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PREFACE

This report is one of a series of publications concerned with

development topics in Southeast Asia . The research detailed in this

report represents a portion of a larger study sponsored by the Applied

Scientific Research Corporation of Thailand which dealt with an analysis

of transportation systems in Thailand . This study , designated as

Research Project 30, was the joint undertaking of the University of

Michigan and the Applied Scientific Research Corporation of Thailand and

was funded by the University from a research contract with the Geography

Branch of the Office of Naval Research (Research Project Nonr 1224 (56)

N.R. No. 388080). Research and analysis was conducted by both Corpora-

tion and University personnel under the direction of Professor L. A.

Peter Gosling, Department of Geography , University of Michigan.

Co—ordination of the project publications and editorial assistance were

provided by Catherine J. Baker. Inquiries regarding the publication

series should be directed to the Department of Geography , University of

Michigan , Ann Arbor , Michigan , U.S.A. The conclusions, opinions and

recommendations of the various authors in these reports do .&Ot neces—

sarily reflect the views of any of the sponsoring organizations .

This report, Physical Constraints on Waterway Use, was origin—

ally part of a dissertation offered for the degree of Ph.D. in Geography

by Peter R. Ingold. Field work was conducted in Thailand as a part of
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Applied Scientific Research Corporation of Thailand ’s Project 30, with

the valued assistance of Corporation personnel including Dr. Phiphat
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author of this report.

Physical constraints on waterway use pose the major problem in

increasing the efficiency of the water transport system . Seasonal vari-

ation in water levels due to seasonal rainfall provides the major limit-

ation on efficient use of the main river channels. The pz~ sence of

sand—bars and shallows, the problems of high velocity riverine and tidal

currents , and the high sinuosity index of some channels all contribute

to increase the hazard , cost and travel time of water transport. Devel—

opment programs for water transportation will find these physical prob—

• lems the most difficult and costly to solve.

L. A. P. Cosling
Project Director
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PHYSI CAl. CONSTRAINTS ON WATERWAY USE

Introduction

This report sets as its task an exanrinat ion of some of the

major constraints faced by wa t e r t r an spo r t a t i o n , p a r t i c u l a r l y  those

that increase barge travel times. Major focus viii be placed upon the

middle region ’s waterways , the Suphan , Noi and Chao Phaya rivers. The

actua l time it takes a loaded barge to make the journey through the

middle Chao Phava river region to the Bangkok area denends on a num-

ber of physical and economic contraints , as well as the barge opera-

tor ’s ability to counteract such restraints. These physical constraints

or hazards include such variables as depth of channel , configuration

of channel , water currents and size of navigation locks and resulting

traffic congestion. Additiona l economic and organizational problems

include such things as poor security and Inadequate market information.

When faced with ore or a combination of these physical con-

s t r a i n t s  and r e l a t e d  inc reases  in t r av e l  t i m e , t h e  barge operator has

a range cf  options w h i c h  he can  e x e r c i s e .  They k i l l , to  som e ex t e n t ,

work to m i n i m i z e  t h e  h a z a r d s  f aced , ( u t  t r av e l  t i n e s , r educe  o p v r i t  in g

expenses or some c o m b i n a t i o n  of these  f a c t o r s .  I n  response  to  p h y s i —

cal hazards there are opt  io n s as , t h e  s i z e  0 t h e  b arge  used , the  

- 1]
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am ount of c ar g o  Ii ~i i i 1 ed , the h o r sep ow er  of  t i l t  t o w b o a t  s e l e c t e d , the

l e n g t h  of  t he ha rp e  tow j o i nod , t he ~ OS i t  ion on t h e  tow , and t h e  chan—

no I SO I c t  . I n  r spou se  t o  t h o n o n — p h ys I o i l  h a z a r d s  t h e re  are s uch

o p t  i on s  - i s , t i e - i t  i n s u r a n c e , the i n t e r c e : ) -n d e n c e  and n u tn ~~l su p ~~c rt

e l  kiash i p  group inps and trave l 155cc i:itions , and an o p e r a t o r ’ s own

p e r s on a l  e x j e r  i on c e .

~~~~~~~ C h a n n e  1: V a r i a t i o n s
i n  R i v e r  F l o w  and L e v e l

T he m a i n  reason tha t w a t e r  t r a n s p o r t  is u n a ble  to o p e r a te

t h r o u g h o u t  the  v e • i r  in a l l  p a r t s  of the Cliao Phay a sy s tem is the  sea-

sonal v a r i a t i o n s  tha t oc c u r  i n  r i v e r  f l o w  and the related variations

t h a t  o c c u r  in c h an n e l  d e p t h s .  T h i s  s i t u a t i o n  is r e f l e c t i v e  of the an—

n u a l  r a i n f a l l  p a t t e r n  and the  g e n t l e  g r a d i e n t  of t h e Central Plain.

Seasona l  R a i n f a l l

The m o t i v e  f o r c e  b e h i n d  T h a i l a n d ’ s r a i n f a l l  p a t t e r n  is the

seasonal reversal ci w i n d  d i r e c t i o n  a s so c i a t e d  w i t h  the  monsoon c l ima-

tic regime ari d common t o  m o s t  of  t h e  Southeast Asian r e a l m .  The a c t u a l

t ime of w i n d  s h i f t  and t h e  n a t u r e  of i t s  impact on the landscape is in

l a r g e  m e a s u r e  a f u n c t i o n  f I c c a t  ion i n  r e l at i o n  to the  As ian  l andmass  to

the  n o r t h  ~-iird t l i t -  warm t - q u  I or ia 1 seas to  the  s o u t h .  W i t h i n  t h e  Cent  r a l

V a l  1ev of Tha i l a n d , t w o  f a c t  or s  ~t v c rn  the  q u a n t  i t -  of p r e c i p i t a t i o n

rece ived : r e l  i o i  and  (I i s t a n co  f r o m  t h e  sea . A l o n p  t h e  western f l a n k

of t h e Ce n t r a l  V i i  1ev , t h e  o r o g r a p h i c  j u l  l u c o n c e  of the  :~~~~ . ‘ r u  ( o r d i  I 1cm

c r e a t e s  a r a i n  s ha d o w  t h a t  s lu. - u r p l v  a - t l i i c o s  t o t u l  r t i - i f a l  1 a l o n g  i t s

ea s t e rn  or I t c w u r d  i d i - . K a n c h a n r u h u r i  and  Tak , bot h s i t u a t e d  in  t h i s

____________ 
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dry zone , r e ce i v e  r e d u c e d  a m o u n t s  of r a i n .  The a n n u a l  ave rage  r a i n f a l l

at K an c h a n ab u r l  Is 46.55 Inches (1, 182.36 nan.) w h i l e  farther north In

I
Tak it falls to 40.66 inches (1 ,032.90 mm.). To the east of Bangkok ,

the slope of the  K i l o r a t  p l a t e a u  f o r c e s  o n c o m i n g  a i r  masses  to r i se  a l o n g

its flank . Preci p itation stations located along this escarpment receive

heavy ra infails . Nakhon Nayok criticall y situated in the path of t h e

rising masses of air , re cords an annual average of 80 inches (2 ,032 .00

— 
mm.) of rain .~ The top of the p l a t e a u  to the e a s t  s u f f e r s  f rom b e i n g  in

a ra in shad o~u . Nakhon Ratchasima reports an annual average of onl y

45.48 inches (1 ,155.20 mm .).~

In a northerly direction , preci p itation decreases in proportion

to each station ’s d istance from the sea . Moving up the Central Valley,

Bangkok re ce ives an average annual total of 60.24 inches (1 ,530.00 mm. ),

Lop Bun 54.25 inches (1 ,378.00 mm .), and Nakhon Sa~ an 46.91 inches

(1,191.10 mrn.). Beyond Nakhon Sa~ an in the upper valle y, annual

average monthl y rainfall rates once again begin to increase as the rise

in elevation promotes orograp h i c prec ip itation. Moving north~ard ,

Phitsanulok records an average of 53.17 inches (1 ,350.50 mm.) of rain ,

and Uttaradit , in the northernmost reaches of the upper valley, record s

55.23 inches (1 ,402.80 miTt .)  of rai nfall per year .~

In Thaila nd , four seasons are coimlonl y rec ogn i zed. No of these

seasons are easil y I d i t  I f l e d  b y the e x t r e m e s t h ey  dis p lay , the ~et or

rainy season and t h e  d r y  season . The r a in y  season , a l s o  kno wn as the

sunune r or soutli~.esti- rn monsoon , is dominant from May to October. It is

c h a r a c t e r i z e d  b y warm , m o i s t  w i n d s  t h a t  blow from t h e  sea out  of t h e

south  -w es tern  quiad r~-unt.
7 During this season , can t  m en t a l  Thai  l and

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 1 ~~a ~~Lk—..l.A~~~-- ~



rec eives the bulk of Its a n n u a l  p r e c i p i t a t i o n . T e m p e r a t u r e s  are

moderatel y hi gh while the sky is overcast much of t h e  time . The dry

season , also known as the w inter or northeast monsoon , is the time of

year that the prevailing winds blow from the interior out of the north-

eastern quadrant . During the m o n t h s  of  December  t h r o u g h February,

temperature s reach their lowest point , the sky i s c lea r and precip ita-

tion is practicall y nil throughout the kingdom (see Fi gure 1 and

Table 1). ~

The remaining two of Tp• iland ’s four seasons are transitional

in nature and are more difficult to identif y. The period of the retreat-

ing monsoon occurs October through November. At this time of year , the

prevailing wind undergoes a shift in direction from one blowin g predomi-

nan t ly out of the southwest , or onto the continent , to one blowing out
0

of the northeast or out of the interior of the landmass. As the wind

executes this south to north mi gration , the climatic reg ime experienced

in Thailand shifts from the wet or rainy season to the dry or winter

season .

The transitional hot season occurs in March , A p r i l , and May.  A t

t h i s  t i m e  of  year , the dominant  c o n t r o l  c o n t i n u e s  to be the  c o n t i n e n t a l

h igh  p r e s s u r e  sys ten to the  n o r t h .  L o c a l l y ,  hi gh t e m p e r a t u r e s  cause  an

increased  v a r i a b i l i ty  in w i n d  d i r e c t i o n . O c c a s i o n a l l y ,  c y c l o n i c  pre-

c i p i t a t i o n  a c t i v i t y  may  be p r od u c e d  as a r e s u l t  of t b  c~~1i i s l o n  oil cool ,

n o r t h e r l y a i r  w i t h  warme r a i r  f r o m  t h e  s o u t h . (~~t i e r a l l y ,  as is shown

by Fi gu r e 1 and Table i , a t  t h i s  t i m e  of  ye ar , h i gh t e m p e r a t u r e s  and

low a m o u n t s  of  p r e c i p i t a t i o n  c ombine  t o  cr e a t e  c o n d i t i o n s  of  nea r

a r i d i t y .
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Ra i n f a l l  V a r i a b i l i t y

As one would suspect of all meteorolog ical  phenomena , the

g e n e r a l i z ed  o u t l i n e  of the  ebb and f l o w  of monsoon.il a i r  c u r r en t s  pre-

sented  above o f t e n  unde rgoes  d i s l o c a t i o n . P rec i p i t a tI o n  v a r i a b i l i t y

from s t a t i o n  to  s ta t i o n  is coi~umo n throug hout the ~ i n ~ dom.  Cene r.~l l y ,

an inverse  relationshi p e xi s ts  b e t w e e n  the annual  total amount of ra in-

f a l l  a s t a t i o n  r ece ives  and the  p r e d i c t a b i l i ty  of i t s  a b u n d a n c e  in any

one month  from year  to  y e a r .  11 Tab le  I , based on Lawrence S ter n s t e i n ’ s

The R a i n f a l l  of T h a i l a n d ,  p r e s e n t s  the minimum , maximum relative varia-

tions in rainfall recorded at s e l e c t e d  s t a t i o n s  in the C e n t r a l  V a l l e y .

As Table 3 i n d i c a t e s , v a r i a b i l i t y  is the g r e a t e s t  d ur i n g  the

w i n t e r  m o n t h s ;  l o w e s t  d u r i n g  the summe r monsoon . The summer months ,

h o w e v e r ,  are not  w i t h o u t t h e i r  p r o b l e m s  in r ega rds  to pre cip itati on

v a r i a b i l i t y .  In some yea r s  the a r r i v a l  of the r a i n s  in May or e a r l y

June is d e c i s i v e  and on s chedu le , ye t  in other years its coming is

gradual  and la t e  J u s t  how w i d e  these a b e r r a t i o n s  are fr o m  year  to year

is imposs ib le  to p r e d i c t  in advance .

Tables and 5 p r e s e n t  da t a  on monthl y preci p itation rece i pts

and summer d ry  s p e l l s  a t  two s t a t i o n s  on the C e n t r a l Plain. The months

for  w h i c h  d a t a  a re  p r e s e nt e d  in t he se  t ab l e s  have been l i m i t e d  t o  thosi-

no rmal l y domi n a t e d  b y t he  sulconer monsoon . As the  d a t a  i l l u s t r a t e , in

a d d i t  ion to a r r i v i n g  l a t e , t h e  scimme r monsoon can ( 00 :1 5 t o n a l l y  t e n n i c u t

e a r l i e r  t han  is normall y expected.

S t i l l  a n o t h e r  v a r i ab l e  f a c t o r  I s  the monsoon ’s c a p a c i t y  f -a r

o c c a s i o n a l l y p a u s i n g  m i d w a y  t h r o ug h t h e  r a i n y  season f o r  v a r y i n g  l e n g t h s

— -.~~~- . _ -  _ —._ _ .- .__-._ --~ --.--____ -_~_--_-----..- ‘-‘-.__~~_. 4— -- _~~~._ — . —-- -i-  - -~~~~
_.- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - —
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TABLE 3

MINIMUM , MAXIMUM AND ANNUAL RELATIVE RAINFALL VARIATI ONS
FOR SELECTE D STATIONS IN THE CENTRA L PLAIN

1951 -1960

Annual Minimum M a x i m u m
Var ia t ion  _Var ia t ion  V a r i a t i o n

Month Mont h

Chaing Mai 13.8 A u g .  13.7 Dec .  139.1

Lampang 12.3 S e p t .  23.1  J a n .  136.9

U t t a r a d i t  10.3 S e p t .  20.1 Dcc .  17 8 . 7

P i t sanulok  8.7 S e p t .  1 7 . 2  Dec .  154.5

Nakhon Sawan 16.3 Sep t .  13.1 Feb .  131.5

Suphan Bun 8.6 Jul y 23.9 j an .  145.8

Lop Bun 14.7 Jul y 25 .2  Dec .  150.0

Bangkok 16.3 S e p t .  13.1 Feb .  131.5

Source : Based on Law rence S t er n s t e i n , The R a i n f a l l  of  T h a i l a n d ,
e d i t e d  by Don C .  B e n n e t t  (B loom ing ton , Ind iana : In d i a n a
U n i v e r s i t y  Founda t i on  Resea rch  D i v i s i o n , n . d . ) .

I 
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TABLE ‘

PRECIPITATI ON VAR IABILITY FOR MONTH S OF TIlE SUMMER MONSOON
AT TWO STATiONS ON TIlE CENTRA L PLAIN C

Bangkok
May June

Year + or - + o~- -

mm. f r o m.
0 

mm.  f r o m

Days
a 

rec . Mean Days rec. Mean

1947 10 112.8 - 45.2 15 45.6 -103.7

1948 23 276.3 +118.3 15 106.7 + 11.4

1949 16 226.5 ÷ 68.5 13 124.4 - 24 .9

1950 18 151.4 - 6 .6  20 171.0 + 2 1. 7

1951 12 205.2 + 47.2 18 206.8 + 57.5

1952 13 125.9 - 32.1 20 128.7 - 20.6

1953 19 213.8 ÷ 55.8  17 144.2 - 5.1

1954 12 169.2 + 11.2 17 199.8 + 20.5

1955 20 207.2 + 49.2 14 102.6 - 46.7

1956 20 121.0 - 37.0 19 169.4 + 20.1

1957 8 36.9 -121.9 17 244.3 + 95.0

1958 10 36.9 -121.1 16 175.3 + 26.0

1959 14 218.7 + 60.7 11 138.5 - 10.8

1960 13 112.0 - 46.0 13 79.4 - 69 .9

Mean 158.0 Mean 149.3

~~ 
70.95 ~~~~~ 48.87

-.---

~
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TABLE !.--(continued )

Bangkok
Jtil y August

Year +or - + or-
nun. from mm. from

Days a rec. Meanb Days rec. Mean

1947 16 147.7 - 64.3 20 131.5 - 7.4
1948 22 210.8 - 1.2 19 116.8 - 38.7
1949 21 336.7 +124.7 28 259.7 + 54.2
1950 18 135.6 - 76.4 18 195.6 - 9 . 9
1951 21 229.4 + 17.4 12 186.0 - 19.5
1952 18 179 .0  - 33.0 25 2 2 3 . 7  + 1 7 . 6
1953 18 365.6 +153.6 20 158.0 - 4 7 . 5
1954 24 314.2 4-102.2 24 206.7 ÷ 1.2
1955 15 244.6 ÷ 32 .6  21 189.9 - 15.6
1956 16 103.3 -108.7 23 193 .9 - 11.9
1957 16 1 6 5 . 0  - 4 7 . 0  25 302.6 + 9 7 . 1
1958 20 1 6 8 . 0  - 44.0  22 317 .0  + 111.5
1959 23 240.2 + 28.2 18 102.5 -103.0
1960 16 127.4 - 84.6 21 243.9 ÷ 38.4

Mean 212.0 Mean = 205.5
~~~~= 78.38 ~~

- = 58.12

Sep tember  October

1947 21 2 7 6 . 7  - 41.6 14 143.8 — 1 1 9 . 1
1948 18 2 3 7 . 2  - 81.1 17 331.9 + 65 .0
1949 18 213.3 -105.0 18 253.4 - 13.5
1950 21 289.3 - 29.0 22 303.0 + 36.1
1951 22 239.8 + 78.5 16 338.2 + 71.3
1952 22 298.3 - 20.0  26 403.4 +136.5
1953 21 316.3 - 2 .0  17 113.6 -153.3
1954 24 2 9 5 . 6  -- 2 2 . 7  14 107 .2  — 1 5 9 . 7
1955 19 487 .3  +169.0 15 164.8 -102 .1
1956 25 365.2 + 46.9 12 189.1 - 7 7 . 8
1957 25 448.4 +130.1 18 490.1 -+-.‘23.2
1958 20 278.7 - 39.6 20 228.7 - 38 .2
1959 21 210.3 -108 .0 19 224.6 - 42.3
1960 26 499.7 ÷181.4 17 440.5 -4-173.6

Mean = 318.3 Mean = 266.9
¶. 93.00 117.18

L -- -- --  
~~~~~~~~~~~~~~~~~~~~~~ 
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TABLE ~. --(con tinued)

Nakhon Sawan
May June

Year 
- 

+or - +or -

urn , from mm. from
Daysa nec . Meanb Days nec . Mean

1948 18 116.5 - 38.0 12 90.6 - 3 1 .4
1949 11 83.7 - 70.8  11 91.8 - 30.2
1950 20 292.7 +138.2 20 224.9 +102.9
1951 12 260.6 +106.1 15 59.5 - 6 2 . 5
1952 15 217.7 + 63.2 11 181.7 + 59 .7
1953 11 82.3 - 7 2 . 2  16 66.4  - 55 .6
1954 14 208.7 - 54.2  13 112.1 - 9 .9
1955 12 284.3 +129.8 12 144.4 + 22.4
1956 15 172.9 ÷ 18.4 17 179.1 + 57.1
1957 5 69.1 - 85.4 13 138.6 + 16.6
1958 6 46.6 -107.9 13 91.4 - 30.6
1959 12 110.1 - 44 .4  11 51.7 - 70 .3
1960 11 64.0 - 90.5 11 154.4 + 32.4

Mean = 154.5 Mean = 122.0
r= 85.59 r= 58.06

J u l y  A u g u s t

1948 18 197.7 + 49.7 19 162.0 + 9.3
1949 17 142.2 - 5.8 XX XX XX
1950 17 57.9 - 90.1 16 79.1 - 7 3 . 6
1951 17 211.8  + 63 .8  15 134.4 - 18.3
1952 12 90.0 - 58.0 18 114.0 - 38.7
1953 18 185.9 + 37.9 19 183.8 + 31.1
1954 10 51 .2  - 96 .8  20 189.7 + 3 7 . 0
1955 21 244.2 + 96.2 16 180.3 + 27.6
1956 18 195.2 + 47.2 15 128.5 - 24.2
1957 13 7 3 . 1  - 74.9  21 209 .2  + 56 .5
1958 11 95.0 - 53.0 12 145.9 - 6.8
1959 18 217.4 + 69.4 11 184.1 + 31.4
1960 13 163.4 + 15 .4 14 121.9 - 10.8

Mean = 148.0 Mean = 152.7
64.34  

~~

- = 40.66

L - - - - -~~~~~~--—~
-—
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TABLI-: — — ( cont I f l I I (~d)

S ep t o n t h e r  O c t o b e r
Year + or - + or -

a 
mm. from mm . from

Days rec. mean’~ Days rec .

1948 22 238.8 - 21.6 17 205.2 + 94.1

1949 17 189.4 - 71.0 12 135.5 - 20.6

1950 17 187.8 - 72.6 18 220.3 + 64.2

1951 15 271.0 + 10.6 15 319.1 +163.0

1952 17 254.6 - 14.8 16 375.8 +219.7

1953 16 362.4 +102.0 12 160.0 + 3.9

1954 23 332.1 + 71.7 7 29.6 -126.5

1955 15 264.4 + 4.0 6 28.9 -127.2

1956 19 250.4 - 10.0 11 168.5 ÷ 12.4

1957 18 276.4 + 16.0 8 135.0 -177 .8

1958 20 294.2 + 33.8 4 43.2 -112 .9

1959 19 299.8 + 39.4 9 19.8 -136 .3

1960 12 172.6 — 87.8 14 143.5 - 12 .6

Mean = 260 .4  Mean = 156.1

~~~~ = 23.83 “f~= 119 .17

ny day s  dv [i t iod  as a 26 ho u r p~•r I od beg inn i ng a t  7 AM and
d u r i n g  which t i - i- a t  least 1/10 of a nnn . of r a i n  has  f a l l e n .

bD e v i a t i o n  f rom mean In  urn .

source : Lawrence St ernstein , The Ra i nf a ll of Thai l a n d .

________________________________ -~~ -~~~~~~~~ - — ~~~~~~~~~~~~~
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TABLE 5

DRY SPELLS FROM MAY TO SEPTEMBER 1951 1960
a

Ave . Ave . No. Three Longest Least Most
Station No ./Yr . Days /Yr . Days/ No. No.

Mo. Mo.

Bangl~~.-~ 8 4 June 14 5 12

May 12

May , 8
May/J une

Nakhon Sawan 11 5 May/June 14 8 16

May 13

May(2) 12

aA dry spell is here defined as a period of three or more
consecut ive  r a i n l e s s  days . A r a i n l e s s  day is one having less than
0.1 urn . (0.004 inches)  of rain on record.

Source : Lawrenc e S t e r n s t e i n , The R a i n f a l l  of T h a i l a n d .
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of t ime . These breaks in the summer monsoon ’s rain bring ing act i v i t i e s

usually occur in August. 12

R e g a r d l e s s  of  the  c~11i :;e bel t  i nd t lie Se ph enomena , any si gn i i i  I. - t i u t

deviation from the no rm has a negative impact on bot:l agr icul ture and

inland navigation . Especiall y in the earl y weeks of the summer monsoon ,

aberrations in the preci p itation pattern are quickl y felt In terms of

the amount of water available to irri gate the nation ’n young rice crop

or to fill its navigation channels. In the earl y summer monLhs , water

tables are low after the long dry season. Recharg ing this water deficit

especiall y in the higher portions of t he  w a t e r s h e d  takes  t ime and a b sor b s

water that , later in the rainy si-ason , flows to the reg ion ’s streams and

nivers .~~ Figure shows water levels over a six year period at Wat Pho

Ngam on the Chao Phaya river below the dam near Chai Nat. The depth of

wat er can drop in the early months of the monsoon (May , June , and Jul y)

often after an initial crest . Later in the rainy season (August , Septem-

ber , and October) , w ide y e a r l y variation s in river level also occur , but

at this time the low p o i n t s  are s t i l l  hi gh eno ugh from the river bottom

so as no t  to cause  n a v i g a t i o n a l p r o b l e m s . See a d d i t i o n a l  h y d r o g r a p h i c

data presented in  t h i s  c h a p t e r .

In  s u m m a ry ,  t h e  g r e - a t  variation in preci p itation over space -tii d

especiall y t i m e  a c c o u n ts  f o r  t he  w i d e  f l u c t u a t  i o n  it, i~a te r  l i- v, I s  i n

‘Thai land ‘ canals and st reams . Ev en  t houg h I he moo:; - - na I clim ate t i  g i - -

assu res  t h a t  most of T h a i l a n d ’ s r a i n  w i l l  come in t l i i -  summe r a~- oppo sed

to any othe r time of year and also that relativ e variabi lity w i l l  be

1o~ e st in the stimm e r , t h e  week or even t h ~ mont  lt in w h f  ch the  r a in s  ~ I

begin or halt remainH uncertain. Simila rl y unknown  i s  t h e  t o t a i  am oun t

- - -  ~~~~~~~~~~~~~~~~~~~~~ - —- —- - -—--
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. Il y dr o gr ip li s h o w i n g  w a t e r  s t i r  :1CC \ d r  l ab  l i t  v a t  W 1 1
Pho N gan , a sl i t  Ion  on t h e  Cltao Phaya  River located below the CIu o P i t i v a
Dam .
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of rainfall that any sing le summe r month will deliver even after the

rains have begun . It is this unpredictable quality in the ra infall

regime that exp lains the h i gh degree of f l u c t u a t i o n  in s t r eam flow .

Variation in Flow and Stage

Two i m p o r t a n t  components  of s t r e a m  c o n d i t i o n  are water flow and

s tage . Flow , a t e r m  o f t e n  used i n t e r c h a n g e a b ly w i t h  dis charge , is a

measure  of the amount of water that passes through an area within a

p r e d e t e r m i n e d  u n i t  of t ime .~~ It is u s u a l l y s t a t e d  in terms of cub ic

u n i t s  of f low per  s econd .  To a r r i v e  at  a measure  of t h i s  v a r i a b i l i t y ,

the s t a n d a r d  p r a c t i c e  is to lower  a v e l o c i t y  m e a s u r i n g  device  at 25 to

30 p laces  ac ros s  a moving s t r e a m . The dev i ce  m e a s u r e s  the speed of

w a t e r  m o v e m e n t .  ‘~~~ In Tha i l and  th is  measure  is u s u a l l y e x p r e s s e d  in

terms of so many c u b i c  m e t e r s  of w a t e r  per  second , or , in a s imp l e r

f a s h i o n , as 1113 / s e c .  Each of the 25 to 30 obse rva t ions  t a k e n  is  then

summed and a mean v e l o c i t y  i s  c o m p u t e d . 1
~ This  f i gure  in tu rn  is multi-

p lied by the cross-sectional area of the stream at the point where gaug-

ing was carried out. These relationshi ps can be simpl y expressed  i n

the following equation in which Q is defined as the volum e of water

moving through a given area during a given unit of time , V as the mean

18
velocity and A as the cross-sectional area.

4
The r e s u l t i n g  ave rage rate of flow for a 26 h o u r  day is termed the mean

dail y d i scharg e and is ordin ar i l y emp l oyed as the n: ’-astIre of the dail y

flow of a river.’~

- - .--
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Stage refers to the elevation of a stream ’s sur face above some

datum p lain , usuall y mean sea level. In computing stage , wa ter level is

graphed on a continuous time line . ~ Along Thailand ’s wa ter courses , In

mos t case s , observations are carried out manually by schedul ed read ings

of w a t e r  level  on a g r a d u a t e d  gaug ing s t a f f  pe rmanent l y mounted  in con-

crete on the river bottom .

The monsoonal nature of Tha iland ’s c l i m a t i c  reg ime w i t h  i t s  long

dry  season f o l l ow e d  b y one of heavy r a i n f a l l  is c l e a r l y  r e f l e c t e d  in the

wide  seasonal  f l u c t u a t i o n s  in stage and flow experienced throughou t the

Chao Phaya drainage bas in . The data from various river gauging stations

presen ted in Figures 3 through ~- record a maximum flow and highes t

water levels in mid-September and October. In November there is a very

rap id fall which lasts from four to six weeks . ~i Minimu m flow and stage

is reached i n A pr il and May .

The da ta presented in the ensuing illustrations are presented in

two gro up ings . The observations presented in Figures 1 through ~

consist of month ly average river surface read ings taken over several

years be fore data were collected for this stud y. The second grouping ,

Figures 7 through 9 , array readings tha t were taken by month during t h e

period that ProJect 30 workers were gathering dat a , a portion of which

appears in this dissertation . In both group ings , t i c ~ seasonality of

pre cip itation is clearl y evident .

In September when the Cen t  r a l  P l a i n ’s rivers reach flood stage ,

their currents are swift and their sediment loads ar~ h i gh g i v i n g  the

swirl ing wa te rs a r e d d i sh  brown c o l o r .  Here and t h e r e  the  w a t e r ’ s

B u r f a c e  is dotted with debri s that has been t o rn  from some embankment 

- -— - - . - .- .-~~~~~~~~
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WATER SURFACE LEVEL CHAO PHAYA RIVER
NAKHON SAWAN 1960—1965

10—

,—~ 
,,

!
I I

- I I
I I. 
I8—

/
7— /

- /
o . I
I- II- I0 -

Eli - I
> - I
— I
Er - /
w
> - /
o . /

• /
~~

(,, 4— I l  /
- -

~ g I ,
w - 

‘-
i,I— ~~~~~~~~~~~~ I

LI_s - - -.- .-.-- -. $

3—

2—

- R IV E R  B O T T O M  A T  -1 1 4 f O  M ET I R ” ,  (M~~~I )  t I OM  R I D
t i l l! !  1 1 1 1 1 1  I I I  T i l l !  I I T !  1 1 1 1 1 $ !  Ill I T
J A N  FEB MAR AP R MAY JUNE JULY AUG SEPT OCT NOV I DEC
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WATER SURFACE L E V E L  CHAO PHA YA R I V E R
WAT PHO N G A R M  1960— 196 5
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Figure -.~~ Maximum height hydr ograp h based on a five year water
surface average its recorded on the 5th , 15 th and 25t h day of each month.
This station is located below the Chao Phaya Dam .
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W A T E R  S U R F A C E  L E V E L  SUPHAN R I V E R
POLTHEP REGULATOR 1957 — 1965
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W A T E R  S U R F A C E  L E V E L  SUPHAN R I V E R
PHO PHAYA REGULATOR 1955 — 1964
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ups t ream by the rushing water. In this stage of its cycle , the river

fills its entire bed to the point where its banks are often overtopped.

All traces of sandbars or other shallow p laces disappear , hav i ng beui

either submerged by the high wa ter or swep t away by the stream ’s might.

Along canals such as the Suphan and the Not , the water levels also rise

bu t locks and regulators control the increase and keep variation in

water level at a minimum. Even on these regulated canals , curren t can

present a problem . Along the swollen waterways of the summer monsoon ,

navigation is uncompli cated by obs tacles caused by low water shallowness

but , on the other hand , comp licated by the dangers of swiftly runn ing

w a t e r s .

At the opposite extreme , i.e., the time of lowest water in A pril

and May , quite a diffe rent view greets the eye along the Central Plain ’s

many rivers and streams . Now the water course is much narrower as it

undula tes atop the river bed widening and narrowing , curv ing and recurv-

ing back and forth between the high-sided banks that now stand back well

away from the wa ter ’s ed ge. Owing to the decreased velocity of the flow-

ing water , the action of sedimentation has once again caused sand bars

and shoals to appear on both sides of the channel. 72 At this time of

year the ab ility of the navi gation channe l to carry cargo vessels varies

greatl y from p l~ice to p lace het~~ecn deepe r pools , grav el bars and sand y

shoals. Under these changeable conditions , passage  by cargo craft ot

more than 1/2 meter draft becomes difficult or impossible. Aga in , it

mus t be underl ined tha t this des cr i ption does not app l y to contro lled

waterways like the Suphan and the Noi rivers whose levels are maintained

by locks and regula tors at levels required for year-round nav i gat ion .
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The cond i t ions t h a t  h ave  h~ eu dt-sc r i b - d  a p p l y  to  most of the

r i v e r s  t h a t  I low 1~~-:n t h e  C e n t r - ~~ P l a i n  in  t b - j r  u p p o r  and m i d d l e

r e ac h e s  whe re  t he  s u r f a c e  is o f  i n c re a si ng  e I i - -~ot  ion  above mean  sea

leve l - In their lI s-~- r  rc- ;~~ h - s , t h i - s e  r i v e r s  ap p e a r  uorl -u -hat  d i f f e r e n t .

For examp le , from approx ir : i t e l v  Av I1t t L - ~iva  s o u t hw a r d  t o  t h e  sea , the

Chno Ph ava  r i v e r  does  not  flow between w e l l — d e f i n e d  banks but spreads

to either side of the ohserve r ’~1 eve until , in the low water stage , its

waters end on a slightl y inclined emhankrent.~~ The extent of the hank

left visible depends on t he  tid - whose effects are felt as far upriver

as Pamoke .

In flood stage when the t i d e  i s  r u n n i n g  u p s t r e a m , the  lower

courses of t h e  Char ’ Phava expand in width to a point where the margins

lie beyond the eye ’s reach somewhere -inon~ t h e  water—soaked vegetation

or elevated bu ildin gs tha t stretr- h along what is the rivt -r ’s dry season

margins. At times when ti dol dor~r log is not occuring , the river ’s waters

do end at the river bed ’s nt lv slop inn banks. Thus , tidal flow , which

will he discussed later in this report , can bring great changes to the

riv er ’s appearance over r eli t ive lv h e r r . S p ; I n S  of time . During the

su~.ri- r m on s o on  ~he ent i r -  l n d s c ~~pc i s  o-vis h and , u n l e s s  one ’s house

I l i - u  near  an - I . - - i i . d  i l l ~- eutb ; -i r I - u d , the princi pal nouns of i- ri r al

transportati on is I - ’; h ’;i ’_ . ~~~n t h e  duu l 1 m i S , unless r- iiued atop

‘~‘ i t i — m id e  ~i i ’t ind  , i n  Hr i I t i t  I ‘ I ’  p ii i ng s  I i V ~) id  i n n b . i  I On ~1 t this t ira-

of veer.

F •i r tb ’ -r q-s t r - - ir , u- h e r - t h i -  r~~ 1i ~
- oI tb p l a i n  enl rvs h ii -h er

i li -ì t I ’ l l  m b v  - l e v i - I , t b  i - : t - rs bi e i -  i - u t their s oy  l i - i - ; ’ i - r  m l -  th-

l a n d ’s ‘ai r f t 1 -e and , - - - n s - ’~~~ - r t  l v , -v b e t  u - i - i - n  t h ~ ‘ ~7~ l-~~~t f l t  (It SCri h l51 
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earl ier. Here also , during the rainy season , the entire landscape is

well soaked but deep water is less widespread being limited to lower

ly ing depressions p la ced between the natural levies which flank the

24w a t e r  c o u r s e s .

As one w o u l d  expec t , a compar i son  of r a i n f a l l  d a t a  with statis-

tics on river flow and stage reveals a lag that , at certain t imes of the

year , is often of several weeks duration. Numerous factors account for

this lag , some natural others man-made. Among the natural exp lanations

account ing for this lag is the condition of the drainage basin ’s wa ter

table . The large moisture deficit accrued dur ing the dry season is

re charged by absorbtion during the earl y weeks of the summe r monsoon .

O f f s e t t i n g  of t h i s  d e f i c i t  denies  large q u a n t i t i e s  of w a t e r  to the

reg ion ’s r i v e r s  and c a n a l s .  In l a t e r  weeks , as the wa ter table is

recharged , surface runoff increases as doe s the magnitude of water in

rivers and strearns .~~ There is similar lag at the end of the summe r

monsoon season itt November .  At  this time , however , the river ’s water

l eve l s  recede mor e s low l y than do the precip itation rates.

The Impact of Dams on River Flow and Depth

In addition to the variable impact of n a t u r e  on the rivers and

the canals of the Chao Phaya system , the work s of man also have their

eff ect. Increasing l y, man has intervened in nature ’s reg ime in an

effort to curb some of the more v i o l e n t  extremes in flow and thereb y

derive greater benefits from the use of the river ’s wa ters .

Two dams have been built on the waterways of the Chao Phaya

system and currently a third is under construction. The oldest is th~ 

— --—- — -- - - - - - -—-- -—-- - — - - - - - -- - - - — -- ——— — - ---- —-i -_ —- ---——-— -— - --- - -- ------ ------- -- --- --,~~~,~~~ --_ -_ -... ys.-- .--
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Chao Phaya dam built across the main river directl y bel ow Chai Nat.

This  s t r u c t u r e  was  comp l e t e d  in 1956 . In 1966 the Yan g hee or Phomi pho l

dam was comp le ted on the upper Ping river . The t h i r d  dam , when com-

pleted , w ill control the waters of the Nan river .

The main role of the Chao Phaya dam is to divert water from the

ma in river into the extensive Greater Chao Phaya Irrigation Project.

The area benef iting from this project lies in several provinces and

through it s ne twork of wa ter courses , irriga tion wa ter is delivered to

6,215 ,000 rais (2,460,000 acres) of what is primaril y padd y 1and .2~ The

p r o j e c t  is comprised of a d i r e c t  g r a v i t y  i r r i ga t ion  s y s t e m .  Above the

Chao Phaya dam the re are d i s t r i b u t a r y  channels  t ha t  lead w a t e r  away f r o m

the main r i ve r  near  Chai Nat  to both the east and the west. These major

channels may also serve as transportation routes. On the righ t or west

bank , w a t e r  d i s t r i b u t i o n  is achieved by the Chai Nat-Pasak cana l and ,

on the left or eas t bank , by the Noi and the Sup han r i v e r s .2’ The irri-

gation system also contains provisions for draining low lying areas

located be tween the main river and its distributary offshoots.~~

The Chao Phaya dam and the irri gation projec t have diver ted

wa ter from the main Chao Phaya river and have distributed it widel y over

tfl~e agri cultura l landscape . Since water for the purpose of i r r i g a t i o n

takes precedence over water for commercial nav i g.- ltmea , supplies that

mi ght  have o r d i n a r i l y flowed down the middle Chao Phaya  river are now

empounded for re lease and d ivers i on t o t h e  i r r i g a t i o n  s y s t e m .  For t h i s

reason , river levels in the middle Chao Phay a have been reduced  d u r i n g

some months of t he  year when there is no rainfall but the rice crop is

in need of mois ture . Such a situation contributes to the passab il ity 
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PING RIVER BEFORE AND AFTER CLOSURE

OF YANCHEE DAM
TA K GAUGING S T A T I O N
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Figure 10. M ax i m u m heigh t hyd r o g r a p h for Ping River at a
stat ion below the Phom i p hol Dam . Graph shows wa ter level fluctuations
before and af ter closure of the dam . Note h~~ the dam has evened-out
flow .
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p rob lems  e x p e r i e n c e d  b y shi pp i n g  on the main s t r e a m . A t  the same t i m e ,

this diverted w a t e r  is channe l ed  t h r o u g h the Suphan and the Noi  d i s t r i b u -

t a ry  c h a n n e l s  w h e r e  r e g u l a t o r s  keep  w a t e r  l eve l s  s u f f i c i e n t l y hi gh f o r

a l l  y e a r -r o u n d  n a v i g a t i o n .  There fo re , a t  the same t ime  t h a t  the  impac t

of the Chao Phaya dam works to restrict the shi pp ing season  on the

middle reaches of the Chao Phaya river , it acts to extend the shi pp ing

season on the parall e l No i. and Sup han d i s t r i b u t a ri e s  from a mode al I o~.—

ing high wa ter movement only to a situation where all year  shi pp i n g  is

poss ib le . Fi gure s 5 and ~
- illustrate how water control regulators on

the Sup han work  to even out  v a r i a t i o n s  in w a t e r  d e p t h  on the  nav ig a t i o n

channel.

Because the Chao Phaya dam is primari l y a d iversion barrage with

a small rese rvo ir , water backing up behind the dam does have the effect

of facilitating navi gat ion on the upper Chao Phaya river. Yet , t h e

dam ’s capac ity to store water is very small. For this reason , its

ability to even out the wide seasonal fluctuations in river flow and

to prevent downstream flooding is limited. In order to provide greater

water storage and control facilities and to prov ide  h y d r o e l e c t r i c  power

as well , large multi p urpos e dams were  des i gned for the Ping and the Nan

rivers , the Phomiphol dam now o p e r a t i n g  on the  P i n g  r i v e r  and the  Nan

river dam presentl y under construction .

Both of t he s - 1~i rge  dams hav r-  larg e rcserv - i r c ap a c i t y .  T h e i r

impac t  w i l l  be to  even the f low of w a t e r  d o w n s t r e a m  on b o t h  a r a i n f a l l

to rainfall basis as well as on a season to season basis. These dams

~iill smooth out the water surface hydrographic curve by avoid ing cond i-

tions that cause either extensive flooding or drought. In terms of

- - _____
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do w n s t r e a m  n a v ig a t i o n , the effoi t of these dams will be to improve dry

season passage  by m a k i ng  more  w a t e r  available t o  the  ma in s t r eam . The

demands of the irric ’ati ci n system , however , could claim the add itional

w a t e r  t h e s e  s t r u c t u r e s  make a v a il a b l e  in the  dr ’. season. To date ,

t h e r e  seems t i m  have been no l a r u e  i n c r e a s e s  in dry S E - i s  - f l  water Ieve~ s

on the main Ch O I Phaya river below the dam al though th e  Phomiphol Darn.

has managed to keep wa te r  l eve l s  from falling below certain minimum

levels.
29 l-?hat r e m a i n s  t m  be sean is i f  t he  i r n p r o v e r - - e n t s  in w a t e r  con-

t ro l  made  p o s s i b l e  h~ t h e s e  d an- s a r e  to  n o used  t I  - ho ld w a t e r  f o r  la te r

d i v e r s i o n  to the irri ga t i on svs~ en- an d  t h u s  r e d u c e  r a t h e r  than i n c r e a s e

dry season n a v i g a ti o n  on t h e Chao Ph aya r i v e r  or i f  they  are  to be used —

to  m a i n t a i n  d o~- -ns tream ba rge pas s :ib ilit v . Because  n a v i g a t i o n  and i r r i —

ga tion will ult imatel y he in c-oni net ition for this water resource , the

l o n g — r a n g e  e f f e c t  of t hese  darn s could  oossihlv work against wate r  t r an  —

p o r t at i o n  i n s t e a d  of in i t s  f av o r .  See Fig ri if)  f o r  i l l u s t r a t i o n  of

the  P h o m i p hol  dam ’ s in-pact ‘n f l e w  in  the  Ping r i v e r .

Channel  Dep th

The d e p t h  m t  u n i t e r  in  t h e  channels of  I i i  Chro ’ P h n v a  s v st e r -  v a r i e s

in a c c o r d a n c e  w i t h  the h i g h l y  s e :r s o n a l  p r e c i p it a t  io n  r e m -  inc . ~li&-

- r e a t e s t  a h e r r m t  ions  in c h a n n e l  d e p t h  o c c u r  i n  t 1 e ‘n t  ions  o~ the

5vs t~-m where  v o t e r  l i e ’€ - i S  mi r f not m aint a ined at .u s I I I ~ i i - :  dt- ; r h  by

d - in.s or r e m - i :  l i t e r s .

t.~i thin t h e  : m r e . l  t i n d er  ex o n  m a t  i o n , it t h i  r u i n - - I  r e i n- C o r e

Phava r i ve r  wh ich i-x ~~- , - r i e n e e s  t h e  - o m - a t e s t  sens ’ n m i  - xt n ,-n- t-- ~ i n  d i s —

ch.i r o ’- enil v e t , - r  li - - a - I .  )~ I I b  l u  tm:.It i - -n i s  i - s n - - l i l  l’ r m n - n c v ~ h i - l i - v

— ——— - ---- - --~~~~~~~~~~-— — .
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the Chao P h aya dam . h ere water  l e v e l s  not onl y reac t  to seasonal  f l u c-

tuations In preci p itation and surface runoff but  also to the  f ac t  t h a t  a

good deal of water is diverted above the dam for irrigation .30

In the upper portions of the Chao Phaya , the reservoir of the

Chao Phaya dam maintains water levels at sufficient depth for year-round

navigation as far upstream as Phayuha KhLri .~~ Beyond this point

u p s t r e a m  to the no r the rn  terminus of the river at Nakhon Sawan , ther e

are areas that become shallow during the dry season . The most critical

are located at Kok Pra and within the limits of the city of Nakhon Sawan .

Despite these areas of low water , barge traff ic is not stopped from

using the upper Chao Phaya river but travel time is greatl y in creased

from one day to as much as a week or more be tween Nakhon Sawan and

Phayuha Kh iri.

The hydr ograp hs presented in Figures ~~, . , 7 , ~ and 9 illus-

trate the great fluctuations in water depth experienced along a large

segment of the middle Chao Phaya r iver. Although heavil y travel ed by

loaded commercial barges in the wet season , d r y  seas on nav i gation on the

middle region of this river is sharp ly curtailed.

The Suphan river with the Chao Ched canal and the  Noi river are

both all season routes that are used by long-ha ul vessels as alterna-

tives to the middl e Chao Pliaya river. The Sup h an  a n i  t h e  Noi are diver-

sion cana l s and a r e  iirti-g r :i I parts of the Greater Chao P l m a v a  I rr iga t i on

Project . The w i t  e r ;  of t h e - m e  car t i I s  mi iso sho’~ the seasona l fluctu a t ion

in the wat er bud g e t  , b u t  a ma- r I i- . of regri I at ion we irs and navi gation

1 OC ks p 1 a (-Cd along t h e  i r ou - - e f o n t  t 1 on to mai n t ;il n levels above those

that w o u l d  o t h e r w  I se he too shal low for barge navigation.

- 
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When the Grea te r  Chao Phaya P ro jec t  was being i n s t a l l e d  in the

1950’ s ,  it had been assumed b y the I r r i ga t i on  Depar tment  that  wa te r

levels on the Suphan and Noi rivers wou ld never fall be low two meters in

dep th.
1 

Since then the figures have been revised downward. Presently

there are some p laces along the Not and Suphan rou tes where dry season

water levels do reach one meter in depth.

Desp ite the fact that in certain p laces wa ter levels on these

channe lized routes do drop to levels that threaten safe navigation at

cer ta in  times of year , the Suphan river hydrograph presen ted in Fig ure 11

show s that , on the average , levels below 1.50 meters are reached onl y

twice and for very brie f periods of time in May and October. Most of

the year , the average level is in excess of the two meter mark . Another

hydrographic recording taken at the Phoithep regulator , a water contro l

device located at the northern junction of the Suphan and the Chao Phaya

rivers upstream of Chal Nat , effect ive ly illustrates how water levels on

the Suphan canal side of the regu la tor are manipula ted to avoid the

highs and the low s experienced on the Chao Phaya river side of the

barrier. When looking at this hydrograp h , F igur e 5 , it must be kept in

mind tha t the w a t e r s  of  the Chao Phaya r i v e r  at t h i s  p o i n t  are k ep t  f rom

fall ing during the dry season by the Chao Phaya dam located a short dis-

tance downstream . Before this structu re went into ip eration in 1957 ,

water levels fluctuated a great deal more thus decrea- lug the Sup li an ‘s

stability as well.

- — — ~~~~~~~~~~~~~~~ - - - - - -
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W A T E R  S U R F A C E  L E V E L  SUPHAN RIVER
T H A B O T E  R E G U L A T O R  1957- 1964
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F i j~p i-e I l .  Maxim um m e t  ght h y d r o g r a p h of ave r age  w a t e r  su r  facf-
leve l r e c o i - i l t - d on the 5th , 1 5t h  and 2 5 t h  of e v e r y  m o n t h  on the  Sup han
R i v e r ,  1957-1964 .
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O t h e r  F a c t o r s  R e d u c i n g  Wa te r  T r a n s p o r t ’ s
E f f  i ciency

In  a d d i t o n  to  the  p rob l ems  i n h e r e n t  in low w a t e r  ievels , the re

are others w h i c h  decrease the efficienc y of w a t e r  t r a n s p o r t a t i o n .

Those f a c t o r s  w h i c h  a re  phv sic :ri include san d b a r s , \.-; t c r currents and

channe l  c o n f i g u r a t i o n . O t h e r  p r o b l e m s  i n c l u d e  navi g a t i o n  locks , t r a r —

f t c  c o ng e s t i o n  and other obstructi ons .

Sandbars

Sha l low c o n d i t io n s  to the t-xtent where harc - pass :ic- e is hampered

a r e  u s u a l ly  not  a c o n t i n u o u s  ph enomena  € - x - e p t  in  t h e  e x t r e m e  n o r t h e r n

headwaters of the river system . In the middle re i hes of the  Chao Phav a

r i v e r  i n t e r m i t t e n t  shaUowness usuall y assumes the form of sandbars in

areas of reduced flow due to channel sinuos it ’ or in areas where the

waters of the river channel spread out to cover an e x t e n s i v e  s u r f a c e

of the river bottom .

W i t h i n  the m i d d l e  Chao Phav a  r i v e r  i t  is dry ~eason shal lowness

t h a t  i n t r o d u c e s  t he  mmm m~ or i n e f f i c i e n c i e s  jn t i long—haul water transp m r—

t a t i m n .  Loaded c l I r m I r n e r  i mm i vessels w ith d r i f t s  in excess of one meter

are  u n a b l e  to use t i e middle (dma l ’hava river from t h e  Chao Phava  da rn

to Avutthava dim e to dr ’ Ot - m Il m I r  shal lowness caused in lan e p a r t  bv s : m n d

dei’ s it s . On both he ~~~- I and the Suphan rout ~s, as a lreadv point m d

out , depths are maintained tlir ’ tmgl m the u i-a - of r e i m u . t  or s .  To p i s s  t h r u m -l i

th e looks that r u m - y e  t r i f  i n  j r - l c d  ( m e - : - regr:l i t o r -  o n l y  i r ’ c r m - I s e s  I ri—

~eI t ime in- tm t r a v e l  i - i - -, t  m ind  t hu s  I t - I m e m o - - - i - :a ter  t r u n ~~r o l r t a t i o n ’ s ah il—

i t v t o  c o l a- t o with - : l u i  o r d  r a i l .  ~ t - mt -t m u m  i t S  sMo i l lis t ti - r m  - - , i n c n - i s i n g

( h OnTW l l~ - 1 ’t h  i n  t i m e  r n ;  i n  ( l u  u i  l j y i  r i .  - t o - - I  t in ; - m m-m in t A’ u : t t h i v m

L. - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ — - ~~~~
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would also increase the  speed a t  which s h i p p i n g  could t r av e l  t h r o u g h

the m i d d l e  Chao Phay a  r eg ion  in the  d r y  season. This , in t u r n , would

g r e a t l y  enhance the  c o m p e t i t i v e n e s s  of wa te r  t r a n s p o r t a t i o n .

Water Currents

Water current can often present a problem for inland shipping.

Each year  there  are  i n c i d e n t s  of boa t s  r u n n i n g  ag round , s t rik i n g  o the r

vessels , being smashed against bridge abutments by the current or dam-

aged by large logs or other debris carried in the grip of powerful cur—

ren ts.

Dangerous l \-  s w i f t  c u r r e n t s  a re  the  r e s u l t  of two d i f f e r e n t

f o r c e s .  One is the  r i ve r  c u r r e n t  t h a t  r e s u l t s  from the abundant amounts

It of water seeking to exit to the S e m i  during the rainy season. This cur-

rent is a uni—dir ectiona l phenomenon and is a major problem in the mid-

dle or the upper reaches of the system where channe tm s are narrow and

h i g h l y  s i n u o u s .  The o t h e r  type  of c u r r e n t  is tidal in origin and is

felt more than 100 kilometers upstream from the Gulf of Thailand .

As a l r e a d y ment ioned , many of t he  r i v e r s  and c a n a l s  on the

lower Central Plain have beds that are near or belo w mean sea level.

As illustrated in Figure 12 , t h i s  condition is found to exist on the

Chao Ph aya  r i v e r  as f a r  in l a n d  is A v u u t t l c i v m , 136 k i l o m e t e r s  from the

Gulf of Thailand . On this wu t €- nwa v , va r i a b l e  t i d a l  m o t i o n  e x t e n d s  ~ar

upstream . The m a g n i t u d e  mi nd extent of t he  t i d a l  ir -p act varies sea—

so n a l l v  in con u n c t i o n  w i t h  the cl i s ch inr - e r a t ; -  of tb ;  Chao Phava r i v e r .

S om e t h i n g  o f  an i n v e r s e  r e l a t i o n — h i p  e x i s t s  h e t w e i - m m  i - e i w - ; m r  i t f l i -s ini -,

ri- - er mac rents and inland f l i v i n g  t i d a l  t l m n i u - t .  -~‘ m n n  t i n -  tid e is

ri oi n g , it jets - i s  a d ir- i p m i  i n s t  t t -  r i--e r c u i r i - l - i m m  nil s lo w- s  i t s  i - - - i o —

c f t i - . ~a t n  t In - t~~~I t  i s  t i l  - : m ~ , 1 1  r i - i n f o - r o e -  t r~~ - - m  - . 1  n~~ - m : t , i n —

L. -- - - 
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Fi~~ur e  -- . Chao Phaya River mean water depth
below mean sea l e v e l .  Taken f r o m : T h a i l a n d , Po r t
authority of Thail and , Marine Department , Marine
Surveying Division, “Ityd ro grap h ic and Hydrolog ical
I t . f or m at  ion , Ban g kok Bar and Chao Phay a R i v e r ,
T h a i l a n d ”  Bangkok , S e p t e m b e r ,  1966 , p .  6.
(Mimeographed.) 
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c r e a s i n g  i t s  v e l o c i t y .  The e f f e c t s  of the  t i d e  a re  f e l t  most  a c u t e l \ -

in the  d r y  se l S ul when t he  reduced f l o w  i n  t he  r i v er s  r e s u l t s  in  de-

c r eased r i v er c u r r e n t s . W i t h i n  t h e  e s t u l i r y  of t he  Chao Ph ay a , r i v e r

d i s c h a r g e  j o t s  to  impede the inland sweep of the tide during the rainy

season when the  r i v e r ’ s f l ow i s  t i m . - g r e a t e s t . At  t h i s  t i m e , the  uppe r

l i m i t s  of t he  t i d e ’s in f  l ue n o c  a r t -  pushed  seawa rd .

Fi g u r e  13 1 i s p l : iv s  t he  impac t  of t he  t ides  on t he  Chao Phi:iv a

r i v e r .  I t  w i l l  be noted t h a t  ther farthest upstream ream -h of t i d a l  in-

f l u e n c e  is 160 k i l o m e t e r s  to  P amok , a tow n on t h e  m i d d l e  Chan P h i v a  r i-

ver  be tween  A v u i t t h : i v : u  m ind Ang Thong .  Th i s  I m e c l i r s  in t h e  d ry  season .

Table 6 p r e s e n t s  s t a t i s t  h -s  u m n t h e  v a r i a b l e  r i s e  and f a l l  of w a t e r  l e v e l s

by season a t  v a r i o u s  p u m  i n t s  within t h e  l ow e r  Chao Ph ay a  r i v e r  e5t  u r i r v

w i t h  respec t  to s t a n d a r d  mean sea l e v e l .

The c u i r r e n t s  t h a t  m l i u l m p ; i r l v  t he  r I \-er m e  and t ida I I lows I l - R e

a s i g n i f  i c a n t  impac t  on t h e  eu s - of w a t e r  t r a n sp o r t .  I n  t h e r i v e r s  and

canals as well is the Cham Ph iv :i i t s e l f , the I i d o l  r i s e  mind  f a l l  of

w a t e r s  m u s t  bc t i k -i u  i n t o  c on s i d - r a t i i o  by barge u lper - it Ir s . In a l l

c h a n n e l s  t h a t  e x I t - n  i eni - e  t i d i  1 ebb no d fow , cu r r e n t  i n  m r e s e n t  ml n a y  i —

g m i t i o n a l  p r o b l e m , t h e  nn- i g n i t u m l e  of i t s  i m p a c t  un -c a g a i n  r e f l e m -t iv ~- o f

ri v er dischar ge .

In tire riv er part i t  t i m - l - ; s t u a r v  up I i  Bang Si i thi n c h ariu - r m r  i f

t he m - n i r r e n t  var i es l’u-tween pure t dal in the dry season anti mi Inmos t
r i vera i n  F r  I ver joe I when the r i ver disc h i r ge r - - a- hiu - m~ its max i mum .
The amp i  it n I t  at  the t ida 1 ye lii i t i e s  d n r  m c  t h e  d r ~- si - i — m o n  p r u l —
ua l l v  u t - - r i - a - m m - n -; t r i m a n e i n  - m i l u n e  o f  1 . 3  m ./su- . - i t  t l u m -  r i v e r  m o u t l u
t o  I .2 rn./sei - . a t  B i n u c k u i k  mi nd 0.6 rn./se - . at  h-org S i i .

The d - m m -ha  r iy - o f  t he r i Ve r weakens the 1 nod - nd ot  r eng  t h ens
the ebb . A t  Bang S i  i t b  m a x i m u m  n o n — I  i i i ; I di s u h u i r g u .- vel i ’ m - I t  v w i s
ih o u t  1 .1 m. /m m ;-i - . In  t h e  l i d ; i l r i  l i e n ;  t i ~o eb b c u r r e n t s  m i n i  i i  t i m
velmom -I t  u - - ~ if  I i t t  I i -  l i - n - m i ;  t l u i n  2 . 5  m . / s e e .

r o l u g  r i  r i i i i -  i m r  r e n i t mm i- in , u u i w t - v i - r  , - i - t d t - - C he m - f t I t l C M m V

i f  i i -p  - t r i n s t  u -  r I -~ ito r I s  i r u m ml u - v a - ;  I t - - in v u -  - — , t -  I sp m  - - d  . rh i n ;  i n ;  i - - —
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pet - i a h l ~ - t r u e  dn r  i ng  t i l e  N r i ’ d  of peak f l u u ~ - when  the r iv m - r s  mind i n - I s

of t h e  C l i i -  P h - m v - i  s y s t em  a r t  i t  their deepest mind h r u i m d & - s t  st igi -  while

many potent ial h:i-zm iru.Is s u c h  us o - u n h h i r m 5 , hul It up dur ing the uir~’ se :i son ,

are either swept ;v v  hr: ~i m  our -c sm mb mu.- rg ed vt- I l. he low t h e  v-at er  ‘ s suir—

l i e. Where l m i u u r n u . - l s  i r e  n a r r o w  and If sinuous coni i g u r i t  ion u - r  w h i n e

sur f a t e or su hi -mum r t a - u.- obstruct ions , - ; i u u-It a n-u hr i dg e  - u h u i t m e n t  s , i re t arm .

t he r a i ny  s t O s u n ’s s t ro n g  r i v e r  i nc  ~- u i r r t - n t s  L i l t  p r e sen t  a haza rd  to navi-

g a t i o n .  I t  is under  these conditions just o u t l i n ed  t h a t  the  power of

one ’s t - w h u u a t  and t h e  ski 1 1 uf I is m i p t - r m i t l r  become q u i t e  i m p o r t a n t  along

w i t h  the  l e n g t h  and m - i m p i u s i t i u i n  of t h e  b a r g e  s t r i n g  to  w h i c h  one ’ s b a r g e

is a t t ac h e d .

D u r i n g  p e r i o d s  of less t h a n  peak  f l ow , c u r r e n ts  a re  less s t r o n g

mind t h e  d a m m i n g  e f f e c t  of  t id o l t l i v  mmcm even havi- - i b e n e f i c i a l  e l f  i u t

in t h a t  it  t e n d s  t o  l n i : r i - : m s u . -  c h a n n e l  depth by h a c k i n g  up w a t e r .  I n  g e n —

e r u  1, h o w e v e r  , as i c r  t e r  l e v e l s  h r  op , r~ l u t -  cor id I t i on  u u f  t I r e  nay  i ga t ion

c h a n n e l  a l s o  d i - t e r i u m r ; i t e s  t o  t h e  p o i n t  t h a t , m i t  lee -  w a t e r , i - o u s t  n i t - I  i on s

mind t u bs t r i - - i  i u u t r s  he - u i m e  t h i . ma j or p r u b  len . At  t h e  same t inc  m - i i r ri-ut s

can s t i l l  m a i n t a i n  \ - er v  h i g h v e l u ’ m - i t i e s  a l o n g  u - e r t i i n  ~ t r m - t c l u u . -s u I  i

c h a n n e l  is i n-u t h e  u - i S o  on t h e  o u t s  i i i  h m ’e u~ t r i v e r  m e a n d e rs  or u s L u . i t -

-h a n n e l  w i d t h  is m o n s t r i c t e u l  by s i n d h r a r s . These l i - u - i l  i i u . u f  ir Ih l le m

mi r e m i s  p r i s m - r u t  t u u w b u i t  mind b a r g e  o p e ra t o r s  w i t  h t h u  h t m l  h a z a r d  m u f  sw i ft

u m r r e n t s  and t i g h t  b e n d s  w h o - l i  s i n i g u l r l v  or  i n  cu i : m e I n i t  ion w-r k t I  - im-

pound t h e  d m i n g u - r n m  ; u f  r t i -  - : e s s t - h  p s - m a u i - . 
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Channel  C o n f i g u r a t i o n

The configuation of a channel , i. e . ,  wid th and sinuosity, is

an i m p o r t a n t  f m i c o t r  g o v e r n i n g  the speed and ease w i t h  w h i c h  a s t r i n g  of

b a r g e s  can n e go t i a t e  a w a t e r w a . I f  a chann cl is highly sinuous not

o n l y  does  i t s  a c t u a l  dist i nime i n c r c m n - t -  with each change in direction ,

hut e v e r y  t u r n  requires added c o n c e n t r a t i o n  arid effort on the part an

the  towboat op c- ritor mind the hargemen manipulating the (-raft following

b e h i n d .  Si n u o s i t y may he t h e  m a i n  f a c t o r  in d e t e r m i n i n g  t h e  number  of

b a r g e s  pul .  led by each  t o w h u u a t  . I t  subs  t a n t  im i l i v  r educes  t h e  speed m i t

w h i ch barge  s t r i n g s  can t r u - : c - l .

I f , i n  a d d i t i o n t o  hi- ing s i n u o u s , -i channel is also narrow , —

as is t h e  c ;isc  on much of t i r e  ~P- i m a d  t h e  Sup hm i n r i v e r s , m u r  i f  a p p r o m i c h i n g

t r a f f  i t  is h e a vy , the iii if i m i i i t uf guiding a s t r i n g  of b a r g e s  t h r o u g h

1 n ay  i a - i t ion  c h a n n e l is  (- u lm -I p u u i n d e d  s t i l l  f u r t b m c - r .

The wit r w a v s  of t he  P h u i u i  l ’ hay ; i  svs ti- n run t he e n t i r e  r ange

of e xt r em e s  f r u a n  b e i n g  b r oa d  mind r e l a t  I v € - l v  St r~i i gh t  nay  i gat  ion c h m i n —

n e l s  to  h e i n a  n a r r o w  ri’’er cu iuj r sc-n- m d i s p l a y i n g  g r e - i t  s i n u o s i t v . Of m i l l

t h e  n a vig a  t ion ru n t  es i n  u i -  C h a m u  Phava svs t i-rn , t h i i  l ower  ( l i m i  P in av a

r i v e r  b e l o w  B an g  Su i i m - u u r n e s  elO;4u-n- t to h a v i n g  a - o n f i g n i r a t  i - ’n  i d e u l  t or

i - m i s  nav i g - i t i o n . ~U i l l  t i r I s ‘f the \-u- ir , i t s  w i t e r s  - In  dm-t- p and

br o a d . Al th rough t rii- r j a r  i s  u t  f r i - c  of some m e a n d e r i n g ,  t hu - se  on —

d u l m i t  i ons  a r e  h o t  It sw i-ep i n t 1-, i n t l  h r u u ; i m l . On t h i -  l o w - n  h - i - P h i u \ - . i  r i v er

o n ly  j u t - - m r  IP~k F r e t  does m -h atr n c- l mm m i- i - m u - n  j i m a  p 0 - i -  i m - n - P i , - rm n o r  l . i r u - u-

b i rgt-s

A t  t lii- opposite i - - : t r u - c - m u - , t i i , -  r i v u - r s  1 t h u .  - u p p e r  t u  i hut i t

r u - u - i nn j ) ’~~St SS i b i g h t d u g r u u - ‘ t  s i n u u u u s i t v  w i u i  I i  h i - m u m ’  P -~~ h a i r r u w  m I n d

- -  ~~~~~~~ - — - ~—-- -- — - ~~~~~~~ — — — - -~~— — - —  — —~~~ — - - — -—~~~~~~~~~~~~ -~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -
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t ’ f  s h a l l o w  depth mum -l i m t  t i m e  year . T h e s u -  w m i t u -r w i v s , the h’ing, m~ m n g ,

Yom m ind N m , all cli s i t l i v  g r e m t  s u - m s u n a l  dli fert ucu - c- i n f i uw . O n l y  d u r i n g

t h e  h i g h  w a t e r  st i p t -  m r . - t n -v  n m i v i g a h l u - by l oa d e d  c u r - c c - u t - r u  i n !  I m - i r g u  mind

only w i t i r  5 0 m m  ml i f  I ~ n u i  L t v  u - x m l - at  r u n  t h e  m o re  a m - u - u n m m m - I ; m t  i n g  N a n .  A l l

th ese n u u r t h e r n  r i v e r s  dis p la y mm s i n u u t u s i t v  m a u l  m h u nmd mccu e 01 s . u m m m : l  m r s

and sand b a n k s  t h i  t a r  ike b ar g e  m o v e m e n t  di f fi cu i t  or i tnpc is s  i a 1 ~- d u r  i r ig

most ot the vt-ar . B m i r u m u :  op er i t ~n s  with v u - s 5 e  Is uu f i l l  s iz e s  c a n - ~ i m t u r

the Nan and t h e  Yen t o he p r o b l e m  s t r e a m s .  The P i n g  r i ve r s  is so di i—

i i c u l t  to nay  i g m i t i - , en pee i - m i l y  s i n c e t i m e  i n s t - u i  lat ion of the dam a t

Y m in g h e e , t h a t  i t  w a s n ’ t , -v en  i - e n s i d e r e d  i s a  n a v i g a bl e  l i n k  w i t h  t h e

system by th ro ne f i l l i n g  out ~r o j i m  1 3 ( 1  quest i o n nmm ir -s

I n t e rn e d  j i t  u h e t w m a - n  H -  t w o  u - c-m t r e m u s j u s t  d i s c u s s e d  a re

t h e  w i t e r w m s e ’f  t i u t -  m idd h e  mind t h u e  u p p e r  ( l i m o  Phmiva r e g i o n .  D u r i n g

t h e  h i g h w i  I c r  per  i m u d  , the middle- (lua u l’h iva  r i v e r is a b r oad , eas i i  v

t r a ve l l e d  w a t e r w ay  d i s p i m i v i n g  wide -  b e n d s  and a g e n t ly  u n d u l a t i n g  con—

f i g u r a t i o n .  Dnr r  in ig  t i l t -  d r y  se a s on , low w a t e r  c on d i t  i o n s  c a u u - m u -  t i m e

w m i t e r w m i y  t o  sh r  i n k  b e - n e t - u -n i t s  hi gh L i n k s  and become a - b i llow water—

way whose  h a r d , s l m i r p  h a n d s  m m u n h i n e  w i t h  s m m n c u h h m i r - ~ and  s h i l l  - t o  make

a m i v i g m i t  ion  a h a ’ L r l ’ uc ‘ec u l u - r t i k  1mm .

A l  t h m u a i g b m  b o t h  t i m . -  S u p h i m i n i  - nd t ( m u  N~~ - I r I vt c - - ha ’.-e f l a u u  c o n —

s t m i n t  w m l t , - r l e v e l s , m u ’ n r t i y ’ m r i t  i - u n  i s  ;i pr u uhl -n on - - t h  r u n t - s .  1 1 m m  c l i -

Ni ’ i , con f  i l - u n i t  i o n  i n  i p r I  I - c - - n  v t - s n u b s  - I  i l l  s i  ;‘en and , h u e  h u m ’

the t e r n -  u t  l w s r  i t t -n , s i t u l w  u n i m i l  I I m ul t m ak- - t hu s i - n ut , m u  i t  t r m u c —

t i - u ( 0  l m u u ~ I - I  l i r m c i -  ‘ - u r g e s  ( i  m~ - u - - i t -  - v t - n 4 s u b s  ‘I r i m - 0 or n i t

t h u s )  mi ami nut - ui i u u n m u  s i z u -  i n - u - S  ( rOD t n  0 ~~~ 5 0 1  j i m -  or ‘ii) t - - nfl

- ci thu S u i p a l u t u ’ s .-on ~ c u r  i t  i o n  1 -  - -  n - i - l u - r - u u s e  but
t u r n s  m U h i m  i t )  . -

n o t  t o  t h e  s i r m n -  h ’ -g n- u - u -  - i n  t h a t  I t h e  N - n i .  T im us , - h i m  N u j - h m m n  r i v e r  

- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --~~~~~~- - -~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - m ~~r~~ ~~~~ ‘
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provides the most preferred dry season route for loaded barges of any

- 42s ize .

Table 7 preser.cs a eomp~ rison between direct line distance and

distance as measured around each bend in the Chao Phaya , Nd and Suphan

rivers. An analysis of the measurements shows that the Suphan river

has the mos t kilome ters added due to sinuosi ty . The Noi is nex t in

order of length added followed by the  Chao Phaya. Although the statis—

tics give us an Idea of l eng th  added by the twis t ing and turning of each

r iver , they do not indicate that the longer river is the more difficult

to navigate because of this s inuosi ty . In f ac t , according to responses

made an the general barge questionnaire , barge opera tors fo und the Noi

r iver ’s c o n f i g u r a t i o n  a greater  problem to cope wi th  than that  of the

Suph an r iver , due to the tightness of many of its bends .

In summary , this report discusses those physical factors which

increase both travel time and costs to commercial barge traffic over the

th ree  major  rou tes  of the Chao Phaya system . While individual barge

operators can exercise a range of options which minimize some of these

constraints , he net result of most of these responses is reduced effi-

ciency to the industry as a whole. The most wide—sweeping and effective

solution to the navigational probl ems would be a deepe r wa terway tha t

does not have s w i f t  c u r r e n t s  or a hi gh degree of s i rmu o s i t y .  Such a

waterway  is now available in the main Chao Phaya only l u r i n g  the high

water per iod. If rt were possible to extend that period , many of the

constraints presently limiting the efficiency of waterway shipping would

be eased . Translated Into savings in tine and money, all year use of the

Chao Ph ay a should c-r i m . ,  ~m o  - c m ; - . - t i t i v e  p o s i t i o n  oc w m u t e r  t r a n s p o r t a t i o n .

_________________________  
-



TABLE 7

A COMPARISON OF DISTANCES ME ASUR I - l l )  FOLLOWING WATE R COURSES AND DIS TANCES
!-U~ASU RE D FOLLOWING WATE R COURSE TRI - :ND BUT CUr r iNc ACROSS BEND S

AND MEANBI-IRS , MIDDLE REGION OF TIlE CRA O PIIAYA R I V E R  SYSTE M
(IN KILOME TERS)

Water Direct
Course Distance Jiffer ence

Chao Phaya River
Ju n c t i o n  ‘.. . l th Sup han R i v e r  ab a

to In B u r t  44 .00  - 35.50 8.50

In Bun to Ang Thong 60~ 00
b 

52 00a 
8.00

Ang Thong to  Bang Sai a aa .  v ia  Ayu t th a y a  R ing  6 5 . 0 0  5 5 . 0 0  10 .00
b .  v i a  Kiong Bang Ban 60 00b 53~~00a 7 0 0

a.  2 6 . 5 0  km.  added -R o u t e s :  
b .  23 .50  km.  a d d e d  by sinuousity

Noi River
Junct ion sith Chao Phaya

to Bang Rachan 49 00a 37 50a 11.50
Bang Rachan to Wiset

Chat Ch aru 53 00a 40.008 13.00

W iset Chai Chan to Sena 36~ 00a 31 00a 5 . 0 0

29.00 km.  added

S i up lumm n_ River _____
J u n c t i o n  ~ i th  Chao I ’haya b

to Tabot Lock 30 00
a 2 1 . s oii (1 .00

Tabot  Lock to  C l i o l n u k Lock 50 00b 
36 00a 1 0 0

Cholmak Lock to Junct ion 
b

with Ch a o  Ched  Cana l 60.00 49.OO~ 11.00

34.00 k m .  i u b h , - r I

_______ -m o Cii~ d Cairn I
F rom S u u p l ian  T I V ( ’ T  t m i f l i n g  S i  I

on Cliao Pl uay i 61 .0O~
’ 51 ~50 a l0.oO

10.00 km. added

°Arrn y Map N , -r v lct- , 1: 50 , 000 , comp i l e d  19b0.

M u p  of  ( l e t u t r o l  P l u m i i !  T i u n t i n m n d , I :~~ m -  ,000 , 1957.
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A BST RACT

This r epo r t  discusses the ph ysical  c o n s t r a i n t s  on navigat ion in

Thailand which make it difficult for the commercial barge industry to

compete fo r  cargo w i t h  road and rai l  ca r r i e r s  on the Central Plain. The

impact of such f a c t o r s  as wide sea sonal varia tion in wa ter flow , channel

depths and conf igura t ion  and the  presence of o ther physical cons traints

such as sandbars or currents result in an increase of both costs and

t ravel  time fo r  waterway shipping . The degree to which  these cons t ra in ts

reduce the potential level of barge transport efficiency is described for

the three major routes of the middle Chao Phaya system , the Noi , the

Suphan and the  Cha o Phaya .
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