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 PREFACE

‘In response to the request'of His Majesty’s Government of
Nepal; the Government of Japan has decided to céndﬂct a Basic
" Design Study on the beject for the Terai Groundwater Develop-
nent (Phaéé II) and entrusted the study to the Japan
International Cooperation Agency (JICA). JICA sent to Nepal a
- study team headed by Mr. Yoshiki MIYANISHI Grant Aid Pivision,
Econonic Cooperation Bureau, Mlnlstry of Foreign Affairs, from
January 10 to March 24, 1988,

The team had discussions on the Project with the officials
concerned of the Government of Nepal and conducted a field
survey in the Terai plain of the Janakpur Zone . After the team
retUrned'to Japan,ifurther studies were made and the present
“report has been prepared.

I hope that this :éport will be’used'és a reference for
future development of deep tubewell irrigation in the Kingdom of
Népal and'contribute to the promotion of friendly relations
between the two countries,

I wish to express my deep appreciation to the officials
concerned of His Majesty's Governmenl of Nepal for their close
' cooperation extended to the team.

o ~ July, 1988

Kensuke Yanagiya
President
Japan Intelnational Cooperation Agency
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A view of dovelopiont area in b-7 block

Drilling of test well D=7 (A) in D-7 block

+






.
e >

L . i
e B,

I

Test, well D-T7 (A) constructed discharges an artesian
of 20 1/sec.

Manufacturing of cages which are sel inside existing
Johnson type screens to reinfeorce the lateral
compressive strength from 4.6 kgfew” ta 9.2 kgfem’ .

Cages to be set inside existing Johnson type screens
to reinforce the lateral compressive strength from
4.6 kafcew’ Lo 16 kg!cm" and rod based wire-wrappoed
gerecns newly senl Drom Japan, :
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SUMMARY

His Majesty's Government of MNepal (HMGN) would like to
eipand”irrigation”by}constrncting'considerable'numhers of
shallow tubewells and deep tubewells as one of the agricultural
' development programmed in the 7th Five “Year Development Plan.
Shallow tubewell irrigation development has progressed
reiatively well since c0nstruction, operatlon and maintenance
'costs are low and drilling is easy. Deep tubewell irrigation
rdevelopment, however,_ has not progressed much. because
hydrogeological survey and drllling techniques are not yet
established in Nepal and constructlon, operation and maintenance
costs are high and not borne by the Government . Accordingl;,
 HMGN requested the Government of Japan (GOJ) to provide grant
_aid cooperation for the Terail Groundwater Development Project,
w1th ‘the object of constructlng 150 deep tubewells and the
assoc1ated irrigation faC111t1es to command about 3,000 ha of
arable 1and, using equipment and materials prov1ded under a KR-2
_ ald program in 1982 and 1983 for the construction of the deep
Lubewells and assoeiated irrigation {a0111t1es in Janakpnr zone,

_ In response ‘to this request Japan International Cooperation
_Agency (JICA) sent a preliminary survey mission to Nepal from
August 26 to September 19 1986..-The m1331on conflrmed the
-details and significance of the PrOJect envisaged by HMGN
-through the mission,.and conflrmed that 1mp1ementation of the
.PrOJect would be technically and economically viable. JICA then
sent ‘a basic design study mission {(hexeinafter referred to as
"Phase-1- mission") to Nepal from January 7 to March 6, 1987.

_ The Phase I mission investigated the groundwaterxr potential
of the project area, made four (4} test borings, an ‘inventory
SUIVGY of the equipment and materials alrcady provided, and a
basic design. The basic design covered three (3) development
i:blocks, D- I, M- 4 and S§-17, and - the . overali development of the
”:Projeot, for construotion of 115 deep tubewells and associated
~irrigation facilities to command about 4 600 ‘ha in total im the



course of 4 years. It also confltwéd'that'the'vertical turbine
pumps provided under the KR-2 aid would require deep tubewells
with a yleld of more than 25 1/séc to be economical in the

Project.,

However, in the Phase-I study the speCification'and_Size_9f
the production tubewells and of the associated irrigation
facilities could not be determined since. pumping tests of the :
test tubewells could not be performed because the Johnson type'

_screens plovided by the Nepalese side for the test tubewells

collapsed ow;ng to the insufficient collapse strength and the.
plobable pump discharge in each development block COuId not “be
confirmed due to the shortage of the existing deep_tubewells on

which pumpihg.teéts could be carried out; insufficient numbérs'
" of electric sounding poiﬁts,'etc. No decislion was ‘taken,

however, on how to reinforce the 8" Johnson- ~type screensp
(collapse strength: 4.6 kg/cm?}, which had failed in the test

tubewells. Since these are vital issues on which the technical
viability of the Project depends, it is Jjudged that Lhe
prepa;étion of a basic desi@n for production tubewélls and-
assotiated irrigation facilities applicable to all of 23 blocks
' wduld technically be difficult. Therefore,_JiCA sent the Basic
Desién Study Phase- II iission to Nepal from.Jannary 10 tb,
March 24, 1988 in response to a reguest from HMGN - for
continnation of the Phase~1 study which was given at an
" explanatory meeting on the draft basxc design study report
(Phase I} held between the Phase I m1331on and HMGN in June
1987, |

The Phase II mi351on presented an 1ncept10n reoort and had.
a serles of dlSCUSSlOﬂS with the Mznlstry of Agriculture (MOA)
and Tubewell IrrlgathD, Agriculture, Training and Services
Pro;ect (TIATSP), Lev1ewed the ptobable pomp discharge dlstribu~
tion in the pro;ect éxea, drilled 3 test tubewells (ene in each'
of Blocks D-7, M-4 and §- -1y ; did electric soundlng in 8 blocks
{D-1, p 15, ‘M-4, $-1 and S- 7), ‘resurveyed the 1nventory of
equipment. and materials granted ~under the KR-2 aid for
construction of deep tubewells and irrigation facllities, made



;topoqraphic suxveys “in 2 blocks (D 15 and S- 1); reselected 23

‘blocks,

collected data and 1nformation necessary for the basic

de51gn study; and surveyed preéseént constraints and countex-

measures requ1red.

From Lhe field surveys and 1nvesthat10ns, the following

facts were clarified and c0nf1rmed.

<1_>'

{2)
:-Mahottarl Groundwater Project, Ministry of Water

'?The pUmp discharges of test tubewells D- 7 and M-4
_drllled thls time were 40 l/sec at a pumping water

level {r. W L.} of 6 m and 20 1/se¢ at P.W.L. of 42 n,

Zrespectlvely, but in test tubewell 5-7 drllled no good

aquifer was observed,
The natural water level of 2 tubewells drilled by the

Resources about 3.5 km north and about 3 km southwest

. from ‘test tubewell M-4 was 53 m' (drilling depth:
119 m) and 14.6 m (drilllng depth: 163 m} respec-

tively, though the pumping results were not announced.
This meant that the natural water level would be
considerably lower than that of test tubewell M-4

{38 m) when M-4 block is shifted'southwest from the
'original_location, and the pump discharge of more than

.25 1/sec could therefore be anticipated.

R

_ )

Thé‘é#lStihg deep tubeﬁell N-39 located at G.L. 550
feet (165 m) in S 1 block discha:ged a great guantity

Jof sand and gravel at a dlscharge of more than 5-
6 l/sec (P.W.L.! 66.2 m), but two (2) deep tubewells

at the sugar factoxy constructed at G.L. 500 feet

“(150 m) in s-1 block were reported to have discharged
27 l/sec at P.W.L,: 19 m and 29 l/sec at P.W.L.: 19 m,
.respectively.

'The.pﬁmp discﬁarge of"ekistihg deep tubewell N-35 in

the. southern part and N 33 in the northern part of

U D-15 were 47 1/sec with a drawdown of 8.4 m, at



P.W.L.: 20.5 i and 19 1/sec with a drawdown of 3 m,

respectively.

{S) The survey Lesults mentloned above indlcate that the
'hydtogeologlcal structures in the pleeCt area change;_
substantlally from place to place, accordingly it is

" judged that the pump. dlscharge estimated from the-
groundwater potent1a1 nap prepaLed 1n the Phase-1I
study was nnrellable and therefore not usable for the

basic d651gn of the Pr03ect

The Phase-I1 mission recoﬁfirmed_the project compbnentsiand_

discussed the development concept; implementation Pién(_étC}j:j'

with TIATSP, one of the executing agéncy of the Project, and.
- MOR, thé other executing body and the superintendent ministry of
the Project. However, no minutes of discussion, tlpulatlnq a-
basic devélopment concept, implementation plan, etc. could be
signed because the Japanese side could not accept the_folloWidg'
3 points insisted bpon by the Nepalese side:

() if a Japanese contractOr- uses the drilling and
fconstructlon equipment granted under the KR- 2 aid and'
held by TIATSP at present in 1mplement1ng the PrOject
under general grant aid of the Japanese Government,

the néminal_charge'WOuld be payable td'HMGN;

{2y If a 'deep -tubéwell constructed by a Japanese
contractor is a dry or uneconomlcal well with a yield

- of  less’ than 25 l/sec, HMGN will not issue a -

'completion certlflcate, ‘and there wlll e no paymenL1
for the said well, The contractor nust redrill and

g complete an economical well with a yleld of more than
25 1/sec at his own risk; and

{3) - The objectlve blocks in the next survey and study
shall be nine {9)' G- 1, §-2, 8-10, M-4, M- 12, #- 13,
D~;3; Dfla and D~19. (In the‘judgement of the study'



mission it may not be possible to c¢onstruct economical

3 production tub9wells ekcept in blocks M-4 and D-19.)

_;‘In;viGQIOf'the situatibh:deséribed above, it is judged that
the'?haSe—II study should be worked out in the following manner:

(1) -

(2)

(3)

{4)

It will not bé_ppssibleito implement the Project in
line witﬁ'thejofiginal-dverall development plan, which
 aimed Wu)_pfdvidé_ 115 lﬁroduction' tubewells and
: associatedfirrigatiOn facilities in 23 blocks over a

periodIOE'd years, as worked out in the Phase-I study,
since it would be too risky tonConstruct production
tubewells on. the basis of the prospective pump
discharge of each block without the confirmation of
pumping tests on test tubewells. The implementation

plan for the 23 blocks must therefore be worked out -

based on the basic design of the fac111t1es which will
be made after conflrmation of probable pump discharge
in each block by a test tubewell to be drilled in that
same block in principle; |

- The basic design of the productlon tubewells and
iassociated irrigation fa01lities for blocks D-7 and D-

15 is worked out because an economical pump discharge

Of_ﬁore than 25 1/sec (with the existing verticatl

turbine pumps) may be“confident1y expected, on the

basis of the pump discharges of existing deep
tubewells tested;

The basic design f01 M-4 block is not worked out since

‘the development area of M~4 block has to be shifted
~southwest from its origlnal_locatlon so as to ensure

an econcmical pump discharge of 25 1/sec;.

.Nolbasic design for $-1 block is prepafed_benause pump

disdharges of more than 6 1/sec could not ‘be confirmed

'by‘;he'Study mission in the fiéld, though pumping tést
_dataishowing'yields of more than 25 1/sec at the



existxng tubewells in $-1 block were qiven from the”'

Nepalese side; and

(5) s-7 block is omitted from the objective blocks for-

development because no promlslng aquifer was found in
drilling a test tubewell, and further 1nvestigapion

and scudy are not justified.

~ An outllne of the ba31c d931gn for the two blocks of D ?
and D-15 worked out ‘in the Basic De31gn Study Phase- II is giVQn
below.

(1) Objeétive area:
- Naktajhl] and Harlharpur panchayats (D-7. block) in
Dhanusha dlStrlct, Janakpur zone . _
- Basahiya panchayat {(D-15 block}) in Dhanusha
district P

{2) Net irrigabié area:'

Elgﬁk Hectarage (ha)

D=7 200
"D—._3.5 . 200
Total 400



(3} Production tubewells:

Eump £6 be installed

Rembdéliing ' "None

+3

> . . D-15
" Block - - o D= : :
: - : - ' . Typae A Type B
umber of producticn tubemells 1 ' 4+f1) 3+{1) 1
.}Static water level (m} o ' {artesian) 42 12
Designed punp discharge {1/sec) -'. 40 40 40
D031gned pumping water level (m)  9 .50 20
Pump position (eed *2 S | 25 57 35
Drill depth (m o 210 150 150
~Casing depth (m) B | o 200 140 140
Length of 14 caslng (m) : ' 30.0 60.0 42.0
Length of B" casing (m) . 120.0 42.0 66.0
Length of reinforced sereen {m)25 25 5.25 10.5 10.5
9.2 kg/czaz
Length of zeinforced screen {m) 10,5 21.0 21.0
16 kqlcm? B ' | '
Length of Strengthened screen {m) 33.0 5.5 5.5
" 28 kgicm

Existing 45 1/sec model vertical
turbine pump

None

' Improvement ' _ ‘ Automatic engine'stépper by water
. level detector attached to pump.

Bgm@;kﬁ:

L. %1% the number of productlon tubewells iz f;ve per block
abrackets denote test tubewells upgraded to production tubewells.

-and numbers in

" tést tubehell in D-15 block has already been completed by TIATSP.

 *2;2Pump positlon designed to be at least 7 m below the de31gned pumping

watér’ lével, taking into account the drawdown of the water level in

the long term. .

'*S:TBoth pump shaft and column pipe for 4 Vertical turbine pumps are

. extonded from the origlnal 40 m to 57 m.

Cne



{1) Irrigation facilities:

Block D=7 ©op-1s

- , . ;
Irrigation canal g,6100 . 6,910™
Puip house 5 RS
Operator hut . ) _ 4
Baffle tank L ' -5 4
‘Cattle pass- 14 12
Road ¢rossing (large) 1 3
Road crossing {small) 42 . 23
Turnout 10 . 50
Cxéss drain : 23 . 11
Cross drain {large) 1 N
Corner box _ _ 32 15
Division box - ) 7
Drop 2 _ &
Check plate ' 60 47

) : Irrigation facilities of an irrigation unLt in 0-15 blqck are
under Construction by TIATSP as of end March 1988.

“(5) Equipment and materials to be newly granted:

1) spare parts for drilling rigs and their mud pump
2) 117~1/2" and 14-3/4" txicone bitsr hole openers,
ete. ' | '

3) drilling mud Sueh'ae'bentonite, CMC, barite;'etc}
4) strengthened rod base screens, eonductor_pipeés
_'etc. _ ' ' .

5) _Jetting nOZzlES and a mud cleaner for development
o and cleanlng of production tubewells ' ' ,
6): DC engine welder and gas, Welder with cuttlng tools
7). high head-small dlscharge type submersible motor

' pump for pumplng tests

8) parts and apparatus required for remodelling and
dmproving existing vertical turbine pumps

9) some transportation equipment such as - pick-up
truck, self- 1eading truck, etc. and spare parts
for exlstlng transportation equipment and vehicles'

10} spare parts for GXlStlng constructlon equipment

11) vehlcles requ1red for field surVGy and con—

_ struction admlnistratlon and 3uperv131on

12) others _



(6} Implementation period of the Project:

The impieméntation'pétidd of the Project, including
detailed design, selection of contractor, construc-
‘tion, etc. will be twelve (12) months after conclu51on
of exchange note (E/N) between GOJ and HNGN.

(7) Implementation system of the Project:

An exééuﬁing'agency of the Project will be TIATSP
which {is  superinténded by the Department of
:Agric01ture,'ﬁinistry of Agriculture. Operation and
méintenance of the constructed irrigation facilities
'includind productioh_tube#ells-and_pUmps_will be
éonducted by TIATSP in collecting necessary water

_.chargés from water users' groﬁps to be drganized for
each production tubewell and associated 1rr1gat10n
facilities.

Implementation of deep tubewell irrlgatlon developmenL in
blocks D-7 and D-15 is: expected to result not only in such
direct effects as expan31on of 1rr1gab1e farm lands, increased
cropping intensity and_diver31f1cat10n of crops by perennial
ifrigation, increase of  crop unit vields and agricultural
'_produétion{ and improvement of fétmerS'.income and living
standalds'resultlnq from the said effects, but also such
indirect effects as imprcvement to the living environment,
 1ncreased mutual cooperation between farmers, improved deep
tubewell dévelopment technique, etc,

In developrent of blocks D-7 and D-15 ﬁnder‘a general grant
‘aid Cooperatibn of . GOJ, the COOperaticn of HMGN is wvital,
particularly in the following:

() in_ptoviding a Japanese'cbntractof, free of charge,
with the drilling and céhstruction eqdipmentrand
materials reQﬁired by him out of those granted under
the KR-2 aid; - |

S - 10



(2)

(3)

{4)

{3}

in taking over production tubewells constructed by the
Japanese contractor and in issuing the necessary
completion certificates to him, providing they are not

dry weils:

in providing construction sites and access roads as

required by the'JapaneSe contractor;

in constructing branch earth canals branching off from

main canals constructed under the Japanese grant aid;

and
in operating and maintainihg- the conatﬁﬂcted

facilities by organizing water users' groups and

collecting water charges from the users' ¢groups.

s - 11
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CHAPTER 1. INTRODUCTION

His Majesty s Government of Nepal (HMGN) commenced the
Japankpur Zone AgricultUral Development Project (JADP) with
grant aid and technical assistance from the Government of Japan
(GoJ) - in November 1971 to promote irrigated agriculture
development in the non surface irrigation areas in the Terai
plain within the Janakpur zone. This zone occupies the major
part of the Central Development Reglon, and has already imple-~
mented various kinds of agricultural development projects to
increase agricultural production, raise farmefs'_incomes and
improve farmers’ living standards. - Among theée'projects, the
shallow tubewell program (STWP) has made remarkable prOgress in
the central belt of the Terai plain in the Janakpur zone and
enabled 1rrigation of - about 16,000 ha of arable 1ands by
constructing some 2,646 shallow tubewells by May 1987, of which
2,307 have been successful {success percentage: 87%).

HMGN reorganized JADP into the Tubewell Irrigation, Agri-
culture, Training and Services Proiject (TIATSP) in January 1986
to accelerate groundwater irrigation projects in the Terai plain
in thejJahékpur zone, STWP.has advanced smoothly under TIATSP
and iS'eKPECtéd to be continued in the future. On the other
'hand, the deep tubewell irrigation project (DTWIP), which was
.initiatediin 1976 as one of JADP's projects and which had
drilled 24 ‘deep tubewells by 1984, constructed 39 deep tubewells
{of which 15 were constructed by a Japanese contractor) in 1985
ahd-1986; ﬁsing the drilling and construction equipment and
materials pfovided under a KR-2 aid program of GOJ in 1982 and
1983, and was then taken over by TIATSP which drilled 18 deep
tubewells in 1986/87 and planned to drill another 8 in 1987/88.

DTWIP has not progressed smoothly, however, since hydro-
geological sﬁrvey and deep tubewell construction techniques are
not yet cstablished in the country, and the huge construction
costs of déep tubewells and the assoclated irrigation facilities



cannot be afforded. Moreover operation and maintenance of deep
tubewell irrigation are difficult to ensure.

In light of the aboﬁe, HMGN in April 1986 :equested a grent
aid cooperation in the Teral groundwater deveiopment project
from GOJ with the aim of constructing 150 deep tubewells and
associated irrigation facilitjes to command about 3, 000 ha of
arable land by using the drilling and coneructlon equipment and
materials granted under the 1982/83 KR-2 aid program‘ In this
way it was hoped to aCCelerate DTWIP in a suitable area of the
Teral plain in three (3) districts of the Janakpur zone!
Dhanusha, Mahottari and Sarlahi. In response to this request,
Japan International Cooperation Agency (JICA} sent a preliminary
survey mission to Nepal fxom August 26 to September 19, 1986 to
confirm the background, work components, executing s;stem,
organization and significance of the Project envisaged by HMGN,
From the survey results the mission judged the Progect would be

technically and economlcally viable.

JICA then sent a Basic De31gn Study (herelnafter lefexred
to as Phase-I study) mission to Nepal from January 7 to March 6,
1987 The mission carriéd out the surveys and investigations
such as seléction of the pro;ect area, an assessment of ground~
water potentlal dlStIlbUthﬂ in the project area; four (4) test
borings on Dhalkewar~Jaleswar line; an inventOry of the drilling .
and construction eguipment and materials granted under the KR-2
aid in 1982 and 1983; siting of twenty-three. (23) development
blooks, t0pographic survey of the development areas in three k!
Lepresentative blocks {b-7, -M-4, s5- ?); collection of data and
lnformatlon required for basic design of deep tubewells and
lrrigatlon facilities; and an assessment of pPresent constralints
and necessary countermeasuras. The mxssion also had a series of
'_discus31ons with TIATQP and the Mxnistry of Agriculture (MOA) of
HMGN,'the executing agencies of the PrOJect on the project
Ecomponean and basic- plan for implementatlon - In the Phase-1
study, through ‘the field suzvey and home analysis including an
examination of the prOJect components requested by HMGN, an
overall plan for the Project was worked out and it was clarified



thatAthé vertical turbine pumps granted under the KR-2 would
réquire the production tubewells to have a yield of more than
25 1/sec¢ for their economical use. '

The following'technical issues, however; were not settled_
in thé Phase-I study even though they were vital to the
technical’ feasibillty of the Pro;ect

(1) c¢onfirmation of the probable pump discharge of
prbduction tubewells to be constructed in each
developnent block;

(2) determination of the size and specification of
'~ production tubewells and the associated irrigation
facilities to be constructed;

(3) 1location of 15-devé10pment blocks excluding 8 prioxity
blocks among the 23 blocks proposed; and

(4) determination of the measures required to reinforce
the thnson—type screens (horizontal compression
strength: 4.6 kg/cm?) which had been shown to have
insufficient strength during the test borings.

In response to a request from HMGN for continuation of the
basiC'deéign study Phase-1 in June 1987, JICA despatched a
further mission to Nepal, the basic design study Phase-II
mission, headed by Mr. Yoshiki MIYANISHI, Grant Aid Division,
Economic Cooperation Bureau, Ministry of Forelgn Affairs from
January 10 to March 24, 1988, to investigate and study five (5)
devélopment blocks (P-7, D-15, M-4, S-1, S-7). The Phase-II
mission carried out such surveys and 1nvest1gations as review of
the groundwater potential distribution rap of the project area;
drilling of three (3) test tubewells (one each in D-7, M-4 and
5~7); acc¢ceptablility of reinforced Johnéon—type screens
(9.2 kg/cm? and 16 kg/cem?) and strengthened rod based screen
(28 kg/cm?) to the test tubewells; made an {inventory of the
dfilling and construction equipment and materials granted under



the KR~2 aid; topographic-SUrvey_of:the develmeent'a?eas:i"
two {2) blocks (D-15 and S-1): resiting of twéth“three‘(23f
bloéks; collected data and information required for thgfbasic
Idesign of the production tubewells and associated irrigation
facilities, present constraints and necessary countermeasurgs to
be taken for their implementation; and reconfirmed the project
components and basic plan for implementation in a series of
‘discussion held with TIATSP and MOA.

In the field surveys and investigations of the Phase-II
study it was clarified that the overall_development plan for
twenty-three (23) blocks worked out in the Phase-I study could
not be 1mplemented unless the probable pump discharge in each
block could be confirmed by test tubewell or pumping test of an
existing deep tubewell in the same block, and that out of the
five (5) blocks survéyed and ihyestigated only two {(2) blocks
(D-7 and D-15) could be iMplemented, for the following reasons:

(1) in Sf7 block no promiéing aquifer was observed;

(2} in M-14 block the Confirmed pump - dlscharge was only
20 1/sec at a pumping water level of 42 m and a
drawdown of about 4 m;

(3}  in $-1 block the pump. discharge of the existing TIATSP
deep tubewell was only 5 ~ 6 1l/sec at a pumping water
level of 66.2 m and a drawdown of about 18 m, although
two (2) deep tubewells owned by a sugar factéry
yellded 27 1/sec at a pumpling water level of ‘12 m and
‘a drawdown of about 5 m and 29 1/sec at a- pumping
water level of 19 m and a drawdown of about 5 m,
accordlng to a report avallable in the factOry,_

-(4) in D- 7 block the confirmed pump dlscharge was 40 llsec
at a pumplng water level of 6 m and a drawdown of 6 m;



- {5}

{6)

~in b-15 Dblock the confirmed pump discharge of the

existing TIATSP tubewell on the south side was

l47”l/sec at a pumping water level of 20.5 m and a

dradeWn of about 8 m, and that of the existihg TIATSP
tubewell on the north side was 19 1/sec at a pumping
water level of 45.1 m and a drawdown of about 3 m; and

The facts mentioned above indicate that the
hydrogeological structures in the project area change

‘substantially from place to place, accordingly it is

jﬁdged that the pump discharge estimated from the
groundwater potential map prepared in the Phase-I
study was unreliable and therefore not usable for the
basic¢ design of the Project.

However, after a series of discussions held between the
study mission and MOA of HMGN based on the results of the field
surveys and investigations in the Phase-II study, it was not

possible to agree on a minutes of discussion stipulating a basic

development concept, impleméntation plan, etc., for the Project,

because Japanese side could not agree to the following 3 points

insisted upon by the Nepali side;

(1)

(2)

If a Japanese contractor uses the drilling and
construction equipment granted under the KR-2 aid and
held by TIATSP at present in implementing the Project
under a general grant of the Japanese 60vernmeht, a
nominal charge would be collected by HMGN;

If é deep tubewell constructed by a Japanese
contractor is a dry well or uneconomical well with a
yield of less than 25 l/sec, HMGN will not issue a
completion certificate, resulting in no payment for
the sald well, and the contractor must redrill and
compléte an economical well with a yield of more than
25 1/sec at his own risk; and



(3} The objective blocks in the next suivey énd_study
shall be nine (9): S-1, S-2, §-10, M-4, M-12, M-13,
D-13, D-14 and D-1%. (In the judgement of thé.study
mission, it may not be possible to construct 
economical production tubewells except in M-4 and D-19
blocks.)

The membership and itinerary of the Phase-II study mission,
a list of Nepalese officials concerned, and a list of Nepalese
counterparts to the mission are shown in an Attachment to this

report.

This Basic Design Study Phase-IT Report comprises project
concept, basic design of production tubewells and a33001ated
irrigation facilities, implementation plan of blocks D-7 and
D-15, evaluétion of the Project, conclusions and

recommendations,;, etc.

For ease of reference, the major dxfferences hetween the
Phase~I and Phase -I1 studies’ may ‘be summarlzed as follows:

Work Item Phase-1 ' Phase-1I
1. Study blocks 30 blocks 5 blécks: .D-7, D-15, M-4,
S~1 and 8-7
2. Drilling and None. But, four (4) test Three (3) test wells, .one
testing of test borings were made on each in D- 7, M-4 and $-7
wells Dhalkewar-Jaleswar line blocks. Drllling in $-7
in Phanusha district block was abandoned before

caslng because no promising
aquifer was observed by
electric logg1ng

3. Basic design of 3 representative blocks 2 blocks of D-15 and S-1

facilities of D-7, ¥-4 and §-7
4. Overall plan TO construct 113 produc— Hot worked out

tion wells and associated
irrigation facilities in .
23 blocks over 4 years



Work'Item

Phase-1

Phase~I1

Blocks to be
constxucted in
tst implemen-
tation year

Annual imple-
mentation plan

5 blocks: D-17, M-4, 5-7,
P-15 and 5-1

In and after 2nd year:
6 blocks

2 blocks: D-7 and D-15

Not worked out
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CHAPTER 2, BACKGROUND OF THE PROJECT

2.1 Natlonal Economic and Agrieultural Background
2.1.1 Land and Population

The Kingdom of Nepal is a land-locked country bordered by
Tibet in the north and by India in the south. The area of the
counLry is about 150,000 km?. The annual ralnfali is about
500 mm in the mountains and western part and is about 1,300 mm
in the Terai Plain. The population is about 15,000,000 in 1981
and its annual growth rate is about 2.?%.in the pést ten years
from 1971.

2.1.,2 National Economy

The Gross Domestic Products {(GDP) of Nepél in 1985/86 was
about_45.3 billidn‘Nepal Rupees {NRs.) in current price and its
”ahpﬁal'growth rate was about three percent in the past five
years since 1980/81. The GDP per capita is estimated at about
'NR5}2,600_which is equivélent to US$175.

Nepal is an égricultUral country, where the production of
agriculture, forestxy and fishery represents more than 60% of
GDP and that of industry only 4.6%. About 90% of working
pbpulatiOn are engaged in agricultuvre, forestry and fishery.

2.1.3 Natidnal Development Plan

Nepal is in the thlrd vear of the SevenLh Five Year Plan.
The objectives of the Seventh Five Year Plan are {1} to
accelerate inerease of production, {2} to increase opportunities
for prodpctiVe etsployment, and (3} to meet the minimum basis
needs of the people.
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In the Seventh Five Year Plén,.the first priority 1sigiyen
to agriCulturall sector. Then,‘ the developnmnent of :EOrgst
resourCes'and land coﬁéervatioh are considered to be.very
important. In the sectér of water resources deVelOpment,
several ldeas are considered to connect it with economic
development, that is development of transportation by electric

power, construction of channel, etc.

.The large scale industry is not recommended considering the
geopolitical situation, potentiélity of natural resources and
small domestic market. Thus, the development of small scale
industry 1is recommended. Besides, several plans such as
bbosting export, lbcalizing implementation of rural development
project, and reducing governmental interference and contrel to

the private sectors are also considered.

The agricultural sector accounted more than 60% of GDP
during the past five years, engaged about 90% of working
popﬁlation wili be the biggést-industry'to support national
écOnOmy. Thus the economic growth of Nepal greatly dépends on
the gréwth of agriculture. In the Seventh Five Year Plan, the
target of production of major crops are settled as shown below.

. Rate of
1984785 1988/89 ,

{ton} {ton) Incégase
Rice : 2,733,000 3,400,000 : 124
Wheat 600,000 900, 000 150
Maize 843,000 916,000 109
Sugarcane 500,000 800,000 160
Mustard 77,000 85,000 _ 123
Tobacco 7,000 2, 000 114

Potato 409,000 521,000 127




2.2 Present Status of Agriculture and Irrigation
1) Agriculture

The present land use in Nepal are summarized below.

. Area Pexcent of
Type of Land Use (in million ha) Total Area
‘Agriculture area 2.65 18.90
Forest area 5.53 37.6
"Himali area 2.25% 15.3
Grazing area . 1.98 13.14
Water area 0.40 2.7
Habitation area and roads 0.10 . 0.7
Others {barren land, _ 1.80 12.3
land slide, eté.) ' '
Total : 14,71 100.0

The receht_préduction and cultivated area of major crops in
Nepal are shown in Table 2-1.

About 1,970,000 or 90% of farm household are land owned
farms out of 2,180,000 or total farm household in Nepal. The
iand owned farms cultivate about 2,300,000 ha which is of about
87% of total farm land. About 1,800, 0000 or 82% of farm
household manage less than 2 ha in each.

2)  Irrigation

The irrigation of 340,000 ha has been developed till 1985.
-However, the actual irrigable area is assumed at only. 100,000 ha
because of -lack of - agricultural supporting activ1t1es and of
operation and malntenance works.

1C0nsidering this, the extension of 235,500 ha of irrigation

area’ is one of the most important target in the Seventh Five
Year Plan as follows:
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. Ministry of © Ministry of

De's'Cripti'oh Water Resources _Agriculture
On-going Projects 106,003 ha
New Projects 29,490 ha 50,000 ha
Small Scale I ation ' : ' .
ma cale Irrig 50,000 ha

Tubewell Irrigation

Total 135,493 ha 100,000 ha

The dlStrlbutlon of 135, 493 ha, proposed by the Mlnlstry of
Water Resources, is shown as follows by region and by
topography, which indicates the priority is put on the central

region where Janakpur zone belongs to.

Terai Plan Hill Arxea Total

Region {ha) _ (ha) {ha)
Eastern 39,235 2,385 41, 620
Central 34,500 2,390 _ 36,890

" Westerxrn _ 8,666 5,227 13,893
Midwestern ’ 5,500 1,560 7,060
Farwestern 10,950 3,480 14,430
Undecided ' 21,600 ' o 21,500
Total 120, 451 15,042 135,493

The- distributiohs of ' small scale irrigation area and
tubewell 1rr1gation area to be propelled by the Ministry of
Agrlculture are not clear though, the prlorlty will 'be put on
the on-going tubéwell" irrlgatlon prOJects in Janakpur, Narayani

and Lumblnl zones in the Central reglon.

As-for'irrigetioﬁ'fecilities, alil the eanals (from main
canal to tertiary canal) are earthen canals, and smaller canals
and dltches below tertlary are usually constructed by
beneflclary farmers. Related structures’ such as barragee,
dlver31on works, _siphons, bridges, etc. are made with concrete
and other struetures are generally constructed by brick masonry,



2.3 -Trend of Foroéign Aid.

Nepal has been taken serilously for economic cooperation by
donor countriés ‘and agencies since 1951, an opening year of
Nepal to foreign countries. Per capita aid receipts of Nepal is
about 12 US dollars in 1984/85, which is the second rank
position together with Bangladesh next to Sri Lanka {about 25 US
dollars). ' |

The yearly aid. receipts of Nepal amounted to about
13 million US dollars during.the first five year plan (1956 ~
61) and after 1970, when donor systems by developed countries
were strengthened and economic cooperations by international
agen01es became active, the aid amount has been increased
rapidly, and reached 24 million US dollars in 1970, 175 million
US dollars in 1982/83 and 186 million US dollars in 1984/85.

With prOgresS'of'the economi¢ cooperation, not only the
increase of aid amount but also-form of'aid, allocation to aid
“sectors and member of donor countrles "have gradually
tranéformed. As for the form of ald, both grant aid and
_Eechniéal cooperation are major forms for the initial aid stage
though, "in 1970s, in the cooperations by international agencies
dgtivé peréentage'of loan to economic cogoperation had increased,
and reached 44 percent in 1980/81 and 56 percent in 1984/85.
rRegarding aid sector, road, electricity, agriculture and
irrigétion have been put importance on since the beginning of
aid ahd that:is not greatly changed today. However, the aid-
receiving poliéy of Nepal was changed in and after 1977, and
‘majority of aid has been allocated to the construction of rural
loads connecting with trunk roads, village roads and the
rehabilitation of exilsting roads in road sector and the
construction of power distribution network in electricity sector
and Ehefconstructioh of tertiary, gquaternary canals and medium-
smail scale projects in lrrigation sector. As for the member of
donor - countries, India, China and U.S.A. had occupied a big
portion of the total aids (90% of the aid's amount) in the
initial stage, however in 1970s the aid amount of China and
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U.S.A. decreased and that of IDA, ADB, UN group and Japan
in¢reased'lérgely. In 1982/83, IDA occupied 19% Qf_total ald
and ADB 18%, and in the bilateral aid, Japan occupied 14% of
total aid énd ranked for the first position, India.12% for thg
second and China 7% for the third. '

With increase of aid amount, Nepal's capacity for absorbing
‘foreign aid is coming to constraint in terms of lack of domestic
fund, lack of manpower such as site engineers, supervisors,
governmental staffs, etc. for project'execution.and ;ncrease of
repayment following to the increase of loan portion. HMGN is
therefore making effort to train manpower by financing to
education and technical training projects and through the on-

the-job training, etc.
2.4 The Request of HMGN on tha Project

His Majesty’s Government of Népal {HMGN) reqUGSted the
Government of Jépad in April 1986 to provide the former with a
grant aid to construct 150 deep_ﬁubewells and the respective
irrigation facilities covering about 3,000 ha in total in the
Terai Plain-in'Jaﬁakpur Zone using the equipment and materials
granted undei a KR-2.aid of the latter in 1982 and 1983,

‘The outline of the Project requested by HMGN for the grant
aid mentioned above is summarized as follows.

1) Basic plan
{1) Objectives of project

- Extension of'irrigation.area

- Stable increase of agricultural-peructs

- Increase of farmers'® income

- Improvement of farmers' living standard and social
welfare



(2) Project area
Teral Plain in Janakpur Zone
(3) Component of project
- yYtilization of the deep tubewell construction
equipment and materials provided under the KR-2 in
1982 ang 1983
- Construction of 150 deep tubewells and their
respective irrigation facilities covering about
3,000 ha of arable land in total
2) Developnent blocks
(1) Development blocks and their priority
- Number of development blocks: 30 blocks
~ Gross area of one development block: 800 ha

- Number of development blocks by district and by
priority are as follows:

Priority
Pistrict — Total
1st 2nd 3xd
bDhanusha 7 2 3 12
Mahottari 3 3 5 11
Sarlahi 5 Q0 2 7
Total 15 5 10 30
3) Groundwater development plan

{1} Deep tubewecll plan
150 deep tubewells are to be constructed for 30

development blocks (5 tubewells for one development
block) .

._]_6...



(2) Equipment and,matcrials plan

HMGN will prbvide drilling rigs, casing pipes, screen
pipes etc. granted under KR-2. '

4} Irrigation and drainége plan
(1) Principle

- Irrigable area to be covexed by one deep tubewell

is 20 ha on an average

- Location of wells and 1ayout of main canals are

decided in the detailed design stage.
(2} TIrrigation facilities
- Pump’ house
-~ Water supplying pipe
- Operator house
- Main canal and related structures

5) Administration

{1} Responsible government office: Department of Agri-
culture, Ministry of Agriculture

{(2) Executive agency: TIATSP (Tubewell Irrigation Agri-
culture Training and Services Project)



2.5 Pravious S8Studies

2.5.1 Preliminary Study by Japanese Government

The Government of Japan despatched a preliminary survey

mission to Nepal from August 26th to September 19th in 1986.
The mission conducted a field survey in Janakpur zone and had a

series of discussion on the project with the officials concerned

of the HMGN. The outline of the survey is as follows:

1y

2}

3)

" The agricultutal policy of Nepal are based on the inc¢rease

of food production and level up of farmer's living
standard. In Terai Plain, development of shallow tubewell

irrigation and deep tubewell irrigatidn'are considered to

. be very effective and to be promoted rapidly. Therefore,
" this Terai Groundwater Development Project is under the

necessity of being inplemented and seems to be very
efféCtive.

The technical problemns such as determination of well points
and Wellldepth and pumping discharge will be soclved in the
basic design study. The deep tubewell irrigation is being
experienced successfully in Hardinath pilot farm and
cthers. The project will be effectively implemented
providing that a pumping discharge wold be more than
25 1/sec and operation and maintenance works would be made
smoothly.

- This project has enough technical soundness and economic

viability for Japan's Grant Ald Project on condition that
the following points are taken into consideration:

(1) The deep tubewell irrigation will be made mainly for
stable increase of rice and for expansion of
cultivation area in the dry season, An unit
irrigation will be of 1 1l/sec/ha in the same way as in
other irrigation projects in the Terai Plain.
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(2}

(3)

In the basic design study the hydrogeological
condition will be investigated by test boring. A
reasonable pumping discharge from the viewpoint of

- ground subsidence and a development method of low

yicld aquifer in the northern part will alse be
studied, An adequate design and development method of
deep Lubewell will be studied.

Although this project is to be formulated on condition
that the materials-and'equipment granted by a KR-2 of
GOJ have to be utilized efféctively, other materials
and equipment will have to be provided additionally;
namcly submersible motor pumps for northern area,
screen and plpes for deep aquifer in northern area.

Based on the above results of the survey, the preliminary
survey mission recommended the basi¢ design works as

follows:

(1)

{2}

(3)

(1)

To investigate and to identify the 30 blocks proposed
by HMGN.

To classify the 30 blocks into three to five types.

To make basic design for representative block in every
Lype. :

Test boring at three sites; namely one boring near
tast-West highway (150 m in depth), one boring in the
nertheast of Janakpur town (210 ~ 240 m in depth), one
boring in the southwest of Janakpur town (210 ~ 240 m
in depth).

Inquiry of equipment and materials granted by a KR-2
of GOJ for construction of deep tubewells,



2.5.2 Phase-I Study

Based on the results of the preliminary survey, JICA
despatched a basic design study mission (Phase-I study) from
January 7th to March 6th in 1987.

The study mission investigated the hydrogeological
conditions in the project area by 4 test borings and by. pumping
test of the exlsting deep tubewells, evaluated existing deep
tubewéll construction equipment and materials granted by the
KR-2, determined 23 development blocks including topographical
sﬁrvey of 3 blocks, examined present constraints and their
Solutioné, collected the data and information required for the
basic deéign, and carried out the discussions with TIATSP (an
executing agency of the Project) and the Ministry of Agriculture

{a superintendence ministry'of Project).

The main works carried out by Phase-1 study mission in
Nepal were as follows:

1} - Explanation of Inception Report to and discussion with HMGN
officials concerned;

2) Preparatibn of draft minutes of discussions between the
mission and HMGN;

3) Collection and analyses o¢of the data and information
required for the basic design;

1) Site investigation to grasp the present condition of the
project area;

5) Four numbers of test boring;
'6) 'Topographic survey of three development blocks {(b-7, M-4,

$-7) and preparation of the topographical maps (scale
1/1,000); and
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7) Confirmation and discussion on the scope of the project

requested by HMGN,

Based on the results of the investigation and survey in
Nepal mentioned above and the consecutive home analysis works in
Japan;‘the Phase~I Study Team prepared a dratt final of the
basic design report, containing thé scope and components of the
Project, the basic desiagn of the facilities, the implementation
f)lan of the Project, the plan of the basic design study
Phase-1I, and the conclusion and recqmmehdations. For the
purpoée of explaining the draft final repbrt to and discussing
with the officials concerned of HMGN about its contents, JICA
sent a draft final explanation mission to Nepal from 29th May
through 5th June in 1987,

The outline of the Project drafted in the Phase-I is as
follows: '

1) Overall prlan
To construct 115 deep tubewells and irrigation facilities
for 4,625 irrigable area by using equipment and materials
granted by a KR-2 and to be newly procured.

2) Area to be developed

(1) 23 blocks out of 30 blocks requested by HMGN will be
developed.

{2) Eight piocks of the 23 blocks were selected for first
priority of the development.

3) Representative blocks for basic design
Three blocks (D-7, M-4, S$-7) were selectedand basic design

was made for those to estimate total cost of development
for 23 blocks.
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4) Groundwater development

(1) The project area seems Lo have a good potential of
groundwater, Jjudging from the hydrogeological
conditions.

{2) Four types of standard well were designed for
different hydrogeological condition.

Depth of Length of Length of  MNos. of

Casing (m) Casing {m) Screen (m) Tubewells
Type 1 83 36 30 20
Type 11 15% 60 30 15
Type IIIX 205 36 50 45
Type IV 205 48 50 5
Total ' 115

{3) The existing screen has to be reinforced and be used

in the different manner as follows:

Depth {m) - Screen to be used {kg/fem?)
36 ~ 590 Existing screen (4.6)
50 ~ 100 Existing screen, reinforced {9.2)
100 ~ 150 Existing sc¢reen, reinforced {(16.0)
150 ~

200 New rod based wire wrapped screen (268.0)

{4) Quantity of egquipment and materiéls, reinforcing
existing screens, rod based screens Lo be purchased,
spare parts for drilling rigs, etc. were estimated for
23 blocks.
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5)

6}

Irrigation development

(1) The net irrigable area was estimated for 23 blocks.

Irrigablé area

Pumping Discharge .

(1/sec) Nos. of Well . {hal -
25 5 (5) 125 (125)
30 35 (5) 1,050 (150}
40 35 (10) 1,400 (400)
50 30 (20} 1,506 (1,000)
55 10 (0) 550 - {0)

Total 115 (40} 4,625 (1,675)

Figures in the brackets are those for eight blocks with
first priority.

{2) The basic design was made for three blocks (D-7, M-4,
5-7) and the resvlts were applled to all of 23 blocks

for estlmatlon of the’ proiect cost.
Implementation program

(1) The development of 23 blocks, which consists of
construction of 115 production wells and irrigation
fa0111tles for 4,625 ha will be 1mplemented for four

years.

{2) Scope of construction works
The scope of works to be covered under Japan's Grant

Aid Program are outlined as follows:

~ Construction of pump house and operétor hut

-~ Construction of main irrigation canal and its
related structureé

- Cohstruction of temporary access road, 1if

necessary.
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The major works to be undertaken by HMGN are
outliined as follows:

- Land acguisition and land compensation required
for construction works _

~ Construction of lateral canal and its related
structures. .

(3)' Execution body for the project
Department of Agriculture -of the Ministry of
Agriculture
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CHAPTER 3. THE PROJECT AREA -

3.1 Genoral
3.1.1 Location and Access

The Janakpur zone in which the Study area is included is
located in the Central Development Region, It is bordered by
China in north, India in south, Bagmati zone in north-west,
Narayani zone in south—west; and Sagarmatha zone in east. The
Janakpur zone widely classified into Himalayan ranges and
adjacent hilly areas, and Terai Plain from the topographic point
of view. The Janakpﬁr zone is comprised of six districts., Out
of six districts, the project area is comprised of three
districts located in the Terai Plain i.e.'Dhénusha, Mahottari
and Sarlahi.

_ 0f the five blocks in which the basic design was made, D-7
aﬁa-0415vblocks are located in Dhanusha district, M-4 in
Hahbttari,'andis—l and $-7 in Sarlahi. The total area of the
three districts is about 3,441 ka2 and the gross area of the
five block about 40 kmZ.

Tubewell Irrigation Agric¢ulture Training and Services
Project Center (TIATSP Center})  is situated about 19 km north
from Janakpur. D-15 block is located about 3.5 km south from
Dhalkewar, and D-7 block is located from 2.5 km south of
Janakpuy, M-4 block ls located 5 km south of Lalgadh village on
the East-West Highway. S-1 block is lacated in Hariwan wvillage
in Sarlahi district. §-7 block is located east of Malangwa.

The other blocks which have potential of development are
summarized in Table 3-1 and are shown in Fig. 3-1,
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3.1.2 Administration

The smallest administrative unit in Nepal is a village
called "Pénchayat" and there exist 68 Panchayats in Dhanusha
district, 55 Panchayats in Mahottari district and 59 panchayats
in Sarlahi district. The Panchayats which belong to the five

blocks are listed as follows:

Block panchayat

D-7 Basahiya. :

D15 Naktajhij and Hariharpur _

M-4 . Kisannagar,'ieghuath and Banarjhula
S-1 . Hariwan

57 Bramhapuri

3.2 Socio-economy and Industry
3.2.1 Population

The present population and its density in the three
districts estimated from the annual average growth rate of
population (2.66%) in the census of 19281 are 1,193,000 and-350
per krf rxespectively, though the real figures will be over these
estimates due to. rapid flow of'population in the_recent.years
from_the moﬁntain areé to the Teérai Plain. The population of
the five blocks are estimated as follows: |

Block Population:

D-17 9,700

M-4 6, 900

S-1 17,200

57 9,900

D~15 Data were not collected
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3.2.2 Economy and Industry

~ The major industries in the project area are agriculture
and. agro-industry. The agricultural products are selfsufficient
and sbme surplus products are shipped to Kathmandu or other
major towns. Sugar mill, tObacco factory, rice mills and other
small scale cottage industries aré comparatively developed. As
for the construction materials, there are about 10 brick
factories in the project area, and almost all the construction
‘materials such as cement, reinforcement bar, concrete pipe,
timber, etc. éan be purchased in Janakpur. However, the
drilling materials such as bentbnite,'bafite, CMC, etc. are of
poor quality though those are available in'Janakpur.

3.2.3 Infrastructure
1) Road

- The Bast¥West Highway runs from east to west in the
northefn part of the three districts along the foot of Churia
hills. ‘The highway branch goes Ssouthward from Dhalkewar in
Dhanusha district to Jaleswar in Mahottari district and reaches
to Indian border. Besides, a gravel paved road connecting
Nawalpur and Malangwa runs southward in the central part of
Sarlahi district, which 1is passable by vehicles in the rainy
season,wthough the maintenaﬁce condition is not so good.
Furthermore, four logging roads (unpaved) run from north to
south crossing the highway, but there is no connecting rcoad from
east to west each other.

2) Alr route
The‘tegular:flight is available between Kathmandu and
Janakpur-on-every'Sunday, Monday, Wednesday and Friday and takes

35 minutes. However, in rainy days, flights are often cancelled
because of visual flying.
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3) Railway

Janakpur~Janagar railway (52 km long) is utilized for
import and export from and to India though, this will not become
a transportation measure of the materlals for the PrOjeCt
implementation because of local line.

4) Electricity

There are two sources for the electricity utilized in
Janakpur zohe at present.  One is bought from India (11 kV in
Malahgwa, Sarlahi district and 11 kV in Jaleswar,'Mahottari
district, supplying to Janakpur} and the other is generated by
diesel generators in Janakpur (1,360 k@) .

The transmission line (132 kV) along the highway between
‘Biratnagar and Hetauda was completed in 1985, from which the
eleetr1c;ty will bpe avallable ‘for distribution in the near
'future. However, there is no plan on electric distribution in
the préject area at plesent and the granted diesel engine pumps
have to be used for the. PrOJect. The utilization of electrlcity
for the proiject's 1mplementat10n will therefore be out of scope
in this study

5 Teleconmmunication

TelephOne is available in Janakpur city, between Janakpur
city and Kathmandu, and between TIATSP and Janakpur city though,
the Lelecommunlcatlon network in the progect area is not yet
constructed. An internacional call is available at the central
telephone office in Janakpur,

A wireless is installéd between thé TIATSE center and the

llaison office set up in- the agriculture department in
‘Kathmandu, '
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6) Water supply

For domestic water, dug wells (10 - 20 meters in depth)
shared by several families are generally used in the villages in
the project area.

3.2.4 Agriculture and Irrigation
1) AgricultUre

There are much difference in cultlvatlon condxtion between
the mountain area and the Teral Plain including three districts
in Janakpur zone. The project area consisting of three
districts, located in the Terai Plain, has a petter condition
for cultivatioh compared with the mountain area. The gross
area, arable land and rate of arable land are 344,100 ha,
214,200 ha, and 62% respectively.

The preseht cropping pattern in the Terai Plain is usually
'monofcropping df péddy or paddy—wheét in the paddy field, and in
the'upland.field maize~0il seeds or maize-tobacco. The multi-
crop index ranges from 150 to 180%.

The unit yield of paddy, wheat and maize 1is assumed at
2.0 ton/ha, 1.8 ton/ha, and 1.9 ton/ha, respectively.

2) Irrigétion by surface water resources

National level irr_ig_ation projects in and around the
project area; which use surface water resources, are (1) Bagmati
irrigation project, (2) Kamla irrigation project, (3) Manusmara
irrigation scheme. The total irrigable area envisaged by these
projects ‘are to be about 36,000 ha in the rainy season.
However, the proposed five blocks (D-7, D-15, M-4, S-1 and $-7)
are not included in the beneficial area of those projects.
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3) Irrigation by groundwater

About 130 deep tubewells have been constructed and being
used for irrigation in the Terai Plain.. The irrigab}e*aﬁea of
these Lubewells is located in the southwestern part of Sarlahi
district, and from easterh part of Mahottari_to western part of
Dhanusha district. ' In the five bloéks, deep tubewell has not
been constructed till 1987. TIATSP constructed two tubewells in
March, 1987. One is located in the D-15 and the other in the
8-1. The pumping tests were made in this Phase 11 field survey
and the results are shown in the.following section 3.4.3.

In the central part'of the three districts in the Terai
Plain, approximately 2,300 shallow tubewells were constructed by
May 1987. The yield is reported to be 7 to 15 l/sec/well and
the total irrigation area is about. 16,100 ha. 'In the D-15
block, several shallow tubewells are useéd for irrigation.in
southern part. In pfinciple, the irrigable area by shallow
tubewell is to be excluded. from the deep’ tubewell development

progran,
3.3 Meteorology, Hydrology and Topography
1} Meteorology

The climate in the Terai Plain is clearly divided into both
the rainy season (5 months, from the end of May to the beginning
of October) and the dry season (7 months, from the Mid. October
to the mid. May)., More than 80% of the annual rainfall

concentrate ‘in the'rainy season from June to September,

The meteorological data of Hardinath Farm located in the
middle of Dhanusha district are given in the following table.
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{Average in 1971-82)

. : Total/
Y]
Jan Feb Mar Apr May Jun .Jul Aug  Sep F)ct Nov Dec Average

A'veiaq_e : _ _ :
Ra_infall {rmm} 1 )2 14 44 82 231 3N 285 160 &3 5 4 1,295
Terperature {°C)

Max. : 23.6 26.0.32.5 37.2 36.6 34,7 32.5 32.7 2.4 31.8 29.8 25,1

Min, 8.7 %.% 13.9 18,3.17.6 18.4 20.3 24,3 23.0 13.2 9.2 9.2

Ave ., 16.4 18.3 22.8 27.4 28.5 29.4 28.8 28.17 28.2 26.3 22.2 17.6 24.6
Humldity. {%) 78 11 35 51 64 16 82 43 85 Bl 16 17 13
Sunshine (hr} 8.1 8.6 9.2 9.6- 9.7 5.9 6.4 7.7 6,17 8.4 8.9. 8.5 8.1
Hind velocity ) ’
(km/hr) 3.3 4.2 5.5 8.7 10.6 10.4 5.9 8.2 6.6 3.5 2.6 2.5 6.3
Evaporation .
{mm/day) ) 1.9 2.7 4.7 6.7 6.9 5.9 4.8 4.6 4.1 3.2 2.7 2.2 4,2

In the rainy season, vehicle traffic, construction of
temporary access road, eérthfiiling of canal embankment, étc.
are hérdly possible. The construction period of the Project is
therefﬂreflimited to 7 months from December to June of the next
year."Especially in the middle and south of the project areca,
there”are'mahy mal-drainage fields where have stagnant water
until 'N6Q6mber, which results in poor accessibility and

difficult construction in November.
2) Hydrology

The major rivers in Janakpur zone are the Bagmati river,
the Hardinath river, the Marha river, Jhim river, the Ratu river
and the Kamala river. However, discharge records are available
only for the Bagmati and the Kamala. The annual mean runoff of
the Bagmati and Kamla rivers are 178 m3/sec and 59 m3/sec
respectively. The discharge in the dry season decreases to
15 m3/sec in the Bagmati river and to 1 m3/sec in the Kamla
river. Other rivers have only underground water even though in
the rainy season except for flood time.
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3) Topography

The Terai Plain in Janakpur zone, extending east-westward
with a strip of about 30 km wide stretching the Indian border to
south, forms a fan-like plain with very gentle slopes from the
Churia Hiil in north to the Indian border in south. The land
ranges in elevation from about 210 m to 60 n.

.From the tépographical point'of view, the Terai Plain is
classified into the following four terraces (See Fig. 3-2).

I. High terrace, about 50 m high fro the Bagmati
or Kamala present riverbed, and Middie
terrace, about 20 m high from the riverbed
ment ioned above, |

IT and III. Lower terrace, about 6 to 7 m high from the

' _ ' aboﬁe-mentioned riverbed,
III, ~ Present flood plain of the Bagmati and Kamala

rivers,

The surface of the high and middle terrace is covered by
lateritic sSoils with brown color and partly used as the

materials of brick and pdttery.
In the project area, there are many middle and small rivers

flowing from north to south and the arable land is longi-
tudinally dissected by those rivers.
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3.4 Hydrogeology

3.4.1 Genearal

Based on the results of investigation and analysis of

existing‘data, the geological conditions in the project area is
sumnmarized as follows.

1}

2}

3)

As shown in Fig. 3-2, the project area is bounded by the
two large rivers, which are the Kamla river (catchment
area: 1,550 km?) in the easternmost end and the Bagmati
river (CA: 2,700 km2) in the westernmost end. However, in
the project area, there exist only small streams such as
the Ratu river ({CA: 133 km?), the Marha river (CA: 92 km?)
and the Lakhandei river (CA: 100 km?) and other rivuletes.

The Churia hills which form catchment areas of the above-
mentioned rivers except for Bagmati and Kamla rivers, are
composed of Siwalik Formation {semiconsolidated sandstone,
siltstone and conglomerate) in late tertiary pliocene to
quaternary pleistocene age, and of unconsolidated sand and
gravel formation in quatexnary pleistocene age. The small
rivers which flow out from Churia hills discharge much sand
and gravel to the downstream catchment. On the other hand,

catchment area of the Kamla river and the Bagmati river is

mostly composed of well-consolidated hard rocks in tertiary
age and pre-tertiary age. Thus the both rivers are stable
and have small quantity of sands and gravels,

Topography of the plain in the project area can be
classified into the flood plain of the Bagmati river, the
lower ‘terrace. {(middle basin of the Bagmati river and middle
basin of the Kamla river), middle terrace and higher
terrace along the foot area of the hill where the Ratu
river flows, in ascending order. Further, the middle

‘terrace can bhe subdivided into delta-like zone around
~Janakpur town, central zone arcound Hardinath and top zone
-of -fan around Dhalkewar which respectively form small
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4)

5)

6)

75

scaled fan deposit at the foot line of small rivers, and a
multi-fan deposit zone as a whole.

The contour lines in the middle terrace are in a tendency
of bending southwards at a suddenly widened portion of the

-medium size rivers such as the Ratu river and the Marha

river located in the central portion of the project area.
All:the surface water of the small rivers percolate into
the riverbeds at the foot line of the hills except a flood
season and spring cut in the downstream area lower than 400
feet contour line, where many springs exist. The area
downstream from the springs has always surface water
through a year and many ponds are constructed. Groundwater
table (the confined) of 50 m below the surface is
concordant with the contour line of 500 feet.

In the deita?like zone of the middle terrace, south from
Janakpur, all the rivers suddenly chéhge”narrow width and
their courée is stable. These facts 1ndlcate that all the
rivers in the upstream area of the middle terrace above the
contour line of 250 feet to 300 feet are unstable and

change their course in the flood season, resulting in
'damages of their neighbouring area by floods containing

much sands and gravels.

Subsurface ¢geology in the delta-like zone consists
gencrally of thick layers of fine sands, silts and clay
(average thickness: 70 m), and cannot be developed for
shallow tubewells, Although good artesian wells and

springs exist along the middle to lower reach of the Ratu.
river, the distribution of the aquifer is considerably

'complicated; particularly a continuity of the aquifer from
‘east to west is very poor.

The objective area for shallow tubewell deVGlopment and
major axtesian aréa suitable for deep tubewell development
locate in the central zone of the middle terrace. But, the
hydrogeological structure in such areas is not homogeneous
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8}

9)

10}

and the aquifers change place to place, which are_resulted
from the development process of the aquifers along the old
riverbeds in the geological ages.

“In the northern area along the East-West HNighway, the
phreatic groundwater level is deeper than 20 m from the
‘ground surface and at some places it is hardly possible to

get domestic water. The contours of groundwater level are
well correésponding with topographical relief.

The belt-llke Zone, where 7 to 17 1/sec is extractable by
shallow Ltubewells, is distributed east-westward in the
central part of the project area, and suited to shallow
wéll irrigation.

The water temperature of the shallow wells ranges from 25
to 26°C in the northern area and 22 to 25°C in the scuthern

area. The values of pH are in a range of 5.5-6.6 in the
north add 7.6~7.4 in the south. It is found that the area
with low pH extends along the Ratu river basin. The

- electric conductivity shows locally low value in the north,
‘however significant characteristic is not found.

The conditions of deep groundwater can be guessed by the

groundwater level contour, distribution of pH value of deep

tubewells, the electric conductivity and water temperature as

summarized below:

1}

The groundwater level of deep tubewells in the northern

project area aiong the East-West Highway lies 50 ~ 60 m

below :the ground. The groundwater level of shallow

- tubewéi1s, standing approximately 20 m deep from ground

sucrface in this area, is supposed to be the levels in the
perchéd groundwater lying in the shallow subsurface. The

'grOundwater=1evei contour of deep tubewells generally
corresponds with the present topographical contour line,
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2) The pH value of deep tubewell water ranges from 6.1 to_?gs
showing higher'than that of the shallow tubewell water. It
is supposed that the rainfall percolated into the deep
aquifer during long time, The distribution of pH values is
6.2-6.5 in the northern area, 7.1-7.8 in the southern area-
and the highest value is found near Jaleswar in the
southérn part of Mahottari district. The dis;ribution of
electric conductivity ranges 100 1 mho/cm in the northern
area and 400 {t mho/cm in the southern area, and it is found
that the low conductivity belt extends southward along the.

Ratu river basin.

3) The water temperatures are in the range of 25 to 27°C in
the northern area, 24-25°C in the southern area, indicating
that the deep groundwater flows in from and along the Ratu

river.

From the data of the shallow and deep groundwater levels
and qualitles mentloned above, it is assumed that the deep
'groundwater of the ploject_area is not recharged by flowing into
ecast-westward from the deep daroundwater underlying the Bagmati
ahd the Kamala river basin but recharged by boLh north-south
flow of groundwater and vertical percolation of rainfall.

The seasonal variation of groundwater table is assumed not
s0 large in the project area (Appendix 5.1).

3.4.2 Potential of Groundwater

The potential of groundwater is assumed to be large in
central area of Dhanusha district and western area of Sarlahi
district and to be small in the south of Sarlahi. and Mahotta11
dlStrlctS and the area along with East-West: highway as shown in
Fig. 3-1.  Fig. 3-1 has to be improved in the future by taking
‘additional data into consideration. It is compelled to judge
that the groundwater potential map prepazed in the Phase-I is
_unellable because the existing deep tubewell data based for the
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map were not always trustworthy according to the investigation
conducted this time.

3.4.3 Hydrogeological Condition in the Five Blocks
Based on the result of test drilling and electric
resistivity test conducted in the Phase-I1I, the hydrogeoclogical

conditions in the five'blocks are assumed as follows.

1) D-7 block

Classifi- Depth Geology Resistivity

cation () Yacies {Q-m) Hydrogeologic Evaluation
Layer 0~36 Alternation 8~3,500 Dug wells are developed.

I of clay Aquifer has low yield. Many
{dominant) _ ponds exist due to very poor
and sand : drainage of clay.

Layer 22~160 Mostly clay, 12~54  Aquiculde.
1¥ _ partly sand &

gravel sand
arg sandwiched.

Layer 25~63 Sand & gravel. 78 This layer develops in
Ir! _ _ ~ Layer I1II in lentifeérm.
60~50 " Mostly sand. 250 It has discontinuity and

has low potential of
groundwater.

Layer 110~1690 Sand & gravel. 48~200  Aquifer layers for deep

I1I or Mostly sand & well, Fine sand may
deeper clay are be distributed where the
sandwiched. resistivity is 100 -m or
less, Confined aquifer
(artesian) .

Layer III is inferred to be an agquifer for deep tubewells.
Test'tubewell of b~?(h) drilled in the Phase-I1 has an arteésian
discharge of 20 1l/scc and a pump discharge of 41 1/sec (72 hours
continuous test). This layer is evaluated to be a good aquifer.
Geologic log and electric log are shown in Fig. 3-3, and yield
logging is shown in Fig. 3-4.



2)  D-15 block {Naktajhij,

Haribarpur)

Classifi- Depth Geology Resistivity Hydrogéciogic Evaiuation_
cation {m} Faclies (Q-m) - L =
Layer 0~50  Mostly sand & 41~2,700  Aquifer for shallow and dug

i gravel (with walls.
pactly boulders).
Thin layer of
sand ang clay
is sandwiched.
Layer 36~270 Alternation of 63~100 Aquifer (sand & ?ravél,'
II sand, sand & sand) . Main aqu1fer-of
gravel and clay. " N-33well., The clay is
Clay is pre- to be aguiclude.
dominant in the
20cm of top.
Layer 46~230 Sand & gravel  130~390 Aquifers for deep tubewell,
IT* and mostly sand 1f many boulders are
{(with partly contained, the drilling may
boulders) . be a little bit hard., This
layer has poor continuity.
Layer  190~540  Sand & gravel 190-540  Aquifer. 7
IIL _er and sand with Clay is partly sandwiched in
" deeper boulders. the top of the layer.

The layer II (II‘)-is considered as'anféquifer for deep
tubewell. In'thé existing well of N-33 {depth: 113.% m), screen
was installed at the upper portlon of the layer 1II. A 19 1/sec
of pump dlscharge was . confirmed by the pumplng test. In o6rdex

to obtaln about 40 1/sec of the dlschaxge, the proposed well has
to be drllled deeper than 150 m,

From the hydrogeologlcal v1ewpoint, it is recommendable to

determlne ‘the

location of
Naktajhlj_Block and the
which the layer:II'

wells

13 dlstrlbuted

in

wéstern part of

the' southern part of

Hariharpur'Blodk in

and to drill deeper than

150 m so as to ensuxe ‘a 40 1l/sec of discharge.
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3) M-4 block

Classifi- Dépth Geology Resistivity

cation . {m) Facies (Q-m} Hydroggologic Bvaluation
Layer 20~30 Sand & gravel 58-43,500 Aquifer for dug well,
I {mainly . Perineability of the layer is
boulders). Fan inferred to be in the range
deposits of - of 107! to 10° ci/fsec.

the Ratu river.

Layer 20~300 Alternation of 115~213 Aquifer for deep tubewell.

1z sand & gravel, " Groundwater table is in
- sangd and clay 30m to 50m deep.
with partly
boulders,

Layer 210~320 Boulders with 300~1,400  Aguifer.

ITI sand & gravel,
fLayer  240m Clay or 12~73 Aguiclude.
v or ' madstone of : .
deeper  Siwalik
formation.

The layer II1 \is considered to be an aqguifer for deep
tubewell. A 15 1/sec (91 hours continuous test) to 27 1l/sec (12
hours cont1nuous test) of pump discharge was confirmed at the
test well M- 4(A) drilled in the Phase-II. It is recommendable
to shift location of wells from the orlglnal location determined
in the Phase I to the south 80 as to ensure easy drilling works
and 25 1/sec of pumping dlscharge. in the south area boulders
bGCOme small - and groundwater table shallow. Geclogic and
electric logs are shown in Fig. 3-5 and yield logging is shown
in Fig. 3-6.



indicates sand &
gravel to sand
layer or sand-
stone of Siwalik
formation expands.

4)  $-1 block
Classifi- Depth Geology Resistivity Hydrogeologio Evaluation
cation {im) Facies {Q-m)
lLayer 0~36 Mainly sand and 20~420 aquifer for shallow tube-
I sand & gravel. wells and dug wells.
Thin ¢lay layer
is sandwiched.
Layer 22~100 Mainly clay’ 15~37 Aquiclude. It is thick in
11 layer. Partly the center part of Lhe
thin sand and block.
gravel layers
are sandwiched.
Layer 32~220Q Alternation of 30-72 aquifer (sand & gravel and
I1r sand & gravel, sand) For deep toabew 2ll.
sand and clay. Aquiclude (clay). High
resistivity value is
observed in the western
part of the block.
Layer 180 The detail is  96~224  Maybe developed as aguifers
v or unknown.  Resis-— for deep tubewells,
deeper tivity value

The layers III and IV are considered as the aquxfers for

deep tubewells.'
well N-39,

The layer 111 is a maln aquifer of the existing

I 15 1/sec of punp discharge can be expected if

production wells are drilled deeper than 150 m to 200 m in the

area in elevation of 150 m where stati¢ water level is shallower
than 40 m.

Only 6.1 1/sec of discharge was tested at thé existing well

{N-39;

165 m in elevation,

static water level 48 m),



5} 5~7 block -

Classifi- Pepth

Geology

Resistivity . .
cation  (m) Facias (Q-m) Hydrogeologic Evaluation
Layer 0~50 Fine to coarse 9-~1,470 Aquifer for dug well,

I sand layer Low capacity of yield.
{with clay Many poénds exist due to
sandwiched) poorx drainage of clay.

Layer 13~260 Clay layer. 31~44 Aquiclude.
1
" layer 200~260 Mainly fine 62~-72 Aquifer seems to have a low
IIY sand layer capacity of vield because

{or silty
fine sand).

less than 100Q-m of
resistivity was observed.

The layéf I1I is considered to be an aﬁuifer for deep
tubewell and is'inferred Lhe_capacity of yield is.low sinée the
layer shows a'low'resistivity less than 100 Q-m and is probably
:‘composéd of the.fine sand or silty fine sand layer. This block
has to be excliunded from the development because a good aquifer

was not observed at the test well drilled till 260 m in the

Phase-11I. A geologic log and electric log are shown in
Fig. 3“?'-
3.4.4 Probable Pump Discharge in the Development Blocks

Based on the results of field investigation made in the
Phase-11, the probable pump discharge in the five blocks (D-7,
D-15, M-4, $-1 and S-7) and other blocks ($-4, $-9 and S-10) are
assumed as follows.

1) D-7 block

located at Sonapora, a

{1} {(N~-15)

36.6 1/sec of discharge at 44.5 m of drawdown was

At the existing well

confirmed by a continuous pumping test of six hours.

"However, the inflow of fine sand and drawdown was
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(2)

- (3)

(2)

{3)

remarkable, so it is assumed that gravel packing and

'cleaning work were not undertaken satisfactorily.

At the test ﬁeil.DFT(A) driiled in the Phase-II, a
41.2 1/sec of discharge at 6 m of drawdown was
examined. This well is an artesian well having a
yield of 20 1/sec. A 60% of water seems to flow into
from the screens set from 154 to 194_m in depth. No
inflow of fine sand was observed during the pumping
test. The analysis of pumping test is shown in

Appendix 5.2.

Accordingly, a 40 l1/sec of probable:pump discharge at
9 m drawdown can be expected.

block -

At the existing well (N-33) located in Naktajhidi, a
19 1/sec of discharge at 3 m of drawdown was examined

by a continuous pumping test of 7.5 hours with 45 m
pumping'watef level. At another existing ﬁell-(NwBS)
located 3n Mahendranagar, a 47 1/sec at 8 m of
drawvdown was cénfirmed by a nine hour—pumping test
with 20.5 m pumping water level.

The drawdown at N-33 was only 3 m so that a 40 1/sec
of pump discharge with 7 to 8 m drawdown is probably
assured, if new wells were constructed by modernized
technology.

Accordingly, a 40 1l/sec of probable pump discharge at
7 to 8 m drawdown can be expected.

3)  M-4 block

(1)

At the test well M-4(A) drilled in the Phase-11, é
20 1/sec of discharge at 4 m of drawdown in 12 hours
was examined with 42.0 m of pumping water level, and a
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(2)

(3)

15 1/sec at 2 m drawdown in 72 hours was also examined
with 40.0 m of pumping water level. A 60% of water
seems to flow into from the screens set from 148 to
159 m in depth. The analysis of pumping test is shown
in Appendix 5.2,

‘The static water level of another well drilled by the

Mahottari'GrQundwater Project is reportéd to be 14.6 m

_though'the results of pumping test are not reported.

This well is located at 3 km southwest fromhe M-4(A)
and its depth is 163 m.

The groundwater table of the test well is so low
(38'm) that the discharge of more than 20 1/sec is not
probable. However, in the area located southwest from
the original M-4 block, the depth df'groundwater is
3 m shallower and thus a 25 1/sec of pump discharge
with 7 to 8 m of drawdown can be expected since the
specific capacity of the aquifer is large (7 1/sec/m).

1) S-1 block

(1)

(2}

(3)

At the existing well (N-39) located in Hariwan, inflow
of many sand was observed at more than 5 1/sec of pump

discharge with 18 m of drawdown (Natural groundwater
table; 47.9 m and pumping water level; 66.2 m).

An area lower than 150 m in elevation has to be
selected so as to shallow groundwater table and thus

to expect a 15 1/sec of probable pump discharge,

It is hardly possible to judge the entire area of $-1

-bloéck has very poor groundwater potential, because two

deep tubewells drilled by an Indian contractor in 1985

‘and being used in the sugar factory havethe following

punping rates and features:
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Casing - Screen Pumping Water level *- Spéclfic

Depth Sn " o i Pumpin Capacity
No. 12 6 6 Rate Statac urnping
° (m) {m) {m) {m} {1/sec)  (m) {m) {1/sec/m}
2 %0 0-25 25-60 19.5 27 13.8  19.2 5.2

3 81 0-24 24-60 18.0 29 14.4 19.2

Note: The present yield is not confirmed by a pumping test because
the sugar factory has been run for 24 hours a day.

(4) HRowever, in order to expect a probable discharge of
more than 15 1/sec, it is vital to reselect the
development area where ‘the ground elevation is lower
than 150 m and the groundwater level is 35 to 40 m,
But, whether deep tibewell development shall be taken
up'or not should be_judged from the results of a test

tubewell to be drilled in the said area.
5)  S-7 block

A test well was drilled up to 260 m in the north of the
block, but no promlslng aqulfer was found. So this block has to
be omitted from the deep tubewell development.

6) 5~9 block

(1} At the"éxisting artesian well (N-37) located in
Bhaktipur,‘a 57.6 1/sec of punp discharge at 22 m of
drawdown was observed,

{2) A 50 1/sec of probablezpump discharge can be expected.
7) S-4 block

At the ekisting well (J-22) located in Nawalpur near this
_bldék, a 25 1/sec of pump dischafgé at 4.8 m of drawdown was
obéervéd' A 25 1/sec ‘of probable pump dlscharge can therefore
be expected The drawdown in the production wells could be
lower than that of the exlsting well, since reinforced Johnson
type screens and stréengthened screens having larger opening
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ratic than the slit screens set in the existing well will be
installed.

8) 5-10 block

(1) At the existing wells (S2 and S5) located near the
block, a 27 to 29 1l/sec of discharge were examined by
small pumps installed.

(2 A 25 l/sec of probable pump discharge can be expected

' since this block is located in a promising groundwater

potential area between Bagmati river basin and
Lakhandhi_riﬁer basin.

The'present situation of existing tubewells (17 nos.) and
test wells (2 nos.} for which pumping tests were made is
summarized in Tables 3-2 and 3-3. The location of those wells
is shown in Fig. 3-8.

3.5 Inventory of KR~2 Equipment and Materials
3.5.1 Present Situation

1) The equipment and materials are stored in two places, i.e.
Nawalpur Horticulture Farm and TIATSP Center,

2) 14" and 8" césings are stored in Nawalpur.' However, more
than 30% of 14" casing are deformed in its screw due to the
heaﬁy weight of those highly piled up. Those deformed
casings have to be connected by welding.

3) 8" screens are classified by a length of 5.25 m and 3.25 m
and are stored mainly in Nawalpur.

1} Pipes and shafts for the pump are stored out-of-doors
without any protection against rusting though they are in
open worked wooden cases. The available quantity has been
reduced year by year by heavy rusting. Presumably 20 to
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5)

6)

7}

8)

9N

30% of the pipes may have to be replaced or to be
resuscitated by cleaning up of screw, ' '

In the 4dodowns of TIATSP center, spare parts for the
drilling rigs, vehicles'and construction equipment, etc.
are stored, while out"of?doors in TIATSP center,_the
drilling rigs, well development tools, vehicles and
conétruétion equipmentr etc. are parked. The pumps for
production wells are stored both in and out-of-doors in
TIATSP cénter. |

Drilling rigs for deep tubewell construction are to be
serviced, especially parts in the mud pumps and hydraulic
systems are to be replaced. Also, the drilling tools in
each fig are needed to be supplied because of wear and tear

and/or inferior storing.

Of pipes f01 tubewell developing one-third of the toLal
seem not Lo be usable due to the 1nfer10r storlng after
used. The rest is needed to clean up rust and corrosion.

Almost all the transportation equipment and the wvehicles
cannot start by themselves because of exhausted battery or
no battery.  Several of pick-up trucks cannot be used
because of no stock of tire of 6.5 x 15 size in inch,

Gear boxes anag englnes of pumps for ploduction wells are
stored 1ndoors. Pump bodies, shafts and pipes are stored
outdoors in TIATSP center and in Nawalpur. Screws of the
shafts and pipes are rusted and several pieces out of Lhem
are deformed. No problem is considered for the engines
stored indoors.
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3.5.2 Romained and Usable Quantity of the Equipment and
Materials

The results of inventory survey of KR-2 equipment and

materials for deep tubewell construction are quantified as shown
in Table 3-4.

3.6 TIATSP

3.6.1 Project Aactivitiaes

- TIATSP. {Tubewell Irrigation, Agriculture, Training and

Services Project) was established in Januvary 1986 in succession

to JADP (Janakpur Zone Agriculture Development Project) which
had been implemented from 1971 to July 1985 under the grant aid
assistance and technical cooperation of the Government of Japan,

,JADP; aiming at increasing farmers' income and improving

living standard and social welfare through the various programs

of increasing agricultural preduction, covers five districts out

of six districts of Janakpur Zone (Mountain area of Dolakha was

excludéd) and implemented the'following schemes.

(1)

(2)

{3)

(4)
{3)

(6}

Construction of JADP center in Naktajhij (Main office,
Library-cum-Lecture hall, Workshop, Store house,
Dormitory for trainees, Quarters for staff, ectc.

Construction of Agricultural Development Offices {one
office in each of five districts)

Training for agricultural extension workers, agri-
cultural technicians, farmers, etc.

Operation and management of Sindhuri Agriculture Farm
Operation and management of Janakpur Horticulture Farm

Operaltion and management of Hardinath Agriculture Farm
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(1) Establishment and operation of Nawalpur HOrticultu;e
Center

(8) Implementation of Intensive 1rrigation and=AgriCUlture
.~ Program (IAP)} {Irrigation scheme by nine deep
tubewells) -
(9) Implementation of Irrigated Model Farm (IMF)

(10} Shallow Tubewell Program (STWP)
{11) Decep Tubewell Irrigation Project (DTWIP)

Out.of the above sahemES, the grouhdwater ‘irriqgation .
programs of (8), (9} and (10} played ‘the most important role for
the agricultural development in the Terai Plain. And DTWIP of
(11), by which a remarkable increase of 1rrlqation éréa'was
expected, was started just before ending the cooperation period
by the Government of Japan, but was suspended on the way because
of constraants on flnance, technique, materlals, etec. and
succeeded to TTIATSP. : ' '

Under . the baCkground described above, main programs of
TIATSP are set as follows,

(1) Promotion of Deep Tubewell Irrigation Project
(2) Continuation of Shallow Tubewell Program

{3) Construction of irrigation facilities for (1) and j2)
above - ' '

(4) Extension of irrigated farming technlque and training
of faxmers ' '

(S} Establishment of water users’ gfoups and water manage -
ment organization
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{6) Establishment of operation and maintenance system for
irrigation facilities §ncluding pumps

(7} Acceleration of on-farm development

His Majesty‘s Government of Nepal expects Japan's grant aid
and technical cooperation for the execution of all the programs
‘except (2) above.

3.6.2 Annual Expenditure and Budget

According to a report of TIATSP, annual expenditures 6f
JADP/TIATSP for the past three years and Lhe budget for 1986/87
are as shown in Table 3-5,

fA part of KR-2 counterparts fund {ingomes'by selling KR-2
materials) has been applied for more than 50% of the
expenditures, From the yéar of 1985/86, when PTIATSP was
eStabliShed, thé eXpenditures for extension, training and
drilling were'inéreased more thén two times, which indicate
‘putting an emphasis on the d'rilling of deep and shallow
tubewells, |

3.6.3 Organization and Staffing

The present organization and statffing of TIATSP are the
'samé.tc those of JADP, as shown in Fig. 3-9, and it seems to be
hardly possible to manage the Terai Groundwater Development
Project successfully and to operate and maintain the facilities
aftér'the completion. Therefore, it is indispensable to fill up
the vacancies in each section and to increase the capable staff.
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. CHAPTER 4. PROJECT CONCEPT

4.1 Objectives of the Projoct

The objectives of the Terai Groundwater Development Project
are 1) to extend irrigated farm land, 2) to increase agri-
cultural production, 3) to raise the incomes and living

- standards .of farmers, 4) to upgrade technology of deep tubewell
development, etc., by means of effective use of the drilling and
construction equipment and materials granted by the KR-2,

“The basic design study is therefore to prepare the basic
~design and implémentation plan required for constrﬁcting a
number of production tubewells and associated irrigation
facilities'hsing the equipment and materials provided by the KR-
2 aid and to be newly provided under a général grant aid of GOJ

to attain the objectives,

The following investigations and studies were conducted in
the Phase~I in 1987:

(1) ~ Test drilling at 4 sites;
(2) Pumping tests at 13 existing tubewells;
(3) Electric sounding at 135 points;

(4} Inventory of the equipment and materials granted by
the KR-2;

. (5)  Selection of potential development blocks of 23;

(6) Topographic survey in the three representative blocks
{(D~-7, M-4 and S-7};
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{7)

(8)

Preparation of an overall deVelbpmeﬁt ‘plan for
construction of 115 deep tubewells and associated
irrigation facilities for 4,600 ha in four years; and

Preparation of the basic design for three representa-

- tive blocks.

In Phase~11, the following investigations were-Made in the
field to prepare the basic design for the development of the
five blocks (D-7, M~4, $-7, D-15 and §-1) planned in the Phase-1I

to be implemented in the first year:

(1)

(2)

(3)

(4}

{5)

Drilling of three tubewells, one each in D-7, M—drand
S-7 blocks;

Electric squhding in the 5 blocks for the purpose of
siting production tubewells;

Pumping tests at existing deep tubewells, Ffor

confirming probable pump diSéharge in the 5 blocks;

Résurvey of the inventory of drilling and construction
equipment and materials grantéd by the KR-2; and

Topographic survey of development areas in D-15% and

‘S—l blocks,

4.2 Outline of the Plan'Formulated.in the Phase-II

4.2.1 Basic Conditions

The overall development plan drafted in the Phase--1 cannot
be implemented due to the following facts revealed in the
Phase-II field work:
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(1)

(2)

(3)

(4)

(5)

{6)

Wo promising aquifer was observed in S-7 block;

Only 20 1/sec of pump discharge was confirmed in M-4
block (pumping water level: 42 m, drawdown: 4 m);

Only 5 to 6 l/sec of pump discharge was observed at an
existing tubewell of TIATSP in S-1 block (pumping
water level 66.2 m, drawdown 18 m), but 27 1l/sec
(19.2 m, 5 m) and 29 1/sec (19.2 m, 5 m) of pump
discharge was reported at two wells of the sﬁgar
factory constructed in S-1 block;

A 40 1l/sec of discharge (pumping water level: 6 m,

drawdown: 6 m) was confirmed in D-7 block;

A 47 1/sec of discharge {pumping water level: 20.5 m,

'drawdown: 8 m) and 19 1/sec of discharge (45.1 m, 3 m)
were confirmed in the south and north of D-15 block,
" respectively; andg

The faéts mentioned above indicate that the

hydrogeological structures in the project area change

'sﬁbStantially from place to_place, accordingly it is

judged that the pump discharge estimated from the
grcﬁndwater potehtial map prepared in the Phase-1I
Study.was unreliable and therefore not usable for the

basic design of the Project.

The above findings revealed that the development plan would

have to be made for each block after confirmation of a pump
discharge of more than 25 1/sec. Accordingly, only two (D-7 and
D~L5)‘6f the five blocks could be subjected to basic deésign

in M~-4 block, re-selection and topographic survey of

development areas are required, In S$-1 block, drilling of a
test tubewell, re-selection and topographic survey of develoment
areas are required. Therefore, these two blocks could not be
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subjected to basic design work, and $-7. block in which no
promising aquifer exists is abandoned from the deep tubewell

develeopment,

4.2.2 Basic Concepts

1)

1)

2)

3)

4)

5)

68)

Difference between'Phase—I and Phase-1I1

The development plan fOrmulated'in Phase-TII is quite

different from that drafted in Phase-1I.

These are compared

with each other in Table 4-1 and may be summarized as

follows:

Overall
plan:

Plan of
production

wells:

Plan of
irrigation:

Basic
design:

Materials
and equip.
plan:

Implemeht-
ation plan:

Phase-~1I

To cénstruct 115 nos. of

tubewells and irrigation
facilities in 4,600 ha of
23 blocks in 4 years.

4 types of standard well
are made and applied to 23

bIOCks{ :

A plan worked out for.

3 blocks (D-7, M-4 and S-7)

is applied to other 20
blocks,

Made for 3 representative
blocks (D-7, M-4 and $-7)
and applied to other 20
blocks,

Mde for 23 blocks. New

procurerent is required.

Existing turbine pumps are
installed,

Made for 23 blocks.

5 blocks are selected for
first year.
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Phase-I1

The overall plan is _
abandoned. The devélopment
plan has to be formulated
for every block afterx

confirmation of pump

discharge.

‘A different type.ofrwéll is
‘applied to each block (D-7

and D-19).

An individual plan is made
for each block (B-7 and
D-15) .

Made for D-7 and D-15.

Made for D-7 and D-15
blocks. New procurément is
required, Existing turbine
purips to be installed.

Made for D-7 and D-135
blocks, :



2) Outline of the development plan

The development plan of D-7 and D-15 blocks were formulated
as follows:

(1)

(2)

D-7 block

i)

o
ol
"

iii)

D-15

i}

ii)

1i1)

Five production wells including a test tubewell
will be constructed. The depth of each will be
apprdximately 200 m. The pump discharge will be
40 1/sec for each well.

irrigation facilities for 200 ha (5 units) will
be constructed. The facilities will consist of
5 pump houses, 5 operator huts, main canal of
8.6 km and related structures.

A vertical turbine pump having a capacity of
45 l/sec granted by KR-2 will be installed in
every well.

block

Four production wells will be constructed. The
depth of each well will be approximately 140 m,
The pump discharge will be 40 1/sec. A fifth
well has already been constructed by TIATSP.

Irrigation facilities for 160 ha (4 units) will
be constructed., The facilities will consist of
4 pump houses, 4 operator huts, main canal of
6.9 km and related structures. The fifth unit is
being constructed by TIATSP,

A vertical turbine pump having a capacity of

45 1/sec granted by KR-2 will be installed in

every well., For 4 out of 5 pumps, pump shaft and
discharge pipe will have to be expanded to 57 m.
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_ The length of irrigétion'canal'ahd the nnﬁber'Of“rélated
structures are explained in the chapter 5 and are shown in
Table 5-1. The pump houses and operator huts ‘will pe built with
brick masonry. The roof and pump foundation will be made of
concrete. The irrigation canal and its related structures will

be made with brick masonry.
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CHAPTER 5. BASIC DESIGR

5.1 Basic Conceépt

A basic design is made for D-7 and D-15 blocks where more
than 40 1/sec of pnmp diséharge was confirmed and selection and
topographic survey of the development areas were also completed,
The basic design is made in accordance with the following basic
concept.

(1) Production wells are designed in each development
block due to different hydrogeological conditions
between blocks,

(2) The standardization of structures is made as much as
possible in the basic design such as pump station,
main irrigation canal and the related structures to
faciiitate.design-and construction works and to
shorten construction period. '

(3) The local construction materials are used as much as
possible to facilitate both construction of irrigation
facilities and operation and maintenance of the
facilitles after construction. '

{4) Considering the particular conditions in Nepal, the
facilities are to be as simple as possible to reduce
the construction costs.

5.2 Production HWells
5.2.1 Pumping Water Level and Design Yield
_BaSed on the results of pumping test at test'tubewells and

-existing'tubéwells,;the pumping water level and design yield are
determined as follows.
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b-7 - :

Type A Type
project Wells
Static water level (m) (Artesian) 42 12
Design yield (l/scc} 40 40 40
besign punping water level ({m) 8 - 50 . 20
Existing Wells
Existing well D-7A N-15 N-33 N-35
Statie water level {m) self. self., 42.1 12,1
Pump discharge (1/sec) 41,2 36.6 19 47
Purping water level {m) 6.0 44.5 45.1 20.5

The design yield and'pumpinq_water level set for the two
blocks in the above table are based on the following technical

reasons.
1) D7
(1)

(2)

{3)

(1)

block

The result of the pumping“teSE on D-T(A) test tﬁbe—
well, i.e., punmp discﬁarge (#ield), drawdown, etc.;:
was adopted for the planning.

More than 60% of pump dlscharge at D-7(A) (41 1/s,
artesian, drawdown 6 m, specific capa. 6 1/s/m) flow

into from screens set from 154 m to 193 m in depth.

The hydfdgeological str&éture in D-7 block is
confirmed to be nearly same in the entlre area by a

gecelectric sounding.

The result of the pumping test on the eX1sting N~ 15
Luhewell was not considered, because the tubewell had
some technical problems such as use of gn pipe based
slit screens with a-small opening ratlo of less than
10%, dlscharglng large quantity of sand and gravel
during the pumping test, etc.



2)  D-15 block

(1) Thé plan of the production tubewells in the southern
' patt'of the block is based on the result of the
 pumping test on the existing N-35 tubewell. The
desian yield'is conservatively estimated, though the
production tubewells may yield more than 40 1/sec
because of the use of reinforced and . strengthened
Johnson type screens having larger opening'ratio
compared with the pipe based slit screens installed in
N-35 tubeweil.

{2) A design yield of 40 1/sec for the production tubewell
in the northern part of the block is calculated from a
drawdown of 8 m by employing a hydrologic formula,
referfing'to the result of the pumping test on N-33
tubewell; _19'1/se§ in a- 3 m drawdown, though the
planned production tubewell will have larger specific
.capacity than the ekiéting one because of Johnson type
screens to be installed.

{3)  Although a geoelectric sounding shows the groundwater
potential in the northern part is less than in the
southern part, it is judged from a specific capacity
of N-33 tubewell that the yield of 40 1/sec (drawdown:
8 m) in the northern part is surely possible.

5.2.2 Location of Production Wells
1)  Numbers of wells

‘Five production wells will be constructed in each
development block. The test tubewell drilled in D-7 block will
be converted Lo a production well., The existing well (N-33) in
P-15 block will be also converted to a production well.
_Acéordingly, four production wells have to be constructed in
each block in the implementation stage.



2 Basic condition of locating

The location of production wells in each develﬁpment block
is determined taking the following points into consideration.

(L)

(2)

(3)

{4)
{5)

(6)

To fully use the results of electric socunding made in

- eacn block.

Interval of tubewells

Based on the hydrogeblogical data of the existing
tubewells, the influence circle of cach tubewell is
calculated to be 200 m and 1,000 m in minimum. and
maximum respectively, because the. perméability_
coefficient and available discharge are  widely
different from place to place due to the difference in
hydrogeological condition of aquifers. - As for Lhe
existing tubé&eils, the minimum'interyal is 500 m

- among the indépendent-tubewells in Malangwa, southern

part of Sarlahi district, and on the other hand, 330 m
in the linked tubewells in the IAP area incenter part
of Mahottari district. Therefore, the interval of
tubewells is determined to be more than 600 i based ¢n
the above facts. (Thé calculation is shown in

Appendix 5.3.)
A linked tubewell system is adopted as far as
topographic condition allows, to secure equitable and

even distribution of irrigation water for each farm.

To minimize a temporary access road between existing
farm road and tubewell proposed,

To avold physical obstructions on the access road such

- as river, irrigation and drainage canals, ctc.

To select higher place than irrigable area for
tubewell location as far as hydrogeological conditions
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allow, to e¢nable irrigation water to be distributed by
gravity.

{(7) Protectlon of existing domesticwuse shallow wells

In and around the viliages in the two blocks there are
many domestic-use shallOw'wells,-Utilizing phreatic
water (or perched water) in the shallow aquifer, which
are used by villagers for drinking and other domestic
purposes. They are open wells with a depth of 10 to
20 m and their borehole is protected with precast
concrete pipes or bricks to avoid their collapse. In
this connection, when production tubewells are
constructed, the existing domestic-use shallow wells
should be protected from drawdown of their water table
and their drying which are resulted from falling
phreatic water. in the Shallowiaquifer down to deeper
aquifers, Therefore, the prodﬁctibn tubewells to be
constrﬁdted under this.project, shall be protected by
filling élay, cement, etc. between the casing pipes

and the borehole surface down to 25 m depth to prevent
the phreétic water from falling down to lower
aquifers,

5.2.3 Standard of the Production Well
1) Design of production well

A purtp housing is designed to be 14" in a diameter and its
“length is desighed ¢dnsidering specific capacity of the aquifer
'and'drawdown of the groundwater level in future. Based on the
above - conditions, the production wells are designed as
summarized below,



Static water level
Specific capacity {1/s/m)
Design discharge (1/s)
Pumping water level

Pump position

D-7 = .
Typé A Type B
- Artesian 42 n 12 m
7.4 6.3 5.6
40 40 40
% m 50 m 20 m
25 m 57 m 2 m

Note:
level,
long term,

2)

Purp position designed to be at least 7 m below the pumping water
taking into account the drawdown of the water level in the

Standard specifications of production wells

On condltlon that the KR-2 materials and equipment are

utiltized as much as p0331ble, standard specifications of
pxoductlon well are tentatively determlned as follows. The
actual casing 1ength will be decided during the construction.
i o D-15
Development Block D=7 N
. : Type A Type B
' Drilling depth 0-210m  0-80 0-70
{diameter) . _ {17-1/2%). S{1i-1/2v)
{17-1/2") or 80-150 70-150
{14-3/4") (14-3/4") (14-3/4%)
Thickness of 44 m 31.5 m 34 mn
aquifer o
Casing depth 200 m 140 m 140
14" casing pipe 30 m 60 m 42 n
8" casing pipe 120.0 m 42.0 'm 66 G m
Reinforced: screen f5;25‘m 10;5.m_ 10, 5 m

9.2 kg/cm?

(5.25m % 1 no.)

{5.25m x 2 nos.)

Reihforcéd screen
16 kg/em?

10.5 m

£5.25m % 2 nos.)

{5.25m » 2 nos.)

21?0 m
{5.25m % 4 nos)

-*21’0 i
(5. 25m %X 4 nos.}

Rod based'séreen to
be newly procured

33,0 m

- (5.5m x 6 nos.)

55 m -5, 5 m
(5.5m x 1 no.) 5. 5 m % 1 no, )

Volume of gravel 20
packing
<1: §.W.L., P.W L. and puvp iocatlon re

14" casing pipe length are shown

production well.

13 md

quired for the determination of

in the section 1) Design of



5.2.4 Pumps in the Production Wells

Adaptabllity of two types of existing pump, granted under a
KR-2 aid in 1983 to the design pumping water levels and de31gn
ylelds of the production tubewells for each block shown in the
preceding section 5.2.3 was studied from pump capacity and fuel
consumption points of view, and the following type of pump was
selected té be installed in the production tubewells planned for
each block.

~ Pumps to be TInstalled in Produétion Tubewells

Block ' D-7 : D-15
Pump to be abplied Existing vertical turbine pump {45 1/sec)
Remodelling of . None Out of 5, four units are to
pump unit be remodelled in extending

pump shaft and column pipe
from the existing 40 m to 57 m,

Improvement to An automatic water level detector, stopping

puitp unit ‘purp ‘eéngine automatically when the water
reaches a dangerous level, is to be installed
in each production tubewell.

An extensibn'of pump shaft and column pipe of 45 1/sec type
turbine pump and installation of automatic water level detector
to eéach produétiOn tubewell can be made at the site without
serious difficulty.

Runnlhg cost of the pumps installed in the production
tubewells planned reépectively for each block is estimated as
follows.



" p-7 D-15

Pump discharge (1/sec) 40 40
irrigable area (ha) 10 _ 40
Pump type ' 45 1/sec type
Fuel consumption (1/hr) 6.5 7.0
(1) Fuel ¢ost {Rs/hr) 52.0 56.0
{2) Lubricant cost {Rs/br) 5.2 5.6
{3} Operator cost (Rs/hr) 2.5 2.5
(4) Pumping cost {Rs/hr) 59.7 64.1
(5) Pumping cost {Rs/1/ha) 1.5 1.6

5.2.5 Core Boring and Installation of Groundwater Lavel
Monitors

Geological interpretation in cach block has to be made from
core samples, since the conventional one, which uses slime
sampléé born by drilling_rig, is not always same with exact
‘geology of the drilled hole. '

In order to confirm geologlcal 31tuat10ns of each block and
to 1nstall a groundwater level monitor or automatlc water level
recorder for long term measurement 1n each block, which is a
prerequislte equ1pment to control punip discharge of production
tubewells and their pump  for long term without operation
troubles, '@ core boring will be made in each block, apart from a
test tubewell and be then used as an observation well after
installing the groundwater level monitor.

However, seven units of drilling rig granted under the KR-2
aid, which are non- core type, are thoroughly occupied to drlll
both test tubewells and production tubewells

For the purpose of both the core sampling andg the
observation well construction, the following equipment 'and
materials’wiil‘therefOre be required: '

(1) Wireline type core boring machine 1 unit

(2) 2" or 4" casing pipes and screens required quantity

{3)-7Automat1c water level recorder required quantity

' for long term measurement ' '



5.3 Irrigation Plan

5.3.1

1)

D-5 is proposed as shown below,

Irrigation Water Raquirement

Cropping pattern

The cropping pattern to be applied tc the blocks D-7 and

‘being implemented by TIATSP.

Cropping Pattern

Jan, Feb, Mar, Apr, May Jun. Jul, Aug, Sep. Oct. Nov., Dec.
Ollseceds Oilseceds
: . Eaxly Paddy Late Paddy o
¢ Tomato (20%) 20%) & Tormato
(20%) ( (208}
Veqetables Vegetables
{10%) {10%)
Wheat
(10%)
kheat Norma} Paddy
{10%) (10%)
Note: Cropping Intensity; 210%

The-above cropping pattern

considering that of the STWP

may be modified so as to meet

the actual condltions of each block such as soil condltlon,

available irrlgation water, drainage condition, etc.
2)

net 1rrigat10n:wafer‘
modified Penman

Irrigation water reguirement

The evapotranspiration which is used for calculating

method,

avallable in and around the project area.

requirement is estimated applying
‘because the: measured 'data are
‘Based on

the
the
not
the



estimated evapotranspiration, crop cOefficient, percolation,
puddl ing water requirement, effective rainfall and operation
hours of pump {12 hys/day), etc., the net irrigation water
requirement is calculated. The gross irrigation water require-
ment at turnout structures for branch canal is calculated for
each month considering the conveyance efficiency of 90% to the
net requirement as shown below.

(Unit‘ lléeclha,
12 hours' ‘irrigation)

Month Jan. Feb. Mar, Apr.'May Jun, Jul. Aug, Sep. oct. Sov.'DeC-

W. Req. 0.82 1.04 0.80 0.84 0.74 0.84 0.84 ©.80 1.30 1.14 0.20 0.50

In D-7 and D-15 blocks, an unit water _requirement of
1 I/SQC/hé‘and a pump‘opefation_hour of 12 hours in a day are
adopted based on the cropping péttefn. The pump operation hour
will be extended to lﬁ;hours'according to thé increase of water

requirement.
3) Irrigation method and design discharge

IttigétiOn water pumped up ;s diSfribu;éd Lo férm_by
grﬁvity through open channel. A rotation irrigation inethod is
applied. An opefation”hour of pump is to be 12 hrs/day in the
daytime. It will, however, be extended to 16 ﬁts/day during the
peak irrigation period. Regulation pond is not constructed in
this ptojépt=beéause it requires a_difficult‘leakage protection,
A rotation'intervai_is df_7 days (6ne week) . Aécofdiﬁély; an
irrigatidn vnit is divided into 7 or 14 rotation unlts.
Irrigation watér_is dlStYibUtEd to a rotation unit through a

turnout on a main canal.

o A probable pump discharge of production well 13 applled to
a design work of 1rr1gation canals, The;design dlscharge of the
1rrigat10n canal is to be constant from the bégihﬁing to the end
of the main canal The_desigh discharge in each block is
determined as follows ' |



Developrent block besign discharge

p-7 40 l/sec
D-15 40 l/sec

5.3.2 Selection of Irrigable hArea

‘Irrigable area is selected according to the following
conditions:

(1)

(2}

(3)

(4)

(5}

(6)

The

(1)

The arable land presently cultivated is to be
‘selected.

The land presently irrigated by shallow tubewell or
deep tubewell, and the land to be irrigated by other

projects are to be excluded,

The land-frequently inundated by rivers 1is to be

~ excluded.

Five production wells will be constructed in one
development block.

The pr0ducti0n wells are to be located in the area
selected in the preceding section 5.2.2. The
irrigation water has to be distributed from the well
to the field by gravity.

One irrigation unit commanded by one production well
belongs to one Panchayat. In addition, the number of
Wards is to be as small as possible.

results of selection are summarized as follows:

D-7 block: A basic design ﬁas.made in the Phase-T.
It is revealed that the northern part could be
‘irrigated by the tubewell (N-15) drilled by TIATSP
after Phase-1 study. Another irrigation area is

_69._



selected for substitution in the western part in the
same Panchayat.

(2) D-15 block: The northern part is excluded from the
selection due to low potential of groundwater. The
southern part is also excluded since it has been
developed by shallow tubewell.

Accordingly, the hiddle part in Naktajhij Panchayat is
subjected to selection. Hariharpur Panchayat located
east of the Naktajhij'Panchayat is also included.
Three préduction wells are selected-in Naktajhij
Panchayat and two in Hariharpur Panchayat.

An unit irrigation water requiiément of 1 l/sec¢/ha is
applied to estimate irrigéble afea in each block. The
details of the irrigable area in blocks D-7 and D-15
‘are as follows.

'Pumﬁ diéchatge ' Ircigable area
Name of per g -
bleck production well o ' ,
(1/sec) {ha} Panchayat ward Ho.
D-7 40 200 Basahiya 1, 2, 3, 5, 6,
. 7, 8A, 8B
B-15. 40 200 HMaktajhi3 3, 4, 6A, 6B, €C

Hariharpur 26, 2B, 2C

Total . 400

5.3.3 Layout of Irrigation Facilities
1) Facilities to be constructed

The following facilities are constructed in this project:
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~ Production well (deep tubewell)
- Pump house and operator hut

-~ Main irrigation canal and its related structures

The facilities of domestic water supply requires high cost
for construction, operation and maintenance works. Considering
the particular condition in the project area, a baffle tank
equippéd to the pump house and irrigatioh canals are enough for
people taking domestic water. Accordingly, the domestic water
supply  facilities are not particularly constructed in this
project; |

Main irrigation canal is of open channel type made with
bricks which results in cheap cost and easy maintenance. The
main irrigation canal has a same flowing capacity from the
beginning to'the end points. Branch canals from main canal are
of 'earthen type and are constructed by férmers.

The following related structures are constructed on the

main canal:

- Turnout,

- Division box,

~ Corner box,

- Drop,

- Road crossing,

- Cross drain,

- Cattle path, etc.

Construction of drainage canals, farm roads and inspection
roads are not proposed in this project since land acquisition
for those seems Lo be very difficult in Nepal. Operation and
maintenance works can be made by walking on canal embankment.
The existing farm roads can be used for transportation of
agricultural inputs and cutputs.
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2) Layout of irrigation facilities

The following conditions are consideréd in planning the

layout

¥

of irrigation facilities.
A pump house is provided at the point of'production welll,

An operator hut is provided apart from the pump house to
avoid noise and vibration caused by the engine and pump.

The irrigation canal system is so planned as to follow
the topography in principle to decrease the embankment
volume and as to follow the existing farm border as much

as possible to reduce loss of land,

Since a rotation irrigation method of seven days is
applied, seven or fourteen turnout structures 'are
provided and all the sub-units commanded by the
respective turnouts are sized to be same.

A drop structure is provided at the point where the
topographic slope is steep and makes too high velocity in
canal.

A cross drain is provided on the natural drainage canal
and stream to let flow pass under irrigation canal.

A road crossing structure is provided for smooth traffic
on the canal.

A cattle pass is provzded al proper 1nterva1 to 1let
livestock pass.

A division:box'is provided at the point whére two or

three irrigation canals are branched out to facilltate
water distribution.
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