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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 not necessar—

ily reflect the views of any of the sponsoring organizations.

This report , The Role of River Training in Improving Waterway

Transportation Efficiency in Central Thailand, was originally 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 Applied

ii
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Scientific Research Corporation of Thailand ’s Project 30 and with the

valued assistance of Corporation personnel including Dr. Phiphit

Suphaphiphat , Khun Mit Pramuanvorachat and Khun Phaijayant Uathavikul.

Special thanks go to the Royal Irrivation Department and its hydro-

logical and Engineering sections, and particular gratitude is extended

to Khun Jumsak Tejasen of the Construction Section for the extensive

assistance and guidance he provided the author of this report.

This report examined the feasibility improving the main Chao

Phaya river through river training and presents a preliminary cost—

benef it analysis of river training. The study indicates that even with-

out taking into account all possible benefits from the enhanced water-

way transportation which would result from river training, such a

program could pay for itself within twenty—five years. The addition of

secondary benefits and the calculation of other costs to be attributed

to competing land transportation can substantially reduce the cost

recovery period and therefore increase the competitive advantage of

water transport.

L. A. Peter Gosling
Project Director
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CHA P T E R 1

METHOD S OF It~l’R OV J N ( ;  THE ~1JJ)DLE CII A () °HAY.\ FOR
AL !. S h A S P ~ BARGE USE

The Ch ;w P h ay n  r i v e r  un d L - r o o e . s  w i d e  variations in flow during

each twelve nic )ntli (v( le. A t  m o a n  s ta ge  the river flows along its allu-

vial bed and is flanked by st Cops ided banks ov er  much of its course

a l o n g  t h e  m i d d l e  and uppe r  reaches. A t peak flood , the river swel is

to a great redd ish—brown torre nt fill i n g  the  ent ire bed to a p o i n t

w h e r e  Ii t Ic  of the bank is exposed . O(-cas j on a  f l y  it even overruns

the c o n f i n e s  of  its b a n k s  and f l o o d s  t h e  area  bey ond .

In s h a r p  1111 t ras t is t h e  s i twi t ion i t  t he  time of low water .

D u r i n g  t h i s  t i m e  of tar , flow is I irii te d to ~i narrow c h a n n e l  t h at  w i n d s

i t s war b et  SPP ii s an dy  b a r s  and d u n e s  lv i  ng a t  1(5 t h e  L n e  r 1 f l o or  af t h e

r iver  bed . U nd e r t h o se t nnd i t i o r r  , t in s t eep  ilanks I)~~ t he  r i v er  f r e —

( l ( l e n t l Y  s t a n d  m i s ;  r • t t r ~ i u <  r er~i t i n ’  edge ~ t i  wa te  whi  I t  o n l y  a

~~~~ I I por t  m u  (I ’ t 1 h o d  is n t I I i z u d

A t  t. In  t m e  ~t i  1 nt’ S’ t ‘r , n ay i t i  t i n T l  on t a’  m l  cld l e  C luao  ° h . i v r u

— becomes t he  m o s t  t r o u m b l  ‘So f t ’ ’ or t VCf l  i np o s ~~i b 1  U b r  ~~ ‘st  orr I m ( ’r (  ial

c a r r i e r s . ‘n.; i s  ~~mrnI n w i t h  ( t r i e r  r i v e r s  i l j s p l i v  f i t ’ s i M i l a r  h v d r o 1 o ~~i ’

c l e t r a i ’ t u ’ r i  a t  l e a , ; u t  l o w  sa t  or , ‘ ‘ cO st .’! pas sace  ~~~‘ (InO S i n c r e r s i n c i r  d i f —

________________ - - 
- . , -•.“
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ficult as the navigation channel increases in sinuosity and the water

current increases in velocity while , at the same time , channel depth

and width diminish. 1 Generally, in most rivers and streams , the posi-

tion of those bars composed of heavier gravels tends to remain nearly

2
stable on the river bed. In the case of sedimentary deposits com-

posed of finer materials , a condition characteristic of streams of gem—

tle gr3dient like the Chao Phaya , the tendency is for these deposits

to shift position and move downstream ; their upstream face being worn

by scour while their downstream side is experiencing deposition. 3

During the falling stage of the yearly flow cycle, when water

valume and velocity decrease , sedimentation begins along the river

bed .4 At th is  time , depositional landforms , composed of ma ter ials too

heavy fo r the r iver  to t r anspor t  at  low water volume and ve loc i ty ,  be-

gin to appear. As water levels continue to diminish , flow becomes re-

stricted to one or more of the lesser channels that meander back and

forth between the elevated deposits of sand and gravel.5 The confi-

guration of these often widel y swinging streams is one of deeper pools

separated by shallow shoals or sills. It is these shoals or sills lying

across the channel that offer the main obstacle to dry season naviga—

tion . They are rather flat in surface and usually many feet in width.

When found near bends in the river , sills can maintain a relativel y

stable position ; on the other hand , those located in the straighter

raches of the river are unstable and prone to move slowly downstream .6

The instability of such sedimentar y deposits along a river bottom offers

grave problems , for the task of maintaing an effective system of

iu --— 
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navigational markers is severely comp licated.
7 

Rega rdless of their

permanency or lack of it , by virtue of their elevated nature and their

posi t ion  between deeper segments of the water channel , all sills offer

a potential problem to nav igation.8

The exact nature and location of navigational barriers in the

middle Chao Phaya are summarized in Appendix I. In these river profiles

is dep icted a longitudinal representation of the river bottom with indi-

cations of mean river sur face levels as calculated for  nine c r i t i c a l

mon ths of the year dur ing r i s ing  and f a l l i n g  wa te r  s tages.  The situa-

tion shown in the diagrams represents  condi t ions  as they ex i s ted  in 1965

prior to experimentation with river training but following some dred ging

on the part of the Royal Irrigation Departme nt .

An examinat ion of the information contained in the appendix

documents the extreme seasonal variability of flow and stage on the mid-

die Chao Phaya and indicates those months when cargo vessels must opt to

use the longer , slower alternative routes via the Noi and the Suphan

rivers. The diagram s also illustrate the short duration that the river

is passable for vessels with drafts in excess of one meter.

Analysis of Pas sah ilit y Profiles
Appearing in A p p e n d i x  I

Each of the f i v e  segments  used to represent t he  m i d d l e  Chao

Phaya river is rendered twice : once with water surfaces as they exist

during the months of falling water and again for the months of the year

when wa te r  s u r f a c e s  are r i s i n g .  Wate t  levels for the months of hi gher

su r face , Sep tember  th roug h Novembe r , a re not p re sen ted  owing to the fac t

that barge pass ability was deemed to be of no problem over any pa r t  of
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the middle Chao Phaya river at this time. For these three months , water

surface lines could not be p lotted as they exceeded the verticle extent

of each profile (see statistics for mean monthly flow that are presented

as a part of Appendix I).

For the sake of a more meaningful analysis of the effect of

these differential mean monthl y water levels on the barge industry and

its ability to operate over the middle Chao Phaya river , the writer

measured the impact of barges having 1.00, 1.50 and 2.00 meter drafts

on the navigational channel through each of the five segments. These

vessel drafts were selected as being within the range of most barges

loaded or empty. The result of this analysis is presented below in

Figure 1. Each XX represents one or more instances ‘
~n which a vessel

would make contact with the river bottom . Obviousl y, when contact oc-

curs , water le’ve l are too low for safe ha~ ge passage. Consideration

of Figure 1 illustrates that b o a t s  of one meter draft can pass through

the entire mid d le Chao Phaya river during all months of the year. Ves-

sels of one and a half meter and two meter draft are able to negotiate

the river freely for only four months: August , Sept ember , October and

November.

With few exceptions , a ll attempts it changing the physical con—

I iguration of the Chi~~ ’ Pliar’a r iver bed and t h e  c o n d i t i on  of the waters

flowing through it have as a g o a l  the increase of dry season c h a n n e l

depth a t  those p l a c e s  where i t is insu ffi r’l ent for safe barge passage.

This gt a 1 can he ach ic ed cit her by a mani pulation of channel con I igura—

t ion , thus cone ntr a t ing flow b r o u g h  a single , n a r r o w  hut deeper water
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course , or by introducing more water into the river , thus elevating the

river ’s general sur face at the t imes of year when navi gation becomes

difficult. A combination of both approaches may be the most effective

solution .

• Regardless  of which approach is se lected , the re are seve ral

• kinds of possible correct ive  measures wi th in each category . The exper t s

at the Centre De Re cherches et D ’E ssais De Chatou , in their  report

e n t i t l e d  “General Note R e l a t i n g  to the Improvement of Inland Water  Trans-

• port by Me ans of Bottom Panels ,” have divided corrective measure s into

two categories based on the durability of the system that  they emp lo y . 9

• The point of separation be tween each category hinges on whether  the

remedial system under cons idera t ion  is permanent  and designed to func-

tion for an indefinite length of time or impermanent and destined to be

• destroyed at the time of peak flood within each twelve month cycle)0

• Atop the two group categorization suggested in the French report ,

the writer wishes to superimpose still another pair of group ings . In

this case the major criterion for division into two separate groups lies

in each remedial system ’s flexibility of app lication. Some water deep-

ening systems lack the capacity of being modulated in any part. Their

impact is total throughout the waterway and thus can be considered as

being inflexible in nature . Other solutions , in cor~ rast, can be very

f l e x i b l e  in t h e i r  imp l e m e n t a t i o n  and impac t  on the w a t e r w a y .  T h e i r

effect on a given stretch of river cam be modulated and thus precise in

fitting the requirements of each section .

A good examp le of the inflexible kind of deepening system or

device is a dam . If of any 8iZe , its impact is felt ove r wide stretches

LA
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of the water course without respect to local variations in channe l depth.

In this case no selectiv ity can be installed into the system to enable

it to distinguish be tween areas which need more water and areas which do

not. This inability to be selective in point or degree of impact makes

wate r deepening by impoundme nt an inflexible solution to navigational

improvement. To obtain deepening in one p lace requires deepening every-

where .

At the opposite extreme , a good example of maximum flexibility

is to be found in channel deepening by mechanical dred ging . This

approach can be app lied in a very measured and selective fashion , treat-

ing only those areas where deepening is needed while expending no energy

on those stretches of the river with sufficient depth or on secondary

channels not used for navigation .

What follows is a discussion of the several possibilities open

to the engineers embarking on a program of river channel imp rovement

through deepening and stabilization . Discussion is based on the results

of research carried on by the Centre de Recherches et D’Essais De

Chatou .
11

Discuss ions  of Engineer ing  So lu t ions  That  Could Be
Applied to Improving the Middle Chao Pha ya R iver

Through Deepening

Impermanent Solutions

Mechanical Dredging

This approach to channe l deepening is among the most flexible of

all possible solutions. A dred ge possesses a high degree of mobilit y

and can be shifted from p lace to place quickl y with a minimum of prepara-

tions. Deepening can be limited to onl y those spots on the channe l that
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are critical to vessel movement. One of the main drawbacks to this typ e

of operation , however , is the short duration of its impact . The effect

of the work of a dred ging machine is especially short-lived on alluvial

streams which have siltation problems like those of the Chao Phaya .~
2

It is conce ivable that, to assure safe vessel passage , a given reach of

a channel should be deepened several times a year. Under these circum-

stances , if the channe l assigned to one dredge is extensive , keeping it

open might prove an impossible task .
13 

In addition to the problem of

rapid resiltation of a dred ged channel, there is the equally vexing one

of disposing of the dred ge tailings . This problem becomes compounded

everytime redred ging is necessary)4

Bandalling

A bandal is an impermanent structure that is p laced in the water

in such a fashion as to promote controlled scour)5 This technique

calls for the insertion of a series of these structure s along a channel

at sharp angle to the flow of the water current . Each bandal is a

• ( screen-like object made of some locally available , inexpensive material

such as bamboo .’6 It is fastened to poles that have been driven into

the river bottom .
17 Although providing a very flexible approach to

channel deepening , the major problem is the large number of structure s

that are required and the fact tha t they must be reconstructed after the

passage of each flood season . Bandals are not strong enough to with-

stand the swift currents of the high water period .18
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Surface Pane ls

A surface pane l consists of a rectangular screen fixed beneath a

floating wooden structure , such as a barge , which in turn is held sta-

tionary atop the place designated for deepening )9 The panel itself is

set at a sharp angle to the current ’s flow and , as is the case with the

bandal, it causes turbulence and scour. The floating apparatus is

attached to an anchorage upstream of the sill.
20 By lengthening and

shortening the lines that secure the barge to the anchorage , a surface

panel can be slow ly drawn over the sill. Depending on the extent of the

area designated for deepening, the process requires one or two weeks

time .
21 This approach to channel management has the advantage of being

flexible in application but it shares the drawback inherent in mechani-

cal dreding in that its effectiveness is limited in duration . After

treatment of a shallow area is concluded , the channe l is free to silt

up once again. If the reach of a river placed under the charge of one

surface panel is long, maintaining adequate dep th over its entire length

may prove impossible .

Permanent Solut ions

We ir

A weir is a permanent structure designed to impound water behind

its works . It functions like a dam and is often referred to by that

name . The major difference between a weir and a dam is not necessari ly

its construction or func t ion but rather its purpose. A weir is desi gned

primarily with the intention of retaining water so as to increase levels

behind the structure . Little attention is given to downstream channe l

depths .
22 A properl y constructed weir is a permanent control device but
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it also suffers from an inability to be selective in the areas receiving

its impact.

Storage Dam

A storage dam is a structure whose primary purpose is to catch

and hold water during periods of high water for release in measured

amounts when downstream flow becomes insufficient for irrigation or navi-

gation .
23 

Like the weir, the storage d ais is a water impoundment device ,

but in this case the emphasis is p laced on need downstream of the dam

and its impact on water levels above the structure is a secondary consid-

eration . As is the case with a weir , the storage dam ’s impact on the

navigation channel is very general in nature . In order to increase down-

stream water depths even slightly, large increases in total flow are

required. This is so because at p laces where downstream channel con-

figuration has been unaltered by man, any increase in flow causes wa ter

to run laterally across the shallow sills.
24 

To effect a general deepen-

ing of the navigation channel under such conditions , large amounts of

water are wasted in the unavoidable creation of countless shallow pools

and multiple secondary channels.

Dykes and Other River Narrowing
• Structures

The function of such devices is to concentra te all available

water into one narrow channel. This is accomp lished by cutting off all

secondary flows of water by the erection of artificial banks along both

sides of the desired channel . In effect it is like building a canal

atop the old river bed .
25 

Especiall y in rivers with great seasonality

of flow , it was found that , at high water , localizing works such as

~

.-• •-~~~~- •~ ~~~~~~- . •  --~~~•- - -~~~



1~1

these were subjected to severe erosion along their banks. In instances

where the navigation channe l was successfully localized , siltation and

• the ensuing formation of new sills within the channel became a problem

26
• once again.

Bottom Panels

Like surface panels and bandals , bottom panels are structure s

that are placed in the current in order to induce self-correcting meas-

ures. This approach to channel deepening will be discussed in detail

be low .

The Chao Phaya River Training
Project

Background to the Proj ec t

At the request of the Royal Irrigation Depar tment ,  the French

Association Pour L ’Organization des Missions de Cooperation Te chnique

organized a mission composed of hydrologists and economists . They were

charged wi th  the task of making recommendations regarding the feasibil-

ity of improving navigation on the Chao Phaya r iver . The ensuing

studies made by these experts were sponsored by the United Nation ’s

Economic Commission for Asia and the Far East (ECAFE).
27 

The mission

began work in 1963. In cooperation with engineers from the Royal Irriga-

tion Department , the French team set out to assess the problems faced by

cargo vessels attempting to negotiate the middle and upper Chao Phaya

river especially in times of low water.

On the uppe r portions of the river it was noted that the reser-

voir created by the Chat Nat dam was su ff icient to ass ure amp le depth s 

~ • -~~~ -~~~~~- - -  
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for safe navigation as far upstream as Phayuha Khiri. Beyond this point ,

however, certain stretches upstream to Nakhorn Sawan were considered to

be critically shallow during the low water season .
28

After cursory surveys of the upper reaches of the Chao Phaya

were completed , the experts turned their attention to the middle portion

of tlu iver l ying between the Chai Nat dam and Ayu tthaya .
29 

h ere they

ident i f ied  seven sections of the channel where deepening was needed.

From north to south they are located at: Wat Sri Mongkol., Wat Kam Pang ,

30
Bang Chom , Wat Pra Non , Yan Samak , Wat ChaLyo and Pong Peng. Taken

together, the combined length of shallow areas is approximately 25 to 30

kilometers .3~ Of the seve ra l t rouble spot s , the one at Wat Chaiyo was

considered to be the most extensive having a series of sand y s i l ls over

a 6 ki lometer  s t r e t ch  of the r iver .  In the past, the Irrigation Depart-

inent had deepened this shallow area with  a mechanical dred ge.

A f t e r  invest igat ing the middle  Chao Phaya , the French team came

to the conclusion that a navi gable channe l of s u f f i c i e n t  dry season

depth to a f f o r d  the passage of commercial cargo vessels was in the realm

of both economic as well  as technical  f ea s ib i l i t y .  It was advised that ,

before absolute certainty could be achieved , more research would be

required . For the sake of confirmation , it was recommended that a model

of the Chaiyo stretch of the river be constructed and that more data be

collected on the seasonal variations of the river bed and water flow on

32that par t of the Chao Phaya . The for thcoming  hy d rologic and ltmno-

logic data  would then be used to ca l ib ra te  a model that was being con-

structed by the i r r iga t ion  Depar tment  near Bang kok .

i_h
- •-- • -
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At the time that the information for this stud y was being

collected in 1966 and 1967 , Royal Irrigation Department engineers and

their French colleagues h~- 
I comp leted extensive tests with the Chaiyo

model. Also , they had install~~ experimental bottom panels along a por-

tion of the Chaiyo sill. Ba’~cd upon this experimentation , i t  was calcu-

lated that the bottom panel me thod of channel improvement , if coup led

with controlled water release during the dry season from dams upstream ,

would work successfully. Surveys made in the period of December 1965 to

February 1966 showed that the insertion of ten experimental panels along

a sill at Chaiyo had resulted in a channel with a minimum width of 5

meters and a depth that had been increased by 0.50 meters.
33 

In terms

of the river bottom profile presented in Appendix I and discussed

earlier in this chapter , a deepening of the middle Chao Phaya channel by

0.50 meters means that vessels of at least 1.50 meters can trave l the

route at times of lowest flow . In the estimation of the French hydrolo-

gist, “. . . the channel formed by the . . . panels was perfectly naviga-
ble and navigation required normal buoyance only.”

34

At this point in the discussion , it must be underlined that an

important factor contributing to the decision to pursue channel improve-

ment with the aid of bottom panels was the Phomiphol dam ’s ability to

supp ly a measured amount of water to the Chao Phaya river throughout the

dry season . This large water storage facility had gone into operation

in 1966 on the Ping river, one of the northern tribu taries of the Chao

Phaya river.

According to a report completed in Jul y 1966:~~

The large Yanghee storage dam was a tremendous advantage for expert-
menting [with ] the p lanning of bottom panels not only during -

• 

-- -~~-
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receding flood but also at low water , the discharge of which being .
Li-em now on maintained [italics mine ) at some iOOin3/s .

In an ear l ier  r epo r t ,  dated 1963 , mention of the Yanghee ( t e c h n i c a l l y,

the Phomiphol dam at Yanghee) dam ’s importance to successful river deep-

ening is also made .
36 As these reports indicate , from its early begin-

nings , the project was conceived of as one employing the bene fits of

water storage in upstream reservoirs as well as the more flexible

approaches of both dred ging and bottom panels. According to the litera-

ture , the use of surface panels was considered but soon dismissed owing

to the length of many of the sills that required treatment.
37 To some

extent , dred ging was emp loyed but only until a more permanent solution

could be put into operation.
38 At the time of this study in 1966-1967 ,

bottom panels were proving to be the best workable solution .

In summation , the choice had been made to use a balanced

approach dividing the task of channel deepening and stabilization

between large , permanent but inflexible water impoundment structures and

permanent but flexible bottom panels. Working in combination , it was

felt that these two systems would guarantee dry season barge passability

on the middle Chao Phaya river .

It should be mentioned that water release through the Photniphol

dam is conditioned by factors other than navigational needs alone . Both •

the demands of irrigation and power generation must be met by this multi-

purpose structure and these water uses do take precedence over inland

navigation. It is possible that future developments in agricultural or

energy needs may detract from the supp l y of water that the Phom iphol dam

can release for water transportation. Based on the findings presented

by the French engineers and the Royal Irrigation Department in their
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river training stud ies , it can be assumed that this problem does not ,

at p resent , i n t e r f e r e  w i t h  p lans for  successful  r iver  t r a in ing  on the

middle Chao Phaya r i ve r .

Bottom Panels and Their Operation

The bottom panels that  are being emp loyed on the m i d d l e  Chao

Phaya are permanent ’y fixed structure s that have been submerged beneath

the surface of the river. Their design and spacing is calculated to

create water turbulence of a helical configuration whose action exca-

vates the river bottom along one side and redeposits these materials

behind the other side
39 

(see Figure 2) . The ability of the bottom

pane l to build up deposits along one of its sides is also used to good

advantage . Often this sandbank is emp loyed to close off secondary

40
channels while building stable rive r margins .

It is critical that the panels be placed at the correct angle to

the river current  in order to assure the desired resu l t s .  Also , the

panels must  be p laced on the a rea of highest water velocity across the

sill selected for  t r ea tment . 41 This process of r iver deepening and

channel stabilization is re ferred to as river training .

In the Chaiyo s t re tch  of the Chao Phaya r iver , a s ing le pa ne l

consists of four  ident ical  ind iv idua l  components each a t tached to two

me tal ra i ls  that  have been dr iven  in to  the r iver bed (see Figure 3)

Each of these fou r -pa r t  pane l s  h i s  an overall length of 23 meters and a

height of 0 .75 mete r s . 42 They are spaced 50 meters  apar t  and set at

angles of 25 to 30 degrees to the wate r  c u r r e n t .  The ex ten t  of the

ang le depend s on the desired curva tu re  of the channe l being de epened. 43

At the t ime of initial experimentation along the Chaiyo reach , the
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Figure 2. The impact of river training on a typ ical sect ion
of r iver  b o t t o m . Diagram A show s conditions be fore the insertion of
bottom panels , diagram B shows how panels create a navigation channel.
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pane~ i were made of metal. However, after the undertaking was consid-

ered to be a success , permanent panels of reinforced concrete were

inserted in their p lace .
44

The Es t ima ted  Costs  of Training
the Middle  Chpo Phaya Rive r

Based on cost data compiled by the Royal Irrigation Department

over the last five years , 1965 to 1970 , it i s es t imated  that r ive r  train-

ing on the middle Chao Phaya will cost 240,000 bah t ($ 12 ,000) per kilo-

meter over a distance of 120 kilometers of the middle Chao Phaya river.

In addition to this initial outlay for cons t ruc t ion , exper ie n ce ha s

shown that maintenance costs can be expected to be 13 ,000 baht ($650)

per kilometer per year .
45

Using the f igure of 120 k i lometers , the dis tance bei ng t rea ted

by river training , the undertaking along the middle Chao Phaya will cost

approximately 28,800,000 baht ($1,440,000). An addi t ional  maintenance

expenditure of 1 ,560,000 baht ($78,000) per year will follow each year

after initial construction is completed.
46 

Chapter II will discuss the

— costs of river training in greater detail.

Conclusion

After four years of experimentation by the Royal Irrigation

Department and their French team of technical advisors , a decision was

made to continue with a program of river training along the middle

reaches of the Chao Phaya. Experiments carried out on the Wat Chaiyo

region showed that the navigation channel could be stabiiized and

deepened to the point where a minimum of 0.50 meters would be added to

the depth of the water at all times of the year . If this increase in 

- - - - -~
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depth is transferred to the passability profile representing monthly

dep th conditions on the middle Chao Phaya before river training (see I -

Append ix I ) ,  it is clear that after river training, vessels of a t least

1.50 meter draft will be able to use the middle Chao Phaya river during

periods of lowest water. If , in addition , we accept the statement ap-

pear ing in the Harbor Department—National Statistical Office study

that “. . . the depth of approximately 96% of the long—haul craft exa-

mined were between 0.4 and 1.3 meters . . .“ it is evident that with

comp letion of river training, a great majority of the long—haul ves-

sels will begin using the Chao Phaya river during the dry season.
47

Official figures must be approached with some caution . They are based

on long—haul vessel draft s c omp iled during a twelve month period . It

can thus be expected that many of the vessels enumerated during this

survey could have been carry ing less than a full load and thus could

have accommodated more cargo at the cost of increasing their draft

requirements. Continuing this line of reasoning, many vessels encoun-

tered during the span of this survey were traveling lig ht in order to

conform to the depth ri~strictions imposed upon then by the water routes

available in 1963 and 1964 . A s s u m i n g  t h i s  to have been the case , the

recorded vessel drafts were lower due to vessel c a p a c i ty  left unused .

Had deeper routes been avai tob le , especiall y durin g the dry season , the

statistu’al node of 1.0—1 .3 meter s t h a t  i s  p r ese n ted  in the Harbor De-

partment—Nation al St atisti ra l Of f i e survey would have he~ n skewed in

an upward direction. If (me looks at Figure 4 , this assumption is fur-

ther reinforced . Accordi ng t o  t h i s  f i g u e s , over  n & — h a l  I of t he  v & s ~ cls
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Total Draft when Draft at Draft at
Capacity Empty Half Capacity Full Capacity

Sacks of Rice in Centimeters in Centimeters in Centimeters

16 25 80

50 30 110

160 25 55 110

180 50 110 120

190 27 120

250 30 100 140

265 50 110

300 50 130

320 30 100 140

340 20 80

350 50 110

360 50 120

370 30 100 125

400 75 140
400 35 90 130

500 150

500 25 130 160

500 27 140
600 50 150 200
600 50 200

615 100 250

800 50 120 150

900 25 180

1 ,000 75 200

Figu re . Relationsh i ps be tween barge size , ca rgo load and
vesse l d r a f t  r e q u i r e m e n t s .  The i n f o r m a t i o n  is based on a ques t ionna i r e
administered to barge operators by Project 30 field workers . Each
entry represents the response of one barge operator . Note the wide
differences between draft requirements of various barges with similar
capacities.

~

-- ~~ - - - ~~~~~~~~~ ~~~~- - . - - 
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registered had at full ( a p a c t t v  d r a f t  requirements in excess of 1.3

meters .

Tests have proven river training to be feasible from an engineer—

ing point of view , and an estimation of construction and maintenance costs

provides some measure of the investment that will be required to improve

the middle Chao Phaya . The second part of this report will examine the

possible benefits to water transport of river training and suggest how

this alone might improve the competitive position of this traditional

industry .
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CHA PTER 1 1

THE BENEFITS AND TilE COSTS OF IMPROV IN G
THE MIDDLE CHAO PHAYA RIVER

FOR ALL SEASON BARGE USE

In t roduc t ion

The major objective of this chapter is to estimate a portion of

the savings that river training on the middle Chao Phaya will afford the

shipping industry and the national economy . Analysis of economic data

will draw on various transportation cost-benefit studies and on barge

cost information collected and analyzed by Project 30 personnel. Empha-

sis will be p laced on the primary benefits and costs of river training

with only minor stress p laced on secondary cost-benefit factors .

Follow ing this introductory section , Chapter II is divided into

three additional sections . The first of these is devoted to the savings

that wil l be realized by individual barge operators if the Chao Phaya

route to Bangkok were open for shipp ing all year long . If this were the
I.

case , each bargeman would be able to increase his profit by making more

trips each year.
1 This first section will examine the economics of

barge operation through the middle Chao Phaya region as they existed in

the middle 1960’s.

The sec t ion  fo l low ing the above mentioned presents a comparison

study of the annual savings that the inland water shipp ing industry

~1 
-)
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would realize if all traffic could use the Chao Phaya route exclusively .

Cost statistics that are compared are drawn from three recent studies of

barge costs on Thailand ’s Ce nt ra l Pla in .

In the final section a comparison is made of the costs and the

benefits of river training. These comparisons are then projected into

the 1970’s on a yearly basis.

Savings to the Individual Barge Operator Assuming He
Could Use the Route Through the Middle Chao Phaya

~~gion All Year

Some Components in the Cost
of Barge Operations

The prime mover in Thailand ’s inland water shipp ing system is

the unmotorized cargo barge . This vessel is usually operated by a

family and thus p lays a dual role in their lives by providing them with

both a dwelling and an income . In terms of primary costs , the barge as

an economic unit is extreme ly insensitive to many of the cost factors

common in the transport industry . Having no engine of its own to con-

sume fue l or oil or to be maintained , barge time spent in transit while

hauling cargo is on ly ind i rect l y sensitive to time and distance . The

costs incurred over time and distance appear in the rates charged to the

barge operator for towboat service and in the tolls collected at the

various navigation locks .
2

Because i t  is op erated by a fa m i l y  who make i t  t he i r  home , the

average cargo barge does not generall y emp loy outside labor and , if on

occasion one doe s , the term s of emp loyment vary from dail y wages to

merely a ride to Bangkok . Acting as a family dwelling , subsistance

costs do not change whe ther the vessel is engaged in trade or moored and 



r

24

idle at some provincial town or in the nation ’s cap ital. Exclud ing the

increased hazards involved in traveling along a waterway as opposed to

remaining stationary , vessel maintenance costs are the same whether the

• barge is employed in trade or not.
3 For these reasons , this discussion

of barge transportation costs will begin with an exami na t ion of the mo s t

outstanding time -distance sensitive operating components in the cost of

- s barge operations . Any reduction in these cost variables should be

quickly reflected in a reduction of the overall cost of barge operations .

For this reason their reduction should be considered as a possible

source of sav ings .

Variable Towboat Operating
çosts

In an attempt to identify some of the primary costs involved in

moving cargo on each of the system s major routes , it is necessary to

examine the most time and distance sensitive operating unit of the water

transport industry , the towboat.

The expenses incurred in towboat operation are transmitted to

the barge operator in the form of towboa t rates and thus affect the cost

of water transport over distance and time .

Based on Nelson ’s tabulation of data recorded in Project 30’s

first and second river surveys , it can be estimated that each channe l

disp layed the following ratio of towboats to barges.
4

Suphan 7.5 Barges per Towboat

Noi 7.5 Barges per Towboat

Chao Phaya 8.5 Barges per Towboat
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A comparison of these ratios of barges to towboats with the

total number of southbound barges counted in the 1966 second Harbor

Department , Nationa l Statistical Office survey reveals that the Suphan

route required 292.13 towboat trips , the Noi route required 452.26 tow-

boat trips , and the Chao Phaya route required 251.05 towboat trips. The

combined routes through the mi ddle  Chao Phaya region carried a total  of

995.44 southbound long-haul towboat trips pulling an aggregate of 7,717

— barges , all bound for the Bangkok market.
5

The writer recognizes that the operation and ownership of a long-

haul towboat involves many expenses , the cost of which must be defrayed

through the towing fees charged each barge avai l ing i t se l f  of towboa t

service. Many of these expenses are fixed , such as license fees , depre-

ciation costs , maintenance expenditures , etc., and have little sensitiv- - -

ity to the actual distance traveled and the work accomp lished . Other

expenses , such as wages , fue l and to l ls , ar e sens i t ive to di stance

traveled and the work done by the vessel. These can be though t of as

line -hau l costs. In this category , costs increase in direct proportion

to the extent of the towing opera tion undertaken as expressed in both

distance and time . Itt the fol low ing discussion of towboat costs , the

writer will limi t the focus of this examina tion to these variable operat-

ing (line-haul) costs that are incurred while pulling a string of loaded

barges southward on the middle Chao Phaya region ’s three major water

routes: the Suphan , the Noi and the Chao Phaya .

In the operation of a towboat , the most distance related cost

variable is the consumption of fue l and oil. The most time sensitive

cost is the wages paid to hired labor which , in this stud y ,  will be

~~~~ T _ - _-- - -~~~
- -
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computed on a working day basis. Finally, a major variable towboat

operating expense is the fee paid at each nav igat ion lock . This last

cost item is dependent on the route chosen for transit through the

middle Chao Phaya region .

Towboat Fuel Consumption

In a recent transportation stud y completed in 1970, it was cal-

culated that an average long-haul towboat consumed twelve liters of fue l

for every hour of operation .6 In addition , it was estimated that oil

consumption was 0.6 liters per hour. Within the Chao Phaya system , the

operating time along each route varies in accordance with the distance

and the speed at which a towboat can haul a string of barges.

Under optimum wet season conditions towboats are able to operate

on the Chao Pha ya rouc~ on a day and night schedule , and since the trip

through the middle Chao Phaya region to Bangkok under such conditions

requires three days , it can be safe ly assumed that the towboat actually

is underway for 36 hours or two days and one night .7 In contrast , on

the Sup han and the Noi routes  throug h the middle Chao Phaya region ,

ope ra tion ge ne ral ly stops du ring the hours of darkness thus l imi t ing  the

ac t iv i ty  of a towboat  to abou t t w e l v e  hours  a day . On the Sup han route

the trip from the town of Chai Nat to Bangkok require s seven days while

on the Noi route i t  take s f ive  days . In term s of ac tua l  hours of opera-

tion during which time consumables are being dep leted , the Suphan route

requires eighty-four running hours and the Noi sixty running hours.

In order to presen t as f a i r  a p icture  of fue l  and oi l  costs as

possible , some allowance for waiting time at locks has to be included 

_ _ _ _
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in the ca l c u l a t i o n s .  A l t h o u g h a towboat is s t i l l  in transit , its

engines are shut  o f f  w h i l e  w a i t i n g  to pass through a lock . The writer

has allowed a deduction of two operating hours for each lock on each of

the three routes under study. The fuel and oil consumed by an average

towboat engaged in hauling barges from Chai Nat to Bangkok is presented

by route in Table 1

Towboat Toll Fees

The toll fee levied on an average towboat passing through one

of the Royal Irr igation Department ’s locks within the middle Chao Phaya

region is 22 baht per lock . This figure was arrived at by comparing

average towboat sizes with the Roya l Irrigation Department ’s lock toll

schedule .
8 

Table 1 presents a total of the major operating expenses

just outlined.

Comp arison of V a r i a b l e  To~ boa t O p e r at i ng
Costs by Route Through the Middle Chao
Phaya Region

If a comparison is d rawn between the primary variable operating

expenditures (line -haul costs) for towboats traveling on the three

routes through the middle Chao Phaya region , it is seen that the Chao

Phaya route is the leas t  cost l y .  Towboat costs v ia  the Noi are 62 .94

percent  g rea te r  than on t~ e Ch ao Phaya w h i l e  on the Sup han they are

127.63 p e r c e n t  h ig h ’?r. Ex t ens ion  of the 1966 t w e n t y - f o u r  day Harbor

Department  N at i o n a l Statis tical Office survey establishes that a total of

452.2 towboat trips were made to Bangkok via the Noi route, 292 ,13 via the

Suph an r o u t e , and 251.05 t r i p s  via  the  Chao ?haya rou t e . 9 If  a l l  towboat

costs for the twenty-four days in 1966 arc combined by channel ,
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aggrega te figures are as follows:

Suphan Rou te 549 ,560.12 ~

Noi Rou te 607,294.73 }~

Chao Phaya Route 206 ,764.78  ~

Total 1 ,363 ,619.63 ~

From the above statistics based on samples taken over twenty-four days

in 1966 , i t  is seen tha t 1,363 ,619.63 baht was spent over those twenty-

four days on towboats operating through the middle Chao Phaya Region.

Of a total of 996.44 towboat trips recorded over those days , onl y 251.05

were made over the less costly Chao Phaya route. This low number of

t r i ps on the Chao Phaya route can be attributed to the fact that this

channel is passible for only a few months each year--during the wet

season .~
° For the sake of comparison , assume tha t all 996.44 towboat

trips could have been made via the Chao Phaya route . Had this been the

case , total operating expenses over the twenty-four days of the survey

would have been 542 ,915.65 bah t less. This represents a savings of

39.82 percen t. A pp ly ing these same f i gures to the remaining 341 days

during which barge traffic was not counted , we see that total savings

would have been approx ima tely fifteen time s greater.

Bar i~c’ Tol l Fees

The fees that barge operators must pay vary to a great degree

f rom channe l to channel t h r ou g h the m iddle Chao Phaya region . Most

costly in this respect is the Sup han r iver route which requires that a

vessel pay a toll at six locks . The Noi is not as expensive with four

•~
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tolls and least expensive is the Chao Phaya route which has only one

lock at the Chao Phaya dam . Depending on the route used , the f ees

charged for passing Royal Irrigation Department locks can be quite

expensive.

Primary barge costs are more difficult to arrive at than are

those of the towboat. As mentioned earlier , the difficulty lies in the

fact that since a barge has no engine of its own and serves not only as

a commercial transport vessel but also , in a majority of cases, as a

family residence , barge opera tion is very insensitive to factors of dis-

tance and time. In most cases , a barge is opera ted by members of a

family whose subsistence expenses are the sane whether the boat is under-

way or moored , working or idle. Since the barge has no engine, no con-

sumable items can be calcula ted as being dep leted over distance or time.

In total , the major primary variable (line—haul) barge costs are limited

to towboat fees and navigation lock fees . From locations below Nakhon

Sawan , towboa t fees remain the same for  each shipp ing poin t regardless

of route used or season.~~ Under these conditions , the only primary

opera ting cos ts wi th any de gree of variab ility from route to route and

thus season to season is the lock fees which do add considerably to

vessel line—haul costs in accordance with the route selected .

As was the case with towboat traffic , barge toll fees are based

on the dimensions of the vessel. In the latter Lase , however , the sole

de termining factor is vessel width .
12 

The dimensions of a barge have

some bearing on capac ity bu t due to some slight difference in vessel

shape , th e rela tionship be tween capacity and width is not always the

~ 
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same. Thus within certain vessel categories , there ar e some differences

in toll fee.

TABLE 2

RESULTS OF A SANPLE TAKEN TO ESTABLISH A CORRELATION
BETWEEN BARGE CAPACITY AND TOLL FEES

RID Regulationsa Results of sampieb

Toll Width Barge Size Groupings Range of Cargo
in in in Toll Carried in

Baht Meter s Catego ry Tons of Rice

4.00 3 — 3 1/2 Mostly Oh size craf t No cargo
and small capaci ty tonnage
barges regis tered

6.00 3 1/2 — 4 Large Ob size craft 12 — 36
and small barges

8.00 4 — 5 Small barges only 30 — 50

10.00 5 — 6 Medium and large 55 — 130
barges

10.00+ 6+ No vessels recorded

aRoyal Irrigation Department toll fee categories .
bBased on i n fo rma t ion  gathered in the general questionnaire.

4.

&

-
• 

Based on the records of the four Project 30 rivc~r surveys , the

average load carried by barges in transi t  on the three channels of the

• middle Chao Phaya region were of the following magnitude:

Suphan Route 41.56 Tons

Noi Route 27.91 Tons

Chao Phaya Route 32.06 Tons

Ill
_I 
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If these average barge—load statistics are compared with the

barge—load dimension correlations presented in Table 2, the relationships

presented below in Table 3 emerge.

4
TABLE 3

CORRELATION BETWEEN AVERAGE BARGE TON LOAD ,
POSSIBLE TOTAL CAPACITY AND LOCK FEES

Cargo Ton Cargo SizeRoute Lock FeeAverage Rangea

Suphan 41.56 30—50 Tons 8.00 
~

Noi 27.91 12—36 Tons 6.00 $

Chao Phayab 32.06 12—36 To-’s 6.00 
= 7 00 ~30—50 Tons 8.00

aSize range taken from Table 2.

bA vessel with a capacity of 32.06 tons can fall within the 6 or
8 baht lock fee category .

In 1963 and 1964 , the Ha rbor Department in cooperation with  the

Economic Development Board and the National Statistical Office conducted

a survey of water traffice on the Central Plain . In the report which

_________ 
- -•— A
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emerged f rom this survey there is a table presenting an enumeration of

long distance barges classified by changwat of origin that were esti-

mated to have entered the Bangkok area during a twelve— month period)2

Of the ten northern changwats listed as having been the origin of barge

cargo , five are located above the middle Chao Phaya region and , presum—

ably , shippers located in these changwats would have a choice of ship—

ping via any of the region’s three wet season transport routes and two

dry season ones. The five changwats in question and the vessels esti—

mated to have originated from their ports are as follows:

Chai Nat 2,424 Barge Trips

Uthai Thani 864 Barge Trips

Nakhon Sawan 8,196 Barge Trips

Phichit 6,156 Barge Trips

Phitsanulok 2,208 Barge Trips

Total 19,848 Barge Trips

In 1966 another vessel survey was conducted by the same govern-

mental agencies . This time enumeration was limited to traffic moving in

and out of the Bangkok area over a twelve—month period. Of the survey

days in which barge enumeration was made , twenty— four in total spread

evenly over the year , approximately 37.41 percen t usr~d the Suphan route,

34.41 percent used the Noi route and approximately 28.39 percent used

the Chao Phaya route.

If these estimated percentages , general as they may be, are

applied to the 1963—1964 survey of vessel trips by changwat of origin ,

it is seen that each of the middle Chao Phaya region ’s three routes
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carried the fo l lowing  number of vessels :14

Route Vessel Trips

Suphan 7,410.14

Noi 6,815.70

Chao Phaya 5 ,622.85

19,848.69

In Table 3 , the first column presents the average vessel cargo

* 
tonnages that moved on the three middle Chao Phaya region routes as

established during the four Pro jec t  30 rive r surveys . If these averages

are applied to the barges that entered the Bangkok area from the five

changwats above the mi ddle  Chao Phaya reg ion , i t  can be es t imated  that

each route passed the fo l lowing  cargo tonnage in the twelve month pe r iod

in 1963-1964.

Route Tonnage Carr ied

Suphan 308,588.69 Tons

Noi 190,616.84 Tons

Chao Phaya 180 ,653.20 Tons

679,858.73 Tons

Table 4 p resen t s  co l lec t ive  s t a t i s t i c s  on the barges tha t  used

each of the middle Chao Phaya region ’s three routes and the combined

cargo tonnage and lock tolls paid. Assuming that conditions had allowed

all barge tri ps to have been made via the Chao Phaya route , the costs

would have been 19 ,601.69 baht in the twelve months of the survey as

opposed to the actual estimated cost of 76 ,364.49 baht. Put another way ,

if the Chao Ph.aya route could have been used for all comodity tonnage

j l 
_ _ _ _
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TABLE

BARGE TOLLS PAID ON ThE THREE MIDDLE CHAO PIIAYA ROUTES
DUR ING TilE FIR ST HARBO R DEP AR TMENT SURVE Y

1963-1964

Total Total TotalFee/LockRoute Locks Barge Col lec ted  Collected
• Ave rage .TrLps iLock All Locks

Suphan 6 8~ 6,815.70 7,305.14 43,830.84

Noi 4 6~ 5,622.85 6,745.70 26,982 .80

Chao Phaya 1 7~ 7,410.14 5 ,550.85 5,550.85

Totals 19 ,848.69 19,601.69 76,364.49

reported in the f i r s t  Harbor Depar tment  survey,  th ere cou l d have bee n a

sav ings in tolls paid of 56 ,762 .80 bah t .

In the next sect ion of this  chapter , t r ans i t  cost sta t i s t i c s

will  be cited as they app ly to shipp ing expenses from the t own of Chai

Nat to Bangkok along the middle Chao Phaya reg ion ’s three wa te r  rou te s :

the Suphan , t he Noi and the middle Chao Phaya r iver .  These fi gures are

drawn from mid-1960 cost estima te s and r e f l ec t  water transportation at a

time when the midd l e  Chao Phaya was closed to most shi pp in g du r ing the

dry season.

In the preceding discussion i t  was e s t ab l i shed  that  opening  the

midd le  Chao Phaya to shi pp ing on a twe lve  mon t h ba si~ w ould a l l o w  a 40

percent reduction in towboat operating expenses and a 74 percent reduc-

tion in barge to l l  cos t s .  It is impossible to speculate what propor-

tion of these ,~~ings would be t r a n s l a t e d  into a lower ing  of w a t e r

shipp ing rates , but they should  contribute to a substantial decrease

in costs incurred by water t ransport in the middle 1960’s.

- -
~

-
. ~
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Comparison Study of the Annual  Costs  of Wate r  Transpor t
Thr ouvh the M i d d l e  Chao Phaya Region

Barge Shipp ing Costs as Related
to Ton Distance

In recent years , several studies have been conducted on barge

-

• 

operating costs . In mos t cases , these studies made no distinction

bet w ee n the cos t o f usi ng var ious  nav iga t io n chann els  or t he di f f e ren t

seasons of the hydrologic year ; both of which undergo wide fluctuations

in condition . The results arrived at by such studies represent an

average of barge operation costs as drawn from many routes in the

Central  Plain and for  al l  seasons of the year .

What follows is a b r i e f  review and mani pu la t ion of cost f i g u r e s

arrived at in three separate studies : one prepared by a Project 30

s t a f f  member , Mr. Phaij ayont  Uathav iku l , in a Master ’s thesis , ’5 a

second , entitled “Thailand Transportation Coordination Study,” prepared

by Wilbur Smith and Lyon Associates)6 and a third prepared by the

Mission Française de Cooperation Technique .17

Mr. Uathavikul’s Barge Cost Evaluation

In this Project 30 member ’s evaluation of the economic data

C gathered in a general barge questionnaire , the average ton kilometer

operating cost for a barge engaged in trade on the Central Plain is

.0619 b ah t .
18 If th is  i n fo rma t io n on average ton k i i o m et cr  cost is  cal-

culated fo r  the d i s t ance  throug h the middle  Ch ao Phaya region from Chai

Nat to Bangkok via the three major  routes , the f o l l o w i n g  cost r e la t ion-

ships emerge :
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Route Cost/Ton Trip

Suphan (271 km.) 16.774 Baht

Noi (242 km.) 14.979 Baht

Chao Phaya (234 km.) 14.484 Baht

According to these statistics , the savings per ton tri p realized by

using the Chao Phaya route exclusively over the Suphan and the Noi

routes is ~ 2.290 and ~ 0.495 respectively.

Wilbur Smith and Lyon Associates ’
Cost Evaluation

In this study the cost for barge transport in what is termed the

northern sector , is given as g 0.206 per ton kilometer.19 If this

figure is app lied to the journey through the middle Chao Phaya region

from Chai Nat to Bangk ok , the fo l lowing cost f i gures per ton tr i p

eme rge :

Route Cost/Ton Trip

Suphan (271 km.) 55.826 Baht

Noi (242 km.) 49 .852 Bah t

Chao Phaya (234 km.) 48.204 Baht

Using the above f i gu re s,  it w i l l  be seen that  the Chao Phaya

route costs ~ 7.622 per ton t r ip  less than the Suphan route and g 1.648

4 per ton trip less than the Noi route .

Mission Françalse Dc Cooperation
Technique ’s Cost Evaluation

In this report, ba rge operation costs are divided into two cate-

gories based on the passability conditions each disp lays . Group one is

concerned w i t h  costs incurred  w h i l e  n e g o t i a t i n g  narrow channels  w i t h

_   

j
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multi p le locks often with decreasing cargo loads . The channelized

portions of the Noi and the Suphan from the northern beginnings of each

to Sena fa l l  w i t h i n  th is  category . Group two is concerned w i t h  barge

costs as incurred while traveling on wider, deepe r channels w i t h  l i t t l e

or no in te r fe rence  from locks thus enabl ing be t t e r  t rave l time s to

market. The wet  season Chao Phaya route f i t s  w i t h i n  this  group ing .

From the stan dpoi n t of this  s tud y ,  it must  be under l ined tha t

the two-fold approach to cost allocation is the most meaningful when

considered in l igh t  o f the f ac t  that t hi s st u d y is attemp ting to compare

the e f f i c i enc i e s  of cargo t ranspor t  through the three main separate

channels of the middle  Chao Phaya region . In essence , this  repor t

issued by the French technical team f i t s  best wi th  the ob jec t ives  of

this paper since the category division corresponds to dry season route

costs and wet  season route costs w i t h i n  the middle  Chao Phaya region .

According to the data issued by the Mission Française de Coopera-

tion Techni que , ba rge costs along the system ’s broad , deep wate rways

l ike the Chao Phaya r iver  (category two) during the wet  season are

$0.007 pe r ton k i lometer  w i t h i n  a distance of 300 ki lometers  from the

cap i t a l  c i t y . 2° Usi ng this  fac tor  as a basis for ca lcu la t ion  and p rojec-

t ion , ba rge costs through the middle Cl-tao Phaya region via  the Chao

• 
- Phaya route to Bang kok can be set at $1.14 or ~ 22 .~~0 per ton t r i p .

The r epor t  e s t i m a t e s  that  barge costs when t r a v e l i n g  on ca t ego ry

one chani~els exceeds category two channe l bar ge costs  by 50 pe r c e n t .

Since the Sup han and the Noi routes f a l l  w i t h i n  the category one group-

ing ove r much of their distance (from their beginnings at Chai Nat south

to Sen:), the higher cost factor applies in part to barges using these 

_ _ _ _ _ _ _ _ _ _ _ _ _
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TABLE 5

THE COSTS INCURRED FOR SHIPPING ALL COMMODITIES THROUGH THE MIDDLE
CHAO PHAYA VIA TIE SUPHAN , NOl AND CHAO PHAYA ROUTES

• AS ESTIMATED BY HARBOR DEPARTMENT SURVE Y
IN A TWELVE -MONTH PERIOD , 1963 AND 1964

(Cost in Baht)

a Smith/Lyon French
Route Uathavikul b . . c

Associates Mission

Suphan 5,176,266.69 17 ,227 ,272.21 19 ,317 ,651.99

Noi 2 ,855,249.65 5,464,618.70 4,209,286.66

Chao Phay; 2,619 ,557.84 5 ,237 ,518. 85 2 ,477 ,293.00

Total 10 ,651 ,074.18 27 ,929,409.76 26,004,231.65

statistics are based on Phaijayont Uathavikul’s unpub-

lished Master ’s thesis .  It is en t i t l ed , “Inland Wate rw ay Transporta-
tion ,” 1972.

statistics taken from Wilbur Smith and Lyon Associates

Report , “Thailand Transportation Coordination Study,” Bangkok , 1970.

CTaken from Mission Française de Cooperation Technique ,

unpublished report , 1963.
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two routes. The higher cost can be app lied to 176 kilometers of the

Suphan route and 89 .50 k i lometers  of the Noi route . Below Sena , sou th

to Bangkok , the lower category two rates are once again applicable.

Combining the two rates , the ton per trip costs through the middle Chao

Phaya region to the Bangkok market are as follow s for  the Sup han and the

Noi routes :

Route Cost/Ton Trip

Suphan 3.13 Dollars

Noi 1.92 Dollars

Comp aring the middle  Chao Phaya ’s wet  and dry  season routes , it

becomes c lear that the Suphan and the Noi routes exceed the Chao Phaya

route by a cost of $1.99 or ~39.6O and $0.78 or ~15.60 per ton trip

respective ly .

A Comparison of Barge Costs as Estimated
in the Three Economic Studies

If the statistics of cargo tonnage estimated to have moved via

the Suphan , the Noi and the Chao Phaya routes in 1963-1964 (see p. 3 .~ )

are app lied to each of the three stud y ’s cost projecticrts , the annual

aggregate costs appearing in Table 5 emerge .

Assuming tha t the middle Chao Phaya river were open to shipp ing

on a year-round basis and that all the tonnage that moved via the Sup han

and the Noi routes had been moved instead via the Chao Phaya , the total

cost per ton as computed from each stud y ’s estimates would , In every

instance , have been lower:

_
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Total Smi th/Lyon French
Tonnage Uathavikul Associates Mission

679 ,858.73 9 ,847 ,O73.84~ 25 ,396 698.22g 12 ,O12 ,379.00~

A comparison of the data  presented in Table 5 , sh owi n g t he

actual es t imated  cost , and the data  presented above , show ing the hypo-

the t i c al cost i f al l  to nnage had gone exc lus ive ly  via the Chao Phaya

route , reveals that  use of the Chao Phaya route would  have r e su l t ed  in a

reduction in tota l  operating costs in the amounts shown below :

Uathavikul  Es t ima te

a. Actua l  estimated cost 10,65l ,074 . l8~
b. Cost if all had used Cliao Phaya 9~ 847 ,O73.84~

Savings 804 ,O0O.34~

Wilbur Smith and Lyon Associates

a. Actual estimated cost 27,929 ,409.77g

b. Cost if all had used Chao Phaya 25,396 ,698.22~
Savings 2,532,7ll.50~

Mission Française

a. Actual estimated cost 26,004,23l.65~
b. Cost if all had used Chao Phaya 12 ,Ol2 ,379.OO~

Savings 13,991 ,852.65g

Summary of Barge Ope ra t i n g Co s t
Estimates

Of the three cost estimates considered In the previous page s ,

only one divided barge costs into wet and dry season categories. The

other two studies gave one average barge cost estimate for all seasons.

By joining the ton kilometer cost estimates given by each stud y t.ith the

actual average annual tonnages estimated to have moved to Bangkok via
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the three routes in the 1963-6’. survey, a total annua l cost estimate was

provided for each stud y.

Uathavikul 1O ,657 ,O74 . l 8~

Wilbur Smith and Lyon Associates 27 ,929 ,4O9.76~

Mission Française 26,O04 ,23l.65~

To establish some basis for projecting the monetary benefits to

the shipp ing industry and the nation ’s economy by improvement of the

middle Chao Phaya route to the point where all year shipp ing is possible ,

the savings were computed by comparing present costs with costs when all

shipp ing can exclusively use the less expensive Chao Phaya route .

Uathavikul 8O4,000.34~ Savings

Wilbur Smith and Lyon Associates 2,532,711.5O~ Savings

Mission Française 13 ,991 ,852 .65~ Savings

A Prolection of Water~ Rail and Road
Transportation Costs on the

Central Plain

In the seventies , it is expected that all modes of transport

will be required to carry increasing amounts of cargo . According to

Wilbur Smith and Lyon Associates ’ calculaticxts , the water , road and rail

routes connecting Bangkok w ith the northern areas of Thailand , between

the years 1968 and 1978 , will reg ister a total incren~ent of 7,335 ,000

tons of cargo .
21 

The following portion of this chapter will examine the

impact that projected 1978 cargo loads will have on road , rail and water

costs.

In Chapter Nine , entitled “Future Requirements ,” the Wilbur

Smith and Lyon At~sociates ’ stud y presents a projection for 1978 of all

-
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the goods expected to move over Thailand ’s transport arteries.
22 

This

information is presented in the Stud y ’s Table 99 which is entitled :

“Distance Distribution of Corridor and Modal Volumes , K i n g dom of

Thailand , 1973 and 1978.1,
23 In Table 99, the origins of commodity ton-

nages are lumped togethe r within five 100 kilometer zones. Each zone

encircles the other in concentr ic  fashion wi th  Bangkok as the center  at

kilometer zero . These circular zones are in turn pierced by transporta-

tion corridors : the northern corridor (including the Central Plain) ,

the northeastern corridor , the southern corridor , and the western

corridor.

In order to apply the contents of the above described table to

the requirements and purpose of this chap ter , the writer has taken the

liberty of making some alterations in the data as presented therein.

First of all , because all origins (with the exception of Bangkok

at kilometer zero) were not specific as to p lace but were merel y any

location within each 100 kilometer zone , the writer arbitrarily desi g-

nated the point of orig in to be midway within each zone . This assigned

starting point for all cargo represents an average of all distances

within each concentric zone . Such mani pulation allow s the writer to

amend the original Wilbur Smith and Lyon Associates ’ calculations to

include a more accurate distance factor. The one exception is within

the 100 to 200 kilometer zone. In this zone shi ppers in onl y three

prominent shi pp ing points would benefit from river training on the mid-

die Chao Phaya river: Sing Burl , Chat Nat , and Uthai Thani. For this

reason , the starting point within the zone was advanced to 175 kilo-

meters instead of 150. Also , as a concession to this reduction in 
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shipp ing points within the 100 to 200 kilometer zone , onl y 1/3 of all

cargo tonnage originally assigned by Wilbur Smith and Lyon Associates

was used in the calculations.

Second ly, liberty was taken to exclude the consideration of all

cargo tonnages traveling within the 0 to 100 kilometer zone and travel-

ing to and from areas beyond the 400 kilometer zone . The first zone , 0

to 100 kilometers , was excluded from cons ideration as cargo movements

within that distance of Bangkok are not considered as falling within

the long-haul category. The last area , beyond the 400 kilometer zone ,

is poorly served by road , rail and water and it was found difficult to

assign tonnages to distance points so far removed from the center of the

kingdom . Thus, this modified version of the Wilbur Smith and Lyon Asso-

ciates ’ projection for 1978 ~as 1i~ ited to a consideration of cargo

movements within an area of the northern corridor lying between 100 and

400 kilometers distance from Bangkok .

To the above described statistics on tonnage , distance and

transport mode , the writer assi~ ied a cost per ton trip estimate . The

cost estimates used for barge shipment were drawn from an average cost

derived from calculating the expense of moving all commodities over the

Central Plain.
24 The figure used includes both fixed and variable

~‘xpenses and amounts to .0619 bah t per ton kilometer.

Truck costs are based on a Wilbur Smith and Lyon Associates ’

estimate of 1.952 baht per ten ton capacity vehicle operating within the

confines of the northern corridor. On a ton kilometer basis , tru ck

costs can be set at .1952 baht.~~ This cost estimate includes b o t h

variable and fixed truck costs .
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Rail f re ight  costs a re drawn from W i l b u r  S m i t h  and Lyon Asso-

d ates ’ stud y as well.
26 These figu res are dividec into ~wo categories:

line -hau l costs , which amount to .1225 b.iht per ton kiiometer within the

northern corridor , and terminal costs , which are p laced ~~t 8.25 baht per

ton and app ly to the entire nation. Table 1 presents in summary fashion

a potpourr i of the foregoing statistics as they app ly to each of the

shipping zones between kilometer 100 and 400.

TABLE 6

ESTIMATED SHIPPING COSTS BY WATER , ROAD AND RAIL IN 1978
TO AND FROM ZONES BETWEEN 100 AND 400 KILOMETERS

DISTANT FROM BANGKOK
(IN BAHT) a

Zone Water Road Rail

100-200 5,466,826.75 21 ,862 ,400.00 9,861 ,250.00

200-300 5,571 ,000.00 24,985,600.06 11 ,545,625.00

300-400 14,060,585.00 77 ,406,560.00 21 ,094,500.00

25 ,098,411.75 124,254,560.00 42,501 ,375.00

Terminal 10 ,964,250.00

53,465,625.00

• 
8The 1978 tonnages moving to and from each zone and Bangkok are

as follows :

Zone Water Rai l  Road

100-200 km. 504,669 tons 460,000 tons 640,000 tons

200-300 km. 360,000 tons 377 ,000 tons 512 ,000 tons

300-400 km. 649,000 tons 492,IY)O tons 1 ,133 ,000 tons

1 ,513 ,669 1,329 ,000 2,285 ,000

All tonnage statisti cs are taken from Wilbur Smith and Lyon
Associates ’ , “Thailand Transportation Coordination Stud y,” p. 449.
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As was pointed out earlier, barge haulage costs are the lowest

of the three modes of  t ranspor t  compet in g fo r  cargo on the Centra l Plain.

Per ton kilometer ra i l  costs are 1.98 t imes g rea te r  than barge costs ,

and road costs are 3.15 times greater per ton kilometer. The Wilbur

Smith and Lyon Associates ’ 1978 tonnage projection for the northern

corridor assigns the lowest percentage of all cargo moved to barge

(29.977~) while both rail and truck are given a higher percentage (3l.Ol7~
27

and 39.O27~ respective ly). If the Chao Phaya river were opened to year-

round barge navigation , the writer feels that much of the cargo now

moving by rail and road under present dry season conditions of negative

passability would be shifted to water transport.

An examination of the Harbor Department ’s 1966 survey of vessel

trips into Bangkok by survey day shows that during the wet season an

average of 99.60 vessels entered Bangkok from areas above the middle

Chao Phaya region .
28 

During the dry season , however , this average

dropped to 48.70 daily vessel tri ps. Put ano ther way , barge traffic

from changwats above the Chao Phaya dam dropped by 36.12 percent during

the dry season . The writer assume s that a large portion of this dry

season decrease represents cargo shipped to Bangkok by the faster means

of road and rail. Also , if the middle Chao Phaya river were imp roved to

a point where shipp ing could use it all year , some of this lost cargo r
would , once again , be reassigned by the shipper to l &- ss expensive water

transport. Substantial savings could be realized by making such a

reallocation of cargo .

There is little doubt that improvement of th e Chao Phaya would

reinforce the competitive position of water transportation. By 
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shortening the travel t ime through the middle Chao Phaya by four or five

days and by increasing the safety of this passage , two steps would be

taken in the direction of eliminating the two most important points of

criticism expressed b y shippers , speed and safety. The fact that open-

— 
ing the middle Chao Phaya river during the dry season would also help to

reduce barge operating costs should also improve that transport mode ’s

ability to compete with road and rail. Thus , if the river is improved ,

we can expect  an increase in water transport ’s share of the long -haul

shipp ing trade.

Other Benefits of Rive r Training

The wr iter wishes to make it very clear that, in add it ion to the

primary costs and benefits previously outlined , the re are others of a

more secondary nature that also have significance for the costs and the

benefits stemming from river training . Although no detailed account of

these several factors will be attempted here , mention , nevertheless ,

should be made of them .

Opportunity Costs

Any improvements that decrease the time it takes a loaded barge

to t ravel  th roug h the m i d d l e  Chao Phaya region also decrease  the cost

in terms of economic opportunity. Ordinaril y, if it takes a barge seven

days to make the journey from Chai N.it to Bangkok and :his tri p, after

river training , can be reduced to three , the re is a saving of four days

in which time the hargeman can spend , hypothetically, h i s  energ ies in

some other economicall y rewarding pursuit. The savings thus realized

can be calculated various ways. Mr. Uathavikul , in his Master ’s thesis,
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al low s ten bah t a day for  a bargeman ’s t ime .29 This is the wage a

similarl y unskilled labo rer would receive on the Bangkok labor market.

Every day tha t  the barge operator is engaged in t r a n s f e r t n g  cargo has a

cost of opportunity attached to it valued at ten baht. Another approach

toward calculating opportunity cost is to consIder both man and barge as

a single production unit attach ing some dail y income value to them.

Each day saved by being able to emp loy the middle Chao Phaya route , four

days over the time it takes via the Sup hari and two days over what it

takes over the Noi , can be calculated as one in which the income value

of the barge operator and his vessel can be added to the benefit side of

the cost-be nefit led ger. Without going into the numerical calculations ,

it is evident that opportunity costs will be reduced significantl y after

the middle Chao Phaya become s operative all year long . These savings

can be added to the benefits derived from river training.

Taking Advantage of an Alread y Available
Transportation Link

Another factor that hel ps to strengthen the argument in favor of

improv ing the Chao Phaya river is the fact that to do othe rwise would be

to neglect taking advantage of a natural transport ne twork that , in terms

of potential capacity, costs little per kilometer to construct and main-

tam when compared with the othe r , comp letel y man-mc~de transport links.

For instance , in 1966 the cost of building a heavy duty ii rs t - cl a s s road-

way over a flooded plain like that found on much of the Central Plain

was approximate l y 3 ,780,404 baht per kilometer .
30 

On the other hand ,

river training on the mid dle Chao Phaya costs 240,000 baht per kilo-

meter.3’ Once a hi ghway is comp leted , maintenance is another

L~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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significant cost item. The cost quoted in the General Engineering

Company ’s cost-benefit stud y on the Then Buri-Paktho hi ghway, quoted in

p art  below , ind ica t ed  that  the maintenance of a heavy d u t y hi ghwa y is

considerabl y greater in cost than those figures of 13 ,000 baht per kilo-

32
meter quoted for river training on the middle Chao Phaya .

The unit cost over the approximate distance of 85 kilometers and
the 20-year life [of the Thom Buri-Paktho highway l is approximately
52 ,000 bahts per kilometer per year. . . . Maintenance records for
various types of highways in Thailand have been tabulated for on]y
the past four years , and these records are not entire ly comparable
as the y generall y include both minor and major re construction . An
analysis of these records indicates , however , that higher-class high-
ways require an annual maintenance expenditure in the order of
40,000 bahts per kilometer per year . The higher estimated main-
tenance cost for the Thonburi-Paktho highway is attribu ted to consid-
erably poo rer subgrade soil conditions , heavy and dense truck
traffic and an anticipated higher standard of maintenance .

Using the lower maintenance statistic of 40,000 baht per kilometer per

year , it can be estimated that it would cost 4,800,000 baht per year

for upkeep on 120 kilometers of first-class highway as opposed to

1 ,560,000 baht for the improved middle Chao Phaya . Also to be consid-

ered is the fact tha t a highway , as with a rail line , must be elevated

above the flood p lain in all sections to avoid inundation during the

rainy season . In contrast , only certain portions of a waterway system

like that found on the Central Plain need treatment. The Chao Phaya

rive r provides a good examp le of this as onl y sections along a 120 kilo-

meter portion of the 225 kilometers of river channe l between Chai Nat

and Bangkok must be subjected to training.

Savings of Foreign Exchange

Still another area where improvement of the inland waterway

system benefits the nation ’s economy is the forei gn - xchange that such

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  —~~
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a t r a n s p o r t a t i o n  system conserves.  Of a l l  modes of t r a n s p o r t a t i o n , that

of waterway shi pp ing re quires the least expenditure of fore ign currency .

The cargo barges are comp let el y built in Thailand of domestic raw

materials. In the operation of moving cargo over the inland waterway

system , only towboats require imported equipment in the form of interna l

combustion engines and only the towboat consumes imported fuels. Both

truck and rail transport , on the other hand , require the importation of

most of their operating components and , with the present effort to

dieselize the entire railroad system , rail freight now runs almost

exclusivel y on imported fuels.

Othe r Economies Inherent
in Barge Shipment

Imp roving the time efficiency of barge cargo movement will hel p

to stimulate the barge industry and will make it more competitive with

road and rail. There are certain advantage s to barge shipment which

should be discussed in context with this , the catch-all section of

Chapter II.

Barges not only function as transporters of cargo but also as

p laces in which to store non-perishable cargo . Many shi ppers move good s

to market prior to sale and hold them in the cargo vessel until a suit-

able price is worked out at th e marketp lace . Of a ~amp le of sixteen

barges questioned about storage operations , the indic it ed average wait-

ing time until the vessel was unloaded was 4.8 days . Barges carrying

grains reg istered the longest average wait: rice barges (seven ques-

tioned) 5.9 waitin g days , and maize barge s (four vessels questioned) 4.6

days average waiting time .
33 

Occasionall y vessels are asked to wait for 
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longer periods of time . The average maximum wai t ing t ime for all six-

teen vessels was fourteen days with rice cargoes again requiring the

longest maximum waiting period at a sixteen day average . The average

maximum waiting time for maize was 11.9 days.

Given the congested situation in marketp laces like Bangkok ,

barge storage provides inexpensive space not so readil y available to the

shipper who emp loys road or rail transport . Shippers using land trans-

port must unload their cargo immediatel y upon arrival at the market. It

is safe to assume that if all the cargo presentl y stored in barge holds

had to find immediate godow n space upon reaching Bangkok , the result

would be even more congestion along the waterfront and increased pres-

sure on already heavily taxed land s~~ rage facil ities.

Another related advantage inherent in barge shipment is that

cargo destined for export need not be transshipped befo re being trans-

ferred to ocean going vessels. Much of the rice crop and almost all of

the maize harvest are exported through the Port of Bangkok . By holding

these commodities in barges until they are loaded onto deep sea vessels ,

the alread y overcrowded streets and godowns of Bangkok’s water front are

• relieved of a great deal of potential additional burden .

• A Comparison of t)~e Costs and the Ben efits
of River Training on t he  Middle

Cha o Phaya River

The Costs of Rive r Training

In Chapter 1 , the construction cost estimate for training the

middle Chao Phaya river was set at 28,800,000 baht. In the ensuing com-

parison of river training costs and benefits , this 28,800,000 baht

initial investment expenditure will be discounted over a twenty year

_ _ _ _ _
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period .
36 

Assuming that the opportunity cost of cap ital for such a

project is 12 percent per annum , the total construction plus capital

opportunity cost, when distributed over twenty years , is 96,288,000

baht ~~~~~~

Added to the above estimate of construction and financing costs

must also be an annual maintenance cost. In the case of the middle Chao

Phaya this amounts to 1 ,560,000 bah t per year for the entire length of

the trained area . Table 7 presents a cost breakdown as it would appear

over the twenty years in which the initial cost of river training would

be absorbed. For the sake of the ensuing comparison with economic berie-

fits that is made below , the first year of depreciation will be set at

1973.

Tlie B e n e f i t s  of River  Training

Compared with the costs of river training must be the benefits

derived from such an undertaking to the shipp ing industry and , ulti-

mate ly ,  to the nation ’s economy . As a comparison of the statistics in

— Tables ?~ and indicate , if all projected 1978 barge cargo were to

move exclusivel y via the shorter , faster Chao Phaya rou te instead of

along the Suphan and Noi routes as is the case currentl y in the dry

season , there would be a savings in shipp ing costs of 1 ,552 ,992.59 baht .

It should be pointed out that this savings fi gure is on the conservative

side owing to the l imits p laced in these computa tions on cargo origins

and destinations .

According to Wilbur Smith and Lyon Assoc iates ’ projections of

barge cargo grow th be tween 1973 and 1978 within the 100 to 400 kilometer

radius of Bangkok in the northern corridor , wate r cargo inputs will

--~~~~~~
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increase by 4 . 27 percent per annum.36 Using the 1978 barge cargo statis-

tics as a point of departure and including a factor for yearl y barge

growth , within a twenty year period , 1974 to 1994, there would be a cumu-

lative savings of 43,269 ,031.86 baht assuming tha t river training had

made it possible for all long-haul shipp ing through the middle Chao

Phaya region to use the Chao Phaya river all year . Table ii column A

contains statistics that present the cumulative savings each year if all

goods had traveled exclusivel y via the Chao Phaya route to and from

Bangkok•

If the middle Chao Phaya were to undergo training and become

navigable all year, water transport ’s ability to compete with road and

rail would become markedl y improved . The speed and safety afforded

cargo shippers by a channe l improvement program in addition to a diminu-

ation of the usuall y lower river transport rates , wou ld , it is assumed ,

hel p attract cargo to water transport from the region ’s highways and

rails- In the section of this chapter entitled “A Projection of Water ,

Rail and Road Transportation Costs on the Central Plain ,” it was deter-

mined that in the dry season there is an approximate 36.12 percent drop

in vessel traffic as compared to wet season levels. It is assumed that

much of this cargo dc-crease can be accounted for by a switch ing over to

road and rail service on the part of the up-country shi pper . If , in the

future , the middle C}-,ao Pha ya river were open and tr ln sit to Bangkok was

thus improved during the dry season , it is probable that a portion of

this shipping now lost to road and rail would return to the barge indus-

try • Just how much cargo will be allocated in this fashion Is impossi-

ble to say , but the 10 percent reallocation to water traffic from road
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and rail included in the co m p u t a t i o n s  presented  in Table 11 can be con-

sidered as being on the conservative side. It i~ reasonable to expect a

greater than 10 percent reallocation of road and rail tonnage to water

transit in the event tha t the middle Chao Phaya river is opened to dry

season t r a f f i c .

The cumulative savings calculations presented in column B of

Table 11 take into account a road and r a i l  per ann um grow th fac tor of

4.72 percent~ This figure represents an average struck between the rail

and road cargo growth rates as calculated be tween 1973 and 1978 as they

apply to the projected shipp ing patterns in the three 100 to 400 kilo-

metctr zones of the northern corridor.
37

As is shown in Table 11~ , the initial cost of construction p lus

the cap ital opportunity cost of 12 percent per annum is written off

within twenty years leaving onl y the annual cost of 1 ,560,000 bah t for

maintenance after 1993. Within the firs t twenty years of operation ,

costs or losses decrease each year (Table 7 ) while savings or benefits

increase (Table 11 , colu~m C) - In 1988, although benefits have yet to

overtake total costs , the yearl y benefits begin to outweig h yearly costs .

Thereafter , benefits increasin~ ly offse t costs each yea r  un ti l 1998 when

the entire project has been paid off. It should be noted that in

Table I I  C o l u m n  1~, yearl y benefit calculations inc l ude the savings

real izC- d from a 10 pe rc ent r e a l  location of rail and road cargo to ~rte r

slI i pm (-n t  -

In ~; . - v c r , t l  w ay s  the sa v i n ~-, s c a l c u l a t i o n s  p r e s e n t e d  above are

c on s e r va t  ivC . F i r s t  of  a l l , they on l y t a k  I n t o  a c c o u n t  cargo o r ig i n a t -

ing f rom l o c i t  ions n o r t h  f r o n i  : i  og Bu r l  and do t : o t  i n c l u d e  any goods

-- - - -- -~~~~~~~~~~~~~~~~~~~ --~~~~~~~ -~~~~~~~~~ ~~~~~-•- ~~~~~~~~~ -----~~~~-~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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TABLE 12

CO1-U’ARISON OF T1~ COSTS AND TNE BENEFITS OF RIVE R TRA INING
OVER A TWENTY -ONE YEAR PERIOD AND BEFORE INCL U SION OF

SECOND ARY BENEFITS

Year Losses Year Gains

1974 4 ,104 ,327 ~
1975 3 ,826 ,425 ~
1976 3 ,543 ,856 ~
1977 3 ,256 ,348 ~
1978 2 ,963 ,701 ~
1979 2 ,665 ,b 77 }~
1980 2 ,362 ,042 i~
1981 2 ,052 , 542 i~
1982 1,736 ,914 ~
1983 1,414 , 884 ~
1984 1,086 , 162 ~
1985 750 ,448 l~
1986 407 ,429 ~
1987 56 ,775 ~

30 ,227 ,530 ~ 1988 301 ,857 ~
1989 668 ,825 ~
1990 1,044 , 505 ~
1991 1,429 ,288 ~
1992 1,823 ,582 ~
1993 2 ,227 , 800 ~
1994 4 ,082 ,444 ~a

1995 4 ,335 , 124 ~
1996 4 , 599 ,047 ~
1997 4 ,874 ,921 ~
1998 5,911 ,232 ~

31 ,298,625

0A f t e r  1994 the c o n s t r u c t i o n  cost of the r iver  t r a i n i n g  p r o j e c t
i s p a i d  o f f .  A f t e r  t h i s  d a t e  onl y main tenance  cos t of 1, 560 ,000 per
year  r e m a i n .

b1~ 1998 benefits (savings) outweig h cos ts .

- - - A



-~~ 

- 
_ _

60

that  mi gh t have or ig ina ted  or been ‘!estined for  loca t ions  beyond the  400

k i lomete r  zone . Seco ndl y ,  the savings shown in Table I I  co lumn A , are

somewha t understated . Barge ton tri p shipp ing costs are based on an

average cost for shipp ing cargo through each of the three middle Chao

Phaya routes. Under the conditions that river training on the middle

Chao Phaya will create , these cost figures can be expected to decrease

as use of the more expensive Noi and Suphan routes will not be necessary .

In the foregoing cost-benefit calculations , water transport

costs were based on Mr . Uathavikul’ s calculations . These statistics

were chosen instead of those put forth in the Wilbur Smith and Lyon

Associates ’ or the French Te chnical Mission ’s reports because it was

f e l t  by the w r i t e r  and his  P r o j e c t  30 col leagues  t ha t  M r .  U a t h a v ik u l ’ s

source d a ta  are the  most  a c c u ra t e  a v a i l a b l e .  Road and r a i l  t r a n s p o r t

costs , however , were taken from the Wilbur Smi th and Lyon Associates ’

report. It is thought that of all sources , this one appears to be the

most thorough and up-to-date with regard to these modes of transport.

If , instead of using the Uathavikul statistics for barge transport , the

one quoted by Wilbur Smith and Lyon Associates is substituted , there

would be some realignment of the costs and benefits over the amortiza—

tion period. The overall impact on the costs and benefits , however ,

would be small. If Wilbur Smith and Lyon Associates ’ ton kilometer ~ater

rate of 0.206 baht per ton kilometer is used instead of Mr. Uathavikul ’s

O.O6l9 baht per ton kilometer, two things would happen to the statistics

presented in Table I - The s a v i n g s  in column A w o u l d  i nc rease  in magn i-

tude but those in column B would decrease . The savings I n  co lumn  A

w o u l d  grow l a rge r because  barge ton k i l~~m et e r  costs , a c c o r d i n g  to  W i l b u r

—~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~ -—- ~~—~~~— - - . rn . T . :L . I~.T~1. -.. Tfi1r .1LI flII ~~~m1t l~. 1r niP - -



Smi th and Lyon Associa tes , are higher thus emp hasizing the distance

dif f e r e n t i a l s  be tween  the three rou tes  th roug h the m i d d l e  Ch ao Pha y a

region . The sav i ngs s t a ti s t i c s  show n in column B,  howeve r , would

decrease  in m a g n i t u d e  because  less would  be saved by reallocating road

and rail cargo to barge .

As alread y discus sed in this chapter , there are several impor-

tant benefits which have not been given a numerical value in this stud y

but should not be lost sight of in this comparison of the costs and the

benefits of river training . These additional benefits consist of the

savings tha t  wou ld  be rea l i zed  in the form of decreased  barge opera to r

o p p o r t u n i t y  c o s t s;  the savings inheren t  in using a natural waterway

system as opposed to building a highway and rail system from the ground

up; the savings of fore ign exchange inherent in the operation of the

barge transport industry as opposed to the heavil y import-oriented needs

of both the road and the r a i l  s ec to r s  of the transport industry ; and the

savings tha t  are r e a l i z e d  when barges  are used for  s to rage  in Bangkok ,

something tha t cannot be prarticall y done by a truck or a freight car.

Benefits realized in these kinds of savings and others like them only

hel p to underline the fact that river training is an undertaking well

worth the initial expense . 

- .
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Chapter Il

1There is the possibility that by speeding up the journey down
the Cen tral Plain an overcapac ity in sh ipp ing wo uld be cr eated and many

• barge operators would be thrown out of work . ThL~ situation , however ,
would be only a temporary one. As water transport speed is increased ,
more and more commodities will seek shipment by barge thus reabsorbing
any overcapaci ty tha t might have been generated at the outset.

2
For toll fees and towboat rates , the reader is referred to

- • Tables 18 and 23 in Chapter II of Peter ~~~. Ingold , The Role of River
Training in the Improvement of Inland Water Transportation in Central
Thailand, Ann Arbor: University Microfilms , 1973 (Ph.D. dissertation in
Geography).

3One slight exception should be mentioned in this connection.
Hull maintenance must be more extensive on vessels ply ing or moored in
salty or brackish waters than those remaining exclusively upstream.
Brackish or salty water contains small organisms that attack wooden
hulls.

4
Charles R. Nelson , “Rep ort on a Survey of Commercial Water

Transportation in Central Thailand” (paper written for the University of
Michigan, Departmen t of Geography ,  August 15, 1967), p. 17 (typewritten).

5In 1966 , 7,717 individual barge trips were coun ted in the
second Harbor Department , National Statistical Office survey of vessels
inbound to Bangkok as having passed through one of the middle Chao
Phaya region ’s three north—south water routes : The Suphan , the Noi and

• the Chao Phaya rivers. Of this total number , 2,191 used the Suphan
route , 3,392 used the No i rout e , and 2 ,134 used the Chao Phaya route.

6Wilbur Smith and Lyon Associates , Inc., “Thailand Transpor ta-
tion Coordina tion Study ” (unpublished report prepared for the Agency
for International Development , U . S .  Department of State in cooperation
with the Ministry of Communications , Royal Thai Government , 3 vols. ;
Bangkok , August 1970), p. 272.

7Travel time statistics are based on information gathered in
Project 30’s general qu estionnaire and in field notes .

• 8The f igur e given for the lock fees paid by the average towboat
in long—haul service on the Centra l Plain was computed in the following
manner:

From a questionnaire administered by Project 30 field teams to
towboat crews operating through the study region , it was established
that the average length of a vessel is 11.8 meters. From a study
entitled Remote Area Water Mobility : Annex to Shallow Draft Boat Report,
put out by the Joint Thai—U.S . Military Research and Development Center
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in 1966 , it is estimated that the average beam of a long—haul towboat is
eight feet or 2.44 meters. Based on these two sources, the writer has
adopted the dimensions of 11.18 by 2.44 meters for the average towboat.

• A schedule of toll fees appearing in the Royal Irrigation Depart-
men t ’s Lack Tender ’s Handbook indicates that the fee for a towboat whose
width exceeds two meters is computed at two baht for each meter of
length. Based on the observations of Project 30 field workers , the
vessel lengths upon which toll fees are based are usually rounded down-
ward to the nearest full meter by the lock attendant collecting the toll.

• Thus the average fee pa±d by towboats passing over the routes of the
middle Chao Phaya region is 22 baht per lock.

9
Thailand , Harbor Depar tmen t , Survey of Inland Waterway Trans—

-
s portation, Central Rivers Basis, 1964, Report prepared in cooperation

with the National Economic Development Board and the National Statisti-
cal Office (Bangkok: Harbor Depar tmen t, n.d.).

The work cited above is the first report on a two—part survey of
river traffic. The data referred to in this footnote were collected in
1966 during the second part of the survey and the writer knows of no
final report having been issued on this portion of the survey . The
writer ’s information used in this dissertation concerning this second
survey comes from a computer printout provided to Project 30 by the
National S ta t i s t ica l  O f f i c e .

10See Appendix I for a detailed profile of the middle Chao Phaya
river .

11
Peter R. Ingold , op. cit. , Table 23, p. 145.

12
Thailand , Harbor Depar tment , Survey of Inland Waterway Trans—

~~~ tation, Central Rivers Basin, 1964, p. 68.

~
3Data are taken f rom the second Harbor Department , National

Statist ical  O f f i c e  Survey ofT Vessels that moved in and out of the Bang-
kok area in 1966. The information presented in this dissertation , tha t
is based on a 1966 survey , has been taken from a computer pr intout

• provided to Project 30 by the Nationa l Statistical Office.

14
The vessel trip totals have been adjusted to compensate for a

.21% error in percentage totals .

15Ph a i jayont  L’ath av ikul , “A Study of Inland Waterway Transporta-
t ion in the Centra l  Pla in  of Thailand” (unpublished Master ’s Thesis,
Central Michigan University, Mount Pleasant , Mich., 1972).

16Wilb ur Sm it h and Lyon Assoc ia tes , “Thailand Transportation
Coordination Study.”

17Mission Française Dc Cooperation Technique , Centre Dc
Recherches Et D’Essals De Chatou , Department Laboratoire National
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D ’Hydraul i que , “Rapport Dc La Mission Effectuêe En Thailand Sous Les
Auspices De La Commission Economique Pour L’Asie Et L’Extretne—Orient”
(unpublished report for the improvement of river training , Thailand ,
August , 1963) .

18This cost f igu re  is based on a nersonal  cc un ica t~ cn wi th
Mr. Phaij ayont Uathavikul  and represen ts  cr average cost for noving
various goods on the Central Plain by barge .

19Wilbur Smi th and Lyon Associates , Thailand Transportation
Coordination Study , ” p. 281 .

20
The repor t  issued by the Mission Française De Cooperation

Technique expresses cost data in U.S. dollars .

21Wilbur Smi th and Lyon Associa tes , “Thailand Transportation
Coordina tion Study ,” p. 488.

22
Accord ing to this report , “these figures do not include the

dis tribu tion from Bangkok o f impo rted consumer ’s goods , cap ital goods ,
or raw mater ials excep t for  some sulphur and wood pulp . They consist
of intraregional movements , exclud ing the large volume of intra—
regional traffic except for the Central Plain . It is necessary for
forecast purposes to take some forma l account of this other.” Wilbur
Smith and Lyon Associates , “Thailand Transpor tation Coordination Study,”
p. 439.

23Wilbur Smi th  and Lyon Associates , “Thailand Transportation
Coordination Stud y , ” p.  449 .

24 Based on personal communication with Mr. Uathavikul .

25
Wilbur Smith and Lyon As socia tes, Thailand Transpor tation

Coordination Study ,” p.  45.

26 Ib id . , p. 21.

27
Ib id ., p. 449.

28
This information comes from a computer printout of the Harbor

Depar tment ’s second survey . This survey of vessels entering and depart—
ing the Bangkok area was made in 1966.

29
Phaijavon t Uathavikui , “A Study of Inland Water Transportation

in the Central Plain of Thailand ,” p. 66.

30Canada , General Engineering Company Limit ed , “Feasibility
Report Thonburi-Paktho Highway , Kingdom of Thailand” (unpublished report
prepared under contract to the Government of Canada for the Colombo Plan
Programe , Bangkok , Janud ry , 1967) ,  p. 8p3.
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31The cost estimates are based on interviews and other sources

of information collected in Thailand.

32
Canada , General Engineering Comp any Limited , “Feasibility

Report Thonburi—Paktho Highway,” p. 8p8.

33mis information concerning barge storage is derived from a

questionnaire administered to barge operators by Project 30.

34According to the General Engineering Company (Canada , General

Engineering Company , Limi ted , “Feasibility Report Thonburi—Paktho High-

way , Kingdom of Thailand ,” pp. 7—8), the economic life 
of the highway

that they had designed was 20 years. The writer used the same figure as

a guide for defraying the cost of construction 
of river training .

35According to the General Engineering Company ’s chapter on

economic costs, capital opportunity costs in 
Thailand are set at 12 per-

cent per annum. Canada, General Engineering Company Limited , 
“Feasibil-

ity Report Thonburi—PakthO Highway , 
Kingdom of Thailand,” p. 27.

36Wilbur Smith and Lyon Associates, “Thailand 
Transportation

Coordination Study,” p. 449.

37 Ibid. I
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APPENDIX I

MIDDLE CHAO PH.AYA RIVER PASSABILITY PROFILE

Execu ted at a scale of 1:100,000 is a pro file of the middle Chao

Phaya river. The presentation is divided into four separate but contin-

uous segments. Each segment slightly overlaps the next . The total dis-

tance dep icted in this profile is Just in excess of 113 kilometers ,

stretching from the Chao Phaya dam southward to kiong Bang Luang.

In the bottom portion of each segment , a cross sectional prof i le

of the river bottom is given . Information for this part of each segmen-

tation is based on a similar unpub l ished prof i le provided to the s~ri ter

by the Royal Irrigation Department and entitled “Royal Irrigation

Depar tment , Chang ing and Conservation of Waterways Showing the Level of

the River and the Relationship Between the Leve l and Quantity of Water

in the River from the Chao Phaya dam to Pongpeng .” This document was

draf ted in 1965.

Above each segment ’s cross section of the river bottom are l ines

represen ting the mean monthl y surface level of the water flowing through

the navigation channel. It ~ il1 be noted that each segment is presented

twice : the first representation showing the water surface for the

mon ths of falling water levels , December through Apr il; and the other

showing tie months of rising water levels , May through August. The

water levels for three months , Septembe r through November , are no t given .
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During these months water levels are sufficient to pass commercial

vessels w i t h  no problem. In all cases during t.iiese three months , water

levels  exceeded the  v e r t i c a l  ex ten t  of each p r o f i l e  s e g m e n t .  See tab le

showing mean monthl y flow that is presented below

• The mean monthly water surface levels given ir. the  segments  are

based on unp ublished flow data comp i led by the Royal Irrigation Depart-

ment ’s Hydrology Sect ion and are derived from read ings taken at Wat Pho

Ngarm , a station in Amp hoe Sanp haya located slightl y below the Chao

Phaya dam . From these unpublished flow statistics , the writer calculated

a mean flow value for each month of the year . This data was then com-

pared w ith the water sur face levels as they appear on the Royal Irriga-

tion Department ’s 1965 pro file of the middle Chao Phaya river. On this

p r o f i l e , eng ineers of the Roya l Irrigation Department had translated

• flow information into lines dep ic ting surface levels. Their representa-

t ions , however , were not executed on a monthly basis. To make the tran-

sition from the arbitrary flow wa ter sur face levels provided on the

Irrigation Department ’s prof ile and the mean monthly flow data derived

from the Sanphaya station , the writer had to make some adjustments .

Once an in terpolated relationshi p between the two groups of data was

achieved for the Sanphaya gaug ing sta t ion area , i t was ma in tained and

extended southward through each of the remaining fou’ segments. 
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MEAN MONThLY FLOW OF TIlE MIDDLE C1LAO P1LAYA RIVER

AT WAT P110 N GARM , AMPHOE SANPHAYA

1958-1965

3 a
(in ccm )

Month Mean

January 109.50

February 72.38

March 65 86
b

April 57 43b

May 74.75

June 171.25

July 206.88

August  509.50

September 1,300.13

October 2,326.63

November 976.50

Decembe r 289.38

a
C I 1 I J  from : Thailand , Ministry of Ag ri cu lture , Royal

I r r igation Department , Hy dr ology Section (unpublished records compiled
February 13 , 1967).

bMean based on a seven year average onl y. No record in 1962 .
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ABSTRACT

In the interest of improving the competitive position of inland

water transport in Thailand, this report investigates the possibility

of increasing both the speed and safety of water shipment by implement-

ing a program of river training through the construction of bottom

panels along the middle reaches of the Chao Phaya river. This study

also presents an analysis of the costs involved in such a project and of

the benefits that would accrue to the transport sector of the nation’s

economy by making lower cost water transportation more attractive to the

shipper of bulk commodities . Finally, the report concludes that the

savings derived from river training even when secondary benefits are not

considered would exceed the cost of such a project within a period of

twenty—five years, thus making it a worthwhile investment.
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