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Result of Case Study
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Fig. 8.2.2 Result of Case Study
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Fig. 8.2.3 Proposed Cropping Pattern (1/3)
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the capacity of:
- Water Distribution Station and
- Conveyance Pipeline
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‘Fig. 8.3.2 ALTERNATIVES FOR URBAN WATER SUPPLY SYSTEM
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Avaitable Water Sources

-*; Spring water source is conssdercd partly in hitly arca,
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. &
8 %
2 2
& © ) %
" 9 & =z
‘ g £ ] ©
B gz 5§
&2 e g o b L - .
Sub-areas & 0 ) o Water Sources Considered in Alternative Study
Lpbeysa e ® @ ®. | x r} Spring Water& Groundwaler
Bajo“ © ® ® x -) Sub surrace Waler& Gmundwaler
Phangyul ' ® % X % -} Spnng Waler
Rubeysa @ % X x | 2 Spring Water
Notc :

Fxtawion | © Wier

. _ CNew | New o] MNw | Addtordd | Faasion | Faasion | ¢ with | Treten
A &baras e Saenie (A Sdene (B)] Sdene{Q)] | Slene Sdmc(A) Schone (B3)] Tretnut | - Sdeae
'1@3«; ook YT ' -o‘ml“,“‘z”‘ili’ £ O[QP | R R
L (ARl Hi e 0:, o 2 IR I
Byo MNo. ol‘w]agu _ L (R ’f/i ’/f///”/ : ( O SOy o
o Aoy Populition 0 ’/(53-2 A 2 5» 0 0 0 o]
ng\ul o |Noofvige 1 f o 3 0 0 i
Average Populition 19 R I oy G )
[Rime oo | 2 ( [S’zﬁz sl (s3] 2
Average Fopuktion s I, P L AL
WokArer | Tola No. of Vitlye 9 B A2 1 4 3
Averig Rﬂ.mu 131 L i I B )
% Case S-1: _ Sprixg Dcwlopm:it < Now (Large) Case B-1: © Groundwater vs Subswd: Ke Dc\vebpm:rl‘(lm;,\)'
' Case S-2: - Spring Developiene - New (Sl Cae B2 Grownchwater vs Subsutice Dculopnm! {Snelly .
Case S-3: ' Spring Dovelopeit - Extersion {Large) Cacl-l;  Spring vs Growdwader D:\Llopnui (Lacge)
- jCase S-% Spring Developnent - Extension (Sl Cae -2 Spring vs Growdwater Developies (Snull) -
ACase 1l Water Treatneit - lmanmml : ' '
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'As mentioned in the previous chapter,

Chapier ‘)

9 URBAN “’AT{»R SUPPI Y PLA\ mR “’z\i\GDUFPHODR:\F\G l“ow.\'
9.1 Planning’ C{mdition
9.1.1 Targt-t Year

The targnt year is set conmdcrmg the unp!emunauon penod hence the imal target year

- is set &t 2007 taking into account of the implementation period of about 15 years and |
. the period covered by a rcgu]ar five year plan of the country. The year of 2002 is also
- taken as a milestone for 1mp1emcntmg the basi¢ plan for about 10 years later and five

(5) years before the ﬁnal target year, The water resources development basic plan for
thé rural and urban water supply is prepared in'accordance with this basic time frame. ~

~The whole plan is first figured out for the final farget year of 2007, and then it is di-
- vided mlo somc steps of unplementahon consldenng pnonty, importance, urgency, ete.

9.2 Served Area and Populai_ion

The present urban water supply system covers an area of abowt 110 ha consisting of the
“RBA complex and quarters, the Dzongkhag and administrative arcas, the commercial

and shopping areas, the residential areas, etc, Any extension of the prcsem town area is
not scheduled at present according to the Towi Planmng Section of PWD except for
the areas where some internal shulling of land use is scheduled. However, the arcas of
about 23 ha located between the present DSC/AMC yards and the construction sites of
the junior high school are reconimended to be included, and then the total service arca

‘of the water supply system will be 133 ha.

Projected Population in Wangduephodrang
. Town Area

_Categories | 1995 2002 2007

_ Resident]  6.035 697 1856

Day Visitors] - 2,293 2.867 3.350

Total o838 | o847 | 1l

the future population increase pro-
jected for the target year of 2002 and
2007 is set as shown in the table tak-
ing the growth rate of two (2) % per
year.

9.1.3  Water Consumption and Required Productivity

The previous sections, the present produclivity of lhc e\uslmg, water supply system is
considered to be 780 m'/day mainly because of - gstimated Water Demand and Re-
the timited conveyance capacity. 'ol the existing quired Addmonal Capacny
convcyancc p:pchnc from the Pe Chhu

, C ) Ruqum.‘d
The domemc water demand is eshmated at 'A;:i?fc -' ?ﬂ:‘ ﬁ‘g::l
1,133 m¥day and 1,546 mYday in 2002 and Demand . - Demand .(-iPdCll\
2007, {espectwely It is, therefore, necessary . year (nYday) | (in'day) G on’tday)
_ to increase the water’ supply capacny accord- . 1995 | T 812§ LOIS .
~ingly. The capacny to be increased is calcu- 2002 | %06 i LI33, 163
lated to be 363 m'/day and 776 m'/day in 2002 _2007 | 1.23G 1.546 710

- and 2007, res;meclwely The proposed capacity of the tacmtlcs are sct as follows:
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- Conveyance capacity of the proposcd conveyance pipeline: 1,700 mfday
(including 5 % of the internal requirement for washing, ctc.)

- Productivity of the proposed water distribution station: 1,700 m'/day
- Distribution capacity of the distribution networks: 1,600 m'/day
9,2 Facility Plan
92,1 Bajo Canal and Intake Facilities

.(!) Intake and Sediment Removal Facilities

The raw water is diverted directly from the Pe Chhu at present with 1,000 mm (w)

x 500 mm (d) open channel by gravity on the right bank of the river, and the di-
verted water is conveyed through the open channel together with irrigation water.

‘The water for the urban water supply is separated at the point of 65 m downstream’

~ from the intake stiucture, and the Separated water flows into the sediment removal
structure made of a grit chamber of 70 m* capacity located beside the open channcl
for irrigation. : :

The existing intake facilities of the open canial and the sediment tank is found to be
. funcuonmg well at present, and is considered stifl functionable in the future plan

also although some extent of cleaning is required. Therefore, it is proposed to util-

ize the cxlstmg mtakc and sediment removal fac:!mes as they are utilized now.

(2) Com cyance Plpeime :

"Ihe ﬂow capacﬂy of the existing plpelmes is estunated as eight (8) lfscc qmtc ﬁ
smaller than the design discharge of 20 Vsec. The pipelines are made of g galvamzcd ’

steel at the most upstream and downstream pomons only, white the middle portion

is of 4 HDPE | pipes and partly brokcn causmg leakage of water. Thcreforc itis

rec0nm1ended to replace the existing one in this Study.

Route of New Conv_gyanée Pipeline

“Fhere aré (wo (2) routes which are cons:dcred as Opnons for the new eonve)ance'_ i
p:pclme One is the route along the e\uslmg Bajo canal and the other is a!ong the
_ nauonal road for Tongsa. The existing pipelines run along the latter route Both'
- romes are scmhm?ed and compared in detail, and the latter route is recommended. -
to be considered for he new conveyamc plpchne considermg the following find--

mgs

- The f‘ormer route has a mild and constant stope to reach the distribution station,
" resulling in rather moderate pressure variation, while the latter route’s profile
reveals sudden and frequent changes of pressure due to its topography.

sttt S PR e 1 r e
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- The latter route runs geologically more stable zones than the former ane, and
many gullies are formed along the route. Hence the latter route looks to be
safer, and less construction costs are expected.

- There is no space for construction and placing the piping materials along the
existing Bajo canal. Therefore, the latter route is recommended to cnable easy
operation and maintenance as well as easy and smooth construction.

- Type of Piping_Materiols

The f‘ollowmg three (3) types of piping materials are cons:dered as options for ma-
terials of the new convcyance pi ipelines.

- - PVC pipe
- Steel pipe
- Ductnie iron pipe |

Among the above plpmg materials, the ductile iron plpe is Judged to be the most
* suitable for the constriction of new conveyance plpeime after the, followmg, consid-
-crations -

- 'lhe geologlcal sntuat:on in the Sludy area like Himalayan region is considered

. ‘as still unstable. In the areas along the proposed routé, many land sliding are .
found, and many efforts have been taken to:prevent the national road from
damages - induced by such’ land: sliding; ‘According to the results obtained
through the geological Thazards assessment, the vulnerability in this acea is the
highest. It is, therefore, necessary and essential to adopt:such materials which
are cons:dered as strong and bearable agamst cxcesswc prcssures and strcsscs
caused by unshblc geologlcal condlllons

- In order lo procccd wuh the constmchon works smoolhiy as schcduled under -
the condition that the availability of: construction equipment is limited and

' skilted laborers are found scarce. it is necessary to apply the materials that make

joint works easy, because such pipe joints are considered to bie the most impor-

tant to avoul unexpccted leaf\agc of water, elc. -

: R malenals wh]ch are’ slfong ancl bearable agamsi Ihc detcnor(non and
% I weathermg is recommended to be adoplcd in order to reduce the: rcplaccmmt-
' * costs alter the complcuon of constmcuon as much as possﬂ)lc

- The PVC materials are considercd to last a lon'g lime' but are weak in bearing
the inner and outer stresses and pressures. The steel pipe i$ rather strong and
bearable, but the welding work. requlrmg skilled welders is essential to joint
these materials. - The ductile iron pipe is considered stronger against such
stresses and pressures and casily jointed and last for a long time.
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The principal features of the proposed siew conveyance pipeline are summarized

below.

- Design discharge: 1,700 m'/day (20 Vscc)

- Design water levels: Grit Chamber LWL 1,428 m, HWL: 1,430.5 m)
Raw water receiving tank 1,344 m

- Total distance: Approximatc.iy 8.4 km

- Diameter: 8 inch

. Type of piping materials: Ductile iron pipe

The long:tudmal profile of the proposed conveyance p;pelme is presentcd in hb
9.2, 1

922 - Water Distribuiion Sta(ian s

“The present’ distribution station 15 scmtmlzed to fmd out ﬂie necessary |mprovement as'
stated below. :

:(l) Daily Produulwny ofDlstnbulmn Stanon

’ _lhe daily produchvny of the pmposed dlsmbuhon station is set at 1,700 oy lda) as

- aforesaid. The capacity of the existing sedimentation tank (950 m’ *} is considered to-

- be sufficient that about 13 br of retarding time is considered enough o allow the
f reqmred sediment settlemcnt However, the capacity of distribution’ reservo:r meas-

~ ured 16 be 600 m' is considered insulliciens considering thal lhlS capaut) is irans-i

laled to only about clght (8) hr ofretardmg tlmc

.

‘ Therefore, 1l is proposed 10 merease the capacnly of dlstnbulton reservoir l'rom pre--
i sent 600 m* 10 800 m” so as to reserve the capacny for storing 11 hr ‘of distribution

water.- The variation of water levels in the reservoir tanks are illustrated in the fol-
lowing graph.

TS : . —y i

o b 2097 ('otn!h.ion E . {Reésenolr (’a.[x'\tiij: 8O0 uf'} .

: s Y i : : o R I
RN R ! Man Babvce = 435007 :
v PRI e ———e h\ i z
(e i‘

k]

i

e &

4 1l

R VST W OUOS Sy, 7 S 98 G S
l ------- ("nl fk wlhs \\L\\) I.n-fk w Dz-drugg (A\e 3 : Inﬂ-. wl)w:l\ g t“ﬁ‘i P

WATER BALANCE IN DISTRIBUI‘ION TANKS {800 M*)
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As shown in the graph, 495 m” of water is stored even in case of the minimum wa-
ter level, and this volunie is translated to about seven (7) hr of water storage is
considered possible. '

(2) Water Treatment
‘Since the turbidity frequently raises over 20 parlicularly'during and after (he flood

“in the Pe Chhu especiatly in the wet season, it is recommended to apply some water
treatment for lmprovmg such high turbidity and reducing bad color content.

‘Rased on the above dlscuss:ons the existing distribution station is proposed to be i un-
:provcd as itemized below.

- The high turbidity should be resolved by improving and enhancing the present

treatment system. A rapid filtration system is applied to improve the station, taking
into account that there is only a limited area whcre the system etpansnou is able to
be allowed as ehown inFig: 922,

- To Facnhtatc the eﬂecls of rapld filtering, a flocculator should be prowded before’

_sedlmemauon tank, and some coagulant materials. like aluminum surfeit should be
: apphcd to accelelatc such coag,ulatmn effects as expected. '

- Chlormanon is recommended to distribute safe and clean water to ihe service area.
It is gwen at the last siage of treatment.

- ' The cmstmg water reservoir tanks are proposed to be expanded to seine extent,
' because the prescnl capaonly of 600 m’ is consndered raihcr shon to meel the re-
;'qmrement : :

s Shudge and dram water lrealment sys!cms should also be provided in order t0 mal\e '

- the sludge dry for disposal and 10 process the washing water for draining out of the
station yard withiri a permissible level of water quality.- -

- A piping ga!ley is proposed to be provided to spare the space necessary for smooth

operauon of valves.

'The flow chart of the proposed Improv\,d d1s!r1builon slatlon is ;llustrated in Fig. 923
" 4nd the clevation ‘of each component is ‘confirmed since some of the addmonal proc—

esses require much fall of water hcad as presented in Fig. 9 2 4.

‘; The prmmpal featutes of Ihe proposed sysiem componenls are summarwed bolow and ’
its plot plan is presented in Plg 92.5. - : - ‘

- Raw water receiving pit: SSm{Lyx LSm(W)x 1.5m (H) of reinforced
concrete box with V-shape notch, butterfly type
valves, flow meter and turbidity meter.
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" Floceulator:

- Aluminum dosing system:
- Sedimentation tanks:

- Rapid sand filter:

-~ ¢ Distribution reservoirs:

. Chlorination:

- Operation house:

R App'roach.road:

-0 Other miscellancous works:

0.7m{W)x 10.0m (L} x 4 Nos. of concrete ca-
nal with bafiles.

1.5 m (W) x 1.5 m (L) x 1.2 m (D) reinforced
concrete solution tank with diaphram consiant
injection pump (1,400 ce/min.).

“The existing tanks whose capacity is measured to

be 950 m' is utilized with some extent of rein-

“forcement and supporiing with fram’es and tapers

Gravity type rapid. filter of 24 m? filter ‘area with-
filtered water transfer pumps of 1.2 m/min

(Filtered water basm is attached to the rapid fil-
ter).

The present capacity of 600 m is proposed to be
increased by about 200 m’* and the piping g,alley is
_proposed to be allached to the tank. ‘ Co

0.8 ni dia. % 1.0m (D) of tank lyiadé of plastics
with a diaphram constant injection pump (1,400
ce/min) and thé necessary equipment such’as

level gauge, drain pipe, etc.

‘Wooden operatio’n hduses of 90 m2 area i

| -A’ooul 80 m’ of approach road from the nauonal E
roadto T ongsa : -

Wel masomj,' wall:: iencmg works clectncu)
: connect:on works, etc. ' '

92.2.3 Dislribulion thworks and Relaling Facilitics

The present dtslnbutlon nelworks cover most of the whole service afeas in lhc town-
‘ship, and house connections are made partly to the governiment oﬂ!ccs and the offices

and quarters in the RBA coimplex. without any metered system. The following im-

'provemenl W orks are proposed to bc made for the present distribulion networks. |

(n M'un Pnpehnes

, Thc prescnt distribution nemorks were constructed in 1969, and since then no -
* substantial improvement has been made so far. Then, the pipe material is deterio- -

* rated in many parts of the networks, resulting in continuous leakage of water. Many
‘ extens:on pipelines have also been placed at random with HOPE pipe materials as

2.6
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the town area expands. Such HDPE pipes are easily connected to the |!le¢,al supply
lines, which causes unbalanced load of demand.

Therefore, it is proposed to replace such HDPE pipe materials with galvanized steel
pipes to avoid illegal connection and reduce the leakage. To mitigate such unbal-
anced load of demand by traversing long main pipelines, etc., it is proposed to con-
struct new main lines. :

Since the service area is scheduled to be extended in the Bajo sub-area, a new main
line is proposed to be constructed to distribute the water to such extended areas
also. L

" The emslmg main pipelines and the proposed new pipelines are prescntcd in Fig.
92.0. !

~ {2) House Conneclions

- To mtroduce the metered system, the house connectron ptpelme should be con- 5
slructed as |lluslraled below. - o

\‘;’a_ler

172" HDPE.
iy l‘lip'c

‘Main Pipeline

TYPIGAL HOUSE GONNECTION
9.3 Implementation Schedule and Project Cost Estimate
9.3.1 !mplemmilaiio’n Schedule

| 'As mentioned in the prewous chaptcr 1he urbqn water supply system for the Wang,— :
“duephodrang town area is proposed to be 1mplemented as shown bclow bnscd on the o

above-mentioned i items.

. L : Year o .
Work tems . 1997 agos [ 15w [ don [ 2om T oaor | 2003 T 3000 T 2008 e 2003
|Detasled Design and Administrative An:.mbcmcnls PEOCTHERRNN : - I E :

Corveyance Fipeline i
Distnbution Networks and Hovse Metess hmﬂJ

" |Water Treatrent and Distribution Station
IMPLEMENTATION SHCEDULE OF URBAN WATER SUPPLY SYSTEM
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9.3.2

(1) Project Costs

The project costs for implementing ur-
ban water supply schemes ar¢ esti-
mated based on the above implemen-
tation schedules as shown in the table.

The total costs consisting of direct
costs, engineering fees, administration

Projeet Cost Estimate and Disbursement Schedule

Summéry of Project Costs
for Urban Water Supply in.
Wangduephodrang Town Area

(Enit: Nu 1,000,6800)

fees, and physical contingency are es-
timated at Nu. 231,200,000 tor the ur-

ban water supply system for Wang-
duephodrang town area. The details of
estimated cosls are explained in Ap-
pendix-J including the proportion be- -

tween lhe local and forcig‘n costs.

Description Costs
1. Direct Costs 172.6
1.1 Conveyance Pipeline 60.1°
1.2 Treatment and Water Distributic 95.4
1.3 Distribufion Networks and Hous 17.1
2. Engincering Service T35
3. Administration Costs 6.2
Sub-1otal 2139
4. Physicat Contingency 17.3
Total 231.2

. “The abovc esumalcs are made based on lhc prices in !lﬂy ]995, with the cxchang.sc
rates of’#(] 85 Nu /US$ and 100 yetlfUSS

‘ (2}'0;)0r3|ion and Mainlenance Costs

The opcration émd inaintenance COStS con’sisl of the following itcms:

- the %a1a|) and other IleCCbSﬁl} c\pcndllures ior lhc operallon and mamtcnance

staﬂ

{

- the cOSts for eleclnc charge 10 operalu the dlsmbut:on statlon

- costs for the chenuca]s whlch dre apphed for trcatlng thc dlslnbuled water such’”
as chlorine and coag_,u!anl and ‘ :

- repairing and rcplacc"nicnl costs for the dislribmion stalion and networks.

"ihc calculatcd operatlon and mamtenance costs arc summan?cd below and lhc'
S delalls 0! lhebc costs are ev:plamcd in the A]]p(‘{ldl\ -) ' =

Annual Opera(ion and Maintehahcé Cosls

’uhm: N1L1.008)

1997

1958

1999

2000

2001

2002

3003

2004

005 - 26

20057

5162

832

562

S 82

2295

23121

23121

“2124

128 E 20240

Urben Water Supply

26619
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{3) Annual Disbursement Schedule

The annual disbursement schedule is also set as shown below based on the imple-
mentation schedules prepared in the previous section.

Annuat Disbursement Schedule for Implementing Urban Water Supply Scheme
. Lt Nu ) 004 fw)

Yea :
% : : Work fierms 1097 [ h99s | 1599 | 2000 | 20y | 2002 [ 2003 ] 2004 1 2ous | 290G, 27
g ¥ Died Constuctioa Costs b0 po [eiiesalez ] oo [ e o0 pxs3p
31 Conveyance Pipeline _ S SR (5.5 % SRR PO S ORI S SV U
3 2Water Treatment and Distnbation Stavion - | o b b 4 84 L L T o g
1 3 Distribution Networks and eMetess | ViAo o cpoesM b . 39{:_9 o
}_Eﬁn“m}Sﬂ“W S IS BN Y INNCY T 0 1) R UG MR SR SR A
T Administration Costs 63 21 .32 01 ' YO
. Subtotal QO] torl o; gl 46 {103 L) (3 A0 w; 1)
1 F‘h}‘sicaIContingcnq' : 6nl 98 09 ) 1 wel g
Total ool 103 780] 1i7T9; §3s8] uo] 0] eo a1 14 wn

- 9.4 Project Evaluation
: 9.4.i ‘Economic Evatuation
) BIRR, ENPY and EB/C

- The flow of pro;ect cost, operauon and mamlenance cost and the pro;ecl benefit of
~ only the urban water supply plan for the Wamc,duephodrang town are presentcd in
o Appendix-K. EIRR of the Plan is 11:1 % and at discount rate of 10%, ENPV is Nu.
@ o *20.9 million at price for July 1995, and E.B/C is 1.11 at the same discount rate.
o l’ro;ect evaluation has proven that EIRR excecds the opportunity cost of capital
' 10%, ENPV is positive and E.B/C exceeds L I is Judbed that the 1mplcmcntatton

of thls Plan is economlcally sound o :

T he EIRR is a Tittle larger than lhe opponumty cost of capuai of !0% However,

- this Plan’ is considered prohlablc in caseithat such mtangablc bencﬁts as health
- conditions and hvmg siandards in the: Wangduephodrang town . are taken into Ac-
count. ' :

{2) Sensitivity Analysis

~The result of sensilivily analysis is shown as follows:

SENS!TNITY ANALYSIS OF URBAN WATER SUPPI Y PLAN

o : T TENPY ;

ltem - EIRR (%) O0ONw) | EBIC
Basc - 111 ; : 20,867 + L1b:
Project cost increased b\ 10% 102 | o3 | Lo
Project benefit decreased by 10% HLD . 11 COLon
Construction defayed for 1 year 10.0 567 Lo

Sensitivity analysis has proven that a chang,e i the construction period has stronger
infliience on economy of the Plan than a change in pr01ect cost and project beuefit.
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A standard conversion factor (SCF) of 0.8 has been applied to local cost compo-
nents, resulting in an EIRR of 10.9 % and at discount rat¢ of 11.7 %, ENPV is Nu.
million, and E.B/C is 1.17 at the same discount rate.

9.4.2 Financial Evaluation - Water Charge Analysis -

- After the complctlon of the Plan, annual operahon and maintendnce cost is increased in %
5.07 times in comparison. Without Project from Nu. 526 thousand to Nu. 2,667 '
thousand. Until now, Wangducphodrang town has not charged water tarift for water

supply service. Thimphu and Phuntsholing have been the only towns where consumers are

réquired to pay for water. Recently, the Urban Water and Sewerage Project in Thimphu is

proceeding by the 'lhunphu Cily Corporatlon This project provides new tanifl rates for

water supply which are risen after 20 m® per nionth. According this new rates, a houschold

of five persons usmg a normal amount of water, will have to pay approx;mately Nu 250a

month.

if Waugduephodrang Dzongkhag would appl)r the same water tadil system, after the
completion of the Plan Dzongkhag or City. Corporation could charge Nu. 564 thousand
fwlnch values approxnnately 21% of'the who!e opcranon and maintenance cost

9.5 Organis:itiml aild lnslilitliunal Arrangemcnl

'(l) \‘eccwl) of lnlmducmg, Metered System in Urban Water Supply System

- Water charge is; ot collected at present for the urban water supply cxcepl a scwwe
charge of Nu. 9 = 40 a month depending on the class of bencﬁcrary s houise, and
most. of thc expendtlures neccssary for operauon and maintenance of tlie prcscm'i
urbaii water supply system have been managcd by the Da;rongkhag, s owil budgci :

al!oyated by the govemmem so far.’ o

1
b

T he opcrallon and managcment costs for the fulurc supply qys[em is conqadcred to
incfease comparing with the present ones, because more number of staff and engi-
neers as well as tocls :

aui - ; DZONGKUAG QFFICE
am‘i_ equipment are re N s
quired  to - manage ' - - T
such systems in the . . ° [ ~ - ]
: ﬁ.l[tll’d In a'ddition ) B )I'.\'\'l).Sr_c'iion i .\dtnénlsffa[ilc Seetion
: the prescnl IO\V l‘no- o i)znngk‘hzg l:‘.nginecr (OFEy . BRI ; .

ratity of the benefici- - :
oL L Rura Water Supply
‘aries should "also. be . | wassancs secten
dmproved ‘at least to -
reduce such high rate = |{ eewno )
: Moandenyae Woier ]

ot

Engieuss {2)
Oper o for
3 Bianlstion Suion

[&J]
Malncoani &
;, wokerdd; 4
oAy A

Chief O iBeer 11y :
Sbtes Reader, g Brbing il Colleditn
i1y

of physical losses. 1t o

is, therefore, pro- - |\ . . ./ 2

posed to intcoduce a PROPOSED ORGANIZATION CHART
systematic water col- FOR URBAN WATER SUPPLY
lection system with a IN

WANGDUEPHODRANG TOWN AREA
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proper water tarifY before the water production reaches to the full stage as pro-
posed. The metered system is also required to be introduced the new water supply
system in order to measure corcectly the volume of water used by a beneficiary. The
tariff rate should be set considering those being applied to the other cilies such as
Thimphu, Phuntholing, etc.

(2) Proposed Future Organization

As mentioned in the previous chapter, it is proposed lo ‘maintain the present
Dzongkhag’s organization with a little enhancement and reinforcement in human
and material resources, and the organization presented in the figure in, thc prevmus
page is proposed.

T hc number of stafY required for the opcmtlon and mamtenance semccs are men-
tioned in the parentheses in the figure. o :

-1






CHAPTER 9
FIGURES







STATIC LIVEL

T DYNAMIC LEYEL

s =

e

R

-

w4

rpopgd Ho
ARa PN AT

’HIﬂ e

oyt 6 sa] eee S

EXO0: LX) R R AL

[
2 113

st e wesfie o

b nief] # vkl LR LN

Fig. 9.2.1 HYDRAULIC PROFILE OF CONVEYANCE PIPELINE

srontd o ss]l 0 andl eove
. W
weolle meefaso | o5

. . {1t
| (A1
I-’u sro]y proxdf pamffrwe

Haan 'lmlim ENe

sarenl| ¢ oo §| veret] oxe

ir PHee Hoaa

el res Weaer | 20
scecnt er Moo Vs

Provenr Orewsl Atete

. dpemiated  Desrencr
Lentarce,
Areey Starim

9-13




NOLLYLS NOILASIIISIC ONILSIXE ZZ6'Bid ' T

'

C (ewo09) (cui0GB) ...
SyUe L uopnNauUIsIq | | SYueL UOLEWSWIPDS

= ——

T _
“

ﬂllll.—IJ

) ﬁ ..
o L
(" asnoy soresado )

@

—— g g -
b Tt et * B drwh  edvwnpele— setsle—n.  ——

(W T T e T T T W T

el S

S |

."mc_m_o o._m,mn

9-14




NCLLV 1S NOILNEINLSIC ONVEGOHEINGONYM
40 INVId INSWIVIRL 30 IN2RIACEINI XA o_m

rﬁcsoo hmﬁa
JOlRN IR
SIRAWRIOA

3SNOH
JOSUOD) MON

Pooeun

| Bugsse
hn_ow £

asne

Mo T R Foo, o
Tl N e I e
©sepoes —— | mcﬁmmg vcmm. Buifag omvsw _

. Bunsixg _I, ) B -
L OEeT e A
_ A m .
—X h » _4 A, A
o JOMIDSDY | G R :
| 2OIBMA %
uediy | ) !
e e S Rupigan . yBiH
- A A A _uowg:oho

R -
.I..ﬂ -

|

R A

g i, om e

|Y ....-..-X.-.

>

ESEICTE K

AUpIQIN | MOT 404 UMDY

SHuzj, UORBJUSWIPAS |

9-15



NMOL ONVHGOHAINAONYM Ni NOLLYLS
NOILNENLSIA ¥LYM ZHL 20 3708 IINVHGAH 7776 i

ey Buiysep

/AR

1ONIBSY
- siayd pdey RN UESD
ﬁ oA =
H _, " no- - ‘u
-26pnig 5 e
o _ JWAN S WAN IR AN BN S (gui008)
{ew 056) - n 1| syueruonngosiq
YUB UODRUSWIPSS - : | | \ﬁ
i L A L
e ,_Il.Jr _ _ WG} W 4 _
| = e B e s ey |
B - . DU . m . K . ]
,, S I
R H P 7
i .._J Al AL A i
i ) | _L_ . | m 4, . IIH.. . N ]
- rrtmme— \? 1T
: ust % s
_OIEInuv0L4

lg Buniesoy Jalep mey

My &

ﬁ
i i == _ g _
T L e
; SHO O wsceres

NYYD) B Wb
suyadid "ap-g

9-16



'NCILY1S NOLLNGIYLSIC

ONILSIXZ 30 NvId LINIWIAOBJINI 26 Bid

WOC ST 0§ O
FIvoS

QE 00.'} Annionpold ApeQ u

g senoey Sunsixy
PBIONAISUOD
8q 0] sanive s
aNzoaT
BsSNCH
uonesado
suijedid
aouBAaAu0)
g Buinisoay 7
JelepM MmeY £

uiseg
wawiess )
DI OISBAN

plng §.
IRy

JIOAIBSIY L
PUE SHUE UOHIRIUSWIPSS mc;m_x.,

uonn n_bm_a

B SRV S I VS

T A

H\;:T’

9-17



' ':'\ | \&\ ] _:\_:-::
- :_.z;__._\ WU \\‘R\&é‘} 11
- = N \k:“—:::\\ - A 24
ANBIR AN\ (R
- T

H
i if
i M ) 3
h
) \ r
N . g g -
RN W i g /
\ o
A ey AL i P i
L, h RNy \ X
g 7 3] \
7 £
)
L e Y
4 ~ .
2 5 N
1 Y \))
N R )
¢ /
It (

N

e ‘ -is‘;:”‘.'(;‘.:‘..‘ . "_‘!_..__‘ = .
5 onvayance
Pipeline

(BLOCK 4 LEGEND

Wb 2 | .
/ . é remesmn Proposed Distribution Pipelinel|

. V4
’ maemam  Exjisting Dislribulion P|pel|ne)
1

W “‘832.- (% Fig. 926 PRESENTAND FUTURE 7. |
J b . ~ DISTRIBUTION NETWORKS' ™ [
LN A YA (T SIS NN s

"9-18

=
e
LT '-_} Extended;Seryl?e Arga o g :

1 ~. ‘ . i ’
o ) Present Service Area

- It i




‘ " | CHAPTER 10
IRRIGA TION IMPROVEMENT PLAN







Chapter 10

10. IRRIGATION IMPROVEMENT PLAN
10.1  General

Out of the schemes proposed in the Basic Irrigation Water Resources Development
Pian, the following two (2) schcmes are sclected for the further implementation
considering their urgency and importance.

@ - Bajo canal project for low flat areas
- Phangyul canal projéct for high hilly areas

Based on the basic concept and strategies described in Chapter: 8, the irrigation
improvement projects for these schemes are proposed to include the following
countermeastires. :

(1) Bajo Canal Project

a) Rehabilitation of present irrigation canals (totally 15 km, '35 unit of offtake
structures) with improvement of the protectlon works in thc hazard aleas to
supply the sufficient irrigation water : S
'b) Establishment of ncw water management system for effective use of i rg,auon
water o
_ '¢) Introduction of the double paddy cropping for 40 % of prcscnl paddy ile!ds to
@ . attain the eﬂcchve usc of agncuhural lands '

(2) Phangyul Canal Pr_oject
a) Estabhshment Of new water managcment syslem wnlh prowdmg, 1w omakc
facilities to attain eflective use of i irrigation water :
b) Introdiction of 10 % ofdwermﬁcallon to the pre<e11t pdddy ﬁcIds to attdin lhc ;
1 eﬂectivcland usc ' -‘ - . : .

10.2 [rrigation !mprovéniem Plan

- The proposed -irrigation - lmprovcment projects “are formulated comldermg, the
following items. :

(1) Design Conditions o

- The improved cropping pattern Proposed Cropping Pattern . -
for the command area of both ch-omamﬁl e Ph-iul\i:a)
canals are proposed as shown in Canal Codo ! : C{J e Cl%
the table. "Paddy-Wheat (CP) 3 KT

Paddy-Mustard {CP2) 15 : 1
The water requirement for five Ppaddy-Paddy-Mustai (CP3) 55 0
(5} year relurn  period s Single Paddy {CP4) 34 16
calcufated as shown in the Data Vegetable-Vegetable (CPS) i 13
Book V, and the maximum Total 1 1

10-1
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water requirements  arc  also MaximuniWalerRequiremen!

caleulated as shown in the table. (Vscc)
_ Namgc of Canal Bajo Phangyul

The following design conditions Canal Code C9 Cl0

are applied for the improvement _For 3 Ycar Return Period 210 240

of the Bajo canal.

- Maximum flow velocity: 0.6 m/s
- Rouglhness coeflicient : ~ 0.035 (for earth lining cana!)
- 0.025 (for masonry canal)

The protection works: in Summary of Design Conditions

the Bajo canal are

proposed to. be improved “Name of Canal Bajo Phangyul
taking into account of the Canat Code O Clo
whebiiyndex The T
new oﬂlakg facilitics :m‘e Number of Benefited Houschold 52 42
proposed to_ be Number of Offtake Facitities .} -+ 35 " 32
constructed 10 IMProve ' nean Vulnerability Index | 468 113
water management. . The - Dcsign Dischargc (fs) .. ' 21 AL

chIgn conditions for such -
unprovcmem are summarized in the table.

: (2)' Preliminary Desig'n

The Bajo canal is prelunmanly d("iiylf_"d ior the lmprovcment as ‘:h(w.n in Fig.
10. 2.1 “The struclures are designed as shown in’ the Data Book V, and the ;
onsimcuon costs are estimated based on the results of such’ prehmmaq dcsan
lhe resulls of the cost estimdte are summanzed beIow

Summaly of Cost Estnmalion for Ofﬂake Wo;ks ol‘ Phangyul Canal

Canal (.‘Qdc : Namc T (mnmmd Ar‘.a (ha) © Canal bcnglh(km) Dmgn Dmharu ' \)

Ci0 . | Phangyl | I e T o240
_ Dieseription | wnil | Quantity] Umt Price (Nu) - Amount (N ) '7R:¢ma!k o
OMake Works | unil Iy 8.924 T85578

Summary of Estimated Costs fo r BaJo Canal Improvement

Canal Code . Name. Command Atea (ha}| Canal Length (k) Iesign Discharge {1's)
09 ‘ Bajo Canal | 141 - 15 210 :
¢ Discription ) CoUnit C Quantity - - |- Unit Price (Nu.) Amotint (Nu.)
nna1 \Voﬂﬂ : : : B : ] o
\!asonr) Canal E s m 1 R 3 2 Xoos] I 1.238.26 760.295¢
Earth Lining Canal - .. | ©opease00] t 50,92 732.479
Chute for Masoary Canal nt theight) | - CL 1800 ¢ 228836 40.596
Chute for Soif Canzl i {haight) < 162.00 1.935.36 T 313.528
__Offake Works " unit 35.00 9,810.71 343,375
Sub Total . 2,190.273
Protection Woks ‘ :

Protection Work Type BPA n 23590 760276 1,793,491

- Protection Work Type P13 m 3990 2,790.91 11357
Protection Work Type PC I 13.90 © 625061 2149.399
Protection Work Type 1D m 176.70 | - 1,525.61 269,575
Sl Flume Aquaduct m - 39.24 6,208.68 ’ 253,249
Pipz Canal . m g2.18 ) 1,683.43 ) 138,345
Sub Total ] : 2325416

Total Construction Cont ) 1 5.015.689
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The operation and maintenance costs are also estimated as sununarized below,

Summary of Estimated Annual O/M Costs

: Description Amount (Nu./year)
Bajo Canal

Canal O/M Cosl 5016
_ O/M Cost for Water Management 37.500
% ' Additional O/M Cost for double Croppmg 5,468
Total ' - 17,983

Phangyul Canal ‘.
O/M Cost for Waler Managcmcm : - 37416
Additional O/M Cost for Diversification 20,160
Total 371,576

1903 Iuplementation Schedule

“The implementation schedule of the irrigation improveiment plan is proposed as shown
below according to the basic irrigation water resources development plan.

" Proposed Implerhen!a!ién Schedule

© Catepory - | . o . Year

of Lond Subarea |Nane of Canal| Code lsm! wxj }‘?)9! T ERT _‘u'r,;: W
. [LowFlat Arca Bajo - |Baja R - - i E
%' !lig,h Hilly Area - [Pharigaul : [Phangyul 1

* Based on lhe unp!ementatlon scheduie the ammal dlsburscmem schcdulc of the project
- and OIM cosl are estlmated as summarized below,

Proposed Olsbursement Schedule for lhe Irngatlon Im provement Pro;ecl

. ] ook ; ; b P (uru! 1po0 \u)
Catcgﬂry’ 2 Namcof T R '
S ofLand - ‘Sub-area | Canal | Codé ué'fi U99R] 1990l w2 ) :15.\37‘ e hos Nvd 3
LowFiat Arca  |Bajo = [Bajo Co 2w e nied ‘ b S
Tiigh ity Arca [Phangyul [Phangyut JCI6 | omp - sl |7 o u__; N |
Annual Total 2618t 1wl 10 i

Proposed O/M Cost for the Irrigétion Improvement Pfdject : C
: ' s S5 {umit: (000 Nu)

Catépory o { Nameof o B C Year : :

fofhand ¢ | Subcarca ] Canal | Code| 1997] 193] 1995) 2ol wul DR

% © 7 LowFlat Area [Bajo 1Bajo Co _ P S B I
L ‘ jj_n_gh Billy Area  [Phangyul [Phangyul cio | T '535 Tk E_ T &; i \\ e
Annual Total : B we-! e 16l el el e
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10,
10.

M

4 Project Evaluation
4.1 Economic Evaluation
EIRR, ENPV and E.B/C

The flow of project cost, operation and maintenance cost and the project benefit of
only the irrigation improvement plan of the agricultural development plan are
presented in Appendix-K. EIRR of the Plan is 11.2% and at discouint rate of 10%,
ENPV is Nu. 525 thousand at price for July 1995, and E.B/C is 1.09 at the same
discount rate. Projéct evaluation has proven that EIRR exceeds the opportunity cost
of capital 10%, ENPV is positive and EB/C exceeds 1. It is judzed that the
implementation of this Plan is economically sound. The EIRR is a little larger than

that of the whole agricultural developnient plan of 10.7%.

()

Sensitivity Analysis
The result of sensitivity analysis is shown below.

" SENSITIVITY ANALYSIS OF IRRIGATION IMPROVEMENT PLAN

- ~ ENPY
: ltem S EIRR (%) C(LO0ONu) | EBIC
. Base ‘ e o s2s 1.09
Pro;ccl cost mcnaccd by 10% SR | _ 28 4 100
Project benefit decreased by % 10.2 _ (I -l
Constmclton dela\cd for 1 year . 100 1 :f-IIJ g I.Q[b

5 Sensullwly anaiys:s has proven that a changc in thc construction penod has slron,ger
: mﬂuence on economy of lhe Plan than a change in pro_;ecl cost and pro;ect beneﬁl

' A siandard corversion factor (S(J') of 0.8 has been apphed to ioca! ‘cost

10,

- After the complellon of lhe lmgat:on Improvenent Plan \w.h:ch includes the Ba‘]o'
- Canal-9 Improvement Plan' and lhe ‘Phangyul  Canal-10 hnprovemcnl Plan, the:

components, resulling in an EIRR of 17.0% and at’ discount rate of 10%, ENPV is
Nu.-2.6 million, and EB/C i 1s 1.59 at the same discount rate.

4,2 Financial Evalualimi - Farm Houschold’s Economic Anaivsis

-~ expected | annial agnculturai net ‘relurns are increased by 129 and 1.26 times
- respectively in comparison Witholt Project. Increased values of agricultiral net retunis

are caleulated to be Nu.8,548 and Nu. 2,642, which are equivalent to 6. 11 and 1.89
-man- month of the minimum wages (Nu. 1,400).
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10.5  Organizations for Implementation

_... Chapter §0)

Considering the characteristics and the annual cost for the project, it is jilged to be
possible to implement the project under the present organizations witlioul any

establishment of new organizations.

The functions to be assigned for such present organizations are proposed as shown

betow.
* Minlstry of Dionglhang Proposcd
Agriculture : “Function
- JReseaich.
Fxtension
and Irvigation
" [Division
[ [Research T Research for
- [Sextion Divasification
¢ {Fxtension B Extension i\Fl.'r«-posm! -
. oo : | sextion Cropping Patlian
@ : _Jrvigation ! o ixdailed Doigo
; oo eetiom T (!l'}':l:ii'itici
Irrigation £ Constredion of
Sovfor Pacilitics & O AL
L] Agricuhose

Seclor

Extfension

Centor

Water Manogeonnl &

Extension

" PRESENT ORGANIZATION AND PROPOSED FUNCTIONS FOR THE PROJECT *
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1. CbNCIJllslo& AND REcmmEND;\Tloﬁ 3
;ll.i ~ Conclusion |
| (1) Importance of the Projeclé
Vzirfmis conslraint§ were identified in t.he cxisting‘irrié,élion and domestic water

B L Sllppllcs through the surveys, investigations, and analysus as summan/cd inC haptcr
g‘j L 8. Thesc constramls are uem;?cd below TN

Identmed Constramls ln Existmg Water Supply

!> Walcr Suppli < S | ' bg Idcnuﬁcd Conslramls <]

: O Donwstic Water Supply % ‘ © » Urbari W.uci Supph System <
‘ Shortage of Supply Capacity
~ Inadequate Distribution Capacity
~ Risk to Bacteriological Infection:
¥ Rural Water Supply System €
_ . Low Service Ratio
Risk to Bactériological Infection

(2] Trrigation Water Supply & ' - Insufficicnt Canal Capacily”
lmpractical Water Management
- Insufficient Water Resoireces

“In order to realize the ideal social conditions, it is essential to solve and/or mitigate

- the above constraints as soon as possible. The proposed Basic Waler Resources

'Development Plan is prepared -to fulfill this objective focusing on two (2) major
components; the dorestic water supply consisting of the urban and the rural water
supplies, and the nmgatlon water supply.

The mhab:tams in rural areas have to take their water from the nearby rivers, and
such use of the surface water may sometimes cause waterborne discases. In this
aspect, RGOB is implementing various schemes to improve qural sanitation and to
provide safe water to the inhabitants. In the urban area of the Wangduephodrang
town, the shortage of water is constdered qmtc serious. The irrigation water which
is normally infected by animal wastes etc. is frequently used for the domestic
supply purpose.:

The \‘.’angduephodrang district is considered as one of the most potential g granaries
. in the country, and then most of the farmers’ lives depcnd on the agrcultural
% : _ producllon In order to increase farmers” inconie and to rise their living standard, it
is indispensable to promote the increase of' agricultural productmty The proposcd
irrigation improvenent plan is prepared 1o play an important role in 1|1C|easmg the
produclmty unhzmg limited land and water Fesources.

(2) Waler Resources Development Basi¢ Plan

The Basm Plan consists of l) the urban and rural waler supply SLhCillCS and ii) the
jerigation -improvenment plam The 1mgallon “water 1s p!anned o be :.upplml_
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Ihe Study on Groundwaler Deveropment in WangJusphodrang District of Bhutan

ulilizing mainly surface water resources. The domestic water is planned to be
supplied utilizing mainly the groundwater and the sub- surface water resources,
except for the urban water supply for Wangduephodrang town areas which utilizes
the river water of the Pe Chhu.

The resulls of project evaluation indicates that the Basic Plan is worth to
: unplemcnt and no negative impact is confirmed in the Study. Therefore, the Basic
Plan is considered sustainable and feasible fromthe technical, economical and
‘social viewpoints.

‘ (3) Priority Projects

The following two (2) projects are given the first priority for ﬁn‘iher;
implementation.

1) Urban Water Supply Plan for Wangduephodran;a Town Area

The Urban Water Supply Plan for Wangduephodrang ’Iown Area is to improve .
the existing urban water supply schemes for Wangduephodrang town areas.

- The dally productivity is increased from the present 780 nv *fday to the fulure
1,700 m'/day. The total project costs are estimated in Nu. 231.2 million. Based

" on the results of project cvaluation, it is confirmed that the plan- would be

' economlcally and technically sound; and will create no adverse effect.

2) lrrigatioﬁ Imprdvéniem Plan for Bajo and Phaﬁgyul Canals

- The lrngallon lmprovcmem of the Bajo and the Phang,yul Canals are also
- selected as the pnonty pmjecls “The total pro;ect costs are estimated ‘as Nu.

5.3 million. Accordmg to the results of progect ey alllauon the proposed project
i vnable ccononncally and lechmcally and the unplcmenlahon does not’ mduce f
: any adverse eﬂects P

11.2 Recommbmlntibn
(1) Immediate Implementation .

kThe recent gtowth of the country’s cconomic’ activities * are runarl\able and
significant both'in rural and wrban- areas. The living conditions of the country. is
becoming rather worse, because of ‘rapid populauon increase. In addition, the
- substantial amount of‘ grains has to be imported f‘rom the nelbhbormg «.ounlncs
. resullmg in anunbalanced trade ' S o

- Under these conditions, it is important and essential to provide the mhabltanls wuh
safe and liable water supply systems free from any contamination and biological
infection. Furthermore, the increase of agricultural producllwty is one of the

. “important and urgent issues of the country in order to improve the country’s -
“ unbalanced trade account. Therefore, it is recommended to implement the Basic
Plan as soon as possible.
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(2) Methad of Implementation

The rural water supply schemes and the irrigation improvement schemes are
recommended to be performed under the direct management of the Government,
because the construction is so simple that the construction would be able to be
carried out by the local engineers without any difficulty. It is, however,
recommended to implemént the Urban Water Supply Plan for Wangduephodrang
Town Area hiring soine experienced international contractors, since the facilities to
be prowded consist of complicated :mpm ted plants and materials requiring sLallcd
knowledge and know-how.

(3) Exploitation and Utilization of Water Resources

© The potential of groundwater and sub-surface water is not so large comparing with

~ the irrigation water requirement, but enough to supply the demand for sural water
supply. It is, thercfore, recommended to utitize the groundsater and sub- sueface
water mainly for the rural water supply. However, a large amount of groundwater

- and sub-surface water exploitation  might have - stgnificant impact on the
environmental situation of the surroundmg areas. It is, therefore, important lo
establish the most appropnate ‘plas of exploitation considering such effects to the
surrounding areas. It is also nnpmlant to enlighten the higher morality of the

- beneficiaries on saving supplted water in order to attain eﬁcdwc utlhzahon of thc -

' mmtcd water. ‘

The surface water is reconimended to be utilized for the irrigation water supply. To
- realize the eflective irrigated ‘agriculture, ‘it 'is necessary 1o perform the water -
. management in the most appropriate inanner. It is, therefore, impostant to improve
- the water management prachce as well as the water management I‘ac:lnlm I case
~ that sulficicnt’ potemlal af water source is not expected, it is ncmssary to:diversity
Coithe p!anted crops a1so in order ta utilize the available fand resources effectively. It
C 18 also necessary to pay alfention to lhe env;ronmental aspecls of the uuroundmg:
" areas to mmnmze such |1npaCls - P S

(C)) Considcration I\'ec'es’sary fo’r lmplemeht’ation

The following items are recomniended to be considered in the future
- implementaiion : ' :

: l) Urban Water Supply Plan in \Vangducphodrang Iown Area
: a) Bencﬁcmnes Well A\\arca1c<s on Savmg Walcr

1he Basic Plan is pmparcd on conditions that lhe physual 103505 \\ould be
reduced from present 40 % to future 14 %. Since no water tarifl sy stem is
introduced, the beneficiaries are able to use water almost free of charg,c
They may not understand the value of supplied water, and as a result the
~ pliysical losses may not be reduced as anticipated in the Basic Plan: It is,
therefore, recommended to educated the prospective beneliciaries and to
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b)

make them becomie aware of the valuc of such supplied water lhroug,h
vatious opportunities. :

Introduclion of Metered System’
As same as the other cities which have advanced piped water supply

systems, it is recommended to introduce the metercd system in order to
facilitate the collection of water charges. This is considered quite effective

" for saving water. However, the water fariff should be 'set properly to be
' accepled smoolhly by the beneﬁcuartes

2) lrr:gauon lmprm ement Plan for Bajo and Phangyul Cana1s

A

Apphcahon of Latest Basm l)ala and lnformahon

- Some of thc basm factors such as ramtall river runoﬂ dlschaq,e soil

condition, etc. have to be estimated in the Study. It is necessary to improve
and reinforce the basic data and information at the project site such as

- meteo- h)drologlcal dala geologlcal and hydrogeological data, farming

conditions ‘such as’ soil, unit yield .and : production cost, . economical

: condmom such as:farm gate price and marketmg sy..lem and social

b)

‘ condmons such'as populatlon ete.

Unde'rslanding of Actual S:te Comhiion

- AL present, 22 I/s/ha - of the design dlschargc has been apphed for the

irrigation facilities of most of the projects in  Bhutan.. 1lowever, the

‘agricultural land is distributed from approximately S00 - 2,500 wm altitude

and water requirement should be varied dependmg upon the site conditions,

- In some cases, same water requirement has been apphed even where there

is no suflicient water at the intake site, Therefore, it is necessary 1o decide

“the capacity of the irrigation facilities based: on ‘the meleo-hydrolouical
condition, cropping pattern, soil conditions, etc. collected at s:tc

Undcrstanding and Cooperation of Beneficial Farmers

According to the results of the Study, the most effective counternieasure
for the irrigation improvement is: the improvement  of the water

. management system. To establish the effective water management system,.
Citis necessary to get thc undcrslandmg and cooperatmn of farmcn '

:d)

lmprovement of Supportmg Sys!em :

j lmprovemcnl of the Farmers ﬁnanaal condltlon is on¢ of the main purposes

of the urigation lmprovcnmnt plan. To nnplcment the project smoothly and

~ to attain the benefit as anticipated, |t is necessary to support the f‘armers‘ '
 financially as well as technically. -
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