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The research report on the Bicol River Basin flood control investigation

. 1s presented in two volumes. Volume I is a summary of the results of the

investigation vhich excludes many of the technical details which have been

- iné¢luded in Volume II. In this volume, Chapter II provides a description

of the various basin modifications that could gerve as possible measures

to reduce the effects of flooding in the basin. _ ‘ S A
Chapter III describes the method used to determine the design rainfall 1

throughout the basin for various return periods, Rainfall—runoff relationwﬁ“

'ships for any design storm were determined for each of the 79 sdbcatchmentsaj

that provided independent discharges into the river system of the Bicol o

Basin. The hydrologic inputs used for the model’ calibration are also

‘ determined. ' .

Chapter IV describes the method by which the watcr levels in San

: uiguel Bsy and Ragay Gulf were determined. The design water levels were :

fobtained by superimposing the astrononical and the meteorological tides._,kfu

,The meteorological tides, produced by the typhoon selectcd as the design ‘

:Vstorm, were detemmined from an analysis of the wind and pressure conditionsg?

fkexisting over San higuel Bay and Ragay Gulf as the typhoon moved f ‘
‘is selected storm path. The astronomical tides were estimatea from sn
‘analysis based on!approximately one month of tidal records.,.':" —— =
‘; B Chspter v describes the Flood Control Simulation model vhich uses as
.iits inputs the hydrologic and water level information described in detail
_'in Chapters III and IV. The simulation model is a hydrodynamic represen~~'”r
‘?tation of the river system which includes the effects of the various flood

vjcontrol measures, - The effects of the flood control measures upon the o
.fresponse of the river flows. can be determined individually or in combination.m
'jThe computer program and its complete description is also presented.
. The detailed results indicating the computed vater levels at Blﬂ
flocations along the Bicol and Sipocot_Rivers are presenteo in tabularivorm
‘tfor the 13 and 50 year design storms.j These figures provide the msximum
;[daily water level for. the period;prior to as uell as during the storm and
fits reression period. This infornation is contained in Tables 5 2 thru

5 23 Of Chapter V. ’, ',: :;v“-
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II FLOOD CONTROL MEA URES
: This chapter supplements the descriptive presentntion of the various i
ipproposed flood control measures for the Bicol River Basin in Volume I. fjw;
;iHerein are presented the technical description of the flood control ][i} i
‘meagures. ‘ ’_ o , S
; The proposed flood control measures can be classified as.
(l) structures to prevent flood waters from reaching protected areas and
,(2) schemes designed to promote rapid removal ot conveyance of potential
jflood zaters to minimize flood peaks and duration of inundation. -Tha
”proposed Pulantuna reservoir and tidal barrier at the Bicol ‘Estuary belong
to classifieation (1), while the Sipocotwaan Miguel diversion, Bicol- ‘Ragay
fdiversions, Cutoff Channe). No.3 and channel deapening downstream of Lake
;Bato belong to classification (2) : '
P Fig 2.1 shouws the Bicol River Basin and the prOposed flood control

A schemes.

_2 1 Pulantuna Reservoir 2 ) ; :

The Pulantuna reservoir is proposed(to store the flood naters of the
'}f the aipocot River.g The proposed
“'.z

Pulantuna River, the upstream tributary
‘reservoir has the surface area and capacity characteristic shown“in Fig‘2

_f2 2 Tidal Barrier ST NP B RN T
;:. ~ Several concepts of snlinity and tidal barrier in the Bicol Estuary
:ﬂhad been proposed by Caldwell (1973) The form of barrier that nss utilize
1;in this investigation was the proposed barrier at the vicinity of the fV'f”
’fferry crossing at Balongsy.' It has the. following hydraulic features. L
f¢(l) fifteen gates each at 3 5 m high and 21 o wide, (2) four sLimminp'
,Qweirs each 25 m vide, and (3) navigation lock of 52 m lonn x 10 m wide fi
rgx 3‘§"m deep. fpp t‘w,'~‘ t~ ; ":_ e e ﬁ:a, :p‘- f'ml
B :nCaldwell reports that'the barrier conceptkwould blogk tide water andiz
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f;z.s*gibééaéLQAn*ﬂiéaeifBi#érsion
S To minimize flooding on the populated lower reaches of- the. Sipocot -
.River, a diversion channel originating at the town of Sipocot is’ proposed
v'to divert part of the flow of the Sipocot River directly into San uiguel
Bay. The proposed channel is trapezoidal in shape having al:l side °lope
ﬁand topwidth of 8.8 m, On the average,. the channel depth is about 10 m on
‘ its 8 7 km length. A profi.e and typical section of the Sipocot-San
Miguel diversion is shown in Fig.2.3a,
In this investigation, the hydrodvnamic effect of control structures
at the point of diversion from the river and at the- diversion ‘channel- outlet
_at San Higuel Bay were not considered.

%2 4 Bicolukagaz Diver sion

As a flood control scheme, a diversion of the flow of the Bitol River
tjnear Ombao to. the Ragay Gulf has been proposed. This diversion would ‘
:hsve the additional purpose of providing irrigation water to. a large ares
fon the lower central part of the basin. At the point;of diversion from
',the Bicol River, the canal is downstream of approximately one half of the
fdrainage area of the Bicol River.

The proposed diversion is about 26 km long, the upstrean end being
'near Ombao and the channel outlet at Pasacao in the Ragay Gulf.. The
diversion channel gradually increases in cross-section from its departure %
from the Bicol River to its outlet.~ The upstream and downstream ends have
~topwidths of 40 m and 70 n respectively.

The location, typical channel sections and profile of the diversion
ichannel are shown in rig 2. 3b.

i ;like the Sipocot diversion, no hydraulic controls at the upstream and

Tdownstream ends of the channel were considered in this study.

%2.5'Cutoff Channel No.3

: ‘Cutoff No.3 is the third cutoff in a proposed series of cutoff chsnnels
7on the meandering course of the Bicol River. The series of cutoffs would
”shorten the course of the river, thus increasing the hydraulic gradient

5and the river's conveyance capacity. It seems intuitive that neriods of
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" 2.6~

“inundation b; flood vaters wvill be shortened on the upper reaches of thef
,Bicol River by the construction of Cutoff No 3.=~, : ", ﬂ” :

_ The two cutoffs dovnstream of Lutoff No.3 have been constructed while
Cutoff No.3, the longest of the seriee of cutoffs, is completedd”or

. approximately one half its proposed length.;,« D
' The plan view, typical aections and profile of Cutoff L’. -are-

2,6 Channel Deepenigg L i
An examination of the Bicol River bed profile indicates the existence f3
of a hump on a reach immediately downstream from. Lake Bato. This hump |
acts as a control for the flow from the lake thereby naking the lake aomewhat‘
similar to a natural reservoir., With the deepening of the channel £lood
waters impounded in this natural reservoir could be drained more readily.
Fig 2.5 shows the location and bed profile of the 15 km reech to
be deepened. With an improved channel depti at elevation 2.0 m, the

average depth of cut on the river channel is about 2. 0 m.
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‘3.1 Introduction

‘ 'In this study, the objective is to provide the bydrologic input L
frequired by the mathematical (flood control simulation) model.’ The methods
used to estimate these inputs were partly determined by the available '
bhydrologic data and partly by the level of accuracy expected in the
:mathematical model. SRR 1) y‘s' ; . e

", 3.1.1 Objectives The requisite inputs to the mathematical nodel
fare rainfall and runoff values, either observed or estimated.: It is the
:objective of this study to estimate these inputs which are namely. ‘

f(1) catchment runoff from the October 1970 typhoon to be used jointly for
5model calibration and as inputs for the 13 year design storm, and (2)
jrunoff from a 50-year design basin rainfall to be used in the flood controlr
Estudy. o " ,:" IR f‘;‘\‘ i
- | 3 1. 2 Available uydrologic Data Observed hydrologic data in the .
basin that are available are.~ (l) daily discharge and staff gage readings,
and (2) daily rainfall measured at stations within and nearby the basin..
‘Data from two synoptic stations nearby the basin are also available.y,A |
rlisting of streamflow and raingage stations and correaponding length of
records are shovm in Tables 3.1 and 3 2.. The location of each of these
!stations in the basin is shown in Fig.3. l.;~ D R

3 2 Distribution Graph L SO : ‘
The unit hydrograph method is- the commonly used method to obtain the
runoff from a design rainfall.x In ‘this study, the unit hydrograph method
could not be used since rainfall and runoff data, taken at intervals
shorter than one day, vere not available. The distribution graph method -
was used instead. This method, though the peaL runoff is roughly estimated ;1
the total volume of runoff, which is the main problem in drainage lasting T

several days, could be satisfactorily estimated. L SR
3.2.1 Principle of Distribution Graph The distribution graph is

simply a graph showing the distribution of the total volume of the direct

runoff at the catchment outlet, produced by a. storm falling:during a




Table 3.1 - Streamflow Gaging Station in the Basin

L e » Drainagel : ) ’
St‘l,‘,e,am"Gagi@‘gZS_tation, | Area | . Available Record o s
e L o Sq.Km B0}| |52 54 56 58 60 62 64 66f - {68 70 72
,'ban' Francisco River, Bobongsuran, 131 RS N S N S SRS S Y St e ~ - ‘
.‘Cab:llogan River, Bobongsuran SOt RS XYY : ! :

"' .Ugsong River, Benanuan ERE S 11 A [ R A SR S N SN S SN RN S
-Nasisi River o e e 39 . B —

.. Iraya River Lo 217 ' ; P
Talisay River = = - R T B -...z--- amu

' 'Quinali River S 2320 b L L T —

. San Agustin. River R E 262771 | ..-. R S S S WNNSE A SN S ii
- Agus River. IECE TR R ¥ § S .

”:"‘Naporog (Lal}-lo) ' o 22 | | -.....-- --—

- Lake Bato : 1 874

~Bicol River, Sto. Dom:.ngo 905 R — w
- Barit .-River. -~ Sseds 0142 1 3 ' » o
1

S Pawili River, San Vicente el 1120 . -_-__--__
" Pawili River, San. Roque a l. o240

. 5 B ; 4 ——h————
< Bicol River, Ombao . ' -~ | ‘1630. I -—-—-——
Anayan River - ' i O ¥ AR

Bicol River,: Baliwag Nue-\VO-a» 7200 — ———T

—— [
. L]
Bicol River, ‘H°b“1°’ Naga City {1930} |- ---:::-- 5
Yabo River '~ Sp .20 —h—— — —
Pulantuna River " K f 40172
Culacling River S ~ »‘?'»{7 C 64 _—

|
voNouwbUWNFOVENOULIWNR 00 |

Pulantuna, Greek . - - —-_

Sipocot River 447

Aslong River . g ‘v:'i 12 ——-——-—_———_
Libmanan River - 596
Bicel Rivet,'Cuygp}i“; 12717
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| Table 3.2 - Ratufall stations fn the Bicel River Bastn snd Viciatty

‘Years of Record ' Record

S AN L o Length
TS5y TS5 I'SA_T'59] _I'ed T'6d T'eq Te7l ‘69 T'75] T1'73|(years)

Sabang, Sipocot, Camarines Sur | | R S I s

-Inarihan River Irrig. Syst., :7"*“1”‘; SRR 5
Calabanga, C.S. R R EEES I '

Yabo ‘Farm, Naga City, C.5. :’ R I , 10

Concepcion, Naga City, C.S. PR B i 13

B.R.C.E.S., San Agustin, Pill C.Ss. : - 8

S.C.P. ##9, San Jose, Banasi, C S. [ ] 13

Sta. Crug, Baao, C.S. - ‘ 5
10 Buhi, Buhi, C.S. | M A = 19
11  Bato Central School Bato, C S ‘ 2

12 Libon Central School Libon, Albay : 3
13 s.c.P. #4, Ligao, Albay R - d 18
14 Guinchatan Exp. Sta., Guinobatan, . 18
Alb, . .
15 Sta., Malama, Ligao, Albay _ 1 3
16 *Pantao, Libon Albay 3
18 *Sto. Domingo, Sto. Dom1ngo, Albay 18
| 19 *Legaspi City, Albay 25
21 *Daet, Camarines Norte 25

* Station No. and Name '

W

wN

WNOYn

-e’c-

* Stations outside the river basin used in this study.


http:Station..No

3 xPLANAnou'U”'
7 e e miveR | unauommnuw
—— FooT HULS L

& eastme STREAM mmmcsﬂwwn'“

.} EXISTING munﬂasnnm

STREAM GAGING STATIONS - .- 0

Mhonn“mmu“my s
Ugsong

2.
3 River, Bensusn Ligao, Albey R
4. Nasisi River, Nasisi, Ligeo, Albey .
S.  lrrays Rl\'. Obaliw, Oss, Albsy
6.  Talisay River, Alisng, Ligeo, Albey
7.  Quinali Rtv' Busac, On1, Albey
8. Sen Agustin River, Sen Agustin, Libon, Nhlv
. Agus River, Aqus, Polangui, Albsy
10.  Noperog River, Antipolo, Buhi
11, Lake Bato, Poblacion, Bato
12.  Bicol River, Sto. Domirgo, Nebua, C.S.

14.  Pawili Aiver, San Vicente, Ocampo, C.S. -

15.  Pawili River, Sen Roque, Buta, C.S.

16, Bicol River, Ombeo, Buls, C.S.

17.  Anayan River, San Roque, Pili, C.S. 1
18.  Bicol River, Baliweg Nuevo, Minalabec, C.S,
19.  Bicol River, Mebulo, Nege City

Yabo River, San Isidro, Nage City
Pulantuna River, Napoliden, Lupi, C.S.
Culacting River, Det Roserio, Lupi, C.S.
Putantuna Cresk, Yabo, Sipocot, C.S.
Sipocot River, Sebang, Sipocot, C.5.
Asiong River, San lsidro, Libmenen, C.S.
Libmenan River, Planze, Libmanen, C.S.
Bicol River, Cuvapi, Libmenan, C.S.

LEERSH LY

RAINFALL STATIONS

, Nage City
BRCES a1 San Agustin, Pili, Cam. Sur

ONANS N

* Sta. Cruz, Beso, Cam,
10.  8uhi, Cam, Sur
11.  Bsto Central School, ann Cam, Sur

13, Soil Conservation Prof. ## 4, Ligeo, Aibey

14.  Guincbetsn Exp. Station, Guinobetan, Al-v .

15. St Msiarme, Ligeo, Albey

18, Sw. Dommp Station, Sto. Domingo, Albey
19.  Legarmi City
21, Dest, Cam. Norts

Smlconun-!bonhoi "9, s-n.h-wu.u]

o seiee FLOODED ZOWE . B~
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period uninfluenced by a preceeding and subsequent rainfalls. The
distribution graph principle ¥ is based on ‘a concept ofzthe unit :
graph described first by Bernard (1935) ’”“ﬂ” s e
-3, 2 2 Storm Characteristics A storm period to produce the dis-
tribution graph of a watershed must have the following characteristic3°
(1) the rain must have fallen within the recording time interval or the
time unit, as day or hour: (2) the storm must have been nell distributed
over the watershed, all stations showing an appreciable depth of: rainfall
and (3) the storm period must occupy a place of comgarative isolation in '
‘the record, i.e. it should follow a period of low stieamflow and there :
should be no further rainfall until the flood peak 13 well passed.‘ B

3 3 Distribution Graphs for the Bicol River Basin

_ 3.3. 1 October 1970 Storm An examination of all the recorded rain
falls due to major storms in the basin occurring from 1950 to 1973 indicated
‘that tvo days is the predominant storm duration, hence two-days was taken
as the storm duration to be used in the distribution graph. Further, it

was found that the stomm of October 12-13 1970 satisfied the required
ﬁstorm characteristics for the distribution graph. As will be shown 1ater -
f(section 3.7); this atorm was the second largest basin storm in terms of E
| o-day total rainfall and has a recurrence interval of once every 13 years.
Thus this storm was used in deriving the distribution graph since aside ‘.
afrom satisfying the storm characte“istic it has, in comparison with other )
-hstorms, fairly reliable streamflow data for the period of the storm. ‘ o
, ,f : The rainfall hyetographs for the October 1970 storms for 3
ffstations in the basin are shown in Fig 3 2.i

L 3 3 2 Streamflow Data. Used Streamflow data of eleven catchments
17name1y Station Nos 1, 3, 7 8, 14 15 17 20 21, 22 and 23 were available
1i£ord'he period of October 11—21, 1970 {An examination of the streamflow
ffrecords of the above mentioned stations indicated the following (1) for
;fStation No.23, the record of the peak discharge on the 13th is of doubtful
'Taccuracy because of its unreasonably low value (2) for Station No.8 ;*
‘Tthe peak discharge is missing, and (3) Station do 15 is reported to be
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'affected by tide.” Lance, fo”fthe above. mentioned ‘reasons, Station Nos.bvp.‘!
?23vand 15‘iere not used in the derivation of the distribution graph. ’ '
; &The plots of the observed nydrograph for Station Nos.l, 3, 7
14, 17,20, 21 and 22 for the period of October 11-21, 1970 are shovn in
fFig 3 3. _Where some corrections on the hydrograph have to be made due to
the effect of an appreciable rainfall subsequent to the two-day storm, they
fare indicated in the plots in Fig.3.3. SRR
: 3. 3 3 Calculations and Results Table 3.3 shous the calculation cf
’the distribution graph for Station MNo.3, Ugsong River at Ligao, Albay. o
v The calculations vere as follows (1) Necessary corrections

‘were made on the observed hydrograph, e.g. for the effect of subsequent
,rainfall on the isolated storm’ (Col 3), (2) Base flow was estimated .
;(001 4), (3) Segregated flon was obtained i.e. modified flow less baae
‘flow (Col 5); (4) The percentage of flov for the time interval with
irespect to the total flov was calculated (Col.6); and (S5) The percentage
Hflow was cumulated to get the distribution graph mass curve. Calculations
for the remaining 7 stations and comments on modification of the observed
'hydrographs are shown in Section Al of Appendix A, , g ‘ |

: . A plot of the cumulative percentages of the distribution grapn
3for each of the eleven catchments as shown in Fig 3 4, indicated that
;the distribution graphs can be classified into two, namely one for '
icatchments whose drainage area is less than 50 8q.ka, and the other for
?area greater ‘than or equal to 50 sq km. From the eye-fitted line of the
kcumulative percentages or mass curve, the distribution graph can be obtained

ias shown in Fig.3 4. . . LY -
f. fi Certain unavoidable sources of error and inaccuracy must be
]recognized and accepted in the data that was used for deriving the ;';
fdistribution graphs. It is highly probable that at many raingage stations, o
fthe readings are taken at irregular intervals. A continuou storm of B
?24 hours or less may be divided by the recording hour, appearing in the
frecord as a 2-day storm. Streamflow is recorded as. a 24-hour average,
tobscuring true instantaneous maximum values, particularly on small watersheds.
:Alao on small watersheds, it is possible that the entire rainfall may havc -
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”; 3 - Ugsong River, Ligao Albay
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~fallen in the first hour, tnc flood peak on the 12th hour and the. Z4~hour

*ave

e}flow, officially recorded as the mean of first and 24»hour,
fbe only a small fraction of the maximum flow. e

3 4 Calculation of Bsse Flow RIS :
‘ Hydrographs of six watersheds (Station Nos.l, 3, 14 20 214and‘22)

were plotted for the period of September 20 to llovember 10, 1970,: Theiu‘

hydrographs are shown in Fig.3.5. A value of base flow was estimated for

.feach of the watershed from these hydrographs. The areas of - the watershedsfy
and the basc flow valnes selected are listed in Table 3, 4, The base flowi*‘
vas correlated vith the area of the catchment. The regression equstion |
gso obtained was _ ‘

,0.87

'QB = 0.063 A (3 1)

where Qs * base flow s in cubic meter/sec and A is catchment areaﬂfd~~“?lﬁ
in sq km. Cwn B
| The correlation coefficient of- Bq 3. l) vas 0 9982 and standard errorff’
‘of est Qate was 0 0649. ‘ A e e
A plot of the relationship of base flow and catchment area is shown
in Fig.3 6. : :

'3 5 Estimation of Runoff Coefficients

' The basin catchment was divided into three Thiessen polygon based on.

B raingage Station Hos.z ¢, and 14 as shown in Pig 3 7. Since the two- e
Lday rainfall of the October 12 13 1970 storm vas fairly uniform over -

.......

ethe observed rainfall of the raingage station was considered to be the - e
A rainfall falling on any catchment within the polygon of the raingage gi-J’
.[stamn., : UL e
1‘ Seven catchments (Station Nos.l 3 14 17 20 21 and 22) vere usedxff
- in the calculation of runoff coefficicnts. The data used and calculation's'
, ;are shovn in Taole 3. 5.‘ The. runoff coefficient of Station no 17;T‘“ \
_"found to: be impossibly laroe since the value was greater than o :;;iﬂ_

'f‘hence data from this station was later removed'f; o




1 BRI Uome rim (mo 0' bor)l,j"{'_ﬁ cho (1970 ombor)_;;:’;f o
; ' T quOcm

"Fig. 3,5’3‘;;'bban6d hydrdgrdplit‘ inqeong and Yabo rivers

- n’c -



160,

10

' ’;'i'ifSan Francisco' l 19705ch') e

A= E ke
Qs 4.5 cms.

nght scale '

_Pulantuno(lSTO Oct)
A l72 km




PRATORREWE BT

'Base flow,cms.

\
N

/ D TAPEEY: 5{ “"Ao.B‘r‘f

o 171

06 / ' ‘ SR USROS YOS A A M o

o4 ST TR HIRSTRR R [y SO - R R A
Tloo 1B 20 25,30 .40 50 60 70 8090100 150 200 -




R.C.= 0.56

L
'
f “
\ )
‘I
\ \
\ 3 \ p
¢ Y
+ 3 .
Co )
|‘ ‘\
1 A
\

 Fig. 3.7 Division of the basin into Thiss




- Table 3.5 -- Calculation of Runoff Coefficients

Strean
_Gaging
Station HNo.

-~ Gaging
Station

Drainage

~ Area of

Watershed
(kn?)

Two-Day
Rainfall

(mm)

Total
Runoff

(cns)

Total
Punof £
Depth

annbff,_
Coefficieat

Average Ruaoff |-

Coefficient
for the

1

-2

3

A

5

(mm)
6

7

Polygon

San,Fraﬂéich

AUgsohg-" ‘ :
Pavili |

Yabo

1 Anayan ‘
| Pulantuna
* | Culacling

131
S &
112

20

17

172

313
313
463

463
328
328

145
14
464

98.3
1035.7
357.9
155.3
$655.6
146.7

128.6

0.314
0.3517'

0.773] -
' 0‘345_:[

11416 .

3

0,33

discard |

oz |-

RS T R
o |

LT -
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The average of the runoff coefficients in the polygon vas taken as

the representative value for the polygon. These runoff coefficients are i
0.33, 0 56 and 0.42 respectively for polysons 1, 2 and 3 ss shown in

3.6 Application of the Derived Distribution Graph g
To verify the accuracy of the derived distribution graphs, the grsphsff

were used to compute the discharge hydrographs of some catchments where
measured data are available. The estimated and observed hydrographs are
shovn in Figs.3.8 to 3.10 for the catchment of the Ugsong, Yabo and Pawili;
Rivers respectively, The value of the runoff coefficients used were those“
derived in Section 3.5 and the base flows were calculated using Eq.(3,l),

| Using two flood events namely: October 1958 and October 1970*§tqrm5.
the results indicate good apreement between the estimated and observed
hydrographs, as shown by Figs.3.8 to 3.10. '

3.7 Design Storm for the 3asin

The 50-year design storm for input to the model is a two-day storm |
preceded and followed by a daily rainfall whose amount is equal to the
average of the annual storms that had been observed in the basin. In this
section are discussed the determination of: (1) design average basin e o
rainfall caused by the two-day storm; (2) average basin rainfall precedins)
and following the two-day storm; and (3) distribution of the computed '
average basin rainfalls into station rainfalls. : o

3.7.1 Ave_ﬁge Basin Rainfall Caused by the Two«Day Storm A total
of 16 rainfall stations inside and outside the basin have daily accumulated
rainfall data ranginp from 2 to'25 years length of record. In some years ‘

‘for some stations records are fragmented. Table 3. l ‘shows the rainfall

station with their corresponding years when data 18 available. }7 o

. To estimate the average basin rainfall during the maximum annual f:f
‘twonday,slorm, ‘two. methods used were: (1) averaging the design stoj'”
..findividualf'tations which were obtained by frequency analysis,{{l;n“y 4 ‘
'fputing the makimumkaverage basin rainfall for each year. B
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- 3.7.2 Frequency Analysis of the Two-Day Storms The annual two-.Jh
'day maximum rainfall for the raingage stations are tabulated in Table 3 6.

Using the data shown in Table 3.6, a frequency analysis using Gumbel
distribution (see Section A2, Appendix A) gave the design two-day storm
at each station for return periods of 5, 10, 25, 50 and 100 years as vu )
shown in Table 3.7. For each return period the average depth of rainfall ;
’over the entire basin was then computed ‘'using Thiessen method. The design
weighted average rainfall for the basin was computed by multiplying each
-station design rainfall by its assigned percentage of area and totalling. ;
The results are as shown in Table 3.3 and the plot of result is shown in |
.Curve 4 of Fig. 3.11. ! e
3.7.3 Annual Maximum Average ‘Two-Day Basin Rainfall As shown in
Table 3.1, there are at least three and at most 11 rainfall stations in

the basin which could be used to obtain the maximum average two-day basin
.rainfall for each year. The average basin rainfall for the two-day storm
,were,obtained,by the Thiessen method and by an arithmetic averaging of
station measurements. The search for the maximum two-day basin rainfall
was done by investiigating all periods of storm’at eachvstation. The :
computed maximur average basin rainfall for each year is shown in Table 3 9.
A frequency arilysis using Gumbels distribution vas done for the two sets
of data series 4n Table 3.9 and the results are tabulated in Table 3. 10

and nlotted in Fig.3 ll. A 90% confidence band to the plotted data is

also shown in Fig.3.1l. The recommended design basin average rainfall is
shown by Curve 2 in Fig.3.11. . S
| 3.7.4 Average Basin Rainfall Precedigggand Folloving the Two-Day

Storm With the available 24 years of record the northeast and north-

west monsoon storms vere averaged and plotted using the tyo~day naximum
rainfall as reference point in time. The plots of the averages o£ these
‘The
. _average two-day rainfall preceding and following the two-day storm“ e’

annual storms in terms of two-day rainfall are shown in. Fig.3 12.

}22 mm and 1 mm respectively. ‘ _ ;
_A.“_;fya 7 5 Design Basin Rainfall ' The 50-year design basin rainfall tod
7,Qbe used as design input to tne mathematical model is shown inzFig.B 13,0 ;
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Table 3.6 -

-3.23 -

Some Selected Stacions in the Basta

| 2

sy Maximum Rainfall (in mm) and Date When Storm Beghs for Station No.

omante

-

:7'%“l”ﬁ;:

10

14

21

1973

300.0 55
547.9 20
148.6 13
390.7 -

3721
v
£ 256.0
359.4

, 29,

sl Sl 5l8 Bls Kl

1
I
1
19

d

I g i o8 s w1 Bl 2l SR @l 1

142.7
263.9
244.3
366.8
308.9
211.8
412.7
333,5
285.0
197.4
213.6
243.8
252.0
577.7
219,2
282.2

‘ ?244'5

118.4
-263.5
438.0

206.3
381.8

273.3 7%

23
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Std.Deviation
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TTable 3.7 - Design 2- Day Rainfall for Some ‘Selected Stations in’ the Basin:

(obtained by Gumbel method)

Return
Period
(years)

Design 2 Day Rainfall (in mm) for Station Ho.,—

2

4

6

7__

L. 9 ,‘l»

IOQT

14

Fins

2
10
25

122.2

474.0
'529.1

282,3
341.9
25 |418.9
100

266.3
1350.1
405.6
477.2

528.4
579.7

649.5

265.5
360.2
436.2
523.9
586.7

250.7
360.5
433.2
527.0
554.8
661.2

165.4
257.6
318.7
397.6
454.0
510.4-

274.6
‘386.8

461.0
556.9
625.5
654.0

235.2
325.1
384.7

571.7

461.6
516.6

273.2
375.3
462.9

592.6

530.1

655.0

Tength o

Leyrs.)

ﬁRecord §

  5’

10

;ji'gi3; €“<

’}iT:“.k

25 "

Table 3.8 - Design 2-Day Average Basin Rainfall Depth Computed from.
Design Rainfall of Individual Stations

Contribution of Station to Average Basin Rainfall (in mm)fw *t7

Station Mo.

4

6

7

-9

10

14

Percentage

Area

0.18

0.14

0.11

0.08

00 14

oll 14

0.17

0.03

. Return Period

10
|2
] so |
.$¥ ;1bq;j

36.5
53.6 | 42
65.0
79.6

190.1

100.5 |

37.3

29.2

.0 | 40.5
56.0
66.8
74.0
8L.2.

48.0
57.6

‘ 6{;‘._5’_
1.4

20.,),
25.8
34.6
42,2
;47@6

23,2
36.1
44.6
55.7
63.6

53.0|

64,5

71.4 | 97.2

38.4
54.2

78.0
87.6

40.0
55.3
65.4
78.5

67.8 | 17.
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Table 3.9 -

Annual Series of Maximum Average Basin Rainfall Caused by a Two-Day Storm

No.of

Basin Rainfall (mm) ‘

Date of Two-Day Acct;-’;mlated Rainfall Depth (in mm) at Station Number
Year | Station | Two-Day Arithmetic | Thiessen
Used Storm 2]1% 2 3 4 5 6 7 9 10 1] 12 14 15 16* 19% Ave. Method |
1950 3 29-30/12 | 273.4 - - - - - - - 298.8 - - - - - 65.4 212.5 281.0
- 51 3 20-21/11 | 101.9 - - - - - - - 300.1 - - - - - 140.5 180.8 244.5
52 3 20-21/10 | 243.2 - - - - - - - 548.0 - - - - - 96.8 295.9 452.2
53 3 15-16/11 | 166.7 - - - - - - - 148.7 - - - - - 120.0 145.1 151.5
54 3 7-8/11 | 366.9 - - - - - - - 390.8 - - - - - 213.7 323.7 376.1
1955 3 27-28/11| 229.7 - - - - - - - 290.0 - - - - - 405.6 308.3 281.4
. 56 5 9-10/12 | 133.9 - - 312.0 - - 110.1 - 280.7 - - 196.2 - - - 206.6 221.6
- .57 5 10-11/11 | 413.9 - - 183.8 - - 119.8 - 290.6 - - 152.5 - - - 213.9 216.0
.. 58 5 28-29/10 | 333.6 - - 367.4 - - 397.4 - 333.3 - - 428.9 - - - 372.1 372.5
-39 5 15-16/11 | 285.1 - - 344.0 - - 279.8 - 216.5 - - 355.7 - - - 296.2 297.3
-1960 5 5-6/10 | 182.8 - - 299.0 - - 380.1 - 359.4 - - 376.6 - - - 319.6 309.2
61 4 21-22/9 | 210.4 - - 365.9 - - 115.4 - - - - 32.3 - - - 181.0 173.6
62 4 17-18/5 | 244.0 - - 132.2 - - 173.3 - - - - 182.1 - - - 182.9 172.7
63 4 12-13/8 | 252.1 - - - 80.3 - - 223.6 - - - - 254.1 - - - 202.5 195.4
164}’ 3 128-29/6 |388.1] - - |2s6.4| - - - - - - - |66 - - - 267.0 . | 234.2
: 1965 4 12-13/7 63.3 - - - 154.3 - - - 123.3 - - 248.0 - - - 147.2 149.0
66 5 26-27/12 | 189.6 - - - 52.1 | 354.4 - - 304.1 - - 174.7 - - - 215.0 218.4
61| s 2-3/11 |182.8| - - - 0.0 [ 790.6 | 439.0 | - - - - | 17.3] - - - — Discard —
68 5 26-27/9 66.5|. - - - 118.1 | 193.9 - - 335.0 - - 200.9 - - - 182.9 195.8
69 6 10-11/12 139.5| 27.1| 38.1 - - 88.0 - 100.3 - - - 151.2 - - - 90.7 89.3
‘ ‘1970 | -5 12-313/10 | 193.1 | 327.7 | 257.2 - - 463.4 - - - - - 313.1 - - - 310.9 356.6
R & 10 28-29/12 | 239.1 | 166.9 - - - 151.0] 164.1| 98.0 | 120.4 - 131.8 | 194.1 [109.5 | 76.2 - 145.0 146.5
72 S1n 24-25/6 | 75.91118.4 ] -~ - - 213.0| 77.3|126.8]173.2 | 204.5|. 19.3{199.5] 78.3 |12.5 - 118.1 138.5
11973 | 10 |14-15/10 | 242.8 | 200.2 | 57.2] - - |225.7| - {281.7]207.3|207.8306.8|250.3 | 1020 | - - | 208.3 209.5 -

(-) Percentage contribution
* - Stations outside the basin

of station to average basin rainfall

- 9Z'_$‘." -
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Table 3 10 - Desiwﬂ Two-Day Basin Ayerage Rainfall Depth (based on the
: ; annual series of Table 3 9) :

. iﬁééiﬁ Average Two-Day Basin Ave:age Raigz:iidnsgth (in mm) for Return -

1 Rainfall Depth Computed
. ,from Annual Data by . 2 yrs. | 5 yrs. 10 yrs. | 25 yrs. | 50 yrs. 100 yrs;

'j 1. Arithmatic average for | , 1 na ' : ‘ : -

2. Thiessen method for PR S ' : 5
: 19501973 records Zzs.ég_vB;z.Z_.,378.0 456.6 :5l2.8 56Jf0

1 3. Same as (2) excluding ST .
-+ 1950-1955 records Nonzg o |ogr 1 | o : ‘

- basin) ‘
4, Same as (2) except 1 ‘
that 1950-1955 PN FIRTAUN ‘

records computed as ‘f213.6k 1299.0 340.7 »\406.0 452.7 4%2.5
- in (1) S EN : o ‘ ‘
5, Recommended {205 285 [340  |410 460 560

ZTeb}eIlel,feqeﬁparisen'of‘Obsetved and Estimated Station Rainfalls

IS ;__._bl‘?ﬁTﬁbébay Reinfall‘(in mm) at Station No. AXEZige
;;ﬁ¥e§rgl 5 , 6 14 Rainfall
o Sabang Pili : Guinobatan mm
‘3‘;1966 o= (151.5) | 354.3 (265.5) | 174.7 (202.3) | 218.4
| 1068 | - (35.9) | 227.1(239.8) | 98.4 (181.4) | 195.8

| 19707 | 327.7 (247.4) | 463.3 (436.7) | 313.1 (330.3) | 356.6
29717 166.9 (101.6) | 151.0 (179.4) | 194.1 (135.7) | 146.5
| 1972 | 118.4 ( 96.1) | 212.9 (169.6) | 199.5 (128.3) | 136.5
- ';19735~ﬁf141f6'(145~4)‘{_;2zs 1.(256.5) | 250.3 (194.0) | 209.5

7“(-) estimated station tainfall using derived distribution
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}The design basin rsinfall consists of a 460 mm of two-day storm and a )
rate of ll m per day and 9 5 m p rliday rainfall preceding snd following
the two-day storm respectively.' The rainfslls following and preceding

‘the tuo-day storn rainfall were the. average of 24 annual maximum storn
events. ‘

. 3. 7 6 Conversion of the Two-Day Design Basin Rainfall into Station
Rainf' 1 The conversion of the two~day basin rainfall with a 50—year
return period into station rainfall was done by applying to the basin
5rainfall a distribution obtained by a steepest ascent technique. The
'computational technique to obtain the distribution is discussed in Section
,A3 of Appendix A.

B The distribution is O 24 0. 43 and 0.33 respectively for rainfall
!station Nos.Z 6 and 14 With this distribution, the station rainfalls
'for the 460 tm bssin rainfall are 314 564 and 432 mn respectively for
QStstion Nos.2 6 and 14. o

- . : ‘A comparison of the observed and estimated ‘station rainfall using
«the deriwed distribution is shown in Table 3.11. ‘

i3 8 Hydrologic Input to lathematical Model

;l The schematized model of the flood plain is a system of ncdes and
5branches.where the nodes carry the storage effect, inflow and outflow and
{the;branches carry the inertial effects. The system consists of 31 nodes
»and 34 branches. Runoff from a catchment is assigned to the appropriate
;node.,
| ~ The basin is divided into sub-catchments which are classified as:
‘(l) gsged watershed, i.e. runoff or streamflow data is available at; the .
fdesired point° (2) ‘ungaged watershed, and Q) floodplain area where the
‘direct rainfall less some losses is considered the equivalent runoff. l

, The division of the basin into aub~catchments is shown in Fig 3. 14.

The assignments of each of these sub-catchments° gaged ungaged or
floodplain area, into the nodes are summari ed in Table 3 12.,
. The areas considered as floodplain are marked in Fig .3, 14 as Fl;'E
etc. Also considered as floodplain/ reas are some small areas close to‘the v
boundary of the floodplain where the topography is flat and where there '
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Table 3. 12 - Gaged Wateraheds, Ungaged Watersheds and Floodplain Area E
that Contribute to ‘the Node (for model calibration)

Node ;:f Gaged ‘ ;- Ungaged ! Floodplain Rainfalle
Number Stations i Stations Area - Station
; L (me) ‘Applicable
1 G2l voz- - o2
2 - toovor - 26.20. 2
3 622,623 | U24,V03 28.12 L2
4 - U23,025,V04 4,33 2
5 - V05 8.73 2
6 - u22 15.48 2
7 - V06,V07 10.00 2
8 - - 17.00 2
9 - v21 27.88 2
10 - U20,v08,V09, 36.45 2
| V35 -
11 G20+ | ulo,ull,ul9, 40,10 6
V34
12 - U8,u9,uls, 27.70 6
, * V10 |
13 - ul7,vll,v33 14.20 6
14 - Ule 10,50 | 6
15 GL7 - 22,48 6
16 - V12 10.33. 6
17 " Gl4 ! Ue,u7,u3l, 11,25 e
18| - - 115,13 15.00
19 - | Vég,vso 117»38fﬂ:
a1 - uos uos u13
S vl
22 c01 c03 coa 001,u02,uoa, g
Sl T v1s,vle,v20,
v2l,v22,v23,
; V24,V25,v26, | - -
| v27,v28,v15 |
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Fig. 3.14 - Division of the Basin into Subcatchments



- 3.32 -

is no single wellndefined stream. Twenty-one percent of the total}b{ain
}area are classified as flood plain area. E -u ',‘ ‘”'; .: 5 ﬂ";
A catchment where there is a well defined stresm but for which no

L)

streamflow record is available, is classified as ungaged., They are marked
in Fig 3.14 as'V 1° Vz,..., Ul, U2, ses, etC. Fifty eight percent of the
basin aiea are considered ungaged in the case of October 1570 storm.‘vj;v3,

A catchment with available streamflow record are marked in Fig 3 14 as{
Gl’ GZ""’ etc. , Co

The sub-catchments in the basin are code numbered as shovn in Fig.3 16
and are classified in Table 3.12 according to which node number the catch~ﬂ
ment runoff i1s assigned.

3.9 Hydrologic Model

The rainfall--runoff process in the basin was modelled by dividing
the basin in sul--catchmeénts and schematizing the runoff to converge into
predetermined node points. The basin rainfall was represented by three
rainfall stations {Station Nos.2, 6 and 14) with each station covering
separate regions in the basin. Thus a catchment in the region of Station ’
Ho.2 would have the observed rainfall of Station Ho.2 as its rainfall input,
The catchment runoff is estimated by using the derived distribution graph.
The total streamflow at the catchment outlet uould be the estimated runoff
plus base flov. This total flow represents the catchment hydrologic input
to the node. 3 1’

Other inputs to fhe node are direct runoff (in case the node includes
a floodplain area) and observed runoff in case a gaged vatershed runoff
entetr's the node. ' ‘ . ‘«v“’. ﬂ

A computer program vas developed to calculate the total inflow to a
node from a known rainfall input. The program details are uiscussed in
Section ‘5.9 of Chapter V. ‘ ‘”; S

3. 9 1 October 13970 Storm as Hydrologic Input The October 1970 storm,;
produced a basin rainfall that had a return period of 13 years. Using .
rainfall records at Station Nos.z 6 and 14 and runoff coefficients equal
~to O 65 0 69 and 0.51 (which vere obtained from the calilrated model),
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‘Yrespectively for the aress represented by Station Nos 2 6 and 14 and
- floodplain runoff coefficient equal to O 85 the computed total runoff
_ hydrographs to each node are shown in Fig 3 15. h ' , s
L From Fig.3.15, it is observed that the msjor runoffs from the
- basin is contributed by the sreas near. Lske Bato. L -

© 3.9.2 Design Storm as Hydrologic Input’ ' The 50~yesr ‘basin rsin
fall was assumed to produce a design flood in the basin with the same
'?226?& period. This design flood vas used to estimste the effectiveness
of the proposed flood control measures to floods larger than the highest
recorded flood of 1970. ‘ o

: ' Using the hydrologic model to calculste the total runoff to the
node points, all cstchments were treated as ungaged watersheds. As in
fthe 1970 storm input the representative rainfall stations are Station
' Nos.2 6 snd 14, '
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[V UAIER LEVELS IN SAN MIGUEL BAY AND RAGAY GULP

The water levels in San Miguel Bay is‘an important factor in controlling
7;the discharge of water from the Bicol River Basin. Similarly, the 1eve1s
;fin Ragay Gulf control the discharge from the BicolnRagay diversion channel
\fwhich 1s being considered as one of thc possible flood control measures
';for the Bicol River. Basin.- The water levels in both San’ Miguel Bay and

"the Ragay Gulf are variable with time and depend upon both astronomical

»anc meteorological factors.

_f4 1 Astronomical Tides _
The relative motion of the earth moon and. sun cause periodic tide-

kproducing forces. The period of each constituent can be determined from
astronomical studies. Table 4 1 shows some of the constituents with their

respective periods.
The tidal variation, n, at a particular location and time t can be

expressed as a sum of the effects of the various constituents

;‘,\n

N B
n = a + aisin (‘—-t+6 (4.1)
i/

1=1 ¥
‘In Eq (4 1), a, is the mean sea’ level ‘N is:the total number of consti-
ftuents while ai, 61 and 'l‘i are the amplitude, phase and period of the i th
constituent.
4 1.1 Tidal Analysis In order to use Eq.(4.1) to. determine the
:tidal variations in San Miguel Bay and Ragay Gulf the appropriate values
aof ao, a:l and 51 must be determined for the corresponding values of Ti

vThese values can be. determined from information obtained from tidal records

fat these locations. L 5 _ ;

. “Each constituent 1isted in Table 4 1 affects the tidal elevations

fto varying degrees depending upon the physiography of the region where '

5the tidal levels are to he determined. In view of the large extent of the

vland mass separating San Miguel Bay and Ragay Gulf At is not surprising

;that the tidal behavior at these locations are dissimilar. d A
Given a sufficiently long length of tidal record at any location,
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Table 4.1 ~ List of Import:ant: | Tidal Conat 1 uent:s

 Name of Constituents -

P
Ssa
Mim
HSE
ME

Ce1s9.124
4384.896

661,278
354,356
327.86¢

long period -

23.934
25.819
24,066
26.868
24.841
23.098

diurnal

12.421
12.00
12.658
11,967
12,626
12.872
12,192
12,016
12,905

semi-diurnal




*the importance of each component can be identified and included in an \
iappropriate manner when determining future tidal behavior., In view of-
bthe reletively short record of water levels (23 to 27 days) at ‘San Miguel
_Bay ‘and Iwgay Gulf, the precise effect of each of the 20 constituents
’liated in Table 4. 1 could not be properly identified.m A criterion was
therefore established which enabled those constituents to be identified
in'the order of the accuracy of their determination. The accuracy of.thei
criterion and correspondingly the ability to,predict future tidal‘levels_'
‘depended"upon the length of the available record of observed water levels
at San Higuel Bay and Ragay Gulf.

" 'The following analysis is hence divided into ¢wo sections. The
fitst section describes the method of analysis which was used in determining
,how the 20 constituents and their corresponding values of ai and 61 were
obtained from field measurements. In the second section, an- analysis was
~then made tc select from these components listed those which were considered
reliable for projecting or hindcasting astronomical tidal action at the

towns of Balongay and Pasacao.

4.1, 2 Method ot Analysis for Determining;aol_gi and 6[ Eq.(4.1)
can be written as ‘
Lol N g é& | 2n
'n = a 4+ I |a,cos6 sin (G t) + a,sind cos (G t) (4.2)
\ CIFIS e A i At N

To find the amplitude and phase of the jJh component, i.e. aj and Gj
_Eq (4 2) is multiplied by sin(—— t) and integrated over a long time
interval At and divided by At jwhere At is the length of the tidal record,

At‘v nsinbe; t)dt = thﬂg aosingf; t)dt +,1£13ic9§§i { rsinef;_t) sin(T; t)df
. N At | | o
+ T aisind f cos( t) sin( t)dt] (4.3)
ki 1 S0 Hi. N j. |

The right hand side of "Edi«i=’3,>.-:té#nifﬁef.eﬁtfe's:éted to iyiie,i.d;;
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‘Taking the term 1 = j out from the I expressions and let'
the. symbol ‘I mean the sum, "I ,’
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:j:'bbﬁ,(h.ﬁ) can be written as

At . A Gy Sl

3t ) mx:m(.l..1 t)dt kj + aj[ A cos<5';l f:At ‘giné (48)
}.,;ro: 1=, i.e. T, =T 50 the terms containing A j j nd Gy, are indeteminate.
As At: + o, kj + zero and the last term on- t;he :Lght hand s:lde of Eq. (4 8)

I;:ie detemined by L' Hoep:l.tal rule, Eq (lo 8) ‘then becomes oy ,

“1im At ! nsin(-—- t)dt :- —1 coss ; (4.9) -

At-H- s j

) Similarly, mult:lplying Eq.(4 2) by cos(~— t:) and follov:lng the
:}Lsame procedure, one arrivee at the reeult (corresponding t:o Eq (4 8))“ that, -

124 _:Li
At sindj + cosd

jcosdj + Bjjsind" :)

vhere |

) 1
’ The left hand sides of Eqa. (4 9) ‘nd‘,(lfA 12) can be detem:l.ned
f.rom che tidal record. The terms a and 6 can herefore be detemined :

by aolv:l.ng simultaneously Eqs. (4. 9) and (4 12) Perfoming this for j-l
t:o N, ‘the amplitude and phase of each constituent can be found. ,

The mean se:t level a, is given by

Gy
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At ie large. In practice At is finite, therefore k and l. may not be
’eloee enough to zero :ln order to make qu.(lo 9) end (lo 12) valid.: One :
way to justify this 18 to otudy the absolute values of kj and "’j for the

available At and eompare ‘them with a_.

4, 1.3 Abeolute Values of k and 2. The abeolut:evalueof kj
can be written as - e '
k 2 -1 D, .8iné. - B.
| jl I (MI"'M ) +5 ( jjsmj Bjjcoeéj)
1 ,
< gp e +At ID 4oind, - Bjjcoscjl
1 L
< 5 (hal + ral) + oL (ogyl + 12,41 42
. 1 |
Sinee lAijI s 41r| T 1
LY
1
s, 2 -
13 bn + )
i h
le,. | ¢ L
SLNE PR S v
i 73
o, & 1
13 = Zn(-,EJ'--l--T!'—)
v 1 h
thepefore,
; : alT
‘ |m2] IN ‘ ' (C,. + D, )sins }|
(i1) M2| = £ {a,(A,, ~ B, )coss, + a (C ; 7+ D, )sind }|
| P A LR 1 kil.,‘i}j___.' N Y

A

N L
| 1:1 a-’1|(A:Lj v j)cosoi + (cjl_,l 4 nﬂ)vsms,"‘l&.;

& ke -
I .a (l l + |c I)
® 14y Pagl Ty 1;1

ll\
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I atlA s+|n Il |t+*|pirj~|;1
prie A

2} [l 1'1|+‘(‘ 1 )]
_—+-—-
T, Tl ;, T, :

]

4-‘

=|
v
*

(111) | |

. lus
L
i

BA
e

| and (iv) ID;1 jl
Uaing (:I.) to (iv), the,re“]._.,agid‘n (Eq.(4.14)) can be written as

k, < "’k fuas | (4.15)

S |arT N 3a,T
oo 11%7, 3 1 1 14
wAhere, kj At:[ - + 4 z ai(l i | +—7 1))+ B :l (4.16)

1
W Ny -+ G+
Ti Tj - Ti Tj
Therefore, Eq.(4.2) will be valid if
. .
A
3 m:;sﬁ:1 >» kjmgr (4.1?)

The absolute value of % 5 can be found in the similar manner.
Eq. (4.12) will then be valid if
a

2 ,
2 sin6 3 >> ‘Q"lmax (4.18)

’ g N 3a,T
vhere "'jmax " —A-t_'[ ‘+ZF Lla, —1 1_ it 1 1 )+—§.'}-1J (4.19)
R Wi\ -] G

| -3 i 73

,, Since kjmax' _’*jmax?.f""?? 'tre],gtj.qns} in l_!qs;.(l;.l’&?) and (4.18)
can be combined as ' o ' ‘

2 |
.‘_\’1 2
i 2kjw |
ot ;~gj/:,'-:;>; 2/‘ k ; (4.20)

qu (lo 20) :Ls tne required criterion. |
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Having found - every‘a ana dj, Jmax can be determined from |
Eq. (4 lo : The ratio 2/7 lc.j /aj can be used as a criterion for select-:
ing the constituents for use in the tidal prediction. ' »”%” .”

The ‘maximm value of 2/Z kj /aj required to make the j
constituent acceptable is yet to be established. L '

4.1.4 Flow Chart for Computer Execution The - computer program

shown in Appendix B is written according to the flow chart shown in

4.,1.5 Result of Tidal Analysis at Balongay The result of the J"f
tidal analysis at Balongay using 27 days of recorded data is presented in
Table 4.2, Column 6 indicates the order of each constituent. Order 1
‘corresponds to the constituent with the lowest value of 2/3 k /aj .

The prediction using the first 6 constituents according to their
rank order and the fourth constituent (j=4) seem to give good resuits
when compared with the existing record. The inclusion of the fourth
constituent, whose rank order is 15, is to include the effect of fortnightly
variation which is apparent in the tidal recoxd.
Therefore, the formula used for making tidal predictions at

Balongey is
7 . L
n = a + L a sin( t+4,) o (4.21)
°  u i i i :
Eq.(4.21) expresses the relation between the tidal variation n in meters
and the time t in hours. The origin of the time axis is at 4: 30 am.,
larch 6, 1974. The values of a,, Ti and 61 are presented in Table 4 3.
4,1.6 Result of'Tidal Analysis at Pasaco The result of the tidal
analysis at “asacao using 23 days recorded data is presented in Table 4 4.

The formula used for making tidal predictions at Pasacao is

4 . . .
nT gt I at““‘%‘*%) e e (4;‘3‘2)_
©  fa1 ¢ P S T A

The origin of the time axis, t, is at 9 am., Harch 8, 1974.. ?heﬂvaidesigg

are presented in Table 4, 5.;

of ai, 61 and ’1‘i
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INPUTS
* Tidal record n e
Period Ti, i=1,N
Length of record Atf,

IS 0 T

o

1 7C§mpﬁté X

- Compute Y

ycbmpdtg a

| and . 6

3

L}

3 rby numerical integration

:b'$4€=<f

'3+‘11

by Eq . (a . 16)\ v'\

2, “imax

Fig. 4.1 - Comquer‘Flow Chart for Tidél Analjsis'
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Table 4 2 - Tidal COmputations at Balongay, Using 27 Daye of Record

a = 1 221 m
| \H‘Amplfﬁude}; pPhése Period 2,
i ey 6 T, 2~f"kjm.xk
(m) (radian) (hrs)
1 2,417 1.343 8759.124 54.18
2 2,350 1,116 4384.896 42,09
3 0.098 0.002 661,278 8.05
4 0.209. -0,922 354,366 4,53
5 0.050 -0,201 327.869 4.92
6 0,128 0.393 23.934 1,03
7 0.116 ~-0,.920 25,819 0.55
8 0,122 1.0 24,066 1,06
9 0.044 0.1l6l 26,868 0.56
10 0.049 -0.823 24,841 0.67
11 0.043 0.401 23.098 0.57
12 0.657 1,571 12,421 0.77
13 0.385 0.895 12.0 5.64
14 0.098 1,571 12,658 1,22
15 0.340 0.543 11.967 3.42
Y 0.041 1.571 12.626 1.58
17 0.069 1.571 12.872 1,07
18 0.058 -1.414 12,192 1,58
19 0.399 1.082 12.016 5.02
20 0.062 1,571 12,905 1.06

Table 4.3 - Value of Terms in Equat}on'(@{Zl}

: T T~
i ai 61 : Ti

(m) (radian). (hour)

o | 1.221 = -~

1 |:0.657 1,571! 12.421
2 | 0,116 | -0.92}! 25,819 .

3 [ 0128 | 0.393 23.934
| 4 [ 0.122 1.0 24,066
©5 [ 0.34 1 0.543 11.967
6.1 :0; 0985. . 1.571w 12.658 -

7 1 0.209 | -0.922 354.366
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Table 4 4 Tidal Compucation at Pasacao Uaing 23 Days of Record

B 1 007 m t{ | | :
S A@plitudg‘fffphqse'” “iPerfod | - ¢ 2gfi'kjﬁax
B T T IR TR L LT Order
Sl @ | (radiam)| o (brs) | .
17| 2,000 | 1,370 | 8759.124 | . 53.57 26.78 17
207 1,958 | 1,170 | 4384.896° | 41,70 21,29 14
3| 0.292 -0.988 | 661.278 '8.54 29,19 18
4 04421 -0.374 354,366 6.23 14,80 8
50311 -0.800 327.869 6.47 20.82 13
6 | 0.309 0,198 23,93 | 2,18 7.05 3
7| 0.241 1.571 25.819 0.76 3.16 2
8 0.299 0.674 |  24.066 2.23 7.46 4
9 | 0.052 0.988 26.868 0.83 16.02 10
10 0.013 1.571 24.841 1.19 91.83 20
11. | 0,075 1.571 23,099 0.94 12,58 6
12 0.463 0.876 12.421 0.94 2,03 -1
13 0.392 -0,497 12.000 6.63 16.91 11
14 | 0,065 1.571 12.658 1.65 25.38 16
15 0.364 -0,874 11.967 3.97 10.90 5
16 0.104 . 1,571 12.626 1.48 14,19 7
17 0.062 1,571 12.872 1.13 18.18 12
18 0.044 1.571 12,192 1.73 39.40 19
19| 0.39 -0,305 12.016 5.96 15.07 9
20 0,050 1,571 12,905 1.16 23,38 15
Table 4.5 - Value of Terms in Equation (4.22)
1 ay & Ty
. - (m) ~(radian) (hrs)
o | 1.007 - -
1 | 0,463 . 0.876 12,421
2 | 0.241 1,571 25,819
3 | 0,309 | 0.198 23,934
4 10.299 | . 0.674 24,066




Using this method of tidal analysis the formulas for tidsl
prediction at Balongay and Pasacao are those ‘shown in Eqs.(4.21) and ‘
(4. 22) with coefficients given in Table 4, 3 and 4,5 respectively. As the' :
length of the available tidal record increases, the accuracy of tidal
predictions will be uniformly better. It ‘should be noted that the re»
cognition of the 1on~ period constituents by this method vill be improved N
if a longer record is available. The short period of svailable records
is the reason why tie rank order of the long period constituents are
usually high.

The valuc of k

jmax ©
estimation of the error involved in estimating the amplitude and phase

for each constituent is only a globsl

of that constituent. Therefore, the orders of the constituents (as shown
in the last column of Tables 4.3 and 4.5) are only approximations.

The computing time for one month of data (hourly readings)
is about one minute on a CDC 3600 digital computer.

Tigs.4.2 and 4.3 show respectively tie ohserved water surface
levels at Balongay and Pasacao during a period of approximately one
month. Also shoun on these diagrams are the computed tidal levels using
Eqs.(4.21) and (4.22).

Figs.4.4 and 4.5 show respectively the hindcasted tidal recoxrd
for a typical one month period during the typhoon season at Balonosy
and Pasacao. The portion of thie tidal data vwhich was used for the
boundary conditions of the mathematical model of the Jicol River Basin
flood control study is shown on the figure.

The tidal fluctuations at San Miguel Bay and Ragay Gulf are ;.
'genersted oy computer subroutines TIDAL1 and TIDAL2 respectively as: shownv
in Appendix C. ' o

4.2 Heteorological ‘Tides c
ueteorologicsl conditions which are present during typhoon periods -
can have a considerable influence on the vater levels in San diguel Bay -
and Ragay Gulf. These conditions are: minimum central pressure, typhoon:
',speed and. path, typhoon size or radius, and local vind velocities.,;,f ‘,f'
)Eq (4. 23) describes the change. in water level produced by typhoon effectsﬂﬁ?



http:Eqs.(4.21
http:Eqs.(4.21

:*;F,i'g.f»;4.-‘2-‘ : Obgerved : ohd; computed - tidal fluctuation at Balongay in. Son Miguel B@y

. ET’I"



~ Water level, m. -

14

1S

i R [

Goys| 19 20 | ofie T

Fia.43- Observed ond computed fidal fluctustion atPusacao in Rogay Gulf

KT B



 -BALONGAY —

3

4

5

As"ono

'miCOIi,fideiserlecte'd for design period- . - - [

14 |

T b

|G '

‘Generated. -tidal - fluctuation ot Balongay in San Miguel Bay -



 Stage in meter

— PASACAO

A\

3

-y

. 5

6

Astronomical tid

e selected for design period

\

12

i3

14

T3

""’-‘Z‘ R loc ,\, . -

21

7

s

: 20 g ,




“!"1{7'1 T

fhffsi aAp + b(w cose) e . (4'23)’
'.In this equation, a and b are empirical constants which characterize the
.pconditions where the wind set up is being determined. The first term ‘on
nthe right hand side represents the change in water level due to the re-
’duction in the atmospheric pressure assoclated with typhoon storms while
5the second term shous the effect of surface friction caused by wind-water
interaction.

| - h, 2. l Pressure Distribution Tropical cyclones in the Philippines
during the period 1964 thru 1972 were observed to have routes that
exhibited a yearly tendency. Figs.4 6 to 4.9 show the typhoon routes
affecting the Bicol Basin during the years 1964, 1970, 1971 and 1972.
During these years, the typhoon: paths were such av to influence to a
considerable extent the meteorological conditions in the Bicol area.
MFig.4 10 shovs the relationship between the minimnm pressure of the
,typhoon storms in the Philippines and the number ‘of their occurrences
during the 1964—1972 period.

‘ In general, typhoons whose minimum central pressure 1s’ lower

‘than 900 mb are considered as very large scale storms. Only three such
éstorms affected the Bicol area between 1966 and 1972. The lowest central
fpressure ever recorded was 884 mb and was produced by Typhoon Ining in
u1971.‘ The radius of such large storms is difficult to define. “An
‘effective radius T, of 75 km is considered appropriate for very large
scale typhoons. The equation used to describe the pressure variation in

the typhoon area is
: . ~r [r
an P = Py + bpe ° S (4.24)

1In Eq (& 26), P, is the atmospheric pressure at the typhoon center, r,

is the effectivs radius of: influence of the typhoon, Ap is the maximum
pressure drop in the affected region and p is the pressure at a distance

r from the typhoon ceuter._ For the storm selected as the design storm for
_the Bicol Region, the values of Ap and r are 133 mb and 15 km respectively.
The pressure distribution in the typhoon affected area can therefore be
aexpressed as T L e | o
880 + 133 e 75/ r (4.25)
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‘,whééé’p'is expressed in millibars and r in kilometers.

4 2.2 Velocity Distribution of Typhoon Winds The motion of the
‘swind relative to the storm center can be approximated by assuming steady
iffrictionless conditions and that there exists a three way balance between
"the Coriolis force, the centrifugal force and the pressure gradient force
_~norma1 to the flov. The magnitude of this resullant velocity F(r) can

’ be expressed as

r -r/r fr J]JZ . fx (4.26)

F(r) = [%S-}‘le °+ &P L

where Pe = 0.0012 gms/cc and the Coriolis parameter f = 2Qsiné. For the
Bicol River region, f = 0.0000729 radians/sec.
Empirical findings indicate that a better approximation to

the actual windvspeed U, relative to the typhoon center is

1

U, = 0.7 F(x) (4.27)

This wind speed should be directed at an angle of approximately 60°

from the‘direction of the radius arm as shown in Fig.4.11l. The wind
velocity relacive to the earth's surface must also include the effect of
the’motion of the .enter of the storm along the typhoon route. A design
speed V of 50 km/hr and typhoon route passing directly through Balongay
was selccted as is shown in Fig.4.1l. The contribution of this motion to
the'instantaneous wind speed at any distance r from the typhoon center is

- F(r) :
U2 0.7 —-(-—T v (4.28)

The resultant of U. and U can be determined at any position and time.

’Their vectorial sui is algo shown in Fig 4,11,

B ’ " of particular interest is the’ continually changing component
of. the wiﬂc velocity 1orma1 to the mouth of ‘the Bicol River estuary in
VSan Miguel Bay and at the mouth of the Bicol Diversion where it is planned
1it0 enter Ragay Gulf. These. wind components will produce a wind "set-up “

fof the ocean waters which in turn will affect the inland flow conditions.
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‘ 4 2 3 Storm Surge ; Of pﬂrticular intetest are ‘the meteorological
.fltides ptoduced in the San Miguel Bay at. Cuyapi and at the ngay Gulf at

ﬂj_Pasacao.;;‘ L ; _ f o , :
e ' The static set up S1 due to the low pressure center was detet-
»gkmined as ' :
5 - »f‘f-g-:' = 0.9914p - (4.29)

i;ln Eq (4 29), the units of S1 and Ap are in centimeters and millibars
V'respectively. S

ks The chenge in wvater depth or set up S2 due to the wind-water
interaction is" determined from Eq.(4.30)

2

2 h -

’In Eq. (4 30), k is an empirical factor which depends upon the shape of
_*the body of water, F is the fetch length, h is the average water depth
and (U-cose) is the component of the wind velocity normal to the shoreline
at Sen Miguel Bay at Balongay and at the Ragay Gulf at Pasacao. For these
locstions the following equations apply

Sz(balongay) - O OggéSS)km) (U'cosB)2 (4.31)
] (Psascao) - O o%iégsg)km) (U'cose)2 (4.32)

;The totel meteorological tide S is then the sum of S1 and §,.

} By continually computing the wind field in the vicinity of
ﬂBalongsy and Pasacao as the design typhoon passes through the Bicol River
fBaein the iustantaneous average wind velocity over the appropriate fetch
llength, can be determined and substituted into Eqs (4.31) and (4.32) to
ﬂdetermine the wind set up. The wind set up 82 was computed in this manner
hand thcn added tc the static set up. The combined effects (S + Sz) are
_shown in Fig.4 11. The maximum storm surge at Pasacao and Balonga was

©°2.78 'and 2.36 meters respectively.
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4.3 Combined Tides ‘
The most severe tidal conditions would be produced if the maximum
values of the astronomical and _meteorological tides were exactly in phase.

This was the condition which © was considered to exist for the design

conditions in this flood conttol study. The resultant water surface

fluctuation is shovm in Fig. g.4.12. The assumed relationship between the .
time variation of the water surface levels and the occurrence of the
basin rainfall is also indicated.
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V FLOOD CONTROL SIMULATTON MODEL

5.1 Introduction

A flood control simulation mathematical model is constructed to
describe the flooding condition in the river basin, The model extent
covers the Licol and Sipocot Rivers respectively from: Lake Ba“o and ,
Napolidan to the river mouth at San Miguel Bay. The mathematical model ‘
mainly consists of the unsteady free surface flow equationq which are
capable of handling storage and dynamic effects of flow condition in the
rivers and flood plains. The complicated geometry of the rivers and their
flood plains are schematized for the purpose of a convenient treatment
in the mathematical model. The schematization called the node and branch
technique 18 used to solve the unsteady free surface flov equations.

The model is calibrated to determine the empirical constants which
govern the model outputs. The calibration is performed by asauming and
adjusting the values of the empirical constants such that the 1970_

previous flood flow records are reproduced. Once the model is calibrated,

the effects of flood control schemes on flood flow condition in the Bicol
River Basin can be investigated.

The mathematical model is translated into a FORTRAN IV computer
program suited for the CDC 3500 Model which is capable of handling a
maximun cora storage capacity of 64K.

A detailed description is presented of the formulation of the. flood
control simulation model which was used to simulate and predict flood
flow conditions in Bicol and Sipocot Rivers under various combinations
of basic components of flood control schemes aad different hydraulic and
hydrologic inputs.

5.2 Basis of lMathematical Modelling of Unsteady Free Surface Flow
5.2.1 Governing Equations The unsteady free surface flow equations
are the continuity and momentum equations. The equations are derived to
describe flow conditions in the main channel and its berm portions., The
applicat lon of these equations are complicated by the condition that the
travel distance of fluid particles along the main channel and berm portions
are not equal. This condition arises aince in nature ‘the dsgree of h




."-.5'.2.-

;meandering of the main channel and berm portions are unequal as shown in
Fig 5.1, Schematization is required to adjust the berm geometry and its
roughness coefficient such that the effective flow dietancee along the
main channel and berm portions ‘are eque’ized. The detail of this
schematization for the berm portione will be discussed later. The un-
eteady free surface £low equatione vhich consist of the continuity and

tum equations can be - expreeeed as follows.

-agng‘g q =0 (3.1)
2 2 '
Q33 . ., 0972, 0" M aQ 3  gAQlol _ :
2MM)x yAzax"'Aax*at*gAax'* 7, 0 (5.2)
i=]

In Egs.(5.1) and (5. 2) Q and H are the discharge and vater
level, q is the lateral discharge per unit distance which enters the flow
chennel perpendicularly, T and A are the total topwidth and cross sectional
aree of the‘flow section, X and ! are.the conveyance and momentum correction
‘factore, g is the grevitational acceleration, x and t are the space and
time coordinates. The parameters K and 1l are defined as

X = -’:i AiRi/3 | (5.3)
N 3
and I pQV,
i=]
M = -—Eav——— (5.4)
3
In Lq. (5.4), Q = $q amd V = ——59—- = % (5.5).
| gm1 :a,
i=1

In Eqs.(S 3) (5 4) and (5 5), the eubscript i refers to the:
;number of the eubsectione referred to ‘as tne left berm, main channel
-ight berm. Subeection n (1 and.no. 3 are the left hand and right
herme.v uubsection no.2“ 8 theymain channel. The term p 1is the

:water‘deneity.t j . i ; RS
: The definition eketch of the variables used in. qu.(5 1) 'and
Z(S 2) are ehown in Fig 5 2.
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Fig.51 Typiool Reach of Bicol River During Flood
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'5’2 2 Node and Branch Schematization Technique . The continuity and
momentum equations as expressed in Eqs.(5.1) and (5.2) are solved

numerically through the use of the node and branch computation technique.
The method can conveniently handle a system of interconnected channels
spchpaa those created by the intersections of Bicol River, Sipocot River,
cutoffs, diversion canals and boundary conditions imposed by San Miguel
Bapland Ragay Gulf. The method requires a schematization procedure whick |
_considers the flow system consisting of a number of storage tanks connected
by a number of channels. The channels joining the storage tanks are
assumed to have geometric and hydraulic properties of the system that are
both time dependent. The storage tank is called a node and the channelj‘";
joining the storage tanks 1s called a branch. The function of the node ?“f
can be visualized to accommodate all storage or mass transfer effects d
while the branches accommodate the hydraulic frictional effects and tnertial
effects which exist between the two nodes. This interpretation resultsv
from the development of the equations which describe the flow system.

In the node and branch computation tezhnique, the following
assumptions were made'

a) the water surface is horizontal in each node;

b) only one value of discharge exists along the entire length '“Bw""j::z
of a single branch at any instant; ‘ IR R

E c) water levels vary linearly from one node to an adjacent node, txa -

, " d) the storage in each node is considered equal to the volume ‘ -
;of thevwater in all branches from that node to a distance half way to ;
eae adjacent node. : 1 L
x '_ ’ Fig 5.3 shows the. physical interpretation of the river geometry
‘and flow condition assumed in the node and branch schematization. Fig.s 4
Vshows the time variations of the discharges of the branches and stages

at the nodes in a typical river reach.

5.2.3 Reduced Forms of Continuity and Momentum Equations for the Node
and Branch Computation Technique Eqs.(5.1) and (5.2) are the con-
‘tinuity and momentum equations which describe continuous variations of
discharges and water levels with respect to time and space coordinates.
Using the concept of the node and branch schematization, the river
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%geometry and- the. flow condition nre considered ‘as time dependent functions
Lwhich possess constant values within a specified space interval as shown
in Figs.S 3 and 4.4. To make Eqs.(S l) and (5.2) consistent with the node
fand branch schematization, the partial differentiation with respect to the
ispace coordinate, x, is required to be. replaced by the difference of a
gquantity, e.g. stage, discharge or cross sectional area, etc., per unit
ddistance of the 1ength of the branch. The substitution eliminates the
.partial differentiation with respect to x in Eqs.(5.1) and (5.2) and the
fequations are reduced to partial Aifferential equations with respect to
ftime alone. Since the equations satisfy the flow conditions for nodes
:and branches which are fixed in space, the partial differentiation with
'respect to time can ‘be changed to a total differential equation with
‘respect to time.

The conversion of the time and space partial differentiations
in Eqs.(S l) and (5 2) to the total differentiation with respect to time
are described in detail below. _

‘Prom Eq (5.1), the differential form of the continuity equation

foria node can be expressed as

dae . F )

L ~In Eq (5 6), F is the surface area of the node which is equal
to the surface area of the water in- the branches from: the node. half vay
to eac adjacent node while ZQi and ZQ ot %€ the. discharge summations
into and out of the same node. The other parameters are previously defined.
| , ' From the momentumn equation in Eq.(5.2), the following substitution
forpthe partial differentiation with respect to x is made

b |
M g
Lo 5.9




From the continuity equation in Eq.(5.1), the ‘tern 32 can be replaced

(T, +T,) , (4 +H) N
ag . _ It Ty) 5 Wy 41 rY
X I T (5.10)

In Eq.(5.7) through (5.10), the subscripts 1 and 2 ate aesigned'
to the upstream and dovmnstream nodes of the branch respectively, L is
the length of the branch, the other parameters are previously defined. ’
Substituting Eqs.(5.6) through (5.19) into Eq. (5. 2), the partial
differential form of the momentum equation with respect to time which
satisfies the flow in a branch can be written as

2
-8 g+ G- o 2

XA . A () _zaA_gLQL2
i=1 °

ég. od-g = ——. 1 .
As previously described, and 8 . (" +H2) it (hl-le),’

at dt
the momentum equation can therefore be rewritten as
(zq, ~2Q_ ) (zq, ~zQ_.) 2
d  mor| P our) oo, P ue node 2 | + 2 (-
dt A F F 2 2]
1 2 AL
Q? gA |
= ap Uprty) - T Ry - S G.11)
i=] :
A+ A T. + 7T M, + M)
InEq.(5.11), a=-22, pal "2 ..l 2,
, 2 2 .} 2
(x) + ( )
Ki‘- . 2 . ;:I.=12and3.

'\branchee in the Bicol and Sipocot Rivers.
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53uethod of fweraging Main Channel and Berm Geometry

s In the node and branch computation, the geometry of the nain cnannel
iand bern cross sections is averaged for each river subreach defined for ,
‘each branch. The cross section geometry is averaged by the following

'procedure:

o a) Plot the topwvidth and depth relationships of the cross sections
‘equally spaced vithin the subreach defined as a branch. Drav the average
. curve through these relationships.

b))’ The average ‘elevation- -depth relationship for the branch is then
obtained. .

' c) Convert the average elevation depth relationship to the average
elevation-topwidth relationship of that branch. This can “c done by
setting ‘the elevation of zero depth equal to the average bed elevation for
the branch. .

Further simplification is made by assuming the topwidth and elevation
relationship to be linear but at different slopes for different elevation
intervals. Tor the main channel, the topwidth is assumed constant when
the elevation exceeds the river bank elevation. Figs.5.5 and 5.6 show
the topvidth-elevation relationships for main channel and berms. From
Figs.5. 5 and 5.6 the essential information which is required in specifying
the average topwidth and elevation relationship is the topwidths and
“elevations at some specific positions. The topwidths and their correspond-
ing elevations at these positions are called specific topwridths and
specific elevations. The topwidths and elevations designated as T1l, T2,

T3 and T4 and El, E2, E3 and E4 are required for the main channel as shown
‘in Fig 5. 3. Furthermowe, the knovledge of the main channel cross sectional i
«area at the elevations E2 and E4 are: required. For the berm sections as
}shown in Fig.5.6, the specific topuidths and corresponding elevations are
3designated as EX, EX1, LXZ nx3 and 0, TX1, TX2, TX3 for the left. berm
qand EY, EY1, EYZ EY3 and O TYl TY2 TY3 for the right berm.

l The equations which are used in computing the cross sectional arens
Qand topwidths of the average cross section of the branch are described

‘belov.
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Main Chahnel From the average topwidth and elevation relationahip
of the main channel as shown in Fig.5.5, the following relationéhip cah” '
be writhn.

Elevation Range: E < E3
A = AD+ (E—EZ)(TJ";TZ) s E < E3
. (T3-T2) . ‘ -
T T2+(E3E2)(EE2), E2< E < I3
. (12-T1) o
T T2 - (E2°ED) (E2-E) ; E < E2
Elevation Range: E > E3
A = AL + (E-Ea)(n;r") s E > E3
- . (T4-T3) o .
T T4 ) (EB4-E) , E3 < L < Eb4
T = T4 ; E > T4

In the above equations, A and T are the cross sectional area
and the topuwidth of the average cross section.

Berm Sections The computation for the cross sectional area and
topwidﬁh of the left or right berms are the same. The following is the
description in the computational method which is performed for the left
berm. The same procedure is applicable to the right berm. From the
average topwidth and elevation relationship of the left berm as shown in
Fig.5.6,'£he f@llowing relationship can be written.

EleVAtiqn'Ra#ge:

EX < E < EXL T = (TX1-0) (Egi-mr;x)
A = 3T (B-EX)
WML<E<EK2 T = XL+ (TX?.-&-TXI)‘ Té%{')'
A;&t - % :rx1(zx1~m() + —('r+'rx1) (2-EKD)
Ex2_<_ E 5_;;;.3 T-'rxz + ('rx.s-rxz) (E%ng{z)
oy

=5 TXl(EXl—EX) + -(T zmcl) (EKZ-EXl) + “(TM)(E-W);“;
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A =} TRLEELER) + JTRATRL (EK2-EKD)

2(1"-"31’1'71‘-2-) (EX3-EX2) + T3 (E-EX3)

1In the above equations, A and T are the cross sectional area and topwidth
vlof the average berm section. The same equations could be applied to the
?right berm when the area and topwidths are computed,

The hydraulic mean depth 1s defined as tne ratio between the
cross sectional area and the topwidth at the same elevation.

Knowing the water surface elevation, values can be found for
the cross sectlonal,area, the topwidth and the mean depth of the main channel
and the berm.of the averaged cross section., However, these computed values
of'the’eross sectional area, topwidth and mean depth of the berm are not .
applicable to the continuity and momentum equations as expressed in
Eqs.(5.6) and (5.11) since the berms are non-schematized, i.e. the flow
distances along the main channel and the berms are unequal. Further
schematization on the berm geometry is required. The procedure for the
schematization of the berm geometry will be mentioned in the next section.
No schematization on the main channel geometry is required.

5.4 Schematization of Berm Geometry and Roughness Coefficients

“ Eqs (5.6) and (5.11) are restricted. to the condition that the flow
distances along the main channel and berms are equal.. Schematization of
;the berm geometry and its physical characteristic is required to equalize
the different flow distances along main channel and berm as shovm in
Fig.5.7. The berm geometry which is required for schematizstion is the
topwidth, cross sectional area, hydraulic mean depth‘snd'bedvslope. The
physical characteristic which requires the adjustment in the schematization
‘18 ‘the berm roughness coefficient. The following is- the mathematieal
‘5description for the schematization in the geometry of the berm as shown
iin Fig.s... S Lo

5 4.1 Schematization of the Berm Topwidth The criterion for¥the

rlschematization is that the water surfsce areas of the berm in th;, A
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[and achematized systems muat ‘be equal.n k;ﬁégtiﬁgltb'Fig;5;i,féhéﬁfoliow;v
'ﬂing relationship can be expressed. V | :

‘-,giéé??a : - 'e :%Axai |

L g Ca : (,5,12'5

In Eq.(S 12), T and T, are the actual and schematized topwidths

;of the berm, T Ax is’ the actual wvater surface area of the berm, Ax and
,Ax are the actual and schematized flow distances of the berms, while ox,
kis also equal to the flow distance measured along the meandering course
{of the main channel from section A to section B'as shown in the same figure.

5 4 2 Schematization for lerm Cross Sectional Area The criterion
for = the schematization is that the volume of water ‘stored in the berm
'portion in the actual and schematized flow system must be equal, 1.e.

AsAxG = Aana
Ax

a .
or'x , AB = Aa&"—' (5.13)

In Eq.(5.13), A and A are the schematized and actual cross
sectional areas of the berms, Ax and Ax are previously defined. The
'croos sectional areas of the berms in the actual and schematized systems
'arn taken perpendicular to the flow direction in the berms.

5. 4.3 Schematization for Mean Depth of Berm The mean depth which is
fschematized by maintaining the same quantity of surface area and vater
fvolumeuof,the actual and schematized berm portion can be expresaed as

Axa
A, A R, A -
Dy = " T T "D - G

defined. o


http:Eq.(5.13
http:Eq.(5.12

5 4.4 Schematization for Bed Slope of Berm. Portion f Let y be the

vertical space coordinate and x is- the horizantal space coordinate measuredf
along the flow direction in the flood plain. The schematization for the
bed slope of the schematized bemm portion, with regard to the same drop »
in the bed elevation in the actual and schematized berms, can be written asfﬁ

Ay, Ay Ax : Ax. BRI
s T, T &, ix, " Padx, (.5%'“1,5?':

In Eq.(5.15), S and S are the bed slopes of the berm por ion

in the actual and schematized systems. The other parameters are pr“
defined. The value of Ay is substituted with Ay, since the same drop in
bed elevations in the actual and schematized berms is assumed.

5.4.5 Schematization for Berm Roughness Coefficient In the
schematization, the discharge in the berm portion is maintained, {i.e. the

berm discharges in the actual and schematized berms Q and Q are the same.,
This implies the condition that

Qs = Qa
For the first explanation, it is assumed that
a) the steady state Manning Equation adequately describes the
flow over the berm sections;
b) the hydraulic radius R could be approximated by the mean
depth D. |
| It follows that

1 A, R2/3 /2 _ 1 A R2/3 1/2
ns 8 na 8

Substituting Eqs.(5.13), (5.14)and (5.15) into the'above;equation;giiesﬁ

A D 'S .
: . et By p 8y _§. 1/2
W GG

Inth,(5'16), nB and n, are the berm roughness coefficients in
the schematized and actual flow systems. The other parameters are pre~


http:Eq.(5.16
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http:Eq.(5.15

SERTIS

'viouslyfdefined;
daking use of the main channel ano schematized berm geometry
and roughness coefficients, the continuity and momentum equations ‘a8

expressed in Eqs.(S 6) and (5. 11). could be. written.:

'5 5 Bicol River Basin Flood Control Simulation Model

b 5 5 1 Extent of Flood Control Simulation Hodel Fig.5.8, shows

"the extent of the Bicol River Basin covered by the model. - Thirtywone nodes
' are assigned to the water course as shown in the figure. ‘Thirty four S
k?branches are used to connect the nodes and to provide paths for the water

| movement between the nodesc of the Bicol and Sipocot Rivers. Thirty one

' valnes of water levels at nodes, thirty four values of discharges along
;the branches and three additional values of discharges at system outlets
“are ‘8olved simultaneously through the use of the node and branch computation
'vtechnique. Water discharges into nodes are estimated from streamflows

; of the Bicol and Sipocot tributaries and the surface runoffs produced by
;rainfall over gaged or ungaged watersheds assigned to the regions of the
'nodes.l ‘The water discharges to nodal points are considered as the boundary
conditions ‘of the flow system. The streamflov of the tributaries and
'surface runoffs from watersheds to the nodes are assigned to the nodal
'points from node no.l to 24. It is assumed that there is no lateral
“discharges to node no.25 to node no.31. Flurtuation of sea water levels
‘at the system outlets which are. produced by combined effects of . tide and
_typhoon are taken 1into account as the vater level conditions that control
water movement in the Bicol and Sipocot Rivers. Node no.31 at Balongay,
'node no 30 at Barcelona both on the eastern side of Luzon island and node
fno.27 at Pasacao on the vestern side of . Luzon island are the nodal points
fin which their water levels are assigned equal to. sea water 1evels. '
;Topogrsphy of flood control schemes, e.g. Pulantuna Reservoir, diversions

”and cutoffs as well as the geometry of main channel and berm portions of
jBicol and Sipocot Rivers. are -included in. the model. ' .
e _\ The flood ‘control- simulation model is used to simulate and
%determine the effectiveness of the flood control schemes on the water 1eve197
?in the‘Bicol and Qipocot Rivers. The part of the model shown by th ;,‘ |
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dashed lines in Fig 5.8 represent the £lood control schemes proposed in
:the pr"'nt investigation. - DR T B .r' N
5 5 2 Components of Flood Control Simulation Model ; The'fl xdi.&
ncontrol simulation model is composed of three submodels as shown in: Fig.
f5 9.‘ Those submodels consist of the hydrologic, tidal and river flow

Qmodsls. .

ST The hydrologic model is used. to convert rainfall over the
tbasin s watersheds into time dependent discharges as inputs into the nodes.
S ‘The tidal model is used to simulate the fluctuations of the sea
fwater levels on both sides of the Bicol Basin. The tidal model combines
7the effect of astronomical tidal generation with the storm surge produced
fby typhoon wind. _ ‘ o
J Water levels and discharges in the Bicol and Sipocot Rivers are :
computed through the use of the river flow model. The rainfall over the
Bicol Basin. and the fluctuation of sea water level as affected by tides -
and typhoons are considered as the major inputs to this model.;-‘

5.5.3 Unsteady Free Surface Flow ifodel ‘ :
_ Finite difference equations ~ The unsteady free surface river i
flow model consicts mainly of the continuity and momentum equations as J:
expressed in Eqs.(5.6) and (5.11). The equations are solved numerically
through the uc2 of the following finite difference scheme '

3., = J +{(' e)f +ef

LHAL } At 0<e8c<1 .i~";; (5 17)

-\

L In Eq (5 17) f(J t) =;dt > J is the unknown_vector i

t+At

F'representing el thcr .atnr lo;ol or discharve.» The weightin‘”factor was

.chosen, - as s"ggcntcd by Vrev ”ethil (1963), as 0 55 to ensureﬂnumerical X
'stability. A T R c e “
e : h' By substituting Eqs.(S 6) and (5 11) into Eq (5 17), the\
5finite diffcrnnce form of thﬂ ccntinuity and momentum equations written

;for nodes and branches can be obtained.>

e;. L : As an eyample, the finite difference form of the continuity£
%equations for nodes 12 ‘and 13 and the finite difference form of the» 5
;momentum equation for. branch no. 15 which connects ‘these two nodes are' x
:presented.' Referring to Fig.S 10 ‘the river discharge Q16 enters node 135
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7 thrngh the upstream branch no 16 the surface runof ;nfrom ungaged
?watersheds and the tributary etroamflow in the vicinity of the node enter
_the node and is designated as QL13, The discharge from node 13 is referred"
‘to as le This flow enters the downstream node no 12 through branch

no.l15, The surface runoff and tributary streamflow designated as QLl12
'enters node 12 ‘at the same instant, Water from node 12 then discharges -
, fin downstream direction through branch nos.14 and 25 with discharges whose‘i;
n"ihmagnitude are equal to Q14 and Q25 respectively..,‘ , , i '

",‘;J'% _.:j The finite difference continuity equations for nodefno.

‘and 13 can be expressed as follows' ' b

| Node Node 12

A“12

| t o T + °AQ25 eAle ¥ BAQM Q + le Q14 ¥ QL12 +‘eAQL12 (¢ 18)“_:;1

7f5’For Node 13

1, 0Ny T, ¢ [Q16+QL13 2Q15‘
-4‘;; . fis L Py o
5 -
>7?ﬁfl + 62Q15 [A L. (A15 at D/S 15 at U/S

15 15,

15 at /s I'15 at. U/SJ ] i U
it “15 15 b e 2 Y5ty
1.2 K15 1 N
Lam

L reM . To.q ; oM. .T. .Q T °M15T15Q15
"‘:‘AQ16 [_.LS_}.LU] +AQ [ .._..Jé_]:s_.]_-:i]+AQ25[ —_<

HAsfis 1 A15 12 Apsfia A
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{Mis®sTas Qe Q15+Q1'12 st le. ”15‘?15 G )'
A ¥, ¥, Az , \15 at D/S’ »A15 at U/S
| | s r |

SR, > 15( ') gA Q15|Q15|
Als 15 15 at D/S 15 at. U/S ngs 12 13 15 =3 .. 92

oM. T, .Q et Q.
( ) 6Ty 15) . AQm ( 15715 15)

A15 13 "15 12

Eqs.(S 18) (5 19) and (5 20) are the continuity and

_ +’“' 'AQL13

"”j,,momentum equations for node no.12, '13 and branch no.15. The equationsj

,;if?have been 1inearized by dropping the nonlinear products, i.e. the products
“‘of ‘all the increments, for example, AQAH, (1) and (AQ) The terms on

iA:f‘rthe right hand side of the equations contain parameters which are
"~;f;previously known from the initially assigned values or from the previous
"*‘f ﬂstep of computntion and also from the given boundary conditions at nodes
””‘12 and 13. Similar types of finite difference continuity and. momentum

"n~equations can be written for all nodes and branches in the schematized

' flow system as shown in Fig.5.9. o .

. Method of aolving_continuity and momentum equations -« The
Cs‘continuity and momentum equations for all nodes and branches form a set {(’4
of linear algebraic equations which can be solved simnltaneously. The |
’kﬂ’unknowns are the incremental changes in the stages and discharges of all ‘»fiv

“f, nodes and branches in the system within the time step of At used in the LA
‘-“_computation. Fig 5 ll shows the isometric sketch of ‘the procession of the 57~'V“

[N] [P] [C]

. o n Eq (5. 21) [N] is the unknown matrix which contains
fthe.incremental changes of stages and discharges within the time intervalkk
At;_[P] is the known matrix whivh contains the coefficients of the :
?elements of the matrix [N] The matrix (r] is known from the previous
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N fime = 14241
N time st4ar

S"P “Computation for a River -"‘"',""k
Node ‘and Branch Computational Procedure.




{berms of the Bicol and Sipocot Rivers. i
,h]?j\ b) runoff coefficients which are defined ‘as .the ratio’ bet .
}volume of surface runoff from the watershed to t:hat:&o‘-;~the rainfall n_theff

ﬁsame area.

"'”.ds;zéfﬁ}

}ﬁfstep of computation or from the initial conditions.
"[CJ 18 the known matrix which contains the known products of coefficients
"and boundary conditions and the isolated terms which' are known from the

previous step of computation or from the initial conditions. R
Eq.(5.21) is solved on a CDC-3600 Digital Computer which

; is capable of handling a maximum core storage capacity ‘of 64K. The com
puter language used is FORTRAN IV. '

:fj,,;s 6 Model Calibration

‘The flood control simulation model is calibrated using the available

f;previous flow records along the Bicol and . Sipocot Rivers in the year of
‘;1970.v The hydraulic and hydrologic inputs to the model are available
{*from field measurements. The hydraulic input to the model whicn serves a8
Va downstream boundary condition is the observed mean daily sea water ‘
;rlevel at Cuyapi. The hydrologic. input is the measured rainfall at three
iistations over the Bicol Watershed. The rainfall is converted to surface .
'frunoff which enters the nodes assigned to the Bicol and Sipqcot Rivers..y}d
j'n‘,"l‘he surface runoff from ungage! watersheds were estimated from the basin -
'”rainfall using a distribution graph. The observed streamflows of the Q‘”:f
Eftributaries are used wherever possible as discharge inputs from the gaged Q
a”watersheds. The model is calibrated by adjusting the empirical constants,'f

contained in the governing equations which control the model outputs.

‘"The governing equations which contain the empirical constants are the :

.ungteady free surface flow equations and the rainfall-runoff relationship.:;
’Adjustments are performed until the flow records during the storm ofiﬂ ’;
“October 1970 are duplicated. These empirical constants are representativei”
- of the physical characteristics of the Bicol River Basin. Thes ' iy
;characteristics are the: ‘ ' L ST

a) energy loss or roughness coefficients of the main channel a 3
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‘jiTwo sets of four runoff coefficients are’used.t The first set 13

“saturated while the second set is used during the storm period in which
;the soil in the watershed is assumed to be fully saturated. ’
i l‘;ln the model calibiation, all the flood control schemes were dis~ajl
{regarded since they did not exist during the t«me of flooding in 1970.f3f
, The ‘roughness coefficients which require adjustment are those forffw
ﬂ%'the main channel and berms of branch no,1 to no.24. The berm portionsé“i
,r’which were inundated during the flood period are those of branch: nos.9 11
K and branch nos.13 and 24 along the Bicol River. 1In the calibration,
?the roughness coefficients are assumed for the main channel and’ berms for
4,branches 1 to 24, Adjustmcnts on the roughness coefficients of the . .
t‘a:main channcl and berms are performed through a trial and error procedure. 8
- The. locations of _the gaging stations for which the flow records are . |
| available are shown in' Fig.5.8. These stations are:
';, w,a) Sabang, Sipocot River (Node No.4) o
\1; gb) Libmanan, Sipocot River (between Node Nos 6 and 7 on Branch No.L‘Af
;Jiﬁ?c) ﬂaga City, Bicol River (Node No.1l) L A
‘_f'fjjd) Ombao, Bicol River (between lNode Nos.16 and 17)
‘**fe) Sto.‘Domingo, Bicol River (Node No. 21) '
‘{f) Lake Bato, Bicol River (Node No.22): ‘
G thhe comparisons of ‘the water levels computed from the flood control | ﬁonJC
. simulation model and from the 1970 field records for those gaging stations | wT thash
;Tare shown in Fig 6 in Vol.I of this Report. Satisfactory results are ‘
o
= Vobtained from the calibration. The: following are the empirical constants
;}which are obtained from the model’ calibration.“ S
f , a) Runoff Coefficients There are two sets of runo:r coefficients.,
'?;The first set applies for rainfalls prior to the storm of: October”lz, 1970.
51The second set applies to rainfall during the typhoon.h Each set ontainﬁﬁf

gffour values.,J'
1st setv 1
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b) Ro hness Coefficients }

Branch No.u, . Left Berm ' Main Phannel
. ' - 5.0 0. 1600v,;hf'“ ’

5.0 o -G4,1500 - o
5.0 7041250
5.0 o0 0001050

- 5.0 00,0750

. 5.0 7 0.0700

5.0 © . 0.0620
5.0 - 0,0620°

. 0.0600 - 0.0195
5.0 0.0195
5.0 0.0210
5.000 - 0.0210
0.0700 0.0220
3.00 o 0.0290
6.000 0.0345

. 6.900 0.0352

” 6.900 0.0352
6.900 0.0352"

6,750 0.0350
5.700 - 0.0310
4.900 0.0290
4,500 , - 0.0270
4,900 0.030
4.850 0.0295
5.000 0.029
5.000 0.0350
5.000 - 0.0350
5.000 0.0350 .
5.000 0.0350
5.000 0. 0350.;7
5.000 0.100.
5.000 - 0.080
5.000 .0, 060 "
5.000 o _f0 0?50

The runoff coefficients and the roughness coefficients are assumed
,invariant when the river basin is subjected to different flooding conditions.

Knowing the values of the empirical constants from the cali- t
.bration, the model is then applied to prediut the effectiveness of various
.combin~tions of flood control schemes.‘ The procedure used in the model
?calibration and in the prediction of the effectiveness of the flood con-
ftrol echgmes on the water levele in Bicol and Sipocot Rivers is showm
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f?fs 7 Mbdelling of Flood Control Alternatives | N
L The effectiveness of individual and - combination of flood controlih
*ﬂschemes is calculated with hydrologic inputs that had return perio?:“of

:,13 and 50 years. The return period of 13 years is selected since the ,fﬂ
Q;input has the magnitude equivalent to that of the flood which occurred

in October 1970. : Lo G EEREE ‘
The proposed £lood. control schemes and their combinations that were

studied for their effectiveness are shown in Table 5 1. The portion of
the basin included in the model could be altered by changing the geometrical;z
dimension of the channels which are used aa inputs to the model. For a .
. specified combination of flood control measures, the geometry of the -

channels not to be included are reduced to a value close to zero. The}:t.
'adjustmenton the geometry of the model to cope with the required conditions

;to be investigated can be described as follows.. PR ‘
' a) With and Without Cutoff No.3 For a combination of measures
i“in which channel Cutoff No.3 is not included the topwidth the cross 3
‘aectional area and the mean depth of the cutoff are reduced to a very

,small amount close to zero. For the case that Cutoff No.3 is included
'the topwidth, the cross sectional area and the mean depth are assigned their

fappropriate values. The roughness coefficient assigned to the- branch T

_representing Cutoff No.3 is. equal to 0 029. ; ‘
‘ 1 b) With and Without Diversion * . The following diversionj’anal"
‘proposed to prevent flooding along the Bicol and Sipocot Rivq

' 1) Sipocot - San Miguel»Diversion i S

2) Bicol - Ragay Diversion -

; _ " For a combination which does not include these diversion canals,
;the topwidth the cross sectional area and the mean depth of the diver"fﬂ
Tsions are reduced to approximately zero. For the situation when these :f5
idiversions are included the appropriate geometry of the diversion is-
-substituted., The roughness coefficients assigned for the branches along

kthe diversions are as’ foilows.‘v;:, )
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Table 5 1 - Proposed Flood Protection Schemes and Their Combinations
: which were evaluated in the present study.» . o

| Combinations
of Flood

'Bssic Components of Flood Proteétion'Schemes

.. Protection
- Schemes

Pulantuna
Reservoir

Sipocot
Diversion

Tidal
Barrier

Cutoff
No.3.

Ragay

Diversion

| Deepening

River Bed

No.l

X

9

No.2

X

No.3

X

No.4

No.5

No.6

No.7

No.8

No.9

No.10

Saibal 1ol

No.ll

ininalsel v

Bt
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. Sipocot-San Miggel Diversion L
el *hHanning 8. n

Branch No-o hiuain Channel

28
25 .
30

(‘Bicolwgggfy Diversion
’ ' 26 o
27
28
29
It should be noted that the roughness eoefficients of the .
,diversion canals are assumed in the same order: of magnitude as those
: which existed in the nearby branchen of Bicol and Sipocot RiVEtB.'A;»

c) Uith and Without Pulantuna Reservoir The surface area of the

yreservoir is considered as zero vhen it is not included in the combination‘
_of flood control measures to be investigated.' For. the case that th’ ! d"'
”reservoir is included for consideration, the surface area of Pulantuna

Ressrvoir is added to the surface area of Node 1 at Napolidan,xvf;ffg
] d) With ‘and Without Channel Deepening The‘geometr “of th
cross sections of the BDicol River along the reach that

improvement is replaced by the proposed deepened and widened cross

‘ sections which would correspond to conditions when the channel improvement
_is completed.j The roughness coefficients for the branches within the
freach are. assumed unchanged and equal to those obtained from the model

‘;calibration. L .
g e) With and Without Tidal Barrier B

For a combination of floodA '

;at Balongay is used as the boundary condition for the river mouth._va d““
lthe barrier is included, the boundary condition at thef iver mouth:’ v:l -
prhe river discharge‘7

iriver' discharge through the barrier towards - the sea.
fis computed through the use of equations describing the flow through the
fbarrier for different upstream and downstream heads. The barrier is |
Lregulated in such a way that the gate is opened when the river stage is
fhigher than the sea level.; Since the river discharge through the barrier E
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- ’Qbe implicitly determined in connection with the water 1eve1 on
;ithe5river side of the barrier, the computation is therefore complicatedff
EJand'time consuming. To overcome such difficulties, an approximat"fcom—k
ﬁfputational procedure is performed in the present study. The procedure o
-}could be described in step by step as follows' - ff‘ B
1‘ ‘ (L The river. discharge through the barrier, Q, is set equal l
;to zero for the time that the computation 1is ‘started. This can be e:plainedf
.;since the water levels on the river and sea sides are initially equal. S
fThe discharge through the barrier is therefore zero. p ‘ :

i‘ (2) Use the discharge, Q, as the boundary condition at the g
,3mouth of the Bicol River at Balongay. Compute the water level of the next
iﬁtime step on the river side of the barrier through the use of the continuity:
,ﬂand momentum equations, i.e.. through the flood control simulation model. |
y‘ W_J (3) Check whether the computed river stage is higher or lower
_than the sea water level at the same time step. ‘,

: (4) Set the discharge, Q, equal’ to zero if the sea water level
iis higher than the river stage. If the river stage is higher than sea
llevel, compute the river discharge, Q, through the barrier using equations
ffor the hydraulic characteristics of that control structure.~“ ‘
‘ (5) Repeat the computation from step (2) through step (4) as

destred. ‘
5.8 Effectiveness of Flood Control Schemes ; L

' The magnitude of the effects of the flood control schemes on the water
levels in the Bicol and Sipocot Rivers are determined by the application o
‘of the flood control simulation model. The absolute changes in the water
glevels are computed by comparing the water levels in Bicol and Sipocot
vRivers under the conditions of with and without flood control schemes.
;The following are the stations along the Bicol and Sipocot Rivers for .
which the water level conditions under various combinations of flood conu

trol schemes and under the conditions of no flood control scheme are . _;_f

computed. S gt
a) Libmanan,‘Sipocot River ,
b) Cuyapi,, Bicol River
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ch) Naga City, Bicol Riverﬂd

tﬁd' Ombao, {: Bicol Riverh

iap)fSto'fDomingo, Bicol River -

tff)fLake Bato, . Bicol River )

“The comparison of the effectiveness of the various flood pr0tection

”fmeasures is determined by comparing," for the various flood ' control
: measures, peak water levels and the duration of inundation.- The time
‘dependent wvater levels as affected by different combinations of basic
| components of flood control schemes are presented. . For detailed information,
“the complete analysis of the effectiveness of flood control schemes are
fashown in Volume I. Numerical values of the daily water levels along the dy
_Bicol and Sipocot Rivers for various combinations of flood control achemesi
’are presented in this section. Peak stages at corresponding times at
“;Libmanan, Cuyapi, Naga City, Ombao, Sto. Domingo and ‘Lake Bato are also
';presented.‘ Tables 5.2 through 5.12 show the computed daily water 1evels |
7*slong Bicol and Sipocot Rivers when the flood has the return period of
13 years. Similarly, Tables 5.13 through 5.23 show the computed daily
water levels along the rivers when the system is subjected to a flood whose}
return period is estimated as 50° years.. ‘ o

5.9 Computer Programming o
5. 9 1 List of Main Program and Subroutines | The completldcomputer

dprogram of the flood control simulation ‘model is given. The program sff
*fcomprised of the main program and eighteen subroutines. The name'ofr ‘
[fthe main program and subroutines are as follows' . Ui

Name - Program Type
- BICOL2 , Msin'Programsk
INPUT2 LAY T
VZRITINZ - ? .
18Q27
?§SURF2 B
f»STAGEZ‘f

. DIFH2 Subroutine:
mz :
L DIFANZ "
.‘,JfGEOl
5;GE02 f;
S GEOF‘TV S
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_RETURN PERIODv OF DESIGN FLooof-SO YEARS | -
N IEME:®:- @ Pot.uNTnﬂA masenvour-z -i' TIPAL BARRIER

RIVER Jo—.. .. .- _SIPOCOT RIVER-. ' . el 0o io Ll 'k“aic(on RIVER— - S i b BICOLERACAY ..F.SO%OTN’ERS“S"IJQ L
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_TABL 520 DAILY " WATER LEVELS ALONG BICOLA;"SIPOCOT RIVERS IN METERS ABOVE MSL
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o Rt |23 .4 's 6! .7 I 8 i 9 ' p ~f"; uf"" 213 |45”'~ .s,’,-’z,‘*’ ' ;17 18 'is 20 20 "22 23 24 25 26 27 28 28 30 3
——i - : . +
_5 ,“ub:m €825 3.400 oa«ou& o,us 0.140_0.438 0.n% om. oon 0740 lm lJo! ma 5-9(4 S-Ms 54712 ¢.213 C.C93 .01 7.072 1.01'5 o.as 0.3 -0.416 -0.6% ~0.753 1302 1.19¢ 0.035 O.
|2a7.9912 c:3 2.28 0740 0.083 035 0517 0488 gl oM, < SI9 0017 1626 127 1389 ;14; s.oso 5385 G183 C.A97. 736 7,081 7061 0748 0.355 ~0.168 -0.4%0 ~0.718 2.626 0.90D ~O.F%6 0.6
" 2460,5.923 GBIT 3.9 0736 0.083 ~0.3G3 ~05i6 -0.728 -064 %664 0405, 0702 112 1L3GS . 4358-801 s.l‘o 4% .60 C.729 7.069 7075 7.088 ams “0.415 ~0.10% <04 ~0.L9 1.934 0.627 -0.T -O.
& _Lnun 3.503 GMO 3.315 0.75.0.121 ~34 0511 08 - 0.5 -0.568 - 043 0650 1040 (305 1.425 5794 s.m 5M3 G152 G]M8 7090 7034 T.UB O.752 0.464.-0.%2 -0JA-0535 (.94 OS2 -4 L.(
R _,9 Juem ::31 6815 3387 0.720 0.8 -ows~04u-o,°s-us-oca-om o.m 1128 lsn S0z ns 824 S.548 cu3 C788 7120 1124 T.137 0821 0.4% -0.026 -0.2% -0.M3 2,026 0.505 -0.9% -0
o _4_}_149 2594 646 1330 0684 00H -] -0 M 0516 -0 -01%0 0137 0646 Lok L199 14243927, 5161 s.w 6299 G792 1157 7141 7158 0.K6 6398 .08 -0.99 -0AL2 2.0 O.724 - 0.9 -0
| " |nos ssu cem 347 oum mm-am-oma.m-au-ous-om 0710 LIS L3T6 1504 331 a8 558 Gmcu 761 LGS 7478 0.0 0.413 ~0.004 0211 0353 2246 0.9 ~0.%18 - O;
R (1T 11315, 10436634 LX0 1.573 1.o§4 08I 0453 L1v6 V43 L3 359 3.0 3,510 AGH 51p G455 TO% T T6T SO0 SmS T30 29% 2136 0932 0.9 03 40 1101 -0 O3] |
___'3 . m.s..a;s,um 10.981 G.06! 4132 z.eaz 2460 1143 1942 2060 1707 4460 5368 5.058 574 7.453 8367 8.766 8704 8713 345 9.5871 3551 ASI\ 3502 2101 0393 -0305 7.452 3987 0.564 1.1%4 3
14 1

— _ a8 1532 13282 5.699 5'836062“3 21%_1.399 2.005 2.121 2643 4047 5187 5.553 9-7l$ 1894 2104 3.481 -’MSSIB lmmwm4svs _Z6T1_2.243 1.014 -0335 G912 3.0AT OO \.148

L {si2 1159 9.908 C.360 3.016 [.798 | l06 0908 QNZ 0.962 0.891 L74 3689 4.383 AT 5044 7.6M 9135 9501 10143 10.002 10.K2 10.585 10.638 3.925 3.0¢4 l-7lG 0.603 -047 4826269 0.9 0.8

|7 14,287 11,723 8.995 5.545 2364 1221 ossz 048 0130 0.302 0334 1.454 3.4% 41k 4¢3 4923 7.590 9.073 9.439 10400 (0.422 10492 101 tusazaos zsm.sn 0507 -2 3.873 2.256 O.M3 - ;jl

__'8._— 3. 11163 8.290 4839 1.902 0855 0.375 0.138 0.0% 0.253 0.9 1.510 3334 3,963 4%74_4.%0 745 8.950 8322 10.0 10.37_10.597 10.415 10.468 3.64} uulscbom ~0453 3297 1.606 0.486 D181 |

_'9_ 13400 (0,042 7.946_4.499 1.593 0.668 _ o&n =023 -040 0030 0071 L.UT 3236 3858 4361 4.6417.339 $.630:9.217 9.907 |0.032 10.288 10.946 (039 3545 274 LAWK 0.344 -DT2l 2947 [.443 0.639 -0.N10]

____io___ 13415 10400, 7.543 4.108 1351 0534 ~0.0. -0.%0 -060 ~0.038 0.027 LOT6 .3_.9?5}.6&4.133 4462 7.183 8.696 5.083 3.79% 9.912 10.173 10,180 10.M0 3.404 2.589 1.320 0.279 -QIN 2.600 \.101 -0347 -0.58e)
2t

| _ {12085 0.m77.3% 3972 1-\86 01 =0.0D 0292 - 0.482 ~0003 0.067 1.080 3.004 36U 4094 4.366 7074 BSP 8977 5675 9903 10054 10.068 10121 3306 2.50\ 1.152 0.241 -0.757 2AT5 O.885 -06as -0.964

] t
[ s lastol 7152 3732 1074 .0.366 0T ~0.90 - 071 -0.072 -0.003 0. 9% 2850 3447 3925 4.57 6.926 B.443 851 3.558 9,680 9.939.9.954 10.003 5,161 2.378 |.17)_0.1086 -0.121.2.157_0.727 ~0.98% ~0A62]

23
| |ltes, lozxs 7.204 3779 1.05% 0.378 -aqss 034 0%2 0.017 O.104 1024 2813 3.395 3.858 4.122 G640 8.350 8766 9446 3.5 9,653 9.847 9894 3.085 2307 124 0,204 -0.454 £.288 0.730 -0.967 -1.108 |
24 i
| juss, lam'mo 080 3474 1009 0.3¢5 -oas 70129 20406’ 010 0.068 0.NL_275 3.239 3301 3.9 G.70B_8.231 $.¢56 s.m 9481 91» 5.%7 9795 2955 2157 LoS® 6199 -0T 2.21) OTT -6371 ~0.
I | ' 7. xrs '|.u3 lo:s7 om ~mm-¢sslo.lso|oﬂsl Louluc:j;m :1583914 C.04116.156 s.sas 9.247,3.386!9
REMARKS : STATION LIBMANAN CUYAP1 NAGA OMBAO sTo. DOMINGO LAKE BATO

PEAK STAGE ™ .MsL 3.532 2. 593 2,175 1.981 '0-657 \¢. 657
Tiue '3 -12-0 13 ~12-0 13~-7-30 13-14-30 1S ~12-0 1§ ~12-0


http:a~p39.947.92
http:f.100571.3.79
http:0144-o.llc.47
http:0.375.0.13
http:J.ft81.61
http:10(.563.90
http:10*121.4M
http:II713.99
http:10.9711.04
http:0."19.46
http:5.774.7.453.17
http:0.-9K-.43-o.48
http:M14718.331.87
http:0.-0.O.i4

TABLEsz 3 DAILYT'WATER LEVELS ALONG BICOL SIPOCOT RIVERS IN METERS ABOVE /MSL.
; , ~RETURN PERIOD OF DESIGN FLOOD 50 YEARS
_FLOOP DROTECTION SCHEME . ‘mnm RESERVOIR + smoco-r SANMIGUEL DNERSION#‘I’IML mmancon-wv pveRS\On

BICOL—RAGAY T-SaN MIGUEL] SAN

RIVER |- - .SIPOCOT RIVER_ .. - et . BICOL  RIVER-~ . L el pUERGION - DIVERSION MGUEL
TOWN SABAN LIBMANAN—— . CUYAPI= % " NAGA OMBAO— - — : STO. DOMINGO- - § = -~ - Botowcay
| ABA s-'-—; ! l-j l ‘,;_ G 1 el 4 ‘ ‘ - 60-- ¢+ { Lraxe BATO PASACAO— xamcewm 3 A
mre!‘?oe 'iZT-""]-"“s ' 7.t 8l ?ﬁ.o !lz'l3]|4 st e 14 lelQ,!ZO«ZI“:.ZZ'23'24'25;26|27 28 29 30 .m
g 1 . - : . 2 M f . . "
s I 1 ] [ ‘ N 1
_jieser an7 7_1_@*3152 O;Q_ﬂ oo:a 'O.Lﬂ-O-IZO ~0-188 -alot -omwuez l.058 L300 " 1417 3.787, 5104 ; 9'45' uoa G.Ga 7031 ‘mss 7050 7084 0.386, 0.000_ ~0.M7 5195 1.486 0861 0.459 ~0.0
L_ F juss a7 'l.:os 2.8 o.w _-0.198 -osz: -0447 -OnS. -ou-ows-ans o.r.u Lozl _1.272 1386 3.43.5.053: 6387 5.101 6497 7.037 7.041 : 1061 0.744.0.353 -010_-0.4% -6.718 1422 O.787 -0.33 -
7_ 12539 3710 7 nu ust w-uso-m ~8037 ~0.41 -067 -aas-o.uom L3 (1365 1483 3.847 5.0 5497 .20 cus)-ocs 7013 7.088 0.815 0415 ~5.104 -0A4 -0.609 1.4CC 0.82( 0.7} -
R 8 12531 9.7 sm 7m uos 0124 -0.5¢ -0&Y -0610 -0L0. -m-csso-aw ncu 1038 1297 1418 3.79¢ 5.4 5445 253 G148 7.ceo 72095 7.03 0.77% .04% -a0%4. -0.5 ~0.9% \AS 0.789 ~0.30 -1 0K
p ° ___ussss _*735 1.280,0.177 -0420 ~0.4N -M-lm-oqs-o«ﬂ-onz [%/:% |.|l+ uBnL 1456 3808 5216 5549 G313 cmnzo 1IM~ 7137_0819 0.433~0.027-0.297 -0.528 1.474 0.754 - 38 -1.198 ]
10

mmgv:-;,zm 0402 ~0.2-0377 -0AZE 05 -0.%62 0.331 -0i53 uu LE33 12% l-418 381 5162 5490 299792 2137 TH4] 7158 0.%5 O.398 -00D -0 349 -0.432 1438 0.683 -084] -ouzs]
riyR 87}5 73&2299 005% -oass-wo -o«s-ulﬁ-o;sl-o.w -o.m 06 |.|l+ _13%_ 1504 3911. 5150 5.563 6.353 6.826 761 7165 7418 080l O3 -0.00%-521l -0.353 (.483 0.707 -0.5 -o;”

1373 lzmlomun L8I7 1120 0.867 0.751_0.581 l.lss L2194 z.aol .3.%9 3028 '6.910 4031 5718 6465 7.07¢_7.3957.C71 8.080 8.086_7.9¢9 2916 2.126 0.9% 0.229 -0.3i2 349 2310 0677 0. _0.am)

Jebrz_ lsaguse 7.908_4.357 3.008 21884961 1.272 l.!sszm 2.707 448 53,8 BLSR ° sm 7455 8367 BXC 8704 8I13 9485 9557 857 A.5U 35622101 0833 -0.305 C.ou2 5300 0.564 0B84 |
| _-:_ (2435 1539 (35%! 671 3.4 255 1934 1634 Lzsa 1.981_2.089 u,zs 4.846 5.287 s.sss STE_ 7894 9.104_9.481_S.80F 9.918 1040410.450 10453 4,575 367]_2.243 1.014 -0.535 §.95] 4528 O.N9 LOAO|
'° *__;l}a,'lf-ﬂ S4ce 2727 1701 L343 MBI _'.-.'?]__Hét_l-zl}.‘.215.‘!.4-_130,5:616‘_0!6.5;‘!'_!:3:?9.' 549 9540 [oibz 102%10.571 10.608 10451 4,149 3.209 1.534_0.747 ~0.39%5 4.48% 3.£69 6.916_1.085)
| "% Jisum ;mm 10197 4S8! 1.9% 100K 0447 OSH OITC 0649 0493 1488 348 4278 4K7 SOALTATS Q1S S50 10MS 10.272 10562 10585 10£393.923 3062 LTIS 0.602 047 3545 2510 0.97]"0.550
| "7 |4 ugsm 3.955 1.375_040! 0183 ~0.006 .10} 0.320 0.358 Mes-s.m. A2 4CH 4921 7520 9,075 3439 10400, 10222 10497 (0612 105C6 3.801 2.946 1609 0506, ~0.50), 2930 2065 0.743_0.155|
) u.omam 307 1.053_0414_0129 -0.001 0.060 0.242 0.285 l.son 3334 3.963 44M 4760 7.453 eso > 3322 10.04 10.157 1357 10415 10468 3661 2922 L.SOT O A -0.455 2.509 1682 0.4% O.122]
s lgu 079, a«ss.ns 10.850 0.241 0.3 ~0.45 -0.349 0.036 0.070 1216 _3.23¢ 3.858 4.%| 4642 7333 usu.s.zn 3,907 10.032 10.288 10,305 \0.358 3.545 2.714 L. 44 0344-0.721 2.2% 1.4% 0.039 9 058 |
20 (3‘5 lDMlJ 8068 2.832 0709 6.176 '0-27%-0419-0'3!7%.05 -ooulocs 3074 _3481_4483 44617!03 .8.695 5083 9.735 J 922 10.173 [0.189 10.240 3.401 2.589 L320 0279 -2757 2.5 iZ 1,259 _-0.547 -0.576]
2 12948 10,264, ‘uoz :_-ug 3 0T -0212 -019 -0 M) - 0,015 0061 1050 :m (3411 _4.084 4306,7074 8579 _8.977 9,675 9.853 10054 10.069 1012 3.306_2.501_1.252 0.241 -0.757.1.908 1194 -044p -0.7M)
2 |L7eo§moe 7489 ' zss-r’osus o017 -ozs -0All -066! -0.055" 0.006 0,998 | 2855 3.447 3.905 4197 6.S% 8445_885 3,558 9.689 9339 9.954,10003 3.62;2.378 1.171_0.208 ~0721] 1.M0 1.045 -0.863 -1.05D
__-23_ 12.%2 10063 7 M2 zsaspssu 10'48 ‘Olﬂbam -u.soou .0091 .01 : Lszl 3399 3858 4421 6840 8.350 B.766 ! 9446 957, 9.83% 3547 905 3 oos 2.306 1,114_0.2M - 065“156 Lo -o.ss'l-o
24 | 73sl moss| 7638 2401 [0525 ‘0188 -oml-wa 0542 0082 8077 0506 2475 5240 3702,3.%7 G.108. 8.231 8. m' as« 4 'sm am1 97 z.sss 2158, 1060 0,199 -os;u 400.918 -091) -0.4
25 |i27m|woon| 7704 2587 osnlmz 0.019! ~0.0%}-0, sn[]o 163]0.243 {Lo0B Ii-“7|3.a5|3-@l|3.9|4|664l|§l=6T8.$$ !
REMARKS . STATION LIABMANAN CUYYAP!Y NAGA OMBAOC sTo. DOMINGO LAXE DATO

PEAK QSTAGE M.msL 2.958 2.619 2.174 T.981 10.657 : 10. 657
TIME 3 —12-30 : t3 —12-30 13 =7~30 13~14-30 s —-12. - O s -12-0

- 96°6 -


http:0.049-o09'-o.14o.14
http:3.o4Z_2.31
http:OA_-0.45
http:I.A_._._._._._._1.09
http:l2swja1017.4.58
http:65-3._L_7.81
http:U2300.77
http:54~14.S.44

rAaLsszs DALY WATER: LEVELS ALONG BICOL - SIPOCOT" RIVERS IN. METERS ABOVE MSL.
L_- ':RETURN PERIOD or‘l DESI 'FLOOD 50 YEARS
FLOOD ,PROTECTION SCHEME : @

REMARKS : STATION LIGMANAN CUYAP! NAGA " OMBAO 5Te. DOMINGO LAKE ®ATO
PEAY% STAGE M.MmSL 3.934 2-986 3.155 ®.552 10.664 0. 6¢4
TIME 13 -1t —30 13 ~1~0 13 ~iq-0 13 -18-0 15 ~12 -0 15 ~12 -0

RIVER {we- . _SIPOCOT RIVER__ . _... '; - _. R -_ ~‘gicoL "ﬁ'nv'sri;;i;.-_';",- oL Tl 2 s _B'S&é;glgslt,_.rm?’ﬁs‘gm%
Town SABANG-— © LIBMANAN cuvapiy o QAGA—‘, ~ bMBRo— o . - 'sTO. oommso——j jLAKE BATO - - Pasncio—“ BARCELONA—B‘OLQ‘;-:Y |
&ﬁ%n z!sl4lsl»sf oy a?b‘!bé»u‘ _|z~§s;!|4!m : !ls |7;|s‘%|9!zo°z|,zz|23 zg?zs 26 27'!zajzs 30331
1 T 1 . ’ - : !
®  Jrasci s.omic.oac {3450 lam ossslam L 045/0.01 "0.152 061 10.385 1428 ms%_zzo fzgg;'?ami.4.n| 5-249f6l§3 C.o58 .00 6.956‘700343_5231_19_00603 -8063-0.735 2.5% 1.217 6005 0.083]
LS 238 9861 ‘c 138 | :254°8m 087, B4 0387 0,356 -0.415 -0, 048 -0l ‘133 1709204 2309 38s 4 _ J_IPJ Ci366. cn 208 :ms!v 037 _1.575 l4ss-ans L0121 =018 1,002 0.788 ~033%-0.354
T nszssg_« 8303 5:.51_@7;5 o154, ozgghmo'"g -058 0523 -um 11396 1807 229 2421 350 4817 182%; 296, G194 C.TI0 7,040 7.053_7.065 205 _LSH oso\ 0150 0440, L3¢ ou -om -am
8 u;ss;qoz;cm 3303 0199 0183 -azes -05N_~099% -0.532 -0.508, -ooas'uuo 747 216072358 5.9 4734 5234 €109 16.720.7.0n [2.0%6 | 7.001 2.028 149 "9“ 0256 3305 (935 0.514 -03% -ased -
: 2] ,2554'9_953,;3;7 5_r,ssoeozozz| -o}zns -0d14 0885 -0.3%8-0340 QNIS 1443 1.858. 2472 2415 4oos 455: 5.335.G.242 c15c 2098 _7102 7us 212 1.557_0g¢s d 0297 '0508 1.987_0.571 -b.9% -0958
0 1-4033907'6764 3'506 0892 0.383 'QLIQ‘ -ona~oﬂ|__|9+ ~0.154.0.279 | Mzo |3|7___z_zg__z_49 zggjvﬁg 5270 cmcuz 216 7420, 1\51 2.0 1.52% 0.952 0.321 - ~0422 2060 ©0.113 -0-841 -0.84\
" |isss!ossslms; am [0.965 0503 0415 0.084 ~033 0.087 0.155,0520_ 1548 46,1940 2338 1538.4.048, 48875347 C.104 G735 2130 7143 7157 2.43 1.561 2.969 0.345 -0353 2196 0355 -0.510 -an0)
__12 lﬁ-mélwﬁ !MIG;GMS 2910 Le67 l-o:a ons, o188 Lm x.zulzlzo 3773, 4416 4943 3,519 6209 cscs _7167_7.392 7456 B.056 8.061 7.956_A3ZS 3142 996 ( aaw -0.312_4.482 2.568 -6.077 -0.677 |
'* _|mme 7085 :csaziucsz C.514 445¢ ais 2545 0850 2.085 1153 2819 52.50 61.64»6797 1.018,7.975 8474 575 8.T1G 8.725 9,477 9549 9568 5.509 4.305 2750 1,122 ~0305 7908 4.212 0.564 0.3c4 |
* noo+1l_m'ﬂs 30’ 9.715' 5461 3778 43 2414 LT 2387 24%0_L.977 5.644 G.A] 6918 1254 8505 9.01_9.543 9438 394 10409 IoAS# [0.484 G149 4,671 SOAY 262 033 C95 3490071 0TS
15 152&1310 (0.3 7.298 3.774 2.471 1755 1436 1.057 1818 L9I7 2622 5.13\ 6.0i5 ¢.606 ceaz a4oa 9.200 9.5:8 10.123 l(lM 10585 10608 1065 5-SN 4422 2832 1.20_ 0395 5.197 3.073 0.916_0.91¢
_'6 , I}L@JU&S 297 5845 2095 1642 _1.259 [.085_0.977 1434 |55 2513 4982578| G4 caoo e.tss 206 3497 10156,_10.280 10570 10.595 (0.645 S.820 431 2748 1132 -0.478 4170 2522 0.92) 0.92)
__'.7_1___4133._&6091&75 2.146 1.183 o.930 0.815 o114 123 1315 2464 4537 sm €29 Go7 am 02t 9412 _10.059 1027310498 {058 10572 6115 4.236 2.692 1.073 —0.5:.9 3624 2.134 0.%43 o M3
8 uum! oy. [4.594 ('ﬂz am___sa; 04570M8 1.063 L47_24n 47125 5508 C.MO €.50 aozs 8%, 3282 10.006 10.134 10399 10418 0412 5506 4161 2646 1029 —acss ~0455 3134 1-726_0.a% 0.426
9 lxumcs 7,807 4540 1L505 0.648 0.282 Q106 0.07T0 093 1.026 1356 4610 az»aa coosczez 7993 8141 |9|6z 9.895_10.0M4 mzss 10.305 10359 ¢ 5477 4.08! 2.539 0996 -Q721 2839 ).3 )389 0.039 0039
2 s Ms*uza 4oo1 L300 _0.522 Q069 -0.157 =0.29 049 0773 m’mmsm 5849 G.2u m.s 8519 5.018.5.777 5,902 10.169 10185 (0.3 5. 543 2993 2.554 0.978 -0257 2.533 1068 -0347 -0.38
2 12781 | 081G 71&,}_&1!_ LKz . -m-og;a -0.68 0551 0.519 o. ¢89’ uoa, 4377 sue 5723 covanon &447 8.903_9.65] 9.786 10.047 10062 10.15 5224 3.907 2.509 0.97] -0.757 2.3¢7 0.8%2 -0.68 0.6
2 1ok 7-009’3“8 (1657 0.3¢8 -moo -oH3 -058 osu 6£04 2410 4&3 4975 5507 59u. 7442 8292 879 9530 5.68 9979 9.944 9.994 509 882 2461 0.9 -0.111 2.2 0.BS BS -3 -
= I::.HL'Q_M}_?Ju;BJn‘IMO.ozn aLotgr-ams o454 0557 2.003 4|4e 4801 5453 5792 732 &I 8614 9412 ss+ S8 94554[3885 4973 311! 2409 0.97 ’°‘5" 2.258 0.74 ~8.%7 -0.9¢7
2“__ l0060 |7.691 {3665 |1.0¢6 a3z -onoq-o #2-0. 47! 0452 O.5T3 | ‘,9.;5;4“ | 4374 5.3(4}5.64;7.!3[ .8.049;855¢ 3.;04 SASZ a7 9351 9778 4350 3677 2385 0.8 -osq u“ 0.Xs -092) 0.9
2 lﬂﬂi 10243 2193 | 3736 | 1.063| 0 451 aon -0.0m]-0. 48 0436|0412 194713.945 4.c42) EM wwrun zmla.slc l‘m

- 155 -


http:1.280.34
http:ID.sr.10
http:2L728.19
http:0.15.5454.20
http:4.6w6'S.33
http:2.4213.9m

555:5845if

Neme Progrén Type
BARIER
SIMQ
DESNIN e M T

TIDALL ~Subroutine

BMET ; i
TIDAL2 .
PMET

: The program handles 3 main parta namelv' Hydrologic hodel ,
VTidal Model and Unsteady Free Surface Flow Model. -The program could handle
all combinations of flood control achemes. Shown in Section Cl of g
Appendix C is the list of the computer programs of the main program and
its subroutines.

5.9.2 Functions of Main Program and Subroutines
o Main program BICOLZ ~ The water levels and discharges along .
EBicol and Sipocot Rivers, the. cutoffa and diveraion canals are computed
/from the program. The water level boundary conditions are the sea water
1levels at Balongay (Node No.31) and Barcelona (Noue No 30) on the :
feaatern side and at Pasacao (Node No 27) on the western side of the Luzon
’Ialand. The discharge boundary conditions are the surface runoffa
‘which conaiat of overland flow and tributary streamflows. The diecharge
boundary conditions are assigned to the nodes. The. program requiresythe”
knowledge of the roughneas nnd runoff coefficients. The . roughness“'oeffi-§
‘clents are assigned for the branches in the flow system.z,Th off |
coefficients are assigned to the Thiessen polygon subdivided for the

watersheds in the river basin.f
: ' Hai 'program BICOLZ alao requires the followin“informationﬂ

a)ATh’ftime interval uscd 1in the computation during‘”

;the time of typho n;aurge.
" o b) The return period of the flood under inv' tigation.?ﬁ
c) The date which the computation starts” :
d) The code asaigned for the print out of:inpuw,

saforpacton. .
A e) Percentage of gate opening area oldthe;'ida“‘ﬂ”\“ er,
v f) Time difference between th pea
'agxgefand the nearest high tide. -




~ 5,59~

g) Heading of the"vdata‘finput“f': e
~h) Time interval that :hfﬁl lateral discha
< Lo’ the nodeswarr'available. ‘ S

i) Requested time interval for thejprintout ‘of the' nnm-;T
inputed results.;;

. - j) Maximum allowable error in wster levels when steady. |
,,condition is checked. o e ‘

k) Codes assigned for the selections of the flood control

fschemes. ,;\_ K : : o
Subroutine INPUT2 - The following input information are_read ﬁ
b)- Numbers of days of the flood vhich are required under;
‘tavestigation, | e
starts:

jfinpute to the nodes are computed. The lateral discharge input:;are &
??determined either from the rainfall alone or from the distribution grsphw
: pli ed to the rainfall and the observed streamflows of the river tri~__ﬁ
taries. This depends on the condition of the design floods. |

‘ Subroutine TI’ALLl and TIDAL2 -~ In these subroutines, the

fﬁfluetu tions of the sea water levels on the eastern and western side of

f,Luzon Island are generated respectively. The sea water levels generatedn
ﬁuon_the eastern side are at Barcelona (the outlet of Sipocot~San Miguele'
'”Diuersion) and~Balongay (Site for Tidal Bsrrier) They are assumed. equal1
f‘On the western side, the sea wuter level is generated at Pasacao (the



5.60 -

outlet of Bicol-Ragay Diversion). The subroutines combine the rise of
. the sea water levels produced by high tide and typhoon surge. Subroutines
TIDALL and TIDAL2 further call respectively subroutines BMET and TMET f
which compute the height of the storm surge. ,an" *”-";"A'
Subroutine BARIER - The river discharge through the barri
~conputed. The gate of the barrier is set open if the sea water level is

c 48’

- lower than the water level on the river side of the barrier.’. f“‘j" Ak
Subroutine DIFH2 - The differences between the water 1evels at

fthe downstream and upstream ends of the branches are computed.~
. Subroutine STAGE2 - The average water levels at the midway of

i;the branches are computed. ‘ LR ,
Subroutine DIFAN2 - The differences between the downstream and

Vupstream cross sectional areas and momentum correction factors of the
‘:branches are computed. Subroutine DIFAM2 calls subroutines GEO1 and GEOZ
*which compute respectively the cross sectional areas, the topwidths and
[the mean’ depths of the main chsnnel and berms at the downstream and
fupstream ends of the branches.v,ﬁ'-‘t ‘ ‘ '

y , Subroutine GEC - The cross sectional’ areas, topwidths and
;mean depths of cross sections at midway of the branches are computed.\ﬁ“‘
IfThe“momentum correction factor M and the conveyance K for the branch ‘

*are also computed from this subroutine, - : n

: Subroutine ATMK2 - The main channel and berm geometry and the
iroughness coefficients are schematized to obtain the river system that

ithe flow distances along main’ channel and | berms are. equal.,ﬂ ,ff S
1f - ‘ The condition is zequired in the continuity and momentum ;’f
{equations. The’ schematization also implies the condition that the fricti n'

fslopes along the main channel and berms are equa1.~! V o
§ o “Subroutine SURF2 -- The surface areas of the nodes are computed.,h
A w_surface areas of the nodes cousist of the surface areas ‘of the ’
Sbranches measured halfway of the distances to. the adjacent nodes plus

5the additional surface areas of the lake or’ reservoir in its vicinity.iv
' Subroutine SQ2 - The subroutine which computes the discharge

. sumation per unit surface areas of the upstream and d'wnstream nodes_ P

keach branch.
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. Suo'autine SIMQ -~ The subroutine which solves the set of k"i”‘}
flinearlized f£inite difference continuity and momentum equations which ‘are’

texpressed for the nodes and branches in the flow. system.. The method of M,?
fsolving the equations is performed through the application of the matrix
:inversion.. SRR
e 5 9.3 Computational Route of Main Program BICOL2 The computational
route for the main program BICOLZ is described using the flow chart shown ’
fin Fig 5 14. The time step used in the computation is one hour but is
3:reduced to thirty minutes or less to prevent mathematical instability

during the period of rapid rise of sea water. levels during the occurrence

of storm surge. ifain program BICOL2 consists of two main routes of . com- _'JT
b‘putation. The first route is the computation to obtain an initial steady

: state condition which shall be used as the initial condition for the second

route of computation. The first route of tomputation is the period of - i
.warming up the model. The second route of computation is the unsteady
. flow computation which the boundary conditions are allowed to vary with
;‘time. This Toute of computation involves the computation of flood flow
in the model. e R
The detailed description for the first route of computationyin'i
: the model can be expressed as follows: a ﬂ e :
- (1) The boundary conditions are kept unchanged withi .
iboundary conditions are the lateral’ discharge inputs to the”n di '

:thc sea water levels at the nodes located: at the system outlets.‘f;lpk i

}boundary conditions are set equal to instantsneous values of the boundary ;;

condition at the date in which the computation of the second route startss;Q
(2) The initial water levels of all nodes are assumed. L
(3) The initial discharge for each branch is computed by summingkf

'up the discharges which enter its upstream node. _iv-;, : . i
‘ o (4) The water levels and the discharges are computed using the"j

hconstant boundary conditions. R AR
i computation is repeated’ using the water levels’and
k subsequent previous step of computation ‘as the initialﬁ%
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1

YES

QoL (1,0 ) = QQQLL,1)

NO

JIK =01
YES

ICcII RITIN2 to write the informotion regd by lNPUTZl

Call STAGE 2 to compute mean water levels of the
Branches.

Call DIFAM 2 to p area  diff: and momentum
correction foctor diffarences of the upstream aond down-
stream ends of the Branches.

Coll GEO to compute areas,topwidths ond meon depths
of Branches.

T Call ATMK 2 to schematize geometfry and roughness
[ ] of berms.

Write initial diti ond roug! coetficients for all
Nodes and Branches Call SURF2 to compute surface oreas of the Nodes.

—7 S

NO Interpoiate instantanecus lateral dischorges to Nodes QL (1,2) at
nr=1f time t+at using known dody kferol dischorges QQL (I,J)
YES

Fix water level boundary conditions at Nods no. 31,30 ond
27 ; Assume no tidol borrier.

Call TIDAL 2 to compute Sea lewels at Node no 27 ot
time t+ Ot. .

-

L)

]
is tidol barrier selected in the flood

control scheme 7
YES 7o

>

Col TIDAL I to compute sec levels at Node no 30and 3l
at time 1+Qt.

[}

Call TIDALI to compute ssa ievels gt Node no 3! ond 30
at time t+ Ot

Call BARIER 1q compute nver discharge through the barrier
using water level and ssa level at previous time t.

2

For oll Branches | Qr = Qe A

For all Nodes o Hy = My, a4y

OL(Li)e QLLI,2)

Jwee @ ona 1 at recuested time tor att Nodes and Bronches | st
Define: Ill + 1 , JJJ = O , timet = O T : B SERE
1= 1 meons the modsi warm up NO - X
period for stsody stots condition. Compute Stage Hond Dischorge Q for ol Nodes oxd Bianches Qm. time within storm surge oscurence? >—0-"-2- .
JJJ= O means lglerol discharges to Hieot * Hes an YES B )
nodes ore fixed. Qear * Qeon 1 YE N 7
T ¥ L Set time interval = TDT ( New time imerval) ]
Reod . JIK,Codes assigned for sslaction of flood control Coll SIMQ to solve the linear difference continuity and =
schemes , time intervel (TDT) used during the equations using the method of matrix inver- NO
of Typhoon Surge. -sion 31 volues of Jsg=07
-l
J W1 - L o m— ~
P1[c] = | 34 vanes of
Doss the flow condlition t
Cal INPUT 2 to read number of Nodes aond Branches,intiol aQ < = (] o tleody wiate ¥
stages and dischorges , time intervel &t , roughness coef- 3 YES
ficlents ond geometry of the rivers. Computs el of the isolated matrix [C] , Subrou- Redefine dally lateral discharges to Nodes i.e.
Cal DESNIN 1o reod hydrologic input , to write runoff- tine SQ 2 is colled in the computgtion using U = ! QaL(1,4) = 0QQatr,d)
couft and to pute daily lateral discharges 1o ] []
nodes [00O0(1,51] Compute siements of the coefficient matrix [P] , Sudrou- Resst - HUI = 221 ; JJJ = 1> 0 ; timet =0
tine SQ2 is lisd in the P using U= 2 write " FLOOD STARTS *
¥ ! [
Fix daily lateral discharges fo nodes equal 1o thoss of Call DIFHZ to computs water '“:' differances ot the
the first dafe which computation starts. upstream and downstrecm ends of fhe Bronches. iitiatize ts teat

Fig.5.14 - Flow Chart Showing Computational Route of Flood Contréi'Si@ﬁi@fi&;ﬁﬁé&éif”l:
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(6) The computation is performed until the water levels and

jthe discharges in the system are unchanged with time.,
: (7) The water levels and discharges which are unchanged with
Atime are used as the initial conditions for the second route of computation. ,

e The detailed description for the second route of computation B
:which involves the unsteady flood flow computation can ‘be described as"
‘yfollows.x,,f,' ' -

ri : ""E’(l) The water levels and the discharges obtained from the -
,first route of computation are used as the initial conditions for the

-start of the computation of the second route, i.e._at time t.

(2) -The lateral discharge boundary condition and the sea water
;level condition are alloved to change with time. The time variation of
the lateral discharge boundary condition is obtained from subroutine fi'
'DESNIN. The sea level houndary condition is obtained from subroutines
1TIDAL1 and TIDAL2. Subroutine TIDALL is used to generate sea water level
at the Node Mos.31 and 30. oubroutine TIDAL2 is used to generate sea
water level at Node No.27. o

(3) The water levels and the discharges in the nodes and
;brsnches are “then computed for the time t+At using the time~varied
iboundary conditions at the corresponding time,
: ;. ﬁ (4) The water levels and discharges in the syatem is initialized
Qby substituting the water 1evels and. the discharges at time t by the
5values at time t+At obtained from the previous step of computation.‘
e (5) The computation is repeated from step (3) to step (4)
‘:until the flood period under the investigation is over.ﬁ e r'r
A_ 1 f' ‘n‘the computation of water levels and discharges in ‘the. nodes
iand,branches, the computation procedure can be described in detail ds

‘[follows.,
(1) ‘The’ elements of the coefficient matrix [P] areecomputed
‘:using the known water levels and discharges from the initial condition
;,or from the previous step of computation, i.e. at »ime t;A
(2) The elements of the’ isolated matrix [C] arexcomputed using
5the known:stages and discharges from the initialﬂﬁ e

.previous step of computation at, time t andﬁtve Llve '"h:
at’ tim...t+At. e : ' S
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,_rges within the time step of At. VThe mat:ixh

f?{[N],is related:t;,the matrices [P] and [C] 88

| rlfatrix ot ';
| contains 31
Coml ’ﬂvalues of AH

fand 34 values g
;of AQ

(4) The water levels nnd the discharges of the nodes and of the?z
‘pgbranches at time t+At are then Homputed hrough the following equatinns.;V;

In the above equations, Q and H are thel;ischarge and the water level,
‘AQ and Al are the incremental chwnges in the discharge and water 1eve1
,within ‘the time increment At..

(5) The water levels and the discharges in the nodes and branches
pare initialized before the computation of the next time step is perforled.v

The initialization is performed by substituting the water levels an'il e
‘the discharges at time t by the values at time t+At obtained from the
'previoua step of computation, i.e. '

He = Tewae

Q = Qe

©5.9.4 Preparation of Data Deck The computer program was organized

:'sucp that the water levels and discharges along Bicol and Sipocot Rivers '
,;couldlbe computed for different inputs and different flood control schemes.

ffvarious computational routes are provided in the same computer program and_
ffcould be chosen by making a slight change on the input informstion. The . ‘d:
finput information are read through the main program BICOLZ via subroutine i}
;fINPUTZ a.id DESNIN(QQQ) The sequence of the data deck prerared for a run,ﬂf
'sfor example for the case whcn the tidal barrier is to be considered, is “
presented. The description for the symbols used in the computer program



fiishexplained._ The printouta of the input informntion read through the
gmain program BICOL2 subroutine INPUTZ and subroutine DESNIN(QQQ) are
;released through subroutine RITINZ., : ‘

5. 9 4.1 Sequence of data deck - Fig 5 15 shows the arrangement

}for the sequence of the data deck for the flood control simulation model.é
{The follovinu is the description for the symbols used in the input

}information.vf

{Card No. . Symbols

1 TDr
2 IRRTURN
2 ,ISTABLE"

3w

"Percentage of opening area of the gat of;the
-tidal barrier. Fo ‘. -
“ﬂ}Time difference in hours between the;peak of stormlj
;A.gfsurge and highest astronomical tide during the
‘}storm surge. : ,

_tf_Heading of data deck which indicates tho selection
. of flood control schemes. -

ig?YﬁE?:uh

fA¢¢ﬁkﬁitbj

lébbfbh’i: :
B Tl . Reservoir,

-Code assigned for the selection of Sipocot-San
’ Higuel Diversion ’ s

. ?}Code aasigned for the selectio ‘of Bieol-Rages
f>_;4Diversion. i (E= s Evit

CODSTP

‘CODPAS

’ D'scription

‘:Time interval used in the computation during the
"Jperiod of storm surge.

" The return period of the flood,

:ffCode indieating the choice of time interval TDT
. during the time of typhoon surge. -

.:VDate at which the computation is started., The
.. computation can begin at ‘any date within the period
. of flood under investigation.

t'_Code to request the printout of the information
_input. K *

. Time interval. at which the lateral discharge
- inputs to nodes produced by surface runoffs from
~watersheds are available,

~:7g7Time interval which the printout of stages and
- discharges along Bicol and Sipocot Rivers is

required.

The maximum allowable difference in the water .
levels at the nodes at different times before the
steady flow condition is approached. ' ;

Code assigned for the selection of Pulantuna
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INFORMATION

HYDROLOGIC

INITIAL STAGES

‘3600
(1DELT)

24 24
M NN L

34 3l |
- (NUAN) (NNODE) (NDAY) O
o 0 o0 Qa 40. Lo e
{CODPOL. CODSIP CODPAS CODOUT CODWID CODBAR  CODEXT - CODEXC )i i -

24 I 0.003

(ALT) (RHR) (ACCU) L
FNAL SCHEME FOR BCOL..POL=0,8P 0, PSS 0, QUTs
£oo 0. '
(FACTOR PHASE)

DEPNING *-0

10 - 0
(NMKR  JIK ) A
13 1 : PJ
(IRETURN ISTABLE )

Fig. 8.5 ' Sequence of Data Deck R Fl@pd-f“"c«';htrol Simulation Model. -



-‘.~35;67'+'

Card No. ' Symbols = | ‘Description |
e .f.ffe‘CODCUT’A {“}Code assigned for the selection of Cutof/wNo.S.k
7 _;com-rm{z :, _{"c:ode assigned for the selection of?'"the width of
N . Cutoff No.3. | .
ﬂi?1?~;;efC0DBARv;QJ;'Code assigned for the selection‘ofxthe?Tidalé

lJarrier at Balongay.

:i;CODEXT;:;n:eCOde assigned for the ex:ension of the modelhwromfi

Cuyapi to Balongay. , i
eCode assigned for the excavation and widening the

'f“rlver cross: section from Km 6° to Km 83 + 900 dn
.~ Bicol River. o &

‘  'e{Numbers of branches in the flow 8ystem.

"F-},'Day period in which the flood flow is invest:lgated.

FH,i7Number of available elevation-surface area
‘_f-relationships of Lake Bato, Lake Baao and Pulantuna
"Reservoir.

; . Time interval used in the numerical computation

~. . of the continuity and momentum equations. IDELT is
- unchanged during the peak of storm surge unless

it is specified.

L Initial water levels at nodes used in the numerical
. computation,

‘fLNX(I) ENM(I), Roughness coefficients for left berm, main
£ “-. 7 channel and right berm of the branches.‘;

‘_7 7”'Distance interval along main channel in kilometers.
klﬁ:n?7fDistance interval along 1eft berm 1n kilometers.‘
I).  Distance interval along right berm in kilometers.

v C‘fAverage river bank elevations on the left and right
- . sides at midway of the branches.

"tf5Average river bank elevations on the left and
t-.right sides at the upstream end of the branches.

T‘ﬁf;Average river bank elevations on the left and right
'gldes at the downstream end of the branches. S

“E (i);Eé(i)g‘,Specific elevations of the main channel cross
"3(1)524(1) seetions of the branches.

; 1(1),T2(I),. Specific topwidths of the main channel cross .

: 3T3(I) T4(X) sections of the btanches.'_,«‘/ SR
1033111»;¢A0(I),AH(I) Specific area of the main. channel €ross. sections
R of the branches. - ’




Card'Mo.  Symbols
112-128.  EUS1(I),RUS2(I),

‘:7j\Eus3(I)‘Eus4(I)

| tjflTUSl(I) ,TUS2(T);
'*‘__rus3(1),Tus4(x) ~

'ﬁ;é,Aous(I) AHUS(I) 2

,,f?53031(i) Ensz(I),
; ri}nnsa(x),nns4(1)

“ffff‘TD81(1) ,TDS2(1),
'“-;J;TDss(I) TDSA(I)

“'f”ngQDs(I);AHDs(I);V
/198-199  EE1(I),ER2(I),
S0 EE3(D),EEA(T)
1200-201 - TTI(I),TT2(T),

- TT3(I),TT4(T)
AAO(T) ,AAN(T)

05204

205206

AAOUS(I) AAHUS(I) : |

5EEDSB(I) EEDS4(I)

‘V_Trnsa(x) TTDS4(I)

'AAODS(I),AAHDo(I)

EYL(D),

‘EEUSI(I),EEUSZ(I),f;
© EEUS3(I),EEUS4(T)
‘:TTU81(I) TTﬁéé(ij;j‘,v‘Specific topwidths of the main channeIHaV
. ‘TTUS3(I) TTUS4(I) o
- , - the excavated branches.

.TTDSl(I) TTDSZ(I),':

M, @
soienenios - cross sections of the branches. -

- 5.68 ~

Descrigtion ,

l.'Specific elevations of the main channel
~cross sections at the upstream end of |

the branches.

Specific topwidths of the main channel
cross sections at the: upstream end of the
branches. S e

Specific area of the"maia‘channel'cross

sections at the upstream end of the branches. .

Specific elevations of the main channel
cross sections at the downstream end of

'the branches.

Sp601fic topwidths of the msin channel
cross sections at the downstream end of
the branches. ' S

j'Specific area of the main channel cross
,.{ssections at the downstream end of the
*‘branches .

Specific elevations of the main channel

. eross sections at the excavated branches.'l>

Specific topwidths of the main channel -

" cross sections of the excavated branches,

Specific areas of the main channel cross
sectiong of the excavated branches.

| Specific elevations of the main channel
‘cross gections at the upstream end of thej

excavated branches.

cross sections at the upstream end of

' Specific areas of the main chsnnel cross;;
- 'sections at the upstream end of the
‘. 'excavated branches. ' o

iELDSl(I),EEDSZ(I);th

”Specific elevations of the main channel
~‘cross sections at the downstream end’ of
- the excavated branches.

rSpecific topwidths of the main channel '

cross sections at the downstream end of
the excavated branches. '

' Specific areas of the main channel cross

sections at the downstream end of the:
excavated branches. L

Specific elevations of the right berm
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"2304245 | TYl(I) TYZ(I) TYB(I)iffSpecific topwidths of the rignt berm 4
S R . cross sections of the branches.
247#2633°‘5EYU81(I) EYUSZ(I), . Specific elevations of the right berm
GeoomenTn a[FYUS3(I) '-a; : cross sections at the upstream end of
' : the branches.

M.TYUSl(I) TYUSZ(I), Specific topwidths of the right berm

7;TYUS3(I) , cross sections at the. upstream end of the.ff
L ~ branches. o ;41 S
7 EYDS1(I) EYDSZ(I), Specific elevaiions of the right berm

j:_,EYDS3(I) e cross sections at the downstream end of
L -~ - the branches. i

 TYDSL(Y) TYDSZ(I),  Specific topuidths of the right bern croes. -
; TYDSB(I) LT - sections at the downstream end of the' e
( it S . branches. Do
5223154331 = Ehl(I) E&Z(I) LX3(I) 'Specific elevations of the 1eft berm

. e - - cross sections of the branches. jfb' r
©.332-348 TXl(I) TLZ(I) rxs(x)" Specific topwidths of the left berm cross
R ' sections of the branches. s
,773497365i EXUul(I),EXUS2(I),,ns Specific elevations of the 1eft berm
T ,EXUSB(I) - . - cross sections at the upstream end of

o "< the branches. :

| 366-382  TXUSL(T) TXUuZ(I), ~ Specific topwidths of the left ber crossr**

TRys3(r). . ~ . sections at the upstream end of the branchea;
EXDSl(I),EXD?Z(I), K Specific elevations of the left berm e

EXDSS(I) ; cross sections at the downstream end of
the branches. A

vTXDSl(I) TXDaz(I),, Specific topwidths of’ the left berm cross
iTJDSB(I) 3 sections at the downstream end of'the S
S _bronches. SR

’EBAI(I),SFBAT(i)E,*:'» Specific elevations andwsu fac

L e ~of Lake Bato. 5“{7;A_

8 'EBAO(I),SFBAO(I) 7ffSpecific elevations and‘surface rea:
G N P 'Lake Baao. - : o

fftSpecific elevations and surface a
ffﬂPulantuna Reservoir. .

iffxf,Code assigned to the selection he
.- rainfall condition for 1970 or:for 50
. year design flood.

Hifﬁézfv.rﬂfIST,IDT,IAx,IBL, .fﬁ}v'Symbols for plotting if he 'subroutin
o IBALIBB,IBC oo for plotting 19 provided
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Sngols VITTE‘. Descrigtion' «
RAINZ RAING RAIN14§_ 50 year design 2 day rainfall in milli-
“*J" RAINDE S ©©  netexs at Station No.2, 6, 14 and basin
‘, » respectively. oy

Pre-storm runoff coefficients applicable
to Thiessen polygon No.l, 2 and 3 and
flood plain areas respectively ( oil is
partially saturated).

Runoff coefficients during and after etorm 1:
applicable to Thiessen polygon No.l, 2 and =~
3 and flood plain areas (soil is saturated)s.

Ordinate of distribution graph at day’I;ff
for vatershed area less than 50 sq. km.'

Ordinate of distribution graph at day I
ffor watershed area greater than or equal

'Regression coefficienta of base flow
equation, -

Daily rainfall in millimeters for stations
2, 6 and 14 in the year of 1970 (13 year
return period) at day 1. R

Daily rainfall in millimeters for stations
2, 6 and 14 for design rainfall condition
whose return period is of 50 years at day I..

Runoff in CMS of gaged watershed K at day 1.

Watershed computer code number for gaged

and ungaged watersheds (series 100 aud 200);
watershed area in sq.km.; representative
width of watershed in lm; rainfall station
number applicable to watershed.. :

Node number, raingage station number, flood
plain area including berms, number~of
gaged watersheds, number of ungaged water~ -

Card mum-

barB dn Ty sheds. '
“'this range - Code number of gaged watershed in 100

;are given on.

‘,athe next page J s Code number of ungaged watersheds in
‘ r'11~ . ‘ 200 seriem’ PR e

series. - R o e fi§§~







5.2

‘Theflateral,discharges to the.

- 5.9.4.3 uydrologigiinformationw
ff;nodes is composed of the surface{runoffs from th watersheds in the T
ﬁ.}Bicol River Basin. o L je o : ‘ﬁf‘
h In the model calibration, the rainfall data from September
to November 1970 was used.f The surface runoffa from the ungaged watersheds
assigned to each node are estimated through the application of the dis- ”
tribution graph. The surface runoffs from the gaged watersheds are the
observed streamflows. The total lateral discharge inputs to the nodes
~are the summation of the. surface runoffs from the ungaged watersheds and ' f

fthe tributary streamflows.‘,, , :
‘ In the prediction of the effectiveness of the flood control

ffschemes on the water levels in thc Bicol and Sipocot Rivers, the rainfall

‘:condition whose return periods are that of 13 years and 50 years vere ‘
~cused. The period of 13 years is selected since the- rainfall condition

yiiis the same as that occurred in 1970. The lateral discgarge inputa to
;‘the nodes for the 13 year rainfall are estimated in the samezway as
,_previously performed in the model calibration.t For the 50 year or otherl@:
qdesign rainfall condition, the surface runoff to the nodes are wholly -
‘estimated from the watersheds which are assumed ungaged.

5 9 5 Code Assignments and Instruction for Program Users e
o . ~ Card i'0.2 -- Punch 13 for IRZTURN when the effectiveness of thef;j;f
floodncontrol schemes is measured for a design rainfall which has a ;,l-ih?fﬁ
\'"eturn period of 13 years, equivalent to the 1970 flood event. e g
" - Punch 50 for IRETURM when the =ffectiveness is determined“ -
the“design rainfall vith a return period of 50 years. o
Card Wo.4 - Punch 1 for FACTOR 1f the ‘gate opening is assi ed:
ull open; The value of EACTOR can be set to any values between 0 to ifiief
1y if:FACTOR is set equal to 0.5, the opening area of the gate is set
%{Yf the total opening area. Gl e e
'Card No.5 - The heading of the data deck is punched consistent
:Hwith the code of the symbols assigned for a combination of the flood
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“control schemes. " The purpose of using the date heading is: t“yhelmathe

'iprogram user to recognize easily which of the flood7cowtr
‘ﬁselected in the combination. The data heading{i‘ no
feomputation. The symbol for the data heading is TYPE 3

o ~ Card Fo.7 - Flood control schemes could ‘be. selected. by ssignn?

':ing code numbers to the following symbols.b

Instruction

'_ngols . Description _ = 3
CODPOL  Pulantuna Reservolr f'Punch l “for the’ selectionf*f
SR o - f‘,f4;,: 20, for none , "'1ﬁ:
,CODSIP L ~Sipocot-osn Miguel _ szPunch 1. for the selection?lf
A ~:Diversion Co v;a¥‘~ : ;:0? for none - - ~“-»‘

;i(

| CODPAS

f”:'BicoluRagay Diversion‘ uncb'l.‘for the selection{ff

: h 0. fornome

qu'Cutoff No 3 *Lanunch 1. for the selection, :

g E v .. 0. for nome o

t,ﬁWidth“of'Cutoff No.3 J’,E“ijunch 40. for 40 meters wide or
s : S w204 for 20 meters wide, ete,

| Tidal Barrier fijunch 1. for the selection;

R ..o . 0. for none

n,Entension Bicol River" : ,Punch 1. for the extension and

~ Mouth in the model from - .0, for no extension (model .
S . Cuyapi to Balongay }i{b»~ calibration)
"CODEXC. ~  Deepening and uidening Punch 1. for the selection;
e river bed ) L*~.v" 0. for none :

8 Card No.44l - The rainfall condition could be selected by i L
,assigning ‘the number of ‘the symbol KODE. Number 11s used when”the}'97
fra nf"ll condition whose ‘return period is 13 years 1s. required" A

,”numbe_'is assigned to KODE when the. design rainfall condition whose.;

:return period is 50 years is used.- The symbol KODE controls the com- o
iputational route in subroutine DESNIN(QQQ) "

v f gle. It is required to determine the effectiveness
lood:control scheme when the rainfall condicion is similar to that
oceurred in 1970. The' flood control scheme composes of the

}flulowing basic eomponents. ;m

(1) Pulantuna Reservoir
(2) Sipocot-San:Miguell iversion




"“";‘5.74 i

(3) Tidal ‘Barrier at Balongay
(4) Bicol-Ragay Diversion n;~‘
‘The gate opening area of:thgﬁtidai;Béffiéi isffp}l;

Data Preparation:

- CARD - No, .-

2 Punch- 13 for IRETURY =
4 Punch:  1.00 for FACTOR -
5 Punch: POL =1, SIP =1, PAS =1, CUT = 0, BAR = 1,
: . ’Exm =1, DPPNING -0
7. Punch: 1. for CODPOL'

| 1. for CoDSIP'
1. for CODPAS

0. for CODCUT
0. for CODWID
" 1. for CODBAR
1. for CODEXT
_ - 0. for CODEXC o , I
;11;ﬁ§514 . The following initial stages at the nddée are‘aséumed;
g o Punch: 11.90 for H(1,1) ; 9.20 for H(2,1) |

6.20 for H(3,1) ; 1.30 for H(4,1)
0.20 for H(5,1) 3 0.15 for H(6,1)
0.10 for H(7,1) ; 0.05 for H(8,1)
0.10 for H(9,1) ; 0.12 for H(10,1)
0.15 for R(11,1) ; - 0.50 for H(12,1)

bsonrmmly; 0.90 for H(14,1)
1.00 for H(15,1) ;  4.50 for H(16,1)
5.10 for B(17,1) 5  6.00 for H(18,1)
6.50 for H(19,1) ;  6.80 for H(20,1)
6.90 for H(21,1) ; 6. 90 for H(22,1)
0.40 for H(23, 1) ;-0 1of£b£»u(24 1)
-0.50 for H(25,1) ; =0.70 for H(26,1)
-0.80 for H(27,1) ; . 0:50 for H(28,1)
10.30 for H(29,1).; 0,095 for E(30,1)
ommwmn”
:}}3gggl =Y for KODE

o




REFERENCES

BERNARD, M.M. (1935), An Approach to Determine Streamflow, Trans. ASCE,
Vol.100, p.347.

CHOW, V.T. (1964), Handbook of Applied Hydrology, McGraw-Hill Book Co.,
Inc.,

(1970), Guide to Hydrometeorology Practice, W.M.0. No.168 TP.82,

2nd Edition, Geneva, Switzerland.

KOMSARTRA, C. (1969), Flood Hydrographs from Small Watersheds (Thesis),
Asian Institute of Technology, Bangkok,Thailand.

LINSLEY, KOHLER and PAULHUS (1958), Hydrology for Engineers, McGraw-Hill
Book Co., Inc.

MAASS, HUFFSCHMIDT, DORFMAN, THOMAS, MARGLIN and FAIR (1970), Design of

| Water Resources Systems, Harvard University Press, Cambridge,

Massachusetts.

SHERMAN, L.K. (1932), Streamflow from Rainfall by Unit-Graph Method,
Engineering llews Record, pp.501-505.

SNYDER, F.F. (1938), Synthetic Unit-Graphs, Trans. Geophysical Union,
Part I, p.447.

(1973), Project Report on Bicol River Control Project, Flood

Control and Drainage Division, Bureau of Public Works, Manila,

Philippines, January.
CALDWELL, J.iI. (1973), A Preliminary Study to Develop Salinity Barrier
Concepts for the Bicol Estuary, Luzon Island, Philippines, November.
U.S. BUREAU OF RECLAMATION (1967), A Report on the Bicol River Basin,
Luzon Island, Philippines, January.
(1974), Report on Flood Occurrence within the Fishpond Estate
Area near the Bicol Estuary by the Social Survey Research Unit,

Communication from Mr. Douglas Tinsler, May.

DOODSON, A.T. and WARBURG, H.D. (1941), Admiralty Manual of Tides,
Hydrographic Department, Admiralty, London.

DRONKERS, J.J. (1964), Tidal Computations in Rivers and Coastal Vaters,
North~Holland Publishing Company, Amsterdam.

IPPEN, A.T. (1966), Estuary and Coastline Hydrodynamics, McGraw-Hill,

DE VRIES, M. (1971), Solving River Problems by Hydraulic and Mathematical
Models, Hydraulics Laboratory Delft, Publication No.76 II, Netherlands.



DELFT HYDRAULICS LABORATORY (1974), Flood Protection Rharb Plain, Morocco,
Hydro Delft, Contents Ho.36, September.

HENDERSON, F.M. (1566), Open Channel Flow, licMillan Series in Civil
Engineering, pp.140-148.

LIGGETT, J.A. (1968), Mathematical Flow Determination in Open Channels,
Journal of Engineering Mechanics Division, Proceedings of ASCE, August.

MELJER, TH.J.G.P., VREUGDENHIL, C.B. and DE VRIES, M. (1965), A lMethod
of Computation for Non Stationary Flow in Open Channel Networks,

Delft Hydraulics Laboratory, Publication No.34, Netherlands.

SHUBINSK, R.P., McCARTY, J.C. and LONDORF, M.R. (1965), Computer Simulation
of Estuary Network, Proceedings of ASCE, Journal of Hydraulics
Division, September.

STAPEL, D.R.A, and DE VRIES, M. (1570), Experience with the Mathematical
Hodel of the liydraulic Network of Rijnland Water Board, Delft
Hydraulics Laboratory, Publication No.74, October.

VREUGDENHIL, C.3. (1968), The Accuracy of the Method of Computation of
Unsteady Flow in Open Channel i'etworks, Delft Hydraulics Laboratory,
Reseaxrch Report No.S589-1, January.

WRIGHT, R.R. and CARSTENS (1970), Linear-Momentum Flux to Overbank Sectionms,
Proceedings of ASCE, Journal of Hydraulics Divisions, September.

ZANOBETTI, D. and LORGERﬁL H. (1968), Le Modéle du Delta du Mekong, La
Houille Blanch, 23, 1968; No.l, pp.17-30, No.4, pp.225-269, and
No.5, pp.363-378.



- Al -

APPENDIX A

Al CALCULATIONS FOR THE DISTRIBUTION GRAPH
A2 FREQUENCY ANALYSIS USING GUMBEL DISTRIBUTION
A3 DISTRIBUTION OF BASIN AVERAGE RAINFALL INTO STATION RAINFALL



- A2 -

APPENDIX A

Al Calculations for the Diétribdtion Graph

| Table A-1 to A-8 summériZE the data and calculations used in develop-
ing the distribution graph'of each of the 8 watersheds in the Bicol River
Basin that had available streamflow data.

Under Column 2 of each watershed are listed the observed daily mean
discharges.

Column 3 is the modified streamflow, i.e. runoff caused mainly by
the October 12-13, 1970 storm. These storm were obtained by examining
the rainfall records nearest the watershed, and if rainfall (other than the
2-day storm) occurs, the ob%served runoff hydrograph is smoothened (assum-
ing that the hydrograph irregularity was mainly caused by the random
rainfall). The effect on the hydrographs of rainfall that occurred after
the October 12-13 storm was neglected as the amount was negligible com~
pared to the two-day storm. However, on October 19, 1970, 5 days after the
storm, significant rainfall occurred in the basin. Hence, the streamflow
records were abandoned from the day the hydrograph rises and further
recession was estimated from the shape of the hydrograph.

Column 4 lists the values of base flow. A uniform method was adopted
to separate the base flow from the observed hydrographs. A constant
base flow was assumed from the first day to the day the peak flow occurred.
Then a straight line was drawn from this point to a point on the lower
portion of the recession segment of the hydrograph.

Column 5 shows the values of the direct runoff which is the modified
streamflow (Col.3) less base flow (Col.4).

Each value of the direct runoff was divided by the total runoff, to
obtain the coefficient of the distribution graph which are listed in
Column 6. The cumulative of the coefficients of the distribution graph
are listed in Column 7.

A2 Frequency Analysis Using Gumbel Distribution

The Gumbel distribution is based on the assumption that the distribution
of the extreme values of an event (e.g. annual maximum rainfall or
flood) is unbounded. Gumbel proposed that the probability P of the
occurrence of an event with value X is equal to or greater than any value




Table Al - Arrangement of Data for Dev

(Units in CMS)

- A3 -

elopment of Distribution Graph

3 - Ugsong River, Ligao, Albay
(Area = 11 kmz)

Observed | Modified] Base Segregated Dist. Cunulative
Date Stream Stream | Flow Flow Percentage | Percentage
Flow Flow
1 2 3 4 ) 6 7
Oct. 1970

9

10 0.037

11 1.81 0.00 0.00 0.00 0.0 0

12 2.02 2,02 0.00 2,02 14.4 14.4

13 8.64 8.64 0.00 8.64 61.5 75.9

14 1.38 1.38 0.00 1.38 9.8 85.7

15 1.49% 0.80 0.00 0.80 5.7 91.4

16 0.90 0.60 0,00 0.60 4.3 95.7

17 0.76 0.40 0.00 0.40 2.8 98.5

18 0.30 0.20 0.00 0.20 1.5 100.0

19 0.15 0.00 0.00 0.00 0.0 0
20 0.35

21 0.54

22

Total 14,04 100.0

Table A2 - Arrangement of Data for Deve

(Units in CMS)

lopment of Distribution Graph

17 - Anayan River, San Roque
(Area = 17 kmz)

Observed |Modified| Base Segregated Dist. Cumulative
Date Stream Stream | Flow Flow Percentage | Percentage
Flow Flow
1 2 3 4 5 6 7
Oct. 1970
9

10 0.39

11 0.39 0.39 0.39 0.00 0.0 0

12 1.42 1.42 0.39 1,03 0.7 0.7

13 106.88 106.88 0.39 | 106.49 82.5 83.2

14 19.55 19.55 0.44 19.11 14.8 98.0

15 1.58 1.58 0.49 1.09 0.8 98.8

16 1.42 1.42 0.54 0.88 0.6 99.4

17 1.00 1.00 0.59 0.41 0.4 99.8

18 0.80 0.80 0.64| 0,16 0.2 100.0

19 0.68 0.68 0.68 0.00 0.0

20 4,54%

21

22

Total 129,17 100.0

* Day record abandoned




Table A3 - Arrangement of Data for Development of Distribution Graph
(Units in QUS)

20 - Yabo River, San Isidro
| | (Area = 20 kn%)
, Observed | Modified| Base| Segregated Dist. Cumulative
Date Stream Stream | Flow Flow Percentage | Percentage
; Flow Flow _
1 2 3 A 5 6 7
Oct. 1970
9 0.56
10 1577 | .
11 2.60% 1.00 | 1.00 0.00 0.0 0
12 3.63 3.63 | 1.00 2.63 7.3 7.3
13 25.50 25.50 | 1.00] 24.50 67.7 75.0
14 7.18 7.18 | 1.00 6.18 17.1 92.1
15 3.20t 3.20 | 1.00 2.20 6.1 98.2
16 1.38 1.38 | 1.00 0.40 1.1 99.3
17 1.20t 1.20 1.00 0.20 0.5 99,8
18 1.10t 1.10 | 1.00 0.10 0.3 100.0
19 1.03 1.00 | 1.00 0.00 0.0
20 1.15%*
21 1.20
22
Total 26.21 100.0

Table A4 - Arrangement of Data for Development of Distribution Graph
(Units in QMS)

1 - San Francisco River, Albay
(Area = 131 km2)

Observed | Modified| Base | Segregated Dist. Cumulative
Date Stream Stream | Flow Flow Percentage | Percentage
Flow Flow
1 2 3 4 S 6 7
Oct. 1970
9 2.80
10 2.50
11 9.00 2,50 2.5 0.00 0.0 0
12 12.60 12.60 2.5 10.10 6.9 6.9
13 48.93 48.93 2.5 46.43 31.7 38.6
14 42,00 42,00 2.6 39.40 26.9 65.5
15 21,60 21.60 2.7 18.90 12.9 78.4
16 18.72 18.72 2,8 15.90 10.8 89.2
17 9.€0 9.60 2,8 6.80 4.6 93.8
18 7.92 7.92 2.9 5.00 3.4 97.2
19 7.44% 5.8 2.9 2.90 2.0 99.2
20 6.96 4.2 3.0 1.20 0.8 100.0
21 6.96 3.0 3.0 0.00 0.0
22 6.48
23 5.52
24
Total 146.63 100.0

+ Interpolated value

% Day record abandoned




Table A5 - Arrangement of Data for Development of Distribution Graph
(Units in cMS) ‘

7 - Quinali River, Oas, Albay

L (Area = 232 kn®) ‘
Observed | Modified| Base| Segregated Dist. Cumulative
Date Stream Stream | Flow Flow Percentage Percentage
Flow Flow ‘ :
1 - 2 3 4 5 6 7
Oct. 1970

9 4.57
10 5.58
11 9.07 5.00 5.00 0.00 0.0 0
12 10.00 10.00 5.00 5.00 6.8 6.8
13 35.40 35.40 5.00 30.40 41.5 48.3
14 26.00 26.00 5.00 21.00 28.7 77.0
15 14.00 14.00 5.00 9.00 12.3 89.3
16 8.45 8.45 5.00 3.45 4.7 94.0
17 7.52 7.52 5.00 2,52 3.4 97.4
18 6.02 6.02 5.00 1.02 1.4 98.8
19 7.21% 5.60 5,00 0.60 0.8 99.6
20 7.21 5.25 5.00 0.25 0.4 100.0
21 6.68 5.00 5.00 0.00 0.0
22 6.24

23 5.80
24

Total 73.24 100.0

Table A6 - Arrangement of Data for Development of Diatribution Graph
(Units in CMS)

14 ~ Pawili River, San Vicente
(Area = 112 kn®)

Observed | Modified | Base | Segregated Dist. Cumulative
Date Stream Stream | Flow Flow Percentage | Percentage
Flow. Flow
1 2 3 4 5 6 7
Oct. 1970
9
10 0.30 0.30
11 0.68 0.30 0.30 0.00 0.0 0
12 0.96 0.96 0.30 0.66 0.2 0.2
13 134,61 134.61 0.30 | 134.31 1.1 31.3 .
14 119.62 119.62 1.00 | 118.62 27.4 58.7
15 90.16 90.16 3.00 87.16 20.2 78.9
16 41.96 41.96 5.00 36.96 8.6 87.5
17 28.86 28.86 7.00 21.86 5.1 92.6
18 26.46 26.46 9.00 17.46 4.0 96.6
19 21.00 21.00 |11.00 10.00 2.3 98.9
20 18.06 18.06 (13.00 5.06 1.1 100.0
21 15.00 15.00 |15.00 0.00 0.0
22 12.62%
23 28.86
24
Total 432.09 99.98

* Day record abandoned
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Table A7 - Arrangement of Data for Development of Distribution Graph
~©© (Units in CMS) o U
21 - Pulantuna River, Napulindan -
(Area = 172 kn?) e
| Observed | Modified| Base| Segregated| Dist. | Cumulative
Date Stream | Stream | Flow Flow | Percentage | Percentage
e "Flow Flow - SR i R
Oct. 1970 : i
9 | 5.5
10 5.87+
11 '5.90%
12 6.58 6.58 | 6.60 0.00 0.0 0
13 65.00* | 65.00 | 6.60| 58.40 20.0 20.0
14 118.00 - | 118.00 | 6.60| 111.40 38.2 58.2
15 75.00 75.00 | 6.65| 68.40 23.4 81.6
16 27.70 27.70 | 6.70| 21.00 7.2 88.8
17 20.00t | 20.00 | 6.75] 13.30 4.6 93.4
18 15.00* | 15.00 | 6.80 8.20 2.8 96.2
19 12.02 12.02 | 6.85 5.20 1.8 98.0
20 12.86t% | 10.00 | 6.90 4,10 1.4 99.4
21 13.70 8.70 | 6.95 1.80 0.6 100.0
22 20.39% 7.00 | 7.00 0.00 0.0
23 27.08
24
Total 292.00 100.0

Table A8 ~ Arrangement of Data for Development of Distribution Graph

(Units in

Qus)

22 ~ Culacling River, Lupi
(Area = 64 kn®)

| k;oo.o

Observed | Modified| Base | Segregated Dist. Cumulative
Date Stream Stream | Flow Flow Percentage | Percentage
Flow Flow
1 2 3 4 5 6 7
Oct. 1970

9 5.00
10 2.70

11 1.50

12 1.15 1.15 1.15 0.00 0.0 0
13 20.10 20.10 1.15 18.95 19.9 19.9
14 37.90 37.90 1.15 36.75 38.5 58.4
15 17.02 17.02 1.50 15.52 16.3 74.7
16 9.64 9.64 2.00 7.64 8.0 82,7
17 8.69 8.69 2,50 6.19 6.5 89.2
18 7.40 7.40 2.80 4,60 4.8 94.0
19 6.07 6.07 3.20 2,87 3.0 97.0
20 5.40 5.40 3.50 1.90 2.0 99.0
21 5.00 5.00 4.00 1.00 1.0 100.0
22 4.84% 4,60 4.60 0.00 0.0

23 - 4,60

24 o

95.42

+ interpolated value
* Day record abandoned
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X and can be expressed as

‘ -y _
PX>x) = 1. e (A1)
where e is the base of natural logarithms and y is gibeniby
= =m0 (X - %+ 0.458) W
v 0.7797 s ' |

In Eq.(A2), X is the extreme event magnitude with probability P; :¥V;?v
the mean value of the annual series of extreme events of N number of
years; and s is the standard deviation. The values of X and‘s'are
computed from the following equation:

- Ix

8 = /\’-M)_z_
N-1

Plotcing positions are determined by the formula

_ON+1
r - M4 (49)

where M is the rank of the item on the series, M being 1 for the largest.

For evaluation of the accuracy of the computed values of X, the

confidence interval is computed as:
X - t(a)se X + t(a)se (AS)

for which at confidence level, a = 907%, t(a) = 1.645.
8, is computed by the formula:

8
s = B-—= (46)
e /N
where B = 4/l +1.3K + 1.1K2
K X -x
8

A3 Distribution of Basin Average Rainfall into Station Rainfall
In this section, the distribution of basin rainfall into station
rainfall is discussed. The basin hae been divided into three regions, each

region rainfall heing represented by one raingage station. With three




i

representative stations and six years of record let the rainfall records

per station per year be as shown_ 1n the following table.

“station

| year ~ 1 2 3
. 0T 12 13

2 - 22 T3

3 31 32 33

4 T T42 43

3 Ts51 T52 Ts3

6 Y61 T62 T63
Distribution D1 D2 D3

We would like to know the best distribution, D1 for statiom No.l,
D2 for station No.2 and D3 for station No.3.

For any two stations in a given year referred to as the ith year
r
D1 i 11
2 - ClZ ';Iz- (A7)
and ' r
2 R N
D3 C13 r13 (48)

In the case, where there is no rainfall record for station Wo.l

p2 _ i F12
B = i, (49)

where Ci is a constant and would be equal to unity if the rainfall was
alvays distributed in the same manner throughout the basin. The best

set of D values are those which minimize the function

N
z = & {Qci)?+ - (410)
i=1

or Z = f£(D1,D2,D3) (All)



--A9 -

To compute Dl,vD2 and D3 the ' Steepest Ascent Method” is used In this
method the procedure is started by selecting an arbitrary distribution.j
The first selection is Dl D2° and p3% g0 Eq (All) becomes. :

z, = £(m1° p2° p3% (A12)

Moving from the collection of starting values to the first revised baae |
values (D1',D2',D3') we have:

2l = Z, + Az (A13)
and p1' = D1° + AD1
p2' = D2° + AD2 (A14)
D3' = D3° + AD3
where
22, 22 2z
AZ = SBI * AD1 + 555-- AD2 + 52 AD3 (A15)

Ideally Z1 is set equal to zero, and Eq.(Al3) becomes:

82 = -2 (A16)

Since the system is non linear a much smaller value of AZ is used.
Arbitrarily the following step is attempted

AZ = 0,01 z, (A17)

To compute ADl, AD2 and AD3, consider that the increment for any parameter
of the distribution D1, D2, D3 is proportional to the partial derivative
of_Zo with respect that parameter

L 92 /3D1 1)

AD2 52 [8D2

AD2 = K°AD1 (A19)
where 3z_/aD2

K = 3557301 (A20)
and o

AD3 = -(AD1 + AD2)

AD3 -(1 + K)AD1 (A21)
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' Substituting Eqe.(A8), (A19) and (A21) to Eq.(ALS)

o an1 = E-ru e— o (a22)
351 T K 3pz ~ () 553

‘SOIving Eq.(AZﬁ), the magnitude of ADl is determined. From Eqs.(Al9) and
(A21)fwe cqﬁpute AD2, and AD3. From Eq.(Ald) we get the first revised
‘values of D1', D2' and D3'. And Eq.(Al2) becomes:

z1 = f£(p1*', D2', D37) (A23)

The calcualtion is repeated with this new value of the distribution
until the minimum value of Z1 is obtained.

A3.1 Application of the vJerived Rainfall Distribution Using the
6 years data for Station Nos.2, 6 and 14 (shown in Table 3.11), for a
minimum value of Z1, the computed values of D,, D2 and D3 are 0.24, 0.43
and 0.33 respectively. From Fig.3.7, the areas of region corresponding
to the rainfall stations are: Al = 0.26 AT’ A2 = 0.45 AT and A3 = 0,29 AT’
where AT is the total basin area.

To obtain the station rainfall, the following equations are used:

3
RA) + Rh, + RyA, = Ry i A (A24)
i1,;"1"“‘1;‘1'=c=9—'—"'-4-‘l-=0563 (A25)
2 2 1 = 0.430 .
R D
1 1 _0.244
D, " ¢, 0.326 0.748 (a26)

where RB is the basin average rainfall depth.

Substituting Eqs.(A25) and (A26) into Eq.(A24), we have

Rp Ay
A, A

3
A+ ==+ 2
17¢ 7T,

(A27)

As an example, the basin avérage rainfall in 1970 is 356.6 mm (from Table
3.11). To solve for R1 in Eq.(A27), we have
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356.6‘AT
R, = —
1 T0.45A, 0.2,
0.26A, + 5565~ + 553

356.6

1.440 ~ 247 mm

R2 = R1/0.568 = 436 mm
R3 = Rl/0.748 = 330 mm

Station rainfalls for other years were computed in the same manner as
above and the results are shown in Table 3.11.
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f‘com’umn PROGRAMS FOR TIDAL ANALYSIS BY THE HARMONIC METHOD WITH ABSOLUTE
,‘VALUE

'.l'he comput:et programs are wtit:t:en in FORTRAN IV language and
‘"des:lgned for runs in a CDC 3600 computer model.



"IN5,5A

20000000

Gt e 5
[~

16
17

20

L1

37

- B2 -
02749779

PROGRAM TIDE

ERJGRAM FOR TIDAL ANALYSIS BY THE HARMONIC METHOD WITH ABSOLUTE VALUE.
ETA » HOURLY TIDAL RECORD IN METERS

T &« PERIQDS IN WOURS

A ® AMPLITUDES IN METERS

DELTA s PMASES ANGLE IN RADIAN

NCON « TOTAL NUMBER OF CONSTITUENTS

NDIM & TOTAL NUMBER OF DATA POINTS 200D NUMBER+

STEP « T[MS [NTERVAL OF TIDAL RECORD

33

33
34

DIMENSION ETA(BZéo),ETAS(B7605.A(SO’.T(éO’-DELTA(SD).po(z)
READ(60,1) STEP,NDIM,NCON

READ(60,2) (T(!),1=4,NCON)

Je NDJM/2

IF(2«).NE,NDIM) GD YO 40

NDIMz NDIMe}

READ(60,3) (ETA(1),]1=1,NDIM)

PORMAT(F10,402110)

FORMAT(8F10,4)

FORMAT(16F5,2)

WRITE(6Lr16)

FORMAT(/» TIDAL OBSERVATION USED IN THE ANALYSISw/)
WRITE(64,17) (ETA(I),I=1,NDIM)

FORMAT(10X,24F5,2)

DETs STEP#{NDMwy)

WRITE(61,50) DEY

PORMAT(/w LENGTH OF RECORD = +,F15,2,% HOURSe)
CALL QSF(STEP.ETA,Z,NDIM)

AZBROs 2/DET

WRITE(61,20) AZERD

FORMAT (/¢ VALUE OF AZERO = +,P10,4,¢ METERS«)

WRITE(

FORMAY VALUES oF LoACTY,DELTACT)»T(1) , KUMAX,RATIQe//)

AND DELTA(I)

ARG!'(2.¢3.1415930(J-1)tSTEP)/T(!)
IF(K=1) 9,10,9

ETAS(J)m ETA(J)*COS(ARG)

GO 10 6

ETAS(J)n ETA(JISIN(ARG)
CONTINUE

CALL QSF(STEP,ETAS,Z,NDIN)
CO(K)!-%/DET

CONTINU
A(!)s-Z;tSQRT(CO(1).*2900(2)vﬁ2)
IF¢G0(1))37,12,37

YDxs ¢0(2)/00¢(Y)

S» ABS(YDX)

JPeyDx)30,33,32
!FtCU(?))33,34.§4

DELYA(l)= ATAN(YDYX)

G0 10 ¢4

DELYA(I)w 3,144993«ATAN(YDX)
GO Y0 4



02/49/775%

RIMAXS (2,%SORT(2,)#((AZERO*T(J))/3,141293

WRITE(61,42) J,A(J),DELTACY), T(J},RJMAX,RATIO

43045

-INS, 54
St  JF(00(1))35,36,36
35 DELTA{l)= 3,141993
GO YO ¢
38 DELTA(l)s 0,
G0 10 4
32  IF(CO(2)) 34,33,33
142  IF¢C0(2))80,90,90
80 DELTA(l)= =3,1431593/2,
GO 10 ¢
4 CONYINUE
C 70 COMPUTE KJMAX AND RATIO
DO 7 Ja1,NCON
SUMm 0.
p0 & [=3,NCON
{Ft]ey)14,8,14
L4 SUMg SUMeA(I)w(1,/ABS((1,/T(1))=(1.
$))
3 CONTINUE
$o(3, oA eT(J)) /(8. #3,141593)
$4(3,95JM)/(4,+3,141593)))/DEY
RAT]On RJMAX/ALY)
42  FORMAT(]5,5F15,4)
7 CONTINJE
SToP
END
408 TIDE
PROGRAM LENGTH
ENTRY POINTS
T]DE 42443
EXTERNAL SYMBOLS
ABAENTRY THEND,
SINF COSF

00343 SYMBOLS

02/19/75
TI0E
@80STOPS Q8ADICT.
ATANF TSH,

ITCIINISL /0L /TELNNe(3,/T(I))

ER

QsF
STH.



FTN3"5A

5, 4DS

LOAD

RUN,5,500,,NM

C SUBROUTINE FOR INTEGRATION BY SIMPSQN METHOD
NOTE ‘THAY N MUST BE oDD

¢

- B4 -
SUBROUTINE QSF(M,Y,Z,N)

DIMENSION Y(1)
SUME Y(L)eY(N)
{2 Nel

DO 3§ J=2,N%,2

SUMs SUM+4,eY(])

CONTINUE:

N2z Ne2

DO 2 [=3,N2,2

SUMs SUM+2,¢Y(])
CONTINUE

25 (H/3,)eSUM

RETURN

END

GSF

| DENT

PROGRAM LENGTH 00144
ENTRY POINTS

0SF 00003

EXTERNAL SYMBOLS.

n8apicT,

00045 SYM30LS

EXECUTION STARTED AT 1134 36

oSt

02/49/75

02749775



APPENDIX C.

" CJ ‘*MAIN PKOGRAM AND SUBROUTINES FOR- THE BICOL RIVER BASIN FLOOD CONTROL

' STMULATION MODEL

The computer programs are. written in FORTRANVIV language and deo:lgned
fot runs in a CDC 3600 computer. model of 641( cﬁpaéicy. ;




 TNS,5A

Qaoan

_ PROAAAY BICOLZ
 DIMEVSION GOP(100)
DIMENSION TYPE(19)

- BOMMON N,G,U,G(Yn),
COMMIN DELX(SO).U;LXX(EU);DELXY(SO),ALF@X(SU).ALFAY(&O},U.IB}“
"COMMIN Q(50,2),H(50,2),0L(50,2),N0L(50),S5UMA(50) , MK o

COMMIN Z1(50),NLIM,
COMMIN A(b0), AN
10),A4US(50), AMC,
20),AMDS50), AXDS
3POL(50)
COMMIN HUL(56)

(50),AH(50),A0(50),AX(50),AY(%50
AMUS(50),AXUS(56),AYUS(90), ALiS ,
(bO).Avns<50>.Aus¢50).Fc50).sraAo<b0);ssuAT

«HUS(50),HDE(50) ,HC

-ro .

V17027

Ptaloo)'MX'MY'NNOD?'NBAN'MDNN.NIIHF,NUAyiQQ'}“ “

IDATE, IHOUR, IMIN, IDELT, DELT, ZET(SU) I T
) o AXY AGT, ANC, ALLS (5
(SOD.AUDS(ﬁor;AHDSQ ¢

(503, 8

324

COMMIN ENX(50),EMM(5D),

ENY(50),EKX(50),EKH(5T),EKY(5L),

EN(50), EKXU

1s<5nx.EKMUS(SO)ZEhvus<So>,Exxnscen),bKMQS(sc>;EKYD§(§0);§~xY;ganI‘?

'ZSUMK(SU)otNMCoEKNC.EHUS(5C),EMDS(SU)
)

- COMMON EX(50),EY(50),EL(50),E2¢%0

ES(50),E4(50),EY1(50),EY2(50), &

‘;1Y3(50).EX1(50),§¥2(SD),EX3(5U),ERAT(50)pEBAD(50))EXU51(50)pEXUSE(5

: 20).EXUSE(bO)o&VUSl(5U).EYU82(50),
'3(50305384(50),EXD81(50).EXDS2(50)p

4D53(50),EU31(50),gD52(50).EDSS(SO)o
5Y1,EXY2,EXYS,EXUS(50),EYUS(50),EXDS

COMMIN T(50),71(%0),T2(50),T(50),

2(50),TUS4(50
3XUSI(50),TYUSL(50),
40),TYDS1(50),TYyDe2¢(
5(50),T0S3(50),TUS4¢50), TMUS(50)
COMMIN TXUS(50),TYDS(50), TMC
COMMIN RX(50),RY(50),RM
1),RX0S(50),RYLS(50), XY

TYUS2¢50), TYUS3(

EYUSS(?O).EU81¢SD),tU52(5D),bUS3

EDS4(50),ECL,EC2,ECS,t
(50),EYDS(¢50),EPOL(50)

T4(50),TX1¢50),TX2(50), TX3¢50),1
1Y1(50),TY2(50),TY8(50),TX(50),TY(50),TH
),TCI,7C2,TC3, TCA, TXY1,

(50), TUSL(50),TUS2(50),TUSS
TXY2,TXYS, TXUS1(50), TYUS2(50), T
50), TXUS1¢50), TXDSZ(50),TXUSI(S

502, TYDS3(50), Txy, TUS(50),TDS¢50),TUS1(50),1D52
1 TXUS(50), TYUS(50), TMLS(50)

(50),RMUS(50),RMUS(50) ,RMC,RXUS(50),RYUS(5U

COMMON DIFFH(50),UIFFA(SC),DIFFM(50)

COMMIN GX(50),0M(5C
COMMIN GBCN(2),WR0L
COMMIN

)»8Y(50),C0DS1P,
‘ (2),QPAS(2),00L(
EE1(4),EE2(4),EE3(4),ER4(

CODPAS,CLICUT,CODWID, CUDEXT
31,61),Cu6(51,61),CODEXC Lo
4),AAD(4),AAH(4),TT1(4),TT2(4),

1TT3(4)oTT4(4):TTU§1(4).TTUSZ¢4)0TTUS5(4)oTTUS4(4).TTESI(4)pTTDS2(435‘

2),TTDS3(4),TTDS9(4),EEUS1(4),EEUS2(
35052(4),EkDSS(4),bEDS4¢4),AAOUS(4).
BICOL2-PR0TFRAM TO COMPUTE STAGES AND D1

USING NODE AND BRANCh COMPUTATION

4)1EEUS3(4) \EEUS4(4),EENSL(4) &

AAHUS(4), AAODS(4) ¢ ARHDS(4) - 7 0
SCHARGES IN LIBMANAN AND BICOLRIN

MAIN PROGRAM BICOL2 CALLS suanourxwes--lmpulz;n1r1~2.ulrne,swasgéﬁurggﬁfg
seq1.asoz.Arnnz,sunga,snz,sxno.rruALi.TIUAL?.BARIERgDE$V{N;T:;;&ﬁ;i€?J}£i

KKK=£KJ=0

MX=60
‘Mya61

ZETA=0,55
B=9,81 o S
B READ(MX,Z?O)TDTY:J{j B
290,FORMAT(1X5F?.0)fﬂ‘5*““'

oo rntsrtor

- READ(MX,600) IKETURN, 1STA

'READ(HX,600)NMKRfJ‘ B

24 JJJso L e
oo led

C« RITE=Q,

. NMEsD

' _ﬂr!ME:Oi


http:READ(MXp600)NmKR.1K

i ~e3 ="
"5"‘ 01702773

C JIKIO MOT ARINT UATA
JIKE1,PRINT DATA
T NMK:V"KR
S READ(MX, 264)FACTOR PHA E?
234 FORMAT(1X12F5 3
" READ(MX, ?OOI)TYPE g'
SN NR!T°(WY 2001)TYPE
- 2001 FORMAT(10A8) S
CCODE LlSTou.s.. 1YCq 0 1‘30 i
679 FOQM“T(S"'l Yl“bt.SX,QO "'O*,/);‘V
WRITZ(1Y,679) . .
PEAD(MX 501)ALT, RHR,ACCU

1c o L :
1 FORMAT(1X,16,1219/1X,16, 1e19/1x.16 419 4X.tLIBMANAN*.:A *AMHAUf)
CWRITE (wv.829>1keruqv
 WRITE(MY,830)C00PO0L
WRITE(MY,832)C00s]P
WRITE(1Y,832)CO0UPAS
NRITS(MY,833)Co0cuT
WRITS(MY,834)C00WIN
“WRITE(MY,839)C0UBAR
. WRITE(MY,B36)COUEXT
. WRITE(MY,B37)CODEXC
829 FORMAT (15X, «RETURN PERION OF FLOND= -,l4-2x.thARS*
B30 FORMAT(15X, *POLUNTUNA RESERVDIRze,F7, 1) g
831 FORMAT(15X,*SIPOCOT NIVERSION=«F7,1)
R32 FORMAT(15X, «PASACAD DIVERSION=«,F7,1)
#33 FORMAT (15X, «CUT 0OFF NO,32¢F7,1)
B34 FORMAT(15X,~CUT OF uxarq-. rl 1)
835 FORMAT(15X,«TIDAL RARRIER=zw,F7,1)
B36 FORMAT(15X, »EATENSION AT LuvApn-.,r7 1)
B37 FORMAT(15X, «DEEPENING RIVER BkDaw,F7,1)
C READ GEOMETRY AND INITIAL CONDITIONS
CALL INRYT2
WRITE(MY,235)PHASE, IDELT,FACTUR - R
~"551;0RgAT§5¥-~PHAS==~ 12X F8, 8, #TINE INTERVALS %, 2X, 15, #GATE FACTAREw,
X,F53,3) S R A
NTME=z{ AMKNH= 1)-’406600/10&[_1'
NTMEL=NTME - o
NELL=DFLT/3600, «»~?“4
o IF(J1K)2003,2008,2002
c ‘PRINT nUT 3EOMETRY AND INITIAL co~nxrxnws
2002 CALL RITINZ B
C PRINT nUT INITIAL Pouuxrlous '
12003 WRITE(MY,600) IDATE, [HOUR, 1M1~
C WRITELMY,604)(H(T, 1), =1, NNODE)
WRITS(MY,604)(0¢1,1),121,NBAN), QBCN(i)oUBULtﬂ)oOPAS(l)
. WRITE(MY, 601)(0L¢[ 1), 1=1 NNOUE)
602 FORMAT(1X,9F7,4) . -ia
90 FORMAT(20X,* N FOR BRAMCH 1......24. ,/:‘a
WRITS(MY,90) e

S WRITE(MY,602) (ENX(I), ENM(I) FNY(I).I: , 247
- 91 FORMAT(20X,*N FUR- cur orr s',/) e
~ WRITE(My,91) - i
WRITZ(MY, 602):NX(£5) ENM(Zb) tNy(gq)




i Gl =

5!5‘;

92 FORMAT(20X,*N FOR
LU WRITE(MY,92) .
. WRIT=S(MY, 602)(ENX(!) ENM(I) ENY
v93‘FORMAT(20X,tN “FOR. BRANCH 1-- 33,8
OO WRITE(MY,93) :
o WRITE( MY, 602)(#NX(I):ENM(I) ENY(')
w¢94-FORMAT(20X.*M FOR- BRANCH 34,
U WRITS(MY,94)
CWRITE(MY,602)ENX(34), ENN(64),ENY(34)
.~ DO 4571=1,NNODE
©.D0 457J=1,NDAY
457 0QL(1,d)=QL(1,1)
~ " ADAY3SNDAY=NMK RS
NLIMsADAYe24 asonu,/DELT
NL1M=NL!M¢NTML :
AlK=DELT/3600,
IK=AIK : o
o IFe1K) 225,225, 246
.”225 [Ka1
.;226‘00 521121, NUAN U
e 'ENX(I)=ENX(I)*ALFAX(I)ﬁw1,aT
5521'ENY(!) ENY(l)tALFAY(I)**i EE
600 FORMAT(1X, 315) ‘
601 FORMAT(1X,8F9,3)
604 FORMAT(1X, 16F9 3)
.C READ BOUNDARY CONDITIUMS
502 NTIME=NTIME+1 3
GO TI (200 201)a111
200 BRR=0,
v KBRR=BIR
H3025H(30o2)=H(60)1) »
H312=zH (31, 2):HakA2=H(31.1)
7H272=H(27 ?):H(é?,i) ;
Q0 T0 202 ;
..201 IF(K3RR)210,210, 211 .
C}GENERATE TIDAL INPUT AT BARCELONA AND BOLONhAY
230 CALL TIDALL(NTME,DELL, HSEA;,PHASF) o
© L H3p2=H312=H(30, 2>=H(31,2>=HSFA2 e
.60 TO 212
C READ DISCHARGE THROUGH BARRIER AT BOLONGAY
P 211 CALL BARI&R(H(?l 1).HSEA2 OQROL)
S OBOL(2)=OUBOL*FACTOR ' o
c GENERATE TIDAL - INPUT AT BARCELONA el
f;?51 CALL TIDALL(NTME,DELL, HSEA ,PHASE)
- ‘H302=H(30, 2)=H°EA ‘ e
C:GENERATE TlDAL INPUT AT PASACAO l*
»-;212 CALL TlDALZ(NTHb UVELL, HSEAS,P.ASF;
3 "HR728H(27,2)= HSEAJ ¥ CEEL
‘G:INTERPOLATION FOR NODk IMPUTQ
202 DO 5551s1,NNODE ,
555 QL(1,2)=00L(1, NHK)@(OQL(( NMK+1>,ooL< ,NMK>)*N?lME*DtLT/aooo./ALT
= DT-NTIWEtDELTISOOD /ALT B
1F(DT=1,)679, 680 680
680 NMKzVMKe1 ‘
: NTIME=0 o
679 DO 591=1,NNODE"

BRANCH 26-’”




rué,i(ﬁﬂ

L0

59 DOL(!)lGl(lo2)-UL(I 1)ﬁ

"CALL DIFH2
CALL STAGE2
CALL DIFAN2
CALL GEO
CALL ATMK2
CALL SURF2

C STORE MATRICES
C CONTINULITY EQS,

311

100

C MOM

101

102

| p<965>sz'u.A(za)/UEthzaafif

DO 311]1=%1,4225
P(l)s0,

Kis=65

DO 100Ied,NNODE
Ki.K;#ﬁQ
P(K1)sF(1)/DELT
P(1717)=2P(191i5)s82ETA
P¢1981)-ZtTAt(1 -bPR)+F(31)/DbLT*8RR

P¢2016)3P(2082)=P(2148) P(2214)3P(3969)sP(2280)esP(2346)=P(2412)=P(
12477)aP(4168)aP(2544)=P(2609)=P(2675)aP(2740)=P{2806)=P(2872)=P (32
287)=9(2938)=2P(3004)zP(3070)=P(3655)=P(3136)=P(3202)3P(326b)=2P(3334
3)xP(3400)=P(34606)=zP(3532)cP(3728)=P(5794)=P(3860)=P(3926)=P(4058)3
4P(4124)x2ETA
P(2017)xP(2083)aP(2149)aP(2215)=zP(2281)8P(2347)2P(2413)aP(2478)2F(
12543)=P(2608)=P(2674)2P(2739)=P(2805)=P(3585)=P(2871)=zP(2937)=P(30
1U3)l°(3069)=P(3139):P(3201):P(3267)=P(3é36)=P(3399)=P(6465)=P(3531
2)2P(3597)=P(3668)=P(3729)=P(3795)aP(3861)= P(3927)=P(3993)=P(4059)%
3P(4125):P(4191)l-ZETA
ENTUM EJS,
ZTCaZETA#G
Kis32

K2s97

DO 1011s1,7
P(KL)=ZTGwA(L)/
P(K2)e=ZTUxA(])
KisKi+66
K2aK2+66
P(429>=ZTG*A<B)/DtLX(8>
P(494)32aP(429) :
P(495)l-7TGtA(9)/UElX(9)
P(560)3aP(495) ny
P(496)802TG'A(10)/DELX(lO)f
P(561)3eP(496) i
P<562>s.zTG*Ac11)/DELx<11>;
P(627)=nP(562) o
K1u563

K2x2628

DO 1021=12,24
P(K1)=-ZTGtA(l)/DkLX(!)
P(WZ)IZTG*A(!)/UELX(I)
KisK1+66

K22K2+66 S
P(641):.ZTG*A(ZD)/DELx(zs‘;:
P(&71)anP(62Y) o

DELX(1) .
7DELX(T)

- P(1487)2eP(965)

'P(1488>:ZTG-A(27)/DELX(275



"p(msos)‘-Pc14aa>~ -

L= Chi-

P(1554)= zva.nc?“>/Déthza>
U P(1619)8-P(1554)

P(1620)=4FG*A(29)/DELX(29)

P(1685)==P(1620)

P(1636)22TG%A(30)/DELX(30)
P(i?Si):-ZETAwFM(SO)-T(So)*0(30 1)/A(30)/F(a7)

: P(?57)=7TG¢A(61)/B“LX(31)

P(1817)=z»P(257)
P(1318)= zru.Acé2>/DELx<3?)

 P(1883)z~P(1818)

‘P(1884\=2TG¢A(dé)IDELX(SS)

l P(1949)-'ZPTA*EM(63)*T(33)'0(63 1)/A(33)/P(60)

103

104

P(520)=2TGrAC3A)Z7UELX(34) . o
P(?015)=-ZETA~EM(64)*T<34)*Q(34 1)/A¢34)/F(61)*(l.'BNR) cbzn}iﬂﬁﬁh
CALL 522

K132047

DO 1031=1,NBAN

SUMK(I)= EKX(I)+FKM(I)¢EKY(1)'
TERM1ze1,/DELT '

TERM2= ZETA*EV(I)*T(I)/“(I)*SUMQ(I) : .
TERM3=ZETA+2,+0(], 1)t(hM(l)tDlPFA(l)/A(l)**Z/UhLK(I) utrkntl»tatl)v
1/DFLx<1)-h*A<1)~Abs<o<I 1))/°UMK(I)**2/N(1 1) - .
P(k1)=TERM1+TERM2+TERM3 -

K1=K1+66

DO 1041=1,NBAN.

ZET(1)= ZFTA*EM(I)*T(I)*G(! 1)/A(1>

K122048

K2s2112

DO 10%1=1,6

Jal+l . T R

P(K1)= LET(J)/F(J)

f_p(w2)=-ZFT(l)/F(l)

0 K13K1+66
105° | .
**439(1999)'-Zth5)/F(4)

‘K2aK2+566

 P(an00)=-ZET(4)/F(4).

P(2507)==ZET(6)/F(7) |
P(2508)=ZET(7)% (=1, /F (7)1, /F(8))
P(2578)=ZET(7) /¥ (b)
P(2638)=ZET(7)/F (b8)
P(4LI8) = ZET(7)/F(B)
P2379)=ZET(BIZE(T) - oo
P(2444)22ET(E)w (a1, /F<7)+1./rc 3y
P(2574)2ETUR)/E(B) T

 P(P639)=Z2ET(R)/F (B)

.fp(4199).-ZET(5)/F(8)

 P(2445)=ZET(9)/k (b))

CP(2510)=7ET(9)/F (b)Y

CP(2640)= zert9>-<1./F(65;1 / {9>)
CP(2705)27ET(9)/7F(Y) .

CP(P770)=ZET(9)/F(Y):
P(4200)=-ZtT(9)/F(8)

 P(2446)22ET(10)/F(8)

P(2511)=7ET(10)/F(8)



TNS5A

106

P(2576)82ET(10)9(1, /F(e)-a./rtﬁw“;

o=er-

P(2706)=ZET(1D)/F(9)
P(2771)8ZET(L10)/F(9)

- P(4201)m=ZET(10)/F(8)

P(2577)s~ZET(11)/F(9)
P(2642)8=ZET(11)/F(9) :
P(2772)82ET(11)%(], /F(9)-1./F(10))
P(2837)thT(1l)/F(10!
P(3617)82ET(11)/F(10)
P(2578)m=ZET(12)/F(9)

P(2643)meZET(12)/F(9)

P(2708)2ET(12)%(1, /F(9)-1 /F(lU))
P(2838)leT(1£)/F(10) oo
PIX6LBYEZET(12)/FC10)

Ki122774

K2s2904 .

DO 1061=18,23 o
P(Ki)l-ZET(l)/F(I~3)
P(KZ)IZET(I)/F(1~£)

KixKie66

K2sK2+66
P(2709)8eZET(13) /F
P(36L9)IRZET(13)/F
P(3620)==2ET(14)/
P{3621)8=ZET(15)/
P(3688)s=2ET(L17)/F
P(3689)8=-ZET(18)/F(
P(3500)s=ZET(24)/F (21)
P(R721)e=ZET(25)/F(10)
P{2786)m=ZET(25)/F (10)
P(2851)s7ET(25)/F(10)
P(2916)s=ZET(2%)/F (12)

 P(2981)2ZET(25)/F(12)

P(3112)meZET(26)/F (15)
P(IL77)RZET(26)/F(15)
P(3782)u~ZET(26)/F (23)
P(3698)8ZET(27)/F(23)
P(3828)e=ZET(27)/F(24)
P(3754)eZET(28)/F(24)
P(3894)8=2ET(28) /F (25)
P(3I830)e2ET(29)/F(25)
P(3960)meZET(29)/F(26)
P(3896)22ET(30)/F(26)

P(2207)®ZET(31)/F(4)

P(R272)m=ZET(31)/F (4)
PC4092)m=ZET(31)/F(2B)
P(4D28)82ET(32)/F(28)
P(4158)8eZET(32) /F(29)
P(4094)xZET(33)/F(29)
P(2470)sZET(34)/F(8)
P(2535)eZET(34)/F(8)
P(2600)s2ET(34)/F(8) -
P(2655)sZET(34)/F(8) -

C STORE MATRICES
.C CONTINUITY EOS,

C(1)s=2(1, 1)¢0L(1 1)*ZETA*DGL(1)

04702775



Fﬁ95ﬁ81ﬁﬁﬁnﬁ

INS 54" " oa/02/7s.

C(?) 0‘1 1)'0(2’1)0QL(2 1"’ZETA*DQL(2)
v?C(1)=0(701)'0($oJ)+QL(3 1)+ZETA«DQL(3)
| 9:?*”%Ct4>=0‘3 1’-0<4 1)-0(31,1)+0L (4, 1)+1tTA*DuL(4)
-<; 0<6> 0(5 1)-0(6 1)+QL(6 1)+ZETA«DGL(6) |
,;f,;C(P)=Q(7 1)40(8 1)+Q(9 1)+0(10,1)-n0(34, 1)+0L(8 13*¢hT&*DnL(8Y
o C09)=Q(11,1)+0¢22,1)~ Q(9 - 0(10 1)+0L(9 1)+7ETADUL(9) i
C(10)=23(13,1)-0012,1)-0(12,1)+0L(10, 1)*ZETA*“UL(1G)+U(3 'J’Vf?
- C(11)=203¢14,1)- @(15 1)+0L(11 1)+ZbTA,uQL(11, , e
| caidyeacae,)- 0‘15 13400 (13,1)+ZETASNOLLLS) -
"5,0‘15”3‘13'1> 0‘1/o1>v0(?6 1)+0L(15 1)+ZETA*DUL{15) -
L 6(17)20(20,1)-0(19, 1)+QL(17, 1)+ ZETARDOL(17)
© o 0(18)=23(21,1)-0020,1)+0L¢18,1)+2ETARDQL{18)
O B(19)82(22,1)=0(21,1)+0L(19,1)+ZFTA«DGQL(19)
. C(20)=3(235,1)- ocza.1>+oL(zo 1)+ZETA«DQL(20)
C(21)=23(24,1)~0028,3)40L(21,1)+ZETA#UQL(21)
. C(22)=-0(24,1)+00L (22, 1)*7&:TA-IJQL(22)
C(23)=3(26,1)=0(27,1)+0L(25,1)+ZETA#DAL(2S)
G(24)23(27,1)-0(28,1)+QL (24, 1) +ZF TASLOL(24)
- 0(25)=3(28,1)- Q(29,1)+0L(25,1)+ZETA&DAL (25)
- C(26)= 3(49 1)=0030,0)+0L(26,1)+ZETARDQL(26)
£(27)23(30,1)=0PAS (1) +QL (27, 1)+ZFTAtUQL(21) F(Z?)t(HLZl‘
1)/NELT |
C(28)=2(31,1340L(20,1)+ZETANDOL(28)oN(32,1)
€(29)=3(32,1)+0L(29,1)+ZETA+NAL(29)e0(38,1)
C(30)22¢5,1)- QBCMU""‘L(JG.!)+ZFTAtUQL(3(}) F(so)*(d(dﬂ
1)/NELT e
O C(31)=2(34,1)+0L¢S1,1)-QB0L (1) +ZETA+ DUL(Sl)—P(SI)‘(Htél,
1))/2 ELT#(1,=BRR) = ZFTAt(QBOL(?) GHOL(i))'HRn g4
- U=1, )
~ CALL S32
DD 1071=1,NBAN |
TERM1= EMCI)Y=0(I, 1’*T(I)*SUMQ(I)/A(I)
TERM2=EM(L)Y*0( ], i)t*ZtlJlFFA(I)/A(])..g/uu_x(”
"TERM3=3(1, 1)**?#D1FFM([)/A(x)/Dt.LX(I)
- TERM4=SsAC1)#DIFFH(I)/DELX(T) '"»2
TERMS=G«A(1)s0(T,1)4ABS(O(I, 1))/SUMK<I)*v£
107 Z1¢1)sTERH1+TERA3- TERMS-T&RN4 =TERMS .;;
'C MOMENTUM E3S,
‘ 0(12)--21( 1)=ZET( 1)/F( 1)-nmL( 1)-2ETC 1)/F( 2)*HQL(32)€
cc34)=.zx(3> ZET(J)/F(S)*DOL(J) 7&7(3)/r<4,.n0L<4, it
C(3I5)=2=21( 4)~ZET( 4)/F( 4)«DQL( 4)=ZET( 4)/F( 5).;))1.(';5)‘:
C(36)==Z1(5)=ZET(5)/F(5)#DOL(5)mZET(5)/E (6)#DOL(6) -~
CL37)==Z1( 6)=ZET( 6)/F( 6)#DQL( 6)<ZETT 6)/F( 7) el
C(38)3=21( 7)=ZETC 7)/F( 7)«DQL( 7)=ZETC 7)/F( ByelOL (- &)
C(39)2=Z1(¢ 8)-ZET( B)/F( 7)#DAL( 7)=ZET( B)/F( 8) 0L (A
CCa0)=aZI( 9)=ZET( 9)/F( 9)aDAL( 9)~ZET( 9)/F( 8)-unL<: 5
C(A1)32Z1(10)=2ET(10)/F( 8)«DOL( BY=ZET(10)/F( 9)wbOL( 9
C(42)2=Z1110)=ZET(L1)/F( 9)=DOL ¢ 9)-257(11>/r(19)oﬁoucxa)y
C(43)3=71(¢12)-ZET(12)/F( 9)wDUL( 9)=ZET(12)/F (10)wiRL(19Y
c¢44>=-21(1a> 2trc13)/F(10>*nnLt10)-2&1(13)/?:11)-UOL(1'{Q

2)~H(31,1
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SCL45)3=21(14) ZtT(14)/F(11)-DUL(11)-2&7(14)/F(12)*DOL¢12>\f
‘C(46)2=21(15)~ 2ETC15)/F(12)»DAL(12)=2ET(15)/F (13)#DQL(13)
C(47)2-Z1(16)=ZET(16)/F(13)«DAL(13)=2ET(16)/F(14)+DAL(14)
C(48)3m21(17)=2ET(L7)/F(14)#NQL(14)eZET(17)/F(15)«DQL(15)
C(49)3=21(18)eZET(18)/F(15)#DOL(15)«ZET(18)/F (16)2LQL(2.6)
C(S0)x=Z1(19)=2ET(19)/F(16)eDUL’16)eZET(19)/F(17)=DQL(17)
CC51)2=21¢20)=2ET(20)/F(17)#DOL(1.7)=2ET(20)/F(18) QL ( LB)
C(52)=2=Z1(21)=ZET(21)/F(165«DUL(18)=ZET(21)/F(19)2DQL(19)
C(53)2=Z1(22)«7ET(22)/F(19)eDAL(L9)=ZET(22)/F(20)%DAL(29)
C(54)2-21(23)~ ZET(LS)/F(2D)wHQLt?O)-ZET(ZJ)/l(21)*UQL(81)
C(55)=~21(24)=YET(24)/F (21100l (21)» ZET(24)/F (22)wbQL (22
C(56)8n2](25)~ 7tT(c5)/F(12)+DQL(12)-ZbT(Zb)/F(10)*DQL(30)
G(57)3«21(26)=ZET(26)/F(15)wN0L(15)=ZET(26)/F (23)%DAL(23)
C(58)2mZI(27)=ZET(27)/F(23)%xNAL(23)«2ET(27)/F(24)#DAL (24)
C(59)==Z1(28)~2ET(28)/F(24)«NOL(24)=ZET(28)/F(25)#DQL(25)
. C(A0)==ZI(29)ZET(29)/F (25)DAL(P5)=2ET(29)/F(26)wDQL(26)
Cta1)m=21(30)= ZhT(30)/F(26)*DQL(?6)«ZET(30)/F(27)tUQL(/7)
1¢ZTGOA(30)/DELX(SU).(H(Z? 2)eH(27,1)) '
- C(62)8=Z1(31)=2ET(31)/F( 4)*DOL( 4)eZET(31)/F(28)+DQL(28)
C(63)=2](32)~ ZbT(32)/F(?8)-DQL(?8)-ZET(3£7/F(29)*UQL(29)
- C(64)8=71(33)=2ET(3I3)/F(291+DAL(29) ZET(33)/F(30)~DQL(JU),
1¢2TGRA(33) Z7LDELX(3S)w(H(30,2)-H(3n,1)) i
C(65)8~Z1(34)=2ZET(34)/F( 8)DUL( B)nZET(34)/F(51)-UQL(s1)’
1*2TG~A(34)/UFLX(34)w{H<31 2)-H(61 1))t¢1 -HHR)+ZFT(34)/+(él)t(ﬂHOL
- 2(2)«28IL(1))»BRR
c MATR!X INVERSION :
N5 '
CALL SIMO(P,C,N,KS)
: - DO 1081=s1,NNODE
108 H(I,2)3H(LI,1)+C(])
‘ HL184 :(H(b 2)+2, 2*H(7,2))/3 2"
HAMBAQ= (H(ib;d)+1 BaH(16, 2))/3 B
QPAS(2)= QPAS(l)#C(Z?) '
NBCN(2)=0BCN(1)+C(30)
H(?27,2)2H272
H(30,2)=H302
‘ IBRR=zKSRR+1
o GO T2 (420, 421).IBRQ o
420 H(31, 2)=H618 s
L QBeL(2)= 080L(1)¢C(31);1
© - 421 DO 1091=1,NBAN
g JaNNIDE«! ,
109 0(1,2)3Q€1,1)+C(J)
' NTME2NTME+1
NMEa\ME+1
QOP(VME)=QROL(2)
RITEaRITE=1,
IMINSIMINGIDELT/60
' IFCIMINA60)40,42,41
41 IMIN=IMIN=60+1K
IHOUR2 THNUR+1w 1K :
IF(I40JR=24)40,42, 42
42 1HNYI=IHOUR24 o
IDATS=IDATE+1 S
40 ANTM:DELT-RlTh/66uo.
IF(ANT=RHR) 404, 45 45

‘TINS5 .


http:C(47)2-ZI(16)-ZET(16)/F(1'3),*'T)OL(13),qZET(16)/F(14)*OQL.(.14

. | ’ - C10 -
554 . | /02775

- 45rwnxr (MY, 619) 1DATE, IHOUR znlw NTME NTlMt
619 FORMAT (1X, 315,2X,5110)
WRITE(MY, 1)(10 Iﬁ 1,31y
O WRITE (WY.b04)(H(! 2),1a1, Nwont).Aanw HAMBAO
WRITE(MY,604)(R(1,2),1s1,NHaN)
DO 771=1,NHAN
AXCIISICTL2)+EKX(T)/SUNK(L)
OM(I)=R(1,2)9EKML)/SUMKCT)Y
77 QY(I)eACL,2)«EKY (1) /SUMK(D)
T WRITE(MYL604)(0X(1), I=1,NBAN)
WRITEC(MY,604) (OM(}), 121, NHAN)
CKWRITS(MY,604)(RY (1), I=1,NBAYN)Y , - S
WRITZ(MY,604)(0L(1,2),1=1,NNODE) ,0BONC2); QBOL(2), UPAS(2)
WRITS(MY,604)(QUO(I), 121,NMEY R
\ IFCII1=1)570,570,%69 .
569 IF(I3TABLE)570,270,571
571 IF(IDATE-13)570,572,572
572 IF(1DATE~=14)573,5/4, 570 :
573 NE(T=TIT -
. IDFLT=DELT
"DELL=DELT/3600,
' IF(KLK)S568,568,970 :
568 MTME=(NTME= 1)«3000/1701*1
L NLIM=NLIM+10000
KKK=1
B0 T 579
574 NELT=s$500,
. IDELT=DELT
, DELL=DELT/3600, .
L IF (K<J)56/, 567'b70
567 NLIM=NLIN-10000 . .
NTHE= (NTHE 1»/(6600/1T"r>+f
S KKJ=1
570 RITE=0,
4  NME=0
C PLOOD STARTS
- [F(JJJ)BKD,650, 600?
C CHECKING OF CUNVFbeNpY g
650 DO 700!=1,NNODE D
- DELHzA3S(H(I[,2)=H(I, 1))
- IF¢(DSLH=ACCU) 700, 700 3002
700 COMTINUE
C TRANSFER HYDROLOGIC NUDE INPUTS
S DO 1701=1,NNOUE o
.. DO 170J=21,NDAY
170 00QLC1, =001, S
READ CONDITION OF TIDAI HARRI&RF
“CODBAR=0==<M0 TINDAL BARRIER .. =
CODBAR=1,===WITH TIVAL BARRI&R
BRR=Z00UBAR _
KBRR=BIR
NTMEsNTMEL
NTIME=0
NMK = NMLR
NME=0
JJdJd=1

aan



e
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QGJDICT. x¢: INPUT2 JRlTlNd’Qg TIOALL .
- DIfHZ. . .STAWEZ SE0
- Sa2 . SIMQ o
ONSINGL, . o

4000
3002

;404

405
406
‘," NRIT=(wYo6ﬂ0)lDATb IHOUR 1MIN

= Cll =

0027y

111s2
1DATE=NMK
THOUR=IMIN=0
WRITE(MY,4000) .
FORMAT (20X, +FLOOD. STARTS*)‘
CONTINJE o i
GO TD 44
IF(JJJ,EV,2)GO To 405 o
50 TI 44 : }
IF (10ATE, E, 12, AMU lDATb LF 15)406 44 -

CONTINJE.

-~ WRITE(MY,1)(10,i021,31)

CWRITECMY,604)(0C1,2),151, NBAN) QRLN(Z).UBOL(?) APAS (2)
WRITZ(1Y.604)(H(1,2), 151, NNODE) HLIM, HAMBAD

C,INITIALIZ&'

44
110
111

500

DO 110121,NNODE -
AL(Te1)20LC1,2)
H(l,1)2H(1,2)

Do 1111 1,NBAN
0(1,1)2Q(1,2)

OPAS(1)=NPAS(2)

ABON(1) =ABCN(2)
NROL(1)=z0BOL(2) = oo
IF (NTHESNL IM)502,500, snu
STOP -

- END

01031 SYMBOLS

y3§u_

010044
'BARIER

ATMK2
sLo.
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SUBRJUTINE INPUT2 : R
COMMIN DELX(SD),W;LXX(SD),DEva(su),ALrgx(so),
COMMIN 0{50,2),H(50,2),Q1.(50,2),00L(50) SUMQ(5
COMMIN ZI(50),NLIM,1DATE, IHOUR, IMIN, IDELT,bELT
COMMON A(50),AM(50),AH(50),A0(50),AX(50),AY(50
10),A4US(50),AMC, AMUS(50),AXUS(50),AYUS(20),AUS
20),AMDS(50),AXUS(50),AYDS(50),AD5(50),F(50),SF
3POL.(50)
COMMIN HUD(50),HUS(50),HDS(50),HC
COMMON ENX(50),ENM(50),ENY(50),EKX(50),EKM(50)
15(¢50) ,EKMUS(50), EKYUS(50), EKXDS(50),EKMDS(50),
2SUMK(50),ENMC, EKMC, EMUS(50) ,EMNS(50)
COMMIN EX(50),EY(50),EL1(50),E2(50),E3(5V),E4(5
1Y3¢50),EX1(50),E%2(50),EX8¢(50),ERAT(50),E8AN(5
201 ,EXUS3(50),EYUS1(50),EYUS2(50),EYUSS(D0),EYS
3¢50) EUS4(50),EXNS1(50),EXNS2(50),EXDS3(50),EY
4083(50),EUS1(50),EDS2(50),ED83¢50),ENS4(50),FC
SYL,EXY2,EXYS,LXUS(50),EYUS(50),EXDS(50),EYDS(S
COMMIN T(50),T1(50%,72¢50),T3(50),T4(50),TX1(%
1Y1¢50),TY2(50),TVS(50),TX(50),TY(50),TM(50),TU
2(50),TJS4(50),TC1,TC2,TC3, TC4, TX Y1, TXY2, TXYS, T
3XUS3(50),TYUS1(bN), TYUS2(50), TYUS3(50), TXDSL(5
40),TYUS1(50),TYUS2(50),TYDS3(50),TXY,TUS(50),T
5(50).7083(50),TPSQ(SO)ATHUS(SD).TXUS(Sn),Tyus(
COMMIN TXDS(50),TYNS(50), TMC
COMMIN RX(50),RY(50),R#(50),RMUS (50),RMUS(50),
© 1),RXN8(50),RYDS(50),RXY
. COMMIN DIFFH(50),UIFFA(50),D1FFM(SN)
- COMMIN QX(50),M¢50),0Y(50),C0NSIP,CODPAS, CONC
- COMMIN QBCN(2),WL0L(2),QPAS(?),a0L(31,61),000¢
COMMIN EE1(4),EER(4),EE3(4) ,EE4(4),AAD(4),A
LTT3(4),TT4(4), TTUSL(4),TTUS2(4), TTUSI(4),TTUSAS
2),TTOS3(4),TTNS4¢4),EEUSL1(4),EEUS2(4),EEUSI(4)
SEDS2(4),EEDS3(4),EEDS4(4),AA0US(4), AAHUS(4),AA
C INPUT2#«?RIBRAM TO READ NUMBER OF NNDES AND BRANC
C RIVERS,DISTANCE INTERVALS,ROUGHNESS CUEFFICIENTS,G
CTHEIR FLOJD PLAINS,GiL.OMETRY OF PROPOSED EXCAVATED S
CAND DIVERSIONS,GEONEIRY OF LAKEHATO,LAKE HAAU AND P
600 FORMAT(1X,315) .
601 FORMAT(1X,8f9,3)
602 FORMAT(1X, 9F7,4)
603 FORMAT(4(F6,2,E14,7))
604 FORMAT(1X, 6F9,9)
679 FORMAT(10F8,3) o
READ(MX, 600)NBAN, NNDDE, NDAY.
READ(MX,600)M,NN,L N
IDATES MK
[HOUR=IMIN=0
READ(MX,600) [DELT
DELT=I0ELT . =
C READ INITIAL CONDITION e
READ(MX,601)(H(1,1),1=1,NNODE)
C READ ROUGHVESS COEFFICIENT -~ oo L
READ(MX,602) (ENX(1),ENM(T),ENY(]), 121, NBANY

C READ MAIN GHANNEL GECMETRY '

I [ L2

NN}NTI”FANDAY;CUDPOQ
ALFAY(DO), L, I8 %
0),NMK T
2 ZET(50) ‘
)y AXY, ADC, AHC, AVUS (>
(503 ,A0US(50),AHDS (>
UAO(50)15FUAT(5U)35!‘

JEKY(5U),EM(50), kKXY
EKYDS(50), ENXY, EKXY,

0),EYL(50),EY2(9N),E
0),EXUSL(S0),EXUS2(D
1¢50),E052(50), EUSS
DS1¢50),EYDS2(50),EY
1,EC2,LC3,EC4, EXY,EX
0),EPOL(%D)

0)0]X2(50)07X3(50)0T
S1(50), TUS2(503 « TUS S
XUS1¢50),TXUS2(50),7
0),TADSE2(50),TYUSI (>
BS(50),1081(50),T1DS2
50),TMDS(50) -

RMC, RXUS(50) ,RYUS (50

UT,CUDWL, CODEXT.
$1,61),C00kXC ,
AHC4)Y,TT1(4),TT2(4),

(4), TTUS1(4),TTUS2(4
»EEUS4(4),EEDSL(4),¢E
0DS(4),AAHDS(4) S
H IN LLIBMANAN AND vlCOL -
EQMETRY OF MAIM CHANMELS AN
ECTIUNS, GEOMETRY OF CUT OFF
OLUNTUNA R=SERVUIR, -
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"READ(MX,601) (DELX(1),I=1,NBAN)
READ(MX,601) (DELXX(1),]=1,NBAN)
READ{MX, 601) (DELXY(I), I=1,NBAN)
DELXX(34)=DELXX(34)aCODEXT+U 0171000,
nEvac34>-neva<34>-conexr+u 04/1000,
DELX(34)=DELX(35)#CODEXT+0,04/1000
DO 6561z1,NBAN
DELX(I)-DELX(I)*lDUO.
DELXX(1)=DELXX(1)+1000,
DELXY(1)=DELXY(})*1000,
ALFAX(I)SDELXX(¢T)/DELX(])
ALPAY(1)3SDELXY(I)/DELXCT)
READ(MX,601) ¢ EX(1),EY(I), a1,NBAN)
READ(MX, 601) (EXUS(1), EYUS(!).I-i NBAN)
,nsautnx.601><txus<1>.Evnsc1>.1=1 NBAN)
READ(MX,601) (E1(1),E2(1),E3(]), E4(x>. El(lti) Ez (!*1) h3(:+1>.

-§ E4(l+1),1l= 1, NBAN, 2)

READ(MX, 6015 ¢T1¢1),T2(1),T3¢1),T4(])Y, Ti(l*l) T2(l#1);T3(I+1) T4l
$leq), Iz 1, NBAN, 2) L A
READ(MX,601) (AQ(1),AH(]),121,NBAN) ‘ '
READ(MX.&Dl)(EUSl(!) EUSZ(I) EUSS(I):EUSQ(I)o EUSl(l*l)ohUSZ(l*i)
§, EUS3(1e+1), EUS4(Ie1), l=2i, NBAN, 2)
READ(MX,601) (TUS1(I),TUS2(I),TUS3(I), TUS4(IJ, TUSl(l+1)oTUS?(l¢1).
$, YUS3(]e1), TUS4(I¢1). [z 1, NBAN, 2) ‘
READ(MX,601) (ADUS(I),AHUS(]), 151, NBAN) ‘
REAU(WX 601)(ED51(1) EDSE(I) EDSS(I) EUS4(l)o EDSl(!#l)ahDSZ(l#i)
§. EDS3(!*1); LDb4(I¢1). Iz, NBAN, 2)
READ(MX,601) (TUS1(!),TDS2(1),TDS3(I),TUS4{]), T031(1+1) TDS?(Iti)’
$, TDS3(]+1), 7054(1*1)0 Iz 1, NBAN, 2)
READ(MX,601) (AOUS(1),AHDS (1), lal,NBAN)

C READ GCOWETRY OF BICOL DEEPENING SECTIONS

READ(MX,601) CEEL(1),EE2(]),EE3(T), 554(1).FE1<1*1) Eeacx+1>.5b3<l*
11),ES4(1+1),121,4,2)

READ(YX, 802) (TT1(1),TT2¢1}, 773<1>.rr4¢1) rr1<1¢1).112<1+1> TTS(li
11),TT4(1+1),121,4,2) SR Eha

READ(YX,601) (AAOC]), AAH(I), 121, 4) i | 5 | \

READ(YX, 601) (EEUS1(]), Eeuszcx;.neusszx>.&eus4c1>.eeusm(1+1> esuez
10141}, EEUS3(1+1),EEUSA(lol) 12, 4,2)

READ(MX, 601) (TTUSL (1), TTUS2(1) TTUS3(D), TTU54(I) TTUSi(I+1) TTUSd

L 1a1), TTUS3(I+1), TTUS4(I#1) 124,4,2)

READ(MX,601) (AADUS (1), ARHUS (1), Ted, 4y
READ(YX,601) (EEDS1(1),EEDS2(1), Eensscx),esusc; ,&EU91(101),EEDSZ'
1¢141),EEDS3(141) ,EEDSA(1e1), 1%4,4,2) T ol :
READCYX,601) (TTDSL(1),TT052¢}), TTD53(!) TTDS4(3).TT051(101) 110313
10141),TTNS3(11), TTDS4(Ie1), lud,4,2)
READ(YX, 601) (AAODS (1), AAHDS<I>.1-1,4>
!r(cauexc>333 333,334

C EQUIVALENT DEEPENING PROCESS

334 DO 335!=1,4

Jalell

E4¢J)SEEL(D)
E2(J)=EE2(1])
E3¢JI=EEI(])
E4(J)=EE4(])
AD(J)=AAD(])
AHCJ) sAAH(T)



SA

335
333

$

$

$

§ US3tI+1), Imi, NHAN, 2
)

s

s

L

:;fcl‘i; T e
o 03r02/73

TLJIRTTICD)
Y2U)eTTR(1;
T3JIaTTI(I)
TACJIRTTACD)
TUSL(J)nTTUSY

(n
TUS2¢(J)aTTUS2(
TUS3(J)aTTUS3(
TUSA(J)sTTUS4(
TDS4(J)=TTDS1(
¥DS2(J)aTTDS2¢
TDS3(J) = TTDS3(
YDS4¢J)=TTDS4(
EUS1(J)sEEUST (
EUS2(J)sEEUS2(
EUS3(J) sEEUS3(
EUS4(J)REEUSA (
EDS1(J)aEEDSL(
EDS2(J)3EEDS2(
EDS3(J)sEEDS3{
EDS4(J)sEEDSA (
ADIIS(J) 2 AADUS (
AHUS (J) = AAHUS (
AGDS(J)aAAODS
AHDS ¢J) R AAHDS (
CONTINUE

gEAgé:z.og:a(kv1<1>aev2<x> 1EY3LD), va‘1*13.5v2<l¢1>.&v3c1¢1>. 1-

a [
29‘352§'°3§"7*“"'7*2“’ rv3<!>, 7Y1t1¢1> TY2(I¢1),TY3(!¢1), 1a
] [ ]

READ(MX, 804) (EYUSL(1), Evusa<x) evuss 1, evus ¢ s2(]e ,
VSt ben s TasETSILL) 4 () 1(1 1>.Evu t L, EY
READ(MX,604) (TYUSL(1), TYusa(ly, rvuss(r). Tvus1<l~1).rvus¢¢x¢1> TY

1
B
I
1
I
8]
1)
I
I
IR
[
I
I
3]
I
19
1
D
N

REAo<nx,eoa;<svns1<x).evnsz<x>.svnsscx>. Ev081<x+1>.evnszcla1> ey
DS3(I+1), I=si, NBAN, 2) o
READ(“Xoéodi(TYDSI(I)oTYDSZCl)oTYDSS(I). TYDSi(!¢1)oTYDSZ((¢1),Tr
DS3(1+1), I=1, NBAN, 2) G
ngAgé:zoég;)(Ex1(1).Ex2<l> EXS(I). EXI(!#l’;EXZ(Iti) &x3(1¢1)~“'j

» '} {
25A3é2§'6g;"TX1(I’ TXZ(I) TX3(1)o 7x1(1¢1> TX2¢1+4), Tx3(1¢1)‘ ]

» f 3
READ(MXp604)(EXU81(I) EXUS2(I) EXUSS(I). EXUSl(l*l).&Xusztltl).ExF
4U53¢I‘1’I l.lo NBAN, 2) . i ;
"READ(MX,604)(¢(TXUS1(!), TXUSZ(I> TXUSB(:). 1xus1(:¢1) 7xusz(r.1_ TX
§ US3(I+1), I=1, NBAN, 2y | S -
READ(*X.604)(EXDSi(I)oEXDSZ¢I).EXDSS(I)a EXDSi(!*l)oEXDSZ(Jtl) EX
$ DS3(1+1), I=1, NBAN, 2) : it
READ(WX.bOQ)(TXDSl(!) TXDSZ(I) TXDSS(I). TXDSl(!*l);TXDSZ(ltilvTX%

$ DS3(le1)y,° I=1, NBAN, 2

C READ L AKE. SURFACE AREA

~READ(MX, 603)(EBAT(I).SFBAT!l)plli;H)‘
READ(MX, 603)(EBAO(l)oSPBAO(I)o!l&oNN)
READ(HX.éOS)CEPUL(i)oSFPOLil’olll,L)

C. GENERATE HYDROLOGIC NODE INPUTS

CALL DESNIN(Q@O)
DO 5711w1,NNODE



e 0i/02/79
571 QL(I 1)3000(1 NMK)
572 Q(lol)=QL(1 1)
T agantyaac1, 1yeaLez, 1)
(3:1)80(2,1)40L(3,1)
A0(4 1)3(0(3 1)*UL(4 1)) (0(3 1)00L‘4 1))*CDUQIP*0 20 -1, *(1,~LOUQ1
1P) ,
‘0(5;1)30(4 J)#QL(5 1)
0(6,172Q(5,1)+0L(6,1)
0C7,1)2(0(6,1)+UL(7, 1))/20
N(R,1)2Q(7,1) o
:Q(?4p1’-QL(22 1) ' :
CQ(2301)30(24,1)+00L (21, 1) ‘
N(22,1)=:0(23,1)+0L( 20, 1)
Q(21,1)2U022,1)4GL(19,1)
"D(20,1)20(21,1)+0L (18, 1)
0(19,1)E0(20, 1)+0LC17,1)
;0(18 1)=20(39,1)+0L(16,1) . ' SRR L BRIV
0¢(17,1)=(0(18, 1)¢0L(15 1)) (0(18 1)*QL(15"1{)*CODPAS*D.20 1 t(ls;
1CODPAS) Ny : e ’
0(16,1)= 0(17;1)+0L(14 1) ‘
N(15,1)=0(16,1)+0L(13,1) : ' s IR
D(14,1)=(U (15;1)+OL(12 1)) (0(1501)+0L(12 1))*CODLUT*U 5w1 w(l.
concum o
D(25, 1)=(J(15 1)+0L(18 1))*COUCUTiU 5 *1 0 '
N(13,1)=20(14,1)+0L (11, 1) o R
2(12,1)= (0(13 1)+0¢25, 1)¢0L(10 1))/2.
C0¢11,1)=0(12,1) :
(10,1)=(0(11, 1)+0L(12.1)*QL(9 1))/2.
2¢(9,1)=Q(10,1)
0(?6 1)=(0(18,1)+QL (15, 1))*CODPAS*0 80#1 U
N(R7,1):0(26,1)+0L(23,1) '
2(28,1)=0(27, 1)+0L(24.1)
N¢(29,1)=6(28,1)+0L(25,1) s
A(30,1)= 0(29 1)+QL(26,1) : ‘ ‘
331,1)= (U(é,l)*QL(4 1))‘CODSIPt0 20 #1 0
09(32,1)=0(31,1)+0L(28,1) L
0(33,1)=0¢32,1)+0L(29,1) s
D(34,1)=0(7,1)+0 (8, 1)*0(9,1)+0(10 1)¢QL(8 1)
NBIL(1)=0(34,1)+0L(31,1)
0BCN(1)c0(33,1)+aL(30,1)
NPAS(1)=0¢30,1)+QL(27,1)
573 RETURN
END

INPUTZ S - 1273078 ED
| « B IntNT S yNeuT2
PROGRAM LENGTH 02305 AT
EVTRY" poera.»ﬂw’4,q,, )
3“3vuaurz 0&03171
BLOCK WANES -
L 464511,
'EifeanL swamcs e _
oo JTHEND, o 08QDICT, oot UDESNINT U TSHy . GNSINGL,
06623 SYH3OLS S et T



2C16 - 112780476

CTUBRDUTINE RITINZ | | S
CLptMAON M.u,u,cc?").P(aioo)5%x,HY.NN0UE,waAN.n,NN;NTIM&,NUAY.COD#nu
“COMMDN“DELx15u)¢Dthx453);DELX¥£50).ALEQX£50),ALRA¥<5O31L118:i"Y*
CONIIN BLB0,2),4(50,2),01.052,2),D0L(50) , SUMA(EN) , NME U
COHHDN,ZI(50).NLIH,IUATE,IHDUR,IHIN.IDELT.D&LT,ZET(SU) S
oM N A(5D).AW(5U),AH(SU),AU(SU).AXCSO).AY(SO);AXY.AOQ.AH05AOU5(5
13),A103(50)aAMC;AHUS(SU).AXUS(bH),AYUS(?O).AUS(SD).AUUS(BD);AHDS(#
20),A4n3(50).AXDS(DO).AYDS(S@).An$<50).r<50),SFBAocBO).SFBAT(5o).st
L8ROL LAY . . ] e ROy
COMIN HUBCSG) ,HS(50) , HNS(50) , Hn . g
n0IN unxrbu),uunc59>.ENY(SD).Exx(SO).;chba).Echso),&Mcsu).equ_
1%(&1),sxnus«so>.5uvu3(5o).meuscso).hxnustso).&Kvustbosbnnxv,&KXY.
REUIHNESH ), EHNC, ERMC, EVUS(50), EMDS (50 ) :
COu1IH Gx<cc>,EYc»ﬁ),h1<50),Fa(sn),es<su),:4<50).ﬁv1csu:.tvzcbO),g
17;453).£x1n5um,tx2¢50y,ﬁxszsn>,&nnr(sn>,Euao(sn);exasztsuﬁ.Exuszcn
2n),§xu§3(30).tvu31(5n).evusz<bo>,tvuss<ua),tu31(50).hu52(bo>.eus3
S(SQ).EJS4(50).EXJSltﬁG),EXDSZ(ﬁO),ExUSS(BU).hYUSi(bQ).tYUSZ(SD),EY
4u51(50),Eu51<50).uHS?(SO).t956(bn),EHS4(5U).ECI.ECZ,th,tc4.EXY.EX

o

sv;.sxvz,ﬁxvs,txus:soa.EvuS(su).ExUS(bn).EYDS(DO).EPaLtsn)
GOMMIN T(bO).Tl(Su),T2(50),TS(bO).T4(50),TXl(bO),TX2¢bU).TX3(50).[
JllltSD).T¥2150)yIYd(5G).TX(5G).TY(50).THKSU).TUSl(SU),TUSZ(EO)'TUSQ»
2(5?).TJS4(50).TQI.TCZ,TCS,TC4,TXY1.TXYE.Tde,TXUSl(SU).TXUSZ(bD).I
3xus3cba).Tvu31<bo>,TYUSZ(SD:;TYu:&tSG).rx051c50).TxuschUJ.Txussc?
40).TY““1(bﬂ),TYUGZ(Sﬂ).TYﬂSé(bn),TXY,TUSISO),Tus(so),Tus1(50).TDsz4
5(5S).TDSS(50).TNS4:50).THUS(SU),TXUS(SOJ,TYUS(SO),TMUS(SU) _ S
CONMIN TXDS(50), TYNS(50), THEC L
N.COMﬂDN.RXLSDl.RYtDD).RM(SD)»RMUS(SO).RHQS(SD),RHC,RXUS(SD).RYUS(SUv
1),0XN8(50),RYDS(50), XY ' - : RPE
COIVAIN DIFFH(50),DIFFA(50),D1FFM(50) e
N HREIT ux<501,um<5v),Qv(sn),couslp.cunpes,cuncuv.coowlu,cun&xr
Qo m.z(;r'(.?),Q“DL(H).OPAS(R).QOL(31.61).QUQ(Sl.él)sCODExC ,
COHMIN Eh1(4),bt2(4),E&3(4).EE4(4),AA0(4),AAH(4),TT1(4),TT2(4):k
....11',1‘.3.(‘4).IM(‘JLIT!JSiM)..TTU.SZM),TTUS\SMJ.TTUS4(4>-..T TUS1(4),TTUS2(4..
2),TT383(4),TTUS?(4),EEU81(4),bhu32(4).EgUS$(4),EFUS4(4).EEDSl(4),§-‘
3FDSZ(4).EEDSS(4),tb034(4),AAOUS(4).AAHU5(4).AAOUS(4)0AAHDS(4) ,
C RITIM2.~2ROGRAM TC WRITE NUMRER OF 40DES ANJ HRANCH IN LIBMANAN AND RICOL .
C RIVERS,DISTANCE INTERVALS, ROUGHNESS COEFFICIENTS,GEQMETRY OF MAIN CHANNELS AND-
CTHEIR FI.0ID PLAINS,GEONETRY QF PROPOSED EXCAVATEL SECTIONS, GEOMETRY OF CUT OFFS
CCANR DIVER3IINS,CECMETRY QF LAKEBATO,LAKE HAAQ ANU POLUNTUNA RESERVOIR,..
600 FOIMAT(1X,315)
K01 FOMPAT(IX,8F9,3)
02 FORMAT(1X,9F7,4)
603 FORMAT(4(F6,2,E24,7))
604 FOLITAT(LX, bF9,3) ‘
609 FORKATCANLY . o o |
679 FOPPBAT(L0FS, 3 : L
RO TORMAT (20X, «INITIAL COUPITIONSw)
801 FORMATCZ0X, *BOUNDARY CONDITIONSes N
BO2 FORPMAT(20X, «|, ATERAL, HOUNDARY COMNITINNS*) -
803 FOPMAT (205, MANNING COEFFICIENT G
.ﬂﬂi_EQRﬁAI$2QX¢1LlﬂﬁANANﬁ~BI§QL“RIVERSAGEOHEIRYﬁjﬁi
805 FORMAT (20X, «CONTRUL VALUESH) S
“RITS(MY,805)
ARITECMY, 000 )INBAM, WNONE, HDAY
WRITSCMY, 0000 M) NN,
ARTTZCIY,6N0) IDATE, THOUR, IMIN



Aol

HRIT'(4Y.600)IDELT

WRIT:(WYnBUO’

 WRTITECMY, 601)(0¢1,1),1=1,NHAN) N e e
"WRTITE(MY,601)(H(T,1),1a1,NNODE) T T
WRITE(MY,679) GHCN(1), QBOL(1), NPAS(J) R i

’"”erT'cwv 601y (QL(T,1Y,T=4,NNODE) IS RELII i ST N e

WRIT=(MY,803) - :
WRITE (Y, 802) (ENXCTY,ENM(TY,ENY(T), lﬂi.NBAN)
WRITZ(MY,804) ‘

]

e x¢1
e TRRITECYY, 601 (DELXY
L) e
]

1,MBAN)
x1,NBAN)

WRITE(TY,601) (DELX(
WRITE(MY,601) (DELX

=1, VBANY

WRITE(MY,601) (EX(]

USCTy, Is1 ,NBANY ™

]
1
l

N 1),1:1,NBAN)
WRITS (MY, 601) (EXUS( ¥
Y

Y1
1),
1y,
EY(
Y.E
).E

WRITES(MY,601)(EXDS(] DS(I),1=e,NBAN)

NRITS(AY,601) (E1(1),E2(]), ES(I) E4(l), Fi(ltl) EZ (I*l)ob3(l*1)'
. S (‘:4(!“‘1)01- 1; NRA““ 2’

TUWRITS(MY, 601 (TICIY,T2( ), T3(1> T4CTY, fi(l*i).TZ(lvl) T3(1e), 74<
SIoﬂ). I= 1, NBAN, 2)

TR (MY, 601V CAD 1Y (AR T TR, NBAND

WRITS(MY, 001>(eu51<x) Eusacx) EUSS(1),EUS4(l), EUSitl*t)atU52<l*1>

8, EUSI(I+1), EUS4(Iel), la1i, NBAN, 2Y

WRITE(MY,601)(TUSL(]),TUS2(I),TUS3(1), TUSQ(!), TUSl(I*l)aTUS2(l+1)

g, TUS3(I+D, TUb4(I+1). fs71, NBAN, 2)

WRITS(MY,601) (AVUS(I),AHUS(I),Im1,NBAN)

T R TTE (Y, 601 (EBSL( 1) EDS2( 1Y, EDSS(]), EDSATIN; EBST(TS 1T, EDSETI1)

§, FNS3(I+1), ENS4(lel), I=1, NBAN, 2)

WRITE(IY,601)(TDS1(1),TDS2(1),TOS3(]),TUS4(1), TDSl¢I+1) T0S2(1+1)
8, TDS3(1+1), TDb4(1+1). 1= 1, NBAN, 2)
WRITE(HMY,60LY(ADDS(T),ARDS(T)y, 151, NBAN)
WRITE (WYobﬂl)(Ebi(I) EE2(]1),EE3(1),EE4(1),EEL(]+1), Et2(l¢1).Eb31'*

11).,EE4(1+1),1=1,4,2)
WRITE(MY,004) (TTL(1),TT2¢1),TT3(1), TT4(1),TT1(I~1).T72(101),773(1*

11),TT4(1+1),1=1,4,2)

- ‘_HRIT=(WY.601)(AAO(I> AMH(IY, 131,4)
WRTTE (MY, 6017 (BEUSI(1Y, Eeusz<1>,Feuss(li?EEus4(1a.¥§081(r¢17}EEus2 .
4(1a1),EEUS3(I+1) EEUSA( L), 151,4,2) o
unrrdtﬂv 601) (TTUS1(1), TTUS (l).TTUS&(I),TTUS4(I).fTUSl(I*i).TTUSZ
1(141), TTUS3(1+1),TTUS4(1el),121,4,2) ‘ ‘
WRTTE (MY, 6D1)(AAUUS(I):AAHU%(I),!=1,4)
WRITS(MY,601) (EEDS1(1),EENS2(1) ,EEDS3(1),EEDS4( 1), BELSL(1+2),BEDS2 -

1(1+1),EEDSI(1+41] ,EEDSAC11),131,4,2)
WRITZ(YY,601) (TTDS1(1),TTDS2(1), TTDS3(1),TTUS4(1), TTUSL(1+4),TI0SE

Titie1), rrus3<1¢1).rros4(1¢1> 1%1,4%,2) -
WRITE(MY,601)(AADQDS(I]), AAHDs(l) l=1 4)

WRITECY,608) (EYI(T),EY2(T),EY3{1), EYL(i+1),EY2(T«L),EYI(TeL), I'
§ 1, VHAN, 2)

THRITECMY, 608 (TYL(TY, Tvzc13,773<ty}”rfi<!+1)’TY2(IiIY'T7311‘1)o l' ;;.“ 

$ 1, \BAN, 2)

TTTTHRTTECMY, 6045(EYUb1(I)oEYUS”fI).EYUS3(TT,“EYUSITY*1)oEYUSZ((tl)pEY ; . 

§ uUS3tlel), 1=1, NBAN, 2)

WRITE(TY,604) (TYLIST(T), rv03°cx).rvu'ﬁ(l). TYUSI(T+3), ({e :
$ USS(I+8), 181, NBAN. 2)

TURITE (MY, 604 (RYDSTTIY ,EYDS2(TY, evnss(!:, ev“§1¢x+1;,evn§¢<x-1) ev
$ DsB(1+1), ]el, NHAN, 2)

TTTURITE(NY 604y (TYDSI (Y, Tvnsztl).TVDSScl). TYDsicxo1).TV§§2(x~1) TY




. 1.-yBAu,&2)-AuﬁmﬂWﬂm-“w“q-w__. - .
WRITE(MY,604)(EXUSL(LY, EXUS2(1), EXUS3(I), EXU81(I¢1)oEXUS£(I*1) EX

~m.mmm-$mﬂs3£liil+,lslngﬁAN- 2)

WRITS <wy.6o4wcex1(I).sx2<xa.exsc15.-Ex1c1¢1>{Ex2¢1#1a.&x3t1«1). Is

_S_1, YBAN, 2)

HWRITECMY,604) (TX1(1),TX2¢1),TX3(1), TXLCI+1),TX2¢(1¢4),TX3(1et), I8

B USSCI*L)e 120, NBAN, 2).. . .. _

) WRTITZ(MY,604) (TXUSL (1), TXUS2(1), TXUSS(I), TXUSI(!;iim;ﬁUSZ(loi;:fx
— P USE(I+4Y, 181, NEBAN, .2)
WRITE (MY, 604)(&)(051(1) EXDS’(I); =X0s3¢(1), EXDS:l,(X*l) EXDSZ([&I) EX
ot e B US 3L ®2) 0 Il NBANS.2). e e e
WRITE(MY,604) (TXDS1(¢1),TXDS2(1), TXDSS(I). rxns1<x»1> TXDS2({a1), TX
e 8.DS3CI+1), 151, NHAN, 23 . e e e e T
WRITE(MY,603) (EBAT(1),SFBAT(1), [s1,M)
e MRJTE(MY, 603} (EBAOLLY , SEBADLL Y L ad N
: WRITE (MY, 606)(EPOL(I) SFPOL(I) [=1,L)
e RETUAN® R o R A
END |
4 S___RITIND | . 123078 ED |
L ’ __IDENT  RITIN2 e '
PROGRAM LEVGTH ~ 11723 T
"~ TTENYRY POINTS
_ RITINZ 00113
__ BLOCK NAMES
46451
- EIT_RNAL SYMEOLS ~ o T T
___THEND, _.08ODICY, STH, - . ONSINGL,
00615 SYNBULS BT T R R T |
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12/30/74
CSUBRIUTINE 502 t R

ROYMIN N, G,U,C(Y0),P(BLO0), X, MY, NNOUE, NBAN, 1, NN, NTIME, NUAY, CODPOL
©GO¥MIN DELX(50), DELXX(50),DELXY(50),ALFAX(50),ALFAY(50),L, 18 -
U C0MMIN 0(50,2),H50,2),0L(50,2),00L(50) s SUMG(50) , NMK R
£0vM3IN Z1(50),MLIM, IDATE, IHOUR, IMIN, I DELT,DELT,ZET(50)
T0MMIN £(50), AM(50),AH(50),A0(50),AX(50),AY(50), AXY, A0, AHC, ADUS (5
5y, AdUS(50) s AME, AMUS(50) , AXUS (50) , AYUS(20), AUS(50) 4 ABDS(50) , AHDS (5
gn).A%US(SO).AXUS(bn)oAYDS(SO):ADS(50).F(SO).SFBA0(50)uSFBAT‘5°"St’
POL(50) R
COMMIN HULIL50),HiIS(50) 4 HDS(50),HC ' 03 EME50) |
SOMMIN ENX(50),ENM(50)aENY(50) (EKX(50),EKM(50) 4EKY(50),EM(50) ) EKXU
15050), EKMUS (500, EKYUSE50),EKXDS(50), EKMDS (50, EKYDS(50), ENXY, EXXY,
23UNK (50 ) 5 ENMC , EXNC, EMUS(50) , EMDS (50) o
1¥3¢50),EX1(50),EX2(50) EX3(50),ERAT(%0) JEBAD(50),EXUSL(50),EXUS2(3
21) EXUS3(50),EYUS1(50),EYUS2(50), EYUSI(20),EYSL(50),kUS2(20),EUSE -
3(51),EJS4(50),FXL51(50),EXDS2(50) ,EXDSB(50), EYDS1(50),EYDS2(50),EY
4ns3(50),EUSL(50),ED52(50),EDSS(50),EDS4(50),ECL,EC2,ECS,ECH, EXY, FX
5YL, EXY2,EXY3,EXUS(50),EYUS(50),EXDS(50),EYDS(50),EPOL (20)
0OvMIN T(D9),T1L50),T2¢50),T3(50),74¢50),TX2(50),TX2(50),TX3(50),1
1¥1¢50), TY2(50),TYS(50),TX (500, TY(50) 4 TM(50),TUS1(50), TUS2(503, TUSS
20500, TJS4(50),TL1,TC2,TC3,TCA, TXY1, TXY2, TXYS, TXUS1(50),TXUS2(50),]
3XUZ3(50),TYUS1(52),TYUS2(50), TYUS3(50), TXDS1(50),TXDS2(50),TXVSI(?
40),TYDS1(50),TYUS2(50),TYDSS(50),TXY, TUS(50),TDS¢50),TUS1(50),TUSE
5¢57),1083(5C),TD54(50),TMUS(50), TXUS(50),TYUS(50), THUS(S0)
CLROMMIN TXNS(S0),TYDS(50), THC '
AOHIN RX(50),RY(50),RM(50),RMUS(50),RMLS(5U),RUC,RXUS(50) ,RYUS(5U
11,9XJ)8(52),RYDS(SL),RXY ' '
COMMIN DIFFH(50),DIFFA(50),DIFFM(50) |
COMHIN GX(50),0M(50),0Y(50),CODSIP,CNDRAS, CODCUT,CODK IV, CODEXT
G0"*MIN CHON(?),GBUL(2) ,0PAS(2),GHL(31,61),Q0R(51,61),LODEXC
FOMMIN  LEL(A) EE2(4),EES(4),EE4(4),AR0(4),AAH(4),TT1(4),TT2(4),
LTT304),TTAC4), TTUSL(4),TTUS2(4), TTUSSE(4), TTUS4(4),TTUSL(4),TTDS2(4
2),7TDS3¢4), TTLSA(4),EEUSL(4),EEUS2(4) ,EEUS3(4) ,EEUSA(4),EEDS1(4),E
350%2(4), EEDS3(4) ,EEDSA(4), AAGUS(4) , ARHUS(4) ,BADDS(4) ¢ AAHDS(4)
G 502 PRIGIAM TC GOMPUTE SUMMATIONS OF DISCHARGES AT TWE UPSTREAM ANU DUWNSTRE'
C ENDS OF FHE BRANCHES | | G
1 5UM0(1) e (=UrR (1,140 (1, 1)) /F (1 (UsB(La1)+0L(2,1)=0(2,1))/F(2) "
SUMDICEIE(A(1, 10450 (2, 0% UrB(2,1))/F(2)4(UeD(2,1)e0(8,1) 4G
1L(3,1) CMEE3Y T
QUADES)IE(UCZ2,1) «QLE3,L) o e UeRS, 100/ (3)+(UNB(3,1)al-
104,00+ 04, LI BU3L, I /F(4) 0 0 e
CUSUM(4IEL0CS, 1) +0L (4,10 #0051, 1) wUN0(3,1))/FCA) e (Unl(4,1)*0L(5,1) 00
ORGSR T
~,_iSUMQ(sgzcu<4.1>*9L(5i1)?U*9‘5‘1”/F‘5"‘”‘“‘551"9“‘°'1""‘°11’
R VLI ST SHON I e
CRUAG(6) (UL, 1I+DL(6,2)mUND
1,1)3L07, 1)) 7FC7y o § 5
CRUNAC7)E(U(6,1)%6(8,1)+0L(7,1)-UrQ(7,1)) ZF(7)
TSUHQEAIRU(6,1)20(7,1)4QL (751D =Ue0(B,2))/F(7)+LUsQ(B,1)+0(7,1)4QLL
4R 1) #RC0,1)e0( 9,y an (38,00 FFCBY . T e
QUMQ9) 2 (W (11,1)+012,1)eQ(L0,1)eUvD(9,1)0aL
L10(10,2+0(8, 1) +0L(8,2)6Q(7, 1) w0034, 1)) /P (B8] fpy i o e T
SUNO(10)=2(N(11,1)+2(12,1)=0¢9,1)+QL(9,2)=U»0(10;1))/5(9)+(U~2 (20,1

10009, 1)4G(8,1)+R07,1)+0L(8,1)=0(34, 1)) /F(BI [}

J/F(6)4(Un0(8, 1707, 1)o0CY

1)) /F LN Ua(9,10e



s 12/30/74
SUMQ(ll):(Q(ZS 1)*0413.1»-0(12.1»oou¢1o.1;.u-o¢1z 1))/r¢10>-¢u-oc

,'1 11,1)+0¢12,1)40L(9,3)=0(9,1)e0(10,1))/F(9)
SUMQ(12)8(0(25.1)00(13.1)-0(11 1)00L41001)°000(12¢1))/F(iU)#(U'O(

”"1 12,1)~0(10,1)+0L(9,1)=0¢(9, 1)+0(11,1))/F(9)

SUM0(13)3(0(14 1) *QL(1101)'0'0(1301))/F(11’0(0'0(13.1)*0l£
A5,1)-0(11, 1)-0(12 1)+0L(10,1))/F(10)

SUMQ(14)8(~0(25 1)&0(15 1)+0L (12, 1310'0(14,1))/P¢1230(0ﬁ0(14 1)¢0L;
i (14,1 =0(13,1))/F(11)
: SUM0(15)8(0(16 1)#0L¢13 1}-U*0(1501))/F(lG)*(U'Q(i!.1)-0(25.1)*0L(
1112,1)-0(14,1))/F (12)
- SUM0(15)'¢Q(17 1)*QL(14 1)'0*0(16 1))/7(14)*¢U*0(16 1)*0L(13 1)-0(»
1:115 1))/7F¢13)
: 80"0(17)3(0(18 1)+QL (15, 1)-0(26.1)-Ut0¢17.1))/F(15)O{Uh0(17.1)¢0LC
114 1)23(16,1))/F(24) -
: SUMQ(iB)l(0(1901)*0L¢16o1)'000(1801)’/P(16)*10*0(1301)*QL¢15n1)-Q(y
- 126,1)=3(17,1))/E¢15) L o e G L R
SU10(19)=(0(20 1) : h *OL(17‘A)wUt0¢19.1)$lFfl7)
119, 1)*9L(1601)'U(18 1))/?(16) : L
SUMQ(20)=(0(21.1)*0L(18 1)-0*0(20 1))/?(18)+(Ut0(20 1)

i +3L¢17,1)-U(19, 1))/F(1 ) y i
SUMO(21)=(0(22 1) *0L(19 1)-U*0(2101))/F(19)*(U*0(21a1)*0ku
1¢18,1)=Q¢20,1))/F(18) ’ S
SUMG(22)8(Q(23,1)+QL(20, 1)'Ut0622.1)}/F(ZD)Q(U'QCZZ.I) :' ;75!053

1019,1)-0¢(21, 1):/r<19) :
suuoczs)-cocae 1)+aLc21, 1:-u-ucas 1))/F(21)*(U*0¢23.1)-0(22.1)¢0L(ﬁ
120,1))/F(20)

SUMG(24) = ( *0L<22.1)-u-0¢24 1))/?‘22)*(0*0(24 1>~0L<21.1:-ocA
123,1))/F(21) :
SUMQ(25)a(0(15, 1)*QL(12 1>-0(14.1>-uw0<25.1>>/F(123otu~o¢25.1)to< s
1 13,x)+0L(10.1)-0(11;1)-0(12 1))/FCL0) =
SUMQ(26)=(0Q(18, 1)+0L(15.1)-0(17,1)-Ut0¢¢6,1))/F(;S)w(UtQtZG.;)*QL(a
123,1)-0¢27,1))/F(23) L
suna¢27>=<0(26 1)~0L<aa 1’-u~n<27 1))/?(23)#(0*0(27 1)40L(24.1).n¢u
128,11)/F(24)
sunocaa> co<27,1).oL<24.1:-u-nczs 1):/r(24)¢<Uw0¢28 1a-uL<25.1:~o(;
129,1))/F(25) -
suwoczoza(otza 1)+0L(25, 1)-u«n«29 1)»/?(25)*(0*0(29 1).0cho.1)nar
130,1))/F¢26) A
SUMQ(SO)B(0(29.1)00L(26,1)-Ut0<30a1))/F(26)*(Uv0¢30 1)~0Lc27.1:-095
1AS(1))/F(27) e
SUMQ(31)=(0(3,2) 4014, 1)-a¢4 1>-u-ocai.1>)/F<4>~¢u-ocsz.1:o0L¢28.1;
1)-0(32.1))/?(28) , Ea '
su~ocsz)aco(31.1)-aL<2a.1).u-o¢3 1)2/F¢28)¢(U*Qt32.1)#0L(29.1)~0(j
133,1))/F(29) - v
eumo<ss)z<oc32.1).au(29 1).u.n¢33 1))/r(a9aocu-acsa 1).0L130.1)-0u:'
1CNCL))/F¢30) - b -
SuMR(34)= <o(7.1)*0(a.1;¢ac10.1>oo(9.1>+uLta.1>-uro(35.1)>/rco:¢<ufy
10(34, 1)¢0L(31.1)~060L(1))/F(Sl) S : S
RETUIN

END




)% -

 PROGRAM LENATH

BLOCK MAMES

jExVERNAL SYMBOLS

: - Q83DICT,
00372 SYMBOLS

00003

46451

00501

;;;qz:;e:g

S0z

aarses

- ED



C SURF? PPJG?A” TO COMPUTE SYRFACE AREA OF EAUH NOIE INCLUL{MG LAKE
C SURFACE ERZAS

- c22 - f;2130/74
SURRIUTINE SURF2

COMHMIN W), U,G(9),P(BL00), MY, MY, NNOUE, NBAN, ¥, NN, NTIHE, NDAY, coup0L{ 

COMMIN DcLX(bo)'“hLXY(SO).D&LXY(bO) ALFAX(ED). FAY(bO) L.!B

roUMIN NS0, 2).H(bn 2).0L(50 e),WDL(HO)pSUhU(bO),NNK

LOMMIN 21¢50),4LIM, IDATE, IHOUR, IMIN, IDELT,DELT,2ZET(50)

COMMIN A(HE), AH()U) AH(bO).AO(bU) AX(SO) AY(50),AXY,AQC, AHC, AOUS (D
10y, A%da(%b).AMU1AMUS(50) AXUS(50)y, AYUS(DOJ AUS(BU) AOUS(SO) AHDS (9\
e, AMIS(S0),AXDS (5, AYDS(50),AD5(50),F(50), SFBAO(bO).aFBAT(SU) r
JFOltvﬂ) -

COAMIN HIL(ES0) ,HUS(S5G),HNS(50), HC

COMMIN ENXCS0),ENM(SC) ,ENY(S5N) ,EXKX(50),EKM(50),EKY(50),EM(50),EKYU
19(”6).EKMUS(SU)oEKYUS(SU),EKXDS(SO).EKMQS(SO);EKVDS(ﬁO),ENXY.EKXV)
2°UME(S50) ) ENMC, EXIC, EMUSES0),EMNDS YD)

CONMIN EX(SO).&Y(bO);Ei(SU) E2(50),ES(50),EA(H0),EYL(50),EY2(50),¢t
1v3¢59),Ex1(¢(50),kx2(5), &xS(Sﬂ) EGAT(ﬁo).EBAO(bO) &xubl(so) EXUS2(5
20y ,EXUS3(5M), bYU”1(50) &YUSthO) EYUS3(20),EUS 1(50) qua(DO) EUS3

~3(5n),EUS4(5C), EXP$1(bﬂ) FXUS9(50) EXLS3(50), tvns1(bo> bYUSZ(SO) EY

41n83(350),ELUS1(5M), bDS?(SO),rD"S(J?).EDS4(50) EC1,EC2,ECS, kU4, EXY,FX
S5YL,EAY2,EXYS,EXUS(S0),EYUS(5D),EXDS(50), hyuS(EO) hPOL(bO)

covMaM T(be),rmtsua.Tzcsn).73<5c»,r4(501 TX1¢50),TX2(50),TX3t50),T
1Y1(50) s TYZ(50) s TYS(50), TX(56),TY(50),TM(S o>.rus1(sua TUS£(50) Tuso
2(5r),1JS4(50),TL1,TC2,TCI,TCA, TXYL, TXY2, TXYS, TXUSL1(50),TXUS2(50),T
3XuR3(5C),TYus1(5n), TYUSZ(SO) Tvuq6<su>.rx051(5o) TXDS2(50), TXUS3 (Y
40y, TYUS1(90), TYUS2(50),TYUS3(50),TXY,TUS(50), TDS(SD) TUSI(SU) TDSZ
bcse) TOS3I(50),TUS4(50), THUS(S0), TxUS(SOJ rvuqcsu> TMD3(50)

CQUMIN TXUS(S0), TYRS(50), THC -

COMMIN RX(S0),RY(5E0), R”(JU),RMUS(bﬂ) RMUS(50),RHC, RXUS(50), RYU?(SUi
1) RYIS(50), RYU’(EU) wxv S
co:nan DIFFHES0),UIFFA(S0),0IFFM(50)

COMIN OX(50),?M(50),QY(50),C0DS]IP,CODPAS,COLCUT,CODKIU, CUDbXT
COMMIN OBUM{Z),0H0L.(2),0PAS c)) GoLe34,61),000(31,61),C0DEXC ;
COYMIN EE1(4),EE2(4),6E3(4),EF4(4), AA0<4> AAH(4) TT1(4) TT2(4),
1TT2(4), TT4(4).TTuSJ(4) TTUS2(4), Truss(4),TTuq4(4> TTUS1(4),TTLUS2(4
2, TT095(4) TTUS4r4) ,EEUS1(4),EEUS2(4),EEUS3(4) ,EEUS4(4),EEDS1(4),E
JFD 2(4), besstz),=5034<4).AACUC(a> AAHU$(4) AAODS<4>.AAHDb<4> ‘

ng e51=1,L
IF¢H(L, 1)-FPCL(I))(6 86,85

86 ADFOL=SFPOL (I~ 1)+(€FPOL(I)- SFPOL(1=1))%(H(1y1)=ERPOL(1=5))/(EPOL (1)
C1eERCi(1s1)) SIATAANAT "EROLLI=2) ) /4EROLCLY.

£ T 27

OR RESESVO

85 CONTINJE L
B7 F(1)2T(1)#NELX(1)/Z,+ADPOL#COUPOL
Do 77122,6
77 F(1)=1(1=1)*DELX(1-1)/2, ¢T<1>*uthcx)/2.
L F(7):TUEIDELX(8)/2,+T(7)#DELX(71/2, ¢ T(8)%DELX(8) /2,

CFUR)AT(7)DELX(/) /2, +T(8) *DELX(6)/2, *T(V)tdhL7(9)/2 #T(lO)*DELX(iUQ

L 1y/2,+TU38)«DELX(R4) /2, i
FAOY2T(9)eNELX (Y)Y /2 +T<1o)rnsLx<10)/4.¢r<11)-DELX(11),;”
1/(12)/2. !
F(1P)=T(11)*ULLX(1J)/2.+T(12)tnbLX(1 >/e ¢T(13)*DELX(1_
1 T(23)aDELX(RS)/2, ¢coocur ‘ | ,
hn 78I=11,21 - ‘
78 F(1)= T(l*c)tDbLX(I*Z)/Z +T(I+é)tD&LX(I+6)74
r(«?) F(1/)+DhLX(/5)*T¢25)/a.~COUCUT



http:01.14,.ON

o S g

: - C23 -
2 V2R 12730774
ek “G rhl=1,Mh ‘
8 TF(2(27,1)=EHADCT) Y 71,7C8,78 _
[ /N FDREAGES P?nH{I-1)+t'F AO(T)=3FBAO(I=1))w(H(L?,1)=FBADCLI=1))/2(EBADC]
- )= ]=2)
no T 74
40 20T T=3FHAT(T =10 TUI)=SFRATCL=1))*+ (H(Z2,1)=-FBAT(1=1))/(EBAT(]

TYSEUAT Cl=i35)
- ne T 54
83, 0N TINIE
BASFLs7)er (1)
Fre)eT (240X (26) /7, « AL AT
FeesaT(I)adELX(E)22,+T{A)» ELXL4Y/2,4T(03)witkLx(31)/2,2C0ODSIP
E(sE)sTtid) i thtlf)/~.+rt1f1-‘r|>r1z:/c +T(PC)«DELX (26 ) /2, «00UPRS

Ce23z(TURA)wLlLY (€)Y 2P, 4T (L) 2ELX(2/)72,)=CULNPAS+D, 01
FUoA)=UTe7)rDELR(Z7)/E,«T (2P )« LX(8)/7,)«C0DPAS+D, 01
F(,E;=(Tt;FJiUkL5{FH>!).¢Ta/‘}*3'L¥(rQJ/2.) #[OUPAS+0, 01
F("(J:tl(29}-ULLv:?9}/?.+Tr39}*3FLx(30}/?.)*ﬁﬂﬂpﬁs+ﬂ.ﬁ1
FeeZ)stTes0) e LELXC30)/2,)#C00PASH0, L1
FLOE e T +iikLa 1) /2, ¢ T(32)wilLX(32)/2 )2 CCUSTIP+], 01
Feec)s{Tesr)slil-Ly(. 8)/7.+T(b‘}-ﬂ LX($8372,)rLCUSIP+0, P2
FLI0IaT (3 s PELX(OZ) /2, #0000 TP+, 01
P2 )=T(34)yeNNE X (84)22,
BT
[t
> SURFP 12/386/74 =D
T StikF 2
PRICLIA' LEVIETH n1413

ENTRY PO1AT5
3R 2 TR

HLOCY AR S
46451

EXTHERNAL SYeE0LS
SEIVICT
gradn 3YM30LS

) . ;‘ ’_lL‘ -TP\JI
: 79 £p R5l=1,#
; IFlﬁ;Z’ 1)=EFAT(LY IR ,30,83
. (€F -
|
|
|
|




- 924,»‘-; | :1‘2‘/3.0”/7145“

" SURRIUTINE STAGED S e R ’ Sl e
COMMIN N,G,U, L(yu),b(atan) Mx.wy NNObE NEAN M, NN NT!ME NDAY ooupou
COMMIN OhLX(BO)thLXX(SO) DELXY(SO) ALFAxtsv).ALFAY<50> L:!B B
OOUMIN G(50,2),H(99,2),0L(50, d),nmL(bo)oSUMU(SO),NMK

COMMIN Z1(50), thm IDATE IHOLR IMIN, IDELT,DELT, ZET(50) <

COMMIN A(Y0),AM(50), AH(SO):AP(SO) AX(50), AY(‘D) AXY, A0L, AKC, A0U°<>‘
10),A4US(S0), AvczAnuscsn> AXUS(50), Avu5(90>.Aus<5n) AOLE(50), AHDS (>
20, AWDa(bn),AxDb(bO).AYDG(‘O).AJ’(SO) F(50), QFBAO(“D) srBATc=0>o°f
3POL(50) .

COMMIN HUD(50),hUS(5N),HDS(SN),HC Vo

COMMIN ENX(S0),ENM(50),ENY(50),EXX(50),EKM(50),EKY(50), EM(50), EKXU
1S(50),SKNUS(50), EKYUG(BU) EKXDS(SU) exnu5(50> EKYDS(DO) ENXY, thv;
2SUMK(50),EMMC, EKH#C, EMUG(SO) EMDS (bO)

COMMIN [x(RO),FY(bﬂ) E1(50),E2(50),E3(50),E4(50),EY1(50),EY2(50),
LYZ(S2),EXL(D0),EX2¢50),EX3(50),EPAT(50),EBAO(50),EXUS1(50), Exusz(b
20),EXU33(50), hvu:;cso>.evus2(bn> EYUS3(%0), tus1<50) buse<bo> EUS3
3(50),EJS4(50),EXNS1(50), EXDS2(50) EXHSB(SD).EYDSI(50) evuse<so) EY
4083¢50),E051(50), EDS?(SO) LDaS(bﬂ) EDS4(50),EC1,EC2, tca EC4,EXY,EX
5Y1,EXY2,EXYS,EXUS(50),EYUS(50),EXDS(50),EYDS(50), EPOL(JO)

COMMIN T(50),T1(50), T2(50).T3(50) T4(50),TX1(50),TX2¢50),TX3¢50), |

‘1Y1(50)nTY2(5“) TYJ(DU) TX(50), TY(SU)-TM(SU) TU81(50) TUS2¢(50),TUSY
2¢50)4TJS4(50),TCL, TC2, TC3, TCA, TXYL, TXY2, TXYS, TXUSL(5U), TXUS2(50), T

C.STA

3XU33(50),TYUS1(5),TYUS2(50),TYUSS(50), TXDS1(50),TXDS2(50), TXDSI(5
40),TYDSL(50),TYUSZ(53),TYDS3(50),TXY, TUb(bO) TDS(SO) TUSI(SD) TDS2
5¢50), ross<503 TUS4(50), TMUS <su>,rxus¢sa: TYUS(50),THDS(50)

COMMIN TXUS(50),TYNS(50Q), THC |
ROMYIN rxcsa>.uv:bo),w1<su> RMUS(5N), RMUS(SU) RMC, RXUS<50) RYUS(SU~
1),0XI8(50),RYDUS(50), XY "
TOMMIY ‘IPFH(bO) UIFFA(5n) DIFFM(50)

COHMMIN QX(bO),QP(bO),OY(DO).uODSIP COURAS, CODLUT, CONWLY, UUDbXT
LOMNMIN DHECA(2),8B0L(2),0PAS(2),30Lt31,61),000(31,61), CODEXC S
CMAIN rk1<4).tL2(4)pE&$(4)oEF4(4) AAO(4) AAH(4).TT1(4),TTZ(4)':
LTT2(4),TT404), TIUSL(4),TTUS2¢4), TTUS3(4),TTUS4(4),TTUSI(4),TTNS2(4
2), rross¢4),r1uc4<4>. Edal(4) Lku:2<4> &=u53<4> esus4<4) ttD91(4). '
IEDN2(4),EED83(4), tP094(4),AA“UH( );AAHU5(4).4A003(4),AA495(4)
GE2 PRUIRAM TD COMPUTE AEAN §TA%E OF EACH BRANCH

N9 11=1,7

Mys¢lys-el,1)

HOSCIYsH(I+1,1)

HyS(3)24(7,1)

HOS(3)=4(8,1)

HUs¢?)=H(9,1)

HDS( ) =H(8,1) . =

HYS (1) 2H(I, 1)

MOSLLO)ZH(H, 1)

HJR(L1L)=H(L0,1)

CHIS(11)EH(9,1)

HUS(12)2H4(10,1)

'”‘uug(LZ)sH(9,1) -

HWIR()sH(I-2,1)
HAISC D)=l [=3,1)
HY3(25)sH(12,1)
H3(¢25)=H(10,1)
M3 25)=2H(15,1)
HDS(25)=H(23,1)



4ps.

W27 EH(23,1)

CHOR(2712H(24,1)
HUS(28) 214024, 1)
HDR(28)=H(25,1)
AYS(29)3H(25,1)
45 29)=H(26,1)
HYG(30)=H(26,1)”
HOS(30)=H(27,1)
HUR( S1)=H(4,1)
HOG(31)=H(28,1)
NUS(32)2H(28,1)
HDS(32)=H(29,1)
HYR(S8)=H(29, 1)
HDT( 33)=H(30,1)
HUS(34)=H(8,1)
M0 34)=2H(32,1)
N9 JIs1,N8AN.

3 ann ()= (HUSCT)SHDS Ty /2.

RETUIN
£y

STAGEZ2.

PROGRAM LEVGTH

CENTRY PQINTS

f'BLOCK NAWE:

l,ExfEhNA;"s?Mean

o sTAusR ;ﬁdOddéff

00401 oYHiﬂLS

44451

IQhNT

00106

.;i5;30/;4“

_ED.



-2~ 12/30/74

5JRRIYTINE DIFH2 , , .
Lo M.G.U.c<?n),°(6100).Hx.MY.NNDUE.NBAN.M,NN,NT;M&.NDAv;coueoLf
OHYIN nbe(Go),nhLXX(SU).DEva(so),ALr@x(so),ALrAv(po);L,la,‘Qﬁﬂg5
COMMIN 0(53.2),d(50.2).QL(50.2).DOL(SD).SUMU(SD),NMK‘ T e
GOUMIN ZT(50), NLIM, THATE, THOUR, IMIN, IDELT, DELT,ZEr(50) R
504N AL53), ANEB0),Ad(50),A0(50),AX(50),AY(50), AXY,AOC, AHC, AOUS (5 .
1n,,A1u3(so),AMC7Amusc5u),Axus<6o).Avuscbn).AUS(50>.AODS<SU>oAﬁDS(?V
gn)'a4”5(50),AXDS(ﬁﬂ),AYDS(EG).ADQ(SO),F(50).SFBAO(bU)gsFBKT(SO);S[
SPOL(5)) - e
COANIE HUN(HT), HUS(S0) , HDS(50),HE | _ R
£OM4 N wa(bn>,¢nnfsn).Euvfsn).Ekxtso).EKM(bU).EKY(SB).&M(SU).EKXU
1?(60),£K~03<50>.EnYUS(so).EKXDQ(ROJ.EKMyscsu),&Kvuscbo),Enxv;gkxv.*
2UNK(50), MM, ERHC, EMUS(56) , FAD5(50) R
R &X(SO),EY(bD).51(50),EZ(Sﬂ).EJ(SU).E4(SO),EYl(SD).tYZ(SD),Fﬁ
1Y3t5“)uFKl{bﬁ):?XZ(53).EXS(SJ).EBAT(SO)oEBAO(SU),EXUSI(50).EXUSZ(?
29),&4u33(50).&vus1<5n).Evu52(5n),Evussc?o),tJ51¢50).tusacbo),busx
Atsc).kJs4c50>.Exn31(50).ExDS?tsa).ExUs3(50).EYUSi(bo).bYUSZ(fo).EY
4w3z(59),&u51(501,hnsn(50).&935(50),5094(59).Eci.ecz.gca,&g4,&xv,&x"
SYL,EXY2,EXYS, EXUS(5D) ) EYUS(51), EXDS(50) s EYDS(50),EBOL(5]) :
L IR I T(bﬂ).Ti(ﬁU).T2(50).TS(SD),T4(SO).TX1(50).TX?(BJ):IXS(ﬁO),f:
1*1(50).TY2<50).Tv6(53>.rx(50a.Tvcso).rm<50).TUSi(suy,Tuszcsoa.Tusg‘*
2(59).TJS4(50).T§1.TCZ.Tc3oTC4.TKY1,TXY2:TXYJ.YXUSl(SU).TXUSZ(BO).!g
sxuqzcdn).rYu51(5a),rvusz(so),rvu33(50),rxu51(50),Txusz<50).Txusscp ;
40).Tf031(50).TYUS&(5P),TYDSJ(bO),TXY.TUS(50).TJS(SU)quSI(SO),Tusgv%
5(52), TUS3('30),TUSI(50), THUS(58), TXUS(56), TYUS(50), THIS(50) S

TOUIY TXUS(S0Y, TYDNS(S0), THC ST
0N RA(%O).RY(&&).RN(SG).anus<sn).RMQS(ﬁU),nnc,nxuscscx,nvus<su[~
1y,0015(50) ,RYUS(SY),uyyY , Ca
COAMIN DIFFH(L0) ,0IFFA(S0),DTFFH(50) . TR N
CoMYIY mxcbo>,uM<bn).QY(SU).cousIP.couPeS.coucur,cunwiu,cuDExT‘ 
SN RUNH HECA(2)  UR0L(2),0PAS(2),a0L (31,61),000(31,61),C00EXC o
Co3a ht1(4).tE?(4).EES(1).EE4(4).A§0(4)pAAH¢4)oTT1(4)o[T2(4)v; 
1r73¢4;.TTﬁ(1>.Truss<4>.Trus2<?),rrussc43.rTUS¢¢4).TTDSI(S)oTTUSZ(S;#
2).TTHSS(4).TTu$4(4).E&USl(4).Ehusz<4).E;USS(4).EEUS4(4),Etns1¢4),g o
6FD??(4).&&383(4).hEDS4(4):AAOUS(4)-AAHUS(Q)oAAOUS(4)aAAdUS(4)‘ U
CORIFH? PRIGIAM TO CORPUTE WATER LEVEL DIFFERENCES BETWEEN THe TWO NOUES OF .THE
C RRANCHES R
Ny 1ual=l,?
100 DIFFICIysu(l+1,1)=H¢T,1)
VFFA(B)=0(8,1)=H(7,1)
NIFFA(9)=H!8,1)=H(9,1)
AFFIL0) =B, 1) =H(9,1)
MFFAL1Y =H(9,0)=H(19,1)
MFF1032)=H(9,1)=H(10,1)
M) 1i011=13,24 :
101 MFFACIY=ACI~8,1)eH([=2,1)
NIFF4(25)=H(1C0,1)=-H(12,1)
JEFI(26)=i1(238,L1eH(15,1)
GIFFA(27)2:4(24,1)4(23,1)
NEF M) =1(25,1)=H(24,1)
MFFAL29)zH(26,1 )b (2",
DIFFAC30) =127, (20, iy
NIFFA{3L)=i1(28,1)0H(4,1)
CDIFF 32y al(29,13-H(28,1) .
DFFAC33)=H(30,1)-H(29,1)
CNIFFAC34Y 213,12y =H(Y,1)
RETURN '
KD



0s

L BLOCK  NAYER

DIFH2:

PROGRAM. LEVGTH.

ENTRY POINTS .
NIFH2 0no0s:

CKTERNAL SYH30LS

asvIceT

00875 SYMIOLS:

46451

=2l

DItH2:

12730774

ED
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. SUBRIUTINE ATMKZ
L COMMIN NG, U, C(90),P(8100),4X,MY, NNOUE, NHAN, M, NN, NT IME, NDAY, CODPOL

COMMIN DELX(50),d6LXX(50),DELXY(50), ALFAX(50),ALFAY(50),L,18

COHMIN 0(350,2),H(50,2),QL(5C,2),N0L{50),5UMA(50) ,NMK

COMMIN ZI(50),NLIM, TUATE, IHQUR, IMIN, IDELT,DELT,ZET(50)

COMMIN A(50),AM(50),AH(50),AN(50),AX(50),AY(50),AXY,A0C, AHC, AOUS (>
10).A4US(50);AMCrAHU3(50).AYUS(SO).AYUS(SU).AUS(SO),AUUS(ﬁﬂ)L$HDS(?
20), 105500, AXDS(50),AYDS(50),ADS(50),F(50),SFUAD(5N), SFUAT(50), SH
SRUL(50)

COMMIN HUD(50),HUS(50),HNS(50),HC

COMUIN ENX(50),ENM(50),ENY(50),EXX(50),EKI4(50) ,EKY(50),EM(50) ,EKXU
15(50), SKMUS(S0), EKYUSI50) ) EKXUS(50),EKMUS(50), EKYDS(50) , ENXY, EKXY,
251K (50), ENMC, ERNMC, EMUS(50),EMD5¢50)

COMHIN EX(50),EY(50),E1(500,72(50),E3¢50),E4(50),EY4(50),EY2(50),¢
1¥3¢50),EX1U50),EX2(50),EX3(50),EHAT(50),EBAD(50),EXUS1(50),EXUS2(5
20),EXUS3(50),EYUS1(50),EYUS2(50),EYUSI(20),EUSL(50),EUS2(50), =US3
S(50).EJS4(50),EXDEL(50),EXDS2(H0),EXDSI(50),EYDSL(HD),EYUS2(50),FY
4N53(59),E062¢50),LD82(50),ED38(59),EDS4(50),FCL,EC2,ECE,EC4,EXY,EX
S5Y1,EXY2,EXYS,uXUS(50),EYUS(5N) ,EXDS(50),EYDS(50) ,EPOL(50)

COMMIN T(90),TLIS0),T2¢50),T3(50),T4(50),TX1{50),TX2¢(50),TX3(50),T
1YL (502, TYR(5G),TY5(50), TX(50),TY(50), TH(50), TUSL(50),TUS2(50), TUSS
2¢50),TJIS4(50),T0L,TC2,TC3,TC4, TXYL, TXY2, TXYS, TXUSL(50),TXUS2(50),1
SYPS3(503, 1 YUSLIL0),TYUS2(50),TYUS3(50), IXNSL(50),TXDS2(50),TXDSI(5

C A0, TYNSI(S0) , TYDSZ(50), TYDS3(50), TXY, TUS(50),TDS(50),TUSL(50),TDSe

C5(51), TNSI(50), TUS4(5N), TMUS(50), TXUS(50), TYUS(50), TMUS(50)

COMMIN TXUS(S50),TYDS(50), TMC -

- GDWNMIN RXCS50),RY(H0),RM(50),RMUS(50) ,RMLS(50) ,RNC,RXUS(50) ,RYUS(SU
L), RXIS(50) ,RYNS(50),RXY o .

CouMIN DIFFH(SC) ,UIFFA(S0),DIFFM(50)

~ . COMMIN OX{50),0M(50),QY(50),00DS1P,CODPAS,COUCUT,CODWIN, CODEXT

o COMMON QBUN(2),0B0L(2),0PAS(2),0nL(31,61),00Q¢31,61),CODEXC .

B o LTERTY EE1(4),LF2(4),EES3(4),EF4(4),AAD(4),AAH(4),TTA(4),TT2(4),
1TTI(4),TT4(4),TTUSL(4),TTUS2(4),TTUSS(4),TTUS4(4),TTNS1(1),TTUS2(4
2),TTNS3(4),TTDSA(4),EEUS)(4),EEUS2(4),ELUS3(4),EEUS4(4),EEDSL(4),E

o SEDS2(4),EENSI(4),EELSA(4), AAOLIS(4),AAHUS(4), AADDS(4), AAHUS (4) i
C ATMK2 PFIGRAM TU SCHEMATIZE THE CHANNEL AND FLOOD PLAIN GOMETRY OF BICOL=
C LIBMANAN RIVERS ’ T . - : S

1 D0 200T=1,NBAN

AXtI)sAX (i) wALFAY (]

Ay (1)=AY(1)wALFAY (I
CTHED ETXCI Y ALFAX (]

TYCI)=TYCI)wALFAY(]

SOPXeN) =RXL) i
CRY(I)sRY (L) LS e

o EKX(LYSEKX (LY /7ALFAX (1Y
CFKY(1)=EKY (1Y /ALFAY (1)
CALIISAR(DI) +ANCI) wAYLCD)
1)

TC)ETX (I +THEI ) +TY (D)

TERML=EKX(T)we2/AX (1)

o TERMZeEKM(])»x2/AM(]):"

. TERMI=EKY(I)wa2/AY( ()

C IF(ex¢lyy700,700,70% ¢

2700 TERHM1=0, e

701 TFeAY(D)) /702,702,100,

702 TERM3=0, R

100 EMCD)SACT) # (TERMI#TERHZETERMS) Z(EKX (1) +EKM( 1) +EKY (1)) we2

RETUIN |
END




NE ATHMIZ .~ -c29- S a230/78 ED
IDENT = ATMK2
PROGRAM LENGTH 00122 | R

ENTRY POINTS
ATYK? 00003

BLOCK MAYES R
46451
EXTEANAL SYM3OLS . . .. .
n2307111 ananIcT,:
00406 SYM3OLS, o
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SURNIUTINE DIFAM2

CONMMION M,G6,U,C(YN),PEBL00),MX,NY,NNODE, NBAN, M, NN, NT ML, NDAY, CNOPOL

CnMMIN UFLY(SO).DFLXX<50) JFLKY(%O),ALFAX(SO) ALFAY(DO) L, za

COMHIN N(50,2),H(50,2),01.¢(5C,2),0QL(50),SUMA(S0), NMK

GOMMIN ZI(%0),NLIM, [DATE, IHIUR, I"IN, IDELT, DLLT.ZFT(SD)

CONMMIN A(SD), Ad(GU).AH(5J) AN(S50),AX(50),AY(50),AXY,AQC, AHC, ADUS (>
10),A4US(50), AMC’AHU%(SO) AXUQ(WS),AYUS(DO) AUS(SU) Auus(so) AHDS (%
20),A4DS(50), AXDS(90),AYDS(50),ANS5(56),F(Y D)pSFBAO(bO) srsar(ﬁa) St
SPOL(vc)

COMHIN HUD(B0),HUS(50) ,HDS(SC ), HE

COHMIN ENX(50),ENHEB0),ENY(50),EXX(50),6KM(D0),EKY(SUY,EM(50) ,EKXY
19(860), EKVUS(SO) FKYUS(50), FKXDS('O) EKMLS(S0) , EKYDS(50), ENXY, exxv.
2°UNMK(S50), ENUC, EKMC, &MUS(SO) anq(so)

COUHMIN EX(50), tv(box E1(50),F2(50),E3(50),E4(50),EY1(50),EY2(50),¢t
1v3¢50),EX1(50), txarso) bxécbu) ERAT(50),EBAO(50) ,EXI}S1(50),EXUS2(5
20),EXUS3(50), LYUSl(hﬂ) Evu<2<90) EYUS3(20), :ust(so) tusetbo) =US3
scsn) E. s4<%0) EXNSL(50),EXDSR(50), &xusscsa) EYDS1(50), tvusz(so) o
4N873(50),EDS51(%0), tnS°<%0) EVSJ(SQ) EDS4(50).EC1,EC2, tcs EC4,EXY,FX
S5Y1,EXYR,EXYS,EXLS(50), EYUS(SO) ExXDS{50),EYDS{50), kPOL(ba)

COMMIN T(bn).T1(50) T2(50),T3(50),T4(50),TXL(50),TX2¢(50),TX3(%0),1
1YL1¢50),TY2(H0),TYS8(50), ry(bU) Tvcsn) TM(bO) TUSl(SO) TUS2(50),TUS3
2(5n0),TJS4(50),TLL,TC2,TC3,TCA, TXYL, TXY2, TXYS3, TXUS1(50),TXUS2(50),T
3IXUTI(50), Tvu91(ba),rvu52(50) TYUS3(50),TXNS1(50),TXDs2(50), TAnsscb
45),TYDSL(D0),TYUSZ2(30),TYDSI(H0),TXY,TUS(%0), TDS(SU) TJSI(SO) TDse
5<5n).Tnsstsua.Tpsq<50).TMus<50),7xusc50).TYUS(SU).TMUS<50>

COMIIN TXDSES0) . TYDS(S50), THC

COMMIN RX(50),RY(50),RM(50),RMUS(5N) ,RMUS(50),RMC,RXUS(50),RYUS(50
1),RX05(50),RYNS(50),RXY

0OMNIN DIFFH(50),01FFAC50),DIFFM(50) ‘

COMMIN GX(50),Am(%0),0Y(50),CODSIP,CODPAS,CODCUT,CUODKID, CUDEXT

COAMIN QRCN(2),6BOL(2),QPAS(2),00L(31,61),000(¢(31,61),C00EXC

COMMIN EE1(4), trz(4) EE3(4),EE4(4),AA0(), AAH(4) TT1(4),TT2(4),
1TT3(4),TT4(4), T7U51(4) Tru52(4) TTUS3 (41, TTUS4(4) 17091<4) TTUS2(4
2),TTI83(4),1TLS4(4),EEUSL(4),EEUS2(4),EEUS3(4),EEUSA{4) ,EEDS1(4),E
scnq2c4) EENS3(4),EEDS4(4Y,AADUS(4),AAHUS(4)» AADDS(4) s AARDS (4)

C DIFAM2 PINGRAM TO CUMPUTE THE DIFFERFNCES BETWEEN THE AREAS AND THE DIFFERENC
C RETWEEN 40MENTUM CORRECTION FACTORS FOR EACH BRANCH
1 00 172[=1,NBAN

183=1

FNMCSENM(T)

HCzHJS(])

TCL=TUSL( )

TC2=TUS2¢ D)

TC3=TUSIC( )

TC4=TUS4( 1)

FHAEETE SR

FCz=3U32( 1)

FC3=3US3c D)

CFCa=3U54(L)

A0C=40JS( 1)

AHC=AHUS( 1)

IN=1

OALL G201

THUS(I)=THMC

AMYS(L)=ANMC .

RUUS (1) =RME



NS, 5A -c3 - 12/30/74

EKMUS(1)=EKMC
EXY=z2XJS(I)
EXYL1sEXNSL1(])
Eyy2sEXUSZL])
EXYI=EXUSS(I)
ENYXYRENX(T)
TXY1=TXUS1(I)
TXYZ=TXUSZ(1)
TXY3IsTXUS3(])
Call Gz02
AXUSCI)EAXYRALFAX (D)
TALUSCL)sTXY®RALFAX(]D)
RXUS(1rsRXY
EKYUS(I)= tKXY/ALFAX(!)wtO 5 ,
ExY=2YJS(])
FXY1=EYUS1(])
EXY2=kYUS2(1)
EXYI=seYUSI(I])
ENXYsENY(L])
TXYL=sTYUSI(])
TXY2=TYUS2(1)
TXY3I=TYUSS(I)
CALL REQZ2
AYUS(!):AXY*ALFﬁY(I)
rYUS'I)sTXY*ALFAY(I)
RYUS(])=RXY
EKYUS(])=EKXY/ALFAY(I)ww0,5
TU”(I)’TMUS(I)tTXUS(I)*TYUS(1
AUS(I)eAMUS(T)+AXUS(T)+AYUS(!
TERML=EKXUS(] ) *w2/AXUS(])
TERM22EKMUS(1)ww2/AMUS(])
TERMI=EKYUS(I)»#2/7AYUS(I)
IFtAXuS(1))700,700,70%
700 TERMLi=D,
702 1F(AYUS(1))Y702,702,100
702 TERMI=0, T
100 FMUS(I):AUS(l)-(TERMi«TERM2+TERM3>/(EKxuscI)o&KMUS(l)»&KYUS(!>)- 2.
IF(AJS(]1))903,903, 904 2 L : . (e Vo
903 EMUS(1)e0,
904 ENMC=ENM(I)
HCaHOS(])
TCe=TDS1(I)
TCR=TDS2(1)
TCxeTHS3I(1)
TC4=TU54(1)
EC1=220S51(1)
FC2=2052(1)
1)
1)
I
1)

" FC3sEDS3(
FCA=2DS4¢(,
AQR=A0DS¢
AHCsAHDS (1
1D=2
CALL GED1
TMNS(1)aTHC
AMDS(1)=AMC
RMNS (] )=RMC
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 EKMDS(1)aEKMC

T OTAYLSTYNS1(1)
_TAY2sTYNS2(1)
TAYF=TYDAS(1)

5;Afp¢(1)=AXYtALFAY(!)
S TYRSCII=TXY«ALFAY(])

CEXYeSYDI(I)

EXY=SX0S(1)
EXY13EXDS1(1)
EXY2=ELNS2(!)
FXY3=EXDSS(I)
ENXYsENX(])
TXYL=TXDS1(])
TXY2=TXNS2(1)
TXY3=TXNSS(1)

CALL B5EN2 -
AANS(T)sAXY*ALFAX(IY) -
TXHQ(I)zTXY*ALFAX(I)'
RXDSCII=RXY
EK¥DS(I)= h&YY/ALFAX(I)ﬁtU

EXYL=RYNS1(I)
RXY23EYNS2(1)
FXY3=EYNS3(])
FNYY=ENT(1)

CALL GEN2

nYNS{1)z=RXY

ELYDS(Ir= hKXY/ALFAY(!)**O b

 4Tu°(I):TMUS(I)*TXDS(!)tTYDQ(X)
- ADSCT)=AMUSET) «AXUS(T)#AYDS(T)

TERMIEKXUS(1)#w2/AXDS(])
TERM2=2 EKHDQ(I)**Z/AWDS(I)

. TERM3=EKYDS(I)#%2/7AYNS(I)

ep0
81
. Bp2

:3900

10§

901
. 102 ¢C

PROGRAM LENGTH
EVTRY POINTS

8LOCK NAMES

. ]

EXTERNAL SYM30LS
00421

TER:4320, i
EMRS(I)= Aus<1>*crean1¢rsnnz*15'
- IF(ADS(1))902,902,901

902

_END

IF (AXDS(1))800,800,801
TERMi=,
IF(AYU:(I))BB?,MOZ 900

EMDS(1)=0,

DIFFACT)ZADS( 1) ~AUSET)

olrrwtla EMUS (1) ENUS( 1)
ONTINJE ,

peruau

pIFAY2 - 00T

62307111 osaDicT, ... GEOL 902

R



SUBRJUTINE GEQ1

GOMMIN N,G,U,C(90),P(B100),MX,MY, NNODE, NBAN, M, NN, NTIME,NDAY, CODPOL

COMUIN DELX(SU).DELXX(SU)nDELXY(SO) ALFAxtso:.ALFAV(50> LolB

COMMIN Q(50,2),H(50,2),0L(50,2), DOL(50) ,SUMQ(50) , NMK

COMMIAN ZI(50),NLIM, IDATE 1HOUR, IWKN.IDELT DELT,ZET(50)

COMMIN A(50),AM(50), AH(50).A0(50),AX(50) ‘AY(50),AXY,AOC, ARG, ADUS(D
10),A1US5(50), AMC.AMUS(SO) AXUS(SO).AYUS(JO) AUS(SO).AUDS(SO) AHDa(a
20),AMD3(50),AXNS(50),AYDS(50),A05(50), F(50> SFBAO(50).SFBAT(50).
3POL(50)

COMMIN HyD(50), HUS (50) yHDS (50, HC

COMMON ENX(50),NM(50),ENY(50),EKX(50),EKM(50), EKY(50),EM(50),EKXU
15(59),5KMUS(50), EKYUS(SD) EKXD%(su) EKMUS(SU) EKYDS<50>.bNXY EKXYo
25UMK(50),ENMC, FhMC EMUS(50),EMDS(50) :

COMMIN EX(50), evcboy,51<50>.szcso>.Es(5o>,e4¢503.ev1c50>.:vz¢50) E
1Y3¢50),EX1(50),EX2(50),EX3(50),ERAT(50),EBAO(50), EXU51<50).EXUSZ(D
20),EXU33(50),EYUS1(50),EYUS2(50), EYUS3(90)abUSICSO).tUSZ(bU) EUS3
3(50)2EJ54(50),EXDS1(50), ex032(50) EXDS3(50),EYDSL(50),EYUS2(50),EY
4NS3(50),ENS1(50), EDS?(50) EUSS(SQ) EDS4(50),ECL,EC2, tcs EC4,EXY, EX
5y1,EXY2,FXY3,EXUS(50),EYUS(50),ExDS(50),EYDS(50), EPOL(50>

COMMIN T(50) 71(50).72(50> 73(50).74(50: TX1(50),TX2¢(50),TX3¢(50),T
1v1¢50>.rva<50>,7vs(50> TX(50),TY(50), Tutsn).rus1<50> 7us=&50).rusa
2(50),TJS4(50),TC1,TC2,TC3,TC4,TXYY, rxvz.rxvs TXUS1(50),TXUS2¢(50),T
IXUS3(50), TYUSL(50),TYUS2¢50),TYUS3(50),IXDS1(50), 1xusz<50).rxusscs,
40),TYDSL(50), TYUS2(50) TYDS3¢59),TXY,TUS(50), TDS(SO).TDSl(SU).TDS£
5(50),TUS3(50),TUS4(50),TMUS(50), TXUS(SU) rvus<50) TMDS(50) o

COMMIN TXDS(50),TYDS(50),TMC e

COMMIN RX(50),RY(50),RM(50),RMUS(50),RMUS(50),RNMC, RXUS(SO) Rvus<su«%v
1),°X0S(50),RYUS(50),RXY ’

COMMIN DIFFH(50),DIFFA(50),DIFFM(50)

CO“MIN QX{50), OM(bP) 0Y(50) CODSIP,CODPAS,CUDCUT, conwxu COD&XT

NOMMIN NHCON(2), UROL()):OPAS(E);QQL(SI 61),000¢ 3¢, 61).CODEXC -

COMMON Eti(4) EE2(4),EE3(4),EE4(4),AR0(4), AAH(4) TT1(4),TT2(4),
1TT1(4).TT4(4).TTU81(4) TTUSZ(4)¢TTU53(4J TTUS4(4) TT081(4) TTDS2(4
2),TT053(4),TTDS4(4),EEUS1(4),EEUS2(4),ELUS3(4),EEUS4(4),EEDSL(4),E
3EDS2(4),EEDS3(4),EEDS4(4), AADUS(4),AAHUS(4), AAODS(4) AAHDS(4) ‘

C GEOL PROGRAM TO COMPUTE CROSS SECTIONAL AREA,TOP WIDTH AND HYDRAULIC MEA!
C DEPTH OF MAIN CHANNELS AT THE UPATREAM AND UOHNbTREAM ENDS OF "THE BRANCH
v [F(HC=EC1)60,60,61 4 e
60 TMC=TC1 : f~;i,¢
AMC Aou-(TCleCd)lz.'(E02~501) (7c1~1nc»/2 '(ECIuHC) . e
61 1r<nu-sc7aaz 62,63
62 TMC=TCLe(TC2w rcx»-ch.501>/<Ecz-Eci
AMC=AUC=(TMC#TC2)/2,%(EC2=HC)
GO TJ 68
63 IF(H3-EC3)64,64,65 S
- 64 TMCs TC2¢(TCS-TCZ)-(HC-ECZ)/‘ECG-ECZ) '
' AMC=ADC+ (TMC#TCZ) /2, % (HCwEC2) Lo
GG T 68
65 IF(HCeECA)66,66,67. ' b
66 TMC=TCS¢(TC4~TCJ)t(HC-ECS)/(EC4-EC3)ff
AMR=AHCe (TC4+TMC) /2, #(EC4=HC) e
GO T2 68
67 TMC=TGA
AMCIAHCHTU4w (HC=EC4)
902 FORMAT(1X,315)



http:AMC=AHCP(TC4*Ttl(;)/2,*(E-C4.HC
http:40)oTYDSI(50),TYUS2(50)tTYDS3(5n)tTXYlTUS(50)iTDS(50)#TPSI(50)oTD.SZ

15,54

68
900
901

904

903
603
602

604

600

15

ENTRY

BuocK

EXTERNAL syngoLs,
00416 SYM3OLS

'THC:TMC#CUDSIPAU 10

'RMC=AMC/THC#CODS 1P+ 0, 0q
EKHCBl./ENMCtAMb*RHC&tO”aay
RETUSN
END

IF(AMCwp, 01)9¢e0, 900 901
AMC=0,01

RHr:AMC/TMC
IFtI3=25)600, 904,903
AMC:AMC.CODCUT*OODNID/40,¢0 01
TMCaTMC«CODGUT#CNDW]D/ 40, «0, 110
RMCuAMC/TMC#CODCUT0, 04
GO T3 600

IF¢]3«30)602, 602,603
!F(13—33)604 604 600
AMP:AMC&CODPAS#D 01
TMP:YHC*CODPAS&U 010 ' .
RnchMu/TMCtCODPAS¢0 01
G0 TIJ 600 . S
AMC=AMC+CODSIP#U 01

oo MENT

POINTS'
0501

NAMES

2307111

GEOY

32730774

B ED 2
N Kl
Pt
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SURROUTINE GEQ2 H )
COMMON N,G,U,C(90),P(BL00),MX,MY,NNODE, NBAN, M,NN,NTIME, NDAY, CODPOL
COMMON nELxcsO).DELxx<50).DEva<5oa.*Lraxtsu)aAL*AYCSO’ L,18

COMMAIN Q(50,2),H{50,2),QL(50,2),DQL(B0),SUMA(50) ,NMK

COMMIN zr<50),~uxn anrE JHOUR, IMIN, IDELT, DELT,ZET(50)

COMMON A(50), AM(SO),AH<50>.A0¢50).Ax<50).Avcso> AXY,ADC,AHC,ADYS(D
10),A4US(50), AHC AMUS(50),AXUS(50),AYUS(20),AUS{50),A0DS(%50)AHDS(S
20), AﬂDS(SO).AXDS(SO).AYDS(SO) Auscso).rdso:.sraAogssw.sreA7csﬂ> sf .
3PoL(50) ,

COMMAIN HUD(50),HUS(50),HDS(50),HE

COMMON ENX(50),ENM(50),ENY(50) ,EKX(50),EKM(50),EKY(50),EM(50),EKXU
15(%0) EKMuscso>.exvus<50).exxus<sow EKMDS(50), EKvDS(so: ENxv,erv,
2SUMK(50), ENMC, EXMC, EMUS(50),EMDS(50)

COMMON EX{50), evcso).61<50) E2(50),E3(50),E4(50),EYL(50),EY2(50),k
1vs(sur.sx1<so> Ex2(50),Ex3(50), EBAT(BD).EBAO(50) EXUS1(50),EXUS2(>
20),EXUS3(50), hYUSl(SO).EYUSZ(SO) EYUS3(20), husz<50) euszcso) EUST
3(50),EJS4(50),EXDS1(50), Exnsacso),Ex053<50).evns1(50a.tvoszcso> EY
4953(50),5 sm<50> ensz<50),euss<so),Eusatso; EC1,EC2,EC3,EC4,EXY,EX
5Y1,EXY2,EXY3, Exus<so> EYUS(50),ExXDS(50)EYDS(50), EPOL(so)

COMMON' T(SU).Ti(SU) 72<50) T3(50),T4¢50),TX1(50),TX2(50),TX3(50),T
1Y1(50),TY2(50),TY3(50),%Tx gso),rvgso: rM(so),7u51¢50;,ruszcso:.ruso
2(5%0),TJS4(50), Tbi TC2,TC3,TC4, rxv1.1xvz.rxvs TXUS1(S50), TXUS2(50),T
IXUS3(50),TYUS1(50), rvus2<50).7vus3450) TXDS1(50),TXDS2¢(50), TXDS3(5
40),TYLS1¢50), rvuszcsoa TYDS3(50),TXY,TUS(50), ruscsu) TDSI(50).TDS¢
5¢50), rosxcso> TDS4(50), TMUS(SD).TXUS(sol TYUS(SO) TMDS(50) o

COMMIN rxus«so:.rvnscsu) TMC :

COMMIN RX(50),RY(50), RH(SD) RMUS (50) ,RMUS(50) ,RMC, RXUS(50), Rvuscsu, -
1),RXDS(50),RYDS(S0),RXY .

COMMIN DIFFH(50), DIFFA(BO) DIFFM(50)

LOMMON QX(50),0M(50),QY(50),CODSIP,CODPAS, CODCUT,CODW]D, CODEXT

GOMMIN uac~(2>.aaoL¢2) opnscz).ooucsx,oxx 0QQ(31,61),CODEXC
 COMMIN EEL1(4), EE2(4) EE3(4),EF4(4),AA0(4), AAH(Q) TT1(4),TT2(4),
1773¢4), TT4(4)pTTUSI(4) TTUSZ 4) TTUS3(4), Trus4<4).rrusxca; TTDS2(4
2),TTDS3(4),TTDS4¢4),EEUSL(4), eeus2<4) E:uss<4> EEYS4(4) ,EEDS1(4),E
senszc4>,esuss<4> EEDS4(4),AAOUS(4),AAHUS(4), AAODS(4),AAHDS(4)

€ GEO2 PROGRAM TO COMPUTE CROSS SECTIONAL AREAS,TOP WIDTH AND HYDRAULIC MEAN
C DEPTH OF FLOOU PLAIN OR BERM SECTIONS AT TH= UPSTRbAM ANU DOWNSTREAM ENDS OF
-~ C THE BRANSH
IF(HCEXY) 40,40, 41
40 AXYa0,

TXY'OQ

RXVIO.

GO T 448

41 IF(4C~EXY1)42,42,43
42'TXY:TXYi/(EXYl-hxv)'(HC-EXY)

AXY31,/2,#TXY*(HC=EXY)

GO 1) 43

43 JF(HC=-EXY2)44,44,45

44 TXYtTXY1¢<TXYZ-TXYi)/(EXYZ-Exvx)-¢H0~EXY1) , S
ggv;g :g.-rxy1w<sxv1-exv>~1./2 -ctxvtorXV)tcuc-exvi» .

45 [F(HC~EXYS)46,46,47 ey

46 rxvarxvzo(rxva Txva)/<exv3-exvz’.(Hc-exvz> ' -

AXY31,/72,*TXYLw(EXYL1eEXY)el,/2, t(TXY&#?XYZ)*(EXYZ-ExYllti [242(TXY
12+ TXY) #(HC=EXY2) T

‘AN wAa Ao




5,54 - C36 - 12730774

47 TXYaTXYE | o |
C AXYS1,/2, 4 TXYL8(EXYLEXY)#1, /2, # (TXYL4TXY2) # (EXY2EXY1)e .y
126 TXY3) 4 (EXY3=EXY2) # (HCoBXYS) 2 TxY3 PHUEXY2REXYLIeL,/2, 0TXY
48 RXY3AXY/TXY
448 EKXYmL,/ENXY®AXYeRXY%®0, 667
RETUAN
END

40S . GEN!

PROGRAM LENGTH

ENTRY POINTS
T aE%2

BLOCK NAMES

EXTERNAL SYMBQLS e
- 02907112 ‘e8eDicT;
00404 SYMBNLS Sttt



- €37 - 12730774

SURRIUTINE GEOD ' o

COMMAON N, G,U,C(90),P(8100),MX,MY, NNODE, NBAN, M, NN, NTIME, NDAY, CODPOL,

COMMIN DELX(50)2DELXX(50),DELXY(50),ALFAX(50),ALFAY(50),L,1B

COMMON Q(50,2),H(50,2),QL(50,2),D0L(50),SUMG(50) ,NNK

COMMIN Z1(50),NLIM,IDATE, IHOUR, IMIN, IDELT,DELT,ZET(50)

C COMMIN A(50),AM(50),AH(50),A0(50),AX(50),AY(50),AXY,AOC,ANC,AQUS(S
10).AHUS(50).ANC.AHUS(50),AXUS(50),AYUS(?O),Aus(so),guus(so)'AHDS(?
30).A103(50>.AXDS¢50).AYDS(50).ADS(EO).F(SO).SFBAO(SO),sragr<sn;,5t

POL(50)

COMMON HUD(50),HUS(50),HNS(50),HC

GOMMIN ENX(50),ENM{SD) ,ENY(50) ,EKX(50) ,EKM(50),EKY(50),EM(50) 4 EKXU
15(57) 2 EKMUS(50) s EKYUS(50) ,EKXDS(50),EKMIS(50),EKYDS(50), ENXY, EKXY,
2SUMK(50), ENMC,EXMG, EMUS(50) ,EMDS(50)

COMMIN EX(50),EY(50),EL(507,E2(50),E3(50),E4(50),EYL1(50),EY2¢(50),E
1¥3¢50),EXL1(50),Ex2¢50),Ex3(50),EBAT(50),EBAO(50),EXUS1(50),ExXUS2(3
20),EXUS3(50),EYUS1(50),EYUS2(50),EYUSI(¢30),EUSL(50),EUS2(50),EUSS
3(50).5334(50),EXD81(50),ExDSZ(Sn),EXDSS(SD).EY081(50),§Y082(50),EY
4033(50),EDS1(50),EDS2(50),EDS3(50) ,EDS4(50),ECL,EC2,ECS, EC4, EXY,EX
5Y1,EXY2,EXY3,EXUS(50),EYUS(50),EXDS(50)EYDS(50),EFOL(50)

COMMIN T(50),T1(50),T2(50),T3(53),T4(50),Tx1(50),T%2¢(50),TX3(50),T
1Y1t50).7¥2(50),TYJ(SO),Tx¢50).Tv¢50),TM(SU).TUS1(50).TUSZ(Su;,Tus§
2(50),TJ54(50),T01,TC2,TC3,TC4, TXYL, TXY2, TXYS, TXUSL(50),TXUS2(50),1
3XUS3(50), TYUSL(50),7YUS2(50),TYUSS(50), [XDS1(50),TX0S52(50),TXDS3(3
40),TYDS1(50),TYDS2¢50),TYDS3(50), TXY,TUS(50),TDS(50),TUS1(50),7DS2
5(50),T0S3(50),TUS4(50),TMUS(50),TXUS{50),TYUS(50),T4US(50)

COMMIN TXDS(50),TYDS(50),THC .

GOMMIN RX(50),RY(50),RM(50;,RMUS(50),RMUS(50),RMC,RXUS(50),RYUS(50
1),7X05(50),RYDS(50),RXY - :

COMMIN DIFFH(50),0IFFA(50),D1FFM(50) |

COMMIN QX(50),0M(50),QY(50),C0DS1P,CODPAS,CODCUT,CUDW]D, CODEXT

GOMMON QBCN(2),3B0L(2),QA5(2),00L(31,61),000¢31,61),C0DEXC
~ COMMIN EE1(4),EE2(4) JEES(4),EE4(4),AAD(4), AAH(4),TTL1(4),TT2(4),
1773(4)0TT4(4);TTU51(4)oTTUSZ(Q),TTUS3(4I,TTUSQ(G,,TYPSl(Q)'TTDSZ‘Q
2),TTDS3(4),TTDS4(4),EEUSL(4),EEYs2(4),EEUSI(4),EEUS4(4),EEDSI(4),E
3EDS2(4) ,EEDS3(4) ,EEDS4(4),AADUS(4),AAHUS(4),AADDS(4),AAHDS(4)

IE0 PRNGRAM TU COMPUTE CROSS SECTIONAL AREA,TOP WIDTH ANU HYDRAULIC MEAN DEPTH
3 MAIN CHANNELS AND BERM SECTIONS OF THE FLOOD PLAINS AT THE MID OF BRANCH
DO 9001s1,NBAN o )
IF(HJDCI)=E1(]1))60,60,6%
60 TM(I)=aTy (1) v o R ' | .
1eHtD(I)) : Ty S e e S
GO T) 68 ‘ R Ty .
61 IF(HJDC(IY=E2(1)162,62,63 ‘ R
62 TMrI)371(1)*(T2<l)-Yi(!))t(HUDcl)-E1(l))/(E2{15551({,
AM{I)EADCI)w(TML ) #T2(1)) /2, w(E2¢)aHUD(I)) =" o
GO T2 58 RS
63 IF(HJD(I)=ES(1))64,64,65 et
64 TH(I)ST2(1)e(TICII~T2¢1))w(HUD(])=ERC1)I/(ES(I)eE2(]D )
AM(I)=AD(L)+(TMC1)eT2(1) )72, «(HUD(T)wER(T)) - Rl
‘GO TO 68 .

66 TMCT)BTS(1)+(TACII<T3(1) ) (HUDC]I=ESC1))/(EA(1IE3(I)).
60 T) 68 -

67 TM(1)aT4(l)



http:tF(50)*SFHAO(50)oSF8AT(50)#.St

i5,54

68

a0
69

606

605
603
602

604
S TMCT)ETMC1)«CODSIPe0,10
O RMEI)=AMCE)/TH( L) #CODSIPe0, 01"
600

U RXYsEXCD)

CRMC])EAMCI) /TMC 1) *CODPAS 40, 01 '}f

sassosre

An(1)=AH(1)¢T4(1)t¢HUD(I)-E4(l))«;
IFCAM(1)=0, 01)20 20,69 N .
AM(¢1)=0,01

RM(I’GAH(I)/TM(l)
IF(1=25)600,606,605
AM(I)SAH(l)*CUDLUT*CDDHID/4O «0,01
TM(!):TH(l)‘CODLUT*CODHID/40 «0,10:
RH(!’EAH(1)/TM(l)vFODCUTOU 01
G0 TO 600 :

IF([ 30)602,602,603
IF(1=33)604,604,600
AMC1)sAN{1)*CODPAS+0, 01
TM¢(1)=TH(1)«CODPAS+0,40

GO TJ 600
AM(1)sAM(1)«CODSIP«0,01

EKM(I)= 1./ENM(l)tAM(I)tRH(l)*'° 664,

o EXYLSEXA(
- EXY2=EX2(

L TXYLETXL(

45
46

47

48
4148

700

0
[
- I
o EXY3=2EX3(1) .
1)~
1)
I)

fﬁxrcHJntx)-ExY1>aa 42,43

ENYYSENN(

TXY23TX2(
FTKYS TK3(

-:Txvsrxvz/(Exvl-txvarcﬂunc1 ot

G0 T2 48 |

1IF¢(HIDC]) - EXYZ)44 44, 45 .

TXYs TXY1*<TXYZ-Tin)/(EXYZ-EXYi o(HuU(I)-EXY1>

AXYs= 3.22 -rxv1w<=xvi-exv»o1 /2.*(Tx71¢7xv)*(HuD¢1)'Exv1)

GO 7 A .

IF¢HJIDC]) = EkYS)aé,db 47 R

TXY:TXY?*(TXY6-TXY2)/(EXY3-ExY2)w(HuD(I)-EXYZ)

AXY=1l,72, *TXYit(EXYlexv)oi,/u.a(TXYI"Tx y
12+TXY)#(HUD(I)wEXY2) _

GO TO 48 |

TXY=TXY3 L .

AXY21,/2,*TXYLw(EXYL~ Exv)ti /2 '(TXYi ,XYZ)'(EXY2-EXY1>+1./2 *(TXY
12¢TXY3)*(EXY3 EXYZ)«(HUD(!)-EXYS)tTXY o

RXYaAXY/TXY P

EKXY2L,/ENXY#AXY#RXY#%0,667 -

GO TJ (700,701),1C0DE v

AX(1)=AXY

TX(I)=TXY

RX(TI)zRXY

EK¥(I)sEKXY

2-EXY1)01,/2,%(TXY



v5,5A

EXYsEY(])
ExyiskvYi(l)
EXY2¢eEY2(1)
EXY3sEY3(1])
TxylsTYL(])
TXy2sTY2(!)
TXY3sTY3(!)
ENXYsENY(])
1CoDEs2
GO T 704
701 AY(1)=AXY
TY(Dl)eTXY
RY(1)=3XY
EKY(1)sEKXY
900 CONTINUE
RETIIN
END

405 GED

PROGRAM LENGTH

ENTRY POINTS L

CEI 00003
 BLOCK NAMES ¥
46451
EXTERNAL SYMBOLS i
. 62207111 Q80DICT

AAATS fvaMIAL O



.Ns.’ 5‘ ‘ - 040 o |
ﬂ-LwSUBRDUT!NE BAthR(HR HS,Q)

_ SUBROUTINE FOR THE BARRIER CONCEPT NUMBER' 1

YL & DE3TH OF WATER UPSTREAM(METRE)

©°Y2 = DEATH OF WATER DOWNSTREAM, OCEAN SIDE( METRE)

HR = WATER SURFAGCE ELEVATION ABOVE MSL IN THE RIVER SIDE
HS s WATER SURFACE ELEVATION ABOVE “SL IN THE SEA SIDE -

-@ s DISCHARGE THROUGH BARRIER( METRE3/SEC)

~ USE FRANCIS SUBMERGED WE]R FURNULAR, P1224 DAVIS o
SEE DEFINITION SKETGH 0N BACK OF TH!S CARD - TR R

jcnooononng@

SiMs S5,
Yiz SLYeHR
Y2z 3LMeHS
€ TO CONVERT CONSTANTS TO FEET
. -+ PGs 1,78/0,3048" ,
PWs 6,1/0, 3048
ALG= 21,/0,3048
RLiW= 25 /0, 3048 SR
'PATES 15. s
WEIRs 4, ‘
YiN= Y1/0.3045
yans Y2ay/o, 3048 o o
IFC(YIN,LY,0,) GO TO 1
IFCeYIN,LE, PG’ G0 TO0 2
IF(Y1N,LE, YZN) UO 10 2
: IF(Y2N,LT,PG) GO TO' 5 : o
9 QAGCF 3= GATEtS 36*RLG*SQRT(Y1NWY2N)t(YlNBPGtO 3810(Y2N-PG”#
QG=s ¢, 0285tQGCFS . : S R
RO T 6
5 Y2Ns P3 _
- B0 T3 9 , L
é IFCYIN,LE,PH) GU TN 3 : ‘ A
IF(Y2N,LT PW) G0 107 : e
10 OWCFS= WEINe3 Jd-RLﬂ*SQRT(YlN'YZN)*(YiN"PH*U 331v(YaN'PN))f
‘n“' e UZBthHCFS
: - 60 TJ 8
7 Y2Na Pd
g GO TI 19
| s 03¢3AW
A 80 TI 4

1 WRITE(64,100)
100 EORMAT(/* Yi !S,LesﬂfanN ZERD, IMPOSSIBLE, SET Qmgw/)
2 3 0, .
60 T 4
3 ‘O= Q3
4 RETHAN

,40S  BARJER

PROGRAM LENGTH

ENTRY POINTS :
BARIER 00016

EXTERNAL SYMBOLS R R e
THEND, asapycT, . SQRTF . spH,
00101 SYMBOLS IR S .

ST e


http:QlO.3.3W
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INS(5A . = CAl - 12/30/74
SUHPOUT!N& SINQLA, 8 No KS)
- NIMENSION A(1), H(1) s
cmSIMDePQOJRAH 10 lNVbRbF THE MATR!X
QZFORHARD SOLUTION o
: T0L=0,0
KSeN
JJa=N
DO 63J21,N
CooJymder
o HIGAsO:
‘ _'”g!TzJJ-J s _
e nn 301=Jd,N
c SEARCH FIR HAX!MUM bOhFF!ClENT V CD!UMN
T el TRl S o
riv !F(ABS(thA)-ABb(A(lJ)))ZO 60 30
20 BIGASA(CTIJY - - v
S IMaxel
;30 CONTINJE o
€ TEST FOR PIVOT LESS THAM.
o IF(ABS(BIGA)-TOL)35 65,40
'35 KSs1 , F
: RETUIN -
C. INTERCHANGE ROWS lF thESSAR '
S 40 1imJeNs(d=2) ERt
1Ta!MAXed
. Lo 50K=J,N
S lixlieN
12s11¢17
SAVEsA(IL) .
. A(l1)sA(l2)
e A(12)=SAVE :
C DIVIDE EJUATION BY LEADIN
-1 A(!i)sﬁtll)IBlGA v
SAVE=B(]MAX) o
ROIMAXIRB(J) - oo
C H(J):SAVE/HXBA
C ELIMINATE NEXT' VARIAULF
o IF(J=N)55,70,55
55 10Sz\Nw(J=1) .
NO 651XsJY,N.
IXJeIQSeIX
ITaJ=1X
NN 60JXeJY,N '
o !XJX:Nt(Jxvi)olx
S X IX Xl T e
B 80 A(XXJX):A(lXJX)-tA(lXJ)tA(JJx)
Lo 85 REIXI=B(IX)- (B(J)wﬁ(!xJ))
;cC\BACK SOLJTION ‘
70 NYsh=1
[TsMNaN
Q-ﬂ ’DORnJ=1 NY
S lAmlTed
- l8sh-J
~1CsH
”.DO 80K:3 J

NGULAR. MATRIX):.




32730774

“'J;aB(!B)IQ(IB)OA AY*B(IC)
IA:]‘-V~3“‘

80 ICCXu.I

= ’ARETU?N

EXTERNAL SYMBOLS
| n8aniIcT,
oo:sa SYMSQLS



NS, 5A

aauacaoaoqgoaaaaaoaaoaoacaaca

Ao ao

100

v R

10

1110
1111

1112

- C43 - %2/30/74

SUBRIUTINE DESNIM(QIQ)
esosversew  BIUAL RIVER BASIN FLOOD CONTROL STUDY bbbl Add
avews PROGRAM TO ESTIMATE (1) 1970 FLO0U HYDROGRAPH FOR [NPUT wwew
sesss TN MODEL UALIBRATION aND, (2) DESIGN FLOOD HYDROGRAPHS  waw
pesss FOR STUDY CF DESIGN ALTERNATIVES, LA A A
R(K,1) » RAINFALLTIY MM) FOR STATJON K AT DAy I .
AA(K, 1) = ACCUMULATED 2¢DAY RAINFALL FOR STATION K AT DAY I
180¢1) « CODE NUMBER OF GABGED WATERSHED IN 100 SERIES
1Uc(1) = CODE MUMHBER OF UNGAGED WATERSHED IN 200 SERIES
F(1) = FLOJDPLAIN RJUNOFF FOR LAY 1 IN CHS
U(J, 1) ~ RUNDFF(IN CHS) OF UNGAGED WATERSHEU J AT DAY ]
G(J,1) = RUNOFF(IN CMS) OF GAGED WATERSHED J AT DAY |
RC(X) = RUNOFF COEFSICIENT FOR AREA K e
NG¢1),0IM1(l1), DIM2(1) » DRNINATES OF DISTRIBUTION GRAPH AT DAY l
VA1) < 2=DAY RAINFALL [N UNITS OF CMS ‘
nGel) - SUMMATION OF HYDROGRAPHS(IN CMS! FRUM GAGEB NATERSH&DS
FOR THE NUDE o
aU(lY = SUMMATIUN OF HYDROGRAPHS (IN CHMS) FORM UNGAGED NATERSH&DSQj;
Fo» THE NOUE B
0eY) = SOME DUMMY HYDROGRAPH
1C¢1) « SOME DUMMY DATE '
NIMENSION R(4,99),RA(4,95),D6(10y,VA(95),0(95), 000(31,61).
«RC(5),3(9,95),U(70,95),16C(21),11uC(21),t(95), DlMl(lO) DI"Z(lU)
+NG(25),QU(95), RL1(4)'RCZ(4) R1(4,95), R2(4 95) ‘
DATA(NIG=8), {NOUG=63), (NNODE=22)
READ(60,109) KOUE
"REAN(AD,100) IST,IDT,IAX,IBL,IHBA,I188, le
FORMAT(4AL,3A2) I L
RATM2,AING,2AINL4,JAINDES - RFaPECTlVbLY TH - DE
FOR STATIONS 2, €, 14 AND BASIN N
REAN(AD,102) RAINZ,IAING,RAINLSE, RAINDE @
QUNNTF COEFFICIENTS, RC(1), 121s2, AND $ RESPECTIV F
ND ‘ I=4 FUP ;LOJ“PLA!N AQEA L e T e G T
QEAD(60,102) (RL1(1),121,4)
READ(60,102) (RPL2(1),]=21,4)
RPA“(bO,_J’) (nivicny, 1:1 10)
READ(6D0,102) (siMe(l),la21,10)

ER,C3 - ReGRES3LION COLFF!LEVTa oF eAse‘rLa

Q3 = SXP(CH)eAwrEB
READ(A0,102) ER,CH
MATLY QA!NFALL UATA; R‘K.!)' Kﬂl 2’
FOR IAINGAGE STATION 2,6, AND 14 <
ny 13 %X=1,3 L
READCS0,101) (RI(K, 1), 131050) f
REAN(S0,101) (Rl(Kol,o 1a31, 51)
READCSD,101) (RI(K 1y, 1362,91)
COMTINJE
N0 1110 K=21,3
QEAD(K0,101) (R2(K,[), 1=1,30)
READ(80,101) (R2(K,1), [s3%,561)
READ(60,101) (RZ(K, D), =62, 1)
COMNTINJE ‘
IF (kD22 kN, 1) 1111,1115
no 1112 K=2,3
no 1112 1=1,9°91
RI(K.!) 2RLIK.1Y

RESPEGTIVELY.
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NS, 5A

aaaoaa

1115
1116

1022

107
1024
5555
5556

- Ly = 1/2

13
14
15
20

23
.22

- 30

B0 TI (5,6,7),K

14 s I+1

- Chh = 13/30/74.

a0 T2 1020
DO 1116 K=1,3

DO 1116 [=1,91
R¢(K,1) = R2(K,])
DO 11 XKa1,3

FACT = RAIN2/RA!NDE
GO TO 8

FACT = RAXNG/RAINDE
80 T2 8

FACT = RAlNld/RA!NDE
DO 9 I=1,91

R(K,1) = R(K, !)iFACT
CONTINVE
FORMAT(16F5,0)
FORMAT(10F8,0)
PORMAT(/,15F7 2)

no 1022 kK=1,8 , &
READ(60, 107) (G(K, X) 1-1,301
READ(60,107) (G(K,!), 1131;6:
READ(60,107) (G(K,1), xn62.91
CONTINJF , o
FORMAT(8F10,0) _
FORMAT (5X, 10FB 3) - , s - .
FORMAT(20X, *RUN OFF COEFFIC;ENT AT THE BEGINING OF LOOU
FORMAT(20X, #RUN OFF COEFF[OIENT*DURIN A

WRITE(561,5555) G e
PRINT 1021,(RCL(1), 1u1 4)
WRITE(63,5556) i
pr T 1021,(R02(I).1-t,_ b S
MEREON TO 20 , CONVERT DALLY _AlNFALL Tu 2“

DO 20 X=1,3 : o B
RA(K,1) = R(K,1)
DO 15 132,91 s

L2 = Ll'ﬁz SR

IF(L2=1) 13, 14;
RA(K, L) 2 0y
G0 73 15 L

RACK, [} 3 R(K, x) - R(Kall)

CONTINUE

CONT INUE

KODE = 3 INCASE THIS PROGRAM IS USED YO COMPUTE THE HYDROLOGIC
INPUTS TO MODEL CALISBRATION, OTHERW]SE TO F{NAl, MODEL (WHERE ALL
WATERSHEDS ARE LONSJDERED UNGAGED

HEREIN TO 11, THE INPUTED RAINFALL DATA ARE CONVERTED INTO
NON#UNIFORM DISTRIBUTION OVER THE BASIN BY A VALUE FACT

nO 200 KLai,2

40 10 (21,35),KL

IF (KODE,EQ,1) 22,34

Do 30 Kai,8

READ(60,105) INC,A,W,1S

CONT INUE

0. 10 200

- NOG = TOTAL NUMBER OF GAGED HATERSHEDS



INS, 58 | = CA5 - 12/30/74

c VOUG - TOTAlL NUMBER OF UNGAGED WATERSHEULS (INCLUDING FLOODPLA]N
c 'AREAS) USED
34 N1 3 NIG
‘a0 TO 38
3% N1 = NOUG
38 DO 190 JJJ=1,N3
READ(60,105) INC,A,4, 1s
10% FoRMAT(4x.I4 2F8,0,12)

c ROMPJTE BASE FLOW, QB = F(AREA) -
0B & EXP(CB)wAewEH S
c USE OISTRIBUTION GRAPH DIMi(1) FOR A LESS THAN 50 SO KM
c USE DISTRIBUTION GRAPH DIM2(I) FOR A GREATER THAN 50 su LU

1F (A LE,50,) 45,47
4% 'no 46 121, 10
48 NG(l) = n;mxt!a

GO T 49
47 (D0 48 1s1,10
48 ‘DG¢I) = DIM2¢I)
49'!?([3-2) 54,50,5%1 .

50iK=1 v
R0 TJ 55 BETRRE
: ,1|1F(ID'6) 53052'53£ﬁ
52 Ku2 S
xGO T 55
’3 ’Kgx SR ‘ LEY ey A
c CONVERT 2-DAY RMNFALLL 0 RU r

5% 00 60 1g1,91 T
IF¢1,LE,41) 58,%9
88 RO(K) = 'RC1(K) -
G0 TO 60
. 59 qC(K) = RCz(K) S
| 60 VA(L]) = RA(K, I)*RC(K)*A/SG 4
. C HEREIN TO 69 LOMPUTE ToTAL HvuRosnAp
Do 69 1=21,91 :
1F¢l=10) 65 65,07
6% SuM = 0, :
Ny 66 J=1,!1 }
Ja & Ied+l EL
. 66 SUM = SUM DhtJ)tVA(Ji)
N¢1) u SUMN «+ QB :
G0 T2 69
67 Sum = 0,
no 68 J 1,10
Ji & I=J+l
68 SUM = SUM *DG(J)«VA(‘
‘A¢1) = SUM « @B
69 CONTINJE
40 T2 (70,71), KL
70 DO 704 1=1,9i |
701 GeJJJ, 1) = (D)
GO TI 190
74 DO 711 1=1,94
714 U¢JJJ, 1Y) = QD)
190 CONTINJE
200 CONTINJE
c HEREIN TO 300, uxsrn!eure HYDROGRAPH FROH WATERSHEDS AND FLOOD«




TN3,5A - C46 - 12/30/74

:eLAlq TO CORRESPONDING NODE SYSTEM OF MATHEMATICAL MODEL
DD 300 JJJ = 1,NNUDE
IN » NODE NUMBER. IS = RAINGAGE STATION NUMBER, AA= FLOODPLAIN
- AREA NEAR RIVER(INCLUDINA RERMS), NG = NO, OF GAGED WATERSHEDS
MU = N2, OF UNGARED WATERSHEDNS
READ(60,109) IN,IS,AA,NG,NY
109 FORMAT(215,F6,0,214)
IF(NG,EQ,0) GO TO 72
READ(60,106)C1GC(1),Is%,NG)
72 CONTINJE
IF(NJ.EQ,0) GO TO 75
READ(60, Oo><1u0cx).x-1 NU)
106 FORMAT(2014) : i
, 60 T3 75
75 CONTINJE oo
C IF(1S=2) 77, 76177_
76 Ka1 -
o 60 T 80 ¢
77 IF(13n6) 79,78,79
‘78 KB? R f%TﬁH:
.60 TO 8¢

aoa .o

79 Ke3 v o
C CONPJTE FLOODPLAIN*RUNOFF
< 80 DO 831 1s1, 91
 IF(1,LE,41) B8, ¢
88 RCt4) = RCI(4)‘
© GO TO 81 PR
89 RCt4) RC°(4)
81 F(1) = RUK,1)eARSRC(4) /86 M s
c HEREON TO 85 COMPUTE OTAL DISCHAR
] Do ab I 1, 01 : R
SUg = 0, i
su2 = 0,
DO B2 Jel,NG
KK = IGC(J) = 100
82 SU1 = SUL + G(KK,[)
O BGCI) = oSUL o
DN 83 J=1,NU =
. KK ® lUC(J)Y=200 -
‘83 SU2 = SU2 »+ U(KK l)
. ‘ QU(!) a Su2
/85 0(1) = SUL+5U2+F (1)
DO 5091=231,91
‘ 1[a]~30
509 QQQ(JIJ,I1D)=Q(])
300 CONTIWJE
N 310K=23,31
No J16J=a1,61
310 0Q0(X.,Jd)=0,
RETURN
END




, 408 DESNIN

PROGRAM LEYGTH

ENTRY POINTS L
DESNIN 22656

EXTERNAL SYMBOLS
THEND,
ONS]VGL.,

00411 SYMSOLS
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sunnnurxub rquL1<x DELT,0UT, PHASE)
c suanourtns 10 GIVE THE WATER SURFACE ELEVATION ON THE SEA SIDE OF
C  THE BARRIER AT BALUNGAY, WIND SET UP DYE TO TYPHOON S INCLUDED,
C THIS SUBROUTINE 1S ALSO USE TO GIVE SEA LEVEL AT BARCELONA
C THIS SUBROUTINE MUST USE SUBROUTINE BMET
C 0OUT IS THE HATER SURFACE ELEVATION ABOVE MSL, IN METER
C 1 JS THE INDEX » 0,1,2,444,
C DELT IS THE TIME INTERVAL IN HOUR
c
c
c
c
c
c
c

PHASE(JNPUT) .IS THE SHIFTING OF THE TIME OF OCCURANCE OF TYPHOON,
UNJT OF PHASE 1S IN HOUR, EXAMPLE« PHASEz 0, MEANS THE PEAK OF
TYPHOON TIDE COINCIDES wlTH THE PEAK OF ASTRO TIDE, PHASEs 2,5
MEANS THE/PEAK OF TYPHOON TIDE 1S 2,5 HOURS APTLR THE PEAK OF
ASTRO TIDE( AT BALONGAY), . ;

PHASE SHOULD BE BETWEEM 0, AND «24, HOURS,

NOTE- THE VALUE OF PHASE MUST BHE THE SAME HOTH FOR TIDALi AND T!DALZ

ETACX)® 0,658%SIN((2,#3,1416wX)/12, 421‘1,571) o .
Sell ,116#SIN((2.n3, 1436-X)/25 B819e0,92)
SeN,1284SINC(2,»3,14164X)/23,93440,393)
Stﬂ.lz?'SlN((z ~5,1416*X)/24 06644,0)
SeN,T4L«SINC(2,#8,1426¢X)/11,967+0,543)
$+0,098xSINC(2, w& 1416*X)/12 658«1,571)
Sufl,209%SINC(2, *3 1416«x)/3ﬂ4 366.0 922) - £

DAYz TIME IN DAY FROM THE ORIGIN oF TIME Axts To TH c BEQINING-OF:
RAINFALL: I

NAy=11,75

TY= IwDELT N

Ts Tr+34,5-24, *DAY iy S

TASTI0= ETA(T) - ,75“ :
" CALL BMET(DAY, TT TMET, PHAS

CoulTs TASTRb+TMET i
© o TRETURN - :
. END

aaq

5,405 TIDALY

PROGRAM LEVGTH

ENTRY PO!NTS e
TIDAL'J. 00003

EXTERNAL SYMSOLS
- geanleT,
00036 SYMBOLS
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- SUBRIUTINE BMET(DAY, TIN,ELE,PHASE) '
SUBROUTINE TO GIVE THE VALUE OF TYPHOON TILE AT BALONGAY FROM
MR, YAR ANALYSIS ROUTE NO, 2, . L :
TIN 1S IN HOUR, ELE IS IN METER ABOVE MS|,

LINEAR INTERPOLATION 1S USED
DIMENSION Y(20),T(20)
T(1)s 0,
vyi)s 0,
Y(2)x 24,%DAY#12,+PHASE
Y(Z" 0.
T(3)s T(2)+1,
Y(3)s 0,1
Te4)a T(3)el,
Y(4)s 0,68
T(5)s T(4)+1,
Y(5)s 1,75
T(6)r T(5)sl,
Y(6)s 2,36
~T(7)s T(6)«D,3
T(8)s T(7)e0,2
Y¢(81= 1,8
T(9)z T(8)e0,5
Y‘g,. ’
T¢10)m T(9)+0,2
Y(10)= 0,35
T(L3)s T(10)+0,3
Y(1i)=s 0,2 :
T(12)® T{i1)»1,5
Y(42)= 0,04 R
T(13)e T(12)e2, -
Te14)= T(13)«1000,
Y(14)s 0, - 0
Ke 14 R
Do 1 Isl,K
Je | Lk
- IFCTINGLT,TCD)
4 CONTINJE - oo ff oo
8 ELEs Y(J-l)?ﬁ(Y(U)iYIU
. RETURN = o

aQaoca

=

[y

sLINI AT e T (U L))

F.QDS E E"ET L"ﬁjﬁ@

PROGRAM LENGTH ‘90282 IMET
ENTRY POINTS | .
RMET 00033

EXTERNAL STMBOLS
08APICT,
00042 SYMBOLS


http:SUBRDUT.NE

FINS 54 FIERE - €50 - 12/30/74

SUBRDUTINb TlDAL?(I DELT, OUT PHASE)
‘:SUBRnuTINE TO GIVE THE WATER SURFACE ELEVATIUN AT PASAGAD
WIND SET UP IS8 INCLUDED
~THIS GUSROUTIN& MUST USE SUBROUTINE PMEY
OUT 1S THE WATER SURFACE ELEVATION ABOVE MSL, IN METER
I IS TH: INDEX - 0 10(—...0
- DELT 1S THE TIME 1NT§RVAL IN HOUR
SEE FULL: COMMENTS [N SUBROUTINE TIDLALL
ETA(X)s O, 463nSIN((£ *3,1416«X)/12, 421+0,867)
S0, 241-SIN((2;t6 1416.x>/25 819«1, 571)
‘ 40, 309«SINC(2, 3 11416%X) /23,9340, 198)
S S0, 299+SINC (2, na 1416*X)/24 066#0 674). o
C DAY & TIME .IN DAY FRDM THE DRIG]N OF T;ME AXIS TO THE B&GINING
C~  OF RAINFALL
. DAY=11,75
i TTa I*DELT
i Te TT#33,5-24,%DAY ,
Y0 TASTROs ETACT) :
CALL PMET(DAY,TT, TMET PHASE)
ouTs TASTRO*TMET ;
RETURN
END

'npnonnd

5,405 TIDALZ

A N IDENTP TIUAL2
PROGRAM LENGTI 00165 - ThUAL
ENTRY POINTE .

 TIDALZ 00003
EXTERNAL SYNBOLS
0036 STHBOLS SINE

00036 SYMBOLS
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SURRJUTINE PMET(DAY,TIN,ELE, PHASE) .
SUBROUTINE TO GIVE THE VALUE OF TYPHOON TIVE AT PASACAo rnon |
MR, YAR ANALYSIS ROUTE NO, 2, Rt .
TIN 1S IN HOUR, ELE IS IN METER ABOVE MY ;5,-' {1 ‘  |
LINEAR INTERPOLATION IS USED RETCIRY
VIMENSTON Y(20),7(20)
()= 0,
'(1)s 0,
'(2)= 24,+DAY«13, +PHASE
'(2)= 0,
"(3)s T(2)41,
'(3)e 0,08
‘(4)s qua+1,
Yt4ys 0,47
T(5)= T(4)+1,
Y(5)s 1,03
T(6)= T(5)+0,5
Yi6)s 1,35
T(7)= T(6)+0,5
Y(7)= 2,2 ‘
Te8)s T(7)+0,5
YtRy= 2,78 -
T(9)=z T(8)«0,5
Ye9)=s 2,58 -
T(10)a T(9)+],
T(11=s T(10)+1,
T(12)a T(11)+1,
¥(12)= 0,5 .
T(13)= T(12)+1.;
Y(13)es 0,2 o
'1(149=,T<15)*1,~
Y(14)= 0,02
‘T(15)= r¢14>*1¢~
“Y(15)s 0,
Tt16)= T(1%)¢10m
y(16)= 0,
Ke 16 - ‘
PO 1 1=), K*
el RUC Lt
0 IF(TINGLT, T(lx
1 CONTINUE S
2 ELE= Y(J= 1)+((y(
- RETURN L
END

QA Qg

“30/78

5,405  PMET

PROGRAM LENGTH
ENTRY POINTS S
PHET 00053

EXTERNAL SYMBOLS

n8aDJCT,
nnnas cVMANI §
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",'02 HYDRAULIC AND GEOMETRIC CHARACTERISTICS OF THE SIPOCOT RIVER, BICOL
RIVER AND THE PROPOSED FLOOD CONTROL SCHEMES
~ In the following pages are outlined: (1) the hydraulic
chafact:eristics of the diversion canals and the rivers and their berms;
(2) geometry of the channels, reservoir and lakes; (3) hydrology
‘data input; and (4) other relevant data input. The computer variable
names are also given and correspondingly defined.
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HYDRAULIC AND GEOMETRIC CHARACTERISTICS
'OR BICOL-SIPOCOT RIVERS AND FLOOD CONTROL SCHEMES

BICOL FLOOD CONTROL SIMULATION MODEL

"' ROUGHNESS COEFFICIENTS: LEFT BERM - MAIN CHANNEL - RIGHT BER!

5,0000

5,0000.
%,0000

5,0000
0,0700
'6]9000
46,7500

4,5000

40000
-54,0000
‘940000

350000

000,000
000,000
4500, 000
10500000

86005000
1650, 000
2750, 000

.nsno,nnn_ann.nnnwéngn.oan.gnnn.nnn-gnon,onc.9nfu499n~2§no.

2800,000

ENX(I). ENM(I). ENY(I).

0,1606 5,0000 5,0000 0,1500 5,0000 5,0000 0,1250
0,1050 5,0000 5,0000 0,0750 5,0000 5,0000 0,0700
0,0620 5,0000 5,0000 0,0620 5,0000 0,0600 0,0195
0,049% 5,5000 0,0600 0,0210 0,0600-5,0000 0,0210
0,0220 0,0700 3,0060 0,0290 3,0000 6,0000 0,0345
0,0352 6,9000 6,9000 0,0352. 6,9000 6,9000 0,0352
0,03%0 46,7500 5,7000 0,0310- 5,7000 4,9000 0,0290
0,0270 4,5000 4,9000 0,0300 4,9000 4,8500 0,0295
90290 5,0000 5,0000 1,0000 5,0000 5,8000 4,0000
41,0000 5,0000 5,0000 £,0000 5,0000 5,0000 1,0000.
1,0000 5,0000 5,0000 4,6600 5,0000 5,0000 14,0000
0,0250 5,0000

DISTANCE INTERVALS FOR MAIN CHANNEL IN KILOMETERS

7000,90040000,000 8000000 8006,000. 8000,000.4000,
3200,000 8500,000 17%0,000 7500,000140000,000 6000,

5,0000
5,0000
0,0600
540009
6,0000
6,9000
4,9000
4.8500
5!0000
53,0000

600 .2%00,000
000 45004000

7008,000 -2000,000 .3%00,000 3500,000-7000,000 1000,000 7250000

400¢,000 6000,000 -6000,000 6000,000 6000,000 2800,

' DISTANCE INTERVALS FOR LEFT BERM IN XKILOMETERS .
DELXX(T)

7600,000100:17,000 800c,000 6000,000 800,000 4003,
3200,000 4250,.000 1757,000' 4650,000. 5590,000 -3750,
3600,90C 950,700 3%00,000 1700,00u 440,000 1000,

5708,010

000 2800,000

000 2%40,000
000 2400,000
000 5300,000
000.2000,001
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6000,000 7000,00910000,000 8000, 009 eooo 000 8000, 000 4000,000
1650,000 3200,000 4250,000 1750,000 4650.000 5500.000 3750000
2750,000:3600,000 950,000."3500,00 1700,000 4450,000 1000.000
10500,000 4000,000 6006,000 6noo 000 6000,000 6000,000 2800.000
2800,000 - 57004910 e

LEFT AND RIGHT BANK Bwva'rrons ‘AT MIDDLE OF BRANCHES IN METERS
i uA:NtnummEL*;=~

- EX(I), EY(I
LDO 000*“100.000 100;000 ,100 000 TAUUGVUU LUULUUD LGu,.vuu
.00,000- 100,000 100,000 100,000 100,000 100,000 . 100,000
1,400 4,400 100,000 100, 0007, 1,350 1,350 100000
1,400 4,400 2,500 . 2,500 2,800 2,800 3,880
5,000 5,000 6,300 6,300  6.900  6.900 7,000
7,050 . 7,050 7,600 - 7,800 8,700 8,700 8,700
00,000 100,000 100,000 400,000 1no 000 100,000 100,000
00,000 100,000 ‘100, 000?»100 000 100,000 100,000 100,000
00,000 100,000 "1, 100 12000 e
LEFT AND' RIGHT BANK' ELEVATIONS AT UPSTREAM __ T ——
" MAIN CHANNEL
nxus(x), EYUS(I)
00,000 100,p00 400,000 100,000 100,000 100,000 100,000
100,000 100,000 100,000 400,000 100,000 100,000 100,000
1,600 1,600 100,000 100,000 1,100 - 1,100 100,000
1,700 1,700 3,300 3,300 3,500 3,500 4,200
5,800 5,800 6,800 6,800 7,000 7,000 7,000
7,100 7,100 8,700 8,700 8,700 8,700 8,700
$00,000 100,000 100,000 400,000 100,000 100,000 100,000
100,000 100,000 100,000 400,000 100,000 100,000 100,000
400,000 100,009 1,200 1,200

?500 000
2400 000
2900,000
2800.000

AVUVLUUY
100,000
400,000 -
‘ 3 asp
7 0000

8 700 -
100, OOUQ
100,000 .

100,000
100,000
100,000
4,200
7,000
8,700
100,000
100,000



LEFT AND RIGHT BANK ELEVATIONS 'AT DOWNSTREAM OF BRANCHES IN HBTERS
: SN MAH'CHN%EL : R

05,000

100,000
1,200
1,100
4,200

7,000

100,000
100,000

100,000

10,000

a11380,

«3,000
83000
4,500
«3,3100
'1 550
«0,900
2.600
3,900
1,500
2,700
- 92,520
.1'6.620
'0.4‘0
»4,320

EXDS(I), EYDS(I)

——a e

700,000 100,000 400,000 100,000 100,000 100,000 100, 000
100,000 400,000 400,000 100,000 100,000 100,000 .100, 000.
{,200 400,000 409,000 1.600 1,600 100,000 100,000
1,100 1,700 1,700 F,300 3,300 3,500 3,500
4,200 5,800 5,600 6,800 6,800 7,000 7,000
7,000 7.100 7,100 8,700 8,700 8,700 8,700
100,000 400,000 400,000 100,000 100,000 100,000 100,000
100,000 100,000 400,000 100,000 100,000 200,000..200,000
100,000 1,200  1.200 g
--SPECIFIC ELBVATIONS OF. HIDDLB CROSS SECTIONS OF BRANCHES IN METERS‘
: . MAIN CHANNEL 5w o
51(1), E2(1), E3(I), Eu(I)?
1,800 717,200 2L, 400TT L1000 8,900 14,300 18,500
4,750 10,150 14,350 «0,200 1,700 7,200 11,300
w§,700 . 1,200 4,000 ~2,2%50 1,490 0,100 2,000
*2,400 -1,000 1,100 ~2,500 2,000 »1,000 1,%00
»i,000 0,300 2,000 ~2,500. #1.100 0,150 1,700
»3,250 =0,850 1,250 «2,230 1,350 0,100 1,100
1,000 0,250 1,500 ~2.300. 1,850 =0,250 3,500
»(,200 1,000 3,500 -0,450 0,990 2,250 4,600
v0,250 1,250 3,250 1,500 3,000 5.500 8,500
6,000 7,250 8,400 4.100. 6 350 7,290 9,500
4,700 6,250 8,600 2,000 3,200 . 4,550 7, 500
3,000 5,000 8,300 2,400 3,900 4,500 7,000
*1,233 0,233 0,787 «2,060 1,000 4,000 8,000
0,400 3,400 7,400 =3,080 0,000 3,000 7,000
“0,620 2,400 6,400 <«4,150 «1,200 1.800 5800
2;640 5,640 8.6‘0‘ '00900 2 100 50100 ] 9 10°ﬂ
1,720 4,730 8,720 " '+4,000  «2,320. <0.750.

lhﬂﬂm_



62,000
47,500
44,500
58,000
27,600

96,500

45,600

34,800

45,800
34,800
34,800

78.000
78,000
104,000
- 64,000

118,000
96 000

130,000
85,000
57,500
56,000
83,000
47,500
52,500
50,000
40,800
51,800
40,800

MAIN. CHANNEL

40,800

,; Tl(I), Tz(z), T3(I) Tu(z)

90'000

90,000
115,000
84,000
140,000
161,000
108,000
64,500
65,000
106,000
55,000
67,500
53,870
48,800
59,500
48,800
48,800

30.000

30,000
70,000
59.000
42,500
42,500
25,000
42,000
26,000
25,000
26,000
. 33,000

- 17,600,

28,500
49,600
28,800
220.000

52,000
52,000
111,000
768,000
45,000
45,000
41,000

48,000

41,000
37,500
36,000
50,000
23,600

34,800

55,600

34,800

360.000

BRANCHBS IN METERS

78,000
78,000
156,000
88,000
47,500
47,500
57,500
55,000
57.000
50,000
47,000
67,000
29,600
40,800
61,600
40,800
595.Nnn

SPECIFIC AREAS OF MIDDL ;CROSS SECTIONS OF BRANCHES IN METERS

102,500

102,100
88,500
141,970

. 50,900
25,570
62,800

128,400
95,400

789,200
588,050
384,100
345,770
267,000
209,900

162,100

498,000
588,000

102,560

123,800

119,000

27,700
72,960
27,890
61,500
157,500
662,500

Ao, M)

789,200
658,800
252,000
328,000
367,700
180,140
275,000
595,000
2505,000

102,500
46,600

176,600

73,250
164,000
85,030
95,400
95,400

789,200
261,040

827,300
306,700

341,500
375,700
388,000
388,000

102,500
73,370
95,600

108,930
99,200
84,800
95«400
95,400

90,000
90,000
180,000
102,000
50,000
50,000
70,000
66,500
71,000
64,500
62,000
75,000
37,600
48,800
69,600
48,800
7nNn Nnn

789,200
392,020
202,000
328, 400
2731100
315,000
386,000
388,000
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SPECIFIC ELBVATIONS OF UPSTREAM CROSS SECTIONS. or BRANCHES ™ METERS
. _ . MAIN CHANNEL o

11,450
5,400
.1'. 150
3,000
01.400
-4.200
1,900
l1.350
0,400
3,400
3,900
1,700
«2,000

22,260 .

»3,360
0,210

.:illgquw

SPBCIPIC TOPWIDTHS OF UPSTREAM CROSS SECTIONS OF BRANCHES IN MBTERS
0 JT\“ ‘MAIN CHANNEL : S

30,000
30,000
63,000
27,000
50,000
52,000
41,000
35,500
37,000
33,000
15,000
27,500
40,000
28,800
39,800
28,800

28,600

. Eus;(:), EUS2(I), Eusa(x),zsusq(x);

13,250

7,200

0,500

2,400
'0.400
'2’950
0,209
0,000
0,250
6,800
4,700
3,200
=0,533
0.660-
“0,340
2,870
1,920

52,000

52,000
93,000
42,000
77,500
96,000
62,000
47,500
44,500
58,000
27,000
36,500
45,600

34,800

45,800
34,800

34,800

18,650

12,600
1,400

~1,000

0,900
«0,550

1,450

1,200

1,750
8,050 -

6,250
5,200
0,467
3,660

- e R

2 660

5,870 8
;.QJ?ZOM

““4 920

'78.000-

76,000
104,000
64,000
118,000
130,000
85,000
57,500
56,000
83,000
47,500
52,500
50,000
140,800
51,800
V40,800
40,800

32.850
16,800
4,200
1,100/
2,600 -
1,550
2,700
73,700
3,780 -
9,200

8,600

. 8.500

1'467
7,660
6, 660

870

90.000 | 30;000_
90,000 30,000
115,000 70,000
84,000 - 59,000
140,000 42,500
161,000 42,500
108,000 25,000
64,%00 42,000
65,000 26,000
106,000 25,000
55,000 26,000
67,500 33,000
53,870 17,600
48,800 28,800
59,800 49,600
48,800 28,800
48,800

8 65 i
0 ‘350 -
“1 , 650
3,000
2,340

=2,160

2,300

- »0,250
2,550

;-4;400

0,200
3,400
=1,860
fgngpo

T T e3,880
0,680

2,500

if,;iy TUSI(I) TUS2(I) TUSS(I), Tusu(I)

220,000

2,290

. «0,8%0

2,500,
0,940
'1.090
.1.850
. 1,390
4, 050
6,650
1, 400
4.500
1,200
0,280

2,320

~0.820

'52 ouo§

52,000

"111.000

78,000
45,000
45,000
41,000
48,000
41,000
37,500
36,000
50,000
23,600
34,800
55,600
34,800
360,000

{0, 4%0

0,930

7,750
0.700
’1.500
0,310
0.190
'00250
2,480
6,550
7,550
2,750
5,500
4,200

5,320

0,750

78,000
78,000
156,000
88,000
47,500
47,500
57,500
55,000
57,000
50,000
47,000
67,000
29,600
40,800
61,600
40,800
525,000

45,850

3,280
2,070

20,050
11,850
2,600
1,000
1,860
1.190
3,500
4,800
9,550
9,800
5,700
8,000
8,200
7, 280.
6,070
9,320
2,500

90,000
90,000
180,000
102,000
50,000
50,000
70,000
66.500
73,000
64.500
62,000
75,000
37,600
48,800
69,600
48,800
700,000
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102,500
102,400
88,500
141,970
80,900
25,570
62,800
128,400
95,400

SPECIEIG SLAVH

G“ssa

0,500
1,650
53‘000
2,600
.1.600
4,300
«1,750
'1.400

1,800

3,900

1,300
.30400
.2"800
3,880
'0.680
«1,540

SPECIFIC AREAS OF

789,200
588,050
381,100
345,770
267,000
209,900
162,100
498,000
388,000

10,350

2,300

»1,000
2,400

1,600

«0,350
2,200
©0,400
«0,750
5,200
4,700
2,800
.1,933
0,120
w0 ,860
2,400
&LEQQ

102,500
123,800
119,000
27,700
72,960
27,890
61,500
157,500
662.500

"15 750

7.700
0,900
~1,000
?00300
2,050
«0,950
0,800
0,750
6,450
6,250
4,800
»0,933
3,120
2.140
5,400

4,500

- -C58 -

© AoUS(D), AHUS(T)

789,200
658,800
252,000
328,000
367,700
180,140
275,000
595,000
2505.000

ON OFfDOWNSTREAM cxoss sncrxons'“
o t;MAIN CHANNEL :

19 95nf7

11;900
\3 700
15100»
1:400
4,150
0,300
3,300
2,750
7,600

,80600'
8,100
0,067
7,120
6,140
8,400

102,500
'460600
176,600
73,250
164,000
85,030
95,400

95,400

A'ﬁ 3931(1) EDS?(I), EDS3(I), anu(xi i

5 550'

-0,850
'2.950
=1,900
«2,660
«2,340
~2,300
-0,650

0,450

3,900

3,800

1,400
2,260
«3,360
-4,420
-1.130
=5,500

*UPSTREAH CROSS SECTIONS OF BRANCHES IN'METERS '
' MAIN CHANNEL

789,200

261,040

8270300'

306,700
341,500
375,700
388,000

388,000

7,350
1,050

2,150

-1,400
=1,200
'1'250
'1.850
0,750
1,930
6,190
- 5,000
2,500
0,800
'0'290
i ,470
1,870
»3,850

102,500

73,370
95,600
103,950
99.200
84,800
95,400
95,400

12,750
6,550
0,600
»0,400
«0,010
0,040
;00250
2,050
4,450
7,050
6,350
3,500
3,800
2,720
1,530
4.870
'20250

789,200
392,020
202,000
328,400
273,100
315,000
388,000
388,000

16 950
10,650
1,300
2.100
1,340
1,010
3,500
4 400.
7. 450
9 300
9.390
6,000
7,800
6720
5; 1930
] 87&
«0, 501
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'SPECIFIC TOPWIDTHS OF DOWNSTREAM CROSS SECTIONS OF BRANCHES IN HETBRS
' . MAIN CHANNEL

| ﬂﬂ%ﬁiﬁsl(i),.rnsz(l), TD83(I),’TDSM(I)1,.-

‘30,000 52,000 78,000 90,000 30,000 52,000 90
30,000 52,000 78,000 90,000 30,000 52,000 78,000 90,000
63,000 93,000 104,000 115,000 70,000 111,000 156,000 180,000
27,000 42,000 ~ 64,000 84,000 - 59,000 78,000 88,000 402,000
50,000 77,500 118,000 140,000 42,500 45,000 47,500 50,000
52,000 96,600 130,000 161,000 42,500 45,000 47,500 50,000
41,000 62,000 85,000 108,000 25,000 41,000 57,500 70,000
35,500 47,500 57,500 64,500 42,000 48,000 55,000 66,500
37,000 44,500 56,000 65,000 26,000 41,000 57,000 71,000
33,000 5P,000 B3,000 106,000 25,000 37,500 50,000 64,500
15,000 27,000 47,500 55,000 26,000 36,000 47,000 62,000
27,700 36.500 52,500 67,500 33,800 50,000 67,000 75,000
40,000 45,600 50,000 53,870 17,600 23,600 29,600 37,600
28,800 34,800 40,800 48,800 28,800 34,800 40,800 48,800
39,800 45,300 51,800 59,800 49,600 55,600 61,600 69,600
28,800 34,800 .40,800 48,800 28,800 34,800 40,800 48,800
28,800 34,800 40,800 48,800 220,000 060,000 525,000 700,000
SPECIFIC AREAS:OF wnswgpau cnoss sncr:ovs or BRANCHES“ :

102,500 789,200 402,500 789,200 102,500 789,200 102,500 789,200

102,400 588,050 123,800 658,600 46,600 261,040 73,370 392,020
88,505 381,100 119,000 252,000 176,600 827,300 95,600 202,000

141,970 345,770 27,700 328,000 73,250 306,700 108,950 328,400
50,900 267,000 72,960 367,700 164.000 341,500 99,200 273,100
25,570 209,900 27,830 180,140 85,030 375,700 84,800 315,900
62,800 162,100 61,500 275,000 95,400 388,000 95,400 388,000

128,400 498,009 457,500 595,000 95,400 388,000 95,400 388,000
95,400 384,000 662,500 2505,000 -

78,000




=060 =

SPECIFIC ELEVATIONS OF MIDDLE CROSS SECTIONS OF BRANCHES IN HET
e : DEEPENING SECTIONS MAIN CHANNEL ' 5

EEl(I), 532(1); EBS(I) Ezu(l)

9 500
7 1500

SPECIFIC TOPWIDTHS' OF MIDDLE cnoss sscwxous OF BRANCHE IN,METBRS SPE
| L DEEPFNING szcrxons TMAIN CHANNEL ' L

- TTl(I), TT2(I) Tra<1), TTu(I)

9,200 s.soo,r;«7 650 ' 8,800
8,550 2,200 3.430° 4,700

-SP CIFIC:T_ WIDTHS OF UPSTREAM CROSS SECTIONS OF BRANCHES IN METERS ;
ST - DEERENING SECTIONS, MAIN CHANNEL

"y TTUSL(I), TTUS2(I), TTUS3(I), TTUSH(I)

50,000 50,000 58,00y 107,000 50,000 %0.000 57,500 64,300
50,000 50,000 52,500 55,000 50.000 50,000 57,000 62.000



SPECIFIC AREAS OF UPSTREAM CROSS SECTIONS OF. BRANCHES IN‘HBTERS
‘ DEEPENING SECTIONS, MAIN CHANNBL SR

AAOUS(I), AAHUS(I)

[42;500 402,400 268,000 391,000 250,000

v SPECIFIC TOPWIDTHb OF DOWNSTREAM CROSS SECTIONS OF BRANCHES IN METER‘
v = DEEPENING SECTIONS, MAIN: CHANNEL ‘

“f°'TTDsl(I), TTDS2(I), TTDS3(I), TTDsu(;)'.;3;j

!o 000 750,000 58,000 167,400 53,000 80,000
| 80,000 50,000 52,500 55,000 50,000 50.000

SPECIFIC AREAS OP DOWNSTREAM CROSS SECTIONS OF BRANCHES IN METERSk
R R DEEPENING SECTIONS, MAIN CHANNEL ' “

AAODS(1), AAHDS(I)

. +42,500. 402,600 268,000 394,000 250, ooo 33 50 300 298 300 ¢



see=

}[spnczrxc ELEVATIONS or MIDDLEfJROSSiSECTIONS or BRANCHES IN METERS

100,000
100,000
100,000

100,000
1,900
2,000
2,500
5,000
10,000
10,000
7,200
8,700
100,000
100,000
100,000
100,000

100,000

0,009
6,000
0,000
0,000

3300,000
3300,000
1400,000
50,000
100,000
3300,000
2000,000
3000,000
0,000
0,000
6,000
0,000
0,000

100,000

100,000
100,000
100,009
3,100
3,500
3,700
10,000
10,000

12,100

7,200

8,700
100,000
100,000
100,000
100,000
100,000

0,000

100,000
100,000
5,000
5,000
5,000
15,000
15,000
15,000
10,000
10,000
100,000
100,000
100,000
100,000
100,000

novo o

100,000
100,000

100,000
100,000

100,000
100,000
100,000
100,000

5,000
10,000
10,000

7,350

8.100

8,700

100,000
100,000
100,000
100,000

2,600

100,001

100,000

100,000
100,000
100,000
100,000
7,100
10,000
13,800
7,350
8,100
9,600
100,000
100,000
100,000
100,000
3.500

SPECIFIC TOPWIDTHS OF MIDDLE CROSS SECTIONS F BRANCHBS IN MET

PR A |
0,000 0,000 0
0,000 0,000
0,600 0,000
7800,00014500,000
8200,00013400,000 0,000
3300,000 5200,000 4050,000
1500,000 2400,000 50,000
1000.000 3550,000 300,000
4350,000 5750,000 2000,000
4700,000 5000,000 3500,000
6000,000 7200,000 2250000
0,000 0,000 0,000
0,000 0,000 0,000
0,000 0,000 6,000
0,000 0,000 0,000
0,000 0,000 3700,000

100,000
100,000
100,000
100,000
100,000
100,000
10,000
15,000
15,000
10,000
10,000
10,000
100,000
100,000
100,000
100,000

0,000
0,000

0,000

: 0,000
0,000 0,000
1650,000 2450,000
2700,000 3700,000
3400,000 4400,000
3100,000 3250,000
5700,000 6600,000
2550,000 2900,000
0,000 0,000
0,000 0,000
0.000 0,000
0,000 0,000
6250,00040100,000

0,000


http:3250,1.00
http:SECTIONS.OF
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SPECIFIC ELEVATIONS OF UPSTREAM CROSS SECTIONS OF BRANCHES IN MEIEKS -
RIGHT BERM ‘

100,000
100,000
100,000

2,000
2,300
2,500
5,000
10,000
10,000
7,600
9,150
100,000
100,000

100,000

100,000

100,000

EYUS1(I), EYUS2(I), EYUS3(I)

100,000
100,000
100,000
100,000
2,100
3,500
3,800
153,000
10,000
7,600
10,000
100,000
100,000
400,000
100,000
100,000

06,500

400,000
100,000
100,000
5,000
5,000
5,000
12,500
15,000
12,000
7,600
10,000
100,000
100,000
400,000
100,00p

100,000

100,000

400,000
100,000
100,000
400,000
100,000
5,000
10,000
10,000
7,100
8,800
8,700
100,000
100,000
00,000
100,000

100,000
100.000
100,000
100,000
100,000
100,000
10,000
10,000
13.900
8,300
10,000
9,600
100,000
100,000

.100,000
2,700

8.600

100,000
100,000
100,000
100,000
100,000
100,000
15,000
22,900
15,000
10,000
10,000
10,000
100,000
100,000
100,000
100,000
8,100

spncxrxc TOPWIDTHS or UPSTREAM CROSS SECTIONS or BRANCHES IN unssns“*
'RIGHT BERM - = - R

- 1600,000
47.00,900
270,000
350,000
3000,000
. 2900,000
1£000,000
3000,000

0.000'

0,000
0,000
0,000
0.000

0,000
0,000

0;090
0,000

0,000
0,000

0,000
0,000

7500,00012000,000
7000,00010900,000

780,000

.1500.000

3300,000
3400, ooo
3000,
6400, ooo
0,000
0,000
9,000
0,000
0.000

1250,000
2450,000
3600.000
4000,000

00 3900,000

7400,000
0,000
0,000

0, 000

TYUSl(I), TYUS2(I), TYUSS(I) |

o;oso

0,000

0,000

8,000

0,000
0,000
100,000
400,000
.406,000

4500 000

30600,000
1250,000
0,000
6,000
6,000
0,000
3700,000

4800,000
6300,000
25%0,000
0,000
0.000
0,000
0,000

0,000
0,000
0.
o'o
0. ooo,
00000
1840000
2300,000

5200,000
7000,000
2900,000
0,000
0,000
0.000
,000 .

6250, 00010100 000.



©i0a000

""10 000

7,400
: -'8.800
300,000

+2400,000
2-1400,000
4?100 000”W

: SPECIFIC5TOPWIDTHS5brIDOWNSTREAM cnoss sncrlous OF‘BRANCHES INquT"f

';ﬂs9oo 000

- 3500,000

4000,000
100,000
400,000
100,000

4500,000

3000,000
0,000

0,000
0,000
0,000

0,000

R R
Vi
by

109,000
100,000

100,000 -
3,700
. 3,109

3,509
.10,000
10,000
13,909

8,309
10,000
100,009
100,009
100,002
100,000

0,000
0,000
n,n00

100.909'

n,000

100 000
100,000
v‘5.000
5,000
5,000
13,000
22,900
15,000
10,000
10,000
100,000
100,000
100,000
190,000

10@,000 N

0,000
0.000

8100,00012%00,000
7500,00012000,000
7000,00010900.000
105n0,000 1840,000

"1100,000 2300,000

3650,000 4700,000
4800,000 5200,000
6300,009 7000,000

n,0n0:
n,n09
0,000
‘ntOQO

04097

-0,000

g,000

0.000
0,000

0,000
0,000

00 “ 400,000
100,000
{00,000

100,000
100,000
101,000
3,300
..5,000
12,000
10,000
3,700
9,150
100,000
100,000
100,000
100,000
2.700

270, ,n00
350 npa
3000,000
2900,009
100,000
3n00,000
0,000
0,000
0,000
n,000

.0, 00055700 000

100,000

100,000
100,000
100,000
100,000
100,000
3,800
_2..000.
15,000
10,000
8. 700
10,000
100,000
100,000
100,000
100,000
,3,600

o 0,000

0.000 0,000
0,000 0,000
0,000 0,000

0,000 0,000
0,000 0,009

780,000 1250,000

1500,000 2450,000
3300,000 3400,000
3400,000 4000,000
3000,000 3900,000
6400,000 7100,000
0,000 0,000
0,000 0,000
0,000 0,000
0,000 0,000
6250,00010100,000

vvspncxrxc ELEVATIONS oF DOHNSTRBAM'?kOSSf‘Bcrzons or BRANCHES IN METERS |

100,000
100,000
100,000
100,000
100,000

‘100,008

85,000

12,300
415,000
120 0.00.

10,000

100,000
100,000
100,000
100,000
3,100 ©

0,000:



' SPECIFIC 'ELEVATIONS OF MIDDLE CROSS SECTIONS OF RANCHE i
LEFPBEN4 :

'Va41000
400,000
©.100,000
3,000
2,200
2,200
3,000
10,000
8,500
7,300
10,000
100,000
100,000
100,000
100,000
100,000

000

100;000»

100,000
100,000
/100,000
3,900
3,500
3,500

© 5,000
15,000
11,000
7,300
20,000
100,000
100,000

100,000

100,000

100,000

100,000
100,000
5,000
5,000
5,000

10,000

15,000

10,500
10,000

25,000
100,000
100,000
100.000

1000000'
400,000

100,000
100,000

EX1(1), EX2(I) EXS(I

7100 oon~
100,000

100,000
400,000
100,000
100,000

4,500
12,500
10,000
. 7,000
10,000
10,000
100,000

400,000

100,000

100,000
2,000

100,000

100,000
100,000

100,000
100,000
100,000
5,000
30,000
20,000
8,700
10,000
16,200
100,000
100,000
100,000
100,000

3,000

100,000
100,000

400,000

100,000 -
100,000
100,000
10,000
30,000
.30,000
10,000
. 20,000
20,000

100,000
100,000
100,000
100,000
5,000

SPECIFIC TOPWIDTHS OF MIDDLE CROSS SECTIONS OP BRANCHES IN METERS

LI
p,noo0
0,000

1600,000
2000,000
3800,000

. 1400,000

100,000
300,000
1140,000
350,000
0,000
0,000
0,000
0,000

. 0,000

o, o
0,000

0,000

0,000

2350,000
3150,000
5400,000
2350,000
1000,000
350,000
1850,000
650,000
0,000
0,000
0,000
0,000

0,000
0,000
0,000
0,000

5350,000
270,000

700,000
350,000
150,000
650,000
0,000
0,000
0,000
0,000

"o 000

© 0,000
0,000

0,000
0,000
0,000
0,000
6400,000
450,000
850,000
500,000
500,000
1450,000
0,000
0,000
0,000
0,000

1900,000
0,000,
0. 000
0,000
0.000

0,060 1360,000 3100,000 6550,000
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5SPECIFIG ELEVATIONS OF UPSTREAM CROSS SECTIONS OF BRANCHES ' IN HETBRB
LEFT BERM

EXUS1(I), EXUS2(I), EXUS3(I)

s

T N v VTR R S
[= K~ N § ~ P .

- SPECIFIC. TCOWIDT

100,000

0 LEFT BERM
TXUSl(I). TXUB2(I). Txusa(:)

1,19 FiUNSTREHM CROSS SECTIONS OF BRANCHEB IN HBTBRB

R : : ‘ '
0,30 100,000 100,000 100,000 100,000
0,000 100,000 400,000 00,000 100,000 100,000,
0,000 100,000 100,000 400,000 100,000 100,000
0,000 100,000 400,000 100,000 100,000 100,000
2,800 4,000 5,000 400,000 100,000 200,000
2,500 3,800 5,000 400,000 100,000 100,000
3,000 4,000 5,000 ~ 5,000 5,000 10,000
10,000 15,000 15,000 10,000 42,500 23,000
10,000 20,000 22,500 12,000 20,000 28,000
7,900 8,900 10,000  £,000 9,000 40,000
7,300 18,000 20,000 10,000 20,000 25,000
13,000 20,000 25,000 40,000 18,200 20,000
100,000 100,000 40C,000 400,000 400,000 200,000
100,000 100,000 100,000 100,000 100,000 100,000
100,000 100,n00 400,000 400,000 100,000 100,009
100,000 100,000 400,000 00,000 400,000 100,000,
400,000 100,003 100,000 2,400 3,100 5,100

0,000

), 000 n.noc 0,000 ‘-n,oou, o.ooo
9,000 0,000 0,000 0,000 0,000 0,000
0,000 0,000 0,000 0,000 0,000 0,000
0,000 0,000 0,000 0,000 0,000 0,000
1020,000 214¢,606 3400,000 v,000 0,000 0,000
$400,000 2360,000 4440,000 0,000 0,000 0,00n
3000,000 5%00,nn0 8200,000 "100,000 3800,000 4350,000
.1200,000 1%550,000 1850,000 41,000 1000,000 100,000
500,000 6%5n,r00 800,000 650,000 930,000 10%0,000
200,000 450,000 700,000 38r,000 720,000 100,000
1000,060 1650,60C 2250,000 50,600 600,000 1000,000
210,000 600,000 750,000 650,000 14%0,000 1900,000
0,000 0,000 0.000 n,000 0,000 0,000
0,000 n,Q00 0,000 0,000 0,000 0,00n
0,000 0,000 0,000 u,000 0,000 0,000
0,000 0,000 o 000 0,000 0,000 0,000
0,000 0,000 ,000 2360,000 3100,000 65%0,000
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SPECIFIC ELEVATIONB OF DOWNSTREAM CROSS SECTIONS OF BRANCHES IN METERS
LEFT BERM

EXDS1(I), EXD82(I), EXDS3(I)

100,000 400,013 100,000 109,900 400,000 100,000
100,000 10%,30) 490,070 407,760 490,000 100,000
100,000 100,707 400,900 103,700 100,008 100,0U0
190,000 100,303 100,000 407,000 400,000 100,030
2,000 3,30) 5,000 100,500 400,000 100,000
2,800 4,00) 5,000 100,90° 100,000 100,000
2,500 X, 501 5,000 3,300 4,000 5,000
5,000 5,003 10,000 30,000 15,000  4%,000
17,500 17,%09 24,000 10,000 20,000 22,800
12,000 20,303 28,090 7,900 8,900 . 10,000
8,000 9,99) 10,000 A,700 10,000 20,000
10,000 29,09) 25,0060 13,000 20,000 25,000
170,000 103,200 400,000 100,000 100,000 100,000
100,000 100,079 440,000 406,000 00,000 100,000
100,000 100,P9) 440,000 400,000 430,000 100,000
100,000 407,77) 100,000 107,900 400,000 100,000
100,000 100,3%3 100,000 2,100 3,130 5,100

: SPECIFIC TOPWIDTHB OF DOWNSTREAM CROSS SECTIONS OF BRANCHES IN METERE
o LEFT BERM

TXDBI(I), THD82(I), TXDB3(I)

¢, nnn

0,000

0,000 0,000 0.0n0 0,008
0,000 n,0n0) 0,000 0,000 0,000 0,009
0,000 n,0NNn 0,000 Ny 000 0,000 0,000
0,000 g,nan n,ang u,noo 0,000 0,009
1100,000 3200,000 5300,000 n,oon 0.000 0,000
1020.000 2140 ,n0n 3400,0N00 u,nnn 0.000 0,009
1100,000 2360,n0" 4440,000 Sa0n,n0n 5500,000 8200,000
100,000 380n,n0n 4390,000 1200,000 1550,000 1050,000
40,000 1000,700 2400,000 504,000 650,000 800,000
650,000 950,001 090,000 200,000 450,000 700,000
380,000 720,000 1100,000 L1nON,NN0 1A50,000 2250.000
50,009 400,000 4000D.Q00 210,700 610,000 750,000
0,000 p.0ni 0,000 n, 00N 0.000 0,009
0,000 n,0n9 n,000 r,00n 0.000 0,007
0,000 o, o0l 0,000 nynoa 0,030 N.000
0.000 0,00 0,000 n,n00 0,030 0,000
0,000 N,ono 0,000 1%60,000 3100,000 6%50,001



0,00

4,00
8,00
12,00
16,00
20,00

0,00

10,50

13.00'-

0,00

4,00

8,00
12,00
16,00
20,00
2¢,00
28,09
32,00
36.00
40,00

80,00

'4,70000004007

9,50000004076

ELEVATIONS-SURFACE AREAS OP LAKE BATO

6,0000000+036 1,00
1.50000004037 5,00
2,0000000+007 9,00
7,7500000+007 13,00
1,07000n0n+098 17,00

EBAT(I) SFBAT(I)

6,0000000+006 2,60
2,8000000+007 6,00
5.6000000+007 10,00
8,5000000+007 14,00
1,1200000+008 18,00
1.2906000+008 22,00

6,0000000+006 3,00
3,.6000000+4007 7,00
6,2000000+4007 11,00

9,35000004007 15,00
1.1650000+008 19,00
1.2900000+008 23,00

ELEVATIONS-SURFACE AREAS OF LAKE BAAO

2,000000n+006
2,0000000«296

1,00
5,00
7,00
6,70000004037
8,500000N4037
1,07000004+098

11,00

9,00f7.1500000¢007

EBAO(I), SFBAO(I)

2.0000000+006 2,00
2,7000000+007 5,50
5,2500000+007 7,50
9.50
8,9500000+007 11,50
1,1600000+008 15,00

'2,0000000+006

3,00
6,00
8,00
10,00
12,00
16,00

3.5000000+007
5.7500000+007
7.6000000+007
9.4000000+007
1.2400000+008.

.g;EvATIONS-SURrACE AREAS OF POLUNTUNA RESERVOIR

0,0000000+000 .
0,000000n4000
0,0000000+030¢0
5,0000000+0135
2,00000004906
3,80000004036
5,5000000+036
7,5000000+006

5,00
7'\.0
13,00
17,00
21,00
25,00
33,00
1,150000n4027 37,00
1,37000004037 50,90
4,2000000+007 90,00

1,00

EPOL(I), SFPOL(I)

0,0000000+000

0.00900000+000
0,0000000+000
8,0000000+005
2,5005000+006
4,2500000+306
6,1900090+006
8,0000000+006
1,0000000+007
1,20000004007 38,00
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5 RC2(I = 1,4) - Runoff coefficients during and after the storm for Thiesen polygo‘ Nos. 152,
floodplain area respectively

) DIMI(I = 1,10) - Distribution graph for catchments with area less than or equal to;SOiSq
7 DIM2(I = 1 »10) - Distribution graph for catchment with areas greater than 50 Sq. Km :
EB,CB - Regression coefficients of the base flow-catchment area_ relationship '
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6(2,1 = 1,21) - Observed daily discharge 1n cus at Station No. 14,7
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G(3 I=1, 91) - Observed daily diBChafSe in CMS at Station -No. 20, Yabo River at Yabo Farm,
Sept. 1 te Naw 2N 1Q70
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G(4 I=1,91) - Observed daily discharge in CHS at Station No. 21 Poluntuna River at Napolidan, é
T Qant. 1 £a Navw A0 1Q7N- R L
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?G(s I=1,91) - Observed daily di"charge in cus at Station No. 22, Culacling Rivét,,Sept;\lztaff
: Nov. 30 1970 A S el FERE S e T e
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6(6,I = 1,91) - Observed daily discharge in CMS at Station No. 23,fYaboHRivet ét,Sipbcoﬁ;;,w’ﬁ;fﬁ
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6(7,I = 1,91) - Observed daily discharge in CMS at. Station No.'3;¥UgSong River at Benanam, . =
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.(8 I= 1 91) - Observed daily discharge in CHS at Station No. 17 Arayan River,,Sept.ll to



INC,A, IS.-.characteristics of ‘the eightﬂgage watershedslaﬂc
: ode number, series 100 A= watershddareain Sq Km IS ”¥a1nfa11,3
‘station number. applicable to watershed) i e

201

232

202 233
203 234
204 . 235
205 236
206 .237

- 207 238
208 1239
209 240
210 -2ay
211 292
.12 -243
. 213 244
214 245
215 246
. 216 247
G217 248
;218 249
219 250,
220 251
a2} ;232
. 222 253
223 25(
224 25‘:1:
225 1256
226 287
227 258
228 '289.
229 260"
230 ‘261
233 262
o 263

INC A,W IS - Characteristics of :he sixcy three ungaged Wwarersneds,
(INC watershed code number, series 200; A - watershed area in :
8q.Km; W- fepresentative width of watershed in Km; IS - rainfnlly ,
station number applicable to: waterehed) g
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IN IS AA,NG,NU - Input information -to nodes. (IN node number,
‘ Is rainfall station number applicable to area of node;
AA - total flood plain area in Sq.Km in the node region, L

NG - total number of gaged watershed for the ‘nodes;

NU - total number of ungaged watersheds for the nodes) . .



