_ 10 day davers1on water requ1rements for dzvers1on dam scheme and
pump scheme from- 1968 to 1978 are shown in TabTe 2. 12 and in Fab1e 2.13,

_ The annual average d1vers1on water requ1rements are calcu]ated at
2,713 mm for diver51en dam scheme and 2,732 mm- for pump scheme

2. 5 6 Des1qn Dlscharqe for Magor Fac111t1es

The des1gn d1scharqe for ‘the maJor 1rr1gat1on fa0111t1es such as
 Intake, Main Canal, Lateral Canal and so on, is set at’the’ second max1mum
“value of the 10 day d1vers10n water requ1rement eva]uated for 11 years

-from }968 to 1978. ST _ R

The des1gn d1scharge for each scheme for des1gn1ng major 1rr1gat10n
fac1]1t1es is shown as fo1]ows ' . _ )

| E(Unit; 'f/é/ha} .

Scheme | Dry Season Wet'Season

‘Diversion pam  2.27 . 1.94

Pump s el

' -:2.5.7'-DéSiqn'Discharge for‘On?farm Féci]itﬁes:.

) Ma1n Farm D1tch

”,As dascussed in. Sect1on 2 3 the rotat1ona1 1rr1gat1on is. app]1ed

within an irrigation: block: w1th 50 ha of area .for operat1ng irriga-
tion faC111t1es Design discharge of Main Farm Ditch is determined
for the most critical condition of land use with. regard to water
requ1rement dur1ng tand preparat1on per1od assumed as fol?ows

=Lér_id Usei . EE Héter-Reduirement‘_' :Area“(ha)”
‘:ﬂLand Preparat1on - - o ]65}0 @h/4'ddy$.'f 10
‘Main Field wwth Crop R 7.0.mm/day . - 20 -

"Ma1n Field thhout Crop c o 58 myday T 20

' Effect1ve ra1nfa11 is not taken 1nto account

Net water requ1rement for 50 ha 1s estamated at 76 0 [/sec
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Irrigation,efficjenqy is-assumed as foiibws:

(Units %)

Item R 2:_ "Efficiehcy
Field Application ~ g0
~ Convéyance . R [
Cooveral 72

. Accordingly, the design discharge of Main Farm Ditch is 106.3 {/sec.
per 50 ha or 2.13 {/s/ha, = . L _ _ '

(2) Supplemertary Farn Ditch -

Subplementary-Farm'Djtch'commands;Itha;of,paddyfij]d;in'principle.‘

The design discharge of Supptemertary Farm Ditch. is determined on

the condition that all. 10 ha of field is at the stage of land

preparation.: Further, irrigation efficiency is at 80% taking only

field application Toss into consideration. Thus, the design dis-
- charge of Supplementary Farm Ditch.is at 40.5 f or 4.05 {/s/ha.

2.6 Water Utilization

2.6.1 'In{aké Meth0df

The possible intake method for utilizing the river discharge for
the 1rrigation-deve]qpment-is diversiqn;dam or pumping station.

~The irrigation service area is located between the hilly area in
west and the Pampanga:River in east and it has ‘relatively slender shape
with almost flat.but natural slope from horth to south.- :The intake
structure will be proposed.to be located at near the north end of. the
irrigation service area and upstream of the Arayat bridge wheré the.
Pampanga River -has comparatively narrower width and stable water course
regulated by Mt. Arayat and the ring levee and the Arayat bridge..

- In case of diversion dam, it is necessary to elevate the river
water surface by means of gateand fixed weir in order to.divert and
- convey -the irrigation water by gravity. As a' result of elevating the
water surface, the storage reservoir is formed at upstream. of diversion
dam. - This reservoir volume can be utilized. as .a supplemental water: .
source for drrigation in dry season. ‘Higher water surface will create

-+ larger.reservoir capacity and irrigation service abea, however, raising

the water surface should be Timited to such elevation that will not

. create negative effects on the flood conveying capacity of present o
river system and on the Tand use or social conditions of inundated. area
by reservoir, As discussed in the Chapter 3, the maximum possible water
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surface elevatiOnfaf1owed;w{thin;the_above 6ohdiiidn$fi5“ELq£8q5’m _
which will enable to divert the river water for the irrigation service
~area below EL. 8.0 m. o - _ :

~+ - In case of pumping station, the irrigation service area will be
- defined depending on the ‘available river discharge. In order to irrigate
the service area, maximum 11,000 ha, as discussed in Section 2.2, the
required static head s about 7 m since the highest ground elevation
of the area is at EL. 8.0'm and the Towest water surface elevation is
at EL. 1.0 m more or.less. .The pump is to be the vertical mixed flow
type in view of technical and economical aspects considering the ' =
required head and discharge. "It is technically possible to .irrigate
_.areas, being higher than.EL. 8.0 m by means of other type of pumps having |
‘greater pump head in wet season. However, it is obviously 1&ss ‘economical
-since such_pumps will require higher initial and operation and’ maintenance
. Costs despite that frrigation.will be made only. in wet season. It is
practical to expand‘the irrigation area introducing other type of pumps
~after river discharge will be increased by return flows from the rriga-

~ tion projects with reservoir proposed upstream in future.

2.6.2 Basiéerar_;

~ The basic year for irrigation plan is deterimined based on the
.. drought year in five year return period with regard to following four

jtems:

- annual rainfall

dry seasph_tainfa1l (Nov. to May)

1.

annual mean river discharge

-fmean-ﬁiéef"diséhargé“infdryﬁSeésbn (Novl:tofﬁay);_
_The year of 1977 is sélected as a basic year for irrigation plan
because the values in 1977 for the above four items are close to the.

‘values "in five years return period as shown in Table 2.14, - o
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12.6.3 Irrigation Service Area-

(1) Puinp ‘Scheme -

Wet _ R ' ; ' . S
Season 11.7 10,9 171.8 = 4.4 0 7.2 = = 22,8 >

Irrigation service aféé;qfipumb‘séheme iSfthordughldeeﬁending-_'
on'rivertdiSCharge;‘_Maximum_DOSSible_seasoha]Eirrigation ' o

- service area without 'shovitage, which is: the mininum value

of each'season estimated in the method that: the available discharge
divided by the unit diversion requirvement on 10-day basis 15 shown
as fo]?ows:  : o _ Coe e T
B RN U S (udit: 103 ha)
B8 UB9Y  T70% Y7L 72 7374k s ays 477 agg

ey T e
Season 1.5 5.0 3.9 13.3.15.2° 0 2.2 27.1 9.4 7.3 27.0

*

> :mqre;thah.S0,000 - B O PN TE AT
draught year more than 80% probability - -

~'Monthly maximum possible irrigation service area for 11 years from '

(2)

as fo]Tows:'

1968 to 1978 is tabulated in Table 2.15. 'Since the basic year

for planning is the year 1977 and"the maximum development area is
fixed at 11,000 ha,-thelirrigation-service,area.OF;pump_scheme is

~determined at 7,300 ha and 11,000 ha'for dry and wet seasons,
- respectively. - L . - ' '

Diversion Dam Scheme

‘Irrigation service area of diversion dam scheme is also mainly -

depending’ on 'river discharge. " Besides, the diversion dam has a

~ storage volume of 28.5 MCM in.total at water surface elevation of

8.5-m as shown in Fig. 2.5. Since 70% of maximum intake capacity

15 ‘maintained at elevation 8.00 m the storage’ volume, 11.5 -MCM,

between 8.00 m and 8.50 m of water surface elevation is assumed -

- effective for irrigation purpose, ' Making use of the effective.
~storage capacity as well as the available river discharge, it is

possible to. irrigate 11,000 ha of paddy field both for dry and

- -wet seasons with slight modification of cropping pattern.” While,
“the minimum required veservoir volume to- irrigate whole 11,000 ha

during:dry season‘in1the basig'year11977 iS:S’MCMJ_:Hif_. .
ACcord{hgly,girfigation service area of each scheme is tabulated.

; '(Unite_jha);;j_f,l_

Scheme -~ . Dry Season - Wet Season =

pumpf_:" s _ HY;BdO: R ff;odo:’

Diversioh Dam CM,0000 11,000 ¢
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2 6 4 Def1c1t of Irr1qat1on water

The water shortaqes taken p]ace in the above cond1t1ons in 11 years
from 1968 to 1978 are as follows:

'Divereion Dam . .. | Pump

o em f””*t" . Schewe . Scheme -
N Démioft'?ear_  Year 4 a4
~Ampual Max. %194 - 18.8
© Deficit Ratio = (Year) (1973). - (1973)
o Average Annual % ) '3.4 R -13.7
'-_Deﬁc1t : xS E o '

_ The above def1c1ts of 1rr1gat1on water are w1th1n an a]lowab1e
11m1t for 1rr1gat1on p1ann1ng _ . ‘

_ 2{7; Drainage'Requirement_-
2.7. 1 GeneraT __"

BT The dra1nage fac1]1t1es are to be prov1ded to remove the ‘excess
~ water in the fields due to heavy:rainfall during storm and. to create
_ adequate cond1t1ons of drawdown 1n a harvest1ng per1od

s d1scussed in Chapter 1 there is no dra1nage outlet to the
Pampanga River and the discharge capac1ty of major ex1st1ng drainage
courses at theiyr most critical point -is very much smaller in the deve1op-
ment area-than in the downstream area as tabuiated as follows:

R (Un1c , 3/sec ).
o D1scharqe Capac1ty
In Deve]opment Area - In Downstream Area

‘Drainage Course

’,,Mésaiusaikiver;- B [ T ;'150':

; Desp1te that the d1scharge capac1ty 1n the downstream area. is a]most
equ1va]ent to the. dra1naqe discharge in.5 yéar return period, that in

“the-deveTopment area” is. much smaller than. the. drainage discharge in 2 year

;Ireturn period. It is one of the magor causes of the. present worse dranmm
cond1t1on 1n the development area - s ~

' The probab111ty of ra1nfa]] or f]ood app11ed to des1gn the dra1nage

'fae1i1t1es is set at one in 5 years tak1ng the f0110w1ng aspects into
consideration.
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- - In accordance with NIA criteria, the drainage requirement is . -
estimated for the éxcess water in 10 year return period and it
is- approximately 8.6 f/s/ha generally applied in the Philippines.
1T 10 year  flood would be applied to' the irrigation development
-area, the drainage requirement exceeds 10 f/sec/ha. . Besides, =

. if 5 year- fiood would be applied for the irrigation development
“area, it'is about 8.2 [/sec/ha which is quite similar value to
- NIA criteria. ' C e e :

= It is-surely expected that the construction of drainage facilities
- from on-farm level improves the drainage condition in the jrri--
gation service area remarkably though" the design discharge of =~

-dréﬁh&ﬁéffaci]ities‘1s'set_for'therf1ood-in”5—year'rétu¥n period

in lieu of 10-year réturn period. S T

- In'case that the ficod in 5-year return period is applied for.
the design:discharge; the drainage plan is Timited in the devalop-

- ment area since the discharge capacity of the major drainage -
. courses in the.downstream of the development area is almost close

to the f1qdd discharge‘1nJ?éyeqrﬁreturn'periodg -
_The drainage requirement is separately estimated for the irrigation
development area and the autside aréa in which excess water is drained
into the drainage courses in the development area. . .

2.7.2 Draimage Discharge in Development Arda’

- The ‘unit drainage requi rement is estimated on'thé basis of the
rainfall with certain probability and a draining period for removing of
standingfwater’up to permissible water Tevel. -~ . S

Uit Drainage Requifement is ca3¢u]ated-inrthégfd]]oWing formula:

)   whére, R;‘iﬁnitgdfaiﬁaéefrquifément'(mm/day)"
© It design rainfall (mm) - '
”T:“ﬁdkaihage-péridd;(day) '
D: - detailed depth (mm) -~ = -
- Design r&ihfé]T'ié:dEf{ﬁéd;as méximumftﬁreég(S);day§f§6n36cqtiVe._
rainfall in 5-year return period. - Drainage period is assumed at three
~ days ‘and the detained depth‘is;gonsjdered_ISO‘mmfdependingron_the field
.'condition,assumeﬁ-as’dchussed'in'SectionE214;;“;; el o T
_ _‘:Théidé§igﬁlfaindelfo?_thé Peréét'is:fﬁéTWeidh%é& ﬁﬁeﬁ&ée‘bf the
- probable:rainfall in-5-year return period at San Fernando, Apalit and -
- Arayat. It is estimated at 365 mm as shown in Table 206, o
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. Accord1ng1y, the un1t dra1nage requxrement in Development Area is
est1mated at 7] 6 mm/day or 8.3 X/S/ha _

‘”2 7 3 Des1gn D1scharqe from Outs1de of Deve]oPnent Area

; The resu?t of the t]ood ana?ys1s conducted in the second 1nter1m

' report is app11ed for. determ1n1nq the. dra1nage discharge from: the outs1de

of the deve1opment area, ' Sub~basin No. 401 is the area in wh1ch exXcess
water is to be dra1ned 1nto the dra1naoe channe1 in the deveIopment area,

: In accordance w1th the resu]ts of the ftood ana]ys1s conta1ned in
Data Book, the peak otscharge of the flood ‘in 5-year return period is
-~ :applied as the design discharge from the:outside of the deve1opment

- drea for the dratnage p]an It is 174 m3/sec

'.2'8 Integrat1on of Ex1st1ng CIS Fac111t1es :

A There are f1ve communa1 1rr1gat10n systems (CIS) in the 1rragat1on

"deve]opment area as mentioned in Chapter 1. 'In principle these. 1rr1ga-
~tion systems ‘are planned to be fully 1ntegrated into the proposed 1rr1ga—
tion proaect aking 1nto cons1derat1on the fo]]oWIng reasons;.

(1) Due to shortage of water sources in the CIS area, 1rr1gat10n
' water is very: I1m1ted dur1ng dry season. Only about 220 ha
. or about 20% of ‘the CIS area is firrigated during the said
.period. " Further unit.yield of agricultural- crops: in the area
‘are-low. As a result economy For the: farmers in the CIS area
_remains on the subsistence: level at. present, . If. the CIS are
:'not integrated into the proposed irrigation proaect a ‘big
~difference of farm incomes of the farmers. between in the CIS
-7 area and the proposed project ‘area will occur. From ‘the-
- standpoint.of -equal‘distribution of farm income, 1ntegrat1on/
- dnclusion of the present CIS into the- proposed proJect will be
' 1nd1spensab]e _ .

(i) fAccord1ng to the results .of the farmer s 1ntens1on survey as
 mentioned in‘section 2.12° Appendix’ 1V, over 90% of ‘the farmers
.. in the 1rrigat1on deve]opment area . 1nc1ud1ng ‘the CIS-area have
" a strong intention to increase rice production by acqu1r1ng
'perenn1a1 irrigation water throughout ‘the year and to increase
farm-income.. Further the survey results-indicate that the
farmers are ready to pay 12 cavans of paddy per year.as an
irrigation fee, equivalent to about 2.5 times of présent irri-
gation fee for the National Irr1gat1on Systems 1f perenn1a1
1rr1gation water supp]y 1s assured ,

In the proposed progect ex1st1ng 1rr1gatlon and draInage fac1]1t1es

' for the CIS will: be: changed into the new proposed 1rr1gat1on and drainage
systems for the effect1ve use of 1rr1gat1on water There remains the
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prob?ems wwth respect to: amort1zat1on of ronstruct1on cost for the CIS

In pranc1p1e the farmérs in CIS area, shall be released from the amor-:
tization, Inst1tut1ona11y ‘the ex1st1ng organization of the CIS will

be affiliated into. the operation and maintenance office to be estab-
lished. in.the proposed plan for the smooth operat1on and maintenance

" of the project.. As for irrigation fee, farmers in the’ CIS area have _
o pay. 1rr1gat10n fee of ‘about 5 cavans 'of ‘paddy. per year wh1ch is re-
qu1red for operat1on and malntenanoe cost for the proaect S

However it is.still: afra1d that 1ntegratlon of some CIS 1nto the
proposed irrigation progect is not accepted.; In th1s case the area of :
such CIS will be excluded from the proposed. proaect However irriga-

- tion water which the CIS aquires at present should be: guaranteed by
some. measures’, For: exanple the water source:of Inlimang Baca CIS and
San Isidro CIS is the Inumang Baca creek: which s the proposed main
drain of the project, so that’ reconstruction or rehabilitation of ex-
isting d1vers1on dams are necessary for acqu1r1ng 1rr1gat1on water

It is necessary that further studies and 1nvest1gat1on w1th regard

to integration of the CIS into the progect will be carried out in the
design stage

2.9 Operatior”aﬁdfMainfenance Plan

S The 1rr1gat1on serv1te area has s]ender shape from north to south _
of about 26 km Tong from Arayat to Apa11t and 9 km wide .from San: Fernando
to the Pampanga River. ~Irrigation fac1}1t1es are provided to serve .
irrigation service area of 11,000 ha. ' The target of operation of these

“facilities:-is to attain the maximum effac1ency of irrigation water to -
fieet with the crop.water requirement, in other words, to d1str1bute

1rr1gat10n water how much, when and where it:is required. Operation

and control" 6f irrigation water should not be one-way ‘Contro] from up-
stream. It is therefore proposed .to introduce the following contro]

and immediate response system -for the operation of fac111t1es, in both

- cases of d1vers1on dam scheme and pump scheme.

Ra1n gauge and radlo transm1tter/rece1ver wa]l be d1str1buted for_
each 500 ha of command area. ‘Water management . technician and five
ditchtenders will command average number-of 3 head. gates, 10 turnouts,
8 check gates and.measurement of rainfall and d1scharge in the irei-
gation canal will -be reported to the OSaM head office, through radio
network every. day or at any time when requ1red '

The ini= computer system in the head off1ce w111 compute the d1ver-
sion water requirement applying the. above rainfall and d1scharge data
-and will give the optimum water distribution to each 500 ha. The comi-
‘puter will store all operation records and may be utilized for adm1nistra—
tive purposes such as 1rrtgat10n fee,
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S Bralnage fac111t1es should also be ma1nta1ned to- keep the1r normal
- functions. at any time. Dur1ng flood time, the water level or discharge
.. in the drainage. channe19 is repcrted to the OS:N head . office through
radio network _ _ , _
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CHAPTER 3 PROJECT FACILITIES

3.1 'Genetgl :

The facilities required for the irrigation development of the project
~include the intake facility; diversion dam or pumping station, irrigation
cana's with their relevant structures, drainage-canais with their relevant

StPUCtheg'aﬁd_on-farm:deveiopmentffapi1ﬁties, o

- The requirements of the irrigation facilities for the project will
be determined .in the most effective and economical manner so that ‘each
function of the facilities can be combined with the fully compatible with
‘the proposed farming' under the project. 'The project facilities will.be
prepared in accordance 'with the plan and preliminary design discussed in.
this chapter. The general features of the project facilities designed are
summarized in Table 3.1 and Table 3.2. ' . SRR

3.2 ijehstn'Dam'

3.2.1 Location and Dam Axis

.. Location of. the diversion dam is-selected within the reach between
‘the confluence of the Rio Chico River and the Pampanga River .at upstream
and the Arayat bridge at downstream. Within this reach, the average
‘river bed slope is about 1/3,500 and the river channel will be expected
stable as the river section is fixed by the Arayat bridge construction

and by the related river protection works. Low water channel of the river
is meandering several times within the reach but main water course is
stable whereas the left bank is protected by the ring levee and the right
bank is Mt. Arayat. o _ o L

The diversion dam axis was selected about 2.4 km upstream from the
Arayat bridge, where the river runs along the foot hill of Mt. Arayat,
the river width is smaller than the other.reach and geological conditions
of the dam foundation are expected advantageous. A small foot hill of -
Mt. Arayat is intruding to’'the river along the dam axis and the weathered
tuff breccia has been found through the geological investigations at
about the elevation of dam foundation.. Other than the ‘proposed dam'axis, .
this tuff breccia Tayer will become deeper-as being away from Mt. ‘Arayat.

3.2.2 Intake Nater Levejg'

. The intake wafeﬁgTeyél“of-fhefdi?ehsiOn:dém'Wéé detérmiﬁedfét.
EL. 8.50 m after making the caréfu? study discussed hereinafter.

~ The crest elevation of fixed weir is EL. 9.0 m at the mouth of Cabiao
Candaba Floodway located at about 7 km.upstream of proposed dam axis.
In order to keep the flood control functions of the Floodway and. ring -
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_1evee at present cond1t1on, the water level to be: Yaised by the d1vers1on
“dam should ‘hot exceed” crest elevat1on of the F]oodway Taking 0,5 mof
;allowance from the crest level, the maximum possible water 1evel to be
raised ‘is EL. 8,50 m.. The 1nundat70n area of San Antonio swamp with this
water level, is about 2,600 ha as shown on Fig. 3.1, most of which is

. within the swamp grass. 1and of no cultivation and on1y about 100 ha. of
~cultivated land on the high water channel of the River are to be submergeg
“by the reservoir to be created by the Diversion Dam. Small villages along
the r1ver course in the swamp are located at relatively upland of more
*the EL. 17,0 m which has sufficient clearance from the proposed reservodp
water 1eve1 of EL 8. 50 m.

_ N1th the water- 1eve1 at EL 8 50 m, the 1rr19at1on water can be
-conveyed by gravity so far to the field of lower than, EL. 8.0 m, and the
‘reservoir capacity of. 11.5 MCM between EL. 8,0 m and EL 8. 5 m will be
~utilized. for the year-round irrigation among the tota] reservoir capacity
at water 1eve] EL 8 50 m is about 28.5 MCM as shown on F1g 2.5.

3.2.3 Preiiminary Design

(1) Design‘F]ood Discharge

Davers1on dam should be desagned not to g1ve cons1derab1e affects
on the functidns of existing ring levee and set-back levee, which
have been constructed te meet with the flood of 20~ -year return period.
~In the 'design ‘of diversion dam, the flood of 20-year return period
~was adopted for the analysis of proportioning of fixed weir and -
. gated portion and for the backwater analysis. 'However, the flood of
~.100-year return period ‘is the basic standard to be adopted for the
‘river contrat- planning. The safety measurements were taken for the .
d1vers1on dam structure itself aga1nst the .flood of 100-year return
period, such as the height of pier and so on, According. to the fload
control analysas, the design floods at the d1vers1on po1nt are as
f0110ws : :

| 20;year kétufn'period.‘ B 3;100'm3/sepf_
- 100-year return period - 3,800 m3/sec

(2)f’Proborffohihg'of:adie ahﬁ'FiXedfweir

The proport1on of Tow water channel and high water channel at exist-
ing river cross section is assumed as one of the guide line to .the
proportioning of gate and fixed weir for the diversion dam. ‘Width
of the existing low water channel of the river is about 100 - 200 m
~and the total river width at the proposed dam axis is aboyt 1 km.
According to the alternative study for several comanataons of pro-
~ portion, the following proportion was found most economical resulting
-the backwater effects on upstream w1th1n the a]]owable range.

leed weir port1on | --”ff - 859 m.? 
Gate portion 150 m
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(a)

‘Gate}PdrtiQQ

.The.gate-portioniis_desigﬁed‘to‘be']ocated-soﬁfar;to;the_right

- side of the river, since the foundation rock of weathered tuff

-breccia is expected at about the foundation elevation of the

dam and it will become deeper’ at left side being away from:

“side.

~ Mt.Arayat.

The ‘river. course runs right sidé of the river at upstream and
downstream-of dam axis but it meanders to the left side at the -
proposed-dam axis. It is necessary to construct the Teading

~ channel “of about 1.3 km to connect the river course with the

gate portion'and. te have function to keep water course at right -
Comparatively dry work condition will be obtained for
the construction of gate portion without large coffering works.

‘Alternative étUdy'was made for the probortioh'of spillway gate

and scouring sluice gate in terms of gate height and span.

- The summary of gate portion sellected is as.follows:

Length *

Crest elevation of gates

"Sﬁi11way gate

C150m

EL. 8.6 m

Sﬁeif:type roller Qate':

3 nos. -
. Span 40 m
‘Height 4.6 m
Scouring351uiﬁe gate Shell type

Fixed Weir Portion

- Double voller gate 1 no.
Span '
Height 7.6 m

S 30m

"The ground elévation of high water channel along the dam axis

is about EL. 8.0 m'and the flood flow velocity for this portion
is below 1.0 m/sec. ' The bed load material is fine sand and no

'_grave}s'are;expected during flood time,

Considering these

.conditions of low dam'height, Tow flood velocity and no gravel

~ flow, the fixed weir is designed to be of compacted impermeable

earth fill with riprap surface protection."

CLength 850 m
~ Crest elevation EL. 8.6 m
© Weir height 0.6 m
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'B)‘Iﬁu&eétnmuﬁo-

: Des1gn 1ntake d1scharge 15 gaven from the diversion water ca]cu1ahon'
- at 25.0m3/sec and design intake water ‘level is at EL. 8.50 m,
_ “~Intake structure’is designed to- be Tocated at r1ght s1de of the rivep
- Major dimensions are-as follows: _ .

Ihtake'discharge o 2a m3/sec
-Intaké gate | ~. Roller gate- 6 nos -
- I © Span  4.0m

Height © 2.5 m

Intake’sill elevation  EL. 6.65 m

3.2.4 Badkwater-Ana1ysis

Purpose of backwater calcu]ation is to. analyze the effects poss1b1y
caused by the diversion dam structuye, for this, the expected river water
surface during flood: time is ca]cu]ated with present river condition and
after construct1on of diversion dam :

River cross sect1on at the Arayat br1dge was se]ected to be the start
point or control: p01nt of-backwater calculation as the river flow area at
the Arayat bridge gives the most small valué within the: adJacent reach to
~ the river and it is thought to be of bottleneck section. River cross
sections surveyed for ‘the f?ood contro] analysis were applied for the
backwater catculation.

(1) . Backwater Calcu1atidnif0r Present Condition:

Backwater surface elevation for design flood discharges of 20-year
return period and 100-year return per10d was shown in Tab]e 3.3 for
the present r1ver cond1t1on

- (2) Backwater~Ca1cu1ati0n with Diversion Dém

The hydrau1lc effects of d1ver51on dam were expressed by vo]tex Toss
~and ‘friction:loss created by the diversion dam and its piers.
" Sedimentation effects are also included by estimating sedimentation
. in upstream of dam with sed1ment slope at 1/7,000 about half of river
. bed siope which is equivalent to about.1.0 MCM of sediment volume
. per 1 km.of river Tength and resulted to decrease the flow area
about 5% to 25% S P

The results of ca]culat1on are shown in Tab]e 3. 4 and Tab]e 3. 5 for
_ f1ood dascharges of 20~ year and 100¢year return per1od

"~ The caicu]at10ns w1th0ut sed1mentat1on are a?so shown in Tab]e 3.6
'and Table 3.7. :
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(3)

Effects of D1vers1on Dam

Flood surface calculated under the dam cond1t1ons w1th sed1mentat1on '

shows about 0.2 m rise from the water: surface at present condition.

(i.e., 0.24 m for flood of :20-year return period and 0.16 m for
100-year return period). Without sedimentation condition, the back-
water effect is 0.13 m of rise for the flood of 20-year return period
and 0. 10 m for ]00 ~year . f1ood as shown on Fig. 3. 2

The ex1st1ng ]evee has st111 the freeboard of more than 1. 0 m agaxnst
the rise of flood surface which satisfies the MPW' S standard for '

- freeboard. It is ‘estimated that the rise of flood water surface’

will not give considerable affect on the flood contro] capacity of
the . present river ‘system. .

3.2.5 Sedimentation

(1)

Present Conditions

Based. on the resu]ts of sediment analys1s given . in the flood contirol:

 study, the. sed1ment load at Arayat is expressed by the fo]10w1ng

equat1ons.

&
s
© where, Qp: bed load (m3/sec)

1.479 x 10f5 X 00-990

It

1.986 x 10-6 x 1.610

Qs: ‘suspended load (m3/sec)
Q: river discharge (m3/sec)
Abp1y1ng'adee:éqdat{dns, the sediment yield atlA¥ayat was calculated

for 10 years using da11y mean discharge data (]966¥-1975):and shown-
in Tabie 3. 8 ; . : o '

'Est1mat1ng the void rat1o of the sed1ment at 40A the actual vo]ume

of- sed1ment is given as fo]]ows

..V = (QB + QS) X ']___10'4

Average actual volume of sed1ment is about 1. 6 MCM per year or

240 m3/km/yr.
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N1th D1vers1on Dam

=The purpose of d1vers1on dam is to raise’ the river watet Tevel at .

EL. ‘8.5 m in order. to divert and convey the Irrlgat1on water to the

’benef1t area by gravity. As-a result of dam- -up the river water,
Ca reservo1r is foried havxng 28,5 MCM of total capacity and 11,5 MCM

between ‘EL. 8, 0 m and EL, 8,5 m to 'be utilized as effective storage

~for diversxon - This reservoir will have'a lunct1on to intercept

the sed1ment 10ad f10w1ng from the upstream

Sed1ment 1oad however, con51sts most]y of - suspended 1oad about 99%.

of total sed1ment ]oad ‘as shown in TabTe 3 8

Accord1ng to the resu]ts of sieve ana]ys¢s, the mean d1ameter (dm)

“of the sediment load is 0.1 mm which is very fine silt and 1nd1cates

that ‘the sediment is mostty conveyed during. the f]eod t1me in the
form of suspended 1oad ‘ : _

In such flood t1me, the sp111way and scour1ng stuice gates of d1ver-
sion dam are all open and the flow conditions will be more or less
the ‘same as: present condition. Then, suspended ‘Toad and bed load

conveyed' by the flood as well as the previous-deposits will be

flushed: out from the reservoir. ‘Assuming the gate operation of the

“diversion dam and sediment load:that the sp1]]way gates. will be

opened when the river discharge ‘exceeds the maximum capac1ty of:

- scouring sluice gate at the d1scharge of 770 m3/sec, the incoming

sediment ‘load of the flood will be flushed and that all the sediment
load for less than the river discharge of 770 m3/sec will be de~~ -
posited, the sediment deposit balance in the reservoir . is estimated

+~on the basis of daily mean discharge as shown in Table 3.9.

_Abbat 365,000 m3 of - sed1ment will be deposited as annual’ aVerage
which will be resulted about 16.8 MCM of sedimentation for® during"
46 years of project. 1ife after comp?etlon of the Diversion. Dam and

still about 17.2 MCM of reservoir volume w1]1 rema1n effect1ve

In tne actual gate eperat1on the sp11]way gates will be. opened for

smaller river discharge than 770 m3/sec. in order to work together
with the ‘scouring sluice gate to keep the reservoir water level at

less than EL. 8.50 m during flood time. Also, the sediment load
will be scoured out through the scour1ng sTuice gate-in the form of

suspended 1oad even for the 0rd1nary gate operat1on other than flood e
time. - . .

Capac1ty of Lead1ng Channel

The 1ead1ng channe] will be excavated to connect the gate pOPtTOﬂ
of : the diversion dam.and the river low water channel. Sediment
conveying capacity can be estimated theoret1ca]1y us1ng bed load as

}an indicating funct1on
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IH

o x g x n? x V2 x g=1/3

Q zi'—ly—x. (,EO/D)B/Z X,,E
BN K 7 R

where, p: specific graVity-o?'water 1.0 t/m3-
o; specific gravity of sediment 2.7 t/m3
nﬁ? Manning s roughness coeff1c1ent
R _:hydrau11c radius.

to: tractive force (t/mz)

Vo flow ve]bcdty'(m/sec)_

N Foop: coefficient: -

Qp: bed load (m3/sec/m)'

Adopt1ng above formu}a the: bed load flow capac1ty for the 1ead1ng
channe1 xs expressed by the next equat1on

Qg = 86.4 x 106 x 0.0374 x 103/2 x F ]

Compar1ng the above equatton and the present Qg expressed by
0QB.= 1,479 x 106 x Q0.99, the leading channel shows greater sediment
“flow capacity under the’ reservo1r storage condition for the river
discharge of Q340 m3/sec but smaller capacity for 04,340 m3/sec
than the capacity at present. condition,

Assuming that all’ the sediment d1scharge will be conveyed for the
river flow: discharge of Q3340 m3/sec and will be deposited in the-
reservoir for the d1scharge of Q<340 m3/sec, then the sediment -
balance will be as shown in Table 3.9. The sediment volume to be
deposited will be about 143,000 m3/per year and total sedimentation
for 46 year will be about 6.6 MCM. :

From these ana]ys1s, it W111 be conc?uded that the sed1mentat1on:
will not 1imit the reservoir capacity of diversion dam within the life
time under the proper gate aperation, :
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3.2, 6 Sett11ng Baswn

Genera]?y, a sett11ng basun s pPOVTded right after dzvert1ng irri- -
‘gation water to get vid-of harmful eed1ment Toad for operation and
ma1ntenance of irrigation. fac111t1es However, since more than 90% of
‘the river: bed material at Arayat is smaller than 0.1 mm in diameter ‘in
‘accordance with the results, of the- hydro]og1ca1 study of the project and
the velocity of the 1rr19at10n canals is not less than 0.25 m/sec, all
‘suspended load in the irrigation water is expected to be carried down
to: the f1e1d taktng the tract1ve force - into con51derat1on '

Further, “the sediment dTSChdYge voiume conta1ned in the 1rr1gat1on
water is rough?y estimated at 11,400 m3 for the basic year of pTann1ng,-
1977 on’ the basis of 10-day mean discharge as shown in Table 4.10 in .
detail. This sediment discharge will be entirely. carried down to the
field and spreaded over the field in the rate of 0.1 mm in depth per year
which will not cause any adverse affect to the proaect operat1on

3.3.-Pﬁmping'3tatipn
3.3.1 :Location '

- The 1ocat1on of pump stat}on was selected at’ rlght bank of the river
at immediate upstream of the Arayat bridge, where: the river bed and water
course will- be: expected stable as the river:section is. fixed by the Arayat
bridge.and by its river protect1on works. Further upstream from the
Arayat bridge, .the river.is mnanderlng in almost every 2:km: and it will
be difficult to- keep the’ water course’ constant without hav1ng Targe scale
r1ver tra1n1ng works. : S

: The foundat1on of the pump stat1on is. re]at1ve1y deep at the: -proposed
location. -According to the geological. investigation, a firm sandy layer
- was found at about. 29 m below the ground surface and. it is estimated this
yer is a]so sdme with the foundation ]ayer for the Arayat br1dge

3 3. 2 Pre11m1nary Des1gn -

(1) Des1gn Pump Dlscharge

' _Dry Season .15, 7 m3/sec " (215 1/s/ha x T;300'he)'
~Wet Season - 20.1 m3/sec  (1.83 1/s/ha x 11,000 ha)

_(2) Des1gn Intake Nater Leve]

o D1vers1on water requ1rements and the requ1red pump head (H) from
the river water level are plotted on Fig. 3.3 for 11 years (1968 -
1978) based - on the results. of the water ba1ance ca]cu]at1on
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- The requared pump head on Fig 3.3 1s ca1cu1ated between the river
water level and the irrigation water level of EL. 8.40 m at the .
point of pump station. As Fig. 3.3 shows, the pump operat1on po1nts
‘are located mostly between. the. requlred pump head of 6:0 m and 7.5 m, -
it is desirable to des1gn the puimp to have its max1mum eff1c1ency
w1th1n this range. '

' The max1mum toad for pump is given. by the maximum va?ue of H x Q

" that is found at 1st decade of July 1968 where the river water level
at EL. 1.61 my diversion requ1rement (Q) at 20.1 m3/sec. and the pump
head (_) at 6.69 m.

- The maximum diversion requirement is expected during wet season of
Tate June to early July, however, the Tow water level in the river -
will occur during February and March in dry season. It will give
over-estimate of pump capacity if the pump is designed based on the
possible max imum water requirement combined with the lowest river
water level. : .

The des1gn 1ntake water level is, therefore set at EL. 1.61 m. w1th
which the pump. performance curve will be prepared and it will. be
evaluated with the most critical conditions expected in dry and wet
seasons. ‘ :

Pump Type and Pump Bore

From the requ1red head and the cap1tat1on ana1js1s the uertiCa]--

. mixed flow.type was: selected su1tab1e

Several comb1nat1ons of pump type and bore are se1ected from the
design pump.capacity and requ1red pump head for the alternative
‘study as follows:

Ttem - Alternative Aiternative_Zf A1ternatiue 3
1. Type of pump L Vertical, mixed flow pump -
2. Pump bore | ~ $1,350 mm $1,500 mm 61,650 mn
3. Numbef-of pump 5 onos 4 nos - 3 nos
&, Des1gn discharge - 242.m3/m1h/n0 ~ 302 wd/min/no 402 m3/min/no

20,7 0 3fs PR S | A _

5. Requ1red stat1c head Ha 7.0 m‘:_ 7.0 70w
6._Est1mated head Toss. - 05m -~ 05m . 06m

7. Total dynamic héad H 7.5m " 7.5m - 7.6-m :

It was conc]uded from the a]ternat1ve study that the comb?nat1on of

4 hos ‘of 1,500 mm pump bore be:.most economical combination not only

for the 1n1t1a1 cost but also for the operation and maintenance cost
which is discussed fn Section 3.3.3 as shown in Table 3.11.
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{4) . Dr1v1ng Method

.;The e]ectr1c moLor dr1ve method is appl1ed for the pump fac111ty
~taking the foi?ow1ng aspects into Lon51derat1on in compar1son to
- the d1ese1 eng1ne dr1ve method

- Ttem:

. Motor Dkive

————

Dieée]“Engjne'Drive

. Initial cost

. Supplemental

facilities

._Runnihg:coét'

.:Opéhation:and_

.. control =

. Maintenance

. Vibration and

noise

;-Pﬁmp:houSe

Cheap -

 Electricity control units
and power transmission
Tine are necessary

Expens1ve=f0r short
operation hour

S1mp]e with high -

' re11ab111ty
S}mple

Smail

Smatll qu.verticéIftybg

No operation in case of

'Expens1ve per un1t
- output

. Storage for oil and

cocling water is

“hecessary-

Expensive for long
time operation

'Rafher‘comp]icated
‘operation’

Simple

- Large

:'Réquiring‘ﬁide:area
- for engine and solid

foundation for its
vibration

. Others | Operation is not af-
: -power failure __fected_by=91ectric
Diesél generator is power.fa11ure
expensive B
(5) DiSéharge Control

szbopen1ng

‘Va]ve Contr01 is most. common}y used for smailer range of d1scharge

control for smaller size of pump.

The pump discharge is.to be

regulated according to the hydraulic head loss created by the valve

-The pump discharge may be decreased by this method into

60~ 70% of the des1gn d1scharge but the motor is always at full

;'output

: Adgustab}e vane pump is often app11ed for w1de range of discharge-

control for large size of pump.
is varried by oil hydraulic or mechanical unit:
be usua]]y 40 - 120% of the designidischarge. .
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In. order to cover w1th the w1de range of requ1red operat1on po1nt

as shown on Fig. 3.3 and to gain’ smooth linear change in pump dis-

charge, it is necessary to introduce one to two-number of adjustable

_vane pump. -Assuming requlating range-at 40 - 100% of: design discharge,
required number ‘of adjustable vane pump will be two out. of four number

of proposed ¢] 500 L pumps '

3.3.3 _ Operat1on Cost

S Operat1on cost of Lhe pumps. comprlses the e}ectr1c power charge and
:operat1on and ma1ntenance cost _ . _

The e1ectr1c power charge is- ca]cu]ated in accordance with the ]atest
electricity rate of the Pampanga E]ectr1c Cooperat1ve II under NPC Luzon
Grid as. fo]lows _ . ‘

Power Charge: 0175?3”?' por ki
Fuel Cost Adjﬂstment:. 0.1072 P per kiH -

Operat1on cost was simulated from the d1ver51on demand der1ved in
accordance with the water balance calculation for 11 years (1968 - 1978)
and from the river water surface elevation der1ved in accordance with the
hydrolog1ca1 study shown in Append1x IT.

Annual electric power consumption for 11 years for each alternative
is shown in Table 3.12 and Table 3.13 shows annual electric power charge
for each -alternative. Further, Table 3.14 shows the operation and
maintenance cost of each alternative.

3.3.4 By Pass CuTvert

Dur1ng f100d river water surface e]evat1on of the 0ut1et c1stern,
is sometimes higher than the designed water surface elevation, EL. 8.4 m.
The by-pass cutvert ‘is provided to divert water by gravity without
operat1ng pumps ‘when the water e]evat1on 1n the inlet c1stern is h1gher
than EL.. 8 4dm.

3.3.5 Settling Basin
As discussed in Sectlon 3 2 6, the sett11ng bas1n 1s also not
.necessary for the Pump Scheme : L :
“: The sed1ment discharge conta1ned in: the 1rr1gat1on water is rough]y'

estimated. at 10,100 m3 for the:basic year of planning, 1977-as shown in
Tab]e 3.10.
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3.4 Irr1qat1on Canal and Re?ated Structuree

3 4-1 Irr1gat1on Canal System ;_ o

L The 1rr1gat1on cana] system of the progect cons1sts of’ matn cana]

"‘sub maan ‘canal, ‘five 'secondary cahals and lateral canals. Add1t1ona1]y
there are on- farm facilities such as main farm ditch and supplementary

farm ditch. Each. canal 15 ma1n1y d1st1ngu1shed in accordance w1th the

des1qn d1scharge o _

A Irr1gat1on cana]s are a11gnea a?ong the ex1st1ng road: and village .
“boundary as much as ‘possible, so that land acqu131t1on due to construction
- of 1rr1gat1on fac111f1es and number of’ cross¢ng structures are . made smali,

- Sirice su1tab1e earth mater1a1 is. ava11ab1e in and around the: develop-
- ment area aT1 1rr1gatlon canais are designed as earth canal:

The’ genera! ]ayout of the proposed canal system is shown on F1g 2.1.
(1) Main Cana] ' | |

L The' desxgn dTSCharge of Ma1n Cana] s greater “than 3 0 m3/sec _
- Irrigation water is conveyed from intake of diversion, dam.or pump
 station. by Ma1n Canal to downstieam. As shown on Fig. 2.1 Main
Canal . is 'to be constructed. along the setback Tevee, upto the bifur-
..cation structure with Sub Main CanaI and along the No. 10 national
‘_rh1ghway atter: the bifurcation. . ;

" (2) " Sub_Main Canal |

| The deéign'diacharge of'Sub'Majn Cana] is a]éoEmore than.3 m3/§ec.
Sub-Main Canal is to be constructed along the setback levee to .
de]iver_irrigation water: to two secondary. canals and']atera] canals.

- {3) Secondary Cana]s y

: ,S1x secondary cana1s are branched of f from Ma1n and Sub Main Canals
- to distribute 1rr1gat10n water to several lateral canais. :
The des1gn 'discharge is greater than 1.0 m3/sec and less than
_3 0 m /sec _

(4) Latera] Cana1s

,ﬁLatera] canais are d1verted from Ma1n, Sub Ma1n and secondary canals
with approxamate intervals of.1 km supplying water to several main

~.farm ditches. ‘About sixty'lateral canals are: constructed in the
project area, and the ¢ommanded area ‘of one lateral canaT is from
150 ha to 200 ha on an average
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(5} Main Farm Ditches

_Main_farm‘ditbh_is_divérteaifPOmfthé 1atera]'canaigQith.an.averagé 
~interval .of 500 m supplying water to-one. rotation block as mentioned
in-Section 2.4.  Length of one main farm ditch is 800 m on an average.

The typical farm layout is shown on Fig. 3.4,

(6) suppleméntary'Farm n1tches 5

~ Distribution: of 'water within the ‘lotation block will be made by
supplementary farm ditches to be branched off from the main farm
ditch with an interval of 200:m. " There are five supplementary farm
ditches in one lotation block in principle.  Length of one supple-
mentary farm ditch is 400 m on an average.: S '

The'deSign'dfscharge‘and‘the total 1éﬁgth‘of edchéirfigétiOﬁ canal
to be provided in the project are summarized as follows: i

Design “TotaT Tength (ki)

Canals Discharge Diversion. = -Pump
R ‘ (m3/secg Dam"Schéme ___Scheme

1. Main Camal  ° 3.0sQ 146 12.0
2..5ub Main Camal . .3.0sQ . -21.7 217
3. Secondary Canal 1.0£0<3.0 29.2 29.2
N1 - 5.7 5.7

No. 2 3.2 3.2

‘No. 3 6.6 6.6

‘No. 4 5.2 5.2

No. 5 2.6 2.6

No. 6 | 5.9 5.9

4. Lateral Canal Q=<1.0 - 116.0 17.0
5. Main Farm Ditch Q= 0.107 .. 220.0 220.0
6. Supplementary Q= 0.041 490.0' 490}0 

_Farm Ditch
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3.4.2 Design of Irrigation Canals

“All-drrigation canals proposed for-the{project“aré-designedfas

unlined canals-with trapezoidal section.: The design of the irrigation

“canals. has been made based on the basic design criteria described as
follows. . S SR : - :

' (1)"Désiqﬁ;0iscﬁargé::'

‘Based on the irrigation water requirement calculated: in.Section 2.5
.and the commanding area, the design discharges: for each irrigation
canals are estimated. .Irrigation diagram for the diversion.dam

scheme and for the puip scheme is shown on Fig. 3.5 and Fig. 3.6

- 'As the commanding area of main farm ditch and supplementary farm

ditch is about 50 ha and about 10 ha respectively, the design dis-

- .charge for main farm ditch and supplementary farm. ditch is 107 {/sec

and 40 {/sec respectively as discussed in Section 2.5.

{2) Ve]ocifg

- {(3)

The maximum permissible velocity in unlined canals is determined s0
as not to cause scouring of capal, the minimum permissible velocity

is determined so.as not to ‘induce- the growth of aguatic plant and

moss and not to cause the sedimentation in ‘canal. In this project
permissible velocity of each canal is determined as fo6llowing table,

Maximum . . Minimum

C@“a‘s _ ~ Velocity Velocity
_ (m/sec) {m/sec)
Main & Sub Main Canals - 1.0 0.5
Secondary & Lateral Canals o 0.8 . 0.3
Mqin_FaFm & Supplementary Farm'Ditch : 0.65 . 0.25

Roughness Coefficient

Baséd 0n'the design criteria'of'N.I.A, coefficiéht'bf-roughness is
decided as follows: '
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(4)

(5)

“Design “ToeTFiETent

Canals Discharge . of Roughness

- | (R

CMain Canal - S T30sQ 0 0.0225
Sub.Main Canal, . .  3.0% Q.. 0.0225
Secondary Canal = 1.0::Q-<3.0 ' 0.025
Lateral Canal Q<1.0. 0.025
Main Farm Ditch _ Q= 0.107 0.03
Supplementary Farm Ditch -~ - Q = 0.040° - 0.03
Freeboard

The freeboard of the canals. 15 also designed based on the design
criteria of N.I.A. _

- For main cana], subfmain cdné}, secondary canal and lateral canal;
(i) when water'depfh-is 2.0 meters or gfeater;
Fd = 0.25d + 0.30
(11) when water depth is 1ess than 2. 0 meters,
Fd = 0.4d |
- For main farm d1tch and.sdppiementary farm ddtch;
Fd = 0.1d + 0.15

'whére, Fd: freeboard

{in
d: water depth

)
(m)

Side Slope

The "side sTope of 1:1. 5 is adopted for ‘the design of major cana]s
such as main, sub main, secondary and lateral canals tak1ng into
account the results of soil mechanical study. As for minor canals
such as main farm ditch -and supplementary farm ditch, the side
slope of 1:1 is adopted
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(6)

Hydrau11c Grad1ent K

Cons1der1ng the al]owab1e water ve]oc1ty and. naturai grad1ent of
the ground surface, hydraulic gradient. of Main and Sub Main Canals,
secondary -canals and lateral canals is deS1gned to be with the. range

~_of 1/12,000 to 1/5,000, 1/10,000 to 1/5,000 and 1/6,000 to 1/600

respectively. Hydrau11c grad1ent of main and supp1ementary farn

: ditches is;within the range of 1/2,500 to 1/1,500.

Cana] Base W1dth and water Depth

The: re]at1onsh1p between the cana] base w1dth and max1mum water
depth 15 dec1ded as f0110ws :

Canal Base Width " Maximum Water Depth

Wy B (m)] |
I. Main and Sub Main Canais (n 0. 0225)
2.0 3.00
10.0 2.20
8.0 C2.20
6.0 2,20
5.0 1.80
4.0 1.40

CIT. Secbhdary and Laferal Canals (h=0;025)

3.0 1.50
2.5 1,50
2.0 1.20
1.5 1.00
1.0 0.80
0.8 - 0.50
0.6 0.40"

III. Main and Supp1emehﬁary Farm Ditch (n=0.03)

0.45
0.30

0
0. |
0 0.30

n: Coefficient of roughness
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(8) ‘Top Berm'widfhi

The both berm widths of magor 1rr1gat1on canals such as ma1n, sub
main, secondary and lateral canals are equal to ‘the canal height
{water depth plus freeboard). But in case that the farm road is
constructed along the canal the top beam width is a maximum of 1.5
meters at the road side. The top both:beam width of main ‘and
supp]ementary farm ditches are designed to be 30 cent1meters

(9) Hydraulic Formu]a

The hydrau11c calculation 1n the des1gn of cana]s 15 made by using
the Manning's formula as fo1]ows

;--diséharge-(m3/sec)
f]ow:aredu(mz)'

Q

A

V: velocity (m/sec)
R: hydraulic radius (m)

I 'hydrau11c grad1ent

n: coefficient of roughness

The typ1ca1 Cross section of each 1rr1gat10n cana] is shown on
Fig. 3.7.

The profiles of main canal and sub- ma1n cana] are shown in Append1x :
X1, Draw1ngs .

3. 4 3 Re]ated Structures of Irr1gat10n Cana]s

Var1ous related structures. w0u1d be pr0v1ded for. cross1ng of road ’
and river, regulating and control of discharge, and distribution of
irrigation water. The structures proposed.for the irrigation canals are
broadly categorized as listed below: : :

_ (i) CrOSSjng-faci1ities
a. Bridge
b. Culvert
c. Syphon
d. Cross drain (Drainage cu]vert)
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{(2) Regu]attng and control facilities:

a. Check
- b. Spillway. -
R B1furcatton

(3) D1str1but10n fac111t1es

a. Head gate
‘b. Turnout _
o -Division'Work

The requared number of the 1rr1gat1on canal re1ated structures are

summarized in Table 3.15 and the general characteristics and design
criteria of those structures_are mentioned hereinafter.

(1)

(2)

Brtdge and Cu1vert

. Bridges or culverts are ‘constructed where a road crosses over the

canal. These bridges and culverts are strong enough for the in-

crease of heavy traffic after the project implementation: Bridge

is provided for Main, Sub Main and secondary canals and culvert is
provided for lateral canals. tak1ng the construct1on cost and head
1055 into cons1derat10n :

Syphon

Concrete syphon structures are contemp]ated to pass under the r1vers
and roads. Syphon consists of upstream transition, concrete barrel
and downstream transition. Tow.type of syphon barrei box. type and -
concrete pipe type, are adopted depend1ng on the des1gn discharge.

| - The hox barrei type is applied for the dlscharge more than 2.0 m3/sec.

(@)

- A spt]lway is constructed in the canal system for the purpose of

"Check. Structure

In order to maintain the requ1red water level at the 31te of off—
taking even during periods of off-peak discharge, a check structure
is provided where a number-of: turnouts dre :densely:provided or where
fairly large discharge is diverted. The check structure consists -

-of upstream transition, throat section and downstream transition

and - is equipped with one or several rectangu]ar slide gates and
operat1on deckin: the throat.

SQi]]W&g

sp1111ng out excess flow or flushing off all the water in-the canals
in case of emergency and clearing and repairing cana1s This StFUC*

- ture is prov1ded in the f0110w1ng sites:

(i) the upstream of syphon structure:
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(i1). the.end of Ma1n and setondary cana]s, and )
(iiﬁ) the. s1te where the canal sect1on is reduced at the downstream_

 of head'gate and the canal section does not have a enough
_‘Lapac1ty to flow the de51gn discharge at the upstream.

A]t*the:sp11]ways are'tonnected to the.nearby drainage canals,
(5) Bffureation o

A btfurcat10n structure is conStructed to bifurcate 1rr1gat1on water
exactly in the constant ratio to the Main Canal and Sub Main. Canal
by jet flow division work. The measurement of the d1scharge is
conducted takang a jet flow depth.

- {6) Head Gate and Turnout

Head gate is' constructed to d1vert the requ1red water from Ma1n,

~ Sub Main and’ secondary canals to lateral canal, and turnout is
constructed to divert the required water from parent cana] ~mainly
1atera] cana] to ma1n farm d1tch o

The pressure Flow type of both head’ gate and turhout 'is 1ntroduced

for this project. Pershall flume is prov1ded inall head gate and
-turnout for the purpose of measuring the discharge,

{(7) D1v1510n WOrk

In order to d1v1de the 1rr1gat10n water from main farm datch to
supplementary farm ditch a prefabricated concrete cut-off with
groove for stop log is installed on main farm ditch,

3.5 Drainage'Canais and ReTatediStructUres.

3.5.1 Dra1nage ‘Canal System

Dra1nage canal system cons1sts of ma1n, secondary and co11ector
drains and on-farm drains such as farm drain.and drainage ditch to remove
the excess water in the field, and cat¢h drain to collect and draln the
runoffs from the outs1de of the development area.

In the prOJect area, there are many natura} depress1ons, creeks and
rivers, ' They are used for proposed drainage channel with ex1st1ng
cond1t10n, if the present discharge capacity of the rivers 15 enough to
flow the des1gn discharge, or with improvement.
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(1) Main Draih-

' Ma1n dra1ns ‘are the ex1st1ng rivers in the" deve]opment area
As ‘the present. d1scharge capacity of ‘the rivers is only about o
10-m3/sec to 90 m3/sec, the rivers are always flooded during'heavy
rain. The Pau and Matub1g Rivers are- 1mproved to accommodate the
drainage discharge of 234 m3/sec at the'crossing point of North
luzon Expressway. After crossing the Expressway, the main drain is
divided into two routes, Tadung River and Pau River. And the two
r1vers are improved to accommodate the each drainage discharge,
184 m3/sec and 50 m3/sec respect1ve1y, up to the clossing point of
McArthur Highway. After the br1dges of McArthur Highway, the dis-
charge capacity of the two rivers is equivalent to the’ des1gn
discharge. :

(2). Secondary Drains

Two - secondary drains are des1gned in the prOJect area. WNo. 1
_ secondary drain ‘is. constructed in the swamp area ‘where is !ocated
“north in the 1rr1gat1on service area between:No. 10 National Highway
and setback leveé. " And this secondary drain is connected into
San' Fernando River at the south of Santo Ana..  The present discharge
capac1ty of $an Fernando River is enough to flow the design discharge
in accordance w1th the. result of field 1nvest1gat1on

No. 2’secondary'dra1n start1ng fram Santo Rosario in Municipa?ity
of San Luis, and connected into Santa Monic River at San Pablo in

~Municipality of San Simon. As the present discharge capacity of
Santa Monic River is smaller than the design discharge, the River
is 1mproved to accommodate the design discharge from San Pab1o to
Lourdes in- Mun1c1pa11ty of Minalin,

_(3)' Co]lector Drains

Co]]ector draln s def1ned as the: dra1nage canal coilect1ng excess
water from farm drain and bringing the water to secondary and main
drains. About 45 collector drains are constructed in the develop-
ment area. Most of collector drains are excavated along Iatera]
1rr1gat10n canats.’

(4)e On farm Drains

- In .one: 1otat1on b}ock of 50 ha, one farm: dra1n and f1ve dra1nage
ditches are aligned as shown_on_F1g 3.4, Those on-farm drains
“convey the excess water in the field to major drains. '

{5) Catch Drains.
In order to coTTect.and drain the runoffs from the outside of the

development area, catch drains are constructed atong the boundary
of them.. ‘ _
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The tota] length of each drainage canal to be prov1ded in the

development area is tabulated as follows:

o AW

Total Eength (kﬁT

Drainage.Canals g;;egéggge Pump Scheme
1. Main Drain 205 20.5
2. Secondary Drain o 26.1 26.1
No. 1 6.5 6.5
No.2 ~ 19.6 o 19.6
Collector Drain 57,0 57.0
Catch Drain : 6.0 .45
Farm Drain : ~190.0 190.0
’ 0 355.0

Drainage Ditch : . 355,

The schemat1c daagram of' the dralnage canal system of the develop—

ment area is shown on F1g 3 8.

3.5.2 Design oF”Drainagé'Cahal

(1)

DeSIgn D1scharge

Based on the dra1nage water requarement ca]cu]ated in Sect1on 2.7,

the design discharges for the drainage canals are obtained as shown

‘on Fig. 3.8. The design discharge of farm drain and dra1nagﬂ ditch

is estimated to be 415 f/sec and. 83 [/sec respectively. As for the

- main‘drain and No. .2 secondary drain, the discharge estimated in

the said Section 2. / hereof is used for the 1mprovement of the
r1vers '

Canal Sect1on

The draxnage canai sert1ons are desagned for the f0110w1ng cr1ter1a:

Type of cana] . R Trapezoadal‘eqrth canal
SidE'sjobe of canal _ _'__Ins1de Outside

- Main drain o 153 1:1.5

- Secondary dra1n S 12 1:1.5

- Collector and catch dra1n 1:1.5 }:1.5

- Farm drain- S 1:1

- Dra1nage ditch A 1:1
Coeff1c1ent of roughness . : 0.03

Vi - 41



The" hydrau11c ca?cu]at1on in the des1gn of cana]s is’ made by us1ng
the Mann1nq s formula, - - _ ‘

" “The typ1cal'cross'seCtion'of_each‘drainage'cana] is.shown on Fig.
3.7, ' o ' S S s

" The profile of main drain is éhown-on'Appendix'Xi; Drawings.

' 3 5 3 Related Structures of Dra1nage Cana]s

: The structures re]ated to the dra1nage network are’ bridge culvert
and drainaje outlet. . S C

The bridge and culvert are p1anned and designed w1th the sanie
principles as:mentioned in Section 3.4.3. For bridges re]ated in main
~drain, the présent bridges except one bridge are used as they are..

For dra1nage cuiverts two types are provided depend1ng on ‘their design
capac1t1es, i.ed rectanguiar box barrel type and orecast concrete pipe
" type. .The’ former is’ app11ed for the des1gn capac1ty of more than

1.0 m /sec L _ _ .

The dra1nage out]et is’ provaded at the end of secondary and co11ector
~drains, which will flow directly into the main and secondary drains, so
-as. to prevent the cana] bed erosion and retroqress1ve eros1on in the
dratnage canal. _

The requ1red number of "the drainage canal re]ated structures in this
progect are summar1zed in Tab1e 3.16.

"3.6 Farm=Roads3 uE

For the proper operat1on and ma1ntenance of proaect fac111t1es, farm
"road system is proposed in this: project. .

_ The proposed road system consists: of ma1n, secondary and tert1ary
roads. -Farm roads are constructed. along 1rrlgat1on canals, -Main farm
~road with 6 m in width and with gravel pavement is constructed along.
Main. and .Sub Main-Canals, Secondary farm road .with 6 m in width and.

_tert1ary farm road with 4 m in width are constructed ‘along the sacondary
. and Tateral canals respectively. Typical cross sectlon of each farm road

is shown on F1g 3. 7 comb1n1ng the cana] sect1on .

Road surface eTevat1on is h1gher ‘than the or1gina1 ground eTevat1on
by 40 cm. : _
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Tot31 1ength Offthe'roads.iS'estimétéd'as:T6110Ws:

_ Diversion - ‘PUmb
-Dam-Scheme Scheme

(ki) R {km)

31'Main'roéd e 36,3 : 33,7
.~ 2. Secondary road 29.2 29.2
. 3. Tertiary-road, = . 116.0 = ©.17.0

Roads

3.7 fOperatibh @nd Maﬁhtenance Facilf%iés

. In-ordehthfOpefaté and'maihtéin;thé:{rrigéﬁibh"gﬁd;d?éihage'syéfem :
efficient]y,poperatiOn_and'maintenance'faCj]jties are provided in this
-project. -These facilitj s comprise-the project office, Tiving quarters

and equipments for 0&M. | |
_The main office is to he established in the Gperation house of
diversion:dam or pump station after completion of construction work.
' The fo]]owingféqu{pmenfs for 0&M ére required_fqr'méking'fhé func-
tion of the 0&M system active. : ' :
1. Raingauge R .22 nos.
2. “Radio transmitter and réceiver |
- Main station 1 no.
o ~ Handy set 22 noes.
. MiniacdmpUtef‘Systém‘ o - 1}set
Motor cycle -"f” ' - 22 nos.
- Jeep with radio mounted 7 nos.
Dump truck = :4 ton . . &’nos.
' 2
1

.. Bulldozer - 11 ton- nos.

0N 1 B W

Spare parts & Equipments set
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CCHAPTER 4  PROJECT IMPLEMENTATION PLAN

4.1 General

:'The'impfeménfétﬁbh‘$chédu1é'fbr;thé irrigation development plan is
_prepared based On‘theffp]lqwing consideration.. - - - R
(1) The project mobilization_WHiéh'inc1udesﬁfinahcﬁhgg legaiization,
. establishment of the project organization will be-completed by the
- end of 1982, . T 3

(2) aAhnua?fwbﬁkab]é'days:For cthtrUctioh equipment are estimated to
be 220 days-based oh the rainfall records in the.deveiopment area.

(3) The whole project works are broadly .diyided into three work .divi-
_siohs._-The;Notk}DivisioneI is. the construction of the intake-
~facility either Diversion Dam or Pumping Station. . The-Work: Division-
1T comprises the construction of major irrigation and drainage
facilities down to lateral canals and collector drains and the
- construction of the farm roads. : The Work Division-III:is’ the ‘con-
struction of on-farm facilities consisting of main and supplementary
“farm ditches and farm drain and drainage ditch. : -

- {4). Cohsidérjng'the'scale.0f=worksfand:the_past}experientesain the
Philippines, all construction works will be conducted on contruct
basis.: The mechanized construction will principally be introduced =

~in the main construction. works.. In order:-to maximize the.employment

~opportunity in.and around the development area, however, man-power
construction will be adopted as much as possible:  In this context,
the construction works in the Work Bivisjons I and 1I will be
carried out mainly by heavy construction machineries. While the
-construction works in the Work Division 111 will be carried out

- mainly by man power with minor construction equipments.. . .

4.2 Implementation Schiedule

- _The implementation’schedule is shown on Fig. 4.1 and Fig. 4.2 for
the'DiversionfDam_Scheme and the Pump Scheme respectively.:

4.2.1. Preparatory: Works

' The“prebératdﬁy wbrks:¢ompkise$'fhe mappfng, surveys and tests,
detaji'design;_tendgring;=]and;abquisition;and_so on;: ST '
_ The:fol?owing méﬁping"and'sdrvey works are essenciai]y required
before conducting detail design. : .
a. ;Mapfin}scaie;of_]/5;000 and 0.5 m contour interval for the
~ 'whole irrigation development area including the reservoir

area of the diversion dam and Cabiao-Candaba floodway," about
- 500 km2, o . | -
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. Map in scale of 1/1 000 and 0.5 m contour interva] for the

Diversion Dam or Pump Station - about 10 km2.

-Iong1tud1na1 and Cross Sect1ona1 Survey on the Pampanga R1ver
~from Arayat Bridge to Cab1a0 Candaba f]oodway, about 12 km, 5
: _13 cross sect1ons .

The deta11 des1gn works will be commenced trom February 1983 in-
cluding the f0110w1ng surveys and tests _

a.

Foundat1on of dtvers1on dam or pump : :
“Foundation of maJor strqctures of 1rr1gat1on ‘and dra1nage
_facilities

Quarry for rlprap, grave] for pavement and aggregate for

.concrete | . : _

F1111ng materaa]s -

. '5011 Mechan1ca1 Test

‘...._..____-.—._......._..__-.-.._‘

'~ Mater1a15 of foundat10ns

~ Materials ‘for earthfilling = ST B -
- Materials- for r1prap, grave] pavement and concrete aggregate

- Map in scale of 1/1 000 for major structure s1te for 1rr1ga—

tion and dra1nage cana?

- Leng1tud1na3 and cross sectional” survey for all canais

;e Hydrau11c Mode] Test

- - Diversion dam | .
:~ Intake for’ pump stat10n

The deta11 des1gn w1th preparat1on of tender documents for the ..
project facilities in the Work Division I. and the:major: works.:in. ‘the Work
Division 1@ such as Main and Secondary Irrigation- Canals, Main; Secondary.
and Catch Drains, Main Farm Road shall .be completed by September 1983,
Tendering and awardTng fo1]0w the deta11 des1gn and requ1re three months
to complete. ‘ : _ : . :

The deta1T des1gn w1th preparat]on of tender documents for Latera]
Irfigation Canal, Catch Drain and Secondary and Tertiary. Firm-Roads in - =
the Work D1v1s1on II shall be conducted in 1984 and 1985 for the D1ver— i
sion Dam Scheme and in 1984 for the Pump Scheme. :
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The deta11 des1gn of o= farm fac111t1es in the work Division .I11
sha?] ‘be carried out in parallel with organizing every farmers during the -
construct1on of magor fac111t1es _

. The 1and acqu1s1t1on for the proaect facilities sha]] be comp1eted
':6 months ahead of the construct1on Works. _

4 2 2 work DTV1s10n I

_ The Nork D1v1s1on I is the construct1on of the intake fac111ty,
' D1vers1on Dam:.or Pump Stat1on

(1) D1vers1on Dam

The construct1on of D1versaon Dam will be carr1ed out From January
1984 to-June 1987.  The construction of Diversion.Dam is divided
"into. four major. work' items. {1) One is earthworks comprising

temporary works such as access road and. cofferlng, excavation and

~backfill for the structures ‘and excavation and filling for the
- change’ of the low. water channel ‘of ‘the River. . The excavation for
© the structures w171 be carried: out-at the beg1nn1ng of the con-

‘struction works. :The change of the low water channel will be

conducted ‘after construction of the structures in the low water

channe] before the whole works will be comp]eted - (2) The second
is the’ concrete works. comprising-piers, apron,. fish:ladder and
retaining walls' in low'water channel, intake structure and so on.

Piling works of sheet pile -and ‘foundation pile are included in this

item. ' These concrete works w111 be continuously carried out for

entire .construction period. Qut of these works the concrete works
related: to the.gate installation will be ‘completed before February

1986. (3) The third.is the various protection works compr1s1ng

wet masonry, concrete blocks, concrete flame with riprap, gabion

and .so ‘on for both Tow water channel and high water channel in-
cluding fixed weir. The protection works will start in the second
year from the commencement, 1975 and complete 1987.  (4) The fourth
is the gate installation for Scouring Sluice, Sp1]]way, Fish' ladder -
.and’ Intake structure. . Since the gates of Scouring Sluice-and Spill-
- way.are. very b1g ro%]er gates, it w111 take two year 1985 and. 1987
;o tov 1nsta11 gates: and hoists at site.  These big gates have to be
~orderedione . year ahead -of the commencement of- installation for the
fabrication. in the. factory.  The gate installation for Intake -
structure 1nc1ud1ng trash rack will be conducted in 1987 '

AT the construction works of D]vers1on Dam will be comp]eted in

. 1987 and ‘the. irrigation water wWill be d1verted from October 3987
.for the dry season crop ' : _

.(2):'Pump1ng Stat10n

_The construct10n of Pump1ng Stat1on 1nc1ud1ng 1nsta]]at1on of pump
plant will be carried cut from January 1984 ‘to June 1986. The
'construction of Pump1ng Stat1on is divided into four maJor items.-
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-~ (1) One. is’ earthworks comprising excavation and backfill for the -
- structures ‘and the excavation of Inlet Channel .from: the River to
Pumping Statfon.  The excavation work of the structures- will be =
commenced ‘at the- beg1nn1ng of the construction works.in: 1984 The
fexcavat1on of -Inlet Channel from ‘the River will be carried out 1in -
1986. :(2) The second: is the driving of the foundation piles on
various structures The p1]1ng works will start immediately after
finishing the excavation works of the structure and: complete.as =
soon as possible in 1984. Since piling works will be conducted ‘at
. the elevation of EL. -~ 4.6 m, about 6.0 m below the ground water
table during dhy season, the dewater1ng will be very important.
-(3) The third.is the concrete works for:the structures-such as
Inlet Culvert, Suction Pit, Pumping House, Outlet:Cistern and so on.
These concrete works 1nc1ud1ng 1nsta11at10n of crane-in: Pump1ng
House will be carried out.for whole construction ‘period. after the
piling works. (4) The fourth is the installation of pump plants -
comprising pump, motor, value and other accessories including trash-
rack and power receiving fac1]1t1es The installation of the pump
plants.will be carried out 1985 and 1986. However, the pump plants
will be ordered one year ahead of 1nsta]1at10n tak1ng manufactur1ng
“time 1nt0 c0n31derat1on ' : SR

AN the c0nstruct10n work of Pumpqng Stat10n w1]1 be comp1eted in

June, 1986 and the 1rr1gat1on water w11T be Supp11ed frOm October
'f1986 for the dry season’ crop _

'4.2 3 Work Division-1l

The Ncrk D1v1saon IT is the construct1on of major 1rr1gat1on and
dra1nage facilities including farm roads. The construction period of. the
Work Division II is 4 years for the Diversion Dam Scheme and 3 years for
the Pump Scheme in accordance with the constructlon per1od of the Work
Division I. . e

(1) Irrﬁgatibn Faci1it1es

It takes 4-years and 3 years for the D1Vers1on Dam Scheme and the
Pump - Scheme to-complete both earthworks and structural-works of
~Main Canal and Sub-Main Canai The construction of Secondary Canals
- and Lateral Capals will be carried out from November 1984 to' June '
1987 for the Diversion Dam Scheme :and from November 1984 to June
1986 for the Pump Scheme. In “connection with the design works,
some of Lateral Canals of the Diversion Dam Scheme will be con-
structed from November 1985 to June 1987.

(2) Dra1nage Fac113t1es

The ccnstruct10n cf Ma1n Dra1n and’ Secondary Dra1ns wh1ch is
- mainly the improvement of the existing drainage ‘courses will be
carried oyt from January 1984 to June 1987 and June 1986 for the
‘_D1vers1on Dam Scheme and the Pump Scheme respect1ve1y In case
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.of the D1vers1on Dam Scheme, Catch Dra1n wh1ch is prOV1ded along
-~ Main Canal and-one of - Secondary Canals will be constructed in 1984
- and: 1985.: ~In case of the’Pump Scheme, Catch Drain will be con-
~structed in 1985: Co]]ector Drainsy which are along Lateral Canal
will be. constructed in:3 years, T98a t0 1987 and 2 years, 1985 and
1986 for the D1ver31on Dam Scheme and the Pump Scheme respect1ve1y

| (3):.Farm Road

Farm roads wh1ch are 1ocated along: 1rr1gat1on cana1s w11] be: con-
_5structed ssmu?taneous]y W1th the construct1on of- 1rr1gat10n canal.

4.2.4 Hork Dmsm 17

The WOrk D1v1s¢on III is the construct10n of the on farm fac111t1es
.comprusTng Main and Supplémentary Farm Ditches for a -water: distribution
‘fac131ty and Farin Dra1n and Dra1nage D1tch for a drainage fac1?1ty

The construct1on works of- the work D1VIS10n III W111 be comp]eted
'w1th1n 3 years after.commencement both for the Diversion Dam' Scheme and
the Pump:Scheme. The construction of iMain Farm Ditch will be completed
within two years. for mak1ng maximum use of 1rr1gat1on water to be.
supp11ed one’ year after commencement 0f. the construction, In connection
“with organizing a water users' .association on each Main Farm Ditch the
construct1on of. Supp1ementary Farm D1tch requ1res 3 yedrs- to compiete.

Stnce most of excavated mater1a1 of Farm Dra1n and Dra1nage Ditch’
will be used for the embankment of Main:and Supplementary Farm Ditches,
' the construction of drainage faC111ty will be carried out paral]e]y
Cowith 1rr1gat1on fa0111t1es . o

4.3 COnstruct1on Mater1a35 and Fqu1pmert

4, 3 T Constructaon Mater1aTs

(1) Earth Mater1a1

_In case of the D1vers1on Dam in the work D1v1510n I, the change of

.low water: ‘channel is: the main’ earthworks.  Though fa]lxng ‘of the
present low water channel requireés about 1 MCM of earth, the

',excavated mater1als of the new channe] w111 be used for the filling.

;In case of the work D1vas1on II most of the construct1on Cost are
~accrued from the earthworks. Accord1ng|y, excavated materials will
“be ‘utilized. for- f1]11ng as much as-possible within 500 'm of hauling

 distance. The- average hauling distance of the borrowed materials
is‘assumed 1 km. as borrow p1ts are: to be ava11abie in and around

the- deve1opment area s .

- For: the on farm works of the work D1V1S10n III f1]11ng mater1a1s
~shall be obtained in adJacent area 1in addition to excavated material.




(2)

Contrete Aggreqate

'F1ne aggregate for concrete works is to ‘he obta1ned from the

Pampanga River near Cabiac about 10 km away. from Arayat where the.
Diverston Dam or Pump1ng Station. 15 proposed. Coarse aggregate for

- concrete works s to be:obtained in the Pampanga River near San

Leonardo, in the Banban River near Banban and in the Porac R1ver :

'near Porac, a]l are about 25 km away from the Arayat

' Other

The mater1als of grave] pavement for Ma1n Farm Road sha11 be obtained
at the same p]aces ‘a5 coarse aggregate for concrete

Rock material used for r1prap, gabion and masonry works sha11 be

" 0bta1ned from Mt. Arayat

4, 3 2. Construct1on Equ1pments

The maJor c1v11 works of the: progect wou]d pr1nc1pa1]y be: carried

out by heavy construction equipment.: The- type ‘and: number 'of ‘construction
equipment to be required for:.the major civil works are estimated based on
the work quantity, construct1on time schedule-and ‘the natural -condition.
of the development area. Tables 4.1 and 4.2 shows the required type and
number of major constructicn equ1pment for: the D1vers1on Dam Scheme and
the Pump Scheme respecLave1y . :
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CHAPTER §  COST ESTIMATE

6] Generaid’

The progect cost ma1n]y compr1ses construct1on cost operat1on and
ma1ntenance cost ‘and replacement cost. - The f0110w1ng assumptlons are
made for the cost estimate of the proaect . :

(]) The conversion rate between Peso-and U.S. do11ar is assumed at
U S. $] 0.= P7 5 = ¥225 . ‘

(2) 'A]] of the: construct1on works wouid be executed by full contract

' basis.  The: mach1nery and ‘equipments requ1red for construction works
~would be. provided by'the contractors themselves.  Therefore, dep-
“reciation cost of: machinery and equ1pments would be taken 1nto
. account for the cost estamate . - _

(3)3;The un1t pr1ces are d1v1ded into fore1gn and Peso currency compo-
- nents. > The ratio of foreign and Peso. currency - components of each

: unit’ prace is: ‘estimated. on the’ basis of the f011ow1nq assumpt10n
: ':referrang to NIA cr1ter1a ;

Ttem- e Foreign Cunrency . Peso'Currency_
B | T D)
'_Cement S o 75 ' .25
.Steel Bars and Hardware : 80 20
Fuel and 01 = .50 ' 50
Equipment. Rental - 75 25
Sheet P1]e and Stee1 Pile : .. 100 _ 0

. Labour BT S e 100

- Manufactur1ng costs of gates for d1vers10n dam and pump - equ1pments
- for pump station are:considered as . fully. fore1gn currency. A1l of
the: costs are estjmated based on the current pr1ces in September
1981 SRS : L :

- {4) Phys1ca1 cont1ngency of the cost es t1mate is’ 15% of the construct1on
‘cost except engineering cost, whose physical contingency is 10%, and
manufacturing costs of gates for diversion dam and pump equipments
“for pump station, whose phys1ca1 cont1ngency is not cons1dered



f(5) Price cont}ngency appT1ed in’ the est|mate 1s 10, 5? per annum for |
the. fore1gn currency component and 10% oer annum for the Peso
currency component Lo :

(G)Z'The assoc1ated costs to be f1nanced by the Government,;such as the-

~costs for strengthen1ng the: exten31on services, 1mprovement of the
'“soc1a1 1nfrastructures and so on are not 1nc1uded 1n the est1mate

5.2 -Construct1on Cost :

The constructlon cost comprises d!rect construct1on cost eng1neer1ng
cost, compensation:cost for ldnd acquisition and cost for operat1on and .
ma1ntenance facilities. 'These'cCosts are estimated based .on” 1981 price
Tevel, and then price eonttngency is forecasted 1n accordance w1th the
annua] d1sburcement schedu]e ST e

The bas1c rate for cost estimated and the un1t prlces for maJor work

items are. as shown in Table 5.15 and Table 5.16 respectively. Each unit
prtce compr1ses direct cost, 104 of overhead ]O% of prof1t and. 37 of tax.

S.ZJTj Construotion'cost withbﬂt ﬁkice Contingénby

(1) Direct Construct1on Cost

The ‘direct construct1on cost is estlmated on the bas1s of quant1ty
of the proaect works and the respect1ve unit pr1ces as fo]lows

L (Un1t P103)
Foreign Peso Tota]

Scheme Currency Currency _
| D1vers1on Dam -~ 146,430 160,530 ©306,960°

Pump- . 96,30 . 110,360 . 206,710 -

.The'Summary'and the breakdown of the direct construct1on'cost for
both schemes, diversion dam and pump, ‘are shown in. Tab]es 5.7, 5. 8
‘and Tab]es 5.9, 5.10 respect1ve]y _ :

'(2)- Cost for Operat1on and Ma1ntenance Fac111t1es

The cost for ‘the operat1on and malntenance fac1]1t1es compr1ses the _
construction cost of office and quarters, of fice equipments for 0 &M,
‘fveh1cies, dump trucks, bul]dozer and so on.. The construction cost
cof main office is, Tncluded in the construct1on cost of d1ver51on dam
or pump stat1on : . S

~This cost is estinated at 8.6 million for both schemes 1The breaka
- down is shown in Table 5.11. TR
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(4)
' The eng1neer1ng cost compr1sed consu?tant fee adm1nlstrat1on ex-
penses ; mapping cost.and so on,.is estimated at p34.4 million for

o nsydatsan

Compensat1on Cost fer Land Acquws1t1on

:The prlvate 1and acquired for the pr0Ject is to be compensated

. The total compensation cost for the land acquisition is estimated
at'P33 mitlion for diversion dam scheme and at P20.5 m11110n for
;pump scheme The breakdown is shown 1n Tab1e 5. 12 S

‘Eng1neer1nq Cost

-~ ~diversion dam ‘scheme and at P26.6 million for: pump scheme.. The
-_brea&down is shown in 1ab]e 5 13 end Table 5.14. : . o

and pump schemes 15 estimated as fo11ows

(Un1t P]bsj?

e ForeTgn 'f.'Peso g -'
| _Scheme Currency. Currency. Total
Diversion:Dam  191.8 . 2407 . 432.5

pump - 132.0 CO1e6AT . 2974

- The summary of construct1on cost of ]981 pr1ce 1eve1 for the hoth

sehemes is shown in Table 5.5 and Table 5.6.

‘B, 2 2 Construction Cost

The annua] d1sbursement schedu]e 15 worked out based on the con--

r-é«;

=*The construct1on cost exciud1ng prace cont1ngency for d1vers1on dam

strdctlon time schedu]e and the total construction cost including price
contangency for both schemes is est1mated as follows: ‘

(Unit:. p106)

T i '_ Fore1gn:;_:: ‘e}‘ePeso?‘ - Ly
.,Ssheme: R Currency fr.Cur?enCy Tota]

D1vers10n Dam ', _ ‘25645:__ T-: o376 628l

Pump oo 016900 o 242.5 M5

The summary of f1nanc1a1 construct1on cost and annua] d1sbursement

scheduie for. dlvers1on dam and pump schemes are shown 1n Tabie 5.1, 5 2
and Tab1es 5. 3 5.4 reSpect1ve1y : o
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