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7.1

WATER SOURCE DEVELOPMENT
Gengeral

The study on water source development covers the entire province to come up wilh water
source potential exploitable for mainty domestic water supply. An cmphasis is placed on the
groundwater availability due to its prevalent use and comparatively conservative development
through the future in the jurisdiction of the provincial government. It is also advantageous to
utilize groundwater for domestic water supply because of better quality and cconomical vsc.
Nevertheless, surface water potential of major rivers was studied in ferms of quantity (retum

period flow rate) and quality to provide information for LGU’s future use, if necessary.

A “Groundwater Availability Map” was prepared, which identifics the arcas with available
potable water sources. The study has fwo major components: (1) intcrpretation of existing
geological and groundwater conditions and (2) preparation of Groundwater Avaitability Map
to show groundwater potential arcas under thyee kinds of categorized areas. Turthermore,
standard well specifications by municipality were also established to reflect in the medium-
term sector development plan. A groundwater quality map was also prepared to supplement

the information on the groundwater development for drinking purpose.

The major data used in the study were obtained from concerned agencies (NAMRIA, BMGS,
NWRB, LWUA, DPWH and PPDO} and supplemented by the information gathered through
qucstionnaires from relevant local offices in the field (inctuding spring inventories with veri-
fications). The field information directly collected by the Study Team was also effectively
used to increase the accuracy of the Map. Among the information, the Geologic Map pub-
lished by BMGS, the Water Resource Investigation Report and the Well Inventory Dalabase
of NWRB are essential _t‘or the analysis of geological cﬁaracten’stics, projection of high yield-
ing area and poséiblc ar¢a with sall water intrusion, and classification of groundwater poten-

tial areas, respeetively.

The Groundwater Availability Map may be used for provincial level master plan and feasibil-
ity study at present. However, the recommendations on the required investigations were pre-
sented for the specific arcas with scape of survey, as a reference for LGUs, to conduct them
prior to D/D and construction work. Aside from the requirement, updating the map is a requi-
site to gain more information on prevailing groundwater conditions using the questionnaires
prepared for the study. An annual review and updating of the database will enable the 1.GUs

to implement water source development on a project site basis.
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1.2

The overview on cureent groundwater use with the conditions is summatized in Table 7.1.1
(Well data collected from each municipality arc presented in Table 7.1.1, Water Source In-
formation, Data Report), There are 946 shallow wells, 197 deep wells and 233 developed
springs in the province (functional services). Majoritics of the wells are shallow wells,
About 70% of thesc water sources are public facilitics. OF the total existing wells, 86% re-

mains functional at present. In addition to the above sources, 34 untapped springs are ac-

counted,
Table 7.1.1 Existing Groundwater Sources in the Province
Category and Classification Shallow Well | Deep Well [ Spring Tetal
1. Water source being availed
a. Public sources 528 145 223 896
b. Privately owned sources 418 52 10 480
¢. Number of water sources 946 197 233 1,376 |
d. Profile of different sources 68% 16% 16% 106%

2.Water sources with problems

and non-functional wells

a. Walter qualily problems* 190 0 0 190

b. Non-functional 92 95 187
3.Spring source information |

a. Undeveloped . N.A. N.A.

b. Untapped ; 34 1 M

Note. 1: Number of water sources being avaited at present including those with water
quality problems. : _

2: Number of existing water sources with problems: being used, but with water
quality problem and abandoned wells.

3: Number of springs availed, but not adequately protected; and those as candidate
sources to be developed, ‘

*: Assumed number of sources {unsafe caiegory) based on the study on existing
water supply facilities in Chapter 4.
N.A..: Dala not available.

Geology

The rock units in the province are classified into three (3) main groups based on the ages of
the rock formations. These are, from the oldest to youngest, the Miocene and Qlder rocké, the

Pliocene to Pleistocenc Rocks and the Recent Deposits. The grouping of the rocks is related

7-2



to their potential as groundwater sources. The younger rocks are considered the most impor-
tant te groundwater beeause of their porosity and permeability relative to the older rocks, The
distribution of these rock groups is showa in Figure 7.2.1, Geological Map of the Provinee

and their geological features are deseribed below.

(1) Miocene and Older rocks
Dinagat Istand is mostly covered by igncous rocks consisting of nltramafic and mafic
rocks of Cretaccous age. The oldest basemient complex rocks consist of schist and

quartzite and are distributed in places on the rim of the western and southein part of the
island.

Siarpao Island has older scdiments of Oligocene to Miocene age, in the wesiem parls
along the seashore and on the northeastern and southeastem sides of the istand. These

formations are made up of wackes, shales, and recl limestone.

The main Mindanao Island has older sediments of Miocene age in its northeastern, cen-

tral, and eastern areas, consisting of marine clastics with silty limestone, consolidated

wackes, and shales with reef limestone.

The non-active cones with very stcep mountain slopes at an clevation of about 700 m are

distributed and surrounded by low mountains. The cones are made up of pyroxene an-
desite,

The older sedimentary rocks arc mostly in a consolidated condition; intrusive and extru-
sive rocks form steep mountains. Therefore, the area covered by the older rock forma-

tions has no groundwater development potential and is deemed the difticult area for

groundwater development.

{2) Pliocene to Pleistocene rocks
Pliocene to Pleistocene sediments are distributed around the non-active cone that is lo-
cated north of Mainit Lake. The sediments are composed of marine and terresirial for-
malions, associated with extensive reef limestone. The formation has low groundwater

development potential and is appropriate for groundwater development by means of

deep wells.

(3) Recent Deposits

Dinagat Island has almost no recent deposits except for fhe scashore line and in the
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inland central and northwestein arcas.

Siargao Island has an alluvial plain in the central, northeastern and southeastem parts of
the island. The main Mindanao Island has recent deposits (alluvial plain) in its north-
eastern arca. The alluvium was mainly forined by the fuvial action of the Surigao River.
According to the results of an electric resistivity survey conducted by 1,WUA, the allu-
vium has a thickness of about 50 m along the river and thick sand and grave! formations

that ar¢ considered to form a good aquifer at 30 m.

Aluvium is also distributed along the lake line north and cast of Mainit Lake. The allu-
vial plain has a relatively smooth slope from the mountainous area to the lake. Moreo-

ver, the northeastern arca of municipality of Claver is covered by the alluvial sediments.

‘These sediments consist of clay, sit, sand and gravel that are under unconsolidated con-

dition, The altuvial plain gencrally has high groundwater developmient potential.

Groundwater Sources

Classification of Groundwater Availability

For planning purpose, the provincial area is divided into the following sub-areas in terms of

groundwater availability,

(1} Shallow well area
‘These are areas having water-bearing rock formations extending not more than 20 m in
depth from the ground surface. Shallow well areas are usually located in alluvial and
coastal plains, where Recent unconsolidated materials overlie impervious rocks at shallow
depth. The extent of completely shallow well arca is limited, because most of the Recent
formations are thick or deposited on the Late Pliocene to Pleistocene rocks, that usually

have multiple aquifers located at greater depths.

{2} Dcep well area
In deep well areas, the aquifers are located more than 20 m from the ground level, These
areas could be found in portions underlain by the Pliocene to Pleistoceric and Recent for-
mations. Most of these areas have more than one aquifer occurring at various depths.
Areas where shallow and deep wells could be developed are categorized as decp well ar-
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7.3.2

{3) Difficult area

These are arcas not suitable for well development. The arcas under this category largely
consisl of rock formations older than Miocenc in age. The groundwater availability in the
aloresaid rocks is very low and usually refcased in the opened rock fractures. Springs are
the commeon sources of water supply in thesc arcas. However, difficult arcas generally
have alluvial sediments with small scale in Ihe narrow arcas along the streams issuing
from mountains. In such areas, groundwater development by means of shallow and decp

wells is oflen possible though the development potential is very lHmited.

In addition to the above classification, potential areas to have high yiclding decp aquifers are

also presented based on NWRR's geo-resistivily survey,

Groundwater Availability in the Province

The Groundwater Availability Map is presented in Figure 7.3.). ‘the major databases used in
the preparation of the map were obtained from BMGS and NWRB, The methodology and
study procedure with respective output are discussed in 7.3, Supporting Report. Technical in-
formation on the wells by municipality is ‘also shown in the same report. The groundwater

developmeat potential areas in the province through the future are summarized below.

(1) Shallow well arca

The shallow well area covers about 1% of the province. Groundwater development on
Dinagat Island and the islets can mostly be undertaken by shatlow wells, Shallow wells

are generally driven/drilted to an average depth of 8.7 mto 1.2 mbgl, the water fable is
more than 1.4 mbgl. ‘

(2) Deep well arca
The decp well area covers approximately 20% of the province and is formed by the allu-
vial plain, The alluvial plain is distributed in Surigao City, and the municipalities of
Anao-aon, Gigaquit, Claver, Mainit, and Alcgria on main Mindahao Island; and the towns
of Del Carmen, San Isidro, Pilar, Dapa, General Luna in Siargao Island. These arcas have
a high potential for dcep well development. The average depth of the existing deep wells
is 44.6 mbg!, with an average water level of 3.2 mbgl, and an avesage specific capacity of
2.9 cu. mh/m. However, the altuvial plain, formed by the Surigao River and located on
the western side of Surigao City, cannot be recommended to be developed as 2 ground-

water source for water supply because of mercury contamination caused by gold mining.
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(3) Difficult arca
About 79% of the provincial area is classified as a difficult arca to exploit groundwater.
The arcas are formed by the low mountains on Dinagat and Siargao Islands and by the
high mountains on the main Mindanao Island. ‘These formations are made up of 1) a
basement complex counsisting of undifferentiated schist and quarizite, 2) sedimentary for-
mations of Eocene to Miocene age: conglomerate, marine deposits, largely wackes and
shales, 3) igneous rocks of Cretaccous to Neogene age: ultramafic and mafic rocks,
quartzdiorite and granodiorite. ‘These rocks and formations are in dense, massive and
consolidated conditions with impervious characteristics. Springs oceur only in fissures or

fanlt fracture zones.
Groundwater Quatity

Groundwater is generally potable except in some areas with high iron content or salt water
intrusion. A waler resources investigation for the province conducted by NWRB, and general
information from Mainit Municipality revealed the problem arcas, as shown in the Ground-

water Quality Map in Figure 7.3.2. The following are summary of the findings.

(1} High iron content
In the alluvial plain along the north line of Mainit Lake, the shallow wells about 18 m
deep have high iron content. While, water from deep well at depths of 27 m in the same
plain is potable. In Tagana-an area, water from wells at depths of 36 m has high iron

content.

{2} Salt water intrusion
The alluvial plain formed by the Surigao River has salt water intrusion in its shallow aqui-
fer. In addition, the results of the resistivily survey show that salt water intrusion in
shallow groundwater may occur in Bacuag, Dapa, General Luna, San Benito, Sapao to

Sta. Monica, Rizal to Basilisa, Cagdianao, and Dinagat Proper.
Spring Sourees

Spring is a natural outlet of groundwater at the ground surface. It occurs when water table
intersects the ground surface, usually along the contacts of pervious and impervious rock for-
mation and through rock features. Because of the intense fracturing, particularly older for-
mation, and the presence of large solution openings in limestone, second'ary permeability is

induced 1o the rocks that favors spring development.
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For the study, springs are categorized into developed, undeveloped and wintapped springs, A
developed spring is utilized and must have sanitary protection, otherwise it is classified as un-
developed spring, which is considered as unsafe water source.  An untapped spring, as the

name imptlics, is unntitized and flowing in its natural state,

Based on the inventory of water sources prepared through the study, the province has 277 de-

veloped springs currently serving the province,

Dinagat Island is mostly composed of o!d igncous hard racks that cover the mountainous ar-
cas, and the alluvial area is distributed in a very limited area. The main water sources are
springs (there arc a total of 77 developed springs). OF these springs, 70 have discharges of
less than 2.8 Vsce while the rest have discharges of more than 2.8 Vsce. A total of 9 untapped
springs on Dinagat Istand are reported in the municipality of Dinagat. These springs have

yiclds varying from 0.03 to 0.67 Vsec.

About a hall of Siargao Island is covered by mountainous areas composed of sedimenlary
rocks of the Tertiary age. The areas have 67 developed springs as their main waler sources.
Of these springs, 60 ﬁave discharges of less than 2.8 I/sec and 7 discharge more than 2.8 Isce,
A total of 8 untapped springs are reported in the municipalities of San Isidro, Del Carmen,
and General Luna, Thesc springs have yiclds varying from 1.11 to 27.6 Vsec,

The main Mindanao Istand has a high mountain range consistirig of intrusive rocks in the
western portion of the province and non-active cones, with very steep mountain slopes at cle-
vations of about 700 m, in the southwest and the southeast portions of the province. These
mountains have many springs that supply water to the surrounding municipalitics. The tcﬁal
number of developed springs are 89 on the main istand. Of these springs, 53 have discharges
of less than 2.8 I/sec, while 36 have discharges of more than 2.8 Vsec. A total of 17 untapﬁed
springs are reported in the municipalities of Anao-aon, Malumono, Bacuag, and Alegria.

These springs have yields varying from 1.19 to 40.0 /sec.

‘The technical information on the springs in cach municipality is presented in Table 7.4.1 Ex-

isting Spring Sources, Supporting Report.
Surface Water Sources

The major surface water sources in the province are the Surigao River, the Valencia River, the

Mayag River, the Sonkoy River, the Bacuag River and the Gigaquit River. There are three
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1.6

gauging stations in the province.

Surface water use in the province totaled 5.21 cuasce according to the NWRR's water rights
registration databasc as of March 1997, Of this usage, 93.7% of the water rights were regis-
tered for imrigation. Other surface water uses were for domestic, industrial and fisheries by
water supply systems and a few private companies. For domestic water supply, the Metro Su-
rigao WD has registered 8,400 cu.nvday water from the Parangparang creek {tributary of the
Surigao River) since 1994, The private water supply service in the municipality of Mainit has
used 160 cumv/day water from the Binga creck (ributary of the Mayac River) since 1990.

Actually, the Mectro Surigao WD has been collecling surface water from protected spring
ficlds.

Data on river flow, maintenance flow and water use of the major rivers and stream systems,
based on available ranoff records from the gauging stations are given in Table 7.5.2, Sup-
porting Report. The inflows to and the outflows from the respective municipalitics are esti-

mated as the exploitable potential of the major rivers in the province.

Water quality analyses were conducted through this study. The results of water quality analy-
sis at selected streams meet the Class A limitation of “DENR Fresh Water Quality Criteria”
within the tested parameters. It is noted that gold mining operations are located in Surigao
City. Several small-scale mining operations are found in the Mat-i area. Mercury has already
poltuted the watershed of the Surigao River, extending to the Surigao City bayside. Investi-
gation of Surigao City (1996) shows that the pollution of the Surigao River is at a serious

stage, enough to cause extensive hamm to the people’s health in the area.
Future Development Potential of Water Sources

{1) Groundwater

Based on the study of existing water sources, groundwater is considered as a safe and

more economical source for future water supply requirements of the province.

Shallow wells are the possible source for chel I service. Considering the existing wells
in the province, the potential aquifers for shallow wells occur between § and 20 mbgl.
One disadvantage of shallow wells is the lowering of water level duning dry scason that
reduces the discharge of the wells. Another disadvantage is the usual high susceptibility

of shallew aquifers to direct infiltration of surface pollutants.
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In general, decp wells have betfer water quality and invariable yiclds when developed
with appropriate technology. This depends that the wells tap to comparatively deeper aq-
wifer. Tt reduces the havards of groundwater pollution. In addition, lowcring of ground-
water level does not afiect the discharge, since usual confinement of deep aquifer rises
water level above the aquifers. In Reeent deposits and Pliocenc to Pleistocene sediments,
good aquifers apparently oceur from 20 to 80 mbgl.

Additional wells can still be developed to mcet the future water supply demand of the
province. For future planning purpose, the Groundwater Availability Map includes basic
information for municipal groundwater dcvé‘lopmcnl with the following data: well depth,
static water level, specific capacity, and aquifer formation as shown in ‘Fable 7.6.2, Sup-

porting Report. The groundwater development potential in the province is shown in Ta-
ble 7.6.1.

(2) Spring

A total of 34 untapped spring sources for future devetopment are listed in Table 7.6.3
Untapped Spring Source Identification, Supporli'ng Report. The list includes detailed data
on barangay name, owner, discharge rate in dry season, transmission line Iénglh and ele-

vation differences between spring sources and scrved areas.

Dinagat Istand has many small-discharge springs. The distances between the water

sources and the served arcas are fairly short, ranging from 0.3 km to 2.4 km.

Stargao Island has 8 springs with relatively large-discharge rates. The discharge rates of
two springs arc fairly large but the data of the others was not available. The distances

between the water sources and the served areas are in the range of 2 km to 9 km.

On the main Mindanao Island, there are many springs and their di‘scharg‘e rates are fairly
large. The distances between the spring sources and the served arcas are generally less
than 3 km. The elevation differences belween the spring sources and the served arcas

range from S m to 300 m, but the majority are within 50 m.

- The spring development potential in the province is shown in Table 7.6.2. -

Sur_f ace Water

‘The potential surface water volume exploitable from major rivers for the use of domestic

water supply was estimated by mumicipality. It was arranged in this calculation to ensurc
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1.7

niaintenance flow of the rivers under the draught flow in 10-ycar retun period in consid

cration of the present water rights,

The caleutation resulis are shown in Table 7.5.2, Supporting Report. In particular, mu-
nicipalities situated in the Gigaquit River basin are privileged to use larger amount of
river wafer. The remaining municipalities of the province have no major rivers, suitable
or safe surface water source in the province.  In addition, mining operations arc located
upsiream of the Surigao and the Gigaquit Rivers. Therefore, the water source develop-
ment in these rivers shall be planned considering the protection against the surface water

pollution by heavy metals.
Water Source Development for Medium-Ferm Development Plan

For preparation of the medium-term development plan in terms of water source development,
standard specifications of wells by municipality were prepared. The paramelers such as well
depth, static water level and specific capacity are shown in Table 7.7.1, which were estab-
lished using well information from NWRB and the province (detail data base is included in

Table 7.1.1, Data Report) and hydrogeological assessment presented in Table 7.6.2, Suppost-
ing Report.

Shallow wells are currently used in some municipalities. The municipal areas are catcgorized
mto deep well and shallow well areas considering practices. The proportions (%) of shallow
and deep wells are determined with reference to groundwater development potential in the
Groundwater Availability Map. Furthermore, the well locations are assumed in terms of rural
and urban areas by'municipali't_y referring to the classification of rural and urban barangays,
For the municipalities without any well data, th_e well parameters are appropriated using those

in adjoining towns, provided they have similar hydrogcologic features.

For the furtherance in collecting accurate information to design the concrete specifications of
the planned wells, the following recommendations are made. Prior to the detailed design or
pre-construction stages, additional groundwater investigations entailing clectric resistivity
survey and the construction of test wells in the municipalities of San Isidro, San Benito,

Sison, Placer, Bacuag, Tubod shall be conducted. Table 7.7.2 sununarizes the requirements.

The groundwater development for water supply in urban arcas (Level H and 11 systems) will



Fable 7.7.1 Standavd Specification of Wells by Municipality

[ T - ~"Standard Specification !
Municipaliiy Type | Proportion | Depth Range | SWL [Specific Capacity Remarks
(%) (m) (m) (Vsee/m)
Alegiia Rerdd [SW T 0 10<D<2( 4 1.0
DWW ' 40 35<D<4p 4 1.0
Urban [SW 0 10<D<20 4 1.0
DW 100 35<D<40 4 1.0 _
San Francisco Rural [SW 0 10<D<{35 10 0.5
{Anao-aon) DW 50 I0<D<3s 1 0.5
Uiban [SW ] 10<D<is 10 0.3
DW 160 J0N<D<3s 1 0.5 B
Bacuag Rural  |SW 0 S<D<15. 3 1.3
DW 20 45<<50 3 1.5
Urban |SW 0 S<<|S 3 1.5
DW 100 45<D<50 3 1.5 L ]
Burgos Rural |SW - N - -
DW : - ; -
Urban {SW - . - R
DW - . E - o
Cagdianao Rural |SW - - - - i
DWW - - - -
Urban |SW - - - -
DW - - - -
Claver Rural - |SW 10 10<D<20 3 ‘1.5
DW
Urban |SW 160 "10<D<20 3 1.5
DWW | . ) .
T3apa Rural [SW ) S<p<I 3 0.3
DW 15 . B
Urban {SW 0 5<bD<1( 3 0.5
DWW 100 i
Del Carmen Rural [SW 0O 5<D<1sS k] i.0 -
DW 70
Usrban [SW 0 S<D<13 3 1.0
DW 100 '
Dinagat Rurat  |SW i] 5<D<10 2 0.5
Dw 5 : '
Urban [SW 0 5<D<10 2 1.0
DWW 100
Gen. Luna Rural {8W 0 5<b<15 © 2 0.5
DW 40
Urban [SW Q0 5<D<1s 2 1.0
DWW 100
Gigaquit Rural |SW 0 10<D<20 2 0.5
Dw 20 55<D<60 2 0.5
Urban |SW 0 . 10<D<2( "2 0.5
DW 100 53<D<60 2 0.5
Libjo Rural JSW 5 10<D<1§ 1 1.0
DW .
Urban [SW 100 10<D<15 1 1.0
DWW




TFable 7.7.¢ Standard Specification of Water Sources by Municipatity (Cont'd}

Siandard Specification 1 ]
Municipality Type |Proportion | Depth Range SWIL | Specific Capaclty ’ Remarks
o R O (m) (m) (Vsec/m} N ]
Lorcto T Rural |SW 5 s<p<l0 | 2 H_os: T T o
DWW ]
(Urban [SW 100 5<D<I0 3 05
DW o | . ]
Mainin T [Rerat {SW 0 10<D<13 4 1.0
DW 30 45<D<80 3 10
Usban [SW [ 10<D<13 4 1.0
‘bW 100 45<D<80 k] 10 P -
Malimono Rural [SW . 0 s<D<I | 4 | 30
DW 5 75<D<80 4 3.0
Usban |SW 0 5<D<10 4 30
i DW i00 75<D<80 4 36 | o
Pilar Rural |SW 0 10<D<15 3 Q.5
DW 70 !
Urban [SW 0 10<D<i5 3 0.5 |
DW 1060 ’ o
Placer Rurat |SW 5 5<D<15 i 4.5
DW ]
Urban |SW 160 S<D<Is T | oS
DW
San Isidoro {Rural [SW - - -
DW - - - -
Urban [SW - - - -
DwW - - - -
Sta. Monica Rural [SW 5 10<D<20 2 0.5
DW
Urban |SW 100 10<D<20 2 0.5
¥ - |DW '
Sison Rural [SW 0 10<D<20 4 1.3
DW 5 20=0r<50 4 1.5
Urban |SW: 0 10<D<20 4 1.5
Dw 100 20<D<50 4 1.5
Socorrd Rura)l  [SW - - - -
DW - - - -
Urban |SW - B - -
DWW - . - -
Surigao City Rural |SW 0 10<D<20 4 1.5 7]
DW 40 20<D<25 2 15
Uiban [SW 0 10<D<20 4 1.5
DW 100 20<D<25 2 .5
Tagana-an Rural {SW 0 5<D<10 05 |
DWW 15 20<D<25 0.5
Urban {SW 1] 5<D<10 0.5
DWW 100 20<D<25 0.5
Tubagon Rural |SW - - - -
DW - - - B
(Usban |SW - - - -
DWW - . : - o

7-17




‘Fable 7.7.1 Standard Specification of Wells by Municipatity (Count'd)

o “Standard Specification ]
Municipality Type | Proportion | Depth Range SWI, | Specific Capacity Remarks
e {%%) (m) (m) {Usecm)
[Tubed Rural [SW ] 15<D<20 i3 0.5
DW 20 45<D<50) [ 0.5
Urban SW . ) 15<D<20 6 0.3
| o [DW 100 45<D<50 6 0.5 ) o
Rizal Rural  |SW 5 5<D<(0 2 1.0
DW o B
thban _SW 5 S<<Q 2 1.0
DWW ]
T Rural |SW R
DW
Utban  |SW
—— ﬁv - ———
B Rural |SW
DWW
Urban |SW -
DWW
Rural  [SW
DW
Urban {SW
DWW
Rural |SW
DW
Urban |SW
DW
Rural |SW
DW
Urban {SW
DW E
Rural  |SW T
DW
Urban [SW
DW
Rural [SW
DW
Urban - {1SW
DwW
Rural [SW
DW
Urban [SW
DW
Rural |SW
DWW
Urban |SW
i O 1DW
Ruyral |SW
DwW
Urban |SW
DWW




require the construction of deep wells with larger casing diameters of 6” or more, which cx-
peet larger production rates. Tn these cases, shorl spacing intervals between the adjacent wells
often cause the well interference due to the large lowering of pumping water level when the
adjacent wells simultancously pump up during long period.  This resulls in the intermittent
pmﬁp operation with excess electric consumption,  Thus, appropriate spacing interval and

number of wells to be constructed per sq. Km were estimnated as shown in Table 7.7.1 Spacing
Arrangements for Planned Wells, Supporting Report,

Spring sources, proposed by barangay level, for future development are shown in Table 7.6.3,
Supporting Report. They shall also be investigated to confirm the development possibility in
the following items: (1) locations and type of spring sources. (2) fluctuation of discharge rates

through the year, (3) distances from spring sources and proposed served areas and (4) cleva-

tion differences between the twe points.

Table 7.7.2 Additional Detailed Groundwater Investigation

Municipality | Survey

Survey Activities and Specification

Area Electric Resistivity Survey |  Test Well Construction

San Isidro,
San Benito,
Sison, Placer,
iBacuag, and
Tubod

Urban area

Measuring lines: 4/each Munici-
Patity . :
Measuring interval: 200 m
Length of a measuring line: 1 km
Prospecting depth: 100 m

Number of test well: one/each
municipality

Casing diameter: 200 mm

Well depth: 60 m

[ncluding pumping test, electric
logging, and water quality analysis

Lxm
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8.1

FUTURE REQUIREMENTS IN WATER SUPPLY AND SANITATION
IMPROVEMENT

General

Phased invesiments for provineial sector development are planned in almost the same man-
ner as adopied in the 1998 Philippine National Development Plan (PNDP) and the Nalional
Sector Master Plan (NSMP); Medium-Term Investent covering the years 1999 to 2003 and

Long-Term Development covering the period 2004 to 2010,

Targets of provincial service coverage for the two phases are established as percentages of
beneltciaries or utilitics to be served by sub-sector. Service coverage in the basc year (1997)
and national scctor targets indicated in the NSMP and the updated Medivm-Term Philippine
Development Plan, 1296 — 1998 (MTPDP) arc the bascs of the study. Sector targets which
arc nol preseribed in the national plan; school and public toilcts as well as sewerage are as-
sumicd based on the current conditions. In addition, preliminary discussions on solid wastc

nanagement are included as a vital component of sanitation sector.

Projection of frame values by municipality is undertaken for respective sub-sectors; future
population by urban and rural arcﬁ, the namber of student c11r§llmcnl to public schools and the
number of public utilities. Reference base ﬁgurcs for the study of framcwork are the 1995 Cen-
sus of Population and Housing, the statistical data of the province and information from rcle-
vant agencies. Provincial population by target year and the base year (1997) is estimated by
adopting the projeciion method being used at NSO. While, the population distribution to urban
and rural areas prepared by NSO in 1995 is modified to mect actual conditions in the classifica-

{ion of the areas.

Types of required facilities and their implementation criteria according to service level stan-
dards are referred to the NSMP and the NEDA Board Resolution No. 12 {s. 1995). Some
planning conditions and assumptions not prescribed in the national plan arc conferred to the
relevant standards of sector agencies and provincial governménl. For sewerage require-
menls, the déficit in sanitation must first be addressed. Partial upgrading of on-site disposal

to a sewerage system (off-site disposat) is envisaged in the final target year,
In estimating future requirements by municipality, additional population (or number of stu-
dents/public utilities) to be served by sub-sector is first calculated as a shortfall at targel

years in comparison between each target and its base year service coverage. In this regard,
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8.2

planncd/on-going projects to be completed by respective base years are considered as patrt of
cxisting services for cach target year. Required number of facilitics by sector component is
then estimated conesponding to the said additional pepulation (or number of students/public
utdities) to be served. Rehabilitation work for Level I facilitics linnted to new deep wells to
be constructed under PWA4SP is taken into account. Generally, rehabilitation of deep wells

and shallow wells constructed by means of conventional method is difficult.

Logistic support is considered as a minimum requirement of LGUs for community develop-
ment and training, and other relevant activitics along with the implementation of PWASP,
The types and number of well drilling/rehabilitation cquipment and supporting vehicle for
Level I facilitics are also suggested as reference inforniation, Also, minimum requircments
for sctiing up a provincial laboratory to support drinking water quality surveillance and
momnitoring are described.  This will include building, instriment/cquipment and rea-
gent/chemical requirements. The 1993 Philippine National Standards for Drinking Water
{(PNSDW) requires that initial examination of water from newly constructed sources should
fiest be undertaken before operation for public use and henceforth periodic examinations of

these water supply sources/facilitics.

Project priority for medium-term development is discussed entailing general criteria to iden-
tHy specific projects. However, al the provincial level master plan, it is suggested that mu-

nicipal priority ranking be used for allocation of provincial fund.

Targets of Provincial Scctor Plan

Provincial secter targets for the years 2003 and 2010 are determined as the provincial aver-
age of the desirable minimum level for each sub-sector. Table 8.2.1 summarizes the {arget

pereentages to be served by sub-seetor.  Details by sub-secior are discussed in this sub-

seclion.

(1) Water supply
The base year (1997) service coverage was calculated as a total of those in 1997 and ex-
pected by planned/on-going projects scheduled to he completed by April 1998, Table 8.2.2

shows service coverage for the planning purpose (details are referred to Supporting Report).

The base year service coverage in urban area (74%) is exceeding the updated MTPDP
sector target (68.8%) for the year 1998, while rural arca (75%) is slightly behind the
sector target of 79%. As identified in Chapter 4, the lower service coverage in rural arca

is caused by the presence of a large number of unsafe sources/facilities or no provision of

water supply facilitics.

Pt



Table 8.2.1

Provincial Sector Targels

Existing Phase | Phase 11
Sub-sector Sevvice X :
Coverage (199%-2003) (2004-2010)
_ Population Population Additional Population Additional
Water Supply Coverage Coverage Population to Caverage | Population to
o e (%) (%0) be Served %)y be Served
_Urban WaterSupply. | 74 80 | 36310 93 150,480,
Rural Water Supply (] 85 60,198 93 43,782
Houscholds | Youscholds Additional Houscholds |  Additional
- Coverage Coverage  |Houscholds to be| Coverage | Ilouscholds to
Sanitation (%) (%) Served (%) be
N _— Served
| Hovsehald Toilet R
Urban Household Toilet 70 5 8630, 93 27,651;
Flush > sy 203 s 26,600;
Pour Flush 66 3 2,993 0 1,045
VIP o 10 3,505 0 - 0
Rural Household Toilet 69 75 8,152 90 28,385
Flush o 0 0 20 4,012
Pour Flush 69 85 2,602 30 24366
VIP 0 15 5,550 0 0
Public School | Public School Additional | Public School | Additional
Student Student Public School Student Public School
School Toilet Coverage Coverage Students to Coverage Students to
(%) (%) be Served &) be Served
[ 60 85 28,997 90 13,422
Puablic - Public Additional  [Public Utilities| Additional
Utilitics Utilities Public Utilities Coverage  Public Utilitics
Public Toilet Coverage Coverage with Sanitary {%) with Samtary
(%) (%) Toilets Toilets
e - 100 104 210 100 9
Urban Urban Urban
Population _ Population | Pepulation to
Sewerage Coverage Not Applicable Coverage be Served
| (%)
0 50 121,760
Urban Urban Additional
lHousehold Household Houscholds to
Solid Waste Coverage Coverage be Served Not Applicable
(%) %)
81 20 - 14,690 i




‘Table 8.2.2 Estimation of Base Year Service Coverage of Water Supply

Population Served by 1997 facititics
Na.me nf' Area Population
Municipality (1997 Level N1 | Levet ¥ lfl.eva Total Percentage
. . R : Coverage
[ Utban | 52641~ 1,040] ~ 1,500 2,258] 4,798 M
Alegria Rural 6,893| __L233 4453} - 5686 82
e fTotal £ 12,057] " 1,040] 2,733] " 6,713 10484 86
Utban 8,395 2,875 o R X T
Bacuag [Rural 4,140 ] hwu0l 1,377 2,517 57
,,,,,,,,,, plomd L t2835] 2875 ntdof 1377|5392 a7 |
Urban 3,209 B _ L6993 1,609 s3
Basilisa (Rizal) Rual | 22,506f ~ |7 20719]  20719) 93 |
e {Towl j 2580s| — " | 2248] 22418) g7
- Uthan_ 2,213 3211 L1sgf 1 1,509 68 |
Burgos Rual [~ 667]" | 270] 266y 536 30
B ~ [Total 2,880 321 1458 266 2,045 (T
Ubani 5,172 O N -
Cagdianao Rural 6,186 544 1,9451 2,489 40
o rotat 11,358~ 544] 1,945 2489 227
[ Urban 7,668 B B TS| AT
Claver Rural 7,118 . <3| NI TY NN B 7
. ~_|Total 14,786 431 9877] 10,308 70
. Uban |~ 11,760] 1389 | 6962 8351 ]
Dapa Rural 4,818 : 2,415 ' 3 2415] 50
_|Tetal 16,5781 1,3891 2415|6962 10,766 65 |
Uban | 3437 65| 37255 9| 3329 97
Del Carmen Rual 9,273 300)  1,955] 34520 5.707] 62 |
______ Total | 12,710 365] " s210] 3461 9,036 71
' Urban 2,550 2515 357 20550 100
Dinagat Rural 6,175{ 1,351 4,575] 5,926 96
Total 8,725 3,866] 4,610 8476 97
o Utban | 4,632 | 2,981 2,981 64
General Luna Rural 8,404 6,519 16,519 78
) Total 13,036 9,500 9,500 73’
Urban 6,594] 2445 L 193] 3638 55
Gigaquit Rural 9317] 3,100 o344 6314 73
e JTotal | 15,011 5545 4937 10482 66
- luan | 3004 835 : 838 27 |
Libjo (Albor) Raral 12,358 3427 . 4438 7365 64
Total 15,452 3 4,262] . 4,438] 8700 56
T Uban f - s662f — 499 ~3,773|  780]" s.052| 8o -
Loreto Rural 2,789 2,713 C |23y %0
n Total 8,451 499 6,546 780] 7,825 93
Uban |~ 10,125)  1,698] 3373 3274 §34s5] 52
Mainit Rural 12,198; 5,297 1,179 2373 9349 7
_ Toad | 223231 6995] 4552|147 17,694 79
N 6,777 735 120 855 13
Malimeno Rural 7,385 35,3501 1,103} 6653 90
Total 14,162 7235|5670 1,103] 7,508 53
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Table 8.2.2 Estimmation of Base Ycar Service Coverage of Watler Supply

Poputation Served by 1997 facilities
Nanie of Area Population
Aunteipatit 97 evet it | vever 1t | Levetn | Totar | Pereentage
Coverage
Urban 2,289 1,880 1,886 82
Pilar Rural 6,279 644 2675 33191 53
____|Total 8,568 2,530 2,675 5,205 61
Utban | 12,774 660 11,4291 12,0891 95 |
Placer Rural 89061 735 1,286 5,098 1,118 80
Total 21,680 135 1,946 16,527 19,208 89
Urban | 2,174f  420] 800 Lol 56
San Benito Rural | 2,460 . B 570 570 23
o Total 4,634 420 goo|  s70| 1,790 39
San Francisco (Anao- Utban | 4,036 1,603 . 200f 1,688 3,491 86
Aom) Rural 6,303 3,138 1,364 1,251 5,753 91
M [Tol | 10339| " azai| TiSel 2939 924 89
Urban 1,800 1,220 1,720 9%
San Isidro Rural 4,229 2,988 2,988 T
Total 6,029 1,720 2,988 4,708 78
Urban 16,011 386 802 3,553 4,741 0
San lose Rural 11,54 180 2,386  2566] 22 |
L I Total 27,585 386 o82{ 5939 7,307 26
Urban 1,815 1,459 356 1,815 100
Santa Monica (Sapao}|Rural 5,581 90 2,355 1,447 3,892 70
Total 7,396 1,549 2,711 1,447 5707 17
Uban | 2,896 85| 1,227 1,312 45
Sison Rural 6,270 3,515 2,489 33 6,037 96
' Total 9,166 3,600 2,489] 1,260 7,349 80
Urban 7,775 ‘ 6,845 6,845 88
Socorro Rural 8,069 5,325 53251 66
| [Tetal | 15344 12,170 12,170 77
Surigao City Urban 70,705| 45,180~ 2,427| 20,117| 67,724 96
lcapital) Rurat 3?,570 500 25227 6432 32,159 86
Total 108,275] 45,680] 27,654] 26,549] 99,883 92
Urban 5,676 1 4,893 4,893 86
Tagana-An Rural 6,867 5,718 5,718 83
Total 12,543) 10,611] 10,611 85
Urban 1,910 708 708 37
[Tubajon Rural 4,485 885 2,798 3,683 82
' {Total 6,395 1,503] 2,798 4,391 69
. |Urban 1,520 1,526 ' 1,526 100 |
Tubod Rural '8,869] 5,787 3,082 8,869 100
Total 10,3951 7,313 3,082 10,395 100
Urban 217,939 - 61,726 26,118 74,104] 161,948 74
Provincial Total |Rural 238,079 23,006 61,181 94,956] 17,1431 75
‘ Total 456,018 84,732 87,299] 169,060] 341,091 75




For Phase I development, the service coverage in rural arca is incrcased up to 85%, while

urban arca is considered to moderately improve the present service level with 80%.

Phase 31 targets are planned to increase urban and rural water supply coverage to 95%

and 93%, respectively, as envisaged in the NSMP,

(2} Sanitation

Y

2)

Houschold toilets
As with water supply, the base year service coverage is caloulated as shown in Table
8.2.3 reflecting any planned or on-going projects scheduled to be completed by 1998

{details are referred to Supporting Report).

The province has base year service coverage of 69%, which is a little above the cur-
rent national average coverage of 60%. Urban area registers a level of 70% that is
well above the national average coverage. Rural area has also 69% coverage, which
is equivalent to the provincial average. By lype of sanitary toilet facility, the existing

pereentage composition to tolal houscholds is as follows:

Type Urban {%) Rural (%)
Flush 7 0
Pour-flush 91 100
VIP latrine 0 0

To attain sufficiency and cquitable access to basic services, provincial targets of
Phase 1 for both urban and rural houschold toitets arc planned at 75%. This is to
achieve a balanced distribution of this basic facility as embodicd in the PNDP. For
Phase 11, 93% as set by the NSMP is adopted for urban houschold toilets, white, 90%

is arranged for rural houschold toilets.

The existing compaositton of the 3 facility types serves as an indicator in the distribu-
tion for Phase 1, while for Phase 11, VIP and sanitary pit privy/latrine (dry-type) is

phased-out,

School toilels
The base year scrvice coverage of 'public school students is shown in Table 8.2.4
counbing cxpected coverage of any planned or on-going projects scheduled to be

completed by 1998 (details arc referred to Supporting Report).
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Table 8.2.4 Base Year Service Coverage of Public School Toilets and Puablic Toilets

T “Public School Tollets | Public Tollets ::i
Total Number( Std. No, of Public Number of Nuniber of
Name of Municipality of Public | Schoo!l Studen?s that Scr\jce Public Utilities P.ubllc Ulilll}" Seal'\'lcc
School ¢an be Served Coverage with Totets with Sanitary |Coverage
Students by Base Year (1997) (%) in 1997 Toilets in Base (%)
- (1997 Sanitary Tollcts Year (1997) ]
Alearia___ IR NT B X ) M T T I S T
Baceag 2138 2138 106 | 2 p 2 | 100
Baﬂ%m(R!?al) R 4,360 3,000 67 L P Iﬁgpﬁ
Burbos R 1,506 240 16 3 oy 100
Cagdianao 29 28401 97 1 oo
Clover _3.760 . 3600 95 L 3o teo
Dagpa . EL 480 9 5 5 100
__lll_(‘a_rn_m] o 2,156 2,156 100G ~ | L i iﬂ()i
Dinagat by BB 28 5 3 160
General Luna L 3156 1,920 (] - 1 N
Gigaquit 3,009 30090 100 | 4 4 100
Libjogalbory |~ 3ss) - sa0f 15} s L3 e
loeo | 1.438) 1458 106 3 L3 S| 1ee
Maiait . 5,6?9 o 1,040 53 4 o 4__ . l(ﬁ) B
Malimeno | 3932 1680 43 s 8 | o
Pilar L si 950 61 2 2 100
Placer L ~ 4919 49 w00 |3 |3 100
San Beaito 2.301 1,600 70 3 o 3 ___1(_)0__
Eg_n_l_”fanmq_?_{_i\nao Aon) o 2524 2,524 1¢0 1 i 100
San Isidro I,57§ o B ,,,ﬁ,..b-ﬁo,_ o ﬂl o B _17 L 7@2
San Jose . 0 4 N 4] e
S:}nt_g '\10}??@_ _{‘Sapqu)‘_‘___ - £,365 640 47 I t e I@i
Sison 2320 0 R 1 100 a
Socorro L 3886f 2,640 68 ] 3 3 100 °3
Surigao City (Capital) L 32,028 20,720 65 10 0 160
Ta@_ana-:\n B 2,175 1,040 17 1 i | I_E)_O ]
Tubajon 1,869 1,320 71 i i 100 |
Tubod 2,400 960 40 1 I 100
Provincial Total 109,243 68,742 63 i8 78 100 _

Base year service coverage is 63% applying the standard number of public school
students to be served by one (1) unit of toilet facility. The low level is due to a large

number of unsanitary totlets or absence of facilities,

In the absence of national targets for school toilets, the existing level of service cov-
erage is the base in selting up the targets. It is expected that all new constrection of
school-b{:i!dings will entail sénitary toilets enabling the coverage to increasc on a

high level. For Phase I and 1, 85% and 90% are sel, respectively.
3) Public toilets

The base year service coverage considering expected additional coverage by 1998 is

shown in Table 8.2.4 (details are referred to Supporting Report). : 1
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(3)

)

Al existing public wtilitics are served with at least one sanitary toilet giving a 1005
coverage. This can be atlributed by the faet that all public utilitics (mostly pubhe

markets) are provided with sanitary toilet facilities.

Withoul national targets as of now, the indicator in sctling up provincial targels
would be the existing level of coverage. Accordingly, 100% coverage for both Phase

I and Phase I are assumed.

Sewerage

Given the non-cxistence of sewerage systems in any municipality at the present time, this
plan does not consider the service during Phase 1. For Phasc 11, a target of 50% coverage
was applied to urban population of numicipalitics with more than 10,000 urban popula-

tion provided by Level 13 water supply systems.

Sohd waste
The municipal level data in 1997 on the number of houscholds served by the municipal
refluse collection revealed that the current practice is concentrated to urban arcas. The

base year service coverage for urban arca by municipality is reflected in Table 8.2.5.

About 39% of the total houscholds in the province relied on municipal refuse collection

using trucks or an 81% urban household coverage. Tlhicse municipalitics have a tolal of

10 units of cotlection truck.

No national targets have yet been set. tHowever, considering the present level of cover-

age, a 90% urban houschold coverage is applied for the medivm-term period (1999-
2003).

Projection of Frame Values

Population Prejecticn

Future population for all municipatities by urban and rural area was projected for the target

years of 2003 and 2010 together with the present population in 1997 as a planning basc ycar.

Regional population in the future is published by the NSO, while projection at provincial and

municipal levels was not available during the time of study. The future population of .GUs

was therefore projected in the following manner (details are included in the Supporting Re-

port). Reference information/data used for the study are:

8-11



T ahlc 8.2.5 Bas¢ Year Seruce Cov cr'lgc of Municipal Solid Waste System in 1597

. No.of |Coverage of| Coverage of

Nanie of Municipality }}“;lf:gg]j: (e O Urban [y ouschotds Nousehotds | Urben
S I - Served (%) [louscholds (%))
IAlegria 2,159 892 .
namag T 2,225 1,502 93] a2 [T 63
l!asﬂlsa(l{val) o 46471 568 15660 34 100
Burgos N s 458 R
hCagdiamo | 2275 1,060 L7l s | o
Claver - 2942 1,524 1382 47 ey T
Dapa ‘ T 332 2,400 w1 T T
Del Carmen o 2,454] ol v T T
Dimagat - 1,729] s3] [ B -
General Luna 2310 T o1 810 33 TR
Gigaquit 292 1217 B N T
Libjo (Albor) 20211 602| st 17 8
Lorcto 1,770 1,202 - o T
Mainit o Tl aes 1,940 3T Y
Maiimone | 2746 1,337, 170 3 I
pitar 7 T 1,554 41 120 8 27
Placer 4,169 2,360 833 ST I B
[San Benito i 8§53 ags| ) - o
San Francisco (Anao Aon) 2,037 827 1,018 50 00
San sidro 1,049 314 I
San Jose ) 4,850 2,895 1,817 37 T e
Santa Monica (Sapao) BEY N 31 1,307 100 100
Sison T T 1708 562 560 13 100 )
Socorra T B XY, 1359 . g
Surigao City (Capital) 20,880 13571] 20499 98 | T 00 o
Tagana-An T 2400 _L106[ - ‘
Tubajon 1,269 398 B8 21 | T8y
Tubod ’ 2,037 205 - T

Provincial Total 36,254 41,678 33,691 39 81

- Population census data of 1980, 1990 and 1995 on different adminisirative levels,

- National and Regional population projection by the NSO based on 1995 census results

- “Ratio method” generally used by the NSO for population projection {details are shown
w 8.3, Supporting Report)

- Revised classification of urban and rural barangays by the PPDO comparing with NSO
statistic information, and

- 'the 1995 Philippine Yearbook.

The past population development at different administrative levels was first revicwed to
come up with the demographic characteristics of the region and province. ‘Then, through re-
vigw of NSO regional population projection and the 1995 Philippine Ycarbook, the behavior
of population development through the future was analyzed. Referring to these demographic !

studics, population projection of the region by target year was confirmed to be reasonable.
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Population projection of the provinee was carried oul in application of “ratio method”. The

projected figuecs were studicd by means of declining annval growth rates employing a simple

compounded formula {14r)" . Present population of the province in 1997 was also estimated

in the same manner. Likewise, municipal population was projected. Major study procedures

and their results arc presented below.

(1)

(2)

Revicw of past population development in the provinee aud population distribution in

1995 to urban and rural arcas

The past population development during census periods fram 1980 to 1990 and from

1990 to 1995 revealed that:

- The province recorded an average annual growth rates of 1.60% (1980-1990) and
0.75% (1990-1995}, which were lower than the regional rates at 2.44% and 2.33%,
respectively.

- Percentage of provineial population to the regional population increascd from 13.2%

in 1980 to 11.2% in 1995 caused by the higher growth rates than those of the region

The classification of urban and rural areas compiled in 1995 population census was re-
vicwed and updated by the PPDO. As a result of some revision in the barangay classii-
cation, the population by municipality was adjusted as shown in table 8.3.2, Section

3.3.1, Supporting Report.

Manner of population projection

The regional population projected by the NSO bascd on 1995censas resulis was em-
ployed. However, a review of the population has to be made in the near future upon cn-
dorsement of the Regional Development Plan (1998-2008) for the Caraga Region that is

currently under preparation. The following are the projection procedures.

1) Adoption of regional population projected by the NSO for the years 1995 to 2020
Annual growth rates of regional population projected by NSO werc analyzcd using a
simplificd formula. The conservative growth rales were calcutated reflecting demo-
graphic characteristics of moderate decline of fertility and mortality rate described in
the 1995 Philippine Yearbook.

g§-13



2} Application of ratio method for population projcction of the province and munici-

patitics

k
Adopted formulais: — R(k) = R(O)[] (1 + 7~k /50)
1

where: R(k) = ratio in "k"th year from 1995 of the population {o that of the
region or of the population of the municipality to that of the
province
R{0) = ratio in 1995 of the population of the province to that of the
region or of the poputation of the municipality to that of the
provinee
= initial rate of change of the ratio

k= "k"th year from 1995

The mitial rate of change is derived based on the levels and trends of the ratio ob-

served in the 1970, 1980, 1990 and 1995 censuscs.

3) Categorization of the province and municipalities to sct initial rate (r)
Iour standard types are prepared based on the lrends of the rate () as observed in the
censuses of 1970, 1980, 1990 and 1995, Initial ratc to be used for cach type of
province or municipality 18 determined using a set-criteria {refer to Scction 8.3.1,

Supporting Report)

The provinee was classified as Type 11 and an initial rate of change (r) was cstimated
at -0.008.

(3) Present provineial population (1995) including its municipalities (further broken down to
urban and rural areas) was estimated applying the initial rates of change as mentioned

above, assuming that the behaviors of past population development prevailed up to the

presend.

(4) Houschold size in 1997 was also assumed to be the same as that in 1995,

Population by target year and the year 1995 is presented in Table 8.3.1 covering all munici-
pahtics broken down to urban and rural areas. The number of houscholds by target year was

also studicd and included in Table 8.3.5, Supporling Report.

3-14



Table 8.3.1 Future Population by Urban and Rural Arca by Municipality

] e 1997 o | e
Munbkeipality D D e D D e B i

Wiban | Rurat | Total | Urban | Rural | Totat | Urban | Rural | Fetal | Urban | Rura) | Total
;‘g;;,,,ﬂﬁ, S004 66701 11,761] 526 659] 12,157 S816] 7616 |3.4Jiz”mf;.:s_2_; 8419 14,855
Bacuag 8081]  4,2s3] 12,309] 8.395f 4440} 12838 0,506 028 14,534] 107758 46_9(_);;;
Dasitisa (Rizal) 30027 21,38 24041 3,209] 22.506] 25.805] 3.891] 27.402{ 31,293 4,n-5 332_01 3_79_1_6
Durgos 2140|645 2785 2213  es7| 2330 2450 739 348 2782 “ ;; _x—izo
Cagdiznao 5,089 60380 11,07s| 5072 6186) 11,358 5458] 6,508 11,986 s.ﬁs _;;8_6 T:}u
Claver 7,416] 6,834] 14,300) 7.668] 7.118] 14,786] 8485 7877 16,352 6,73374 3.711 7;;0%
[:apa 11,659] 4,776| 16,435] 11,760] 4818 16,573] 12,157 4,980 :7.13? 12,563 5.14; dn,m
l_)cl—(‘armcn 3330 886l 12,316 3,437] 9273 12,m0| 3,783} 10,208 13,9;1 4,162_“{1“ 238 15,392
Dinagat 2,516) 6,093 8600] 25500 6.175] 87250 2670] 6,466 9.436] 2,795 6?(787797;’-
General Euna 44611 8093 12,554] 4632 2401 13,036 s087] 9409 14596 ss03] 10520 :5,33:)
Gigaquit 6325 wos6l 15260 650 oM 1son| 7465] 16547 18012 sa4s] 11932 26,73777
]go(mm) 2,939] 11,939] 13928 3,004] 12,3s8] 15452 3433 13,714] 17,147 3,508 T;goa st)(m
Lorcto 5392| 2655 mous| seez| 2780] 8451 6538 322 9759 7,545 37167@
Mainil 98790 11,001} 21,780] 10,02s] 12008| 22323 10936] 13.475] 24,101 11,506 -1_4,223 6,029
Malimono 67911 7400 101] 6772] 738} K162} 6,802 74U} 14,213 5325 7,437 ;4,-2_6—3
Pitar 2.217) 6082 8209 2,289 6279] 8568] 2522] 6919] 944 " 2,178 7,62_0- _msos
F:!;cer 12,204)  8,508) 20,712 12,774 8,006] 21,680] 14,620 10,193 24,513 1672] 11,657 12378
San Renito 2,010 2,388] 4498 2074 2450 4634 2382 24696 so8) 26000 2053 5582
San Francisco 3,906] 6099] 10,005] 4036) 6303 10339 4458] 6962} 11420] 2922] 7686] 12,608
San Isidro 1729] ace2| sao] rsoo] s220] o2l 2010 4769] 6399 2,881 sara| 7862
San Jase 15,950 11,530] 27,488 16011] 11,574] 22,585] 16,330 i1.204| 28.34) 16652 12,036 28,68;
Santa Monica (Sapao) L,772]  S447(- 7219 1,815 5581 7,396 1,938] 6020 7978] 2111 w;‘m 3;02
Sison 2,797 6056| 8853] 2,896] 6270[ 9,166 3216 6563 10,179 3569 ;;2; nzw
Socarra 7463 2785 15208 71,795 soes| 15244] &784] onte] 17.000] 9o7] 10292 2;);509
Surigao City (Copital) | 68,507] 36.402{104,509| 70,705| 37,570|108,275] 77,841 41,362{119,203| 85.649] 45510{ 131,159
Tagana-An 5,502 &657| 12059 s676) 6s67]| 12593 6248 2s51) 13.792F s 8208 *IS,ISE..
Tubajon 18380 amz) euss| 10t0] adss] e30s] 214} so2s| aest 239 5,6;3 é,o;z
i—:lbod 15150 sg03| wns| 1.s26) sseo) 1039s| rs572| aas) r0007] 1619 040 u,oz@
L Province 211,645] 230,558] 442,203] 217,939} 238,079] 456,018] 238,672] 262,839} 501,511 ] 261,5948 200,50 ;52,:;;:
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3.

2

e

School Enrollment Projection

I'rom the 1995 total population of the province, the number of children who would be on-

rolling in ¢lementary and high schoo! levels for all municipalitics is derived.

School age population is extrapolated from the NSO age group classification of 5-9, 10-14
and 15-19 years old bracket by municipality. The age group for the elementary level is from
6 to 13 years, while that for the high school level is from 14 to 17 years. The percentages of

school age popultation for the target years are based on the existing composilion or structure

of the 1995 population.

Prom the school age population, the number of children who would attend either private or
public school, by target year is computed using the projected patticipation rate. The paitici-
pation rate by targel year varies depending on the socio-economic condition of the province.
Generally, an improved economy wilt result to a higher participation rate. For the proviace,

a decrease in the participation rate in both private and public schools is forescen by year
2010.

The numiber of public school students by target year is then derived from the projected num-
ber of children who will attend school. A participation rate for public schoo! carollment is
cstablished based on the existing participation rate of public school students to the total
school age population. A decrease of 5% from the 1997 rate is forescen in 2003 and another
decrease of 2% from the 2003 rate in 2010 (defails are referred to Table 8.3.6, Supporting
Report). It should be noted that the participation rates of some muntcipalitics in 1997 were

over 100%, an indication that a number of school cnrollees are over-aged.

Table 8.3.2 shows the projected number of public school students by municipality, by target
year. About 113,000 and 122,000 public schooel students are estimated to enrol} for years
2003 and 2010, respectively.

Projection of the Number of Public Utilities

The number of public utilities (limited to public markets and bus/jeepney tenminals) by target
year 15 projecled in urban areas for all muniéipalilics. The provincial physical framework
plan and the provincial comprehensive development plan serve as references in the projec-

tion. Bus or jeepney terminals are considered in major transport routes of the province.




Table 8.3.2 Projected Public School Enrollment and
Numbher of Public Utilities by Municipality

Name of Municipality

:N_Iilnl)(‘l—’ of Public Schosl Smdeﬁl

~ mii'umher of Pll_hl_iﬁ(:il{liii!itiicrs_m )

) ) 1997 2003 | 2010 1997 | 2003 2010
[Alegria 3,189 3,508 379 1 2 3
Bagwag 2,138 2421 2,698 2 3o e
Basilisa (Rizal) 4460 5392 7036 1 2 2
Burgos 1,506 935 983 3 3 |3
Cagdianao " |" 2928 2862 2808 1 | 2 f 2
Claver | 3600 4149 4,489 3 | 4 | a0
Dapa 5,631 4,858 4,769 s |1 s | s
Del Caymen ) C 20568 2364 2968 v | 2 T2
Dinagat sl 2503 2,489 5 B 6
General Luna 3,156 3,528 4,143 2| 2
Gigaguit 3,009 3418 4040] 4 5 B
1ibjo (Albor) ~3538) 3910] 4495 5 6 6
Loreto o 1458 1,673 1,839 3 4 4
Mainit 5,690 6,151 6,106 4 5 6
Malimono 3,932 3949 4,048 ) 9
Plar ] 1,578 1,752 2,110 2 2 |27
Placer ' i 4,919 5,610 6,341 3 4 5
San Benito 2,301 1,499 1,560] 3 3 3
San Francisco (Anao-Aql}) 2,_5’._24 2,799 2,919 1 2 3
San Isidro 1,578 1,784 2,056 1 2 2
SanJose - 4 4 a
Santa Monica (Sapao) 1 1,365 1,479 1,666 1 2 2
Sison 2,320 2567) 3000 v )2 3
Socoro 3,886 4,382 5,066 3 3 3
Surigao City (Capital) 32,028 32,264 oesep 10 10 10
Tagana-An 2,775 3,038 3,548 1 2 3
Tubajon 1,869 1,920 2,043 [ 2 T2
Tubod o 2,400 2472 2,728 1 2 3
Provincial Total 109243 113,187 121,814 78 99 108

i
}

A total of 21 public markets, bus/jeepney terminals and parks/playgrounds are planned for

construction by year 2003 and another 9 by the year 2010. Refer to Table 8.3.2 for the num-

ber of public utilities by municipality by target year (details are referred to Supporting Re-

port).
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8.3.4

8.4

8.4.1

Planning Area and its Projeeted Population for Sewerage

Urban arcas with morc than 10,000 poputation provided by Level T water supply systems in
2010 serve as the planning arca. Population in the area is considercd as the potential popula-

tion to be scrved.

8ix {6} municipalitics with a cambined urban population of about 77,000 arc considered (re-
fer to Table 8.5.5),

Nunmber of Houscholds to be Served by Municipal Solid Waste Collection System

The munber of urban households in 2003 is the potential houscholds for the Manning (refer

to Table 8.3.5, Supporting Report).

Types of Facilities and Implementation Criteria

In principle, types af facilitics and their implementation criteria as prescribed in the NSMP

and the NEDA Board Resolution No. 12 (s. 1995) are adopted to this PW4SP.
Water Supply

‘the following are major conditions and assumptions applicd to urban and rural water supply,

which are intended as a guide for the implementation of sector projects.

(1) Urban water supply
Prevailing situation of urban water supply in each municipality was first reviewed mainly
focusing on existing water sources and magnitude of service coverage. Planned/on-going
projeets for concerned municipalitics were also studied and reflected on PW4SP plan.
ning, with duc attention to merging of municipalities into an integrated water supply
system. Potential water source for fufure development was then evaluated based on the
study results in Chapter 7, taking into account the possibility to utilize untapped spring
sources. Recommendations arising {rom these studies were also incorporated for fur-

therance of water supply development.

Aforementioned studies were carried out by the following sequence:
- Review of existing water supply systems and waler sources,

- Review of planncd/on-going projects,




)

2)

Establishment of planning conditions covering service level, utilization of existing
facilitics, water sonrces, and number of systems

Recommendations for furtherance of water supply development,

Review of existing water supply systems and water sources

Majority of the existing Level HT and ¥ systems in urban arcas is utilizing spring
sources, owing to their locahily as a province composed of istands.. WDs are oper-
ated in the municipality of Bacuag, Placer and Surigao City, while Level 111 systems
are serving in 14 municipalitics, namely; Alegria, Burgos, Dapa, el Carmen, Gi-
gaquit, Loreto, Mainit, Malimono, San Benite, San Francisco, San Josg, Santa

Monica, Sison and Tubod.

The remaining 11 municipalitics (Basilisa, Cagdianao, Claver, Dinagat, General
luna, Libjo, Pilar, San Isidro, Socorro, Tagana-An and Tubajon) have no Level 11
systemy and residents in these municipalitics are depending on Level {1 system or

I.evel 1 facilities.

Size of Level 111 system varies from less than 100 persons in Pel Carmen and Sison
to about 45,200 persons in Surigao City.  Average size of served population is about

1,100 persons, excluding Surigao City.

Preference is made to wlilize spring sources owing 1o less O&M activities and cost

compared to deep well with electric motor pump.

Review of planned/on-going projects

At present, aside from expansion plan of Metro Surigao WD, there are two proposed
projects, namely; the Lake Mainit Integrated Area Development Project (LMIADDP)
and the Integrated Water System in Siargao Island (IWSSI).

The former project includes the municipalitics of Alegria, Mainit, Sison and Tubod
in is water supply component. These municipalities are proposed to avail spring

sources, but no details are available at this moment.

The latter project involves a total of 7 municipalities (Dapa, Del Carmen, General

Luna, Pilar, San Benito, San Isidro and Santa Monica). Although the detailed scope

of water supply development is not available at prescnt, most of these municipalitics

seem to utilize spring sources owing te hydrogeological conditions.



3} Establishment of planning conditions

.

Service level

It shall be noted that a national policy for urban water supply is a Level 1l Sys-
tem, in general, as the most suitable measure,  Therefore, for the investment
nceds of the sector development, it is assumed in this P\WV4SP that underserved or
unserved urban population at present and in the future will be provided with in-
dividual house connections. However, it does not intend to exclude from being

mplemented Level Tand 11 facilitics in urban area as individual cases in the fu-

fure,

Utilization of existing facilities
The existing Level 1 and 1T facilitics are considercd to be utilized during the
Phase 1 period. However, the population served by these facilities are assumed

to be absorbed by Leve! TH service in Phase H.

Watcr sources

Possibility/availability to utilize surface water and groundwater (spring and deep

well) is evaluated as potential water sources for water supply development.

From the vicwpoints of cost effectiveness and easy O&M of water supply sys-
tem, utilization of spring sources is given due priority in the course of urban wa-
ter supply planning. Application of deep wells for water source is regarded as
the second priority in principle. Surface water is, on the other hand, not adopted

at this moment, in view of the large capital investment needs and the complexity

of surface water treatment.

Water source development study revealed that most of the municipalitics in the
planning area have high potential of spring development. Among various identi-
fied untapped springs, the municipalities of General Luna and San Francisco
have so far favorable spring sources suitable for Level 11 system and capable to
expand ils service to rural barangays and ncighboring municipalities, if technical
and financial feasibifity is confirmied (details are referred to in Supporting Re-

poﬂ).

Table 8.4.1 presents a summary of potential water source together with water

supply conditions of the existing systems.




Table 8.1 Potential Water Source for Urban Water Supply

s = SRR i S R S

Served Population L\'is!m.g Potential
. : , Souree in ,
l\nm.e "f_ in Base Year Municipality Water Source Remarks
Munieipality -
Levatl| Others | ‘totay |Spring ?::l‘; Spring ?::1‘;
Alegnia 1,000 3,758] 4798] . s lexisting Eevel TN, Proposed EMAIAD
Bacuag 2,875 01 28] . +  |Existing WD T
Basilisa (Rizal) | 0 1] ) ot | * x -
Burgos R IR R R . + |istng 1eve T
[Cagdionao | 0 0 0] + ’ | o
Claver 1 o] 5,161 Sa81| ¢ . x -
Dapa 1389 6962 8351 *x | x |nisting Level 1IN, Proposed EWSSE
Del Carmen 657 3,264) 1329 » B o |buisting Level 111, Proposed IWSSI
Dinagat O 2550 35 v | v e Ty T o
General Luna o 2981 2881 O o |Proposed 1WSSY o
Gigaquit 2445 L,193} 31638 ¢ . * |Eddsting Level i)
T ibjo (Albor) ol otz T . x
Lorcto | 499 TASS3| 5652} o . + [Fxisting Level [il
A fainit TVe08) 3373 s07i| ¢ ’ +  [Existing Level [, Proposed [ MATAD
Malimono | 735 120 85| . ¢ |fxisting Level N8
Pilar 0 1,886 1,836 - . v [Poopased TWwss T
Placer 190070 789 12089 ¢ D o |Existing Wiy ) -
San Benito 420 06| 1,2201 . + |existing Leved TiF, Proposcd WWSSH
San Francisco 1,603 1,8881 3,491 + . s |ixisting Level 11§
San Isidro o 1,320 7| o | ’ *  IPoposed TWSS
San Jose 3861 6,682| T068] o . X |Fxisting Level 111 o
Santa Monica 1,459 356 1.815) - . *  |Existing Level 1Y, Froposed IWSSI
Sison 85| 1227 v . * |Existing Level 111, Proposed 1 MATAD!
Socorro | 0] 6845] 6845 NoDama + | = T
Sungao City 451800 22,601 67,781 * | . v |Easiegwn T
Tagana-An | 0] 4.593| 4893 N R R
Tubajon ] 708 8| ¢ . x o
Tubed 1,526 01 1526 + )| 0 | |Existing Level T, Proposed LMAIAD
Note: LMIAD - Lake Maiait Integrated Area Development
TWSSI - Integrated Water System in Siargao Island
* _ Available, x — Not available,
With regard to deep well development, the groundwater productivity was as-
sumed based on the study results of water sources in Chapter 7 and presented in
Table 8.4.2.
d. Number of systems

In principle, onc (1) Level 111 system is considered for urban arca of cvery mu-

nicipality. In the municipalities with an existing Level 1T system/s, the expan-

sion of the system was first considered. In case of no existence of Level HI sys-

tem/s, a new system was recommended.  Existing plan/s on the development of

Level III/WD arc also taken into account to determine respective sysiems of the

munictpalities.



[ R

‘Table 8.4.2

Groundwater Productivity

\; Groundwater
| , o |Suvecific Capacity|  Well Depth Productivity per
Name of Municipality (liter/see/m) {meter) Deep ngll
{cu.m/16 Hr)

Alegria 9.00 30 455
Bacuag 0.83 30 ] 478
Basilisa (Rizal) Not_Applicable (Difficuit Arca for Deep Well)
Burgos 0.67 30 336
{Cagdianao Not Applicable (Difficult Arca for Deep Well)
iClaver L Not Applicable (Difficult Arca for Deep Well)
iDapa _Not Applicable (Difficult Arca for Decp Well) o
IDel Camien 0.61 1Y 351
|Dinagat 2,01 30 1,158
General Luna 072 30 415
Gigaquit 0.60 0 M6
|Libjo (Albor) Not_Applicable (Difficult Area for Deep Well) ;
Loreto o 0.69 30 397
IMainit 0.73 ' 420
Malimono 2.62 70 1,509

Pilar 0.24 30 138

Placer 0.99 30 370

San Benito 0.55 30 L) Y
San Francisco (Anao-Aon) 0.78 30 499

San Isidro 055 30 317

San Jose

~Not @iﬂicablc (Difficult Area for Decp Well)

[Santa Monica (Sapao)w

0.67

30

386

Sison

0.46

50

265

Socorro

Not_Applicable (Difficult Area for Deep Well)

Surigao City (Capital) 0.78 30 449

l'agana-An 0.35 30 202

[Tubajon Not Applicable (Difficult Arca for Decp Well)
1.30 | 50 749

[Tubod

Possibility and necessity to merge service arca of some neighboring municipali-

tics to an urban water supply system were also studied from the vicwpoints of:

- waler source consiraints, and

- cconomical development/scale merit of water supply system by cost reduc-

tion of water source development and other common facilitics as well as

0&M cost/minimized number of technical staff.

Municipalitics tzken up in this PW4SP are generally scattered throughout the

province, and therefore have less possibility of merging with neighboring mu-

nicipalitics in urban water supply. However, the municipalities of General Luna
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and San Francisco have quite large scale untapped spring sources which enable
the municipalities to construct wide-arca system. In this regard, further study

shall be made for some coastal municipalitics.

In addition te the above, any rural barangay/s being served by the existing urban

I.evel ITT system are considered to continue throughout the future,

¢, Rcechabilitation

Rehabilitation of existing and fulure facilities is assumed to be undertaken by the

operating bodies.

4) Reconunendations for future water supply development
The province has high potential for spring develepment and various untapped spring
sources suitable for urban water supply were identified during the course of PWA4SP
preparation. However, further survey to evaluate appropriate development of spring
sources is prerequisile in the course of feasibility study and detailed design. Among
others, confinmation of possible/dependable yield throughout the year, clevation and
distance from the potential service arca as well as topographic conditiens to allow

gravily flow of supply is indispensable.

Further study on system merging shall be made for some coastal municipalilics with

reference to waler source arrangements.

(2} Rural water supply
1) Scrvice fevel
Level I systems are generally planned for rural areas where houscs are scattered. In
the PW4SP, public investment for Level 1 facilities covers 80% of the total number
of required facilities, considering the existing share of population served hetween

public (85%) and piivate facilitics {15%).

Level II systems arc considered where houses are clustered and suitable untapped

spring is available.

Service level standards are sct forth as 15 households per source for Level I and 5

households per communal faucet for Level H, as defined in the national plan.

§-23
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Application of Level I systems in yural areas may be considered in a case 1o case

basis during actual implementation.

Utitization of existing lacililics

The cxisting facilitics/systems in all scrvice levels are considered to be wtilized

throughout the future,

Watcr source

For Level I facilities, decp well construction is given priority wherever applicable
considering safely against possible contamination and stable water supply. Standard
specilications of shallow and deep wells are summarized in Table 8.4.3 based on the
water source evaluation results presented in Chapter 7. Conventional construction
mcthod {driven well) may be employed under favorable subslrata or hydrogeological
conditions. 'the standard structure of wells in application of “open-hole drilling and

gravel pack” is presented in Figure 8.4.1, Supporting Report.
Spring development is also included in Level I planning adopting its share of 10%.
This takes info account the exisling percentage of developed springs (12%) among

public Level I lacilitics as safe water sourcces,

Table 8.4.3 Standard Specifications of Level [ Wells

Specification Shallow Well Deep Well
Construction Method Open-hole drilling and gravel pack
" Casing Diameter o 50 mm 100 mm

Borehole Diamecter 150mm | 200 mm
Ranges of Well Depth  Standard Depth

0-20m 20m N.A.

21-40m N.A, 0 m

41 - 60 m N.A. 50m

61-80m N.A. 70 m

Profile belween gravel packed well and natural pravel packed well for Level 1 water

supply:

The open-hote drilling l‘néthod 1s employed for well construction to ensure yield of

ground water from adequate aquifer in provision of proper screen location and speci-
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fications. ‘The conventional “eased-hole driven well” shall be used only is a cases
where well specifications are established in the specificd arca with sufficient infor-
mation on the hydrogeological condition including existence of natural gravel at the

cxpected aquifer.

Tt is important to study on the potential arca to adopt natural gravel method, which
can perform the same level of the function as gravel-packed wells, Such arcas are
usually limited to the upper stream of larger rivers in alluvial fans and atluvial plains.
‘The arial proportion belween those in application of pravel-packed and natural gravel

pack wells will be worked out referring to the condition of the province.

Modification nceds of riser pipe diameter according to the waler level of deep wells

The standard specification of deep well hand pump is set with a diameter of 2-1/2
inch in the plan. However, water level of the deep wells may range between 20 m

and around 40 m, depending on the aquifer conditions,

Although, Malawi type deep well pump with a cylinder, currently used in the Philip-
pines, has operation expericnce up to 40 m in pumping water level, the diameter of
riser pipe shall be adjusted between 17 to 2-1/2” 10 mitigate required power at the

pump handle (calculating required power under the specific pumping water level).

For Level I systems, only untapped springs suitable for water supply purpose are
considered. Identified untapped springs are presented in Fable 7.4.1, Supporting Re-

port.

Number of systems/facilities
The number of Level I wells and spring development is estimated based on the serv-
ice level standard; while the number of Level U systems coincides with the number

of untapped springs.

Rehabititation
Rehabilitation of existing Level I wells is not considered, since most of the existing
wells constructed by driving method is not suitable for rehabilitation to recover their

functions. Howcver, minor repair works for handpump and concrete apron are requi-

site.



8.4.2  Sanitation

‘The conditions and assumptions are cstablished for the different sanitation components to

serve as guides in the implementation of projects.

(1

(2)

Houschold toilets
Three types of sanitary toilet facilitics for individual houses are considered for Phase I
flush, pour-flush and VIP/sanitary pit privy (dry-lype). While for Phase I, flush and

pour-{lush are planned considering the improvement of living standard.

The type of teilet facilitics is dependent on the existing or planned service level of water
supply in the community. In urban and rural avcas with Level 1 or 1 water supply facili-
tics, only pour-flush and/or VIP arc considered, while in urban arcas with Level 1 water
supply systems, flush type toilets requiring a piped water connection are included. 1so-
fated rural arcas where there is dearth of water supply, sanitary pit privy (dry lype) is

considered.

Schaol toilcts

Standard service level currently used by DECS (40 students per unit facilily) is employed
for both phascs.

The standard toitet facility (1 building) with S units of toilet bowl! to serve for 260 stu-
dents is adopted for the planning purpose, which is modified from FW4SP design to pro-

vide a shallow well as a water source.

Public toilets

As a minimum requirement, at least 1 sanitary toilet facility is assumed to be provided

for respective utilities: public market and bus/jeepney terminal.

‘The standard FW4SP design with 6-units of toilet bowl for the market is adopted. In this

design, it is assumed that water supply will be tapped from the existing system, hence an

clevated water tank is provided.

3.4.3  Urban Scwerage

The commencenient of staged implementation of the sewerage program is planned in Phase

II for the hmited urban arca (50% of urban population served by Level 111 system for the mu-
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8.4.4

8.5
8.5.4

nicipalitics with utban population of more than 10,600, 1t is practical to start the program
fully using the existing facilitics to allow for lower initial investinent cost than statting at
once a conventional sewerage system (refer (o Figure 8.4.2 Staged Improvement in Sewage

Cotlection Mcthod, Supporting Report).

Low cost off-site technologies such as small bore sewer for collection of efflucat from septic
tank are 10 be adopted.  Improvement of sewage collection method may be gradually

achieved from combined scwer {o separate sewerage system.

Sewage trcatment facilities may range from community scate septic tznk or imholT tank to
acrated lagoon systems and to a more advanced treatment process such as oxidation ditch.
or this PW4SP, acrated lagoons are assumed as a representative reatment facility for plan-

ning purpose. Daily average wastewater quantily is assumed to be 100 liters per capita per

day.
Salid Waste

In terms of facility requirements, this PW4SP enly studied the numiber of refuse collection
trucks required for the year 2003, A rated capacity of § cumn truck/vehicle is considered for
calculation of required units of truck. Disposal of solid waste shall be studied in detail
through investigations, ¥/S and D/D. Unit solid waste generation {or urban area is assumed

o be 0.418 kg. per capita per day.

Service Coverage by Target Year

Water Supply

The service coverage in terms of population to be served by target year was estimated by
urban and rural area by municipality. The scrvice coverage in rural arca was further

subdivided by service level (Level I & Level II) to finally come uwp wilh physical

requirements.

Base figures applied to estimate the future service coverage and the additional population to

be served are:

- provincial sector targets,

population projection by target year, and

- base ycar service coverage (served population) by existing facilitics.



[uture requirements in terms of additional population to be served were then estimated by
urban (Level 1) and rural (Level 1T & 1) area by municipality as a shortfall to mcet the
poputation 1o be served in each target year. The population served in base year is adopted as
the population served in target year, when the former population exceeds the population to be

served in the target year/s. Manner of calcutation is specifically presented by phase.

(1) Phase [ requirements
Additional service coverage was estimated as a shortfall of the population to be served in
Phase I comparing wilh the population scrved in base year. In this connection, existing

facilities both in urban and rural arcas are assumed to be utilized during the Phase | pertod.

‘The utilization of untapped springs for Level I systems was given priority during Phase |
peviod for rural water supply. At the time of this plan preparation, thirty-four (34 un-

tapped springs in cight (8) mumicipalities were identified.

(2) Phase I requirements
Additional scrvice coverage was estimated as a shortfall of the population 1o be served in
Phasc If comparing with the population scrved in Phase 1. In this regard, existing facili-
ties in rural arca were assumed to be utilized through the two Phases, while urban popu-
lation scrved by Level I and I1 facilitics in base year was assumed to be absorbed by

Level HI service during Phase 1 period,

Table 8.5.1 exhibits the population to be served by target (details are referred to Supporting
Report).

Through the Phase | development, approximately 96,500 persons in the province will be
served by additional water supply services, of which 36,300 persons or 38% of the total will

be urban population and 60,200 persons or 62% will be rural population.

In the Phase I period, a total of 194,200 persons, of which 150,500 persons or 77% in urban
arca and 43,700 persons or 23% in rural arca, will be further bencfited by water supply
services. ‘This additional service coverage in urban area includes upgrade of service level for

10,200 persons served by Level I and 11 facilities in 1997,
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8.5.2

Sanitation

(1} Houschold toilcts

The service coverage (number of households to be scrved) by different types of sanitary

facility is estimated by urban and rural arca by municipality for the years 2003 and 2010.

The future service coverage and additional houscholds to be served are estimated to meet

the provincial targets using the number of houschold served in the base year and the

number of houscholds in target years.

Additional number of houscholds to be scrved by different type of facility by urban and
rural area by municipality is the shortfall of the number of houscholds to be served in
target years comporing with cither that in base year or in Phase I (details are referred to
Supporting Report). However, when the number of houscholds to be served in target
year/s is less than or cqual to that in basc year, no additional number of houscholds to be

scrved is counted.

In the determination of the number of houscholds to be served by flush type toilet, when
the number of houscholds to be served in the target year is higher than in base year, the
target coverage is applied with conditions. When the target coverage is higher than
Level T water shpp[y covérage, the latter coverage is adopted, while in the other case,
the target coverage is applied. In cases where the largel coverage is Iess than that in base

year, the base year coverage is adopted.

For Phase I, any type of existing sanitary facilities both in urban and rural arcas is to be
utilized during Phase 1 period. For Phase 11, water-sealed toilet facilitics in Phase 1 both

i urban and rural areas are to be utilized.

The projected number of served households at the end of the Phase T period is 72,000,
Additional hduécholds to be served totaled to 17,000, of which 51% is urban heouscholds
and 49% is rural hous:eholds. While at the cnd of Phase 11 pf:riod', the number of served
households is 126,000 with an addilional'hduscﬂolds to be served at 56,000. Table 8.5.2
provides the number of houscholds to be served by targel year for urban and rural areas

by municipality.
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{2) School toilets

‘The service coverage or the number of public school students to be served is estimated

by municipality for the years 2003and 2010.

The future service coverage and additional number of students to be served are estimated
using the number of sludents served in the base year, the number of students in {arget

years and the provincial sector largets.

Additional number of students to be served by municipality is the shortfall of the number
of students to be served in targets comparing with either that in base year or in Phase |
(details are referred to Supporting Report). However, when the number of students to be
served in target/s is less than or cqual te the base year, no additional nuntber of house-

holds to be served is considered.

The existing facilities are to be utilized during Phase | period, while the facilitics in

Phase 1 arc to be utilized during Phase 11 period.

The projected number of served students at the end of Phase 1 period is 96,000. The addi-
tional students to be scrved are 29,000. Whilc at the end of Phase 11 period, the projected 7
number of served students is 110,000 with an additional students to be served at 13,400, ‘a

Table 8.5.3 sununanizes the number of public school students to be served by target year.

(3) Pudlic toilets

The service coverage of public utilities wilh sanitary toilet facility by municipality is ¢s-
timated for the years 2003 and 2019,

The future service coverage and additional coverage are estimated using the existing
number of public utilities with sanitary toilets in the base year, the number of public

utilitics in target years, and provincial sector targets.

The additional number of pubhu utilitics with sanitary toilcts nceded by municipality is
the shorlfall of the number of public utilitics in target year comparing wuh cither the ex-

1simg coverage or Phase 1 covcragc (details arc referred to Supporting Reporl)

The existing sanitary facilitics are to be utitized during Phase I period. The facilities in

Phase I are to be utilized during Phase H period. 1
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Table 8.5.3

Additional Number of Pablic Schoal Students to be Sevved

by Target Year (School Toitels)

~ Phase [ Coverage (2003)

Thase {F Coverage (2010)

. Std.No.of | AdWI.No.of e Std. No.of | Addi. No. of |
Name of Municipality :u?;::l "S‘fh:;‘ Public School | Public Schoo! i:'; ‘;:I‘: 2::1:; Public Schoot | Public Schoot
Students Students to be | Students to be Slud:‘nts Students to be | Sdudentsio be

__________ o ’_.S_rr_\‘_rd .,f('fﬂ"d Strved Served
Alogria ~ 3s08] 2% 1,002 R R )
Bacuag 2421 2,058 2,693 2,428 370
Basitisa (Rizz1) 53921 43R} 1,583 7036|6332 1,749
Burgos B 5| I 95| 555 933 285 o)
Cagdianan T Y 75! B VYY) 2868 X1 e
Claver 4,149 XY BT 4,040 513
Dapa 3,358 4,129 EXAT) I 177) S 5 1 E T €
Dl Carmicn 7364 2009 2,965 w668l o
Dinagat i B X1 N ¥ FE a8 2asep . 224017 T Tz
General Tuna 3,528 2,959 1,079 FRET] 3,720 730
Gigaquit | 34w 2,905 o 1040 1,636 731
{ibjo {Alhor) B T-3T) I D] Y | Y7 Y I Y YT )
1oreto 1.673 1422 1.839 1,655 IFIE
Maimt 6,151 5,228 2488 6,106 5,495 267
Malimono 1,519 3,357 1,671 T 048 Taens| T 284)
Pilar 1,152 1,459 529 1310 1,599 419
Placer YT 4,769, BRI 5,707 038
San DBenito 1,499 1,24 }.560 1,404 136
San Francisco (Anao-Aon) | 2,799 2315 2,919 2,627 T
San [sidro 1,783 1,516 o 2,056 1,850 31
San Jose T
Santa Monica (Sapao) 1,479 1,257 3% 1,666 1.499 242
Sison 1,557 2,182 332 3110 2,799 17
O I T K 17 R T 1 1,085 5,066 4,559 834
Surigao City (Capital) 12,264 27424 6,104 31,950 28,755 1,33
Tagana-An 1,018 2,582 1,542 3,548 3,193 611
Tubajon 0 Y £ 312 T30 1,839 207
Tubod 2472 2,101 1,141 IR 2,455 354
Provincial Total 113,187 96,209 28,997 121,814 109,631 13422]

The number of served public utilities at the end of Phase [ peried is 99. The additional

public utilitics to be served are 21. While at the end of Phase 1 period, the number of

served public utilities is 108 with an additional public utilities to be served at 9. Table

8.5.4 summarizes the additional number of public utilities to be served by municipality

by tarpel year.

Urban Sewerage

‘The service coverage in 2010 (Phasc 11} is estimated for the municipalitics with population of

more than 10,000 in urban area provided by Level 11 water supply. It is assumed that half of



Table 8.5.4 Additional Number of Public Utititles with Sanitary Toilets by Target Year

Name of
Munlcipatity

Phase 1 Coverage (2003)

Phase IT Coverage (2010)

Type

A

Public Litility
with Sanitary

ddi. No. of
Utility wi

Toilets Toilels

No, of Public

th

Sanitary

Add'L No. of
Public Utility
with Sanitary

Sanitary

Toilets Toilels

No. of Public
Utilities with

Alegria

Racuig

Rasilisa (Rizal)

Public Market
Bus/feepney Terminal

I

[Parks/Playground

Total

[

Parks/Playground

Total

Public Markel

 Bus/ecpney Tenninal

Patks/Playground
Tolal

Burgos

Public Market

Bus/leepncy Terminal |

Parks/Playground

Tolat

Cazgdianao

7 [Public Market

Bus/lecpney Ter}niﬁal

Parks/Playpround

Total

Claver

Public Market |
Bustlecpney Tenninal

Parks/Playground

Total

Dapa

Det Cannen

}inagat

Public Markel

Bus/leepney Tenminal |

Parks/Flayground

Total

b | b | i) e | B | e

Public Market

. Y r e

— | LA ] —

Bus/jeepney Terminal

Parks/Playground

Total

— |Putlic Marker

Bus/leepney Terminal

Parks/Playground

- Total

General Luna

“|Public Market

Bus/Jeepney Tecminal

|Packs/Playground

Total

1Oigaquit

Public Maret

Bus/lecpney Teeminal

E?ks!l’!aygmund

. Tolal

L.ibjo (Albor)

Public Market

- | | | -

Bus/Jeepney Terminal

Parks/Playground
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Public Market
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mas O

- NN

\
t

Bus/Jeepney Teaminal
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Total

|
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Public Market

Parks/Playground

Total
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Public Market

~ IBus/leepney Terminal

Parks/Playground

Total
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Table 8.5.4 Additional Number of Public Utifitics with Sanktary Toilets by Targel Year

Phase | Coverage (2003) Phase 1L Coverage (2010)
Name of Tvoe Add'L No.of | No. of Public| Add'L No.of | No. of Public
Municlpatity " Poblic Utitity | Utiligy with | Public Utikity | Utilities with
with Sanitary Sanitary with Sanitary Sanitary
Toilets Toilets Toilels Toilels
Public Market _ 1 R e
Pﬂal- ,&l._si!g:] LC}' TC[{‘L{{’?L - — —_—— _— _————— e — N S
 Parks/Playground | L } I B
e Total . N R 2
PublicMarcket | 7 T i
Placer Dus/lecpney Temminal | " T o Ty
Parks/Playground o1 o ! | ~ 2
- Total | 4 ] j 5
Public Maikel _ 1 R
e Bus/iJecpney Terminal !
San Renito ParksfPI;;yg):t)uqq I ] i
o Total e 3 B 3
S PublicMarket | e N
San Francisce (Anaa- 'Bwu_sﬂec?_n_cy Teaninal N T N _l_:_ - 7777_# ) o
Aon) (Parks/Playground | _ R S R
DR IR 7 R - ; | y
Public Market - T - T
Cam Tei Bus/beepney Terminal
San fsideo 'I"—a_ri‘sli’laygrgp_ngimuﬂ ___ I i l
_ Total SR ! N T A R R
PublicMarket | T g Ty
Bus/leepney Tenuinal
San fose Parksfpziyﬁ&iiﬂd i 2 T )
- Totat 4 ~ 4 -
{ Public Market ] L T
a - Bus/lcepney Terminal | 1 ] ) | )
Santa Monica {Sapao) Parks/Playgrovnd | - -
L Tolal T 2 I
o PubticMarsket | - 1 _ 1
aison Bus/Jeepney Tenninal 1 _ ! I I
Parks/Playgrouad b 1
_ Total ! 2 ] 3
Fublic Market L R 2
S Bus/leepney Terminal _ o
Socoro r?aﬂ-:s!l’laygrom!d N I !
" Tetal J L
Public Market 6 6
Surigaa City Busficepney Temminal 2 2
KCapital} Parks/Playground . 2 2
| Tolal _ 1¢ . 1w
Public Marke1 H b
i Rusfieepney Temminal | i t
Fagara-An ParksfP]’;'ygliound T 1 k
o " Total 1 2 i i
o Public Market [ !
‘ . Busdecpney Terminal
fubajen f_arks:’PlE:lyg)r’ound 1 P ]
i Total T 2
[Public Market’ T 1
‘ Busteepney Terminal i ] 1
Fubed Parks/Playgiound 1 1
Totat B T 1 3
| Public Market _ 2 37 2 3%
N Bus/Jeepney Terminal g 21 21
Frovincial Total T‘é:ksl?li)a)'g):ound T a1 I N T
Tota]l 2i 2 9 108
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8.6
8.6.1

the poputation n the arcals is to be served by the sewerage systems. Table 8.5.5 shows the

population to be scrved in Phase 1.

Table 8.5.5 Population to be Served by Urban Sewerage in Phase 11

Name of Municipality Urhalll“l’;[));.l(;alion S]:i;.;:llyllcfo\‘j.;z;::egre l’opusl‘:;lrl‘(:t{lto be
vliécuag “1-0,753 10,220 5,37;)_
Dapa ) 12563 n93sT T 628y
Mainit - Co8eel w216l T so0
Placer 16,721 15885] 8361
San Josc - 16,652 15,819 8,326
Surigao City (Capital) 85,649 81,367 42,829
" Trovincial Tetal T 261594 248516 77,076

Solid Waste

Future requirements in the sub-sector are studied giving priority to urban arca for the Phase 1.

Staged improvement for the rural area shall be studied in the fulure.

Service coverage in Phase [ was assumed at 60% with reference to the present service cover-
age of 40% in wrban arca. Additional scrvice coverage in Phase 1 is calculated as a shortfall

of target coverage in Phase | comparing with current service coverage. Table 8.5.6 presents

addiltonal service coverage for Phase 1 in the urban asea.

Facititics, Equipment and Rehabilitation to Meet the Tavget Services

Water Supply

{1} Required facilities
Water supply facilities required by service level were estimated by urban and rusal arca

by municipality based on the additional service coverage by target year and summarized

in Fable 8.6.1 (details are referred to Supporting Repart).

Urban water supply:

Physical requirements of _cvel I systems are cstimated as the number of requifed house
connections. Mode of project indicates whether future urban water supply will be im-
plemented as expansion of existing system or construction of a new system. Number of

waler sources was also estimated based on the water source cvaluation results in Chapter
7.



Table 8.5.6 Add'l. No. of Urban H1is to bie Served by Municipa) Solid Waste System in Phase 1

No. of Urban Phase I Coverage (2003) -
Name of Muanicipality Sl::::sj'[i}:lt(:fc No. of Urban “(E:r::l ds Ad(llllr.b:::. .
Rase Year Houscholds Coverage Hounseholds to be
Served |
Alegrnia 892 803 803
iﬁ:;:uag Cooaal  asee| 0 aasy| T aos
Basilisa (Rizal) ' 1,566| 568 Coses
Rurgos o  ass| TR 413
Cagdianao | 1,060 1,137 -
Claver i ]“,j;?:‘! ) 1,524 1,382 h -
Dapa 20 24000 2060] 2,140
Del Carmen o D 671 604 604
Dinagat T B sl am| T
General Luna 810 o 919 o §28 i m_ig
Gigaqut || 1,217 1,096 1,096
Libjo (Atbor) 510 602  sa2| 3
i orcto 1,202] vos2| 1082
Maiait B T 1,940 L7a6f 1135
Malimono 170 1337 1,204 1,034
Pilar 120 441 397 YT
Placer | 383| 2,366 2130 1,247)
San Benito 388 YT 350
San Francisco (Anao-Aon) 1,018 827 1,018 - N N
San Isidro e 34 283 TS
San Jose 1,817 T ages| 0 2606 989
Santa Monica {Sapao} 1,307 341“ 1,30—?
Sison 560 562 seol
Socoro | T 1359 122 1224
Surigao City (Capital) 20,499 13,571 20,499 o
lagana-An | 1,106 996 996
Tubajon 338 398 o Y
Tubod 295 266 266
Provincial Total 33,691 41,678 48,381 14,690
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Rural water supply:

Physical requirements of Level 1l systems are estimated as the number of systems and
numbcer of communal faucets, while that of Level 1 wells are estimated as the nuwmber of
wells with classification of deep and shallow wells. Deep wells are further subdivided in

terms of three difterent standard depths based on the water source evaluation results.

Furthermore, as for Level I facilitics, in this PW4SP, 80% of the total required facilitics
will be implemented by public (1.GUs) and 10% of these public Level § facilities will be

allocated to spring development.

(?) Rehabilitation

)

Rehabilitation requireiments are estimated as 10% of the total number of deep wells to be
construcied under PWASP.  Rehabilitation work is mainly redevelopment of wells by
means of air surging, while minor repair of concrefe apron and handpump was consid-

ered to be undertaken by respective beneficiary orgamizations.

Equipment

Logistic support:

For rural water supply development, 1 unit cach or set of the following equipment was

considered necessary for the provincial government to conduct varipus aclivitics of

PWA4SP implementation,

Transportation- service vehicle.

Office equipment- computer with printer, typewriter, mimeo machine, scanning ma-
chine and copicr.

Field equipment-  waler testing kit, sound syslem, tape recorder and tools for maintenance.

For urban water supply, no hardware was considered.

Well drilling and rehabilitaiion equipment:

As a reference information, necessary types and number of well drilling and rehabilita-
tion equipment were studicd considering the existing equipment of sector agencies in the

province.

During the Phase [ period, a total of 71 Level I deep wells shall be newly constructed and
10% of these deep wells shall be rehabilifated annually. Although there are huge re-

gquirgments, only one manual type percussion drilling rig is available at DPWII-DEQ in
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4)

the province, while 2 units of air compressor for well rehabilitation cquipment is avail-

able at the provincial government,

Therefore, a total of 1 sct of drilling rigs (medium size percussion lype) together with |
set of well rehabilitation equipment, 1 unit of support vehicles for well rehabilitation and
I unit of service trucks for deep well construction shall be mobitized/procured either by

private sector or LGUs {dectails are referred to Supporting Report).

Seclection of well drilling machine

An appropriate type of well drilling machine with its specifications shall be sclected afler
comprehensive study on the technical requirements, local capability in O&M of the ma-

chine and cost effectivencss.

From the technical viewpoint, geological conditions in the province altow for the use of
cither rotary or percussion type dritling machine (no rock drilling is expected). While, in
vicw of cconomical and O&M cxperience on the machine in the local arca, a percussion
type is recommendable.  Although, the rotary type machine is quite effective to reduce
construction peried under soft soil condition, special training on ‘mud-circulation, han-
dling manner, ete. are required together with additional equipment and materials com-
panng with pereussion type. The drilling speed of the percussion type is rather slow,

has advantages in drilling boulder and cobbles formations.

One unit of truck mounted percussion drilling machine was considered to be procured in

the long-term development period.
Laboratory

Required New Building:

To ensure potability of drinking water supplies, a new laboratory facility in Dapa to
cover the island municipalities of General Luna, Pilar,l Burgos, Sta. Monica, San Isidro,
San Benito, Del Carmen, Socorro and also Papa will be provided because of the diffi-
culty of transporting the water samples to Surigao City. Water samples have to be cx-
amined on time to avoid unpredictable changes of the quality due to long storage. The
new building will have a floor area of 57m’ to housc an examining laboratory, an office

space, a storage room and a toilel. Water and power supplics will be provided.
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8.6.2

Instrument/Equipment and Other Laboratory Accessory:

Two (2) scts of instrument/equipment will be necessary to undertake regular water qual-
ity monitoring and surveillance activitics. "the distribution would be: 1 set for the up-
grading of the existing provincial laboratory, and the other set to the new taboratory. The
new laboratory will also be provided with taboratory accessorics such as sink, working

lable, ete. The following are the requirements:

Upgrading of
ftem Unit  Existing Laboratory New Laboratory
1. Instrument/Bquipment
‘Turbidily meler set 1 ]
Color meter set 1 1
pH/Residual chlorine checker set 1 1
Incubator sct X |
Refrigerator st 1 !
Sterilizer set X 1
Portable water quality testing kit set 1 l
Elcetrie stove scl 1 |
Range hood sct 1 !
2. Glassware/Chemical sct 1 i
3. Accessory
Sink sci X 1
Waorking table set X 1
Shelf set X 1
Oflice desk T set X |
Chair st X |
Sanilation

‘Tins sub-scction refers to physical requirements by target ycar covering houschold, school
and public toilet facilitics. Table 8.6.2 presents the required sanitation facililies by target

year. Rchabilitation for the sanitation facilities is considered as part of rectirrent cost.

(i) Houschold foileis _
Future requiremems in the number of houschold ldilcts .by different type for urban and
rural areas were eslimated based on the additional houscholds te be served by type of fa-
cility both for urban and rural areas by.targct year (details are referred (0 Supporting Re-

port).
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8.6.3

8.7

(2) School toilets
The future requirements in the number of toilet facilitics were estimated based on the
standard number of students to be served by a S-unit standard facility and the additional

students 1o be served by target year (details are referred to Supporting Report).

Total required facilities were Turther broken down into urban and rural arcas by applying

the percentage share of urban and rural population.

{3) Public toilels
Future requirements in the number of toilet facilities were estimated based on the addi-
tional number of toilets for public markets and bus/jcepney tenminals located in urban ar-

cas (details arc referced to Supporting Report).
Urban Sewerage and Solid Waste

Physical requirements for the sewerage facilities are not discussed in this sub-section. Fur-

ther study shatl be conducted in the future.

As reference information, the number of refuse colleciion (rucks is cstimated for the wrban
area in Phase I. Ten (19) additional units of truck are required 1o meet assumed service cov-

crage as reflected in Table 8.6.3.
Identification of Priority Projects for Medium-Term Development Plan

In general, the present service coverage by municipality with reference to the target coverage
indicates the direction of development effort for implementing PW4SP with municipal

prioritics.

Specific projects shall be selecled subject to detailed studies and rather not discussed in pro-
vincial master plan. In addition, pértinént information to identily priority projcets is not
available both at provincial and municipal level during this PW4SP preparation, except some

WDs for future expansion work.

The general criferia for identifying priority projects as guide for implementing the PW4SP

arc summanzed below.



Table 8.6.3 Number of Refuse Collection Trucks Requived in Phase §

Estimated Daily

Add'l. Urban Amount of Number of
Name of Municipality | Households to be Refuse (o be Collectim.i Truck
Served Generated, (Kg) Required
Megia 803 el 1
Bacwag = S . ] 171 L
s Riza) | L
Bugos | 4131 v
Cagdianao | I
Claver N - L
Dapa 2,140 8s| 1 ih
Del Camen - 604 =t L
Dinagat N 471 o v
General Luna L 18 8 1
Gigaquit 1,096 459 I
Libjo(Albo) [ 14 ]
Lot~ 1,082 453 [
Mainit B 1,135 475 1
Malimono _ 1,034 4331 1
Pilar 277 116 I i
Placer N 1,247 322 1 _!
San Benito 350 147 1
San Francisco (Anao-Aon)
San Isidro o 283 1y P jl
San Jose L 789 1)) N
Santa Monica (Sapao) | o ]
Sison . -
Socorro | 1,224 512 1 #
Surigao Cily (Capital) - B
lagana-An o 996 417 1
Tubajon 211 9 1
I'ubod 266 112 |
Provincial Total 14,690 6,151 21




‘Ihe first level of priority should be given to projects with positive feasibility studies and
identified funding. Next level of priority would be given to projects with positive feasibility
studics, although no funding source has been identificd. “The third level should be those for
which feasibility study has been conducted. Within each level, if funds were insufficient, a
ranking could be carried out in application of some factors such as willingness to pay, watcr-
related discascs status and per capita cost. Under the above mentioned conditions, a list of

projects shall be prepared by the implementers.

Duc attention shall be paid on the importance of integrated development of retevant sub-
sectors to maximize the effects and benefits through simultancous implementation of water
supply and sanitation projects. On a nwumicipal level priority, synthetic evaluation of sector
companents for concerned municipalities (which is studied in the financial Arrangemaents,

Chapter 11) may be uscd for implementation arrangements.
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