra ry  foundations. It i s  reported that,unless treated, 
a l l  wood i n  contact with the  s o i l  m i l l  require replacement 
a t  l e a s t  once a year. Clays suitable f o r  dam cores and 
impervious membranes a r e  widespread i n  the areas underlain 
by limestone, serpentine, clay, shale, and volcanic rocks. 
Relatively permeable, eas i ly  compacted ear th for use i n  
dams and similar structures,  i s  most abundant i n  areas 
underlain by granite. Sand and gravel sui table  fo r  con- 
crete  aggregate occur i n  most stream channels and on some 
beaches. Rock sui table  fo r  riprap, masonry, and other 
construction purposes i s  abundant i n  most par t s  of the  
province. 

Equipment and Materials Needed: The following l i s t  
gives only the most essent ial-and desirable equipment and 
supplies needed fo r  the development of water supplies: 

WATER RESOURCES AND DEVELOPMENT General: Chlorination, F i l t ra t ion ,  and Dis t i l l a t ion  
Units; 5 gpm 2-man pack f i l t e r s  i f  available; 

General Statement carpenter 's tools; hand excavating tools; 
explosives for  excavating; pipe for pipe l ine ;  

Introduction: The accompanying table summarizes cement; lumber and timber f o r  cribbing, forms, 
water resources of Palawan Province and out l ines  most and temporary foundations (See Construction 
feasible methods of development and the problems which Materials Available Locally). 
must be solved. Some f e a t i r e s  apply to -many areas. I n  
order to keep the table  br ief ,  such common features a r e  
discussed under relevant headings i n  t h i s  general s ta te-  
ment. References a r e  made t o  them, where needed, i n  the  
a rea l  discussions. A l l  data given apply only t o  islands 
with areas i n  excess o f  5 square miles. 

The Smaller Islands: Information on the smaller 
i s l a n F i s  generally inadequate, and available data  do 
not permit cay interpretation. The smaller i s lands  gen- 
e r a l l y  c0ntain.m lakes, and only small ephemeral streams. 
Wells a r e  subject to invasion by salt water i f  pumped 
too strongly. and. a s  a r e su l t  yields  must be kept small. 

Surface-water Development: Heavy-duty screens and tra* 
racks; centrifugal pumps with suction-line 
f i t t i ngs ;  pontons. 

Ground-water Development: Dri l l ing r igs;  extra  W i n g  
tools; f ishing tools ;  perforating tools; driving 
r igs;  drive pipe; drive shoes; screens; casing; 
high- and low-capacity, high-lift  turbine pumps 
with necessary fittings; high-lift  cylinder pumps 
with necessary rods, drop pipe; pi tcher  pumps. 

Ground-water Development 

~ e r e ~ i a l - s p r i n g s - a r e  usually &t present. unless defi- 
n i t e  information is  available, it should be assumed tha t  Ground Water i n  Alluvium: Ground water i s  present a t  

potable water w i l l  be limited i n  w u n t  and of poor re la t ive ly  shallow depths i n  alluvium a t  or  near perennial 

quality.  If potable water i s  present,  the occurrence and ephemeral stream channels and possibly a t  places i n  

and development problems wi l l  be similar t o  those on the coastal lowlands. The amount of  water present var ies  

nearby la rger  islands. with the volume of a l l uv i a l  material and the s ize  of the 
drainage basin o r  contributing area. 

RAINFAU I N  INCHES .IN PUWAN PROVINCE 
I I I I 

I I I Rainy Season I ~ r y  Season I 

I Cuyo 1 87.0 1 May-Nov. 1 82.3 I Dec .-Apr ; I I 

Station 

I Culion 1 126.1 1 May-Nov. 1 118.6 1 Dec.-Apr.. 1 7.5 1 

The alluvium consists of heterogeneously dispersed 
and intermixed lenses and channels of clay, sand, gravel, 
and larger  rocks. I n  the lowlands, the material is  f a i r l y  
f i neg ra ined  and well-graded; i n  the h i l l  lands, it i s  
coarse and poorly sorted. Yields of wells w i l l  range from 
qui te  small to large over short distances, depending upon 
permeability which varies  with degree of sorting, grading, 
and coaresness of material. 

The qual i ty  of the water w i l l  be d m i l a r  to tha t  i n  
t he  s t r e a m  traversing the alluvium except t h a t  it w i l l  be 
c l ea r  and s i l t - f ree  because of natural f i l t r a t i on .  

I n  the lowlands, where stream valleys and channels 
a re  re la t ive ly  broad, driven wells spaced on 20- t o  25-fat 
centers along a l i n e  crossing the stream channel can be 
put down i n  shallow o r  ephemeral streams where the surface 
of the  underflow i s  l e s s  than 1.5 fee t  below the bed of 
the stream. I f  possible,  wells should be driven to the 
base of the alluvium. Because of buried boulders, logs, 
and other large objects,  it may be impossible t o  drive 
wells i n  some places. & moving the well s i t e  a short 
distance the pipe can usually be sunk e a d l y .  Screens 
w i l l  be essent ial  on such wells; wells can be connected 
through a manifold t o  one centrifugal pump. Well heads 
and manifold must be protected against s w i f t  high water 
and flood flows which a r e  laden with heavy debris. Pump- 
ing plants can be located a t  a l t i tudes  above such dangers. 

Dug o r  driven wells can also be put down i n  alluvium 
outside stream channels. S i tes  near streams are  best but 
even a t  such s i t e s  yields w i l l  be l e s s  than from wells i n  
the stream channels. Excavation wi l l  be easy but driving 
may be d i f f i cu l t  t o  impossible because of buried 
obstacles similar t o  those beneath stream channels. 
Curbing or screens w i l l  be required. 

I f  culvert o r  other large-diameter pipe i s  
available (see Figure 4), it can be ins ta l led  beneath 
stream channels. The col lect ing well can be located 
beneath high ground* Such ins ta l la t ions  w i l l  be 
aafe from interruptions due t o  high water o r  floods. 
When pipe is not available, wooden culvert may be 
constructed from loca l ly  available material, or  open 
di tches shored with native timber can be constructed 
along banks of streams a t  s i t e s  above flood levels.  

Aver. 
Annual 

Salt-water Contamination: The estimated distance 
from the  coast within which there i s  danger of salt-water 
contamination of wells due t o  overpumping is  indicated 
for  each area i n  the table.  Even beyond the limits given, 
it i s  advisable to make periodic checks of the chloride 
content of wells penetrating below sea level.  For data 
on control,  see Diagrams A t o  D, Figure 5 .  

Spacing of Wells: Recommendations i n  each area a re  
directed toward avoiding possible contamination of wells 
by salt water and toward keeping interference between 
wells reasonably low. Experience may indicate a more 
desirable spacing. Re11 spacings should be measured ap- 
proximately along a contour and under no circumstances 
should more than one well be d r i l l ed  on or  near a l i n e  
normal t o  the contours. 

Months 

De ths  of Wells: Recommended depths of wells are  
d i r e c ' h a i n s t  contamination of wells by 
s a l t  water. In  some areas, unique conditions present 
local ly  applicable l imi t s ,  which a r e  mentioned i n  the 
discussion of the area. In  a l l  other areas the following 
l imi t s  a r e  applicable: i n  lowlands, within 500 fee t  of 
coast,  1 foot below sea level ;  500 f e e t  t o  1/2 mile from 
coast, 1 t o  3 f ee t  below sea level;  beyond 1/2 mile, 
depth unlimited. 

I n  h i l l  lands, within 500 fee t  of the coast, 1 foot 
below sea level ;  500 f ee t  to l /4  mile from coast, 1 t o  
3 f ee t  below sea level;  beyond 1/& mile, depths unlimited. 

I n  country where depths a re  unlimited, it w i l l  be 
advisable to make periodic checks of water from wells 
within 1 mile of coast, t o  detect evidence of salt-water 
encroachment. 

I n  some areas, maximum depths are given, below which 
it i s  probable that  openings i n  rocks w i l l  be so small 
and infrequent i n  occurrence tha t  only a l i t t l e  water 
w i l l  be present, and it w i l l  be yielded t o  wells slowly 
o r  not a t  a l l .  

Depth t o  Water: The depths t o  water given i n  the 
various areas are general estimates of distance t o  water 
t ab l e  i f  measured from lower par t s  of the land surface, 
such as  beneath valley f loors  or  lower slopes of h i l l s .  

I n  general, depth increases with increasing a l t i -  
tudes. 

Rainfall  

Development of Springs: Springs can be improved by 
tunneling and ditching t o  permit unimpeded and concen- 
t r a t ed  flow of water (see Figure 2) .  Excavating w i l l  
ordinari ly  require explosives. Tunnels i n  most local- 
i t i e s  must be timbered. 

I f  flows are  small, s to ragebas ins  can be construct- 
ed near spring out lets .  Basins may require sealing with 
concrete o r  puddled clay to reduce seepage losses. 

Ditches to  intercept and d iver t  surface run-off 
from spring out le t s  and storage.basins should be dug. 
Several acres above spring ou t l e t s  d ~ o u l d  be restr ic ted.  

No attempt should be made t o  develop ephemeral 
springs and use of them i s  not recommended. 

Some springs, par t icular ly those with Large fluctu- 
a t ions i n  flow may require chlorination and a t  times 
f i l t r a t i on .  

I Iwahig 1 79.9 1 Yay-Dec. / 71.2 1 Jan.-Apr. 1 8.7 1 

Months 

(continued) 

Seasonal 
b i n f a l l  



PALAWAN PROVINCE (I? I.) WATER SUPPLY 
I 

FIGURE 1. Collect ing r a i n  water  from trees, coco- 
nut  palms, e t c ,  Palm leaves, twis ted  r a t a n  o r  
cogon grass, rope, metal col lars ,  e tc .  a r e  a t tach-  
ed t o  trunk t o  i n t e r c e p t  and d i v e r t  water. 

, FIGURE 3 .  GROUND WATER DAM 

Cross sec t ion showing simple method of obtaining f i l t e r e d  water fron: 
t h e  a l l u v i a l  f i l l  i n  t h e  channel of an intermit tent  stream. S i t e  i s  
se lec ted  where stream flows i n  f a i r l y  narrow channel c u t  through im- 
permeable rock. Al luv ia l  fill is excavated t o  bedrock e n t i r e l y  ac ross  
valley. Timber cut-off wall ,  s ized rock, and c lay  a r e  emplaced as indi-  
cated i n  dia@;ram. Water can be pumped by small hand pump connected with 
2-inch pipe  perforated at lower end. Pump can be placed at s ide  of va l l ey  
and protected from floods by boulders. The quanti ty of water obtainable 
i n  t h i s  manner i s  l imi ted  t o  the amount of ground water flawing through 
t h e  a l l u v i a l  f i l l ;  pmbably not more than a few thousand gal lons  per day 
f o r  small streams. However t h e  water ,unlike water from the stream i t s e l f ,  
is n a t u r a l l y  f i l t e r e d  and always avai  h b l e .  

CROSS SECTION SHOWING SPRING BEFORE IMPROVEMENT 

. CROSS SECTION SHOWING SPRING AFTER IMPROVEMENT 

Diagrams showing simple method of improving spring t o  avoid con- 
tamination and increase useable flow. Equipment required in- 
cludes pipe, tools ,  wood o r  concrete f o r  dam, and fencing. Dam 
must be watert ight .  It can be made of concrete or of two wooden 
bulkheads with a tamped c lay  f i l l .  Excavation behind dam is 
f i l l e d  with l ayers  of crushed rock and gravel. Pipe must be 
large  enough t o  accomodate increases i n  y ie ld  of spring. Ditches 
f o r  d iver t ing  surface drainage and fences are used t o  p ro tec t  
r e s t r i c t e d  zone above spr ing from contamination. Restricted zone 
should be a t  l e a s t  100 f e e t  long. 

GALLERY USED TO PICK UP UNDEHFLaW BENEATH EPHEMERAL STKEAM CHANNO,LS 
A trench is dug t o  below tne uupper surface of the underflow, i f  possible t o  the bottom of the channel f i l L  
The length of the trench is determined by the amount of water required and the length of pipe available. 
Corrugated pi* o r  cu lver t  perforated a t  close i n t e r v a l s  arniind the e n t i r e  perimeter is placed i n  tb 
trench and backf i l led  with gravel o r  crushed rock which permits water t o  e n t e r  the pipe but r e ta rds  tb 
entrance of s i l t  and sand. The pipe leads t o  a sump i n  the stream bank, from which the w a t e r  is pumped. 

PREPARED BY U S GEOLOGICAL SURVEY 
F O R  

CHIEF OF ENGINEERS, U S ARMY 



WATER SUPPLY PALAWAN PROVINCE (P I*) 

SALTY GROUND WATER 

FIGURE 5 ,  OCCURRENCE AND DEvEIL)PbENT OF GROUND WATER SUPPLY IN COASTAL AEUIAS AND ON SIdAU ISfANDS 

The following statements r e f e r  chief ly to areas where 
the rocks have m r e  or less uniform permeability, Where 
permeable and impermeable rocks alternate,  giving rise t o  
ar tesian conditions the occurrence of ground water is more 
complex and the problems involved are not considered here. 
In such areas developments of water supply should be made 
upon recommendat ions of a competent ground-wat er geologist 
after f i e l d  study. 

DIAGRAM A 

Occurrence of ground water along a sea coast underlain by permeable material. A deep 
well near the shore (well 1 )  w i l l  penetrate zone of mixture and s a l t  water zone, al-  

though small supplies of f resh water can be obtained.from shallow wells (wells 2 and 
3). Well 3 shows conditions during pumping. Vertical scale about twice the horizon- 
t a l  scale. 

Occurrences of Presh Ground Water: Fresh ground water, 
generally found s l igh t ly  a b  ve sea leve l  in most coastal  
areas, i s  derived from and replenished by r a i n f a l l  and 
runoff, A body of f resh  water, because of its lower density, 
floats upon underlying salt water, (See Magram A). The 
depth t o  salt water is roughly a function of the height of 
the water table above mean sea leve l  and the density of the 
sea water. Theoretically the  f r e sh  rnter extends about 40 
f e e t  below sea leve l  f o r  each foot  t h a t  it r i s e s  above sea 
level; t h a t  is, if t h e  water table is one foot  above sea 
level,  the  salt-water surface w i l l  be about 40 f e e t  below 
sea leve l  and the fresh water layer w i l l  be about f e e t  
thick, Actually the fresh-water layer is always thinner 
because the  fresh and salt water become mixed near t h e  
surfaces of contact, owing t o  diffusion and t i d a l  fluct-  
uations, The amount of mixing increases rapidly a s  the 
t i d a l  fluctuations increase. The zone of mixing i s  thickest  
near the  shore and thins  inland, It i s  thicker i n  very 
permeable materials such a s  cavernous limestone and thinner 
i n  l e s s  permeable materials such aspsand, 

The qual i ty  and quantity of ground water a d l a b l e  i n  
coastal  areas  depend upon many factors. Some of the most 
important are: 

(1) Recharge t o  water-bearing formations. The 
accumulation of a large body of  f resh water i s  favored by 
a high evenly dis t r ibuted rainfall over a la rge  catchment 
and contributing areas, The recharge from ra ins  i s  augmented 
by seepage losses from streams traversing a l luv ia l  p M n s  
and coastal  areas. In areas of l i g h t  rainfall, o r  during 
periods of prolonged drought, t h e  f resh  ground-water layer 
is l i k e l y  t o  be t h i n  o r  absent, A f t e r  heavy r a i n f a l l  t he  
ground water freshens, and during dry periods it becomes 
salty. 

( 2) Permeability of water-bearing formations, The 
fresh-water layer  i n  highly permeable material  i s  re la t ive ly  
thin; it  increases i n  thickness as the rocks become more 
impermeable. Moderately permeable rocks are  more l i k e l y  t o  

have the most eas i ly  exploited ground-water layer. Coastal 
areas underlain by reef l b e s t o n e  a re  bordered,between high- 
and low-tide levels, at  many places by a layer  of nearly 
kpmneable cemented sand (beach rock) which tends t o  exclude 
sea water and retard the seaward movemnt of  f r e sh  water. 
This barrier,  as  well as  those presented by mud and ooze 
overlying the  front of de l tas  and f i l l i n g  mangmve swamps, 
promotes the accumulation of a thick fresh-water layer, 

(3) Width of the coastal area, It is not possible to 
s t a t e  the minimum width of a coastal  lowland from which 
potable ground water can be obtained but in general the 
wider the  coastal  area the  greater i s  the  likelihood of i ts  
containing potable ground water. Large t i d a l  fluctuations 
on coastal areas underlain by permeable rocks cause a thick 
and extensive zone of mixing between fresh and salt water, 
If recharge i s  not great  in  such areas, par t icular ly if the 
coastal  lowlands are  narrow, potable ground wbter may not be 
present. Under l e s s  extreme conditions the ground water lhay 
be brackish; however, water with salt concentrations as high 
as 1,500 par t s  per mill ion is still  palatable and may be 
beneficial, as the salt compensates f o r  t h a t  l o s t  from the 
body through perspiration. 

Selection of Well S i t e s  and Other Collecting Work?: On 
narrow coastal  areas wells should be located within the land- 
ward. quarter of thelowland but not too close t o  the i n t e r i o r  
uplands, Where water-bearing materials .are very permeable 
the distance from the shore should bear about a 10:l r a t i o  
t o  the depth of the w e l l ;  a w e l l  100 f e e t  below sea l eve l  
should be a t  l e a s t  1,000 f e e t  from shore, However if the 
material i s  sand o r  other l e s s  permeable material  t he  r a t i o  
may be reduced t o  6 t o  1. Especially favorable locations 
a r e  on stream del tas  where the material i s  sandy o r  on 
coastal  areas behind beach rock o r  mangrove swamp, 

Vegetation indicates  in many places the qual i ty  of 
shallow ground water, Coconut palms grow only where t h e  
ground water i s  fresh, t a ro  where it i s  f resh  or ' s l ight ly  
kackish,  and nipa palm and mangrove only where it is  
brackish t o  sal ty ,  

Wells and other col lect ing m r k s  should be located on 
the  landward side, and a s  great a distance as possible fmm 
la t r ines ,  garbage dumps, burial grounds, native villages,and 
other possible sources of contamination. 

- -------- ----- ---------- 
[Nan- pumping position of fresh rater - salt water boundary 

Construction of Wellst On narmw coastal plains wells 
should not be extended far below sea level,  On broader lo- 

DIAGRAM B 

Battery of driven w e l l s  (drive points) t o  spread pumpage 
and decrease draw-down, thereby minimizing danger of 
salt-water contamination. Perforations must be below 
water l eve l  so  tha t  suction w i l l  not be broken during 
pumping. \ e l l s  should be about 50 fee t  apart  and should 
not extend more than a foot o r  two below sea level. Dia- 
gram is not t o  scale. Zone of mixture not differentiated, 

on-pumping fresh water - 
salt water boundary 

DIAGRAM C 

Showing contamination of 
a well owing t o  excessive 
pumping. If well i s  too 
deep, contamination i s  
more l ike ly  t o  occur than 
i f  well is  shallow. Wells 
that  have become contami- 
nated may freshen i f  
allowed t o  res t .  Diagram 
not t o  scale. 

lands wells mom than 1/'2 mile from the shore need not be 
limited i n  depth but should be checked periodically for 
evidence of salt-water contaminat ion. 

Dug wells are  generally more sa t i s fac tory  than d r i l l ed  
wells o r  drive points on coastal  areas where depth t o  water 
i s  not too great. Thw pravide a larger  storage capacity 
i n  the w e l l  and drawdowns a r e  somewhat lower fo r  t h e  same 
yields, Dril led wells are more eas i ly  constructed in hard 
materials where the  water table i s  a t  considerable depth, 
Drive points can be used i n  unconsolidated materials when 
cobbles or larger  rocks, t r e e  trunks, and other  buried 
materials are not present. 

Where the freshilmter lens  is th in  it i s  advisable to  
obtain water Pram ditches or  p i t s  dug t o  about 1 foot  below 
sea level, o r  where ditches a re  not practical,  from gal le r ies  
(See Magram D). Open p i t s  and d i t c b s  should not be pumped, 
but water should be dipped o r  s u e d  from t h e  surface, 

When large supplies a re  required and there i s  suff ic ient  
room, several M i l t r a t i o n  galleries,  dug wells, driven wells, 
o r  ditches can be spaced on about 200-foot centers along 
a l l n e  pa ra l l e l  t o  the  shore. Mtches and i n f i l t r a t i o n  
ga l le r ies  should have t h d r  long axes pa ra l l e l  t o  the  shore. 

Pumpingg Excessive p ~ p b n g  dram salt water 3nto wells 
(see Magram B). To minimize this danger pumps shonld be 
regulated so t h a t  w a t e r  l eve ls  w i l l  not be lowered below sea 
level. Measurement of the water level, and t i t r a t i o n  of the  
water to  determine chloride content a f t e r  each day's pump- 
ing w i l l  a id  materially in establishing t h e  s a f e  pumping 
r a t e  f o r  each well, If chloride content shows a progressive 
increase from day t o  day, pumping rates shotild be reduced t o  
1/2 t h a t  of the prevtous day un t i l  such time as t e s t s  in- 
dicate  a constant o r  decreasing chlori& content. On some 
narrow coastal  plains it may be necessary to l i m i t  pumping 
t o  periods of low tide. 

If water supplies a e  planned for l a rge  ins ta l la t ion8  
i n  areas subject t o  salt-water contamination, storage should 
be provided to carry over droughts and periods of especially 
Mgh t i des  when pumping rates may have t o  be reduced, 

If mlls become s a l t y  as a resul t  of ov~pumping they 
can sometimes be freshened by allowing them t o  rest, 
espeaially, during ra iny  periods. On resumption of pump 
ing withdrawals should be limited t o  1/2 the previous 
r a t e  and tests made as described above, 

I bit-pumping position of frmh a k - s a l t  water boundary 

I 1 
DIAGRAM D 

In f i l t r a t ion  gal lery used t o  skim fresh water rrorfi top 
of salt water where fr'esh-water zone i s  thin.  For 
equivalent pumpage, r i s e  i n  salt water is much l e s s  
than when small-diameter wells are used. Shaft is  sunk 
about 2 f e e t  below sea l eve l  and bottom is lined with 
impermeable material t o  form a sump. Galleries are driv- 
en from near bottom of shaft para l le l  t o  shore d w i t h  
a s l igh t  grade so tha t  water w i l l  flow t o  sump. Lo+ 
e s t  par t  of gal lery should not be more than a fewinch- 
es  below sea level. I f  ga l l e r i e s  a re  i n  caving materi- 
al, adequate timbering must be provided. Diagram i s  
not t o  scale. 
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PALAWAN PROVINCE (I? 13 WATER SUPPLY 
Rel iab i l i ty  rating: Class D 

I Ground Water 

Surface) Water t Well water I Springs I Recommended Sources 
of Water Supply 

(See Introduction) Development Occurrence Development Occurrence 
(See Introduction f o r  

Development) 

Brackish o r  s a l t y  water f i l l s  
most streams except a t  low t ide ,  
during high water o r  flood stages. 
Eater i s  generally turbid, may 
have a high s i l t  content and 
probably contains harmful organ- 
isms. 

Fresh-water springs 
may occur a t  or  
s l i gh t l y  below high- 
t i d e  level. Outlet 
may be under water a t  
high t ide,  and init ial  
flow on ebbing t i de  
may be brackish o r  
salty. Quality is  
unknown, but harmful 
bacteria may be 
present. Because of 
location and charac- 
t e r ,  springs a r e  not 
eas i ly  developed. 
Water may require 
s te r i l i za t ion .  

BEACHES ON ALL I 1s- 
Intake should be eas i ly  movable o r  protected 
against swift high-water flows, they should 
be protected with heavy screens and t rash  
racks. Pumpine; plants  should be on high 
ground o r  e l s e  ea s i l y  moved out of flood 
danger. On la rger  streams, where overhang- 
ing fores t  growth gives concealment, intakes 
and pumping plants can be mounted on secure- 
l y  anchored pontons. Chlorination and f i l t r a -  
t i o n  w i l l  be required. No permanent water 
points a r e  recommended because of uncertain- 
t y  of supply. 

A t h in  layer of f r e sh  water 
which increases i n  thickness 
inland f l oa t s  upon a sa l t -  
water body. Water may be 
brackish. near the Shore but 
qual i ty  improves inland;only 
small suppliea can be ob- 
tained unless beach i s  very 
wide. On wide beaches fair-  
l y  large amounts may be 
developed with i n f i l t r a t i o n  
gal ler ies ,  Water may con- 
t a i n  harmful bacteria. 

Shallow p i t s  dug t o  sea leve l  w i l l  provide emer- 
gency supplies. P i t s  should be cribbed against 
caving o r  dug with suf f ic ien t  s ide slope to prevent 
sloughing. Pumps a r e  not recommended and m t e r  
ahould be dipped o r  skimmed from surface to avoid 
salt-water contamination. Where beaches a r e  wide, 
driven wells and i n f i l t r a t i o n  ga l le r ies  (see 
Fig. 5D) w i l l  generally yield re l iab le  supplies 
for  small personnel units. Driving and excavating 
should be easy. Wells and ga l le r ies  should be 
spaced on a m i n i m u m  of 200-foot centers and located 
a s  f a r  from shore a s  possible. Water may require 
chlorination, 

Combat, Overnight 
Bivouac, and similar 

ow 
Underlain by quartz, 
coral,  o r  .black sand, 
gravel, and shingle. 
(See Introduction). 

plant sources. 
Rest hvouac , Tempo- 
ra ry  Camp, Field 
'Rospital, Semi-perma- 
nent Camp: Inf i l t ra -  
t i on  ga l ie r ies  , 
shallow dug wells, 
imported. 

MANGROVE SWAMPS ON 
ALL ISLANDS 

Lakes and streams contain brack- 
i s h  o r  s a l t y  water with deep 
coloration. Water i s  not potable 
and i s  not amenable to any t reat-  
ment but d i s t i l l a t i on .  

Dist i l la tSon of swamp o r  sea water. Sea 
water w i l l  probably be a more desirable 
source a s  swamp water contains cer ta in  t a s t e s  
and odors which pass through the s t i l l  with 
the  water. 

No potable ground water is 
available. 

None. Combat, Overnight 
Bivouac, and ~imi'lar 
Operations: Imported 

Not possible. 

Underlain by heavy 
clay and mud. (See 
Introduction). 

ra inwater .  

Combat, Overnight 
Bivouac, and similar 
Operations r Streams, 
springs, plant 
souxes ,  r a i n  water. 

I 

rA3mLANDS AND 
HIGHER HILL LANDS 

Underlain by reef 
limestone on the  
east coast south 
of Panagtaran 
Point and else- 
where by massive 
and cavernous 
limes tone. 

I1 

x,oaArmS AND 
HIGHER HILL LANDS 

Underlain by 
grani t ic ,  volcan- 
i c ,  and metamor- 
phic rocks. 

I11 

LOWLANDS AND 
HILL LANDS 

Underlain by 
beds of sand- 
stone, shale, 
o r  clay, and 
conglomerate 

I 

Below a l t i tudes  of 30 f ee t ,  i n  parts of the  area 
underlain by reef limestone, dug wells and i n f i l -  
t r a t i on  ga l le r ies  (see Fig. 9 )  a r e  pract ical .  
Wells should be spaced on 150-foot centers a s  a 
minimum. Explosives w i l l  be needed fo r  excavating. 
Curbing and timbering.wil1 be necessary. Centrifu- 
gal  pumps can be used. Where water +.able is more 
than 15 f e e t  below the  ground surface centr i fugal  
pumps can be s e t  i n  p i t s  to depths within the suc- 
t i o n  l i f t  of the pumps. Elsewhere i n  the area, 
d r i l l ed  wells  a r e  recommended. Wells should be 
spaced on 100-foot centers but greater spacing i s  
desirable part icular ly within 1/2 mile of the coast. 
I n  massive limestone, badly fractured areas  offer  
the  best opportunities of obtaining water. Hard 
coral  heads i n  reef limestone, and open fractures  
and cav i t ies  i n  massive and cavernous limestone may 
cause d i f f i cu l t i e s  in d r i l l i ng  and tend t o  deflect  
the holes. Posdb i l i t i e so f  l o d  ng tools a r e  great,  
and f ishing and extra d r i l l i ng  tools  should be 
available. Shooting may improve some wells i n  
massive and cavernous limestone but should never 

Lolrlandsr Many small streams; 
-which a r e  dry during much 
of dry season crossing lowlands. 
A t  10- o r  15-mile in te rva ls  a r e  
larger  streams with base flows of 
20 c f s  o r  more. Combined base 
flow of streams emptying into 
Puerto e i n c e s a  estimated to be 
suf f ic ien t  for  200,000 men. A l l  
streams occasionally reach flood 
stages. Water may be brackish 
a s  much a s  1 1/2 miles from the 
coast. Upstream, it i s  hard but 
contains no objectionable miner- 
a l s ;  itis often turbid and has a 
high conteht o f  decomposed or- 
ganic matter. During high-water 
stages, streams carry large loads 
of  s i l t  and heavy debris. Banks 
a r e  low, i n  some places marshy, 
and a t  others heavily vegetated. 
(See Terrain Sheet f o r  data on 
specif ic  areas).  
Hil ly  Areast Many streams with 
base flows of 5 c f s  o r  l e s s  flow 
through h i l l y  areas. Stream flows 
f luctuate  considerably. Some 
streams have short  surface courses 
a s  they flow in to  sink holes and 
f o l h  subterrahean channels. 
Water is hard but contains no 
harmful minerals. Streams gener- 
a l l y  c lear  and possibly bacterial- 
ly safe except during high water 
when silt allld3bris loads are  

Few springs occur i n  
the lowlands, except 
near the foot of the 
hills. I n  t he  h i l l s  
they a r e  cormnon. Some 
may have base flows 
of several hundred 
gallons per minute. 
Flows of some springs 
f luctuate  consideraw, 
other springs are 
ephemeral. Tiater i s  
hard but otherwise 
generally of good 
quality. However, 
a f t e r  heavy rains  some 
springs a r e  s i l t y  and 
possibly contaminated. 

Rest Bivouac, Tempo- 
ra ry  Camp, Field 
Hospital, Semi-perma- 
nent Camp: Streams, 
I n f i l t r a t i o n  galleries, 

large. Banks generally l e s s  than 6 f e e t  high and f i r m ;  may be heavily 
vegetated. Area eas i ly  accessible t o  foot  t r a f f i c  but may be d i f f i c u l t  
t o  impassable fo r  wheeled vehicles i n  some sections. (See Terrain Sheet 
f o r  data on specif ic  areas).  

bwlandsr Intakes should be located above 
l i m i t  of salt-water incursion a t  high tide. 
STtes above small f a l l s  and rapids which, i n  
many streams, a r e  within 1 1/2 miles of the 
coast a r e  safe  from sa l twa te r .  Intakes 
s h u l d  be protected against heavy debris  
carr ied by stream during high water or  flood 
stage. Intakes s b u l d  be ins ta l led  t o  oper- 
a t e  a t  widely fluctuating water levels  and 
should be equipped with heavy t r a sh  racks and 
screens. Pumping plants should be ea s i l y  
movable o r  located on high pound above flood 
levels.  I n  larger  streams, where overhanging 
fores t s  o f fe r  adequate concealment, pumping 
plants  and intakes can be mounted on securely 
anchored pontons. Water m i l l  generally re- 
quire  f i l t r a t i o n  and chlorination. 
H i l l  Areasr Development i s  similar t o  t ha t  
&an& with the following additions: 
Plunge pools beneath water f a l l s  can be 
improved with small expenditures of material 
and labor t o  s tore  small amounts of water and 
t o  be t te r  pumping conditions. S i tes  a r e  
present f o r  small dams, constructed of 10- 

driven well in al lu-  - 
vim. 

Fresh water i s  present a 
few f e e t  t o  200 feet below 
the  surface i n  the  lowlands 
and between 150 and 800 f ee t  
i n  the  h i l l s .  Yields w i l l  
range from a few gallons to 
several huncli-ed gallons per 
minute with the poss ib i l i ty  
of  some dry holes. Bccept 
f o r  hardness water i s  of 
good quality,  however, i n  
t he  v ic in i ty  of Puerto 
Princesa it i s  reported t o  
be heavily polluted and t o  
Have an objectionable f i shy  
smell and taste .  There is 
danger of salt-water contami- 
nation i n  wells wtthin 1/2 
mile of the coast on the  
lowlands and l / 4  mile i n  the 
h i l l  lands. Underflow i s  
probably present i n  stream 
channels. 

Permanent Camp or  
Hospitalr Drille d 
m t r e a m s ,  pipe 

 call^ available material. Dams should have large well-protected sp i l l -  
ways. Reservoir storage capacity may be large. Reservoir s i t e s  may be 
highly permeable and should be examined careful ly before dams a r e  bui l t .  
Small permeable areas can be sealed with clay blankets protected by rip- 
rap. Both materials a r e  abundant on islands. I f  pipe i s  available water 
from reservoirs may be delivered under gravi ty pressure t o  s i t e s  on t he  
lowlands. Reservoirs w i l l  a c t  a s  natural  s e t t l i ng  basins t o  remove much 
silt. Because of heavy forest ,  combined with sof t  ground i n  the  lowlands, 
and rough topography i n  t h e  h i l l  land, roads may have t o  be constructed 
t o  watering points. 

l ines. 

be dpne t o  wells i n  reef limestone. Screens w i l l  
not be needed. Casing may be required i n  upper 20 
f e e t  of hole. High-lift turbine o r  cylinder pumps 
dl1 be needed. Water from wells in the lowlands 
may require chlorination. For da t a  on development 
of underflow, control of salt-water contamination, 
and recommended depths of wells s ee  Introduction. 

Situated i n  low, %&%%; south of Taytay is  
the  only lake on Palawan Island. 
It contains an estimated minimum 
storage of 1,340,000 gallons, the 
area varies  from 2 t o  9 square 
miles. Average low-water depth 
is  about 20 feet. Outlet i s  
underground through vesicular and 
columnar volcanic rock a t  south- 
eas t  end of lake. Water contains 
no objectionable minerals but it 
probably has a bromish color, and 
a large content of decomposed 
organic matter. Banks a re  probab- 
l y  marshy and a t  places heavily 
vegetated. 
Lowlands: Many s m a l l  strearas 
-which a r e  dry d'uring much 
of the dny season. A t  10- o r  
15-mile intervals  a r e  la rger  

Combat, Overnight 
Bivouac, and Similar 

Rest Bivouac, Tempo- 
rary Camp, Field 
Hospital, Semi-perma- 
nent Camp: Streams, 
seepage gal ler ies ,  or  
driven wells i n  al lu-  
vium. 
Permanent Camp o r  
7 s  , 
dr ivenwel l s  , seepage 
and i n f i l t r a t i o n  
galleries.  

A t  Lake Manganguao, intakes should be capable of 
operating under f luctuat ing water levels;  
should be protected against moderate wave 
action, and should be equipped with screens 
and t rash racks, Pumping plants should be 
eas i ly  movable or  located a t  s i t e s  above high- 
water level.  Mounting of intakes and pumps 
on pontons would be advantageous, but condi- 
t ions for concealment a r e  probably unsatis- 
factory. Water w i l l  require  chlorination and 
a t  times f i l t r a t i on .  Approaches fo r  vehicles 
and foundations f o r  ins ta l la t ions  w i l l  be 
required because of swampy ground. Develop- 
ment of watering places on streams w i l l  be 
similar t o  Area I above. Small dam s i t e s  a r e  
l e s s  common than i n  Area I but those present 
a r e  probably more desirable &om the stand- 
point of permeability of reservoir  s i tes .  I n  
some places road for  wheeled vehicles may 
have t o  be constructed t o  watering points. 

Wells should not be d r i l l e d  a t  places underlain by 
sof t  dark green sheared rock (serpentine).Tn country 
underlain by granite-like o r  volcanic rocks, holes 
should be abandoned i f  no water i s  found a t  depths 
l e s s  than 300 feet. Where gentle slopes a r e  under- 
l a i n  by deeply weathered granite,  dug wells and 
i n f i l t r a t i o n  ga l le r ies  (see Fig. 9 )  20 t o  30 feet  
deep are  practical.  Such f a c i l i t i e s  should have 
m i n i m u m  spacing of 100-foot centers. Large residual 
boulders preclude the use of driven wells and may 
obstruct excavating to such an extent tha t  explo- 
s ives  dl1 be required. Excavations must be curbed 
or  timbered. Elsewhere d r i l l ed  wells a r e  recommerd- 

Fresh water i s  present a few 
f e e t  t o  200 f ee t  below t h e  
surface i n  the  lowlands and 
between 150 and 600 fee t  i n  
the h i l l s .  Yields w i l l  
generally be l e s s  than 25 
gpm, and i n  areas underlain 
by serpentine they may be too 
small t o  warrant d r i l l ing .  
L i t t l e  or  no water i s  avail- 
able  below depths of 300 f ee t  
i n  areas underlain by grani- 
t i c  rock. S m a l l  amounts of 
water may be present a t  
shallow depths a t  the  base 
of weathered material overly- 
ing granite. Qual i ty  of 
water i s  good but it may 
have a high i ron  content. 
Wells within 1/2 mile of the  
sea on the lowlands and l / 4  
mile on the h i l l  lands a r e  
i n  danger of salt-water con- 
tamination. Underflow is 
probably present even i n  
areas unsuitable for  deep 
well development. See In- 
troduction regarding occur- 
rences , 

streams with base flows of about 20 CIS. A l l  streams a r e  subject t o  frequent 
high-water and occasional flood stage. Water i s  brackish as  much as  1 1/2 
miles from the coast but upstream it i s  palatable. It i s  often turbid, has a 
high content of decomposed organic matter, and during high water car r ies  large 
loads of s i l t  and heavy debris. Banks a r e  low, i n  some places heavily vege- 
ta ted and commonly marshy. 
H i l l  Lands: Many small streams with oase flows .up t o  5 cfs. Stream flows 
f luctuate  considerably. Water i s  c lear  and of good qual i ty  except during 
high-water stages when silt and heavy debris loads w i l l  be large. Banks a re  
generally low, heavily vegetated, and i n  many places marshy. Ordinarily 
area i s  eas i ly  accessible t o  foot t r a f f i c ,  but marshes and heavy fores t  may 
block vehicles i n  some sections- (See Terrain Sheet f o r  deta on movement. 
i n  specif ic  areas).  

Few springs occur i n  
the lowlands except 
near the foot  of the 
h i l l s .  I n  the h i l l s  
they a r e  not uncommon. 
Flows a re  generally 
small and some spring 
flows a r e  subject t o  
s l i gh t  fluctuations. 
A few spring* a re  
ephemeral. Quality of 
water is  usually good. 

Occurrence and character is t ics  of 
streams and stream waters a r e  sim- 
i l a r  t o  those found i n  Area I1 
above. Area i s  heavily forested 
and i n  many places marshy. Gener- 
a l l y  eas i ly  accessible t o  foot 
t r a f f i c  but some loca l i t i e s  dif  f- 
c u l t  to impassable f o r  wheeled 
vehicles. See Terrain Sheet for  
data on specif ic  area 

ed. Badly fractured granite o r  volcanic rock offers  the  best possibi l i -  
t i e s  of obtaining water. Wells should be spaced on l s f o o t  centers near 
the coast but can be 25 t o  50 f e e t  c loser  together inland. Rock i s  very 
hard and d r i l l i ng  may be slow. Dipping fractures and contacts and 
brecciated rock may deflect  holes o r  cause tools  to stick. Tools m y  be 
l o s t ;  f ishing and extra d r i l l i ng  tools  should be available. Shooting may 
improve some wells but should never be used i n  rocks containing clayey 
o r  shaly material. Screens wi l l  not be needed but casing may be necessary 
i n  upper 20 f ee t  o f  weathered grani te  and through clay and shale beds. 
Low capacity, high-l i f t  turbine or  cylinder pumps needed. Water from 
wells i n  the lowland may require chlorination. For data on development 
of underflow, control of salt-water contamination and recommended d e ~ t h s  

I of wells, see Introduction. 

Development 
those found 

problems on streams a r e  similar t o  The general water table  i s  a 
i n  Area I I1 above. few f ee t  t o  200 f ee t  below 

the surface i n  the lowlands, 
and between 150 and 800 fee t  i n  the h i l l  lands. Perched 
ground water may be found a t  shallower depths i n  many 
places. Yields w i l l  generally be good, some wells possihly 
yielding several hundred gallons per minute. Qual i ty  of 
water i s  commonly good but i n  the south betweell Malanut 
and Island bays it w i l l  be hard. Wells on the  lowlands 
within 1/2 mile of the sea and i n  the hi11 lands within 
1/b mile are  i n  danger of salt-water contamination. Under 
flow i s  probably present i n  o r  near stream channels (see 
Introduction f o r  fur ther  data  on occurrence). 

- . a  

the foot  -of t he  h i l l s .  I ~ k s t  Hvouac. Temo- I 

A t  a l t i tudes  below bO fee t  driven o r  dug wells, o r  
i n f i l t r a t i o n  ga l le r ies  (see Fig. 9) can be used. 
I n f i l t r a t i on  ga l le r ies  w i l l  be more sa t i s fac tory  
within 500 f ee t  of the shore. Gal ler ies  should be 
spaced on 200-foot centers. Excavating should not 
be d i f f i cu l t .  Timbering w i l l  be required. Farther 
inland below b0-foot a l t i tude ,  and a t  higher a l t i -  
tudes where perched water table i s  present a t  
shallow depths, dug o r  driven wells w i l l  be more 
satisfactory. Excavating w i l l  be easy to d i f f i c u l t  
and explosives maybe needed. Driving may be ob- 
s t ructed by hard layers  o r  boulders i n  loose mater- 
i a l .  Wells should be spaced on 100 to 12Ffoo t  
centers. Driven wells must be screened and dug 
wells curbed. Centrifugal pumps can be used i n  

' Springs a r e  not numer- 
I ous in the lowlands. 
I They probably occur 
most frequently near 

I n  the h i l l  lands ra ry  Camp, ~ i e l d  ' 

t o  development a r e  i n f i l t r a t i o n  g a l l e r i e s  

t r e e s  on otherwise Hospital: Drilled 

small (1/2 t o  10 gpm). 
Quali ty  of water is 
good but i n  t he  south 
in the v ic in i ty  of 
Malanut and Is land 
it w i l l  be hard. 

most of the above types of development. Where water table i s  more than 15 f e e t  below the 
ground surface, cen t r i fuga l  pumps can be s e t  i n  p i t s  to depths within the suction l i f t  of the 
pumps. Dri l led wells a r e  recommended for  most of the area. Wells should be spaced on 75- 
to 100-foot centers.  Dri l l ing w i l l  generally be easy. Wells must be cased f o r  f u l l  depths 
and equipped with screens. Perforating tools  should be available fo r  use on wells penetrat- 
ing more than one aquifer. High-lift turbine o r  cylinder pumps w i l l  be needed. Water from 
shallow wells may require chlorination. (For data on development of underflow, control of 
salt-water contamination. and recommended d e ~ t h s  of wells, see ~ntroduct ion.)  

Combat, Overnight 
Bivouac, and Similar 
Operations: Streams, 
s ~ r i n a s .  plant  sources. 

d c f s  = cubic f ee t  per second 

(continued) 
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Recommended Sources 
of Eater Supply 

( See Introduction) 

Combat, Overnight 
Bivouac, and Similar 
Operations: Streams, 
springs. 

Surface Water 

I 

COASTAL I1)WLANDS 
OF R4LABAC 

ISLAND AND THE 
IOM ISLANDS 

TO THE NORTH 

A l l  underlain by 
reef limestone. 
Hil ly  upland of 
Balabac Island 
underlain by 
massive and cav- 
ernous limestone. 

111 

ILmIANDS 

Underlain by 
sandstone, clay, 
and conglomerate, 
l i m i t e d t o  
Balabac Island 

N 

WUNTAINS 

Underlainby 
undifferentiated 
rocks 

Ground Water 

~ c c u r r e n c d  

\ 

1,000 to 1,500 f e e t  below the  
summits small streams n i t h  base 
flows of 1/3 t o  3 c f s  a r e  numerous. 
Stream flows f luctuate  great ly  and 
some streams are  ephemeral. I n  
limestone mountains, streams may 
have short surface courses a s  they 
flow in to  f rac ture  zones, and sink 
holes, and follow underground 
channels. Qual i ty  of water is ex- 
ce l len t  but it w i l l  be hard i n  
limestone areas. Streams a r e  gen- 
e r a l l y  clear.  Channels may be 
d i f f i c u l t  t o  approach because of 
steep high banks and heavy under- 
growth. Area impassable for  
vehicles and i n  places d i f f i c u l t  
f o r  foot t r a f f i c .  

Development 

Small dams to form storage basins and increase 
depth of  water t o  permit easier  pumping a r e  
advisable. Dams may be const,ructed of local ly  
available material and should be readi ly re- 
placeable i n  event of washouts. Plunge pools 
beneath f a l l s  a r e  natural  basins which can be 
enlarged i n  some'cases t o  have considerable 
storage capacity. Area i s  inaccessible to 
large o r  heavy equipment and elaborate faci l -  
i t i e s  are  impractical. The new type 5-gpm, 
2-man pack f i l t e r  w i l l  produce adequate t reat-  
ment. Water i n  streams and plunge pools i s  
suf f ic ien t  for  small combat forces without 
development. Standing water should be f i l t e r -  
ed and chlorinated. 

I n  the lowlands of Balabac Island, 
and on the low reef-limestone 
islands t o  the north, streams have 
base flows of l e s s  than 5 c f s .  A l l  
streams have frequent high water 
and occasional flood stages. 
Streams on Balabac Islands probably 
carry much s i l t  and heavy debris 
during such flows. Water i s  
probably brackish 1/2 mile o r  mare 
from the coast during high t ide.  
Upstream the  water is fresh but 
hard and may have a high content of 
decayed organic matter primarily 
vegetative i n  origin. Banks a re  
low, marshy,.and heavily vegetated 
i n  most places. Lowlands a r e  
usually eas i ly  accessible t o  foot 
t r a f f i c  and i n  most places t o  
wheeled vehicles. In the h i l l  
land, located pr incipal ly on Bala- 
bac Island, streams a re  few. Base 
flows a r e  probably no more than 1 
o r  2 second foot. Some streams a r e  
ephemeral. A portion of the 
streams may have short surface 
courses because they flow in to  sink 
holes, e tc .  to follow underground 
channels. Water is hard but o t h e r  
d s e  of good quality. H i l l  lands 
a r e  qui te  rugged andheavi lyforesb-  
ed. They a r e  generally impassable 
to wheeled vehicles. 

Same a s  lowland portion of Area I 
above. However, water i s  softer.  
Most of area i s  cleared and it is 
generally accessible t o  a l l  forms 
of t r a f f i c .  

Limited quant i t ies  of fkesh water 
available from streams with small 
flows. Many streams a r e  ephemeral. 
Qual i ty  o f  water i s  good. Area 
rugged ,heav i ly fo~es tedandd i f f i -be f i l t e redandch lo r ina ted .  
cu l t  t o  penetrate even by foot 
troops. 

Springs 

Occurrence 
(See Introduction f o r  

Development) 

Springs a r e  not unconl- 
mon. Flows wi l l  range 
from l e s s  than a 
gallon t o  possibly a 
hundred gallons per 
minute. Some springs 
have fluctuating 

Occurrence 

Water is a t  excessive depths 
and vehicular mvement is  
d i f f i cu l t  t o  impossible, so 
wells a re  not generally 
feasible.  Small deposits of 
sand and gravel i n  stretches 
of low gradient i n  ephem- 
e r a l  stream channels may contain small amounts flows and others a r e  ephemeral. Quality 
of water of excellent quality. An underground of water i s  excellent.  Access t o  springs 
stream issues from St. Paul's Mountain may be d i f f i c u l t  because of locations i n  
( a l t .  3,370 f ee t )  ; navigable from deep r)arrow canyons. Normal flow of 
there t o  the  sea. The stream flows several  springs is  suf f ic ien t  f o r  small prsonnel  
hundred cubic f e e t  per second of clear,  hard un i t s  operating i n  the mountains. Treat- 
water. It i s  reported, however, t o  have an e n t  w i l l  probably be unnecessary. 
objectionable fishy t a s t e  and odor. 

Well Water 

Development 

If  wells are required, locat ion of wel l  s i t e s  and 
type of well sunk should be selected by a ground- 
water geologist. Shallow hand-dug p i t s  a re  the  only 
prac t ica l  method of obtaining water from sand and 
gravel in.stream channels. Quantity of water 
present i s  too small t o  warrant pump ins ta l la t ions .  

I n  the  lowlands intakes should be located above 
the l imi t  of s a l t w a t e r  incursion a t  high t ide ,  
should be equipped with screens and t rash  
racks, and on Balabac Island should be pro- 
tected against swift  high-water and flood flows 
laden with heavy debris and s i l t .  Pumps should 
be located on high ground, or  d ~ o u l d  be eas i ly  
movable. Streams a r e  probably too small to 
permit use of ponton mounts for  intakes and 
pumps. Perennial streams should be selected 
fo r  watering points. Water w i l l  generally re- 
quire chlorination and f i l t r a t i on .  The h i l l  
lands, except a t  low a l t i tudes ,  a r e  inacces- 
s i b l e  t o  large o r  heavy equipment, and instal-  
l a t i on  of major f a c i l i t i e s  i s  generally im- 
pract ical .  Water i n  plunge pools, streams, 
e tc .  i s  suf f ic ien t  f o r  small combat groups 
without development. Standing water should be 
f i l t e r ed  and chlorinated. The 5-gpm, 2-man 
pack f i l t e r  w i l l  t r e a t  suff ic ient  water f o r  
most purposes. I f  larger  watering plants a r e  
required, they should be ins ta l led  a t  plunge 
pools o r  a t  s i t e s  where small dams can be con- 
s t ructed t o  improve pumping conditions and t o  
provide some storage capacity. Storage capac- 
i t y  of some plunge pools can be increased with 
only small expenditures of time and material. 
Dams can be constructed of loca l ly  available 
material. They should be readily replaceable 
i f  washed out. hunping plants and intakes should 

The water table  i s  generally 
from a few fee t  to 40 f ee t  
below the  surface on the low 
is lands t o  the north, and i n  
the  lowlands of Balabac 
Island from a few f ee t  t o  
200 fee t .  I n  t he  h i l l s  it 
i s  between 150 and 800 feet.  
Yields of wells dl1 vary 
over short distances from a 
fdw gallons to several 
hundred gallons per minute. 
Water i s  hard and i n  the lm- 
lands may contain harmful 
bacteria. A l l  wells on the 
low is lands to the  north, 
and those within 1/2 mile of 
t he  coast on Salabac Island, 
a r e  i n  danger of salt-water 
contamination. On Balabac 
Island, underflow i s  pmba- 
b ly  present i n  o r  near stream channels. (See 
Introduction for  more data  on occurrence of 
ground water.) 

be eas i ly  movable, o r  pro- 

A t  a l t i tudes  below 40 feet ,  dug wells and i n f i l t r a -  
t i o n  ga l le r ies  (see Fig. SD) w i l l  be most desirable. 
Fac i l i t i e s  should be spaced on 200-foot centers. 
Explosives w i l l  be needed i n  excavating; curbing o r  
timbering w i l l  be easenttal.  A t  higher a l t i -  
tudes, d r i l l ed  wells a r e  recommended. Wells should 
be spaced on 100-foot centers. Rock is  s o f t  to mod- 
e ra te ly  hard, but coral  heads i n  reef limestone, and 
cav i t ies  and dipping fractures i n  massive and caverrr 
ous limestone may cause d i f f icu l t ies .  Straight holes 
may be d i f f i c u l t  t o  d r i l l ,  and loss  of tools  may 
occur. F i a i n g  and extra d r i l l i n g  tools should be 
available. Shooting may improve some wells but 
should never be attempted i n  reef limestone. Casing 

Combat, Overnight 
Bivouac, and Similar 
Op erations: Streams, 
springs, plant sources. 
Rest Bivouac, Temporary 
Camp, Field Hospital, 
Semi-permanent Camp: 
Streams, dug o r  driven 
wells. 
Permanent Camp or  
Hospital: Drilled wells, 
streams, pipe lines. 

Combat, Overnight 
Bivouac, and Similar 
Operations: Streams, 
springs, shallow p i t s ,  
plant sources. 

tected against high water. Screens and t rash  racks a r e  recommended. Large 
dam and reservoir s i t e s  may occur i n  eas i ly  accessible places. Reservoir 
s i t e s  should be examined carefully before dam construction, as  some may be 
too permeable t o  be useable. Small permeable zones may be sealed with con- 
c re te  o r  puddled clay, protected with riprap. Large spillways w i l l  be 
essent ial .  Reservoirs w i l l  a c t  a s  s e t t l i ng  basins t o  remove si l t  and w i l l  
provide carry-over storage on small o r  ephemeral streams. I f  pipe i s  avail- 

may be needed i n  upper 30 fee t  of hole but screens w i l l  not be required. 
High-lift centrifugal and cylinder pumps w i l l  be necessary. Water from wells 
i n  the  lowlands may require  chlorinat,ion. (For data on development of under- 
flow and control of salt-water contamination, see Introduction.) On the low 
is lands to the north, depths of wells should not exceed 1 foot below sea 
l eve l  within l /4 mile of the coast o r  more than 2 f e e t  elsewhere. 

Springs may occur near 
t he  foo t  of the h i l l s  
and i n  the h i l l  lands 
of Balabac Island. Some 
springs may have la rge  
flowsj some may have 
fluctuating flows; and 
others may be ephemeral, 
Some rprings, particu- 
l a r l y  t he  fluctuating 
and ephemeral ones, may 
carry s i l t  and y ie ld  
contaminated water. 

able,  water may be delivered t o  lowland points under gravity pressure. 

Same as Psea I above. 1 The general water table  i s  
a few fee t  t o  200 feet  be- 
low the surface. Perched 
ground water m y  be found 
a t  shallower depths i n  

many places. Yields w i l l  generally be good with some wells 
yielding several hundred gallons per minute. Quality of 
water i s  good but may contain bacteria.  Wells within 1/2 
mile of the coast a re  i n  danger of salt-water contamination. 
Underflow i s  probably present a t  shallow depths i n  alluvium 
i n  o r  near most stream channels. (See Introduction fo r  more 
data on occurrence of ground water i n  alluvium.) 

Combat, Overnight 
Bvouac, and Similar 
Operations: Streams, 
springs, plant sources. 
Rest Bivouac, Temporary 
Camp, Field Hospital, 
Semi-permanent Camp: 
Streams, i n f i l t r a t i on  
ga l le r ies  on small 
islands, and lowlands. 
Permanent Camp o r  
Hospital: Dri l led wells, 
streams, seepage 
gal ler ies .  

A t  a l t i tudes  of l e s s  than 40 fee t ,  dug wells o r  seep- Springs a re  probably 
age gal ler ies  (see Fig. 4) w i l l  be most sat isfactory.  present near the foot  
They should be spaced on 150- t o  200-foot centers. of the h i l l s .  Yields L Explosives may be needed i n  excavating. Xells or  w i l l  be small. Qual i ty  
ga l le r ies  must be curbed o r  timbered. Where water of water w i l l  be good. 
table  i s  more than 15 f e e t  below the ground surface, 
centrifugal pumps can be s e t  i n  p i t s  t o  depths within 
the suction l i f t  of the pumps. Centrifugal pumps 
w i l l  serve. A t  high a l t i t udes  d r i l l ed  wells w i l l  be 
best. Wells should be svaced on 100- t o  150-foot 
centers. Dri l l ing w i l l  be easy, wells w i l l  require casing throughout 
f u l l  depth and screens. Perforating tools  should be available for  
wells penetrating more than 1 aquifer. High-lift turbine o r  cylinder 
pumps w i l l  be needed. Water w i l l  require chlorination.  o or data on 
development of underflow, con t ro lo f  salt-water contamination and 
depths of wells, see Introduction.) 

Inaccessibi l i ty  of the area precludes the  
necessity of major developments. Sufficient 
water f o r  small combat uni ts  may be obtained 
from perennial streams. Standing water snould 

Wells a r e  generally not feasible  because of depth t o  
water and i rhccess ib i l i ty  of the area. I f  they a r e  
needed, location o f  well s i t e s  and type of pump 
should be selected by a ground-water geologist. 
Shallow hand-dug p i t s  a r e  the only pract ical  method 
of obtaining water from sand o r  gravel deposits i n  
stream channels. Quantity o f  water present i s  too 
small to warrant pump instal la t ions.  

Depth t o  ground water i s  so 
excessive and area is so 
inaccessible t h a t  well 
development i s  impractical. 
Small deposits of sand and 
gravel i n  s t retches of low 
gradient i n  ephemeral 
streams may contain small 
amounts of good water a t  
shallow depth. 

Springs a re  probably 
present, but flows dl1 
be small. Quality of 
water w i l l  be good. 



PALAWAN PROVINCE (R I.) WATER SUPPLY 
I 1 

I I I I tamination, and depth of wells, see Introduction.) I 
g c f s  = cubic f e e t  per second 
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( continued) 

Map Area 

I 

U)WLAND AND 
HILL LANDS 

Underlain by 
massive and 
cavernous lime- 
stone. (Reported 
to  be present on 
is lands but ex- 
a c t  locat ion 
unknown, probably 
present about 
Coron Bay.) 

I1 

LOWLAND AND 
HILL LAND 

Underlain by 
granite-like o r  
volcanic rock, o r  
quar tz i te ,  shale 
and conglomerate 

I V  

MOUNTAINOUS 
AREAS 

Underlying rock 
undifferent ia ted 

I 

CABULAUAN, 
QUINILUBAN, 
DALANGANEM 

and 
CUYO ISLANDS. 

Lowlands under- 
l a i n  by reef 

'limestone and 
h i l l s  underlain 
by massive and 
cavernous lime- 
stone. 

~ c c u r r e n c d  

Many small lakes a r e  reported i n  
the  lowlands o f  the  is lands,  but 
data regarding exact locat ions  a r e  
lacking. Information indicates  
lakes may be ephemeral ponds and 
marshes which dry during t h e  dry 
season. Water i s  probably turbid 
and heavily contaminated. Shores 
a r e  marshy. The is lands contain 
numerous small streams. The com- 
bined base flows of  the Bintuan 
and Dipuyoy Rivers and adjacent 
streams i n  southwest Busuanga 
Island is  estimated to  be about 
1,380,000 gallons per day. Qua'nti- 
t i e s  avai lable  i n  other p a r t s  of 
the  group a re  probably o f  l i k e  
niagnitude. A l l  streams have fre- 
quent high water and occasional 
flood stages. A few streams i n  
the  h i l l s  a r e  ephemeral. Some 
streams i n  the h i l l  lands may have 
short  surface courses, because 
they flow into  s ink holes,  and 

Surface Water 

Development 

Establishment o f  watering points on ephemeral 
lakes  i s  not recommended because of heavy load 
on treatment equipment and u n r e l i a b i l i t y  of 
supply. I f  perennial lakes a r e  present, devel- 
opment problems a r e  s imilar  t o  those a t  Lake 
Manguas(see Palawan and Adjacent Islands: 
Area I I ) ,  but a smaller quantity of water w i l l  
be avai lable .  On streams, intakes & o d d  be 
located above the l i m i t s  of salt-water incur- 
s ion a t  high t ide ;  should be protected against 
swif t  high water flows laden with heavy d e b r i s .  
and si l t ,  and should be equipped with  heavy 
screens and t rash  racks. Pumping p lan t s  
should be located a t  s i t e s  above flood-stage 
l eve l s  o r  e a s i l y  moved out of danger. On some 
streams i n  the lowlands, in takes  and pumps can 
be mounted on securely anchored pontons. 
Water i s  generally present i n  suf f ic ien t  quan- 
t i t i e s  t o  make storage unnecessary. Small 
storage basins, however, can be developed by 
plugging sink holes and enlarging plunge 
pools. Larger dams and reservoir  s i t e s  a r e  
probably a l s o  present i n  t h e  h i l l s .  Reservoir 
s i t e s  should be careful ly  examined f o r  permeability. 

Recommended Sources 
of Water Supply 

( See Introduction) 

Combat, Overnight 
Bivouac, and Similar 
Operations: Streams, 
springs, p lant  sources, 
Rest Bivouac,Temporary 
Camp, Field  Hospital, 
Seml-permanent Camp: 
Streams, i n f i l t r a t i o n  
gal ler ies .  
PerIMnent Camp or  
Hospital: Dri l led 
wells, streams 

Combat, Overnight 
Bivouac, and Similar 
Operations: Streams, -- 
springs,  p lant  sources 
Rest Bivouac, Tempo- 
r a r y  Camp, Field  
f . r v  
Permanent Camp: 
Streams, d r i l l e d  wells 
Permanent Camp o r  
Hospital: Dri l led 
wells, s tr eans . 

Such areas  probably mark 
fractured quar tz i tes  over- 

Springs 

Occurrence 
(See Introduction f o r  

Development) 

Springs a r e  possibly 
present i n  the low- 
lands near t h e  foot  of 
the  h i l l s .  They a r e  
numerous i n  the h i l l  
lands. Flows may be 
large. Some springs 
may have f luctuat ing 
flows and some may be 
ephemeral. Water is  
hard. Qual i ty  i s  good 
i n  some respects,  but 
some springs may be 
s i l t y  and possibly 
contaminated a f t e r  
heavy rains.  

Re l iab i l i ty  rating: Class D 

Ground Water 

A few small springs 
occur i n  the lowlands 
near the  foo t  of the  
h i l l s .  They a r e  
s l i g h t l y  more numerous 
i n  the h i l l s .  Qual i ty  
of water i s  good, but 
i n  some places harm- 
f u l  organisms may be 
present. Seeped areas  
a r e  marked by s t r i p s  
o f  heavy scrub and 
t r e e  growth on s ides  
of grass-covered 
h i l l s  (cogon grass ) .  
the  contact where 

Occurrence 

The general water t ab le  i n  
the  lowlands l i e s  a few f e e t  
t o  200 feet  below the sur- 
face, and i n  the  h i l l s  be- 
tween a t  a depth of 150 and 
800 f e e t .  Yields of wells 
w i l l  vary over short  dis- 
tances from a few gallons t o  
several hundred gallons per  
minute. Water i s  hard but 
of good qual i ty ,  although 
water from some wel ls  i n  the  
lowlands may be contaminat- 
ed. l e l l s  i n  the  lowlands 
within 1/2 mile of the  sea 
and i n  t h e  h i l l  lands within 
1/4 mile a r e  i n  danger of 
salt-water contamination. 
Underflow i s  probably presart 

follow underground channels. Water 
w i l l  be brackish 1/4 t o  1/2 mile 
from the coast dur ingh igh  t ide ,  
but upstream the  water, although . 
hard, contains no objectionable 

Well Water 

Development 

Dri l led wells a r e  recommended because the  rock 
i s  too hard fo r  driver. o r  dug wells. Wells can be 
spaced on 100-foot centers b u t  g r e a t e r  spacing i s  
desirable,  pa r t i cu la r ly  within 1/2 mile of the  
coast.  B d l y  fractured a reas  o f f e r  t h e  bes t  oppor- 
t u n i t i e s  of obtaining water. Dipping f r a c t u r e s  and 
cav i t i es  i n  limestone may cause d i f f i c u l t i e s  i n  
d r i l l i n g  and a c t  to def lect  the  holes. Tools may be 
l o s t ;  f ishing and extra  d r i l l i n g  too l s  should be 
available.  Shooting may improve some holes. Screens 
w i l l  not be needed but casing may be required i n  
upper 20 f e e t  of hole. High-lift turbine o r  cylin- 
der pumps w i l l  be needed except a t  a l t i t u d e s  below 
25 t o  30 f e e t  where centr i fugal  pumps w i l l  generally 
serve. Water f r o m  wells i n  the  lowlands may require 
chlorination. (For data on development o f  under- 
flow, control of salt-water contamination and recom- 
mended depths of wells,  see Introduction.) 

and Adjacent Islands: Area 1 f o t  development data.) Water w i l l  re- 
quire  f i l t r a t i o n  and chlorination. Roads and pump foundations w i l l  
be necessary a t  many s i t e s  because of marshy ground. 

minerals. Water i s  turbid 

i n  o r  near most stream channels. (For more 
data on occurrence o f  ground water i n  alluv- 
ium, see Introduction.) 

(see  Balabac 

A number of small lakes  a r e  
present on Coron Island. Reports 
vary i n  regard t o  the  freshness o r  
sa l t iness  of the water. Natives 
a r e  reported to bring water to 
Coron Island from Busuanga Island. 
Limestone areas  have few streams 
a s  most drainage i s  underground. 
Elsewhere streams with base flows 
1 o r  2 second-feet a r e  f a i r l y  
numerous. Flows f l l ~ c t u a t e  some- 
what and some streams a r e  probably 
ephemeral. Area is  i n  places 
e a s i l y  accessible,  in places almost 
inaccessible even by foot  troops. 
(See Terrain Sheets f o r  data  on 
movement i n  specif ic  areas .  ) 

Area contains only a few small 
ephemeral stream channels. When 
flowing, water in channels is  
probably turbid,  s i l t y  and bacter- 
i a l l y  contaminated. Underground 
drainage may be present i n  the  h i l l  
lands. Plunge pools may hold small 
amounts of water o f  questionable 
qua l i ty  between flows. Area i s  
e a s i l y  accessible t o  both foot  
t r a f f i c  and wheeled vehicles.  Rain 
water stored i n  tanks o r  c i s te rns  
i s  reported to be the  major source 
of supply on the  is lands.  

Reservoirs w i l l  
but a l l  water w i l l  

(For data on development o f  underflow, control  of salt-water con- 

and has a high content of dissolved and suspended organic 
matter of primarily vegetative origin.  During high-water 
flows, streams ca r ry  l a rge  loads of s i l t  and heavy debris. 
On the lowlands, stream banks a re  low, frequently marshy and 
a t  places overgrown with impenetrable bamboo thickets .  I n  
the  h i l l s  some streams with narrow steep-sided val leys  may 
be d i f f i c u l t  t o  reach. Away from the streams the area  i s  i n  

l i e  shales. Clearing t o  reduce t ranspira t ion 
losses  and digging of col lect ing di tches  
along t h e  contact w i l l  develop small flows of 
water, some of which may require s t e r i l i z a -  
t ion.  Storage f a c i l i t i e s  and protect ive 

general eas i ly  accessible to both 
units. 

Same a s  Area I above, with the  ex- 
ceptions tha t  water i s  l e s s  hard, 
and short  surface courses a r e  not 
present because of underground 
drainage. 

measures a r e  the same 
ment. 

Same as  Area I1 above 
except tha t  springs 
may be d i f f i c u l t  to  
reach because o f  lo-  
cat ion i n  deep steep- 
walk d canyons and 
valleys.  

Springs a re  few i n  
number, and flows a r e  
small. Some a r e  
probably ephemeral. 
Qual i ty  of water i s  
questionable. Develw 
ment w i l l  probably not 
increase yie lds  ma- 
t e r i a l l y .  Total yields 
a r e  probably u t i l i z e d  
en t i re ly  by nat ive 
inhabi tants .  For use 
by combat troops, 
halozone or  chlorine 
treatmdnt i s  recom- 
mended. 

I 
the  lowlands may 

l e v e l  should 
encroachment. 

w i l l  be required on wells above a l t i t u d e s  of 30 
f e e t .  Centrifugal pumps w i l l  serve a t  lower a l t i -  
tudes. Kater from shallow sources may require 
chlorination. (For data on development of underfloq 
control  of salt-water contamination, and depths of 
wells, see Introduction.) 

If wells a r e  required, well s i t e s  and type of equip- 
ment should be selected by a qua l i f i ed  ground- 
water geologist. Shallow hand-dug p i t s  w i l l  serve 
i n  obtaining water from sand and gravel i n  stream 
channels. Quantity of water present i s  too small 
t o  warrant pump i n s t a l l a t i o n s .  

Dug wells o r  i n f i l t r a t i o n  g a l l e r i e s  ( see  Fig. 9) 
a r e  feasible  a t  a l t i t u d e s  below 30 o r  35 fee t .  Wells 

and ga l le r ies  should be spaced on a t  l e a s t  100-foot 
centers.  Depths should be l imited t o  a few inches 
below sea level .  Explosives w i l l  be needed i n  ex- 
cavating; wells and ga l le r ies  must be curbed or  
timbered. A t  higher a l t i t u d e s  d r i l l e d  wells a r e  
recommended. R l l s  should be spaced on SO-foot o r  
longer centers.  Badly fractured areas  i n  massive 
and cavernous limestones o f f e r  t h e  best  possibi l i -  
t i e s  of obtaining water. Hard cora l  heads i n  
r e l a t i v e l y  sof t  reef  limestone, and dipping frac- 
tu res  and cav i t i es  i n  harder massive and cavernous 
limestone may def lec t  holes and cause l o s s  of tools .  
Fishing and ex t ra  d r i l l i n g  too l s  should be avail-  
able.  Shooting may improve =me wells but  should 
never be done i n  reef  limestone. Screens w i l l  not 

as  f o r  spring develop- 

Combat, Overnight 
Bivouac, and Similar 
Operations: Streams, 
springs. 

Combat, Overnight 
Bivouac, and Similar 
Operations: Imported, --- 
plan t  sources, native 
wells o r  c i s t e r n s ,  
d i s t i l l i n g  plants .  
Rest Bivouac ,Temporary 
Camp, Field  Hospital, 
Semi-permanent Camp: 
Cisterns,  i n f i l t r a t i o n  
ga l le r ies .  
Permanent Camp o r  
Hospital: Dri l led 
wells,  c is terns .  

water in alluvium, see  Introduction.) z 

be needed and only one o r  two lengths of casing w i l l  
be required i n  any well. High-lift turbine o r  
cylinder pumps w i l l  be needed. Water from wells i n  
require chlorination. A l l  wells penetrating below sea 
be checked per iodical ly  for  evidence of salt-water 

foot  troops and mechanized 

Sane as  Area I above, with t n e  exception t h a t  General water t ab le  l ies a t  
although dam and reservoir  s i t e s  w i l l  be l e s s  depths from a few f e e t  t o  w numerous, those present w i l l  probably be more 200 f e e t  below the surface 
sat isfactory.  i n  the  lowlands and up t o  

700 f e e t  belox the surface 
i n  the  h i l l  lands. In  p a r t s  of the  area  underlain by 
quar tz i t e  and shale,  perched ground-water bodies of consider- 
able  s i z e  occur a t  shallower depths inmanyplaces .  Yields of 
wells w i l l  seldom exceed 25 gpm. I n  portions o f  the  area  
underlain by granite-like and volcanic rocks, y ie lds  w i l l  be 
unimportant from depths greater  than 300 fee t .  Qual i ty  of 
water i s  generally good but some wells on t h e  lowlands may 
contain harmful organisms. Wells within 1/2 mile of the coast 
on the lowlands and l / k  mile of t h e  coast on the h i l l  lands 
a r e  i n  danger o f  salt-water contamination. Underflow i s  
probably present. (For lnore data on .occurrence of ground 

Lakes a r e  i n  inaccessible a reas  and a r e  not 
potable. Without development, streams w i l l  
supply s u f f i c i e n t  water f o r  combat uni ts .  
Standing water i n  pools should be chlorinated 
and f i l t e r e d .  

I n  the  lowlands, reservoirs  and dam s i t e s  a r e  
lacking. Occasionally flows i n  stream 
channels may be diverted in to  c i s t e r n s  f o r  
storage. Water has high s i l t  content, and 
c i s te rns  w i l l  require frequent clearing. A l l  
water w i l l  require chlorination which can be 
done in the c is terns .  In  the h i l l  lands su i t -  
able  s i t e s  f o r  dams and small reservoirs  a r e  
probably present.  Plunge pools may form stor-  
age basins which can be enlarged with small ex- 
penditures of time and material. Materials 
f o r  clay-core, ear th ,  o r  rock dams a r e  p len t i -  
ful. Reservoir s i t e s  may be permeable, but 
where permeability i s  not too great it may be 
sealed with puddled clay o r  concrete blankets. 

a c t  a s  natural  s e t t l i n g  basins  t o  remove si l t ,  
require s t e r i l i z a t i o n .  I f  pipe is available,  

water may be delivered from reservoirs  to lowland s i t e s  under 
gravi ty  pressure. 

Dri l led wells a r e  recommended because rock i s  gen- 
e r a l l y  too hard f o r  dug o r  driven wells. Wells 
should be spaced on 200-foot centers  within 500 
f e e t  of the  & o r e  and on 100- t o  150-foot centers 
elsewhere. Badly f ractured areas  o f f e r  the bes t  
p o s s i b i l i t i e s  of obtaining water. Rock i s  hard with 
dipping contacts  and fractures .  Dr i l l ing  w i l l  be 
d i f f i c u l t ,  and crooked holes and loss  of too l s  
should be anticipated. Fishing and e x t r a  d r i l l  
too l s  should be available,  a l so  perforating too l s  
f o r  use i n  case more than one aquifer  i s  encounter- 
ed". Shooting may improve some wells but should not 
be t r i e d  i n  shaley o r  clayey aquifers.  Casing may 
be needed i n  upper 20 to 30  f e e t  of hole and through 
c lay  o r  shale beds. Screens w i l l  not be necessary. 
Low-capacity high-l i f t  turbine o r  cylinder pumps 

Inaccess ib i l i ty  of the a rea  
and excessive depths t o  
water make wells generally 
impractical. Small deposits 
of sand and gravel i n  
s t re tches  of low gradient 
i n  ephemeral stream chanraels 
may contain small amounts 
of good water. 

Water t ab le  is  a few f e e t  t o  
200 f e e t  below the surface 
i n  t h e  lowlands and from 150 
t o  600 f e e t  i n  the  h i l l  
lands. In  the lowlands s a l t  
water probably underlies a 
re la t ive ly  th in  layer o f  
f r e s h  water and y ie lds  must 
be kept low to  avoid contam- 
ination. Water i s  hard and 
possibly bac te r ia l ly  unsath-  
factory. I n  the  hill  lands,  
s a l t  water is a problem only 
within 1/4 mile of t h e  coast 
when wel ls  penetrate below 
sea l eve l .  Inland, yields 
may be large and qua l i ty  of 
water i s  good except f o r  
hardness. Small amounts of 
underflow may be present a t  
shallow depths i n  alluvium 
i n  t h e  stream channels. 



WATER SUPPLY PALAWAN PROVINCE (I? I.) 

Map Area 

o HILL LANDS 

Underlain by 

MOUNTAINOUS 

3 $r- 
e 

8 
0 

Area contains only a few small 
ephemeral stream channels. Run- 
off i s  relat ively c lear  and may be 
bacter ial ly  safe. Standing water 

Rel iabi l i ty  rating: Class D 

Underlain by 
undifferentiated 
rocks 

i n  plunge pools, however, between 
flows i s  of questionable quality.  
Area is  eas i ly  to d i f f i c u l t l y  
accessible t o  foot t ra f f ic .  

Development of watering points a t  streams 
generally impractical because of inaccessi- 
b i l i t y ,  remoteness, and uncertainty of 
supplies. Supplies fo r  small combat groups 
can be obtained from pools and t reated w i t h  
5-gpm two-man pack f i l t e r s  and l i s t e r  bag 
chlorination. 

Surface Water 

Depths t o  water and d i f f i -  
cu l t  d r i l l i ng  conditions 
discourage well development. 
Snall sand and gravel beds 
i n  stream channels may con- 
t a i n  good water i n  suffic- 
i e n t  quant i t ies  t o  supply a 
small personnel u n i t  f o r  a 
few days. 

~ c c u r r e n c d  

Same a s  Area I above but under- 
ground drainage is  not a factor  i n  
the  h i l l  lands. 

I f  wells a r e  necessary, s i t e s  and equipment should 
be selected by a qual i f ied ground-water geologist. 
Water i n  sand and gravel i n  stream channels may be 
obtained with shallow hand-dug p i t s .  Quantity 
present does not warrant i n s t a l l a t i on  of pumps. 

Recomnended Sources 
of Tkter Supply 

(See ~ntroduct ion)  

Combat. Overniht  
Bivouac. and Similar 
Operations: Imported, 
plant  sources, native 
wells and cisterns, 
d i s t i l l i n g  uni ts .  
Rest Bivouac, Temporary 
Camp. Field Hospital, 
Semi-pemanent Camp: 
Cisterns, d i s t i l l i n g  
units.  
Permanent Camp o r  
Hospital: Drilled 
wells, c is terns .  

Ground Water 

Development 

Same as Area I above except that  fewer dam and 
reservojr s i t e s  w i l l  be present. They w i l l  
generally be moke sat isfactory,  however, from 
the standpoint of permeability. 

Same a s  Area I above. Combat, Overni~ht  
Bivouac, and Similar 
Operations: Imported, 
springs, plant sources. 

Springs 

Occurrence 
(Se6 I9roduc  ion f o r  eve opmenl: 
Same as  Area I above. 

F .  

Well Water 

I 

Underlain by 
coral  limestone 

Occurrence 

General water table  i s  a few 
f e e t  t o  200 f ee t  below the  
surface i n  the lowlands and 
from 150 to  600 f ee t  beneath 
the h i l l  lands. I n  the low- 
lands s a l t  water probably 
underlies a re la t ive ly  th in  
layer of f resh  water and 
yields must be kept low t o  
avoid salt-water. contamina- 
tion. Water is  possibly 
bacter ial ly  unsatisfactory. 
I n  the h i l l  lands s a l t  water 
must be guarded against only 
i n  wells which penetrate be- 
low sea level  within l / 4  
mile of  the coast. Yields 
w i l l  generally be small but 
quality should be good. StlLill 
amounts of underflow may be 
present a t  shallow depths i n  
alluvium i n  stream channels. 

No streams are  reported on the 
islands. Area is  eas i ly  accee-. 
s i b l e  t o  foo t  t r a f f i c  and i n  most 
places t o  wheeled vehicles. 

Development 

Dri l led wells a r e  recommended a t  a l l  a l t i tudes.  
Wells should be spaced on 200-foot centers within 
500 f ee t  of the coast and on 100-foot centers in- 
land. Badly fractured o r  vesicular areas of fe r  the 
best pos s ib i l i t i e s  o f  obtaining water. Rock i s  hard 
and d r i l l i ng  w i l l  be slow. Dipping fractures  may 
cause d i f f i cu l t i e s  i n  dr i l l ing .  Fishing and extra 
d r i l l i ng  too ls  should be available. Shooting may 
improve some wells. Screens m i l l  not be needed and 
only one o r  two lengths of casing m i l l  be needed i n  
any well. High-lift turbine o r  cylinder pumps w i l l  
be needed. Water from wells i n  the lowlands may re- 
quire chlorination. A l l  wells penetrating below 
sea leve l  should be checked periodically fo r  evi- 
dence of salt-water contamination. (For data on 
development of underflow, control of salt-water 
contamination, and depth of wel ls ,  see Introduct ion)  

Dri l led wells a r e  recommended. Depths should be 
limited t o  1 or 2 f ee t  below sea level .  Spacing of 
wells should be a t  l eas t  100 feet .  Rock i s  hard, 
and d r i l l i ng  w i l l  be slow. Badly fractured or  
vesicular rocks are the best locat ions of obtaining 
water. Dipping fractures w i l l  tend to deflect  holes 
Fishing and extra d r i l l i ng  tools  hou ld  be available 
Shooting may improve some wells. One o r  two lengths 
of casing may be needed i n  =me wells, but screens 
w i l l  m t  be necessary. High-lift, low-capacity 
turbine o r  cylinder pumps w i l l  be needed. A l l  pump- 
ing must be controlled to avoid salt-water encroach- 
ment, and chloride content o f  water should be 
checked a f t e r  each day's pumping. (See Introduction 
f o r  data on controlling salt-water contamination.) 

Jug wells o r  i n f i l t r a t i on  ga l le r ies  (see Fig. SD) 
a re  feasible  a t  a l t i tudes  below 30 feet .  Wells or  
ga l le r ies  should be spaced on a t  l e a s t  100-foot 
centers and dug t o  only a fewinches below sea leve l  
regardless of location. Explosives w i l l  be required 
i n  excavating. Wells o r  gal ler ies  must be curbed 
o r  timbered. Centrifugal pumps can be used. A t  
higher a l t i tudes  d r i l l e d  wells a r e  recommended. 
Depths should be limited t o  l e s s  than 1 foot below 
sea level .  Wells should be spaced on 100-foot 
centers. Rock is generally sof t  but hard coral  
heads may cause d i f f i cu l t y  i n  d r i l l i ng  and i n  places 
hard volcanic rock may be encountered. I f  massive 
unfractured volcanic rock 5s reached before water, 

NO large d?velopment possible. Run-off during I Ground water i s  present from 

Same as Area I above. 

Same as  Area 1 on the 
Cuyo, Quiniluban, 
Dalang&m,and Cabuluan 
Islands. 

d r i l l i n g  should be stopped. I f  volcanic rock is 
vesicular, fissured, o r  fractured, d r i l l i n g  can continue. Fishing and 
extra d r i l l i ng  tools  s b u l d  be available. Shooting mayimprove some w e l l s  
i n  volcanic rock but should never be done i n  reef limestone. Casing may 
be required i n  upper 10 or 15 f ee t  of hole. Screens a r e  not essent ial .  
High-lift turbine o r  cylinder pumps w i l l  be needed. Water may require 
chlorination. A l l  pumping must be controlled t o  avoid salt-water con- 
tamination, and chloride content of water should be checked daily. 
(See Introduction for  data on control of salt-water contamination.) 

ra ins  may be diverted from gul l ies  in to  
cis terns,  o r  col lect ing ditches may be dug t o  
lead run-off from hills intocisterns. Exca- 
vating w i l l  require explosives. 
Must be plastered with concrete t o  control 
seepage losses. Catchment areas should be 
res t r ic ted .  Water w i l l  require f i l t r a t i o n  
and chlorination. Cisterns w i l l  need frequent 
cleaning. 

Water table  between 150 and 
750 f e e t  depth. Yields of 
wells w i l l  be small and from 
depths greater  than 250 t o  
300 fee t  w i l l  m t  warrant 
d r i l l ing .  Quality of water 
i s  probably good. 

Same as Area I on the 
Cuyo, Quiniluban, 
Dalangem, and Cabaluan 
Islands. 

a few f ee t  t o  200 f ee t  below 
the  mrface. Yields must 
be kept small because of 
danger o f  salt-water con- 
tamination i n  a l l  par t s  of 
the area. PYater is probably 
hard but chedca l l y  unobjec- 
tionable. Water a t  shallow 
depths may be bacterially 
unsatisfactory. There i s  a 
group of small water holes 
near the west end of tom.  

Combat. OverniFht 
Bivouac. and Similar 
Operations: Imported, 
plant sources, native 
c i s te rns  or wells, 
d i s t i l l i n g  un i t s .  
Rest Bivouac, Temporary 
Camp, Field Hospital, 
Semi-permanent Camp: 
In f i l t r a t i on  gal ler ies ,  
cisterns, imported. 
Permanent Camp o r  
Hospital: Drilled 
wells, i n f i l t r a t i o n  
gal ler ies ,  c is terns.  

Combat, Overni~ht  
Bivouac, and Similar 
Operations; Imported, 
plant sources, nat ive 
c i s te rns  or wells. I 
Rest Bivouac. Tempo- 
Camp. Field Hospital, I 
Semi-permanent Camp: 
Imported.cisterns. I 
~eEmanent camp o r  
Hospital: Drilled 
wells, c is terns .  

!?cfs = cubic f ee t  per second 

Prepared by U. S. Geological Survey 
fo r  Chief of Engineers, U. S. Army. 



PALAWAN PROVINCE (I? I WATER SUPPLY -- WATER FACILITIES 

Rel iab i l i ty  rating: Class B 

INTRODUCTION 

Palawan Province has ample water supplies except on the en t i r e ly  upon r a i n  water o r  water diverted from ephemeral streams 
smaller islands. The water resources, however, a re  prac t ica l ly  stored i n  cis terns.  The following tab les  summarize the available 
undeveloped, and most of the population depends f o r  its supply data on mter -d is t r ibu t ion  systems i n  the province, t he  qual i ty  of 
upon rain-wat e r  c i s te rns ,  shallow unsanitary wells ,  streams, and water, and the Philippine census da ta  of 1939 on sources of water 
springs. The inhabitants  of laany of t he  smaller i s lands  depend supply of reporting famil ies  i n  the d i f fe ren t  minor c i v i l  divisions. 

a /  I n  1931, grav i ty  systems had been planned f o r  Conception, Oton, (not on map) and Bintuan t o  - 
serve 600, 330, and 1,000 people, respectively. Pumpiw systems t o  serve 800 people a t  Cuyo, 
and an unknown number a t  Bacons (not on map) were a l so  unfler considerat ion. A rain-water 

a 
Sources of Water Supply by Number of Families Reporting i n  Palawan Province, Philippine Islands, 1939-/ 

Island Group and Minor Pipe-Distribut ion Surf ace Rain Water Streams and 
Civil Division Systems Artesian Wells- well&/ o r  Lakes Springs 

b/ 

P a l a m  and Adjacent Islands: 150 - 28 - 3 940 - 6,190 1,351 
Aborlan 16 28 351 9 52 113 
Bacuit 53 - - 307 131 55 
Brooke Point -- -- 1,049 4,305 529 
Puerto Princesa 71 -- 1,085 639 469 
Taytay 10 -- 624 163 82 
Dumaran -- -- 524 --- 103 

Balabac and Adjacent Islands 36 -- - 470 - 8 - 83 - 
Calamian Group L 1 354 - 9 2,387 326 - 217 - 

Culion (town) 1,244 -- 560 7 106 
 oro on ( t o m )  110 9 1,827 319 111 

Cuyo Islands -- -- 3,979 --- 223 - 
(town) -- -- 740 --- 34 

Cuyo ( t o m )  -- - - 3,239 189 

Cagayan Islands -- -- 590 --- - 12 - 

TOTAL 1,540 37 11,366 6,524 1,886 

i 

a /  From Census of the Philippines, 1939. - 
b/ In  the Philippines any d r i l l ed  well is ca l led  an - 

a r t e s i an  well;  i n  t h i s  province the wells probably 
are not a r tes ian  i n  character.  

c /  Shallow hand-dug p i t s  o r  wells. - 
I I Water Analyses of Some Water Supplies i n  Palawan Province I I 

a/ 

( p a r t s  per  mil l ion unless otherwise specif ied)  
I I I I I I I 

Island o r  Town 

1. Aborlan, 
Palawan Is land 

2. Bacuit, 
Palawan Island 

3. Binaluan, 
Palawan Island 

4. Iwahig, 
Palawan Island 

5. Puerto Princesa, 
Palawan Island 

6. Taytay, 
Palawan Island 

7. Balabac Island 
8. Coron, 

Rusuanga Is land 
9. Salvac ion, 

Busuanga Island 
10. Port Zeb Peters ,  

Busuanga Island 
11. Uson Island Wharf, 

(exact locat  ion 
unknown) 

12. Culion, 
Culion Island 

Depth of Wells i n  Feet I 425 1 

Number of 
Families 
Served 

16  

53 

-- 
-- 

71 

10 

36 

110 

-- 
-- 
-- 

1,244 

- 

a/ About the  composition of sea water. A number of salt springs are - reported on the island. 

b/ NR - Not reported. - 

Capacity 
(Gallons 
(per  day) 

--- 
--- 

11,520 

--- 

28,800 

--- 
--- 

20,160 

--- 
15,000 

--- 

144,000 

riela,  spm 

Color of  Water 

Odor of Water 

Reaction 

Total Sol ids  

Mineral Sol ids  

Loss on Igni t ion 

Fe203 and A1203 

Ca 

Mg 

Na 

C 1  

Si02 

S04 

B. Coli per  cc  

Prepared by U. S. Geological S u r ~ y  
f o r  Chief of Engineers, U. S. Amy. 

Palawan Island 

Piped Water-Distribution 

Sources of Supply 

Deep wells. 
(probably 200 f e e t )  

Mountain streams 

w w 

Mountain st reams 
and deep wells 

Shallow wells  

--- 
Stream 

Deep wells 

Mountain st ream 
o r  spring 

s m i n g  

Mountain stream 

Mountain streams 
and wells 

Dug Well 
a t  

Puerto Princesa 
Unaerground 

River a t  M t .  
St.  Paul 

I. / 

NR 

None 

Fishy 

NR 

8,688 

8,674 

1 4  

3.7 

140 

310 

NR 

5,559 

23.7 

620 

NR 

Wells a t  Iwahig Penal 
Colony 

I 1 2 

Systems i n  Palawan 

Quality of 
Water 

Good 

Excellent 

w 

w 

Very poor, 
not used f o r  
drinking. 

-- 
Questionable 

Good 

w 

w 

w 

w 

Mountain 
Stream 

25 

Light Brown 

None 

Neutral 

28.0 

NR 

NR 

NR 

NR 

NR 

NR 

T 

NR 

mi 

NR 

Province- 

Type of System 

i 
Pumping plant 

Gravity system 

n w 

w w 

Rlmping plant 

--- 
Gravity system 

Pumping plant 

Gravity system 

w w 

w w 

Gravity and 
pumping plant 

25 

Light Brown 

None 

Alkaline 

412 

NR 

NR 

1.7 

25 

80 

NR 

11.5 

50.5 

1.7 

NR 

Remarks 

Base supply availeble i n  dry  
season. 

w w w w w 

2 wells 400 t o  410 fee t  deep, 
capacity of each about 25 gpn. 
Brownish color ,  s l i g h t l y  alkaline, 
Estimated 500,000-gallon t o t  a1 
rain-water storage capacity i n  
numerous small pr ivately owned 
c is te rns .  Water-distribution 
system obtaining water from 
Iwahig River with suf f ic ien t  
capacity f o r  100,000 men author- 
ized ,, but present s t a tu s  unknown. 

A 

Uson Island 
Spring a t  Coal 

Dock 

i 

Culion Island 

Spring (Location 
unknown )g/ 

NR 

None 

Fishy 

NR 

5 54 

539 

1 5  

2 04 

179.9 

28.8 

NR 

51.9 

61.7 

19.7 

Excessive 

Balala Springs (Location unknown) 

NR 
/ 

None 

None 

Neutral 

47.0 

41.4 

5.6 

NR 

m-2 

rn 
KR 

2.02 

NR 

NR 

NR 

1 

NR 

None 

None 

NR 

NR 

NR 

NR 

Trace 

736.2 

1,015 

10,603 

18,615 

Trace 

2,505 

NR 

I I 

2 3 

NR 

None 

None 

Neut ral 

28 .8 

24.2 

4.6 

NR 

NR 

NR 

NR 

3.9 

NR 

NR 

NR 

NR 

None 

None 

Acid 

28.6 

22,8 

5.8 

M 

NR 

NR 

NR 

708 

NR 

NR 

Elft 

NR 

None 

None 

Alkaline 

79.0 

67.2 

11.8 

NR 

NR 

NR 

NR 

2.8 

NR 
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PALAWAN PROVINCE (I? I.) AlRFl ELD CONSTRUCTION 

Rel iabi l i ty  ratingr Class D 

INTRODUCTION 

The elongate, h i l l y  t o  mountainous is land of  Palawan and 
the  adjacent Calamian and Ealabac is land groups have not been 
mapped topographically i n  de ta i l ,  and large areas a r e  relat ively 
unexplored and unknown. The coastl ine of the islands has been 
surveyed, and i n  pa r t  coastal  t e r r a in  has been indicated by 
generalized 100-foot contour l i nes  with spot elevations given far 
prominent h i l l s  and mountains ( see U. S. C. & G. S. Charts). 
Topography of the i n t e r i o r  is  not known, and a e r i a l  photographs 
a re  available only for  small pa r t s  of the area (Calamian Islands 
and Malampaya Sound-Palawan Island). 

Because of  the meager t e r r a in  information, areas indicated 
a s  possibly sui table  f o r  a i r f i e l d s  can be considered only as 
worthy o f  fur ther  investigation. Many small areas sui table  for  
emergency landing s t r i p s  may have been omitted because of  lack 
of detai led data. For large sections of the western coast of 
Palawan, the character of the  t e r r a in  is  not known; a e r i a l  
reconnaissance i n  those regions may reveal s i t e s  sui table  f o r  
a i r f i e lds .  Where the mosC detailed maps have a contour in te rva l  
of 100 feet ,  l i t t l e  attempt i s  made to indicate grades o r  
possible lengths of runways. Aerial reconnaissance, supplement- 
ed by f i e l d  observations where possible, is  advisable f o r  ac- 
curate determination of s i ze  of possible a i r f i e l d s  and detailed 
construction problems. 

Only two a i r f i e lds ,  Culion and Iwahig,are reported to  have 
been i n  use i n  Palawan Province a t  the  time of the J a ~ a n e s e  in- 

reported enlarged by the  Japanese for  use  as a heavy-bomber 
a i r f i e ld .  Data on the existing a i r f i e l d s  have been gathered 
from reports by ONI,  MID, and A i r  Staff Intelligence. 

Some areas designated as possible s i t e s  a r e  l i s t e d  i n  O N 1  
93,  p t  2, as sui table  for  emergency landings or,  with a min imum 
of  preparation, small f ighter  f ie lds .  S i tes  sui table  fo r  en- 
largement t o  accomodate heavy a i r c r a f t  w i l l  require extensive 
improvement. Each possible s i t e  described i n  the foll6wing 
table  i s  accompanied by a map modified from the U. S. C. & G. S. 
charts and, where available, by a view. 

I n  general, a l l  areas sui table  f o r  a i r f i e l d  s i t e s  a re  
coastal  lowlands. Those north of the Puerto Princesa areas a r e  
small and poorly sui ted to  use by heavy a i r c ra f t .  From the 
Puerto Princesa area south, the lowlands along the eas t  coast of 
Palawan, the southern t i p  of the island (Cape Buliluyan) and the 
adjacent islands, such a s  Bugsuk, a re  more sui table  for  the  de- 
velopment of  a i r f i e l d s  which might accomodate heaviest a i r c ra f t .  
In  general, a i r f i e l d  s i t e s  on Palawan a r e  poor when compared to 
those of Mindanao some 200 miles to  the southeast. 

Data on s o i l  conditions and construction materials loca l ly  
available have been derived from the Soi ls  and Geology Tables. 
For general descriptions, see Terrain Appreciation and Wte r  
Supply Tables. 

vasion. The Iwahig a i r f i e l d  a t  Puerto Princesa has been 'r 

3.. CULIOM AIRFIELD 
Location, Sui tabi l i ty ,  Accessibility: Reported l a t  11°51t N , 

long l19°56f E , near vi l lage of Negative (not on mao). about 
10 miles SW of Culion on provincial-road (;robably &$;able 
i n  a l l  but wettest  weather). Exact locatiilh, cha&cter of 
loca l  t e r r a in  and approa-hes not known. Altitude 165 feet. 

Grading, Dispersal Areas, Hard Standings: Landing s t r i p  
(NE -SW , 300 x 1,680 f t . )  on grassy gently sloping surface. 
Extent of l eve l  land, su i t ab i l i t y  for  extension, and other 
possible runway orientations not known. Grading probably w i l l  
require only ordinary graders and dozers. May be ample room 
f o r  scattered dispersal 'areas and hard standings. 

Foundation, Drainage: Sot1 is f r iab le  sandy clay; generally well 
drained but may be s o f t  and p la s t i c  during rainy season. Soi l  
s t ructure may be destroyed if mrked when wet; w i l l  r e su l t  i n  
muddy p la s t i c  clay. Bearing strength moderate. Runways for  
use of heavy a i r c r a f t  must have base course and subgrades de- 
veloped by addition of coarse fractions and mechanical stabi- 
l izat ion.  Side collection channels along r u m y  may reduce 
water t a b l e  under paved r u m y s  suf f ic ien t ly  t o  avoid use of 
subdrains. Run-off from adjacent h i l l s  may require canaliza- 
t ion  to divert  flood water from runways. Addition of  coral- 
reef limestone to sandy clay w i l l  provide excellent base when 
mechanically s tabi l ized.  Crushed and s tab i l ized  reef  limestone 
nil1 provide excellent surfacing. 

Clearin_kGrubbing: L i t t l e  clearing o r  grubbing necessary unless --- 
runway i s  extended; can be accomplished by graders or dozers. 

Constm-ction Materials Available: Character of bedrock i n  h i l l s  
adjacent t o  s i t e  not known. Island reported underlain largely 
by sandstone, i n  pa r t  highly indurated. Overburden comonly 
t h i n  on sandstone; f o r  quarrying sandstone w i l l  require blasting 
and power tools. Limited local  supplies of sand and gravel i n  
stream channels. Quartz and limy sand on beaches readi ly avail- 
able. Coral reefs  f r inge exposed coasts; reef rock is best 
construction material  available. Adjacent forested h i l l s  w i l l  
supply good construction timber. 

Water Supply: No data  on surface water a t  s i t e .  Shallow dug o r  
driven wells a t  s i t e  w i l l  provide potable water f o r  personnel. 

Culian Airfield3 view to west. (USAAF, CFL, 21211 A. c . ) 
2. IWAHIG (PUERTO PRINCESA) AIRFIELD 

Location, Sui tabi l i ty ,  Accessibility: L a t  9Obt N , long 
1L8°401 E , near Iwahig Penal Colony: about 5 miles west of 
Puerto Princesa . si te-on broad coa&l lowland sui table  for 
enlargement t o  accomodate heaviest a i r c r a f t  with or ientat ion of 
runways i n  any direction. Accessible by road from Puerto 
Princesa throughout year; about 1 1/2 miles from low mangrove- 
l ined coast. Aerial  photographs show a i r f i e l d  on south s ide of 
Iwahig Penal Colony on all-weather (?) road. Altitude about 
22 fee t .  Airfield reported improved by Japanese since occupa- 
tion; new Japanese a i r f i e l d  reported t o  NW but exact location 
not known. See a l so  Area 16. 

Grading, Dispersal Areas, Hard Standings: Two leve l  sodded run- 
ways ( E  -W , 165 x 1,980 fee t  and NW -SE . 132 x 990 fee t )  can ' - - -  - - -  , - -- 
be extended i n  a l l  directions. Exact character of  adjacent 
h i l l y  t e r r a in  not known,ht present approach angle reported 
40/1 i n  5 miles. Other adjacent s i t e s  sui table  f o r  extended 
rumvays of different  orientations.  L i t t l e  grading required; 
ordinary graders and dozers can be used. Ample room f o r  dis- 
persal  areas and hard standings. 

Foundation, Drainage: Sodded clay-loam runways reported soft, i n  
wet weather. Drainage generally poor; area possibly flooded 
following severe rains. P las t ic  clay-loam s o i l  may be water- 
logged a f t e r  heavy rains .  Near h i l l s  and Iwahig River, s o i l  may 
be sandy o r  gravelly. Soi l  has moderate bearing strength; is 
not adapted t o  mechanical s tab i l iza t ion  without addition of 
coarse fractions and sui table  drainage. Runways f o r  heavy air- 
c r a f t  may require raised and drained subgrades with s tabi l ized 
base course. Surfacing o r  pavement of s tabi l ized coral-reef 
limestone desirable. Side collection channels along m y  de- 
s i rab le  f o r  removal of surface run-off and as an ou t l e t  fo r  
subdrains. h w  natural levees  along r i v e r  may be of  suf f ic ien t  
height to protect runways from ordinary high water. 

Clearing, Grubbing: Vegetation low; can be cleared by ordinary 
graders and dozers. 

Construction Materials Available: Hills adjacent to lowland have 
th in  sandy s o i l  mantle on dark granite-like (gabbro) o r  s o f t  
dark green sheared (serpentine) rock. Some coral  limestone 
may crop out along base o f  h i l l s ;  i s  best construction material 
available. Large areas of reef  limestone exposed a t  low t ide  
on nearby shores. Sand available on beach; may be largely limy. 
Sand and gravel readi ly available i n  Iwahin River channel. 
Timber from adjacent forested h i l l s  sui tabie  for  construction. 

Water Supply: Surface supply from Iwahig River more sui table  than 
brackish ground water from driven wells, 

Iwahig Airfield; view t o  north. (USAAF',CFL, 21231 A,C.) 

(continued) 
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30 GUTOB BAY 

Location. Sui tabi l i ty .  Accessibil i tyt  Piest coast of Busuanga Island, 
approximate location lat 12°10' N , long 119'53 ' E. Areas sui t -  
able f o r  a i r f i e l d s  on coas ta l  lowlands and stream valleys near 
v i l lages  of Busuanga and Salvacion; reported t o  be l a rges t  and 
most l eve l  area i n  Calamian Group. Accessible only by water except 
f o r  small trail a t  north leading from vi l lage of Calauit on eas t  
coast, S i tes  can be located near sandy beaches. Village of 
Busuanga connected t r a i l  lnli third-olass  road or track with 
Bintuan and Malbato (see Map krea l o ) ,  

Gradgne. D i s ~ e r s a l  Areas. Hard Standings? Low coastal  terraces, 
probably upraised coral reefs, may require runways oriented paral- 
l e l  t o  shore; l i t t l e  grading necessary. I n  valleys leading from 
coast, moderate amounts of grading w i l l  be necessary f o r  develop- 
ment of f l i g h t  s t r i p s  because of low stream terraces and gentle 
slopes from valley walls, Level t r a c t s  suitable fo r  develop- 
ment of dispersal  areas and hard standings of l imited extent, 

Foundation. Drainage: Sandy clay alluvium i n  coastal  a reas  report- 
ed t o  be well drained throughout year; bearing strength probably 
high, In stream valleys sandy clay may be i n  pa r t  l a t e r i t i c  
and fr iable;  drains readily, but i f  worked when wet, s o i l  struc- 
ture  w i l l  be destroyed and a p l a s t i c  clay w i l l  r e su l to  Some 
gravel may be mixed with s o i l  on a l l u v i a l  slopes a t  base of h i l l s .  
Runways i n  coastal  areas may not need subdrains, but side collec- 
t i on  channels w i l l  be necessary t o  remove surface run-off f r o m  
paved runwayso In stream valleys small t r ibutary  streams must 
be diverted to  prevent f l ow  across runways during periods of 
heavy rain. S o i l  suitable f o r  mechanical s t ab i l i za t ion  with 
addition of coarse fractions. Pavement of s tabi l ized coral-reef 
rock desirable for  runways t o  be used by heavy a i r c ra f t .  

Clearing, G r u b w t  Large par t s  of area grassy, w i l l  require no 
clearing, Some coconut plantations and low-forest growth can 
be cleared by dozerso A small amount of blasting and cutting may 
be necessary 

Const-ruction -Materials Available t Bedrock of h i l l s  adjacent t o  
s i t e  not known; island reported underlain largely by sandstone, 
i n  pa r t  hard, Coastal terraces may be underbin by upraised coral 
reefs; reef rock nay be i n  p a r t  sui table  f o r  worldng with hand 
toolso  Sand and gravel available i n  stream channels and on 
beaches; some coral reef f r inges shore and is avai lable  f o r  
quarrying a t  low tide. Coral-reef rock is best  construction 
material f o r  use on a i r f ie lds ,  May require d r i l l i n g  and blasting. 
For quarrying hard sandstone, b lss t ing  and power tools required; 
construction qual i ty  f a i r  t o  poor, Adjacent h i l l s  may provide 
abundant supplies of timber sui table  fo r  construction, 

Water Supp3;s:t Busuanga River w i l l  furnish ample supplies of f resh  
water. Shallow wells in coastal  and valley alluvium w i l l  provide 
additional supplies. 

L o  CMAUIT AREA 

Location, Suitabila-A~ccessibility t- Northwe st rr t of Busuanga 
Island; approximately l a t  12°181 N , long 119 561 E o  Three 
broad low t.racts of re la t ive ly  l eve l  land trending NE.; separated 
by h i l l y  ridges d t h  a l t i t udes  t o  more than 600 feet ,  Area may 
be sui table  fo r  a i r f i e l d s  accomodating heaviest  a i r c ra f t , bu t  a l l  
runways must be oriented NE, Areas accessible from reef-fringed * 

shores; some mangrove swamps0 Footpath follows shore south of 
Calauit; branch t ra i l  t o  w e s t  c a s t  a t  Buluang. 

G r a d i ~ D i s p e r s a l  Areas. Hard Standings: m e r a l  detailed character 
of t e r r a in  not known; ground may be somewhat ro l l ing  and i n  p a r t  may 
require moderate grading; elsewhere necessity of grading may be 
negligible,' L i t t l e  blast ing necessary; valley f loors  probably 
mantled by r e l a t ive ly  thick alluvium, Room f o r  dispersal  areas and 
hard standings limited, but coi~cealment provided by primary fores to  

Foundation, D r a i n s :  Foundation and drainage conditions similar t o  
those of Gutob ~a~ (Area 3). 

Clearing, Grubbinq: Parts  of area have been cultivated; some secon- 
dary forest .  Valley floors and h i l l  slopes generally covered by 
primary forest. Clearing of seconda~y growth can generally be 
accomplished by graders and dozers; primary fores t  w i l l  necessi- 
t a t e  use of powr  too l s  and blasting, Heavy equipnent necessary 
fo r  grubbing of t r e e  stumps, 

Construction W e r i a l s _  e: Similar t o  Gutob Bay (Area 3). 
Ample supplies of coral-reef rock available a t  low t i d e o  

Water S U I :  Surface water from s m a l l  streams probably limited. 
Shallow wells i n  alluvium w i l l  furnish moderate supplies, Wells 
i n  bedrock may be poor source, 

-- - 
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Source: U. S. C. and G. S. no. 4314 

Coconut palms 

Coastal t e r r a in  a t  mouth of Busuanga River. (Om 62529) Gutob Bay region north from Salvation. (ONI 62525) 
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5. TAYTAY TRAIL 

Location, Sui tabi l i ty ,  Accessibility: Taytay Tra i l  between v i l lage  of 
Taytay and Inner Sound of Malampay Sound (Palawan Island); approximate 
l a t  10°b9t N , long ll9O29'E. S i t e  on cleared val ley f loo r  about mid- 
way across island; dimensions 1,000 by 6,000 feet .  Accessible from 
Taytay on e a s t  coast by p a r t i a l l y  surfaced all-weather road and from 
Malampaya Sound by t r a i l  probably sui table f o r  jeeps during dry season; 
muddy when wet. S i t e  surrounded by low h i l l s ;  de ta i l s  of t e r r a in  ad- 
jacent to s i t e  not known. S i t e  sui table f o r  emergency landings and 
f igh te r  plane f i e ld ;  probably m t  sui table f o r  heavy a i r c ra f t .  Airstr ip,  
1,500 by 3,2QO fee t ,  unreported since 1938. 

Grading, Dispersal Areas, Hard Standings: S i t e  generally level ,  w i l l  re- 
quire minimum grading. %. par t  reported most level  but under water dur- 
ing rainy season. Runways may require raised subgrades. With consider- 
able grading, s i t e  may be extended to eas t  and west. Areas for  dispersal  
and hard standings limited but may be most advantageously placed t o  south 
of f i e l d  and concealed i n  dense forest.  

Foundation, Drainage: Soils  generally f r iab le  sandy loam with good bearing 
strength; dry readily when drained. P las t ic  mud developed i f  s o i l  is 
worked when wet. So i l  thickness moderate; i n  pa r t  s o i l  may be underlain 
Qy sandy gravelly alluvium o f  Malapajo River which swings t o  south of 
s i t e .  S i t e  i n  par t  covered by r i c e  paddies. Drainage necessary, espec- 
i a l l y  i n  SW. par t  which may be flooded during rainy season. Drainage 
ditches to r ive r  w i l l  carry away surface run-off, but subdrains w i l l  be 
necessary t o  reduce water table a t  s i t e .  When drained, s o i l  probably 
sui table f o r  mechanical s tabi l izat ion.  

Clearing, Grubbing: L i t t l e  clearing necessary f o r  u t i l i z a t i o n  by small 
a i r c r a f t  but moderate clearing of  primary fores t  necessary fo r  extension 
of a i r f i e ld .  Some power tools  and blasting necessaryfor  rapid clearing 
of la rger  t rees;  ordinary graders and dozers w i l l  remove smaller 
brush and low trees. 

Construction Materials Available: Bedrock reported t o  be sandstone and 
shale; may be i n  pa r t  hard and b r i t t l e ;  w i l l  require blast ing and power 
tools  fo r  quarrying. Some sand and gravel may be available i n  stream 
bed near s i t e .  Coral rock obtainable from fringing reefs  near Taytay; 
is  best  construction material fo r  a i r f i e lds .  Abundant loca l  supply of 
timber fo r  construction. 

Water Supply: Moderate amounts of surface water may be avai lable i n  
stream near s i t e .  During periods of unusually dry weather stream may 
f a i l .  Shallow wells a t  s i t e  may provide sui table auxi l ia ry  supply. 

Taytay T r a i l  from Taytay t o  Inner Sound, Malampaya Sound; view west. 
(ONI 29863) 

Source: U. S. C. and 0. S. no. 4.316 

1 I 
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Taytay a i r f i e ld ;  view to north. (uSAAF, CFL, 21192 L.C.) 

6. KALABIKAY RIVER AREA 

Location, Sui tabi l i ty .  Acce s s i b i l i t ~ :  Kalabikay River Valley a t  
head of Buaya (Mala aya) Sound; approximate location la t  "g 1 0 ~ 4 3 '  R , long 119 29 E, Three grassy f i e l d s  (2,700 by 
4,300, 1,800 by 4,000, and 1,200 by 3,000 f e e t  ) reported nearly 
treeless,  sui table  f o r  emergency use or small f igh te r  f i e l d  with 
s l igh t  leveling. S i t e  ma not be sui table  for  enlar ment t o  f f? acccnnmodate heavy a i rc raf  . Fields accessible from ead of 
Malampaya Sound (Buaya sound). T r a i l  from Taytay on eas t  coast 
(see S i t e  5) t o  Malampaya Sound. Movement along shore from west 
end of. t r a i l  t o  s i t e  d i f f i c u l t  due t o  poor footing and vegetation, 

grad in^. Dispersal Areas. Hard Standings: Gently sloping grassy 
f i e l d s  can be leveled by graders and dozers. Exact nature of 
t e r r a in  and poss ib i l i t i e s  f o r  expansion of s i t e  not known. Area 
f o r  d ispersa l  and hard standings probably limited. 

Foundation. Drain-* Sandy clay soi l ,  slipperywhen wet. Drain- 
age and reduction of water tab le  necessary before addition of 
coarser f rac t ion  f o r  s o i l  s tabi l izat ion.  S o i l  probably semi- 
p l a s t i c  a l l u v i a l  clay; bearing strength and drging r a t e  moderate. 
During rainy periods, lower pa r t s  of f i e l d s  may be flooded by 
Kalabikay River. Airf ie ld may require protection from flooding 
and canalization of small streams draining adjacent h i l l s .  

Clearinn. G r u b b a r  L i t t l e  grubbing mported necessary on grassy 
f i e l d s  . 

Construction MaJs-rials Available t Bedrock of adjacent h i l l s  re- 
ported t o  be sandstone and shale; may be hard and b r i t t l e .  W i l l  
require blast ing and power tools  f o r  quarrying. Some sand and 
gravel may be available i n  stream bed adjacent t o  s i t e  and on 
beaches near mouth of Kalabikay River. Ample loca l  supplies 
of timber sui table  f o r  construction. 

m t e r  Suppar  Ample supply of f resh water available i n  Kalabikay 
River. Shallow wells a t  s i t e  w i l l  furnish auxi l iary supply; 
should not be werpumped if near coast because of danger of 
s a l t  water encroachment. 

7. BINGA POINT 

Location. Suitability, A~e+il i tg:  Shore of Imuruan Bay south of Binga Point; 
approximate location l a t  1 0  43' N , long 119O21' E. Small coastal  lowland 
between sandy beach and h i l l y  ridge of Capoas Peninsula. Maximum dimensions 
about 2 by 3 miles. Gently sloping surface can be u t i l i zed  f o r  runway parallel 
t o  shore sui table  f o r  emergency landings o r  a i r f i e l d  f o r  l i g h t e r  a i rc raf t ;  
approach angles too  grea t  f o r  heavy a i r c r a f t *  

Grading. Dispersal Areas, Hard Sta.@inrrsr Rumray pa ra l l e l  t o  shore fl require 
moderate grading by dozers and graders. Inner margin of f l a t l a n d  has steeper 
slopes not sui table  f o r  runways because of steep approach angles and irregular 
surface. Ample room for dispersal  areas and hard standings; can be concealed 
i n  dense forest .  

Foundation, Drainage: Sandy clay loam soi l ,  probably f r i ab le  a t  highest a l t i tudes;  
i n  part p l a s t i c  sandy clay near shore. Bearing strength good to poor; drainage 
moderately goodo S o i l  sui table  for  mechanical s tab i l iza t ion  only a f t e r  addition 
of coarse fractions.  Water table  high near shore; runways i f  paved w i l l  require 
wrbdrains and s ide collection channels t o  handle surface run-cff. 

Clearin& Gmbbix: Dense forest  vegetation covers large pa r t  of s i t e ;  w i l l  re- 
require removal by blast ing and power tools. Small areas of grassland and low 
scrub can be cleared with ordinary graders and dozers. Larger stumps w i l l  
require b las t ing  and grubbing. 

Construction Materials A v a i l a t  Adjacent h i l l s  underlain by granite, sandstone, 
and perhaps shale. Quarrying of sandstone and granite w i l l  require use of power 
tools  and blasting3 a r e  good construction materidls. Ample supplies of s a d  and 
gravel on beaches. Bouldery beach reported south of Binga Point. Ample supplies 
of timber sui table  f o r  construction loca l ly  available. 

Water SUPP- Surface supply probably l imited t o  s m a l l  intermittent streams flow- 
ing fron adjacent h i l l s .  Shallow wells will provide moderate t o  goo'd supplies. 
Wells near shore should not be overpumped because of danger of s a l t  water en- 
croachment. 

Areas possibly suitable for airfield s i t e s ,  

Coral reef coconut palms 

Sand m] Forest 

II Mud f l a t s  

Contour interval 100 feet .  Althtudes in feet  above 
sea level I!- I 

11sjeo' I 194 soa I 
Sources U. S. C. and G. S. no. 4316. 

80 INANDENG RIVER 

Location. Sui tabi l i ty .  Accessibilityt Small coastal  f l a t  land on Imuruan Bay south- 
southwest of I s l e t  Head; dimensions approximately 2 by 4 miles; l a t  1 0 ~ 3 2 '  N , 
long 119°17' E. Similar t o  coastal lowland south of Binga Point (Area 7). May 
be sui table  for  runways p a r a l l e l  t o  shore which will accommodate heavy a i rc raf t ;  
approach glide angles l e s s  than 1/21). Detailed character of t e r r a in  and course 
of Inandeng River across lowland not known. 

Ctradinfi Dispersal Areas. Hard Standinns2 Probably l i t t l e  grading necessary t o  
provide leve l  s t r i p s  f o r  runways; dozers and graders necessary. Ample room for  
dispersal  areas and hard standings which can be concealed i n  dense'forest. 

Foundation. Drainamt Similar t o  Binga Point (Area 7). 
Clearing. Grubbing Area heavily wooded; primary forest. Power tools  and b las t ing  

necessary f o r  removal of forests.  Heavy equipment needed t o  remove large trunks; 
. blast ing and use of heavy winches necessary f o r  removal of buttressed stumps. 

Low growth can be cleared by dozers. 
Construction Yaterials Available: Dark sandstone and shale underlie adjacent h i l l s .  

Sandstone provides good construction mater ia4for  quarrying w i l l  require blasting 
and use of power tools. Abundant sand and gravel along beaches. Coral rock 
available across low divide t o  south near Cruwn Point; provides best  construction 
material available fo r  use on a i r f ie lds .  Coral rock can be obtained a t  low tide. 

Water Supplx: Inandeng River may furnish permanent supply of f resh water. Shallow 
wells  i n  coastal  alluvium wi. 11 provide good supplies, but wells near shore should 
not be overpumped because of danger, of encroachment by salt water. 

Airfield s i t e  southeast Binga Point; view t o  northeast. (ONI 62813) Closeup d e w  Binga Point a i r f i e l d  site. (ONI 62812) I 



PALAWAN PROVINCE (R I.) AIRFIELD CONSTRUCTION 

I Source U. S. C. and G. S. no. 4 3 9  I 
9 , BINTUAN AREA 

Location, Sui tabi l i ty ,  Accessibility: Southern par t  of Wlsuanga Island on Coron 
Bay near vi l lage of Bintuan; approximate l a t  12°011 N , long 120°03' E. 
Small t r a c t s  of level  ground along Bintuan River near mouth and inland i n  
valley t o  west of vi l lage.  Three thousand acres of l eve l  grassland reported 
about 1 1/2 miles west of village. Only established land route of access is 
foo t  t r a i l  from Malbato and Coron t o  east .  Access from bay may be d i f f i c u l t  
because o f  mangrove swamps and fringing coral  reefs. S i t e s  appear small and 
su i table  only for  emergency landing fields. 

Grading, Dispersal Areas, Hard Standings: S i t e s  a t  r ive r  mouth require l i t t l e  
grading except for fill i n  marshy areas. Grading with ordinary dozers and 
graders required i n  broad inland valley because of r e l a t ive ly  steep slope of 
valley f loor  from sides t o  center. Room for  dispersal  areas and hard standings 
limited; l i t t l e  vegetation t o  p r ~ v i d e  concealment. 

Foundation, Drainage: P las t ic  clay loam and swamp muck i n  coastal  area b i t h  only 
moderate bearing strength, high water table and poor drainage. Inland s o i l  is 
f r i ab le  clay loam, may be i n  par t  l a t e r i t i c ;  good bearing strength, lower 
water table, and re la t ive ly  good drainage; dr ies  readily. Raised subgrades 
with subdrains required f o r  proper drainage i n  ooastal regions. Coarse frac- 
t ions must be added t o  s o i l  t o  permit mechanical s tabi l izat ion.  Inland s o i l  
types probably contain suf f ic ient  coarse fract ions t o  permit mechanical stabi- 
l i za t ion  but w i l l  require canalization of stream i n  val ley f loor  and su i table  
drainage of  run-off from runway surface and val ley walls. 

Clearing, Grubbing: L i t t l e  clearing o r  grubbing necessary except f o r  swamp vege- 
t a t ion  along coast (mangrove). Elsewhere areas possibly su i table  for runways 
are  grassy. 

cons t&ction Materials Available : Bedrock o f  Busuanga Island reported a s  mainly 
sandstone, i n  par t  hard. For quarrying sandstone w i l l  require blasting and 
power tools.  Some sand and gravel may be available i n  stream beds and along 
beaches. Coral-reef rock exposed a t  low t i d e  i n  fringing reefs  along shore is 
excellent f o r  a i r f i e l d  construction. Tiniber sui table for  construction loca l ly  
available on h i l l  slopes. 

Water Supply: Surface supplies l imited t o  Btmuan River which may be intermittent 
stream. Shallow wells i n  alluvium w i l l  furnish best supplies. Wells near coast 
should not be over-pumped because of danger of s a l t  water encroachment. 

10. MALBATO AREA 

Location, Sui tabi l i ty ,  Accessibility: Southern par t  of  Busuanga Island on Coron 
Bay (Port Uson); approximate l a t  12'02' N , long 120~07'  E , near v i l lage  of 
Malbato. Small area near vi l lage reported be ,3,600 f e e t  square, grassy, 
smooth turtle-backed, sui table i n  present condition f o r  small a i r c ra f t .  S i t e  
can probably be extended in leve l  area between Apalan and Malbato Rivera. Ad- 
jacent h i l l  slopes probably obstacles to approaches. S i t e  ~ o b a b l y  too small 
to accomodate heaviest a i r c ra f t .  Area accessible frombay across narrow man- 
grove swamp and sandy beach o r  by foot t r a i l  from Bintuan and Busuanga on west 
and by pa r t i a l ly  surfaced generally all-weather road from San Nicolas, Banga, 
Coron on east ,  and north shore of island. 

Gradhg, ~ i s ~ e r s a l  Areas, Hard Standings: Probably l i t t l e  grading necessary. 
Minor i r r egu la r i t i e s  can be smoothed with ordinary graders and dozers, 
Limited roomfor dispersal  areas and hard standings; vegetation w i l l  provide 
concealment. 

Foundation, Drainage; Sfmilar to Bintuan Area (Area 9). 
Clearing, Grubbing: Most of area is open grassland; some low t r ees  which can be 

readily cleared with dozers. 
Construction Materials Available: Similar t o  Hntuan Area (Area 9) . 
water Supply: Similar t o  Bintuan A r e a  (Area 9). 

11. SAN NICOLAS AREA 

Location, Suitabi l i ty ,  Accessibility: Southern pa r t  of Busuanga Island near  head 
of Port  Uson on Coron Bay; approdmate l a t  12003' N , long 12O009, E , near 
v i l lage  of San Nicolas. Sloping grassy meadow several square miles i n  extent 
reported suitable for  immediate -landing operations. Exact location and de- 
t a i l e d  character not  known. S i t e  accessible from San Nicolas which i s  on Coron- 
Malbato-Bintuan foot  t r a i l .  San Nicolas about 1 1/2 miles from sandy shore of 
Yort Uson, can be reached by following Labangan River. Narrow f r inge  of man- 
grove swamp along shore. 

Grading, Dispersal Areas, Hard Standings: Amount of grading necessary not known; 
probably can be accomplished with ordinary graders and dozers. Su i t ab i l i t y  fo r  
dispersal  areas and hard standings not known. 

Foundation, Drainage: Probably similar to Bintuan Area ( ~ r e a  9) with f r iab le ,  
well-drained l a t e r i t i c  clay s o i l  and moderately low water table. 

Clearing, Grubbing: Grasslands can be eas i ly  burned. Small c l u w  of low t r ees  
can be readily removed Iw dozers. 

Construction ~ a i e r i a l s  ~ v i i l a b l e :  Similar to Bintuan Area (Area 9). 
Water Supply: Surface supplies probably limited; shallow mlls w i l l  M n i s h  -- 

moderate supplies, Labangan River may furnish adequate supplies a t  
all seasons. 

~ i r f i e l d - s i t e  1 mi .  W. Bintmn; view s u t h e a s t .  (ONI 62534) 

Air f ie ld  site at Malbato near mouth of Apalan River; view t o  northwest. 
(ONI 62542) 

View of t e r r a in  i n  region o f Port Uson; view fa northeast. (ON1 624930 
I I 

(continued) 



AIRFIELD CONSTRUCTION PALAWAN PROVINCE (I? I.) 

I Rel iab i l i ty  rating: Class D 

12. H a s E Y  HARBOR 

Location, Suit ab i l i t y ,  Accessibility: F la t  t r ee l e s s  meadow several square miles i n  
extent reported a t  head of Halsey Harbor (Research ~hanrrsl) .  Approximate l a t  
11°471 N, long 1 2 0 ~ 0 1 ~  E. Area 1/2 by 1 mile wide reparted (ONI, March 1942) 
su i t  able f o r  emergency 1 anding af te r  one day!s mrk. No roads o r  trails a t  s i t e  ; 
accessible only from shore of Halsey Harbor o r  across rugged t e r r a i n  f r o m  east  
shore of Culion Island. Detailed character of s i t e  not known. 

Grading, Dispersal Areas, Hard  Standings: Area su i tab le  f o r  a i r f i e l d  s i t e  probably 
w i l l  require l i t t l e  grading. Minor i r r egu la r i t i e s  can be levelled and depressions 
f i l l e d  by use of ordinary graders and dozers. Areas available f o r  dispersal and 
hard st andings probably limited. 

Foundation, Drainage: S i t e  underlain by f r iab le ,  l a t e r i t i c  clay which has good 
bearing strength,  drains  readily; reportedqnever boggy even during excessive 
rains': If worked when wet, s o i l  structure may be destroyed and mud w i l l  resul t .  
Addition of coarse fract ions may be necessary f o r  mechanical s tabi l izat ion.  
Sodded runwtiys may be sui table  f o r  l i g h t e r  a i rc raf t .  Water table  moderately 
high; can be reduced by drains and raised subgrades. 

Clearing, Grubbing: L i t t l e  clearing o r  grubbing reported necessary. G r a s s  can be 
burned i n  dry weather. Small mangrove swamps l i n e  stream channels crossing f ie ld.  
A l l  vegetation can probably be removed by dozers. 

Construction Materials Available: Bedrock reported t o  be sandstone and shale, 
s imilar  t o  Busuanga Island; i n  part hard and d i f f i cu l t  t o  quarry o r  use for  con- 
s t ruct ion because of sharp, jagged edges. Where sandstone is l e s s  hard, it is a 
suitable construction material. Timber su i tab le  f o r  construction loca l ly  availa- 
ble on h i l l  slopes. 

Water Supply: Moderate amounts of surface water from anal1 streams ; shallow wells 
i n  alluvium at s i t e  w i l l  provide moderate amountso 

Locat ion, Su i t ab l i l i t y ,  Accessibility: Delta and lowlands of Devil River on 
Palawan Island may be sui table  fo r  amall landing f ie lds .  Location approximately 
l a t  1l01l1 N, long 119°30t E. Accessible from sandy shore, i n  part  fringed by 
coral reef and narrow mangrove swamp which continues inland f o r  approxilnately 
1 1/2 mile along Devil River, Lowland area surrounded by steep h i l l s  t o  alti- 
tudes of more than 1,500 fee t  . Toot t P a i l  along coast connect s,%o south of river,  
with foot trail from Eiacuit on west coast of island. Exact location of t ra i l  
not known. 

Grading, Dispersal Areas, Hard Standings : Detailed c haracter of iosvland not known, 
but is  probably suitable f o r  runways f o r  medium t o  small a i r c ra f t  with minimum 
grading by ordinary graders and dozers. Areas f o r  dispersal and hard standings 
limited. Small streams w i l l  need canalization to  prevent flooding of runways 
during heavy rains.  

Foundation, Drainage: Alluvial plain possibly underlain by same coral-reef rock. 
So i l  generally p l a s t i c  clay near shore, poorly drained with low bearing strength. 
Inland at s l igh t ly  higher a l t i tudes ,  s o i l  i s  f r i ab le  clay with moderate t o  good 
bearing strength and drainage. Some sand and gravel lenses, S o i l  generally w i l l  
need addition of coarse fract ions and drainage f o r  mechanical s tabi l izat ion.  
Raised subgrade, subdrains, and ditches may be necessary f o r  proper drainage. 

Clearing, Grubbing: Area may be covered i n  large part with secondary fo res t ;  some 
cultivated t rac ts .  Adjacent h i l l  slopes covered with primary forest .  Clearing 
may require use of heavy equipment. 

I Const~uction Materials Available: Bedrock i n  h i l l s  adjacent t o  s i t e  probably sand- 
stone and shale. Granite =ported i n u p p e r  course of Devil R i v e r ,  Bedrock w i l l  

HALSEY HARBOR 

Source: U. S. C. and G. S. no. 4315 
require blasting and use of power t 001s f o r  quarrying. Sand and gravel loca l ly  
available i n  stream channels and along shore. Coral-reef rock available a t  law 
t i d e  along shore; is best construction material f o r  a i r f ie lds ;  sui table  f o r  sur- 
facing runways. Oood timber f o r  construction available at s i t e .  

Water Supply: Devil River w i l l  f'urnish adequate f resh  water; additional supplies 
obtainable from shallow wells i n  lowland. Bedrock i n  h i l l s  is poor source. 

14. SHARK F I N  BAY 

Locatioq, : Lowland extending f r o m  Shark Fin Bay t o  
Mesecoy Bay between Silanga and Shark Fin Peaks, may be su i t  able f o r  mnway fo r  
heavy a i r c ra f t ;  de t a i l s  of te r ra in  not known. Approxinste location, lat 11°03' 
N, long 119°311 W. Accessible only from sandy reef-fringed shores of bays; no 
known trails. 

Grading, Dispersal Areas, Hard Standings : Lowland probably l eve l  ; any minor 
i r regular i t ies  may be leveled o r  f i l l e d  by use of ordinary grader o r  dozer. Area 
possibly underlain by coral rock which may i n  part require blasting. Ample room 
f o r  dispersal areas and hard standings ; can be concealed i n  heavy vegetation. 

Foundation, Drainage: Similar t o  those a t  Devil River (Area 13). 
Clearing, Grubbing: Dense primary fores t  w i l l  require use of heavy equipment f o r  

I clearing and grubbing. Heavy trucks, blocks and tackles, and power saws neces- 
sary. Removal of f a l l en  t r e e s  necessary because of d i f f i cu l ty  of burniw. 

Construct ion Materials Available : Adjacent h i l l s  underlain by sandst one and &ale 4 -- 
Sandstone may be hard; requims use of power tools  and blast ing f o r  quarrying. 
I f  sandst one is unusually hard, quarrying w i  11 _be d i f f i c u l t  and w i l l  require 
special  crushing equipment. Ample supplies b f  timber f o r  construction available 
a t  s i t e .  

Water Supply: Shallow w e l l s  w i l l  provide moderate t o  good water supply. Near 
shores, overpumping may cause encroachment by salt water. 

des in feet above 

I 

Source : U. S. C. rrmd G. S. no. 4317 

(continued) 
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Rel iab i l i ty  rating: Class D 

15. GREEN ISLAMI BAY 

Location, Suit ab i l i t y ,  Accessibil i ty:  Small coasta l  lowlands on Palawan and two 
islands .(North and South Verdej possibly su i t ab l e  f o r  a i r f i e l d  s i t e s  extend along 

'Gmen Island Bay from lat  1 0 ~ 0 5 '  t o  10~23 '  'N. Area generally accessible from 
sea; sandy shores i n  part fr inged with narrow mangrove swamps. T ra i l s  from west 
coast(Port Barton and Malampaya Sound) lead ta Carmy and Barbacan (incompletely 
shorn); no known trails a r a l l e l  coast. 

Grading, Dispersal Areas, {ard Standings: Coastal areas and island w i l l  require  
l imited level l ing;  graders and dozers pmbably suff i c in t  f o r  a l l  grading. Limited 
areas f o r  dispersal  and hard st andings ; dense vegetation su i t  able f o r  ooncealme nt . 
Best s i t e  probably on coastal  lowland adjacent t o  Pascoe Channel. Runway para l le l  
t o  coast can have length of 8,500 f e e t ;  approach gl ide angle l e s s  than  1/20. Man- 
grove-covered islands,  i f  cleared and supplied with adequate foundat ions and 
drainage , a r e  s u i t  able f o r  e m  rgency landing st rips. 

Foundat ion, Drainaae : Coast a1 lowlands probab ly under l a i n  by p l a s t i c  c lay  which may 
i n  part be sandy. Bearing s t rength and drainage only moderately g o d .  Water t a b l e  
near surface ; can be samewhat reduced by const ruct ion of d rabage  canals. Faun- 
dat ions w i l l  need subdrains, So i l s  can be s tabi l ized f o r  subgrades with addit ion 
of coarse f ract ions  and adequate drainage. If m&ed when wet, s o i l  w i l l  usually 
become p l a s t i c  mud. Soi l s  on North and South Verde Island a re  p l a s t i c  mud, pa r t l y  
waterlogged. For use a s  a i r f i e l d  s i t e s  w i l l  require building of ra ised subgrades; 
can be mechanically s tab i l ized  with addit ion of coarse f ract ions;  su i t  able drainage 
is grea tes t  construct ion problem, Water t ab le  a t  o r  near surface;  bearing strength 
of s o i l  low. Islands may not be a s  su i tab le  f o r  runways a s  adjacent coastal  low- 
lands. 

Clearing, Grubbiqf Dense fo re s t s  i n  coast a1 areas behind narmw fr inging mangrove 
swamps w i l l  require use of power equipment, b las t ing,  and grubbing of buttressed 
stumps. Mangrove on i s lands  can be cleared with l i g h t  equipment; clearing d i f f  i- 
cu l t  because of poor footing. Burning o r  removal of l a r g e r  t r e e  trunks d i f f i c u l t ;  
w i l l  require heavy equipment. Small areas of secondary growth o r  cult ivated p lo ts  
can be cleared by dozers. 

Construction   ate rials Available: Character of bedrock of adjacent h i l l s  not known; 
may be sandstone and shale. Adequate supplies of sand and some coarse gravel 
obtainable from small stream channels and beaches, Coral-reef rock, best  con- 
s t ruc t ion  material, obtainable at  low t i d e  f r o m  f r inging reefs ;  may require  blas t -  . Ample supplies of good timber f o r  construct ion l o c a l l y  available i n  forests .  

Water Supply: Surface supplies ' in  coas ta l  areas l imited t o  small streams; possibly 
som s m a l l  springs. No f resh  surface water on islands. Shallow wells i n  coas ta l  
lowlands w i l l  p-ovide l imited amounts of f resh  water; should not be overpumped 
because of danger of s a l t  water encroachment. Water obtained from shallow wells 
on is lands w i l l  be brackish t o  s a l t .  Best supplies from rain  water. 

Location, Sui tab i l i ty ,  Accessibility: Lowland areas adjacent t o  Puerto Princesa 
pro-itide s u i t  able s i t e s  f o r  a i r f i e l d  runways of any orient at ion (see Iwahig Field,  
Area 2) .  Location on lowlands adjacent t o  Puerto Princesa; lat 9'44' N, long 
118O44' E. Area accessible from sea along reef-fringed coast ;  r ee f s  generally 
bare at low t i d e .  Shores of Puert'o Princesa bordered by mangrove swamps; most 
extensive on north. All-weather roads border bay and extend along shore t o  north 
and south (see Terrain Sheet NC 50-6).  T r a i l  crosses i s land  from west coast t o  
Puert o Princess; exact locat  ion not known. -- 

G~ading, Dispersal Areas, Hard Standings: Coastal area  generally l eve l  with some 
low, gently rounded elevations near inner margin; possibly upraised coral  reefs.  
.Ordinary- graders and dozers adequate f o r  level l ing of runways, Ample room f o r  
dispersal  areas and hard standings. 

Foundat ion, Drainage : S o i l  at higher elevations is f r i a b l e  c l ay  loam and sandy 
clay loam with good bearing strength and drainage ; a t  lower elevation is p l a s t i c  
c lay with moderate t o  poor bearing s t rength;  water table  high, drainage poor. 
Generally runways w i l l  require s t ab i l i zed  base course and subdrains. If runways 
a re  paved, s ide drainage channels along mnway.will be necessary t o  remove sur- 
face runoff. 

Clearing, Grubbix: Area generally cleared of dense fo re s t  cover and cult ivated 
o r  planted t o  coconut groves which can be eas i ly  cleared with dozers. Small 
remnants of dense primary fo re s t  w i l l  require use of power equipment f o r  clear- 
ing. 

Construction Materials Available : Soft dark-green rack and dark g ran i t i c  rock 
underlie .adjacent h i l l s .  Only grani t i c  rock suit  able far heavy construct ion; 
f o r  quarrying w i l l  require use of power t 001s and blasting.  Abundant sand, i n  

- - 

part - l i m y ,  and gravel available i n  st ream channels and along beaches. Best con- 
s t ruc t ion  material  is coral-reef rock; available i n  reef s fringing shore, bare 
a t  low tide.  

Water Supply: Surface supplies from streams more su i tab le ,  t han ground water -f rom 
driven wells. 

I Ar.8.s poss ib ly  su i tab le  for a i r f i e l d  s i t e s  I I FJ Coral ree f  

Mud f l a t s  

r ..>:. j *,:.:!:;: ] Coconut I 

'Cultivated f i e l d s  

i+,.-=L--1; 
Rice paddies u - 

Contour in terva l  100 feet. Alt i tudes i n  f e e t  above 
s ea  l e v e l  

Source: U. S, C. and G. S. no. 4319 

J 1 I I 
Source: U. S .  C. sndG. S, no. 4343 
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Reliabi l i ty  rating: Class D 

Location, Suit ab i l i t y ,  Accessibility: Coastal lowland i n  southeastern Palawan, r i s e s  provide good foundation. S o i l  may be readily s tabi l ized mechanically. So i l  not muddy 
gently f r o m  shore t o  mountains of in te r ior .  Generally suitable f o r  runways pa ra l l e l  a f t e r  rains unless s o i l  structure is destroyed by working when wet. Water table 
t o  shore.Length of area about 35 miles, maximum width about 4 miles. Rasa and Malanao relat ively low away from shore. Subdrains may not be necessary, but side collection 
Islands possibly s u i t  able f o r  emergency f l igh t  s t r i p s  (see North md South Verde channels along mnway desirable for  removal of runoff i f  surface is paved. 
Islands, Area 15). Area eas i ly  accessible along sandy coast, i n  part fringed with Clearing, Grubbing: Par t s  of area cleared f o r  cul t ivat ion;  e l s e a e r e  area covered by 
coral  reefs ,  i n  part bordered by narrom mangrove swamps. Road, probably all-weather, dense fo res t s  d i f f i cu l t  t o  clear. Extensive use of pcwer tools may be necessaxy. 
extends from Puerto Princesa south t o  Aborlan, may continue t o  south a s  dry-weather 
coastal  road o r  trail. No known cross-island trails. Details of t e r r a in  not known. 

Grading, Dispersal Areas, H a r d  Standings: Run~qsys of any length oriented para l le l  to 
shore w i l l  require minimum grading with ordinary graders o r  dozers. Probably a l l  
grading w i l l  be i n  unconsolidated sand and gravel; no blast ing required. Ample 
room f o r  dispersal areas and hard s tandiws  a i c h  can be concealed i n  dense vege- 
tation. 

Foundation, Drainage: Sandy c lay  s o i l  with good bearing s t rength and drainage will 

Construction Materials Available : Lowland underlain by sand and gravel; some coral reefs  
f ring8 shore. Adjacent mount ains probably underlain by granite . Quarrying of granite 
w i l l  require power tools and blasting; w i l l  furnish good construction material. Coral 
reef rock w i l l  supply best constmction material f o r  surfacing of =ways; can be ob- 
tained along shore at low tide. No upraised coral reefs reported i n  t h i s  area. 

Water Supply: Surface supplies from small streams draining adjacent mount ains may be 
limited. Shallow wells i n  sand and gravel w i l l  provide good supply, but wells near 
shore should not be overpumped because of danger of s a l t  water encroachmjnt. 

Source: U. S. C. and G. S. nos. 4323 and 4325 

18. SAN ANTONIO BAY 

Location, Sui tab i l i ty ,  Accessibility: Southeastern coast o f  Palawan Island has narrow 
coastal  lowland possibly sui table  f o r  runways. Length about 55 miles, from Tuba 
River on S t o  Pescado Point on N ( l a t  8O30' t o  8057' N)  ; average width about 3 miles. 
Accessible only from sea  along sandy shore, i n  part  fringed by mangrove. No roads o r  
trails reported, 

Grading, Dispersal Areas, Hard Standings: Details of  t e r r a i n  not known, but l eve l  run- 
ways para l le l  t o  shore w i l l  probably require minirmun grading with dozers and graders. 
Runways m y  be any length; generally w i l l  have approach glide angles l e s s  than 1/20. 
Ample room f o r  dispersal areas and hard standings which can be concealed i n  dense 
forests.  

Foundation, Drainage: 'Soi l  i s  clay loam, probably f r iab le  and well  drained at  inner  
margin of lowland, p l a s t i c  and possibly waterlogged near shore and along stream chan- 
nels. Friable s o i l  has good bearing strength, p l a s t i c  has poor. Gravel and sand 
interbedded with s o i l  and underlying coral-reef mck. Where developed on reef rock, 
s o i l  may be mlatfvely shallow but provides good foundation. With proper mixing of 
coarse fractions,  s o i l  may be readi ly stabilized mechanically. In  part  soils 
may be sandy (limy) and sui table  f o r  s tab i l iza t ion ,  elsewhere may requlre drainage 
and addition of coarse fractions.  Water table at  moderate depth at inner margin of 

plain, a t  o r  near surface i n  coastal  areas. Drainage ditches and subdrains reduce water 
table. Raised subgrades may be necessary i n  low coas ta l  areas, 

Clearing, Grubbing: Power tools  and heavy equipment required f o r  clearing dense primary 
forest .  Large stumps w i l l  need blasting. Small cultivated areas  may be cleared by 
dozers. Coconut plantations can be cleared by dozers. 

Const mction Materials Available : Limestone mountains along margin of coagtal lowland 
w i l l  furnish good construction materia1,but w i l l  require quarrying with power tools  and 
blasting. Coral-reef rock underlying plain i s  excellent construction material; may be 
quarried i n  part  with hand tools. Sand, i n  part  limy, and gravel abundantly exposed 
in stream channels and on beaches. Coral-reef rock exposed a t  low t i d e  i n  south part  
of area. Abundant supplies of construct ion t imbe r loca l ly  available. 

Water Supply : Small surface supplies from streams draining mountain areas. Shallow 
wells i n  coastal  lowland w i l l  provide supplies of f resh  water, but care should be taken 
t o  avoid overpumping because of danger of s a l t  water encroachment. 

Coconut palms 

nterval 100 f e e  i n  f e e t  above 

(continued) 



PALAWAN PROVINCE (I? 1.) AIRFIELD CONSTRUCTION 

1 Reliabi i i ty  rat ing: Class D 

19. CAPE BULILJJYAN 

Location, Su i tab i l i ty ,  Accessibility: South t i p  of Palawan Island is  l o w  pla in  suita-  
ble f o r  a i r f i e l d  s i t e s .  Area approximately 4 by 5 miles; lat 8'21' N,  long 
117°11v E. Accessible from sea; east  coast fringed by mangrwe swamps, west coast 
by coral  reef which is bare a t  low water. A single trail extends from Buliluyan at 
south t o  Malatub on north, following higher ground i n  southern part and swinging 
toward eas t  coast i n  north. Details of t e r r a i n  not known. 

Grading, Dispersal Areas, Hard Standings: Area.largely f l a t  but may be a s e r i e s  of 
low s t e ~ - l i k e  terraces markim u ~ r a i s e d  coral  reefs. Runways may be oriented i n  all  - - 
directions with l i t t l e  grading. Ordinary graders and doze; necessary; some blast-  
ing probably required. Ample room f o r  d ispersal  meas and hard standings which may 
be concealed i n  dense forest .  

Foundation, Drainage: S o i l  generally f r iable  c lay  loam i n  highest pa r t s  ; good bearing 
strength, dra ins  readily but may becane p l a s t i c  mud i f  mrked when wet. Low coastal  
areas and mangrove swamps are  generally p las t i c  mud wlth poor bearing strength and 
drainage. Water t ab le  at o r  near surface i n  coastal  areas, a t  moderate depth i n  
higher areas. m e r e  drainage is good, s o i l  may be mechanically stabil ized with 
addition of coarse fractions. Drainage ditches and subdrains w i l l  reduce water 
table ;  side col lect ion channels along runway necessary f o r  removal of surface run- 
off when runways are  paved. 

Clearing and Grubbing: Power too l s  and heavy equipment required t o  c l e a r  dense 
primary forest .  Small scattered cult ivated areas and second-growth fores t  may be 
cleared by dozers. Removal of huttressed stumps w i l l  necessitate use of blast ing 
and grubbing with power t 001s. 

Construction Materials Available: Sand (limy) and gravel loca l ly  available i n  small 
st ream channels and on beaches. Coral-reef rock underlying p la in  and exposed a t  
low t ide  along west coast is excellent construction material. May i n  large  part; be 
worked with hand too l s  and blasting. H i l l s  t o  north underlain by grani te  and lime- 
stone ; power t 001s required f o r  quarrying. Abundant supplies of timber su i t  able 
f o r  heavy construct ion available locally. 

Water Supply: Surface supplies of f resh  water limited. Shallow wells and open p i t s  
w i l l  supply abundant f resh  water. Near shore wells  should not be overpumped be- 
cause of danger of encroachment by s a l t  water. 

Location, Su i tab i l i ty ,  Accessibility: Four small i s lands  ranging i n  s i z e  from 2 by 
3 1/2 miles t o  5 by 10 miles, off south t i p  of Palawan Island. Believed suitable 
f o r  landing f i e l d s  accomodating largest  aircraft. Accessible only fmm sea;  island 
in  large part surrounded by broad fringing coral reefs whfch a r e  bare a t  l o w  t i d e ;  
e l s d e r e  sandy beaches. Mangrove swamps sparse, except on Buksuk. 

Orading, Dispersal Areas, Hard Standings : Character of island t e r ra in  not known but 
highest t r e e  tops are  only 260 f e e t  above sea l eve l ;  possibly same small s t e p l i k e  
ter races  between leve l  areas. Bedrock believed t o  be upraised coral  reef. 
Generally graders and dozers can prepare l eve l  runways; some b las t ing  may be neces- 
sary. Ample room f o r  extensive dispersal  areas and hard standings which can be 
concealed i n  dense fores t  arowth. 

Foundation, Drainage5 Generally s imilar  t o  conditions on Cape Buliluyan (Area 19 ). 
In  swamm coasta l  areas raised subgrades are  necessary. S o i l  can pmbably be 
s t ab i l i a id  readily,  has good bearing strength,  and drains readily i n  higher parts. 

Clearing, Grubbing : Islands a r e  a l l  heavily forested with primary growth. Clearing 
w i l l  require use of heavy power tools ,  grubbing and blas t ing of stumps. Secondary 
growth and small cul t ivated areas  can be cleared with dozers. 

Construct ion Mat e r i  a l s  Available : Coral-reef rock believed t o  underlie t h i n  island 
s o i l s ;  can probably be quarried with hand tools. Large areas  o f  reef  rock availa- 
ble along coasts at low t ide .  Sand and gravel (limy) readily available along 
beaches. Ample supplies of timber f o r  construction available on a l l  islands. 

Water Supply: Surface water limited o r  lacking. Shallow wells  near center  of 
islands w i l l  provide greatest  supply. Near coast wells should not be overpumped 
because of danger of encroachment of salt water. Auxiliary supplies from r a i n  
water . 

21. BALABAC AND RAMOS ISLANDS 

Location, Su i tab i l i ty ,  AccBssibility: Two large is lands  lying off  south t i p  of 
Palawan having coastal-lowland areas s u i t  able f o r  a i r f i e ld  s i t e s .  Details of t e r -  
r a in  not known, but most runways must be oritented para l l e l  t o  shore except on 
Ramos Island where they may h a w  almost any orientation. Islands accessible from 
sea; coast generally fringed with wide coral  r e e f s  and par t ly  l ined with mangrove 
swamps. A single trail is reported t o  cross Balabac Island from Catagupan Bay on 
west t o  Balahac on east coast. Island i n  part  heavily forested and rugged, 
in te r io r  re la t ively  unknown. 

Grading, Dispersal Areas, Hard Standings : Coastal lowlands, probably under1 a in  by 
raised reef rock, believed t o  be re la t ive ly  l e v e l  so tha t  runways may be con- 
structed with ordinary graders and dozers. Conditions gemra l ly  similar t o  those 
on Bugsuk and adjacent islands (Area 20) and Cape Buliluyan (Area 19).  Room f o r  
dispersal  areas and hard standings l imited on Balabac but not on Rams; can be 
concealed i n  dense fores t .  

Foundation, Drainage : Generally similar t o  conditions on Bugsuk and adjacent 
islands (Area 20) and Cape Buliluyan (Area 19). 

Clearing, Grubbing: similar t o  Areas 19 and 20. 
Sonstruction Materials Available: Bedrock of Balabac and Rams Islands nut known 

except f o r  brovmish clayey sandstone i n  v ic in i ty  of Balabac Village. Some 
igneous rock reported, but character and dis t r ibut ion not known. Coastal low- 
lands believed underlain by d s e d  mef limestone which i a  excellent construction 
material f o r  runways. Reef rock mailable along shore a t  low t ide .  Abundant 
sand and gravel available along beaches and i n  small dream wlleys .  Sandstone 
m y  be good construction material; w i l l  require quarrying, possibly use of power 
tools.  Abundant timber available for  constmction. 

Water Supply: Small streams w i l l  provide limited supplies o f  surface water. 
Shallow wells i n  coasta l  lowxands w i l l  supply f resh  water but must not be over- 
pmped because of danger of s a l t  water encroachment. Auxiliary supplies of r a i n  
water may be desirable. 

I Areas poss ibly  s u i t a b l e  f o r  a i r f i e l d  s i t e s  I i ,:: s a :,?:. .::; r I coconut 

u sand 
Forest 

Mud f l a t s  Mangrove 

Fontour in terva l  100 f e e t .  Alt i tudes  i n  f e e t  above 
s e a  l e v e l  I 

source: U. S. C. and G. S. ws. 4324 



AIRFIELD CONSTRUCTION PALAWAN PROVINCE (f? I#) 
I I 

Source U. S. C. and G. S. no. 4312 

Location, Sui tabi l i ty ,  Accessibility: Small volcanic is land 
east  of northern Palawan Island having small lowland probably 
suitable f o r  small a i r f i e l d ;  l a t  10051 N , long 121°02' E. 
Detailed character of te r ra in  not known. Area accessible from 
sea across coral reefs which a r e  most extensive on west where 
there i s  a l so  a narrow zone of coastal  mangrove smamp. Poor 
roads connect settlements with Cuyo, largest  vi l lage on 
island; Roads muddy, may be almost impassable i n  wet weather. 

Grading, Dispersal Areas, Hard standings: Lowland may consist  
of s e r i e s  of low step-like terraces o r  re la t ive ly  f l a t  plain.  
Runway with NW orientation and length o f  8,000 f ee t  c a i  
probably be bui l t  with limited grading by ordinary graders 
and dozers. Blasting may not be necessary. Limited room fo r  
dispersal areas and hard standings; may be concealed i n  fores t  
vegetation. 

Foundation, Drainage: Area may be underlain by upraised coral- 
reef rock. Soi l  probably thin,  gravelly clay loam; bearing 
strength good, drainage good i n  higher parts,  may be poor i n  
l o w  coastal  areas. Water t ab le  a t  or near surface along 
shore; moderately low near marginal h i l l s .  Soi l  may be suit- 
able fo r  mechanical s tabi l izat ion.  Raised subgrades proba-' 
bly not necessary; subdrains and side collection channels 
along runways desirable for  removal of  surface run-off and 
lowering of water table.  

Clearing, Grubbing: Major part  of area probably cultivated; 
w i l l  require l i t t l e  clearing. Coconut palms can be remved 
by dozers; la rger  fores t  t rees  w i l l  require power tools  and 
blasting. 

Construction Material Available: Bedrock of h i l l s  adjacent 
to  s i t e  reported t o  be volcanic; probablybsalt .  Basalt 
where unweathered i s  good construction material; w i l l  re- 
quire blasting and power tools  for  quarrying. Lowland may 
be underlain by coral-reef rock; excellent construction 
material for  a i r f ie lds .  Reef rock may be i n  par t  quarried 
with hand tools. Reef rock obtainable a t  low t i d e  from 
reefs fringing shore. Probably l i t t l e  sand o r  gravel ex- 
cept limy she l l  sand on beaches. Abundant timber f o r  heavy 
construction on h i l l  slopes. 

Water Supply: Surface supply limited. Shallow wells i n  
lowland w i l l  provide moderate supplies; auxiliary supplies 
can be obtained from r a i n  water. Wells near shore should 
not be overpumped because of danger of s a l t  water encroach- 
ment. 

Coconut palms 

100 feet .  Altitudes i n  feet  above 

Prepared by U. S. Geological Survey 
f o r  Chief 'of Engineers, U. S. A m y  



SOILS PALAWAN PROVINCE (I? I.) 

ZclRON PAY 

CALAMIAN GROUP 

Small areas of alluvial soils (Soil Types 8,9,10) 
do not appear on map. 

STATUTE 
10 0 I0 20 30 MILES 







CALAMIAN GROUP 





CONSTRUCTION MATERIALS PALAWAN PROVINCE -.(I? I.) 
Rel i ab i l i t y  ra t ings:  Class C and D 

(For Palawan and adjacent i s l ands ,  see inse t  on Construction~Materials  Map; all o the r  i s lands  Class D) 

INTROrnCTION 

Map Unit No. 
and Kind of  

Eat erial 

The bedrock and , s u r f i c i a l  rock mater ia ls  of Palawan 
Province include sources of sand, gravel ,  concrete aggre- 
gate,  road metal, r iprap,  lime, and construction stone. 
Exposures of bedmck a r e  reported t o  be generally scarce;  
i n  m o s t  places,  s o i l  cover i s  10 f e e t  o r  more deep. Dense 
vegetation, which spreads over almost t h e  e n t i r e  area ,  
a l so  i n t e r f e r e s  with easy recognition of bedrock. Only 
i n  st ream gorges and on upper slopes and c r e s t s  of  h i l l s  
and mountains can exposures be expected i n  t h e  i n t e r i o r ;  
some pa r t s  of t he  coasts  a r e  faced wi th  rocky b lu f f s  o r  
c l i f f s .  Limestone is probably the  most read i ly  accessible 
bedrock, having a t h i n  overburden o r  none a t  a l l ;  massive, 
cavernous limestone i s  exposed i n  very rugged t e r r a i n ;  
reef limestone (probably i n  part  porous, i n  part compact ) 
underl ies f a i r l y  l eve l ,  low coas ta l  areas. 

Construction mater ia ls  cannot be obtained far  f romthe  
point of proposed u t i l i z a t i o n ,  as t ranspor ta t ion i s  d i f f i c u l t  
generally. Roads a r e  scarce,  especia l ly  i n  Palawan Island; 
cross-country movement is r e s t r i c t e d  la rge ly  t o  coas ta l  areas  
and is  complicated by t h e  necessi ty f o r  many streem crossings. 

I 

KO p i t s  o r  quarr ies  a r e  known t o  be present,  except the 
manganese mines of Busuanga Island. The s tockpi les  of ore a t  
t h e  mines, i f  s t i l l  avai lable ,  should furnish  suppl ies  of 
broken rock (mainly boulders but possibly some grave l )  i n  
t h i s  area. 

The nearest  developed source of coa l  is Semirara Island, 
about 75 miles ea s t  of Eusuanga (not included i n  area of 
accompanying maps ). There a re  unconfirmed repor t s  of a coa l  
deposit i n  Balabac Island, about 8 miles f r o m  town of Balabac. 

Timber f o r  construct  ion i s avai lable  throughout 
Palawan Province. Som types may require replacement with- 
i n  a,short, time i f  not t rea ted .  

I , I 1 

Description 
of 

Material  

Topographic 
Expression 

Generally un- 
su i tab le  fo r  con- 
st ruct ion; boul- 
ders may have use 
if no other  ma- 
t e r i a l  is availa- 

Excellent source i n  
most places, except 
where c lay is abundant 
o r  material is  bouldery. 

I n  coasta l  p la in  extending fmm 
north of Aborlan almost t o  Isla-nd 
Bay (Palawan Island j , -cons i s t s  of 
sand with t h i n  c lay  layers ,  f i n e  
gravel ,  and a t  base mixed boulders 
and gravel;  mater ia l  a l l  somewhat 
limy; maximum thickness about 200 
fee t .  Character elsewhere not 
described, but probably similar, 
Alluvial  deposits  i n  stream 
val leys  (not d i f fe ren t ia ted  on map) 
consist  of  waste from bedrock i n  
areas ad joining st reams. 

m i n e e r i n g  
Features 

On coasts, coastal- 
 lain deposit s and 
sandy beaches underlie 
l e v e l  t o  gen t ly  s l o p  
ing low land; sca t te r -  
ed h i l l s  may represent 
exposures of resist ant 
bedrock; i n  places,  
low b l u f f s  face  coast.  
I n  stream velleys and 
at st ream mouths , 
e.lluvium forms l e v e l  
areas adjoining stream 

Mixed sand and gravel  
a r e  good f o r  aggregate; 
excessive f i n e  materi- 
a1 o r  clay should be 
avoided. 

Excavation: Genha l ly  easy;  
sand can be worked with 
shovel, gravel and boulders 
with pick and shovel; some 
s l i g h t l y  conlpacted material  
may require use of pick o r  
wedge. Power shovels w i l l  
be useful  i n  excavating 
t h i ck  deposi ts  of f i n e r  
material.  
S t ab i l i t z :  Poor, e spec ia l ly  
i n  f i n e  o r  clayey mater ia l ;  
f i n e  sand may be moderately 
st able when w e t .  

Uses 

- - 

Gravel and possi- 
b l y  coarse sand 
a re  su i t ab l e  a s  
road metal. 
Some boulders may 
be l a rge  enough 

I 
Uaconsol.idat ed 

sand, gravel ,  
c lay  and 
boulders 

I Sand and Gravel 

channels. 
Foundation Value : F a i r  t o  
poor; danger of l a t e r a l  dis-  I 

Concrete Aggregate 

  lac em nt of mater ia l  when 
subjected t o  load. 

Character of reef limestone not 
known; probably porous i n  pa r t ,  
elsewhere compact. Massive lime- 
stone i n  Palawan is buff-colored, 
hard rock; i n  Coron Island,  report  
ed t o  be darker and t o  weather mor 
read i ly ;  no description f o r  o ther  

I i s lands;  contains caverns at o r  
near sea l eve l  and a l s o  at alti- 
tudes of 200 and 300 f e e t  . 

Road Metal 
and Riprap 

Some crushed reef  lime- 
stone and rock debr is  
su i t  able  f o r  use as 
gravel  and possibly as 
sand. Massive l i m e -  
s tone may y ie ld  some 
gravel a t  o r  near  ex- 

Construction 
and Other Uses 

Reef limestone forms 
f lat  o r  gen t ly  sloping 
lowlands o r  i s l ands ;  
on coast s may f o m  
b luf f s  o r  c l i f f s ;  
probably covered i n  
most places with lime- 
stone rubble ; s o i l  
cover generally th in .  
Coral r e e f s  surround 
most islands ; rock 
exposed i n  par t  at 
l o w  t i d e ;  not mapped. 
Massive limestone 
unde rl i e s  rugged t e r -  
r a in ;  s o i l  cover t h i n  
(as l i t t l e  as 1 foot  ) ; 
rock exposures common; 
forms s teep  c l i f f s .  

Adequate t o  good source, 
where roak is not 
porous o r  clayey. 
Porous rock probably 
more common i n  ree f  
limestone than . i n  mas- 
s ive  limest one. 

Excavation: Reef mck, when 
f resh ly  exposed, is sof t  and 
probably can be excavated 
with hand t 001s ; case-hardenr 
on exposure. Old reef lime- 
stone and massive limestone 
require  b l a s t  ing and d r i l l -  
ing;  cavernous rock may be 
e a s i e r  t o  excavate. 
S t ab i l i t y :  Good i n  f lat-  
lying rock layers;  danger of 
s l ipping where l aye r s  a r e  
inclined. 
Found at ion Value : Gene r a l l y  
good where rock is not 

Good source of 
road metal, but 
may require f re- 
quent replace- 
ment i f  t r a f f i c  
is heavy; bonds 
well. Massive 
limest one crush- 
ed o r  i n  l a rge  
blocks good f o r  
road metal and 
r iprap,  .respec- 
t ively. 

Good f o r  masonry; 
reef limestone 
used extensively 
i n  t r o p i c a l  
regions. Homo- 
geneous, pure 
limest one excel- 
l en t  source of 
l i m e .  

porous o r  cavernous. 

Quar tz i te  i n  Calamian Group and 
northern Palawan ( including 
adjacent i s l ands)  is l i gh t  yellow 
t o  pink, very hard rock ; i n  
places i n  t h i n  l aye r s  separated by 
shale  o r  white, hard c lay layers ;  
quar tz i t e  contains reddish f l i n t  
and black o r  gray ea r thy  o r  
metal l ic  rock (manganese o r e )  
i n  lens-shaped and rounded masses 
of d i f fe ren t  s i z e s ,  e spec ia l ly  i n  
Busuanga Island ; conglomerate c on- 
t e in ing  many l a rge  g ran i te  boulders 
and blocks of quar tz  associ eted 
with t h e  quar tz i te .  I n  western 
Palawan, s o f t ,  c m m y  dark-colored 
sandstone and dark sha le ,  l o c a l l y  
very much contorted, a r e  common. 
Sandstone, i n  par t  limy (possibly 
sandy l imestone),  and limy shale  
i n  f l a t - ly ing  layers  a r e  bedrock 
i n  p a r t s  of c en t r a l  Palawan; s i m i -  
l a r  rock probably abundant i n  
Balabac Island. 

&uart z i t e  , sandstone, 
end associated mcks 
underl ie areas of 
d i f fe ren t  r e l i e f  ; 
commonly h i l l y  with 
s teep  slopes; l o c a l l y  
low, gent ly  sloping 
land, such as open 
val leys  of Busuanga 
Island. Rock exposures 
are not a s  common as 
i n  Map Unit 2; s o i l  
cover may be 10 t o  30 
f e e t  deep, espec ia l ly  
on l a v e r  s l o p s .  

Excavation: Most rock types 
require d r i l l i n g  and blas t -  
ing; appl ies  pa r t i cu l a r l y  t o  
quar tz i t e  and hard sandstone. 

Crumbly o r  l i m y  sand- 
Etone may furnish  sand. 
Gravel can be obtained 
f r o m  some sandstone, 
conglomerate, and shale 
expo sures  . Mate rial 
may be most abundant 
i n  nearby stream chan- 
ne l s  and banks. 
Quartzite is probably 
poor source. 

Quartzite ' and hard 
sandstone, when 
crushed, a re  good 
source ; conglomerate 
su i tab le  if boulders 
are not too  large. 
Metall ic substances, 
a s  i n  qua r t z i t e  of 
Busuanga Island,  may 
undergo chemical 
changes upon exposure 
t o  atmosphere, which 
w i l l  weaken aggregate. 

Quartzite is Hard sandst one 
is good construc- 
t i o n  stone ; a l l  
types of sand- 
st one probably 
su i tab le  f o r  

good source; 
hard sandstone 
and conglomerate 
are suitable.  Crumbly o r  limy sandstone I 

may yielt! t o  d r i l l s  and hand 
t o o l s  without b l a s t  iw. 

Soft  sandstone 
and shale a r e  
gene r a l l y  poor ; 
dis in tegra te  

S t a b i l i t y  : Generallygood ; 
danger of s l ipp ing  grea tes t  
i n  limy sandstone and shale  
when layers  a re  inclined. 
Foundation Value: Good i n  
a l l  massive rocks; poor i n  

under wear. 

porous, crumbly rocks o r  
rocks with t h i n  s teep ly  I 
t i l t e d  layers.  

Weat hered massive 
rock pmbably su i tab le  
source of gravel. 
Sof t ,  porous rock may 
have cover of sandy 
waste than can be 
screened. 

r a in  i n  Palawan. Vol- 
canic cones i n  Cuyo 
Is lands  with smooth 
slopes, many gent le  , 
some up t o  2%. Rock 
exposures on r idges  
and s teep slopes. 
S o i l  cover, especia l ly  
on lower slopes,  may 
be 10 fee t  and more 
th ick ;  i n  Cuyo Islands, 
s o i l  is reddish. 

Dark-gray basal t  at Ulugan Bay, 
, Palawan Island. No descr ipt ion of 
basal t  a t  Lake Manguao published; 
probably gray t o  black rock. Rock 
i n  Cuyo Is lands  pa r t l y  massive, 

Excavation: Requires b las t -  
ing and d r i l l i n g  of massive 

I 
I Massive rock, when 
crushed, is excellent  
f o r  concrete aggregate; 
jointed rock, i f  joint  E 
a re  c lose ,  i s  somewhat 
less desirable ; porous 
rock i s unsu it able . 
Rock containing l i gh t  - 
colored f ibrous  o r  
needle-like c ry s t a l s  

Massive rock is  
excellent  source ; 

i furnish  jointed l a rge  rock may 

blocks f o r  rip- 
rap; porous rock 
is unsuit able . 

Massive rock is 
excellent source 
of building 
stone. 

4 
Basalt and 

basa l t i c  mck 

beds; jo ints ,  i f  present,  
w i l l  permit wedging out of 
blocks ; porous l aye r s  
probably ea s i e r  t o  excavate 
than massive ones. 
S t ab i l i t y :  Good i n  massive 
layers ;  lower i n  jointed 
rock and porous layers.  
Foundat ion Vdue : Excellent - 
generally;  poor i n  sof t ,  
porous l aye r s  and highly 
jointed rock. 

i n  cav i t i e s  is apt t o  
cause dis integrat ion 
of concrete. 

(continued) 

\ 



PALAWAN PROVINCE (f? I.) CONSTRUCTION MATERIALS 
Rel iab i l i ty  ratings: Class C and D I 

(For Palawan and adjacent islands,  see inset  on Construction Materials Map; a l l  o ther  is lands Clam D) 
1 I I 

Map Unit No, 
and Kind of 

Material 

5 
Granite, 

grani t ic  rock, 
s l a t e ,  and 

th in ly  layered 
rock (schist  ) 

Soft, dark-green 
rock (serpentine ) 

and dark 
grani t ic  rock 

(gabbro 1 

Description 
or  

Material 

Granite i s  pale gray, fine-grained 
mica-bearing rock, i n  many places 
with dark patches o r  streaks. No 
description of granit  i c  rock 
available ; probably similar t o  
grani te ,  but f i n e r  grained. S la t e  
is iron-gray hard rock breaking 
readily i n t o  t h i n  p a r a l l e l  layers. 
Thinly layered rock (schis t )  in- 
cludes several types, such as rock 
distinguished by abundance of  (1 ) 
greenish mica, (2)  black, very 
so f t ,  shiny mineral (graphite ), o r  
(3) greenish sof t  greasy mineral 
( t a l c ) .  S la te  and schist a r e  
generally found i n  small exposures 
associated closely with granite. 

Serpent ine is so f t ,  dark-green 
rock with spnooth o r  greasy f e e l ;  
may be olive green o r  gray i n  
places; parts contain black 
magnetic metall ic grains which, 
where abundant, w i l l  a f fec t  corn- 
Associated granitic rock is dark 
gray; charac ter i s t ics  not described 

Topographic 
~ m s s i o n  

Known t o  occur only 
i n  mountainous o r  
h i l l y  areas; f u l l  ex- 
t en t  of d is t r ibut ion  
is not known. Ex- 
posures may be scarce 
except i n  stream 
gorges, upper slopes, 
and mountain o r  h i l l  
crests ,  Overburden 
Ban be t ens  of fee t  
deep, S la te  and thinly 
layered rock (schis t )  
probably present i n  
lower-lying parts  of 
areas. 

Underlies h i l l y  end 
mountainous region and 
also extends beneath 
adjacent lowlands. Ex- 
posures a r e  probably 
scarce. S o i l  cover 
may be 30 o r  more fee t  
deep. 

I 

Engineering 
Features 

Excavation: Requires blast-  
ing and d r i l l i n g  of grani te  
and grani t ic  rock; s l a t e  and 
th in ly  layered rock (schist  ) 
may sha t t e r  and, if  large 
blocks are needed, care must 
be exercised. 
S tab i l i t y  : Granite and 
grani t ic  lock excellent3 
s l a t e  md schis t  good, but 
if layers  a r e  s teeply t i l t e d ,  
danger of sl ipping exists.  
Foundation Value: Granite 
is excellent ; s l a t e  and 
schis t  generally adequate, 

Excavation : Requires b las t  - 
ing and dr i l l ing ;  i n  places, 
sof t ,  dark-green rock 
(serpentine) may be suff i- 

, cient l y  so f t  and disinte- 
grated t o  permit excavation 

w i t h  hand tools. 
St a b i l i t y  : Granitic rock 
probably good ; serpentine is 
highly variable. 
Foundation Value: Granitic 
rock, excellent ; serpentine 
may be subject t o  slipping. 

Sand and Gravel 

Granite and grani t ic  
rock, where weathered, 
may yield sand end 
gravel, probably 
accumulated i n  stream 
channel8 traversing 
am88 of eXpOSUIW 

Granitic rock may 
furnish sand and 
gravel where weat hered ; 
accumulation probable 
i n  streams. Serpentine 
is poor source. 

Uses 

Concrete Aggregate 

Crushed granit 6 ,  
grani t ic  rock a re  good 
sources; s l a t e  and 
th in ly  layered rock 
(schist  ) a r e  poor to  
unsu it able . 

Granitic rock is good 
source of mad met el 
and rlprap. Serpentine 
may be adequate source 
of road m t a l  where 
other materials a re  
lacking, but i f  subject 
ed t o  heavy t r a f f i c  
when wet becomes s l i p  
pew md Stickgo 

Road Metal 
and Riprap 

Granite snd 
grani t ic  rock are  
good sources of 
road metal and 
ri prap ; s l a t e  
and schis t  are  
generally poor. 

Crushed grani t ic  
rock is generally 
good source, 
Serpentine is 
unsuitable ; may 
undergo chemical 
changes tha t  tend 
t o  weaken aggre- 
gate. 

Construct ion 
and Other Uses 

Granite and 
grani t ic  rock 
are excellent 
building stone. 
S la te  is excel- 
lent  roofing 
material and may 
yield paving 
stone where 
layering is not 

Granitic rock is 
good source of 
building stone. 
Serpentine can 
be used f o r  
l ight  const IWC- 

t ion. 

Prepared by U. S. Oeological Survey 
fo r  Chief of Engineens, U, S. Amy. 
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PALAWAN PROVINCE *(I? I.) 
Reliabi l i ty  rating: 

(For Palawan and adjacent islands, see inse t  on 

INTRODUCTION I 
Palawan Province comprises over 1,150 is lands and i s l e t s  w i t h  

a combined land area of 14,746 square kilometers (5,693 square miles), 
The great majority of t h e  islands a r e  aligned i n  a northeast-trending 
b e l t  extending from t h e  Calamian Group at the  ncrth through Palawan 
Island t o  Balabac Island a t  the south. The province also includes 
several groups of s m a l l  islards t o  the  east; the main ones a r e  Cuyo 
and Cagayan Islands. The P a l a m  islands have character is t ics  d i s t inc t  
from those of the other Philippines3 geollogically, botanically, and 
soologically, they a r e  more closely re la ted  to  Borneo and the Malay 
Peninsula. 

U t t l e  geologic &rk has been undertaken i n  Palawan Province. 
An incomplete geologic map of Palawan Island and the Calandan Group 
d t h  a description o f  t h e  rocks was published in 1941. Some detai led 
information is  available on manganese-= areas in Busuanga Island. 
Data on geology i n  other  parts of t h e  province are derived mainly 
from incidental  remarks i n  non-technical l i t e ra ture ,  

GENERAL DESCRIPTION . 

The is land group as a whole i d  mountainous, Palawan Isfand, the 
main land mass, has a core of igneous and metamorphic rocks, exposed 
a t  several places in the central  mountain range. Surrounding the  core 
a r e  younger sediments and volcanic rocks, some of which are highly 
deformed. The rocks of t h e  Calamian Group are  mainly quamite and 
limestone. L i t t l e  i s  hown of Balabac and adjoining islands, but they 
probably have bedrock similar t o  tha t  of southern Palawan. Cnyo and 
Cagayan Islands a re  of two main types: volcanic and limestone. 

The geologic hidtory of Palawan Province is largely conj ectural; 
the  age of t h e  rocks is based mainly on indirect  evidence. Alluvial 
deposits and raised coral  r ee f s  along the coasts were probably formed 
during Recent and Pleistocene time. Most of the sedimentary and vol- 
canic rocks are dated as Tertiary, The older metamorphic rocks and 
i g n e ~ u s  intrusives may be ear ly Tertiary, but a re  probably i n  p a r t  
Mesozoic. 

It i s  possible tha t  t h e  is land b e l t  originated as a Tertiary 
folded mountain range. Intense folding and fau l t ing  have been ob- 
served i n  places, An important north-south f a u l t  is reported t o  
cross Palawan Island between Honda and Ulugan Elaye; it may have 
created two main segments along which unlike movements have occurred 
i n  Recent time, 

DESCRIPTION OF ROCK UNITS 1 
I Sedimentary Rocks I 

8,. , RECENT TO PLEISTDCEJUE: UNCONSOLIDATED SAND, GRAVEL, CLAY, 
AND CONGIDMERATE. 

Distribution: Greatest development on eastern coast 
of Palawan Island Prom north of Aborlan south t o  Island 
Bay. Alluvial sand, gravel, and clay are present but un- 
mapped, in many embapents and r iver  valleys near coasts 
of most islands, Sandy beaches are common i n  Imrrrman Bay 
on western coast and Green Island Bay on eastern coast 
of Palawan Island; many settlements a re  located on sandy 
beaches. 

Description: Alluvial  deposits of Aborlan coastal  
plain art? a l l  somewhat calcareous and unconsolidated; 
consist  of sand with t h i n  clay beds, f ine  gravel, and a t  
base, conglomerate, Maximum thickness estimated about 
200 feet.  Deposits extend inland t o  lower mountain slopes. 

RECENT TO PLEISWCENE: REEF LIESTONE. 

Distribution: Fzposed in coastal  be l t  of Pala- from 
vicini ty  of S i r  J. Erooke Point southward at  l e a s t  t o  San 
Antonio Bay, probably extends t o  southern t i p  of is land 
(Cape Buliluyan). Forms bedrock of small i s l e t s  i n  Cuyo 
and Cagayan Islands; probably present i n  coastal  areas of 
larger  islands i n  these groups. 

Description: Raised caral  reef limestone forms broad 
flat terraces generally covered with Umestone rubble. In 
P a l a m ,  elevation reported t o  be about 20 f e e t  above sea 
level. No data a re  available on character of reef limestone 
i n  this region. 

I TERTIARY: LIMY SANDSTONE AND SHALE, 

Distribution: Exposed i n  h i l l s  along western coast 
of Palawan Island from Moorsom Point t o  Malanut Bay area 
and i n  be l t  across island t o  Island Bay. Sandstone present 
i n  northern and cent ra l  Balabac Island. 

Description: Predominantly so f t  limy sandstone and 
shale; possibly same sandy and clayey limestone. Beds are 
generally flat-lying; may be gently folded; graater deforma- 
t i o n  l i k e l y  i n  area between Alfonso X I 1 1  and Separation 
Point, where faul t ing is reported. Sandstone i n  Balabac 
I s h d  i s  s o f t  and yellow. 

GEOLOGY 
Clam C and D 
Geologic Map; a l l  other is lands Class D) 

TERTIARY: MASSIVE, SEMI-CRYSTALLJNE IXMES'K)NE. 

Distribution: Exposed at Bacuit on Palawan Islald and 
i n  islands offshore, i n  b e l t  from St ,  Paul Bay across 
is land t o  Babyan, i n  Malanut Bay, i n  area west of San 
Antonio Jby, and probably widely i n  southwestern coastal  
area, Forms a l l  o f  Comn Island (Calamian ~ r o  up) ; probably 
bedrock of Dalanganem Islands, Cabulm Islands, and 
Quinilnban Group. 

Description: On western m a s t  of Palawan Island and 
adjacent islands i s  hard, buff limestone lacking any vis ib le  
s t ra t i f ica t ion .  Exposed typical ly  in ver t ica l  c l i f f s ,  i n  
places w i t h  caves on seaward side; some caves at  o r  near 
sea level, others at  a l t i tudes  of 200ard 300 feet.  Lime- 
stone peaks w i t h  precipitous slopes a re  prominent land- 
marks, In Comn Island, limestone i s  darker and is reported 
to weather more eas i ly  than in Palawan; also contains 
numerous caverns, No description available of limestone 
in is lands east  d Palawan. 

""""""" TERTIARY: QUARTZITE, SANDSTO&, SHALE, AND CONGIDMERATE. 
, I 

pistribution: Predominant rock u n i t  i n  Calamian Group, 
Linapacan Island, h a r a n  Island and numerous small is lands 
off  eastern coast of Palanan, Widely exposed i n  cent ra l  
and northern falawan Island; extent i s  incompletely known 
and may be greater than indicated on map. 

Descrtption: Quartzite in Busuanga, Culion, Linapacan, 
and northern Palawan i s  l i gh t  yellow t o  pink, very hard rock, 
I n  pa r t  massive, but wel l-s t rat i f ied beds composed of t h i n  
quartzi te  layers separated by shale layers (now weathered 
to hard a t e  clay) are abundant. Quartzi te  contains 
dlacontinuous lenses and seams of manganese ore associated 
with reddish, cherty jasper. Underlain by coarse con- 
glomerate ( o r  h e c c i a ) ,  containing many la rge  granite 
boulders and blocks of quartz. Earthy hematite foms  masses 
i n  the quartaite and coatirgs on boulders i n  the c o n g m t e .  
South of Puerto Princesa i n  P a l m ,  fine-grained black 
quartzi te  and da rk  sha le  may correspond in age t o  the 
lighter-colored rocks i n  t h e  north, On western coast of 
Palawan, conglomerate a d  sandstone may be more c o m n  than 
q a r t z i t e .  In Busuanga and Culion Islands, the rocks a re  
highly contorted and i n  places faulted; ve r t i ca l  jo in ts  
are common, Steep dips are  typica l  except in Linapacan 
Island where mcks show re la t ive ly  l i t t l e  disturbance other 
than jointing and minor faulting. 

Igneous and Metamorphic Rocks I 
RECENT AND T E R ~ ? ) ,  ANDESITE AND BASALT. 

Distribution: SrnaU areas of volcanic rock a re  r e p o r t  
ed en west coast of  Palawan a t  Ulugan Bay and i n  northern 
Palawan at Lake bhguao near Taytay Bay; other exposures a r e  
pmbable as indicated by Fesence  of andesite fragments i n  
conglomerate eas t  of Anepahan. Most of Cuyo Islands are 
volcanic cones composed of andesittc o r  basal t ic  lava. 
Cagayan Islands are probably composed i n  large part of 
similar mck. 

Desdp t ion :  Andesite a t  Ulugan Bay i s  dark gray rock. 
Basalt dams Lake Manguao; no description of rock available. 
Andesite or  basal t  i n  Cuyo Islands is i n  par t  vesicular; 
generally weathered t o  red so i l ;  contains no tuff beds. 

TERTIARY AND MESOZOI@b GRANITE, RHYOUTE, SLATE, SCHIST. I 
Distribution: Granite is present eas t  of Bacuit and 

in M t .  Capoas area (western Palawan) and i n  central  mountain: 
west and southwest of Puerto Princes;  pobably  extensive 
in central  ranges. Exposed also i n  eastern h a p a c a n  Island. 
Rhyolite is reported from Bulanjao Range i n  southern Palawan. 
S la t e  and schis t  have small areal exposure on eastern f lank 
of Mt.  Capoas; similar rocks a r e  found as debris a t  other  
b w n  granite l o c a l i t i e s  and may be a colmabn associate of 
granite elsewhere in  Palam.  Schist  i s  found in an un- 
sp&cif'ied loca l i ty  near Taytaye 

pescrivtion: Pale-gray, fine-grained b i o t i t e  grani te  
containing much quartz; i n  many places porphyritic; generally 
shows dark patches o r  streaks (schlieren). No description 
of rhyol i te  available. Schist  includes chlorite,  graphite, 
and t a l c  varieties.  S la te  i s  dark iron-gray, hard homo- 
geneous rock with excellent cleavage; t h i n  pa ra l l e l  lqsrs 
tha t  are separated equal roofing s l a t e  i n  quality; beds dip 
at  moderately Mgh angles, but are not contorted o r  closely 
folded; thickness of beds ranges from about 20 t o  30 feet.  
Schist and s l a t e  considered to be oldest rocks of region; 
intruded by granite. 

MESOZOICO): SmPENTINE, GABBRO, AND PHINOLITE. 

Di s t r ib t ion :  Serpentine exposecl extensively i n  Puerto 
fr incesa area and north t o  Ulugan Bays also i n  Mayday Range 
area of western Palawan: aabbro associated. but l e s s  common, 

TERTIARY% DARK-COLOFSD SANDSTONE AND SHALE. 

Distribution: Known only from western coast of 
Palawan Island i n  t m  belts: (1) Bacuit Bay and coast t o  
north; (2 )  Imuruan and Pagdanan Bays. 

Descriptiont Generally soft, friable,  dark sandstone 
overlain by dark shale* In  places, sandstone is more 
highly cemented, Beds steeply inclined, l oca l ly  highly 
contorted; may be involved i n  f a u l t  zones. 

Phonolite i s  found only-as dikes west of ~ G e r t o  Princesa. 

Descrirrtion: In Ulugan Bay a rea  and elsewhere, some 
serpentine contains chromite and iron-ore minerals. dabbro 
is  associated with serpentine on eastern s ide of Ulugan Bay 
and near Baheli; character unknown, Gray-green phonolite 
weathers readily and breaks i n t o  concentric shells. 

Prepared by U. S. Geological Survey 
f o r  Chief of Engineers, U. S. Army 
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C040N BAY 

CALAMIAN GROUP 

STATUTE 
10 0 10 20 30 MILES 

I MPLANAT ION 

Numbers 1 t o  8 refer t o  manganese 
properties described i n  table.  

Indicates other small properties 
or manganese ore l o c a l i t i e s .  



Reliability rating: C l a s s  B 

IHTRODUCTION continuous seams of different sizes. Vidths of solid 
ore as great as 15 feet  are described and series of ore 

Memganese, chromite, iron, tin, tungsten, copper, bodies are traced fo r  several hundred feet. 
and gold are among the many ores reported i n  Palawan 
Pmmce.  The only developed mineral resources a re  Ore: Massive, hard psilomelane (impure manganese 
manganese deposits i n  Busuanga and mall adjoirdng o x i d e i s  the chief ore mineral. Grade of ore is con- 
islands, which came lnto production about 1937. In  19W, sistently high, i n  some deposits averaghg over 5% 
these deposits ylelded a large part  of the total metalllc manganese? s iUca  and iron content i s  generally 
PhiUppine manganese output of approximately 125,000 tons; low. Fol lMng i s  an average assay of ore shipped by 
Busuanga produced almost as much as a l l  other areas i n  the largest producer: 
the Philippines combined. Only a small part of Wlsnanga 
has been developed, but it is  apparent tha t  the mineralized MI...... ..... 54.76$ S ........... 0.a. $ 
areas are extensive, Manganese deposits are also reported Fee., .,.... 0 .  1.42 Po .0.......0 0.I& 
In  northern Palawan Island and eastern Dumaran Island. SiO2.00,..0e. 3.2 tX.......... 0.069 

Moisture... 4.7% 

dl-g; .he necessary, ore may be handso* o r  cobbed. I 
h b o r r  Unskilled labor is flentifiul and rslrves 

adequately for the simple minrng operation. Skilled labor 
Is reported t o  have been employed i n  the  mines i n  19& 

Roads and Shlm-r Road construction and maintenance 
ham mvcd t o  be r e l a t i d y  cheap. Almost a l l  properties 
i n  Busuanga a re  accessible by way of provincial highway 
and connected private roads. Ore is shipped from Port 
Zeb Peters on the northern coast. Some ore is taken on 
l ighters from other harbors t o  Port Zeb Peters for trans- 
ahipent. A moden and s t e e l  T-end' pier (500 fee t  long, 
100-foot face, 23-foot depth alongside) with a daily 
.loading capacity of 1,000-2,000 tons of ore is located 

MANClANESE DEFOSITS OF BUSUANGA ISLAND at the shipping port.- 
pininn: bfining i s  acconplished mainly by open-cllt 

Geologic S e t t i q :  Folded and faulted quartzite i s  method; some underground operations are combined with Mines r Details on the main groperties are given i n  - 
the country rock in a l l  the mineralized areas. The ore, open cuts. The ore is lump for  most part and l i t t l e  con- the a c c o m w g  table. In  addition, eight mal l  proper- 
which is regularly associated w i t h  reddish jaspery centratim i s  necessary* There are no p~rovisions for t i e s  were operated i n  Busuanga and adjoining islands; 
chert, forms more or less  steeply dipping lenses or dis- together they produced about 1,000 tons of high-grade 

ore monthly, 

Data on Larger Manganese Deposits of Busuanga Islmd 

Production (Long tons) Location I Access ibWy and Shipnent I Mining Methods 
r 

I 
Singayz approx. 
1204'on No, 
la0L$*3OW E. 

1937: 338; 1938: 4,936; 1939 
(7 mos.): 4,526. Ute last 
reported (.probably 1941) : 
1,000 tons monthly. 

Abont 19 kms from Coron by provincial 
highway (to Km 5) and private roads. 
Also road and telephone l ine  t o  Port 
Zeb Peters, Shipnent from Port Zeb 
Peters. 

Principally open-cut 
from 6 benches, con- 
nected by chutes. 
H a n d  operation only. 

Equipnent Kind and Grade cf Ore 

Machine shop for minor repairs. 
Four 2-ton trucks, 100-ton ore bin. 

2 
Port Bract  
approx. 1 P 3 f i O w  
No, 120°17"30" El 

Rate of (2) and (3) cambined 
reported as 1,000 tons high- 
grade ore monthly. 

Large lump, beaks  quite clean. 
Extremely hard; probably psilome- 
lane. Average shipnent (1939)~ 
54% nan. 

3,000-fan ore bin; pier fo r  light- ! era at Port Borac; two 80-ton 
I l ighterso 

No mad; accessible only by water (193% 
Ore lightered t o  Port Zeb Peters. 

Hard, compact psilomelane. Many 
ore boulders, up to 3 ft. i n  size 
on surface. Grade of boulders: 
46 to 55% 

No data available; 
probably open-cut. 

800-ton ore bin; pier for l ighters 
a t  Mbangas. 

-- 

See (2) above. Grade somewhat lower than i n  (2). 
3 

- 

About 4.5 h s  by road from bbfnangas We 
Ore lightered t o  Port Zeb Peters* 

About 16.5 kms west of Coron by pro- 
vincial highway (to Krn U) and private 

- 

1938-39 - approximately 9,000. 
Rate (1939) 1 500-600 tons monthly 

No data available; 
probably open-cut . 
Underground operation; 
two tunnels. 

We11-equipped camp; conpressor, 
engine room.  A t  Malbato,pier 
fo r  lighters, ten 30-ton lighters, 
small gasoline tug; 2,000-ton 
ore bin. 

Wbato t  approx 1 12°1f30"N~9 

Average shipment (1938-39) 1 

52054% Mn. 
road.   bout 8.5 luns t o  ~ a l ~ a t o ;  Ore 
lightered t o  Port Zeb Peters, 

5 
Highway t o  Coron. Ore Ughtered t o  No data ava&lable. 
Malbato. 

Rate 300 tons high grade ore 
monthly. Capable of produc- 
1,000 tons monthly. 

2 old h a s  of inter-island 
vessels for  lighterage. ~ 

No data available. 

 ate of (4) and (6) combined: 
1,000 tons high grade ore monthly. 

Road t o  Coron. Ore trucked to Port Open-cut. 
6 Zeb Peters. 

3arrio San 
Nicolast approx. 
12'4' 0" 1.. 

N6 da€a available. 

Binttranr approx 

- I 1202t0" N., 
12O02*3OW E. 

No data available. 

12o010'0" k. 

7 
Om lightered from Entuan t o  Port Zeb 
Peters . 
Ore lightered from Concepdon t o  Port 
Zeb Peters. 

See (7 )  above. No data available; 
probably open-cut . Pier for  lighter. 

Conception: 
approx. 12°3'0w 

No data available; 
probably open-cut. 

No data available. 

I - 
for  Chief of -era, U. S. Army 

Pier f a r  lighters. No data available. Rate of (7) and (8) combined, 
500 tons high-grade ore monthly. 
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SOILS: BASIC DATA PALAWAN PROVINCE (I? I.) 
Reliabi l i ty  rating: Class D 

INTRODUCTION 

The accompanying s o i l  map i s - a n  interpretat ion of the 
data of topography, geology, vegetation, and climate. 
There has been no s o i l  survey i n  Palawan and no descrip- 
t ion  of s o i l  sections o r  prof i les  has been made. The 
representative s o i l  profi les  given below are intrepreta- 
t ions of the net e f fec t  of soil-forming processes on a 
given parent material i n  a given environment. The map and 
table a re  intended t o  present an over-all view'of the 
s o i l s  of the  island rather than t o  provide detailed infor- 
mation. So i l  boundaries shown on the map a r e  only approx- 
imate. They a r e  made t o  coincide, i n  many places, with 
topographic o r  geologic boundaries. Appraisal of engineer- 
ing properties of the s o i l s  i s  made i n  accordance with the 
usage of Technical Manual 5-255 (see Soils: Engineering 
Properties, page 53 ) . In  this appraisal, allowances were 
made f o r  cer tain trends in the texture-moisture relation- 
ships which a r e  not qu i t s  the same i n  the humid t ropics  a s  
e l  sewhe re. 

Major So i l  Groups 

Soi l s  of Mountains: Most widely dis t r ibuted types. 
They are  chiefly clay. loams, gravelly clay loams, clays, 
sandy clays, and gravelly sandy clays. The s t ructure of 
these fine-textured s o i l s  is, as a rule, wel l  developed. 
The so i l s  are well  drained despite tineir re la t ive ly  high 
clay content. Their depth ranges from a few inches (as 
in So i l  Types 3, 4, and 7) t o  several f e e t  (as i n  Soi l  
Types 1, 2, and 5). In every s o i l  type, the s o i l  is more 
shallow on steeper slopes and on ridges. The weathered 
mantle overlying unweathered bedrock may be tens of f ee t  
thick, a s  on granite i n  So i l  Type 2, on sandstone i n  Soi l  
Type 5, o r  on serpentine (dark-green, soft ,  sheared rock) 

i n  So i l  Type 1; o r  it may be of negligible thickness, a s  
on limestone i n  So i l  Type 3 o r  on quartzi te  i n  So i l  Type 4 .  
The weathered mantle overlying other parent rocks may be 
of moderate thickness (between the two extremes mentioned 
above), a s  on basa l t  and andesite (volcanic rock) i n  So i l  
Type 1, on a r g i l l i t e  (hard clay rock) in Soil  Type 4, on 
shale and other sedimentary rocks i n  So i l  Type 5, and on 
schis t  (flaky, thin-layered rock) and sane other meta- 
morphic rocks i n  Soi l  Types 2 and 4 .  The unweathered bed- 
rock may be exposed, however, in  canyons, on ridges and 
very steep slopes, and other places where the  s o i l  has been 
eroded. 

Soils of Lower 11aun1ain Slopes, H i l l s ,  Vane- and 
Coastal Plains? Cover a small proportion of the t o t a l  
surface area. Thes*'e s o i l s  range i n  texture from clay t o  . 
gravel. Their structure i s  not a s  well developed a s  tha t  
of the mountain soi ls .  In many lowlands they are  l i k e l y  
t o  be flooded intermittently.  Drainage of the  lowland 
s o i l s  i s  determined largely by topographic conditions and 
by depth t o  the water table.  They are  more pemeable than 
s o i l s  i n  the same t ex tu ra l  grade developed i n  non-tropical 
regions. Alluvial s o i l s  of valleys and coastal  plains a re  
developed on transported water-worked deposits of diverse 
origin and kind. The combined depth of the  s o i l  and of 
the underlying alluvium may exceed 100 feet.  

Pecul iar i t ies  of Some Tropical Soi l s  

Iron=d alum in^: The bright colors of many tropi- 
cal s o i l s  a r e  due cgnmonly t o  i ron and aluminum oxides. 
The purple t inge of the upper few inches of some t ropica l  
clay loams i s  probably due t o  titanium oxides. The high 
i ron and aluminum contsnt of many t ropica l  s o i l s  resul+,s 

from re la t ive ly  rapid removal of s i l i c a  from the s o i l  
where r a i n f a l l ' i s  abundant and prevailing temperatures a re  
high. Under such conditions, i ron and aluminum are  leached 
out a t  a much slower r a t e  and accordingly tend t o  accumu- 
l a t e  i n  the  so i l .  Soi l s  losing the i r  s i l i ca ,  through 
leaching, a t  a higher r a t e  than they are  losing i ron and 
aluminum, a re  commonly known as  l a t e r i t i c .  Accumulation 
of i ron  and aluminum i n  the s o i l  may lead, in many 
instances, t o  formation of granules, aggregates, o r  con- 
cretions consisting chief ly of hydrated oxides of these 
metals. 

Organic Matter: Not l i ke ly  t o  be present in sig- 
nif icant  quantit ies,  except i n  swamps and i n  poorly 
aerated so i l s .  In the region of mossy forest ,  within the 
cloud b e l t  (see Vegetation Sheet), the fo res t  f loor  may be 
covered with a layer  of plant de t r i tu s  a few inches deep. 
Peat bogs may be found, especially a t  high alt i tudes,  but 
none >.as been reported in Palawan Province. 

Texture-moisture Relationship: Engineering appraisal  
of a given s o i l  depends a great deal  on s o i l  texture. 
Moisture retention, hygroscopicity, and other c h a r a c t e r  
i s t i c s  depend on s o i l  texture and kind of material consti- 
tu t ing  the finer-textured fractions of tne so i l .  Knowledge 
of the texture-moisture relationship r e s t s  chief ly on data 
accumulated i n  non-tropical regions. There a re  very few 
corresponding data f o r  the tropics. Soil-forming processes 
i n  the humid t ropics  d i f f e r  from those of otner regions; 
consequently many t r ~ p i c a l  upland clays resemble loams of 
non-tropical regions i n  t h e i r  engineering properties and 
moisture relationships and many t ropica l  loams may resemble 
very f ine  sands of temperate regions. Tropical gravels 
and coarse sands, on the other hand, do not d i f f e r  appreci- 
ably from gravels and sands elsewhere. 

Soi l  Type 1 

Stony clay loam; l a t e r i t i c ;  
f r iable;  well  drained 

0 t o  (0.5-6)' and below: Stony 
clay loam to  stony clay; dark 
brown t o  gray brown or reddish 
brawn; iron concretions may be 
present; q n u l a r  open struc- 
ture. 

(9.5-6)' and below: Stony clay 
t o  stony clay loam; brown t o  
dark yellow or red; i ron con- 
cretions may be present; 
granular open structure less 
well developed than i n  upper 
horizon. 

Depth to  Unweathered Bedrock: 
10 t o  30 f ee t  and deeper. ex- - # 

cept where bedrock i s  exposed 
through erosion of s o i l  and on 
ridges and steep slopes where 
s o i l  i s  thinner. s l ight ly  
weathered large boulders may 
be found embedded i n  s o i l  mass 
a t  different  depths. I 

Parent Material: Dark green, soft ,  sheared 
rock ( serpentine ), basalt, f ine-grained 
volcanic rock (andesite), dark, coarse-graine 
crystal l ine rock (gabbro). 

Relief: Mountains, mountain valleys, and 
higher slopes a t  a l t i t ude  of a few hundred t o  
5,000 f e e t  and higher. 

Vegetation: Primary jungle; l i t t l e  secondary 
growtJn; some cogon grass; some mossy forest  
within the cloud bel t .  

Properties: Better footing i n  rainy weather 
than on Soi l  Types 2, 3, 4, and 5; stable, 
open-granular structure permits excellent 
drainage despite high clay content; granular 
structure w i l l  be l o s t  i f  s o i l  is subjected 
t o  heavy t r a f f i c  in ra in  o r  i s  worked . 
severely when too wet; s o i l  w i l l  then become 
a sticky mud. I f  properly compacted and w e l l  
drained, s o i l  may provide a surface s table  
i n  a l l  kinds of weather under not too heavy 
t r a f f i c  load. Neutral t o  acid; acidi ty  
probably increases ~ 5 t h  al t i tude.  Larr in 
organic matter. Ferti le,  unless weathered 
severely; red color cgnmonly indicates l o w  
f e r t i l i t y .  

E n b e e r i n g  Grow Symbol and P. R.A. class& 
ML, CL (stony); A-4, A-6  (stony). 

I n 1  Soi l  Type 2 

Stony gravelly clay loam; 
l a t e r i t i c ;  f r iable;  

well-drained 

0 t o  (0.5-3 ) ' : Stonv mavel lx 
clay loam t o  sandy clay; 
grayish brawn, brown, or dark 
yellow; may be red or mddish; 
paler shades of these colors 
a re  common a t  higher a l t i -  
tudes; iron concretions may be 
present; the upper few inches 
may contain much sand; common- 
ly loose open structure. 

10.5-3) ' and below: Clay t o  
sandy clay or clay loam; may 
be gravelly, stony; brawn, 
yellow, or red; may be mottled 
i ron concretions and concre- 
t ionary gravel may be present; 
structure may be f a f r l y  open o 
poorly developed. 

Depth t o  Unweathered Bedrock: 
Tens of f e e t  and deeper; v e w  
deep on granite which is 
commonly overlain by a thick 

weathered mantle preserving appearance of 
original rock but s o f t  enough t o  be cut with 
a spade; on other rocks, weathered mantle is  
much thinner. 

Parent Material: Granite; massive flaky thinly 
layered rock(schist); fine-grained volcanic 
rock low i n  i ron (rhyolite).  

Relief; Mountains, mountain valleys, and 
higher slopes a t  a l t i t ude  of few hundred t o  
5,000 f e e t  and higher. 

Vegetation: Primary jungle; some secondary 
growth and cogon grass; mossy fores t  within 
cloud belt .  

Properties: Poorer footing than on Soi l  Type 1, 
i n  rainy weather, but be t te r  than on So i l  
Types 3, 4, and 5; good drainage despite high 
clay content; f a i r l y  s tab le  surface over a 
wide range of s o j l  moisture; may support 
l i g h t  t raff ic ,  if compacted careful ly  and 
well drained. Probably more acid than So i l  
Type 1; l o w  i n  organic matter; l e s s  f e r t i l e  
on granite than on other rocks. 

h a i n e e r i n a  Group Symbol and P. B.A. ~ l a s d :  

CL, (gravelly, stony); A-6, A-7, A-4 
( gravelly, stony ) . 

Soil  Type 3 

Clay; l a t  r i t i c  t o  
i n t r a z o n a d ;  f r iable;  

t o  plast ic ;  well 
t o  moderately 
well-drained 

0 t o  (0.3-2) ; rarely deeper: 
t o  clay loam; 

dark brown t o  almost black: 
limestone fragments and irk 
concretions may be present; 
lime concretions a re  rare; 
undisturbed s o i l  has well- 
develomd structure.  

Depth to* Unweathered Bedrock: 
Probably not over few feet ;  i n  
places bedrock may be very- 
near surface; weathered mantle 
i s  cranmonly very thin, i n  
places lacking and clay may 
r e s t  on sol id  bedrock. 

Parent Material: Massive semicrystalline lime- 
stone. 

Relief: Rugged mountains, mountain valleys, 
and higher slopes a t  a l t i t udes  of few hundred 
t o  5,000 f e e t  and higher; not eas i ly  passable 

V e m t a t i 3 :  Primary and secondary jungle; 
nolave trees, cogon grass. 

Properties: Poor footing in rainy weather as 
s o i l  i s  very sticky, slippery, although 
permeable and commonly well-drained i n  
undisturbed s ta te ;  high moisture-holding 
capacity; when dry, s o i l  has firm, s table  sur  
face; compressible with re la t ive ly  l i t t l e  
rebound on removal of load; not eas i ly  
eroded, except where very thin, a s  on ridges 
and very steep slopes. Neutral t o  s l igh t ly  
acid; some organic matter commonly present; 
very f e r t i l e ,  where suf f ic ien t ly  deep t o  
support vegetation. - I 

Endneering Group Symbol and P.9.A. ~las*: 
CL; 8-6. 

L O C ~  Features: Caves i n  lfnestone is lands i n  
Bacui t Bay. 

So i l  Type 4 

(0 
Sandy clay; p l a s t i c  

w 
I 

8 fr iable;  intrazonal 
t o  l a t e r i t i c ;  well-drained c - 

0- 
t o  poorly drained 

0 t o  (0.3-3) '; rarely deeper: 
Sandy clay t o  sandy loam; 

I may contain quartz gravel; 

grayish yellow t o  almost 
white; ra re ly  brown; structure 

2 may be well developed or  prac- 
t i c a l l y  lacking. 

10.3-3) and below: Sl ight ly 
3 weathered bedrock in places, 

par t icular ly on h i l l  and 
mountain slopes; i n  valleys 

4 and depressions, s o i l  is 
deeper and i s  chief ly alluv- 
ial, probably structureless,  

5 gravelly sandy clay or clay 
loam. 

6 
Depth $0 Bedrock: May be l e s s  

than 1 foot  on mountains and 
h i l l s ;  si l ica-rich bedrock may 
be exposed through erosion of 

soi l ;  i n  valleys and depressions, unweathered 
bedrock may l i e  a t  considerable depth. 

Parent Material: Quartzite, highly s i l iceous  
sandstone, a r g i l l i t e  (hard clay rock), and 
other metamorphic racks high i n  s i l i c a ,  

Relief ; Mountains, mountain valleys, atnd h i l l s  
commonly a t  a l t i tudes  not over 1,000 t o  2,000 
fee t .  

Vemtation: Barren i n  many places; some pas- 
ture  grasses and cogon; where s o i l  i s  deeper, 
some t r ees  and bamboo thickets. 

Properties: Poor footing i n  rainy weather and 
poor in t e rna l  drainage; re la t ive ly  high 
moisture-holding capacity; may require much 
time t o  dry a f t e r  rain; eas i ly  puddled; 
commonly p la s t i c  rather  than fr iable;  s l ight l :  
acid t o  acid; low f e r t i l i t y .  

Engineering Group Symbol and P. 4.A. Clasd: 
CLy SF (maybe gravelly); A-6, A-7, A-2 
(may be gravelly). 

Local Features: White clay i n  water holes on 
/ Busuanga Island. 

d s o i l  synbols follow c lass i f ica t ion  o f  U. S. Public Roads Administration, 
Principles of Highway Construction ( ~ u n e  1943) and War Department, 
Technical Manual 5-25 5 (December 1942 ), with the following modifications: 
?&I, may include A-6, A-7; CL may include A-4, A-7; OL may include A-4, A-7, 
but does include A-6; CH and OH may include 8-6. 

u ~ n t r a z o n a l  Soil: One which r e f l ec t s  dominating influence of some loca l  
factor of rel ief ,  parent material  or  age over the normal e f f ec t  of the  
climate and vegetation. 

EXPLANATION OF PATTERNS USED IN SOIL DIAGRAW ~~~ EDROCK 
m m m  ' p j  Gmva 
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MATER I AL 0 0 0  
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PALAWAN PROVl.NCE (p I.) SOILS: BASIC DATA 
I I 

Soi l  Type 7 

Rel iab i l i ty  mating: Class D 

1 - 1  Soi l  Type 8 I 
I I 

Soi l  Type 5 I 
I 

Gravelly clay loam; plast ic ;  
intermittently flooded t o  

wel l4ra ined  

Clay loam; i n t r a ~ o n a d ~  
p la s t i c  t o  fr iable;  

well-drained 

Sandy loam t o  clay loam; 
l a t e r i t i c ;  f r iable;  

well-drained 

Clay t o  sandy loam; 
comnonly l a t e r i t i c ;  

f r iable;  well-dra ined 

0 t o  (0.5-2.5)': C l a y  1- t o  
clay; dark brawn t o  almost 
black. 

0 t o  (4-6) ' : Gravelly clax 
loam; brown t o  grayish brown 
o r  black; i ron  concretions 

0 t o  (3-6)' and below: Sandy 
loam to clay loam; may be 

0 t o  (0.3-6) and below: 
t o  sandy loam and clay loam; 
comnonly stony, may be 
gravelly; brown, gray, yellrm, 
red, of varied shades; color 
conmonly paler  with increase 
i n  al t i tude;  i ron  concretion8 
may be present, except where 
s o i l  i s  insuff icient ly  
mathe red. 

(0.3-6) ' and below: Clay loam 
or  clay; comnonly stony; 
color generally paler  than 
color of surface so i l ;  i n  
places, bedrock, weathered o r  
unweathered, may be encounter- 
ed. 

Depth t o  Unweathered Bedrock: 
Few f e e t  t o  t ens  of f e e t  and 

gravelly, stony; may contain 
sand or  clay lenses a t  vary- 
ing depths; reddish gray t o  
brown or drab; i ron concre- 
t ions  may be present where 
s o i l  has weathered sufficient- 
LY. 

(0.5-2.5) t o  (1-4)'; Commonly 
hard compact sand, cemented I commonly present except where 

soil i s  insuf f ic ien t ly  
weathemd; narrow areas of 
si l t  loam along stream courses. 

(4-6) ' and below: Clay loam, 
w i t h  veins of precipitated 
aluminum hydroxide forming 
ret iculated patterns; a l so  
alluvium, ranging i n  texture 
from clay t o  gravel, and 
fragments of s tone; except f o r  
s t i f f  p l a s t i c  clays, underlying 
alluvium is probably not com- 
pact. 

Depth t o  Unweathered Bedrock: 
Tens of feet, i n  places more 
than 200 f e e t  deep; s o i l  
shallow on raised coral  reefs. 

with Ilme and s i l ica ;  locally, 
f a i r l y  loose sand w i t h  cora l  
and s h e l l  fragments; t h i s  
horizon may be absent and c l a  
loam may r e s t  on almost 
unweathered coral  limestone. I 13-6) ' and below: C l a y  t o  sandy 

loam; brown t o  grayish dark 
yellow; white clay, sand, and 
gravel lenses, and weathered 
fragments of s o f t  parent rock 
rnay be present. 

b ~ t h  t o  Umeathred Bedrock: 
10  t o  20 f e e t  and deeper. 

deeper. I I 
Parent Material: Undifferentiated sandstone, 

shale, conglomerate, limy clay, and other 
sedimentary materials. 

Relief : Mountains, mountain valleys, slopes, 
and hills a t  a l t i t udes  commonly not over 
3,000 feet.  

Vemtation: Primary jungle; grasses; sane 
secondary growth. 

Properties: Commonly poor footing i n  rainy 
weather, despite very good drainage and a 
generally well-developed structure; when 
dry, may be loca l ly  dusty; moisture-holding 
capacity re la t ive ly  high; t h e  clay loam 
probably d r i e s  more slowly than So i l  Types 1 
and 2 but  more rapidly than So i l  Type 4, 
other conditions being equal. Sl ight ly acid 
t o  s l igh t ly  alkaline; a little organic matte] 
may be present; moderately f e r t i l e .  I 

Parent Material: Unclassified rocks of diverse 
Parent Material: 'Water-worked alluvium de- 

rived chiefly fran So i l  Type 1 and from 
diverse rocks of high i ron content. 

Relief 8 Lowlands a t  a l t i t udes  commonly below 
100 feet .  

Vegetation: Chiefly secondary Jungle and 
cultivated r ice  and other crops. 

Parent Material: Coral limestone. 
Relief: Raised coral  reefs  a t  a l t i t ude  gener- --- 

a l l y  not over 300 fee t .  
m t a t i o n :  Molave and some o ther  trees;  

grasses and shrubs. 
Properties: Poor footing i n  rainy weather as 

s o i l  i s  sticky, slippery; high moisture- 
holding capacity; f a i r  t o  good drainage; 
when dry, has firm r iding surface, compres- 
s i b l e  with l i t t l e  rebound on removal of 
load; may require l e s s  time t o  dry a f t e r  
ra in than So i l  Type 3 but more time than 
So i l  Type 1. Slightly acid t o  s l igh t ly  alka- 
l ine; organic matter may be present; concre- 
t ionary lime is rare ;  chief ly a calcium- 
saturated clay; f e r t i l e  . 

m e e r i n g  Group Symbol and P. R.A. ~ l a s &  
CL, ML; A-6, A-7, A-4. 

Local features: Considerable mixing with 
alluvium of diverse kinds may have occurred 
i n  places where topographic conditions a re 
favorable; depth t o  unweathered bedrock is  
l ike ly  t o  exceed 4 feetwhere coral  lime- . 

. stone i s  covered by alluvium and not by 
clay loam formed i n  place. 

kinds . 
Relief: Mountains, mountain valleys, and -- 

higher slopes a t  a l t i t udes  up t o  5,000 f e e t  
and higher. 

Vegetation: Primary jungle, probably some 
mossy forest ;  cogon grass; l i t t l e  secondary 
growth. 

Properties: Similar t o  Soi l  Types 1, 2, 3, 4, 
5, 7. Most s o i l s  within So i l  Type 6 may 
of fer  poor footing i n  rainy weather, despite 
t h e i r  good drainage and wel l  developed s t ruc  
ture  i n  undisturbed s ta te ;  s t a b i l i t y  of s o i l  
s t ructure under load varies  within wide rang 
Acidity probably increases with al t i tude;  a t  
4,000 t o  5,000 f e e t  pH of s o i l  mag be 4.5 t o  
4.0; organic-matter content probably dimin- 
ishes  with al t i tude;  f e r t i l i t y  var ies  over 
wide ran@. 

Properties: Poor footing i n  rainy weather, 
par t icular ly where drainage is  poor; firm I 
surface i n  dry  weather with l i t t l e  rebound 
on removal of load; despite high clay con- 
tent, s o i l  i s  permeable and drainage i s  de- 
termined chiefly by topography and by water 
tab le  depth which mw be only few fee t .  I n  
old r i ce  paddies a zone& compaction may have 
developed a t  1 t o  2 f e e t  below the surface. 
Sl ight ly acid t o  s l igh t ly  alkaline; some 
organic matter i n  low-lying areas; fertil,e. - 

~ n d n e e r i n ~  Group Symbol and P.R.A. ~las&: 
SF, SC, CL, ML; A-2, A-1, A-4, A-6, A-7. 

~ng inee r ina  Gmup Symbol and P.R.A. classd: 
CL, ML, SF, EN, SC (may be stony); A-7, 8-6, 
A-4, A-3, A-2, A-1 (may be stony). 

Engineering Group Symbol and P.R.A. Clas*: v; A-4, A-6 (gravelly). 
Local Features: (1) A t  Puerto Princesa 

gravelly clay loam overlies both shattered 
and so l id  chi rock. (2) In Iwahig River 
basin, gravelly clay loam is underlain by 
very p l a s t i c  clays. (3) L i t t l e  o r  no sand 

So i l  Type 10 So i l  Type ll 

? 

Soi l  Type 12 

i n  r ive r  beds o r  along r ive r  courses i n  
Iwahig-Puerto Princesa area but gravel and 
boulders may possibly be found. 

Soi l  Type 9 

Beach sand; well drained Clay loam; plast ic ;  
sal ine ; waterlogged 

Clay loam; plast ic ;  
intermit tent ly  flooded 

Gravelly sandy loam; 
plast ic ;  intermit tent ly  

0 t o  (3-6)' and below: Sand, 
coarse, medium and fine; 
white, pale yellow, or gray- 
ish; very l i t t l e  fines; pro- 
portion of f ines  may increase 
with depth; gravel, boulders 
and stones may be present. 

(3-6)' and below: Coarse uncon- 
solidated deposits; i n  places 

flooded 
0 t o  (3-6) : C l a y  loam t o  

clay; bluish gray; a few 
s h e l l  fragments and a l i t t l e  
gravel may be present. 

0 t o  (3-6) ' and deeper: a 
loam; grayish brown t o  brown - 
or reddish brown; silt  loam 
and gravel may be found i n  
small lenses along stream 
banks; i ron  concretions may 
be present a t  d i f fe rent  depths 

(3-6)' and below: Varied tex- 
tures, from clay t o  gravelly 
sand. 

0 t o  (1-3)' and below: 
sandy loam or  sandy loam; 
grayish brown, gray, brown, 
or  drab; i ron concretions 
rare; lenses of s i l t  loam or, 
near the  coast, of clay loam 
may be found. 

( 3 4 )  1 and below; Clay t o  clay 
loam; mottled dark yellow o r  
grayish yellow with rusty 
flecks. 

bedrock. yzOL/ Depth t o  Omea~hered Bedrock: 
3 0 0 0 0 0 0  

0 0 0 0 0  
May exceed 10 t o  15  feet .  

Depth t o  Unweathered Bedrock: 
May exceed 100 feet.  

(1-3)' and below: Great 
of deposits of 

3 

textures 

5 

6 

ture,- from clay t o  gravelly 
sand, including a l so  coral 
de t r i tu s  and raised coral  
reefs  . 

Depth t o  Unweathered Bedrock: 
May exceed 100 feet,  except 
where s o i l  r e s t s  on raised 
coral  reefs; i n  l a t t e r  case, 
depth i s  not l i k e l y  t o  exceed 
10 t o  15  feet ;  see geologic 
map f o r  locations of raised 
reefs  . 

Depth t o  Unweathered Bedrock: 
May exceed 100 feet .  

Parent Material: Rocks of 
diverse or igin and kind. 

Relief: Narrow coastal  beaches 
of varying length. 

Vegetation: Commonly barren; 
some coconuts and casuarina 
trees,  some shrubs and grass 
on inner margin of beaches 
where sand commonly contains 
sane fines.  

Propertiest Good footing i n  a l l  kinds of 
weather; s table  surface when wet; f irm sand, 
when damp, can support t r a f f i c  loads; devoid 
of structure, cohesion, and e las t ic i ty ;  
excellent drainage. Chiefly i n e r t  silica,. 

1 Endneering Group Symbol and P. R.A. c l a d :  ' SP, SW, GP; A-3 
1 Local Features: (1)  Hard film sahd on 
1 eastern shore of Ulugan Bay. (2) Coarse 

sand with s h e l l s  a t  beach northwest of Banua. 
(3) Sand beach erosion i s  k n m  t o  proceed, 
i n  places, so  rapidly a s  t o  cause disap- 
pearance of several f e e t  of sand within one 
o r  two years time, exposing underlying 
stones or bedrock; caution i s  urged there- 
fore  i n  relying on the presence of So i l  

I Type 12  i n  places s h m  on the map, p a p  
titularly where construction works 
(piers, moles, e t c  . ) have been undertaken 
i n  recent years. 

Parent Material: water-worked 
alluvium of diverse kind. 

Relief: Lowlands a t  a l t i t udes  
commonly below 100 feet .  

Vemtation: Primary jungle; 
some secondary jungle and 
grass; bamboo thickets: some 
r ice  paddies. 

Properties : Poor footing i n  rainy weather; 
probably requires more time t o  dry than So i l  
Types 8 and 9; when dry, may provide stable, 
reasonablg firm surface. Likely t o  r u t  
eas i ly  under t r a f f i c  i n  wet weather and, 
despite permeability, w i l l  require most care- 
f u l  drainage. More p l a s t i c  than fr iable ,  the 
s o i l  is  not devoid of s t ructure e i the r  i n  d q  
or  i n  rainy weather. Neutral t o  s l igh t ly  
acid; some organic matter i s  generally 
present; probably f e r t i l e  i n  areas adjoining 
those of So i l  Type 3. 

Engineering Gmup Symbol and P.R.A. ~ l a s d :  ' 
CL, 'a; A-4, A-6, A-7. 

Local Features: (1) Area around Island 
Bay: 6 t o  12 f e e t  of red a l luv ia l  clay loam 
overlying a raised coral  reef. (2) Sandy 
clay in grassy d l  plains near Malampap 
Sound. (3) In  poorly drained m a l l  valleys 

Parent Materialt Water-worked alluvium of 
diverse kind. 

Relief: Tidal swamps; salt water may be 2 t o  
6 f e e t  deep a t  high tide. 

V e ~ e t a t i ~ :  Mangroves; some nipa palms on the 
inner margin of swamps where the water is 
l e s s  sal ine.  

Parent Material; Water-worked alluvium of 
diverse kind. 

Relief: Lowlands a t  a l t i t udes  commonly below 
100 feet .  

Vegetation; Coconuts; casuarina; shrubs and 
grasses; ,sane p r imrg  and secondary jungle. 

Properties: Satisfactory footing probably is  
afforded a s  long a s  good drainage is main- 
tained; local ly  surface'may be s table  under 
t r a f f i c  in a l l  weather; p l a s t i c  character of 
s o i l  i s  probably more pronounced i n  areas 
bordering on Soi l  Type 4. S l ight ly  acid t o  
s l igh t ly  alkaline; organic matter probably 
very low; moderately f e r t i l e .  

Engineering Gmup Symbol and P.R.A. ~la&g/r 
SF, GF, GC, SC, ML; A-2, A-1, A-4. 

Local Features: (1)  Possible tendency toward 
f r i a b i l i t y  i n  t h i s  s o i l  type i n  central  and 
southern par t s  of Palawan Island. 
(2) Casuarina and coconut palm grow on a 

- 

Properties: Upper few f e e t  is s t icky viscous 
mud: clay loam f irmer below 3 t o  6 feet. 
POO; f o&ing; s o i l  has l o w  permeability. 
dr ies  i n  firm hard lumps. Acidity increases 
with depth; organic matter and sea s a l t s  a r e  
present; s o i l  i s  chief ly a sodium- and 
magnesium-saturated clay. 

engineer in^ Gmup Symbol and P.R.A. ~ l a s t d :  
CL,ML, some OH; A-6, A-7. 

Local Features: S t r i p s  of f a i r l y  clean sand 
may be present along e i t h e r  margin of man- 
grove -Ps* 

on Busuanga Island blue-white clay reported 
found in water holes. 

d s o i l  symbols follow c lass i f ica t ion  of U. S. Publlc Roads Administration, k/~ntra%onal  Soil: One which reflects dombating influence of SOme l o c a l  
Principles of Highway Construction ( June 1943) and War Department, fac tor  of re l ie f ,  parent material  o r  age over the normal effect of the 
Technical Manual 5-25 5 (December 1942 ), with t h e  following modifications: climate and vegetation. 
ML may include A-6, 11-7; CL may include A-4, A-7; OL may include A-4, Small areas of a l l u v i a l  s o i l s  (Soil Types 8,9,10) do not appear on m V *  
A-7, but does not include A-6; CH and OH may include A-6. 

var iety of soils,  but are  especially common 
on Soi l  Type 9 i n  Palawan; presence of e i ther  
of these t rees  generally indicates  sandy 
soil ,  commonly sandy loam. 

i 

Prepared by U. S. Geological Survey 
f o r  Chief of Engineers, U. S. Army. 
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I 

On bold coasts, sw beaches a re  absent Casaarina t r Casuarina forms fores ts  of medium-sizad 
1 and mind  inland f l o r a  ~ c b n  the ma: -00 f ee t  tall and 8 inches t o  2 f ee t  or  more 

d i s t i nc t  beach f l o r a  lacking. Beaches i n  diameter. L i t t l e  undergrowth other than Casuarina 
commonly narrow, i n  places only a few seedlings; ground i s  carpeted with f a l l en  twigs. Spsaing 
yards wide. Settlements common on i s  irregular ,  but t rees  cowonly form f a i r l y  contirmous 
beackes; i n  many places original  fo re s t  canopy. Caenarina resembles pin,  and can be recognized 
has been cleared f o r  cult ivation (see from considerable distance off shore. 
Cultivated Land). Casuarina (dgoho) Other ty~cs: Fai r ly  thick tangled undergrowth of low 
t r ees  i n  places occupy narrow b e l t  along shrubs , vines, and creepers common, Pandan i s  low, 
coast. Other beaches have several kids scrubby t r ee  with l o w ,  broad, spiny-edged leaves; trunks 

1 of lon-growing vegetation: panda ,  or may be 6 inc~ms  i n  diamrrter. 
I screw pine (Pandanus), may be abundant. 

Bel iabi l i ty  rating: Class B 

I 

Vehicles: Casasrim stands o f f e r  l i t t l e  obstruction t o  
cross-coantry movenmnt. Spaairg of t rees  irregular ,  but 

many lanes a re  wlde enough f o r  truclce. Open sendy beachem 
afford f r e e  movemnt. Other t rees  may have thick under- 
growth tha t  obstructs movement. Pandan grows f a i r l y  
thickly; not d i f f i cu l t  t o  clear: clearing probably not 

I required f o r  treaded vehicles. 
Foot t r o m s  r Movement on Casuarlne beaches generally 

unimpeded: on mme other beaches cutt ing i s  neceasarg. 
Broad spiny-edged leaves of pandan t rees  are a zmisana~: 
paths readily cut. 

Clearing and Grabbing 

Vi s ib i l i t y  little 
obstructed i n  
Caeuarina forest* 
where undergrowth 
consists  of 
Casuarinn seed- 
l ings;  may be 
only few tens of 
yards i n  forestm 
wlth tmdergrorth. 

V i S i b i l i t j  
generally rC 
s t r i c t e d  t o  a 
few scorn feet. 

Omem 
Dsmcriptioa 

Vegeta- 
t i on  T y p  

I Effect  on Mili tary Operations 

A l l  f o re s t  types 
afford f a i r  t o  
good concealumnt 
from ae r i a l  ob- 
asmation. Con- 
cealment from 
ground observa- 
t i on  depends on 
density of under- 
growth, &ich 
d i f f e r s  from 
place to  place. 

Casuarias t rees  require 
cut t ing  o r  blasting; 
smaller t rees  of other 
types require cutt ing 
by power o r  hand lrsrs: 
can be grubbed by 
angle-dozer. Pathm 
through dense under- 
g0-h be ha- 
out d th bolos. 

M s t r iba t ion  
Molsabnt 

Oswarina rood very hard, 
heavy, and somewhat diff i-  
cu l t  t o  saw. Makss excellent 
firewood, sultable for  houn 
posts  which till l a s t  6 t o  7 
years. Trunks up t o  2 f ee t ,  
r a r e ly  3 f ee t ,  i n  &inmeter, 
Other types of vegstat ion 
a re  scrubby and have l i t t le  
osla4. 

6- areas not m s y s d  i n  de ta i l ;  not Mangrove f G a t s  include several kin& of t rser:  sons I I Vehicles: Barrier are-. h . n  w b r e  v e g e b t i m  1s cleared, 
very extensive, exmpt i n  sonthemmost reach heights of 80 to 100 f e e t  and d b m t e r s  of 2 f e e t  or  areas a r e  impassable; at high tide, ground i s  md8r 3 t o  4 

Observation I C a ~ ~ t  

* e e s = ~ n t b e f e l l s d  
by hend or  power saws. 
Logs and roots, *ere 
accessible t o  land 
equipnent, may be re- 
moved by t r ac to r  and 
angle-doaer; elssrhere 
they may b e  dragged 
at by winch and cable 
on anchored boats. 
Kips and tangles of 
maagrove roots am be 
cut  out w i t h  saws and 
bolos. 

perm -1, from 
ground aad  rid 
observation> i s  
excellent. 

~ o v e f c r e s t  i s p r i m  
source of firewood. Larmr 
t r ees  have hard, bavy ,  
rather straight-grained mcd, 
strong enough fo r  hmee Postm 
and f o r  temorary consttoo- 
t ion;  i n  the ground. wood 
l a s t s  5 to 8 years. Fire 
wood i s  cut by hand and 
carried out on foot; larger 
timbers f o r  p i l i ng  o r  other 
h e a v  construction am drag- 
ged ar t by winch and cable 
on boats. Slender tranks 
of lanrrsras treee (6 t o  8 
inches i n  diameter) a r e  use- 
f u l  fo r  t m o r a r y  p i l i ng  and 
wi l l  last 1 t o  5 years. The 
dmmn-late t r ee  inmishes  
strong, exceedingly t o e  
wood suitable f o r  heavy con- 
struction: one of the f s r  
l oca l  woods that  can rlth- 
stand repented shock.; 
recommnded ing. - t rees ,  fo r  bridge i f  emf- timber- 

f i c i e n t l y  large, can fundah  
wood of excellent durabil i ty 
f o r  salt-water piling. Bark 
of mveral species of treee 
contains much tannin; d d e l y  
used fo r  staining and pre- 
serving f i s h  nets  and useful 
f o r  preserving other fabrics,  
such a s  camouflage nets; 
s t a in  i s  brown; principal 
use of nipa i s  f o r  maLing 
prefabricated thatching, 
which l a s t s  5 t o  7 years. 

more, but moet are smaller. Trees form dmee stands; mar- 
fo re s t s  grow i n  salt and brackish water; l y  closed overhead canopy and l i t t l e  undergrowth. Varioue 
generally occupy narrow be l t  a few yards kinds of air roots extend upnard to high-water level: may 
t o  1 or  2 miles wide; common around be s t ra ight ,  ver t ica l  stick-like roots standing close 
river mouths i n  heads of proteoted bays. together, o r  dense tangles of curved roots (comex upnacd 
Range l imited by mud and t ides;  man- and outmrd from trunk). mpa palme have creeping s t m r  
groves f r inge  s t r e e ~ ~ ~ ~  t o  upper l imi t  of 'that sendup clumps of leaves 8 to 1 2  f e e t  high; generally 
tide; at high tide, water 3 to  4 f e e t  deep i n  close pure qtands d t h a a t  undergrowth, but i n  places 
i n  mangrove swamps; a t  low t ide,  ground mixed with mangrove and other kinds of trees;  not die- 
mey be expoeed, but i s  wet and muddy. t i ngu i sbd  from masgrove on map. Swamp in t  e r io r  laa~r ma- 
Forests interrupted by tortuous tidal t a in  tabau t rees,  rarely up t o  2 f ee t  i n  diameter, ueudlly 
channels of varying w i d t h  and depths. scattered. Straight ,  slender lw trees  6 t o  8 inches 
mpa  p s ~  to lera te  fresher water than i n  blametar, r a r e ly  up to  16 inches,Yoon pure stande i n  
other swamp forms; i n  places grow i n  many places, Tar@ treem, knom a s  ~~late are 
inner margin of enamp, bordering eatu- scattered local ly  along landward edge of swamp. 
ar ies ,  and a l m g  lower coarser of rivers: 
i n  some areas form dense pure stands, 
without undergrowth, but i n  places are 
mixed d t h  other forms: loca l ly  grow 
even on seaward edgs of emamp. 

f e e t  (more i n   ti^ channels); ~ o o t  Travel i s  then prac- 
t i ca l ly  bpmibls. A t  low t t de  footing is bad d n  to sof t  
mud and common air roots, i n  mmy places coveped wfth ah- 
edged shells .  Cornon practice ie t o  nalk the tangle of air 
roots, using trunks and branches f o r  e u p p ~ r t j  footing poor 
on sl ippery roots, Many deep, muddy tidal channels; thick 
tangles of vines and other undergrowth in p-es a t  land- 
ward edge of swamp. Nipa stands a r e  dense and d i f f i c u l t  
t o  penetrate. Crocodiles a re  conmon and sometimes trouble- 
some. Poisonous snakes a re  much cowoner than elsewhere, 
but a r e  sluggish and rarely cause trouble, Bibing flies 
and mosquitoes a re  mast disagreeable feature; sometimes 
very abundant, a t  other times scarcely noticeable. 
Boetm: A t  high t ide ,  l ~ d i  ng craft and canoes may gush - 
through xmngrom foremt i n  many places; at low ti& con- 
f ined to t i d a l  cbanmls. Penetration of nipa mP i s  
d i f f i a u l t  a s  water i s  gbnerally too shallow; possible 
aloag open channels. Abuadant nip8 along 8 stream 
indicates f a i r l y  deep mter .  

Limited generally to m a l l  coastal areas, Coconut p a l m s  a r e  planted i n  regdlar rows, generally 30 
became of scanty population. Principal f e e t  o r  more apart. Most t rees  am 30 to 50 feet highjbut 
crops are  coconuts and rice. Coconut m y  reach &I feet:  trunks 8 to 1 2  inches i n  diameter. I n  
palms are most comnon on sandy s o i l  on o r  many places they form a f a i r l y  close overhead canopy; else- 
near beaches. Two types of r i ce  i n  the where they are mare d b l y  spaced. I r r iga ted  o r  lowland 
Philippines: i r r i ga t ed  r i c e  i n  lowlands; r i c e  land i s  divided in to  eunal.1 level  paddies enclosed by 
dryland o r  upland rice, generally caulti- earthen dikes abont 8 inches to 1 foot high esd 1 t o  2 feel 
vated i n  Wl patches i n  h i l l y  country, wide. I n  harvesting season, most r i ce  f i e l d s  are dry; 
a f t e r  cutt ing and burning fores t  cover. groanb softens very qoi&ly during rains. Bamboo i s  a lso  
I n  Palawan Island, i r r iga ted  r i c e  paddies knom; forms dense clumps and thiclrsts. ~ r i m m t s l  q m  
are  known around Iwahig (near Puerta plantations reported i n  v ic in i ty  of PIEarto Princesst. 
Princesa) and a re  probably present i n  
areas of Malampays Sound and Taytay  w. 
Dryland r i c e  i s  known t o  have been culti- 
vated i n  places on eastern coast of 
Palawan Island. Fruit  t rees  and vege- 
tables may be gown i n  garden plots. 

Vehicles: Free movement i n  coconut groves wherever s l o p  
end grourtd permit. Irr igated r i c e  f i e l d s  d i f f i cu l t  t o  

Vis ib i l i ty  goed 
i n  most places. 

Most coconut 
grove. can con- 
ceal  vehicles d 
perm nnsl  fmh 
a e r i a l  obserra- 
tion,but not 
f r aa  nearby 
ground obsena- 

cross when wet; ha, on higher ground can be drained by 
breaking bikes; when dry are f irm and readi ly  cros-d by 
wheeled vehicles, i f  dikss are breached; grow cpicklj be- 
comes muddy during rains. 
Foot trooper Movement easy everywhera except i n  rst r i c e  
lands; these moet eas i ly  croewd over narrow paths on dikes 

Cooomt palms a r e  mad- 
i l y  pushed over 
t raa tor ,  o r  maay be 
f e l l e d  by hand saw. 
Moat other cult ivated 
growth readily cleared 
r i t h  bolo h i v e s .  

S E c O r n Y  
rnREST 

PRIMARY 
FOREST 

(including 
Mossy 

~ o r e e t )  

Food crops. Trunks of aom- 
nut palms, generally 8 t o  1 2  
inches i n  diameter. nsefbl 
i n  ccmstructing temporary 
corduroy roads on boggy 
ground, temporary retaining 
walls, and other similar 
structures. 

-r Generally passable t o  motor trafflc where 
slope and ground permit. Larger permanent streams flow- 
ing  through grassland areas a r e  generally marked by 
shrubs o r  trees. Very smdll o r  intermittent  streams, and 
the gul l ies  they follow, may be concealed f m m  ground ob- 
servation by t h e  brim grass; are  hazards to movment off 
treils. 
Foot trooD 1 Mowment off trails possible everywhere, 
but bdim: O W ~ W  0 b n ~ i t y  c w s e m s s  of gas., t o  
an i r r i t a t ing .  dust from dry I saws ,  and t o  intense heat 
of d i rec t  and reflected sualight; sharp grass blades cut 
aLin; trsmpled grass forms d i p p r y  footing on slopes, but 
grass clrrmps urn provida handholds. I n  drJr months,larga 
grass f i r e s  spread swiftly and nay be a haaad.  

Burned over and abandoned areas are OC- 
cupled by the coarse grass known as 
cogon ( d a m ~ l  a l a x  i n  Xetherlands 15lIed; 
auch areas known a s  co~onales, Much less 
extensive than i n  other Philippine is- 
lands, because of scanty population. 
Principal  areas are i n  hsuanga I e l s n b  
Found a t  a l t i t udes  from sea level  t o  
about 5,000 f ee t  on a l l  types of t e r r a i n  
except permanently swampy ground. Its 
presence generally indicates re la t ive ly  
dry ground; other somewhat similar 
grasses may occupy land. 

ce l lent  where I Cogon i s  a very coarse wild grass gemral ly  2 t o  5 f ee t  
high; i n  moist l oca l i t i e s ,  such as valley bottoms, up.to 
8 f e e t  high. Forms low, thick mantle; bur= d l y  h e n  
dry and maksr a quiak hot f i r e ;  after being burned off, 
grows back quickly. 

u 

Tell cogon grass 
provides good 
concealment from 
ground observa- 
tion, but not 
from a e r i a l  ob- 

I 
Clearing of dense 1 secondary fores t  has l i t t le  

I n  dry months, cogon 
gas8 may be readily 
cleared by burning; a t  
other t h s  by mowr 
o r  by hand. 

lbnse thickets 
provide cealment good f o r  con- per- 

sonnel and parked 
vehicles; open 
park-like areas 
offer  l imited 
concealment. 

Dense fores t  
canopy gives 
perfect  c o n d -  
ment from aerial 
observation. Good concealmsnt 

from ground ob- 
ser rs t ion  pro- 
vided by larger  
t rees ,  empeci- 
a l l y  those with 
broad buttresses 
(trunks can g l r e  
limited cover 
from sdl-armm 
f i r e ) .  

Young shoots of cogon grass 
nuke ra ther  poor forage: 
older grass i s  too harsh. 
Bundles of cogon widely 
used f o r  thatching. 

Vehicles: Open p&-like areas anitable f o r  free move- 
ment where slope and ground permit. Wheeled vehicles ' cannot move through dense secondary f oreet; harp clear- 
ing  neoessary. T r h d  vehicles can penetrate some 

1 younger secondarr month. 

Secondary fores t  may occupy any kind of 
te r ra in  except swamps; covers large areas 
originally occupied by v i rg in  fo re s t  
which was cut and burmd t o  permit cult%- 
vation. After short period of cultiva- 
t i on  such cleared areas are  abandoned 
and generally revert to cogon grass, which 
i n  turn i *  replaced by secondary forest; 
that  u l t i n s t e ly  becomes primarg forest. 

Secondary foree t  i s  varied i n  composition. Where clearing 
was comparatively recent (especially a t  edgs of high for- 
e s t s ) ,  there i s  an exceedingly dense growth of low, mostly 
soft-rood t r ees  end vlnee, and a ucattering of large 
and par t ly  ro t ted  logs. Where original foree t  was cu t  
many years ago and f i r e s  have been frequent, there a re  
open park-like grassy areas with scattered thickets of 
scrubby treea. 

i n  many denad 
thichtm: good 
v i d b i l i t y  i n  
park-like aream. 

thickets requires mwh 
cut t ing  with hand 
tools,  mme blast ing 
and grabbing with 
clearing equipnsnt. 
Paths f o r  foot  troops 
may be cleared with 
boloe. 

Heavy equipnent and 
blast ing required t o  
remove large trees. 
Undergrowth can gemr- 
a l l y  be cleared with 
hand tools. Burning 
of high f orest  possiblq 
with some difficulty> 
i n  dr ier  months; Pracp- 
t i c a l l y  impossible i n  
mossy fores t  owing t o  
saturation. 

I Foot troops: 1; dense thickets of younger secondary for- 
e s t ,  penetration i s  slow and di f f icul t ;  neocreeitates muah 

value. wood i s  so f t  and 
=dl; makes fair firewood. 
Some kinds aan b e  used f o r  
l i g h t  temporary cona truation, 
but most a re  useless. 

Prlmsrj fo re s t  provides 
many kinds of excellent 
timber suitable f o r  l i gh t  
and heavy construction; rap- 
p l i e s  of firewood readily 
obtained from fa l l en  trees, 
Molave and ipil t rees  a re  
G t m t  source of heavy 
construction timber (hard- 
wood). 

I cutting. Movement easy i n  open p a r b l i k e  areas. 

it i s  impossible 
to  see mom than 
20 or 30 yards 
i n  any direction. 

Primary fo re s t  (tmplaril r d n  fo re s t )  is  
wideepraad i n  higher hills and mountains 
and on mms lowlands; originally it 
covered nearly al l  the land area. Hornid- 
i t y  i s  higher i n  primary fores t ,  es- 
pecial ly near ground, than i n  other 
areas; humidity highest i n  mossy forest. 
At higheir a l t i tudes ,  where humidity i s  
always great and approximates complete 
saturation fo r  long periods, primary 
fo re s t  gives way to mossy forest ;  alti- 
tude of t rans i t ion  may be 3,000 f e e t  br 
higher, depending on prevailing alti- 
tude of cloud 1-6. Large stands of 
molave trees grow on limy soil ,  &%I- 
t r ee s  on a l luv ia l  soils. 

Many big t r ees  tower over raccesaivaly smaller tree.. 
Forest canopy i s  thick enough t o  shut out nmlight  al- 
most completely; may be 100 or more f e e t  high w i t h  soma 
t r ees  standing higher. Spsailrg of treee irregular, but 
i n  mmy places d d e  enough t o  permit passage of tracks. 
Trunks up t o  6 f e e t  or  more i n  diameter; many have large  
buttresses (vertical-rmpporting walls) a few inchem t o  a 
foot  thick, 10 t o  20 f ee t  high, and some extending a s  
much as 30 f e e t  out from tnmke. Undergrowth may be fair- 
l y  dense, but i n  many types of fores t  i s  i t  negligible. 
At edge of f o r e s t  a dense secondary growth of vines and 
creepera foms  a d l  generally only a f a r  yard's r i de  but 
reaching t o  t r ee  tops. Mossy fo re s t  consists  of dwarf 
trees;  at lower edge of fores t  these may be about 40 f e e t  
high; smaller a t  higher al t i tudes.  Branches are tangled 
and distorted near ground; many roots grow above ground, 
f onning tangles 3 or 4 f e e t  high. Leaves, branches, 
tru&a. exposed roots. and ground a r e  covered with 

Vehiclem: I n  many placem mo-t through high f o r e s t  
I nearly unimpede~d by vegetation; elnewhere, espeoially at 
edge of foree t ,  cutt ing of tfnem and undergrowth i s  nee- 
essary; much clearing necessary i n  mossy forest. 
Foot trooDs: Ooing i s  easy i n  high fores t ;  i n  sdme types, 
occasiowd cutt ing of vines and d l  grad is  required. 
Going i s  difficult i n  dense g r d h  at edge of forest ;  i n  
mossy foree t ,  low distorted b r a n c h  and tangles of ex- 
posed roots, lergely festooned and concealed by damp 
mosses, make going slow and diffictilt.  Sounds quickly 

I absorbed i n  mossy forest ;  movemsnt makes l i t t l e  noise. 

I I 1 I Prepared by U. S. Geolo~icdl Survw 1 soggy moss& and s i m i l a r .  growths. I 
for Chief of -neers,-~. S. Army: 
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PALAWAN PROVINCE (F! I.) CLIMATE 

The weather records from Cuyo and Culion are  probably repre- 
sentat ive of the smaller-islands, and the northern and southern 
extremities of Palawan Island. Ivmhig i s  representative of t h e  
eastern slope of Palawan Island between San Antonio Bay and Flechas 
Point. There is  no weather s ta t ion  on the  western slope of Palawan 
Island. The climate of t h i s  portion of the island is believed t o  
d i f f e r  somewhat from tha t  i n  the  rest  of the areg. Some estimates 
regarding climate i n  t h i s  section are  based on data from stat ions 
i n  s imilar  locations outside of tli6-province. 

Souroes : Climate and weather. of t h e  Philippines, 1907-1918; 
Corona S. J., Jose, Rainfall records of Philippine Islands 
through 1935; bath published by Philippine C o v e m n t  . 

Average r a i n f a l l  
( inches ) , rainiest  

month 

~ROIUCTION 

Climatic data f o r  Palawan Province are based on observations 
a t  Iwahig Penal Colony (a l t i tude  44 feet ) on Palawan Island, a t  
Cuyo (a l t i tude  137 f e e t )  on Cuyo Island, and on s h i  s a t  sea be- g tween la t i tudes  5' and 15' north and longitudes 115 and 125O east.  
Records a r e  fo r  5 t o  15 years a t  Iwahig, 5 t o  28 years a t  Cuyo, and 
from ships' observations made between 1880 and 1931. Only r a in fa l l  
records are  available from stat ions at Beldad and Culion on Culion 
Island. Because the s tat ions were located close t o  each other and 
a t  s imilar  s i t e s ,  t h e i r  data are combined i n  t h i s  summary. These 
records a re  f o r  9 years with no overlap and only a two-year break. 

11.6 NOV. 

6.6 May 

11.5 N w .  

Average r a in fa l l  
( inches),  d r ies t  

month 

Heaviest recorded 
r a i n f a l l  i n  24 
hours ( inches 

Western -Palawan 
( ~ s t i n a t e d )  

mS0 

The controlling c l ina t  i c  factors  of Palawan Province are  
the wind system. The long axis  of Palawan Island extends f ron 
northeast t o  southwest and cormsponds approximately with the 
directions of the  prevailing winds; northeast winds from October 
t o  A p r i l  and sodhwest winds from May to September. These winds 
are  f a i r l y  regular from year t o  year. The northeast winds are 
stronger and s teadier  than those from the  southwest. Specific 
data i n  regard t o  the  winds a re  given i n  the following table ,  and 
seasonal d is t r ibut ion  i s  shown by wind roses on the Climate map. 

Culien 

Wet Season 

I I I I 
11/ 5 gear period 

Average number of 
rainy days per 

month 

FulZdwrn HUMIDITY I 

Months 

Average seasonal 
r a i n f a l l  ( inches ) 

Percent of average 
annual ra infa l l  

Relative humidity is hi&t3st i n  ear ly morning and lowest in 
mid-cifternnon. It is highest i n  the  period of southwest winds. 
The available data are  summarized belaw: 

May-NW . 
118 6 

94.1 

May-Nov. 

82.3 

94. 6 

8.S21.6 

Months with highest Months with lowest Years of 
man man 

May- Dec . 
71.2 

89 01 

9 87-24.4 

I 
Period of Northeast Winds 

Percent of winds from NE 
quadrant (N, NE, and E ) 

May-0ct . 

80-85 

A t  sea and on 
smaller islands 

12.7-19.2 1 4 2 5  

A t  
Iwahig 

35 

37+ 

3-4 

16 

Percent calms 

On west slope of 
Palawan 

65-70 (estimated) 

5-10 w 

7-10 w 

16-20 o 

Iwahig 

Average win3 velocity 
( mph 1 

Maximum wind velocity 
( mph ) 

6:GQam- 

96% 
Nov. and June 

cu yo 

I 

Period of Southwest Winds 
I 1 I 

2 : OOpm 

71% 
Nov. 

M o ~ h l y  mean temperatures at Iwahig range from 78 degrees F. 
( ~ e b .  ) t o  82 degrees F. (April and ~ a y  ) and a t  Cuyo from 80 degrees 
F. (January and ~ e b r u a r y )  t o  84 degrees F. (~pil and May). Temper- 
atures are  s l ight ly  higher i n  the period of southwest winds than 
during the  w s t  of the year. Significant temperatures i n  degrees F. 
are  summarized below. 

6 : OOam 

93% 
Sept . 

m- 

89% 
May and Sept. 

Percent of winds from SW 
quadrant (S, SW, end W )  
Perclent calms 

2:oopm 

63% 
April 

1 25-30 (est inated)  I 

5 

6:OOam 

95% 

78% 
Aug. 

Average wind velocity 
( mph 

2:OOpm 

ssqb 

83% 
Jan. 

I Maximum wind veloci ty  
(mph ) 

M a ~ i l r m m  re- 
corded tem- 
pe rat  ure 

Typhoon centers are prac t ica l ly  unknown i n  the southern part 
of the region and occur only ra re ly  i n  the north. Howeyer, typoons, 
passing t o  the  north of the provime, occasionally cause strong 
winds and unsettled weather. Between 1903 and 1918 there were four 
typhoons. The centers of three of them passed through the Calamian 
Islands and of the  fourth through the northern th i rd  of Palawan 
Island. Two of' the typhoons were i n  November, one i n  June and one 
i n  December. 

65% 
A p r i l  

Nonth with 
highest mean 

maximum 

Available data  on cloud conditions r e l a t e  only t o  amount (0-10) 
of cloud cover. Due t o  topographic influences and radiation, cloudi- 
ness is generally greater over the islands than over the sea. Clouds 
begin t o  form w e r  the islands i n  mid-morning and accunulate u n t i l  , 
l a t e  afternoon. They are usually dissipated i n  the early hours of the 
night. Strato-cumulus and cumulus clouds are the predominant fobs. 

86% 

95 Apr. and 1 91 Am1 1 82 / 78 Awe and 
May 

The amount, dis t r ibut ion,  md frequency of ra infa l l  i n  
different  areas varies ; but a l l  have d i s t inc t  wet and dry seasons 
(see Rainfall  Table). Precipitation i n  t h e  dry season is usually 
confined t o  afternoon showers of small areal  extent, although 
occasionally r a in  falls almost continuously for periods of a few 
hours t o  a day. I n  the vat season rains a re  f a i r l y  steady and 
often quite heavy over large areas. Storms may l a s t  from a few 
hours t o  several days. Thunderstorms are  ro la t ive ly  ra re ;  most 
frequent during period of southwest winds when they reportedly 
take place about 546 of the t im. 

Bnnual 
mean 

66 Feb. and Dec. l 5  I 

Vis ib i l i ty  is rare ly  obscured by fog o r  m i s t ,  but during season 
of northeast winds haze frequently l imi t s  v i s i b i l i t y  t o  l e s s  than 6 
miles. Exceptionally good v i s i b i l i t y  is =ported more than 1046 of the 
time during a l l  months. The most comon l imitat ion t o  v i s i b i l i t y  is 
ra in  which frequently reduce8 it to l e s s  than 1 mile. During the dry 
season limited v i s i b i l i t y  caused by r a i n s  w i l l  ordinarily last f o r  
only short periods of t i m e ,  but during the wet season such conditions 
may persis t  f o r  several hours o r  even days. 

73% 5 

Month with low- 
e s t  mean 
minimum 

Significant r a i n f a l l  data are  summarized i n  the following 
table.  Monthly dis t r ibut ion,  e t c  am shown by histograms on the 
Climate Map. 

I I I I 

Dry Season 

Miaillaun recorded 
t empe rat  ure 

Years of record 

Average annual rain- 

- 

Average seasonal 
r a i n f a l l  (inches ) 

Years 
of 

record 

87.0 

Percent of  average 1 5.4 1 5.9 10 r9 
annual r a i n f a l l  

1 15-20 

cuyb 

28 

Average miniall 
( inches ) , rainiest  

month 

f a l l  (inches) 

2.7 Dec. 

0.2 M a r .  

11.6 Dee. 

Culion 

9 

126.1 1 79.9 

3.6 Dec. 

0.2 M a r .  

2.8 Jan 

1.8 mbo-Mm. 

4.2 Feb. 

Iwahig 

1 5  

Average r a i n f a l l  
( inches) , dr ies t  

month 

'I 

West ern Palawan 
(Estimated) 

Heaviest recordea 
r a in fa l l  i n  24 
hours ( inches )9/ 

Prepared by U. S. Geological Survey 
fo r  Chief of Engineers, U. S. Army. 

Average number of 
ra iny  days per 

mon t h  

a/ Records for 5 years only. - ! 

18-05 1.8-6.8 4.7-7.6 3-10 
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