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I INTRODUCTION
 

The research report on the Bicol River Basin flood control investigation 
is presented in two volumes. Volume I is a summary of the results of the 

investigation which excludes many of the technical details which have been 

included in Volume II. In this volume, Chapter II provides a description 
of the various basin modifications that could aerve as possible measures
 

to reduce the effects of flooding in the basin.
 

Chapter III describes the method used to determine the design rainfall
 

throughout the basin for various return periods. Rainfall-runoff relation-"
 
ships for any design storm were determined for each of the 79 subcatchments
 

that provided independent discharges into the river system of the Bicol
 
Basin. The'hydrologic inputs used for the model calibration are also
 

determined.
 

Chapter IV describes the method by which the water levels in San 
Miguel Bay and Ragay Gulf were determined. The desl.gn water levels were 
obtained by superimposine the astronomical and the meteorological tides.
 

The meteorological tides, produced by the typhoon select-,
as the design
 

storm, were determined from an analysis of the wind and pressure conditions 
existing over San iiguel Bay and Ragay Culf as the typhoon moved along 
arselected storm path. The astronomical tides were estimated from an 

analysis based our approximately one month of tidal records. 

Chapter V describes the Flood Control Simulation model which uses as 
its inputs the hydrologic and water level information described in detail 
in Chapters III and IV. The simulation model is a hydrodynamic represen
tation of the river system which includes the effects of the variousflood 

control measures. The effects of the flood control measures upon the 
response-of the river flows can be determined individually or in combination. 
The computer program and its complete description is also presented. 

The detailed results indicating the computed water levels at 31 

locations along the Bicol and Sipocot Rivers are presented in tabular form 
for the 1 and 50 year design storms. These figures pr-ovide the maximum 
daily water level for the period prior to as well as during -the stom and 
its re.ession period. This int mat ion is contained in Tables 5.2 thru' 

5.23 of Chapter V. 
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II FLOOD CONTROL MEAqURES 

This chapter supplements the descriptive presentation of the various
 

proposed flood control measures for the Bicol River Basin in Volume I.
 

Herein are presented the technical description of the flood control
 

meaoures,
 

The proposed flood control measures can be classified as:
 

(1)structures to prevent flood waters from reaching protected areas and
 

(2) schemes designed to promote rapid removal o't conveyance of potential
 

flood uaters to minimize flood peaks and duration of inundation. The
 

proposed Pulantuna reservoir and tidal barrier at the Bicol Estuary belong
 

to classification (1), while the Sipocot-San Miguel diversion, BicolRagay
 

diversions, Cutoff Channel No.3 and channel deepening downstream of Lake
 

Bato belong to classification (2).
 

Fig.2.1 shows the Bicol River Basin and the proposed flood control
 

schemes.
 

2.1 Pulantuna Reservoir
 

The Pulantuna reservoir is.proposed to store the flood,waters of the 

Pulantuna River, the upstream tributary.6f the Sipocot River, 'The proposed 

reservoir has the surface area and capacity characteristic shown in Fig.2.2 

'-2.2 Tidal Barrier 

Several concepts of salinity and tidal barrier in the Bicl'Estuary 

had-been proposed by Caldwell (1973).. The form of barrier that was utilize 

,in this investigation was the proposed barrier at the vicinity of the 

ferry crossing at Balongay. It. has the follwing hydraulic features: 

(1) fifteen gates each at 3.5 m high and 21 m wider (2) four skinniing
 

weirs.each 25 m iride;. and (3)navigation lock of 52 m lonS x 10 m wide
 

x 3.6 m deep. 

Caldwel. reports that the barrier concept would block tide water and 
3
 

storm surge and will pass a design river flood of 3000 m /sec with a
 

bacikwater effect of less than 10cm. 
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2,.3 Sipocot-San iliuel Diversion
 
To minimize flooding on the populated lower reaches of-the Sipocot
 

River, a diversion channel-originating at the town of 
 Sipocot is proposed
 
to divert part of the flo f .the' Sipocot River directly"into San Miguel 
Bay. The proposed channel is trapezoidal in shape having al:l side slope 
and topwidth of 8.8 m. On the average, the channel depth is about 10 m on 
its 8.7.16 length. A profile and typical section of the Sipocot-San
 
Miguel diversion is showm in Fig.2.3a.
 

In this investigation, the hydrodynamic effect 
of control structures 
at the point of diversion from the river and at the diversion channel outlet 
at San .iguel Bay were not considered. 

2.4 Bicol-Ragay Diversion 

:As a flood control scheme, a diversion of the flow of the Bicol River
 
near Ombao to the 'Ragay Gulf has been proposed. This diversion would
 
have the additional purpose of providing irrigation water to a large area
 
on 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
 
drainage area of the Bicol River.
 

The proposed diversion is about 26 km long, -the upstream 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 donstream ends have' 
topwidths of 40 m and 70 m respectively. 

The location, typical channel sections and profile of rthe diversion 
channel are shown in Fig.2.3b.
 

Like the Sipocot diversion, no hydraulic controls at the upstream.'and
 

downstream 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 channels
 

on the meandering course of the Bicol River. 
The series of cutoffs would
 
shorten the course of the river, thus increasing the hydraulic gradient 
and the river's conveyance capacity. It seems intuitive that neriods of 

http:Fig.2.3b
http:Fig.2.3a
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inundation by flood waters will be shortened on the upper reaches of the 

Bicol river by the construction of Cutoff No.3. 

The two cutoffs dowmstream of Cutoff No.3 have been constructed, while
 

Cutoff No.3, the longest of the series of cutoffs, is completed for
 

approximately one half its proposed length.
 

The plan view, typical sections and profile of Cutoff 1o.3 are shown 

in Fig.2.4. 

2.6 Channel Deepening 

An examination of the Bicol River bed profile indicates the existence, 

of a hump on a reach Imediately dowmstream from Lake Bato. This hump, 

acts as a control for the flow from the lake thereby making the lake somewhat 

similar to a natural reservoir. With the deepening of the channel, flood 

waters impounded in this natural reservoir could be drained more readily.
 

Fig.2.5 shows the location and bed profile of the 15 km reach to
 

be deepened. F'ith an improved channel depth at elevation 2.0 m, the
 

average depth of cut on the river channel is about 2.0 m.
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III HYDROLOGIC INVESTIGATION
 

3.1 Introduction
 

In this study, the objective is to provide the hydrologic input 

required by the mathematical (flood control simulation) model.' The methods 

used to estimate these inputs were'partly determined by the available 

hydrologic data and partly by the level of accuracy expected in the 

mathematical model. 

3.1.1 Objectives The requisite inputs to the mathematical :odel
 
are rainfall and runoff values, either observed or estimated. It is the 

objective of this study to estimate these inputs which are namely: 

(1) catchment runoff from the October 1970 typhoon to be used jointly for 
model calibration and as inputs for the 13 year design storm; and (2)
 

runoff from a 50-year design basin rainfall to be used in the flood control
 

study. 

3.1.2 Available Uydrologic Data Observed hydrologic data in the 

basin that are available are: (1) 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. A 

listing of streamfloi. and raingage stations and corresponding length of 

records are shonm in Tables 3.1 and 3.2. The location of each of these 

stations in the basin is shown in Fig.3.1. 

3.2 Distribution Graph "
 

The unit hydrograph method is the commonly used method to obtain the 

runoff from a design rainfall., In this study,. the unit hydrograph method 

could not be used since rainfall and runoff data, taken-atintervals 

shorter than one day, were not available. The distribution graph method 

was used instead. This method, though the peak runoff is roughly estimated, 

the total volume of runoff, which is the main problem in drainage lasting
 

several days, could be satisfactorily estimated.
 

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 - Streamf.o:. Gaging Station in the Basin 

Stream Gaging Station Area 
ta.Sta -:. .. . . "-. S54q.K* 541 5652:56 58 60 621 64 66 , 68 70 72 

1 
2 

San Francisco River, BobongaurM 
Cabilogan River, .Bobongsuran 

131 
164 

3 Ugsong River, Benanuan- : 11 
4 Nasisi River. 39 

.51 Iraya River 217 
6 .TalisayRiver 90 
' 7 Quinali River 232 
8 SanAgustin River .262'm 
9 Agus River. 111- M 
10 Naporog (Lal-lo) 22 
11 
12 
13 

Lake Bato 
Bicol River, Sto. 
Barit-River 

Domingo, 
874 
905 
142. 

m 

4. 
15:" 

Pawili River, San Vicente 
Pawili River, San RoqUe 

112 
240 

16 Bicol River, Ombao " 1630 
17 Anayan River 17 at
18 - Bicol Rver, .BaliwagNue. Vo. 1720 
19 Bicol River, Mobulo, Naga City 1930 
.0 Yabo River 20 
21 Pulantuna River 172 
22 Culacling River 64 
23 Pulantuna, Greek 55 
24 
25 

Sipocot River 
Aslong River .12 

26 Libmanan River -596 
27 Bicol River, Cuyapi § 2717 



Table 3.2 Rainfall Stations in the Bicol River Basin and Vicinity
 

Station Noand Name 
 Years of Record 

Station..No. ad. 


- _ - " 
" : :" : ':":. " :f4t91 ... 11, 531 '15 

-

1 57 1159 61; 631 r65 167 691 1714 


2 Sabang, Sipocot, Camarines Sur 

3 Inarihan River Irrig. Syst., j 


Calabanga, C.S. 

4 Yabo Farm, Naga City, C.S. 

5 Concepcion, Naga City, C.S. 

6 B.R.C.E.S., San Agustin, Pili, C.S. 
 E8
7 S.C.P. #9, San Jose, Banasi, C.S. 

9 Sta. Crug, Baao, C.S. 


10 Buhi, Buhi, C.S. 

11 Bato Central School, Bato, C.S. 

12 Libon Central School, Libon, Albay 

13 S.C.P. #4, Ligao, Albay 

14 Guinobatan.Exp. Sta., Guinobatan, 


Alb.
 
15 Sta. Malama, Ligao, Albay

16 *Pantao, Libon, Albay 

18 *Sto. Domingo, Sto. Domingo, Albay

19 *Legaspi City, Abay 

21 *Daet, Camarines Norte * 


* Stations outside the river basin used in this study. 

Record
 
Length

Length...
.:
 

5
5
 
5
 

10
 
13
 

13
 
5
 
19
 
2
 
2
 

i1
 
18
 

3
 

18
 
25
 
25
 

http:Station..No
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period uninfluenced by a preceeding'and subsequent rainfalls. The 

distribution graph principle is based on a concept of the unit 

graph, described first by Bernard (1935). 

3.2.2 Storm Characteristics A storm period to produce the dis

tribution graph of a watershed must have the folloiring characteristics:
 

(1)the rain must have fallen within the recording time. nterval, or the
 

time unit, as day or hour. (2)the storm must have been i.;ell distributed
 

over the watershed, all stations showing an appreciable depth of rainfalls
 

and (3)the storm period must occupy a place of comarative isolation in
 

the record, i.e. it should follow a period of low st-:eamflow and there
 

should be no further rainfall until the flood peak is well passed.
 

3.3 Distribution Graphs for the Bicol River Basin
 
-


3.3.1 October 1970 Storm An examination of all the recorded rain o


falls due to major storms in the basin occurring from 1950 to 1973 indicated
 

that two 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 storm of October 12-13, 1970 satisfied the required
 

storm characteristics for the distribution graph. As will be shown later
 

(section 3.7); this storm was the second largest basin storm in terms of
 

two-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
 

from satisfying the storm characte istic, it has, in comparison with other
 

storms, fairly reliable streamflow data for the period of the storm.
 

The rainfall hyetographs for the October 1970 :storms for 3
 

stations in the basin are shown in Fig.3.2.
 

3.3.2 Streamflowy Data Used Streamflow data of eleven catchments
 

namely Station Nos.l, 3, 7, 8, 14, 15, 17, 20, 21, 22,and 23 were available
 

for the period of October 11-21, 1970. An examination of the streamflow
 

records of the above mentioned stations indicated the following: (l). for
 

Station No.23, the record of the peak discharge on the 13th is of doubtful
 

accuracy because of its unreasonably low value: (2)for Station No.8,
 

the peak discharge is missing; and (3)Station No.15 is reported to be
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affected by' tide.' Ence, for the above mentioned reasons, Station ,Nos.LG 

'23 and 15 were not used in the derivation of the distribution graph. 

The plots of the observed hydrograph for Station Nos.l, 3, 7, 

14, 17,,20, 21 and 22 for the period of October 11-21, 1970 are shmn in 

Fig.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 

are indicated in the plots in Fig.3.3.
 

Table 3.3 shows- the calculation of
3.3.3 Calculations and Results 

the distribution graph for Station Vo.3, Ugsong River at Ligao, Albay. 

The calculations were 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 

(Col.4); (3)Segregated floxr was obtained, i.e. modified flow less base 

flow (Col.5) (4) The percentage of flow for the time interval with 

respect to the total flow was calculated (Col.6); and (5)The percentage 

flow 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.
 

A plot of the cumulative percentages of the distribution graph
 

for each of the eleven catchments as shown inFig.3,4, indicated that
 

the distribution graphs can be classified into two, namely: one for
 

catchments whose drainage area is less than 50 sq.km. and the other for 

area greater than or equal to 50 sq.km. From.the eye-fitted line of the 

cumulative percentages or mass curve, the distribution graph can be'obtained
 

as shown in Fig.3.4.
 

Certain unavoidable sources of error and inaccuracy must be
 

recognized and accepted in the data that was used for deriving the 

distribution graphs. It is highly probable that at many raingage stations, 

the readings-are taken at irregular intervals. A continuous storm of 

24 hours or less may be divided by the recording hour, appearing in the 

record as a 2-day storm. Streamflow is recorded as a 24-hour average, 

obscuring true instantaneous maximum values, particularly on small watersheds. 

Also on small watersheds, it is possible that the entire rainfall may have
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Table 3.3- Derivation of Distribution Graph of Ugsn 
 (Units in CHS)
Unver 


3-Ugsong River, Ligao, Albay
(Area = 11 Ian2,
Observed Modified Base Segregated Dist. Cumulative
Date Stream Stream Flow Flow Percentage Percentage
 

_________ Flow Flor _______

1 2 3 4 5 6 7 

Oct. 	1970
 
9,
 

1.0 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 

15 

1.38 1.38 0.00 1.038 9.8 85.7
1.49* 0.80 0.00 0080 
 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 

**Day-record 	 abandoned 

Table 3.4.- Data Used in Obtaining the Base Flow as a Function of
 
Watershed Area
 

" 	 Stream 
 Drainage Estimated 
Gaging 	 River 
 Area Base Flo%.Y
 

Station No. ____ 
 _L ,.) 

2 1"2 3 4 
1 
 San Francisco 131 
 4.5
 

* 3 Ugsonas 
 0.5
 

20 Yabo 20 1.0
 
21 
 Pulantuna 172 '6.0 
22 Culacling 64 .2.15., 
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fallen in the first ihour, the flood peak on the 12th hour and the.Z4-hour
 

average flow, officially recorded as the mean of first and 24-hour, may
 

be only a small fraction of the maximum flow.
 

3.4 Calculation of Base Flow. 
 . 
ilydrographs of six watersheds (Station Nos.l 3, 14, 20, 21 and 22) 

were plotted for the period of September 20 to Ilovember i0,, 1970. The 

hydrographs are shown in Fig.3.5. A value of base flow was estimated for 
each of the watershed from these hydrographs. The areas of the watersheds 

and the base flow values selected are listed in Table 3.4. The base flow 
was correlated writh the area of the catchment. The regression equation 

so obtained was 

QB3 0.063 A0 8 7  (3.1)
 

where QB w base flow is in cubic meter/sec and A is catchment area 

in sq.km." 

The correlation coefficient of Eq.(3.l) was 0.9982 'and standard-error 

of estimate was 0.0649. 

A plot of the relationship of base flow and catcment area is showm 

in Fig.3.6. 

3.5 Estimation of Runoff Coefficients 
The basin catchment ".as divided into three Thiessen polygon based on 

raingage Station ITos.2, 6, and 14 as shown in Fig,3.7. Since the two

day rainfall of the October 12-13, 1970 storm Was fairly uniform over 
the basin and since no other station rainfall measurements are available, 

the observed rainfall of the raingage station was considered to be the 

rainfall falling on any catchment within the polygon of the raingage 

station. 

Seven catclhments (Station Nos.l; 31,14, 17, 20, 21 and 22) were used 
in the calculation of runoff coefficients. The data used and calculations 

are sholm in Table 3.5. The runoff coefficient of Station PNo.17 was 

found to be impossibly large since the value was greater than one and
 

hence data from this station was later removed., 
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Table 3.5 -.Calculation of Runoff Coefficients 

.-Gaging Drainage Two-Day Total Total Runoff. 
Station Area of Rainfall Runoff runoff Coefficient 

Watershed Depth 
.. ... _ (i2) (mm) (cms) (mM) 

2 3 4 5 6 7 ... 

San.Francisco 131 313 149 98.3 0.314 

Ugsong 11. 313 14 109.7 0.351 

y14lPawi 112 463 464 357.9 0.7731 

Yabo 20 463 37 15.3 0.345J 

Anayan 17 463 129 655.6 1.416-, 

Pulantur" 172 328 292 146.7 0.447
 

ulacling 64 328 95 128.6 0.-


Average.Pnmoff 
Coefficient 

for the 
Pol~ygon
 

. _ _ 

0.33
 

J.56 

discard
 

0.42
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The average of the runoff coefficients in-the polygon wras taken as
 

the representative value for the polygon. These runoff coefficients are
 

0.33, 0.56 and 0.42 respectively for polygons 1, 2 and 3 as shoxm in
 
Fig. 3.7. •
 

3.6 Application of the Derived Distribution Graph
 

To verify the accuracy of the derived distribution graphs, the graphs
 

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 Pawilii
 

Rivers respectively. The value of the runoff coefficients used were those
 

derived in Section 3.5 and the base flows were calculated using Eq.(3.1).
 

Using two flood events namely: October 1958 and October 1970 storms,
 

the results indicate good agreement 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 folloted 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
 

rainfall caused by the two-day storm; (2)average basin rainfall precedlng
 

and following the two-day storm; and (3)distribution of the computed:
 

average basin rainfalls into station rainfalls.
 

3.7.1 Average Basin Rainfall Caused by the Two-Day Storm A total 

of 16 rainfall stations inside and outside the basin have daily accumulated 

rainfall data ranging from 2 to 25 years length of record. In some years 

for some stations records are fragmented. Table 3.1 shows the rainfall 

station with their corresponding years when data is available. 

To estimate the average basin rainfall during the maximum annual
 
,
two-day storm, two methods used were: (1)averaging the design storm of 

individual stations which were obtained by frequency analysis and (2)com-. 

puting the maximum average basin rainfall for each year. 
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3.7.2 Frequency Analysis of the Two.-Day Storms The annual,two-.
 

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 stor
 

at each station for return periods of 5, 10, 25, 50 and 100 years as
 

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 .multiplyingeach 

station design rainfall by its assigned percentage of area and totalling. 

The results are as shown in Table 3.8 and the plot of result is shown in 

Curve 4 of Fig.3.11. 

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 measurenents. The search for the maximum two-day basin rainfall 

was done by investigating all periods of storm at each station. The 

computed maximum average basin rainfall for each year is shown inTable 3.9. 

A frequency a-alysis using Gumbels distribution was done for the two sets 

of data series in Table 3.9 and the results are tabulated in Table 3.10 

and plotted in Fig.3,11. A 90% confidence band to the plotted data is 

also shown inFig.3.11. The recommended design basin average rainfall is 

shown by Curve 2 in FiB.3.11. 

3.7.4 Average Basin Rainfall Preceding and Follruing the Two-Day 

Storm With the available 24 years ofrecord, the northeast and north

west monsoon storms were averaged and plotted using the two-day maximum 

rainfall as reference point in time. The plots of the averages of these, 

annual storms in terms of two-day rainfall are shown in Fig.3.12. The 

average two-day rainfall preceding and following the two-day storm are 

22 mm and 1V mm .respectively. 

3.7.5Design Basin Rainfall The 50-year design basin rainfall to 

be used as design input to the mathematical model is,shown in Fig.3 .13. 

http:Fig.3.12
http:FiB.3.11
http:Fig.3.11
http:Fig.3.11


Table 3'.6 - Annual Maximu 2-Day Rainfall and Dateof Occurrence for 
Some Selected' Stations in the Basin' 

Year 2-Day Maximum Rainfall ,(in mm)'and.Date When Storm Begts for Station No. 

'1950 - 2929' 273. 
'12 12233
 

51 300.0 142.7-2.
0
 

23
547
 52. .9j20 - 263.91 

53 , .. - - 148.6 244.3 

5 390 17 366.8 7 

55 -.... . .. 308.9 f 

56 311.9 9 - 82.4 - 372. 2118 
. .. 3}2 29 . 10 's. 412.7 10r 

57 - • 222,0• .. -
2 0 0 9 . -. 2906T*'.11 154. 7 1881 

58, 367.310 - 3 9 7 . 3 2 " 3 3 3 .2 4 2 8 .8 . 3 33 .5 

59 
17 

3 4 3 . 9 1 
29 

297.7, -
30 15 

256.0Y2 355.6 T 285.0 
15 
11 

1960 ' 63 0 2 . 0 .2 - 380.0 5 - 3 59.4 T- 3 7 6 .4 5 197.4 10 

61. - 365.8 268.2 - - 122.9 21.3.6 82
9-'77 12
 

62 . 1 189.7 _6 - 18 2 .1R 243 .8 7 - 7 5 5 
213~ 12 2541

63' 2.4. 6-y 223.5i 254.08 252.08 
'"64 ' 2794 *. - - - 8. 77.7 R 

65 65 120.0 10712 137 7 182 2192722- 12. ,* 2479,777 * 
26. .2 22
 

32154 30412286.0 282 
66 , 2 124.1122 9354.9 
6- - 9 0 2 209.1 244.5 3 

68 -, .227.1 - - .335.026 4 
9" . 9 1184 1 

12 - 284. 00,151..2 
69 133.022 2847 349 100. 12T2 26. oT- L 

19703 27. 72 - 4 1 210.617 31 3 1 438 .0 .. 10* .. . . 10 11 
' : 3 226' r 817 12- 3""3 12257971 1669,ri 244.63- 126.5L 29. 242 286127.6
7112. 2712 5 12*12 *12 


72 170o.. - 212; 9 -144.0.1 A:.318292 199. 24 2631
St .5.D vato 12,6 016 e7' :•732 7, 101. 

9 T6 263 4.7;59'.* 7 9.18 102'.0 
1973 202T- 225.n 10 897 281.* 10o 252.5 19T 264.2 19 381.8 

earn 199. 275.8 1275.6 264.3 172.9 .289.4 247.2 280 
Std.Deviation 75.5 178.5 96.4 101.6 7302 109.1 85.4 102. 
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Table 3.7 Design 2--Day Rainfall for Some Selected'Stations in -theBasin.'
 
(obtained by Gumbel method)
 

Return Design 2 :Day Rainfall (in mm) for Stationi Uo.
Period __ __ __ __ __...._ ___,_ 

(years) 2 14 6, 7 . 9 10'1 14 21
 

2 192.2 266.3 265.5 250.7 165.4 274.6 235.2 273.2
 

5 282.3 350.1 360.2 360.5 257.6 386.8 325.1 375.3
 

10 341.9 405.6 436.2 433.2 318.7 461.0 384.7 442.9 

25 418.9 477.2 523.9 527.0 397.6 556.9 461.6 530.1 

50.. 474.0 520.4 586.7 594.8 454.0 625.5 516.6 592.6 

100 529.1 579.7 649.5 661.2 510.4 694.0 571.7 655.0 

Length o 
Record 5 10 7 13 16 17 25 
(yrs.) ..... _ _ _ _ _ __. 

Table 3.8 - Design 2-Day Average Basin Rainfall 'DepthComputed from 
Design Rainfall of Individual Stations 

Contribution of Station to Average Basin Rainfall (innm)
 
S.. .. 
 - Total 

Station ,o. 2 4 6 7 9 10 14 21 

Percentage 0.1) 0.14 0.11 0.08 0.14 0.14 0.17 0.03 1. 0 
Area
 

2 36.5 37.3 29.2 20., 23.2 38.4 40.0 3.2 232.8. 

o 5 53.6 49.0 40.5 28.8 36.1 54.2 55.3 11.2 328.7 

10 65.0 56.0 48.0 34.6 44.6 64.5 65.4 13.2 392.2 

e 

25 
50 
110 

79.6 66.8 
90.1, 74.0 

100.5 81.2 

57.6 
64.5 

71.4 

42.2 
47.6 

53.0 

55.7 
63.6 

71.4 

78.0 
87.6 

97.2 

78.5 
87.8 

97.2 

15.9 
17.8 

19.6. 

474.2 
532.9 

1. 
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Table 3.9 
- Annual Series of Maximum Average Basin Rainfall Caused by a Two-Day Storm
 
No.of Date of
Year Station Two-Day Two-Day Accuulated Rainfall Depth (in rm) at Station Number Basin (UM)Bain ei Thiessen,,Year Sao 21* 2 3 4 5 6 7
Used Storm 9 10 11 12 14 15 16" 19* Arithmetic Thiessen


Ave. Method 
1950 3 29-30/12 273.4  - - - - - - 298.8 -  - - -51 3 20-21/11 101.9 - - 65.4 212.5 281.0- - - - - 300.1 -  - - - 140.5 180.852 3 20-21/10 243.2 - - 244.5 - - - - 548.0 -  - - - 96.8 295.9 452.253 3 15-16/11 166.7 
 - - - - - - 148.7 -  - - - 120.0 145.1 151.554 3 7-8/11 366.9  - - - - - 390.8 -  - - - 213.7 323.7 376.1 
1955 3 27-28/11 229.7 
 - - - - - - 290.0 - 56 5 9-10/12 133.9 - - 312.0 - - - 405.6 308.3 281.4- - 110.1 - 280.7  - 196.2  - - 206.6
57 5 10-11/11 413.9 - - 183.8 - -

221.6 
-19.8 - 290.6 - - 152.5 .58 - - 213.9 216.0
5 28-29/10 333.6 - - 367.4 - - 397.4 - 333.3  - 428.9  - - 372.1
59 5 15-16/11 285.1 - - 344.0 - - 279.8 372.5 

- 216.5  - 355.7  - - 296.2 297.3 
1960 5 5-6/10 182.8 - - 299.0 - - 380.1 - 359.4 - - 376.6 - 61 4 - 319.6 309.2
21-22/9 210.4 
 - - 365.9 - - 115.4 - - - - 32.3 - 62 - 181.0 173.6 NO
4 17-18/5 244.0 
 - - 132.2 - - 173.3 - -  - 182.1 - 63 4 12-13/8 252.1 - - 182.9 172.7- 80.3 - - 223.6  - - - 254.1 -  - 202.5 195.4
64 3 28-29/6 388.1 - - 256.4  - - - - 156.6  - - 267.0 234.2 
1965 4 12-13/7 63.3  - - 154.3 - - - 123.3 - - 248.0 - 66 - 147.2 149.05 26-27/12 189.6 -  - 52.1 354.4 - - 304.1 - - 174.7  - - 215.0 218.4
67 5 2-3/U- 182.8 -  - 0.0 790.6 439.0 - - - 68 5 17.3 - 26-27/9 66.5 - - Discard- - - 118.1 193.9 - - 335.0 - 200.9 - 69 6 - 182.9 195.810-11/12 139.5 27.1 38.1 -  88.0 - 100.3  - 151.2 -  - 90.7 89.3
 
1970 5 12-13/10 193.1 327.7 257.2 
 463.4 -  - - 313.1 71 - 310.9 356.6
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
72 11 24-25/6 75.9 118.4 213.0 77.3 146.5

126.8 173.2 204.5 19.3 199.5 78.3 
 12.5 - 118.1 138.5 
1973 10 14-15/10 242.8 200.2 57.2 1225.71 1281.7 207.3 1207.8 306.8 250.3 102.9 - - 208.3 209.5 

(-) Percentage contribution of station to average basin rainfall

* Stations outside the basin 
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Table 3.10 --	Desigfn Tv.o-Day Basin Average Rainfall Depth (based on the 
annual series of Table 3.9) 

Basin Average Rainfall Depth (in mm) for Return 
Basin Average Two-Day Period of 
Rainfall Depth Computed 
from Annual Data by 2 yrs. 5 yrs. 10 yrs. 25 yrs. 50 yrs. 100 yrs. 

1. Arithmatic average for 211.3 285.0 333.9 396.9 441.9 487.0
 
1950-1973 records
 

2. Thiessen method for 225.3 317.2 378.0 456.6 512.8 569.0
 
.1950-1973 records
 

3. Same as (2) excluding
 
1950-1955 records
(only15staton 206.7 287.1 340.4 409.2 458.4 507.6
(only 1 station inin
 

basin)
 

4. Same as (2) except
 
that 1950-1955 213.6 290.0 340.7 406.0 452.7 499.5
 
records computed as
 
in (1)
 

5. Recommended 	 205 285 340 410 460 560
 

Table 3.11 -Comparison of Observed and Estimated Station Rainfalls
 

AverageTwo-Day Rainfall (inmm) at Station No. 


Year . 
_____ __ _______ _______

6 
___Basin 

14 Rainfall 

__-: -. Sabang Pili Guinobatan mm 

1966 (151.5) 354.3 (265.5) 174.7 (202.3) 218.4 

1968 (135.9) 227.1 (239.8) 98.4 (181.4) 195.8 

1970 327.7 (247.4) 463.3 (436.7) 313.1 (330.3) 356.6 

1971. 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) 138.5 

'1973 141.0 (145.4) 225.1 (256.5) 250.3 (194.0) 209.5 

-(-)esti ated station rainfall using derived distribution.
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The design basin rainfall consists of a 460 u of two-day storm and a 

rate of 11 mm per day and 9.5 mnaper day rainfall preceding and following 

the two-day storm respectively. The rainfalls following and preceding 

the two-day storm rainfall were the average of 24 annual maxium storm 

,events. 

3.7.6 Conversion of the Two-Day Design Basin Rainfall into Station 

Rainfjli The conversion of the two-day basin rainfall with a 50-year
 

return period into station rainfall was done by applying to the basin
 

rainfall a distribution obtained by a steepest ascent technique. The
 

computational technique to obtain the distribution is discussed in Section
 

A3 of Appendix A.
 

The distribution is 0.24, 0.43 and 0.33 respectively for rainfall 
station Nos.2, 6'and 14. With this distribution, the station rainfalls 

for the 460 'm basin rainfall are 314, 564 and 432 mm respectively for 
Station Nos.2, 6 and 14.
 

A comparison of the observed and estimated station rainfall using
 
the derived distribution is.shownin Table 3.11.
 

3.8 Hydrologic Input to Hlathematical Hodel 

The schematized model of the flood plain is a system of nodes and 

branches 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:
 

(1)
wgaged watershed, ie. runoff or streamflow data is available at the 

desired point; (2),ungaged watershed; and (3)floodplain area where the 

direct rainfall less some losses is considered the equivalent runoff. 

The division of the basin into sub-catchments is shown in Fig.3.14. 

The assignments of each of these sub-catchments: gaged, ungaged or 
floodplain area, into the nodes are sumnari ed in Table 3.12. 

The areas considered as floodplain are marked in Fig.3.14*as Fj, F2 eo,r 

etc. Also considered as floodplain areas are some small-areas close to the 

boundary of the floodplain where the topographyisflat and where there 

http:Fig.3.14
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Table 3.12 - Gaged Watersheds, Ungaged Watersheds and Floodplain Area, 

that Contribute to the Node (for model .calibration) 

Node 
Number 

1 

2 

Gaged 
Stations 

G21 

-

j 

Ungaged 
Stations 

V02 

Vol 

I Floodplain 
Area 

(Km2 ) 

-

26.20 

Rainfall, 
Station 
Applicable 

2 

2 

3 

4 

G22,G23 

-

U24,V03 

U23,U251V04 

28.12 

4.33 

2 

2 

5 V05 8.73 2 

6 -U22 15.48 2 

7 - V06,V07 10.00 .2 

8 - - 17.00 2 

9 - U21 27.88 2 

10 

11 

-

G20 ' 

U20,V08,V09,
V35 
U10,U11,U19, 

36.45 

40.10 

2 

6 

V34 

12 U8,U9,U18, 
VlO 

27.70 6 

13 U17,VIl,V33 14.20 6 

14 U16 10.50 6 

15 G].7 - 22.48 6 

16 V12 10.33 6 

17 

18 

19 

-

" 

U6,U7,V31, 
V32 
U15,V13 

V29,V30 

11.25 

15.00 

17.38 

6 

6. 

6 

j 

20 . U14 29.08 .6 

21'- I 1104,U05,U13, 
V14 

25.65 6 

22 GO1G03,G04, 
G06,G09 

U01,1102,U03, 
Ul2,Vl6,V17, 

194.95 14 

I V21,V22,V23 

i V27,V28,V15 

. 

,. _59 2.71 
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is no single well-defined stream. Twenty-one percent of the total bitsin 
area are classified as floo6dplain area. 

A catchment where there is a well.-defined stream but for which no 
streamflow record is available, is classified as ungaged. They are marked 
in Fig.3.14 as V1 , V2 ... , U1 , U2 , ... , etc. Fifty-eight percent of the 
basin area are considered ungaged in the case of October 1970 storm. 

A catchment with available streamflow record are marked in Fig,3,14 as.
 

G1 , G2 ..., etc.
 

The sub.-catchments in the basin are code numbered as shomn in Fig.3.14 
and are classified in Table 3.12 according to which node number the catch

ment runoff is assigned.
 

3.9 Hydrologic Model
 

The rainfall-.runoff process in 
 the basin was modelled by dividing
 
the basin in sub-.catchments 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 
ITo.2 would have the observed rainfall of Station No.2 as its rainfall input. 
The catchment runoff is estimated by using the derived distribution graph. 
The total streamflow at the catchment outlet would be the estimated runoff 
plus base flo.y. This total flow represents the catchment hydrologic input 

to the node. 

Other inputs to the node are direct runoff (in case the node includes
 
a floodplain area) and observed runoff in case a gaged watershed runoff
 

enters the node. 

A computer program was developed to calculate the total inflow to a 
node from a knowm rainfall input. The program details are discussed in 

Section 5.9 of Chapter V. 

3.9.1 October 1970 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.2, 6 and 14 and runoff coefficients equal 
to 0.65, 0.69 and 0.51 (which .ere obtained from the calibrated model), 

http:Fig.3.14
http:Fig.3.14
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and
respectively for the areas represented by Station Xos2,. 6 and 14 

floodplain runoff coefficient equal to 0.85, the computed total runoff
 

hydrographs to each node are shown in Fig.3.15.
 

From Fig.3.15, it is observed that the major runoffs from the 

basin is contributed by the areas near Lake 'Bato. 

3.9.2 Design Storm as Hydrologic Input The 50- yearbasin rain

fall was assumed to produce a design flood in the basin with the same 

return period. This design flood was used to estimate the effectiveness 

of the proposed flood control measures to floods larger than the highest 

recorded flood of 1970. 
Using the hydrologic model to calculate the total runoff to the 

node points, all catchments were treated as ungaged watersheds. As in 

the,1970 storm input, the representative rainfall stations are Station 

Nos.2, 6 and 14. 

http:Fig.3.15
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IV WATER LEVELS IN SAN MIGUEL-,BAY AND RAGAY GULF 

The water levels in San Miguel.-Bay is an important factor in controlling 

the discharge of water from the Bicol River.Basin. Similarly the levels 

in Ragay Gulf control the discharge from the Bicol-Ragay diversion channel 
'whichis being considered as one of the possible flood control measures 

for the .icol River Basin. The water levels in both San Miguel Bay and
 

the Ragay Gulf are variable with time and depend upon both astronomical 
and meteorological factors.
 

4.1 Astronomical Tides
 

The relative motion of the earth, moon and sun cause periodic tide

producing 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, ri, at a particular location and time t can be
 

expressed as a sum of the effects of the various constituents
 

N!
 
a + E aisin.( t-t+6) (4.1)
i=l i
 

In Eq.(4.1), a is the mean sea ilevel, N is the total number of consti
0* 

tuents while ai, 6i and Ti are the amplitude, phave and period of the ith 

constituent. 

4.'1.'1 -Tidal Analysis In order to use Eq.(4.l) to determine the 
tidal variations in San Ifiguel Bay'and Ragay Gulf, the appropriate values 

of a, ai and 6 must be determined for the corresponding values of T 
.
C 0 
These values can be determined from information obtained from tidal records
 

at these locations.
 

Each constituent listed in Table 4.1 affects the tidal elevations
 

to varying degrees depending upon the physiography of the region where
 

the tidal levels are to be determined. In view of the large extent of the
 
land mass separating San miguel Bay and Ragay Gulf, it is not surprising 

that the tidal behavior at these locations are dissimilar. 

Given a sufficiently long length of tidal record at any location, 
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Table 4.1- List of Importaint TidalConstituents
 

Name.of'Constituents, .,?'riod (hrs) Description
 

Sa 87590124 

855 4384.896 
14m 661.278 long period 
U,f 354.356 

•zf 327.869
 

23.934 

01 25.819 

P1 1 24.066 diurnal 
26.868 

M, 24.841 

23.098 

U2 12.421 

S2 12.00 

N2 12.658 

K2 11.967 

v2 12.626 semi--diurnal 

P2 12.872 
L2 12.192 

T2 12.016 

2N2 12.905 
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theimportance of each component can be identified and included in an
 

appropriate manner when'determining future tidal behavior. In view of
the relatively short record of water levels (23 to:27 days) at San Miguel
 

Bay and twgay Gulf, the precise effect of each of the 20 constituents
 

listed in Table 4.1 could not be properly identified. A crAterion was 

therefore established which enabled those constituents to be identified
 

in the order of the accuracy of their determination. The accuracy of the
 

criterion and correspondingly the ability to predict future tidal'levels
 

depended upon the length of the available record of observed water levels
 

at San Miguel Bay and Ragay Gulf.
 

The following analysis is hence divided into ,:.o sections. The 

first section describes the method of analysis which was used in determining 

how the 20 constituents and t.heir corresponding values of ai and 6 were 

obtained from field measurements. In the second section, an analysis was 

then made to select from these components listed those which were considered
 

reliable for projecting or hindcastin8 astronomical tidal action at the
 

towns of Balongay and Pasacao.
 

4.1.2 Method of Analysis for Determining aoa and 6- Eq.(4.1) 

can be written as 

n=ao + i aicos 6 isin (-'L t)+ a sin6icos Ti t) (4.2)
0~ L Ti 'Ti 

To find the amplitude and phase of the J. component, i.e. a and 6J 

Eq.(4.2) is multiplied by sin( ' t) and integrated over a long time 

interval At and divided by At where At is the length of the-tidal record, 

;At 1 ~~N At 2w2 
f :.insin1(y- tdt y- ~ aosin(-I t)dt + 1 f sin(t t) sin(E ados6 t)dt

•o i j o j"- ~ j 

N -At, 2 2 1 
+ .aisin6 f cos(=-"t) Sin(- t)dtl (4.3) 

The right hand side of iq.(4.3): 'c.n be integrated to yield, 
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At 2wA nsin(k, t)dt 
* ia 0 T-.!T(1-cos !;;;--)+ NwtE a cosS (A -B44: 

T j " ( + _ i-

0 - i . j (4
 

B - - + 

N i

an~l D j " 4(!+ -)
 
1$ 1
 

wheret 

IB 

47r (-
N 

At +t
 
Taking 
 the term ± - j out from the E expressions and let I 

whee 11 -~ 1 -cos7 t) 
the symlb iE:mean the sum, .:E , excluding the term i-- J, :therefore' 

' w st1 

j At (M14*t12) +
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34.(4.6) can be written as 

yt + aj At +~tinj s (4.8) 
0 Tj 

For i-j, i.e. Ti - Tj, the terms containing Aj and C are indeterminate. 

As At + k zero and the last term on the right hand side of Eq.(4.8) 

is determined by L' Hospital rule. Eq.(4.8) then becomes 

At t2 t - 1 cCos6 (4.9) 
At-'. oj 

Similarly, multiplying Eq. (4.2) by cos(- t) and following the 

same procedure, one arrives at the result (corresponding to Eq.(4.8)) that, 

tf qrcos t)dt - k+ aj[- .- + Iisi. (4.10) 

where (1 +N2)+'j(D.cos6 + B s 

Na 2 1rAt4 

2n1 T4.1 

And 
?: i; 

112 
At 
EaC 

At 

+ D+ E + 

'AsAt +. Eq.(4.1O) becomes 

liu f nc 21r t -dt in6 (4.12) 
At* At co -T~d 2 

The left hand sides of Eqs. (4.9) and (4.12) can be determined
 

from the tidal record. The terms a. and 6.: cau therefore be determined
 

by solving simultaneously Eqs.(4.9) and (4.12). Performing this for J-I
 

to N, the amplitude and phase of each constituent can be found.
 

The mean sei level a is given by

0 

lt=)m oAt ..... 
1A00 t a(4.13) 

http:Eq.(4.1O


Te above tidal analysis is complete under'.the assumption that 
At is large. In practice: At is finite, therefore k and Z may not be 
close enough to zero in order to make Eqs(4.9) and (4.12) valid. One 
way to justify this is to otudy the absolute.values of k' and £ for the 

available At and compare them with aje j J 
4.1.3 Absolute'Values of k and'i 
 The absolute value'of k 

can be written as
 
/a
 

Ik I IA (MIl-i2) + .At D sins B Co8) 

1Imai+ !iIDsjins1-B coS6j
 

,, I
At (m +I +BAt +zl 

.(jbll + 11121) + L (IDJ + I) (4.14) 

Since Ijlj < l 

i i 

1 

I',ij' 
 1 

IDij I < 

therefore,
 

() I'l - 0-


N
 
(ii) IM21 - JE (a (Aj - Bij)cos6 i + a±(CC +a )sinai) 

'N 
"
i i Bi )cos6, + (Cii + Di : ..< .- I( Âij ijl ,, 1)sin6±Ii ;
 

<, (EA 1 - DI + JC1 Di) 
i~j,
 



E- a (II + IBI IcI + IDi~b 

oN r
 
4i# jJ - + 

T.
 

and (iv) :ID 1,I I 

Using (i) to (iv), the relation (Eq.(4.14)) can be written as 

kj 1cJmax (4.15) 

1 aT 3 ( 11 i. l 
1her 4 1 + (4.16)6-+ mjx -+ii iA+ i+ 

Therefore, Eq.(4.9) will be valid if 

a 
_1c0s6 >> kjw (4.17)2 > , 

The absolute value of L can be found in the similar manner. 
j 

Eq. (4.12) will then be valid if 

Ssin6 >> Z (4.18)2 1 jmax 

where _ . - E + + a (4.19) 

At ii ; 

Since k > the relations in Eqs. (4.17) and (4.18)
kimax ja, 

can be combined as 
2 

.i.max 

or a > 2,rk>> (4.20) 

.max 

Eq. (4.20) is the required criterion. 

http:Eq.(4.14
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Having found every! a and 6 k can be determined from 

Eq(4l$.The,-ratio 2r2 k /a can be used as a criterion for select
jmaxj
 

ing the constituents for use in the tidal prediction.
 

'The maximum value of 2r2 kjmax/aj required to make the jth
 

constituent acceptable is yet to be established.
 

4.1.4 Flow Chart for Computer Execution The computer program
 

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

Fig.4.1.
 

4.1.5 Result of Tidal Analysis at Balongay. The result of the
 

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(2 kmira 

The prediction using the first 6 constituents according to their
 

rank order and the fourth constituent (J-4) seem to -ive good results
 

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 record.
 

Therefore, the formula used for.making tidal predictions at
 

Balongay is
 
77 
 2,ff 

a + E1 asin(Z t +6 (4.21)
 

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.,
 

iarch 6, 1974. The values of a,, Ti and 6, are presented in Table 4.3.
 

4.1.6 Result of Tidal Analysis at Pasaco The result of the tidal
 

analysis at Pasacao using 23 days recorded data is presented in Table 4.4. 

The formula used for making tidal predictions at Pasacao is 

- a + E asin(--t+8 (4.22)
0 iZl 2. 

The origiii of the time axis, t* is at 9 am., Iarch 8, 1974. .The values
 

of "6ai
, and Ti are presented in Table 4.5.
 

http:Eq.(4.21
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INPUTS:
 

Tidal record Tj
 

Period Tis i = 9,N
 

Length of record At
 

Compute a°,= Ttj J'dt by 'numericalintegration 

at
 

o j
 

Compute X -S( tdt
 

at by numerical integration

'Compute Y = 1OS(T t)dt
 

C.ompute aj 2X22 + y2 .
 

aid 6 = tan' X 

L =+ j= 2J'

es
 

Comuter by Eq. (4.16)""; 

\ yes.
 
i
OUTPUTS: a0 &a O . j N
 

STfOP
.e
.
 

-Computer
Fig. 4.1 Flow Chart for Tidal Analysis'
 



Table 4.2 - Tidal Computations at Balongay, Using 27 Daye of Record, 

a =t1.221 m
0 

Amplitude' 
a 

(M) 

Phase 
j 

(radian) 

Period 
Tj 

(hrs) 

2jk 
2 r ,k 

Order 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

2.417 
2.350 
0.098 
0.209 
0.050 
0.128 
0.116 
0-22 
0.044 
0.049 
0.043 
0.657 
0.385 
0.098 
0.340 
0.041 
0.069 
0.058 
0.399 
0.062 

1.343 
1.116 
0.002 

-0.922 
-0.201 
0.393 

-0.920 
1.0 
0.161 

-0.823 
0.401 
1.571 
0.895 
1.571 
0.543 
1.571 
1.571 

-1.414 
1.082 
1.571 

8759.124 
4384.896 
661.278 
354.366 
327.869 
23.934 
25.819 
24.066 
26.868 
24.841 
23.098 
12.421 
12.0 
12.658 
11.967 
12.626 
12.872 
12.192 
12.016 
12.905 

54.18 
42.09 
8.05 
4.53 
4.92 
1.03 
0.55 
1.06 
0.56 
0.67 
0.57 
0.77 
5.64 
1.22 
3.42 
1.58 
1.07 
1.58 
5.02 
1.06 

22.42 
17.91-
82.45 
21.73 
97.49 
8.03 
4.75 
8.75 

12.89 
13.77 
13.14 
1.18 

14.65 
12.44 
10.05 
30.43 . 
15.52 
27.18 
12,59 
17.07 

16 
14 
•19 
15 
20% 
3 
2' 
4 
'8. 
10 
9 

I1 
11 
6, 
5i 
18 
12 
17 
7 

13 

Table 4.3 - Value of Terms in Equation (4.21) 

a T 

(m) (radian). (hour) 

0 
1 
t23 

4 
5 . 

6 
7 

1.221 
:0.657 
0.1160.128 

0.122 
- 0.34 . 

-0.098 
0.209 

1.571' 
-0.92
-0.393 . 

1.0 
0.543 
1.571 

-0.922 

12.421 
25.819
23.934 

24.066 
11.967 
12.658 

354.366 



Table 4.4 - Tidal Computation at Pasacao Using 23 Days of Record, 

a =1.007 m
 

Amplitude Phase Period 2..2-k
 
a
a . . 6 Tj 2kjm J Order
.1j imx 

r() (radian). - (hrs). 

1 2.000 1.370 8759.124 53.57 26.78 17
 
2 1'.958 1.170 4384.896: r 41.70 21.29 14
 
3 0,292 -0.988 ,661.278' 8.54 29,19 18
 
4 0.421 -0.374 354.366 6.23 14.80 8
 
5 0.311 -0.800 327.869 6.47 20.82 13 
6 0.309 0.198 23.'934 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 -00497 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' 0.396 -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) 

L ai Tt 

(i) (radian) (hrs) 

0 1007 

1 0.463 .876 12.421
 
2 0.241 1.571 25.819
 
-3 0.'309 0198 23.934
 
4 0.299 0.674 24.066
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Using this method of tidal analysis, the formulas for tidal 

prediction at Balongay and Pasacao are those shom 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 lon,; period constituents by this method wiill be improved 

if a longer record is available. The short period of available records 

is the reason why the rank order of the long period constituents are 

usually high. 

The value of kjmax for each constituent is only a global
 

estimation of the error involved in estimating the amplitude and phase
 

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.
 

Figs.4.2 and 4.3 show respectively the observed water surface
 

levels at Balongay and Pasacao during a period of approximately one
 

month. Also shown on these diagrams are the computed tidal levels using
 

Eqs.(4.21) and (4.22).
 

Figs..4.4 and 4.5 sho. respectively the hindcasted tidal record
 

for a typical one month period during the typhoon season at BalonSay
 

and Pasacao. The portion of this tidal data which was used for the
 

boundary conditions of the mathematical model of the Dicol River Basin
 

flood control study is shown on the figure.
 

The tidal fluctuations at San Miguel Bay and Ragay Gulf are 

generated by computer subroutines TIDALl and TIDAL2 respectively as shown 

in Appendix C. 

4.2 lleteorological Tides
 

iieteorological conditions wlhich are present during typhoon :periods 

can have a considerable influence on the water levels in San iligueltBay 

and flagay Gulf. These conditions are: minimum central pressure, typhoon 

speed and path, typhoon size or radius, and local wind velocities. 

Eq.(4.23) describes the change.in water level produced by typhoon effects 

http:Eqs.(4.21
http:Eqs.(4.21
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h - aAp + b(W coO) (4.23) 

In this equation, a and b are empirical constants which characterize 'the
 

conditions where the wind set up is being determined. The first term on
 

the right hand side represents the change in water level due to the re

duction in the atmospheric pressure associated with typhoon storms while
 

the second term showr.s the effect of surface friction caused by wind-water
 

interaction.
 

4.2.1 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. 

Fig.4.10 shows the relationship between the minimum 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 is lower 

than 900 mb are considered as very large scale storms. Only three such 

storms affected the Bicol area between 1964 and 1972. The lowest central 

prussure ever recorded was 884 mb and was produced by Typhoon Ining in 

1971. The radius of such large storms is difficult to define. An 

effective radius r of 75 km is considered appropriate for very large 

scale typhoons. The equation used to describe the pressure variation in 

the typhoon area is 
-ro/r 

p - p0 ' Ap e (4.24) 

In Eq.(4.24), p0 is the atmospheric pressure at the typhoon ceter, r 

is the effective 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 center. For the storm selected as the design storm for 
the Bicol Region, the values of Ap and r are 133 mb and 75 km respectively. 

The pressure distribution in the typhoon affected area can therefore be 

expressed as 

p = 880 + 133 e7 

http:Eq.(4.24
http:Fig.4.10
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where p is expressed inmillibars and r in kilometers.
 

4.2.2 Velocity Distribution of Typhoon Winds The motion of the 

wind relative to the storm center can be approximated by assuming steady 

frictionless conditions and that there exists a three way balance between 

the Coriolis force, the centrifugal force and the pressure gradient force 

normal to the fl(,y. The magnitude of this resull:ant velocity F(r) can 

be expressed as 

ror/r f211/2
 
1(r) 'A e + rj ] 2 fr (4.26)

2 2La r 

where Pa " 0.0012 gms/cc and the Coriolis parameter f a 20sin*. For the 

BicOl River region, f - 0.0000729 radians/sec. 

Empirical findings indicate that a better approximation to 

the actual tina speed U1 relative to the typhoon center is 

U1 - 0.7 F(r) (4.27) 

This wind speed should be directed at an angle of approximately 600
 

from the direction of the radius arm as shown in Fig.4.11. The wind
 

velocity relazive 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 selcted as is shown in Fig.4.11. The contribution of this motion to
 

the instantaneous wind speed at any distance r from the typhoon center is
 

- 0 .7 (r) V (4.28)
F(r)
 

The resultant of U and U can be determined at any position and time.
 
1 2 

Their vectorial sum is also shown in Fig,4.11.
 

Of particular interest is the continually changing component 

of the wind velocity normal to the mouth of the Bicol River estuary in 

San Miguel Bay and at the mouth of the Bicol Diversion where it is planned 

to enter Ragay Gulf. These wind components will produce a wind "set-up" 

of the-ocean waters whrich in turn will affect the inland flow conditions. 

http:Fig,4.11
http:Fig.4.11
http:Fig.4.11
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4.2.3 Storm Surge Of ;Prticular interest are the meteorological
tides produced in the San Miguel Bay at Cuyapi and at he Ragay Gulf at 

Pasacao. 

The static set up S1 due to the low pressure center was deter
asmined 

S Ap. = 0. 991 Ap (4.29)
Pg
 

In Eq.(4.29), the units of S1 and Ap are in centimeters and millibars
 

respectively. 
The change inf water depth or set up S2 due to the wind-water
 

interaction is determined from Eq.(4.30) 

= kF(U.cosO) (4.30) 
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~cosO) is the component of the wind velocity normal to the shoreline
 
at San Miguel Bay at Balongay and at the Ragay Gulf at Pasacao. For these
 

locations the following equations apply 

(20OinY c~°)
S2(Balongay) O. (Ucos) 2 4.1
(4.31)
 

S2(Pasacao) 0.032(250 m) (U.cosB)2 (4.32)
 

The,total meteorological tide S is then the sum of S and S
 
1 26
By continually computing the wind field in the vicinity of 

Balongay and Pasacao as the design typhoon passes through the Bicol River 
Basin the instantaneous average wind velocity over the appropriate fetch 
length, can be determined and substituted into Eqs. (4.31) and (4.32) to 
determine the wind set up. The wind set up S2 was computed in this manner 
and than added to the static set up. The combined effects (S1 + S2 ) are 
shown in Fig.4.11. The maximum storm surge at Pasacao and Balonga was 
2.78 and 2.36 meters respectivelv. 

http:Fig.4.11
http:Eq.(4.30
http:Eq.(4.30
http:Eq.(4.29
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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 control study. The resultant water surface
 
fluctuation is shovm inFig.4.12. The assumed relationship between the
 
time variation of the water surface levels and the occurrence of the
 

basin rainfall is also indicated.
 

http:Fig.4.12
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V FLOOD CONTROL SI'ULATION 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 icol and Sipocot Rivers respectively from Lake Bato and
 
Napolidan to the river mouth at San Miguel Day. The mathematical model
 
mainly consists of the unsteady free surface flow equations 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 treattent 
in the mathematical model. The schematization called the node and branch 

technique is used to solve the unsteady free surface flow-. equations. 

The model is calibrated to determine the empirical constants which
 

govern the model outputs. The calibration is performed by assuming 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 3600 Model which is capable of handling a 

maximum core 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 and different hydraulic and 

hydrologic inputs.
 

5.2 Basis of HathematicalModelling 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 
application 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 since in nature the degree of 
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meandering of the main channel and berm portions are unequal as shown in 

Fig.5.1. Schematization is required to adjust the ber geometry and its 

roughness coefficient such that the effective flow distances along the 

main channel and berm portions are equelized. The detail of this 

scheatization for the berm portions will-be discussed later. The un

steady free surface flow equations i.?hich consist of the continuity and 

momentum equations can be expressed as follows: 

a+
 

M-I V!+G 0 (5.2)
 

ax T iH 

Aax A2 8x A8x Bt ax 2( E Ki) 2 

i-I 

In Eqs. (5.1) and (5.2), Q and H are the discharge and uater 

level, q is the lateral discharge per unit distance which enters the flow 

channel perpendicularly, T and A are the total topwidth and cross sectional 

area of the flow section, K and I are the conveyance and momentum correction 

factors, g is the gravitational acceleration, x and t are the space and 

time coordinates. The parameters K and U are defined as 

K o 1 A% ,.,2/3 (.)" ni i (53
 

and 3 

"M ipqV
PQV (5.4) 

In Sq.(5.4),, Q 
3 
EEQi and V - - (5.5) 

imli 3
E A

t=1 
A 

In qs.(5.3), (5.4) and ,(5.5), the subscript i refers to the 

number of the subsections referred to as the left berm, main channel 

and right berm. Subsection no.1 and no.3 are the left hand and right 

hand bermis Subsection no.2 is the main channel. The term p is the 

water density.. 

The definition sketch of the variables ,uoed inEqs.(5.1) and 

(5.2) are shownm in Fige5e2. 
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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 

such as those created by the intersections of Bicol River, Sipocot River, 

cutoffs, diversion canals and boundary conditions imposed by San liguel 

Bay and Ragay Gulf. The method requires a schematization procedure whict, 

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 channel 

joining the storage tanks is called a branch. The function of the node 

can be visualized to accommodate all storage or mass transfer effects 

while the branches accommodate the hydraulic frictional effects and nertial 

effects which exist between the two nodes. This interpretation results 

from the development of the equations which describe the flow system. 

In the node and branch computation teshnique, the following 

assumptions were made: 

a) the water surface is horizontal in each nodei 

b) only one value of discharge exists along the entire length , ' -. 

of a single branch at any instant; 

c) water levels vary linearly from one node to an adjacent node; - da 

d) the storage in each node is considered equal to the volume 

of the water in all branches from that node to a distance half way to 

each adjacent node. 

Fig.5.3 shows the physical interpretation of the river geometry 

and flow condition assumed in the node and branch schematization. Fig.5.4 

shows 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 are considered as time dependent functions 

which possIess constant values within a specified space interval as shown 

in Figs.5.3 and 5.40 To make Eqs.(5.1) and (5.2) consistent with the node 

and branch schematization. the partial differentiation with respect to the
 

space coordinate, x, is required to be replaced by the difference of a
 

quantity, e.g. stage, discharge or cross sectional area, etc., per unit
 

distance of the length of the branch. The substitution eliminates the 

partial differentiation with respect to x in Eqs. (5.1) and (5.2) and the 

equatiOns are reduced to partial Aifferential equations with respect to 

tie 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.(5.'l) and (5.2) to the total differentiation with respect to time
 

are described in detail below. 

From Eq.(5.1), the differential form of the continuity equation
 

for a node can be expressed as 

( 
-a _ 'Qin out (5.6) 
dt 

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 way 

to each adjacent node while EQin and EQout are the discharge sumnations 

into' and out of the same node. The other parameters are previously defined. 

From the momentum equation in Eq.(5.2), the following substitution
 

for the partial differentiation with respect to x is made
 

3A A2 -l 
 (5.7) 
Bx L
 

am "2 L (5.0) 
Ox" L 

.ax H (5.9) 
ax L 
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From the continuity equation in Eq. (5.1), the term can be replaced 

by
 
(T1 + T2 ) a( H+ 2)
 

ax 2 at 2 (
 

In Eq.(5.7) through (5.10), the subscripts 1 and 2 are assigned 
to the upstream and dovmstream nodes of the branch respectively, L is 
the length of the branch, the other parameters are previously defined. 

Substituting Eqs.(5.6) through (5.10) into Eq.(5.2), the partial 
differential form of the momentum equation ith respect to time which
 
satisfies the flow xn a branch can be written as
 

UQ A2A) (M BS§a~t MATh (H1 +e2) + 22 A 2-I1 ).'- -&A (H2-li)H
2 AL [il ]2 

As previously described, - and - (H-2) d (Hat dt A at + 2 dt ( 14112the momentum equation can therefore be re%.itten as
 

dE" L F'
F node 1 + ( q node 2 + A'-Q.(A,-A1
dt A F1[ FJ A 2 
A2 (1 ~ (H (5 .11) 

A1 + A12 
 T + T2 11 tIn Eq.(5.11); 2 T-, D 2.2 
22.2 

(Kj)11+ NK)22 ; = 1,2 and 3. 

Eqs.(5.6) and (5.11) are the reduced form of the continuity 
and momentum equations which described the time variations of water level 
and discharge in the node and branch respectively. In the flood control 
study, the two :equations .(5 6 and 5.11) are written for all nodes and 
branches in the Bicol and sipocot Itvers. 

http:Eq.(5.11
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5.3 	Niethod of !veraging H~ain Channel and Berm Geometry 

In the node and branch computation, the ,eometry of the nain channel 

and berm cross sections is averaged for each river subreach defined for
 

each 	branch. The cross section geometry is averaged by the following 

Procedure:
 

a) Plot the topt.iidth and depth relationships of the cross sections
 

equally spaced within the subreach defined as a branch. Draw 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 be 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. For the main channel, the toptrdth is assumed constant when 

the elevation exceeds the river bank elevation. Figs.5.5 and 5.6 show
 

the 	topwidth-elevation relationships for main channel and berms. From
 

Vigs.5.5 and 5.6 the essential information which is required in specifying 

the average topwidth and elevation relationship is the topridths and 

elevations at some specific positions. The topwidths and their correspond

ing elevations at these positions are called specific topwidths and 

specific elevations. The topwidths and elevations designated as Tl, T2, 

T3 and T4 and El, E2, E3 and E4 are required for the main channel as showm
 

in Fig.5.5. Frthermoire, the knowledge of the main channel cross sectional
 

area at the elevations E2 and E4 are required. For the berm sections as 

shown in Fig.5.6, the specific top ridths and corresponding elevations are 

designated as EX, EL., EX2, EX31 and 0, TX1, TX2, TX3 for the left berm 

and EYi EYl, EY2, EY3 and 0, TYL, TY2, TY3 for the right berm. 

The equations iich are used in computing the cross sectional areas
 

and topwidths of the average cross section of the branch:are described 

below. 
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lain Channel From the average topwidth and elevation relationship
 

of the main channel as shown in F'ig.5.5, the following relationship can 

be written: 

Elevation Range: E < E3
 
TI+T2. 

A- AO + (E-E2)(--- ; E < E3 

T2 + I T 3-T 2) ; E2 E --< E3
T - (-E2) E2 E2<-- <t
 

T - T2- (T2-TI) (E2-E) ; E < E2
(E2-EI)
 

Elevation Range: E > E3
 
+Tl+T4
 

A = A + (E--E4)(-= ) ; E > E3 

T - T4 - (T4-T3) (E4-E) E3 < E <- E4(E.4.. 3)-


T = T4 ; E > B4
 

In the above equations, A and T are the cross sectional area
 

and the topuyidth of the average crozs section.
 

Berm Sections The computation for the cross sectional area and
 

topwidth 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, the following re2.ationship can be written.
 

Elevation Range:
 
(E-EX
EXE< E EXl T = (Txl-o) (Ex.-EX)
 

1 
A - 1'T (-EX) 

T - TXI + (TX2-TXI) (E-Exi)EXl < E < EX2 
(EX2-=~)
 

A- - TXl(EXl-EX) (T+TX) (E-EXI) 

EX2_ E .EX3" T - TX2+ (TX3-TX2) (E.-EX2) 
(EX3-EX2) 

A, j TXl(EXl-EX) +-P(X2+-TXl) (EZ-M (VWrx) (E-M(2) 
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-E> 3+ T - TX3 

A- 1 TX1(EE) + T(TX2+TXl) (EX2.-EXl)
+ I+TX2. 

1TX32 (EX3"EX2) + TX3(E-EX3) 

In +the above equations, A and T are the cross sectional area and topwidth 

of 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 is defined as the 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 sectional 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 cross 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 shoim in
 

Fig.5.7. The berm geometry which is required for schematization is the 

topwidth, cross sectional area, hydraulic mean depth and bed slope. The
 

physical characteristic which requires the adjustment in the schematization
 

is the berm roughness coefficient. The following is the mathematical
 

description for the schematization in the geometry of the berm as shon
 

n Fig.5.7. 

5.4.1 Schenatization of the Berm Topyidth The criterion for the,
 

schematization is that the water surface areas of the-berm in the actual
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and schematized systems must be equal. Referring to Fi.5.7, the follow

ing relationship can be "expressed: 

T Ax C'TA~xl 
s s a
 

Ax 
T = T a (5.12)

B a Ax: 

In Eq.(5.12), Ta and T are the actual and schematized topiidths 

of the berm, TAx a is the actual water surface area of the berm, AXa and 
aa 

Ax8 are the actual and schematized flow distances of the berms, while Ax8 

is also equal to the flow distance measured along the meandering course 

of the main channel from section A to section B as sho-n in the same figure. 

5.4.2 Schematization for 3erm 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, i.e.
 

AsAXs = AaAx
a
 

AXa 

or A A (5.13)s a Ax5 (.3 

In Eq.(5.13), A and A are the schematized and actual cross
 s a 
sectional areas of the berms, Axa and Ax are previously defined. The
 

cross sectional areas of the berms in the actual and schematized systems 

are taken perpendicular to the flow direction in the berms. 

5.4.3 Schematization for Iean Depth of Berm The mean depth which is 

schematized by maintaining the same quantity of surface area and water 

volume of the actual and schematized berm portion can be expressed as 

Ax
A •a 
A a Ax AD--- -- s -a DDs T Ax T. a (5.14) 

s a a
T
 a AxS5 

In Eq. (5.14), D and D are the mean depths of the berm in'the 

schematized and actual. systems, AaA , Ta, TS, Ax and Ax are previously,
d e fae p

defined.
 

http:Eq.(5.13
http:Eq.(5.12
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5.4.4 Schemtization for Bed Slope of Berm Portion Let y be the 
vertical space coordinate and x is the horizontal space coordinate measured
 
along the flow direction in the flood plain. 
The schematization for the
 
bed slope of the schematized berm portion, with regard to the same drop

in the bed elevation in the actual and 
 schematize berms, be writtencan as 

Ays 
 Ayaa Ax-- Axaa~ls 
axs Ax Ax a Ax, (s as 

In Eq.(5.15), S and S are the bed slopes of the berm portion
a sin the actual and schematized systems. 
The other parameters are previously


defined. The value of Ay is substituted with Aya 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 Qa and Qs are the same. 
This implies the condition that
 

Q8= 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 follcws that 
AR 2 / 3S1 / 2  1 1 A2/3I/2
 

n as 8 
 n aa a 
8 
 a 

Substituting Eqs.(5.13), (5.14)and (5.15) into the above equation gives
 

A DS n (is S 's 1/2 

a aDaSa 

or U = Xa3/2, 
or n -- x" na (5.16) 

In Eq.(5.16)', n and n 
are the berm roughness coefficients In8 a
the schematized anid actual flow systems. The other parameters are pre.

http:Eq.(5.16
http:Eqs.(5.13
http:Eq.(5.15
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viously defined.
 

Making use of the main channel and schematized berm geometry
 

and roughness coefficients, the continuity and momentum equations as
 
expressed in Eqs.(5.6) and (5.11), could be written.
 

5.5 Bicol River Basin Flood Control Simulation Miodel
 

5.5.1 Extent of Flood Control Simulation Model Fig.5.8 shows
 

the extent of the Bicol River Basin covered by the model. Thirty one nodes
 
are assigned to the water course as shown in the figure. 
Thirty four 
,branches are used to connect the nodes and to provide paths for the water 
movement between the nodes of the Bicol and Sipocot Rivers. Thirty one
 

values of water levels at nodes, thirty four values of discharges along 
the branches and three additional values of discharges at system outlets
 
are solved simultaneously through the use of the node and branch computation
 
technique. Water discharges into nodes are estimated from streamflows 
of the iicol and Sipocot tributaries and the surface runoffs produced by 
rainfall over gaged or ungaged watersheds assigned to the regions of the 
nodes. The water discharges to nodal points are considered as the boundary
 
conditions of the flow system. The streamflcw of the tributaries and 
surface runoffs from watersheds to the nodes are assigned to the nodal 
points from node no.1 to 24. It is assumed that there is no lateral
 
discharges to node no.25 to node no.31. Fluctuation of sea water levels 
at the system outlets which are produced by combined effects of tide and
 

typhoon are taken into account as the water level conditions that control 
water movement in the Bicol and Sipocot Rivers. lode no.31 at Balongay, 
node no.30 at Barcelona both.,on the eastern side of Luzon island and node 
no.27 at Pasacao on the western side of Luzon island are the nodal points 
in which their water levels are assigned equal to sea water levels. 
Topography of flood control nchemes, eog. Pulantuna.Reservoir, diversions 
and cutoffs as well as the geometryoof main channel and berm portions of 

Dicol and SipOcot Rivers are-included in the model. 

The flood control si=ulation model is used to Simulate and 

determine the effectiveness of the flood control schemes on the water levels 
in the Bicol and Sipocot Rivers. The part of the model shown by the 
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dashed lines in Fig.5.8 represent the flood control schemes proposed in 

the present investigation.
 

5.5.2 Components of Flood Control Simulation Nlodel The flood
 

control simulation model is composed of three submodels as shown in Fig.
 

5.9. Those submodels consist of the hydrologic, tidal and river flow
 

models.
 
The hydrologic model is used to convert rainfall over, the
 

basin's'watersheds into time dependent discharges as inputs into the nodes,
 

The tidal model is used to simulate the fluctuations of the sea
 

water levels on both sides of the Bicol Basin. The tidal model combines
 
the effect of astronomical tidal generation with the storm surge produced
 

by typhoon wind. 
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 considercd as the major inputs to this model.
 

5.5.3 Unsteady Free Surface Flow Model
 

Finite difference eguctions - The unsteady free surface river
 

flow model consicts mainly of the continuity and momentum equations as
 

expressed in Eqs. (5.6) and (5.11). The equations are solved numerically
 

through the uEn of the following finite difference scheme
 

J {(!")ft +Oft+At} At ; 0 8 _1 (5.17) 

In Eq.,(5.17), f(J t) ,-J is the unknown vector
 

representing eithor -,ater lev.l or discharge. The weighting factor was
 

chosen, as sctggentcd by Vre.g.!.nhil (1963), as 0.55 to ensure numerical
 

stability.'
 

By substituting Eqs.(5,6) and (5.11) into Eq.(5.17), the 

finite difference form of the ccntinuity and momentum'equations written 

for nodes and branches can be obtained. 

As an example, the finite difference form Of the continuity 
equations .for nodes 12 and 13 andthe finite difference form of the 

momentum equation for branch no.15 which connects these two nodes are 

presented. Referring to Fig.5.10, the river discharge QIr enters node 13 

http:Fig.5.10
http:Eq.(5.17
http:Eq.,(5.17
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through the upstream branch no.16, the surface runoffs from-ungaged

watershed and the tributary streamfiow in the vicinity of the node enter
the node and is designated as QL13. The discharge from node is13 referred 
to as Q15 " This flow enters the daistream node no.12 through branch 
no.15, 
The surface runoff and tributary streamflow designated as QL12

enters node 12 at the same instant. Water from node 12 then discharges
in downstream direction through branch nos.14 and 25 with discharges whose 
magnitude are equal to Q14 and Q2 5 respectively.
 

The finite difference continuity equations for node no.12
 
and 13 can be expressed as follows:
 

Node 12 
S + AQ - eAQQ + Q-- Q. + QL12 + OAQL12 (5.18) 

12 At 25 15 14 15 4 

For Node 13• -AH 1 .""

13  OA. 0 AQ- Q15F " + QL13 + OAQL13 (513
 

The finite difference form of the momentum equation

,written for the floz.v in branch no.15 can be expressed as 

Ae 3e LJ + AN1.2 [-'0g9LH 1 5 + AQ15 : At.+ - -[l FL,2i15 
 F13 

2Q,5+QL12.,Q25.'Q
141 r
+ 5 "1a+A2Q15 2
ata U/S)t..s - A12. 
 .. ,L 5
 

15atD/S 1
 5at 
 AII t%.sI i15
LAi 5L15 g [1 Q 1 1 

+ 8H5T1 5 Q1 5 . 15T 5Q15"'0

AA 1 Q1 AlQZ 5 12
1 
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2 

Q'+n:Qs+ Q1	 I+ 5 at U/S)ji sl 	 4L2Q 5 Q 4 ( atDSA 5A15 11515 

2 15 Q, 1511 	 151Q-4 at U/S g 512 13 15 [.3 ]2
 
'A1 L 5 1Mi5 15 a S g , - I
at D/S 	 -n 3 

I eMT~\ 	 iLi 1~J~fl 	 5,1] 
+ 	AQL13 155 I L152"1
 

A1 5 F1 3 / Q1 Ai512 I(.0
 

Eqs,(5.18), (5.19) and (5.20) are the continuity and
 

momentum equations for node no.12, 13 and branch no.15. The equations
 

have been linearized by dropping the nonlinear products, i.e. the products
 
2 2

of all the increments, for example, AQAH, (AH) and (AQ) . The terms on 

the right hand side of the equations contain parameters which are
 

previously known from the initially assigned values or from the previous
 

step of computation and also from the given boundary conditions at nodes
 

12 and 13. Similar types of finite difference continuity and momentum
 
equations can be written for all nodes and branches in the schematized
 

flow system as shown in Fig.5.9.
 

Method of solving continuity and momentum equations The 

continuity and momentum equations for all nodes and branches form a set 

of linear algebraic equations which can be solved simultaneously. The 

unknowns are the incremental changes in the stages and discharges of all 

nodes and branches in the system within the time step of At used in'the
 

computation. Fig.5.11 shows the isometric sketch of the procession of the
 

step computation of water levels and discharges in,,"a portion of a river
 

network.
 

In matrix notation, the set of linear algebraic equations 

can be expressed-C) as "-... :'EPJ-ENJ 


or ()[ .	 "P" (5.21).
 

In Eq. (5.21), [] is the unknown matrix which contains 

the incremental changes of stages and discharges within the time interval 

At, [P] is the known matrix whi:h contains the coefficients of the 

elements of the matrix E . The matrix [P] is known from the previous 

http:Fig.5.11
http:Eqs,(5.18
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step of computation or from the initial conditions. 
CC] is 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. 

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. 

5.6 Model Calibration 

The flood control simulation model is calibrated using the available 
.previous flow records along the Bicol and Sipocot Rivers in the year of 
1970. The hydraulic and hydrologic inputs to the model are available
 
from field measurements. The hydraulic input to the model which serves as
 
a 
downstream boundary condition is the observed'mean daily sea water
 
level at Cuyapi. The hydrologic input is the measuredrainfall at three 
stations over the Bicol Watershed. The rainfall is converted to surface
 
runoff which enters the nodes assigned to the Bicol and tipqcot Rivers.
 
The surface runoff from ungage0 watersheds were estimated from the basin
 
rainfall using a distribution graph. The observed streamflows of the
 
tributaries are used wherever possible as discharge inputs from the gaged
 
watersheds. The model is calibrated by adjusting the empirical constants,
 
contained in the governing equations which control the model .outputs.
 
The governing equations which contain the empirical constants are the
 
unsteady free surface flow equations and the rainfall-runoff relationship.
 
Adjustments are performed until the flow records during the storm of
 
October 1970 are duplicated. These empirical constants are representative
 

of the physical characteristics of the Bicol River Basin. These
 

characteristics are the:
 
a) energy loss or roughness coefficients-of the main channel and
 

-bern of the Bicol and Sipocot Rivers. 
b) runoff coefficients which are defined 'as the ratio between the
 

.volume of.surface runoff from the watershed to that of the rainfall on the
 
same area.
 

http:Eq.(5.21
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To sets of-four runoff coefficients are used, The first set is 
used during thie priod prior to the storm in which the soil is partially
 
saturated while the second set is used during the storm period 
in which 
the soil in the watershed is assumed to be fully saturated.
 

In the model calibration, all the flood control schemes were dis
regarded sice they did not exist during the t: me of flooding in 1970.
 

The roughness coefficients which require adjustment are those for
 
the main channel and berms of branch no.1 to no.24. 
The berm portions'
 
which were inundated during the flood period are those of branch;nos.9, l1
 
and branch nos.13 and 24 along the Bicol River. In the calibration,
 

the roughness coefficients are assumed for the main channel and berms for 
branches 1 to 24. Adjustments on the roughness coefficients of the
 
main channel and berms are performed through a trial and error procedure. 
The locations of the gaging stations for which the flow records are
 

available are shown in'Fig.5.8. These stations are:
 

, a) Sabang,' Sipocot River (Node No.4) 
b) Libmanan, Sipocot River (between Node Nos.6 and


c) Naga City, Bicol River (Node No.li)
 
d) Ombao, Bicol:River (between node Nos.16 and 17)
 

e) Sto. Domingo, Bicol River (Node No.21)
 

f) Lake Bato, Bicol River (Node No.22)
 

'7 on Branch No.6) 

The comparisons of the water levels computed from the flood control 
 CA A 

simulation model and,from the 1970 field records for those gaging stations 
 lt,

are- sho in Fig.6 in Vol.I of this Report. Satisfactory results are
 
obtained from the calibration. 
The following are the empirical constants
 

which are obtained from the model calibration.,
 
a) Runoff Coefficients 
 There are two sets of runoff coefficients. 

The first set applies for rainfalls prior to the storm of,October 12, 1970. 
i.The second set applies to rainfall during the typhoon. Each set contains 

four values:
 

1st set: R = 0.400 R2 - 0.200 R3 = 0.200 R4  0.300 ,
 

2nd set: Rl 0.650 R2 -0.690 R3 =0.510 R4 -0.850
 

The symbols RlR2,
R3 and R4 are the values of the runoff coefficients
 
which are assumed to apply to regions No.1, II, III and IV shown in Fig.5.120
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b) Roughness Coefficients
 
Branch No. 
 Left Berm 


1 5.0 
2 5.0 
3 5.0 
4 5.0 
-5 5.0 
6 5.0 
7 5.0 
8 5.0. 
9. 0.0600 


10 5.0 

11 5.0 

12 5.000 
13 0.0700 
14 3.00 

15 6.000 
16 6.900 
17 6.900 

18 6.900 
19 6.750 

20 5.700 
21 4.900 
22 4.500 

23 4.900 

24 4.850 

25 5.000 
26 5.000 

27 5.000 

28 5.000 

29 5.000 

30 5.000 

31 5.000 
32 5.000 
33 5.000 
34 5.000 

5.29 -

Main Channel 

0.1600, 

0.1500 
0.1250 

0.1050 
0.0750 

0.0700 

0.0620 

0.0620 

0.0195 

0.0195 

0.0210 

0.0210 

0.0220 

0.0290 

0.0345 

0.0352 

0.0352 

0.0352 

0.0350 

0.0310 

0.0290 

0.0270 

0.030 

0.0295 

0.029 

0.0350 

0.0350 

0.0350 

0.0350 

0.0350 

0.100 

0.080 
0.060 

0.0250 

Right,Beim 

5.0 
5.0 
5.0 
5.0 
5.0 
5 .0 
5.0
 
5.0 
0.0600
 
5.0
 
5.0
 
5.000 
0.0700
 
3.000
 
6.000
 
6.900
 
6.900
 
6.900
 
6.750 
5.700
 
4.900
 
4.500
 
4.900
 
4.850
 
5.000
 
5.000
 
5.000
 
5.000
 
5.000
 
5.000
 
5.000
 
5.000
 
5.000
 
5.000
 

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

bration, the model is then applied to predict the effectiveness of various 

combiktions of flood control schemes. The procedure used in the model 

calibration and in the prediction of the effectiveness of the flood con

trol schemes on the water levels in Bicol and Sipocot Rivers is shown 

In Fig.5.13. . 

http:Fig.5.13
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5.7 Modellini 
of Flood Control Alternatives
 
The effectiveness of individual 
and combination of flood. control 

schemes is calculated with hydrologic inputs that had return periods of
 
13 and' 50yea-rs. The return period of 13 years is selected since the
 
input has the magnitude equivalent to 
that of the flood which occurred 
in October 1970. 

The proposed flood.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 
dimension of the channels which are used inputs toas 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
 
adjustmeiton the geometry of the model to cope with the required conditions
 
to be investigated can be described as follows:.
 

a) With and Without Cutoff No.3 
 For a combination of measures
 
inwhich channel Cutoff No.3 is not included, the topwidth, the cross
 
sectional 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 
appropriate values. The roughness coefficient assigned to the branch
 
representing Cutoff No.3 is equal to 0.029.
 

b) With and Without Diversion The following diversion canals are 
proposed to prevent flooding along, the Bicol and Sipocot Rivers: 

1) Sipocot - San Miguel,Diversion
 
2) Bicol - -Ragay Diversion. 
For a combination which does not include these diversion canals,.
 

the top idth, the cross sectional-area and the mean depth of the diver-. 
sions are reduced to approximately zero. For the situation when.these , 

diversions -are included, the appropriate geometry of the diversion is-. 
substituted. The roughness coefficients assigned for the.branches along 
the diversions are as fo1lmis: 



,Table 5.1 - Proposed Flood Protection Schemes and Their Combinations 
which were evaluated in the present study. 

Combinations Basic Components of Flood Protection Schemes 
of Flood . . ... 

Protection Pulantuna Sipocot Tidal Cutoff Ragay Deepening 
Schemes Reservoir Diversion Barrier No.3 Diversion- River Bed 
No.1No.2 . . X x ,.. 
No.3 X 
No . . Kx 
No.5No.6 "- X X 
No.7 x x 
'O. x x • . 
No.
No.I11....... 

x 
... 

x x x 
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Sipocot-San Higuel Diversion
 

Branch No. Mannings n
 
Main Channel 

28 
29 
30 

- aw0 : 
.08. 

0.06" 

Bicol-Ragay Diversion 

26 
27 
28 
29 

0.0350 
0.0350 
0.0350 
0.0350 

It should be noted that the roughness coefficients of the 
diversion canals are assumed in the same order of magnitude as :those 
which existed .in the nearby branchei of Bicol and Sipocot Rivers.. 

c) Wlith and Without Pulantuna Reservoir The surface area of the 
.reservoir is considered as zero when it is not included in the combination' 
of flood control measures to be investigated. For the case that the 
reservoir is included for consideration, .the surface area of Pulantuna 
Reservoir is added to the surface area of Node 1 a Napolidan. 

d) With and Without Channel Deepening The geometry of the actual 
cross sections of the Dicol River along the reach that is proposed for 
improvement,is replaced by the proposed deepened and widened cross 
sections which would correspond to conditions when 'the: channel improvement 
is completed. The roughness coefficients for the brancheswithin the 
reach are assumed unchanged and equal to those obtained from the model 

calibration.
 

e) With and Without'Tidal Barrier For a combination of flood 
control measures that do not include the tidal barrier, the sea water level 
at Balongay is used as the boundary condition for the river mouth. Wnen 

the barrier is included, the boundary condition: at the :river mouth, is'the 
river discharge through the barrier towards the sea. The river discharge 
is computed through the use of equations describing the flow through the 
barrier for different upstream and downstream heads. The barrier is 
regulated' in such a way that the gate is opened when the river stage is 
higher than the sea level. Since" the river discharge through the barrier 
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has to be implicitly determined in connection with the water level on
 

the river side of the barrier, the computation is therefore complicated 

and time consuming. To overcome such difficulties, an approximate com

putational procedure is performed in the present study. The procedure
 

could be described in step by step as follows:
 

(1)The river discharge through the barrier, Q, is set equal 

to zero for the time that the computation is started. This can be explained 

since the water levels on the river and sea sides are initially equal. 

The discharge through the barrier is therefore zero.
 
"..'(2) Use the discharge, Q, as the boundary condition at the
 

mouth of the Bicol River at Balongay. Compute the water level of the next 

time step,On the river side of the barrier through the use of the continuity 

and momentum equations, i.e. through the flood control simulation model. 

(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 

is higher than the river stage. If the river stage is higher than sea 

level, compute the river dischargo, Q, through the barrier using equations 

for the hydraulic characteristics of that control structure. 

(5)Repeat the computation from step (2)through step (4) as
 

desired.
 

5.8 Effectiveness of Flood Control Schemes 

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 
of the flood control simulation model. The absolute changes in the water, 

levels are computed by comparing the water levels in Bicol and Sipocot
 

Rivers 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 con

trol schemes and under the conditions of no flood control scheme are
 

computed.
 

a) Libmanan, Sipocot River
 

b) Cuyapi, Bicol River
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c) Naga City, Bicol River
 

d) Ombao, Bicol River
 

e) Sto. Domingo, Bicol River
 

f) Lake Bato, Bicol River
 
The comparison of the effectiveness of the various flood protection 

measures: is determined by comparingJfor the various flood control 

measures, peak water levels and the duration of inundation. The time 

dependent water 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 

shwim in Volume I. Numerical values of the daily water levels along the 

Bicol and Sipocot Rivers for various combinations of flood control schemes. 

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 levels 

along Bicol and Sipocot Rivers when the flood has the return peri6d 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. 

5.9 Computer Programming
 

5.9.1 List of Hain Program and Subroutines The complete computer 

program of the flood control simulation model is given. The program'is 
comprised of the main program and eighteen subroutines. The name of 

the main program and subroutines are as follms: 

Name Program Type
 

BICOL2 blain Program
 
INPUT 2 
RITIN2
 
SQ2 . 

SSURF2
 
STAGE2 
-DIFH2.. Subroutine 
ATMK2 
DIFA112 

-GE02
 
GEO 
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TABLE 5:4. DAILY, WATER LEVELS .ALONG -BICOL - SIPOCOT RIVERS IN METERS ABOVE MSL. 

RETURN PERIOD-OF DESIGNFLOOD, 1 YEARS 
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25 az- wu 704o1,..6 .-. - - - -3,8~ S~I .S016d1t.P' .6 .1 .40.8 5.03La6-

F241 ,X121 n9!0w2 0.19 jovo41I1.3V 112W 3 93A484,79I5r-4 17 262.9%l5s.4-A6g.lej.Z~LqA0 XJ96,.5jC.Z:LI6 ,-46*-0*MD 

STO. lDOv~4.O Lkltf 13ATORtMARK": STAT10H LIBMAAA CUYAPI N4AGA 0tABAO 

PEW STAGE t4. SL 3.429 2.570 2.60s, 8.023 9.969 ,19. 

TIME3- 1- 0 13- 16-0 is-1.5-O IF-12-0 15 -12-0 

http:jovo41I1.3V
http:24033396I13'4.00
http:IS5A9dJo47JS01.7.79
http:X-.7wa0.0io.367_1.24


.- T~E5. DAILY WATER LEVELS ALONG BICOL - SIPOCOT RIVERS IN METERS ABOVEI MSL.: 
RETURN PERIOD OF DESIGN FLOOD 13 'YEARS 

FLOOD PROTECTION SCHEME: CUTOFF NP 3 

RIVER _SIPOCOT RiVER-.. O IE-I.LRGA PW-A AUL A 

TOWN SABANG-,-. LIBMANAN-j CYP-NG MA-SO OIG--PSCO;BREOA 

3 .4 5 6 78 S';29 10 11 $2 13 14 15' is 17 18 19 20 2 22 23 24;21;6 2 2 82 30 I 

lI.52 L488.5751 .2.I0.9_A3W .qi53 .- 'I l~36o.097o.12G0.331 .157 0436 .280 L704 1.01 .9454.1397653.868 I89 S50.6ISg-6703 480%t050 
6 L3L.S rzs.i.LS-~s-~qafSORaG-4kal,"..0 LS9 74 46G 4A254.871 5.87CO C£52 r8646.966 C,881 L47.9 L050 a5G 1-0.020-o aL~pa4 Oss

3L706 91031 S.13 4.4430.36C Q063 -a4Z4-otS907t-s-a75W 12.110--SS171&5 4.418 426846J4 679 COSS C,.900oL461 1.05, 0.5860.5-"(99 L378 11519 -07f_1_ 

11.49 5 -DJ7 Q4191. 1.3 1944-.7403,47 44W 44.5910 r-589 4 g90S C92S 1.409 j-08:0 0.G,7 085 -as535 ag19 ao 0s 

1733 -9.124 .041 Z44 OL4 8 W-q4 -CL4G7-aOK 177,movso mie43 1.189 3.6iSr - 990 M.20:2V~e3.S~Ss4 4J'OO 4.oso0 6.64 0 946e.6S.S9-WiSs oiSo-L3 
L3-74 4 6 71 z.IL 0.4S3afo. -Ai4" -014e. O.6gi -034q_-0.34.003 0.8 3 f3Lg1644 Le41 ISI 4S'17 4.968* 013 4584. Goq4l4. agB WM671.148 0.69r 0.187 -04ft L450 0,97 -4194 -CLOW 

1."9.04 .921 ?,414 0.706 0.411 0ol -oo-00-a4 a64 oas o-5 0.317 L117 1.". 1,672ISO$ 4SIS4.99T .0246 6.99 C6463 G.967 r6.992. 1.540 1.1+*60.590 0.203 -tLso 3-. D1.0. -0530-10 
0I.OR33.191 14404.6341.797_I.014-.4?312 d.SoI5± .030! .0 .9SI3.5*?~±.M4vz7,3t716767740.2235 .B .o 09234543-07
 

13 I95sl34.936 14.516 16805585I _tq.93 77 2.14FaS .Zl1 .197'ssgj aSq2o sr.GeL 6.1,c 5~.3 
 7-i .951 9.976 EL993 155S'0 1-129 -o.3oS 7.2&S 3.970 0.3G4 0.34+~977 9295 9.144 8,274 o2_1s~ 
147Q193507412M690 9.1995s.i7o S..U3 f5al 2.127 I.32 L43o 25272.730 2-995.2875C961 C.SH 7.Is0 S.Svr& 999 9__p 901.3 _19 40116 aUG7 .3 .790. 

3537~ I0D4~'''3.33j~J~ *. .f~A '- i97 537fl7 Aa.WA .3.0.9 -&94.792.71 9q1.916 

33.71443 3.37+25184.022318 .- E 7-2'**ej-am1z-s4 
832150O89 tmi.S2ll 1.2 .008 oL953 1.J~I 171 " .ro1 99 g.or 9.944475f S.5v1 ±4Oo.557--d47e3.68oL2,3 0.921 b.991 

_13.21lo.877.4I 4..326_.913 0.069 a9±9 alg11 &76C 0.0770-9S04 1.094 2.32C *000o4902.9 33a7.164 8.179_8477 9.387 9,528 9.801_9J37_9S860 4.54 S.f3ff o74-9.934 .796 A.743_&743 
!!fL~94 74913811.78e 1-257 voS96 040) a.443 0.411 asee 0.620 anS* 9.900 5.8654.753 K361"709 9054_8.56* 9.28± 9.429 96(96'9.7)1 9.7Sf 4.436 X27SE lowt V.711 _o265 2.603 .464 &4Z~0.42 

t9 DL'7-5go.33 4414 1-356 aLS31 OL247 .090 Q058 0.647 0.728 .186o .463 4o99q9IS F.36o0-9 ga.an9 653 9-221 9.965' S.G37 9.G51 9603 4573_5379 2-11C 0.747 -0711 2.67C j.604- 0.039_0.039 

- IIMIO.Ig1 01P9 i-798 .161 0.5I960S -e±158 -. 309 AWS3 0.419 0.95 5.1135 s9 4,7J9 .5137 .938 7-5 8499G q307.5636 9.5N2 9. Gib 27 5.302 Z684 o.7J9 -a77 L401 IoS*-A 47 -&54 
Y.QgID241'6899_14640993 Q.106 -0.137 ~SB056 a6 .180.79St515 7. 4.5940. o809 78>fo)&31 9S9 .21494.4-04 9.3 4-2046-191 14-1 Vz-.Wa it,o-21-aiwa-c 

23 14gat -3*67 4,.34-io-2-.9 .1 .9 0.6 ,4 ' . --1._ I ,- _ - -- __ I-
1380 4.2204643.5S33~h8.134-.9629.ozgg.±e±9.503 .347 S-987 9-97# 3.90o 19 -aqg.O30.a7369-05 _ - - -- _ _ __  - --- - - -- .- __ - _- 70 _7-%24 3,s!1)4,.4CIP - a O.U . :6 141 S.±813G.W437559 8.749 113-1 _%77 _.100_94.l 9809:.0% LOCI0.7M±.5'6-71.( 90092~.I 

RIEMARKS: STATION01 LISMAKAN CIJYAPI NAGA O1,4A0 SrO. Do"MGO LAV.V SATro 
PEA" S-%AGE H.ISL 3.791 2.912 3.1613 7.874 9.946. 9.9646 

33c t-6-1O-0 33-14- 0 1,3-13-30 .g t--o - 0 C5)--0'-11-0 

http:DL'7-5go.33
http:9054_8.56
http:13.21lo.877.4I
http:94.792.71
http:I0D4~'''3.33


TABLE 5.6. DAILY WATER LEVELS ALONG- BICOL- SIPOCOT RIVERS IN METERS ABOVE MSL. 

RETURN PERIOD OF DESIGN, FLOOD 13 YEARS 

FLOOD PROTECTION SCHEME: 0 BICOL-RAGAY DIVERSION 

... .. -- BICOL-RAGAY PIOCOT-SAN "M £4 
RIVER RE _IVER- -. DIVERSION - DIVERSIQN 

TOWN SAANG LISMANAN-a CUrAPI- NAGA- OMBAO- STO. DOMINGO-- -LAKE SATO PASACAO BARCELONA 

. ' 7 8 9 ,0 12 113 '14 15 IS 17 IS 19 20 21 23322 24 25 i 26 27 28 29 30 31 

13*ofj499g.731309*.S C 0.109 0.096 0lo.14 0.5330.774 IS39q4k 	 "093 0.097 _ o8096.009151 I OJOS .a.107 q43311 V557_6030 8541 C,975 __343650.-" 

6 u-73 9.567 ._6 ,-.. ;F,,7,-o.o.._o.;0 P :. . _ 	 -I-4-----¢ .. -- w .-. :-P. -.~J0 o'.388 -oAhS-0aSos-8414 -4S3-o469--0D.9,9 0.43-9 07530.958 LOW 35.649 .8 .36.5 .F 80e5*o2 O13L57.7 a36 M-s4o9 

a-O3.547.. 11706 9.101_6" 31.44..38/ -0.&l-a4.g 64-o4.-0,m-.O750-O.70- '06.0.0 	 4.61 .4.,B3ES.9TG.87f G"0.i723a -0.2004" -&.6" o.711 -1116.-. _O 	 L378 o.S1.0 

11.744 9.07G' 966 1.410,J55p-o.07-8425-aCOi -o9I6-G-6g-0.681 .446!o.377 0.721 a9l'01 446 50s 66"j~44&r.698670.911 aFsBo.246 -aw-*_0w3s57o4J9-.9-&.iO .77s5r*9 

9 943 144C W60.79 	 0.7" ft959 466 401_a 116 &0.1'3 III. 634. 46 0 J-a*3d0 , .- - --- . , o--0 

a033744'9.4 s£67 1.4.c o.443 a.l64-oir -o 0A"4.1 8,931,00 &91334.f81119 Ca0356.567 C957 6.941 C.9(4 a695 ..2" 1.461 0.397 -am -oA1 
. ... .. + . --.- - . . -o._4' . .- o,- ..-.- o-- - s___+-- _ _. _.+= --. . .-- .0. _0._ _. ~- -o.;- , -o, 

-a515 .4-.26o. LooS ts 	 -at3077-afi 

II 11.745F9.5Ds.90 1.416 0.706 0.403 0.110 -0.03 -3-&ME0.030 0.0"6 A1.5 _0697a27 LOGO 1.90 3537;484.:J;58 G.Os GAo$.95 G991 c. 9 7O.4.27j 0122 -o.-4t- t3 0.F02 -6110.,6 u 

i.s 379o_1.G066 

1&961 IG.93G 4-36:080 5.591f9 75 ff9 &741 1.904 3.9201.0 4.~S:g609.5716 7.14Z 7-92819 9.1-Ua0 2"96.937&.991 0.97J 413 I501 g.00 V.849 -asU7f56.1s594 0~.3"4 

12 s l.956.45a4 	 0.507 0.132 0.7000.S58.459 t.563,2.064 1051 S-149 1.014 G.065:'6.457 7ogi_7.S8127-699m6 7.411.2-0f z99 3.401 o4"9-oz-a3ia114C 3.6f1:-0.07-0077 

24f9.1,4 4 	 $119 9. S914 17140 m&, .136 3.938,44 .964 0.944o.9'7'4.s.sgo1-.3.723 .82j 	 .49 -.34 .4. 9.9 . .773 .901 9.1477' S., 6. j94+.g4 -u.s .M3r .- oB o-.719
 

t5 IS.G"13.06W.04-7 Ggo .186 V91 .2910. 1..86 i.1221.75S .6447 4.53 7133 6,967 .979 9.4E.5IS .937 1970
.5"73 0.1e, .9& 4.3 9.91S 3.407 1476 1.419 0.434-0.S34.70 .570.0.9G 0.913
 

136I.71O4II43'&It509.171 1.35 L.158 1.017.e 1.133 IG I.4 .._.gI..96".9644.2316.9G..&47 8.59.9.4?79.70.900q17 -.- 4WJgo 2O.40) I.iSS-.2Sb-o476S.Gf-.,bt2 09( 0.v9
 

I? iI lI TY4 '...:.530 II .644'697 0.609 0,77f . 9 h 0.4.050.4
o. 414u.85$"3.1334.5.736 1293 , 	 t .41 .q.cS_o BI' .Bl ,. . 9 .. G 1.4 .1 -.. (J ; 9 ' .4 07 " 

__	Is 391 .49 m lB 97Th .4 9 .5666O4 9 o 4 0.42 30.41 .4 35 .559 .. 5'G3.14±3.635 .89G.69$ 8.234 . 9.57 3O 94G09.'7S 9.79 9.1 .71; I -lll A9I45.659-.GSS .. 6O$.4GS 4 o4
 

19__ -_-/T57o30590 *.lL5jl.3 .57 5359'S 8.1. .73 -8.721.
.. , 3 02f.'O.O& ( .0 18..430.,9 .381-. .4 95.92.4..133G. ;1 .. 2 9.6~4 . 40. 9.6,.9 .701 .070 .75 1.0 4 . I13 -175 .3 4 0.039)0.03, 

21 	 -X0 .-. . A077 o-013 5... ____ &2 

--- I-- - --- . . . .. ."-... . .--- - - - -. . ..... . . .. .. ... . . . 3... .. . . . . . . .. . . . 
._.,±_3!s7 .3_o.7$._0.8ol79,9.9.s.. s38.__ ,.572707 0,7 -8772 v.723 -0-660.6.21_31531162-.I.9_._4. 47.. IC_-_o.6-0.-_0o_.6z,8 -_47___aus 

22 135w 75S 009 3.408 0.931 WE85-094-411 -0-47-oAKJG-.13 es5141.173 Sstz _xo i639as5 7915 81339 -- 19.0179 A441 .9.4559SW2369 .6. 0.785-0.036 -*721 CEos.r3s-e8

-.-. - .-. 	 " ___25 i 7 "_ 073441.764-24 11rAl 0 197-197al0:0,41j~I-..-7o-.G-.I. 9 Gios_.e, 1.7S&9i3"79.9 = 
.606 e 	 -C.913%63 	 .2 "7'.51zo:t.614 .1066 1&33sr-8187763 61-1'7eBoogc,69tS1352249LICG ±5 0.700K0.003 -0567L404fL693-o99..573431 

S 0 4t.o g .4.i z i 
. . 4 3 . 3

,7A# AK23E 
13S71,49 St4AG tM.MSL a 4 91-4o'; 4.303 3. 	 .. 757 .39.7 

TIME 	 13- 12-0 13-11-0 133-0 13-1~4-0 Is -2-0 aIS- i2-0 

http:0-47-oAKJG-.13
http:gI..96".9644.2316.9G
http:0.434-0.S34.70
http:11.745F9.5Ds.90
http:64-o4.-0,m-.O750-O.70
http:o8096.00
http:13*ofj499g.73


TABLE 5.. DAILY WATER- LEVELS ALONG BICOL -SIPOCOT RIVERS IN METERS ABOVE MSL 
RETURN*.PERIOD OF DESIGN FLOOD 1IS YEARS. 

.FLOOD PROTECTION SCHEME:J DEPErNING RIVERBED, 

RIVER -..-.... SIPOCOT RIVER......_ - -- ________ 

TOWNR SAIOBOABLOGA 

36 92 2 o 34 O 7 -0 -0 41 - 0 . 12 3 1 5 2 1 76 5 194 30 ~ ~ 2 0. o -01 2~s 0 4 5 o 81 44 0 11 1 4 13 4 4 17 .51820 4 Z ! .5 n E39 

lI.7I' 
 410 20 21 226 237 247670257~Z3~7 2893 7261 7 297s4Gs54L81.6079177239-830 

6 1173 9.354 g0.9:1.110 t0.49 -as *3ial -dqa4-44-lFI2I!~ 1.96 358 175L044.663 4.917 -r.1D7 . 9751$.396.s.5M17.946!1.570.83 .107LO71813093 o.44Z-osGge-c~s 

12 1.05 io G.19.443 1.789 1.0 0.683 0509 0.1 6 -0 0.99.3.761 1-366.976i 431G704 G.13 '613 5036.4466 .1 55465.4_sg .±5 1,3.0.990.3ohso-ag,' 14 377a1 - 7-ao7I 

1710 .4435982±_ 2.1a 4 83 '-'aS 0.994 0.l953 3.3~8a9 3.244_32_.I20 t.i.23831 .107. 730_8.676 0.870 rt.1±19 520.37994- 7 5 3 58 a.972.0.0 -9.47 s-s0 43 G.9110.911 
11 IL4 . 4145 3 .54 70-19.3093 -as*29.5 v.97 j.0l.90 99.5l aigs: 5028 5T 7.64C 5.3365!o .91 2o3-0.5 1-9342. 0.7r.I 0.743aIs I29430497.9 _o77 .z240.2 O3 .2 3 1482 5.4783781.590.00.9j0t4 .s '.O.F5.0.65.4.368 I4~o2 I.
 

19 U .191 940 4-3 .79 I0.5p 91 0.09 0.144 9 0-2 0.94 2.094.3 91-9445 .19637 4.4C~ a5 


.1873780 7 41 9S, 264.05.999.67.3088_0fT.o 

464 9.14203~ &78o3 0456902.3 :5 .5 .70870716630 ~3i. 
-~14 1.-1 0.0---_-0.3 

157
22 1"791 0. "10-0 46095 1-03159 847seg4587095*8738.98,a3 1.39 1.072074 4(1GU 3.672 :1948S*4915.075 .54 .. l gS494 945.49 4.6533.'483r~7 2.6M0.9199 0.91 8399_a~104 S 6 

24 i 349~'.06 9e~~s I467.CI~so 6 Go. ZDS9 67730 97 6424 94750 4.49333-974-6 

7-1 6 ~9 9 7 7 S 6 S 7 . 5 . 6 - O ~ - . I - . 0 9t 


8.870 .111 9.39S'8.6 0 6 555f-d6481.rso c736_0.967-0.9 
0 * 2 4 2 . 6 . 7 . 6 7 0 5 7 c 7 S 7 6 6 ~ 3 . 6 8 1 0 8 4 6 4 9 5 . 7 4 5 5 2 1 ± 0 . - . 6 ' A Sa 4 ' o 9 1 - . 2 

t9 I7JMtj-31II:-5 9-. 027 -1 0 490 74 .13 -_4 4 II9~s9-. iB- 31- 5..t. 51 

http:9751$.396.s.5M17.946!1.570.83


TABLE S.8. DAILY WATER LEVELS..ALONG BICOL-SIPOCOT RIVERS IN. METERS ABOVE MSL. 
RETURN PERIOD OF DESIGN FLOOD 13 YEARS -

FLOOD PROTECTION SCHEME]: ( POLUNTUNA RESERVOIR -+I-'TIDAL BARRIER 

RIE.BICOL-RAGAY -SAN MIGE4 SAN
 
RIVER . ...---SIPOCOT RIVER_- -,.-BICOL RIVER- . .IV-RAGAY DIVSON
 

. DIVE RS ION - I LIEe, D IV ERSION ,AOL
T O W N. .. 

TOWN
' 

SABANG- LIBMANAN- CUYAPI-. NAGA OMBAO-- STO. DOMINGO- -LAKE BATO PASACAO- BARCELONA-BOUONGAY 
T n ,i1 - i . f I ' ! !
 

DA"E 34 5 6 7 8 9 I0 II 12 13 14 
 15 s168 ,7 19 20 21 22 23 24 25 26 27 28 29 30 31 

S6O . 9.4995.7522.I0.9 9.319 0.85;3 0921 0.8O0.0970.6 DL/3I 02.54.1.104 L44CP 1.811 1.990.611 .A4,SI24.97.C.Gg.2-. G87r.O 89530O .I.01804"06.-7.-g38.-.7 38 .7GG 095.009G 


6 II.76LS3906.0G172..IS0..8-o28O540-0C,-.G70. oooS-4to.9iO .X5 L641 1.819.1479 4.40 4. 
 .8&Sal OLO9G1874 &.O L.093.. 004-o.718Lf8I q -OSi-,.' 
7 2..6O.308-0I4G- g18-0.G7-O78C-o~o3.7o5-04o3 0867.224.402_1.782i4127.1,3.12 140 499465558$ 92 Q564 79 6983 c.goo Li;tEgw89o.G050037.-0.1.42 ,14,1 0.711 .,6G± 
a 18.789 9.4l,.196q2J9±.e5a1 S-.o.,4"r.6.G1B-.O.9 7..o.97-o.S7/-.3L',JoB75.2j4z.6LIG .799 1.F.4 424.74;fGos9£~C,. .903J6.907.6.924I.S32..1.812. ~460.O5,-.%I.$64. &*A43-i-O .oJ.l 

~t4 G101.18 -OIE-O440-0.5I8-dgg$-4-451 *4g4£g9g 72q' .1 -0.144.997 .99 I.677 1.864 3.5,,3 44 0.5'G20&.2 69.6lP0.940.5 7 i.l,59 0634. 0.137 -0.S 1.4-31 0,'290-O9M,-I.IU 

80 1.7 9 9.90 S7 1490 a ISG.a3a4- .67-047 -0.36-$'3-c8 .o8 1.70 1.886±57O4..F504.96I 6.011 9.,6(6.92 .*946GAQG7 I.G5'.*.172 0.712 OIG-0,42. I.,41 O .,45-01G 

. . . 7-
I, 6737. 15205879. 2.Sooo- -00S0102 40-01393-018g-a241 o.gBaLM 1C 1.906 AS5 45 ±4980 "19±54595±956 6.900 

. 
.969

. .-Z*. 
I.r,;2- W.67

. 
o.707 0t13:*S,3 1.619 0Aos.59_ .&& 8 

,
I-.. - . . ...... - .- .I . .. - -aoG-

82 81.$5 11.170 L41 40,"G 1.666 0.9204 M0591 o4o.097o.97 I.68G 141 j.G1 4o.00 41os:397 gOI 6.412 7.072 .7.37/O 7.613 74341567 2..570 lI.3 0.67 -a382I I9 I.6-oO770a39 

13 14.6.9 14 OW 1.7i3001144.2.6 9.9001IGB I.6 .0iwL 94.4 3 5.99.573 6"77.604 B.03)3 8 263 WS OL92S 9.9"r.71 Z64 1.166 -0WG.86 JSS9 0.4 "
 
14 174271-04. 2474 999._EO. 3 5413 14_.L049 .4250282.3652.73 &.049"7 .7911
1 s379 C771 B.94a0 &9' 9202 9.313 9.774 9-610 -9831 .8494.170 ±9O 1.240 -03S" .SC9 l.C2 06719 1.1 
15 £5838I. 9o4 a7.1I61 1.g 1.,91 .484 G,, ISI 2.27:1-, 1.218 I.61±G4 D: .4 .7173 8a.M9.941 9.49.19.5491S. 9.9549.98. .4.2 4,003 .02 .o71 -QMS0'O%9s.o19 0.91 1.044 

86 1s9.I07 9.233 s.$I 2. 9.6 611.141 o..9O_02.1L0.74- 1..11. £2974.4C.149 S712 .047 7543 a.374a 369.4759.4 9.9 919.910 .9465.76 .824.420 0.9"8 04*4,r. 2SI .9) 1.07 

Mo-s e as_37 4.796. 1.9249.964o7ii± org arm aostOS ±0594.886c *675.541 A777SS 9.3a9 SaW8 9.395 9534 9.0 OL22 9466r*4.954fi62.304 0.977 aG69 1-tae 24165 &743 0.466 

18 I31,6.l8397.47.Ji.03 1.439 l .08 0.01 -OJ77O.429 o.514 .0124SASS 4-.79Si.&0 "of8779 &.Ir6&a" se 9.433 9.7oI 6L7wg.7.4. 4797 AL591 230 0.817 -6g.082 I.580.O,42rp-0.01.3 

19i*Z.599 7.G91 +.27 i.4SO9o.46 a14C (164.-0.080 0.67t 04667 1.961_4069 4.793 .5W7S! 7.129I 9.0634.5569a226 SS999641 9.653.65G.8490 $414 ZCX 0.6-29-.728 £791 1362 0039 -.&441 

_ GIOio0.7.81 ,17. C.l3W2S 888,l.3I0 0.S69 o0o4 -0.23-0 6" 0.3979.504 .9$4 4.0414.709 .6.53G 2 ioI ,.944. .4.G9.165 9-5739.96 9.02 . 0 6. 6. 2.27 O.7--,757 ..402I.O3G-0-47-,.471 
2 2. ' 3.S2I S.0,340 -o.4 o.2 =a_.9Og L93 -047-'o., 0.42 6 1.744 _.5-4.6 ,09L54.09 6. 7.91G e31 0.061 9.218 9.494 .Gb 9.557494G 3.46 .82.1100.010-.757 2.132 0.734 -0.GG-g 

22 ±64310.379 SAa 216 -9.l31-. oi 0.17922 .427 Ja 5 98 t.544 S.6GG.4.392 4994st07.7ge 7.681 SLO09.971 9.137 9.416 1409 147574403 s.3992.v5 0.635--.7± 2.054 0.623 0l30W 
23 112571&a744 li4I3.63 0L975.o.345 -9.71-0.26! -0O.1.8 a2341.9*7_3.449 4.19 4780 5.031 6678 765 ±8I25966±.027 9.295 9.-3o7 9.14.120 342B ±075 0.600-0654 240 0.665 -967-1.25 

t2.MIII_:aWZ997.79 78 .SIOL. 4 -O.J74--0.4.GD&.I8 o,291 1.110 S34.l,019J 4X65 4.owo4..G 7.4BI .BOIG68.749 &017 g.360-491 9.1344.209 1141 e.02, 0.017 -0... .341 0.80 -aftI-0.wL 

8&S231e9.99op.53O 4.057' 8.20710.4099.030 -0JI78-6.a373 JOA5011-553 1SV±G)S.930,446,4 791 .444,'7.2 7.89619643, 9.9L09.188 9.13L,9.I964, 0,S~O..g65 0.16 -a4A 2.616: 3.040.O-.7a -It. 
RtMARKS: STA-VtON LII HAtAN CUYAPI ttAvGA 01A4>0 s'ro. )o0mNGO LA.E BATO
 

PEAI- STAGE M.MSL 3.A03 2.553 2.804 9.0.3 9 -99 9.949
 
TIME 3-3-0 13 -13-- 0 13- I& -0 13 - 15-0 IN -12 -0 is- -121- 0
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TABLE 5.9 DAILY WATER LEVELS ALONG BICOL -SIPOCOT RIVERS IN,METERS ABOVE MSL 
RETURN PERIOD OF DESIGN FLOOD 13 YEARS 

FLOOD - PROTECTION SCHEME: ) POLUNTUNA RESERVOIR + BICOL-RAGAY DIVERSION 

RIVER .- -VSIPOCOT-RIER, .BICOL RIVER- BICOL-RAGAY PP'C'T-SAN MIGUE SAN 
".DIVERSION -- DIVERSIONTOWN SABANG-.. LIBMAN AN- CYP.BLNAODE t CUYPI NAGA-i OMBAO- STO. DOMINGO- i f-LAKE BATO PASACAO- BARCELONA--OLONAY 

2ATE . 4 5 6 7 9a " 11 12 13 14 15 IS 17 18 19 20 21 '22 23 24 26 -26 27 28 29 30 31 

W; .1378 .-.C-077ILO fLifl4 a.mi;-aanB--.a-04.471166t 751±50£ 99 oig ~ 3.-0489-10F 0107 0.146.-. 0.4,1g,¢90.53 0,958 I-Ov7 1908.4.6;61 .4."9 0 . -4W -lGIB .95 a 0 O O " 4" 0 930.774 L63 .15 S39.42W -9187 90 40-41Sle;&'435anCGS79 CBOS 6,813r.,419.06 7 O.SG 0b"IsM.4 D 0., o72 t.438 #440.767 . -15X 094-o;17 -a-ws Iso ass..o. 
u.729. als 4955 P458 0.11U4 .4069-&032 . -O 732-0710 -IX710 -afl 0.547 0.6885ago*5.05 168 4485 00 £9SA o 1 87f a .&-044 1.We &S24-.&71 -0711 

11.724 SMb 5.991 R.A3fcOLM -"W.-424.4.-&16 -".91 -0.681 -0.860.5770.7t1 094G 1.110 SA.77 -092 K G54 909 6.ff &N 0, -24 oKoW6"W. o,21 W-&S 
I9731.9 ,GA9.GB.44,S. .9-3c..o*75-O.950-aft'l 4-.s1I .-0.91 o.42F 0.74a44o99 4o.01 ,s3 6.994 -,.-0.s311.a._, . T.1. 9.918 94 ." . .. O99J-Om 

........ ." ."807 z 1-1I4 J. . - -o.44.- - - F
0493 -at --0.267 O3.42.us .'r953. 4872.4.93o9 6567 .G97926.994.2 9eA.003 .6 .. -o 4..7491 I.A49 o.SJ -Ai -LII w 94"5:1315 t,413 &.760 050111 _&M 0o300.0c a155a697 o97tg -tn.si.x - A( .36M& ,7 ss&Sj 

16 ILISO15 ,G-IG.1.;77 5-G21LGM- 0.007 0.122 L068 &8W L45I - .9641Ias i £01.4 Co" G4.7 7.09, 7.3 7t.96. 7650 7.4". 4 . ... . . .......... . 36 4 1099 1.402 0.4 . -O2" -S-S1 414" 1.629 - .77-00747
14-V 5.01 991 85 
. -- . ...-. 69 5 .990 5 .- I- 3...... .o~13 9JXO . .

154 2±606 4,M) 9.3-23 £.09 9.2 71412 7.92 0.go026 £40104 0.72S U6803 5.919 5199.9S7tg.9 7 .4531qs I U4,±c'&949g-0.3W0A9653036 & U"14 2417rA124IB."9 £25-ftlIS 541 1.867 &.947 M31-3 1514S"449ws95-2" 04~ 8;.gse4928 9.207 9.32M 9L7 W'5 .4i 39sLa ~@-.a~a ssIo79 

IS.513 5.4_1560 .805.776-Z4 aoj.9 -1.2 .- SA4MB 594 0. 34 .0 3 7sS4 &.579L979 W(46 9.591.9"U; 9.937 9.970_146 Z066 1.419 0.340V5016.19 0.956. 0.91C16 
WL09 2-a M53 . . .. .. .. .99.3£16 t.977 1.621 L.24 ".73_0.92 .534 1-168 5-499 1.031 1A41944.151690p9 467 R991 e.487 ... .. .. 9LG27OL900 9.917 9.95413190 1401 1.106 0.253 -0.478,&#" Z516_.921 0.925.. .. .. .. .. . ........ ... ...... . ... . -. 
 . .. .I? &W ;LFII . . . ........ . .. .. ......
&.179 4794 1027 5.059 Q67+.0790 A766 0.6440658 1.25 2.71G 128L1.4Ap~o S7564.05 9.4109LSS794I79Xqkq9.74 2.%6Z22G 1.040 019.~.I .820N07304 
I,8.10i 1 7.4734.00 1/4470.70l .. 9 0.I60425 e . .5,1 3.42 1SAI,. .92 II, 16, -60 3 8134 9.6,97 . O 9.44O 9.715 96719 9J7(6 2.71 2.111 0.9 . - .I01.,47 G. 0.426 

19" 
 . . .
1912116559IM7.6924283 1.457 0-643 ag25 AM09 0.038&02430.267 1.5,2 joSS45391.5367162221.64812569A402 9.6 .73 9.701 1070 179 1.0640.11 -97IJ 2.7695.3610.59.020 9." 

-. . . .. . .. -7.-.. .. .
 

21 1.31_ o. ,. .-o&73.-0S47-0 -o.M3o." .92
0. B 
 01 I.G= 986.G.8.1I0' : 9.54. . 9.,4 9.9 9.949 9.V4. 8 09.... . 2.53 0.73 0.064 -2O713, 5.o26-.0r.47-.547 

21 
 - CL1, 24-3S 3-0- S6044L77 6.4 9 
22 

SA9.44 96o ±, 1."71" 7 0.S51111.IR7S7 2.9374 0,&7o24-&.,s820.5a4 
64379 6,919 S.AS8 0.917 067-.9 

23.. 

MM 02942 Z0057-.9173 ill. 3170 5.539652 79W 6.3399.01c L3.179 9A429.4j559.500g2.569 1.5323 67 .743 127..2647 0.970 . -GID-. ".3,4'.- -. -..7 g.",695W&.,7 $.4S Q76 76C 9".27 0912 907 
. . . .. . . 

9L.25 9.1C QS7 2464 I.740.7$1 -0.0 17 - 4 2.1 0.452 -0-967 -0 724 
 - .- - . .. .....
 

24 

tat"W944731774 14 oI . -0.147-0.7r6"I200 9.74 56-177.4,9On-0.120ur&s~ume .7. 6.60629oo4g24t80.70 9.3 S SLU& 1j .6%60700o15184 0444 
4 0.03 -0-%7 2.33g I03 -o"51-0021 

EtMARSs: 'STATMON '3pK~ CUYAVI OMBAO SrO. DOM~INGO LAV~E BATO

PEV STAGL M.MSL .893.613 
 63 7.51I7 9.973 9.973
TIME,3-.~ 0 I-C5-9-01 .- 13-14-0i-2-0 I-l2

http:0,&7o24-&.,s820.5a
http:1.0640.11
http:7.4734.00
http:9.4109LSS794I79Xqkq9.74
http:S7564.05
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TABLE 5.10 DAILY WATER LEVELS ALONG BICOL - SIPOCOT RIVERS IN METERS ABOVE MSL-
RETURN PERIOD OF DESIGN FLOOD S YEARS 

-FLOOD PROTECTION SCHEME: d) PLUNTUNA RESERVOIRti + TIDAL BARRIER + BICOL- RGAY DIvERSION 

RIVER ,.,,-SIPCT RIVER.9 RIVER- BICOL-RAGAY PPOiDT-SAM'MGUEL4 SANI DIVERSION - DIVERSION E!M

TOWN SASANG- IBMANAN- CUYAPI-; NAGA--i OMBAO---- 570 DOMINGO 
---- -LAKE BATO PASACAO; BARCELONA-.OLAY 

DATE 2 5 . 7 Fid.9 ! I0 I 12 13 14 ! 15 16 17 ,8 19 ;20 21 I 22 23 24 27 31 

'Q93.1'S539 .85 £187 6.1_ . 4 889C3.9oSfoLfseosO~~as .05.9 
6
 

___1176 935 600t15oiI cm-co~8-rn-04U ___c3i-~sl41701 0922 1.079 1400 461112_5014 £6 S8es a5Ol_01_17-0246 -0*4-0718 .34 0464-*936-0836 
7-0S--AG-7&I .oSL7fG 9J47 ait_2ss7 a .S -. 76-0.621'd8±0 "OGs 63 L.O9US4 '4709'Soft s&904%S&So.7s 6 .s40493 0l1e -OtIS -0471 -0,91.441 ,02"1 -0711 -0711 

.17.'.,l.OI 5.83 .436 'o.017 -:o2-o7.7do4-om -oM-- o4"io1414 066L90 0 a469.4396 .106 . 9 0124-0161 -OA__-0895 1 189 0 4 5 -..-45eO 0 

9_ IL7t3 126 000 2.529 OM5 -&M24(104 -U9936-&S47 -05G7-*555-"U dtOC_0.5(16791'005 &485 4.9±9---- 1-L. _ 
W.14 606654.1 9060105 .9_*2-J7o4~~@9& ' _&4 A _ W - - S .~gu. 

-247-0376-143 -394 -. 0O,9 O.9 0.877 .139 .13 -o105s-oz2 5 t -0106IL728'9181 .83.2.4940.152 -&20-03 .-. L0-2 3504 6.o41 £590 6.9516.941..;4. 0.o 1 0 44 "0 04*4 4. 

II L-6 .62o Jr. O1 -4-0-Q485 -*Lsos 0.b' 640 " 08217 1-03 &ISI 4.891 5.198 "08 6.60o &914C91.807 
 6.90 0.460 &179_-'O01"a4e-0O3 1.610O0"-J;O-omI 
12 1•_.. . . .. . ... . .. I

11*11 II70 8.419 4.671 .617_0487 0"719 561 07SfWi0757 L297 .1.509 2.811
13 1010 &.119 &016 4=070 6.7.09 Z331 7.619 %6t97.491_2.07S35690.490 -04" -0.111 SJ72 1.647 -87@116.1 1410.•a 

IO'LS.0761 .295 .G691612 .14.LOD9 1.614 .931 2.5954419g9 r474 &o.206 _4.__ff9 8.236!L175 4S4C.6409 1.947 0799 0saG 25" 0. _ &9$99118.977 

14 174271900oi I±474i5.99J £r019 U1.4531 JSS. 266 L.993 M.981.5) 43574 4.959 ALS4 r£274 7.S 6A8.45 6.87 9OL 919 S.7664,1101 9.629 dL17S s.3-2141 1621 0.719 1.2111-96 -*is.Pc.o9 
IS 2I62_547 .30 1.542 O &Igo,40751.910s.11 1.960 S.591 4.-0Z 4.396 4.S1i2124 8-528 8-948 9428 9-M 9.902 991 891 5fC6 2.710 L444 0.45A-d &9s 019 QLIG L9.131 

-_51*991l59 .178 47-914509 0799049 0.-V3 o.-243 0.2 6 oo4 94 2.491 .267&749 40 Q.799 &3,42,&7 5 
7 9.4.6 1.540 9.60± 99017 16f0. 2.9%0 f-.9 &032 o.ISF-oA*91&S4.17 0.743 o
 

___ 118910.M 7-.471 4.IQ7 .I) 0. 0.001 -aU2-0. + i 9
.W-.4-o .o7'70 -',4'3J35W93 SeSA S a.23;_.G_9 9.310 9.446 9.7o S .74 2.9 .109 &9436459 -*4r" *95 1.570 &4Z6 -6297 

191
 
_____ I±6_S50.807 1.5814 9 6002 0.1I. -041-01139 0166 0..I0 1.55 9157 91.944 .4-77 197 4.129 G.TI .223 i8.6r,.) 69 9647 9460 U86 .07_ .7_ .0620113 -0/21.2.797 1.345 .09-434 

... .. a94,310 L..D a 9002-4.198.-.27.078612.G581.207_1W 91192_604. 1l 547 9.17 1333 9.981 3629.89f .159 0.97r 0.0r -757 21 6 1.037 - 47-7
21' 
 i
2r__ _ .907 1525 o.o9 &Si£ -at44 -0SW-.747 -Oi -OJl0O.-/ 2.63' 854, 0072 3.909 &79:r.49 9.021 9448 .10. 14" 9S;7 9 521z:4z9"* 2.010 0*14 -. 77 2.1560 -z"gd 

J./.lasni",. ' d_, 0.17
23 *4 446$_ f L240 -M77439-Ji0-70. ad-2 .27 A1G:7 3.9 ..4458I£7921.8.3-4 92 .9169 9431 944$7AO 2.57S: 1.760 0.767 -0.M4 -&71 :;9 0.f.0,of7.-AM 

1

23 M5257mmi71023 . .3516-.4 MOo~6oI WS176Z14~LI37013IaCS .48r.28f7.8c2 8.2Sf SL910 9067 9-- 1 : 271S92449l.767 013004P~.. .M~-8
--24 ......4...... -..... _ ._-11 a$1047!7.9*2 1749 o9917V272 . ... .. .......25 5174, 0 , ,aS-090..~ L-&169 1.0904 .61IS 1069q .15.188 7.7 61 .. .10I 8.9 ----.------ i " II 981 11116 O207 28965 9-44_0700&so4-56. 1.55:.1_-91l_--._---_.-_'-_-__--.... 

,--58,,oI .,,+ I C+4, e,o.* ois0.l04 0.C0jo4IB,,0i 5.7o767'1 0 ,9.I'i9.1,2 7101740. 4 1.92 41 8&-.711 
RIIMARKS: STATO LIB)MA.NAM CUYAPI NAGA 0,4NA0 STo.DOMINGO LNkr A.t0O 

PEAK 

TIME 

STAGE I.MSL 3.300 

13-13-

2.384 

13-12.-0 l 

2.673 

-O 

-7.46r. 

13 -14-0 

9.961 

I5--j -0 

9. )(,I 

Is - 0 - 0 
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TABLE 5.11 DA ILY WATER :LEVELS ALONG BICOL- SIPOCOT RIVERS IN METERS ABOVE MSL, 
RETURN PERIOD OF DESIGN FLOOD IA- YEARS 

FLOOD PROTECTION SCHEME POLUNTuNA 'RESERVOIR + SIPOCOT-SAN MIGUEL DIVERSION + 
-. 

TIDAL BARRIER + BICOL-RAGAY DIVERSION 
RIVER-" .T "-"-ER+ BICOL RIVER:--.RIVERW..N. -S '" BICOL-RAGAYR . - .-. . c -SAN MGUE SAN+ R E"- DIVERSION - DIVERSION 

TON-CYP- AA.OMBAO-7- STO DOMINGO- S~FAK PASACAO-ATO BARCELONA-BLNA 
N O D E I I , . . t .. - foO -


E!tE 2I,16':17,I8 
 1 9 2021 22 I2 2
1 *7 11. I I I-7 j 

*189_6199i3t~o.as 018 ~ @0.06 10.7 0107 .0-14C O.507'4766O.953 I.104 $.Xl6,48e72 L15.ISz9546"74,8636."67 .661 0.8St-& 0..50 -0.O733o.Q.1 0.175-0.0F 0.0 
II7 9.111 .0 1.4. 07-... -0.413 -0676 -. 7..-.. w .. - -097- .67ia. .. I0 - 17_ 0,94 &397 a7 506,900 6336 IGM.94.- '0. 7 O ,sI77 -0t0.05 8-o.7 0.71_01 -t.' . 1'l 
11.844 691 0. 0 -0130 -1433-0l41-7 _ .9417-o1.so.14 02W_,-61 0..I.a949 1016 3.- 4r.1o 70 93524 .9S 6261 740.179 -0:7 - Cd0. at -11 -1053 
ILS3 --II 64--.. ~-..- .sLOG g04.. &4.- ... 067 6 LOGO 5.014.796 a 0. . 9-0.0 ... . .. . .. . . . -0.51 - . ._1.570oS* -cLSS3 -5 0-bIS-0,739-07435.U6. 06 4 0 6 0 2 -6 - - -&....... 
 -......
109 87 40 56 -01-S0.1"403o48...,491-W *.II9-530.6L70872Love 5.477 d.821 6.52. 6.006 6z=5 1.907s601 .990.0 ol --M129 -0.&37-0508 0.5767 &243-0g-.08663 -21 4W9& -6 -a___4z -a4 _____4I -a40±-o04o.40GLgGOr &4 .858 1497_4UW3_.52'-z 9"56.76.930 6.9346.956 o.44 0.10 -&167 -.- 4±10.6fi90.24L -A" -&49011ILUG S149 G.6379.603 -06287-0S17.os41 047-Osi -5444.ov9 014440."?O921 to32 1=098ss5F16± 6.050 a593_6.9* f9ijSC97 

f *d-S6aI;2L-0.O7 -0.2A9-030 a.901 06W04 -- 0 "4 
12 II.S IL071_5914_6.1 &02_0.6600554 Q642 arc4 "0 0.710 1.171 gSO04 1917 U.14 3.117 5.014 6068'.4r,8_7.090 7.979 7.623 7G14 747C Z07S 1:5. 0-.~U '11 2.320 1-111.0J77 04"9 

I31414'9fItOf147r 7086 .99 749 fllgI 1.86" 44S1.917 1.909) 1963 4141 .. 1405474- .6I0 7.08 7.899.. 7o 8. 33 9371.69158.19 &%0 87 1467_74_U7 o6 -0." _3Or1ii3 4 31; 0.36 . .13" i 
1 174A 17 .2A"7Z0-&00.ISo .4. LOU1.9 37 .141 1.9921.978 2530 4. g.7.3 &..l79 4.939 I43i B.4see .17. 9, 1,44.169 S.30 1.90 0.11 -&0.3 5491 4.159_719-_Iao 

Is 6.S413.9170.90 &17c92443 tS13 _1.18)1.042 0474 1491 1-1)13.84!1.34052A 4.W%4s%7.12Z &.526OL47 947S 9= 199,
16 ' 

9.q 9-957 35S2±769 1.449 0AS3 -4 059 210.4 0.910; &044
 
....... I 9p.__.._4S140 14gaL 0.70341%
8 6 o 0,90.19 005 91. ASS2._+_ .Cso 8.7S59.471 .00 8 1 90.9 .9 7 179_Z.9

0 3.9_4.219i .&S 1.179 o.2G4--pa4:3.167 .2o0.21 0.020 
1191 L 99&6.j .3 .7f2l . 0. J41-.019 0-10.1 10.187 0. 4,, 14-4.,742 r.7..4018 SL. ,' L"OL.49. 4. V37 9.799 _-0.141 

5.916~ ,, 1. 0. 40 4 I- 0 - O443 9 43.751I7.7 - o.2ol I0.S7 v713 ZUG 10r, 0.941 @07 -04 W 2.014 I 7 0.26 - . 
____ iSS@42 4306 0.044 - -0 01511914!IOA 2 3.47S.2 3. .1943ag94,1.7 Q759 i8.6471 9 .387 as744 s9 AW ,661.0J=,7 LOGO W12 -721 .2114 3331 &039 -am 
23 m. 7.64L_._ 0719._20' C..J-0431 -.. 7-0.1.0 .773 2.654 203 1.637 .8610 .. 8.64

wu &W2 ,o . %31 -19."9._47 Z.9; z.7 0. 4 064  7 9" 9 -0o347-aW 
20l5 1 - S 0-,- !=, _ -o, 

4OP-a- 340 4-aIU '0.753 L5&9i&07I 15 4.70 01 -A44 _.439. 59_ 753 2.- .9.,, - _o______- 91 0 r. oa19 00.+ -=7 __ - --.. _ ,,__,., +, +6..3 89 £-,1_37b0I64 7.471 .110 b.417 0.016 -a3--4ste..6-4..o,05 @552 
= 0.579 OS+f 941- o.97c.64-7,- .37 .3 -0.547-1, 252i7r6 £916 3ai74 s.5412.v i91 8.341 9*olB9.168 9.4SI 9.443_9.4ft 9-57L I-On 0.786 -0.016 -0.721 157q 0.041_-089 -0.66 

II10 74679 *4%10@4750.111 -1-0.0g7~j-A 97Laus4 0307 z162 1.499, 161 143. r.180 7.660 9.2W &.916 9.069 9.314 9-32 9.3C7 ±4GO;_1.76 .731 -".16 -0"54 1-"7 0. 9 9_-.7-0.14 
1&4461 

08737 7t63*S9Mj.2G7 ojo-oas99 7 s& l _.0.40 81.04 "IS_ :&0;7 8.S37.I8G 7-7rG9sfLo9 4 .9II e W91 9-M2_7391'J694 o.6"0.003-vWv7r a7 e.S -9I-4 
I~~~ 1 s2 5t S sj9 *i5.9% 736 790419~ o8s9w4 - - 0.9 .0471.93 3.3 1 o 64 2 

RkMARKS: STAMf0 .I3ANN CUYAPI NAGA OMBA0 S-To. DO0MINGO 1.-E BAToPrAk STrAGE. M.HSL 321 3.0-14 2.&11 -7.474 9.958 9.958 
TIE1-30 13-13-0 13-83 -314- 0 is-I ? 

http:9_-.7-0.14
http:4GO;_1.76
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TABLE 5.1A DAILY WATER LEVELS ALONG 'BICOL- SIPOCOT RIVERS IN METERS ABOVE MSL 
RETURN PERIOD, OF DESIGN FLOOD 13 YEARS 

FLOOD PROTECTION SCHEME © NONE 

RIVER - .----- SIPOCOT RIVER...,:,."-- - *.BICOL RIVER-- BICOL-RAGAY ISOCOT-SAN MIGUE ISAN 
- DIVERSION -1 DIVERSION IQJUF 

TOWN 'SABANG- "LIBMANAN-- +CUYAPI-; NAGA. OMBAO-.1 STO DOMINGO- -LAKE BATO PASACAO- BARCELONA. IOOGY 
NdOE "--4 I i 5- IJ. -. o ) ! !• ,: 4 8 .II ~ 17 ,B 19 oz z 23DATE .1 1 2 34 56: 7-8 9 1 112 

... 20 24 25 26 27 28 9 30 zI13 14 IS 1802 22 232 2 829 30 3115 -. S 56 

I-n 48.71 vo0 aOG-.079 0.253"O.I2 026 O.ISl 0.242 M04 1.44; 1.911 1.990 1611.451. 4907G 69 &651666, ."Os.ags 1401 1.018 0.46 -0.248-0.733 
 &438 a.76 0. cA 

1.7 2 .55 , = . _ 4 o. 92 ,.301 4499 2 . 2C.g 


1006 9.b01 6.156 1.4.8-os-sBs4o.1-4-6.scg.9 


6 , 10 06 8 £22 o.34 -o.0 .7-osoeI: -o . 8 .-0. 0 . . W &7644764x63 664 W A 8 4 6s e .;86GC 1-.4 71 I. 23 0.61 . ozao - &719 1.. ,6& W4-.o.. .,, 

2.16*6 1.797 1"S*S44 S-19 "G"$9ICC4.79&SO'S C960 1*319 M-62 At4-0A6g2 377F 8.319 -a.112 -. 711 

_7S- 6'go6£420O.580-003-0491 -a$%9-'&920 -9M&0-.5ds09OG LI6S xG4O 1.620 1469 4,11 4.971 .190 6588 6.903 6.907'.914 1.=G4 12138 462r 0.103 -0*95.S 7 029 -06 o9 

s .00. 74 *97 ... •. .. i .S 97"62 6 0 .94 1.106 0.719,. . .

12
 
L950 11-1910.41G46 i.791 -.00 0 o.9. o0 .43 s962.764 3-198 3.689 114. 4.337S409 COD* 6.44* 7.07 7.370 741 7.1613 M. 2.52.1 O..44* "0=.'- 8 0.14180&6r,9-4.5 1431 

23 I Cl936 14.31*4 4.101 ) &917 2.757 L21 ip.9 I-NO9 £017 1.7155 46 .74.9 7.01 294- ."0.3 8. MI 9864841 4,242 1-197 -0aS3f1A; C 9.370 o 4to4 U8.92W.970 Vbf 6 
14rZ4iSo1 94554~3.42.45 ~03 2513231 ±422. S.W34-.442 6.l05 C.547 .8377.007 "9579.SO3 9-U+264374 9787 9820 9-69 SO IC 4427 .8146721 -&3 M&06079&1 

15
 -....- .--- -. .. . . ... .... -........ - . "-"...... . . . .•. ..
46570136 . . . . . . . .. •#-cM047C9.90 1390 2.261 1.597 1.31. IOf 1401 "2.6473_4769r.467 6.00 643-7.73 . 0'6.5 SW90.4609.9si S.952 9963 .422 *o4 .0-1 1-115.74 M0<34790 ZWD700.926o 0.931 
...470,443 64925099 9.73 L383'-114 0.99t 0.952 LIU7 1.123 iL.27.44 525C 56-95 6.035 7.S91 9.39L 8WS51401 9.607 9.928 SL935U9967 SAGS 3.M1 L17v0.9CC -o4q8 zn5.9±66 .0.991 

17__1:65" 4.122 &0154 0.971 42832 AO054 &r a,99 .010 £052 4J37 4.BS9rL4Z9JCns7330 196 0.401 95 .9159.4 *I9.984494 s.5 1.297 0573 -aqG56 J.f 743z8 &C,91 0.4 

IsI. U 4.-191 .1760 1.2580.90492 0444 "44&M5'S0.701_0I 1947 4.6521249 .559771. A 9%94194D76%3397+mfws=&83-wzo14"O:&-, 
1CS .0007453 *II25 -SlF7 VLC4_ ar.7,91-968 4,006 4.943 5406 573609" 4=Poc 7233 8.0o" IS9.2930 S.506 94,97 9.71_9.76248993 S 3130f U.83 -07215 2.7_-394%,I 09 

2021 iLUio 17.oi *798 1-2G2 a052O 0S7 --0."5 -a-VDSfO .52r X994,2 4.993 .1253 55W2M09 7.94s,&=917947im"f .kf BLO ASWZ1 0.2 3 -77241I-v-L 031 

2 I15.9$9 .0 .0J3-0V avro759 .7o &S407. s7B96 60& 7814- 9%29 S062. 9.21 9W 95= 9-,7463.4" &--6 .16az MK-G__0 

2211 0 75 5 5 0 9 4 0 . 8 9S .7 97 1 0 -ara.-aM7zo.4&" S.l.9S2 4a9 496524.6 .7 04.8.971 %144J949*.4419A#9 446S' 8.341 2.12460a 

23.. +,..3#.9.907 .0o45, 5.S-Q -0-32-0.970.0o73. A140 1.3 1.42. 7,9 9..0SS 9.207 9g-S8 9-US 434.06 4691 s _aw0.5 6.9.8 117 .07v004,-,20- 476 -67-0.7-0.7 
24 3gs'r.&V!S4G!1671 s..1a'o.4ri -ooo3:-044-oL750 o069ai§424 I " --- - . -.. ..i228&S17 4.oo87*s4es. r,02 .+ (+92 ~ . 7.47 Si . 994.9 5 .4132322£o1J0,9*-a"571A0+ &W o9-ag.06

28 t 2951i0 14o3L4j.3 :0.2I o.41.51• " ., , .68"+444725 " ' .. ..."17' - -4.... 

RI£MANIKS: STATIOI4 L.5BHANAN CUYAIP " .&G., O?-iAO ST'O. ]D0tIN GC L5~r- B,,'rO
PEAS( STAGE M.M;L 3.880 3.051 8.t 9.11 9.987 9.98,7 

TIIE 13-it --0 - 03 1-1-0-- 13 - Is -0 IS - Q.- 0 IF - 12.-0 
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TABLE 5.13 DAILY WATER LEVELS ALONG BICOL - SIPOCOT RIVERS IN METERS ABOVE MSL.' 

RETURN PERIOD OF DESIGN FLOOD 50 YEARS 

FLOOD PROTECTION SCHEME: © POLUNTUNA RESERVOIR. 

RIVER _7S"1 COT-T RiV _. . • ; - : -RIVER.. SP6..... R:. .ICL RIVER-. I BICOL-RAGAY SPP SlNMG-SNS--- DIVERSION DIVERSION 
TOWN SABANG- 4 LIBMANAN--.... CUYAPI-; STO. DOMINGO- -B -LAKE SATO PASACAO- BARCELONA- BOLONGIAY 

NODE . MA-SO.- -LK IDATE 1.2 3 4 5 6. 7 89 I 122 13114 15 1617 I8 19 20 21 '22232425 2627 2829 3031 

M9 "t. ts, .6o.8t6. 0643 G10 . 06,53 I.Gz 3115 1.441 LB 02.U4,.44, .4.787&... C159 3 7.0 L.91"- 0 .3 o.I. -. 0. -O . ±80. L. 3.o.gs .0 

6 fl43.~t.~2,G7fSIf 0.917 0.1 0 0 8tr 0.356 c41S-0-4M s..ol* I.323 1-71 0 1D .4-753. 13 os &,Iss 4-09 ID7 7042 %.0%G1.530* 1.446 0.837 - 0-7182o~~ -0J3GOZ.-OA36 

1l- .,.9.T.( lo.&llg *0/ 'O.0 -~ql'aE0- .7 041 1.0 1,I1 42.4, 44.5.150 9,.726 7.082 0.1t.412-459 .904.3. .Ds.784 0.155 -0.197 _"4 -6.717 MO ~-O.MIoJID 1.407 1f3 _. _p.97. G.211 to"*7.07a f.078 I-S22 O.9O8 -ava Lm7 OL61, -a711 -o.714 ioae a 70 .52LlIsuse0.4 I.mG.-OII-7f 
11.45 &.g8G. b8.80.7s 0.150 .- . -0 .2500.9(, -O.* -0.531 -SOG * L73s.I.17.2.72 .6.9 4.1 :5.247 C;JD4.755.7.0e7..072..107...040" I.0B.0.o1 0.13. -O e. 1.925 0. -O.SZ -0.9,0 
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20 L48.74 3.28 3680.30 . -0:h15 1631,4 LM3.54 0( 43:1-O50. 818 f4 2.433 oAss 4.M sjeo (LIC.774 7.119 .l34.7.uO2o:0 1-934 0.580.34 .U 2.032 0.%0 -0541_-0.8 
II . SJ547. vG.O.. 0.524.Oo . .1 oisr . L2 .i.948 I4a 2..e 4,ss 4.s& .- r.2 .8of 7.15j 25s5 7.Gs 2.1522.s7a 0.348 -103 O.Ws -050-0-553) 

.2 I57452fJ .i-443. S. .78_.I.l,8.1.S580.722.o187 1.171 1.282 x.,.Am 4,427 45 15.153 C. . .X 8 7&% 7.8G 8.436 L3R9 0.80 -o.l34.197&0. 7 7.96 4.526 .141 1 J14 O.e,7'-O 
L5U 

- 3.83814644.6 7 5220328419316251_.07W C.S .00.797 3.+ 8.72,I7 9.5719 .64574 _2225 14 .31 .8 .3.1 2 2781.33 B 9 ll 4.44 3" 11 -S5J 2147_0.92,_.94 

1 4 1 I S ( _ 3 .98 L 0"61.4 24 ,'3 4. . . c/ .4so. .3 48 .' _ 1 5 -83G. 1 2.SL 7.B o4 .,4 I4 oo18 t .1 840 10.{2 .010 l. I .5 0 10 .5 96lO. C4$. 8 4 3A . . .9 7.3 - S 80. 9( o. 10 4 .S'2.84 0.3 

I18 .1_ 111G. 9 .f 2mllOs(O.Gzt46O . O l._ _LIIO 2.412 4.729 35jgl 6.241_.52,_8.038 , l.sJl. _:/8.rmIt= _____e . _ .. 4 1 .13. ... .. . .. 5 064_. .. . .. .. __. .. • . 8. S., B .o1... ... . 10 ..... ..... . ...... 1.030 -0.G r3. 1,904 0.42[,0.4 
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5-_ t. -4.r 7 p._ 

. . 2_1±.3ma :7.544 4.204 I. . O L..63eZ1.- 5 o 0 .0 0.7/ 2.l-' s4gc S.s.9i1z G4 . 2 6 8ss8 9.0 1 .7. 3.1 .2l . .1 05353 .S. .973 -0357_2S97 1.100 -or( -0.4 
16 41.2;729,.5 L7 L36. 1.14 &98 1.410', 2-13 4.3.3385.77l1~ 8.4518 -. 1 tt 
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_. • 90..- L.IG3 . 3.7±8 L"-0 0.386-.o0 --Je.-..-ohS .. 05 0.6=08 L.11 4.2.G4 4.977 5$7o 5*214 7444 8.194 6.'71 _ " 3 .67'0 .931_9.948',3.96,090 J '.q. 2.461 0.97" -01 ,L253 0.5 -. 56 -- 8 

. .. . O.81 1 2 04 J6 S- 2 L 8.5564 I L--4 7 0 40 9 0-0 M T o . 6 4 3 .91 . 4 ±4 0.s 7.19-+1 19.7I .733 4 2. 8189.CS8 .9.4 ' 0 .0 ; 4.8 97* 0 .9,11 & . 
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TABLE 5.14 DAILY WATER LEVELS ALONG BICOL -SIPOCOT RIVERS IN METERS ABOVE MSL 
RETURN PERIOD OF DESIGN FLOOD 50 YEARS 

FLOOD PROTECTION SCHEME: ® SIPOCOT-SbtA4 MIGUEL DIVERSION 

RiVER:VVI- --SIPOCOT qIVER -. iCOL RIVER- - . ICOL-RAGAYDIVERSION -SAN ?GuEJI SANDIVERSION 
SA'ANG-SA NG LMANAN-1 CUYAPI-. NASA-KANAA OMBAO- STO DOMINGO- LAKE TO PASACAO-, BARCELONA--OLONGAY 

AE1 I2 3 NODEO4 5 6 7 8-9 0 I-1 12 
-----

13 14 15 16 1 17 
570 DOINO 
18 19 20 21 

FL 
122 23 ' 24 25 26 27 28 1 29 30 31 

7 7.432.3AZ8 0,432.0198014Z 0.117 .OIC 0251 O.O0.364 1.428 1813 2.07 2401 3915.4.771 5.249 W3i9 C..m17 ..992 G.=6 7008 2.951 1.2 *0or"0o-04'3-O.703 1.5330.25 0.0s 0.095 

6 
1456.R( 242 o4.-a-3-a.$473 7 . . .44-o02 -.- -a4.-432- 152I L709 14 _L338.. 4.5.. 18 7.01e. Z7.03 .9$ l703.00.199. 6-7.1 1.4.-.7 74..70..71 .435.0.8b.0.'0ll.-7 

g7 9 1.S.7355 =24 037-0.70.,4 Of.So-d7).-0-..-a 3 I.397 Lh19 2.42 39-Gi 4.eI7 5.2S5kGI94-r.7I0 7049.Z053 Z06, 2.06.5 1.L1 .O.9l .1 &(-O. .4 E .Iu. O..T/I.8 

......9"-95.732-9.2-0 .O.U..-O. .-4. "0.578-0-84 -8l.-05,. L339. L747 .J59 2.35. .4.7r4.5.234.r. .. 707071.7.07 . 7.I . U17.L49.8.L. O..L1-4..SSL426 .0775-0.98 - .,s 
2 6 

O1.2 . r 7 9149 74orp2.m4 044 80.0943S6.-OM9.04f0.114 1-443. 2.868.272.Z476.-054.856S5.335.6.241. GIC .09S.7. 22*7.11s - -. I 57.60f7O~SI307209S1 
A248110 - 9.1)17.32.980471 (12.14_"o t-OCM-OJN-CA% 01W 1.4.0 1S17 .2.f12 2.4339+3 4790 So 233 C,74 ZII 7121 7-.37 2.070 l.S16 0.92z0.51 -. Att .410GO.68-o.41 -0F 

II 12.fI 9.751 7.4052.248 0f80.41O 0.112 -0m03 -03370.095 aI62 0.$10 LS47 L339 2-138 2.. 404g7 367 r.284 6183 Z139 7.143 7.157 2.143 I.6O 0.94 0.34r. -O-3 144±.47T -. so-0.51 
1 .3.oi.II.29., 5s. . ..1 1. I f4.o7_.. .40.0s.3o .2I £.ifO .3.77 .4.4vG.91Is.95 G .g 77 i3 7,sr. .os & , a. s 7.8 843i .1 .. o.$170.0182_.3. O. 0.sf..? . 

13 18.92417.119 15.498L%845 44.367.1234 1.816 117"(JOSS1153 1619 S130_C'2(. G.7-97 7078 Z975 8.44_&796 &71. 8.729 a4779-149 95484909 4.3052750 1.222 -0-W05Z40 0 .54.6 
14 . 1 .0I3 151145.493.7G.8.. .3 .'694.032 L.730 1.315 150r 60 .993.+1 7.16± 8.O s. . G.4194 G.917 .10. _S43 LS38._7"2..s44 7 t.4.,..84 .24.773.044 IJ.±. -. 6% 4.-B0715 0.71S 
15 I .24.12.92s 11.' .5.263. 2544 I.(45 .335 I.Is 1.04G-1W43L29-.2417 5.23o.G.014.&W 6.982 8.463.Mo 9.668 l'8:23_1 144o-o .608.10-65.971 4.45l. .83 .-01.3.9 l ag:q.9?&_0.91G0.9•!
16 4.2 IL733.9.719 4.124 .738 1.124 .049 101_0.97 14071.515 2.9 4.981 .78o .4 6.800 8.88 9.&IN. 9.497 10S9. 0 S70I.S 93.10.;.W 3.8O.4.311 2747 .13f -0.47 3.80 SZI 69 I 0.0 1 

17 13.824IL1723.082 3.Gr4 1,292.0.791 0.809 0.817 01775 1.236 L312 2.4C. 4.837 SG47.6 M_4677 84184 3.021 9.41 I6-M9 0.123 10.498 IOSIB t0571 5.716 4126 2.69Z 1.073 -0-428.731 I.-5S 0.43 a.74313.422
10.718.542--2 ,11 99O 0.4,8 o.4,0 0.441 I4& 1.145 2,4t2._4.716 S.o .40 G.521 8.035 887r. 8.282 10.0060.134 10.39910.418 10.472 6.,196 4.161 2.C" I.0ft -0.,. 2. 
995 0.65 0.48 - 4145 Z.4GJ. --. 343.5410.4240. 19 1b 5 10.. .52S 3.028 0.490.81 0.121 00.370.035 a%9 0.934 1.35 4.6tO S 3, G.009 G. 1 789 &741. IGE kg:.MO M10.28 o.3os10 9 .477 4.01 2599 0.996 -031 2.64_ .390 0.039 0.c9 

20 12939 102S 7.9%2 755' 0.497 0.207 -aOO-O. .-O.29 .0.6fA7 0.&71 2 + 493 5 7., 1 .2I .77 8.579 9.018 .777 9.909 1CLS9 0.19SI0239S ,4 33 S%. o. .8- =357.943.1.228 "547.-0.4

21 IIM 10.14. 788 2.4.3..o. 0.23f. -0.10 -0.U7 -0.,0..0.7 0.47 21014.377 IIIG 5-723G.078 7..! 9.4417 8.903 .AM19.74 10.47 10 11 4 0 .971 -a.137...8 1.19 -O., -."t 
22 26% 9.998 "G% 2.48G.O. 0.121 -0.243 -. 409 -0695 O.6, f.110 5.5r,7 5.9117,.1.= 8.74.529_ 9 A92 .9-44. .94 5.0 8 3.8Bi20.5001 4.24._4.975 2.41 .O.7+-..z .GjI..4 -0.D..- 0.83.
 

7.738.2.sss .0.54G0140 .
4.7t0 0.977 -0.9G -0,9.

24 .9.9%0.7.638.2.48 0.. -. 10.-09-0.6500.490s71 .I.24.041 47346.314.6467.191 &"49 

23 .25 I0.068 o.to -0370-0.7330.4s i.O .f.4.I41..4.4.L9.453 5.732.7.327 &17G 0.74,3.4.. 9.-S9.9.9 9.8.634 9.88. 4.7S..721 2.409 0.97a-04 
3.o .3o9.4r2'9.7'17 .731-9778 4.850 .C272.35.98&--07 '.140.9,-0-.o920.921

25 , 1CL0C,7735 2S58.-0.2 ;-049.0. 910.610t 184713.414.64L 5.2- .151 5,z9 759 .4.7,o. -O 
I AM 9r . .23 6: 171 :8-468I9.22 1 J94,935.1Z,9.361, 4.7511--5019 

RtMARKS: STATION LIbtANAN CUYAPI ,GA OMIO . STO. bof0t1%GO LAi'-w SATO
 
PMAJ'. STAGE K.MSL 3.147 2.78T" 3.499 e.qS 2 io.-(M4i0.66
 
TIME 13-11-0 1- 10-300 • -30. ts IS-18-30 is - 12.-0 5 -t2-0 
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. TABLE-.15 DAILY WATER LEVELS ALONG BICOL -SIPOCOT RIVERS IN METERS ABOVE MSL. 
- RETURN PERIOD OF DESIGN FLOOD- 50 YEARS 

FLOOD PROTECTION SCHEME: :'J)TIDAL EARRIFR 
... .. ER,; "=--- / -" - ,--BICOL--- -- RIVER-.
RIVE . ' ... BICOL-RAGAY PFOOT-SAN MGUEI SAN.VC 

E-- DIVERSION *- DIVERSION
 
TOWN :- "SABANG" 
 LIBMANAN. CUYAPI.... NAGA OMBAO .... *I II STO. DOMINGO-- -- LAKE BATO PAACAO.j BARCELONA- B oIf
 

M4"96'" "
I 2 
&M 1039f.

G1 ,. 191 1 0 : 14 ' 15 I s 19• • 20 2 Go &6-- ', 22ISlj.1.3 _CL. 13 i i&92o,4772 ' 232 : 5 62 28 29 30 31 
I.4. j.. 1.,
 

...... 
 .... .... .
 ....0038Sl4O-. 471 LI t07 .4i .9.47I, 49GI3 
_ .7 - 3 ..f .6.._&85 .71.3-S.-L1.L-1- 6.71 7.0a1 7.013 7.037 9.-1" 1.422 0.899 0.9S -0.-8 t.03 0_-39 o.
 

9 .. .. . 5..9.. . . -. - . . . 

7... _4_&_4.9 40 8 - L.. .I6.5 9 0 .sZ 1.00' 9.L 1 _3.96 14.819 S5.. 7 . . 904€ I ,7.0 7. O0n51 s .0r_0 t .so7, . s -0 . 6019. 04 19 - 4 71 -L .91 
1 ~~-.5 0039~ 4 L7~ :S9 13 6 7 7 52 .8 j71 6~~3707.7Z09l_ 2.021 1.49L .910 .33-osgs 1.9 460.5 0 -awe6 - Ufse 

9- . .8 . ,0.7?7' -0.1 "o.- .4,5sI1,_9-.6_3 _ -0.53-0.329ol lA .IM74 ' . 4.003. .-.90 5 . ,.750, 995 097 .64 o. ?, 7. X10 t 54o .93 -0.5r "o G Ma -0. 
9 0 ~~~ ~ ~ ~ ~ ~ ~ II s 6 23 9 r . ZI 7. _ .._'_.4_O.;'__ o_-,_-. 

~-0.10 6 .0rr .Z77 1.7 77 .2.0 0902.39 1 3-9% 4 .- 5 ' 2.3n_ nG,_7.911 1 7_ 4 9 ( 5 6 0 4 0 31 - . 4 _ L .7 8 O0 ' 0 A( .8Z
 - __ _,_ 
...... 6.824.3.4obo.671 -O.,260C67,-O40.C. IAI4 1787Z. 7502.4984.037,4Ll.B 5370.28SJ'9 7.13937.143-.I57 2.111 -

0 .I.40 0.97 0Z4O &!%l.lS O.,"M-0.ao -0. , 
. .... 4 (. ... 2 _629_(.63_0.8350.377 .Io1 .308 2107 .770 4 .4t34.94,1 6.2 G. 3 7.17 7.w3 ...G . 4.3a s.&.oncow 7.9% .s9 0-8S8-0 . 4.43 .U1 -. 7 I % 

13 .. 

.
 

. . . ._r . .. 6.II. G. 2 . ; Lo 2.1 2 -7481 30 87G2G+ C.797 7.0 977 8_A_ .'. s G8 s.s 4.30.i5 0.. 2 -.3o. 7 .. 1.±0.32.5 10"U 
14 

?00. 9330Si -49.7. " •. . .1.131 l 190 . . ...2.75 5 2.129 24_1 52.8 ; 54, 420_9CI_76.443 5 2.50 .. O 3.5.433.9838_94410.409 10.45,10.434 Q250 4418_3045 1.3G6.-O335 G.IS 3.291 . 1.23115 isl 12.87o .2.flfj.8G7.. 

_90 


- - - 1J.729.7 ~ -"16,".. ±44jsIs~29 .3 '0~oG92469200,.o DIz9.41.0 0o I0.SMSV 4_4qt.s I- I 5.19710.3-. . 3.W3. sic9 I=
I 14.29.11.7969.19 7.4Z2.6. 1.6I7 L137 0.919 0.735L"5991 8 .. 124.9 ... .4.16.8008.2f8_8._G7 M.3 -9.497 10IS7_.0_IC.sm7 m0_o10..5 2.1,1.6|.135 2.521 0.910.030 _4. -0.,76 4.103 .7 _IG..21 8.,09 A.rT7. . I'.t1.107 0,73 ,OS- 0.709 1.139 1.207 2.44 4.8637 $.G47 G..89 9.677 8.1- 3.02.9 9.4 09910095Io.2" 10.49B 10 1 072 r715 .2A7 2.991 1.673 -O.S0 , 4 1,.113 s3.0.64 

1.3919 .&% 4.I0'.I._/._ 0.4! 0.1o2300.30 0.981 Li03 2.413 4.7126 5.508 r.940 1 8.038 &B 3.82._0.007 10434 10 0-415 t .479596 4iG 2.64 I829 -0.6&S 3.135 1.7, a.436 0. 

219 Ills924 JO65 . o . 41 .70.45G 099 (A 5 60 -570.13-0.5M 0. 70 6 6: 1 
63 3 60 0 63 ± Z 9~ . 4 ! ~ ~ g 00 4 02 6 83 91 . 5 4. 8 L -9.96-&7ZSOf1 0- a7 .4 0. 6.

29 - -. 3 0 1.177 046.076 
7o 8.447 1903 9.61 9.1 R.047 10.06L 105 12A 3.907.2. .9 . . .. 

22
 22 2.090.6917.00 '_30 1.069 0.3b7-0b -W 1 -. 2. 108 S54% O0SIl O.Gr 4.261 4.97S_.623 - - . .-.. .---.......-
..7 .442. 8.23Z 8.769 9.530 U 6 S.529.944'3.994 .0065 .11 SAGI_097.9 -0.721;,2.294_7oG -D~AN -D~
 _ __ . - . . . 4._ .........
-- -...-- _ _-afI-4144' 7'9 3.741?"L023Z.,-349 .tf-,0.' -0400 0.484 0.0 LM454.1437-.._ .4 5.791 Z32 8.674 9.5+-17' 9.411 9.80.98349.83 497.; 720 2.46 a.979 -0.652.t.g6 0.7m5 .Or-o
 

24 
 I I 0 3 ... &W- - 64t 8 ... .9 452... 9 91.7 4.63 &6262..35 0. -. Q 2M.0.770 -t-0.74 
2.'9.4719 1,M9.04a 0 CL1270~ -. 60550771t.as j3.94414.6415.1229 5.550,7.9197.999 689.202,r9.5112 .31S647Sj35019 0.4474 137910,918, -W4 -04I1I1_"ANKI3: ST.TION L13MAN Jk 0-UVAPI NAGA OMSA,O sTa. DOMINGO LkV..S ZATO

PWAV. SrAGE M.14SL 3.767 2.734 2.990 a .Ss t0.44 1. *64
"r1M5 
 13 -I,-O 93 - 0.-O . 13-IS'-30 t3-18-o I5-i2.-O 15 12- -o 
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TABLE5.16 DAILY WATER LEVELS ALONG BICOL - SIPOCOT RIVERS iN METERS ABOVE MSL. 

RETURN PERIOD OF DESIGN FLOOD 50 YEARS 

FLOOD PROTECTION SCHEME: - CUT-OFF NO- 3 
RIVER sipocoT RIVER"C I BICOL-RAGAY .- SNMI SAN 

RBCOL RIVER-
 -DIVERSION DIVERSION 

IO0/N SABANiG- UBMANAN--i CUfYAPI- ~ NAGA1 OMBAO- ST0. DOMINGO- - j -LAKE SATO PASACAO-j BARcEILONA BOi6A 
N~ODE I- 7131 18 1 
t 1 1 2 13 4- 5 6 7 8 9 10 1! 12 13 114 15 s8 19 20 21 22. 23 1 241-25 26 27 28,29!3031 

5 
12.499.5G.W5I. 3.4S0875,0.s5pI 0212 0.4.5 O.iOLo_.15S 0./64 .04.0. .411 L991 2240 3.S468!5.339I.2 G.73Z7.7o 7.075 7.087 1.14. 1.77 OZ4q .O pt.733. .334 1.214 O.0 .0562 95.881 i .7383.2520.212.Z75 SLW4.3 .82.00.197-we3.-O.,_.-O.3,-o.q4OT 1.4771.979 .87 .BI89! 9090 . 0.5 7I108 .8G , I-?344 0.73 0.084-0.'8 2.00 079 -0.3.-0.5- MV~o0.2.5 .W.9 szn rolzG.7-s7. 7 o .s .oo-ot O 

7- a1525.44G-3-.3-250.68.295-.L01 0 .47-1.-0. 39--.553-99 223.9 14'.924. GA.G.-777114 7119 7.131 .935 1.410 831 054 -0.,9 1.9"_0611 -0T7I -0711 

1238593 9QZ!G657, 3.303:o0OAI8+ -01 i-O3)7-0S$7-0.4S-O.42O0281 o.13314% 1.000,3.921 04.59 5..GC255 G.771 7.131 7134~ 715Z 1.897l.3os I -0.96 I.9350.524 -09

.9.. ML9 .67.ZSz .O.o.z:.2 -0."-02 -02 .-0249.-C0)7 .446L5 07 4004 .503 r607 7.13 7. 771 L975 1.48 o.%o o.z6j-4so0I.s060.71 -Ot -as%_0. 4.7 .403 
-0.G,,0-O 0150.63310 04W_O-qOqIo.-A_ MS-0 "1 1.439 2.019 .164 394 4.872 5.3336 AS r8Wc ZIG._7.171 -188 1.94 7.08P -0,4 -NO 6713 -a1 -848416_ 

II 6 _.s .4S 3.654O.J 0.4990-22 0.095-0.260.u240.297_&490o.681 .78 .136a 1.39I 4.0414.63S.4&333C.63718S 7.1907.20M 2.017 1Ar9 0.910 OiG -0.W 2. a . LA-os-O-' 


12 4.7& 12.974UM 6.9 2.921 j.7f L.4o3 0.7%, 0.114 (3431.473 .. 8w 2.704 3.919 410 4.909 G.I60685_.14 _7.4O7.671 .8.0l.8 Z37 4.01 .9701.850.s 0-bo7 -OSII03 4.42.. t.,30- 

13 _ 96 7.__l55.1.ILGG.86SIG 4.441 3.156 2.571 0.971 2.196 La1 2.663 4.125 5.839 C.25 '.5 7.877 .444o 8.78_ 8.717 9.733 _3.49.; 9.s6 9.G 5..717 4.161 2.-64 1.173 -15 7.8 4110.. 0.31 

14 17004.15 31.13 00 9.775 5.44 3.8r 2125±24±_1.3o0 2.48Z 2..5.2.03 4.240 S.93.441 .8- &3,3395.IS9_ s2l 9.633 9.93 106419I0.4E10.-sSo.911 A.0 L.9i .263 -0.35 6.86 a.91 "0.719 0.71 
15 1612 12.87o10.'S7.29 5.774 2.471 1.70 1.437 1.058 I.B4 1.920 .195_3.471 _ .14 -6.056 .5S4 224.. 9.16 .9. "4G10.119 .143 10.585 10.6I4 063 5.594 4.12 2.633 1.111 -0 395 5.197 3.073 0.91G 0.91G 
16 * .S4.5 1.081 0.923 1.44 3.12G 5.88O G.37261IG 9.089 9.478 1o.153 i1.S7i I _. .jo t.2.297 1.057 1.7s9 4.91 lO-r q. 4.o29.2SS.03G_-114784.17025n 0.g210.921 

11.13 2.149. 1.181 0.614 1.22Z 1.680 5'788 6.27417 16.g, 8.609 5.175 O.9g 0.773 1.2.99 3.0.0 4.8 8.023 8.994:5.34 10.095 10.221 10.498 10SG.5746.3653.9G91.5OO.9BI -050G3.6Lj.l3_O 743 

Is 13" Io o8.O364594- 1.772 0.870o o-581 0.4500.4,8 0.973 I.0,o 1.460 2.87.9 4.678 5.r,30 C1.87Z_.s1_.9.2671 0.002 10.1z 1.0.S 1(.417 10.47 5241 _.±Z 2.46Z3.9' -0.6553134 1.716 0.4%. 046.6 

I9 f36.10."7.9 7 4.341,1.498 0.6( 0.278 0.101 0.072 0.730 0.835 I.35I.2.775 4.%r, r .5.9747759 6.71919.149 10.18_00.W58 S.tG 3.61? 2.41G O.S--721 2-840 1.389.0.039 0.0355 .W0O10.011 

2O I2.9%10.4i37.426 4 ".07_I.29J9 0O. ;I-O.47 -03020.574. O74 .1 4 2.6±4 .4S3 4 . 31 .8 .Se..004.9.77"29.906* I0. 7 10.193 I0.2(.4.98 T1 .369 .S6~-. 757.553 1.O6.&710* -047 -0.34 

21 | ].317.281. 3.97+1.141 0.401 -0.063 -0.2t-05C 0.526, 0.6-33 t.15 2.6j31o s9.% 5.&7 7446 S.43 8.894 9.647 3.781 4.74 3.641 2.328 0.78 -0.737 1.37 o.52 -O."oS- 10.044 IO60 11.113 

22 12.00.1617.089_3l.66 .o% 0.36 -0.10 -0.319 -0.98 0439 0.938 1.0-31 2.426 4.144 5.067 54%4 7.295 6.2"79?e6.16.2S 9.665 9.92fo 9.941 .. 991 .71 3..S4± 2.11770.850-0-M IfdrI30.7050 -t 0.
23 12.1_ o.24b7.193 3.7371.039 0.370 -0.07- -0.2Z-0.725 0.447 0.551 1.048 2383 4.0o67 4.961 5.91 7.179 8.17 _8.66 9.409 .9.1551 81. G .31 3.880 4.GZ7:.45 2.3230 O.B.7-.44- ._ZS90.71- -. 9 1o. 
.... ._ ..l . . .. .. . . .. .-- .. 
-E - . ... .. . . . ...- . 1 --.. .. . ... . - -- -. ....--..* ..-.. . - : 

__~~~~~ -0-5 047.58o.
 
1 0470~7.091 :&6 43 Q-a& . -.
 

IID i. 6 t-&SP 437 58 0.9 4 24 " 3 9J4 04 5.2 0 7.040_ 5 8. 9303 .303 9.4 " 1.S714 &128n 3.775 4.49 s'& LL02.. !58 .17.1 0.w - o 4.266 , . 69- 921- . k7 -0.87 " . ,. l,-'7. . 30. 0 . -0078i- 0
.46 O. . i . . 77253.7.19,1'i 7 .1 .1 .-.

0.24119 3.738ii0 I0451 

RtMARKS: STATION Lt,3ANA.N CUYPt RAC.A OMSA,0 5TO. DOIINGO LA.V-E ATO 

PAV--STAGE tA.tKSL 3.843 2.852. .418 8.407 10.669 10. 64.1 

Time 03 -10-30 13-10-30 15-13-30 I3 -17-0 is- -t 2-O 5-t2-0 
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TABLE 5.17 DAILY WATER LEVELS ALONG BICOL -SIPOCOT RIVERS IN METERS ABOVE MSL. 
- RETURN PERIOD OF DESIGN FLOOD 50'YEARS 

FLOOD PROTECTION :-SCHEME: Q BICOL. AGAY DIVERSION 

RIVER -_........SIPOCOTR I VER ._.-
.... -- "..." .....- RIVER- --- -BICOL 
BICOL-R 
 DIVERSIONI 

TOWNDEN - I M N N- U A IN G - MBAO-- - STO. DOMINGO- -j FLAKE BATO PASACAO-j BARCELONA B L N AD~rT - 2" 4 :6! 7 8 :' +!~ ~ ~ ~ ~ ~ 2, ~ t. IS II, ~ 8 ~ ,I 17 Is1 I9191 202 21 2 ,. . ^ . . . 
105 1 14519-4 -9. _ __-177l 1 28 31& 14460" .657.af'lOA O.f 0.1 ~18 O.121,0.19ro: 0-741 

123 125 6 7 129 30s 1.06,9 .190 L399.-.799.5.133,5. 8 CI19SG I .~ .OOZI GOOZ'O '0 +O 2
5I , 0.10 0-0%-00478 -.4950-.41 0439 L03t 0 1.8.93 7v.o 7020704 I M.7 _G o 74' - 9-0.40-0.05 

7.Z-..I-.4 ",.7IL 079 _6 255894 .3 "+N.. 3--0 
t ....... -- 5 -0.Z ocl-& -. 07_910I&lL473g:54
...... 7- . "O4 •a -i 0. 6-7'.20 4 081 0.... l -"0! 1.9 qp0 -0.711itm .7'3P -o -- s 1-30-0589.-.559 f . -3QAI.,12 .4t.37f .55954&-G.M67 a 7.3.077A .075046-o0las-.9 .3 ~ -

' 
 i I ..." pI8 -3. .. . ........ r-s; -. Z06',-..00. 1 o-0.2. ... ..........10 31 - . 0 _ -90 - -"..-- -". .6 47 0 5.b 478G.64o 7 1113 . 70 d 0. . -0.424-" _.0 .. _341..52 197$3 772 7.107 2 .7851 _.439 -0.1OX. 6 3- 5_so L93. 90 76 d 

10 ~ 0.1100.0440.7791.117 1.338 I.450..±
a2. as:'9C646: 3.34 

&6138 l'5.471 C-284 C777 7.1227.117 7144 0.785 0.411 -04 - 0412L 0.714_-. -.------ .4 0.90 .3"50 .7" 4105±0 "014__t -"70.9 7 7 1.207 1.434, C3416 G.IT 7. 
G- 37w 5.23 ; .5647 7.1 14 . !401%-.-C -0.-553 1 

8 
_ 0 

13
 08 6C. .12 1 1 6 I 977 1 0 7 3 01 8 1.106 1.21JI 
I; 

A SIX 3.269 _-3.41 9I .4 033 5-7 Ia 654 Z075 7391 7667 8.o7+4. o.77.90 1.919 219 0.9 94 0 L130-0312 I49 3 2 3 05 '-v.~ 8077' I8.799flr05.o 1L68C.54.4.434 319 i.ss,14 3 0.911_ .49.1.70 4.t.P.---------9_ I.:_- 7 , 8 5 _3f..a+z& 87 71 870& 8 ", 5 _3- .510 3.SG1 2.10a .0-95 WOS 7908a 4.212 0._ " 44( 
Io04_1.111:14 . 9.7755.493.771 2.474 1.17(o 1.215 .4L- Z. 746 4.g3 5290 .555 ,.754 7.893 9.103 9.480 9.903_9.917I.404 0 1.494 41&74a3..7 L.3.LOI4 -0..8g__3.89 _.7h9 (_719 

... 1I_2.2f10.43 71993.771 2.46! 1.732 ,55 .423 2.2591400 1..01 4.1139 4452 5052 5-2867.782 .1,8 9-S3C1.O1 tO.26 18.571 10.600 10.6 4.1s 3.M 1.996" o.AS -0.393 9.197 3.073 0.1 0.936 
S42.9 ,I;9 1L71~2 _. 97.,3~ l.# ~ .9~ .I _ .-.7+71J'. -o .7 7 9 .1!9.1 ia.48LOS Ds 3 90 7 lb.71 10.S620e.515 [a637 3-92 3j)64 1.7f140.0 -048 1774.9-13 .5 S.iP 09,210.
 

.7 . 3.816 
 .603 -0.4 4.170 . 1.91111.233 &. .. .- 175" 2.3_ L73 0917 0.801 0.73.5 0..50._I,0 507 4J10 4,44.1 314 759i ..0' ..439 1O.010.211 10.492 $.A 94.9 -. 2.13&743 

Ilm FLO ! 4.55., 

I.6 0.5, 1 1.(12 0.. S6 3S., b.743 

o0B 0 . 40.4 _6 .49._0.1 1.7 3.341 4036 1.371 ;.%74.477 .762 7.463 _-949.9.322_10.013 IO.1/10.0.,9710.41 3.468 3.663 1.824 I.S8 0.421 -0.655 3.10 1.7tG0.4Z 0.4X' 
30..i^,
33.264 4.341.4930._52 a2.8 .070 0.037 0.14 .78 , __31403.8_;4.C.34.3 4z Z339._8.6379._t79.90_ 10.03110., 10.305 10.5:3.546 2.715 1415 0.345-0.7 1..840 1.39 0.039 0.039
 

20
 
i240oj~p .np40-2932 1 ._ 0.5f CA? .-. 12 . 340 0.0250.0.9.08 3D53. .88 4.18.31..3_, 4.42 7.183 R894* 9.O .3.795 a922 10-173 10.18, 10.14o 3.401 92.891i3o o.. 9 0757.08-0.3471.554 -0.,.B, 
 0.,2

2 3873:134.0.31 --0.03 -0.325-.IS -0.0U2 0.032. 1.07r. 3.01-S 3.6114.0s" 4.3" Z07 b.57 8.977_£6r75'9903 10.054 10.00 10.120 1.306 2.50! 1.2S2 0.141 0.572.680.952 -o."A "a66 

-__ .6o to0. 7O l003.O.7o O_5 71-_ 4, -0.3 '-0.793 -o.0 -0.0 40.94. _._B :.447aL 24.sj.7 6.92&. ,.43 9.51 .. 557 9.8 9.93 _193' 1.03 5.162 .2781.171 0.2M -0.72112.214 4.76 -O 3-0.23_ 2-', . 7.1". .7 _ _. - 1 '.0...- .0.0 043 0 3 2 .$ _3. 8 4"21 8.349 8.76, '.944. 9. .3,.47_.3894.03.0932 .3071. _140 04. .-2 0.714 967 -0.91.0,,lo.
4 7.0913.4, 1.06 !0.41 -.0.0 -43; 0731'.011 00451090.16 3.243 ;.704 399 G.706. 8.230;05(19-344..
25 . ._-1-_, 
9.481'9.734 -9747 9.793 2.955'2.200 0I.. ..!- - G.2.2" 09 - 9I.-. 0.921 

' - - - - I- • . . -12.764J1. M 7l1o 4 . . __....___-_--._.. . .".059Oi '-0w03737 0.40.00i-8w4 S32I1.3290.0 2,672 .947116 2 59.7009.24971914S472 14 11402.90007 o- 47 2 720 o 9wI5 -. 75-lox,RMMARKII: STATION LISMANAN CUYAY, . NAGA OMAO TO. IDOMtlGO %-Akr-.zATo
PEAkV STAG E M.USL 3.S,4 .8 "T. o 10.65710- 10.657TIME 13-11-30 13-11 -0 r3 -14-0 13 -14- 15" -12-0 " -12-0 
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http:Z06',-..00
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, TABLES.1 DAILY WATER LEVELS ALONG BICOL -
' SIPOCOT RIVERS IN METERS ABOVE MSL 

RETURN PERIOD OF DESIGN FLOOD 50 YEARS 

FLOOD PROTECTION SCHEME: DEeEN, RtV-.R PF-
RIVER . . RIVER-.... . _ ... .IPOCOT _ . . .icOL RIVER-- _ BICOL-RAGAY POOT-SANMIGL4ISAN 

DIVERSION 0'dERSION- IMrJELTOWN SAANG LISMANAN OMBAO- - Sro. oINO--- NGAY 
'2 3 ' ! 5 ' ' 7 ! * ! I0 t I 12 13 14 15 I 17. . . Is . . . 

I 7 Sf9 1.1" 12 3 ,-, ,1 , IS 19 2021 22123 24 25 126 1 27 28 29 30 315. ,17 . , . r . Q 

9 g:o 1 amp 0.0o -am 0.473&: 64i5" -0=9 L87 2A78LOSI 4.6% 54 6- 47 '.IS '11L 07
7 --.--- -DAN " . .t mo .35 --10..I _ 3.. 32.37 0401_-0371S3.. f-o.R:_e.11go.4n6.+q.210121 .S .31 7.767'r_f_-54 _0_ -- - 1.L4- _t -t -o.47-o7 -0.- -- . _ L 1-0 _*14 . SR. .0815C1.40 Q3406.217 C-43.32_2502.1 6- O_,_9843_~1O6 . .. W -04M& -&641131. 0.74- G! o 

75. 30. 041 395 -0.." 9M 09W _4J_0.~0.4 9172.41.I.. 3.46 6 SA.W5.9S ,, 6 11#:~_.4 3 .W.I.I.A 6.00_.3S-UG2. !._CMO.q,.. .u i.' 0 ;lI-C.m1-e. 

.0.. J- 1 _. 4( 

12 m~29~0-6* 8JI8L5 O.09_L170 29Z13 3.44.535:0 5.35F6. Z076 Z31_7~34L 74J M 39..6 .232078.9 .1 jAj @ 

.. . . . . - .1 
 .-. 3 S. A 

15 

m:., 7.9 .INI _24_0.4 S 1472 .-A_.49I _j. .K_ o_9._ "0 _333A_62 3.93 O.l 4.548 2-9 o 1.I_0 -A.54_ 3 3075 .916 0.916 
I I 1,s!0 71- 4!E I.r4 _!i 0. . M.E Sa7o 3:c, 65.7.o o9 1IL0.211o 4..5.4qIs_ _ .3 w-,c .8.4"/93 9 I.g IL -o.,wsn 3.Ki 

7W..4.'1W I./.0-67 AM._., .11 ... 1 .,.o417 .118.160; 9.973 147;IU . 1.6X5. 4o212 2.7al 1.4 6 !fL qs 
IW i -_,.,S. 4 0 _3 S.11S 07 7 I&o1S MI,, 3S57 .4 

20 2 11!U23 -8-w 5 .1 5 44_I 004 &01 ,3.319 .134-M5 i 6.f '•.7 1 -0 i 5.S93MCG74!tG - 1.334_6ls .53I3937 -011- 5 3 fji 0.85-4154032 .0 - 0.730. 
20 , 4007! 1 0.160611 -42i-. &73 A99 V8f9, '1


22 eua9!I8.2.k 4.50 ,o;71kM -46.0-454 0.026 0.74;2.474.49 .3S &7sJ4zt &z A 
9 

j4'Lo .28713.7 I~~ -G .76 a.6 0.4.23.819430148ol7U ~437 07l1
21 , 
 I
 

1 - 23 SW 74;8 9 95033.21,= 51 8.333_049 96 9A745 ____*t-4oc
I - W Aw01AU ffY 8-0 0.9_78 

I 4 .j4i3- 373 -00 4!0...T i...- - 2 16.. .. . - o - - . .. . so 
A__754.85" U956 8.%9_.503.3 0.41S 4 -0 .07 

24 12~ IM 9703 .6 I.370.36'0I .-0 1g3L 0 -63 g 056*6481 2.0694J17 4.07 5.518 5-20 Z;96_8149 8 S44,8.838 89*7'9.I- 3.3.39.217 .0355377 2.445 3.3 .76g-.913 -0.13j
0.-.00 .2±.;4 49'25 :-0.~3.01b.45 04 77 4.11f 4.827 5.417 5:1r-5 8.735,18.623 9.0 3.094 141111i . 9 -

RIEMARKI: STP.X3Ot, LIWAAJN CUYA?PI ,AGA, OTA3A0 SE!.Dt OMINGO LAkE [bATrO
 
1PEAK STAGS M.MSL 3.528 2.)81 3.173 
 9.647 10.331 10.331 

13-3 -0 13 -10-30 13 -14-0 t13 -20--0 1" - 12 -0 s -12-0 
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-ALONG,.TABLE 5.19 DAILY WATER LEVELS -BICOL - SIPOCOT RIVERS IN MUrERS ABOVE MSL 
RETURN PERIOD' OF DESIGN FLOOD 50O YEARS 

FLOOD, PROTECTION SCHEME: POWAT1 RESEWVOIR 4-TIDAL 13ARRILR 

RIVER - _.SIOCOT RIVER...... - ___--

____BICOL-RAGAY 

-BICOL RIVER.---DVRIN-~ 
ISOO-SAN MIGU 

IESO 
SAN 

TOM SBN LBAA--
TOWN
CUYAPI 4; NAGA 

ABAN 
OMBAO- -

LIBANANBOLONGAY 
STO57DOMINGO---j i FLAKE SATO PASACAO-, BARCELONA-

N.. C0 4' 52, 6 27 8 9I' I2I31 1219 I40~ II7 20 21 22 123 124 25 
13 14 15-l i ,1 s2 7 82 03 

5 : 

I0*42 l -C 77 2.118 2.FaB 471? A' U0J04Z 74)56 L.977 1.03 0.0.o9-47M 2.03 as-Awau E 
- - .49 KO 3977 0.134 4O3~.l j.o .Z2431231~S-tce39 531£1_Z 7 hCLP4j~P.OI -040:1.95- ~ -. ± 

1419.921!I73_1 I07-0 :-ol-..L& 

24t'_99"7az,!LA97q0I4I -0-43 3-&743 -a.5 -0L3280.lf l.43 1.851 474 ~l 6M ZN! ING 719 l108 &65+ 5m30o19r -o.R$ Z017 0_; -ag M!Q 

IL~~1~ 7to21110L-OE.1O9Zpz0443-al.0,0)4 0811387us1.88223 2404 s99_2o+.M -191 -0.9f7 "S1 -&WILON o.714 -0.69 .a4" 

AQ.5 6G .7M7.g7Z 07 20 I.E0 0.91 037-DA I.S9 0524 -00 -a. 

33 -f L c-774_7v29 7.W3.7m 1A%6 

1_0q4p470 d Wo4-ff 6-447 0C OJ7 J-47 jijO J7_.07 41% 379 .M9 .fl0471f .7.1557160.12till 0.02.3-0.3* t141 0.7 -&W 

'013,1100 .6 124951.3ffIS 2X75s.2a.87 6.25S4.73M 7.0737.977 M.4w'5.796 571.9 V.733 9.48t S.04 86573 5&90 4384 Z .012If 74q &98~7 0364 1.051. 

15.21(12 IM IM AAV7~ 

15 14 ! I.4 7.40g 4.CSS 70_194 14I.331 4.$j56f9 5.23 r.09 4411 4.967- &419_120f .7! W.27 13 ji J/o575 4.425 L1f 11 -0395 VMI5.2 7 0-9M 1-"6 

- IZ 9SAS 1S 2.0%5O2.232 1.514 2.15l2.U 3 N 41L 8.9.09S47 .1941:9.9fM t11.49_IS_10C52s 4Ab 3047 t.3 -0.35 (.WI 3.847 0.719 1.929 

WM 

_~x 14.21j3.l.9986 5.54 - ;.U~23 0.747 0.513 0.757 1.140 119 2.g+.35(0 4.20 44V1 5J57 10.614.9.41S Io.101 10.2A 10.5c IOSV15.57s5718 4.S9 L694 f.074 -0.59 3.671~2.254 6.143_41 

mm 8±o48~~sC5o7 270. -.98D 1.0 2*415 4718 5511 C-13 r549 &OM &aaO .9231 .00910.13710.40110O4Wjo10474908 4Al-3 2.448 1-030 -05 3.2S4 1.804 0426 -0.037 

1140910j41 947A.44 1141~ 0,713 0.159 -CS3-0.627og&-o9.g9s 2JS,44;± 316.012.6.335 730_9.744j3.A5.97I0C8 16.m3 o1038aW 5.430 4085 2.60 am-&1.r.* .944 1.441_.w-&97 
20 1J _54iEf403 1.343 a.477 -0-419 -41127 -4123 0.7Js_0.8% 2.284_44555.29.85 .1 z.309985513009.7 .1 0121. I0.40.3539s 2 3s0)_0.347 0.246 
21 

ILMs ID47 7-371.3-%B.1.137 :0.409 &4% 4_0.748 Lime 4378s'l9s7os~ C.0 7.03 8.4438.9 .1.7s 10049 10.0%94j 5.226 3"2.1 071 492 0.86V -O&W -& 
- 0441 

22 ~ * 
_lWMI27s 1~7.1sz 13-730! 1-071 0.3M4 -0.M -0.50 -03MB 05;W 0.7b 1.117 A-M,4~.9 So914 Z.444 &194 8.771 JI932 .470 -9.931 .94635% 9.09,384 ma46 0..??! &~lhI4507686 

23 
Ilm'1-I 10920.193 .0-0.'11f -&W40548 0h480272673 945ygiai 

1~74Ii~709 .36.460.2-0.146-Ixsu0A7 0404 IS94 4.0414.7355.34 5445 7.t9 .61:9.4M3J 9.43.7i9 9.Lj7ms , 851 28 -2.j*pm-0.7 ME OX -0.321;.-0. 

zoos 4.1wv 73,v -4 8h75 _%4K495~.z .. s49s .h 2.4 110.360 -"c0. 0..7, -0.1 

366 

L Mw~ftf~j7492. !.7S71 .4 100.a~ 1--1 3 13.14"35424j io 7-101s%i o 347 _s,.caI, 6w Lsa*4.7Z J1341 2.73: 0J9 .44 3m 0.sul~x- 0. 
ENMRS: STATIOtN LtGMA N &H CuYAPI KA4 A, O1AO STo. DOMINGO Lkic 137 

PE*Ac STAGE MA.MSL 3.496 2.472. ~ 5-61. toI 64.7 io 6(67 
TIME v3 -Q.- 0I 1-it -30 131- -18-30 t5 t -o0 Is -1. 0 

http:Lsa*4.7Z
http:4.0414.7355.34
http:2.284_44555.29.85
http:2X75s.2a.87
http:0L3280.lf
http:040:1.95
http:hCLP4j~P.OI


TABLE 5.2o DAILY .WATER LEVELS ALONG BICOL - SIPOCOT RIVERS IN METERS ABOVE MSL 

-RETURN PERIOD OF DESIGN FLOOD 50' YEARS
 

FLOOD PROTECTION SCHEME o POLUNTUNA RESE VOIR + BICOL- RAGAY DIVERSIO"
 

RIVER. .- SipOCO RIVER- .BICOL-RAGAY SOCOT-SANMUELI SAN
 

RIER...SPCO RVE.-BICOL 	 RIVER-. DIVERSION -DIVERSION PGE 

TOWN SABANG- USMANAN- CUYAPI-. NAGA OM.BAO-	 STO. DOMINGO-, -LAKE SATO PASACAO-, BARCELONA- i !
' .. . -	 ' i ,-- Iv 

N4ODEDATE NoEN31i 2 3 45 6::' 7. 8 •9 -10- Ii .12 13 14 15 Is 17 
I
.I 19 20 21 22 23 1 24 125 26 27 28 1 29 3031
 

5 - . . - - I . - "
 

11413.5 6.2.5 0.844 010 .140o.o55 .lS .. 0.749.1081..303 L43 5.47* 7.0- 7.035043 -0.W.-.J3. 1.10:o.15.o34 o4.343 J1±O..7 - 814:5.148 C.113C.65.7.o1' Ol..1A33-0.46 .30. 
7 4 712.467.9.9.6.z.37 3OZ 3 -01-o.3- -oA78.-0.4j5.-0.40OGf LO40.I.3s 3,740 £044.S.01- g6 _6?-, .0 0 .o0.7i 0o.31 -0a.-o.481 O 2 0 . 788-o.Mr -6

12.4533.916 538
7 7 6fO 3 03.- -0- - - -1.111 139 1.45G.14 5.157 5.49s5.2O s.739 7.c,87.07.l .0860.815O18.-01 -0.413 -o. I.S 0.6 -0.711 -0.711 

S7
 
IL45Z.3.91.36731 

.3.-68..79.1I8 .0.3 .-050.-0j.-o-... -00GI CAO. .11. 1433.3.791 3.O1 5.437.G..G.74G,'7.059.04* 7113 .794.415 -0.046hU 01M1..0.511 -O.S1.-a 

11414 . . 8 , 3.'34.1O.81O.3 . -0 .411 -O. .4 0.GI .. I.1soL53, .S"1 3,6 5.tI 3.4, G.3o .97 7.1 Z126,7.137.06&1 . 0 4 :O. A-0.g04 .05f1.00 0.573 -0.93.-_ge 

10
 
"I1469.W$.G.7r.I.329_I 03 7t00l-.2- -&249-200.0440.784 1.1231.346.1.4.,3&930 r-148'9 41-E.97 6.70_lIZI4O % 0M0.4If-01.0J-.4-0.41Z 2.01. 0.7o9-0.Ug-&j
 

SIS 3.34 0.511 -0.1_0. oo 	 o4W.o.guI 7.477 .84 0.946 .4.. .0.379 0.981 1.13 1.441 1.55S 1.93 SL L6 77 .3 6.7.1W31 7.16 7.1*g 043 .429 .00Z 0-0.11.5 .- . -0.M 
12. 

12 	 MM.12.11 .04 r= 2.74 o O., 4 A.77 0.118 L S_1.111 1.9 .. 70 3..41 .91 4.W34 5.716.6 7.07 , 7.G .8.01. .7105.7.9z2....0 Z.100.04 0.0. -6.21 42 2.114-am -. m 4 

13 

14 
* I7~81.32I13.U 39 .3(.i.3.675 406O 2.19 ;489 2-Mo_2.349 2.7484.,55 949 556 .E77_.4 9.104_9SI A804 .918 160.404. 10.46 1049347 3.7Z114 .I -035-AS.SL 3.647 0.719 0.713 

15 G.,7 MS& IL416 7.14 4.CM 2.450 I, O 1471 .0U 1.31b9 1.426 L.SS 4.140 4/62 ... 3 5.87 7.78± 3S168 3.30 10.102 10SUM " 10.601 .01R_4J6,.3 .197 0.0 -02" .551 3.X7 .*l6 0.9if 

16 	 $.0.Lm e..sa _s. !_,e . o60 7I.Io !. I.73669 4,.4 .77g . 452 7,4.q L.;. .= ¢,'. z og o~,zt %J -- -A..t_...921 0.rT!.~0.31
 
S.Ifl 12M.e.6-381 3.028.351.3491.113 -971 1.135 .3 .s j.*7 60 r7 9.135.50II0.1491~ 10lcllo-W1."? 3.91K3.00. 1.717 00-0.6 6.k517_ 2A63 .21
 

7 14187. IL7Zkfst'._ 0.9 5 O 0.7 .567._4Jo .,4 .2.40 .741k
4.2,363.1.323 .9 . _9. 1 _l5!. o 4 414.9217.3 0S._71 _10.13 0.2A11 I._Og 10. IO.S.6.3.906 1.611 0 %0O.0. o.743 

Is w Ij.S09148 .i -s 4 9047a410.519 1.112 3.6 1410 _L 


19 47IoI &M 4__Z.4G0 .* L0.0 1. .. 2-44 1.441 o.0599Oj
 

O M _~ .t 
244.4 I_.7 0.710 0.Oz0.0.235 O..791.167.3.40_3.Ss, .s37.i.7.41 	 .&5.L7lS. 

o.as .795..921.I0,3 .l,10.11.2.340 


2, tM_ L _43.197 3 LIMeL 0.415 -o.-3 O .. 7-0tL0..33 177.g3a3 -16 4.0944C, 7.o74 859 9.977 R065 9.1os 10.0% lb.O9 o.12 1.0S2.901 1.W 0.21_4.7.7 Z4U 0.35 -0.94-0 .G
 

.0 8& 0.445 -99.939.953 &(._12.31S 11 0.1 53 0.7124- .
 

2o rf, .1060oo.v ,tree .349.AU)? o.os .- o.,-..2..o as .o .3~,. _4.44G23.zS.G.94..9. 	 .ZSIS.LSZO .1 13 .-0.757'2.60.1.101 .-. .34og 

22 1.2..0.27a 7&V7..&729,1 .6o..1 1 .o.o -!. .0.92. 447392;._4.191 9.S5 9.6 o.t . , -0.72J 

24ub T.03
IL459 AN 

-- 0S:-02-h ._0o10
0.410 -01031 - -0.4 -- 6 t ~ 7 .7 10 0493.0-8 - 0.56.23. .01 

3009 .70 
9-

3917 

9.4 4S 8W9. 507 
- -

147168 165170 

O.LII 
117.199 -s I.i 

M.%7 -051 
0.9 -o. -. 91 

RIMANKS: STATION 

EAYL. STA.CW 

lIB1.3 

14.141L 

LAGMM4AN 

3.780 
-I - 3c) 

-UyA.pl 

3.001 

- 0-1.4-0 

NAGI 

3.0o9 

t*3 

RAIAD 

7.981 

t3 -L4 -3 

670.t0ttG0 

i0.657 

5-1-0 

LA1'. IbAro 

10.651 

http:Z.100.04
http:MM.12.11
http:o4W.o.gu
http:3.-68..79
http:1.45G.14
http:788-o.Mr
http:044.S.01
http:LO40.I.3s
http:12.467.9.9.6.z.37
http:C.113C.65.7.o1
http:0.W.-.J3


TABLE 5.21 DAILY WATER LEVELS ALONG BICOL - SIPOCOT RIVERS IN METERS ABOVE MSL. 

RETURN' PERIOD OF DESIGN FLOOD SO- *EARS 
- FLOOD PROTECTION SCHEME:- + POLUNTUNA R=SEtVOI 4-TMAL BAIRReR 4 S'CoL- RAGIAY VIVERSON 

RIVER . .----. SIPOCOT RIVER-." .. - . -- ". - -- BICOL RIV.ER.- BICOL-RAGAY DIOT-SNMGUE LSAN 

TOWN/+ t ' " SABANG-2' 3 4 LIBMANAN-'-5 6 CUYAPI-7 8 -9 .. NAGA'. .. 11- 12 13 OMBAO-
14 1 -5 1' 17+ 

STO. DOMINGO- -Is 19 20 
,

21 22 
LAKE BATO

23 24. 
PASACAO-- BARCELONA-- .OLNGAY 

NODE t V " 
25 2 2 2 * 3 31 

Iw*4s.si C.1M.Z3,40.O.14 .0.34 3 (,2 0.140 OA 0.01 o.1o 0.I7 -0I.01 SW5.4 6.L41-13 CAM.7.01b.7.021.7. 0,3.0.3S 0.64 9.7-0. I. 8.6f0. OD 

._ 
6
7,. I AS..U3.6..i60.s. o.cq -o. -os -o.Zm-. A -. , -ogoS aioz eni L36"I. 4 1&3s. I47Io v.40J c. 6.733 7.00 1.075 1.081 &SIS -0.41h -oIa4 -04W -0.GW I.bN 0.117 -o.r -0._
8-Z. U.170 3.1o.36 u'O. 60. -0304 -O.%1-0.-0.O.i4 0.1.04 1. 1-4 S.Ill 5.446 7 684 o.71-0 70 1.4LF . C7..74a %.0 7.U3 .414-.1*&-o3.4-OS4 1J44 o.6S -031 -1.5 

9 M14718.331.876= W.-70.o~ -0.11 9S-0416 -0.-9K-.43-o.48 -o.140 0.725 1.12S 1.378 1.501 IhinsI2 3546 1.3 C.708 7.:10 7.124 7.37 0411 0.31b -0A6 -0.M$2.016.0136-*9t-_ 
Io - 11'S4 ..-&III4."0w-.s4_.516--0.80.*O.1r7 0G46.m G.fll.- .o_ L2- 1.4243.1 161:5.4ll6.2,9 ,.-/1.13"/.141 7I.o.158 .236 .oo-o.I -0A11 LOP l.7M-.. .II - 124 O.86I la . 16 -O.37.-.e7$..gd4 4 . 624 3.4,17 -O O U . _ .O.l h- e)] S *- @1 O,/l0I0, .l 15 L3 I 1.04 3 . .2U_1.,5iG.S s7k,I~1. 17. 7 J1f0.6 01 0,413 "€O.Wp-" 0 O 35. 46 .3J6 *O .$1e " .1 

12 

._ P*W_14A3410..91 6.061 4J3L 2.31 1.46o ..43 1.9a 1 1707 . .8s.A..G+s 5.774.7.453.17 .7 _8.870J 81S1.48.17 w%7 ASit 3S61 11 0493 -0305 7.4U3 17 0.364 .1I14 

U.1249 132 13.= .605.6 341114 . .' 1.006_1.1112-6434U_7 S.533 5115 7 994 o46 0.48 .91k I 0.4So45W 47 1.143 1.014 -03556.11L.3.0*7 0."19.46 

- %k317.I_.E,IL4I1.7.840 4.07 _US& L991 1.15.ISB
15 

L373 1.4i7.2.. *I5l -4.4 S04 8. 7.a1 . S 5.40 t.nlo. 10.9711.04 10661 44§9&270 L894 0.74. -4335S .SI 3.247 0.s 1.11I.
16 ISNM905.W ___36 -3 1.160.90,710-91031 1489 4.n34770 0I0 -US7q~gIs,:.4:.0
17 

10.63 3.91F5 .064 1.716 0.603 -DA7 4.922416-0-O92 0.810 

- - II713.99 L30. 1.121 0.6510.24b 0.130 0.310.334 1.4S+ 3.4%6 4121 4639 4223 7.503LO73145 56$ a439 10400 10*121.4M18 10(.563.90) J.ft81.61 9507 -6Aele .Z%1.26743 -4 

I 1 "18.74 11-- .8 te.-.- I.f1"9 r 0.375.0.13 .0o& *."_0.-S _.-0 *3343.963 4M.74 .X1o_4-. 8.4SO.0_ tb-1.4 1.131 10.410.44S &I "3.61.b 0.4 0 -040*3297 1.W6o 0.41 .11I. 
19 MAN04.I1.7.946 4.4 I.53_0.66B_ -4-0.12 -0.41 0.030 0.071 1.1.17 3.2M_39 514r.1 4.6a 7.339 68M 9.1r7 3.907 O.11 1061I .45 1.74*1.414 0144-o.llc.47 1.443 0.0l -0.110 

1.3J 100W 7.43 4. W6 -1. 053I --am -oG-a -as .017 L07 3.075 3..9 41. 444%7.93IS .6% .09.3. 7 9.9U 10.173 10.190 10440 3.401 ISM 1.3.0 0.179 -0.A . G.001.I01 -0347. -.0 
21 14 37. &972 I16 Dt ",O -001 -0.6U -OAS130.047 & * .. )4941417 .7 .7 31.4l.1.0P0.: S.18 .7 
22 01)301. -. ?U7.24£46. -&UM -9 

2 1 1.17.1 .73 1.074 0.316 -0.110 -0.10-0i7-.M -0.03 o.938 L .A4IS.4.S eS .AM 443 AMS 3o.%63.698.9393.964..AS 3.1,1 .1.376 3o.Ihs -0.7zI-5 -0.77-.9-10 
23 

- f.100571.3.79 1.0%..378 00 05-03 070l 1.012W 3 3.421 Q.94830.7". M .0 a~p39.947.92 3.08s3 LS7 I:4 .9 -&M4Lab -0.47.730 1
24 4lU9 .10.207 7o 3.4 1.009_o.3%s -0.0-.g-04%_oo_. . p o +,,,Lg .6 -3.139 3"i 3.9C_G.7_88231 A.IL 9...461+ 9.73+ .7 7M 2Z%3 0.1,3 2.11l 09 9 -o.6 T.- o7-0. 

RIEMARKI: STATr104 LIOMI3ANjA.N co'p AGA Omt. o smo. DOMINGO e..NK13A'TO 
PEAVK S'r&GL H.MSL 5.s3z 2. 553 2.17ST7.81 !0-GS7 10. &S7 
TIME 1-5 -1-2-0 I -12.-O 1-1-30 4-3 I3-st5 -- L5 -- t2-

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


TABLE 5.Z21 DAILY WATER LEVELS ALONG BICOL-SIPOCOT RIVERS IN METERS ABOVE- MSL 

RETURN PERIOD OF DESIGN FLOOD 50 YEARS 

FLOO, PROTECTION SCHEME: 1 POWUNIUNA RESERV.R+ SOPOCOT- SAN MGUEL DIVERSION4TWAL A1R45GCOLRAG&Y pERS1o6a 

RIVER SIPOCOT RIVER.-..'. , - ..** . .. C L IV R-I -- ICOL-RAGAY PPOCOT-SNMIGUELJ SAN 

T-OW 
,,. - -o.. ...--.. . . .. BICOL RIVER--

DIVERSION DIVERSION PA 

TOWN~ SABANG- LISMANAN-- CUYAPI- "NAGA-. OMBAO-. -- I STO. DOMINGO-- -LAKE BATO PASACAO- BARCELONA- O.ONGAY 

--,,NODE 
2134 5'- 7 loTEII T,' I213 14'5 117 IS 19 ! 20 21 22 23- 25 26 27 28129 30 31 

O J. 
,. 8 I.O 1,4 ,1 0; 4 0 G . 37 7. 1"5 7 .050 O .0, 4.0.3 . - 8.1 70495 1.4 3S 0. , 1 0. I-0.0

2,,, _t2 _ _. - . 0. .- . . -O 0 ,0 S 1.30 173 78 7 1"1s 646. 8 0.47_._3737_:. 2.1 o .3f4 01 0 _7'7042 .- 0.I_0 -

6 2i .305181O.24 0 * 0-W -O-. 3,Q3.10519 t.38,3. 6.134 6.7 .0.76.A-ID8IZ870 -OA.I38 a 54~14.S.44 7.0W%K -oLW4 1 %AS&.07-.3 

M47~.7i5.14-.7IS0MW 
 6JW. 780olII41" 

9 U2300.77 0J0 0.471 0C-.O .. So47O.1873.L114 L4%G3.80 6116*2.87 5.59 C313 .78b 710 -7.11* 7.137 0.699 435 7a~7oo 1O~.4740.754 -A -. if 

23l,(TS31,1!41_O9_A,±731 11903.&0.k' .- 250-s3 5-_O*.592A_0. 1.0"- 64_-3-96LOS,rL26 1.741, 7.45 I~ItJ_S.714S4 3 . 44 '.o501.097 0-21008?lo.sza ,.I -0.. gzi 1.4. .7t30o 3-_ -0LB10 0J..444.MO0o .1._o 1 3.774r847.4 .413 3 i;s~..,,- 7 0.1ll lA 

.611905 ~~W 0-46 03. 780.=W0 1114 1.G 7. b 0.901 0532430770P~.9555~ ~ ~ S.~.5 -C. - 1.3 I54.,IL.S01)43362 7.15 0*43 ~.4-.I 
12 

18.173 I2.13,. .L 0.47 0.56 t.159 11:05 3..83 .4,I04.031 j. .34-7.G OaS .4 0.99 812349 .3,,o±I.os 417.i 7 9. (..4W ,8.017a&s., .9 2 0.29 -0. . 

13 

14 h3__I _ (3S3G.74 3.744 2.6 Lo t -tf#4 1. 2A9I 2.629 4OW 9O1 am.1.5.1.F Z834 3.W04 as . -9.tS10211#0.1 04 34.51' 2.24& I.24 -0, .104 
15 *0- . .4154.4- 2.717 1.7011343 1.8 1.137 t.4 118 2.140 4.M3 44.4GW 65-3._L_7.81 .. 9 3.540 0.1. IOS.2.571 10.41.4 0.747 -03 

1_ IS.Ir l2swja1017.4.58 ws* ioo/47 0w114 0.37r. 0/490.483 V.883.&M14.1794.747_ 0g 11W .5001910.M3271051oSW1.363.923_3.4±.715 0.40± -- 4113.145 ±110 .q12 o.so 

4.14 3.10 I.S8 _.. 4& .91(.0IA 

R7.(473qjsLj 

17 
14M II4. 43.42&99F 1-373 0h01 0.163 -0.004 0.501_0.320 0.353 1.4G1 3Av1 41±14.G544.3 7.5 O.o.04s_10.100 (0.21±1.49%11611_I.643.gol .9V.fo .06 2.30.05o.4 01.4.08 s 

22___ 13.749r1.O 8.7.8 8.0"SI,53 0.414 0419 -0.W00.040_0.14L 018 1.305 .Z38 . 10." 0.,389.AS4_10,0.4_3.4_2.821 -o . t.iz1343 4334.4.44 4.iT 7.453_4 I.A_._._._._._._1.09_$1.57 OA_-0.45 
19 

___ 42 ~S .4w 5148 oSSO 0.141 _.t3 S-.& 6.&go3& 0.070 1.16 S. 216 32n3 434.41 X335881132 Iso? 10-31 WAS~ 10.360 ZI W4t51.4 .1-4 O44-0.711 1176 1.430 6.0"os 

_J31 A 6.176 -0.47 -06170-. -01063 3.L4 3-W 4613_4.461 7.183.#3495s 2-M1 . 1W. o; -0947 -0.376~; 0.709 0*4D 3.o83 3.79S .3922.10. 173 103IS9.10.N403.401 L.326. ~i._1269 

22i I_2.7O' 789 s3_].5170.077 -0.g . -0,,I Go.. o.l J.IS -3-447 I.S 4L97 G.,, &441 .;5,3.55_ 
 9898.339 9.954o003 3.o4Z_2.31 1.1710.208 -0.71111.740 1.045 -O.8US -8A% 
23 ..- T - - - ... ... ....... .... ..... . 4. -. 33 . - . ... - . .. .t -- _A_7. 0 ... . ... . ... . . . 

247 -- ___8.___
aM105 -*Jb0 UB -0.%2o0___ 8527WJb 04F 7.00.914 "IS7.240 367 3.%7 G.708 B 131 48W 37.* 9.491'.9.7M4 1747 .. " 1.96119LOG.0. 5-0 i.0.91b -4931 -0.4 

25 17.724!2570 0.049-o09'-o.14o.14 5LW14&, .7 ;o.2S-0 0.912. 4 01 o.00L .447 3.4 64 &.5W .. 6 9.44 9. 3.1oo2. 1-0 I,. -0 J 
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Name Proram Type 

BARIER 
SIQ 
DESNIN 
TIDALl Subroutine 
BMET 
TIDAL2 
PKET
 

The program handles 3.main parts namely: Hydrologic Hodel, 

Tidal Model and Unsteady Free Surface Flow Model. The program could handle 

all combinations of flood control schemes. Shown in Section Cl of 

Appendix C is the list of the computer programs of the main program and 

its subroutines. 

5.9.2 Functions of Hain Program and Subroutines
 

Main program BICOL2 - The water levels and discharges along
 

Bicol and Sipocot Rivers, the cutoffs and diversion canals are computed
 

from,the program. The water level boundary conditions are the sea water
 

levels at Balongay (Node No.31) and Barcelona (Node No.30) on the
 

eastern side and at Pasacao (Node No.27) on the western side of the Luzon
 

Island. The discharge boundary conditions are the surface runoffs
 

which consist of overland flow and tributary streamflows. The discharge
 

boundary conditions are assigned to the nodes. The program requires the 

knowledge of the roughness and runoff coefficients. The roughness coeffi-> 

cients are assigned for the branches in the flow system. The runoff 

coefficients are assigned to the Thiessen polygon subdivided for the,, 

watersheds in the river basin. 

Hain program BICOL2 also requires the following information:,
 

a).The time interval used in the computation during
 

the' time of typhoon surge.
 

b) The return period of the flood under investigation.
 

c) The date which the computation starts.
 

d) The code assigned for the print out of inputo
 

information. 

e) Percentage of gate opening area,,of the tidal barrier . 

f) Time difference between the,peak times of the storm, 

surge and 'the nearest high tide.
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g) Heading of the data input. 
h) Time interval that the lateral discharge inputs 

to the nodes are'available. 

i) Requested time interval for the Drintout of thk rnm 

put d results. 
J) Maximum allowable error in water levels when steady, 

condition is checked. 

k)Codes assigned for the selections of the flood control 

:schemes. 

Subroutine INPUT2 The following input information are read: 
a) Numbers of nodes and branches in the flow system. 
b) Numbers of days of the flood which are required under
 

Investigation.
 

c) Time interval for the numerical computation. 
d) Initial water levelssat the nodes when the computation
 

sarts.
e) Rougliess coefficients for main channel and berms. 
f) Distauce intervals for main channel and berms* 
) The geometry of main channel and berms. 

h) The surface area-elevation relationships of Lakes 

and ReservOr., 
Subroutine RITIN2 - The input information which have been read 

in subroutine INPUT2 .arewritten through this program. 

Subroutine DESNIN - In this subroutine, the lateral discharge 
inputs to the nodes are computed. The lateral discharge inputs are. 

!determined either from the rainfall alone or from the distribution graph 
'applied to the rainfall and the observed streamflows of the river tri-. 
butaries. This depends on the condition of the design floods. 

Subroutine TIDALI and TIDAL2 - In these subroutines, the 
fluctuzitions of the sea water levels on the eastern and western side of 
Luzon Island are generated respectively. The sea water levels generated 
on the eastern side are at Barcelona (the outlet of Sipocot-San Miguel 
Diversion) and Balongay (Site for Tidal Barrier). They are assumed equal, 
On the western side, the sea water level is generated at Pasacao (the 



outlet of Bicol-Ragay Diversion). The subroutines combine the rise of 

the sea water levels produced by high tide and typhoon surge. Subroutines
 

TIDAL1 and TI)AL2 further call respectively subroutines BMET andIKET
 

which compute the height of the storm surge.
 

Subroutine BARIER - The river discharge throughthe barrier is 

computed. The gate of the barrier is set open if the sea water level is
 

lower than the water level on the river side of the barrier.
 

Subroutine DIFH2 - The differences between the water levels at
 

the downstream and upstream ends of the branches'are computed.
 

Subroutine STAGE2 - The average water levels at the midway of' 

the branches are computed. 

Subroutine DIFAM,2 - The differences'between the do%.mstream and 
" 
Upstream cross sectional areas and momentum correction factors of the 

branches are wmputed. Subroutine DIFAM2 calls subroutines GEOl and GEO2
 

fwhich compute respectively the cross sectional areas, the topwidths and
 

the mean depths of the main channel and berms at the downstream and
 

upstream ends of the branches.
 

Subroutine GEO - The cross sectional".areas, topwidths and
 

mean depths of cross sections at midway of the branches are computed.
 

The' momentum correction factor M and the conveyance K for the branch
 

"are also computed from this subroutine.
 

Subroutine ATMK2 - The main channel and berm geometry and the 

roughness coefficients are schematized to obtaintthe river system that
 

the flow distances along main channel and berms are.equal.
 

The condition is inquired in the continuity and momentum
 

equations. The schematization also implies the, condition that the friction
 

slopes along the main channel and berms are equal.
 

Subroutine SURF2 The surface areas of the nodes are computed.
 

The surface areas of the nodes coirsist of the surface areas of the
 

branches measured halfway of the distances to the adjacent nodes plus
 

the additional surface areas of the lake or reservoir in its vicinity.'
 

Subroutine SQ2 - The subroutine,which computes the discharge 

.summation per unit surface areas of the upstream andadownstrem nodes' f 

each branch. 
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Su' %utine SIMQ - The subroutine which solves' the set of 
linearlized finite difference continuity and momentum equations which are 
expressed for the-nodes and branches in the flow system. The method of
 
solving the equations 
 is performed through the application of the matrix

inversion.. 

5.9,3 Computational Route of Main Program BICOL2 
 The computational
 
route for the main program DICOL2 is described using the flow chart shown
 
in Fig.5.14. 
The time step used in the computation is one hour but is
 
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. ain program BICOL2 consists of two main routes of com
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 computation is the period of
 
warming up the model. 
The second route of computation is the unsteady
 
flw computation which the boundary conditions are allowed tovary with 
time. 
This route of computation involves the computation of flood,flow
 

in the model.
 

The detailed description for the first route of computation-in
 
the model can be expressed as follows:
 

(1) The boundary conditions are kept unchanged with time. 
These
 
boundary conditions are the 
lateral dischargeinputs to the nodes and
 
the sea water levels at the nodes located at,the system outlets. The
 
boundary conditions are set equal to instantaneous values of the boundary
 
condition at the date in which the computation of the second route starts.
 

(2) The initial water levels of all nodes are assumed.
 
(3) The initial discharge for each branch is computed by sumning, 

up the discharges which its upstreamenter node. 
(4) The water levels and the discharges are computed using the
 

constant boundary conditions. 

(5),The computation is repeated'using the water levels and.. 
discharges of the subsequent previous step of computation as the initial 

conditions. 

http:Fig.5.14
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(6) The computation is performed until the water levels and
 

the discharges in the system are unchanged with time.
 
(7) The water levels and discharges which are unchanged with 

time are used as the initial conditions for the second route of computation.
 

The detailed description for the second route of computation 

which involves the unsteady flood flow computation can be described as
 

follows: 
(1)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 allowed to change with time. The time variation of
 

the lateral discharge boundary condition is obtained from subroutine
 

DESNIN. The sea level boundary condition is obtained from subroutines
 
TIDALl and TIDAL2. Subroutine TIDAL1 is used to generate sea water level
 

at the Node Hos.31 and 30. Subroutine TIDAL2 is used to generate sea
 

water level at Node No.27.
 

(3)The water levels and the discharges in the nodes and
 

branches are then computed for the time t+At using the time-varied
 

boundary conditions at the corresponding time.
 

(4)The water levels and discharges in the system is initialized
 
by substituting,the water levels and the discharges at time t by the
 
values at time t+At obtained from the previous step of computation.
 

(5) The computation is repeated from step.(3) to step (4)
 

until the flood period under the investigation is over.
 

In the computation of water' levels and discharges in the ,nodes 

and branches, the computation irocedure can be described in detail.as 
follows: 

(1) The elements of the coefficient matrix [P] are computed 
using the known water levels and discharges from the initial condition
 

orfro :the previous step of cOmputation, ,i.e. at time t.
 

(2) The :elements of the isolated matrix C] are computed using 
:the known, stages, and Idischarges from the initial condition or from the' 

previous sStep of computation at time t and the given boundary ,ondition
 

at ttim-. t+At.
 

http:detail.as
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(3) The unknown matrix EN) is solved through the method, of
 

matrix inversion. "The matrix EN] contains the incremental changes in
 

the water levels and discharges within the time step ofAt. *The matrix
 

IN) is related to the matrices P]. and [C) as
 

M~atrix 
'contains 31
 

EN) EPJ ECJ 	 values of AH 

and 34 values 

of AQ 

(4) The water levels and 	the discharges of the nodes and of the
 

branches 	 at time t+At are then computed through the following equatinns: 
Ht+A t " 

~QQ AQ 

In the, above equations, Q and H are the discharge and the water level, 

AQ and All are the incremental changes in the discharge and water level, 

within the time increment At. 

(5) The water levels and the discharges in the nodes and branches 

are initialized before the computation of the next time step is perfor ied. 

The initialization is performed by s,,bstituting the water levels and 

the discharges at time t by the values at time t+At obtained from the 

previous step of computation, i.e.
 

Ht Rt+At 

Qt= Qt+At 

5.9.4 Preparation of Data Deck The computer program was organized 

such that the water levels and discharges ,along Bicol land Sipocot Rivers 

could be computed for different inputs and diffe.rent flood control schemes. 

Various computational routes are provided in the same computer program and 

could be chosen by making a slight change on the input information. The 

input information are read 	through the main program BICOL2 via subroutine 
INPUT2 aid DESNIN(QQQ). 	The sequence of the data deck prepared for a run, 

for example for the case when the tidal barrier is to beconsidered, is 

presented. The description for the symbols used in the icomputer 'program 
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is explained. 'The printouts oft the input. information, read through the 
,main program BICOL2, subroutine INPUT2 and subroutine DESNIN(QQQ) are 
released through subroutine RITIN2. 

5.9.4.1 Sequence of data deck Fig.5.15 shows the arrangement 
for the sequence of the data deck for the flood contr6l Simulation model. 
The followring is the description for the symbos ,used in the input 

information. 

Card No. Symbols Description 
1. TDT Time interval used in the computation'duringithe 

period of storm surge. 
2 IRETURN The return period of the flood. 
2 ,ISTABTL Code indicating the choice of time interval"TDT 

during the time of typhoon surge. 
.3 I1R Date at which the computation is started. The 

computation can begin at any date within the period
of flood under investigation. 

3 JIK Code to request the printout of the information 
input. 

4 FACTOR Percentage of opening area of the,gate of the 
tidal barrier. 

4 PHASE Time difference in hours between the peak of storm 
surge and highest astronomical tide during the 
storm surge. 

5 TYPE Heading of data deck which indicates the selection 
of flood control schemes. 

6 ALT Time interval at which the lateral discharge
inputs to nodes produced by surface runoffs from 
.watersheds are available. 

6 RIR Time interval which the printout of stages and 
discharges along Bicol and Sipocot Rivers is 
required. 

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

7 CODPOL Code assigned for the selection of Pulantuna 
Reservoir. 

7 CODSIP Code assigned for the selection of Sipocot-San 
Miguel Diversion 

7 CODPAS Code assigned for the selection of.Bicol-Rgly
,Diversion, 

y 

http:Fig.5.15
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Card No. 'Symbols 	 Description
 
7 CODCUT 
 Code assigned for the selection of Cutoff.No.3.,
 

7 
 CODWID Code assigned for the selection of the width of 
Cutoff No. 3. 

7 CODBAR 
 Code assigned for the selection of the iTidal
 
Barrier at Balongay.
 

7 CODEXT' 
 Code assigned for the extension of the model from
 
Cuyapi to Balongay.
 

7 CODEXC 	 Code assigned for the excavation and widening the: 
river cross section from Km69 to Km 83 + 900 in 
Bicol River.-

B NBAN 	 Numbers of branches in the flow system.
 

8 NNODE Numbers of nodes in the flow system.
 

8 NDAY 
 Day period in which the flood flow is investigated.
 

9 -M,NN,L .Numberof available elevation-surface area
 
relationships of Lake Bato, Lake Baao and Pulantuna 
Reservoir.
 

10 I.DELT 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.
 

11-14 H(I',l) 
 Initial water levels at nodes used in the numerical
 
computation. 

15-26 ENX(I),EI*(I), Roughness coefficients for left berm, main 
SENY(I) channel and right berm of the branches.
 

27-31 DELX(I) Distance interval along main channel in kilometers. 
32-36 DELXX(I) Distance interval along left berm in kilometers. 

37--41 DELXY(I) Distance interval along right berm in kilometers. 
42-50 EX(I),EY(I) Average river bank elevations on the left and right 

sides at midway of the branches. 
51-59 EXUS(I), Average river bank elevations on the left and 

EYUS(I) right sides at the upstream end of the branches. 
60-68 EXDS(I),, Average river bank elevations on the left and right 

EYDS(I) sides at the downstream end of the branches. 
69-85 El(I),E2(I), Specific elevations of the main channel cross 

E3(I),E4(I) sections of the branches. 

86-102 T(I),T2(I), Specific topwidths of the main channel cross 
T3(I),T4(I) sections of the branches. 

1.03"111 AO(I),AH(I) Specific area of 

of the branches. 
the main chann 'l cross.sections 

. ' "_I " 
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Card No. S).bols 	 Description
 

112-128. EUSI(I),EUS2(I), Specific elevations of thc maii channel
 
EUS3(I),EUS4(I) cross sections at the upstream end of
 

the branches.
 

129-145 .TUSl(I),TUS2(I), Specific topwidths of the main channel.
 
TUS3(I),TUS4(I) cross sections at the upstream end of the
 

branches.
 

146-154 AOUS(I),AIMS(I) 	 Specific area of the main channel cross
 
sections at the upstream end of the branches.
 

155-171 EDSl(I),EDS2(I), Specific elevations of the main channel
 
EDS3(I),EDS4(I) cross sections at the downstream end of
 

the branches.
 

172-188 TDS1(I),TDS2(l), Specific topwidths of the main channel
 
TDS3(I),TDS4(I) cross sections at the downstream end of
 

the branches.
 
189-197 A.ODS(I)SAHDS(I) Specific area of the main channel cross
 

sections at the downstream end of the
 
branches 

198-199 	 EEl(I),EE2(I), Specific elevations of the main channel
 
EE3(I),EE4(I) cross sections at the excavated branches.
 

200-201 	 TTI(I),TT2(I), Specific topwidths of the main channel
 
TT3(I),TT4(I) cross sections of the excavated branches.
 

202 AAO(I),AAII(I) Specific areas of the main channel cross
 
sections of the excavated branches.
 

203-204 EEUSl(I),EEUS2(I), Specific elevations of the main channel
 
EEUS3(I),EEUS4(I) cross sections at the upstream end of the
 

excavated branches.
 
205-206 TTUS1(I),TTUS2(I), Specific topwidths of the main channel
 

TTUS3(I),TTUS4(I) cross sections at the upstream end of
 
the.excavated branches.
 

207 AAOUS(I),AAHuS(I) Specific areas of the main channel cross
 
sections at the upstream end'of the
 

:,'excavated branches.
 
208.209 	 EEDS(1)1 EEDS2(I), Specific elevations of the main channel
 

EEDS3(I),EEDS4(I) .cross sections at the dcnstream end of
-the excavated branches.
 

:210-211 TTDS(I),TT.DS2(I), Specific topwidths of the main channel
 
TTDS3(I),TTDS4(I) cross sections at the downstream end of
 

the excavated branches.
 
212.. AAODS(I),AAHDS(I) Specific areas of the main channel cross
 

sections at the downstream end of the
 
excavated branches.
 

.
213-229 EY(I), 2(I),EY3(i);I' 	 Specific elevations of the right berm 

cross sections of the branches., 
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Specific elevations and surface areas of
 

Card No. symbols Description 
230-246 TY1(I),TY2(I),TY3(I) Specific topwidths of the right berm 

cross sections of the branches. 
247-263 EYUSl(I),EYUS2(I), 

EYUS3(I) 
Specific elevations of the right berm 
cross sections at the upstream end of 
the branches. 

264-280 TYUSl(I) ,TYUS2(I), Specific topwidths of the right berm 
TYUS3(I) cross sections at the upstream end of the 

branches. 
281-297. EYDS1(I),EYDS2(I), 

EYDS3(I) 
Specific elevations of the right berm 
cross sections at the domstream end of%, 
the branches. 

298-314 TYDSl(I),TYDS2(I), 
TYDS3 (I) 

Specific 
sections 

topwidths of the right berm cross 
at the downstream end of'the 

branches. 
315-331 EXl(I),EX2(I),EX3(I) Specific elevations of the left berm 

332-348' TXl (1),TX2(I),TX3 (I) 
cross sections of the branches. 
Specific topwidths of the left berm cross 
sections of the branches. 

349-365 EXUS1(I),EXUS2(I), 
EXUS3(I) 

Specific elevations of the left berm 
cross sections at the upstream end of 
the branches. 

366-382 TXUSl(I),TXUS2(I), Specific topwidths of the left berm cross 

383-399 
TXUS3(I) 
EmSl(I),EM)S2 (1),
EXDS3(I) 

sections at the upstream end of the branches. 
Specific elevations of the left berm 
cross sections at the downstream end of;-
the branches. 

400-416 TXDSl(I),TXDS2(I), 
T.XWS3(I) 

Specific topwidths of the left berm cross 
sections at the downstream end of.the 
brnches. 

417-422 EBAT(I) ,SPBAT(i) Specific elevations and surface areas 

423-428' EBAO(I),SFBAO(I) -

of Lake Bato. , 

Lake Baao.
 
429-440 EPOL(I),SFPOL(I) 
 Specific elevations and surface areas of'.
 

Pulantuna Reservoir.
 
441 KODE 
 Code assigned to the selection of the 

rainfall condition for 1970 orfor 50-
year design flood.

442 IST,IDT,IAx,IBL, Symbols for plotting if the subroutine
 
BA, IBB, IBC for plotting is provided. 
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Card No Sybols 	 Description 

443 RAIN2,RAIN6,RAIN14 50 year design 2 day rainfall in milli-
RAINDE " meters at Station No.2, 6, 14 and basin 

respectively. 

444 RCl(I) 	 Pre-storm runoff coefficients applicable
to Thiessen polygon No.1, 2 and 3 and 
flood plain areas respectively ( oil is 
partially saturated). 

445 RC2(I) 	 Runoff coefficients during and after storm
 
applicable to Thiessen polygon No.l, 2 and
 
3 and flood plain areas (soil is saturated).
 

446' DIM1(I) 	 Ordinate of distribution graph at day I
 
for watershed area less than 50 sq.km.
 

447 DIM2(1) 	 Ordinate of distribution graph at day I
 
for watershed area greater than or equal
 
to 50 sq.km. 

448 EB,CB 	 Regression coefficients of base flow
 
equation.
 

449-466 Rl(K,I) 	 Daily rainfall in millimeters fc,r stations
 
2, 6 and 14 in the year of 1970'(13 year
 
return period) at day I.
 

467-484 R2(KiI) Daily rainfall inmillimeters for stations' 

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

45-580 G(KI) 	 Runoff in CMS of gaged watershed K at day I.
 

581-651 INC,A,WIS 	 Watershed computer code number for gaged
 
and ungaged watersheds (series 100 aid 200);
 
watershed area in sq.km.; representative
 
width of watershed in Inn; rainfall station
 
number applicable to watershed.
 

I IN,IS,MING ,NU Node number, raingage station number, flood 
-- plain area including berms, number" of 

gaged watersheds, number of ungaged water-
Card num-

sheds.
bars in 


this range IGC(I) 	 Code number of gaged watershed in 100
 
are given on. 	 series.
 
the next page IUC() 	 Code number .of ungaged watersheds in 

200 series. 
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CARD IUMBERS 
Node NO. 

> 

_______ IN,IS,M,NG,NU IGC(I) ICiJ 
1652 653 654
 

2 655 -656.
 
3657 658 659
 

4 
 660 -661
 
5 62663
 
6 -664 
 -665' 

7 666 
 667
 
8 '668
 
9 669 670
 

10 671 -672
 
11 673 674 675
 
12 676 - 677
 
13 . 678 679
 
14 680 . 681
 
15 682 683 
 -

16 684 - 685
 
17 686 687 688
 
18 689 -. 690
 
19 691. 692

20 693 
 694
 
21 695 -. 695
 
22 697 698 699 700
 

5.9.4.2 Physical and geometrical characteristics of Bicol
 

River. Sipocot River and their flood protection schemes - The physical 
and geometrical input information for the flood control simulation model 

of the Bicol River Basin study mainly consist of: 

a) Roughness coefficients for main channel and bermsg. 
b) Relationships between elevation, topw,dth and cross :
 

sectional area of main channel cross sections.,
 

c)tRelationships between'en and topwidth of left.
 

berm and right berm cross sections. 

d) Relationships between elevation and surface area of.
 
Lake Bato, Lake Baao and the 
proposed Pulantuna Rese7:voir.
 

Listed in Section C2of Appendix C are the numerical values
 

oftepyia gn
getrical inputs which are required in the flood
 
control simulation model., 
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5.9.4.3 ,Hydrologicinformation - The lateral discharges to the 

nodes is composed of the surface runoffs from the watersheds in the 

Bicol River Basin. 

In the model calibration, the rainfall data from September 

to November 1970 was used.,',The surface runoffs 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 

the tributary streamflows.
 

In the prediction of the effectiveness of the flood control 
schemes on the water levels in the-Bicol and Sipocot Rivers, the rainfall 

condition whose return periods are that of 13 years and 50:years were
 
used. Tho period of 13 years is selected since the rainfall condition
 

is the same as that occurred in 1970. The lateral discharge'inputs to
 

the nodes for the 13 year rainfall are estimated in the sametway as
 

previously performed in the model calibration For the 50 year or other 
design rainfall condition, theisurface runoff to the nodes are wholly
 
estimated from the watersheds which are assumed ungaged.
 

5.9.5 Code Assignments and Instruction for Program Users
 

Card Uo.2 -- Punch 13 for IRETURN x.hen the effectiveness of the 
"flood control schemes is measured for a design rainfall which has a .
 

return period of 13 years, equivalent to the 1970 flood event. 

- Punch 50 for IRETURN when the effectiveness is determined 

for the design rainfall tth a return period of 50 years. 

Card, No.4 - Punch 1 forFACTOR if the gate opening is assumed 

fully open. The value of FACTOR can be set to any values between 0 to 1, 
e.g. if FACTOR.is set equal to 0.5, the opening area of the gate is set:
 

at 50% of the total opening area.
 

iCard No.5 - The heading of the data deck is punched consistent
 

with the code. of the symbols assigned for a combination of the flood
 

http:FACTOR.is


control schemes. The purpose of using the date heading is-to help the,. 

program user 	to recognize easily which of the flood control schemes are
 
selected in the combination. The data heading is not involved in the
 

computation. The symbol for the data heading is TYPE.
 

Card iVo.7 - Flood control schemes could be selected by'assign

ing code numbers to the following symbols.'
 

Symbols Description 	 Instructions
 

CODPOL 	 Pulantuna Reservoir Punch 1. for the selection; 
0. for none
 

CODSIP Sipocot-San Miguel Punch 1. for the selection;
 
Diversion 0. for none
 

CODPAS4" Bicol-'Ragay Diversion ,Punch 1. for the selection;
 
O. for none
 

CODCUT Cutoff No.3 Punch 1. for the selection;
 
0, for none
 

CODWID Width of Cutoff No.3 
 Punch 40. for 40 meters wide or
 
20. for 20 meters wide, etc$
 

CODBAR Tidal Barrier Punch 1. for the selection;
 
0 for none
 

CODEXT Extension Bicol River 
 Punch 1. for the extension and
 
Mouth in the model from 0. for no extension (model
 
Cuyapi to Balongay calibration)
 

CODEXC. 	 Deepening and widening Punch 1. for the selection;
 
river bed 0. for none
 

Card No.441 - The rainfall condition could be selected by
 

assigning the number of the symbol KODE. Number 1 is used when the 1970
 

rainfall condition whose return period is 13 years is required. Any
 

other numbe= 	is assigned to KODE when the design-rainfall condition whose
 

return period is 50 years is used, The symbol KODE controls the com

putational route in subroutine DESNIN(QQQ). 

Example: It is required to determine the effectiveness 

of a flood control scheme when,the rainfall condition is similar to that 

which 'occurred in 1970. The flood control scheme composes of the 

,following basic components: 

(1) Pulantuna Reservoir 

(2). Sipocot-San Miguel Diversion, 
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(3)Tidal Barrier at Balongay
 

(4)Bicol-Ragay Diversion
 

The gate opening area of the tidal barri'er is full.
 

Data Preparation: 

UAW No. 

2 Punch, 13 for IRETURN 

4 Punch: 1.00 for FACTOR 

.5 Punch: POL 1, SIP -1, PAS =1, CUT O BAR m 1, 

EXT 11,DEPNING - 0 

7 Punch: 1. for CODPOL 

1. for CODSIP 

1. for CODPAS 

0. for CODCUT 

O. for CODWID 

1. for CODBAR 

1. for CODEXT. 

0. for CODEXC 

11 to 14 The following initial stages at the nodes are assumed. 

Punch: 11.90 for H(I,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) ; 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 H(1I,1) ; 0.50 for H(12,1) 

0.80 for H(13,1) ; 0.90 for H(14,1) 

1.00 for H(15,1) ; 4.50 for H(16,1) 

5.10 for H(17,1).; 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) -0.10fbr 1(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) 

0.30 for 1H(29,1) ; 0.095 for R(30,1) 

0.095 for H(31,1) 

441... Punch% 1 for KODE 
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APPENDIX A
 

Al Calculations for the Distribution Graph
 

Table A--l to A-8 summarize 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 oserved 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. Hoiiever, 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 gcaph
 

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 
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Table Al - Arrangement of Data for Development of Distribution Graph 
(Units in CHS) 

3 - Ugsong River, Ligao, Albay
(Area - 11 km2) 

Observed Modified Base Segregated Dist. Cumulative
 
Date Stream Stream
Flow Flow Flow Percentage PercentageFlow " 567 

12 3 45 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 
14 

8.64 0.00 8.64 61.5 75.91.38 1.38 0.00 1.38 9.8 85.715 1.49* 0.80 0.00 0.80 5.7 91.416 0.90 0.60 0.00 0.60 4.3 95.717 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 Development of Distribution Graph

(Units in CMS) 

17 - Anayan River, San Roque 

(Are= 17 2) 
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

12 1.42 1.42 0.39 1.03 

0
 
0.7 0.7
13 106.88 106.88 
 0.39 106.49 
 82.$ 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*
 
2122 _____ ____ 

Total 
 129.17 100.0
 

* Day record abandoned 
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Table A3 - Arrangement of Data for Development of Distribution Graph 
(Units 'in 'MS) 

20 - Yabo River, San Isidro 

(Area - 20 km2 ) 
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 0.56 
10 1.57+ 
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 3.20+ 3.20 1.00 2.20 6.1 98.2 
16 1.38 1.38 1.00 0.40 1.1 99.3 
17 1.20+ 1.20 1.00 0.20 0.5 9918 
18 1.10+ 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 CHS)
 

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 5 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 9.60 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 
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Table A5 - Arrangement of Data for Development of Distribution Graph 
(Units in 'CS) 

7 - Quinali River, Oas, Albay 

__Area - 232 km2) 
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 3.4 974 
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 Distribution Graph 
(Units in CMS) 

14 - Pawili River, San Vicente
 

(Area - 112 km2) 
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 31.1 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 0(5), 

21 - Pulantuna River, Napulindan 

4Area - 172 km2) 
Observed Modified Base Segregated Dist. Cumulative 

Date I 1 Stream Flow Flow Percentage 'PerceintgeStream.
 
Flow Flow .... .
 

1: 2 3 4 5 67 
Oct. 1970
 

9 5.52
 
-10 	 5.87+
 

5.90+
11 

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 20.00+ 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 12.86+* 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 1
 

Total 292.00 100.0
 

Table A8 - Arrangement of Data for Development of Distribution Graph 
(Units in CMS) 

22 - Culacling River, Lupi
 

2)
(Area --64 _
 
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
 

Total 	 95.42 100.0
 

+ Interpolated value
 
* Day record abandoned
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x and can be expressed as
 

(A)e..P(X > x) -I e 

where e is the base of natural logarithms and y is given by
 

1.0
= 0 (X - x + 0.45 s) (A2) 

In Eq.(A2), X is the extreme event magnitude with probability P; x is 
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:
 

X = (M) 

(x-.) 2 

s = / _--__ --

Plotcing positions are determined by the formula
 

T = N+ (A4) 

M 
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)s e (A5) 

for which at confidence level, a = 90%, t(a) = 1.645. 

s is computed by the formula:
 
e
 

s = _s (A6)
 

FN2
 
where a = l + 1.3K + 1.1K2 

K = 
s 

A3 Distribution of Basin Average Rainfall into Station Rainfall
 

In this section, the distribution of basin rainfall into station
 
rainfall is discussed. 
The basin has been divided into three regions, each
 
region rainfall being represented by one raingage station. With three
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representative stations and six years of record, let the rainfall records
 

per station per year be as shown in the following table.
 

station . •1i19111 1 ,2 3 

1 - 13r12  

r
2 r2 2  

3 r31  r3 2  r33 

4 r43r41  r42  


5 r51  r52  r53
 

6 r61 r62  r63
 

Distribution D1 D2 D3
 

We would like to know the best distribution, Dl for station No.1,
 

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
 

D1 Ci r ii (A7)
 

D 12 r12
and 

D1 i ri (AB) 
D- C 13 r 3 

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

T
D2 Ci r 12F-3 23 r D (A9) 

where Ci is a constant and would be equal to unity if the rainfall was 

always distributed in the same manner throughout the basin. The best
 

set of D values are those which minimize the function
 

N 1 22 1 2 
Z = E M((-C1 2 ) + (l - C1)) (AlO) 

i=l 

or Z - f(Dl,D2,D3) (All) 
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To compute Dl, D2 and D3 the "Steepest Ascent Method" isused. In this
 
method the procedure is started by selecting an arbitrary distribution.
 

°
The first selection is D1 , D20 and D30 'so Eq.(All) becomes:
 

°
 °
Zo = f(Dl , D20 , D3 ) (A12) 

Moving from the collection of atarting values to the first revised base
 

values (Dl',D2',D3') we have:
 

Z1 = z 
o 

+AZ (A13) 

and Dl' = D10 + ADI
 

D2' - D20 +AD2 (A14) 

D3' = D30 + AD3 

where 
8Z DZ 8Z
 

2AZ = D- ADI + -- 2- AD2 -- - AD3 (A15)
Dl 9D2 DD3 

Ideally Zi is set equal to zero, and Eq.(A13) becomes:
 

AZ = -z ° (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 ADI, AD2 and AD3, consider that the increment for any parameter 
of the distribution Dl, D2, D3 is proportional to the partial derivative 

of Z0 with respect that parameter 

AD1 =Zo/D1 (A18)
1--D M 08Z/BD2(A8 

AD2 = K'ADI (A19) 

where aZo/aD2 

K /(A20) 
and 0 

AD3 = -(ADI + AD2) 

AD3 = -(1 + K)ADl (A21)
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Substituting Eqs.(Al8), (A19) and (A21) to Eq. (A15) 

-0.01 z 
ADi = 8z 8z 8z (A22) 

___+ K o ( l+K) 
BDI 3D2 T-


Solving Eq.(A22), the magnitude of ADI is determined. From Eqs.(AI9) and 

(A21) ve compute AD2, and AD3. From Eq. (AI4) we get the first revised
 

values of Dl', D2' and D31. And Eq.(A12) becomes:
 

Zi = f(Dl', D2', D37) (A23) 

The calcualtion is repeated with this new value of the distribution
 

until the minimum value of Z1 is obtained.
 

A3. Application of the Lerived 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 D1 , D2 and D3 are 0.24, 0.43 

and 0.33 respectively. From FiS.3.7, the areas of region corresponding 

to the raiufall stations are: A1 = 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 
RAI + R2A2 + R3A3 RB A, (A24) 

R1 D1
1 D1 
 0.244 
R2 D = C = 0.430 0.568 (A25) 

R1 D1 0.244 
S C2 0.326 0.748 (A26)

R3 D3 2 .2 

where % is the basin average rainfall depth. 

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

RI RBA Ai (A27) 
+ A +-A32 

As an example, the basin average rainfall in 1970 is 356.6 mm (from Table
 

3.11). To solve for R, in Eq.(A27), we have
 



- All 

356.6 AT 
R,Z1 2.. 

O'2 6AT 
-00. 4 5 AT 

+ 0.568 
0. 2 9 AT 

+ 

356.6 247 mm 
1.440 

R2 - R1/0.568 = 436 mi 

R3 = R1/0.748 - 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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B 

APPENDIX B 

COMUTER PROGRA1MS FOR TIDAL ANALYSIS BY THE HARIONIC METHOD WITH ABSOLUTE 

VALUE 

The computer programs are written in FORTRAN IV language and 

designed for runs in a CDC 3600 computer model. 



"TNS4 	SA 
 - D2 -TN5; 5 AB2 -02/19/75 

PROGRAH TIDE

0 PROGRAM fOR TIDAL ANALYSIS BY THEHARMONIC METHOD WITH ABSOLUTE VALUO.
C ETA 4 HOUR6Y TiDAL'RECORD IN METERS
 
G T u PERIODS IN HOURS

C A u AMPLITUDES IN METERS
 
C DELTA , P4ASES ANGLE IN RADIAN
 
C NCON * TOTAL NUMBER OF CONSTITUENTS

C NDIM TOTAL NUMBER OF DATA POINTS ?ODD NUMBERf
 
C STEP. TI|I INTERVAL O TIDAL RECORD
 

DIMeN$OoN ETACBS6O)ETAS(B?60$,A(30)T(40),DELTA(30)fco(2)

REAO(60.1) STEP;NDIMNCON
 
READ(40*2) (T(ImIuI,.NCON)
 
Js NDPI/2

IF2*J.NEjNDIM) 00 TO 40
 
NDIM NDIM.-1
 

40 READ(O3) (ETAfI),]IINDIM)
 
I FORMAt(FIO'4,211o)

2 FORMAT(aV o4)
 
3 FORMAT(16F5t2 )
 

WR!TE(61#i6)

16 FORMAT(/* TIDAL OBSERVATION USED IN THE ANALYSIS*/)
WRiTE(6%ol7) (ETA(0)#Igl#NOIM)
 

17 FORMAT(Cox,24r~l2)
 
DET9 STEP*NDIH.t)

WRITE(6%*50) DET
 

50 	 FORMAT(/* LENGTH OF RECORD z *#FI5,2* HOURS,)

CALL QSF(STEPoETAZNDIM)
 
AZERO, Z/DEt
 
WRITE(64#20) AZERO
 

20 	 FORMAT(/* VALUE OF AZERO a *.70.4,* METERS*)
 

WRYT9(61,41)

4t FORMAT(//i VALUES OF IDA(C)hDELTA(I)DT(I),KJMAXRATIO*,//)
 

C TO 	COMPUTE.A(I) AND DELTA(I)

DO 4 14.NCON
 
00 5 Kq#2
 
DO 0 Jx4,NDIM
 
ARG#(g,*3 .141593,(J-1),STEP)/T(I)
 
IFcK-4) 9,10,9


9 ETAS(4)R STA(W)WOS(ARD)
 
gO TO 6
 

10 ETASc() ETA(J)*SIN(AR0)

6 	 CONTINUE
 

CALL QSt(STEP#ETASsZ.NDIM)

COt"K)v
CONTINU /WET
 

A(I)w, *QRT(COt1)**R+CO(2,.2,
 

37 	 YDXu CO(2)/C(1)
 
So ABS(YDX)
JF(S'$0O01) 11 .;2,pl2
 

11, IF(YOX)30034103R
 

30 IFcCO(2)3334t;4
 
33 DELTA(I)s ATAN(YDX)


GO TO 4
 
34 DELTA(I)m 3,14t593*ATAN(YDX)
 

O0 TO 4
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3t 	 IrFfO|%))35p36,36 
35 	 DELTAII)m 3,141593
 

GO yo 4 
36 DELTA(I)s 0, 

GO To 4 
32 IF(O(2)) 34o33#33 
t2 IF(O(2))O0o9Q,90 
80 	 DELTA(I)m .3,14S593/2.
 

GO TO 4
 
90 DELTA(I)o 3,141593/2.
 
4 CONTINUE
 

0 TO COMPUTE KJMAX AND RATIO
 

DO 7 Ja%,NCON
 
SUN of
 
00 a V:IONCON
 
IF .j)j4p8,1 4
 

14 SUMg SJ1,A(I),(1,/ABS( (1./T()).(1./T(J)) )4,/((1,/T(I)).(1,/TCJ)) 
$I)

S CONTINUE 
RJMAXv (2,*SQRT(21)*((AZERO*T(J))/3,±41P93
 
$(3lA(J)*T(J))/(8.* 

3 .141 5 93 )
 

S(3 *SJM)/(4,*3 3 141593)))/DET
 
RATIO! RJMAX/A(J)
 
WRITE(61,42) J,A(J),DELTA(J),T(J),RJMAXDRATIO


4 )
42 	 FORMAT(f5p5F1,
 
7 	 CONTiNJE
 

STOP
 
END
 

,4DS TIDE 02/19/75 ED 

3DENT TIJE 

PROGRAM LENGTH 43045 

ENTRY POINTS 

TID 42413 

EXTERNAL SYMBOLS 
080ENTRY 
SINF 

THEND, 
COSF 

0OSTOPS 
ATANF 

Q8GOIQT. 
TSH, 

OSF 
STH. 

00$43 SYMBOLS
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C 
SUBROUTINE QSF(MHyZN) 

SUBROUTINE FOR INTEGRATION BY SIMPSON METHOD 
C NOTE'THAT N MUST aE ODD' 

DIMENSION Y(C) 
SUHw Y(I)+YJN)
Ni. Nei 
00 1 I=R*Nl#2 
SUM* SUM+4,*Y(t) 

I CONTINUE-
N2= N%2 
DO 2 jg3.N2 1 2 
SUM* SUM+2,*Y(I) 

2 CONTINUE 
Zq (W/32)'SUM 
RETURN 
END 

5,4DS QSF
 

IDENT opt
 
PROGRAM LENGTH 
 00144
 

ENTRY POINTS
 
OS ooo00
 

EXTERNAL SYMBOLS.
 
0800ICTo
 

00045 SYMBOLS
 
LOAD
 
RUN#5j500,*NM
 

EXECUTION STARTED AT 1134 w36
 



APPENDIX C.
 

Cl--: IM PROGRAM AND SUBROUTINES FOR THE BICOL RIVER BASIN FLOOD 'CONTROL 

SIMULATION MODEL 

The ccmputer programs are written In FORTRAN IV language -and designed 

for runs in a CDC 3600 computer model of 64Kcapacity. 



TN5, 	 5A 

PROQqA4 BICUL2
 
QOP(joq 

DIMEVSIUN TYPE(10) 
COMMON N,0#U, U(yl))$P(8100)oMX#MY#NNOUtoNSA IsMoN.NNlltl.t.#N11AY
COMMON OELX(50)#"I)LLXX(50)ODELXY(50)#ALF'AX(50),ALFAY(!-O),,L#ILi
 
CVM3N
 
COMMON ZI(50)oNLiMIDAtEgIHO'ljRImltl#IDF-LToUt,CTiZET(5l').-

COHM3N A(50)eA ;(50),,AM(50)#AO(50)#AX(50)*OAY(50) AXYpAG1'#A'H.C#A,(ibS(t)


10)sAAUS(50)oAMCoAMU. (50)..AXUS(!SG)OAYtJS(!)O)gAtiS(;O)OALDl-'(.r',O)oA
,HUS20 	 A4D9f50 AXI.)S(!)o ) jAYL)S(50 AL)S( 50 ) Fi50) s .9FeAO(50 SFIL.. 
3POL(50)
 

-COMMON HUU(50),HL1S(50)jHl)S(50)oHC
 
COMMON E;NX(50)o t-IM(5V)*Et4Y(50)#E-VX(5O)#5KM(gI
, C. 	 EKY 5t; Elil 50)'#bKXU18( 	n).*EKMUS(50)#EKYUS(50)oEKXDS(90)#L-KMUS(5U)*EKYUS(I.-O) 


hNXYsEPXY2SUMK(5Q)oLNMC EKfi'CoEMUS(5C)tEMDS(50)
 
COMMON EX(50): -Y('50)pE!(5C)pE2t-2t,;jt:a(t)U)#1-4(50)oEYI(50)ot:y2(50.)# 

ly3(5o)sExl(50) Y2(50)#EXA(5,1)oERAT(50)#EbAU(50)#EXUFI(5-0 
I
)PEXUS200


.20)sEXUS3(bo)oLYUSI(50)#EYL;S2(50)sEYUS3(!0)*L-LiSi(.50)ottJS2(5D)oL-US3
3(50)#EJS4(50)pEXIISI(50)PFYDS2(50)oEXIIS3(*50)#EYI)SI(50)#F.YVS2(50)#EY
 
4DS3(5O)oEIJSI(50)o DS2(50)oEDSS(50)oEDS4(50)#EC10EC20 CSOL-u4tExy#Ex

5YIEXY2tEXY3tEXUS(50)OEYUS(50)#EXDS(50)*EYVS(50)pEPOL(,50)
 
COMMON 7(50)tl-1(5O)oT2(5O)oT3(5O)tT4(50)oTXI(50)oTX2(5n),TXS(50)oI
 

IYI(50)tTY (50)*TYJ(50)#TX(50)&TY(50)oT i(50),oTUSI(50)#IUS2(50),,TUS

2(50)oTUS4(50)oT l#TC2oTC3oTC4#TXYloTXY2#TXY6*TXL)SI(5V)#TYUS2(bO)oi

39US3(50)#TYUSI(!)V)oTYUS2(50),TYU53(50)o!XVSI.(50)'TXI)E2(50)oTXUS3(!)


0
40)$TYDSI(50)oTYUc'2(50)*TYVS*,3(50)

#T Y#TOS(50)oTDS(50)PTUS1(50)*70S


5(50),TOS3(50)oTL)S4(50)*T IUS(50)#TXLIS(50)oTYUS(50)#TMVS(5P)'

COMMON TXIJS(50)PTYDS(50),T'MC
 
COMMON RX(50),PY(!50)oRM(5 )sl MIJS(50)oRMU-S(50),RIICoRXLI (59)#RYUS(5U


1)oPXoS(50)0HYvs(50)#QXY
 
COMMON 01PFH(50)o IFFA(5G)oDIFFM(50)
 
COMM3N C4X(50)*(JM(!)P,)tQY(50)orOLISIP#CODPASCDII(;UT,,CL)UkIU,,CUDL-)(,r 
COMMON UBGN(2)sUROL(2)aQPAS(2)oUnL(3ip6i)-,*clir(31,61),c;('I)-XC. 
CO"M3N EEI(4)o E2(4)*EES(4)oEF4(4)oAAO('4)..AAH(4)oTTI(4)*TT2(4)o
 

!TT3(4)oTT4(4),TTkISI(4)#TTLI$2(4),TTUS.5(4j.TTL-,4(4)#TTLS1(4)#TTL)S2(4 
2)oTTOS3(4)oTTVS4(4)oEFUSJ(4)o C-US2(4).sEt:US3(4)pEEUS4(4),LL-I)SI(4)0.t.:-,
 
3EDS2(4)oEL-DS3(4jobEDS4(4)pAAOUS(4),AAHU&(4),AAODS(4)#AAHU 


(4)
C BICOL2-PiO%-AFAM TO CUVPUTE STAGES AND VISCHAR01=45 IN 41EIMANAN ANb:PIOOL- PhC USING NOOE AND HRAPIC1, COMPUTATION
 
C MAIN PRO3RAP bICOL2-CALLS SUSROUTINES--INPU12*.RLTIN2oUlFH2oSTAGk:2
SDIFAM28
C GEOloGFO2oATMK2oSUR 2oSOPoSIMOoTIOALloTIUA42odARIERoDESNIN
 

KKKxKKJtO
 
MX=60
 
MY=61
 
ZETA=Or,-5
 
GO 111 
REA0(MXj290)TVT
 

290FORMAT(ViF740)
 

ITnT-TOT
 
READ(M4600)IkETURMSTABLE
 
READ(MXp600)NmKR.1K
 

324 	jjjzC
 
Mal
 
RITE--Ps
 

NITIMEmO
 

http:READ(MXp600)NmKR.1K


-C3 , 

C .jiK c No r PRINT DATA 
C JIK~l,PRINT DATA
 

NMK944K1R
 
0EAD(M(,2SW)ACTQR. PHASE
 

24FORMAT(1Xo2F5,3).
 
READ(MX0200i)TY'E
 
WRTTFO~Y.s01)TYPI:
 

2001 FORMATC1OA8)
 
C CODE LIST.o..., 1mY~lqv,zN
 

679 FORMAT (59 #*lmYES*,5X*:*,5 !0 / 
WRIT=( 4Y679) 
READ(?IX, 601ALT#RIR*ACCU 
READ (M~ 601)COPPOL sCODS IPCODPAS, CODUT ODWU.1CODiAN~~J XTC!3sJI'p 

IFORMAT (iX, 16#1219/IX s 16 j,1219/1X* I6oA119,4X,*L BMtANAN*#5X:'*AMllAUtl) 
WRlTzClYm829) 1RbTURN 
WR!.T:e$Y#830)CObPOL 
-WR ITE(Y, 31) UOIS IP
 
WRIT=S(l'Yod32)COLIPAS
 
WRI T=C MY ~ 33)b~06UCUT
 
WRITE( 'Ys34)CObWT)
 
WRIT-=C4Ys835)eOW9AR
 
0R ITE(4'Y,t36) CO UEXT
 
WRITE('MYs837)C0UEXC


829 FORMATC15X,*RI TORN PERIOO OF-FLOOD=*014o2X.*YbARS*:
 
830 FO.QMAT(15X#*POLUNTUNA IRESEVOIRcivoF701)
 
831 FOnrIIT(1SX, *SIPUCOT fIVERSIONa*F7, 1)

8J2 FOiMAT(15X,*PASACAO LIVERSlO~k!:*s'F7,l)
 
8933 FORMAT*(15Xt*CUT OPF "O,3:-*F7,1)
 
834 FORMATC15X,*CUT W
fliTz~F7j
 
835 FORMAT(15X, *TIP)AL RlARRIEqg.,F-;, I
 
836 FORMAT(15X,*b. T:iSIO'4 AT CLlYAPI=*#F7.1.)
 
837 FOPMAT(l5Xpir)LEPENING RIVER 9l~m~viF7tl)
 

C READ QFOIETRY AND INITIAL CON~DITIONS
 
CALL I\IPIJT2
 
WRITE(Y,235)PHIASL, !ILTFACTO1
 

235 FORMAT(5X# *PHAShm: ks2X FS So *TIME INTERVAL-z'!,' 5,wtQAT I.- ACT( R;-*, 

NTmE:C('MK-1)24.600/IDELT
 
NT MEI.sJT "I
 
fELL:UFLT/3600,
 
lF(J 1K )20 303, J a02
96 


CPRINT OUT 3EOMETRY'ANUI)NITIAL- CONOITInNS,
 
2002 CAL.L RITIN2
 

C :PRINT our INITIAL CONUIIITIONs 
~O3WRIT=(MYo600 I')ATIa IHOUR,$ IMIN 

WRITzC MY,604) QI,1)sluj NHA N) p, CN iN,HaW)0L C) t,QPAS(1)
WRIT .y601)(0L,(I ,1.)p ~IJNOLJE)aIU 


602'FORMhT(1Xo9-7,4)
 
90 FORM4T(20Xt* N FOR BRAN~CHj t.r..mu24i #/)
 

WRITECMY,90)
 

91 FORMAT(20X#*N ru AUFF 3,/ 
WRITEC 'Y,9±)
 
WRITE-('Y62)iWX2)EM(2)ENY25)
 



5t 5A.-,1i027
 

92.FORMAT(2aX;*N FOR BRANCW 26rr-30#PASACAO-UlVERSIOjj*,/)
WRIT;:(4Y492)
WRTTz(4Y,602) (ENX( JI).ENMCI ),ENY( I),.126o30)


93:FORMATC2?OX,*N FOR, HRANCH 31-!63,sIpOT
= IbSD*/
 

WR ITS ( Y1602) ENX I),,ENM I),NY 1, 1*31.33)
9FORMAT(2OX0X. FOR BRANCH 34, 
EXTENSION AT CUYAPI*o/).

WRIT i(4Y t94)

.'WR!T:('lYe6f2)ENX(J4),ENM.(34)ENY(


34)
 
DO 4571:±,NNOVE
 
DO 457J:1,NJJVAY 

4.57 'OQL(-IsJ):-Q,(ol) 
ADAY=NDAY -NMK
 
MLIMzA* AY.24, *3600 ./DELT,
 
NLrMaNLIM+4Tr4
 
AIKxDELT/3600,
 

IF(14) 225. 225, 226
 
22,5 IKuI
 

226DO521ImajNUAN
 
21ENX(I)xENX(p,*ALFAx(I)**j,5'
 
51ENY( I ) OENY( I ) *ALFA'Y I,),**14-3,
60FORMAT(iX,315)
 
60FORMATd±X.8F9,3)


604 FdRMAT(1Xtl3F9,4)
 
C READ BOU'JDARY CONDITIONS
 

502 NTIM~:'JTIME,1'.
 
GO T5 (200o201),IJI


200 RRRx0,
 
KSPRo8iR
 

H312=H (31 2)~A2cH(, 1
 
H272mH(27o23vHC27pj)
 
00 TO 202
 

C GENERATE TIVAL INPUT AT SARCELONA 7AND POLONU'AY,
.210-CALL TIDALl(NTMID[JELL#HSEA2p OHASF) 

GO TO 212
 
C READ DIS'.HAR(ii: THROUGH~ BARRIER AT IO04ONGAY

:211 CALL BARI R(HC310.)#HSEA2*OpoL,)
 

QBOL( 2):O(JBOL *FACT OR
 
C GENERATE TIDAL INP~li 
AT BARCELONA.
 

251 CALL TIDALl(NTrkoibELL#HSEA2,PHASE)
 
H302zH(30p2)cH~AR


C.GENERATE TIDAL IN01.t 
AT PASACAO
 
:212.CALL TIDAL2(NTM~LJELLHS.EA3,;ASP)
 

H272mH(27s2)~mStAJ

C lNTERPOLATION FOR NODIh 
INPUTS
 

202 DO 555faloNNODE
 

0TwNTI'9E*DELT/3600l'/ALT
 

680 NMK'NMK(+1
 
NTIMw~:O
 

679 Do 591=1,NNODE
 



C5
 

TN5t5A
 

;D-QL( I )xQt-( 1#2)-UL( I# I) 
".CALL DJFH2 
CALL STAW
 
CALL DIFAA2
 
CALL GEO
 
CALL ATMK2
 
CAL4 SURF2
 

C STORE MATRICES
 
C CONTINUITY EQS9
 

DO 3111x1#4225
 
311 	P(I)v0,
 

Klu-65
 
00 1001alpNINOVE
 
KlqKl+66
 

100 	P(KljxFtJ)/UELT
 
P(1717)xP(1V15)xZLTA
 
P(1981)xZhTA*(ll--bPR)+F(31)/DkLT*BRR
 
P(2Di6)l!P(208 )DP(2148)--P(2214)aP(3969)aP(2280)cP(2346)=P(2412)aP(
 

12477)xP(4168)aP(2544)=P(2609)zP(2675)xP(2740)cP-(2806)=P(2672)=P(3D
 
297)=0(2938)xP(3004)xP(3070)=P(3655)=P(3136)=P(3202)xP(326b)xP(3334
 
3)*P(3400')xP(3466)xP(3532)cP(3728)=P(379q)=P(3860)=P(6926)='(4058)i
 
4P(4124)pZETA
 
P(2017)xP(2083)uP(2149),aP(2215)xP(22131)aP(2-347)vP(2413)=P(2478)ZP(
 

12543)mP(2608)zP(2674)xP(273.9)=P(2805)=P(3565)=P(2871)=P(2937);-.P(30
 
lb3)zP(3069)aP(3135)&P(3201)xP(3267)xP(3636)tP(3399)zF(6465)2P(3534
 
2)aP(3597)xP(3666)cP(3729)=P(3795)xP(386i)=P(3927)=P(.5993)=P(4059)'i
 
3P(4125)xP(4191)X!WZETA
 

C MOMENTUM Me
 
ZTGBZETA*U
 
Kjv32
 
K2w97
 
00 1011*1*7
 
P(Kl)xZTG*A(I)/qELX(I),,
 
P(K2)c-ZTU*A(0/DhLX(.1)
 
KlxKI*66
 

101 	K2vK2+66
 
P(429)xZTG*A(O)/DI:LX(S)
 
P(494)xwP(429)
 
P(495)%PZTG*A(9)/UELX(9)
 
P(960)xwP(495)
 
P(496)zw2TG*A(10)/DE4X(l0)
 
P(561)z*P(496)
 
P(562)xwZTG*A(11)/DELX(ll).,
 
P(627)n*P(562)
 
K10563
 
K2x628
 
00 1021ml2#24
 
P(Kl)x-ZTG*A(I)/DLLX(-IY'
 
P(X2)mZTG*A(l)/UE *X(I)L
 
KlaKl+66
 

102 K2zK2+66
 
P(641)xvZTG*A(25)/DELX(25),
 
P(67t)vwP(6#l)
 
P(965)wZ%*A(26)/l)ELXi26)
 
P(1497)alpP(965)
 
P(1488)xZTG*A(27)/DELX(27)
 



C .6
 
rNs 25k, 

P(J553)x-P(1488)
 
P(i554):ZTG*A(2b)/DELX(2W
 
P(t6l9)x-F(%550
 
P(j620)vZ;G*A(29)/DELX,(29),,,
 
PU695)x-P(1620)
 
P(1696)x77G*A(3U)/0ELX(30)
P(1751)vwZETA*hM(J0)*T'(30) *11 3 Os LU A;.(' Q) 

P(j3j8)cjTLI*A(J2)/DELX(32)l
 

P(1894)c2TG*A(Si)/0ELX(33)
 
P(1949)zZETAOEM(63)*T(33)*0(33#1)/A(33)/F(60 )
 
P(520)=ZTU*A(34)/L)ELX(,34):,..
 
P C2015) s-ZETA*Ell W .) *T (34 ) *Q'( 34 #;J) /A (314.)/f (.31 - BIIRY- Ip (52: )*HRH 
Us,? 0 0 
CALL S12
 
Klm2047
 
Do 1031sloNHAN
 
SUMKCI)=EKX(I)+I.KM(I)+EKY( 1)
 
TERMI=-I./DLLT
 
TERM2=ZETA*EV(I)*T(I)/.A(l)-SUMO(l)
 
TERM3=ZETA*2t*Q(Iti)*(EM(1)41)IFFA(I)/A(I)**2/ 

P(Kl)zTERMI+TERM?+TERM3 
103 KI=Kl+66 

I DO 10412loNbAN. 
104 ZETCI)=ZFTA*L-,M(.I)*T(I)*Q(Iol)/A(l).
 

Kja2043
 
K2*2112
 
DO. 1051--l 6 

P(Ki)=ZET(J)/F (J)
 
P(1?2),=;ZFT( I )/F(I) 
KICKI+ 6
 

P(.1999)=-ZET(3)/F(4y 
P(.4a00)=-ZET(4)/F(4);
 
P(2507)=-ZET(6)/F(7)
 

P(?57J)=ZE:T(7)/t.(b)
 
P(9638)=Zf:T(7)/ (b)
 
P(4198)=vZET(7)/F(8),
 
P(2379)=ZhT(8)/t(7),
 
P ( 2 4 4 4 ) c Zt T ( e ) * ( - i , / F: 
.P(2574)xZLT(e)/t(8)
 

P(4199).-iET(fJ)/F'(8)
 
P(2446)zbT(9)/t(h)
 
Pt25t0)z7hT(9)/F(b)
 

P(?705)v7ET(9)/FjV)

P(2770)zZET(9)/t(9)
 

P(4200)z-ZET(9)/F,(B).
 
P(2446)vZET(10)/F(8)
 
P(25ll)z7ET(10)/F(A)
 

7) +1 /F
 

IIELX(,I)-ulF . i( )/A(l-) 



C71
 

T 13 A,. 

P(27D6)wZET(1D)/F(9)
 
P(2771)xZLT(10)/F(9)
 
P(42D1)x-ZET(10)/F(B)
 
P(2577)swZET(11)/F(9)
 
P(2642)x-ZET(11)/F(9)
 
P(2772)xZET(il)*(i,/F(9)-l.o/F(10))
 
,p(2837)sZkT(li)/F(IO)
 
P(3617)nZbT(11)/F(IO)
 
P(?S78)x-ZET(12)/F(9)
 
.P(?64J)m-ZET(12)/09)
 
P(2708)sZET(12)*(IO/F(9)-lo /F(IO).)',

P(28J8)ffZET(j2)/F(IC) 1''
 
P(a6l8)wZ T(12)/F(IO)
 
Klx2774
 
K2n2904
 
no 106IX13123
 
P(KI)x-ZET(I)/F(I-1!13) 
P(K2)nZET(I)/F(.1-2)'
 
KixKI*66
 

106 	K2xK2+66
 
p(P709)x-ZET(O)/ (10)
 
P(3619)xZkT(13)/F(IO)
 
P(3620)x-ZET(14)/F(12)
 
P(362Vx-ZET(15)/f(12)
 
P(3658)x-ZET(17)/ (15)
 
P(3689)o-ZETUS)/ (15)

P(3500)x-ZET(24)/V(2j)
 
P(P721)v-ZFT(25)/ (10)

P(27S6)x-ZET(25)/t(lo)
 
P(285j)xZtT(25)/F(IO)
 
P(2916)x-ZET(25)/F(IR)
 
P(2991)sZET(25)/Fil2)
 
P(3j12)x-7ET(26)/F(j5)
 
P(3j77)mZET(26)/F(15)
 
p(3762)p-ZET(26)/F(23)
 
P(3698)xZET(27)/Fj23)
 
P(3828)g-ZET(27)/F(24)

p(3764)vZbT(28)/Fi24)
 
P(3894)v-ZET(28)/t(25)
 
P(3630)xZLT(29)/F(25)
 
Pc3960)m.ZET(29)/F(26)
 
P(3896)vZET(30)/F(26)
 
.P(2207)xZkT(31)/F(4)
 
P(227Z)w-ZET(J1)/t(4)
 
P(40?2)x-ZET(31)/F(?6).,
 
P(4028)xZET(32)/Fj2S)
 
P(4158)s-ZET(32)/t(29)
 
P(4094)xZET(33)/F(29)
 
P(2470)xZkT(34)/F(8)
 
P(2535)xZET(34)/F(8)
 
P(2600)x2kT(34)'/F(8).
 
P(2665)mZET(34)/F(8),
 

C.STORF FATRICE
 
.C CGNTINUITY EQSs
 

c (i a ( 10 1 ) +QL cI 11) *ZET A*DOL 1.) 



rrJ5,5A 
 01/l02/175
 

C(2:Q1wQ201 +QL 2D1)+ZETA*DoL(2)
 
CC(3):GC241)OJ,0,),QL(3,I,*yETA*DQL(3)
 

CC45):QC4,1).Q(5D#1)-L(3,1)ZpTA4lQ+L5)'*jU
 

CC.6),sQC5,1)-Q(6#i)+3L(6 9 1)+ZETA.DQL(b,) 

12#):1(6.l)C 10 1).QcET A*DOL 10 0IQL#1)+14TA 


C(14) 3(18,±)wQl(1 /1)Q6)+QL(1 ,1)+LETAApULL11i)
 

rcCI7):Q(20,1)wQC19,l)+QL(17,1),ZETA*LQL(17)
 

C( 8) 2,1) 0(2,1) +OLC1, 1)+ZFTA *IOL(ib)
 

CC2O):3(234)QC2,1)QL(2,1)ZFTA*VGL(24)
 

C.( 26 ): (29, 1) ((30, +CJL( 26, 1).ZE-TA*I)QL 26)
 

TER3:=( I, +(Sol.*2)IFFM(TA D0.0I (H(LX
)/A Ij 61 -H)1 

TERM4zEM(I)*0I(1*)*2*)IFF(I,AI*2/EX)
 

TEfPM~z3*A( I )*LIP( I I,. )*)aA8S(( Y/UK 

107 zic i)zTERMI.ThR2TER43TRI14.TERM'5, 

C MOMENTUM E2S, 
C(12)zwZI( 1).Zt:T( 1))F( 1)*JIQL( 1)-ZIT( 1)/F( 2)*J~qlC 2).
CC33):'.ZIC 2)-Z&t:T( 2)/F(,2)*DQL( 2)-ZET( 2) /F 3) * 1,L 3)
C034)a-Z 1( 3 ) -ZE-T(J) /F 3)*WL(3).71FT (3)/t(4)0J)L (4)
C(35).u-ZI( 4)",ZtT( 4)/F( 4)*DQL(' 4)-ZETC 4)/F*( 5).LJOkc 5) 

CC37)u--Z!C 6)-Zk:T( 6)/F( 6)*DQL( 6)..ZET( 6)/F( 7)*IJ)QL(. 7)
C(08 )a-,ZI( 7)-Z6TC 7)/P( 7) *IQL ( 7)-ZETC 7)/F( S)*L3QL(.)
CC39)u-rZI( 8)-Zt:T( 8)/F( 7)*DQL( 7)m-ZI:T( 10)/F ( 8),*UO-L (.8)
C;(40)3,ZIC 9)-ZkT( 9)/F( 9)*DU4,( 9)"ZlET( 9)/F( 8)wIJQL( #03 



C9
 
TNS 

ZI(14)-ZL'T(14')/F('Il)iDUL(il)wZET(14)/F 

C(47)2-ZI(16)-ZET(16)/F(1'3),*'T)OL(13),qZET(16)/F(14)*OQL.(.14)
 
C(48)u-ZI(17)-ZiT(17)/Fti4)*DQL(14)oZET(17)/F(15)*UGL1(15)

C(49)a-71(18)-?tT(4A.B)/F(15)*DGL(iti)wZET(i.b)/F(16)*UGL(16)
 
C(50)x-ZI(19)-ZtT(i9)/F(16)*DU '1,6)-ZET-(19)/F(1 /)*IJOL(J.7).

C(51)n-ZI(2d)-ZiT(20)/F(17)*nQL(17)-ZET(20)/F(18)*DQL(,LB)
 
C(52)x-ZI(21)wZET(21)/F(16;4f)UL(tb)*ZET(21)/F(I '
9)*UQL(19)
 
C(53)z-ZI(22)-ZI:T(22)/F(19)ol)(IL( 9)-?ZET(22)/V(20)*DQL(: 0)

C(54)=-ZI(23)-ZET(23)/F(2'n')*I)QLCPO)oZET(2d)/F*(21)*UQL(?i)
 
C(5 )2,ZI(24)-?iT(24)/F(21)wngL(2l)-ZET(24)/F(22)*UOL(22)
 
C(56)x-ZI(25)-ZET(25)/F(12)*I)QL(12)*ZET(25)/F(10)*UOL(IO)
 
C(57)a-ZI(26)-ZiT(26)/F(15)wII04(15)vZET(26)/F(23)*UQL(23)
 
C(58)2-ZI(2 )-ZiT(P7)/F(ps)*nGL(23)-7ET(27)/F(24)*L)QLc?4)
 
C(59)x-ZI(28)-ZiT(28)/F(24)*IIQL(24)wZET(2Li)/F(2!j)*IIQL(25)
 
C(60)3"71(29)*ZiT(29)/F(25)*I)UL(P5)-ZET(29)/F'(26)*I)QL(?6)
 
C(608 ZI(30)-76T(30)/F(2')*DUL(26)PZET(30)/F(27)*UQL(27)
 

4)*DQ ( 4)*ZET(31)/F(28)*UGL(28)
 

C(64)8-ZI(33)"ZLT(33)/F(29)*DUL.(29)-ZET(33)/F(.30)*I)QL(,50)
 
I+ZTG*A(33)/BFLXt3J)*(H(3Dp2)-H(Shol)),
 
C(65)z-ZI(34)-ZbT(30/F( 8)*DQ4( 8),,ZET(34)/F(.3t)*.L),oL,(.Iiil)-.. 
I*ZTG*A(34)/UELX(34)*(H(3i*2).H(diol))*(I -tiHR).+'ZET(34)/F(3j)*(QH'17
 
2(2)el83L(l))*bRR
 

IIVERSION
 
Nx65
 
CALL SIMO(PoCoNsKS)
 
DO 1081xl#NNODE
 

108 H(j,*2)aH(Iol)+C(l)
 
HLIBI z(H(6#2)+2,2*H(7#2))/3. '2 
HAMBAO=(H( 15o 2)+108*H( 1612))/gLS 
OPAS(2)zQPAS(1)*C(27)
 
GBCN(2)9Q8CN(I)+C(30)
 
H(P7j2)mH272
 
H(30#2)mH302
 
TORRzKSRR+i
 
GO T3 (4200421)#18RR.,
 

420 W(31#2)=HJ12
 

421 	DO 1091alpfMAN
 
JuNN3DE+l
 

109 	0(j*2)=Q(I#l),+C(j)
 
NTMEaNTME*l
 
NMEn4ME+l
 
OOP(VME)=QHUL(2)
 
PITExRITE+ll
 
IMINallIN+IVELT/60
 
IF(1414*60)40041#41
 

41 lMtNal4lN-60*IK
 
IH0U3zlH0UR+I*JK
 
IF(j40JR-24)400!2f42
 

42 IH6UIcIHOUR-24
 
IDAT"cIDATE+l
 

40 	ANTM;DELT*RITE/-3600o,
jF(A4T4"RHR)404f45#45
 

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


*N5,SA 	 - dco - 0/~7 

419 WRIPT( O 19)3l52X.TI10)O~oIfl l PI. 

WRIT=Oyol) ( ID0I 1I 31) 

WRtTT('Y604) (El( !2)u1Nlit-M),LG HAtO 
DO 771:1.oNHAN
 
OXc j):-1(1I 2)*L:KX I)/SUMIK( I)
 
QM I)zl( I 2)*LKM I )/SUMKC I)
 

7 7 QYC I zJ I 2)*i KY( I)/SUMK( I)
 

WRIT=( 4Yl604) Is ) s 1 )FM( Il~f4

WRTTE(lYo604) (QCI)* IzlNM\) 

569 	 IFeI3TAHLL)570s!;7O,57a. 
571 Ir(IDATE..13)570#572j972
 

52IFtIDATIF-14)573s5/4,570

573 	 1E tT zT )T 

IDFLT=UEL.T
 
fELL:LELT/3600,
 
lFKK5d,6f!7
 

568 NTMEm('TM-)*3b0/ITDT~l.
 
N L IM=NLI M+100 00
 
KKK:i.
 
00 TJ 570
 

574 0ELT:.550U,
 
IDtELT=UELT
 
DELL:IJELrT/3600,,
 
IF(K J)56,/,567s!)70 

67NL!MzNiM-10000
 

KKjz1
 
570 	RITE=0, 

N4MFx 	0 
C F~LOOD STA3TS 

I~cJJJ)65U#6500, U2 
C CHECKIM!G OF CUNVFHGbtN(UY 

650 	 00 700 I.1.NNnUF
 
DEl-HA3S(HU.s2)aN(I,1))
IF(DELN.ACCU)70,.700,3002'
 

700 MOiT I NJE 
CTRANSFE~R HYDROLOGI(C :IUDE INPUTS
 

DO 1701IlNN0L)E
 
00 170J:1,NAY
 

170 0OLCI#J)z:)QCIsJ) 
C RE~AD CONDITION OF T'IDAL HARRIER, 
C 'CODIBARg---NO) TIIlL IRARIER 
C CODBARuj*l-W4JT TILIAL BARRIE
 

RR~u ZOOBAR
 
KI3RR=93R
 
NTMExNrMEI
 
NT IME=O 

NME:0o 



-cl -

1DATSU.'4MK
 
lHOU~uIMIN:0
 
WR!TE('4Y9 4000)
 

4000 FORMATC20Xo*FL60VSTARTS*)
 
5002 CON4TINJE
 

GO T3 44
 
4o4 IF(JJJtEO,1)GO TO: 405
 

93 T3 44
0 

405 	IFc IATEt WEq 2,SANU IDATE, LE. 13),406-44 
406 	CONTINUE
 

WR!TE(IY,600) IDATtD,IHOUR, IMIN
 
WRJTSC'4YpI)( 109 0x1,31),
 

WR1T=( 'Yt604 )(F1.12), 11,NNQDE) HLIiHMHAM8AU
 
U. NITIALIZI: 

44 	00 110 Ix1,NNOVE
 
3L( I#l)xQL( 1,2)
 

DO 	1111c1.NIBAN
 

GPAS(1)%QPAS(2)
 
QBCN(I)xQIHCN(2)
 
0R04LC)xlJ80LC2)
 
IFcNtMEwNLM502v500,50O:
 

500 STflP
 
END.
 

4u1S lC 0 .2- U1/O2 /5 E 1) 

PROGRAM4 LE'JGTH 04464 
1DENT BIt;OL2 

E4TRY POINTS 
01%L2> .00472 

t:tOCK NA9ES 

EXTFRNAL SYM.JOLS 
083E'JTY. 
08)VICTO
DIFH2 
S92 
ONS1'JGLo 

01031 SYM90LS 

THEND, 
INPUT2, 
.STA3E2 
SIM 

0101010V 
RITIN2 
DAM,(EU 
TSH 

J2U01111 
J1 UAL.tj 

S H. 

010041 
BJARIER 
ATHK2 
SLO. 



C12SA 

SUBROUTINE INPUTP
 
COMMON NpGoUoC(VO)#P(aloo)#MXPMYoNNOubeNBAN*M#NN'
'NTIMk#N0AYsC'0DP'OL

COMMON DELX(50)-P:)eLXX(50)#DELXY(50)$ALFAX(50)*ALFAY(,')b),,L#IW

COMM3N 0(50#2)#H( Op2)#01.(5osLJ)oggL(50);.SUMU(50),NMK

COMMON ZI(50)*NLtmslDATEIHOURIMINIDELT.DELTZET(50)
 
COMMON A(50)#AMC$O)VAH(50)oAO(50)*AX(50i$AY(50)oAXYOAOC#AHC*AOUS(!)
 
10).A.AUS(50)oAMCsAMUS(50).AXUS(50)#AYUS(t'O)#AUS(50)#AOU (50),AHUS(ti

20):A40S(50),AXUS(5.0)*AYOS(50)#ADS(50),Fi5C),SFUAO(50)oSFUAT(50)oS
 
3POL(30)
 
COMMON lluV(50)0US(5n)#HDS(50)jHC
 
COMMON ENX(50)ot:NM(50),ENY(50)$EKX(5B)o5KM(50)aEKY(5(1)PEM(50)thKYU


ISCSO)#EKMUS(50)pEKYUS(50),EKXUS(50)#bKMUS(50),EKYDS(50)obNXYpL-KXY'
 
2SUMK(50)oLNMC*EKMCoEMUS(50)oEMDS(50)
 
COMMON EX(50)sEY(50)*EI(5O)*E2(50)pES(5U)PE4(5n)oEYi(50)pt:y2(5n)05
 

IY3(50)oEXI(50)ohXZ(50)#EXS(50)#ERAT(50)#EtiAOC50)oEXUSI(SO)oi 
XUS2(to
20,1,,EXUS3(50),eYOSI(50)oEYU32(50)#EYUS4(!)C)OEUSI(50)ohtIS2(5o)oei)s3
 
3(50)oEJ 4(50),EXI)SI(50),EXI)SP(50)#EXI)S3i5O)oEYDSI(50)oEYUS2(50),EY
 
4DS3(50)$EUSJ(50)okDS2(50)pEDS3(5n)#EDS4(50)oi,CleEC2# G3,EU4oSXYoEX
 
.5YI'SEXY2#EXY;$oLXUS(50)#EYUS(50)oE)(I]S(50)#EYI)S(50)oEPOL(!50)"
 
C04M3N T(50)pTI(5O)#T2(5O)oT3(5O)oT4(50)oTX1(50)oTX2(50)#TXS(50)#T
 

IYI(50)oTY2(50)#T'14(50)PTX(50)#TY(50)PTM(50)#Tt)SI(50)jTUS2(50',,!.TtJS.5
 
2(50)PTJS4(50)oTCIoTC2#TC3#TC4#TXYIPTXY2*TXYS#TXUSI(50)jTXUS2(50'si
 
3XUS3(50)oTYUSI(!)n)oTYUS2(50)'TYUS3(50),pfXDSI(50)*TXDS2(50)*TXUS3(
 
4n)tTYUSI(50)#TYUS2(50)oTYD93;50).TXYTUS(50)aTIJS(50)171)SI(50)#70SLO
 
5(50)tTDS3(50)tTUS4(50)iT,'41)S(50)oTXtJS(5n)#TYUS(50)oTMIJS(50)
 

COtIMON TXDS(50);T nS(56)pTMC 
CO ffi3i 'RX(50)#RY(50)#R,4(50)#RMUS(5n)pRMLJS(5U)oRMC,,HXiJS(50)#RYUS(50
 

l)jRxoS(50)pRYvS(5u)sRXY
 
COMMIN DlFFH(5n)oVIFFA(50)aDlFFM(50)
 
COMMON QXi5U),QM(50)PQY(50)#COI)SIPOCOUPASOCG'nCIJTsCUL)WIVpPODEXT.


'COMMON QHCN(2)*UVDL(2)oQPAS(P)oQQL(31,6i),OUO(31,61),CUI)hXC
 

COMMON Etl(4),I E2(4)oGE3(4),EE4(4),AAO(4),AAH(4),TTI(4)sTT2(4)0
 
ITT3(4)*TT4(4)#TTUSI(4)#TTIJS2(4),TTtIS3(4iTTU$4(4)*TTI)SI(4)#TT!)S2(q
 
2)tTTDSS(4ioTTDS4(4),EEUSI(4),EEUR2(4)*EtUS3(4)pEEUS4(4).Et:DSI(4).
 
3FDS2(4)#EEDS3(4jhEDS4(4)#AAOUS(4),AAH(JS(4),AAOUS(4).,AAHUS(4)
 

C INPUT2--PROGRAM TO READ 
NUMBER OF NODES 
ANU BRANCH IN L18MANAN AND PICOL

C RIVERSDISTANCE INTERVALSoqOUGHNESS COEFF-ICiENTSGEOMETRY OF MAIM CHANNELS,01

CTHEIR F03D PLAINSoGLOMETRY OF 
PROPOSED EXCAVATEV SECTIONSUEUMETRY Of CUT OFV,

CAND DIVERSIONStGEONEIRY OF LAKEHATOoLAKE WAAU ANU POLUNTUNA R .-
SERVUIR,


600 FORMAT(lXs3l5)
 
601 FORMAT(lXp8V9 1 3)
 
602 FORMAT(IX# OF7*i)
 
603 FORMAT(4(F6joEl4q7))
 
604 FORMANIXt 6F90)
 
679 	FORMAT(J.OF8,3)
 

READ(MXo600)NbAN*NNO9EpNDAY
 
READ(tiXo60n)MvNNoL
 
IDATE=VMK
 
1HOU4z1PlJN=0
 
REAO(MXv600)lV.ELT
 
DELTsIDELT
 

C READ INITIAL UONDIT.I.DN
 
READ(MX#601)(H(Iltl)olzist4NODE)
 

C READ ROUGHIESS COLFFICIENT
 
READ(MX,602i(LNi(-I)sENM(I)*LNY(I)#,Ial#NUAN)'
 

C READ MAIN %'HANNLL, Gt:CMETRY
 

http:UONDIT.I.DN


C13SA 

READ(MXj601)(DFLX(I)oIvj,0AN)
 
READ(MXo60l)(VELXX(I)*lzljN8AN)
 
READ(MXj60l)(VELxy(I)plxlsNBAN)
 
DELXX(34)aDELkX(34)*CODEXT+OgCl/10001
 
nELXY(34)xD LXY(34)*CODEXT+0101/1000g,,
 
DELX(34)nUELX('!I*CODEXT+OoOl/1000
 
DO 6661alpN8AN
 
DELX(I)xDELX(I)*1000o
 
0ELX9(1)zUELXX(l)*1000q
 
DELXY(I)=VELXY(.1.)*1000t
 
ALFAX(I)mVELXX(l)/DELX(D
 

666 	ALFAY(I)nUELXY(;)/DELX(l)
 
READCMX1601)( EX(l)0EY(I)*lxloN9AN)
 
READCMX;601)(EXUS(I),EYUS(I)jlaliNBAN)
 

REAOM0601) (6t(j)#E2(1)#E3(J)#E4(j),j El'(I*I)OE2

.5 E4(1+1)olc I# NBANp 2)
 

REAO(4Xo6Dl)(Tl(i)oT2(1)oT3(i)#T4(1)o ll(,l*l,)oT2(141)pT4(l+%)*T4(

Sl*I)s Im. 10 NbANs 2)
 
READ(MXl60l)(AO(I)*AH(I)slxi'$NBA14)
 
READ(MXt 01)(EUSI(I)oEUS2(1)oEUS3(1)*EUS4(1)# EUSI(14 1)obusm+l)


So EUS3(1+1)l EU54(1+1)#.I;I#,NBAN# 2)

RFAD(MXo60l)(TUSI(I)PTUS2(I)#TUS3(1)oTUS.4(1)t TUSl(1+1)#TUS2(l.+i)


So YUS3(1+1)# TUS4(1+1)# Jr. 1# N8ANv 2)

READ(MXt60WA0US(I)pAHUS(I)*#IslaNBAN)
 
REAU(4XoPOl)(EUSl(l)oEDS2(1)pEUS3(1)oEUS4(1)o EDSl(J+1),,,hVS,2(1+1)


So EDS3(1+1)p D$4(1+1)j Islo N8AN# 2)
 
READ(4X#601)(TUSI(!)oTDS2(1),TDS3(1)#TUS4(1)#. TDSI(1+1)oTDS2-(I+I)


So TDS3(1+1)o TDS4(I*I)# lz J# NHANp 2)

READ(MX0601)(AOUS(I)oAHOS(I)ola #NBAN)


CREAD GE04ETRY OF 81 OL DEEPENING SECTIONS
 
REAO(4X* 01)(EL-1(1)oEE2(1)#EE Cl)#EE4(A)t -:L-1(1+1)#EE2(1+1)pE 3(1+


ll)#EE4(1+1)plxl#4#2)
 
READ(4X#601)(TTI(I)oTT2(l)-#TT3(1)*TT4(A)#TTI(I*i)#TT2(1+1)#TT3(14..
 

ll)#TT4(l+I)plzl#4j,2)
 
REAO(4X$601)(AAO(I)#AAH(I)OI.-184)
 
RFAD(4X,6nl)(E USI(I)#EEUS2(1)#EEUS3(1)# EUS4(1)#EEUSI(1+1)iL EUSW
 

REAO(4Xo6Ol)(TTU 1(1)*TTUS2(1)#TTUS3(1)tTTUS4(I)oTTUSI(1+1)'aTTUSIw
 
1(1*1)tTTUS3(1+1)sTTUS4(1+1)olxl#4#2)
 

READ(MXo60l)(AAOUS(I)#AAHUS(I)#Izt#4)
 
READ(4Xo60l)(E DSI(I)#EEDS2(1)oEEDS3(1)#.k-EL)94(I ElJSl(l*l)fEEOS2


1(1*1)#EEDS3(1+ti#EEDS4(1*1)olwl#4#2)
 
REAO(MXt§D )(TTDSI(I)PTTOS2(1)#TTD$3(1)*TTUS4(-I #TTUSI( I+i)aTT0S2


1(1*1)#TTfJS3(ld-I)#TTDS4(1*1)elnl#4#2)
 
REAO(4X#601)(AAODS(I)OAAHOS(,I)#Toil4)
 
IF(CJ0EXC033j3S3o'334
 

EQUIVALENT DkEPENING PROCESS
 
334 	DO 3i5lcl04
 

J41*18
 
Fj(j)mEEt(l)
 
E2(j)xEE2(l)
 
E3tJ)zEE3(l)
 
E4(j)eEE4(l)
 
AQ(J)aAAO(I)
 
AH(4)xAAH(l)
 



c14SA 

T2(4)PTTP(l;
 
13 (J)nTT3(l)
 
TOOPTTW)
 
TUSIMPTTUSIM
 
TVS2(J)qTTUS2(i)
 
TUS3(J)PTTUS3(I)
 
TUS4(J)=TtUS4(j)
 
TDSA(J)xTTDSl(l)
 
TD92(J)PTTDS2(l)
 
TDS3(J)xTTDS3(l)
 
TDS4(J)xTTDS4(j)
 
EUSI(J)pEEUSI(l)
 
EU92(J)mEeUS2(I)
 
EU$3(.A)pEEUS3(;)
 
EUS4(J)aEEUS4(i)
 
EDSI(J)xEEDSi(l)
 
EDS2(J);EEDS2(t)
 
EDSVOPE Mcl)
 
E094(J)PEEDS4(j)
 
AOIJS(J);AAOUS(l)
 
AHUS(J)nAAHUS(l)
 
AUDS(J);AAODS(l)
 
AHDS(.J)wAAHbS(I)
 

335 CONTINUE
 
333 READ(MXo 04)(EYJ(I)pEY2(I,)#P 3jI)p 
 PYII( lo'l)#;E Y2(1*1)t Y3(1+1)o is

S Is 0ANo 2) 
RSAD(MX#604)(TYi(l)'PTY2tl)o'TY3(i).0 TYl(I,*l)-TYR(I*j)jTY3(I*j).f
8 toS I' NBAN# 2) 
RiAD(MX# 04)(EYUSI(I)PEYUS2(1)#EYUS3(1)0 EYUSW+I)PEYUS2'(I*l)fEY

S US3(1*1)o Iplo NBANP 2)
REAO(MX#§04)(TYUSI(I)PTYU$2(1)#TYUS3(1)# TYUSl(l*,)fTYUS-id(I*I)#T.Y

S US3(1*1)o im!lo NtJAN# 2)
RSAD(MXt 04)(EYDSI(I)*EYDSR(I)oSYPS3(1)a EYDSl(I*j)fEY0S2(1*1)fEY

5 DS3(1*i)o imlo NOANt 2)
REAO(MX# 04)(TYDSI(I)PTYI)82(1)#,TYDS3(1)o TYDSI(I*I)#TYD92(.1*1)#TY


S DS3(1*1)o IPI# N8AN# 2)
 
.-READ(MXo604)(EXI(I)sEX2(1.)oEX3(1)p EXl(,l+l)#EX2(I1*V#W (1*1)f


S I*,, NBANo 2) 
Ix
 

REAU(4Xo604)(TXI(I)oTX2(1)iTX3(1)o TXj,(j*V#TX2(1+VoTk3,(j*j)#

S.1's NBANo 2) 

In
 

READ(4Xo6C4)(EXUSI(I)#EXUS2(1)#EXUS3,(I)o EXU:Sl(I*l)jEXuS2(1*1:)jEX,

S.,US3(1*1),, lxlo NHANo 
2)

READ(MX*604)(TXUSI(I)#T U$2(1)oTXUS3(,I)#. TXUSI(141)#TXUS2(14,1)#TX


S U93(1+1)s Imls NHAN# 2),

REA0(4X*004)(FXDtj(I +
)#EXDS2(I)#EX0S3(D'f EXDSI(1*1)#EXDS2(;*I)#EX,


S D93(1+1)o Inlo NHANP 2)
 
READ(MXi604)(TXDtl(l)oTXI)SRC.I),oTXDS3(1)i TXPS I 
 I I TXD..5 21 (1 1 ),# x5 DS3(1*1)#*Ixlo N8AN# 2)

C READ LAKE-SURFACE AREA
 
.READ(MX#603)(EBATtl)#S BAT(J)'pl'%oM):
 
READ(MX#603)(EBAO(I)oSFBAOC'I)'olptfNN)
 
READ(MX*603)(eP6L(I)#SFPO'Lei'il,)olql#L)
 

C, GENERNYE HYDROLOGIC NODE INPUrs,,., . 
CALL DESNINCOG.0)
 
DO 5711*1#NNODE
 



i.~. ~ 

571IC#L,)zU0U(I NMK) 

AC15-

IP) 

2219v4 )* 203# 1) QL(c017p) 

0(19,1)u(U 

ICODCJT) 

1j)+L(I j17,j5,)QL'2 I1.) CUT0", 'I 

01.1 1):0 2,16, (01 

92, 1)M0 (In1,1) 84 

0PAS (1)=0( 30o, )+QL( 27, 1.) 
573 RETU3N 

INPUT 2 

P30GRA i.EGl F 02305 
i rT JNIJUT2 

12/30/74 ED 

~3LSUK~~1i~ -. 46451. 

r~~).80C.DESNI1AI4 
06623 I yfi 3(LS 

TSH,, QNSINGL, 



rIOMM!It W511l) A4(511, 4HI50 AP (90j AX(50 )' AY(50) 0AXYO AOL; AHCiAU () 

('s) I~ IiUS0 P~UIEt'KYLIS(50 ) v C-0LIS (5~0) 1,LK!US((5U) , F:KYUS(!3 IO EKXYP,tNXY.2!.*U i 5 ) oii7MMG EKAG E!IUS (50 ) DSL'50)
 

,LoEs.3 AT(50 EA0)0) Ei X4l5)tup 

2r~.1 I rxJ;H35 0 E:Y,-jTV 1(5),EY S (5 zU3PlCF(S (o) 10 2 0 E3.c.O! :! sJ fX #C).XRSIt 17)R'1cs)RuS2 ts50 RiS3( 50 hRDRXU0)s L-Y).S(5PE 

rO0'1.f0 )TF (5 ), I FFA*T(5-1),T9F(50),P45 )TI5 )T251#X (0orO;:Yrj (Y10)o JC 50CJX0 OMT ) o. (( 50 )Q5 TH(50,~ITDCI )p-U,% 0XpTU 
2(OT $4 fIi),I-24C,TCi4oTEe4,A'(oc4,XdAAIXc4 ,TT5),r2c40),
 

)4Y;),;? ( 5OU(1 )
nTS 50CNf 50 )i~T r5- OS tfCH50 

J(50) aT ' 
4r ),YD I)0 TYAHU( n,4Yp Oo ) , TIS (50), DS15C (If'.~ HUS OV A'50 j,T LI8FIANAN AND(R5Uo) 

.i1J~~
Co:J4I)I FFAKITLA(H(5 IUT~(AL 1VUTAt~550U F1dFSiiV( 
Q~'ITX i50)0Y600 !1-t ( 5C) 5n ( LSIpC IPS DEV jC 0WIisU X 

C0 TG~ WRT NURE OFIXV*E AIJJ IMNT IAN L18;A! AN F1CO) 

601 FflI! AT((?XflX(;~I 'l LUS*
 

60 Cfr1 T CF7 . 4tA~ 4JU.N
MY. ) 
60 U~'RITCIX 09bp,J)',.~ TI 



12/30/174_L5 A 

WRIT=-( 4Y.1600 lOtLT 
Y 

WRTTS(4Y,601)(Q(ll,)plxl#NHAN)
 

WRIT=(4Y, ;LS P4. t kp__Q P AS I
 
T _ 79) QHCN( TzjjN.NODE)
 

WRTT=(4YP603)
 
WRIT=-(IY#602)(ENXCI)IENM(I)pENY(I)sloiot'4BAN)
 
WRITEOY*804)
 

__TRfTlEa_(9Y, 60 1) (D4X 1 1 i i PJBAN) 
WRlt---(4Y,001)(D LXX(I)olztpNBAN)
 
WRlTz(4Yo6Ol)(Dl:LXYMolmlg'4R N)
 
WRITECIY,601)(E MoEY(J)
 
WRTt(4Y,601)(EXUS(I)o YUS(I)#Inl#NBAN)
 
14RITE(4Yob0l)(F.-XDS(I)PEYDSCI)slxltNB N
 
WRYTEOY*601) 0:lMjE2(DjE3H)jE4(j)# El(l+l)lE2
 

S E4(1+1)oI--is AAN, 2)
 
ri T.2.( !WoT 

Sl*t)o Im It Nt3AN# 2) 
#jzjpNBAN)
 

WRIT=-(4Yob0l)(EIJS1(1)oEUS2(I)#EUS3(1)#EUS4(i), U'Sl(l*t)oEUS2(1+V
 
S, EU84(1+1)# 1xil NBAN# 2)
 
WRITE(4Y#EOl)(TI)Sl(l)#TUS2(1)#TUS3(1)oTUS4(1)p TUSl(l*j)#,TUS2(1+V
 

Sl TUS3(1+1)o TUS4(j+J)p la I's 
WRThT=-(4Y*601)(AUUSCI)IAHUS(I)pI I.#
 

=(IIYP601)(EI)Sl(l)tED92(1)#ED93(1)OEUS4(1)o MSi7("f* S2( +1)
 
Ss lcl,_N. AN 2) 
WRITE(4Y#601)(TDSI(I)#TDS2(1)#TDS3(1)#TLJ.S4(,I)# TDSl(l*l)#TDS2(j*1)
 

S'o TDS3(I+l)t TD 4(1*1)0 In Is NBAN# 2)
 
i4k! 4Y# 601) ( AUDS(l I ) s AHDS( I ) p

6Dj)(El:j(I)oEE2(l
 EE3( !tTE( AYO 

11 E
 
........ 


-ARIATEMob 1)(TTI(I)oTT2(l),TT3(1)PTT (1)_LTTI(I*%)#tT2(lol)tTT3(14
 
11)'TT4(1*1)pl=1j4*2)
 
WR;TE(4Y,601)(AAO(I)#AAH(I)plzl#4
.........
- .._---F j,_(MY#601)(.l:USl( )OEEIIS2(l 
 us 

1( I+i)#EELIS3( 1+1)11.EUS4( 
U,-S2( _I)tTTUS3'(I'-)-#-TTU'94-(-rFeTY SM*D# US?___ 

1( 1+1) oTTUS3( 1+1),,TTUS4( 1*1 ),jail 4? 2) 
WRITE (MY#601)(AAOLJS(I)OAAt4US(I)RI*l#4)
 
WRITE( lYo601) (El DSJ( I )jEE0$2( I) ?.,?§DS3( I ),EEDS4( I )#EEVSj.(.l+l.).jEEDS2

I. xl#4#2)--
i-if _0 PEEDS3( I* i) sFEDS4(1* -

WRTT=-(4.Y.o6gl)(TTDSI(I)oTTDS2(1)oTTDS3(1)#TTIJ94(1)&TTIJS:L(I+I)ITTOS4
 
vTTDS3(1+1)#TTDS4(1+1)aIr-lo4o
 

WR!TE(4y,601)(AAC)L).S(I)#AAHDS(I)llalp4)
 
WRITEC4Y.604)(E'1(1)#EY2(1)#FY3(1)o EV +i)pEY2(1*%)#Ey3(j*0 # 14
 

S 1'. VHANo 2) 
664 (TYi('I)*#-TY2(li'-#"'T?3('I-)-$'--Ty:t-(-I.; i)-i-T-Y-2-(T; T)Ofy3cl;i)f In 

S 1', NUAP40 2) 
I ;I- 1EY 0 nTfwP_? Ey_ 7 

_SUS3_(I+l)p Irls NHANo 
WRtT=.(4Yo604)(TY(ISI(I)#TYUS2(1)#'TYUS3(1)p TYUSW*%)#TYUS2Q*V#TY
 

S Uc;3(1#,I)p lull-NdAN# 2)
 
WRITE( 4Y,004*)_"(PY-D'_Sj( #EYDS2(l sEYDS3( I )o
 

S D-STS 161) al a NHAN 2)
 
4.Y j604)(T D 5 iyffs -3-2 1)5-fl



_____ 

-WRITE(4YD,64)(TXI(I ),TX2(1),'TX3( I) TX1(1+1),TX2(i.1),TX3CI*i), lot 

W~RTEc(1Y.604)(EXUSt(I)oEXUS2c!,,EXUS3(1)p EXUS±( I*1)EXUs2cl~j),eX 

WRI:-(Ya64)(XIJICIoTXS2(),TXUS3(T), TXLSjZCI)fTXUS2(1I)sTX 

WRITE(41YD604)(EXDSI(I),EXDS2( I).EXDS3(iI ExDs1(II)pEXDS2(j*~1),EX 
- .. uaIa.hs-3. ~j ~.......... .. 

WRITE(41YobO4)(TXDSIcI),TXUszc 
),TXDS3(I), TXUSI(I*1)#TXDS2(IUI1)oTX
 
* -- ..;;,I 'JtAN#, 2) .... . 

WRlTECMY,6O3) (EUAT( I).SFt3AT( I)o, 1;M 
..
 

-~~ 
 - R42LEL'1.4M.34LEPOAL3(L-)-.S SLf~l~.4I,. 

- . ... RETURN" 
E~ND
 

4; s RITIN2 
4.9/30/74'E 

-, ___ ____ NT R111N2_ _
 

NTRY POINTS
 

BLOCK NAIIES ____ 

EXTERNAL SYMBOLS
 
THENO1 I 
 T STH 
 ONSINULL
 

6 Y6 15 -9 YH B' 

http:SLf~l~.4I


'M 12/30/74
NS 5A 

91jr;RjUNNE, 502. 
00%,430 N,8G,,U C(90):t'P,(8lCO)ol4XoMY'oNNOUEoNSANaMoNNoNTIMboNUAY4CODPOL 

O%OM3,4 DELX(;O);DE XY(50)#DELXY(50)pALFAX(50)pALFAY(!)O)*LoltJ 
CUM M3,4 0(50p?)*M( 0p2)o04(50,2) ' 00L(50);SUMQ(50),NMK 

.rO'.'*Il 14 71('50)otJLIMsIDATEOIHCURel-41N,10f-.LToDt:LToZET(50) 
r.0!.lMJW (50)#AM(SO)OAH(50)#AO(50)mAX(50)sAY(50)oAXYOAOC.OAHCIPAOUS(!)
 
iO)sA4uS(50)OAML'*AMI)5(50),AXIJS(50)pAYUS(!)C)IAUS(50.)oAOUS(50)$AHOS(!)
 

.
2n),A.4US(50),AXVS(5n),AYDS(50),ADS(50),r(5o)#SFBAO(50),SFUAT(50),S 

SPOL00)
 

QN HUlU(50)#Hl)S(5s)sHDS(50)sHC
C t!f ' 
C,'.014MON ENX(,50)ohNM(50)&ENY(5C)#EKX(50)#tKM(50)*EKY(50);EM(50)PEKYU
 
IS(i,'n),r-KMU!-)(50),OEKYUS(50)pEKXDS(Rg)tEKMDS(50)PEKYI).S'(50)OkNXYOEKXY;
 

2sukIK(50.), NMCeEKMUoE!iUS(50)oEMI)S(50)
 
C0.14MON EX(50)sEYC D)PEI(50)PF2(5m),tE3(50)#E,4(50)p.EYl(5(l)lhy2(.50)*t
 

IY3(50)*EYI(50)st YZ(50)#EY3(50)oEPATCSO)#EUAO(50)oEXUS1(50)#EXUS2(:)
 

21)*EXUS3( 0)obYbSl(50),EYUS2(50)'EYUS3(t.10)'Oeusl(50)OL.US2(DO)tt:US3',

sEYOS2(50)oFY
3(5rj)shJ.4(50)oFXCSI(50)oEXOS2(50;,EXDS3(50)#EYBSI(50 


4nS3(50),EUSI(50),i:DS2(50),EDS3(50),EDS4(50)oECIEC2,bCSL-04,EXYEX
 
5YIEXY2*EXY3oEXt)S(50)#EYUS(50)oEYDS(50)*EYLIS(50)#EPOL(50)
 
POVMON T(5O)oTl(5O)tT2(5D)oT3(5C)oT4(50)tTX1(50)#TX2(50)*TX3(50)1!
 

lyl(50)*TY2(50)#TYJ(50)PTY(50)#TY(tig)#TM(50)#TUSI(50)*TUS2(50)pTUS6
 
2('50);TJS4(50)#TUi#TCP#TC3oTC4#TXYI#TXY2#TXYStTXUSI(50)PTXUS2(50)oi
 
3XU!3(50)#TYUSI(5P),TYUS2(50),TYIJS3(50)pfXDSI(50)*TXDS2(50)oTXLJS3(
 
40)87YUSI(50),TYUS2(50)*TYDS3(50)oTXYOTUS(50)oTDS(50)oTUSI(50)tTLIS;,e
 
5(5!)sTD53(5C)#TbS4(50)oTMUS(50)sTXUS(50)tTYI)c,:(50)oTtlljS(50)
 

CCIP4'-13N TXlJS( 0)PTY0S(50),TMC 
"0!0,',',IN RX(50)o.-Iy(!)D)oRM(50)oPM(JS(50)*RMUS(5U)*RMCIRXUS(50)$RYUS(so 

U.mfllN VlFFH(50)slJIFFA(50)vDI FM(!50) 
COMMON CX(50),()M(!)O);OY(50),coDSypCnOPASOCODCUTCODWIUCODEXT
 
CV143N Cii(;N(2),o(48OL(?)#QPAS(2)sQ(JL(3lp6l)oQU(,,(Sls6l)pCOI)E:XC 
rOu ')N Lhl(4)aEE2(4)IEES(4),EF4(4)oAAO(4)lAAH(4)oTTI(4)#TT2(4)*
 
ITTI(I)#TT4(4)#TTUSI(4)#TTUS2(4)oTTIJS;5(4)OTTUE4(4)oTTLISJ.(4)*TTDS2(.4
 
2)*TTDS3(4),TTL.IS4(4),FEUSI(4),EI;QS2(4)sEtUS3(4)*EEUS4i4)oEtDsl(4)#t
 

3 -Dr-2(4)oE -.
DS3(4),bED34(4),A/4rUS(4.),AAHU (4),AAOI)S(4)OAAHUS(4)
 
AT THE upsrREAM ANU POWNSTRE'
C 502 PRIGRAI TO COMPUTE SUMMATIONS OF DISCHARGES 


ENDS or rH 3 RA N C Hh5
 
1) )/F(.2)I SWIM (-U*I'( lot )+QL(loi) )/F (1 )*((J*Q( 

+UU*Q(2p1))/F(2)+(U*0(2*i)m0(6vl) 


10 3t I 
-U*0 CSo 1). (,3.),+ (U*Q'C 3,, 1) -,U." 

1 4, 1) IL, (1 1) wQ( 31 ol) F:(4) 

lli)+')L(7*1))/F(7)
 

00( 11 1) +0 (Vt 
1) )/F(7)+(U*0(8#1)+Q(7tl)*Qt.t 

YY& 8) 



C20A 

I lie 1)"(12,I)*Q (9, J).b(g FQ'Y' 

lis' 1) /f (43) 

17 L)*QL C. 

$UMQ(19)m(0(20#1) 
 81) wu*Q C190 1) /F C17) (U*Q 

0 L I 9i V*0 21,, 1 F j I U 9 2 1 

SUMQ(22)*1Q(23*;)+Q4(20jj)- U*Qt22ol)')/F(2G)+(U*Q(22f1) 


SU14OC23)x(0(24#1)+GL(22#1)PU*0(23#1))/F*

SUMO(24)c( +0L(22*t)oq*Q(24*1))/F(22)*.(U*Q(240,1)*QL(21'1).
 

sumQ(25)w(Q(j50;)*QL
 
1 j3p J)+04(jo#
 

SUMQ(27)2(0(26#;)*QL(2301)-O'*Q(27pl))/F(23)+(U*0127#,;)#QL( 24' 1 )*Q( 

SUMG(28)=(0(27ol)*QL(24#1)wO*0(28#1 ))/F(24)+W*Q(20
 

SUMQ(29)=(0(28#;)+OL(20,,I)oU*0(2981 ))/F(251.*(U*9(29
 

SUMO(30)n(0(29*1)*QL426ot)wU*Q(3001))/F(26)*(U Q(30@l)#QL(27*l),PGP

IASii))/F(27)
 

j)-0(32#4))/F(28) 
SUMG(32)x(Qi3lo;)*QL(28*1)-U*0(32p:*I))/F(2'8)'+ 6* Q'( 32#1)*QL(29*X) G(1.1311) ) /F (29) 
SUMQ(33)a(0(32pl)*04 (290i)*U*0(3301))/F(29)*(U.*Qj33#;)*QL(3Q1VvQW,


ION(l))/F(30)
 
SUMQ(34)=tO(7#1)*G.C.eo',I)++0(1001)*0(901,)+w4(5#1)oU 9(31#1))/F(S)+(U*-.
 

RETUPM
 
END
 

.404 



C21 .E
 

PROGRAM LEN4GTH 
 DNSa
 

ENTRY POINTS
 
$02 0 000 .. 


BLOCk NAMES"
 
4645,.
 

,EXTERNAL
SYMBUS
 

00372 MM+S,
 



3 A C22 12/30/-74 

SUPRMINb SURF.2 
CVIMIN NtUoU,,(;(')O)#P(8100)PMX oMYN iODE-NOANsMaNNoNTlktNDAYOCOIJPOL 

Co!!M3.,l 

rO'IM')N ZI(60)of-)LIM#ll)ATEIHOURPltllNgIDELT#DL'ToZET(SO)

COLIMIN A(!7C-)OAI-1(5U)OAH(50)pAO(50)pAX(50)#AY(50)#AXYAOI;,AHCoAOIJS(!) 

ib),AIUS(5U)OAM9-pAMLIS(50),AXUS(50)pAYIJS(ZO)#AUS(50)#AUU.S'(50)OAHI)S( ',
 
2C.),,A4,JS(50)#AXDS(5(.,)#AYDI.;(50)OADS(50)$F(50)oSF'BAO(50)oSFUAT(50),S
 
3pol. ( 50 

COI-4113P) 
('O',tl3N EIIX(50), kjM(50).E,4Y(5n),EvX(50), KM(50)$EKY(50)"EM(50)#EKYU
 

IS(rr),EK il.lq(50),EAN'US(50),r--KXDS(5O),EKt4US(50),EKYUS(501,1.NXYtKXYs
 
2F"U%.It,-(5O)oLt-,M(-.oEKIlUsEMI)S(50)oE IDS(50) 

M0,1314 EX(50),EY(50)PE-1(5O)pE2(50)sEJ(5U)oE4(50)#EYI(50)*LY2(50), 
IY3(50)#EXI(50)o X2(59)#EXS(5n)*ENAT(!iO)*EUAO(50)$EXUSI(50)tEXUS2(!)
 
2f-),EXUS3(50),L-YURI(50)*EYUS2(50)oEYUS3(t'0)ohV9l(50)jLUS?(50)oEUS3 
3(5P)oE-JS4(5C), -EXI'Sl($'O),FXT)S2(50)oEXUS3(50)oLYDSI(50),I:YIJS2(50)*EY 
4!)S-(50)oEi',Sl(50),I:DS?(50)o L),3(5r)oEI)S4(50)o .CliECsL-C.Sot-(;4tF-XY#FX 
5YIIEXY2ttXY3oEXUS(50)$EYUS(50)OEYDS(50)PEYIJS(50)oEVOL(")O)
 

VOV!AIN T(50 ) oTIC'30) OT2(5n) oT3(50 I tT4(50) #TXI(1)0) I TX2(50 ) #TX3(50) or 
JYJ(50) oTY22(50 ) #TYJ( 50 ) PTX(50) PTY(50) PTM(50) j TLISI(50) PTUS2(501 PTUS-5 
2(5r)#IJ$4(50)sTOloTCPPTC3oTC4oTXYI*TXY2*TXY3oTXUS1(50)oTXUS2(50)si
 
3YU-3(50),I'YUSI(50),TYUS2(50).TYUS3(50)*TXUS1(50)oTXDS2(50)#TXUS3(5
 
4 ),TYVSI(5a),TY6"72(5n)#TYDS3(50),TXYsTI)S(50)*TUS(50),TI)SI(50)*TDSL-
5(50)#TOS3(m.0).TjS4(50)oTMUS(50)oTXUS(50)#TYIJS(50)oTMUS(50)
 

(*Q',*10N TXUS(50)*TY,"S(50)oTIC 
01.14,.ONC. RXC' -O)IRY(5C)pR,' (50),,,4MUS(5n)#RMLJS(50)#RMCoRXUS(50),,RYUS(5U 

1)*PX)s(51)lRYuq(5D)*RXY
 
CO-M)N I)I F'H(50),IJIFFA(50)#EJIFFM(50) 
CO"PDN 0"4(50)01,.,)M(56)AQY(50)pCOOSIPeCOOPASOCOCCUToCODWILItCODE:XT
 
rG!.IP4:)N QVE;l!( 2 ) s U--IE)t-( 2) sQPAS( 2) p QrL( 31, 6i) *QUO( Sit 61) 1CODEXC 
M MIN F-1:1(4)tL-E2(4),[-F3(4)OEF4(4)pAAO(4)OAAH(4)87TI(4)$TT2(4)o
 

ITTv(l)oTT4(4)aTT;) 1(4)oTTUS2(4)*TTUSS(4)tTT(JS4(4)oTTUSI(4)sTTUS2(l.

.2loTTOS3(4)oTT054(4)$F.EUSI(4),E-U! 2(4)§L-t:US.3(4)#EEUS4(4),,L-.t:DSJ(4)# 
,

3'F-D"2(4)pEbl;53(4itEDS4(4)$AACUS(4)#AAHIJ (4)#AAODS(4)oAAHU (4)
 

C SURF? PROURAM TO COMPUTE SIJRFAL;E AREA OF EAUH NODE INCLUIVING LAKE OR HESERvO
 
C SURFACE AREAS
 

mO e5lzlL 

86 ADM =SFPUL. C1-1) SFP04 I -SF.POL 1 1) H( I I -EP04(1-") EM 11 

CD T! e7
 
85 CO .-TINJE
 
87 F(i)--.T(I)*I)ELX(I)/e",+ADPOL*COUPOL
 

Do .771=2, ,
 
77, F(TW .( 1-1 )*DELX(.1-1 )/2,+T( I )*L)ELXC 1 /:2
 

.1)/2' +T(34)*L)liLXG14)/2, 
:T(9)*nELX(?)/2,+T(3.0)*IIF:LXCIO)/?.,*T(11)*L)E4X'(11)/21+T(12)*D EL 

ly. 12) /2 
F(IC)=T(11)*DLLX(IJ )/2#+T(12)*I)-LX(12)/LI*T(13)*DE X(l-
I T(2;)kDELX(25)/2.*CODCUT,,.'..
 
110 701cll,21
 

78 F(l):;T(I+?.)*))ELX'(1, -2) /2,*T:(l +J) *DE X 1+,5) /2 s,
 
2) 12) +DELX (26.) #T (251/2,**COICUT
 

http:01.14,.ON


I 

. .., A1 - C23 - 2/ 3 0 / 74 

IF 7'(17,2 ) -h1"A0( 1 7f., 70, .1tD:'AJ: =F!.(,C [-1)+(, Fh., )-
t oI- ) I 1

1 Ib' 1:.A3 
. /11it I)-',FH ,A(1-1) (1;',1 )r-.Ac 1 .) )/(t~8Arjg 

t;0 T 74 

3 r, TIfJR 
V IF ' IF 11A.-Ee)F I.+d F' T2 S F.,':. - I H . ZT oI T- T C71U9PI./).4. ( I T.c T2 8L (,rI Eki A 

L"t) , 2/, +T+T.F:,= T ;d A. ,,;"L j:6. 2/ / P, )*CQ'IjPAS+p{ ol0 
: rk )1(.EL { 7)/ +T J}L X '18 /7,)C.VPAS+ ,01 

tir,TC1. F0.)7 .. / 0,0F :=. i 8 , -L R T ;o, J': LX e9 )/2, w(-rl)P-AS+O 
P 1.(!( 9. ,ULL'' 7,9 )/2 +T 3,r *.FL.A 30)/2, *C !PA + ,? 

F'(-7): T 6['C V L'x( 0) ) *C.^!iP A",+ 0 ,6 
, L, :.)!:LX(3 o :F' .. : T L.4 ) i;[ .41 /2 + T 3;) ) 7 * : S .+ 

;:7 ) r( i f-2 . - p+,f ,]/, ri;) 01. 

P- T 34 OLX,6 

S.(IR F 24 

P4NO A" % P~4.\I TH 

F:tY.,T" -"13
 

464 ',1 

IX'r.qNAL
k3Ki'ALL
 

P)tj ICT.
0~ ?.07S YH ;1,3OLb-

I .:..-f? =fl•
 



C24 12/3.0/74 

SU11R.10M STAGI:2
 
CO!-IM ON N,(iUC( 0),P(,9tOn)#MX#MY'*NNUUE#NUAN# ION(laNTIME.#NOAYt. .ODPOL
 
co!-IMON DELX(50)#DL-LXX(50)#OELXY(50)#ALFAX(5LI)iALFAY 50)*Lflo

10*04IN rg(50,2,)# l(!)DP),GL(50,2),nGL(50),-SUMU(50),NMK
 
CVw3N ZI(50),N'LlMsIDATEOIHOVRtifilN#IDELTsUtLT#ZET(50)
 
COm.3N A( O)OAM' 5U),AH(50),AC(50)*AX(50).*AY('0)jAXY*AOL#AHC#AOUS.(!')
 

tO AIUS ( 50 AtlEr, AMUS ( 50 AXUS ( 50 AYUS( :PD ) s AWS ( 50 AUU§( 50 ), AHUG 
20 ),AMDS(5n)#AXbb(50)@AYUS(50)OAJq(50)oF(50)#SFHAO(',10)#SFHAT(50 *S
; 
31POL. ( 50 ) 
COMMON HUU(50)#hUS(5n),HVS(50),HC 
 i;

COMMON ENX(50)iL-NM(50)#ENY(5C)#EKX(50)ptKM(5P)sEKY(50)#EM(50)PEKXU
 
LS(50)o-'-:VVUS(5O)PEKYUS(50)#EKXUS(50)oEKIIYS(50)sEKYDS(50),ENXY#I:K X-Y'
 

CO-MMON EX(50)#EY(50)sEI(5O),E2(50)PE3(5U)oF4(50)#EYI(50)#tY2(50) #5 
LY3(51)#EX1(!;O).L-Y2(50)oEX3(50),EPAT(50)oEbAU(50)#EXUSI(50),EXUS2(!)
 
?0),EXU33(50),EYOSI(50).EYUS2(5n),EYUS3(t)O),Et)SI(50)oeUS2(50)#L-US3
5(50)oEJS4(50)o.EXDSI(50)*EXI)S2(50),E-XI)S3 5O)PEYDS1(50)#L-YDS2(50)#Ey

40S3(50)#EUS1(50),LDS?(50)oEVS3(50)#EDS4(50)#ECIsEC2#bC4,EG4#EXY#FX
 
5YIEXY2.#EXYdoLXUS(50)oEYUa(5n)oEYDS(50)PEYDS(50)#EPOL(50)
 
CON'MON T(50)oTI(50)oT2(50)*T3(5G)oT4(50),TXI(50)#TX2(5U)PTX3(50)oI
 
lyt(50)oTY2(50)#TYS(50),TX(50),TY(50)oTM(50)*TUSI(50)#TUS2(50)*TUS6
 

2(60)aTJS4(50)#TGlo*TC2#TC3,TC4#TXYloTXY2pTXYdaTXUSI(5U)#TXUS2(50)oi
 
3XV )3(50)PIYUSI(59)4TYUS2(50),TYJSZ(50)$TXUSI(50)#TXD$2(50)#TXUS3(5
 
40),TYDSI(5!)),TYUS?(51^1)sTYUS3(5())sTXYPTU (50)#TDS(50)oTUSI(50)#TDSI
 
5(5r.)#T,)S3(50),TbS4(50)#TMUS(50)oTXUS(50)#TYUS(50)#TMUS(59)
 
COMMON TXUS(50)oTY9S(50)#Tl-lC
 
f,'U%4v, 3N RX 02 1 RY C50 R"I ( 50 ) s RMUS 50 #RMUS 50 RMCO RXUS 50 #RYUS 5V 

r.O!AMIN QX(50)*G l.(!50)#GY(50),COnSlp$COUPAS#CCI)CL)TpCO13WII)fCUDEXT
 

c om Im) N, t"---1(4)pt--L-2(4)#EE3(4)#EF4(4)#AAO(4)PAAH(4)*TT1(4)#TT2(4)0 
ITTI(4)#TT4(4))Trusi(4)oTTJ52(4)#TTUS3(4iTTIJS4(4)oTTPSI(4)oTTI.),S2,('f
 
2)oTT0SS(4), r7U5.,4(4)#EEUSI(4)#LEL)q2(4)#Et:US3(4)#EEUS4(4)pt:t:D.5i(4) L 
Sr-0"2(4),El;'OS.3(4),L-ED34(4),AACUS(4),AAHUb(4)#,'AO',)S(4),AAHL)S(4),
 

r..'.;TAGP2 Pi(I"'IRAM TO compure lEAN STA'Gt OF --ACH URA XH 

HDI:( 
PJS H 7,J)
 
!4uc 3 mli 8 0 1
 
AUq 7 --H 9, 1
 
HUI ')) :::.I b, I
 
4lic), c to H 7 11
 

DS (it0 H FJ aI
 
lJlj!Z'( ll') H t 0 s I
 
H)S (.11 ) SH C9, 1
 

3 , 2 4
 
=H 1
 

2 110!; 1 =14 1 3, 1)
 
;4,j -, 25)%H(12ol)
 
:4U (?5)=H(j0pj)
 
qlj^i,( 26) z H( 15 pI 
HDl(26)=H(2Spl)
 



VJ5 15A C25 - ~/30/74 

4 -u C30)=H(26#1)1 
110 ( 30)--HC27#1) 

1LJS( 32)=H(?.901) 

3 I1~')H~U3 I ):iHDS (1Y /l2. 

4103 'STAGE2 12/-j 0 ?4 ED 

I DENT STAGE2
 
~P-ROURA~ LE4GTH 0 0106
 

EITIRY 001IN TSI
 
9 T UEP 0004
 

B3LOCK 14 A,'1E3
 
46451 

'ETERNAL SYM40rLS
 
Ole 10 1CT,
 

041SYMAnLS
 



C26 -12/3/7 

),'2011OO)DM#' 4
Q0- ) mfl ~it2U,c(I .IYNNOUE,N8IAN,MNNDNTr, IME.NOcoopOL'
T.IMl IN !)I--X(9,O)#DL X( 50),Di]LY(5)ALFA(5)ALFAY(50)*L 113
 

r~ tm i ?.J(;0)aNLT4,Jf,ATEiIHOU:JI,1NNIDELTDIJILTDZEr(

5 o)
10 li3 N A8 9),A!1(50)IO)Adc53) Ai(i3)AX(5O)AY(50),AXY.AOCDAHCDAOUS(!) 

In )AT J (1J )Al I,1(5l Xd, Uj YS( o A S O AU U A D 

rJ .fHUS ,)' RIJC 

)',P) 1-Kt'3.J2C.5 ,'LY3(5 KR sQAS2146S,( 0 

CQM) T H Q( ) .i)(5)#HCJ(q )E9,XU(ODYS5 

2)O E11LC o61)D (0)oEXY,~kV 
,71444 X'3.().-EY(),EL (),&-(5E()AAo(4,(4oYI),rlcT2c4,. 

4)DTT*)S3),T-.U3i(5) D~rJ (),-JS23(4),LUS(),L. C~EUS4(4),1o)S4).o3 
JF:?C4)Dt::;X-S'L3(5)4c4,JS~(51).AAIuS(50),YoS()APL()

1 C1-11)'4M Tt) r'1()r,~~WT(50LfTVI:L IJIF RINCL-S 
 0TN T'1) TWO NU5S F TIC YPNId5 

-T25~~45)T(5)T(0PM5)TS(5)TS(0oU.'
 

I),P):)(5:1(.)1ORLI(91)
J
 
PEUF4''A V 9 1V ( 0), 
 ;F ( I Fi1 0
iJ')0 m(5Co"T " )O~7),OLS P C OP S C IC ~ CO W Lp;D Y 



C27- 42003/74 ED1 

t3I H2:
 

PROGRA*& LE"JUTH, 

ENTRY Pipr'JT 

,,r7~.r:l2 L 9.D 



3A c28 - 12/30/74 
''JUIRIVINE: ATMU 

c1,olkMiN fqrj*,UC(90),P(8100),,,iX,!IYIqNOUEgN4AN#MsNN- NTIMEll4UAYOCODPOL 
rMt,414IN O.i.X(5-0)*Ot:LXX(50)*I)ELXY('50),ALFAX(50),ALkAY(50),L,18 
C0.1013N 0(50#2),oH(50,:.))*QL(5C'02),TIQL(50);SUMQ(50)ONMK
 
romm3N ZI(50)lNLIM, I DATE, IHQlJR-s 141% I0ELTvDf=LT0ZET(r.Q) 
CMMMIN A(50),Atl(50) AH(50),An(50)$AX(50iiAY(50)OAXYlAO(;.AHCOAOIJS( 

10),AIIJS(50)#AMcpAlilJS(50),AYIJ!-(50),AYUS(toO)IAUS(5n)pAOUS'(50).,.#mDSc!) 
2n) AIUS(50)oAXI)$(!)D)OAYDS(5,1),AD t(l.)O),F(50).,SF'UAO(50)*SFOAT(50),cz

3pu ( 50 )
 

CWIM)N iUJ(50),H[J.9(50)sHI)S(50)SH,
 
-NX(50)olz.'-JM(F)D)tE IIY(50)OEKX(50)s 
 Kil(50)iEKY(50)o .-M(50),EKXU

19(5P)PSKMiJS(50)pEKYJS(50)#EKXUS(50)#EKMUS(50)oEKYOS(50)#E:NXYsE:KXYA
 

MINIM FX(!iO),EY(50)OE1(90)or2(5 .)OE3(50)OE4(50) EYt(50)*tY2(50)lt
IY3(50),FXI,(50), XZ(50)pExS(5a),EfiAT(50)oEI$AU(50)$EXUSI(50)OEXUS2(t1
 
20)oEXiJS3(50)obYUSI(50).EYIJS2(50)4eYUS3(tD)pet)SI(50)*L-U$2(5d)sE-.IJS3 
3(51)*EJ94(50)pEXVUI(50)#FXDS2(50)#FXDS3(50)#EYOSi(50)pEYJS2(50)*FY
 

5YIE4Y20EXY3.LXUS(51))oEYtIS(50)PEYDS(50)oEYDS(50)pEPOL(50)
.CO.MMIN T(50)oTI(51)),TR(50)sT 'S(5O)#T4(1)*O)#TXI(51)),,TX2(50)#TX.3(50),T
 
IYI(5fl)#TY2(50)oTY3(50)pTX(50)*TY(5n)sTM(50).,I'IJSI(50)iTl.i!')?.(50),PTU! ',$
2(l.i.o)#TJS4(!iU)*TQITC2oTC30TC4#TXYITXY2#TXYSTXLISI(50)*TXOS2(!)O),i
 

3YUc,3(50),IYIJSJ(5n)OTYUS2(50),TYIJS3(50)pIXUS1(50)oTXDS2(50)lTXL)SS(!)
 
.40,,,TYII-"1('jO),TYIJ!',2(5r)PTYDS3(5n),TXY#TIJS(Sn)PTDS(50)jTUSI.(50)PTDS 
5t5n)sTl]S3(50)sTL'JS4(sn)oTMUS(50),TXtIS(50),TYUS(50),TMOS(50)
 

rtjllf.llrj TXlJSt50)*TYDS(50)0TMC 
001-MIN RX(50)ofY(-)D)sRM(50),PMU-(5O)oRt4US(50)*RtICORXUS(50)pRYUS(50

i) Qx,)s(5n) , NY i).,;( so) qxy 
Cri WU 1) J FH ( 5 C ) , 1) 1FF A( 5 0 ) p 1) 1 FFM ( 50 
Com"ON OX(!io)lom(50)60Y(50)oc()DSIP*CODPAS*CODCUTlCODWIIJ.E;UD5XT

r'Ok4p' N OR31 ( 2 (JF3(JL ( 2) pOPAS QrjL ( 31 , 6i 000 31, 61 ICUD xc
 
f!0!"fll:) N ELI(4) bP2(4)OEF3(4)OEE4(4)tAAD(4)OAAH(4)iTTI(4).TT2(4)j 

ITT7(4)#TT4(4)oTTUSI(4)PTTUS2(4),TTlIS3(4iTTUP,4(4)*TTDSI(4)pTTUS2(4 

3FS2(4)oEL-I)S3(4)oi-F--I',1;4(4)sAAOIIS(4)OAAHUS(4)pAAODS(4)$AAHUS(4)
 
C -ATMK? PPOGRAM TU SCHEAATIZF TtiE CHANNEL AND FLOOD PLAIN UOMETHY OF qI(;0L-
C LIHMANAN RIVhRs 

Do j001tj*MVAtj 
t.X(I).AX(i)*ALFAY.(I)
 
Ay(l)=A.Y(I)*AL.FAY' 0
 
Ty(J)vTX(J)*ALFAX(I):
 
TY(l)=TY(l)*ALFAy(I)

FKY(l)=FKY(I)/ALFAY(l)**0:'t5, 

T( Y)-TX( I )+TH( 1)+TY,( 1)
 
TFrl.i3.=EhX( 1)**2/AX(Il
 

TFRM3vEKY(l)**2/AY(()
 
lF(AX(l))100*7nUj70!
 

700 TEPH I= 0
 
7,11 IFcAY( I )/GZp7S?;ljQG
 
702LTEPM3=0.
 
Ion Ell I )xA( I TE:RMi+TER1l2, .TERl3) /, (FKX(j )4-eKM( I )+EKY( I 

RETI '14N
 
E N!)
 



ID5 ATMVW - C29 - 2/30/74 El) 

PROGRAM LEITH 00122 

I DENT ATMK2 

ENTRY P NrS 

ATIK? 0000.3 

HLOCK MA' 1. 
46451 

EXT:RNAL $Y144OLS 
t2 071.l 

004n6 SIM3,LS
Of)0D 1CT ' ' 



12/30/74145.. 5 A 	 C30' -

Slilit?'JUTINI IJIFAM2 . 
c QI i Ill. IN U.Uoc(ya)op(8100)omXtlY.NfJDDENt)AN,,!',NI4,NTIMLIqDAYCUOPOL 
oom'wm u .I'm5o)*OhLXX(50)#UELXY(50)pALFAX(50)pALFAY(50),Lold 
C IN 
r 014 V.114 Zl('iO)p'4LIM,,InATEItIOURol!'Ifqoll)ELTL)L-LT#ZET(50) 
COOMIN A(5n)pA i(rU),AH(50),An(,5o),AX(50)'*AY(50)#AXY#AOCAHC#AU()S(') 
IC),t-il)S(50),AMC-#ANUS(50),AXLIS(53);AY()S(: O OAUS(50)pAUUS(50)OAHUS('3
 
2 ),AII)S(50)*AXI)5(50)*AYDS(50),ADS(50)#F(!;O)#SFBAO(50),SF8AT(53)$St
 
3POL(5C)


COP-411JIj HUd 5 0 H1)3 5 0 HD5 5 0 H 
r.WiMON Lt;NX 5 0 LN14 0 ENY 5 1 E te X ( 5 0 Kti ( 5 11 EK Y ( 5 0 h li 0 0 EKXU 

lq(5r!)*EKIOUS(50)#FKYUS(50)ol,-KXUS(50)*EKtIUS(5U)OEKYOSC50)oL-NXYoEKXYS
 
2 P.UM KC5 0 ) p I-N'l C s E K M C* E FIU S ( 5 0 ) s F MD S ( 5 0 )

CW-,,fiJfl EX(50),F-Y(!)Pif--1(50),F?.(51),E3(rU),E4(50),EYI(50),I:Y2(!)0),t: 
lY3(50)oFX3.(50)#LX2(50)#EX;3(50)oERAT(bO)*L-13AO(50)*EXIJSI(50)ot:XUS2(5
 
2 	 ),C-XIJ53(50),LYUSI(lin)#EYUI;2(50),EYUS3(:,D)sL-t)SI(50),,EUI)2(!)O), .-US3 
3(5n)ft ,JS4(!iO)oL-XI)SI(50)oEXOS2(50)*EXI)S.3i5O)#F'Yi)SI(50),EYUS2(50),FY
 
4rS7,(50),EI)1;1(56),E:r)S2(rO)oEDS'3(5n),EI)54(50)#ECI#EC2,1:C3,t:(;4pFXYFX 
5YIE:XY2oEXYdoE:XUS(50)pEYt)S(50)#EXDS(50)#EYUST'.50)pEPOL(53)
 

Co"t-13,4 T('jQ),TI(50),T2(5O)oT3(5C)oT4(50)oTXI(50)oTX2(50)*TX3(50)sI 
IYI(50)*TY2(50)PTY 3(50)#TX(50),TY(50)#Tti(50)pTUSI(50)oTUS2(50)*TUSS
 
2(5n),T.).cz4(IjO)oTUITC2oTC3oTC4pTXYI#TXY2oTXY,3,TX(JS1(50)#TXUS2(50),i
 
,3XI)r,3(50)pTYUSI(50),TYUS2(50),TYUS3(50),fX)JSI(50),TXD!i2(50)oT'A'US3(
 
4ri),TYDSI(!?I)),TYUS?.(3r)tTYUS3")O),TXYtTUS(50),TUS(50).TUSI(50),TDS-
5(5n),TDS3(50),TUS4(50)oTMUS(SO)pTXLIS(50)sTYi)S(50)OT14US(50)
 

TXf)S(.5;0)fiTYDS(50)*T!IC 
CO'4143N RX(50)oRY(tiC)*R 1(50),RMUS(50)#RMUS(50)sRMC#RXUS(50)tRYUS(50
 

1)*PY9S(50),RYIJS(5U),QXY
 
CIFF11(50) sUIFFA(50),I)jFFllc50) 

CUI.IMJiNi QX('iO),%)M(I)C,)OUY(50),CODSIP,,COOPASCUDCUToCODWIUCUDEXT
 
CO;IM3iq (113CN(2),UUUL(2)oQPAS(P)oC)r)L(31,61),QU(3(31*61)oCODE:XC
 
M -Af-1314 EEI(4),EF2(4)oEE3(4)#EE4(4),AAO(4)#AA14(4)*TTI(4)#TT2(4)
 

ITT3(4)FTT4(4)oT7Ugl(4)oTTUS2(4)oTTUS3(4itTTUS4(4)oTTDSI(4)#TTUS2(19
 
2)oTTDSS(4)41TUS4(4),eEUSI(4),LEOS2(4),LtUS3(4)oEEUS4(4)pLtDSI(4),b
 
3EJ).q2(4)*EE:)S3(4 .),EEDS4(4)OAAOUS(4)',AAHUS(4),AAO!)S(4)*AAHOS(4) 

0 VjFAPl2'P3QGRAM TO CUMPiTE THG DIFFERFNCES UtTWEttj THE ARhAS AND THE OIFFERENC 
C 	BETWEEN 40'IENTIJ.l UORRt-CTION FACTORS FOR EACH HRA!I'%0*14 

I 	DO 1121slot48AN
 
IUMI
 
Ff4MczEAM( I ) 
4f,'=HJ5(T)
 
TCI= t'[Jal( 1)
 
TCP=TUS,2(1)
 
TC3=T053(l)
 
TC4mrUS4(l)
 

FC2= U32(1)
 
FCI---=US3(l)
 
FC4=i'-U34(l)
 
AOC--40JS(I)
 
AHC= AHJS ( I 
111=1 
CALL G='0I
 
TMIJS(I)=TMC
 
A110S I a A11C. 
RAWS I =RMC 



N595A C31 12/30/74, 

EKMUS(I)vEKMC 
EXYZEX-MI) 
FXYIsExl)sl(i) 
EZY2zEXUS2(D 
EXY3aEXVSJ(I) 
ENY Yr E'JX ( I 
TXYIzTXUS1(1) 
TXy2=#XUS2(j) 
TXY3%TXUS3(l) 
CALL GE02 
AXIIS(j)r.AXY*A FAX(j) 
TXuS(I)cTXY*ALFAX(j) 
Rxtls(I)NRXY 
EKYU3(I)=bKXY/ALFAX(I)**Oj5 
Exyx;-:Yjs(l) 
PXYI=F.YUS1(1) 
FXY2=FYUS2(l) 

F14)(YZE.Ily ( I 
TXYI=TYUSI(l) 
TXY2cl'YVS2(l) 
TXY3:TYUSS(l) 
CALL GE02 
AYLIS(I)cAXY*ALFAY(l) 
TY(jS l)vTXY*ALFAY(T) 
PYIIS(I)xRXY 
EKYUS(I)=LKXY/ALFAY(I)**0,5 
TUS(I)*TMUS(I)*YXUS(I)*TYUSC 
AUS(I)=AMUS(T)+AXUS(I)4AYUS(! 
TERMI=EKXU-a(I)**2/AXUS(l) 
TERM2mEKMUS(H**2/AHUS(D 
TERM3=EKYUS(I)**2/AYUS(j) 
IFtAXUS(l))700oOOj7Ol 

700 TGRM190, 
701 IF(AYUS(l))7020702*100 
702 TER113=0 I I 
10 0 F-MIJS( I )r-AUS ( I ) w(TE:RM14-TERM2+T. RH3),/(EKXUS.(,"i,)*EKMUS( I )#EKYIUSJ 1 )4*2 

IF(AJS(j))9O3#9U3s9G4 
903 EMUS(I)vO 
904 ENMCzE4M(l) 

HCvHDS(I) 
TCi=TUSI(l) 
TCPcTOS2(l) 
TC3cTUS3(l) 
TC4aTO^a4(*I) 
ECIXE SIM 
FC2xEDS2(l) 
FCIIZ;DS3(i) 
FC4m EDS4 (.1 
AOC .AODSM 
AHCxAHOS(I.) 
lDx2 
CALL GEol 
TMOS(I)aTMC
AMDS(I)tAMC 
RMOS(I)xRMC 



N5 5A - C32 %2/30/74 

EKMDS( I)aEKM~C 
FXYZZaXDS( I 

FXY2mEg(DS2( !) 

F~XY3xDJX( ), 

TX(Y~zT(DS1( I) 
TXY2rnTXfS2Uj
TXY3zrXIls6( I) 
CALL G3Ef2 

AXflS( I)zAXY*ALFAXC j) 
?XflS( I)xTXY*ALFAYCI) 

RXY:S( )X 

FjXYCEYS(I)
FXy3xFYI)Sj( I) 

TAY2=:TYflS2(l) 

TXY5:TYl)S2( ) 

CALL G'rrl2 
.AftV,$ I)mAXY*ALFAY(I)' 
TIPS( I)TXY*ALFAYCI) 
r'YDi( 1)ZRXY 
-EKYD3(I):iiKXY/AIrAYCI)**0,5. 

Ai3'( I)zAMLJS( I)*AX0SC!))AYJS( I) 
TIf?M1.xEKXL)S( I)**2/AX( )
TEQ2vK13S( **2/AIDS( I) 
TER3!13v:KYDS I )**2/AYIS( I) 

d IF(AYIS(I))8D2s!)OZ.900
P02 TEW;13=. 

!F(ADS( ())902,902*9101, 

901 DI FFA CI ) xADS (IwA US(I) 
oirF4i I)=IMUSC I)-EMUs,(I) 

102 CONTINJE 
PET(JRN 

!J5 DIFAM2 .,.' 

PROGRAM LE'J0TH 00'361 
!DENT' DIVAM2 

W'4RY PO14TS 
DIFAIP 000j 

464,51 

EXTERNA4 SYI11OLS 
I'j2071.11 QQIT. 

080DICI 
Q1GE02 

GE61 



SURROuTINE QEOl
 
C04MON NoGoU#C(?O)#P(8100)oMXoMY#NNODEiNHANoMeNNiNTIMEoNDAY#CODPOL
 
CO!A?13N DELX(50)oDELXX(50)pDELXY(50)oALFAX(50)#ALFAY(50)#LoIU
 
COM113N Q(50*2)#H( 0*2)#GL(50#2)#DGL(50);SUMQ(50)lNMK
 
COM143N ZI(50)#NLIMilOATE*IHOURtIMINeIDELToDtLTiZET(50)
 
COMMON A(50)oAM(50)$AH(50)oAO(50)pAX(50it'AY(50),AXYOAOCIAHClAOUS(!)
 

lo)'AAUS(50)*AMCPAMLJS(50)#AXUS(50)OAYUS( )0)#AUS(50)#AODS(50)#AHDS(6.,
 
20):AlD" (50)#AXDS(50)#AYOS(50),AOS(50)gF 50)#SFBAO(50),SFHAT(50).S
 
3POL(50)
 
COM!13N HQD(50)#HUS(50)s-HDS(50)#HC
 
COHM:)N ENX(50)o -NM(50)oENY(5n)oEKX(5Q)o5KM(50)oEKY(50)#EM(50)PEKXU
 

IS(51)*EKMi)S(50),EKYUS(50)*EKXUS(50)oEK14US(50)oEKYDS(50)tENXYOEKXY
2SU-'IK(50)oENMC#EKMCmEMUS(50)oEMDS(50)
 
COMMJN EX(50)#EY(50)#EI(5O)iF2(5O)#E3(5g)*E4(50)sEYI(50)oi Y2(5O)p5
 

3,Y3t50)#EXI(50)ptX2(50)#EX3(50)gERAT(50)*EBAO(50)IEXUSI(50)lEXUS2(D
 
20)lEXU33(50)oEYUSI(50)oEYUS2(50)$EYUS3(10)ot:USI(50)i US2(50)o US3
 
3(50)jEJS4(50)tEXDSI(50)oEXDS2(50),EXDS3i5O)oEYDSI(50)*EYUS2(50)iEY
 
4DS3(50)pEVSI(50)*EDS2(50)tEDS3(51)tEVS4(50)oECtlEC2iEC3oEC4sEXYsFX
 
5YIsEXy2oFXY3vEXUS(50)oEyljS(50)oEXOS(50)#EYDS(50)#EPOL(50)
 
COM43N T(50)tTI(50)OT2(50)oT3(5O)oT4(50)oT vl(50)oTX2(50)$TX3(50)$T
 

I.YI(50) oTY2(50 ) oTYS( 50) oTX(50) #TY( 50) sTM(50)#TUSI(50) f TUS2(50).oTVS,3 
2(50),TJS4(30)PTGIoTC2oTC3oTC4jTXYI#TXY2#TXYa#TXUSI(50)#TXUS2(50)#T
 
3XUR3(50),TYUSI(50),TYUS2(50),TYUS3(50)srxosl(50),TXDS2(50)tTXbS3(:P,
 
40)oTYDSI(50),TYUS2(50)tTYDS3(5n)tTXYlTUS(50)iTDS(50)#TPSI(50)oTD.SZ
 
5(50)#TDS3(50)#TUS4(50)#TMUS(50)oTXUS(50)oTYUS(50)#TML)S(50)
 
COMMON TXUS(50)#TYDS(50)*TMC
 
COYMJN RX(50)*RY(50)oR 1(50)oRMUS(50)#RMOS(50)#RMCORXVS(50)oRYUS(SO,
 
l)opXOs(50),RYUS(50)pRXY
 
COliMON 0IFFH(50)sUIFFA(50)oUIFFM(50)
 
CO'!'lON OX 50),OM(!)C)#QY(50)fCODSIP#CDDPAS#CUDCUTeCObWlDoCODEXT
 
COmMON IHCN(2)otlROL(2)oGPAS(2)oQQL(3it-61)oQUG(3lo6l)ICODEXC
 
COmMON El 1(4)o E2(4)oEE3(4)oEE4(4)OAAO(4)pAAH(4)lTTI(4)tTT2(4)0
 
ITT3(4)#TT4(4)*TTUSI(4)#TTU$2(4),TTUS3(4i.TTUS4(4)#TTL)SI(4)aTTUS2(4
 
2)sTT0SJ(4),TTVS4(4),EELJSl(4) *EEUS2(4)oEL-US3(4)oEEUS4(4)#EEDSI(4)0
 
3E-DS2(4),ELD53(.4)of:EDS4(4)#AAOUS(4),AAHU (4),AAODS(4)oAAHDS(4)- *
 

C GE01 PRO3RAM TO CUMPUTF CRnSS SECTIONAL AREAITOP WIDTH AND HYDRAULIC MEA? 
C DEPTH OF. MAIN CHANNI:L5 AT THE UPATREAM AND 6OWNSTREAM ENDS OF*THE BRANCH. 

IFtH''-ECl)60p60p6l 
60 TMC=TC1 

AMC=Ao'v'"(TCI+TC2)/2l*(EC2*ECi)-(TCI*TMC)/2#*(ECIHC).,
 
GO TO 68
 

61 IF(H--EC2)620b2p63
 
62 TMC=TCI+CTC2wTCI)*CHC ,ECj)/(EC2-vECi)
 

AMC=AUD-(TMC+TC2)/2j*(EC2wHC).
 
GO TO 68
 

63 IF(H j-EC,3)64p64#65
 
64 TMC=TC2+(TC3pTC2)*(HC.EC2)/(EC3REC2)
 

AMC=AOC+(TMC+TC2)/2l*(HCwEC2)
 
GO TO 68
 

65 IF(lj%o- C4)66#66p67.
 
66 TMCaTC3+(TC4-PTCJ)*(HCPEC3)/(EC4vEC3)
 

AMC=AHCP(TC4*Ttl(;)/2,*(E-C4.HC)
 
GO TO 68
 

67 THCzTG4
 
AhCmAHC*TC4*(HC"EG4)
 

902 FORMAT(IX#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,SA 
 -,C34,

68 IF(A4CCa)900.900901
 
900 	 AMCm0O,01 
901 	RMV~:AMCITMC
 

IFe J3-25)6Oap90400o3
904 	AMC:AMC:CODCUT:UODWID/40 
:0101
 

Rmr~AMC/TMCC0D4UT+C, 0
 
00 T3 600
 

903 WU3-30)626O2,603
 
60~3 !F(I9-33)6041604*600

602 AMC*AHC*CD~PAS~b di
 

TMCxTMC*CODOAS*,0
 
RMCmAMC/TMC*C0DPAS*0OOI
 
GO TO 600
 

604 	AMCnAMC*CODS!p.0
101
 
TMC=TMC*CODSIP*0,101
 
Rmc: AM C/T MC*COJJS IP001
 

600 	EKMCn1,/ENMIC*AMU*RMC**0,

66 7
 

RETURN
 

)s502.n 12/30/74 ED-. 

PRO.GRAM LE40TH 010246 

EN~TRY PIT 
GE01 00007 

BtOCK NAMES 

EXTERNAL SYMBOLS 
o2307111 

00416 SYMBOLS 

46452 

'OQDICr, 



['i S'l 9 A C35 %2/30/74. 

SURROUTINE QEP2
 
COMMON Naou-oq(go)op(eioo)oMXPMY'NNOPE#NI)AN#,M:NN*NTIMEoNDAYpCODPOL
 
COMMON OELX(50'1;DELXX(50),DELXY(;Q),A F Xi5 ) A4fAY(9Q)lc,113
 
COMMON Q(5Co2)oH(5Dl2)PQL(5bo2)#DQL(50)#SUMU(SO)fNMK
 
COMMON ZI(5O)#N61MolDATE#IHOURolMINlIDEI-TeDELToZET(PO)
 
COMMON A(50)oAM(SO)pAH(SO)RAO(SO)OAX( 0')iAY(50)*AXYOADC#AHCpAOVS(
 

10) A4US(5d)pAMGfAMUS0G)*AXUS(50) OqS00) AUS(50)#A0DS(5Q-)oAHDS(5
 
20):A40S(50),AXDS(50)*'AVDS(50)$ADSC150)sFOC SF9AO(50)jSF8AT(5b)#$E
 

3POL00)
 
COMMON Hl)D(50)#"US(50)#HDS(50)*HC
 
COMMON ENX(50)stNM(50)#ENY(5n)jEKX(50) 11tKM(50)#EKY(50);EM(50)*EKXU
 

*ENXYS§KXY-
IS(50)#EKMUS(50);EKYUS(50)pEKXDS(50)oEKMDS(50)#EKYDS(DO 

2SUMK(50)tENMCaEKMCoEMUS(50)oEMDS(50)
 
COM-MON EX 50*);EY( 0)sEI(5O)oE2(5C)oE3(5O)oE4(50)sEYI(50)o Y2(50)ok
 

IY3(50)#EXI(50)p X2(50)#EX3(50)#EBAT(50)#EBAO(50)IEXU (50)8@XUSRt
 
20)*EXUS3(50)oEYUSI(50)tEYVS2(50)*§YUS3( O)o USI(50)o- US2(50)$EUS3
 
3(50)oEJS4(5Q)IEXDSI(50)*EXDS2(50)oEXDS3i5D)oEYDSI(50)o Y052(50)oEY
 
4DS3(50)pEOSI(50)0 DS2(50)$EDS3(50)*EDS4(50)oECItEC2oEC3oEC4tEXY#EX
 
5YIsEXY2oEXY3oEXUS( 0)oEYUS(50)oEYDS(50)&EYDS(50)iEPOL(50)
COMMON'T(5O)oTt(SO)pT2(501OT3(5C)oT4(50)tTXI(50)sTX2(50)#TX3(50)#T
 
IYI(50)sTY2(50)PTY3(50)oyx(50)#TY(50)#TM(50)#TUSI(50)ITUS?(50)$TVS,3
 
2(5n)#TJS4(50)#TUI#TC2fTC3#TC4#TXYI*TXY2#TXY3oTXUSI(50)#TXUS2(50)sT
 
3XUS3(50)pTYUSI(50)oTYUS2(50)#TYUS3(50)#IXDSI(50)oTXDS2(50)oTXL)S3(5
 
4C)oTYUSI(50)oTYUS2(50)*TYDS3(50)#TXY#T(JS(50) tTDS(50)mTVS1(5Q)#TDS
 
5(50)oTDS3(50)oTU94(50)oTMUS(50)iTXUS(50)eTYVS(50)sTMUS(50)
 
COMi3N TXDS(50)oTYDS(50)#TMC
 
COMMON RX(50)oRY(50)oRM(5.0)#RMUS(50)oRMU-S(50)#RMCeRXUS(50laRYUS(50
 

l)vRX0S(50)oRYVS(50)tRXY
 
C044ON DlFFH(50)s0lFFA.50)*0IFFM(50)
 
COMMON OXi5O)oQM(50)#QY(50)$CODSTPeCODPASOCODCUT-OCODWIDeCODEXT
 
dOY.43N tiBL;N(2)'o(iBOL(2)IQPAS(2)lGQ4(31,61)pQGQ(31 61)lCQDEXC
 
COMMON EEI(4)# E2(4)oSE3(4)pEF4(4)OAAO(4)$AAH;4)iTT (4)oTT2(4)o
 

ITT3(4)PTT4(4)#TTUSI(4)pTTUS2,4)oTTUS3(4jiTTUS4(4)#TTVSI(4)oTTI)S2(I
 
2)oTTOS3(4iotTOS4(4),EEUSI(4),*EEUS2(4)oEtUS3(4)oEEVS4i4)#EEDSli4)'#E
 
3EDS2(4)oEEDS3(4).teEDS4(4)OAAOUS(4).AAHU (4)#AAODS(4)IAAHU (4)
 

C GE02 PP03RAM TO COMPUtE CROSS SECTIONAL AREAS*TOP WIDTH AND HYDRAULIC MEAN
 
C PEPTH OF F40OU PLAIN OR BERM SECTIONS AT THE UPSTREAM ANU DOWNSTREAM ENDS OF
 

.C THE BRAN:H
 
I*IP(H4"EXY)40f40#4j
 

40 AXYmOl
 
TXYvo.
 
RXY804
 
GO TO 448
 

41 lF(4C-EXYl)42#440j3
 
42'TXYsTXYI/(EXYI-I:XY)*(HCoEXY)
 

AXYmit/2#*TXY*(HC-EXY)
 
GO T3 48
 

43 TF(H'-EXY2)44p44045
 
44 TXY*TXYI+(TXYR-fX l)/(EXY2-EXY%)*(HC*EXYI)
 

AXY*it/29*TXYI*(EXYlvEXY)*Il/2g*tTXYI*TXY)*(HC-EXYI)
 
00 TO 48
 

45 lFiH'"EXY3)46#46#47
 
46 TXY$TXY2+(TXY,3-TXY2)/(EXY3-EXY2).*(HC*EXY2)
 

AXY*ts/2o*TXYI*(EXYLsEXY)*I,/2@*(TXY4*TXY2)*CEXY2oRXYI)*is/29*(.TXY
 
12+TXY)*(HC*EXY2)


A^ 00% Ats 



47 T(yatoXY3 

12*TXY35)*(EXY3uEXY2)i(HCwEXY3) *T)(Y3
48 RXYxAXY,'TXY 

44.8 EKXYmi1/ENXY*AXY*RXY**O,667 
RE TUR 
EN 

40D5 2~1f30/74 ED 

PROGRAM LE'J9TH 
JDENT 

nnfi7i% 
0E02 

E.4TRY POINTS' 
flE12 00003' 

BI.OCK NAMES 
46451 

EXTERNAL SYH90LS 
02907111. 

00404 SYMBOL$ 
QB IJCTj 



C37 t2/30/?4 

qUnR3.UTINE GEO 
COMMON N )#P(8100)#MXRMYINNODE#NBAN#M#N4'oNTIMEoNDAYOCObOOL

)aDb4XX(50)tDELXY(50)#ALFAX(50)#ALFAY(50)#LPIB
COM43N R94;901"
 
C01143N 0(50#2)pH( 0#2)#QL(50#")sDQL(50)tSUMQ(50)gNMK
 
COMMON ZI(50),N IMIDATEIHOURolmlN#IDELToDELTsZET(SO)
 
COM43N A(50)#AM(.50)#AH(50)#AO(50$#AX(50),,' Y(50)#AXYaAUCOAHC*AUUS(b
 

%0)#Aii)S(50)#AMCoAMUS(50)$AXUS(50)oAYUS( 0)#AUS(50)#AOU (50)OAHDS(
 

2o)iA4OS(50)oAXDS(50)oAYDS(50)oADS(50 tF(50)*SFHAO(50)oSF8AT(50)#.St
 

3POL(50)
 
dO14MC-N HUD(50)o US(50)#H0S(50)#Hm,
 
COtiMON E14X(50)ol,-NM(50)#ENY(!,;D)#EKX(50)ohKM(50)#EKY(50)#EM(50)#EKXU
 
IS(c3)#EKMUSC50);EKYUS(50)#EKXDS(50),EKMDS(50)oEKYOS(50)*ENXY, KXYo
 

2SUMK(SO)oENMC#EKMCpEMUS(50)#EMDS(50)
 
COtIMON EX(50)#EY(50)#EI(5O)sE2C5O)#E3(5U)PE4(50)#EYlt,50)#(:-Y2(50)#L'
( 5
 IYS(50)oEXI(50)#L-X2(50)#Ex3(50)*EBAT(50)#EBAO(50)#EXUSI(50);EXUS2 


20)$EX()S3(50)iEYU.SI(50)#EYUS2(50)-IEYUS3( 0)ot USI(*50)0 IJS2(5 j#EL153*
 

3tSo)oEJ34c5o)#EXDSI(50)OEXDS2(50)#EXDS3(50)#EYDSI(50)# YDS2(50)$EY
 

40S3(50)o6DSI(50)oEDS2(50)oEDS3(5n)sEDS4(50)*ECIIEC2ltC3,kC40EXYIEX
 
5yloEXY2#EXY3pEXUS(50)#EYUS(50)#EXDS(50)#EYDS(50)#EFOL(50)
 

TQ0)#Tl(50),T2(50),T3(5Q) T4(50)oTX%(50),Tx2(50)#TXJ(50) T
COtiMON 

IYIcSO)#TY2(!50)OTYS(50)#TX(50),TY(50)#TM(50)*TUSI(50)#TUS2(50 #Tvs_
 

2(50)#TJS4(50)*Tt-,l#TC2oTC3oTC4oTXYLoTXY2sTXYSoTXUSI(50)#TXUS2(50)tT
 
3XU93(50)oTYUSI(50)*TYUS2(50)8TYUS3(50)#[XDS1(50)tTXOS2(50)#TXL)S3(5
 
4D),TYDSI(50)pTY6S2(50)#TYD$3(50)oTXYpTUS(50)iTDS(50)#TUSI(50)PTDSZ
 
5(5(1)oTOS3(5O)tTjS4(50)oTMUS(50)oTXUS(50itTYUS(50)sTIVS(50)
 
COW43N TXl)S(50),T DS(50)jTMC
 

COHM3N RX(50)*RY(50)#RM(50)#RMUS(50)#RMUS(50)pRMCoRXUS(50).oRYUS(50
 
1)#RXJUl50)oRYVS(50)jRXY
 
CO4143N 0lFFH(50)#VIFFA(50)#DIF*FM *50)
 

CO.lViJN QX(50)0()ri(-50)$QY(50),CODSYP#CODPASeCODCUTeCODWIU#CODEXT
 
CO.'441H OLICt4(2)oiif3OL(2)#Q!r)AS 2)#QOL(Z;1#61)pQUQ(31061),CODEXC 

COM143N Eki(4)oEE2(4)#EE,3(4)PEE4(01)#AAO(4)oAAH(4)tTT (4)#TT2(4)o
 

ITT3(4)tTT4(4)#TTLJSJ.(4)oTTUS2(4),TTUS3(4iTTUS4(4),TTUSI(4)oTTL)SR(I
 
2)$TTDS5(4)gTTUS4(4)OE-EUS1(4)OEEUcq2(,4)*EMUS3(4)#EEUS4(4)#EbDSI(4)s
 
3EDej2(4)FEEDS3(4itEEDS4(4)OAADUS(4),AAHU (4)tAAODS(4)#AAHO (4)
 

'IC MtAN DEPT

3EO PROGqA4 TO COMPUTt CROSS SECTIO14AL AREA#TOP WIDTH ANU HYDRAU4 


THE F400D PLAINS AT THE MID OF 6RAICH
V MAIN "HANNLLS ANIJ tiERM SECTIONS OF 


no 9001cloNHAN
 
IF(HJ0(l)-El(I))60#60#6j
 

60 TM(I)mTJ,(I)
 

IpHtID( I 
00 TO 66
 

61 IF(HJD(I)-EZiI))62p62063
 
62 TM(I)xTl(l)*(T2(1)*Ti(l))*CHUD(l)-EI(l))/(Ez( l),,Ei(l)),
 

AM( I )aAO( I TM( I )+T2( 1) )/21 *(E2( I )wHUO( I 

GO TO 68
 

63 IF0iJU(l)-E3(I))64g64j65
 
64 TM(I)uTR(I)*(T3(l)-T2(l))*(HUD(l)-E2(1))/(E,3(l)-DE2(i))
 

AM(I)xAD(I)*(TM(l)*T2(t))/2l*(HUI)(I)PE2(1)*)
 
GO TO 68 

65 IF(HJO(I)-E4(0)6bt66067 
66 TM(t)xT3(1)*(T4(li-T3(i))*(HUL)(i)-E3(l))/(E4(l)eE3(11)).1 

Am(l)xAH(l)-(T4(1)+TM(l))/21*(E4(1),WUD(l))
 
GO TO 68
 

67 TM(j)mT4(l)
 

http:tF(50)*SFHAO(50)oSF8AT(50)#.St


459 5A 	 C38 &2/30/74 

AMCI )=AMC I )#'PT4(. I )*(HUU(l)-E4(1-))
 
68 INAIM-6.0020-020j69
 
20 AmMmO,01
 
69 RMcl)zA"(I)/TM(0
 

IF(1,25)600#606 s6U5
 
606 	AMtt)=AM(I)*CODUUT*CDDWID/40#*DloI
 

TM(I)=TM(I)*CODCi)T*CODWID/40,*o jo
 
RM(j)mAH(I')/TM(!)*rODCUT*OsOl
 
GO TO 600
 

605 IF(1-30)602j602j6U3
 
603 jF(jwJ3)604f694s6o0
 
602 AM(j)mAfl(l)*C0UPAS+0j0l
 

TM(l)--rM(I)*CODPAS+0jj0
 
RM(j)cAM(I)/TM(I,)*C0DPAS*0j0j
 
GO TO 600
 

604 AM(j)vAM(I)*CODSIIJ*0,C1
 
- TMMxVi(l)*CODSjP*ojj0
 

600 	EKM(I)zlqiENM(I)*AM(I)*RM(,I)**.Olh6t
 
FXYZ;X(D
 
EXYI--E4(1)
 
EXY2xE92(l)
 
FNYY-E4X(l)
 
FXY3:E93(l)
 
TXYIrTXI(I)
 
TXY2=TX2CI')
 
TXY3:TX3(l)
 

704..,JFtHJD(D-E XY)4U#40#41
 
A0 AXYaO,
 

TXY80'
 
Xyzo,
 

GO, T3 448
 
1 lFcHJD(j)-EXYj)j2#42j43
 

*2 TXYxTXYI/(EXYI-tXY,)v,(HUDI(i)-EXY)
 
AXYml,/2,*TXY*CH(JIJ(.DwvExy)
 
GO TO 48
 

43 IF(HJV(I)-EXY2)44#44j4,5..
 
44 TXY*TXYI+CTXY2owTXYI)/(EXY2,wEXYI) 'it VD( 1,!wEXYI,)
 

AXY=IP/2,*TXYI*(+EXYI,O'EXY)-+io/2o*(TXYI+Txyj*(HUD(I )_EXY 1)
 
60 TO 48
 

45 IF(HJD(j)-EXY3)46o,46o.4.7
 
46 TXYxTXY2+(TXY3-tXY2)/(EXY3-i.EXY2)+*(H'P(I)PEXYR)
 

AXY=lq/2o*TXYI*CEXYI"EXY)*l I/24*(TXYi4,TXY2)*(EXY2- Yl)*It/ ?t*(T.XY' 
12+TXY)*(HUD(I)-bXY2) 
SO TO 46 

47 TXY=TXY3 
AXYzi,/20*TXYI*(EXYI-EXY)olt/2,"',(T3(YI+TXY2)*(EXY249E:XYI)+I,/24*(TXY 

12*TXY3)*(I::XY3-EXY2)+,(HUD(I).,EXY3)*TXY3: 
48 PXYaAXY/TXY 

448 EKXYsl,/ENXY*AXY*RXY**Oo667 
GO T3 (70Uo70l)slG0DE 

700 AX(I)=AXY 
TXCT)=TXY 
RX(I)XRXY
 
EKY(I)=EKXY
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EXYmEY(!)
 
EXYlsEYl(I)

EXY2cEY2(l)
 

EXY3aEY3(])
 
TXYITYl( l)
 
TXY2ITY2(] )
 
TXY3UTY3(1)
 
ENXYIO'YC()
 
ICOD~s2
 
GO T3 704
 

701 AY(!)vAXY
 
Ty( I)cT'XY
 
RY( I)RRXY
 
EKY( I)"F.KXY
 

900 CONINJE
 
RETIRN 
END
 

405 GEO 

PROGRAM LE'JGTH 


ENTRY POINTS
 
O,3 


84,OCK NAMES 


EXTERNAL SYMBOLS
 
n2207111 


*AU uniJfl C 

- 12/3G/74 

~23/4E 

IDEN? 
00.0. 

GEU) 

000 0 , 

6546451, 

O8D CT, 
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SUBROUTINE UARILR(HR#HS.O)

C SUBPOLITINE FOR THE BARRIER CONCEPT NUMBER"1
C Yl 	 a DE*Td OF 
WATER UPSTREAH(HETRE)

C Y2 a DEOTH OF WATER DOWNSTREAM# OCEAN SIDE( METRE)

C HR a WATER SURFACE ELEVATION ABOVE MSL IN THE RIVER SIDE

C HS a WATER SURFACE ELEVATION ABOVE MSL IN THE SEA SIDE 7

C 0 a DISCHARG: THROUGH BARRIER( HtTRE3/StC)

C USE FRA'JCIS SUHHIMRUED WEIR FURI ULAR, P1224 DAVIS
 
C SEE DEFINITION SKETCH OJ BACK OF THIS CARD
 
C 

SLt.I 5. 
Ylx SLI*HR
 
Y2v 3L'*HS
 

C TO 	CONVERT CONSTANTS TO FEET
 
Paz 1.78/0,3048
 
Pw=4 6.1/0,3048
 
RLO: 21,10,3048
 
RLw4= 25,/0,3048
 
GATE: 1-5,
 
WEIRs 4,
 
YiN: Y/0IO3048
 
Y2N= Y2/093048

IF(Y1NLT.0) 00 TO I
 
IFlYlNLEPG) O TO 2
 
IF(YlNLEY2N) (O TO 2
 
IF(Y2N,LToPG) GO TO 5
9 Qi"F = GATE*3,3.*RLG*SQRT(YN.Y2 )*(Y1N.PeJ*0o,38,.(Y2NiPO););
 
00aU O0?083*UGCFS
 
00 T3 6
 

5 Y2ND P3
 
GO TO 9
 

6 IF(yI.NsLE,PW) GO TO 3
 
IFCY2NvLTqPW) (36
10 QWCOrS= WdE IR* TO 7,34.RLW *SORT ( y1N.),(YIIN"PP* 0. .381*:y2N-W 1.) 

"Qwn 0028S*OWCFS
 
GO TO 8
 

7 Y2Nm PA
 
GO TO 10
 

B QlO.3.3W
 

SO TO 4 
1 WRITE'(61,100)
100 FORMATe/* YI ISLESS T.fHANZEKtOfIMPOSSIBLE, SET Q0P*/)
2 *8 0, 

GO TO 	43 rJUQ3 

4 OPTiION 

04aS BARIER 
 .	 130/74 MD
 

IDENT '.",BARIER -PROGRAM LE4IGTH 	 00246
 

ENTRY POINTS
 
BA iIER 0001J
 

EXTERNAL SYMBOLS
 
THEND, 0800IC0?, 
 SOR h ' STN,


00101 	SYMBOLS
 

http:QlO.3.3W
http:GATE*3,3.*RLG*SQRT(YN.Y2
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U P,3TN SImQ(AHjNKS)s-,9 


INV RSE.JHE MATRIX.
C SImgepA(O3HAH TO 

C FORWARDI SOLUTION
 

* TOLcOso
 

jSuflN 

no30JN
 
C'SEARCH F'3R MAXIMUM,LOeFFICIENTj'N COl.UMN
 

!V(A9SC(Hl~iA)vA86(AC IJ)))2.OpSr,3
 
20 RIOAgA(IJ), 

IMAX-I
 
30 COITINJE
 

TEST FflR PIVOT LESS THANI TOLERArNCE. (SlINGUAR MATRIX).Y 
35 -35*4OIFCA3S(BI(6A)vTOL)
 

* RETUqN 
C INTERCHO'GE ROWS 1F Ml CESSARY 

-40 I1.J+NttCJ-2) 


DO 5OKt.J,N
 

12xll+4IT
 
SAvExA( II)
 

A(t2)SAVt
 
L5ADING COEFFICI ENT 

C DIVIDE EOUAT ION B~Y 

50 (1A(1/IG
 

SAVErB( MAX):
 

f(J)&SAVE/BIGA,

VAR IA'LF
C ELIMINATE 'IE)(T 


IF(J.N)55a0,bS5
 

DO 651X:JY#.
 

ITNl-IX 
110 6OJXaJY#N
 
IXJXxNeCJXi9I) 
JJ'XaIXJX4IT
 

))
60 A(JXJX)SACIXJX)S'(A(IXJ)*A(JJX 

65 R(IX):B(JX)w((0)iACIXJ))
 

C BACK SOLJTION
 
70 Mysti*1
 

ITvN*N 

IAx.11J
 
I~sNwJ
 
IC. N
 
DO 6001#4.
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ENT)
 

405 SpaQ 
 12/30/71~ ED 

IIDENT SInG
 
PROGRAM: LE40TH OQ465
 

W"IRY POINTS
 
s140 00003
 

EXTERNAL SYMBOLS
 
08.2DICTq
 

00156 SYMSOLS,
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SU!nP3UTItIN SN1! !(Q3Q)
 
RIVER BASIN FLOOD CONTROL STUDY
C *H*..'** IU'IL 


C ***** PROURAM TO .STIMATE (1) 1970 F4OOU HYDROGRAPH OR INPUT *** 

C Tn MODftL UALIiRATION AU, (2) DESIGN FLOOD HYVROGRAPHS *** 

C **. FOR STUDY CF DESIGN ".,TERNAT1IVLSj 
C R(KI) - RAINfALL(I' MM) FOR STATION K AT DAY I 

C .A(KI)- ACCUMULATED 2,DAY RAINFALL FOR STATION K AT DAY I 

C 1(C(I) - C3DE NU'ER OF GAGED WATERSHED IN 100 SERIES.
 

C !uC(I) - CODE NUMHBER OF UNGAGED ..ATERSHhD IN 200 SERIES 

C F(l) - FLUOOPLAIN RJNOFF FOR DAY I IN CMS 

C (JI) R')NOFF(IN CIS) OF UlNUAGED WATE1SHEU J AT JAY I 

C G(J#I) RUNOFF(IN M"S) OF GAG.0 WATERSHED J AT DAY I 

C qC(K) - RUNOFF' UFF1CIENT FOR AREA K 

C .G(J),OIM1(I),DIlM2(I) - ORDINATES OF UIISTRIUUTION URAPH AT DAY I 

a VACI) - 2-DAY RAINFALL IN UNITS OF CMS 
C OG(I) - SUMMATIUN OF HYDROGRAPHS(IN CHS) FRrM GAGED WATERSHEDS 

C FOR THE NUDE 
C nU(I) - SUMMATIUN OF HYDROGRAPHS (IN CHS) FORM UNGAGLD WATERSHEDS 
, FOP 'THE NO0)E 
C 00t) - SOME LIUMMY [YDROGRAPH 
C IC(J) - SOME UUM"Y DATE 

DIMEVJSION R(4,95)oRA(4,95),DG(10OVA(95) ,0(95).QQ(31.6l)e. ..
*qc(5)0. (0,95),U(70,95)tIGC(21)oIUC(21)p_(95] DIMt(1O} DIM4(10 p. 


5 )
,q3(93),QU(9),RUI(4),RC2(4),RI(4s95)tR2(49
 
DATA(NG=),(NOUG63),CNNODE=22)
 
READ(60#109) KOLJE

"READ(60,100) IST* IDT, IAX, IIL, IHA IBB, IB3l.
 

100 rOR;IAT.(4As,3A2)
 
C !?W!2,.lAIN6srAINj4,RAIADES - RESPECTIVELY THE DESIGN RAINFALL
 
c roR 3TATIU;AS 2, 6m 14 AND BASIN
 

REAP(60,102) RA!,.RAIN6,RAINj4,RAINDE 
C RUOn:'F COhFFICIL-N1, RC(I), 121,2, AND J RESPECTIVLY FOR ZONE 1,4i 
C ANt 3I 1:4FUr"FLO3PP4AIN AREA 

qEAl(60o102) ( b ( ,1 1 4 

REA.CD(60,102) CRr-;( t), 1=1,4)
 
READ(60#102) (1I1 I 1 0
 

S F.H,Ci - R'.RESS!ON COEFFICENTS OF 93ASE tLOW EOUATIWIt
 
93 = rXP(C )*A**Et3
 

RF.ADC6O,i.U2) E1.CI"
 
.,DATLY RANFALL IJATA, R(KI)t. K:,2, AND 3 RESPECTIVELY
 
FOR -AINGAGhI STATION 2,6, AND 14
 
r1o 13 K(zl,3

RREA(50o101) (PI(A.I)s 1100),
 
.REAn(bo,1111) (RI(KpI)a 131.061)
 
REAVC60sl0l) (Ri(Kll I s|62#91)
 

10 	COITINJE
 
DO 1110 K:1,3

CZEAD(U0,1O1) (R2(K,!)o lxl#30)
 

READ(60,101) (R(KOI)o I31,61)
READ0001) (Rd(Kpt)p IP62191)
 

1110 CONTI NJE
IF(K3.)i E) 1) 1111,1115.. 

1111 nO 1112 K:1,3
 
n0 1112 1=1#91
 

t112 P(K.I) :RI(K.1)
 

http:RF.ADC6O,i.U2
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0 TO 1020
 
1115 DO :1116 Kul,3
 

DO 1116 Iul,91
 
1116 	R(Kol) x R2(Kol)
 

DO 11 K4103
 
10 T3 (5,6,7),K
 

5 FACT a RAIN2/RAINDE
 
00 TO 8
 

6 FACT a RAIN6/RAINDE
 
0O T3 8
 

7 FACT x RAIN14/RAINDE "
 
8 DO 9 I=l,91
 
9 R(KoI) v R(Kpl)*FACT
 

11 CONTINVE
 
101 FORMAT(16F5,0)
 
102 FORMAT(IOF8,0)
 
103 FORMAT(/#15F7,2)
 

1020 	nO 1022 K:1,8
 
READ(60,107) (G(KI),jIpl,30)
 
READ(6O 107) (G(Ko I) Iw-31,#6j
 
READ(60,107) CG(Ko I)#Iq62P-91
 

1022 	CONTINUE
 
107 FORMAT(BFIOtO)
 

1021 FORM4T(SX,2,OFB,3)
 
5555 FORMAT(20X1 *RUN OFF COEFFICIENT AT THE WEGINING OF FLOOD*)"
 
5556 	FORMAT(20X.*RUN OFF COEFFICIFNT DURING A0D AFTER FLQO)D*
 

WRITE-(N61,R5555)
 
PRINT 1021#(RCj(I)pI=1,4)
 
WRTTE(61,5556)

Pr " 1021,(RC2(I)lI;2,,4) . 
HEREON TO 20 , CONVERT DAILY RAINFALL TU 2,DAY ACCUMU TEU RAINFA4L 
0O 20 '(:1,3 
RA(K#I) g R(Kl).
 
DO 15 142#92
 
L. -1/2
 

L,2 mmL1*2
 
IF(L2-I) 13,i4..3
 

13 RA(KoI) X:1
 
GO T315
 

14 11 a 13
 
RA(KL) a R(KI) * MoI1)
 

15 CONTINJE
 
20 CONTINUE
 

C KODE v I INCASE THIS PROGRAM IS USED TO COMPUTE THt HYDROLOGIC
 
C. INPUTS TO MODEL CALISRATIONp OTHERWISE TO FZNAL MOUEL (WHER9 ALL 
C WATERSHEDS ARE LONSIDERED UNAGED 
C HERE3N TO 11, THE INPUTED RAINFALL DATA ARE WONVERTEV INTO 
C NON.JNIFORM DISTRIBUTION OVER THE BASIN BY A VALUE FACT 

00 200 kLxl,2 
O TO (21,35),KL 

2 IF(KOOEIEQ,1) 22,34 
22 DO 30 Ka1,8 

READ(60#105) INU*A#W*IS
 
30 CONTINUE
 

O.TO 200
 
C NO -. TOTAL NUANER OF GAGED WATERSHEDS
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C INOUG - TOTAL, NUMBIER OF UNGAGEO WATERSHES (INC4UOING FLOODPAJN
 

C AREAS) USED
 
34 ;NJ a NOG
 

!GO TO 38
 
35 !NJ x NOUG
 
36 'DO 190 JJJ=1,NI.
 

READ(60,10 5 ) INUA#4#IS
 
, 	 d2)
1oB FORHAT(4Xv4,2F, 


C 
 nOMPJTE BASE FLOW, B F(AREA).
 
0B v EXP(CI])*A**EI
 

C USF DISTRIBUTION GRAPH D!M,(1) FOR A IESS THAN 50 SO KM
 

C USE DISTRIBUTION aRAPH 01M2(I) 

IFA,LE,50..) 4547'
 

45 !rnO 46 1=1#10
 
46.0G(!) x DI I)
 

GO 	TI 49
 
4711nO 45 I41#10
 

l46 ;DG1) = DI12(I)
 
491IWU3-2) 5i1.50s,1

50 !Kai


!
~~T) 55
 

111F(1S 6) 53P52*,
 
52 Kw2
 

:rO T:) 55
 
53 	K..
 

FOR A GR/ATER THAN 50 SQ KM
 

C CONVERT 2-nAY RAINFALL TO RUNOrF IN CMS
 
55 nn 60 I1.,91
+IF(I,LE.j4 j) 5 6 j5 9 .. . ... . ..
 

5B.R C CK) : RCIK) 
.OO 	TO 60
 

59,RUI) sRU~k(K)
 
60 	VACl) : RA(Kl)*RC(K)*A/86,4 

,HERE3N TO 69 COMPOTE TOTAL HYDROGRAPH.
C 

DO 69 Il,9i"
 
IF(I-10) 65,65_o7
 

65 	SUM a 0, 
no 66 ja1 I 
Ja a I-J+ I 

66 SUM r SUM 
.Q(I) SUM * 

GO TO 69 
67 SUM 0,O 

On 69 JxiplOJI. 3 I-nJ+'t. 

UItJ)/*VA(J,)
 
"
 

66 SUM :SUM *DQC4)*VA(4,)l

0(j) a SUM * QB
 

69 CONTINJE
 
GO TO (70,71)p KL
 

70 Do 701 1:1,91
 
701 QlCJjI) a u(C)
 

GO TI 190
 
71 D0 71l =1:,91
 

711 U(JJJpI) a Q(l)
 
190 CONT1[WJE
 
200 CONTINJE
 

4ISTRIBUTE HYDRO4RAPH FRUM W.ATERSHEDS AND FLOOD-
C HERE3N TO 300o 
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C. PLAJ1 To COR.RESPONDING NODE SYSTEM OF MATHEMATICAL MOUL
 
DO 300 JJJ a lINNODE 

C I1 ,-NbDE NUMBER, IS - RAINGAGE STATION NUMBERS AA. FLOODPLAIN 
C ARE.A NEAR RIVER(INCLUDINn HERMS), NG NO, OF GAGED WATERSHEDS 
C U v NO, OF UNGAnED WATERSHEDS
 

READ(60019) INs1SAA.JGoNJ
 
109 	FOPMAT(2IrF6,nl2j4)
 

IF(NGEQO) GO TO 72
 
READ(60, 106) (IG_( I), =.1,p NG)
 

72 	CONTINJE
 
IF(NJ.EO,0) GO TO 75
 
READ(OO106) (IUPI)#Ix1#NU)
 

106 FORMAT(20 14)
 
GO TO 75
 

75 CONITIN JE
 
IF(I 2) 77*7677
 

76 	 Kai 
GO T3 80
 

77 IF(136) 79,78s19
 
78 K=2
 

GO T:) 80
 
79 Ku3
 

C CO14PJTE FLOODPLAIN RUNOFF.:
 
80 00 82, ,1%091,,
 

1,F(I,LE,41) 88,89
 
88 RC(4) a RC,(4)
 

GO TO 81
89 RC(4) - RC2(4).
 
81 F(I) a'R(K1,).AA*RC(4)/86j,..
 

C HEREON TO .S.COMPUTErTOTAL DISCHARGE FOR A'NODE'
 
DO 85 14,ir91
 

SU2 a 0,
 
DO 82 Jig ING
 
KK = IGC(J) ,
 

82 	SUi = SUI1+ G(KK=[)
 
Q0(1) x SUl "
 
DO 83 J=iNU
 
KK IIUO(J)-200
 

83 SU2 a SU2 * U(KK,#I)
 
QU(I) a SU2
 

85 0(I) = SUI+SU2+.F(I)
 
O0 509I31,91
 
If=I-30
 

509 	Q("Jl(JJJ,I1I)zQ0(I )
 

300 	CONTIiNJE
 
00 3tOK=23,31
 
nO 	3.OJa1,61
 

310 	aoO('(J)0, 
RETMU;N
 
END
 



40 
OSEN 

IESII 
DEESNIN 
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P,00GRAM LE'IGTH 24420 

ENTRY POINrs 
DE3NIN 2265I 

EXTERNAL SYMBOLS 
TH --N0 
ONSNJGL 

00411 SYMBOLS 

02007111 08ODlYTO EXPF TSH' 



ITNSSA - C48'- 12/30/74 

SUnR3UT:jNh TIDA41(|IDELTOUT',PHASE)
 
C SUBROUTINE TO GIVE THE WATER SURFACE ELEVATION ON THE SEA SIDE OF
 
C THE BARRIER AT BALUNGAY, WIND SET UP DUE TO TYPHOON IS INCtUDEbo
 
C THIS SUBROUTINE IS ALSO USE TO GIVE SEA LEVEL AT BARCELONA
 
C THIS SU3ROUTINE MUST USE SUBROUTINE BMET
 
C OUT IS THE WATER SURFACE ELEVATION ABOVE MSL, IN METER
 
C I IS THE INDEX v 0Oi#2,,og
 
C DE4T IS THE TIME INTERVAL IN HOUR
 
C PHASE(I"PUT) ,S THE SHIFTING OF THE TIME Ot OCCURANCE OF TYPHOON#
 
C UNIT OF PHASE ISIN HOUR, EXAMPLEw. PHAS., 0' MEANS THE PEAK Of
 
C TYPHOON TIDE COINCIDES WITH THE PEAK OF ASTRO TIDEo PHASE. 2l5
 
C MEANS THE'PEAK OF TYPHOON TIDE IS 2,5 HOURS AFTER.,THE P-AK OF
 
C ASTRO TIDE( AT BALONGAY)o
 
C PHASE $OULD HE BETWEFN Be AND *24, HOURS,
 
C NOTE. THE VALUE OF PHASE MUST HE THE SAME WOTH FOR TIUALI, AND TIYAL2
 

ETA(X)v 0.65B*SIN( 2(*3,1,416*X)/i2,421,,o571)..
 
$S(t.116*SIN(* .*3,14.6*X)/25,8l9,0o92)
 
S,1. 28*S IN((2,S3,l416*X)/23,934.0,393)
 
$40.t22*S1N((2*31416*X)/24,066I.,0)
 
$,f.341*SISN((2*, 146*X)/11,967*0,543)
 
S*f,098*SIN((2,*., Z416*X,)/12,658*1,571)
Sn,,f209*SIN((2t,*3o146*X)/3-4,366,w0,922).
 

C DAY= T1IE IN DAY FROM THE ORIGIN OF TIME 'AXIS.TO THE BEGININU OF
 
C RAINFALL


DAYrI.1 05
 

TT- I*DELT
 
T: Tr+34,.24.*DAY
 
TAqTRO: ETA(T)..
 
CALL UMET(DAYoTTOTMET-PHASE)
 
OT: TASTRb,.TMET.
 
RETURN
 
END 

54 TIDALI2/0/ 

PROGRAM.LENJGTH 00222 
IDENT TIUU1L 

ENTRY POINTS 
TIDALI 00003 

EXTERNAL SYMBOLS 
082311CT, 

00036 SYMBOLS 
.BMET ,SINF> 

http:Tr+34,.24
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SUBRDUT.NE 6MET(DAYsTINsE6EpPHASE)
 
C SUBROUTINE TO GIVE THE VALUE OF TYPHOON TIYE AT BALONGAY FROM
 

C 	MR$ yAP ANALYSIS ROUTE NO, 2,
 

TIN IS IN HOUR, ELt IS IN METER ABOVE MSL
C 

C 4INEAR INTERPO6ATION IS USED
 

DIME4SION Y(2O),T(20)
 
T(I)"01
Y(1)u O0.,PHS
 

T(2)1 24,*DAY*12i*PHASE
 
Y(2)U 0
 
T(3)v T(2)*1,
 
Y(3)w 0i1
 
TC)' T(4)).1,
Y(41% O 68
 

Y(5)u 1.1
 
T(6)' T(5
7)*
 
Y(6)1 2,36
 
T7)v T(6)013
 
Y(7)* 2,25
 
T(8)v T(7)+O2 
Y(8)m .1,8
 
T(9) T(8)*0,5
 
Y(9) 1,
 
T(10)v T(91.0,2
 
Y(1O)v 0,3
T(W)m T(101*0,3
 

T(12)v T( 11)*1,
 

Y(12) 0,0.4

T(03): T.(I!P) #2j 

Y(13)m 0,
 
T(14)a T(13)*100,
 
Y(14)z o
 

2 ELER Y(JI .*IY(J)'Y\IJ-i ))IT.INT(J-,I):)-)!(T(-I:IT(J' )) 

RETURN... 
=,,os "MeT-s 1 ."4 

PROGRAM LE4GTH 
' " -:..,. 

"O02OR 
IDENT BM@T 

ENTRY POINTSE 
mET 00 

EXTERNAL SYMBOLS 
O LSIQT,.OOO4 SYMBOLV ..> 

http:SUBRDUT.NE
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SUBROUTINE TIDAL2(IjDELTvOUTaPHASE)
 
C SUBROUTINE TO GIVE THE WATER SURFACE ELEVATION AT PASArAO
 
C WIND SET JP IS INCLUOED
 
C THIS SU3ROUTINE MUST USE SUBROUTINE PMET
 
C OUT IS THE WATER SURF'ACE ELEVATION ABOVE MSL, IN METER
 
C I IS TH; INDEX - 01#2*,..
 
C OE4T IS THE TIME INTERVAL IN HOUR
 
C SEE FULL COMMENTS IN"SUBROUTINE TIDAL1
 

ETA(X)n 0,463:SIN((2,*3, 416*X)/12,421.,Oa67)

S*0,241*SIN(j2,* ,1416*X)/25*0'8 9*11571 ) '
 

Sn,309*SIN((2,*3,4j6*X)/23 934*,198) .
 
$*n.?99*SIN(U.2,* ,1416*X)/24:0660674)
 

C DAY x TIME.IN DAY FROM THE ORIGIN OF TIME.AXiS TO THE BEGZNING
 -. §G NG
 
C OF RAINFALL 


DAy=11,75
 
ij TT= I*DELT
 

Te TT*3305-24t*PAY
 
TASTROm ETA(T)
 
CALL PMET(DAYtTT, TMET*PHASE)
 
OUT= TASTRO+TMET .
 
RETURN
 
END
 

54DS TIDAL2 

PROGRAM LENGTI 00 165 
;DENT 

N 
T.IYALZ, 

ENTRY POINTS 
TIDAL2 000o0 

EXTERNAL SYMBOLS 

00036 SYMBOLS 
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SUpp3UTIN.k PMET(DAYOTINELEOPHASE)
 

C SUBROUTINE TO GIVE THE VALUE OF TYPHOON TIE.AT PASAVAO FROM
 
C MR, YAR ANALYSIS ROUTE NO, 2,
 
c TIN IS IN HOUR, L0: IS IN METER ABOVE MT1
 
C LINEAR INTERPOLATION IS USED
 

IIME.SION YC20)oT(2D)
 

(j;0. 
'(2)= 24=*DAY+ 41*PHASE
 
(2)x 0,
 

'(3) T(2)+I1

(3= 0,08
 
.14)v T(3) o
 
Y|4): 0o47
 
T(5)z T(4)+19
 

Y(5)z 1,03

T(6)z T(5)+0,5
 

Y(6)z 1135

T(7)x T(6)*Oo5
 

Y(7)v 2,2

T(I)z T(7)+095
 

Y(R)= 2,78

T(9)z T(B)*Oo5
 
Yiq)c 2,!5t
 

T(10)a T(9)*I.

Y(Oo)u 1,72
 

T(12) T(10)+3.,
Y(WZ= It
 
T(1)=T(11) %,
 

Y(i?)= 0,
 

T(13)= T(12)'+1,
 
Y(i3)= .0,2

T(14)= T(13)+Io
 

Y(14)a 0,02

T(15)a T(14) lo,
 

Y(1.5) 0.

'T(16)a T(II.))+ 001
 

Y(t6)x O,

rKv, 16 

IF(TINLTT(I)) GO TO, 2 

2 	 ELE= Y(J-1)-((Y(J.)-Y J-I) ).*TIN-T,(.JT
 
RETURN
 
ENTI
 

5;140S PMET 	 ~/O7 

PROGRAM LEFJGTH1 	 00O255DEPI~
 

ENTRY POINTS
 

PHFT Oo3
 

EXTERNAL SYMBOLS
 
Q8aDICTq
 

nfnA0 lvm I~ Q 

http:TIN-T,(.JT
http:12/30/.74
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C2 	 HYDRAULIC AND GEOLMETRIC CHARACTERISTICS OF THE SIPOCOT RIVER, BICOL 
RIVER AND THE PROPOSED FLOOD CONTROL SCHEMES 
In the following pages are outlined: (1)the hydraulic
 

characteristics 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 GEONETRIC CHAUACTERISTICC 

'OR BICOL-SIPOCOT RIVERS AND FLOOD CONTROL SCNEMES 

BICOL FLOOD CONTROL SIMULATION MODEL 

ROUGHNESS COEFFICIENTS: LEFT BERM - MAIN CHANNEL - RIGHT 

ENX(I). EN(I). ENY(I) 

5,0000 0,1600 5,0000 5,0000 0,1500 5.0000 5,0000 0,1250 5,000Q
 
5,0000 0,1050 5,0000 5,0000 0,0750 5.0000 5,0000 0,0700 5,0000
 
59,0000 0,0620 5,0000 5,0000 0,0620 5,0000 0,0600 0,0195 0,0600
 
5,5000 oos 5,0000 0,0600 o,0210 0.06005,0000 ,o021o 5JooP.
 
o,O70 0,0220 090700 3,0000 0,0290 3.0000 60000 0 ,03456.0000
 

6,9000 0,0352. 619000 6,9000 O,0J52 6.9000 6,90)0 0,0352 6,9000
 
6;7500 0,0350 6,7500 5,7000 0.0310 5.7000 4,9000 0,0290 4,9000
 
4.500 Ot70 4,5000 4,9000 0,0300 4.9000 4,8500 0,Q295 4,8500
 
510000 ,0290 5,0000 5,0000 1,0000 5,0000 5,0000 190000 5,0000
 
.5,10000 140000 5,0000 5,000.0 1.,0000 5,0:600 5,O000 .000 5w0000
 
.!,0000 1,0000 5,0000 5,0000 1,0000 5.0000 5,0000 1,0000 5,0000
00 0-.0,.0.2 P. 3_, 0OO__ 

DISTANCE INTERVALS FOR MAIN CHANNL IN KILETERS 

e000 8000,000 0,006000,00 700,-00ooo.0,0ooo ooa 80o0 00..40,o00000 
5000,000 3200,000 8500,000 %750,000 7500,00010000,000 6000,000 49004 000 
40000 000 -?S000O0. 2000,000 .35O00.00 3500,000- 7000,100 100C,000 -7254 , 004 

6000,000 6000,000 6000,000 2800,000 2600,0001050010,00-4000,000 6000,000 ..

Il *A AAA. M'DAA A^ 

DISTANCE INTERVALS FOR LEFT -BERM IN KILOMETERS 

DELXX(U) 

" , Tooelo ,00 e-oo00 80.oo0o 8ooo,000400,0oOooo o1o, 6 0,,o
" .00 3 750,000 2400,000
Lt650 00 3200o,0D, 4250,000 15,.O.OP. 4650,000 ,5500 

t790,0000 36000o00 950.100. 3500,000 1700,000 44!0,090 1000,000 5500,00 

280 0,001) 570010ol 
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DISTANCE INTERVALS FOR RIGHT BERM ~IN XILO14TiERS 

DELXY( I) 

6000.000 7900,00,0000,000 8000,000 .80001000 8000,000 4000,000 
 500,Q00
1650,000 3200,000 4250,000 1750,000 4650,000 5500,000 3750,000 2400,000

2750,000.3600,ooo 950,000 3500,000 1700,000 4450,000 1000,000 .550,00o.


10500,000-4000,0oO 6006,000 600,000 6000,000 6000,000 2000.000 2000.000
 
2800,0O500La.?OL.±
 

LEFT AND RIGHT BANK ELEVATIONS AT MIDDLE OF BRANCHES IN METERS
 
MAIN CHANNEL
 

EX(I), EY(I) 

i00,000 100,000 100,000 
 100,00 0Lvu,uuu luuuJu I ,,,.IJuvv.000000 100000,0100-000 00 
 iO0oo0o 100,000 100.000 100,000

1,400 1,400 100,000 100o000 1,350 1,350 100,000 400,000

1,400 1,400 2,500 2,500 2,800 3,850
2,800 3,850
.,000 5,000 6,300, 6,300 6,900 6,900 7,000 7,000

7,050 7650 7,600, t 600 8,700 8,700 8,700 8,700
.00,000 100,000 O,000 0100,000 100.000 100.000 100,000 100,000


00,000 100,000 100,000 I00,000 100,000 100,000 100,000 100,000
 

LEFT AND RIGHT BANK ELEVATIONS AT UPSTREAM
 

MAIN CHANNEL
 

EXUS(I), EYUS(I)
 

001000 100,000 .100,000 100,000 100,000 100,000 100,000 100 000

100,000 100,00 100,000 100,000 100.000 100,000
100.000 100,000
1,600 1,600 100,000 100,00 
 10 0 oo0ooo
1. 100 0 ,ooooo
1,700 
 ,700 3300 3,300 3,500 3,500 4,200 4,200
5,800 5,800 6,800 6,800 
 7,000 7,000 .7,000 7,000


7,100 7,100 8,700 8,700 
 8.700 8.700 8,700 8,700
.00,000 O0.,000 100,000 1o,00 100,000
100.000 100,000 100,000

100,000 100,00' 100,000 100,000 100,000
100,000 100,000 100,000


.A.q, 0o.0o 2....
0._o00 1 I 1.200,oo 
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..LEFT AND RIGHT BANK ELEVATIONS 	 AT DOWNSTREAM OF BRANCHES IN METERS
 
MAIN CHANNEL
 

EXDS(I), EYDS(I)
 

0,

o0,ooo 0oo 0 000 1000000 100.000 100000 100000 o 


IQf0000 100.,000 100,000 100.000 10,0.00.

100,000 10.0,000 ,100,000 


1.600 1,600 100,000 100,000

1,200 1.200 100,000 100,000 


3.300 3,300 3,500 3,vO0.

,100 t00 1,700 1,700 


7v000
6.800 6,8U0 7,000

4,200 4,200 5.800 	 5,800 


5.700
.8.700 8,70.0 8,700
7,000 7,000 7,100 7,100 

100.000 100.000 100,000 100,000


&00"00 100,000j 000 100,000 


toogoo 10O0000 100.000 M0000 l0.o0 100,000ico
100:000 100,00.5 
 1.200
1.00,000 00,o00o X,200 


SECTIONS OF BRANCHES IN METERSSPECIFIC ELEVATIONS OF: MIDDLE CROSS 

MAIN CHANNEL
 

3a(1), E2(I),.E3(I)s E4(I)
 

IQ 0000 020.0 it ' 7.100 .6.004 itsADD 10,100 
2,950 4750 l0,150 14,350 -0,200 1,700 7,200 11,300 

LR90 , i,7Q9 1,200 4,000 -2,250 -1,4P0 0.100 2,000 
434000 .2,400 -1,000 1,1"00 -2,500 .2,000 .1,000 	 1,900
 

1,700
..tq000 W1,000 0,300 2,000 -2.500. V1100 0,190 

-4,500 -3,250 -0,850 1,250 -2.250 -1,10 0.100 	 1,100
 

43,100 ',,000 0,250 1,500 -2.300. .1,800 -0,250 3,500 
-1,550 -09200 1,000 3,900 '-0,450 0,90 2,250 4,600 
-0,900 .0250 1,250 3,250 1.500 3,000 5,500 600 

2,600 6,000 7,250 0,400 4.100. 6,350 7,250 9,900 

;,900 4.,700 6,250 8,O0 2.000. 3,200 4s550 7,500 
1,500 3o000 5.000 8,3.0 2,400 3,900 4.500 7,000 

-2,700 -t,233 -0,233 0,767 v2,060 1,000 4s000 0,000 
.2,520 0,400 3,400 7,400 -3,080 0,000 3,000 7,000 

•.4 	 -0,620 2,400 6,400 -4.150 .1,200 11800 9,09
 

-0,440 2,640 5j640 8,640. -0,900 2,100 5,100 9,100.
 



SPECIFIC TOPWIDTHS OF MIDDLE CROSS SECTIONS OF BRANCHES IN METERS 
MAIN CHANNEL 

T1(I), T2(I), T3(I), T4(I)
 

30,000 
 52 000 78,000 90,000 30.000 52,000 78,000 90,ooo
, 52000 78,000 90,000 30.000 
 52.Ouo 78,000 
 90,000
63,000 93,0oo 104,000 1±5,000

27,000, 42,000 

70.000 111.000 156,000 180,000
64,000 84,000 
 59.000 78.000 
 88,000 102,000
50,000 77,5o0 118,000 140,000 42,500 45,000 47,500 
 50,000
52,000 96,000 130,000 161,000 42,500 
 45,000 47,500 50,000
41,000 62,000 
 85,000 108,000 25.000

35,50O 47,500 57,500 

41,000 57,500 70,000
64,500 42.000 
 48,000 55,000 
 66,500
37,000 44,500 
 56,000 65,000 
 26.000 41,00n 57.000 71,000
33,000 58,000 83,000 106,000 25,000 37,506 50,000 64,500
15,000 27,o00 47,500 55,000 
 26,000 36.000 
 47,000 62,000
27,500 36,500 
 52,500 67,500 ;3.000
40,000 50.000 07,000 75,000
'45,600 50,000 53,870 
 17 600 
 23,600 29,600 -37.00.
28,800 34,800 40,800 48,800 28,600 
 34.80D 40,800 48,800
39,800 45,e00 
 51,000 59,800 49,600 
 55,6UQ 61,600 
 69,600
2E,00 34,800 40,00 48,800 28.800 34,800 4840,800 ' 8o00248,0 34 800 40,800 48.800 220.600 360.0n 595.nn 7fll Ann 

SPECIFIC AREAS' MF
MIDDLE. CROSS: SECTIONS OF BRANCHES IN,METERS 
MAIN CHANNEL .
 

AO(I), AH(I) 

102,500 789,200 
 102,500 789,200 
 102.500 789.200 
 1020500 789,200
102,100 588,o5O 123,800 658,800 
 46,600 261,040 73.370
88,500 3810i0o 119,000 392,020
252,000 176.600. 827,300 95,600 202,000
141,970 345,770 

50,900 

27,700 328,000 73.250 306,700 108;950 328,400
267,000 72,960 367,700 164,000 341,500 99,200 
 273,100
25,570 209,900 27,890 180,140 85.030 
 375,700 84,800 325,0o
62,800 162,100: 61,500 275,000 .95,400 388.OO 
 95,400 388,000
128,400 498,000 157,500 
 595,000 95,400 388,000 95,400 
 388000

95,4M 00 . oto.O 662,500 250500 
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SPECIFIC ELEVATIONS OF UPSTREAM CROSS SECTIONS OF BRANCHES.IN METERS
MAIN CHANNEL 

EUSI(I), EUS2(I), EUS3(I), EUS4(I)
 

13 250 185 22,8* 0,450 15,850 20,050
11.450 i0 8.65o 

5,400 7,200 12,600 16,800 0,350 2,20 7,750 1,,850 
-1,150 -0,500 1.400 4,200 01.650 .0,8DO 0,700 2,600 

.3,000 .2#400 .1,000 ,00 -3,0o00 .500 .1.500 1,000 

.1,400 0q400 0,900 2,60 0 2,340 w0,940 0,310 1,860 

.4,200 -2,950 -0,550 1,550 -2,160 -1,0I0 0.190 1,190
 

.1,900 09200 1,450 :2,700 -2,300 .1,850 -0,250 .3,500
 

.1,350 0,000 1,200 3,700:.- 0,250 1,1 0 2,450 4,800
 

.0,400 0,250 1,750 3,:750 2,550 49050 6t550 9,550

3,400 6,800 8,050 9,200 4,400 61600 7,550 9,800
 

3,900 4,700 6,250 8,600 0.200 1,400 2,750 5,700
 
8,500 3.400 4,500 5,500 8,000
1,700 3,200 5,200 

62,000 009533 0,467 1,46? -1.860 1,200 4.200 8,200 

p 6. 6 3,j 66 660. _Z8OQ.0 0 O.0. 3 280 721.0. 

.3,360 .o,340 2,660 6,660 -3,880 9 ... 2070 6,070o 

.0,210 2,870 5,870 8,070 -0,680 2,320 5,320 9,320 
1,20 4.. 120 8920 -2,500 .0."0 0,750 2,.50o1,920 8 

SPECIFIC TOPWIDTHS OF UPSTREAM CROSS SECTIONS OF BRANCHES IN METERS 
-MAIN CHANNEL 

TUSl(I), TUS2(I), TUS3(I), TUS4(I) 

30,000 52t000 78,000 90,000 30,000 52,000 78000 90,000 
30,000 52,000 78,000 90,000 30.000 52,000 78,000 90,000 

63,000 93,000 104.000 11j5,000 70,000 111.000 156. 000 180,000 

27,000 42,000 64,000 84,000 59,000 78,000 88,000 102,000 

50,000 77,500 118,000 140,000 42.500 45.000 47,500 50,000 

52,000 96,000 130,000 161,000 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 47j500 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 58,000 83,000 106,000 25.000 37.500 50,000 64,500 

15;000 27,000 47,500 55,000 26,000 36.000 474000 62,000 

27.500 316500 52.500 67,500 33.000 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
 
55,600 69,600
39,800 45,800 51,800 59,800 49.600 61,600 


2.8,800 34,800 s40,800 48,800 28,800 34.800 40,800 48,800
 

28.8,O _34j_0o....40,800 48,800 220,000 360,000 525.000 700,000
 

http:BRANCHES.IN
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SPECIFIC AREAS OF UPSTREAM CROSS SECTIONS OF BRANCHES IN METERS.
 
MAIN CHANNEL
 

AOUS(I), AHUS(I)
 

102,500 789,200 
 102,5oo 719200 102,5bo 789-200 102o500 789,200.

102,100 588,050 123,800 658,800 46.600 261.040 73,370 
 392,020

88,500 381,10 119,000 252,000 176,600 827,300 95,600 202,000
 

141,970 345,770 27,700 328,000 73.250 306,700 
 103,950 328 400
 
50,900 267,000 72,960 -367,700 164.000 341,500 99,200 273,100
 
25,570 209.900 27,890 180.140 85.030 375,700 84,800 315,000
 
62,800 162,.00 61,500 275,000 95,400 388,000 95,400 388 000
 

128,400 498,000 157,500 595,000 95.400 388,000 95,400 388,000
 
95,400 388.000 662.500 2505.000
 

SPECIFICELEVATIONS OF DOWNSTREAM CROSS SECTIONS OF BRANCHES IN METERS 

MAIN CHANNEL 

EDS(I), EDS2(I), EDS3('I), EDS4(I) 

855 0 350 I5,750 19",950 5,$50 7,3O0 12,750 16,950

0,500 2,300. 7,700 -0,850 1,0,0 6,550 10,650
 

=1,650 -il000 01900 !%3,700 -2.950 -2.10 -0,600 1,300

W.3,000 -2,400 -1,000 1,100 -1,900 .1,400 .0,400 2,100

.2,600 -i,600 0,.300 1,.400 -2,660 -1.2o0 -0,010 1,540
 
01,600 -0,350 2,050 4,150 -2,340 -1.240 
 0,0O 1,010

-4,300 =2,200 -0,950 0,300 -2,300 . 850250 3,500

-1,750 .09400 0,800 3,300 -0,650 0,7kO 2,050 4,400
 
-1,400 ,",750 0,750 2,750 0,450 1,9 0 4,450 71450
 
1,800 5,200 6,450 7,600 3.900 6,.10 ,050 9,300
 
3,900 4,700 6,2M0 8,600 3.800 5.000 6,350 9,300
 
1,300 2,800 4,800 8,100 1.,400 2.500 3,500 61000
 

94,400 - l933 .0,933 0,067 -2.260 0,800 3,800 7,800

-2,800 01120 3,120 7,120 -3.360 -0,2§0 2,720 6,720

-3,880 .0,860 2,140 6,1f.0 '4.420 .1,470 1,530 oi5,30
 
-0,680 2,400 5,400 8,400 -1.130 1.80 4,870 61070.
 

154 -5A.~q 4,500. 8,.500 -5.500 .3,860 -2,250 0.10,0. 
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'SPECIFIC TOPWIDTHS OF DOWNSTREAM CROSS SECTIONS OF BRANCHES IN METERS
 
MAIN CHANNEL
 

TbS1(I), TDS2(I), TDS3(I), TDS4(I):
 

30.000 52.000 78,000 90.000 30,000 52.000 78,000' 90,000
 
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 88,000 102,000 
50,000 77,500 118,000 140,000 42.500 45.000 47,500 50,000 
52,000 96,000 130,000 161,000 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 83,000 106,000 25,0,00 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 45,800 51,800 59,800 49.600 55,600 61,600 691600 
28,800 34,800 .40,800 48,800 28.800 34,800 40,800 4818.00 
2.8,800 34,800 40,800 48.800 220.000 o6.o00 25,00 700,000 

SPECIFIC AREAS .OF DOWNSTREAM CROSS SECTIONS OF BRANCHES IN METES.
 
CHANNEL BRANCMAEIN 


AODS(I),. AHDS(I) 

-L02 00 789,200 102,500 789,200 102,500 78,200 78920629-5O0 

.02.,00 588,050 123,800 658,600 46.600 261,040 73.370 392,020 
88s500 3B,lO0 119,000 252,000 176.600 827,300 95,600 202,000 

141 970 345,770 27,700 328,000 73,250 3069700 108,950 328,400 
50,900 267,000 72,96U 367,700 164.000 341,500 99,200 273,100 
25j570 209,900 27/,90 180,140 85.030 375,700 84,800 3150100 
62,800 162,100 61,500 275,000 95.400 388,000 95,400 388,000 

128,400 498,000 157,500 595,000 95,400 388.000 95,400 388,000
 
95,8400 388,000 662,500 2505,000
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SPECIFIC ELEVATIONS OF MIDDLE CROSS SECTIONS OF BRANCHES IN METERS
 
DEEPENING SECTIONS, MAIN CHANNEL 

EE1(1), E.E2(I), EE3(I), EE4(I) 

4000 4,0850 6,000 '50 ,37 o
5,000 
80400 oo'o 80500 9,500
7,000 ,
7 70' .0 4,000 5t"250 6,500 7500
 

SPECIFIC TOPWIDTHS OF MIDDLE CROSS SECTIONS OF BRANCHES IN METERS
 
DEEPENING SECTIONS, MAINCHANNEL
 

TTI(I), TT2(I), TT3(I), TT4(I)
 

50,000 50,000 58,000 107,000 50,.000 50.060',05.'500 64 5p00500. 5,0 ~55000. 50,000 50,000 5?0ooo 62:'00 

SPECIFIC AREAS OF UPSTREAM CROSS SECTIONS OF BRANCHES IN METERS 
DEEPENING SECTIONS, MAIN.CHANNEL 

142o500 4026 268,000 2o 33i 50b" f7g.3o039Is 00 ~s.QO0 298;360 

SPECIFIC ELEVATIONS OF UPSTREAM CROSS SECTIONS dF ,BRANCHES IN METERS 

DEEPENING SECTIONS,- MAIN CHANNEL ".
 
EEUS(I), EEUS2(I), EEUS3(I), EEUS4(I)
 

4,800 5,650 6,800 9,200 
 5,300 7,650 aot 9,800
5,000 0ooo 70 0 
 2.200 3.4 0 4,700 ".,700
 

SPECIFIC TOPWIDTHS OF UPSTREAM CROSS SECTIONS OF BRANCHES IN METERS 
DEERENING SECTIONS, MAIN CHANNEL 

TTUS(I), TTUS2(I), TTUS3(I), TTUS4(I) 

50,000 50,000 58.00U. J07,000 50,000 ,'0"00 57,500 64 0050,000 50.o0o 
 52.500 55.000 
 50.000 50,000 
 57.OOP 62.000
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SPECIFIC AREAS OF UPSTREAM CROSS SECTIONS OF BRANCHES IN METERS'
 
DEEPENING SECTIONS, MAIN CHANNEL
 

AAOUS(I), AAHUS(I)
 

"42500 402,600 268,000 391,000 250.000. 331,5 00 '21723000
 

SPECIFIC ELEVATIONS OF DOWNSTREAM CROSS,SECTIONS OF BRANCHES IN METERS 

.DEEPENING SECTIONS" MAIN CHANNEL 

EEDSI(I),. EEDS2(I), EEDS3(I), EEDS4(I) 

1 %b'.17600*5200 ...4, 4.88,300-
S 77o8550 00. 70.000 , 

SPECIFIC TOPWIDTHb OF DOWNSTREAM CROSS SECTIONS OF BRANCHESIN 
DEEPENING SECTIONS, MAIN CHANNEL 

METER1 

TDS.(I)t TTDS2(I)v TTbS3(I), TTDS4(I)-. 

96. a - '00- -5800 10 0.~ 0 so 750 610 

. ..... o 52,p 00 55 000 50,.000 50.000 5 7 .000 62.000. 

SPECIFIC AREAS OF DOWNSTREAM CROSS SECTIONS OF BRANCHES IN METERS
 
DEEPENING*SECTIONS, MAIN CHANNEL
 

AAODS(I), AAHDS(I)
 

4200. ,0. 268,000 39.?.00.0 250,000 331,.500 17. n
7g, 29, 300
 



SPECIFIC ELEVATIONS OF MIDDLE CROSS SECTIONS.OF BRANCHES IN METERS
 
RIGHT BERM
 

EY1(I), EY2(I), EY3(I)
 

100,000 10',000 100,000 100,000 100,000 100,000 
100o000 100,000 lI00,000 1o00,00 100,000 100,000 
100,000 100,000 100,000 100,000 100.000 100,000 
103o000 t00,000 100,000 100,000 100.000 100.000 

1,900 34,00 5,000 100,000 100.000 100,000 
2,000 3,500 5,000 100,000 100.000 100,000 
2,500 3,700 5,000 5,000 7,100 10.000 
5,000 10,000 15,000 10,000 10.000 15,000 

10,000 10,000 15,000 10,000 13,800 15.000 
10,000 12,o100 15,000 7,350 7.350 10,000 
7,200 7,200 10,000 8,100 8.100 109000 
8,700 8,700 10o000 81700 9,600 10,000 

100,000 100,000 100,000 100000 100.000 1009000 
100,000 100,000 100,000 100,000 1.00,000 100,000 
100,000 100,000 100,000£0000 100000 100,000 
100,000 100,000 100,000 £00o000 100.000 100,000 
100,.qo o.100.000 100,00 2q.600 3.500 5,000 

SPECIFIC TOPWIDTHS OF MIDDLE CROSS SECTIONS OF BRANCHES IN HETERS
 
RIGHT BERM
 

TY1(I), TY2(I), TY3(I)
 

0,000 01060 0,000 0,000. 0,000 0,000
 
01000 09000 0.000 0,000 0.000 0,000
 
0,000 0,000 0,000 0,00.0 :0000. 0,000
 
0,000 0,000 0,000 0,000 0.000 0,000
 

3300,000 7800000145000oQ 0,000 0.000 0,000
 
3300,000 8200,00013400,000 00.00 0.000 0,000
 
1400,000 3300,000 5200,000 1050,000 1650.000 2450,000
 

50,000 1500,000 2400,000 50,000 2700.000 3700,000
 
100,.000 10009000 3550,000 100,000-3400.000 4400,000,
 

3300,000 4350,000 5750,000 2000,000 3100,000 3250,1.00
 
2000g000 4700 000 5000,000 3500,000 5700,000 6600,000
 
3000,000 6000,000 7200,000 1250,000 2550,000 2900,000
 

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 01000 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 3700,000 6250.00010100,000
 

http:3250,1.00
http:SECTIONS.OF
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SPECIFIC ELEVATION$ OF UPSTREAM CROSS SECTIONS OF BRANCHES 
IN NLkJkI 

RIGHT BERM
 

EYUS1('I), EYUS2(I), EYUS3(I)
 

10o,00 o0001 0o,0o j 0,000 o lo0boo0
0oo0.000 

100000 100,000 100,000 1000.000 100000 4.0,000
 

100,000
100,000 100000 	100,000 100,000 100,000 

10o,000 100.000 	 J,00,000
100,000 100,000 	 100,000 


3,100 	 5,000 100,000 100.000 100,000
2,000 

2,300 3,500 	 5,000 100,000 100,000 100,000
 

5,000 5,000 10.000 15,000
2,500 	 3,800 

5,0aO 5 nno 12,500 	 10i000 10,000 22,900
 

10,000 13.900 15,000
10,000 15,O00 	 15,000 

7,100 	 8,300 10,000
.10,000 10,000 	 12,000 


7,600 10,000 	 10.000
7,600 	 7,60 8,800 
8,700 	 9,600 10,0.0
94150 10,00 10 000 


100,000 100,000 100,000 100,000 100,000 100,000
 
10,000 	100.,.000
t00,000 00000n 	 100,000 j00,000 


oo000 o,noo .;oopoo oo,ooo 1oo,.ooo .0,0o
 

1004000 i00,000 100,000 100,000 i00.000 100,000
 
100,000 o.10000 	100,000 P.700 3.600 9.100.
 

SPECIFIC TOPWIDTHS OF UPSTREAM CROSS SECTIONS OF BRANCHES 
IN METERS
 

RIGHT BERM
 

TYUS1(I),.TYUS2(I), TYUS3(I)
 

-0,000 0,000 	 0000 0,000
0,000 	 0.000 

0,000 0,000


0,000 0,000 	 0,000 0,000 


0,000 ooo0 	 0,000 0,000 0.0 0
 
0,000
0,000 	 0,000
700,000 	7500,00012000,000 
 0,000
0,000 	 0,000
A 0,I00 	7000,00010900,000 


1001000 1050,000 1840,000
270,000 	 780,000 1250,000 

400,000 1100.000 2300,000
350 000.1500,000 2450,000 


3650,000 	4700,000.

3000,000 3300,000 	3400,000 .00,000 


2900,000 3400,000 4000,000 4500,000 4800,000 5200,000
 

2000 000 3000,000 3900,000 3000,000 6300.000 7000,000
 

3000,000 6400,000 7400,000 1250,000 2550,000 
2900,000
 

0,000 	 0,000
0,000 0,000
0,000D 	 0,000 

0000 04000 	 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 3700,000 6250,0000100,0Q...
0.000 	 0.0'06 
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SPECIFIC ELEVATIONS OF DOWNSTREAM CROSS SECTIONS OF BRANCHES IN METERS
 
RIGHTBERM 

EYDS,(I)9 EYDS2(I),EYDS3(I)
 

100,000 ,00,1O3 100.000 '100,000 100.000 100,000 
100,000 100,003 100,000 100,000 100,000 100,000 
100,000 100,003 100,0,00 ±00,000 100.0.00 100,000 
100,000 100.000 100,000 t00,000 100.000 100.000 
'2:500 3,700 5,000 100,000 100,000 100,000 
2,000 
2,300 

.3,100 

3,503 
5.000 
5,000 

i0o,0oo 
3,300 

100,000 
3.800 

100,000 
.5,0UO 

10,000 10,000 22,900 13,000 15,000 .15.000 
10,000 13,900 15,000 10,000 10.000 12.0.00. 
7,100 8,300 10,000 8,700 8.700 8.700 
8,800 10,000 10,000 9,150 10.000 10,000 

100,000 100,00,1 100,000 100,000 10.0.000 100,000 
o0,000 100,003 100,000 ±00,000 100.000 100,000 

-100,000 o0,0,0' 100.000 100,000 100.000 100,000 
100,000 100,0.00 100,000 100,000 100,000 100,000 
I0,000 _10, 00 ±00,000 2 ,700 3,600 5,100 

SPECIFIC TOPWIDTHS .. f, DOWNSTREAM ,CROSS. SECTIONS OF BRANCHES IN ,METERS" 
RIGHT BERM 

TYSI(I), TYPS2(I ),TYDS3(I) 

.0,000 n,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 0,000 0.000 0,000 0,000 0,000


3:900,000 8100,0012900,000 01000 0,000 0,000
 
3500,000 7500,00012000ono 0 o000 0.000 0.009
 
4000,000 7000,fn010900,000 270,000 780,000 1250.000
 
100,000 1050,000 1840,000 350,009 1500.000 2450,000
 
400,000 11000,00 2300,000 3000,000 3300.000 3400.000
 
100,000 3650,000 4700,000 2000,009 3400.000 4000.000
 

4500,000 4800,000 5200v000 1000,000 300.000 3900,000
 
3000,000 630i,00" 7000,000 3n00000 6400.000 7100.000
 

o,oo 0000 ,000 0000 0.000 0000
 
0,000 0,000 0,000 - 0,000 0,000 0,000
 
0,000 0,000 0,000 0,000 0,000 0,01)0 
0,000 0,00 0,000 0,000 0.000 0,000.
 
0.000 0.:o 0,000'3700 000 6250,000t.0100000
 



SPECIFIC ELEVATIONS OF MIDDLE CROSS SECTIONS OF BRANCHES IN METERS .
 
LEFT.BERM 

EXI(I), EX2(I)' EX3(I)
 

100,000 100,000 100,000 100,000 100.,000 100.000
 
100,000 100,000 100,000 1O0 1,000 100,000 100,000

100,000 ±o00o oo,000 i0o,o00 100,ooo .100,080
000 


100,000 100,000 100,000 1O0,000 100.000 100.000 

3,000 30(00 5,000 100,000 100,000 100,000 
2,200 3,500 5,000 100,000 100,000 100,000 
2,200 3,500 5,000 4,500 5,000 10,000 
3,000 5 000 10,00o 12,500 30,000 30.00 

10,000 15,000 15,000 10,000 20.000 .30,000 
8,500 10,000 10,500 7,000 8,700 10,000 
1,300 7,300 10,000 10,000 10,000 .20,000 

10,0000 20,000 25,000 10,000 16,200 20,000 

100,000 100,000 100,000 100,000 100,000 100,000
 
100,000 100,000 100,000 100,000 100,000 100,000
 
100,000 100,000 100,000 100,000 100,000 100,000
 
100,000 100,000 100,000 100,000 100.000 100,000
 
100,000 100,000 100,000 2,000 3.000 5.000
 

SPECIFIC ,TOPWIDTHS.OF MIDDLE!CROSSI SECTIONS OF BRANCHES IN METERS. 
LEFT BERM 

.?0,000 0,fl00 0,000 "0,000 0.000 0,00 
0,000 0,00 O ,000 "0,000 0,000 0,000 
0,000 0,000 0,000 0,000 0,000 0,000 

1050,000 160n,000 2350,000 0,000 0.000 0,000
 
1000,000 2000,000 3150,000 0,000 0000 0000
 
1300,000 3800,000 5400,000 5350,000 6400,000 6800.000
 
400,000 14004000 2350,000 270,000 450.000 750,000
 

50,000 10n nmO 1000,000 .700,000 850,000 1350.000
 
150,000 300,000 350,000 350,000 500.000 600,000
 
550,000 114noo 1850,000 150,000 500.000 600.00'0
 
50,000. 350,000 650,000 650,000 1450.000 1900,000
 

0,000 0,000 0,000 0,000 0,000 0 000.
 
0,000 0003o 0,000 0,ooo 0000 0000
 
0,000 00nO0 0,000 0,000 0,000 0,000
 
0,000 0,000 0,000 0,000 0,000 0,O00
 
0,000 .0,000 0.000 1360,00n 3100.000 6550,000 
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•SPECIFZC ELEVATIONS OF UPSTREAM CROSS SECTIONS OF BRANCHES Z'METERS 
LEFT BERN
 

EXuS1(I), EXLS2(I), EXUSeI)
 

I COO, 10(000 
1001*000' 100,000 
100,000 100,000 

100,000 
.100,000 
100,000 

100,000 
1.00,000 
100,On0 

100,000 
100,000 
100.000 

100oc 
100,000. 
10040001 

±loolooo 
2,8000 

100o0.o0 
40oW0 

ioo:ofOo 
50000 

1oo'qoo
1001000 

100.000 
100.000 

10090ou1 
100,0011 

2,000 
3,000 

10,000 
10,OOO 

3,qn0 
4,000 

15,o00 
20,000 

5,000 
51000 

15,000 
22M00 

100,000 
r,00 

10,000 
11 0on 

100.000 
5,000 

12,500 
200000 

100,000 
10000 
23,00n 
28,000! 

7,900 
7,500 

8,900 
10,00 

10,000 
20 ono 

1,0000 
10,000 

9,000 
20.000 

%0000 
25,O0O 

0,000 
±00,000 
100,000 

20,O0 
0oooo0 

100,Ooo 

25,000 
100,OOO 
100,000 

10,OO 
100,000 
100,0On 

16,200 
100.000 
100,000 

20,O00 
100,000 
100ou0 

1000,00 
10,o00 
DIDa00 

100,000 100,000 
100,000 100,000 
.0 m0.0n. 100,000 

100,000 
n00o 
2,100 

100.000 
100.000 
3100 

100,000 
100,000, 
Soon 

SPECIFZC TC=A10hi OF'UNSTREAM CROSS SECTIONS OF BRANCHES ZN ,METERS
 
LEFT BERN
 

TXUS1(I), TXU62(Z), TXUSV(I)
 

,;O'o 0,P060 00000 no,00 0.000 00000 
3,000 0,0o0 0000 cO00 01000 0,Ou0' 
0,o00 0,000 0000 0,000 co00 cocoO
 
0,000 0,000 DaO0 0,000
0,000 0000 


&02OO0 214C0o0 ,OOO 0.000 0,000
30000 000 

1100,000 2360,S00 44A0,000 ooon 0.000 0oUn
 
3000,000 55009PRO 9200.000 '100000 3800.000 430O0OO
 
.1200,000 155,oo00 1850,000 40000 1000.000 1100,0-00

500,000 690nWo 00.0n0 650,000 990.000 1050.000
 
200,00.. 490,OnO 700.000 3W1,000 720,000 10,00On
 

1000,000 le1SO~n 2250.000 5SP,,fO00 600,000 1n00000
 
210,000 600,000 750,O00 60,00OG 1450.000 1900,Og

0000 0000 0.000 no00 0.000 0000
 
0000 0.qo0 0000 01000 0.000 0,00n
 
0.000 0,00O 0,000 0,000 0.000 0000
 
0,000 0000 0,000 0,000 0.000 0o0o
 
0,000 0oo0 0,000 136n,000 31000000 6550,000
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SPECIFIC ELEVATIONS OF DOWNSTREAM CROSS SECTIONS OF BRANCHES IN METERS
 
LEFT BERM
 

EXDS1(Z), EXDS2(I), EXDS3(I)
 

100,000 
100,000 
1000000 

onol ±,0ooo 
t0i,o ) Loagooo 
lOn0fl 10o.oo 

LOi)1100 
10,1100 
101,100I 

100o000 
1oo,oo 
n00l 

±ooouo 
oo0o00 

iO0.0'O 
100,000 ±onoln 1oo.00looo oilato onoo 

2,000 
2,1)0 

3,0)0 
4.11l) 

5,00Q 
590no 

.1011fl0o 
tOunl,0 

200.000 
100,000 

tOOn000 
10000 

2,00 I,r'l, b, :O,300 4.000 5,0u0 
5,000 .,ln 10.000 10,000n 15.000 19,000 
17,500 1',90o 23,000 10,600 20.000 22,500 
12,000 Roloni 213,000 7900 50900 10.000 
8,000 9.101 10.000 Jb700 10,000 20,000 
10,000 

100,000 
100,000 
100,000 

2Voll) 
lo0.l0)
t00.Jc 
10001) 

P~.oo0o liiooo 
100.000 ±00,000 
1l0 000 
100000 00,000 

20.000 25,000 
1(0000 100,000 
%00,000100 0000 
1A30.000 100,000 

100,000 1010.0) 1 00000 1Oo0ll0 100.000 100.000 

100,000 ±00, 100,00 P,4100. 3100 5.100 

SPECIFIC TOPWIDTHS OF DOWNSTREAM CROSS SECTIONS OF BRANCHES ZN METERS
 
LEFT BERM
 

TXDS1(1), T02(l), TXDS3(I)
 

0,000 0C,0n 0,000 .0000 0.000 0,000
 
0,000 p,000 0,000 0,000 0.000 0,000
 
0,000 noonn 0,000 11,000 0,000 0,0000
 
0,000 ol0fl 0.000 (l,00 0,000 0,000 

1100,000 320ol lai) 3300 0000,O00 0.000 0,00 
1020,00,0 214t00O 3100.00 ulo0) 0,000 0,000 
1100,000 2360,fO0 4440.000 -11)0(11110n 55o,000 5200,000
 
100,000 340nonOl) 43J0,0n0 00n$000 1550.000 1050,coo
 
40,000 1000,nmfl ,1O.000 401,fnoo 650.000 000:90O
 

650,000 950,nn') 0op.OOO noi,00oon 450.000 700,000
 
380,00-0 7?fl,nnl~ 110n.000 !.fl0,fl0 1050.000, 2250v000
 
50,01 66,00) ino160,o00 210,n00 6J0,000 750,001
 
0.000 o norl 0,000 nio00 0,000 ojOo
 
0,000 n,0110 0,000 ooon 0,000 Oool
 
0.000 10,'0 0,000 0,00O 0,000 0,000 
0,000 0nn1 0.000 no0 0,000 0,000 
01000 0,0a0 O,OO 1360,000 3100,000 6550,00 



ELEVATIONS-SURFACE AREAS OF LAKE BATO 

EBAT(I), SFBAT(I)
 

000 6.o0oooo0.6 1,0 6.000000.006 2900 6,0000000o006 3,00 1,000000*007

4,00 1,500000n+037 5,00 2.L000000*007 
6.00 3.6000000.007 7v00 4.2500000+007
8,00 5,000000n03.7 9,00 5.6000000+007 L0,00 6.2000000.007 11:00 7.0000000.007

12,00 7,750000n+007 13,00 8,k00000 007 14,00 9.3500000.007 15.00 1.0200000*00U 
16,00 1,070000n,008 17,00 1,120000008 18,00 1.1650000+008 19,00 1.2100000+00w 
20,00 1,250000.r)08 21,00 1.2900000+008 22,00 1.2900000.008 23.00 1.2900000#00 

ELEVATIONS-SURFACE AREAS OF LAKE BAAO
 

EBAO(I), SFBAO(I)
 

0.00 Z.000000o06 - 1,00 2.0000000+006 2,0 2.0000000+006 3,00 2,0000000+0064,00 2,000000on*36 5,00 2,7000000.007 5,50 3.5000000.007
6 6,00 4.1000000.001
 
504,70000fn 007 7.00 5.2500000,007 7,50 5.7500000+007 8.00 6.250000000i
 

8.50 6,70000'0n*007 9,00 7.150n000007 9,50 7.600000n+007 10,00 8.1000000*007

10,50 8,500000nf037 11,00 8,9*0000.007 11,50 9,4000000.007 12,00 9.8500000.007

13,00 1,0700000,008 14,00 1,1600000.008 15,00 1.2400000.008.16,00 1,2400000-00i
 

ELEVATIONS-SURFACE AREAS OF POLNTUNA. RESERVOIR 

EPOL(I), SFPOL(I)
 

0,00 0,000000000.0 1,00 0,0000000.000 2,00 0,0000000.000 3,00 0.0000000.00hb

4,00 0,0COOOO.000 5,00 0.0900000000 6,00 0.00000004000 7,00 0.0000000.000
8,00 0,000000n+030 9,00 0,0000000-000 10,00 0,0000000*000 11,00 2.5000000.005
 

12,00 5,000000n+035 13,00 8,0000000+005 14,00 1.2500000.006 15,00 1.6000000.006
 
16,00 2,00Q0000n,06 17,00 2,5005000006 18,00 3.0000000.006 19.00 3,5000000.006

20,00 3,800000nA036 21,00 4.2500e000006 22,00 4.6000000*006 23,00 5.2000000.00i
 
2,00 5,500000r+016 25,00 6.1000090006 26,00 6.5000000.006 27,00 7,0000000*000

29,00 7,500000G+,006 29,00 8.0000000.006 30,00 8.5000000*006 31,00 9,0000000*006

32,00 9,500000n.016 33,00 1,0000000.007 34,00 1,0500000.007 35,00 1,1000000+007

36,00 1,150000n.097 37,00 1,2000000.007 38,00 1.2600000+007 39,00 1.3290000*e007
 
40,00 t,3700000+037 50,00 1,9500000007 60,00 2.6000000.007 70,00 3,3500000-007
80,00 4,20 00 0o 07 90,00 5.2000000-007100,00 6.5000000+0071:10,00 8.2500000.007
 



HYDROLOGIC AND PHYSICAL INPUT INFORMATION 

FOR SUBROUTINE DESNIN, BICOL FLOOD CONTROL SIMULATION MODEL 

--3141000 564,000 432,000 460,000 
080,400 0,200 0,200 01300 

-0650 
.0:075 
0,108 

0,69n 
0,7n6 
0,362 

0,510
0,139 
0,245 

0850 
0,052 
0,121 

04020 
Cg076 

01013 
0,042 

0,006 
0,027 

0,000 
0,017 

01000 
-

03000 
,0 

Line 087w .77

1 KODE =1 for model calibration, other-than 2? for design study 

2 Symbols for plotting 

3 RAIN2, RAIN6, RAINl4, RAINDE -50 year design 2 day rainfall in mm at station Nos. 29 6,1i4 and 
basin respectively 

4 RCI(I = 1,4) - Pre-storm runoff coefficients for Thiesen polygon Nos. 1, 2, 3 and floodplain areas 
respectively 

5 RC2(I = 1,4) - Runoff coefficients during and:after the storm for Thiesen polygon Nos. 1,2, 3 and 
floodplain area respectively 

6 DIMl(I = 1,10) - Distribution graph for catcbments with area less than or equal to 50.Sq.Km. 

7 DIN'2(I = 1,10) - Distribution graph for catchment with areas greater than 50 Sq.Km. 

8 EB,CB - Regression coefficients of the base flow-catchment area relationship 



6.9 ",....
10 5 -0 -',- of 0o2n30-0,0 22 20,0Mot -0 0 0Go... ... - 0. 3 0 ..0, .0 .316 0,0,0 . .. . .. .. . ... ...... ..... L .... "Ov . . .... 0 ..
3,3 1,5 .00 5,-8 4,8 v00-0w,0 ,0 ,205 -00
00, -0,0 -0.0.. _Gin .0,01 -0,0 moon 
 5.1 -0.0 1092 1153 212:4 7,4 .,010 1 , . 261. 76 3,6 4,6 11,4 21, 1. 24,1
5 6 2 . , g o , v,- 1 t, 0 , 0 0 43,9 4,8.... .... . 4".
.0 ,8 .. 0.. 0 4 g8 
-0,0 2,8 2,0 10,9 13,7 12,7 11,4 19,6 -0,021,1 101,3 104,7 13.2 1-0,0 -2,0 372 26,7 31,7 41,9 10,9 
28,7 34,8 25,9
 

RI~,I = 1-91) - Daily rainfall in mm-at Station No. 2 (Sabang, Sipocot), Sept. 1 to Nov.30- 1970:
 

6i ......
~ ,::9'24-.9 o.034 491.5 13u, 0,0 0,00 0 0 pie0 0 9, 49 
0 , p 1. 

0 0 0 ,5 1.3 38,4 

0,5 2,5 5,6 15,0 906 0,5 42,2 .496 30,7 ,1 22,9 1.5 00 7,6 10,2
1,3 1, 1 .,215,5 0,5 0.5 
 8 ...1,2 .. 0,13... ,4 3,6
0,0 0,0 l,O_ 47,8 0,0 1.6,5 0,0 nic 0,0 5,8 201"-1,1 24,6 015 OIT 0,0o 8v2 0,5 5,6
0,9 0o0 0,0 0.0 0,0 
 10,2 2,5 3,3
o,2 8,6 6,4, 0o0
10,4, 197,1 121,41 15 05 ,0 37,1 2,5 9,6 .3 0,5 24 -, 15,2
 

Rl(2,I =1,91) -Daily rainfall in mm at Station No. 6 (Pili), Sept. 1 to Nov. 30,1970 
11 2 -7. 47, 01 , 1 5 01P
 

3 , 6 4 3,5 .0 q0 -0,0 -c~ -0,0 O0,P 13,0 56 99 1',0.0. 0,.8 .9,6 12,-7~112--,0 4,'02

819 3,3 . 

7 , 0? ..1,0 12,2 .3125 69 79,6 0,2 10,2 7 '6,-0.0 -00., 31 n 7,1
-090 3 , -n,0 .6.3 
279' 12',2 14,10,8 211,3 16 2 10-
-0C 0 27,7 115 2,6 4o8 41, 9 10,4 11.3I 0,7 7,6 4,6
-, 41,9 93- -00 
 ?,3 W0,0 0,5 6,-6 -0,0 22.1 2 I 18,625 8,9 21,3 -0,0
 

RI3, 1,1 Dail ranali:ma SainN.1 Gunb ,Sp.- 1; "t 30
o. 190 



0 -01,0 .0 -0,O.0,0 w00 .0a0 0, 0 , D .0,0 .0 0 -000 to-0,0 -0,0
.o00 .-n0 1 .oo -on 0,0.0,.0 .0, oo .oo00 -0, - , 0 .,0 0,o0 .00o 

11,0 11.0 11,0 11,0 111 11, 1.1,0 11,0 11,0 11,0 11,0 230,0 230,0 9.5 95 
9 5 9,5 9,5 .9,5 95 9 5 9,5 9' 995 9,5 9,5 9,5 9,5 9.5 915 
9,5 -,0 9-0 , 0 0:bw 090 0,.u,0 ,0,0 -0,0
-n10 -0,0 a1 -0,,0 -0o0,0 -0,0 -oo 

-0,0 Me,0 -0,0 .0.0 - 3 1 .00 -0,0 -on 0 -0,0 100 . 0,0 -00 .0,n -0,0 -010 

R2(1,I = 1,91) - Estimated 50year design daily rainfall-in mmiat Station No. 2 (Sabinge Sipocot) 

11,0 11,0 11,0 11,0 -11,0 11.,0 11,0 11,0 11,0I 11,0 11,0 230,0_-230,0 9, 5, 9,5 
9,5: 9,5 9,5 9,5 915 9,5 -9,5 9 9,5 9,5 905 9,5' 9,5 '9.5 -9l5 

'.9.0 .0 no -0o 00 -0,0 -00 .0,0 _,0.a - , 0 0, , -.,0oa -o, ,0 ,0 -Oa 0,0o0 

-EstimatedR2(2,I = 1,91) 50 year design daily rainfall in mat Station No-.' (6b 

-a, :-o0,o
-o,oa .o: -0:.,O ,o-00 o: -0: :0 g qo , -o Do::: -0o,0: o,.0 :'-D'IoD
-(. o,:0 ; o . .o,0 -o .
 

-0,0 - -W~, .o,0 
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-EstimatedR1(321 = 1,91) 50 year design daily rainfall-in a-SainNo. 14.(Guinobatan' 
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G(1,I= 1,91) - Observed daily discharge in CMS at Station No. 1, San Francisco Rer atBonbongsuran
Sept. 1 to Nov. 30. 1970.on No. . ...1.-Sa, Francisco River.-at Bonbo- n, 
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G(2,1 = 1,91) - Observed daily discharge in CS at Station No. 14, Pawili River at San Vincente", 
Sept. 1 to Nov. 30. 1970
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G(3,1 =1,91) - Observed.daily discharge-in CMS at Station.No. 20, Yabo River at Yabo Farm, 
Sent. 1 tU An17' 
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(4,1= 1,91) - Observed daily discharge inCHS at Station No. 21, Poluntuna River at Napolidan, 
-Q n- 1 - rnw,An 1flQ7fl 
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G(5,I = 1,91) Observed daily dkchargeinCM48at Station-No. 22, Culacling River,-Sept. 1 to 
Nov. 30, 1970 -. 
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G(6,1 = 1,91) - Observed daily discharge v& CMS at Station No. 23, Yabo.River at Sipocot,. 
S~n: 1t-n unip 'An 107Al 
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G(7,I = 1,91) - Observed daily discharge in COS at Station:No. 3, Ugsong River at Benanam, 
qpnt- 1 tn NOV.. 30.. 1970 
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'(821=1,91) -.Observed,daily Idischarge in QIS at-Station No. 17, Arayan River, Sept. 1 to 
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:102 112 :6 
103 2n 6 
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i105 64' 2 
1106 8!5 2 
.1,07 11 1,4 
108 17 '.6' 

INCA,IS - Characteristics of the eight gage watersheds ([NC.- watershed 
codenumber, series 100;. A -watrshidarea in Sq.I!;ISm af; .l 
station number applicable to watershed) 

201 1 614 232 9 4 2 
202 9 614 233 a8 4 2
203 16 /14 234 8 6 
204 196 37 6 235 646 

0525 6 .236 16 
206 24 16 6 237 837,6
207 14 10 6 238 5 4 6
208 29 2 9 6 239 4 2 '6 
209 19 14 6 240642 2 6, 
210 5 9 6 24 1, 21 8 6 
2111 20 13 6 '242' 9 6 6 
212 *64 2014 243 22' 1214'' 
203 T4 8 6 244814 
214 3 . 17 6 s245 7' 314 
215 1469 46 1171,4 
216 15 86 
 0' 9 314
217 10 7 6 248 9!3 614 
218 66 3n249 91,219 i0 7 6 250 , t4 614 
220 1 '76 '2'.9'19, 8 
221 40 17 2 252 14 ; 314

12222 5 2 2 0 39 6 
223 22 14 2 14 A-6

224 21 1 251 12 6 
225 3 ' 20 .2 256 34' 2 6 
226 17 "7 2 "r 29 6 6 
227 16 142 25 A6 Li. 
228 237 -2 259, 39 L134 
229 '9 32 260 90 .414 

2490!1
230 54' 102 

26± .11 541423 54A 14 2 
26 42 ,0 6
 
263 .1. ,06 

INC,AW,IS - Characteristics 'Of the sixty three ungaged wuLmexneds.
 
(INC- watershed code number, series 200; A-watershed area in
 
Sq.Km; W- iepresentative width of watershed in Km; IS- rainfaii
 
station number applicable to watershed)
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10 	 2, ',36 256 . 
227 .	 14 6*10,50 0 i1 
2 2 26,20 . 2.16 
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.3 2 28,12 2 2 10 
105 106 16 6 10,33 0 1. 
224 228 	 2374 2 4,33 3. 17 	 6 11,25 1 4. 
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W219 210 211 257 246 47 24 ..
24925.0: 
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.208209 218 235 :261 . 

INIS,AA,NG,NU - Input information to nodes. (IN-node number,.
 
IS- rainfall.station number applicable to area oJ node;
 
AM-total flood plain area in Sq.Km in the node region;
 
HG- total number of gaged watershed for the nodes;
 
NU- total number of ungaged watersheds for the nodes)
 


