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PREFACE

In response to the request of the Govermment of the Royal Kingdom of
Ihalland lhe‘rovérhméht of‘Japaﬁ has decided to take up a feasibility
'study on the Project of Nong Bua-Ban Lam Chi Bon Highway 1inking the
‘north- Hestern region Hith;thé north- eastern region of Thailand, and the
Ja%ahfinterﬁétibnai Cdopéfatlén Aéency‘(Jitﬁ) céﬁduétéé the study.'

hoting that the Nong Bua- Ban tam Chi Bon nghday Progcct has a vital
.bearing on the development, economlc ihterrelatlonship and the fhture

. road transportation system 1n this area, the JIcA dispatched a pre-
.llminary survey team to lballand in July, 1978 for preparation of the
'féasnbility study, and’ sent, from Juné 10 to September, 1979, another

A “member supervisory qrbup headed by Mr, Shigeki Uchnyama, Director of
the Yokohatia Mat:nnal Road Constructlon Office, Ministry of Construction
as vell as a 8- mesber study team headed by Mr. Hasahiko Tohi.

‘The Study was carried out smoothly as scheduled over a period of about
three months with the close co- operatlon of the competent Thai authori-
‘ties.  After its return to Japan, the teans made further studies and

' analyses and complied this report. :

'l‘sihcarely hope lhét this étudy Hduld be found useful for the socio-
economic develepment oF the regzon and sevve for the promotion of the
' frxendly relations now existlng between our two countries.

‘I leh to express @y deep appréc:ation to the corpetent authorities and
”offlcials concerned of Ihalland for their valuable assistance offeved
" to the tean throughout the survey period

/Zw*wlc A«w

Keisuke Arita
President

Japan Internaticnal
Cooperation Agency

'February, 1980
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SUMMARY AND RECOMMENDATIONS

Kingdom of Thailand, with about 44 million of popislation and

an area of 514,000 square kilometers, involves a problem of
disparities belween urban area especially Bangkek and rural areas.
for the mitigation of the disparities, the development of rural
ccononies especially agricultural productivity and the enhancement
of economic exchanges awong rural areas are the major strategic
requirements.  In the Fourth National Economic and Social Develop-
rment Plan (1977-1981), a particular attention is paid to the
expansion and decentralization of public utilities, transportation
and communication services, aiming at. the reduction of regional
isbalance. for the recovery of the aqriculturai production in the
rhral area and the reduction of regional imbalance between Bangkok
area and the remaining areas, the improvement of regiona} road net-
rvorks will play a eritical role.

Road networks of the country comprise 12,856 km of national high-
ways, 9,942 km of provincial roads and 14,000 ka of incomplete
provincial roads. Only about 4,900 km of provincial roads are

paved. In the said National Developrent Plan, the Royal Government
a]iocales 73 percent of the budget for the transportation sector to
the road investment, putting erphasis on the improvement of secondary

and provincial roads to accelerate Lhe agricullural development in



i

rural areas and to supplement the rcqional-trunk road netvorks,
Complying-kith the national strateqy, the Department of Highways
(DOH) of the Ministry of Communications is contemplating to
expand about 8,500 km of additional secondary and provincial road
networks by the target year of its_Plan for Provincial Road

€onstruction and Improvement (1977-1981).

The proposed Nong Bua-Sap Samo Thot-Ban Lam Chi 8on ﬂighway Pfoject
is o part of the above-mentioned government program and is listed up
as Route No. 2184 in the above Five Year Plan. The Project aims

at accelerating socio-economic developrent in rural areas and, at
the same tire, al providing an inter-provincial road, in on east-
vest directicn, to supplerent Lhe existing highway network which

are mainly of radial type connection with Bangkok.

The Project area includes parts of Lhree Changwats {provinces) of
Nakhon Sawan, Phetchabun and Chaiyaphum and relates with ten
Amphoes (districts) of them. The area of influence extends over
160 ka from east to west with a width of 30-40 km and is of about
2 pillion rai of land. The population of the area is estirated at
about 277,000 in 1979.

In and surrounding the Area, highways in a north-south direction
are relatively dense. In the area widely bounded by Route ! in

the vestern end and Route 2 in the eastern end, reads running also
verticaily include Route 21 in the center, Route 201 in the east
and Route 11! under construction in the west. In addition, two
proposed provincial reads, Route 1142 and Route 2260, will complete
the north-south road network. On the other hand, netvork of east-
vest highways is not well developéd. There exist only Route 12

in the north and Reute 205 in the south apart sbout 160 km each
other. Such being the situétion, the proposed east-west inter-

provincial road will play a vital rele for completeness of the
vell-balanced road network of the Area.
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The existing roads in the ﬁrea, except Route 21 and some of
provinecial highways, are carth or laterite surfaced and suffer
more or lcss'From damages by floods in roiny scason. Some of

them are of good conditioned enaugh, especially in dry season, to
enable local trips in fairly long distsnce. In the area, bus is
the most popular tranSpoflaiioh mode of passenger traffic. Ia the
Nakhon Sawan/Phetchabun part the main type is 1light bus, while
heavy bus has the big share in the Chaiysphum part.

Agriculture sustains entirely the ecenomy of the Area. Paddy is a

major crop common in the Area. Besides, maize provides the biggest

“crop production in the Nakhon Sawan/Phet¢habun part, while cassava

and kenaf are the irmportent crops in the Chaiysphum part. About
75 percent of rice produced in the Area is consumed within the area
and Lhe residual is shipped outside., Almost 100 percent of upland

crops, praduced mostly for expoert, is sent cut of the Area through

“assembling markets along national highways. Major assembly markets

for waize are established along Route 21, while markets for cassava

and kenaf are located mainly in the Chéiyaphum part.

Prior to the route selection, a slight modification was made for the
'pfoject lﬁcation, according to the discussions with the DOH.
Cespite the original name of the Project, i.e. Nong Bua - Sap Sameo
Thot - Lam Chi Bon Dam Highway, it was judged that the terminus

is to be changed to Lup Pho instead of Lam Chi Bon Dam. The dan
site is not suitable point for the terminus, as the long delay of
the proposed Chi Irrigation Scheme is anticipated. Horeover, the
cast-west highway is not completed unless the route be connected

te Lup Pho village, the end point of the paved Route 2053 which
leads to Chaiyaphum. llence, Lup Pho was selected as the terminus
of the Project en the Chaiyaphum side. An intersection point with
Route 71 might be considered at Sap Samo Thot as in Lhe original
plan. In adﬂition, Rahun 5 km north of Sap Somo Thot was judged d
to be considered as an alternative point since it is well

located having a road running to the east froé it.
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In selecting route altermatives, special atlention was paid to the
following major controlling factors: i) to avoid the proposed
reservoir areas of the Chi Irrigation Project ‘and ii) to select
the lowest portions crossing over the mountain ranges, especially
two ranges between Changwats_Phetchabun‘ahd Chaiyaphum, Other
additional factors to be taken into sccount included: to search
a straight connection as possible, to utilize the existing road
alignments and permanent concrete bfidges, to pass the potential
areas for the agrlcultural developrent as much as possible and

to connect many villages as possible.

Route alternatives vere examined dividing the conceived corridor
into three parts: Part I (Nong Bua - Wang Wat), Part Il (Wang

Wat - Tha Pong) and Part I11 (Tha Pong - Lup Pho). Part 11 has no
route alternative, since the alignzent is decisively limited by‘ihe
possible crossing of two mountain ranges, the luak Range and the
Phang Hoei Range. for Part I, as a result of sectional COTParison,

the following two major alternatives were conceived:

Route Alternative I-1; via Nong Ngu Luam, one of the biggest
bus terminals between Nong Bua and Sap Samo Thot, and

crossing Route 21 at Rahun.

Route Alternative 1-2; via Wang Phikun, one of the biggest
villages and assembly markets in the Part I area, and
crossing Route 21 # the southern part of Sap Samo Thot.

Part 1!l has the following two alternatives depending on the

cressing point of the Chi River:

Route Alternative III-1; cressing over the Chi River at the
proposed dam site and then folloning the allgnment of
the exlstlng irrigation road.

Route Alternative I11-2; passing the Chi at the site oF the

bridge under constructien Pear hong Bua Rave



11. FEvaluation of the slterratives was made in comparison mainly of the
Fdllbwiﬁg three factors: i) construction cost, ii) route lenglh
~which teflects on the road users' costs and ii1i) availability of
newly cultivable land along the route which reflects the magnitude
of égricultdral benefits. Based on the analysis including
preliminary design of each alternative, the elements to be
compared were obtained as follows:

Length 1 Const. Cost  New Land

Alternatives (kon) (wil. B) (1,000 rai)

Part 1
 Route Alt. 1-}
(Nong Bua - Nong Ngu Luam
- Rahun - Sap Bon - Wang
Wat) 3 70.3 /2 112.7 97.3
Route Alt. I-2 |
(Nong Bua - Hang Phikun -
Sap Samo Thot south) -
Wang WHat) 80.3 128.9 116.2

Part 1

‘No ﬁoute Alternative 41.7 - -
Part I11

Route Alt, 11I-1

(Tha Pong - Upper Chi

Daw site - Lup Pho) 56.0 21.0 93.9
Route ARt. 1IE-2

(Tha Pong - Nong Bua

Rawe - Lup Pho) 43.7 47.3 94.1

Note t /1 ' These figures are the lengths tentatively defined only
for the comparative study of route alternatives.

/2 Excluding the length of 5.3 km which is overlapped
with the Phetchabun - Chai Badan Highway Project.
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As a result of comparative analysis, Route, Altérnative (-1 was
selccted.for Part I ond Route Alternative [11-2 was found Far
preferable to [11-1, Thus, the optimun route, for which agricultural
development projection, traffic forecast and delailed cngincering

studies were to be made, was selected as follows:

Cptimum Route: Nong Bua - Nong Ngu Luan - Rahun - Sap Bon -
Wang Wat - Tha Pong - Nong Bua Rawe -~ Lup Pho,

It was forecasted that the accelerated agricultural devélopmcnt
would be accrued by the Project mostly in the band area of 5 km wide
on both sides of the optimum route selected. In this area, it was
estimated that 286,000 rai of uncultivated land is available for
future development. Major effects of the proposed road to the
agricultural development taken into account in the study include:
acceleration of rate of opening of new land, increase of farmgate
prices, increase of crop yield by the improved farming. Aqricul-
tural develepment benefits attributsble to the Project is counted
by increment of net added value of production derived from these
effects.

Corresponding to two roles of the project road, role for local
transportation services and role as an inter-regional trunk highway,
two types of traffic were conceived; local traffic and threugh
traffie. Local traffic was forecasted dividing into passenger
traffic and freight traffic. Estimalion of passenger traffic
was based on the projected population and the person trip rate
model derived from the hore interview survey. Freight traffic¢ was
forecasted further dividing into the traffic for transportation of
agricullural products and other freight traffic correclated with
the passenger moverent. Through traffic was forecasted based on
the estimated rates of diversion from the surrounding highways,
which were obtained from 0/D survey and bus passenger interview
survey on the surrounding highways. The projected total traffic
in 1990, 7th year after opening, shows thal road links of over

300 ADT reach 64 percent of total length.
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traffie,

In accordance with the DOH's.design standard, based on the forecasted

preliminary design was made and the project cost was

estimated. The main technical features of the Project are

sunmarized below.

Road length¥*:
Improvement
New Construction
Total

.Road width: _
Formation width
Pavesment width (5851)

Surface Treatment:
SBST
Soil aggregate surface
Main Construction Works:
' Earthwork
Cleaning and grubbing
Soil and rock excavation
Embankirent

Paverent
Selected fill

Subbase and shoulder
Base

Prime and SBST

Drainage structures
Box culvert

Pipe culvert

gridges

4.9 kn
112.8 ki
154.7 &m

2.0 - 10.0m
9.5 - 6.0m

105.0 km  (68B%)
49.7 kam  (32%)

560 ha
1,220,618
1,349,130 n

282,850
291,940
106,650
604,860

3 3 B
MW W W

3

253
3,829

3

7 m

* Note : 1) The length was determined after detailed engineering
study for oplirum route, and thus one kiloneler shorter
than Lhe total length employed in the comparative study

of route allernatives.

2) The length excludes the portion between Nong Daeng and
Sap Bon, 5.3 km, which is overlapped with the proposed
Phetchabun ~ Chai Badan Highway Project.

vii
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15.

16.

17.

The estimated project costs, expressed in nid-1979 price and in

million Baht, are summarized as follows!

Local Foreign Total

Direct Construction Cost 203.3 175.6 }?8.9
Engineering and Administration 10,3 20.0 30.3
Land Acquisition 11.9 - 11.9
Physical Contingency 30.5 - 26.3 56.8
Price Contingency 89.0 45.5 134.5
Total | 365.0  267.4 612.4

The foreign component amounts at US$13.4 million or 44 percent of

the total project costs.

For the economic evaluation, econonic construction costs were
estirated, by deducting transfer items from financial costs, at
431.3 million Baht, Recurrent expense for road maintenance is
estimated at around 5.2 million Baht per annum. In 7th year after

opening, an overlay cost.uf 50.7 million Baht will be required.

Hajor benefits accrued from the Project are savings of road users*
costs, composed of vehicle operating costs and occupants® tice
cost, and increrent of net added value of agricultural production

attributable to the read improverent, They viere estimated as
follows:

1984 1998 1998
Poad Users' Cost Savings

{million Baht) 113.6 130.7 161.6

Agricultural Development Benefit
(million Baht) 1.2 - 58.8 55.4
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20,

ix

The cconomic internal rate of return (EIRR) of the Project was
estimated at 21.7 ﬁBFCQDL, vhich indicates that the Project is
cconomically viable. A sensitivity test made under a pessimistie
case, 20 percent:cosl increcase and 20 percent benefit decrease,
shoved that the LIRR would fall to 14.5 percent but the Project

is still justifiable economically. Although 32 percent of total
length is assigned For soil aggregate surface according to the
Standard, it is desirable, from an enéinecrinq viewpoint, to pave
all the mountainous section. Viability was also examined for a case
that the whole length vwould be paved. The results showed that the
total project costs increased to 652.6 million Baht and the
economic internal rate of return fell to 20.7 percent. 1t was
revealed that the Project would be still justifiable even if the
whole length is paved. An analysis of the oplimun timing of the

Project showed that a postponexent of one year would not be justifiable.

Furthermore, a sectional) evaluation for the stretch of F5 standard,

-ineluding the mountain crossing section, indicated that this section

itself vwould be justifiable economically having EIRR of 12.7 percent.
Thus, the Project is recomrended to be implewented as a whole as

early as possible.

The Preject will have a considerable impact to the regional develop-

ment providing an east-west trunk highway connecting three Changwats.

- To activate the inter-provincial eceonomic exchange, the more direet

and efficient connection by Lhe Project will be the indispensable
requirement. At present, no road exists crossing over the mountain
ranges between Phetchabun and Chatyaphun, The construction of a new
road in this section is of special importance to complete the effective
road network in the region, although the construction costs for this
secltion is very costly despite a small traffic volume forecasted,
Vicainq'the importance of the Project to the improverent of the inter-
regiOnal network, it is recommendable to designate the Project road

a seconhdary nationa)l highway.

As the Project is technically sound, economically viable and sociailly
desirable, it is worlhy of taking necessary actions toward its early
implerentation, It is recomrendable to arrange promptly with agencies
concerned for finanéing the btoject irplementation including detailed

‘design works to be slsrted with,
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Chapter |

INTRODUCTION

1-1 'rActORS'_ LEADm[;f 'I'U-!IIE STUDY

Une of the main obJect‘ves of the Fourth &atlonal Economlc and Social
Development Plan {1977~ 1931) is to redress the regional balance and to
‘raise. up income level and living standard of the paople in the rural areas.
' Td’éttaiﬂLthiS‘dbjeéti?e;*the“Plén sets up the strategy to decentralize
Subh.Basic inFrasEructuré3‘as r03635'whter'supply, Sehefage and drainage -
facilities to the rural areas, vhere the deVelopment of such infrastruc-
tures is far behlnd the 1evel of urban ateas. Among them, the roads'

ha\e a role of paranount 1mportance to strengthen the’ productlon bases

of the economie sectors, especnally that of the agricultural sector.

Therefore, the Plan is puttlng enphas;s on_the construction of provincial
roads and rural roads reaching the remoté areas.

In the past developnent of road nethorks in Thailand, attention was paid
to the construetion and improveﬁent of’ radial trunk highways with Bangkok
as the center to cater for the’ maJority of. passengers and goods movements
vhich are to and from Bangkok’ reflectlng its dominant position in the
jeconomy of Thailand. However, in the ptesent circunslances where most
of such radial type highways have completed the trunk hlghhays vhich
.link these radial’ trunk hxghﬂays each other are needed to realize more
efficient and- denser toad nétworks as a wholé.

The génerblrbrdjéct'area'cévqré Changwat Nakbon Sawan and Phetchabun in
the southeastern part of thé Northerh Reqion and Changwat Chalyaphun in -
‘Lhe southwestern part of the Northeastern Region {the location is shown



in the attached WPROJECT LOCATION"). - The area is widely surrounded by
National Highways, Route 1 in-tho West, Route 201 in the East, Route 12 in
the North and Route 205 in the South, ~la’ the cchter of the area, Route 21
cading to Bangkok runs in a north- south direction ond a provinCLal ‘road of '
Route 2260 in parallel with Route 21, connecting ‘Phetchabun and Chax Gadan,
is proposed for imrediate 1wplementat10n. fn addition, in the hestern part _
| ‘of the'area, Route 11, also a: ‘north-south highway, is now under constructlon.
Honever, except for the short hlghway of Route 113 in the notthwestern part
which conneclts Route 11 and 21, ‘the area has no truna highway -1n an’ east west
dlrection to Ilﬂk three Changriats, betheen the existlnq eastawest highdays of
Route 12 and 205, which are ﬂore than 160 km apart ‘gach other. . Especially, _
two thangwats of Phetchabun and Chaxyaphum have no dlréct connection, despite
the Fact that they are geographzcally adjacent due to the steep mountain
ranges which separate both’ Changwats Accordlngly, the present journey

~ between these twa Changﬂats both of passengers and’ gocds, 15 by way of Lomsak
using Route 12 or by way of Lan &aral using Route 205.

‘Under such background, ‘the. Department of Highnays (hereinafter'réferréd'to
" as the DOM) of the H;nlstry of Corsunications of the Royal Governaent. df
Thailand listed up the road constrUCtlon between Nong Bua in Changaat
Nakhon Sawan and Ban Lam Chi Bon in €hangwat Chaiyasphun as Route 2184
(hereinafter referred to as the Project) with hlgh prlorlty_in_lts Plan
for Provincial flead Construction and ifrpravemént- (1977-1981). |

- it .sheuld be noted that the project location was sllghtly

l'mﬂdifled fron the orlganal plan based on the discussion
with the DOH, considering that the pro;ect environment’ has
bEEO:Chaﬁgéd'fEOﬂ that'expected'at the.tine of. project

- forvalation. Especially the teminus of the Progect was .
'changed from Ban Laﬁ Chi Bon in the orlglnal plan to Lup
Pho near Ban Khdao.. The details on this subgect are dls—‘
cussed in Chapter Vi “RUU][ SElECllﬁN“

The PriajeCt has two rajor objectives. One is to faémtate tm'ecmmsc
and hurap exchanges arong three Changwats of Nokhon Sawan, ?hetchabun and
Chalyaphun by connectlng them dlrectly. The other 13 to help the rutal
de\elopwent by providing &n easy access to the major markets for the
inper area vhere some lands svitable for cultivation of crops such as |



- péddy; maize and éassava_still remain unopened due to lack of good roads,
“and by providing-good access between villages for the improvement of
loeal'cdmmuﬁiCatiohs,- In consequence of both effects, the Project is
exbected'iolbohtributé groatly to the activation ¢f the socio-economy of
the whole area concerned.

In reésponse to the request of the Royal Government of Thailand, the
Japanese Bovernment decided to conduct the feasibility study for the
‘said project and entrusted the ‘Japan Internatienal Cooperation Agency
(bereinafter referred to : as the JICA), the official agency responsible
for the implementatlon of technieal cooperat1on programs of the Japanese
~ Government, with the carrying out of the study.

The JICA despatched Lo Thailand a fact-finding mission headed by

Mr. S. Uchiyama in July 1978 for Ehe purpose of field reconnaissance and
discussion with the authoritles coneerned of the Royal Government of
Thailand on the study. Based on the results of the said m1331on, the
JICA organizad a team of experts to earry out the feasibility study,

the team headed by Mr. M. Tohi' and composed of experts of Nippon Koei

" €o.s Ltd. and Katahira & Engineers Inc., which carried out the feasibility
study For the Phétchabun - Chai Badan Highway PEDJect {Route 2268) in 1978

_ln the same téchnical cooperation prOgram of the Japanese Goveroment to
the Royal Government of Ihailand. '

Tho study team started the work in Thailand on 10th June, 1979.

122 SCOPE OF STYOY

The 0véféll76bjéétive'6f ihe'studf is to formulale the most economical
road construction connécting three Changwats of Nakhon Sawan, Phetchabun
and CﬁéiyaphUH based on the ¢conomic and engineering analysis, and to
make recummendatinns for the level of constructxon together with a course
of action for its implenentatiOn.

The study is belng donhe in three stages, namely lnceptlon stage, Interlm
stago and Final stage. '



The Inception stage, a half month in Japan, covered proliminary enqlncering
and economic studies based on the available data and information collected

by the fact~finding m13310n, inqludlng pre-study on cqncoxvable alzgnments
of the project road, and preparation of the Inception Report.

The Interim stage; three and a half manths after the BubmiSsicn'Of:the

'InCéption Report to the DOIl, covered ficld recénnaissancé'andLinventdry'

survey, cconomic and traffnc SUrveys, formulatlon and- comparlson oF route -
alternatives, prodectlon of agr:cultural development traffic forecast
preliminary desiqgn, estlmatlon of costs and benefits, prellminary .
evaluation of the Preject and preparation of the Interim Report.’ 7
Profile and cross-section survey and ]aboratory tests on’ sof1 and material
saﬂples were also carried out in this stage for the reflnement of

engineering study in the Flnal Stage.

ihe Final stage, the succeeﬁing four and a half months in Japén,'covéredz;.
the refinevent of traffic forecast, engineering study and project
evaluatlon based on thetxnwents of . ‘the DOH on the Interim ﬂeport
and preparation of the Final Report. D R

The Final feport describes all the findings, study resuvlts and recommend- .

ations of the optlmuﬂ route and the scale of the Project, . The full report

is presented in thé following two velumes:

Volume 1 : TYext

Velume 2 : Appendixes and_DraHings

Volume 1 descrlbes the procedures of the study and the results of optlmum
route selection and detailed study on the optimua route,- Volume 2 contains
technical details telatlng to agrxculture ‘traffic forecast des:gns, plan
and proflle of the optinum route, typical cross section and- staﬂdard
deawings of bridges and culverts. 7

1-3  STUDY PROCEOURE

The general work flow of the study is illustrated in Figure 1-1; and
described below. D



Routo qltornatiVos viefre seloctod flrstly on the 1/50 000 scale. topographic
' maps and on the, 1/5 ouo .sc¢ale maps prepared i Japan for the portions
_rof_ospcciolly difficult_mountalnous terrain, and were then modified based
on the results of field reconnaissance, inventory survey, socic-economic
and transportation economic survey, and through discussions with the DOM,

Z.In the course of field reconnalssance, it was revealed that there vould
be no 31gniflcant dlfference in traffic characteristics by route alter—
'nat!vc, consequently in future traffic volume,

Ihereforc, the routo comparlson Has made by a Slmpllfled method oon91der1n9
three major factors, nately, construction costs, route length and the

area of_potpntlal land for agtioultural development along the route.

For each route alternatlve, prelnmlnary design was carrxed ‘out assuming
the same standard which is soil aggregate road construction in accordance
with the DOH's F5 road ¢lass, based on the 1/50,000 scale maps and
1nformation obtained. throuoh the field reconnaissance and 1nventory survey,
and constructlon work quantlties vere calculated. B8y multlplying unit
“costs, which were derlved fron the analy31s of the latest contracts of
similar type of constructlon and interviers to contractors, to viork
qﬂéﬁtitiés,~oohstruo;ion;costs vere estimated for each route aliernative.

At the same time; the areo'of_potential land was estimated by alternative.

‘Based on ihe comparison of the aboves, the optimum route was selected.
For this selected optlﬂun route the traffic forecast, engineering study, -
estlnatlon of econonlc costs and berefits and economic evaluiation of

the Project were carried out,

lrafflc Sur\eys 3nclud:ng traffic counts, roadside interview survey and
hore interview survey wére carrled out 1n'the Project area and historic
'traffic data was collected., Agricultural, economic and demographic data
'Hore aiSo collected from all possible sources. Based on the analysis
of theso data, traffic projoctions were made. The prOJected trafflc

~ volure were then used to determine the desxgn standard,

Vehicle operating costs were derived by reviewing past studles carried
out “in Thdiland and by updatlng the cost elements based on the results
_ of interviews to manufacturers and dealers of vehicles, tyres, oils, etc.



‘In-aceordance with the design standard scleéted based -jon"t'ﬁe rosult of
‘traffic forecast and the DOII's standard, engiﬁeéfing'étﬁdiesjﬁﬁrbfcéériéQr
out for the optimun route in detai}, and constrictién costs wore ‘ostimated,
both for financial and economic costs, together with maintesance costs.:

Estimation was made for the principal benefits expe'c'téd to acerue in -

casé the Project is constructed. They are the increment of neot: added value
of agrlcultural praduction and’ the savihgs of road Usders! costs’ of
passenger_and freight traffic. - They were quantifled in the comparison aF-

with and without project cases.

The preliminary economic evaluation was rade in comparlson of costs and -
benefits both valued at the economie component of prices, using- dlscount
rate of 12 percent per annum. The evaluation was ‘carried out éver 20
year (1979-1998), until 1S5th year after tr.g-opening:-'yé'ér' :persoﬁae‘d in 1984,

Based on the resuits of ‘econunic GValuatlon and con31derat10n of other ' -
social and englneerxng aspects ‘of the Pro;ect the recomnendatlons vere
compiled in this Report. ' ' |
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Chaptel 1

BACKGROUHD BF THE PRﬂlECT

2-1 ECONQMIC BACKGROUND

Tﬁéiiand ﬁés é'ppbulatiﬁn df 3b00t 44 million‘ahd an area of 514,000
3quabé kliometets;, Although average populatien d9n51ty in 1918 was
.80 persons per square kllometer and 85 percent oF pcpulatxon is in the
'_rural area, the gronth of urban populatlon, especxally in Bangkok, was
as high as about 5 percent hhlle the national average was 2.7 percent.

The évérage ;aﬁe'of gronth of the economy in 1978s has been decreased to
6 porcent from 9 percent in 1960s. However, growth rate in 1976 showed
@ recovery from that in 197& affected by oil crisis.. Out of €0P in 1977,

'}70 bllllon Bahts, 20.1 percent was earned by the agrncultural sector.

Agrlculture is still predonlnant econoaic sector, hav1ng 6} percent of
total gbor. force and sharlng S0 to 60 percent of total value of exports.
'.Hajor exported crops lnclude rlce, sugar, cassava, rpbbér and ﬁalze.
'Desplte the great 1mportance of agrlculture in the natlonal €conomy,
-_recent growth of the Sector has been decreased. The average qroath 1ﬁ
thc lhnrd Plan perlod was 3 9 percent against the planning targetl of 5

percent._ Ihus, 1n the future regional. develop eat program, much attention

is paid to the recovery of agricultural productlon in order to redress
the reglonal balance.



10

| transportetnons following._

In the Fourth National Ec0nomic and 500131 Developmcnt Plan (197?*81),
particular emphasis is placcd on the objectiva of regional balsnce and

the Plan seeks Lo achieve: decentrélizatlon of public investment , devel-_
opment of rural lnfrastructure, reduction of rate of population growth |
and dispersion of industries away from Banqkok so as to increase employ-
ment opportunities and regional incomes in ‘rural area. From_theE R
viewpoint of the rédreésihg'df regional balaﬁce, mUch éttehtidn”ié‘ﬁbid to
the recovery of the agrxcultural produetion together with the imprOVement

of tural road netvorks.

In the Plan, which sets the torget of annual growth of GDP at 7 percent,
the recovery of agriculture is plamed setting target rate of growth at

5 percent. Vo achleVe the target, more attentlon is paid to productivlty
1mprovenent than increase of plantlng area Hhich is’ l]mlted by the forest
reservation pollcy. All measures to improve the rural productlvlty ate

to be taken. They include effective water control, greater appllcatlon '
of agricultural inputs, increéase of double cropplng, efficient processing :
and handllng of crops,,etc. The 3nprovement of rural’ 1nfrastructure,
espec1ally road networks, is 1nd1spensably required to ease thc

appl1cat10n of thése méasures for product1v1ty 1nproverent.

2-2-1 ﬂoad'networks

Hore than 10 percent of pepulatlon of Ihalland centers in the Bangkok

Hetropolltan Area. ‘At the énd of 1977 the populatlon in Bangkok Has

4, 7&3 000, nearly flfty tlmes of that in hakhon Ratchasxma, the second
largest : town. The pattern of movenent for godds and paSSEngers reflects '
this damanant position of Bangkok in the economy of lha:land Prinary and
agricultural products are" carrled to Bangkox for export, prote331ng ' '
and ‘léeal coﬁsuwptlon, vhile 1ﬁported and ‘locally manufactured industrial
products are maved in the opposxte directlon. 1o 3cc¢m¢06ate these flows,

a radial transportatlon system has evolved with Bangkok at’ the center,

The road transport is a dominant #ode in the system with rail and water
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The ﬁﬁblic‘:Oaﬂ networks had sbout 12,900 kilomoters of national roads snd
'bbﬂi 9'§gn?ki10metef3 of provincisl roads in 1977 as seen in Toble 2-1.,
The national read system connccta the' main towns and regional centers
_throughout the couplry. * The provincisl road system links districts and
~other: important centers Or areas to provincial capitals. Since 1963 to
date, the natienal ‘road aystem has expanded from 9,100 to 12,905 kilo-
metera, and the percentage of paVed sections has increased from 46 to 24
percent. A the same time, the pravxncxal road systen has expanded from
2, 200 to 9.900 klloneters, and the percentage of paved sections has
' ‘1ncreased fram 9 ta 49 percent. Besides the above 9,900 kilometers of

- provinecial roads, there are l& 000 kilometers of unimproved prévincisl
rOads which receiVe ‘only minimum maintenance or are under construction or
1mptoVement.r As they were not constructed to a suffiéient ‘standards, many
sections become lmpassable in rainy seasons.  About €0, 000 kilometers
of lacal roads, which connoct v1llage3 with national and provincial road
systems, are¢ also included in the pob!:c road nethorks.

The netﬂcrks of national and provincial roads are 1llustrated in
Flgure 2-1. '

2-2-2 Iraffig

.Ihe motor vehicle fleet in nhale Thailand grew at an average rate of
‘about 10 percent per annum durlng 1966 - 1977 period. About 1,270,000 -
vehicles. wereireglstered ih the country at the end of 1977 as showi in
'réplerz+2.*-rraffiékdiétriputiOn on the road networks refiects Bangkok's

| dominant'éit03tiéh‘ih the- ecéhéﬂy. Traffic is highest on the approach _
rnads ta Bangkok, where it: rangés from:15,000 to 30,000 in annval average
- daily traffic (AAOT), ‘and it decreases sharply as thée distancé increases
from the capital. Traffic od sone provincial rohd is over 1,000 in AROT,
Traffic on local roads is gencrally less than 100 in AADI. Traffic
VQrOﬁth:rates,on:indiﬁiduél?rbadé‘héye;widély'vabibd; but havé been
Qénétallfahiqher’lhén*thefiheréase'ih‘ﬁﬁ{ér'véhitlé fléet.

The regulations ‘on véhieie-géights'afe‘asi tons” for miximim axlé load,
and 21 tons-for gross weight of 3-axlé vehicles, '37:4 tons for semi- -
trailet and -43:4 tons for 8 'truck and tgailer éombination. '

. . . . ) o . fa—
Taaih nciET S Th e B : L] v
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“standard., In 1975 Ihailand had ont

2-2-3 'Administration -

DOl of the Ministry of Communicetiors is responsible for adninistration,
planaing, cénstrucinn and maintenance of pational and provincial reads,
Provincial administrative organizotions and muni¢ipal public vorks agencies

- are responsible for local roads, with assistance from the Office For .

Accelerated Rural Developmcnt (hereinafter referred to as ARD) and the
Public and Municipal Works Department both in the H1n1stry of lnterior.,
in addltlon, other central government departments and agencies buxld and
maintain roads, For example, the Royal Irrigation Departnent in the
Ministry of Agrlculture builds and maintains roads serving 1rrlgatlon
prajects, and the Mobile Development Unit: (hereinafter referied to as HDU)
in the Hinistry of Defence and the Army also build téads for nat ional

defence and 1nternal security.

2-2-4  future Road Development

The Fourth Natlonal Economlc and Soc1al Development Plan (1977—1981)
includes an allocation of about. 31 bllllon Bahts for transpo:t sectnr,

or about 12 percent of the total development expendlture Road invest-
ments are about 22.3 billion Bahts, or about 73 percent of the transport -
allocatlon. s

Having completed constructlon and 1nprovement works on the ma jor arterial:
roads, DOH is now putting emphasis on the construction of the provincial -

- and feeder: roads reaching into the rémote areas, The Plans for Highway -

and Provincial Road Constructlon and Improvement (]977 1981) call for .
construction of 3,135.8 kilometers of natlonal roads and 7 959.1 kilo-
meters of provincial roads. By 1981, the length of the inproved
prov1nclal Toad system will exceed that of national road syatem.

"lthln the context of the 1mproveﬁent of tural infrastructure, the fourth‘
National Plan is placzng EmphaSiS on the necessity of the construction of.

" networks of rural roads such as 1nter—rural roads fahm,to-mérkét-foéds

and foads llnklng rural areas with towns, Although a notable progress

was achieved during - the Third Plan perlod the " ratio of road length to

acreage of cultivated 1and is still low comparing with international
y 145 meters of road per one square



o

kilometer of tultivated land while the standard recommended by IBRD was
1,500 meters,  Improvement of networks of rural roads will play s crucial
role ip enhancing the more dffcctiye production in rural area.

The Accelerated Agriciltural Roads Office,” organized by DONl under
coordination of other governmental agencies, is promoting the construction
end improvement of rtural roads to ease the delivery of famm products to

market  plaées,

13
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Jable 2-1  NATIONAL AND PROVINCIAL ROADS

| Jﬁﬁﬁg;gil_

Source : Department of Highways

National roads - ____Provincial roads _ B
Year __ Paved __Gravel _ Jotal: . faved _ Gravel __ Yotal
1963 4,157 4,917 9,074 202 1,998 2,200
1964 4,702 4,702 9,404 257 1,957 2,214
1965 5,046 4,436 9,482 405 2,389 2,194
1966 5,008 4,490 . 9,498 4217 2,569 2,99
1967 5,507 4,011 9,518 58l 3,311 3,892
1968 6,613 3,131 9,744 1,131 4,078 5,209
1969 7,822 2,146 9,968 1,281 4,448 5,729
1970 8,620 1,781 10,401 1,419 4,813 5,892
1970 9,681 1,296 10,977 1,781 4,347 . 6128
1972 10,493 1,014 11,507 2,288 3,891 - 6,179
1973 11,065 1,008 12,073 7,568 6,039 - 6,599
1976 1,750 781 12,497 3,025 3,986 7,011
1975 11,840 818 12,658 03,396 4,063 7,439
1976 11,968 752 12,720 4,216 - 4,601 8,877
1977 12,134 722 12,856 4,920 5,022 9,942
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IABLE 2-2
fable 2-2 MOTOR 'VEHICLE REGISTRATION IN THATILAND
— S : ___€1,000 yehicles)
Yehicle Type

Lo T 2 T Tistorcyeles

1966 | 974 185 - 8.6 178.4 - 372.6

1w s 18.7 1357  361.4 737.6

197 _'235.0 18,3 147.2  389.2 189.7

1972 2401 20.2 159.1 13,9 833.3

1973 250,7 2.6 . 179.4 435.3 867.0
-fié?a 30009 22,7 232.4 489.9 1;ua5.9

1975 290.4 22.7 238.1 510.0 1,061.2
Rt 98,1 0.7 259 554.9 1,150.4

1997/ 346.0 23,7 305.6 5915 1,270.8

Remarkss. /1 Estimated

Sources: Pol ice Depa rtment
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ICbapler 1]

THE AREA OF INFLUENGE

3.1 LOCATION

' “Ihé:atea'ﬁhéte”the brbpbsed road is 1oeéted includes parts of three
Changwats of hakhon Sawan, Phetchabun and Chalyaphum. if conSideration
“is paid to thé inter- reg:oﬁal through traffic to be diverted to the

: proposed road From the eX!Stlng h1ghways, the area of 1nf]uence 3y
:extend over viider area. Hoxever, the area subJect to the specific.
$tudles can be llmited to the area related to the concelvable corridor .
iwhich connect hong Bua, Sap Samo Ihot and Ban Khwao. 1his area of . .-
jiinfluence, in a narrod sense, (hereinafter referred to as the Area)

_ dellniated by. adnlnistrative boundarles 1ncludes the follow1ng Tambons
.F;§hownqu_F;gqp§_1A~l of Appendix-1.

- ChangWat Asphoe Tambon

:Hékﬁoﬁ'Séﬁan o Nong Bua ~Nong Klap, Nong Bua, Ihan Thahan
TR T f”'Phéi'Séli' - Wang ‘Nam Lat -
“Phetehabun Nong Phai ~ Ban Phat

; BhﬁaﬁﬁﬁmﬁPhéq "-Sap Hal Daeng, hong Chaeng, o
R “Sap Saﬂo Ihot Kan Chu
Wichian Buri - Khok Prong, Nam.Ron,
- Tha Rong, Sam Yack
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- Changwat Amphoe : Fambon
Chaiyaphum NOng Bua Daeng o iChau lhong
Thep Sathit* =~ Lhayang Klak
.Nong Bua Rawe Wang Takhe, Nong Bua Rawe
Chatturat ~ Nong Bua Ban, Tha Kup
" Ban Khwao thi Bon, Talat Raeng, Ban Khwao,

Lum Lam Chi

3-2 GEOGRAPHY

The geographic features of Ihalland can be d1v1ded into three major pro—

vinces, the Northrest Hountaln Ranges, ‘the Korat Plateau and the Chao
Phraya Plain.  The Area traverses parts of the Korat Plateau and the

 Chao Phraya Plaln. The typical geographlc proflle along the COPP!dOP

of the proposed road is’ shwon in Flgure 3 -1, and descrlbed belou::'

Startlng from hong Bua, the proposed route may pass through the lowland'
designated a$ the Chao' Phraya Plaln, ‘enters into the' Iow térrace where
the Rung I Sap Ha1 Daeng Range is located at the east end crosses over
the Pasak’ Valley which is'a trlbutary of the Chao Phraya Plain, cllmbs up
the Luak Range hhlch separates the Chao Phraya ‘Plain and the Korat Platéau,
passes through the nafrow basin along the Chao Rlver Ccrossés over the ,
escarpment of the Phang Hoei Range, runs’ through the uadulated Korat Plateau
and Finally reaches Lup Pho near Amphoe Ban Khwao about 19.5 km west of

' Chaiyaphun.

The lowland lnvolved in the Chao Phraya Plain ends Just over the east side
of Nong Bua. The elevation of thns lowland lS about 40 above sea level
The low terrace adJOlnlnq to this lowland is 3lop1ng gently up eastﬂards
with the elevat:on from 50 to lSOm above sea level and approachxng the
Reng ~ Sap Mai Daeng Range. ln the terrace, there are some isolsted hills
and numbers of rxvers. B S O ' '

the Rung -~ Sap Hai Daneg Range Tuns from north lo south along the east

margln of the above-mentioned tecrace. The average altitude of this
wountain range is about 460 m. lhe dlrference in altitude between the
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| torraco ond the mOUntain range is about 250 m, Many cols of low
elevation exist along the mountain renge and this makes routing Horks easy.

The Pasak Valley is the lowland formed by the Flood deposits of the Pasak

River ond its tributaries. This lowland, about 68 m above sea level in

the average elevation, is classified as a part of the Chao Phraya Plain.

The annual floods in this lowland require high embankment and nunbers of

" long bridges for relief open when the road is designated to pass this
area. - : :

The Luak Range which bas the wide piednont running in @ north-south
direction is steep and severely undulated. It rises high abruptly from
the lowland of the Pasak Valley and forms the border line between the
Chao'Phraya Plain aﬁd'the Korat'Plateau.: The average elevation of the
range is about 500 m, but the lowest port1on is about 350 m above sea

level. The route shauld be seiectéd to cross ‘ovér the rahge at this
_lowest portian. '

PaSSed‘thrdugh'the Lhak‘Range,5the nariod basin which is sandwiched by two
'_mduhtpin,ranges, the Luak and the Phang Hoei, is found. The altitude of
this basin is rather high as about 300 m. In this basin the Chao River
'_which"is'one‘of the'tfibutéries of the Chi River flows north.

- The Phang Hoei Range rises up high on the east of the basin. This mountain
‘range .is steep itself and has the continuous precipice of sandstone outcrop
‘on the sumnit.:. Thereforé,- the large quantities of hard rock excavation is
required in this section. The éVerage elevation of this mountain range

is high as about 700 o above sea level. However, the lowest point of 500 m

was found in the pre- study. _The route is to be planned Lo cross over at
‘this point.

On the east- of the Phang Hoei - Ranqe, the Korat Plateau extends with small
undulations; There are_a lot. 6f isolated hills and rivers, the Chi River
and its tributarjés;ﬁin!thiS‘plateau.;iIhe'elevation of this area is
about 200 m above sea level,



22

3-3 GEOLOGY

Geology of ihéilend consists of diversified formations'of Sédimentary and
metamorphié and igncous rocks ranging from the Canbrian ‘age to the Rccent

age.

The geological map of the Avea is{shown'inlfiqufe 1A-2 'of Appendix<l, - -
As shown in this flgure, ‘the fOllOﬂlng formations are found in the Arca;
ranging from the Carbonifbrous and Penmlan age to the Recent age. :

Ratbur1 formatlon of the Carboniferous and Penﬂlan age

Phu Kradung formatlon of the Jurassic and Irlassic age

Pha Phan and Phra Wihan' formati@n of the Jurasslc age '

v

Salt and Khok Kruat fonnation of the CrEtaCeous agc
- Igneous rocks of the Iertlary age

- Alluv1un and Eluv1um dep051ts of the Quarternary and’ Recent 4g0

Ihe Chao Phraya Plaln around’ hong Bua- is ecovered wlth clay, sand, sxlt and
gravel of nalnly alluvium and eluvium deposlts, Hlth some in-site deposits
which are products of leachlng or weatherlng. '

The lou terrace bordered on the Chao Phraya Plaln can be lelded 1nto two
geologlcal formatlons. The westein part of this terrace consists of
igneous rocks of the Tertiary age,: granzte, diorite and thyorite, covered
with thin top soils. . On the other hand, the eastern part’ of this: terrace
is classified as the Phu Kradung formation whose bed rocks are sedimentary
and netaworphlc rocks,” dark. brohn micaceous: shale wlth some 31ltstone ond
sandstone. - ‘The top SOIIS arée malnly thln 1n~31te deposits,

The Rung - Sap Mal Daeng ﬂange located along the east margln of thls terrace
is identified s the Ratburl fbrﬂation made up of mainly sédnnentery aﬁd
metamorphlo rocks,- massxve llght ‘gray’ llfeStoﬂe interbeded with shale,
sandstone, mudstone and. some . -volcanic tuff.’ - The resistant- imestone -
outcrOps are found here and there in lhis mountsin range,-
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The Paaak Valle}'is covered with the thiek dcposité of the Recent age
- composed of yellowish and grayish silty clay with some Fine sand underlatn
by‘eroded sandstone, limestoné and others.

The Luak Range and its pieduont are ‘included in Ratburi formation con-
sisted of such rocks, a8 massive light gray limestene, sandstone and shale.
‘The outcrops of - these rocks exist in many places, The top soils are thin
and of- almost in-site deposzts.

The natroit basin between two mountain ranges, the Luak and the Phang Hoei
is included in the Phw Kradung formation. This formation is compased of
datk: brown micacebus shalezwith some siltstone and sandstone. Ihe top

sotls are of malnly ‘in-site depos1ts produced by leaching or hheatherlng.

The Phanq nolei Range cdonsists of the Phu Phan and Phra Wihan romation whose
bed rocks are sedimentary and netamorphic rocks as gray or white celored
massive sandstOne, micacéous shale and siltstone. The continueus precipice

of sandstonp outcrops can be seen on the summit of this mountain kange,

The top soils are nade up of the deposxts produced by leaching and weathering,

'Ihe Kdrat Plateau in the Area is 013351fled as the Salt and Khbx Kruat
fornatlon whOSe bed racks are such sedimentary and metamorphle rocks as
gray,~red or Hhite sandstene, shale and siltstone with rock salt. The
top soils are malnly in-site’ deposnts and very thin in the western part

of the Area._ The lowland along the rivers ate covered with thin deposits
-produced by the fleods ‘of rivérs.

34 cumit

The ¢limate of Ihailand is troplcal and monsoonal , since Iha;land is
located close to'the equator and its altitude is mostly quite low. It is
characterized by distinet two seasons, rainy season from Hay to October
and dry season from Nevember to Aprxl. '
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The Area is situated in the central part of Thailand and is'éubject to
the typical climate of Thatland. The température in the Area is watm
and hot thrbUghout the year and is suitable for growing crops. - Tho -
temperature is 28°C in annual average, ranglng between 27°C and 37% in
rainy Season, and between 21 % and 32°C in dry season: s

Ia'the Area-‘, about '12'0_ rainy days bring the rainr‘aucf@f ‘approximately
1250 ma per year. Almost §O'percent'6f anaval rainfall, about 1,100 mfn -
in average, concentrates in the rainy season. At Nakhon Sawén rainfall

gauging station, for example,'the meéqjmonthly raiﬁfall &érigs from
5 mm-in Decembér to 280 mm in September. - The' rainfall in rainy season

offers enough water For gréwing paddy but: at the same time causes often -
floods. While, in dry season, only few creps can be grown wlthout

irrigation systems.

3-5 LAND USE AND LAND CAPABILIIY -
3-5-1 Land Use

The map of the present land use in the Area is shovn in Figure 2A-1 of -
Appendix-2.  The land use map ‘of 1/100,000 séalé;'uhich was prepared by -
the Department of Land Development based on the serial photos shol' in :
1969-1971, was availed as the base map of the stddy. This map revised by
our field survey as well as aerial photos taken in 1974-1976;: =

Based on the revised land use map, the present land use in the Area was
estimated by crop, as shown below: '



Land Use in tho Area of Influence in 1979

- B (rai) _
: __.Chanqwat : ~ Total
| . Nakhon Sawan * Phetchabun - Chaiyaphun
Cultivated lsnds 237,590(100%)° 433,660(100%) - 171;550(100%) 842,800(100%)

Paddy
Upland ¢rops

~_12a 400{ 52%) 56,640( 33%)

71,810( 17%).

275, 550(  63%)

_3xéaﬂ;ﬁm)

1252,850( 30%)

Maize 87,100( 37%) 395,910( 47%)
’jCassava - _ - 39,6200 23%) 39,620 5%)
Kenaf o= 2,240 1%) 38,560( 22%) 43,800( 5%)
Hung beans 18,210( 8%) - 51,750( 12%) 350( - ) 70,310( 8%)
othors) 7, 930( 3ﬂ) 32,310( %)  3,120( 2%)  43,310( 5%)
Uncultivated Do B ; '
lands ;oo 111,450 450 247,100 . 798,600 1,157,150
Total ' 349,060 680,760 970,150 = 1,939,950
l/ Others 1nclude ‘Cotton, groundnuts, soy beans, sorghum, sesame

Nhté:

and vegetables.

Major characteristics of the land use in the Area are briefly mentioned

below:

- . Paddy field occupies the alluvial piains of the Sat River in
:Nakhon Sadan, that of the Pasak Rlver in Phetchabun and that

jof the Chi Rlver in Chaiyaphu1. _

- In the_uplandicrop'lands; maize is a dominant crop in Nakhon

- Sawan and Phetchabun, while kenaf, cassava and maize are

mixed in Chaiysphum. -

- Mung beans, soy beans, sorghim, sesame and groundnuts are

mainly planted as the second or inter ¢érops of ‘the above

- main crops.

= Vegetables aré planted in @ small scale for farners onn

consumption or to the limited local markets.

25



- The most of lends suitable for paddy cultivation {s slready
opened, and enly scattered small arvea remain unapened duo
rainly to the pbor access to such arcas,

- ‘Although some areas are designated as forest reserves, it
“has been practiced to allow the cultlvation in the forest
reserves: if the aréas are" agrlculturally productive. Actually,
the cultxvatlon is made in the forest reserves except

mountalncus areas.,

- The fbrest lands on rolllng topography in the central part
" © ‘or the Area in the foot of the Luak Range and the Phang Hoei
Range are not’ fully opened and have potential for further

: expan31on of cultlvatlon, esp901ally of na:ze..

- The forest lands in the sourthern part of high terraces, in
the east of the Phang Hoei Range are not yet usad for
“aqricultural crops, but have high potentlals for new
'cultlvatlon of upland crops.

—_.Ihe forest lands in mountalnous aréa and on 1solated hill are
" fot used for agrlcultural crops due to steep slope and shallow
thickness of soils,

3-5-2 Land'cépability

The maps ‘of land capabllity of the uncultlvated land were prepared
separately for paddy and for upland cEops 4s shown in Flgure 2A-2 and

2A-3 of Appendix- -2y - In preparing them, the following factors were
taken lnto cons;deratlon. . ‘ :

- lomgraphv

-~ ,Phy31cal and chem1031 characterlstics of 50113
:7 7Poss1b1i1ty and degrce of flood

~ Possibility of erosion

- Avallablllty of 1rr1gat10n water supply

- forest to be reserved

- Anong then, the phy31cal and chenical characteristzcs of soils are the most
important factor., The soils in the Area ‘consist of eleven clsssnflcations



in'agricultural ‘sense as shown in Table 2A-1 of Appendix-2Z.-

Degree of land cépaﬁility waS'claasif;ed inte Five categories in
accordance with the classification of the Department of Land Development.,
namely, Class I (most suitcd but does not appeéar in the Area), Class !
{well suitéd), Class !Il {moderately suited), Class 1Y (poorly suited)

and Class V: (unsuited). The 1and capability of the uncultivated lands
in the Area is briefly described below: -

.-a—-......--.n -

- Hell suited lands (Class Il) occupy sémi-recent terraces in the
g Hestern part of the Area, flood plains along the Pasak River
and sem1 recent terraces in the central part and flood plains
- :blong the Chi Rlver in the eastern part. Soils are Hydromorphic
.:Aliuvial 50118, uydromorphlc Non Calcic Brown Soils and

';“Gtugsols._ HOHeVBT, thc area of this class JS very small.

. Héderétély 3u1ted lands (Class 1) occupy low terraces in the
western and the central parts of the Area. Soils are Low
Husic Gley Soils.

"—fPoorly suxted lands (Class 1v) occupy malnly high terraces in
the hestérn part and low terraces in the central part of the
Area. 50113 are Red Yellow Podzolic Soils and Hydromorphic
hon Coalcic Brown 50113.

- Unsuited lands (Class V) occupy middle and h)gh terraces, hills

cand dissected erosion surface. Soils are Redd131 Brown
.‘laterltic Solls, Gray Podzollc Soils, Red Yellow Latsols,
{'Regosollc Soils and Bro&n fotest Soils. Slop complex areas in
_the mountalns also fall 1nto thls category because of their
“erosive characterlstics and shallod thxckness uf soils.

PR -t

..t ¥ell suited: lands (Class ll) cover hills ahd dissected erosion
surface in the atea along the sklrt of mountalns, malnly in the

"Zentroal part of Lhe Area. Soils ate fed Yellow Padzolic Soils
" and Browa Lateritic Solls.

27
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- Hodcrately suited lands (elass lll) mainly occupy hxlla and
 dissected érosion surface in’ the central part and mlddle and
high terraces and hills and dissected erosion surface in the
eastern part. - Especially, ‘the forest lands on rolling
topography in the eastern part of the Area have vast potentxals
for new cultlvation.j Soils are Red Yellow Podzolie 50118,"
Gray Podzolic Soils, Red Yellow ‘Ltatosols and Broan Forest -

Soils.

- Poorly suited lands (Class iv) occupy hills and dissected o
surface in the western part, and flood plalns along the' Pasak '
‘River and low and gemi- recent terraces in the Central part of
the Area. Soils are’ Hydromorphlc Alluvial’ Sotls, Hydromorphlc'
Neni 83101c Brown Soils dnd Grumsols. '

= Unsunted 1ands (Class V) ate located in steep moUntain areas..'

"e59901ally in the central and the eastern parts of’ thﬁ Areas, .
‘due to steep ePOSlVG slope and $hal Low thickness oF soils.
They should be maxntalned uhopened to protect*from severe
erosion and 8001091cal distortion.

Based on the land capablllty maps, the uncultlvated lands 3n the Area vere

-class:f1ed Jnto 1) Suited For - paddy, 1i) Svited for upland crops and 1ii)

Unsuvited for cultlvatlon, as ShOﬁn belon' 

5u1tab111ty of Uncultlvated Land in the Area in 1979

. | (rai)
e—i—-‘- . | Nakhon Sawan Phetchabun €ha1yaphun .7; .
Suited for paddy 8,950 4 390; 10 950j 24,790
Suited for upland  __ : _ R
crops - 95,470 80,350 ,237,&70 ' 463,290
Unsuited - 7,030 161,060 500,180 . 469,070

Totsl . - 11,450 247,100 798,680 1;157,150
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36 POPULATION

The CdmpiiéB'rcédras of population were available at Amphoe level.
Population of each related Amphoe in the Area in the past three years is
as followst

Population of the Related Amphocs

—— = — e el e —— e e ——a —a —

Q ngwat Amﬁﬁ96i L 1976 917 1978

Nakhon Sawan = l\ong Boa 56,179 57,623 . 58,893
, %.-;..._:_-_.-_:;_-_;;_-._i_;_-_lstte.i._'éa!a_;__;__;;_;,_2213?9,;_-_*_59;}?9_'_;f}:.?é?---
'”Phetchabun " 'Nohg Phal: ' '. ' o 91,692 94,188 103,943
o S Buhg Sam Fhaﬂ ':55;517_ 58,091 59,359
.___;;;Z;;;;_,*;;i;ﬂzsbién*ﬁyfa__J_;_;,;_QQQIQE;J_QQZLQZZ_L_;Qég}EQ_ﬁ_
Ehaiyaphm - Nong Bua Daengl.:. 63,683 66,58 69,376
S  Thep Sathit 19,677 . 20,818 28,191
Chatturat /- 106,765 101,876 109,450
_-,_-____,_-~_---43?9-5@f99-_i_;,_-__-q;ﬁlzggé _____ 42,635 45,443
Cfotat 0 518,387 590,887 622,240

" Note: "1/ socluding King Maphoe Kong Bua fae.

;lhe population density in the related Amphoes uas, in average, 66 persons
::per kni in 1978 Ihe den31t1es of mOUQtalnous areas, such as Amphoe
:hong Bua Daeng and King Aﬂphoe Nong Bua Rawe are lower than those 1n
Jother ateas because of the delay of the development The average

‘population growth of lhe related Amphoes was 3.7 percent per annum in’
319?6 1978 period. '

pln order to flnd the populatlon of the Area, further divided populatlon
Edata at Iambon leval was, collected fron Amphoe offnces This data has
'some discrepan0195 due to lhe recent re- organlzatlon of Tambons. .The
opulation of the Area Has estxnated, therefbre, based oa the collected
population data at’ Iaﬂbon tevel ‘adjusting with the popuiatlon of APphO&s
as control total, The population of the Area is estimated at 276,8?6 in
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1979 and details are shown in Jable 1A-1 of Appendix-1.

3-7 ECONMMIC ACTIVITIES

Estxmated Gross Provincial Products (GPP) in 1977 were 4, a&z 8 mi!lion
Baht in Changwat Nakhon Sawan, 4,019.6'million Baht in Phetchabun and
2,730.9 million Baht in Chaiyaphon. Agriculture is the most dominant
sector -in the economy of the Afea. Althouqh thc share ‘of earnings fron
agricultural secter in GPP ranges 43 to 62 percent differing by Changdat

~ the Area itself is entirely sustained by agricultural econoay, The share

of ranufacturing sector is only around 10 percent in each Changwat,
Torns adjacent to the Area have several kinds of agro- based industrles
such as cassava pelletlng factor;es, peanut cracklng fﬂCtDPles,i_
especially in Chalyaphun side. Effects of the prOJect to the lndustrial
sector hnuld be negllglble small.

Existlng economic movements depend fully on the condltxon of road trans—‘
portatlon. Economi¢s of the rural areas are exclusively connected wlth
those of the accessible touns along national’ highways. for example, on';V
the Phetchabun side, v1llage3 tend to have econoiic connections with Sap
Samo Thot er Wichian Buri. Vlllages on the' Chalyaphuw side have been used
to be connected econonlcally with Chalyaphun eity for left bank of the Ch1
River and with' Chatturat or Bamnet harong for the other 81de of the erBr. |
fhese conventional relatlonshlps depend on the ‘road transport condltlon
and consequently be changed hhen 1mprovement of road network be realited
ECOﬂonicrekchaﬁgés on an inte%-Changwat basis also depend on te avallabn—
11ty of the road transportatlon. At present, there exist Some exchanges
between the Nakhon Sawan ‘and the Phetchabun sxdes, but fo dnrect exchange
exists betweer the Phetéchabun and the Chaxyaphum 31des due to the ]ack of
road crossing over the mountaisn ranges betﬂeen ‘both 31des. in case the

Project road bz cbmpleted the éconon1c exohénges between Changwats Hlll
be actlvated gfeatly ' ‘ :
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3-8 AGRICULTURE,

3-8-1 .gfdductiggj?Cohsﬁﬁgtigngpﬂ Surplus

1)

el A S __._-......-_--_.._....._.----.._a.-_.

'Cropping pattern in the Area differs by reqgion. However, as the
patterns are simxlar in the area belong to Changwat Nakhon Sawan and

the area in the Phetchabun side, these two areas ar¢ grouped into

one zone, in an agrlcultural sense. Hajor crops, which cover more than

95 ﬁercent of the planted area, include paddy, maize and mung beans
in Nakhon Sawan/Phetchabun side, while those'are paddy, cassava and
kenaf in Chaiyaphum side, ' Other erops are minor in the Area. .

__Iyplcal crOpplng calendars of each Changwat are shown in Figure

3A-l of Appendix-). Planted area and production in the Area in 1978/1979

were estimated based on the field surVey 1nfornat10n as follows:

~ Planted Area and Production in the Area of Influence in 1978/19

(Unlt‘ 1,000 rai_and 1,000 ton)

' Nakhon Savan/ '

-Phetchabun Side - Chaiyaphun Side

.. _Avea_ . Prod'n Area  Prod'n
VPéddy' = - 196.2 62.8° 56.6 ©15.8
Maize - 362.7 119.8 ' 33.3 9.9
Casgavé‘ o } ' - 39.6 82.8
Kenaf  : . wZ 04 . 386 9.7
 Muag Beans : - - 70.0 - 9.1 0.4 0.1

S Others . L% o S W |

-Haxze productlon is the biggest among the crop production in the Area,

especially in Nakhon Sawan/Phetchahun side. Avount of maize productlon

Hin the Area Jn 1973 was estlmated at 130, 000 tons from }96,000 rai of
Eplanted atea. As harvesting tlme of maize is in rainy season, road



condition is the most crucial Factor For mavketing of malze. - .

Paddy is also an'impdrtant'crop in iho Area. It is planted in
July, trans-planted in August to September and hatvested. fn

- N vcmbér'to'ﬁoceﬂhér. In 1973, 72,000 tons of paddy wes produced
From ?53 000 rai of planted area. ‘

Mung beans is one of the ma jo'r’éecond"crobéﬁ in‘mai'vé'éridﬁédli}
fields, "Its planted area i 1978 in the Arca was about 70,000 raf
and 9,000 tons of productlon Was attalned. Hung beans is nainly i
- planteéd as elther intercrops or second crops of paddy or Upland _
crops, espec1ally maize,

Cassava and kenaf aré the major érops*sharing‘éo to 30 percent of
~planted avea in Chaxyaphum side, 49, 000 rat for cassava and &l 080 rai
for kenaf. - Production in the Area in 1978 ¥as estlmated at ‘83, 000 _
tons for ‘cassava and 10,000 tons for Kenaf. Due: to the remarkable
increase of export demand, the planted area of cassava has been_expanded
rapidly ‘in these five years. Critical problems for cassava cultivation
are 1ohger grewing period of 12 to 13 months and degrading of soil fer-
tility by dontinﬁous-édltiﬁhtiOn.' In order to avoid the latter problem,
it is recOrmeﬁded te use chemiéai ferfilizer. ‘Kenaf is used for the
material of gunny bag and 1ndu3tr131 yarn. 1ts growing period is

‘ arvound 6 months from Hay to Decenber.‘ Dye tﬂ'the'decrease of lacal
demand for’ gunny bag,’ the planted area of kenaf is gradually decreasing
or belng converted ta other variely of jute suitable for exportable _
fiber.

ﬂther minor crops are cultlvated in both léow 1and and upland fields
as inter or second crops of the above-mentlened Major ciops. " They
include soy beans, groundnuts, sorghum, sesame, colten and vegetab]és.

b

"Althéugh the trends of crop produclion durlng the period'of 19?1 to
1978 in the rélated Chaﬁgwats have been fluctuated accordlng to lhc"’
acreage of plantlﬁg and the local weather conditions in each year,



‘ihOSB of major upland crops such as maize, cassava and kenaf in the
Stud} Area have been increased year by year owing.to‘thelcxpansion

of new cultivated land. . On the other hand, ' the trends of average
yieldgperracreage wére almost sams or decreased due to’the”degraded

“so0il condition of old cultivated land or domages of insects and
pests, Ihis tendency may be improved by application of fertilizer and
‘agro-chemicals or improvement of farm ménagemént in the future.

The past trends of groduction amount and avérage yield are shown in
Tables of Appendix-3. Judginq from these trends and field survey
_informatlon, the average crop yield per rai in the Area weére presumed
“as follows: ' '

'Average Crop Yield -

(kq/rai)
: Nakon Sawan/
Crops Phetchabun : Chaiyahun
H@jor‘CrOps
Paddy 320 ' 280
Haize - 330 ' 295
Mung beans ©. - "130 o 130
- Cassava - - - 2,090
~ Kenaf 160 o | 250
‘Minor Crops B o S
Soy beans = 180 ' 175
_Ground nuts 185 190
~Sorghum ' . - 230 | 200

Cotton- - 225 - 200

i e

Out of total productlon of paddy in the Area, about 75 percent is
" consuned Hlthln the Area. R931dual 25 percent about 20, 000 tons
of paddy or 13, 000 tons of rice, is sent to towns nearby or cities in
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the Central Region,

Haize is.producéd mainly for export. LOCal_conSUmption.is very few,
Almost 100 percent is sent out of the Area to Tha Rua or Bangkok, -

Cassava is also produced for exportable products. It is seldom
consured locally and send to the factories outside the Area. * Kenaf
is produced for materials of gunny bag and industrial yara which

are munufactured in the factories in Korat area.

Other uplah& crops are mostly sent to wholesale markels outside or

- the Area. Some amount, about 5 percent, of soy beans and groundauts
was estimated to be consumed on farms or within v;liages. Vegetadbles
and fruits ave ﬁalnly for self-consumption of farmers houscholds but
about 50 percent may be sold in the n81ghb0ur1ng towns.

3-8-2 Fam Economy

1) Productlon Costs

Based on the data compiled by the Hnnlstry of Agrlculture and -

referr;ng to the field sulvey 1nfornetlon, the crop prodhction costs
in the Area vere estlnated as follows:

Crop Production Costs in 1978/1979

. . (Baht/ral)
Nakhon Sawan/ | Chai).aphtn Side
~ Phetchabun Side o L
 Variable  fixed _ - Variable Fixéd
__Cost - Cost - __Cost Cost
Paddy 440 50 410 S0
Maize 38 40 308 30
Mung Beans 405 40 w30 39
Cassava - - 4715 , éO
Kendf . s05s g ses . 3p
Soy Beahs ~ 3g0 4o a0 3p
" Groundnuts 755 40 ' 3

785 30
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3-8

1)

Sorghum TS 0 190 30
Cotton 0 oap _ab o 9 30

—

——

——— e . ey e pei

Octails are shown in Table 3A-3 of Appendix 3.

Average holdings of cultivated land.in_the Area are 25 rai on
Nakhon Sawan/Phetchobun side and 20 rai on Chaiyaphum side. Net crop
incomes, deducting ptbduttiOn costs from gross production value, of
typical farms ﬁeré_éstiﬁéted in 1918 price as follows:

Net Crop Incore of Typical Farm in 1978/79

e o {Baht/household/year)
SR " Nakhon Sawan/ Chaiyaphim Side

Ricé Farm - | 1,211 6,367
Haize Farm 362 ' 2,728
Cassava/Kenaf Farm : o - | 7,210

'Détaiié‘éré shown in Iébie JAJa offnbpendif-j.

farm income of rica farm is much better than maize farm in Nakhon
‘Sawan/Phetchabun, and in Chaiysphun cassavaskenaf farm earns bigher
‘net income than rice farm owing to the rapid increase of price of
caséavé products.: Beside crop incomes, rice famm and maize farm
USually have extra eatnings such as labor wages from other fares or
non-agrlcultural incomes, while 1t is difficult for ‘cassava fam to

_obtaln extra earnings due to the all year vound cultivation required
for cassava._

33iPrdE€§§§ﬁ§f§ﬁﬁ Ra&kéling"'—'

narﬁq;ihg’éf uéiié |

a) Local Harkets

B L T ey
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b)

c}:

Usualiy fFarmers bring their prbducts'to local assemblihg‘SPQts
in the centers of villages’ to sell them to niddlemen, 4
Sometimes middlemen go to farm to buy crops at the Fam site.

Sheillng and sacking ‘are made at the trading spots, usually by
tractors with shelling ‘machine brought by middlemen,

Prices at.local markets are lowér than those at agsembly _
markets on the Lrink roads. Transportation cost to be included :
in the prices varies depending on road conditions between Farng to

‘markets. [oprovement of road network Hill'Shdrtéﬁ‘the econonic

distance between fanns and markels and consequently bring about

savings of tranSporatlon ¢ost.

Assenbly markets in the Area are established in Nakhon Sadan/
Phetchabun side but markel sp901al for maize is nol yet established

in Chaiyaphun side. Most of m:ddlemen in the assembly ma:kets:

collect products from farmers or collecting agents and send them

~ to Tha Rua or Bangkok after gradiﬁg and re-sacking.

Price difference between the assembly markets and praoduction spots
varies depending on read conditions. The field survey found ~
that thése is more than ten Bahts of différence'per bag

(100 kq) between selling prlces of farmers near to the markets:

“and those of farmérs in remote places, over 10 km anay Froa the

markets on an average.

Terminal markets are in Tha Rua, about 20 km west of Sara Burl,
and in Bangkok. As merchants in terminal markets have b1g silos
and stores, they are able to control by themselves the tlnlng of

~shipaent ‘according to the export market 51tuat10n.
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