4,

1}

fir

2.5, Number of development blocks tobe constructed in each year

Number of developmcnt hlocks to be constructed in first year

The numbers of development block and production tubewell which will be constructed in the

st year ave respectively 5 and 25, of which 5 are diverted from test tubewells dug at the basie design

stage, considering the following conditions.

(1) Evenif the Exchange of Motes is made at the end of July 1985 after the basic design study-
phase II (the beginning of December 1987--middle of June 1988: tentative), the pre-qualification
and the contract with the contractor will be made in October 1988 and at the end of December
1988, because it will take two monthes at least to prepare the detailed design including the
preparation of the tender documents for the first year-construction. Then, the actual
commencement of the first year-construction will be the beginning of Febraary 1988 considering
that it will take one menth for céntracmr’s mobilization,

(2) - 'I;herefore, the construction periods for the deep tuhewé]ls and the irrigation facilities are
four months from the beginning of February to the end of May 1989 and four months from the
beginning of March to the end of June 1989, respectively,

(3).  Inorder to construct the production tubewells for the second year smoothly, it is necessary to
drill the test tubewells, in paralell with the first year construction, in the blocks where preduction
tubewells are scheduled to be constructed in the second year (six test tubewells for six development
blocks). o

(4)  On the other hand, the number of tubewells which can be constructed for four months by
seven drilling rigs provided under the KR-2 grant aid program will be 28 in maximum, considering
that it will take about one month to complete the construction of one deep tubeweil by one rig
machine, '

(5)  Further, the number of development blocks of which irrigation facilities can be construﬁ_ted ‘
for fouf months in maximum by the construction equipment provided under the KR-2 grant aid

 program will be five (25 irrigation areas, about 45 km - main irrigation canals),

de

Of the first pribri_ty eight blocks decided through the discussion with HMGN, the following five
velopment biocks were selected for the first year implementation,

59



Five Development Blocks for 1st year Construction

Name of Block Reason of Selection

5-1 High groundwater potential is expected. Good access. First priority
bleck requested by HMGN.

S5-T* High groundwater potential block in the southern part of the Sarlahi
district. First priority block requested by HMGN,

M-4% Relatively high groundwater potential block in the northern part of
the Terai plain. Good access. First priority block requested by
HMGN,

D-15 The reason is the same as mentioned above.

D-7+ Located in center of artesian area. Highest groundwater potential.

Good access. First priority block requested by HMGN,

Note: * The blocks for which topographic surveys were completed during the Basic Design Study-
Phase I,

~ 2)  Number of development blocks to be constructed in each year

The numbers of development block and preduction tubewell to be constructed for a year after the
first year are 6 and 30 including 6 diverted from test tubewells drilled in the preceding year,
respectively in consideration of the following conditions.

(1} It is possible to prepare during the first year-construetion period the detailed design for the
second year implementation including the test well drilling. A :

(2)  If the pre-qualification is made immediately after the Exchange of Note for the second year
implementation at the end of July 1989, and if the further ax;rangements such as tendei’, tender
evaluation, contract with the contractor are made by the end of October 1989, it is possible to take
seven months from the beginning of December 1989 to the end of June 1990 for the second year
construction, considering one month for the contractor’s mobilization.

(3} It is possible to complete the construction of 30 deep tubewells consisting of 24 produétion :
tubewelis and 6 test tubewgl]s for the third year implementation, using seven rig machines during
five months from the beginning of December 1989 to the end of April 1990, ;

{4)  In addition, it is possible to construct the irrigation facilities for six development blocks (30
irrigation blocks and about 54km of main irrigation canals) by the construction equipment

provided under the KR-2 grant aid program during six months from the beginning of January to
the end of June 1990. '

(5)  The third and fourth years-implementation will be made with the same manner as
mentioned for the second year, but drilling of test tubewells is excluded from the work compohents
for the fourth year, The development blocks to be constructed after the first year will be
determined through the mutual discussion with HMGN at the implementation stage.
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4.2.6. Construction equipment and materials

1) Adjustment and repair of equipment and materials

According . to the inventory survey on the materials and equipment provided under the KR-2
grant aid program, it is essential to vepair and adjust some of materials and equipment and to precure
the additional materials and equipment in order to drill 23 test tubewells (one test tubewell per bloek,
which is diverted to a production tubewell Jater on} and 92 production tubewells and to construct the
respective irrigation facilities for the 115 irrigation areas,

The major adjustment and repair of the KR-2 equipment and material are as follows:

(1} Adjustment and repair of 7 drilli_ng rigs, especially three rigs of YRD-501R;
{2) Overhaul and repair of the mud pumps for the above drilling rigs;
(3) Reinforcement of Johnson screen (total length: about 2,572.6m); and

(4) Expansion of the pump shaft and suction pipe of the vertical turbine pump sets {50 nos.).
(expansion from 30m to 40m for 5 pumps, and from 30m to 55m for 45 pumps.)

2} Requirement of additional materials and equipment.

The 'quax_ltities of materials and equipment required for constructing 115 production tubewells,
including 23 test tubewells and irrigation facilities for 23 development blocks (115 irrigation areas)
for four years as scheduled in the development plan setin Section 4.2.5 dre summarized below,

(1 Matt_gria!s and equipment for dvilling and finishing

{11 ‘Tricone hit 174 130 nos.
[2] “Pricone bit 143" 130 nos.
[3] Hole opener 143174 - 70 nos.

There is no stock for the above bits and opener. Based on the experience of drilling four test
borings in the Basic Design Survey, it is judged to consutne each one bit per one deep tubewell on
an average, and 15% of contingency is included for the above items [1] and [2]. As foritem (3}
considering the rig capacity, it is assumed that a 171" - bit is applied for drilling up to the depth -
of 60~T0m and for the portion deeper than 60~70m the reaming from 14%” to 174” is made
using a hole opener after drilling by a 145}” - bit. Then, 0.5 number of the hole opener is required
for one deep tubewell, and about 20% of contingency is included. '

[4] High pressure-gir #ompt‘essor (20kg/em?, 20m3/min.) : 1 no.

It is essential to additionally procure a high pressure-air compressor, because the present
compressor does not have sufficient capacity (Tkglem2, 10.5m%/min.) to develop the gravel-

packed tubewell after 8” - Johnson type screen installed in the drilled hole of 174" diameter.
[6]  Threaded 4” - suction pipe (L=5.5m) : 390.5m
[6]  Threaded 1” - air pipe (L=5.5m) : 506m

The required lengths are calculated deducting the lengths available at present from (otal
required length of 561.6m on the assumption that the development of tubewells would be made
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at four sites at the same tine (120m class; 3 sites, 200m class: 1 site} after installing screens

and casing pipes and packing gravels,
[7)  Submersible motor pump (50m head, 40¢/sec) : 1no.

This type of submersible pump is not available at present, though required for puraping tests
of production wells. However, the diesel generator is not required because there are 10 nos. of

diesel generator at present.
[8]  Noteh tank for meaning pumped discharge (2.5 m3); 5 nos.

One notch tank is available at site. Tive tanks shall be added to carry out pumping tests at
six sites at the same time. These tanks shall be manufactured at site using the steel plates to be

locally purchased.
{91  DCengine welder (3.6 kVA): 5 nos.

The present seven DC engine welders are exhausted and not useful, then five numbers shall
be added.

{10] 20" - conductor pipe (L=3m): present 84m + additional 1,368m
[11] 14”-casing pipe (L= 6m): present 4,932 m + additional 812m
{12] 8”-casing pipe (L=6m): present 12,732m (not necessary to add)

The above additional pipes are required for constructing 115 production tubewells including
23 test tubewells.

[13] Reinforced Johnson screen (L=5.25m, L=3.25m): 2,572.5m

It is hardly possible to install the present Johnson type screens below 150m deep, even if
these screens are reinforced. The above figure is the total length of the reinforced Johnson
screen to be installed in the depth from 50m to 150m for 115 production tubewe]ls including 23
test tubewells, \

{14] New 8"-ring based wire-wrapped sereen (L=5.5m): 1,996.5m

‘The above figure is the total length of the screen required for installing at the positions
deeper than 150min 115 preduction tubewells including 23 test tubewells.
' t15] Centerlizer for 8” - casing pipes: 594 nos.

There is no stoek. it is necessary to use a centerlizer per 3 nos, of 8" - casing pipes’{‘ISm) to
install 8"-pipes vertically in the center of the drilled hole of 174",

[16] Pipes and shafis for Ebara turbine pump set: 200m for 8 sets

The above length is necessary for extending the pipe and shaft of the present Ebara turbine
pump {8 nos.).

[17]  Pipes and shafts for Okamoto turbine pump: 175m for 7 setg

The above length is necessary for extending the pipe and shaft of the Okamoto turbine pump
(7 nos.). '

[18]  8”.delivery pipes with elbow (L=1.2m): 68 nos,
[18]  6"-delivery pipes with elbow {(L=1.2m): 47 nog.
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(2)

- There is no stock. The above number of delivery pipes shall be installed at the outlet of Ebara

- (68 nos.) and Okamoto (47 nos.) pumps.

[20]  Portable water tank (3m8, made of water-proof cloth): 24 nos,

There is no stock. The drilling of tubewells and the construction of canals will be mads at
twelve sites at the same time, and two numbers of tanks are necessary for one site. 1t is difficult
to get water at site, therefore without water supply by tank lorry it is difficult to proceed with
the drilling and construction.

{21] Portable diesel tank (2m3, made_ of steel plate): 4 nos.

 Two numbers of tanks are available at site. The drillings will be made at six sites at the same
time. A tank will be set at each site, and three tank lorries will be uged for the supply of diesel to
six sites,

[22] Gas welder: 5nos..

One is available at site. One set of welder js necessary for drilling and development at each
drilling site.

123} Wireless (host: 1 ne., branch: 6 nos.): 1 set

1t is necessary to communicate each other be tween a construction office and six drilling sites.

[24] Cement 58ton
Bentonite _ _ 460ton
Barite ' 29on
CMC ' 18ton
Mud cleaner 15ton

The following quantities are necessary for construction of a production tubewell,

Cement 500kg
Bentonite 4,000kg
Barite : 250kg
CMC “150kg
Mud cleaner 130kg

The cement is used for constructing foundation from which the casing string (casing pipe +

-scieen) is liung. The mud cleaner will be sent from Japan, but the other materials will be

procured in lecal market,
[28] Gravel for packing: 2,127m3

The gravel of whi@::h diameter is 2mm~9mm shall be used for gravel packing for Johnson type
screen, Sereening shall be made twice using sieves of 9mm and Zmm.

[26] Fuel (Diesel fuel): 1,135ke

The diesel of 300€/day will be consumed for drilling and development of deep tubewell.

Transportation equipment

o 4t-cargo truck with 3t-crane: 1 no.
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3)

Available number of cargo-truck is five. The drilling and development will be made at six
sites al the same time, and a cargo iruck with crane will be required for each site.
[2) 4,000¢-diesel tank lorry: 1 no.

Available number is twe. The drilling and development of tubewells and the construction of
canals will be made at tweive sites at the same time, and one tank lorry will be required for

every four sites,
(3]  4,000f-water tank lorry; 1 no.
Available number is five. As same as mentioned above, much volume of water will be
consumed at each site, and a tank lorry will therefore be required for every two sites.
[4}  lten-pick-up bruck: 6 nols.

The number of pick-up trucks usable for the construction of deep tubewells is zero. A pick-up
truck will be necessary for each drilling and development site to transport spare parts,

consumables, materials, etc.
[6]  Bten-fork lift: I no.

Available number is one. Since the casing pipes and screens are stored in the TIA’I‘SP center
and the Newalpur Horticulture Farm separately, a fork lift shall be provided in each place for

loading such pipes and screens on truck or trailer,

Construction equipment

{1} 2.8m-motor grader: 1 no.

The motor graders which are kept at site are six consisting of one number of 2.8m-blade and
five number of 3.1m-blade. One motor grader shall be added for construction and maintenance

of access reads.
(2] 4ton-vibro road roller: 1 no.

Available number is five. The construction of canals will be carried out at six sites at the
same time, and a roller will be necessary for compacting canal embankment at each site. Itis
hardly possible to use a vibro roller at two sites because the running speed of roller is too slow. If
the canal embankment is not compacted sufficiently, the brick éahél will be dama'ged due to the
erosion of the embankment during the wet season. '

{3]  3.5ton-dump truck: 2 nos.

Available number is ten. 10~20% of the embankment material of the canals constructéd
under KR-2 grant aid program was carried from the quarry site located 10~20km far from the
site, and two dump trucks will therefore be necessary for each construction site, '

[4]  0.5m3concrete mixer: 2 nos,

Available number is four. A concrete mixer will be necessary for the concrete niixing at each
site (pump house: 1 no., operator hut: 1 no., brick canal: about 1.8km long), '
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(4)

Vehicles for operation and maintenance

[1] ~ Wagon typejeep:' 3 nos.

Available number is three. A wagon type jeep will be necessary for operating the
construction office of each party (consultént, drilling contractor and civil contractor). Besides,
for the topographic survey by the consultant, three wagon type jeeps will be required. 12 survey
engineers are required for surveying six development blocks per year.

[2)  deep: 12 nos,

Available number of jeep is zero. It is necessary to assign 12 vehicles consisting of one for
supervision by the consultant, three for Japanese drilling experts (one for two persons), one for
each of mechanical engineers for drilling rig and construction equipment and six for canal
construction by eivil contractor.

The quantities of the materials and equipment required for constructing 115 production

tubewells including 23 diverted from test tubewells and irrigation facilities for 115 irrigation areas

during four years {construction of 25~30 production tubewells and irrigatien facilities for 25~30
irrigation areas a year) are shown in Table 4.5 and Table 4.6 including those required additionally.

The comparison between the project components requested by HMGN and those planned in this

chapter is shown in Table 4.7, and the details of the planned project are shown in Table 4.8 together
with the HMGN's request and the results of the study thereof.
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4.3. Japanese Technical Cooperation

Since JADP was established in 1971, the Government of Japan has executed the various
technical cooperation for the programs and projects of JADP for 15 years till chemhe_r, 1986 as weli
as the grant aid assistance. The Japanese experts in various kinds of field such as rice cultivation,
horticultare, irrigation, groundwater development, extension, training, ete. were despatched during
the period, and the following activities have successfully been performed:

{1) Operation of Hardinath Agricultura! Farm and Sindhuli Agricultural Farm;
(2) Establishment and operation of Nawal par Horticulture Center;

(3) Breeding and extension of Junar (Nepalee originated ¢ytrus);

(4) Establishment of cultivation lechnique for Japanese grape;

(6) Establishment and operation of IAP;

(6) Construction of irrigated model farms;

(7)  Promotion of shallow tubewell program;

(8} Guidance and training of agricultural extension officers and farmers; and

(9)  Establishment of repair and maintenance technique of farm machinery.

However, technical knowledge on ‘ groundwater development, technique and method for
hydrogeological survey, planning, drilling and finishing of deep tubewell, operation and maintenance

of irrigation facilities, water management, repair and maintenance of pump and construction and
transportation equipment, etc. and organization of water users’ groups have not been established yet,

To improve such situation a technical cooperation is required in parallel with the
implementation of the Terai Groundwater Development Project.
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5. BASIC DESIGN






6. BASIC DESIGN

5.1, Basic Concept

The bagic design is made for the selected three development blocks (15 irrigation areas) in
accordance with the following basic concepts.

(1) Four types of deep tubewells planned in Section 4.2.3 are applied to 23 development blocks.

2y The swndardizatibn is made as muéh as poésible in the basic design of the irrigation facilities
such as pump station, main irrigation canal and the related structures to facilitate design and
construction works and to shorten construction peried.

(3) Thelocal constructipn_mgteria!s are used as much as possible to facilitate both construction and
operation and maintenance of the irrigation facilities after construction.

{(4) Cﬂns-ide'r'ing' thé !oqai condition of N_epal, the facilities are of the structure as simple as possible
to reduce the construction costs, : '

The total costs and work quantities for constructiﬁg all the facilities planned for 23 development

bldcks'ﬁre_est-imated hased on the results of estirhate for the selected three blocks, and will therefore
be subject to the results of further survey, ix_westigation and study.
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8.2 Basic Design Condition

Prior to the basic design, the following design conditions are determined.

1)  Cropping pattern

The cro'pping. paftern to be applied to the project area is determined as shown below, considering
that of the STWP being implemented by TIATSP,

Cropping Pattern

dan. | Feb, | Mar, | Apr. | May | Jun. | Jul. | Aug, Sep. | Oct. | Nov. | Dec,

Oilseed X s Oilseed

(21095% ) \ Early Paddy (20%) Late Paddy (20%) \ (20%)
Vegetablaz (10%) I i agatables (10%)
Wheal (70%)) | | Normal Paddy (70%) |\ Wheat

(70%)

Note: Cropping Intensity : 210%

The above cropping pattern may be modified or changed so as to meet the actuat condition of -
each bleck such as soil condition, available irrigation water, ete. after the construction. of the
production tubewells and irrigation facilities, but the modified pattern will also be almost same to the
above proposed pattern which is mainly composed of paddy and wheat.

2}  Irrigation water requirement

The evapotranspiration which is used for caleulating the net irrigation water requirement is
estimated applying the modified Penman method, because the measured data are not available in
and around the project area. Based on the estimated evapolranspiration, crop coefficient, percolation
(2~5 mm /day), paddling water requirement, (160 mm/month), effective rainfall and operation hours
of pump (12 ha/day), ete., the net irrigation water requirement js calculated. The gross irrigation
water requirement at turnout structures for branch canal is calculated monthly considering the
conveyance efficiency of 90% to the net requirement as shown helow.
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Magﬁthly QGross Irrigation Water Requirement.
o (unit: €/seciha)

g

Month | dan. | Feb. | Mar. | Apr. | May | Jun. | Jul. Aug. | Sep. | Oct { Nov. | Deec.

W.Req.| 1,04 | 1.08 | 1.26 | 0.84 | 0.74 | 1.36 | 0.87 | 0.98 | 1.22 | 1.06 | 0.66 | 1.16

' In the hasie déSién of the irrigation canals and their related structures, a pump operation hour
of 12 hr Aday and the unit irrigation water requirement of 1€/sec. /ha. ave adopted, but the operation
“hour of pump will be, when necessary, extended to the maximum 16 hours.

(3 Interval of tubewells._

The influence circle of each tubewell varies from 100 to 500m (tubewell inter§al 3 200~1,600
m), because the permeability coefficient and available discharge are widely different from place to
plﬁée due to the difference in hydrogeolo’gical condition of aguifers as shown in Table 3.2. As for the
existing tubewells, the minimum interval is 500 m in the mdependent tubewells in Malangwa of the
'southern part of the Sarlahi Dlstrmt and on the other hand, 330m in the linked tubewells in the IAP
area in the center of the Mahottari District. Therefore, the interval of tubewells is determmed o be
more than 600m based on the above facts., Further, in order to avoid the uneven allocation of
irrigation water and water charge in irrigation areas caused by different discharge of each tubewell,
a linked tubewell system will be adopted as far as the topographm condition of the irrigation areas
allows,

(4) IMeasures for land subsidence

In the southern part of the Terai plain where the clay layer is predominantly develaped up to
170m deep and some attractive aguifers are Jaid above 170m deep, the main aquifer of the designed
tubewell shall be below 170m deep ((G6) to aveid the land subsidence.

b) Pfétectidn 6f_‘ existing domestic-use shallow wells

In the'virl:l'gg'eé'in_'thp project area there are many domestic-use shallow wells, utilizing phreatic
water_(ui‘ 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 10-20m and their borehole is protected with
precaslﬁ concrete pipes or bricks to avoid their collapse. In this meaning, in case of construction of
deep tubewells in the project avea, , the existing domestic-use shallow wells should be protected from
lowering of their water table and their drying which are resulted from falling phreatic water in the
shallow aguifer down to deeper aquifers. Therefore, the deep tubewells to be constructed under this
Project, particularly in the northern area where boulders, gravels and sands are predomm'mt in the
shallow layer, will be protected by filling clay, concrete, etc. between the casing pipes and the
borehole surface down to 25m depth to prevent the phreatic water {rom falling down to lower
aquifers.
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5.3 Basie Design

5.3.1. Location of tubewells

The location of deep tubewell in each irrigation area is determined cmzbldermg topngraphy
system of tubewells (independent or linked tubewell system) and the following conditions.

- The location of tubewells shall be determined so as to keep the tubewell interval more than
600m to avoid the influence of tubewells each other. To securé the even distribution of
irrigation water, the linked tubewell system is adopted as far as the topographic condition

allows, .

- 'The temporary access road between existing farm road and tubeweil site shall be 500m in
maximurm. ' '

- One tubewell out of five in a development block shall be located near village and equlpped
with s bathing pool for the domestic use of a part of the lifted water. : _

- On the approach road frem mgjor road or village to tubewel] site, there'shaﬂ_ be no ubstruction
such as river, canal, ete. _ _ ‘

. The tubewell shall be located on the place where the elevation is higher in the iri‘igatian
block considering that the irrigation water is distributed to ¢ach farm plot hy grav&ty flow
through open canal. : .

The length of temporary access roads for the three blocks of which the basic design was made is
tabulated below, : :

Length of Access Road from Farm Road to Site -

Basahiya Bleck Kisannagar Block Bramhapuri Block |
(D7) (M-4) 8-7)
No. | Lengthof Access | No. | LengthofAccess | No, | Lengthof Access
1 130m 1 70m 1 . om
2 Om 2 O 2 Om
3 Om 3 Om 3 90m
4 390m 4 90m 4 230m
5 O 5 dm 5 430m
Total 520m Total 160m Total | 1,150m.
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5.3.2 Standard deep tubewel
1) Dc?s'ign of production tubewell
1) Length of pump heusiﬁg

The distribution of specific capacity and the transmissivity in the project area are presented in

Fig 3.9 and Fig 8.10 which are based on the results of hydrogeological survey deseribed in Chapter 3.

The additienal reqmrement to the 14”-casing pipe provided under the KR-2 grant aid program

‘depends mainly on the structure of production tubewell, especially on the length of pump housing.

The table shows the length of pump housing (length of 14 -casing pipa) for each type of tubewell
caleulated based on the above specific capacity, ete. :

Regquired Length of 14"-Casing Pipe (Pump Housing)

Deseription Type- 1 Type-1I Type-H Type-N
Groundwater Elevation . | - 1bm 30m (m Om
Specific Capacity (¢/sec/m) | 4.0 1.5 2.0 1.1

|} Design Discharge (£/sec) 40 30 50 40
Design Dépth of Dynamic 25m 50m 25m 36m
Groundwater Level : ' '
Instal'latmn Depth 30m ~ B5m 30m _ 40
of Pump ' o .

| Lengthof 14™-casing © 36m 60m 36m 48m

(nes. of pipe) (8 (10) (6) (8)

(2) Standard specification of production tubewell

As mentionéd in Section 4.2.8, the production tubewells in each development block should be
constructed utilizing such XKR-2 materials and equipment as pumps, screens, ete. as fully as possible.
While, specification of the four standard tubewells designed in Section 4. 2. 3 is summarized below.
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Standard Specification of Production Tubewell

{Dia. 2~9mm)

Description Type- I Type-1 Type-11 _ Type-N
Drilled Depth (1747 89m 159m 206m 206m
Casing Depth 841 154m 200m 200m |
14"-Casing Length £3 36m 60m - 36m 48m
Thickness of Aquifer 30m 40m 50m 50m

{Length of Screen) L PR
Design Discharge’ 406/sec 300/sec 50€/sec. 40¢/sec
Packed Gravel 9.2m3 16.6m3 24.0m3 23.2m3

Note: €1: - The grounawatér lével, the des

ign dynamic water level and the positionof

" installed pump for determining the 14”-casing pipe length are as tabulated ig the

preceding table.

{3) Sereen

The following three types of screens are appled to the production tubewells; conéidei_*ing the
strength and the installed depth of sereen,

@ The present Johnson sereens are applied to the shallow aquifer down to 50m deep (105m).

@ The reinforced Johnson screens are applied to the middle aquifer from 50 to 150m’_' deep
(2,572.6m). The screen is reinforced to 9.2kg/em? for 58~ 100m depth and 16kg/em? for

100 - 150m depth.

@ The ring based wire-wrapped screens are applied to the deep aguifer from 150 to 200m

(1,996.5m).

However, the detail of the above design is subject to the results of drilting test tubewells.

2}  Drilling and development

The drilling of production tubewells is made with the diameter of 174" to inst,aﬂ the pipes such

as 8 -casing pipe, 8"-screen and 147-pump housing. The centerlizers are therefore attached to the

pipes at the interval from 15 to 30m, and the casing string is hung on the turn table of the drilling rig
with casing band until the pump-up test is completed. The diameter of gravels to be packed is from 2
to 9mm, and the packing is made steadly and continuously. The manners of drilling and development

shall be as follows.
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(1) Installation of 20"-conductor pipes (average
depth: 12m) ' Drilling and Development of Tuliewells

(2) Construction of reinforced concrete base around
_'the' pipe (8 days). Check of drilling vig and mud
pump. Pr epamtmn of mud and digging of mud
pond.

(3) Drilling and enlargement of hole to the design
depth with a diameter of 174",

l.—Casing o 147

| Bedgeer 14700 8"}

(4) Blectriclogging (0. Bdays) —
& Installation of casmg plpes, remforced Johnson @

sereens and ring based wire-wrapped screens (the < >

casing string shall be hung with hoist or casing ' 1 e K e

' Dis A 2

band). K L

(6) Gravel packing (2 days) (diameter : 2~%mm} : % .
- . . * cantrgtlzer LAve. 157 zpan)

(1) Welding of top of 20™-conductor pipe and casing < :F/

with more than two pieces of L-steel. ' Cosing ts 8

: . , —-—f"‘ﬂ- asing
8 Deve}cpm'en't (4 days) and pump-up t_,est {7 days)‘ . %_;f Soreen
(9 Removal of hoist or caqmg band. ] >
(10) Removal of dmlimg rigand maternais (I day) |
(11 Preparatmn of concrete plug, hele for gravel Dot % -
. ———i'

packing and pump_ base,
The deve!o;ament of the tubewell shali he made after gravel packing in the followmg manner.

(n Llftmg-up by ba:ler and cleaning by water
circulation (when surface water is available at site).

(2) Preparation of mud cleaner |

(3) C}eanmg of screen by water jet wzth mud cleaner.

{4) Cieamng of bottom of tubewell by bailer,

(8) Airlifting (from top position to lowest position of the sreen)

It will take four days to complete the above works.
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3)

(1

A)

Reinforcement of Johnson screen to be applied up to 150m deep.
Study on side pressure and collapse strength.

Caloulation of side pressure to screen at the depth of 150m.

@ Ins case the borehole is stable | _

The gravel pressure (PA) to the outside circle of 8”-pipe (0.6m) is caleulated as follows.
Pa=Kark

Where: ¥, :  active earth pressure ceefﬁcieht,
K, =tan*(45° §)+ -f—%m%*’-— g-) |
y + specific gravity of gravel,
y=1.6 (0~50m deep), 0.6 (50~150m deep).
h de;ﬁth from the top of casing
¢ : cohesionofclay, c=0, and
¢ : angle of internal friction, g=230°
Ka=0.33,r=1.6, 0.6, h=50m, 100m, éafety factor Fs=1.5,
Pa=1.5Karh =(1.5X0.33X1.6X50+1.5X0.33 X0.6X 100).
=69 ton/m?=7.0kglem?
@ In case the borehole is easily collapsed

The following earth pressure formula shall be applied to estimate a collapse strength
necessary for reinforcing the present Johnson screen, because it is widely employed in the oil
field in U.S.A. and other oil couniries to calculate a collapse strength of the pipes and screens fo
be set in the oii well.

P=1.5h X P8I
where, 1.5 =safety factor, h=depth of well, and PSI = 1/14kglem2.

In case the depth of well is 150m and 200m, the respective earth pressures are caleﬂlated as
follows: : :

P(150m)=1.5X 150X 1/14 = 16kglem?
P{200m)= 1.5X 150X 1/14 = 21kglem?

" Therefore, the present Johnson screen shall be reinforced up to 9.2kg/cm2 for 100m depth and
16kg/em? for 150m depth, assuming that the borehole and screens will be éasiiy collapsed by the
earth pressure calculated above. Because, in the northern part of the project area a draw-down
of deep tubewells reaches 50m deep, while in the southern part main aquifer consists of fine and
coarse sand, and thus the borhole and screens are apt to easily collapse. It is also recommended

to use a ring based wire-wrapped screen for the depth from 150m to 200m and deeper, duly
considering the conditions as stated below: '

- The collapse strength of 21kg/cm? is required for the depth of about 200m;
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- It ig technically difficult to reinforce the present screens so as to increase the collapse
strength from the present 4.6 to the required 21kg/em?, and the reinforcement cost is nearly
same to purchase cost of the other strong sreens available in market; and

-+ It is essential to pump up groundwater from the main aquifer (fine sand) laying deeper than
150m in the southern part of the project area.

B) Study on tensile strength of screen due to subsidence of packed gravel.

qc
§= == or
7 | | ?‘f 200 rfs=
Where :qe @ average cone penetration resistivity of gravel (ton/m?).
N : average N-value, assumed to be 1.

Total friction resistivity of 8"-pipe length from 50 to 200m deep is calculated below.
1
RF= (200 --50)X0.6Xrfs=150X0.6X g =18ion

Total :weight of 50m-screen and 150m-casing pipe is about 4ton,

The tensile strength of the present screen (28ton) is sufficient against 22ton (total weight + the
above friction resistivity).

@ 'Mef;hod of_réinfbrc’ement

The method of remi'ercement for the present screens was exammed taking mto consideration a
collapse test of the Johnson screens in Japan, and the most suitable method is to insert into the
present, sereen the rings which are manufactured by cutting the pipes (out-side diameter : 183.7mm,
API standard : 75/ thici.ness : 4.5 mm) to 20-50 mm or 100mm lengﬁh The rings are fixed on eight
rods (thmkness 8mm, width : 16mm, flat bar) at an interval of 300mm (in case of 9.2kg/em?) and
30mm (in case of 16kg/em?) by welding. The remforcement proposal which is based on the above test
results is iHlustrated below. : :



Reinforcement of Present Screon

Present Screen 1:L = 52m Applicable Depth
1,000 _

t lessthanb0m

o 1E
Present Screen 2:L = 32m Applicable Depth i lessthanb0m
& i
it i
£ ;\3
X i
Proposed Reinforcement 1 :L = 525m Applicable Depth : 50-100m
130, 00 59 300 20 200 20 300 100 300 50.200 50 30O 100 300 5O 300 §0 300 00 300 50 300 5Q 300 50 30 0o
N O 1 S N S I O O { i | 1
% ” ” U ” ” | “ [ ” N. ” %
Proposed Reinforcement 2 :L = 3.25m ~ Applicable Depth ; 50-100m
190 300 50 250 £0 30D 100 300 60 250 80 250 100 300 50 250 20 500 160
. | 1 I |
i . [
2 — LS L] B
Proposed Reinforcement 1 :L = 5.25m Applicable Depth : 100-150m

[15_0r 5000
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Proposed Reinforcement 2 :Lo= 325m Applicable Depth

D
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e
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The application of the above screens to 118 production tubewells is recapitulated as follows.

e

Dopth Sereen to be Applied Required Length for 115 Production Tubewell
30-~60m Present gereen (St,rength:'é.ﬁkglcmif) ' 105m
50~100m Reinforced screen (Strength: 9.2kg/cn?) 1,758.75m
100~150m Reinforced screen (Strength: 18kglem?) 313_.?51“
150~200m - Ring based wire-wrapped 1,896.5m

sereen (Strength : 28kg/em?) to be

procured newly.

“However, the above-mentioned application is subject to the result of test tubes;;ells o be drilled
prior to the construction of production tubewells.

4)  Casing program

. Th{ebési’}ng program is mude based on depth and thickness of aquifer as shown below, but in the
southern_ pa_n‘; of the Mahottari district and the central part of the Dhanusha district, where there
exists the possibility to cause land subsidence, the screens will be installed below 170m deep.

Typa Objective Avea verage. epth Aquifer (Average Thickness)
: . R . of Aquifer . | :
Northern Sarlahi 30~35m { G1{5m})
45~70m | G2(25m)
{ Northern Mahottari, 35--45m | {10m) - STWPareais
excluded.
Northern Dhanusha 90~110m | G2 -1{20m)
o 125~140m | G5 (16m) .
Southern Sarlahi, - 70~80m | G2 (10~20m)
Southern Mahottari, 130~140m | G3-1(10m)
| Central Dhanusha 160~170m | G5 (10m)
' 175~190m | G6(1bm}
: Centraleurthérn : 70~80m { G2 (10}
Mahottari, o -
South-eastern 106~130m [ G3(20m)
| Dhanusha 140~ 160m | G5 (20m)
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As stated in the preceding section, the collapse strengths of the present Johnson screen, the
reinforced Johnson screen and the ring based wire-wrapped screen are 4, 8kg/em?, 9.2kg/em? (for
100m depth), 16kg/em? (for 160m depth) and 28kg/em?, 1espeetwely The necessary length of the
applied screen is tabulated below. However, the detail of the program may be modified based on the
drilling results of test tubewell in each block and the result of the apphcatmn test of the reinfor ced
screen to be made during the basic design study-phase 11,

Pasition and Length of Screen for Standard Tubewells

Description Type-1 Type-1I Type-ll Type-IV ~Total £6
Depth of tubewell 89m 159m 205m 205m -
Depth of casing 84m 154m 200m 200m -
Number of tubewell 20nos. 45nos. 45nos. - |- Hnos. + ¥1&nos.
Groundwater level 15--20m 20--30m 0~6m G~bm -
Dynamic Water Level 25m 50m " 28m 35m R
Position of Pump 30m 56m 30m 40m —
Length of 14 -casing 36m G0m 36m 48m “ B,5644m
Length of Sereen 30m 40m 50m 50m 6,145m

30~50m 41 Bm - - - | 106m
50~100m 42 25m 16m 10m 1om | 1,758.76m
100~150m 43 - 15m - 20m 813.75m
150~200m <4 - - 40m 20m 1,998.5m
Note: ALi: The present Johnson screen is applied.

£2 & £3: Thereinforcedf Johnson sereen is applied.

L4 The ring based wire-wrapped screen is applied.

2.8; The lengths of casing pipe and screen include 5% of contingeny.

5.3.3. Layout of irrigation facilities

The foliowing conditons are considered in planniog the layout of irrigation facilities.

- The location of pump house is determined considering the conditons itemized in Section 5.3.1.

- The operator hut is provided apart from the pump house to prevent it from the bad affection
caused by noise and vibration of engine and pump. ' '

-The irrigation canal system iz so planned as to follow the topography ag much as';}dssible to
decrease the embandment volume and as to follow the existing farm border as much as posmble
. toreduce loss of land. :

_Since a rotative irrigation method of seven days is applied, seven or fourteen turnout
structures are provided and all the plot sizes commanded by the reSpeetwe turnouts shall be
thesame.

- The drop structure is provided where the topographic slope is steep and makes too high velocity
incanal. '

- The cross drain is provided at the crossing of irrigation canal and natural drainage or river.
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- At the crossing of irrigation canal and existing read, the road crossing structure is provided for
smooth traffic,

- When the irrigation caiial i§ constructed in the area where caitle such as cow, sheep, goat, ete.
seems to often eross the canal, the cattle pass is provided with proper interval.

- At the point where two or thres irrigation canals are branched out, the division box is provided
to faenhtate water d:strzbutwn

- Where the canal is bant suddenly, the corner box is provided to assure the smooth water flow.

- The precast check plate is provided downstream of turnout structure on I;he main irrigation
canal to supply water properly to the branch canal.

- The bathing peol ig attached toa baffle tank of the purnp house located nearest main village in
the block. :

The reqmred guantity of the 1rrxgat.wn factlities {or the deszgned three blocks are summarized
inTable 5.1. : :
5.3.4. Basic ﬁesign of purnp hoilse_and_operator hut

1) Pump house

The pump house is planned as follows, though the deﬁmte elevations and dimensions will be
determined in the detailed design in the future.

(1) The scale of pump house is determined to be 13.50m2 (5.0mX2.7m) X2.7~2.8m high
considering that of existing TIATSP i}_!._tmp house, and size of pumps and engines to be installed.

Plan of Pump House

5.0m

¥

P 1.1m ,W
|

/,f/ /}/"////é/’////

CE}(/ Center of tubewe!!

!

o

13.50m?

l

{(2) The pump house will be constructed with the brick masonry walls of 25cm- thickness and the
reinforced concrete roof with the hole of 0.9m X 0.9m necessary for pump installation. The
foundation will also be made thh brlek and the floor is plane concrete The xoof will be I’imshed with
martar p!astermg S

m&

A

(3) The waii wnli be ﬁmshed thh ruled pmntmg
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(4) The width of entrance will be 1.2 from which the facilities such as engine, ete. are bmught intg
the house and the double swinging doors will be installed. To facilitate ventilation and lighting, twy
windows will be provided and a lattice will also be fixed for pr otecting the facilities from robbery,

(5) The pump and engine will bs installed on a common foundation base.

(6) No lighting facility will be provided because the pump is operated for only 12 heurs in day time,
When the night time operation is necessary a kerosene lump is used.
2y Operator hat

"The operator hut is provided adjacent to the pump house for the operawr’s.l‘ESt during the pump
operation. Though the exact location and the definite dimensions and elevations will be determined
during the detailed design, the pre]iminary design is made as follows,

(1) ‘The size of the operator hut is 9.72m2 (3:6m X 2.7m) X 2.7~2.8m high as shown helow.

Plan of Operator Hut

3I6m

¥

4

A

AR

9.72m2

|

N

DRI

DR

vy R

N

{2) The operator hut will be constructed with 25cm-thick brick walls and mortar-finished roof as

same as the pump house.

(3) The walls will be finished with ruled pointing and the floor will be finished with mortar.

(4) Twe windows will be provided to facilitate lighting during the day time, and no lighting facility
will be provided because the pump will be operated only durmg the day time. When the night time
operation is made, a kerosene lump will be used. :

(6) The lattice will be provided on windows for protecting the operator from robbery.

3) Baffle tank

A baffle tank is provxdea adjacent to the pump house to still the water d:scharged from the
pump. The preliminary design of baffle tank is made as stated below. : :

(1) 'The baffle tank is composed of the delivery and stilhng boxes separated by. the wall of 25cm
thickness. The width of both boxes is determined to be 0.8m considering the diameter of the delivery
pipe. The pumped water is received in the delivery box and flows into the stilling box. The V.notch
(90° and the water level gauge are installed to measure the pump dischargé_ The Iérigt;his of the
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detivery and the stilling boxes are 1.26m and 1.5m, respectively. The following profile shows the
principal dimensions of the haffle tank. -

Profite of Baffle Tank

/ i 2 =
1.60m /%: % Ml
i K2 Y e
T T e
Pump | ‘pelivery Box Stilling Box V-notch Box Irrigation canal
~ House o B e 3 -

¥
A

L . 52 L
Q=141H 5 =(0.14+8.67Hy+37.8H% - H 12

.Detail of V-neotch
Q - Hy Hg
bOfisec 26cm 10em
 40@fsec 24em 1 %em
208/see _ " 23em : Tem
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(2) The V -notch of Bmm-thick steel plate will be manufactured as indicated b_elé)w.

Detail of V- Notch

3Imm 2mm

2. hld h
L2 A

as,f/ \

{ Downstream side) N\ (Upstream side)

Smm

4)  Bathing pool

The bathing pool is attached to a baffle tank of the pump house which is located nearest the
village. The pool is preliminarily planned as follows. ' '

(1) The dimensions of baffle tank are 2m wide, 1m high and 4.95m long.

{2) The stepsare provided in the pool, and the eoncrete floor outside the pool,

(3} 'The pool will be constructed with the brick masonry wall of 26¢cm-thickness as same as the
baffle tank.

5.3.5 Basic design of irrigation canals and rélated structures

1) Irrigationcanals

The main irrigation canals is constructed with one layer brick masonry becausé of cheep
construction cost and simple repair and maintenance. The canal section will be same throughout the
entire canal length. The following three types of canal will be applied to the development blocks, -
depending on the design discharge of the production tubewells constructed in the blocks.

82



- Cross Section of Irvigation Canals

0.5m -0.13m B

~ Mortar
Plastering

R L L L . T

: i),éS_criptiOn 1 Type-1 Type-11 Type-il

v | B 0.35m 0.35m 0.28m
_S}z:e__, H 0.42m ©0.35m 0.28m
Design 60&/sec 40¢/sec 30(25) £fsecs!
I}ischarge_ _ : ‘
Gradient 1/1,200~1/350 1/1,200~1/300 1/600~1/250

- L - (1/850~1/200)
Velosity 0.48~0.77m/sec | 0.46~0.77m/sec | 0.55~0.77m/sec

A : (0.46~0.78m/sec)
Water Depth 0.09~0,30m 0.15~0.25m 0.14~0.20m
' o (6.11~0.19m)

MNote: Z1: The discharge of 25 &/sec is applied to only the Kisannagar block.

'_I‘.héi hydraulic caiculaﬁion is. madé by the Maning formula, and one third of canal hight is taken
for canal free board,

The‘embankmeﬁt- -_Will be made by btﬂidozers and vibration rollers up to the bottom elevation of
the foundation con_clrete, and _after' i)lécing the foundsation concrete (5em thick) the brick masonry
canal will be made manually. The inside face of canal will be finished with mortar plastering. The
embankﬁ)en_t of hoth sides of the brick masonry canal will be made by manpower and bulldozer
which will gather soils from the fields..

83



The principal features of the main irrigation canals in the designed three blocks are shown

below.

Principal Features of Designed Main Caanals (1/2)

Canal Name | Canal Type Lﬁ(?f}th Dl(seuj::(:)ge QGradient ‘:s:::g Wate(x!‘n[))epth
BSY-1-1 I 613 50 1/1,050 0.50 0.29
~1/350 ~0.77 ~0.19
BSY-~1--2 I 732 50 1/1,200 0.48 0.30
~1/360 ~0.77 ~0.19
BSY~1-3 1 991 50 1/1,200 0.48 0.30
BSY--2-~1 I 548 50 1/800 0.56 - 0.26
— ~1/300 ~0.81 - ~0.18
BSY~2-2 1 1,066 50 1/1,200 0.48 1030
~1/350 ~0.77 ~0.19
BSY--3-1 I 876 50 1/1,000 051 0.28
. L o~1358) ~077) ~0u19
BSY -3-2 1 582 50 1/1,000 051 | 028
: ~1/350 C~077) 0 ~0.19
BSY—4-1 I 408 - 50 1/350 0717 | . 019
BSY-4-2 I 160 50 | 1/350 017 1. 049
BSY-—~4-3 1 567 50 1/1,000 051 0.28
: ~1/350 ~0.771 - ~0.19
BSY~5-1 I : 465 50 1/1,200 0.48 0.30
BSY—6-2 I 673 50 ©1/1,200 048 ] 030
BSY-5--3 i 532 50 1/1,200 | 0.48 0.30
~1/350 C~0.77 | ~0.19
KSN—1-1 i 1,341 25 1/850 0.46 0.19
| | <1200 ~09F 0 ~0.11
KSN-2—1 li 1,023 26 1/850 0.46 0.19
~1/200 ~0.79 ~0.11
KSN-2-2 il 134 25 /200 | 079 011
KSN-3-1 ] - I 920 25 1/550 - 054 |° 018
~1/200 ~0.79 ~0.11
KSN-3-2 il 514 25 1/200 0.79 0.11
KSN—4-1 mm 965 25 1/250 0.73 012
| ~1/200 ~079 ] ~om1
KSN 4.2 mo 93 25 1/200 079 | o011
KSN—-4--3 mo 128 25 /200 079 | o1
KSN-—4-4 11 159 25 1/550 054 | 016
~1/200 ~0.79{  ~0.11
KSN-5-1 il 1,561 25 1/200 0.79 0.11
KSN-5-2 . I 45 25 1/400 0.61 0.15
BRM—1-1 I 896 40 1/1,200 0.45 0.25
~1/350 ~0.734  ~0.18
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Principal Features of Designed Main Canals (2/2)

Canal Name danal Type | Length | Discharge Gradient Velocity |Water Depth

_ — (m} {ffsee) (m/scc) {m)

BRM--1~2 I 569 40 | 11,000 0.49 0.23
: ' ~1/300 ~0.77 ~0,15

BRM~%-1] = 1 403 40 /1,200 0.45 0.25
| ~1/300 ~0.77 ~0.15

BRM-2-2 | 11 .| 1,206 40 111,200 0.45 0.25
| : ~1/300 ~0.77 ~0.15
BRM—-3—1 Bl 624 40 1/1,200 0.45 025
' ~1/600 ~0591 ~0.19

BRM—3-2 o 628 . 40 1/1,200 0.45 0.25
SR o ' ~1/300 ~0.77 ~0.15
BRM—421°[ 1 | seo | 40 | 11200 0.45 025

BRM~4-2°| It = | 1,068 1/1,200 0.45 0.25 -

BRM—5-1 n | 794 40 11,200 | 045 0,25
e BREREE ST ~1/300 ~0.77 ~0.15

BRM—5-~2 | Il 524 1 40 | w500 064 | 018
o ~1/270 ~0.80 ~0.14

2}  Hoaderossing and cattle pass

In case that the canals cross the existing roads and run across the area where cattles pass
frequently, a road eressing and a cattle pass will be provided. These structures are of precast concrete
slab with soil eovering of 20--30cm. The following types of structure will be applied.

Kind of Crossing Length

Kead Crossing _ Hm
- (Large)

Road Crossing tm
~ (Smali)

Cattle Pass 4m

The cattle pass will be prdvideﬂ every 400m along the main canal, and the following two types of
the precast conerete slab will be ap;_')lied'.
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Width .
Type Canal Type (in)
I 1, 0.48
iI _ i1's 0.41

To facilitate manual installation, the length and thickness of the slab will be 1m and 12em,

respectively.

3) Turnout

Where the itrigation water is taken into the branch canal from the main canal, the orifice type
turnout structure is provided. The stilling box which is installed at the begining point of the branch
cana! and the main canal and the stilling box are eonnected with precast concrete pipe of 20cm-
diameter. To seal the entrance of the turnout with soil and grass when not used, the iron bars ‘are
fixed at the entrance. At the downstream side of the main canal, a precast check plate is fixed to stop
the flow to the downstream of the main canal when the water is taken into the branch canal.

The size of the turnout structures is as follows.

Size of Turnout Struciures

Center of Canat
Brarch

Turnaowt Structure Canal

/

DRI,

LA

<Pie<ast Contrete Pipeiy N

b s e ¢

7

N |
12

Type of Canal

; L I

Tunout Type 1 2 L H,
i I 0.35m 1.0m 2.5m 0.42m
11 1 0.36m 1.0m 6.0m | 0.42m
i It 0.35m 0.75m. 26m 1 035m.§ .
W 11 0.35m - 0.75m 5.6m 0.36m
v m 0.28m 0.5m 2.5m 0.28m
Vi i 0.28m 0.5m 5.0m 0.28m
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The discharge (Q) to be taken from the main canal is calculated by'the following equation.

L Q=0.0188VIRH T

. Whe're, H=water depth of main canal

The water depth of main canal by design discharge is tabulated below, |

Design
: . Watep
Canal Type . Discharge a‘ er Depth of
Main Canal (m)
(&fsec)
! 50 0.36
= . 30 0.13

"The details of the turnout structures will be determined in the detailed design in the future.

4) Drdp 7

When the canal slope 1s 50 steep that the flow velocity therein exceeds the designed maximum
one, a drop structure is provided to reduc¢ the velocity to the allowed one. The drop hight will be 0.5m
and the length of stilling box is 1.0m. The following three types of drop will be applied.

Drop Type Canai Type H (m) L(m)
- (Width)
| 1 0.42 . 0.35
i I S 0.35
u Lm - 028 0.28
. A
/H' y o . L | FY H j
Z / % ] 0.5m ]
_ Z ?? - y
),

1.0m

A
y

_.’:I‘Vh_e details of thfe::t.!r_dp st—fucfﬁres will be determined in the detailed design.
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5}  Division and corner boxes

The division box and the corner box are provided at the places where the sub-main canal is
branched off from the main canal and where the main canal is suddenly bent in the shape of larger
than 40°. These hoxes are designed so as to have a function of drop structure, when the place requiveg
it. The boxes are of brick masonry of 25em-thick wall and 13cm-thick bottom. The following nine

types of boxes are applied from place to place.

{unit: m}

Type of Box | Canal Type ( CanalA Width) B By H
1-1 I 0.35 0.42 000 | 062
I - I - 0.35 0.42 0.26 087
1.0 1 0.35 0.42 0.50 1.12
-1 B ¢ 0.35 0.35 000 | 048
-1 1l 0.35 0.35 0.25 0.73
-1 II 0.35 0.35 0.50 0.95
-1 i 0.28 0.28 0.06 0.48,
-1 u 0.28 028 | o025 | 073
m-m i 0.28 - 0.28 0.50 0.98

o A ] . :E-Bl
B ] s
\ H B i
b A,

% %

RN

N

|
)

0.60m

;
 J

The details of elevation, dimension, ete. will be determined in the detailed design. -

8) Crossdrain

When the main irrigation canal crogses river and natural drain or depression where water
stagnation occurs, a crossdrain is provided.

The crossdrain consists of the 0.8m-precast concrete pipe and brick walls at 1ts both ends. To
protect the canal embankment from erosion and scouring, the gabion mats are pr ovided at the
downstream side of the crossdrain,
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7) Check plate

A precast check plate is provided downstream of turnout structure to {acilitate water
management service. The plate is composed of the frame of preeast concrete and the iron bars, and the

following three types of plate are applied.

Type Canal Type H(m) L (m)
I 1 0.42 .35
it i 0.35 0.36
M H .28 0.28

A

¥

5.3.6 Preliminary specification of additional materials and equipment

The preliminary specifications of the additional materials and equipment proposed in the
preceding Section 4.2.5 are described in Table 5.2, In determining the specification, the suitability

and compatibility to the existing materials and equipment are fully considered.
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o | 6. _BASIC DESIGN STUDY - PHASE T1






6. BASIC DESIGN STUDY - PHASE II

6.1 Result of Basic Design Study and its Problems
6.1.1 General

A field survey of the basic design study (hereinafter referred to as the basic design study - phase
1) was carried out from January 7, 1987 through March 6, 1987. Feasibility of the Project was then
studied through a home analysis work of March 7, 1987 through April 30, 1987. Resuits of the major
technical survey and problems found through the study, which were used as basic data for the
feasibility study, are summarized below.

6.1.2 Testdrilling

In-order to confirm the hydrogeological structure and the distribution of groundwater in the
project area in the direction from north to south, specifications of the planned production tubewells,
possibility of the ground subsidence due to excess extraction of groundwater, condition of drilling rigs
and t}_ieir drilling capacity, etc., four test drillings were made on the line of Dhalkebar-Janakpur-
Jaleswar in Dhanusha District. Fig. 3.3 shows the location of the test‘drillings.

Specifications of the four test drillings are as shown below.

' h Length of .
Nameof | Diameter { Depth Length of engthof | Pomp-up

Well of Drilling (m) Casing Sereen Discharge Remar}_:s
_ , _ (m) {(m) (/sec) .
TW-1 1_7 3 0~120 @14’f 0~72 8" 60 27 Crush and collapse of .
1437 120~240 | 28" 72~240 screen
W2 | 173" 0~82 | @14"0~73 | 28760 0 Ground settled.Casing
4@ 82~230 | 8" 73~230 reached up to 213m
_ ‘ deep only. Abandoned
TW-3 . 73 0"—_78 14”7 0~68 | 214710 5 .| Crush and collapse of |
143~ 78~150 |D8”68~150 ] 8”40 sereen
TW.2' 1747 0~85 147 0~58 | 28740 0 Crush and collapse of

143 85~212 | Q8" 58~212 screen

The results of the above test drilling and the problems encountered are given below,

Results and Problems

(1) Candition of the three units of drilling rigs and their drilling capacity were made clear.

(2) Hydrogeological structure and distribution of aquifer on the line of Dhalkebar-Janakpur-
Jaleswar were mostly made clear.
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(3}

(4)

(5}

(6)

(7)

{8)

)

(10)

an

Maintenance of the three units of drilling rigs, repair and maintenance (including
procurement and transportation of liner, piston rubber, etc.) of three units of mud pumps
attached to the rigs, ete. are required.

As the présent 8" Johnson type screens have not enough étl‘ength for construction of deep
tubewells under the peculiar hydrogeological condition in the project area, they require
reinforcement so that they can resist against at least 9.2kg/em?2 (100m depth) and 16kg/cm?2
(150m depth) of side pressure. Measures for the reinforcement are detailed in Section 5.3.2,
Besides, below 150m depth a ring base wire-wrapped screen, which has a 28kpg/em? of callapse
strength, will be used.

There is no stock of 174 and 144" bits. Procurement of necessary quantlty is required in
conformity with the future drilling schedule. '

For pumping test, procurement of one unit of high pressure air compressor {20}{glcm2, 20m3),
one unit of big discharge/ low head submersible motor pump, ete. is necessary.

Since pumping test could not be made to the test borings, possible pump-up capacity has not
been confirmed. 1t is necessary to confirm it by other test tubewells using the reinforced
Johnson sereens and 8” ring base wire-wrapped sereens, ete.

1t is necessary to assign one Japanese driller to each drilling rig for drilling of test tubewells,
because drillers (drilling technicians) of TIATSP have poor experience of deep tubewell
drilling.

it is desirous to drill deep tubewells by 173" bits in the southern part of the project aree where
its aquifer is composed of fine sand layer, because, under such conditions, thickness of gravel
packing should be made thicker in order to reduce inflow of fine sand through the screens.
When the existing Johnson type screens (0.5 mm slit) or reinforced ones are to be used,
diameter of gravel shouid be 2~9mm.

Even in the case of using reinforced Johnson screens, it is necessary to keep casing pipe strmg '
(including screens) under suspended eondition until completion of the pumping test. ‘

For the purpose to clarify the problem of the ground subsidence by excess extraction of
groundwater in the southern part of the project area, it is necessary to take soil samples from
test tubewells and to make grading ana]ysw
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6. 1.3 Hydrogeological survey

The following survey was carried out for the existing tubewells in the project area.

Number of Existing Well Surveyed
Itern Sarlahi | Mahottari | Dhanusha
A C .. Total
District Distriet District

(1) Analysis ofdeé;ﬁ tubewell log ' 10 26 50 36

(2) Analysis of deep tubewell static water level 13 23 41 77

(3) Analysis of deep tubewell dynamic water 9 16 27 52
level

{4) Measurement of deep tubewell static water 1 5 5 11
level

(5) Examination of deep tubewell water 4 7 8 17
quality '

{6) Measurement of shallow tubewell static 15 37 22 74
water level

{n Ex_aminatiori of shailow tubewell water 4 4 2 10
quality "

(8) Continuous puzhping-gdt test of deep 4 2 7 13
tubewell (Refer to Table 3.1)

Based on the resuits of the above analysis and existing electric sounding (total 299 points) and
the results of new electric sounding (135 points) made this time, the following hydrogeological
profiles, groundwater contotir map and groundwater potential iso-map were prepared.

{1) Hydrogeological profiles on the direction of north to south in the project area (Refer to Fig.
3.2): Sarlahi District 2, Mahottari District 2, Dhanusha District 3, 7 profiles in total.

(2)  Hydrogeological profiles on the direction of cast lo west in the project area (Refer to Fig. 3.2):
3 profiles.

3 Groundwater contour-ma?s in the project area (Refer to Fig. 3.4 and 3.6): one map for shallow

tubewells and deep tubewells each.

(4) Groundwater potential iso-map in the project area (Refer to Fig. 4.1): one map.

The results and problems of this hydrogeological survey are summarized below.

Results and Problems

(1) Shallow tﬁbeWéll de.\mloprﬁént area in the project area could be delineated.
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{2)

(3)

(4)

Although the groundwater potential distribution in the project area was made clear this time,
it is neeessary to add more pumping test results for existing deep tubewells (about 20
tubowells) in order to increase precision of the groudwater potential iso-map.

However, the above groundwater potential iso-map does not specifly possible pump-up
discharge for each developruent block. For such purpose, drilling of one test tubewell and
about 20 points of electric sounding ave required for pach development block.

For analysis of groundwater balance in the project area, additional cotlection of data on
groundwater table, water quality, etc. in the existing deep tubewells and shallow tubewells

are necessary.

6. 1. 4 Electric sounding

Among 30 development blocks roughly delineated in the preliminary study, total 135 peints of

slectric sounding were carried out for the following 13 blocks which were considered to have high

priority for development.

Pbints of

District Name of Development Block Electric

' Seunding
Sarlahi 5-1,5-2,58-4,8-7, a part of -5 32
Mahottari M-1,M-2, M-3, M-4, M-7 44
Dhanusha D-6, -7, D-8, D-12, a part of D-11 59
Total 135

Based on specific resistance values of the above 135 points, total 18 lines of specific resistance

profile were prepared; 8 lines on north-south dirvection and 10 lines on east-west direction(Refer to
Fig. 4.3). : : . _

(1)

(2}

its results and problems are given below.

General characteristics of geological structures in the pioject area were made elear, It was
also clarified that the geological structure up to 300m deep had a characteristic of having no
continuity in east-west direction though it had considerable continuity in north-south
direction. '

Due to the fact that the priority was given to clarification of the geological structure of the

whole Project area though the planned points of the electric sounding were limited to 135,

they were scatlered over the whole project area widely. Therefore, about 20 points of
additional electric sounding are required for cach development block for the purpose to

specify the hydrogeological structure of each development block and the location of deep

tubewells in each bloclk. :
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6. 1.6 Evaluation survey oh deep tubewell equipment and materials granted under KR-2

Since this Project is based on the condition that as many deep tubewells as possible are to be
constructed by c¢fficient use of the equipment and materials which were granted under the KR-2 for
construction of deep tubewells, an evaluation survey on the remaining deep tubewell equipment and
inaterials was carried out. The granted quantity and the present quantity of the major equipment
and materials are as shown below.

Granted Present
Quantity Quantity

{1 Deep tubewell drilling equipment and materials
- Drilling rig {Including mud pump) T units T units
(FRD500: 4 Units, YRD-501R: 3 Units)
- Bits 173" 28 nos. 7 nos. £1
© 148" - ' 15 nos. 0 nos, 41
124" 81 nos, . B4nos. <1

- Well cleaning equipment and materials

Air compressor (7 kgfcm?, 10.5m3/min) T unils 7 units
6" lifting pipe (L=5.5m) : 962.5 m 731.5m £1
2” air pipe- (L=5.5m) 962.5m 396 m £1
- Pumping-out test equipment
5" submersible motor pump (468/sec, 75m Head) 2 units 2 units
6" submersible motor pump {45€/sec, 35m Head) 2 unils 2 units
87 submersible motor pump (60¢/sec, 40m Head) 2 units 2 units
8" submersible motor pump {(90€/sec, 45m Head) 4 units 4 units
‘Engine generator for submersible motor pump 10 units 10 units
Notch tank (2.5 m3) 1 no. 1 no.
- bCengine welder S 7 units 7 units

- Pipe, screen, etc.

20" conductor pipe (L=23m) 84m 84 m
14" casing pipe . (L=6m) 8,400 m 5,592 m £1
. : ' (1,400 length) (932 length)
8" casing pipe (L=06m) 15,596 m 13,392 m <1
(2,666 length) (2,232 length)
8" Johnson type screen (1,=5.25m, 3.25m) T7.500m . 5,076 m 41
14” — 8" reducer 216 nos. 160 nos.
- Pmﬁpé for production tubewell
" Vertieal turbine pump (60£/sec, 45m head) 109 units 98 units £1
(Buﬁ, the pumps have 30m pump shaft/ lifting pipe, respectively) .
Diesel engine (72 HP) for the above 109 units 98 units <1
" Vertical turbine pump (45€/sec, 40m head) © B8 units 79 units 41
{(Pump shaft and pump-up pipe are 30m long for each pump)
- Diesel engine (47 HP) for the above &8 units 79 units £t

- Volute pump for waler supply 8 units 8 units



{2)

(8}

(4)

Fransportation vehicle

- 3ton cargo truck with 4 ton crane b units 5 units
- 4ton cargo truclk 4 units 4 units
- Fuel tank lorry (4,0008) : 2 units 2 units
- Water tank lorry (4,000¢) - 5 units " bunits
- 20ton trailer truck 3 units 3 units
- lton pick-up truck T units 7 units
- Fork lift truck 1 unik 1 uni}
Construction equipment
- Bton bulldozer 1 unit 1 unit
- 11ton bulidozer 13 units 13 units
- 0.8 m3 wheel loader 5 units © B units
- 1.2m3 wheel loader 6 units 6 units
- 2.8 mmotorgrader 1 unit 1 unit
- 3.1 m motorgrader 5 units b units
- 4ton vibrating road roller 5 units 5 units
- Practor-+2ton trailer 3 units 3 unils
- 3.5ton dump truck 10 units 10 units
- 0.5 m? concrete mixer 4 ynits 4 units
Maintenance vehicle

- Wagon type jeep B units . Bunits
- deep : 4 units 042

Note: 1 means the remaining quantity after construction of deep tubewells by JADP/

TIATSP and Japanese contractor.
£ 2 means that four jeeps were fully worn out.

The results and problems of this inventory survey are as summarized below.

Results and Problems

(1)

(2)

1t was clarified that 115 deep tubewells would be constructed by using the existing equipment
and materials of KR-2. For this purpose, however, Lthe following arve req.uired: check and
repair of 7 drilling rigs including additional supply of spare parts for them, repair of 3 mud
pumps equipped to the drilling rigs and additional supply of spare parts (Yiners, piston
rubbers, etc) for 7 mud pumps including the said 3 inud pumps, additional supply of pipes (20"
conductor pipes, 14" casing pipes, etc.), additional supply of transportation vehicles (4-ton
cargo trucks with 3-ton cranes, 4,000 € fuel tank lorries, 4,000 ¢ water tank lorries, 1-on
pick-up trucks, ete.) including supply of spare parts for them, addiﬁiénal st.xppl;.y of
construction equipment for canal construction (3.5-ton dump trucks, 4-ton vibration roller,
2.8 m motorgrader, ete.) including supply of spare parts for them, additional supply of
inspection vehicles (wagon type jeeps and ordinary jeeps) including supply of spare parts for
them, ete. Quantity of necessary equipment and materials is detailed in Section 4.2.6.

Reinforcement of the existing Johnson screens is indispensable. Measures for the
reinforcement are detailed in Section 5.3.2,
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(3) Because pump shafts and lifting pipes of the existing diesel engine driven turbine pumps are
only 30 meters long, it is necessary 1o extend them by 10 to 26 m for 50 units of the pumps out
of those to be installed to 115 deep tubewells, However, it is possible to extend them at the
site If the pump shalts and the lifting pipes are additionally supplied by 375m each since 157
units of pumyp (with pump shafts and lifting pipes) ave presently available at site.

g.1. 8 Selection of development blocks

A study was made on possibility and soundness of development of 30 development blocks
requested by HMGN after reconnaissance of the blocks referring to cadastral maps (scale of 1/2,400)
copied at survey offices of Dhanusha, Mahottari and Sarlahi Digtricts, topographic maps (scale of 1
inch/1 mile), land use maps (scale of 1/50,000), the groundwater potential map (scale of 1/50,000),
which were prepared based on synthetic analysis of the results of the hydrogeologic.al survey, the
electric sounding, four test drillings, etc. carried out this time. Based on the results of the above
reconnaissance (mainly present land use, access and topography) and the groundwater potential
map, 23 develop'm'ent blocks were s_elected and 8 priority development blocks were further
determined after discussion with TIATSP.

Probisms

As for the remaining 15 blocks other than the priority development biocks, there is possibility of
change of locations after further study, since it is far from saying that the survey on access roads,
present land use, ete. was detailed enough, and also since ne full discussion with TIATSP has not

been made.

6.1.7 .’I‘opographic survey and mapping for three development blocks

Out of the 8 priority development blocks, 3 development blocks (one form each District}, which
are to be representatives of the 23 blocks from the view points of possible- pump-up discharge (258/sec,
30¢/sec, 40€/sec, b0f/sec, B5€/sec), topography (northern, middle and southern parts of the project
area), access, etc., were selected and then 15 planned irrigation areas (5 areas for each block) were set
up. After that, topographic survey was carried out by the 100m mesh methed and concise maps of
1/1,000 scale were prepared. Information on cadastral, land use, etc. was indicated on these maps and

then layout of main canals and their related structures was made.

Since the land in the project area will become muddy in the rainy season, topographic survey of
the rermaining 20 development blocks will have to be made during the dry season (December - April of

next year).
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6.2 Purpose of Basic Design Study - Phase 1l

In the basic design study - phase I, the hydrogeological structure and the groundwater
potential distribution in the whole project area were briefly clarified by the hydro-geological survoy,
including 4 test drillings and pumping-out tests of 13 existing deep tubewells, 135 points of the
electric sounding, ete. Then, the 23 development blocks including the 8 priority development blocks
were determined and topogt'apllic survey and mapping of the 3 representative development blocks
were carried oub. At the same time, 4 types of standard deep tubewells and their specifications were
set out and the construction plan of the 115 deep tubewells and the irrigation facilities for 4,626 ha
was worked out, and then a basic design of the 3 representative development blocks was performed.

Fowever, due to absence of test tubewells (including pumping-out test), lack of points of the
pumping-out test at the existing deep tubewells, fack of points of the electric sounding, etc., the
possible pump-up discharge from the deep tubewells in each development block has not been
determined yet and it is still not possible to decide the specifications and sizes of the deep tubewells
and the irrigation facilities. In addition, it is hard to say that the locations of the 15 development

blocks ather than the 8 priority development blocks have been fixed.

In due consideration of the above results of the basic design study - phase I, HMGN reques.ted
(0J a consecutive study including confirmation of the possible pump-up discharge in respective
development blocks, determination of the lecations of the above-mentioned 15 blocks {those of the 8

biocks have been determined), ete.

In order to respond such request, the basic design study-phase Il is planned to execute for 5
development blocks, which are to be constructed in the first year of the project implementation out of
the 23 development blocks, which are subject to a multi-year development, (1) drilling of test
tubewells (one for each block, § in total) for confirmation of a possible pump-up diécllarge, (2) a
topographic survey and preparation of 171,000 scale maps (those for 3 blocks have already been made)
and (3) determination of sizes and basic design of deep tubewells and irvigation facilities, and alse to
perform (4) estimates of project cost for the said 5 biocks and the other 18 blocks to be constructed in
and after the second year, (5) determination of an implementation plan of the whole 23 development
blocks and (8) evaluation of the whole Project, ete.
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6.3 Plan of Basic Design Study - Phase 11

Tize basic design study - phase II includes preparatory home work, filed survey, home analysis
work, preparation of basie design report and an explanation of the draft report to HMGN. Especially,
it alse includes procurement and-transport of the additional cquipment and materials necessary for
drilling and pumping-up test of the 5 test tubewells.

6.3.1 Procurement and transport of additional equipment and materials

Out of the additional equipment and materials necessary for the site survey, especially for the
drilling and pumping-up test of the 5 test tubewells, long ones and heavy ones, etc. (Ref. 6.6
hereinafter) which unfit to air cargo will be procured and shipped from Japan 3 months prior to the
commencenient of the filed survey and will be 'transported into the site before starting the field
survey. The other additional equipment and materials (Ref. 6.6 hereinafter) will be brought to the
site by air cargo at the time of departure of the survey team or by hands of the survey team member,
It is indispensable to ship the additional equipment and materials 3 months prior to the
commencement of the field survey in order to carry out smooth drilling work of the test tubewells.

6.3.2 Home preparatory work
1)  Preparation of Inception Report

Prior to the field survey, home preparatory work will be made and an inception report will be
prepared compiling a comprehensive plan of operation of the field survey, items to be surveyed,
questionaire, etc. after discussions with JICA and other GOJ officials concerned.

In the inception report, enough examination will be made to the foliowing problems which have
been found in the basic design study-phase 1 .

(1) Facilities and conveniences to be provided by HMGN: Examination on equipment and materials,
counterparts, office/accommodation, etc. to be provided by HMGN for the execution of the field
survey.

(2) Work schedule of the field survey: Preparation of work schedule in due consideration of the
schedule of a mission of GOJ and HMGN, ete. '

(3) Review on the results of the basic design study - phase 1, problems, ete.: Review on general
matters including test drilling, hydrogeology, irrigation, ete,

1G] Hydfogéclogica! survey and electric sounding: Examination on execution method, scheduled
locations, ete. of various items of additional hydrogeological survey (groundwater table, water
quality, pump-up discharge confirmation, electric sounding, ete.)

(5)  Drilling of test wells:

- Detailed check of the addxtmnally procured equipment and materials for drilling and pump-
up test

- Selection of location of drilling test tubewells

- Examination of the detailed specifications for test tubewells



- Examination of method of drilling/ developping including gravel packing
- Detailed study on measures for reinforcement of Johnson screens

(6) Irrigation anddrainage survey: Examination on location of the 15 development blocks,
arrangement/study of problems on setting of irrigation units and location of ivrigation facilities,

designing structures, ete.

2)  Discussion with GOJ officials concerned

Concerning the items which will become major problems in the discussions with HMGN
officials, prior discussions will be made fully with JICA and GOJ officials concerned to unify opinion

of Japanese side on such problems.

6,3.3 Field survey

The survey team for the basic design study-phase 1 will discuss with HMGN and determine the
basic direction and general features of this Project based on the inception report. The survey team
leader will cooperate with the GOJ mission and will engage in such works as confirmation on results

of discussions with HMGN officials concerned.

Other survey team members, who are in charge of hydrogeology (A), drilling (A), (B} and
equipment maintenance, will commence selection of locations for drilling of the test tubewelis, check
and maintenance of 3 drilling rigs, etc. in accordance with the field survey plan agreed between
HMGN and GOJ. '

1)  Explanation on inception report to HMGN officials concerned and subsequent discussion with
them

- At the beginning of the survey, the outline and results of the basic design study-phase I, the

. purpose of the basic design study-phase 1 and the outline of the implementation plan of the Project
will be explained to HMGN officials concerned and discussion with them will be made. At the same

time, confirmation on purpose, method, period of the field survey and the facilities to be provided by

HMGN, ete. will be made. Then the team will arrange necessary preparation for immediate

commencement of the field work. These explanation and discussion will be made based on the result -

of discussions to be held with Embassy of Japan and JICA office in Kathmandu.

2} Survey on substance of the Project

In order to recheck the feasibility and effect, ete. of the Project, the latest data will be collected
through the discussions with HMGN organizations concerned and the field reconnaissance. The
stress of the survey will be put on the following items. ' '

- Current movement of related projects
- Operation and maintenance of the existing groundwater irrigation projects
Economic effects of the existing groundwater irrigation

1

t

Latest data on construction materials, labour, construction methods, etc,

100



3) Drilling of 5 test tubewells

The 4 test drillings at the time of the basic design study-phase 1 were executed for the purpose
to seize the hydrogeclogical structure of the whole project arca, By the hydrogeological survey so far
made, it was clarified that the aquifer in the project area remarkably changed in the direction of both
north to south and east to west. On the other hand, the development blocks are scattered at 23
locations over the project area and, though the approximate groundwater potential of each
development black could be estimated, several problems such as confirmation of the possible pump-up
discharge in the respective blocks by drilling of test tubewells, detailed specifications of standard
tubewells, adaptability of the r_einforced screens, ete. are still left for clarification. Therefofe, test
tubewells will be drilled and their pump-up tests will be carried out; one in each of the 5 development
blocks to be constructed in the first year of the project implementation.

Specifica_tien of the test tubewell i the same to that of the production tubewells to be
constructed in the respective blocks, Casing program of the test tubewells is therefore composed of
14" and 8” casing pipes, 8” reinforced Johnson screens {9.2kgfem? for 100m depth and 16kgfcm2 for
150m depth) and 8” ring base wire-wrapped screen to be additionally supplied from Japan.

4) Hydrogéological survey and electric scunding

In order to clarify the problems mentioned in preceding 6.1.3 Hydrogeological survey and 6.1.4
Electric sounding and also in order to confirm or determine groundwater potential distribution,
water balance of the groundwater in the project area, location of tubewells in the 5 development
blocks to be constructed in.the first year of the project implementation, ete., the following additional
surveys will be carried out.

- Measurement of groundwater level and water quality of the existing shallow tubewells:
More than 40 points _ _ }

- Measurement of groundwater level and water quality of the existing deep tubewells: More
than 20 point_s S _ . A

- Pufnp-up tes_t of the existiﬁg deep tubewells: 20 tubewells

- Continuous observation of groundwater level of the deep tubewells: One point in each block

- Grading analysis of soil samples taken from the test tubewells: Southern area

- Electric sounding: 20 points for each of 5 development blocks (total 100 points)

5}  Survey on the equipment and materials for deep tubewells supplied under KR-2

In the basic de.sign study - phase I, no detailed check on the condition of 7 drilling rigs
(incindihg mud pumps) and their related equipment, construction equipment, transportation
equipment, ete. was made due to absence of person in charge of equipment maintenance. In the basic
design study - phase 11 ,'théfefore, detailed check of these equipment will be made, and necessity and
method of maintenance will be clarified. At the same time, necessary spare parts will be listed up. In
additibn', pbssibility of reinforcement of the Johnson screens at the site, possibility of extension of
pump shafts and lifting pipes of turbine pumps for the production tubewells, ete. will be fully studied.
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6)  Determination of locations of 15 development blocks

The following site survey and data collection will be made for examining feasibility of the 1;;
development blecks except the priority development blocks (8 blocks), of which locations have been
fixed, among the 23 development blocks selected in the basic design study - phase I, :

- Topography and geomorphology

- Present land use and land ownership

- Intention of the local people

- Enthusiasm of the local farmers for irrigated farming
- Condition of the existing roads and access

In performing these surveys, the results of the basic design study-phase 1, ete, will be fully
utilized. The complied survey results will be combined with the results of the hydrogeological survey
to be carried out in parallel with these surveys and, based on them, a synthetic examination will be
made. If there is any block whose feasibility is not justifiable, further surveys of the above kinds wil]
be carried out after full discussions with HMGN officials concerned and then the locations of the 15

development blecks will be finally determined.

7)  Topographic survey and mapping of the 2 priority development blocks

As mentioned in Chapter 4, the development blocks to be constructed in the. first year of the
"project implementation are the 3 development blocks (D-7, M-4, 8-7), whose topographic maps have
been prepared in the basic design study-phase I, and other 2 development blocks of S-1 and D-15, In
the basic design study-phase II, determination of irrigation units by topographic survey and
mapping will be carried out for the latter 2 development blocks whose topo-map have not heen

. prepared yet.

Prior to the topographic survey, detailed reconnaissance of the 2 development blocks will be
made based on the results of the basic design study-phase I, Then, 5 irrigation units in each
development block (10 units in total) will be selected and their survey areas will be determined, In
deing the above, due consideration will be given to the possible pump-up discharge, access condition,

ete. of each irrigation unit.

The topographic survey for the determined irrigation units will be made by the 100m mesh
method, same to that adopted in the basic design study-phase I. Based on thé above survey, topo-
maps of 1/1,000 scale and 25 cm contour line interval will be prepared. The land ownership, land use,
etc. will be shown in these maps.

8)  Establishment of long-term groundwat_er observation system for production tubswells

In order to utilize the production tubewells to be constructed under this Project and the ie’:’ci.sting
deep and shallow tubewells for longer period without drying them, pumping sands, damaging pufnps,
subsidence of ground, etc., it is essential to take timely the measures for the production wells, such as
control of pump discharge, temporary suspension of pumping, ete. according as the results of regular _
observation on lowering of groundwater table in the observation wells to be caused by centinuous
pumping of those production wells. '
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From the above-mentioned point of view, long-term groundwater observation wells shall be
provided, aside from production wells, at necessary places in the project area to measure the
groundwater table regularly. It is desirable that the observation wells are located in the TIATSP's
project lands including its farms and other government own lands, and that the numbers of the wells
are 9-10 consisting of 3-4 per each of three districts, but acceptable to 4-5 in case that the land
acquisition is hardly possible for constructing many observation wells.

Therefore, an establishment plan of the long-term groundwater observation system including
number and location of wells, organization and staffing, operation and maintenance system, etc. will
be worked out through a series of discussions with TIATSP's staff and other officials concerned of
HMGN.

6.3.4 Home analysis work

Within 15 days, after completion of the field survey, each expert will compile the resuits of the
field survey and will prepare a brief study report. This report will be utilized for subsequent home
analysis work and preparation of the basic design study-phase I report after discussions and
examinations with GOJ officials concerned.

The home analysis work will be performed for about 2.5 months after completion of the field
survey and the results of the analysis will be complied in a draft final report. In preparing the said
report, full discussions and examinations will be made with JICA and GOJ officials concerned.

Explanation of the draft final report to HMGN officials concerned will be made in the end of
May, 1988 and the final report will be prepared by the middle of J une, 1988, incorporating comments
to be rnade by HMGN side (above dates are tentative).

General features of the home analysis work to be performed before the preparation of the basic
design study-phase II report are described below.

1)  Preparation of test tubewell drilling report

Process of drilling and finishing of the 5 test tubewells, drilling logs, electrical logs, casing
programs, results of pump-up tests, problems of the drilling and finishing, ete. will be compiled in a
report including recommendations on drilling and finishing of the production tubewells, casing
programs, ete,

2)  Review of groundwater potential iso-map and groundwater balance

Based on the results of the hydrogeological survey, the electric sounding and the pump-up
discharge of the test wells, review of the groundwater potential iso-map will be made and precision of
the estimated possible pump-up discharge in each development block will be heightened. At the
same ﬁﬁie, water balance caleulation of the groundwater in the project area (including the shallow
tubew-,veil development areas) will be made and feasibility of the development of the 115 production
- tubewells will be made clear from the view peint of hydrogeology.
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3)  Determination of locations of production tubewells in the 5 development blocks and their basie

design

By analizing the resulis of the test tubewells to be drilled one for each development block and
the results of the electric sounding of 20 points including the test tubewell, the hydrogeological
structure of each development block will be made clear and then prospective locations for §
production tubewells will be determined. At the same time, based on the actual results of drilling,
finishing and pumping up the test tubewells, basic design of method of drilling and finishing, depth of
drilling, casing program, location of pump installation, possible pump-up discharge, ete. of the
production tubewells will be determined. '

4)  Basic design of irrigation facilities in the 5 development blocks

Since the basic design of 3 development blocks (D-7, M-4, S5-7) out of the 5 development blocks to
be constructed in the first year of the project implementation has been completed in the basic design
study-phase I, basic design of the remaining 2 development blocks (S-1, D-15) will be carried out in
the basic design study - phase 11, . : '

Layout of the irrigation facilities (pump houses, operator huts, main canals and related
structures} which will be shown on the 1/1,000 scale maps to be prepared during the field survey will
be carried out in due consideration of possible irrigation area, topography, locations of roads, streams
and natural drains, villages, orchards, ete., present land use, and arrangement of the tubewells,
Based on this layout, canal profiles will be prepared. In principle, the size of the canals, size and
shape of the structures in the basic design will be the same as the standard ones applied in the basic
design of the basic design study-phase 1. However, when topographic conditions and/or possible
pump-up discharge deviates considerably from the standard, different size and shape will be used.

Canals and structures will be of the brick construction as planned in the. basic design study --
phase I. Based on these basic design drawings, work quantities of the 5 development blocks will be

calculated.

5)  Determination of construction plan and project implementation schedule

Possible work quantities to be executed annually will be calculated based on the actual work
performance and efficiency of the drilling rigs, the time necessary for the procurement of the
equipment and materials, the work efficiency of the KR-2 construction equipment, possibility of
employment of labour, etc., methods of construction and possible construetion period (dry séason)
clarified in the basic design studies-phase I and phase Ii. Then, the number of the deep tubewells
and the work quantities of the irrigation facilities to be possibly constructed in a year scheduled in
the basic design study-phase 1 will be re-checked and a practical construction plan will be
formulated,

On the other hand, an implementation schedule of the Project which includes a time for gigning
E/N, a peried of detailed design, a period necessary for procurement of the additional équipment and
materials, a period from tender up to determination of a contractor, a period for'l.and'acquisition of
the construction sites, ete. will be worked out. The project implementation schedule determined in
the basic design study-phase I will therefore be reviewed.
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6) Estimate of the project cost

Based on the unit prices set by the work data (prices of equipment and materials, unit prices of
works, ete.) collected in the basic design studies-phase I and 11 and the work guantities caleulated in
the basi¢ design, the construction cost of the § development blocks will be caleulated. Then, based on
the cost, the construction cost of the 23 development blocks will be calculated. Further to this cost,
cost of the equipment and materials to be granted additionally, consultant’s detailed design cost and
construction supervision cost, operation and ynaintenance cost, ete. will be added to estimate the total
" project cost. The project cost will be separated into the cost for the 5 development blacks to be
constructed in the first year and the cost for the 18 development blocks $o0 be constructed in and after
the second year. The construetion cost of branch canals and the land compensation cost for the
construction sites to be borne by HMGN will be estimated separately.

7)  Establishment of operation and maintenance plan

Based on the results of the basie design studies-phase 1 and II, problems on operation and
maintenance system and organization, personnel arrangement, training of operation and
maintenance personnel, equipment and materials for operation and maintenance, as well as
organization for operation and maintenance of the farmers’ side such as water users’ groups, ete,
under the existing groundwater irrigation projects will be examined and seized. Then, an operation
system, an operation plan, a personnel arrangement plan, a training and extension plan, an
operation and maintenance system for equipment and materials of the facilities, ete. after the
‘implementation of the Project will be determined and at the same time an operation and maintenance
cost will be calculated roughly.

8  Project evaluation and conclusion/recommendation

Execution of this Project is expected to largely contribute to the drastic improvement of
agricultural production in the area and the groundwater development in the Terai plain, Therefore,
the evaluation of the Project will be made not only by whether the facilities constructed by both the
government and the farmers can be operated and maintained in future but also by the repercussion
effect of this groundwater project to the whole Terai plain,

Judgihg synthetically the above evaluation and the determined pl'an, a conclusion on the Terai
Groundwater Development Project will be made and a recommendation on the items to be considered

in executing the Project will be presented.
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6.4 Survey Schedule

The work schedule of implementing the basic design study - phase I is as shown in Fig, 6.1.
The work is largely divided into (1) procurement and transportation of the additional equipment and
materials for drilling and finishing of § test tubeweHs {2) home preparatory work, (8) field sur vey

and {4) home analysis work.,

The procurement and transportation of the additional equipment and materials is to send by: sea
cargo long and/or heavy items, which cannot be sent by air cargo, in the additional equipment and
materials mentioned in Section 6.6. It will require about 3 months for transportation of Tokyo -
Caleutta (sea cargo), Calcutta - Birganj - Janakpur (truck eargo), custom clearance, ete. Therefore,
these equipment and materials have to be shipped by the beginning of September, 1987 in order to
commence the field work on 1st of December, 1987,

The home preparatory work to be made before departure of the survey team to Nepal is
discussons with JICA, Ministry of Foreign Affairs, Ministry of Agriculture, Forestry and Fishery,
preparation of an inception report, ete. and it will take 3 weeks.

The field survey is to supplement and complete the field survey in the basie des;gn study- phase

L, and its major work items are as given below.

(1) Drilling and pumping-up test of 5 test wells in the 5 development blocks, one for each block, to
be constructed in the first year of the project implementation (including check, mamtcnance and
repair of 3 drilling rigs to be used for the work}

(2)  Electric sounding of total 100 points, 20 points in each of the ahove 5 development blocks, and a
hydrogeological survey including pump-up test for 20 existing deep tubewells in and arcund the
23 development blocks to be implemented

(3) Survey on deep tubeweli equipment and materials supplied under the KR-2. grant with
emphasis on present conditions of drilling rigs, construction equipment, transportatmn
equipment, vehicles, etc.

(4) Topographic survey and preparation of maps at a seale of 1/1,000 for the 2 development blocks
out of the above 5 blocks (these works for the other 3 blocks have been completed in the basic
design study-phase 1)

. The field survey will be commenced on 1st of December, 1987 by when the paddy field in the
project area will become dry and hence access to the site will be secured. It will be completed after 3 °
months or by 28th of February next year. Schedule of respective works is as follows,

(1} Drilling of test tubewells (including check, maintenance and repair of drilling rigs):
1 December - 28 February (3 months)
{2) Hydrogeological survey: 1 December - 28 February (3 months)
(3) Survey on KR-2 deep tubewell equipment and materials: 1 January - 28 February (2. months)

(4) Topographic survey and preparation of maps of the 2 development blocks:
15 January - 28 February (1.5 monthsg)
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(1)
{2)
(3}
(4)

(5)

(6)

™

May

The major work items of the home analysis work are as shown below,
Review of the groundwater potential iso-map and water balance of the groundwater in the
project area

Decision of the possible pump-up discharge in the 5 development blocks to be constructed in the
first year of the project implementation and determination of the location and detailed
specifications of the 25 production wells including 5 test wells

Rasic design of irrigation facilities in the 2 development blocks

Determination of equipment and materials plan necessary for the construction of the 115 deep
tubewells including 18 test tubewells and irrigation facilities in the 115 irrigation units

Calculation of work quantities for the 5 development blocks to be constructed in the first year of
the project implementation and the 18 development blocks to be constructed in and after the
second year

Calculation of construction cost of the above 5 development blocks and the 18 development
blacks and calculation of total project cost

Preparation of a brief study report and the basic design study-phase 1I report

The above home analysis work will require 2.5 months from 1st of March, 1988 until 15th of

(tentative) in the same year.

Ekplanation bf a draft of the basic design study-phase 11 report to HMGN will be made within 2

weeks from 16th of May, 1988 (tentative) and a final version, in which comments of HMGN will be
incorporated, will be completed by 15th of June, 1988,
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6.5 Assignment Scheduie

An assignment schedule of experts, synchronized with the work schedule for the execution of the

basic design study-phase Il is shown in Fig. 6.2.

1)  Home preparatory work

The home preparatory work will be executed by a survey team leader {about 1 month), an expert
in charge of hydrogeology A (about 1 month), and an expert in charge of facilities design A (ahout 0.5

month).

2)  Field survey

Since 3 drilling rigs will be used for drilling of the 5 test tubewells, one drilling expert for each
drilling rig, or 3 drilling experts, namely A, B and C, will be allocated and one mechanic will be
dispatched for pre-work check, maintenance and repair of the drilling rigs. The mechanie will carry
out a check and maintenance of the drilling rigs during the drilling work and further he will execute
a detailed survey of the KR-2 equipment and materials.

The expert in charge of hydrogeology A will perform electric sounding of the 5 development
blocks, pumping-out test of 10 existing deep tubewells, ete. An expert in charge of hydrogeology B
will carry out the pumping-out test of 10 existing deep tubewells, ete. ' :

. Experts A & B in charge of facilities design will confirm location of the 15 development blocks
out of the 23 development blocks (location of the 8 priority development blocks has been determined
already} and will execute a topographic survey and prepare the 1/1,000 scale inaps of the 2
development blocks.

The survey team leader will control the whole works during the field survey period and will - .
perform necessary discussions and coordination between HMGN's and GOJ’s authorities concerned.

3) Heme analysis work

The expert in charge of hydrogeology A will perform an ahalysis of the fesﬁlts‘ 'o_f- the field
survey, review of the groundwater potential iso-map and estimate of possible pump-up dischérg‘e in
the project area, water balance of the groundwater, determination of possible pump-up discharge of
the 5 development blocks, decision of locations and detailed specifications of the 25 production
tubewells, and determination of construction equipment and materials for the 115 production
tubewells including 18 test tubewells, and then will prepare a report of this field.

The expert A in charge of drilling test tubewells will prepare a drilling report of the 5 test
tubewells and compile data necessary for determining equipment and materials reguired for the
construction of the 115 deep tubewells including 18 test tubewells,

The mechanic will prepare a list of spare parts necessary for the maintenance and repair of

drilling rigs, construetion equipment, transportation equipment, vehicles, ete. and determine
specifications of the additional equipment and materialg, '
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The experts A & B in charge of facilities design will executo the layouting and basic design of
irrigation facilities in the 2 development blocks and will calculate work quantities of the §
development blocks and the 18 development blocks.

The expert in charge of cost estimate will finalize the unijt prices of the cquipment and
materials, determine work efficiencies of cquipment and labours and then calculate unil, prices of
respeclive w’or_k"item_s. Further based on the above work quantities, he will calculate construction
cost of the 5 development blocks and the 18 development blocks as well as the project cost. Besides, he
will execuie an estimate of opgration and maintenance cost of the facilities and also evaluation of the
Projéct.

The survey team leader will control the whole home analysis work and also will prepare the
brief survey report and the basic design study-phase I report in cooperation with the experts in

charge of hydrogeology and facilities design.

For the exn__::lanat.ion of the basic design sﬁudy-phase X report (draft) to HMGN, the survey team
leader and the expert in charge of hydrogeology A will go to Nepal,
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6.6 Equipment and Material Schedule

In the hasic design study-phase II, drilling of the 5 test tubewells, a pumping-out test of the
existing 20 tubewells, and topographic survey and mapping of the 2 development blocks will be
executed. It is necessary to make doubly sure on the equipment and materials necessary for the
drilling of the test tubewells by procuring and sending lacking ones, which have been clarified
through the drilling of the 4 test borings in the basic design study-phase I, from Japan. ‘The
following shows the equipment and materials to be newly procured and sent to _the site by GOJ and

those to be provided by HMGN.

. Quantity
P . Req:_: e;l Add'ttq be I Quantity to
ity for .
Name (Specification) resefx QuasnT J; Procil:‘ggin% be Provided
Quantity ‘ es Transported | by HMGN
Tubewells by GOJ o
E_quipmenthaterials for
Drilling Test Tubewells
Drilling rig & mud pump
(Tone TRD-500) 4 0 0 0
Drilling rig & mud pump
(Yoshida YRD-501R) 3 3 ¢ 3
Tri-cone bit (174 0 5(H type) 5(H type)# 0
Tri-cone bit (143”) ¢ 5(H type) 5(H type) 0
Hole opener (143”7 — 174") 0 5 b 0
Rod{L.= 6mm) 1,368m 600m ] 600m
Conductor pipe
(@20”,L=3m) 84m 30m 0 30m
Casing pipe :
(B14" Lo 6m) 5,592m 210m 0 210m
Casing pipe
(D8 I, =6m) 13,392m |  342m 0 342m
Johnson sereen
(8" L.=3.25m) _ 5,076m 21m 0 21m
Reinforced Johnson screen
(@8”,1,=3.25m) 0 107.25m | 107.25mx 0
Ring base wire-wrapped
screen 0 88m 88m% 4]
(28" L=5.5m)
Centerlizer 0 34 34% 0
Air compressor
(Tkg/em? or 12.5kglem?) 7 3 0 3
4”Lifting pipe (L=5.5m) 170.5m 363m 192.5m % 170.5m
1”Air pipe (L="5.5m) 55m 363m 308m% 55m
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. Required Quantity
o Present Quantity f ey | Quantity to
Name (Specification) , Pty Jor Af!dltwna]ly be Provided
Quantity 5 Test Procured and
Transported [ by HMGN
Tubewells by GOJ
Submersible motor pump . .
2units 2units 0 Zunits
(5”,45¢/sec, 75mHead) 4
’ 0 lunit Tunit}¢ 0
{6”,40€/sec,50mHead) .
’ Zunits lunit 1 1unit
(8”,45¢/sec,36mHead) -
Engine generator 10units Bunits 0 Bunits
Water jet nozzle 0 3nos 3nos 0
Bailer 0 3nos 3nos ¥ 0
~ § Triangular notch tank 4nos
1(2.5mi} 1no Bnos (tobe 1no
B processed at
site)
Portable water tank, 0 Bnos Brios ¥ 0
'} (3m3, water proof cloth)
Portable diesel tank, 4nos 3nos 0 3n0s
(2m3, steel, plate)
Gas welder (100kg, iset 4sets 3sets " Iset -
including assembly) : ‘
Current meter 0 2sets 2sets 0
{ Mud balance- Viscosimeter 2units 3units lumit Zunits
DC engine welder Tunits 3units lunit Zunits
(3.6kVA)
(Ex_isting onesare
remarkably deteriorated)

i1l




- - Quantity S
P X Req:‘.'tl D? A Id‘tg be I Quantity to
Name (Specification) resefl _ Q“?}Fl vt o Plfﬂc}ml'(();c]&n{i ‘be Provided
Quantity es Transported | by HMGN
Tubewells by GOJ
Vehicles
4t- cargo trunk with 3t Bunils Bunits 0 Sunits
crane '
4,000¢ fuel tank lorry 2units lunii 0 lunit
4,000£ water tank lorry Bunits Zunits ] 2units
3.5¢-dump trunk 10units 2unils 0 2units
Wagon type jeep 3unikg 3units 0 3units
{survey)
Jeep 0 Gunils Gunits 0
(commonuse ; (rental at
with survey) site)
(same as the
left)
Spare Parts for Drilling
Equipment
Water swivel{main body, 0 3nos 3nosi 0
for YRD) ’
Suction hose and sheet 0 3nos 3nosx 0
valve
Hoisting wire (Sub) 0 iset 1set 0
Stabilizer (For 1437 4nos Gnos Znosx 4nos
Diameter)
Cross saver sub 0 3Inos 3nosx U]
(YRDDG01R)
Kelly drive bushing 0 3noa 3nos 0
(YRD501R)
| Meters for control box 0 Iset 1set3 0
(YRD50IR) ‘

Plate lock for water swivel 0 3nos 3nos 0
Brake band for sub- 0 dnos Jnos 0
hoisting
Oil filter for rig engine 0 Bnos 6nos ]
Clatch plate 0 tsheets Gsheets 0
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: Required ngfér;)téty Quantity t
' ; . Present Quantity for Additionally vantl y 0
Name (Speczﬁcathn) .Quantity & Test E')‘rocured and | be Provided
_ P - | Transported by IIMGN
ubewells by GQJ
Maod Pump (NAS-D
Spare Parts
Bearing roller (SL01-485) 0 ine 1no 0
% (22315) 0 1no ine 0
v (22320) 0 ino Ino 0
Liner for crank case ' '
: 0 1no 1no 0
{D2750-205)
Piston linef(dia?%") 0 fnos Gnos ¥% 0
Piston rubber(dia74™) 0 Gnos 6nos 0
1 V-packing 0 Jsets 3sets 0
1 Piston rod(wiﬂh nuk) 6nos 6nos ] 6nos
{ Sheet conical valve 0 Bsets Gsets 0
Cdnical valve assembly 0 fisels Gsets ¥ 0
Piston spring 0 Gsets Gsels 0
| Sheet rubber 0 6sets 6sets 0
Guide valve - 0 1Zseis 6sels 0
O-ring (P-160) 0 12n0s 12nos G
#  (P-165) 10nos Gnos 0 6nos
- % (P-235) 24nos 6nos 0 Gnos
M&tefialstgtiigme’nt for
Inv_estigation and Surrey
1) Forelectric sounding
(for 100 points)
Electr:c sounding 0 Tunit Lunit 0
Instrument .
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. Quantity
P t QReql{ltre? Add't to o 1l Quantity to
. resen Quanfiy tor 1tionally .
Name (Specification) it 5 Test Procured a'n}:i be Provided
Quantity es Transported | by HMGN
Tubewells by GOJ
Electric logging ‘ .
instrument 4units lunit 0 lunit
{Geologer 300)
Recording unit for the 0 ino 1no 0
above
Recording paper for the o 12volls 12rolls 0
above
t - .
Groundwater table 138units Sunits 0 Bunits
meter
Current meter 0 2units 2units 0
Toeol, tester 0 2sets 2sets 0
F}:‘aln size analysis 0 1set 1set 0
mstrument
2) Forsurvey
(for 2 development
_blocks)
Theodolite (with tripod) 0 Qunits 2units 0
Level (with tripod) 0 4units dunits 0
Esron tape (100m) 0 4nos 4n0s 0 .
Esron tape (50m) ] 6nos 6nos 0
Staff (5m) 0 6nos 6nos 0
Pole (3m) 0 12no0s - "12nos 0
Transceiver 0 4units 4units 0
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Consumables for Drilling (all to be procured by GOJ)

- Ceme_nt (10 bags/well X 5 wells) (to be procured in Nepal) 50 bags
. Bentonite (4 tons/well X 5 wells) (Lo bé procured in Nepal) ZMons
- Gravel (8 m3/well X4 wells -+ 16 m3X 1 well) (o he procured in Nepal) 48lons
- CMC (tohe procure'.d. in Nepal) (.8ton
- Barite (to be .pr'ec.ured in Nepal) 1.3tons
- Mud cléaner'(to be procured in Japan) 0.7ton

“Required quantity for 5 test tubewells” in the above table includes that for pump-up test for the
existing 20 tubewells.

¥:  Items to be procured by the end of August, 1987 in Japan and to be shipped in the
beginning of September, 1987

1) :- Reinforcing components for the existing Johnson screen of 107.25m are to be procured in
Japan and shipped to Nepal.

In addition to the above cquipmeht and materials, the following {uel and lubricating oil will be
borne by GOJ.

- Drilling and pumping-out test <+ «------ceie i 49,500 ¢
Typelwell 32days/well X2 wells = 64 days
Typell well 31 days/wellX 1 well = 31days
.’l‘ypelﬁ well 35.days/.weli'><2 wells = 70 days
o Total 165 days
165 days X 300 &/day = 49,600 ¢
- P'un.lping—ou!; test of existing 20 deep t;.lbewells R R 8,000 ¢

- Vehicles  crre e e e 50,900 ¢
Diesel 295 unit.day X 100 ¢/day = 29,500 ¢ o
Petrol 5351mit.day><40€/day = 21,4ﬁ0€
Lubricating Oil ........;.................................;.............lo%ofﬁm]cost



6. 7 Facilities to be Previded by HMGN

In order to execute and complete the field survey work of the basi(? design studyQphas_e Il
smoothly and successfully, HMGN shall accord the following facilities to a survey team of GOJ.

1)  To furnish latest data

- Recent results of both deep and shallow tubewell irrigation (irrigation area, cropping pattern,
production, operation hour of pumps, ete.)

All the data on tubewell drillings and pumping-out tests executed by JADP/TIATSP in the
past '

- Latest market prices of construction materials

2)  To undertake procedure for and to obtain necessary permissions for entering_ each development
block, drilling test tubewells, executing pumping-out tests at the existing tubewells, carrying out
topographic survey, ete. for the field survey period

3)  To provide a survey team of GOJ with the following counterparts throughout the field survey
period.

- lIrrigation Engineer 1 person

- .Agronomist 1 person

- Hydrogeologist 1 person

- Deep Tubewell Drilling Expert 1 person

- Deep Tubewell Drilling Operator 6 persons

- Deep Tubewell Drilling Assistant Operator 6 persons -
- Surveyor 2 p.ersons

4)  To provide free of charge a survey team of GOJ with the following major equipment and
materials necessary for the drilling of 5 test tubewells, the pumping-out test of 20 existing tubewells, -
the hydrogeological survey and the electric sounding,

- Drilling rig (YRD-501R, TRD-500} more than 3 units
- Mud pump ‘ more than 3 units
- Drilling rod 600
- Drilling tool : 1set
- Casing pipes

20”conductor pipe (L= 3m) 60m

14”casing pipe (L==6m) 210m

8"casing pipe (L= 6m) 342m
- Johnson screen (8”, L=3.25m) 128.25m
- Air compressor more than 3 units
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- Lifting pipe and ajr pipe for cleaning

4" 170.5m

i» 85m
- Submersible motor pump for pumping-out test

outer dia.5", 45 €/sec, T8m head 2 units

outer dia.6”, 45 £/sec, 35m head 1 unit
- Diesel engine generator 5 units
- Triangular notch tank (2.5m3) 1 no,
- Portable diese] tank, (2m3, steel plate) 3 nos.
- Gas welder . : 1set
- Mud balance and viscosimeter : 2 units
- DCengine welder 2 units
- Vehicles : :

4t-cargo truck with 3t crane (with a driver) 5 units

fuel tank lorry (4,000 ¢, with a driver) 1 unit

water tank lorry (4,000 £, with a driver) _ - 2 units-

3.5t dump truck (with a driver) 2 units

wagon type jeep (with a driver) 3 units
- Spare paris of mud pump, ete. 1 lot (Ref. Section 6.6)
- . Electric logging instrument, Geologger 300 1 unit

- Greundwater table meter 6 units

5 To furnish free-of-charge necessary spare parts and cosumables for the equipment and
materials, which are to be provided by HMGN, to a survey team of GOJ with top priority.

8) To'grant an 'import custom exemption for the whole equipment and materials to be imported
from Japan for the execution of the basic design study-phase II

7 To furnish one office and three lodging houses to a survey team of GOJ, together with proper
accommodation throughout the field survey period.
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v, IMPLEMENTATION PLAN

7.1 Im'p!ementation Organization

The Terai Groundwater Development Project is incorporated in the groundwater development
program to be implemented by TIATSP under the administrative control by the Department of
Agriculture in the Ministry of Agriculture. Therefore, the Ministry of Agriculture is a governmental
office responsible for the implementation of the Project, and TIATSP is an executive organization of
the Project. TIATSP is controlled by the TIATSP Board because the system is already applied. In such
organization, the Minister of Agricultutre has the sole responsibility for the implementation of the
Project, though the actual responsible person is the Secretary of the Ministry of Agriculture who is
fully assisted by two Joint Secretaries and one Director General of the Department of Agriculture.

In accordance with a grant aid system of the Japanese Government, the construction works for
the Project will be carried out by a Japanese contractor, who will be awarded through tender

procedure, and the construction supervision will be rendered by a Japanese consulting firm engaged
in both of the basic design study and the detailed design.

The organization chart for the implementation of the Project is presented below.

_____________________________________
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However, the present TIATSP organization (refer to Fig. 3.11) is incomplete for the execution,
operation and maintenance of the Project, therefore, the organization shall be reinforced by

recruitment of capable staff as follws.

Number of Increment,
Division i t
Clerk | Accountant ASSI_Stan Overseer | Technician | Tota)
Engineer _
Construction Division 0 0. 2 2 0 4
Drilling Division 1 0 3 3 0 7
Irrigation Division 0 0 1 4 0 5
Workshop Division 3 1 1 1 K 12
Agriculture Extension _
& Training Division 0 0 3 0 3 6
O & M Division
(newly established) 4 1 3 6 0 14
Total 7 2 12 16 10 48
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7.2 Scope of Implementation

The major components of the meect to be provided by the Japanese Government, which are

detailed in Chapter §, are recapitulated as follows

4))

2)

)]

(1)
()

(3)
(4)
(6)

(6)
N

®

@

to construct one hundred and fifteen (115) deep tubewells in twenty-three (23) development
blocks selected (5 deep tubeweils per development block);

to construct the irrigation facilities such as pump house, operator hut, main canal and the
related structures for one hundred and fifteen (115) irrigation blocks to be provided in twenty-
three (23) development blocks (5 irrigation blocks per development bleck); and

to pmwde additional equipment and materialg against KR-2 ones, for the purpose of the

construction mentioned above,

On the other hand, the foliowing services shall be provided by HMGN:

provision of data, reports, maps and drawings necessary for the detailed désign;

Steps and precedures neeessary for custom clearance, tax exemption and for transportation
between India and Nepal for the additional materials and equipment to KR-2 ones, construction
equipment, vehicles, tools, spare parts and consumables;

Issuing of visa, pass and neces:sary certificates for the Japanese persons concerned;
Tax exemption for the Japanese persons engaged in the Project;

Provision of KR - 2 materials and equipment, including construction equipment, vehicles, spare
parts and consumables to Japanese contractors and consultant at free of charge;

Contracts with Japanese consultant and contractors and payments to them:

Land aquisition and compensatlon required for the constr uctlon of temporary access roads and
irr 1gat:on facilities;

Constructlon of branch canals and their related structures; and

Operation and maintenance for the completed facilities.

The Consultant will assist the Ministry of Agriculture and TIATSP in executing the following

detailed design and construction supervision:

)

@

3

{4)

(5)

Confirmation of the basic design study through the site investigation including drilling of test

“wells necessary for the detailed design;

Detailed design, estimate of the project cost and preparation of implementation plan for the
Project;
Preﬁa_ration of tender documents, examination of pre-qualification, evaluation of tender and

negotiation for contract;

Construction super\uswn for deep tubewells and irrigation facilities, including an attendance

for pumping tests for production wells;

Approval of construction and workshop drawings, inspection for materials and equipment,
examination for rabmcatmn adjustment and test of equipment;
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(6)

(7

{8

(9
(10)

(1)

(2)
(3)
{4)

(5}

(6)
(7
(8)
@

(10

Discussion with Ministry of Agriculture, TIATSP Center and Contractor for smooth execution of
the Project;

Preparation of various reports during the implementation period, issuing of the payment
certificates and final inspection on completion of facilities;

Issuing of completion certificate, attendance on handing-over job of facilities, materials ang

equipments, and taking procedure for final cbmplebion;
Preparation of O & M manual for pumps and irvigation facilities; and

Technical guidance to site engineers and staffs of Ministry of Agriculture and TIATSP through
the on-the-job training; '

On the other hand, the followings works will be executed by the Contractor:

Necessary procedures for purchase, export, packing and transport of additional materials and
equipment (including construction equipment, transport equipment and vehicles), spare parts,
consumables , foods and stationaries necessary for the execution of the Project;

Repair and maintnance of KR - 2 deep tubewell materials and equipment;
Construction of deep tubewells (including test \\;ells) and pumping tests;

Check and installation of pumps and engines (including necessary repaxrs) and test run of them

under the Consultant’s attendance;

Repair and maintenance of KR-2 construction equipment, transportation equipment ang

vehicles:
Construction of pump houses, ope.rator huts, main canals and their related strufstures;
Provision of insurance for construction & installation works;

Procurement of construction materials for deep tubewells and civil works;

Technical guidance to site engineers and staffs of Ministry of Agrwulture and ’I‘IATSP through
the on-the-job training; and

One year-maintenance guarantee for irrigation facilities after handing over.
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7.3 Implementation Schedule

"The Implementation Schedule of the Project, including the Basic Design Study Phase 11, is shown
inIfig. 7.1.

The Project is devided into four phases, taking inlo consideration work size, work capacily, work
capability of KR - 2 equipment, possible consituction period, maximum J&/N {(Exchange Note) term in
frame of the Japanese Grant Aid System and the climate in Lhe project area.

The main components of the respective phases are as follows: -

. First Phase Construction of twenty-five (25) production wells including 5 diverted from
' test wells and irrigation facilities for twenty-five (25) irrigation units in five
blocks, purchase of additional materials & equipments, and drilling of test

wells (one for each block, six in total) for six blocks of the second phase

- Becond Phase : Co__nstruc_l;ioh of thirty (30) production wells including 6 diverted from test
wells and irrigation facilities for thirty (30} irrigation units in six blocks, and
drilling of test wells {one for each block, six in total) for six blocks of the third
phase

_Third Phase : Construction of thirty (30} production wells including 6 diverted from test
'wells and irrigation facilities for thirty (30} irrigation units in six blocks, and
drilling of test wells (one for each block, six in total) for six blocks of the fourth
phase

-FPourth Phase : Construction of thirky (30) production wells including 6 diverted from test
wells and irrigation facilities for thirty (30 irrigation units for six blocks

- Immediately after the conclusion of the Exchange Note for the first phase in the end of July,
1988, the consultant contract will be made and detailed design (2 months including preparation of
tender documents for the first phase), pre-qualification; tendering, evaluation of tender documents
and coritract will Tequire five (5) months and the contractor will spend one (1) month for the
préparétﬁry works, therefdre, the construction of the first phase will be starled in February, 1989.
The construction period of the first phase will be five months and the repair and maintenance of the
equipment provided by TIATSP for construction will be completed by the contractor by the end of
July in 1989,

I'he Exéhange Note for the second phase will be concluded in the end of duly, 1989. The
procedures from pre-qualification of tenderes to the contract for the second phase will require 3
months from August to October, 198% and the preparatory works of the contractor, 1 month.
Therefore, the construction of the second phase starts from December, 1989. and ends in June, 1990
with 7 m'onth-péi‘iod,-'and the repair and maintenance of the equipment provided by TIATSP for
construction wil? be completed by the end of July, 1990. The third phase and the fourth phase will
start behind one and two years, respectively afl ter completion of the second phase.
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7.4 Procurement Plan for Materials and Equipment
7.4.1 Procurement of materials and equipment

1}  Materials and equipment to be supplied

Of the materials and equipment listed in the previous chapter 4,2.6, the equipment and
materials which can not be procured by the contractor of the first phase because of manufacturing
and shipping period will be delivered to TIATSP center by the Japanese supplier decided through
tendering, prior to the onset of the construction for the first phase (see Tables 4.5 and 4.6). The other
equipment and materials, including spare parts and consumables, will be procured by the contractor

of each phase immediately after the contract.

2)  Construction materials

The contractor will be able to purchase cement, bentonite, barite, CMC and gravel which are
available in Nepal. As for cement, Indian, Korean and Nepalese products are available in the market,
Regarding bentonite, barite and CMC, Indian products are available. But, mud cleaner has to be
brought into the site by the Japanese contractor.

The other construetion materials such as bricks, concrete pipes, steel bars, steel plates timbers,
glasses, ete. will be able to be purchased locally as well as fuel and lubricant oil.

7.4.2 Transportation

The import and export to and from Nepal are executed through India, therefore, the equipment
and materials to be brought in for the Project are imported through India, excluding the goods fo be
carried by air.

The materials and equipment shipped from Japan are unloaded at Caleutta and transpoz_‘teﬁ via
Laxaul in Indian border to Birganj by trucks and trailers. In this case, the custem clearance is
required in Calcutta and Birganj. The commodities to be imported to Ne}iale via India, are not
difficult for the custom clearance at Calcutta, provided that the documents are complete. However,
the custom clearance at Birganj requires one (1) to two (2) weeks.

The road among Calcutta, Birganj and Janakpur is paved with asphalt, and thereby makes
transport of the equipment and materials easy. The precision instrumement, spare parts of
equipment, comsumables, ete. shall be packed in a sealed wooden case and others are packed in an
open worked wooden case, except the construction equipment and vehicles to be transported by trailer
and self-propelling, respectively.

It will take forty days for sea transport between Japan and Calcutta and take another fifteeﬂ
days for offshore waiting. The custom clearance at Calucutta and Birganj and the inland transport
between Caleutta and Janakpur (TIATSP Center) will be conducted by Nepalese or Indian agents
and will take about five days for inland transport and fifteen days for custom clearance at Birganj.
Therefore, it is conservatively estimated to be three months for transport of the required equipment
and materials from Japan to the TIATSP Center.
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4.5 Operation and Maintenance Plan
7.5.1 O & M for facilities

It is impossible for the farmers to operate and maintain pumps and irrigation facilities
successfully, The O & M works of the completed pumps and irrigation facilities shall therefore be
carried out by TIATS_P, collecting water charge from the beneficial farmers. However, for the first
operation year, the whole O & M cost shall be subsidized by HMGN. For the second and third years, a
half of the O & M cost shall be subsidized by IIMGN. During the initial three years, TIATSP shall
organize a Water Users’ Group in each irrigation unit {the irrigable area by one pump) and collect the
wohle water charge from the water users’ groups in and after the fourth year in the operation and
maintenance of the pumps and irrigation facilities,

.The water charge consists of fuel & lubricant cost, operator's cost for pumps and maintenance
cost for irrigation facilities. The repair cost of the pumps shall be subsidized by HMGN until the

farmers will reserve the sufficient capital,

An agriculture extension & training division of TIATSP is responsible for establishing the
water users’ group, and an O & M division for collecting the water charge.

The water charge, excluding maintenance cost for irrigation facilities, by the deep tubewell
types planned in Chapter 4.2.3 is roughly estimated as follows.

Water Cha!’gé for Standard Deep Tubewslls

Well Type I o i v
Discharge (¢/sec) 40 25 - 30 40 - 50 40
Irrigable areathr) 40 25--30 40 —~ 50 40
Pump _ Okamoto | Okamoto Ebara Ebara Ebara
Fuel consumptmn ({’!hr) | 5 | 5 8 8 8
(i) Fuel cost (Rs/hr) 317.0 37.0 59.2 59.2 59.2

(Rs. 7.4/8)
7(2) Lubricant cost 3.7 3.9 5.9 5.9 5.9
(Rs/hr)
(3) Operator cost (Rs/hr) 3.2 3.2 3.2 3.2 3.2
(Rs.800/Month (250hr))
Total (Refhe) 139 439 68.3 68.3 68.3
Water Charge(Rs/hr/ha) 1.1 1.8-15 2.7-2.3 1.7~1.4 1.7
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T7.5. 2 Construction of on-farm facilities

In the Project the Jananese Government will construct pump houses, operator huts, main eanalg
and the related structures (including intake structures for branch canals) and HMGN will constryct
the on-farim facilities such as branch canals and the related structures.

The rotative irrigation with one week eycele will be employed, t_herefore,_ number of branel
canals branching off from main canal will be 7 or 14 and the irrigable area by one branch canal will
be 2.9ha to 4.3ha, (The irvigable area by one deep tubewell will be 25ha to 50ha.) It is essential to
construct the on - farm facilities for the equitable distribution of the irrigation water.

It js also essential for the suceessful goal of the Project to organize the water users’ gi'oups and tg
construct the on - farm facilities within one year after completion of the main irrigation facilities,
TIATSP's guidance and supervision are indispensable for successful construction of the on - farn
facilities and establishment of the water users' groups.

7.5.3 Education and training for farmers .

The organized water users’ groups will be responsible for construction of branch canals, O &M of
the facilities and water management. For the purpose of suceessful implementation of the above, it is
essential to teach farmers the irrigation farming and the rotative irrigation method and to convinee
them of those merits and the necessity of the water users’ group. Also it is necessary to train the
farmers to let them master the technique and skill for the above. Therefore, TIATSP shall be

responsible to such education and training of farmers.

The construction division is responsible for guidance & supervision on construction of branch
canals, the extension and training division for guidance & training on irrigation farming and for
organization of the water users’ groups, the irrigation division for education & training for rotative
irrigation and water management, and the O & M division for guidance & supervision for
maintenance of branch canals. For the promotion of such activities, a systematic technieal
cooperation is required because the TIATSP's staff don't have sufficient technique and experience at

present.
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8. CONCLUSION AND RECOMMENDATION

The Terai Groundwater Development Project has not only attractive direct effects but also
indirect effects when implemented. The direct effects are: 1) expansion of irrigated farm land; 2)
stable increase of agricultural product; 3) incredse of farmers' income by raise of land productivity
and unit yield of erops; and 4) fnprovement of farmers’ living standard by 1), 2) and 3) in the project
grea. The indirect effects are: 1} improvement of social welfare of villagers in the project, area; 2)
establishment of the engineering and technique for deep tubewell irrigation development; and 8)
establishment of an operation and maintenance model for other deep tubewsl] irrigation projects to
be implemented in the Terai plain in the future.

The project can be successfully superintended and controlled by Ministry of Agriculture and
smoothly operated and managed by TIATS organization reinforced for the implementation, since the
both organizations are capable.

On the other hand, it is technically possible to construct 115 deep tubewells of which possible
pump-up discharge will be 25¢/sec to 55/see and the respective irrigation facilities designed for 115
irrigation areas of 23 development blocks, judging from available equipment and materials granted
under a KR-2 aid for construction of deep tubewells, distribution of groundwater potential in the
project area, ete, How'ever, for construction of such tubewells and irrigation facilities, it is essential

to add considerable quantities of equipment and materials to the KR-2 ones,

The completed tubewells and irrigation facilities will e able to be operated and maintained by
TIATSP organization, collecting water charge equivalent to the operation and maintenance cost from
water users’ groups which will be organized under the guidance and supervision by TIATSP. The
water charge will be able to be collected from the water users’ group when a pump-up discharge of
deep tubewell is more than 25¢/sec, because the water charge to be allocated to the farmers is not so
heavy for them in the view point of farmer's econgmy.

However, it is hardly possible for HMGN to implement and complete the Project by herself, since
the national budget largely depends on foreign aids, and the engineering and technique on the hydro-
geological investigation and the drilling and finishing of deep tubewell deeper than 150m are not
fully established yet in Nepal. ' '

In the light of such situations mentioned above, it is judged that the execution of the Project
holds great significance and is appropriate to the grant aid cooperation of GQJ, besides the request of
HMGN on irﬁplementation of the Project is proper and priming effect to future groundwater
irrigation development projects in the Terai plain is also expected,

In this basic design study, however, possible pump-up discharge of deep tubewells for each
development block has not been confirmed vet because of absence of pumping-out test for the test
borings, lack of .p}oin'ts of the pumping-out test for the existing deep tubewells, lack of points of the
electric sounding, eté., and therefore, speciﬁcétions and sizes of the deep tubewells and the irrigation
facilities have only been preliminarily determined. In addition, location of the 15 development blocks
other than the 8 priority development blocks, measures for reinforcing the existing 8” Johnson
Screens, ete. have been left undetermined. These are grave matters which influence on the technicail
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propriety of the Project and, therefore, require urgent solutions. From this point of view, it is strongly

recommended to execute the basic design study-phase II detailed in Chapter € herein as s00n as
possible.
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Table 3.3 Data of the Existing Deep Tubewell Water Quality
DISTRICT  WELL NO. ?g?gggTéﬁé}Y Pl c* 33§$H gﬁgéggﬁiT;aKEN REMARKS
CM) (m) o
J22 150 6.7 27.0 73 G2 '
SARLANI JADP(1987) 299 6.4 26.8 115 G3-2, G4, G5 Bhaktipur.
4 (MIP) 460 7.1 25.5 98  G3-1, G4
S9(MIP) 395 7.2 24,5 10k §3~1, G4
MO 190 6.8 25.0 123 G3-1, G4
M1 180 6.2 25.5 150 G2, G3-1
unnortans | FAO3 (}gg) 6.5 (gg:g) 113 G3-1 (Existing data)
J19 120 6.6 26.5 110 G2-2, GI-1, G4
47 120 9.0 24.0 152 G2-2,G3-1,G4,GS
M9 86 7.0 27.0 138 G2, G2-2, G3-1
FAO4 160 7.0  26.0 No data
ML4 390 7.1 24.0 135 ©3-2, G5
Vot atpely 345 7.8 20.0 Wo data
FAOS 339, (g g) (32:9, 177 ©63-2, (G4), G5 (Existing data)
JADP{1987) 340 8.1 26.0 131 G, G2, G3-1 Godar
N1 160 6.2 27.0 125 G3-1
T1-5 260 7.0 26.0 135 G2
T1-3 190 6.2 26.0 85 Gl, G2
DIANUSA T1-7 280 6.5 25.5 130 G2, G3-1
N6 250 6.9 26.5 105 6l, G2
NLO 160 6.3 27.0 120 G2, G4
16 150 6.4 26.0 132 G2, G3, G4
Jé 180 6.6 25.0 160 G2-2, G4, GS
J5 220 6.8 25.5 105  G2-2, G3-1, G4
Depth 65m=215,6.7  25.5 =G2-2 '
FAQL Depth 83m=163,6.6 23.8 133 =G3-1 (Existing data)
Depth 96m=215,6.2  25.2 =G4
T8-16 300 6.9 25.0 160 G3-1, G5
FAD6 (220) (6.9) (26.8) 171 G4, G5, G6 (Existing data)
N4 330 7.1 26.0 174  G3-2,(C4),G5,66 '
N5 380 7.6 25.0 175 (c4), GS
FAG2 (ggg) (; g) (gg:g) 127 CJ—I,.(Gé) (Existing data)
Gl4 590 6.8 26.0 87 East bank of
. No data
G15 610 6.8 27,0 112 Kamla R.
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