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PREFACE 

I n  J u l y ,  1982, a  r e q u e s t  was made by t h e  USAID Miss ion i n  M a n i l l a  

f o r  t e c h n i c a l  a s s i s t a n c e  on t h e  d e s i g n  of a p p r o p r i a t e  f l o o d  c o n t r o l  

i n t e r v e n t i o n s  f o r  t h e  B i c o l  River  Basin .  T h i s  b a s i n  c o v e r s  much of t h e  

s o u t h e r n  p o r t i o n  of  t h e  i s l a n d  of Luzon, and c o n s i s t s  of t h e  major 

d r a i n a g e  sys tems of t h e  S ipoco t  River  ( d r a i n i n g  southward toward San 

Miguel Bay) and t h e  more s p a t i a l l y  e x t e n s i v e  b a s i n  of  t h e  B i c o l  R i v e r ,  

c o l l e c t i o n  sys tem d r a i n i n g  nor thward ,  a l s o  emptying i n t o  San Miguel Bay. 

Th i s  r e p o r t  p r e s e n t s  an i n i t i a l  h y d r o l o g i c a l  a s sessment  of t h e  

f l o o d  c o n t r o l  problem and s e t s  o u t  s e v e r a l  a l t e r n a t i v e s  and recommenda- 

t i o n s  f o r  c o n s i d e r a t i o n  and p o t e n t i a l  implementa t ion.  



1 -0 INTRODUCTION 

1.1 Statement Of Problem 

1.1.1. Flooding and f lood c o n t r o l  i n  the  Bicol Rivet  Basin 

The Bicol River Basin,  l oca t ed  on t h e  southern po r t i on  of the  

i s l a n d  of Luzon has a  r e l a t i v e l y  broad and f l a t  f lood p l a i n  ( s e e  Figure 

1.1). The bas in  i s  r inged by h i l l s  and mountains which produce high 

runoff r a t e s .  This  geomorphology and landform c o n f i g u r a t i o n s ,  a long 

with n a t u r a l  f lood p l a i n  vege t a t i on ,  produces slow conveyance r a t e s  of 

f lood waters  from the  bas in .  The f lood  s i t u a t i o n  i s  aggravated and 

en la rged  by s u b s t a n t i a l  n a t u r a l  s t o r a g e  occur r ing  i n  t he  upper po r t i on  

of t he  b a s i n ,  and by the  t i d a l  e f f e c t s  of typhoons on San Migpei Bay, 

which i n  t u rn  i n f luence  flows a s  f a r  upstream a s  Naga Ci ty .  Damage from 

f l o o d s ,  then ,  r e s u l t s  l a r g e l y  from f lood  s t a g e s  exaggerated by t h e  

impact of t i d e s ,  and from prolonged inundat ion  due t o  the  slow r a t e  of 

d r a inage  of the  l a r g e  q u a n t i t i e s  of water s t o r ed  i n  the  upper b a s i n  

lakes .  The major f e a t u r e s  of the f lood c o n t r o l  a l t e r n a t i v e s  t h a t  have 

proposed t o  address  these  problems f a l l  i n t o  two c a t e g o r i e s :  ( 1 )  

s t r u c t u r e s  t o  con ta in  l o c a l  f looding and prevent  f lood  waters  from 

reaching pro tec ted  a r e a s ,  and ( 2 )  s t r u c t u r e s  which w i l l  i n c r e a s e  the 

r a t e  a t  which water can be conveyed from the bas in ,  thereby reducing 

f lood  peaks and decreas ing  the  d u r a t i o n  of inundat ion.  

1.1.2. Previous f lood c o n t r o l  s t u d i e s  

Severa l  ana lyses  of the  Bicol River Basin f lood c o n t r o l  problem 



Figure 1 . 1  Bicol  River Basin 



have been done p r e v i o u s l y .  In  p a r t i c u l a r ,  s o p h i s t i c a t e d  computer 

s i m u l a t i o n  s t u d i e s  have been conducted by t h e  Asian I n s t i t u t e  of 

Technology (AIT) and a l s o  by TAMS Engineer ing.  However, many of t h e s e  

s t u d i e s  focused on i n d i v i d u a l  IDAs i n  t h e  b a s i n ,  and none c o n s i d e r e d  t h e  

e n t i r e  range of f l o o d  c o n t r o l  o p t i o n s  p r e s e n t l y  of  i n t e r e s t  t o  t h e  Bico l  

River  Basin Development P r o j e c t  (BRBDP). Many of t h e  s t u d i e s  used 

d i f f e r e n t  t echn iques  o r  a n a l y s i s  of f l o o d  h y d r a u l i c s  and r e p o r t e d  

r e s u l t s  *n ways t h a t  make i t  d i f f i c u l t  t o  assemble a  c o n s i s t e n t ,  

comprehensive,  basin-wide e s t i m a t e  of t h e  o p t i m a l  f l o o d  c o n t r o l  des ign .  

Moreover, a n o t h e r  problem w i t h  p r e v i o u s  s t u d i e s  i s  i n c o n s i s t e n c y  i n  

t h e  u s e  of t echn iques  t o  e s t i m a t e  f l o o d  damages. I f  f l o o d  damages were 

q u a n t i t a t i v e l y  e s t i m a t e d  a t  a l l ,  f r e q u e n t l y  i t  was done under  d i f f e r i n g  

assumptions  r e l a t i v e  t o :  r e t u r n  p e r i o d s ,  t h e  manner i n  which pr imary 

and secondary damages shou ld  be e s t i m a t e d ,  whether commerical damages 

shou ld  be i n c l u d e d ,  and s o  on. 

T h i s  l a c k  of a  basin-wide h y d r a u l i c  a n a l y s i s  of t h e  s e t  of f l o o d  

c o n t r o l  s t r u c t u r e s  c u r r e n t l y  under c o n s i d e r a t i o n  a s  w e l l  a s  t h e  absence 

of a  c o n s i s t e n t  a p p l i c a t i o n  of f l o o d  damage e s t i m a t i o n  th roughout  the  

b a s i n  l e d  t o  a  g e n e r a l  u n d e r e s t i m a t i o n  of t h e  v a l u e  of f l o o d  c o n t r o l .  

1.2 Types of In format ion  Required 

Flood c o n t r o l  b e n e f i t s  of a n  a l t e r n a t i v e  c a n  be computed through 

c o n s t r u c t i o n  of a  f lood  damage-frequency curve  ( s e e  F i g u r e  1 .2) .  This  

c u r v e  s imply i s  a  p l o t  of f l o o d  damage, measured i n  monetary t e r m s ,  

a g a i n s t  the  r e t u r n  f requency of f lood  e v e n t s .  The expec ted  f l o o d  

c o n t r o l  b e n e f i t  of a  p r o j e c t  i s  t h e  a r e a  under t h e  p r e s e n t  

damage-frequency c u r v e  minus t h e  a r e a  under  t h e  damage-frequency curve  
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t h a t  would r e s u l t  i f  t h e  f l ood  c o n t r o l  p r o j e c t  were b u i l t .  The 

e s t i m a t i o n  of f l ood  c o n t r o l  b e n e f i t s ,  t h e n ,  r e q u i r e s  i n fo rma t ion  about  

t h e  damage t h a t  would r e s u l t  from a  v a r i e t y  of f l ood  even t s  of d i f f e r e n t  

r e t u r n  per iods .  In  p a r t i c u l a r ,  d a t a  d e s c r i b i n g  t he  l o c a t i o n ,  a r e a l  

e x t e n t ,  d e p t h ,  and d u r a t i o n  of i nunda t i on  of d i f f e r e n t  f requency f l ood  

e v e n t s  ( b o t h  w i t h  and wi thout  t h e  proposed f lood  c o n t r o l  p r o j e c t s )  must 

be ob ta ined .  

1.3 Purpose of t h e  Study 

The purpose of t h i s  s t udy  i s  t o  make a  f i r s t  a t t empt  t o  p rov ide  t h e  

i nunda t i on  d a t a  necessa ry  f o r  a  c o n s i s t e n t ,  bas in -wide  e s t i m a t i o n  of 

f lood  c o n t r o l  b e n e f i t s .  Th is  has  been done through t h e  c o n s t r u c t i o n  and 

use  of a  computer model of f l ood  f lows i n  t h e  Bico l  River  Basin. The 

s t udy  i s  cons idered  t o  be a  " f i r s t  a t t empt"  because i t  u se s  d a f a  t h a t  

a r e  r e a d i l y  a v a i l a b l e ,  though perhaps  no t  of t he  q u a l i t y  d e s i r a b l e  f o r  a  

f i n i s h e d  f lood  c o n t r o l  s tudy .  As such ,  t he  s tudy  s e r v e s  - t o  i d e n t i f y  

gaps  i n  t h e  e x i s t i n g  da t abase  which must be f i l l e d  be fo r e  a  po l i shed  

s tudy  can be completed. 

Discussion t o  fo l low covers  t h e  development of t h e  computer model 

of f l o o d  flows (Chapte r  21,  t h e  p rocedures  and d a t a  used t o  c a l i b r a t e  

the  computer model (Chapte r  31 ,  t he  f lood  c o n t r o l  a l t e r n a t i v e s  p r e s e n t l y  

of i n t e r e s t  t o  BRBDP, and t he  computer r e s u l t s  of t h e  a n a l y s i s  of t he se  

a l t e r n a t i v e s  (Chapte r  4 ) .  Conclusions  and recommendations gene ra t ed  

from t h i s  s tudy  regard ing  a r e a s  where f u r t h e r  d a t a  c o l l e c t i o n  and 

r e s e a r c h  a r e  needed a r e  g iven  i n  t h e  f i n a l  s e c t i o n  (Chapte r  5 ) .  



2.0 THE FLOOD CONTROL SIMULATION MODEL 

2.1 Background 

The f l o o d  c o n t r o l  model developed f o r  t h i s  p r o j e c t  i s  based on t h e  

p rocedures  o u t l i n e d  i n  t h e  Asian I n s t i t u t e  of Technology f l o o d  c o n t r o l  

s t u d y  by Ackerman e t  a l .  ( 1975) .  T h i s  model r e p r e s e n t s  the  e q u a t i o n s  

of unsteady open channe l  f low i n  f i n i t e  d i f f e r e n c e  form. Because of 

t h i s ,  c o n s i d e r a b l e  e f f o r t  i s  r e q u i r e d  i n  t h e  s c h e m a t i z a t i o n  of t h e  r i v e r  

sys tem i n t o  a  s e r i e s  of nodes and b ranches .  The fo l lowing  s e c t i o n s  

d i s c u s s  t h i s  s c h e m a t i z a t i o n ,  a s  w e l l  as t h e  d e r i v a t i o n  of  t h e  f i n i t e  

d i f f e r e n c e  e q u a t i o n s  and t echn iques  used i n  modeling l a t e r a l  i n f l o w s  and 

t i d e s  (which r e p r e s e n t  t h e  s e t  of  boundary c o n d i t i o n s  f o r  t h e  model). 

2.2 River Schemat iza t ion  

The unsteady open channe l  f low e q u a t i o n s  used by t h e  model a r e  

known a s  t h e  e q u a t i o n s  of c o n t i n u i t y  and momentum. I n  f i n i t e  d i f f e r e n c e  

form, t h e  c o n t i n u i t y  e q u a t i o n  i s  used t o  o b t a i n  a n  e x p r e s s i o n  f o r  t h e  

e l e v a t i o n  of t h e  wa te r  s u r f a c e  a t  s e l e c t e d  p o i n t s  a l o n g  t h e  r i v e r  a s  a  

f u n c t i o n  of time. These p o i n t s  a r e  c a l l e d  nodes.  The f i n i t e  d i f f e r e n c e  

f o r m l a t i o n  of t h e  momentum e q u a t i o n  i s  used t o  e s t i m a t e  t h e  d i s c h a r g e s  

a l o n g  t h e  reaches  of  t h e  r i v e r  between c o n s e c u t i v e  nodes ,  a g a i n  a s  a  

f u n c t i o n  of t ime. These reaches  a r e  c a l l e d  b ranches .  For t h e  Bico l  and 

S ipoco t  r i v e r  sys tem,  t h e  model accommodated a  t o t a l  of 140 nodes and 



14 1 branches.  l 

In using t h i s  schematized system of nodes and branches ,  t he  computa- 

t i o n a l  procedures  i n  the  model make the fol lowing assumptions: 

1. The water  s u r f a c e  i s  h o r i z o n t a l  a t  each node; 

2. Only one value of d i scharge  e x i s t s  along the  e n t i r e  l eng th  of a 

s i n g l e  branch a t  any i n s t a n t ;  

3 .  Water l e v e l s  vary l i n e a r l y  along a branch between ad j acen t  

nodes ; and 

4.  The s t o r a g e  i n  each node i s  considered equa l  t o  the  volume of 

t h e  water  i n  a l l  branches from t h a t  node t o  a d i s t a n c e  h a l f  way 

t o  each ad j acen t  node. 

Therefore ,  nodes r ep re sen t  s t o r age  i n  t h e  r i v e r  system, and 

branches r ep re sen t  t he  hyd rau l i c  conveyance c h a r a c t e r i s t i c s  of t h e  r i v e r  

sys  tem. 

2.3 Derivat ion of t he  Hydraul ic  Model 

2 .3 .1  General equa t ions  of unsteady open channel flow 

Two p a r t i a l  d i f f e r e n t i a l  equa t ions  can be used t o  d e s c r i b e  t h e  flow 

of water i n  open channels  i n  f lood condi t ions .  The f i r s t  i s  the  

c o n t i n u i t y  equa t ion  : 

1 An appendix l i s t i n g  t he  FORTRAN code f o r  t h e  model i s  on f i l e  with t he  

Clark Univers i ty  Pub l i ca t i ons  under Regional Projects--Natural  Resources 

Management. 



where Q i s  the d i s c h a r g e ,  x i s  the d i s t a n c e  along the channel ,  T i s  the 

topwidth of the  c r o s s  s e c t i o n  of f low,  H i s  the  water  s u r f a c e  e l e v a t i o n  

above some datum, t i s  t ime,  and q i s  the  l a t e r a l  i n f low p e r  u n i t  l eng th  

of channel.  

The second equa t ion  i s  the  momentum equat ion :  

,&a - ,s2 ?A + s22! + 3 + a H  
A a x  A 2  ax A ax  at gA= 

where M i s  a  d imens ionless  momentum c o r r e c t i o n  f a c t o r ,  A i s  the  c r o s s  

s e c t i o n a l  a r e a  of f low,  g  i s  the a c c e l e r a t i o n  of g r a v i t y ,  K i s  a 

conveyance c o r r e c t i o n  f a c t o r  having u n i t s  of meters  t o  t he  s i x t h  power 

per  second squared ,  and Q ,  x ,  H ,  and t a r e  a s  prev ious ly  de f ined .  

I 

2.3.2 F i n i t e  d i f f e r e n c e  formulat ion of open channel  flow equa t ions  

To p r e d i c t  changes i n  d i scharge  and water  e l e v a t i o n ,  Equations 1 

and 2 must be so lved  s imultaneously.  Since t h i s  i s  not  d i r e c t l y  

pos s ib l e  i n  t h e i r  p a r t i a l  d i f f e r e n t i a l  form, the  s tandard  s o l u t i o n  

approach is  t o  r e w r i t e  them i n  f i n i t e  d i f f e r e n c e  form, and then so lve  
. . 

a l g e b r a i c a l l y .  To do t h i s ,  the  r i v e r  f i r s t  i s  schematized i n t o  a  s e r i e s  

of nodes and branches ( a s  d i scussed  above).  The f i n i t e  d i f f e r e n c e  form 

of the  c o n t i n u i t y  equa t ion  is w r i t t e n  f o r  each node i n  t h e  system, and 

the  f i n i t e  d i f f e r e n c e  form of t h e  momentum equat ion  i s  w r i t t e n  f o r  each 

branch. Water e l e v a t i o n s  a t  each node and d i scha rge  along each branch 

can then be ob ta ined  by so lv ing  the  r e s u l t i n g  s e t  of equa t ions  

s imultaneously.  



Equation 1 can  be approximated i n  f i n i t e  d i f f e r e n c e  form a s  

where C Q i n  i s  t he  t o t a l  i n f l ow  i n t o  a  g iven  r i v e r  node,  CQOUt.is t h e  t o t a l  

ou t f l ow  from the  node, H i s  t he  wate r  e l e v a t i o n  a t  t h e  node, t i s  t ime ,  

and F i s  t h e  wate r  s u r f a c e  a r e a  a t  t h e  node. 

Equation 2 can  be w r i t t e n  i n  f i n i t e  d i f f e r e n c e  form a s :  

t- - 

where Q i s  d i s cha rge  a long  t he  b ranch ,  T i s  t h e  average branch topwidth,  

Ais t h e  average branch c r o s s  s e c t i o n a l  a r e a ,  M is the  average  momentum 

c o r r e c t i o n  f a c t o r  f o r  t h e  branch,  L i s  t h e  l e n g t h  of t h e  b ranch ,  K i s  

t h e  conveyance c o r r e c t i o n  f a c t o r  computed a t  t he  c e n t e r  of the  b ranch ,  

u and d a r e  s u b s c r i p t s  i n d i c a t i n g  q u a n t i t i e s  taken a t  t h e  branch upstream 

and downstream nodes ,  r e s p e c t i v e l y ,  and H , t . L 4 , ,  EQOut ,  and F a r e  

de f i ned  above. 

In g e n e r a l ,  i f  J t  i s  t he  dependent v a r i a b l e  of a  f i n i t e  d i f f e r e n c e  

equa t i on  a t  t i m e  t ,  and i f  t h e r e  e x i s t s  an exp re s s ion  f t  f o r  t h e  p a r t i a l  

t i m e  d e r i v a t i v e  of J+ ,  or 

then J t t A t  can  be found by s o l v i n g  the following: 

t+ A t  



where 8 i s  s e l e c t e d  such t h a t .  0<8<1. I f  8  i s  s e t  equa l  t o  1 ,  t h e  

s o l u t i o n  approach i s  s a i d  t o  be wholly i m p l i c i t ;  i f  8  i s  s e t  equa l  t o  

z e r o ,  t h e  s o l u t i o n  approach i s  c a l l e d  e x p l i c i t ;  and i f  8  i s  s e t  equa l  t o  

one-half ,  t h e  so-cal led Crank-Nicholsen approach r e s u l t s .  The r e p o r t  by 

Ackerman e t  a 1  (1975) recommends a  va lue  of 0.55 f o r  8  . By s u b s t i -  

t u t i n g  Equations 3 and 4 i n t o  Equation 6 ,  t he  fol lowing node and branch 

equa t ions  r e s u l t :  

where A H  and A Q  r e f e r  t o  the  unknown changes i n  water s u r f a c e  e leva-  

t i o n  and d i scha rge  i n  a  time per iod of l ength  ~ t ,  and o the r  terms a r e  

a s  prev ious ly  d e f i n e d ,  wi th  va lues  taken a t  time t. 

The new va lues  of H and Q a t  time t + A t  a r e  found by: 

t+A t = H t  + A H  



I n  g e n e r a l ,  f o r  g > 0 ,  Equations 7 and 8 must t h e o r e t i c a l l y  be s t a b l e .  

However, 8>0 leads  t o  a  s e t  of i m p l i c i t  equa t ions  which must be solved 

s imultaneously.  Typ ica l ly ,  t he  r e s u l t i n g  mat r ix  of l i n e a r  c o e f f i c i e n t s  

w i l l  no t  be banded, s o  s o l u t i o n  a lgor i thms  r equ i r e  cons iderab le  amounts 

of computer memory. I n i t i a l l y ,  i t  was intended t h a t  an i m p l i c i t  

s o l u t i o n  approach f o r  t h e  Bicol  River model be used ,  but memory 
I 

l i m i t a t i o n s  on the  computer s e l e c t e d  f o r  model implementation made t h i s  

very d i f f i c u l t .  Therefore ,  an e x p l i c i t  s o l u t i o n  was adopted,  i . e . ,  8 

was. s e l e c t e d  t o  be zero.  In t h i s  c a s e ,  equa t ions  7 and 8 become 

e x p l i c i t  and t h e  s o l u t i o n  approach r e q u i r e s  comparatively l i t t l e  

computer memory. However, as  f o r  a l l  e x p l i c i t  approaches,  t he  al lowable 

s i z e  of the  time increment ,  d t ,  i s  g r e a t l y  reduced due t o  s t a b i l i t y  

c o n s t r a i n t s  impose& by the  Courant condi t ion .  

S e t t i n g  8 equa l  t o  z e r o ,  Equations 7 and 8 become 

and 



In order  t o  ensure s t a b i l i t y  i n  the  s o l u t i o n  of these equa t ions ,  

ex tens ive  time averaging was used on a l l  q u a n t i t i e s .  Also, the l a s t  

term i n  Equation 12  was w r i t t e n  a s :  

T h e . r e s u l t i n g  equat ions  become: 

and 

where any quan t i t y  i i s  taken a s  ( l - a ) ~ ~ + a z ~ + ~ ~  , where O<a<l. 

2.3.3. Model r ep re sen ta t ion  of channel geometric and hydrau l i c  p r o p e r i t e s  

As can be seen i n  the  f i n i t e  d i f f e r e n c e  equat ions  of open channel 

flow, the  s imula t ion  of water e l e v a t i o n s  and d ischarges  r e q u i r e s  

s u b s t a n t i a l  knowledge of such channel geometric p r o p e r t i e s  a s  topwidths,  

c ros s  s e c t i o n a l  a r e a s ,  and su r f ace  a reas .  It a l s o  r e q u i r e s  the  e s t ima t ion  

of the momentum and conveyance c o r r e c t i o n  f a c t o r s .  The fol lowing 

s e c t i o n s  desc r ibe  how the  model t r e a t s  t hese  channel c h a r a c t e r i s t i c s .  



2.3.3.1 Channel geometry. The channe l  geometry i s  s p e c i f i e d  t o  t h e  

model i n  t h e  manner p r e s c r i b e d  by Ackerman e t  a l -  (1975) .  The approach 

c o n s i s t s  of c h a r a c t e r i z i n g  the  main channe l  and berm geometry a t  bo th  

t he  upsteam and downstream nodes of each  branch. An "average geometry" 

i s  a l s o  s p e c i f i e d  f o r  each branch and i s  assumed by t he  model t o  be 

. loca ted  a t  t h e  branch c e n t e r .  

The c r o s s  s e c t i o n a l  geometry of t h e  main channe l  i s  expressed i n  

terms of s p e c i f i c  e l e v a t i o n s ,  topwid ths ,  and a r ea s .  A t  t h e  upstream 

end,  downstream end ,  and c e n t e r  of each  branch,  t h e  model i s  g iven  

i n fo rma t ion  about  t h e  main channel  c r o s s  s e c t i o n a l  geometry i n  terms of 

f o u r  s p e c i f i c  e l e v a t i o n s ,  f ou r  s p e c i f i c  topwidths  , and two s p e c i f i c  

a r e a s .  The topwidth and e l e v a t i o n  r e l a t i o n s h i p  i s  assumed by t h e  model 

t o  be l i n e a r ,  b u t  a t  d i f f e r e n t  s l o p e s  f o r  d i f f e r e n t  e l e v a t i o n  i n t e r v a l s .  

Figure  2.1 i l l u s t r a t e s  t h e  topwidth-elevat ion r e l a t i o n s h i p  f o r  main 

channels .  Given t h e  water  s u r f a c e  e l e v a t i o n ,  E ,  a t  a node o r  branch 

c e n t e r ,  t h e  model u se s  t h e  fo l lowing  equa t i ons  t o  e s t i m a t e  t he  

corresponding main channe l  topwidth and c r o s s  s e c t i o n a l  a r e a :  

T 2  - TI 
T2 - e- (E2 - E)  f o r  E I_ E~ 

T 3  - T 2  
2 E3 - €2 + (E - E2) f o r  E2 < E E3 

fo r  E > E4 



S p e c i f i c  
E leva t i on  

Bed 
E leva t i on  

S p e c i f i c  Topwi d t h  

F igure  2.1: Main Channel Topwidth, E leva t ion ,  and Cross 
Sec t iona l  Area Re la t ionsh ips  



th 
where E  i s  the water e l e v a t i o n ,  El i s  rhe i s p e c i f i c  e l e v a t i o n ,  

i.1, 2, 3, 4, Ti i s  the  it' s p e c i f i c  topwidth, and T  i s  the  topwidth 

a t  e l e v a t i o n  E. 

The main channel c ros s  s e c t i o n a l  a r e a  i s  est imated from: 

f 

T  + T2 
f o r  E  < E3 

2 

T  + T4 
A 2 + ( E - E 4 )  fo r  E 1 E 3  

where E  , T, E  , and Ti a r e  a s  def ined  above, A. i s  the  s p e c i f i c  c r o s s  J 

s e c t i o n a l  a r ea  ( a t  e l e v a t i o n s  E2 and E4 , 1 2  and A  i s  the  c r o s s  

s e c t i o n a l  a r e a  a t  e l e v a t i o n  E. 

The c ros s  s e c t i o n a l  a r e a  and topwidth of the berms a r e  computed i n  

a  fash ion  somewhat s i m i l a r  t o  t h a t  of the main channel. For the  berms, 

t h ree  s p e c i f i c  e l e v a t i o n s  and topwidths a r e  s p e c i f i e d  a s  i npu t  d a t a  f o r  

the  upstream and downstream nodes and the c e n t e r  of each branch, f o r  

both l e f t  and r i g h t  s ides .  This i s  i l l u s t r a t e d  i n  Figure 2.2.  The 

equat ions used f o r  e s t ima t ing  berm topwidth and c ros s  s e c t i o n a l  a r e a  

a r e  : 

i 0 f o r  E 5 Eb 

\ T3 f o r  E  > E3 



River  Bank 
E levat ion  

Topwidth o f  L e f t  Berm Topwidth o f  Right  Berm 

Figure 2.2: L e f t  and Right  Berm Topwidth and E levat ion  Relationships 



where E i s  , the water e l e v a t i o n ,  Eb  i s  the  e l e v a t i o n  of t he  bank, Ei i s  

the i'h s p e c i f i c  e l e v a t i o n ,  i=1 ,2 ,3 ,  Ti i s  the  id s p e c i f i c  topwidth, and T 

i s  the  es t imated  topwidth. 

The berm c r o s s  s e c t i o n a l  area '  is computed by: 

0 f o r  E 5 E b  

+ 1 + 1  

2 ( E  - E2) f o r  E2 c E < E3 - 

where E ,  Eb ,  E i ,  T i ,  and T a r e  de f ined  above, and A i s  t h e  es t imated  

berm c r o s s  s e c t i o n a l  a rea .  



These equat ions  a r e  due t o  Ackerman e t  a l .  (1975). Note t h a t  the 

s p e c i f i c  e l eva t ions  on the  l e f t  and r i g h t  berms need not  be the  same, 

nor do s p e c i f i c  e l eva t ions  need t o  be taken a t  cons tant  i n t e r v a l s .  

2 . 3 . 3 . 2 .  Schematizatiori of berm geometry and roughness c o e f f i c i e n t s .  

Equations 3  and 4 and the  subsequent d e r i v a t i o n s  a re  r e s t r i c t e d  t o  the  

condi t ion  t h a t  the flow i s  i n  one d i r e c t i o n ,  o r  t h a t  d i s t a n c e s  along the 

main channel and berms a r e  equal .  Accordingly, a d d i t i o n a l  schematizat ion 

of berm geometry i s  required.  The berm c h a r a c t e r i s t i c s  which must be 

f u r t h e r  ad jus ted  a r e  the topwidth, c r o s s  s e c t i o n a l  a r e a ,  and roughness 

c o e f f i c i e n t .  Derivat ions of the schematizat ion procedures a re  given i n  

Ackerman e t  a 1  (1975). I fAXSis the  main channel flow d i s t ance  along a  

branch and AXaisthe berm d i s t ance  along the  branch, then the expressions 

f o r  the  necessary q u a n t i t i e s  a r e :  

"s 
where Ta, A,, the a c t u a l  berm topwidth, c ros s  s e c t i o n a l  a r e a ,  

and roughness c o e f f i c i e n t ,  r e spec t ive ly ,  and TS, A S ,  and nS a r e  t h e i r  

r e spec t ive  schematized counterpar t s .  

2 . 3 . 3 . 3  Estimation of Channel Hydraulic Proper t ies .  Equation 8 

r equ i re s  the e s t ima t ion  of two hydraul ic  p r o p e r t i e s ,  the momentum 

cor rec t ion  f a c t o r ,  M, and the  conveyance c o r r e c t i o n  f a c t o r ,  K. 

The momentum cor rec t ion  f a c t o r  i s  computed a t  the  upstream and 

downstream nodes of each branch and then aver ted .  It i s  found from: 



where i i s  an index on s e c t i o n s  of flow, t h a t  i s ,  i = l  f o r  the main 

channel ,  i =2  f o r  the l e f t  berm, and i =3  f o r  the r i g h t  berm, Qi i s  the 

. th  
flow obtained from the Manning equat ion f o r  the 1 s e c t i o n  of flow: Ai 

i s  the  schematized c r o s s  s e c t i o n a l  a r e a  of flow of the ith s e c t i o n ;  Q 

i s  the  sum of the  Qi , and A i s  the sum of the Ai 

The conveyance c o r r e c t i o n  f a c t o r  i s  computed a t  the c e n t e r  of 

each branch as :  

where i and Ai a r e  a s  def ined above, n i  i s  the  schematized Manning 

. th  
f r i c t i o n  term, and Ri i s  the  hydraul ic  r ad ius  of the 1 flow sec t ion .  

Ackerman e t  a1. (1975) recommend approximating the  hydraul ic  r ad ius  a s :  

2.4 Meteorologic And Hydrologic Inputs  

The f i n i t e  d i f f e r e n c e  equat ions of the  model r e q u i r e  a s  boundary 

condi t ions  information desc r ib ing  l a t e r a l  in f lows  i n t o  the  various nodes 

of the model a s  wel l  a s  t i d a l  e l e v a t i o n s  a t  San Miguel Bay and Pasacao. 

Estimation of l a t e r a l  inf lows i s  done fol lowing the procedures 

.recommended by Ackerman e t  a l .  (1975). Tidal  d a t a  a t  var ious  times a r e  



s p e c i f i e d  t o  the  model, and t i d a l  e l e v a t i o n s  a r e  then found through 

t r igonometr ic  i n t e r p o l a t i o n .  

2.4.1 Modeling of l a t e r a l  inf lows 

Following the procedures of Ackerman e t  a l .  (1975),  the  e s t ima t ion  

of l a t e r a l  inf lows was done by f i r s t  d iv id ing  the  t o t a l  d ra inage  a r e a  

i n t o  183 watersheds. Some of these watersheds a r e  gaged and t h e i r  

d i scharges  can be d i r e c t l y  spec i f i ed  t o  the model a s  i npu t  d a t a .  The 

remainder of the watersheds a r e  ungaged, and t h e i r  c o n t r i b u t i o n  t o  

l a t e r a l  inflows must be est imated us ing  s y n t h e t i c  techniques.  

2.4.1.1 Gaged watersheds. In  t he  e a r l i e r  work by AIT, Ackerman e t  

a l .  (1975) r epo r t  a t o t a l  of 11 gaged watersheds,  whose d i scha rges  

were inpu t  d i r e c t l y  t o  the model a s  a po r t ion  of the boundary cond i t i ons  

dur ing  the  c a l i b r a t i o n  procedure. However, i n  a re-examination of the 

d ischarge  records ,  i t  appears t h a t  t h ree  of t hese  watersheds s u f f e r  a t  

high flow condi t ions  from t i d a l ,  backwater,  o r  overbank e f f e c t s .  

Accordingly, t h i s  s tudy used the gage record of only e i g h t  of these  11 

watersheds. 

2.4.1.2 Ungaged watersheds. To s y n t h e t i c a l l y  e s t ima te  the  d ischarges  

of the  ungaged watersheds,  the  model uses  informat ion  about t he  

watershed l o c a t i o n  and a r e a  a s  wel l  a s  an es t imated  runoff c o e f f i c i e n t  

and a d i s t r i b u t i o n  graph based on the  consecut ive two-day r a i n f a l l .  I n  

a d d i t i o n ,  baseflow i s  computed a s  a func t ion  of watershed area .  

Tota l  d i r e c t  runoff from an ungaged watershed i s  computed a s :  



QT = R 2  Rf  A [ I81 

where QT i s  t h e  t o t a l  watershed d i s c h a r g e  i n  m3, R2 i s  t h e  c o n s e c u t i v e  

two-day r a i n f a l l  i n  m m ,  Rf i s  t h e  runof f  c o e f f i c i e n t  f o r  t h e  w a t e r s h e d ,  

and A i s  t h e  watershed a r e a  i n  km2 . 
This  runof f  volume i s  then  d i s t r i b u t e d  th rough  t ime by u s i n g  t h e  

d i s t r i b u t i o n  g r a p h s  computed by Ackerman e t  a l .  (1975) .  Note t h a t  one 

d i s t r i b u t i o n  g raph  a p p l i e s  f o r  wa te r sheds  of l e s s  t h a n  50 km, and a n o t h e r  

f o r  l a r g e r  wa te r sheds .  Also i t  was no ted  i n  t h e  work of Ackerman'et  a l .  

(1975)  t h a t  t h e  r u n o f f  c o e f f i c i e n t s  a r e  s p e c i f i e d  a s  a  f u n c t i o n  of 

watershed type and l o c a t i o n .  Watersheds l o c a t e d  w i t h i n  t h e  f l o o d  p l a i n  

a r e  a s s i g n e d  a  r e l a t i v e l y  h i g h  runof f  c o e f f i c i e n t .  Other ungaged 

wa te r sheds  a r e  a s s i g n e d  a  runof f  c o e f f i c i e n t  on t h e  b a s i s  of t h e i r  

l o c a t i o n  r e l a t i v e  t o  t h e  p a r t i c u l a r  sub-region of  t h e  B i c o l  i n  which 

they  a r e  l o c a t e d .  Three sub-regions  a r e  s p e c i f i e d :  ( 1 )  wa te r sheds  i n  

t h e  d r a i n a g e  a r e a  of t h e  S ipoco t  R i v e r ,  ( 2 )  wate r sheds  i n  t h e  d r a i n a g e  

of t h e  B i c o l  R iver  from approx imate ly  t h e  Bicol-Sipocot  c o n f l u e n c e  t o  

Lake Bato ,  and ( 3 )  wate r sheds  i n  t h e  d r a i n a g e  a r e a  of t h e  upper  B i c o l  

( s e e  F igure  2.3). Any c o n s e c u t i v e  two-day r a i n f a l l  f o r  t h e s e  t h r e e  

r e g i o n s  i s  based on p r e c i p i t a t i o n  r e c o r d s  t a k e n  a t  Sabang, P i l i ,  and 

Guinobatan,  r e s p e c t i v e l y .  

Baseflow f o r  ungaged watersheds  i s  added t o  t h e  d i s t r i b u t e d  

r u n o f f .  It i s  computed from: 

where QB i s  base f low i n  cms, and A i s  t h e  watershed a r e a  i n  km2 . This  

e q u a t i o n  was e m p i r i c a l l y  d e r i v e d  by Ackerman e t  a l .  (1975) .  
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Figure 2 . 3  Basin Subregions Used i n  Estimating Runoff from 
Ungaged Watersheds 



2.4.2. Modeling of t i d a l  e l e v a t i o n s  

Tida l  records  a t  San Miguel Bay and Pasacao provide t h e  remaining 

po r t i on  of the  necessary  boundary condi t ions .  For t h e  c a l i b r a t i o n  

p roces s ,  t i d a l  records  a t  San Miguel Bay f o r  t he  time per iod  surrounding 

Typhoon Ruping (September, 1982) were used. Subsequent maximum and 

minimum t i d a l  e l e v a t i o n s  and t h e i r  t imes of occurence a r e  given a s  i n p u t  

d a t a ,  and t h e  model u se s  a  t r igonometr ic  i n t e r p o l a t i o n  procedure t o  

o b t a i n  the t i d a l  e l e v a t i o n  f o r  a  p a r t i c u l a r  po in t  i n  time. For 

product ion runs ,  de s ign  t i d a l  maximum and minimum e l e v a t i o n s  a t  San 

Miguel Bay and Pasacao were obtained us ing  the  procedure given by 

Ackerman e t  a l .  (1975). 



3.0 MODEL CALIBRATION 

3.1 Purpose of C a l i b r a t i o n  

Many of t he  c o e f f i c i e n t s  i n  t he  hydro logic  and hydrau l i c  s e c t i o n s  

of t he  model a r e  no t  known wi th  any degree  of accuracy.  Moreover, many 

of t he se  c o e f f i c i e n t s  vary with t ime ,  and t h e i r  va lues  a r e  l i k e l y  t o  

change as  f lood  cond i t i ons  change. The purpose of model c a l i b r a t i o n  i s  

t o  o b t a i n  an e s t i m a t e  of the  values  of t he se  c o e f f i c i e n t s  t h a t  w i l l  

make the model perform i n  a  s i m i l a r  manner t o  t h a t  observed i n  t h e  r e a l  

system's  performance. These e s t i m a t e s  a r e  then used a s  cons t an t s  i n  t h e  

model product ion runs.  The c o e f f i c i e n t s  which a r e  t o  be es t imated  i n  

t he  c a l i b r a t i o n  process  a r e  the  energy l o s s  c o e f f i c i e n t s  (Manning's n )  

f o r  t he  main channel  and l e f t  and r i g h t  berms of each branch ,  and the  

pre  and post-storm runoff  c o e f f i c i e n t s .  

3.2 Procedures Used i n  C a l i b r a t i o n  

C a l i b r a t i o n  i s  b a s i c a l l y  an i t e r a t i v e  process .  The procedure 

involves  f o u r  s t e p s :  ( 1 )  p ick ing  va lues  f o r  t h e  unknown c o e f f i c i e n t s ,  

( 2 )  running the  model wi th  t he se  va lues  us ing  known boundary c o n d i t i o n s ,  

( 3 )  comparing the  model r e s u l t s  with observed f lood c o n d i t i o n s ,  and ( 4 )  

i f  observed and computed water  e l e v a t i o n s  do - no t  a g r e e ,  s e l e c t i n g  a  new 

s e t  of t r i a l  va lues  and r epea t ing  t h e  process .  In  p r i n c i p l e ,  t h i s  

search ing  process  can be programmed i n t o  t he  computer and thereby 



automated. 

3.3 Data Used i n  C a l i b r a t i o n  

As s t a t e d  above,  model c a l i b r a t i o n  r e q u i r e s  t h a t  t h e  model be run 

under known i n i t i a l  and boundary c o n d i t i o n s  f o r  a  p r ev ious  f lood  even t .  

The even t  s e l e c t e d  i n  t h i s  c a se  was Typhoon Ruping which occur red  i n  

September, 1982. This  -even t  was preceded by s e v e r a l  days  of nea r  

s t e ady - s t a t e  c o n d i t i o n s .  It a l s o  produced very  h igh  peak wate r  

e l e v a t i o n s  throughout  much of t h e  Bico l  River  Basin a s  w e l l  a s  s i g n i f i -  

c a n t  downstream t i d a l  e f f e c t s ,  and from t h i s  s t a n d p o i n t ,  i t  cou ld  be 

cons idered  a s  a  good oppo r tun i t y  f o r  c a l i b r a t i n g  a  model p o s t u l a t e d  t o  

examine s eve re  f lood  flows. 

3.4 Resu l t s  of C a l i b r a t i o n  

There were fou r  gaging s t a t i o n s  from which r e l i a b l e  water  s u r f a c e  

e l e v a t i o n s  were a v a i l a b l e  f o r  t h e  pe r i od  of time sur rounding  Typhoon 

Ruping (September 5 t o  1 3 ,  1982). These s t a t i o n s  a r e  l o c a t e d  a t  Naga, 

Baliwag , Ornbao, and Sto.  Domingo. I n  a d d i t i o n ,  an e s t ima t ed  water  

e l e v a t i o n  record  f o r  Lake Bato was s y n t h e t i c a l l y  c o n s t r u c t e d  from water  

e l e v a t i o n  r e l a t i o n s h i p s  wi th  o t h e r  s t a t i o n s  t h a t  have been observed t o  

occur  du r ing  o t h e r  typhoons. This  provided a  t o t a l  of f i v e  water  

e l e v a t i o n  records  t o  be  used a s  t a r g e t s  i n  t h e  c a l i b r a t i o n  p roce s s .  

There were two o b j e c t i v e s  of c a l i b r a t i o n .  The f i r s t  was t o  g e t  t h e  

model t o  match t h e  pre-typhoon c o n d i t i o n s  i n  terms of observed water  

e l e v a t i o n s  a t  t he  above f i v e  l o c a t i o n s .  This  was done by a d j u s t i n g  main 



c h a n n e l  Manning n ' s  and pre-typhoon runoff  c o e f f i c i e n t s .  The second 

o b j e c t i v e  was t o  g e t  t h e  model t o  match t h e  observed peak w a t e r  

e l e v a t i o n s .  A f t e r  t h e  model was made t o  s i m u l a t e  pre-s torm c o n d i t i o n s ,  

a  six-day per iod  sur rounding  Typhoon Ruping was s i m u l a t e d ,  and p r e d i c t e d  

peak wate r  e l e v a t i o n s  from t h e  s i m u l a t i o n  were computed, w i t h  a l t e r n a t e s  

s e q u e n t i a l l y  s e l e c t e d  t o  f o r c e  t h e  o u t p u t  t o  match a s  c l o s e l y  a s  

p o s s i b l e  t h e  observed water  e l e v a t i o n  peaks.  Th is  was done by a d j u s t i n g  

berm roughness c o e f f i c i e n t s  and post-typhoon runof f  c o e f f i c i e n t s .  Due 

t o  l a c k  of t ime ,  no a t t e m p t  was made t o  f i t  t h e  e n t i r e  w a t e r  e l e v a t i o n  

t ime curve.  

Figure  3.1 p r e s e n t s  t h e  observed v e r s u s  p r e d i c t e d  wate r  e l e v a t i o n s  

f o r  t h e  f i n a l  c a l i b r a t i o n  c o n s t a n t s .  Note t h a t  pre-s torm wate r  

e l e v a t i o n s  match c l o s e l y ,  and peak e l e v a t i o n s  show r e a s o n a b l e  f i t .  

However, f o r  t h e  nodes f u r t h e r  downstream, t h e  model produces  a  much 

l e s s  a c c u r a t e  f i t  f o r  t h e  e n t i r e  s t a g e  hydrograph t h a n  f o r  t h e  ups t ream 

nodes. Th is  may b e  caused by e r r o r s  i n  t h e  channe l  geometry d a t a  and i n  

e s t i m a t e s  of  Manning n ' s .  
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4.0 PROPOSED ALTERNATIVES AND PRODUCTION RUN RESULTS 

4.1 Overview 

As  s t a t e d  i n  S e c t i o n  1.1, t h e  two most impor tan t  problems 

c o n t r i b u t i n g  t o  f l o o d  c o n d i t i o n s  i n  t h e  Bico l  River  Basin  a r e  t h e  

downstream t i d a l  e f f e c t s  caused by h i g h  w a t e r  e l e v a t i o n s  a t  San Miguel 

Bay and t h e  poor  conveyance c h a r a c t e r i s t i c s  of t h e  upper  b a s i n .  S e r i o u s  

f l o o d  c o n t r o l  p r o p o s a l s  must d e a l  w i t h  b o t h  of t h e s e  problems,  and t h e  

f o u r  a l t e r n a t i v e s  s i m u l a t e d  i n  t h i s  s t u d y  r e p r e s e n t  a  v a r i e t y  of 

approaches .  

4.2 Four A l t e r n a t i v e s  Proposed 

The major f e a t u r e s  of t h e  f o u r  a l t e r n a t i v e s  now w i l l  be summarized. 

A l t e r n a t i v e  1 proposes :  ( 1 )  some c h a n n e l  improvements and e x t e n s i v e  

p r o v i s i o n  f o r  l e v e e s  from t h e  Libmanan-Sipocot and Naga-Calabunga I D A ' S  

n e a r  t h e  mouth up t o  Lakes Baao and Bato t o  c o n t r o l  downstream t i d a l  

and h ighwate r  e f f e c t s ,  ( 2 )  use  of Lake Bato a s  a  f l o o d  r e s e r v o i r  th rough  

t h e  c o n s t r u c t i o n  of a  r e g u l a t i o n  s t r u c t u r e  a t  i t s  o u t l e t ,  ( 3 )  u s e  of 

Lake Baao a s  a  f l o o d  r e s e r v o i r  t o  impound f l o o d  w a t e r s  from b o t h  t h e  

P a w i l i  and I r i g a  R i v e r s  through t h e  p r o v i s i o n  of a  r i n g  l e v e e  around t h e  

l a k e ,  and c o n t r o l  s t r u c t u r e s  f o r  d i v e r t i n g  f lows  from t h e s e  r i v e r s  i n t o  

o r  p a s t  t h e  l a k e ,  ( 4 )  improvement of p o r t i o n s  of t h e  B a r i t ,  San 

F r a n c i s c o ,  and Waras R i v e r s ,  and (5) c o n s t r u c t i o n  of a  d i v e r s ' i o n  c h a n n e l  



from Ombao t o  Pasacao t o  d i v e r t  t h e  e n t i r e  upper  b a s i n  f l o o d  f low of t h e  

B i c o l ,  and the reby  i n c r e a s i n g  water  conveyance o u t  of t h a t  p o r t i o n  of 

t h e  bas in .  

A l t e r n a t i v e  2 i s  s i m i l a r  i n  a l l  r e s p e c t s  t o  A l t e r n a t i v e  1 e x c e p t  

t h a t  no r i n g  l e v e e  o r  c o n t r o l  works a r e  cons idered  f o r  Lake Baao, and up 

t o  200 cms would be a l lowed t o  f low i n t o  t h e  lower B i c o l  River  p a s t  t h e  

Ombao-Pasacao d i v e r s i o n  p o i n t .  

A l t e r n a t i v e  3  c o n s i s t s  of an  e x t e n s i v e  program of channe l  improve- 

ments on t h e  Bico l  River  from Lake Bato t o  San Miguel Bay. No l e v e e s  

would be provided on t h e  r i v e r ,  b u t  c o n s i d e r a b l e  e f f o r t s  would b e  t aken  

t o  widen,  s t r a i g h t e n ,  and deepen t h e  r i v e r  channel .  Lakes Bato and Baao 

would be used f o r  f l o o d  c o n t r o l  w i t h  c o n t r o l  s t r u c t u r e s  a s  proposed i n  

A l t e r n a t i v e  1. 

A l t e r n a t i v e  4  i s  s i m i l a r  t o  A l t e r n a t i v e  3  i n  t h a t  channe l  improve- 

ments b u t  no l e v e e s  would be c o n s i d e r e d  i n  t h e  lower b a s i n .  In  

a d d i t i o n ,  a  Ombao-Pasacao d i v e r s i o n  channe l  would be proposed t o  d i v e r t  

a l l  of t h e  upper  b a s i n  f l o o d  flows. 

Table 4.1 summarized t h e  f l o o d  c o n t r o l  mechanisms proposed f o r  

t h e s e  f o u r  a l t e r n a t i v e s .  

4.3 S imula t ion  R e s u l t s  

4.3.1 Procedures  

4.3.1,1 Model i n p u t  f o r  p r o d u c t i o n  r u n s *  To c o n s t r u c t  a curve  s u c h  a s  

t h a t  g i v e n  i n  F igure  1.2 a s  a  t a r g e t  f o r  a  proposed a l t e r n a t i v e ,  t h e  

c o n d i t i o n  which p roduces  t h e  a l t e r n a t i v e  under  f ' lood c o n d i t i o n s  must be 



Table 4.1: Summary of Flood Contro l  A l t e r n a t i v e s  

I 

1. Levees and channel 
improvements a1 ong 
lower B i c o l  

2. Extensive channel 
in~provements b u t  no 
levees along lower 
B i  c o l  

3. Cont ro l  s t r u c t u r e  
on Lake Bato 

4. Ring levee and 
con t ro l  s t ruc tu res  on 
Lake Baao 

5. Improvements along 
sec t ions  of B a r i t ,  
San Francisco, Waras 
Rivers 

6. D ivers ion  channel 
a t  Ombao t o  d i v e r t  
e n t i r e  f l o w  o f  upper 
B i c o l  t o  Pasacao 

7. Divers ion  channel 
a t  Ombao t o  d i v e r t  
most of t h e  f low of 
upper B i c o l  t o  Pasacao 

* 

A l t e r n a t i v e  
1  

X 

X 

X 

X 

X 

A l t e r n a t i v e  
2 

X 

X 

X 

X 

A l t e r n a t i v e  
3 

X 

X 

X 

X 

A l t e r n a t i v e  
4  

X 

X 

X 

I 

X 

X 



simulated f o r  a  v a r i e t y  of f lood r e t u r n  per iods .  The r e t u r n  pe r iods  

s e l e c t e d  f o r  t he  product ion  runs a r e  t he  5-, lo-,  25-, and 50-year 

even t s ,  which a r e  represen ted  i n  t he  model by the app rop r i a t e  two-day 

r a i n f a l l s  a t  each of the  t h r ee  r a i n f a l l  gaging s t a t i o n s  d i scussed  i n  

Sec t ion  2.4.1. Est imates  of these  two-day r a i n f a l l  q u a n t i t i e s  were 

obtained from t h e  frequency ana lyses  repor ted  by Ackerman e t  a l .  

(1975). The model uses  these two-day r a i n f a l l  f i g u r e s  t o  e s t i m a t e  the 

l a t e r a l  in f low boundary condi t ions .  

The t i d e s  a t  San Miguel Bay and Pasacao a l s o  r ep re sen t  boundary 

condi t ions  t h a t  must be provided f o r  a s  i n p u t  t o  the  model. This  i s  

done by spec i fy ing  consecut ive  low and high t i d e s  and t h e i r  t imes of 

occurrence f o r  t he  e n t i r e  du ra t i on  of the  s imula t ion .  For t he  

product ion runs ,  de s ign  t i d e s  were computed us ing  the Four ie r  coef f  i- 

c i e n t s  repor ted  by Ackerman e t  a l .  (1975) and by superimposing on these  

a  hypo the t i ca l  t i d a l  surge  dur ing  the  second day of the  typhoon. ' 

4.3.2.1 Model p r e d i c t i o n s .  Af te r  t he  f lood p l a i n  and channel  geometry 

of the  con f igu ra t i on  suggested by an a l t e r n a t i v e  a r e  s p e c i f i e d ,  and 

a f t e r  subrout ines  d e s c r i b i n g  proposed c o n t r o l  s t r u c t u r e s  a r e  made 

a v a i l a b l e ,  the  model uses  t he  t i d a l  and two-day r a i n f a l l  d a t a  t o  

s imula te  flood flows through the  cond i t i ons  of the  proposed a l t e r n a t i v e .  

The model g ives  a  pe r iod i c  r epo r t  of p r ed i c t ed  water e l e v a t i o n s  a t  nodes,  

and d ischarges  through branches.  For t he  product ion runs ,  these  r e p o r t s  

were generated a t  six-hour i n t e r v a l s .  Upon completion of a  s imu la t i on ,  

t he  model i d e n t i f i e d  maximum simulated water e l e v a t i o n s  a t  each node, 

and y i e l d s  the es t imated  maximum number of hec t a r e s  flooded a t  each 

node. The model a l s o  can be used t o  p r e d i c t  t he  d u r a t i o n  of inundat ion  



i f  t h e  c a l i b r a t i o n  p r o c e s s  h a s  been done t o  a d d r e s s  t h e  e n t i r e  s t a g e  

hydrograph.  

4.3.2. Outcome of s i m u l a t i o n  runs  

The model was used  t o  make 20 p r o d u c t i o n  r u n s ,  one run  f o r  e a c h  

r e t u r n  p e r i o d  f o r  each  of t h e  proposed a l t e r n a t i v e s .  An a d d i t i o n a l  s e t  

of r u n s  u s i n g  t h e  p r e s e n t  r i v e r  c o n d i t i o n s  a s  a  f i f t h  a l t e r n a t i v e  was 

a l s o  done. The r e s u l t s  of t h e s e  20 r u n s  a r e  summarized i n  Table  4.2,  

showing t h e  maximum w a t e r  e l e v a t i o n s  p r e d i c t e d  f o r  v a r i o u s  l o c a t i o n s  on 

t h e  B i c o l  and S i p o c o t  R ivers .  A complete  l i s t i n g  o f  maximum w a t e r  

e l e v a t i o n s  f o r  e a c h  a l t e r n a t i v e  was a l s o  d e ~ e 1 o ~ e d . l  Note t h a t  whi le  

wa te r  e l e v a t i o n s  a r e  r e p o r t e d  t o  t h e  n e a r e s t  c e n t i m e t e r ,  d a t a  and model 

accuracy  i s  c e r t a i n l y  no b e t t e r  t h a n  t h e  n e a r e s t  0.1 mete r s .  

One c a u t i o n a r y  word i s  i n  o r d e r  r e g a r d i n g  t h e  s i m u l a t i o n  r e s u l t s  

f o r  A l t e r n a t i v e s  3  and 4. These a l t e r n a t i v e s  were fo rmula ted  and 

s p e c i f i e d  t o  t h e  model under  t h e  assumpt ion  t h a t  a l l  f l o o d  f lows  i n  t h e  

lower Bico l  cou ld  be  c o n t a i n e d  w i t h i n  t h e  banks of t h e  improved channe l .  

As  f a r  a s  t h e  mathemat ica l  model i s  concerned ,  t h i s  i n  e f f e c t  t u r n s  t h e  

r i v e r  i n t o  a  ve ry  narrow t r o u g h  ( a s  compared t o  t h e  p r e s e n t  f l o o d  

p l a i n ) ,  w i t h  i n f i n i t e l y  h i g h  w a l l s .  I n  t h e  r e a c h e s  from Naga t o  Ombao, 

t h e  peak l a t e r a l  i n f l o w s  o c c u r  s i m u l t a n e o u s l y  w i t h  t h e  maximum t i d a l  

e l e v a t i o n  a t  San Miguel Bay, t h u s  c a u s i n g  u n r e a l i s t i c a l l y  h i g h  w a t e r  

e l e v a t i o n s .  Though t h e s e  e l e v a t i o n s  a r e  temporary and s u b s i d e  a f t e r  a  

1 This  m a t e r i a l  i s  a v a i l a b l e  a s  a n  Appendix t o  t h i s  r e p o r t  ( t h o u g h  

u n p u b l i s h e d )  on f i l e  w i t h  t h e  C l a r k  U n i v e r s i t y  p u b l i c a t i o n s  under  

Regional  P ro jec t s - -Na tu ra l  Resources Management). 
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day o r  s o ,  they r e f l e c t  an i ncons i s t ency  between t h e  assumptions  used t o  

fo rmula te  t h e  boundary c o n d i t i o n s  and t h e  r i v e r  geometry. These 

u n r e a l i s t i c  maximum wate r  e l e v a t i o n s  f o r  A l t e r n a t i v e s  3 and 4 i n d i c a t e  

t h a t ,  a t  l e a s t  f o r  t h e  reaches  of t h e  r i v e r  between Naga and Ombao, 

i n s u f f i c i e n t  s t o r a g e  i s  provided i n  t h e  channel  t o  accommodate t h e  peak 

l a t e r a l  in f lows .  This  r e s u l t s  because t h e  downstream t i d a l  l e v e l s  a r e  

too h igh  t o  a l l ow  s u f f i c i e n t  conveyance from t h e  reaches  a t  a  t ime when 

in f lows  a r e  a t  a  maximum. 



5.0 CONCLUSIONS AND RECOMMENDATIONS 

5.1  Assessment O f  The A l t e r n a t i v e s  

5.1.1 Nature of t h e  R e s u l t s  

I n  g e n e r a l ,  t h e  r e s u l t s  of t h e  v a r i o u s  s i m u l a t i o n  r u n s  a r e  b e l i e v e d  

t o  be c o n s e r v a t i v e  i n  t h a t  t h e  p r e d i c t e d  w a t e r  e l e v a t i o n s  p robab ly  a r e  

marg ina l ly  h i g h e r  t h a n  t h e  e l e v a t i o n s  t h a t  a c t u a l l y  w i l l  be  exper ienced  

f o r  any g i v e n  a l t e r n a t i v e .  A v a r i e t y  of r e a s o n s  e x p l a i n  t h i s .  For 

example,  t h e  t i d a l  s u r g e s  used i n  t h e  d e s i g n  t i d e s  a t  San Miguel Bay and 

Pasacao probably  r e p r e s e n t  extreme c o n d i t i o n s ,  b o t h  i n  terms of 

magnitude and p o s i t i o n i n g  i n  t ime r e l a t i v e  t o  t h a t  of t h e  normal h i g h  

t i d e .  Also,  i t  i s  u n l i k e l y  t h a t  t h e  e n t i r e  b a s i n  s i m u l t a n e o u s l y  and 

un i fo rmly  w i l l  r e c e i v e  a  25- o r  50-year r a i n f a l l  from any g i v e n  typhoon. 

The p r o d u c t i o n  r u n s ,  t h e n ,  were made under  f a i r l y  c o n s e r v a t i v e  

c o n d i t i o n s .  However, only  ve ry  l i m i t e d  s e n s i t i v i t y  a n a l y s e s  were 

conducted,  and t h e n  on ly  d u r i n g  t h e  c a l i b r a t i o n  p rocess .  The degree  t o  

which t h e  model might be s e n s i t i v e  t o  e r r o r s  i n  channel  geometry and 

c a l i b r a t i o n  paramete rs  has  n o t  been f u l l y  examined. Moreover, t h e  

e x t e n t  t o  which t h e  model r e s u l t s  might b e  s e n s i t i v e  t o  a l t e r n a t i v e  and 

l e s s  c o n s e r v a t i v e  assumptions  r e g a r d i n g  boundary c o n d i t i o n s  i s  unknown. 

5.1.2. Rank o r d e r  of a l t e r n a t i v e s  

I n  g e n e r a l ,  from t h e  s t a n d p o i n t  of t h e  d e g r e e  t o  which f l o o d  



i n u n d a t i o n  i s  c o n t r o l l e d ,  t h e  b e s t  a l t e r n a t i v e  proposed i n  t h e  a n a l y s i s  

i s  A l t e r n a t i v e  1 ,  fol lowed i n  o r d e r  by A l t e r n a t i v e s  2 ,  4 ,  and 3 .  A s  

noted i n  t h e  p r e v i o u s  c h a p t e r ,  t h e  lower b a s i n  r e s u l t s  f o r  A l t e r n a t i v e s  

3 and 4  a r e  i n d i c a t i v e  of an i n c o n s i s t e n c y  between t h e  assumptions  under  

which channe l  geometry and boundary c o n d i t i o n s  were d e f i n e d .  According- 

l y ,  t h e s e  r e s u l t s  i n d i c a t e  a  need t o  r e d e f i n e  t h e  proposed a l t e r n a t i v e s  

t o  p r o v i d e  more c h a n n e l  s t o r a g e  volume. Consequent ly ,  t h e  a c t u a l  water  

e leva t ions .  produced f o r  t h e s e  two a l t e r n a t i v e s  should n o t  be used i n  any 

economic a n a l y s e s .  

5.1.3. Cont ro l  s t r u c t u r e s  

A l l  t h e  model p r o d u c t i o n  runs  i n d i c a t e  t h a t  c a r e f u l  examina t ion  

should be  g i v e n  t o  t h e  c o n t r o l  s t r u c t u r e s  proposed t o  r e g u l a t e  ou t f lows  

from Lake ~ a t o ,  and f l o o d  i n f l o w s  i n t o  Lake Baao from t h e  I r i g a  River .  

The same c a n ' b e  s a i d  f o r  t h e  d i v e r s i o n  s t r u c t u r e  a t  Ombao, i f  an  

a l t e r n a t i v e  i s  s e l e c t e d  i n v o l v i n g  t h e  Ombao-Pasacao d i v e r s i o n  c h a n n e l ,  

b u t  d i v e r t i n g  on ly  a  p o r t i o n  of t h e  B i c o l  f low i n t o  t h e  channe l .  

The s t r u c t u r e  f o r  t h e  I r i g a  River-Lake Baao c o n t r o l  a p p e a r s  t o  be  

underdesigned.  The model r e s u l t s  i n d i c a t e  t h a t  t h e  s t r u c t u r e  never  

reduces  f lood  f lows  i n t o  t h e  l a k e  t o  z e r o ,  b u t  a t  t h e  same t ime produces  

very h igh  upst ream wate r  l e v e l s  and f a i r l y  e x t e n s i v e  l o c a l i z e d  f l o o d i n g .  

The Lake Bato c o n t r o l  s t r u c t u r e  might a l s o  be underdesigned.  The 

weir- type s t r u c t u r e  was des igned t o  produce a  c e r t a i n  d i s c h a r g e  a t  a  

g i v e n  l a k e  e l e v a t i o n .  However, t h i s  d e s i g n  was o f f e r e d  under an  

assumption of f r e e  o v e r f a l l  c o n d i t i o n s .  The model i n d i c a t e s  t h a t  f r e e  

o v e r f a l l  c o n d i t i o n s  r a r e l y  e x i s t  a t  t h e  p o i n t  where t h e  s t r u c t u r e  i s  t o  

be  l o c a t e d ,  and,  t h e r e f o r e ,  t h e  d e s i g n  d i s c h a r g e  i s  n o t  reached a t  t h e  



prescr ibed  lake e l eva t ion .  The model a l s o  i n d i c a t e s  t h a t  opera t ion  of 

the s t r u c t u r e  during f lood flows i n  order  t o  l i m i t  the maximum discharge 

through the  s t r u c t u r e  might be complicated. This again i s  due t o  the 

downstream backwater e f f e c t s  t h a t  drown the  f r e e  o v e r f a l l .  This same 

problem a l s o  w i l l  be encountered a t  the  Ombao-Pasacao d i v e r s i o n ,  i f  i t  

is des i r ed  t o  permit some maximum flow (up t o  200 cms i s  considered i n  

Al terna t ive  2 )  t o  pass  from Ombao t o  the  lower Bicol. Gaging and 

c o n t r o l l i n g  flow through these s t r u c t u r e s  w i l l  be considerably 

complicated by backwater e f f e c t s .  

5.2 Recommendations 

5 .2 .1  Recommendations f o r  a d d i t i o n a l  work 

Several  recommendations regarding the  d a t a  used by the  model and 

therefore  p o t e n t i a l l y  a f f e c t i n g  the model r e s u l t s  a r e  made. 

5 .2 .1 .1  Channel geometry da ta .  Much of the  channel geometry d a t a  used 

i n  t h e  model runs were assembled quickly and a s  a  r e s u l t  were not  

analyzed adequately. In p a r t i c u l a r ,  the analyses used t o  e s t ima te  

branch cen te r  geometry need t o  be re -ca lcula ted .  Also, geometry d a t a  

f o r  Lakes Baao and Bato a l s o  should be checked t o  determine t h a t  they 

a r e  c o n s i s t e n t  wi th  p resen t  and proposed f lood p l a i n  condi t ions .  

5.2.1.2 Frequency ana lyses ,  d i s t r i b u t i o n  curves ,  t i d a l  da t a .  The 

frequency analyses used t o  obta in  r a i n f a l l  d a t a  now a r e  ava i l ab le .  

These should be incorporated i n t o  a  new frequency ana lys i s .  S imi l a r ly ,  

more d a t a  now a r e  a v a i l a b l e  t o  es t imate  d i s t r i b u t i o n  curves f o r  



computing l a t e r a l  inf lows.  This work, a l s o  o r i g i n a l l y  performed i n  

1974, should be updated. 

In  a d d i t i o n ,  the a n a l y s i s  used t o  produce the Fourier  c o e f f i c i e n t s  

f o r  computing t i d a l  e l e v a t i o n s  a t  San Miguel Bay and Pasacao should be 

updated. Pasacao, i n  p a r t i c u l a r ,  should be re-examined and a  b e t t e r  

f i t t i n g  s e t  of c o e f f i c i e n t s  est imated.  

5.2.1.3 Ca l ib ra t ion  and s e n s i t i v i t y  a n a l y s i s .  After  an updated a n a l y s i s  

of geometr ic ,  hydro logic ,  and t i d a l  d a t a  i s  peformed, t he  model should 

be re -ca l ibra ted .  This new c a l i b r a t i o n  should inc lude  a  much more 

ex tens ive  s e n s i t i v i t y  a n a l y s i s  and should be designed t o  t r a c k  the  

e n t i r e  s t age  hydrograph. The model would then be more r e l i a b l e  f o r  

making inundat ion du ra t ion  e s t ima te s .  

5.2.2 Recommendations f o r  model improvements. 

5.2.2.1 Model re-programming. I f  po r t ions  of the model were r e w r i t t e n ,  

an est imated 10 t o  15 percent  i nc rease  i n  e f f i c i e n c y  could be achieved. 

This i s  not  s i g n i f i c a n t  when cons ider ing  the c o s t  of computer time i n  

the U.S.; howevr, computer c o s t s  i n  the P h i l l i p p i n e s  run 20 t o  100 

times higher .  These f a c t s  no twi ths tanding ,  increased  model e f f i c i e n c y  

would be worth the  c o s t  of reprogramming. 

5.2.2.2 Problem genera tor .  An even more u s e f u l  a d d i t i o n  t o  the  model 

i s  a  problem genera tor .  This program would be used t o  compile and 

catalogue d a t a  d e s c r i p t i v e  of channel geometry. It could be used t o  

accura te ly  cons t ruc t  a  d a t a  s e t  desc r ib ing  a l t e r n a t i v e s  i n  a  manner 

compatible with i n p u t  formats expected by the  model. This would reduce 



t he  manual d a t a  handl ing requirements ,  and e r r o r s ,  and would i n c r e a s e  

the  genera t ion  of d a t a  s e t s  f o r  p roduct ion  runs.  

5.2.3. Recommendations f o r  BRBDP. 

A cons iderab le  e f f o r t  has gone i n t o  the  cons t ruc t ion  of t he  f lood 

s imula t ion  model. I n  many ways, t h i s  i s  a  d u p l i c a t i o n  of p a s t  e f f o r t s  

by AIT and TAMS. To avoid f u t u r e  r e p l i c a t i o n ,  BRBDP should upgrade i t s  

engineer ing  s t a f f  t o  inc lude  personnel  t r a ined  t o  opera te  the  model. 

This w i l l  r e q u i r e  t h a t  one o r  more of t he  BRBDP f lood c o n t r o l  engineers  

be t r a i n e d  and acqu i r e  experience i n  t he  s u b j e c t s  of unsteady open 

channel f low,  f i n i t e  d i f f e r e n c e  s o l u t i o n s  of p a r t i a l  d i f f e r e n t i a l  

equa t ions ,  and computer programming. It would a l s o  be h e l p f u l  i f  t he  

BRBDP s t a f f  had inc reased  access  t o  computational f a c i l i t i e s .  




