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2)

4.2.2

(l) Summary ofl*acdlly Plan

1)

Required Staft’

Three (3} counterpart staff attached to the Study were assigned and they were
in charge of overall controlling and managing of such necessary monitoring
works 1o be conducted by the RNRRC stafl and local people. Technology
transfer to such project counterpart stafl was carried out through on-the-job
trainings in the course of the construction of the experimeital facilities.

The required Staff Number Requied for Monitoring Works
nomber of the staf¥ . L C L
and local people _.__ Bxperimental Facility RNRRC Stalf | Local People
assigned - for . Sola_r Powercd Punping Ff:t;uhly l -

. _ - Spring Watcr Storage Facility - i
momtormg_ '\\_'orks Shallow Well Pumping Facility i
of experimental Riyver Pumping Statien : .2 -
facility is tabulated Total _ 3 2

in the table.

(-roundwalc: Sclu-me Water Supply Faclhty of Decp Wcll in the
RNRRC in Bajo

Bas‘:c Cond:tmn _

“The deep well water supply facility was construcied: in R‘\RR( in Bajo .
‘utilizing the test well TB-3, A solar powered pumping system is cmployecl for
lifting up the groundwatcr A!lhough the initial investment cost:for the solar
Epower pumpmg, unit s consulered a bit -expensive, -the operation: and

© maintenance cost is e\cpcc{ed to be cheapcr comparing with the other Lype of

“systems. In' Bhutan, the solar power system  has ' been : appl:cd for the
telecommumcallon netwmks ele. so far, and is ﬁmcltomng well in good -
condition. Therel‘ore this power system is’considered to be one of the

recommendable measures 1o attain sustainable development in ‘the water
resources development sector too.

From the result of the meteo- hydroloycal study, 5.4 hr/day of average sunshine
hour can be expected in the Wangdue Valley. The large amount of clectnc

, power cannot be expected from the solar systemi, and then, in most cascs, this
system may ‘not’ be ‘applied for the large scale of facilities like nngatnon

2)

. pumping system.’ ‘Since the oulput power can be controlled adeguately using
* the VVVE type inverler, it is possible to apply the solar system for the qmall
- scale facifitics like small water supply system.

Pmposed Component of the Systém

A solar ;Sox‘vered pumping system was applied for lilting up the groundwater,
and a water supply system consisting of an elevated water tank and pipeline

- networks was provided for distributing domestic water to the offices and the

1.4
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staff quarters in the RNRRC. To ensure the daily operation of pumping
facilities cven in' cloudy or rainy days, the system is connected to the public
electric power supply networks. The schematic diagram of the system is shown
below.
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SCHEMATIC DIAGRAM OF GROUNDWATER SCHEME

3) Design Cohdition

Based on the resulls of the ﬁcld survey, the followmg condmons were
employed in demgmng the facility. : .

~:day time 50 people,

_ night time 20 people *
b) De51g:1 Water Demand 1160 llperSow’day '

- ¢) Design Capacnty of Elevated Water l‘ank ::40m Sr

d) Des1gn Condmons of Solar System o
B Averag,e Qunshme '

“a) Populauon Served

::5 4 hr/day (applox 43
hrsKw/m lday)

- v).i Dynamic Water L. evel for Well

vi) Type ot Pump

vu) Eieclrlcal Spctnﬁcallons

i) Toial lead | 150 m
" 1it) Pumping Capacity -8 m'/day
iv) Casing Pipe Diameter 14 inches

30 m from ground Ievcl '
:Multi-stage centritugal sub-
‘mearsible pump with V V v F

l}pe inverter

- Voltage 3x65V: '
- Power :550W, 0.7S HP
- Current :88A

- Power rate :0.87

- Maximum Quiput 11,200 \W
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4) Principal Features of Facility

The general and layout plans of the proposed facility are shown in Fig. 4.2.4.
The principal féatures of the constructed facilities are summarized below

4)

Deep Well Pumping Unit
i} Submersible Motor Pump
- Type of Pump

- Casing Pipe Diameter
- Total Head

- Pumping Capacity
ii) Electrical Specifications
- Voltage
Power
Current

it} Control Panel

) ‘Solar Array

5);

= Additional Power Line =

Eixisting Electric Power Supply

- Power Source

Elevated Water Tank N
i) Storage Tank ; - . . o

- Capacity,
- Dimensions
. Material -

. i) Tower

- Height
- Matenal

iil) Distribution Pipes
- Material

. - Lengths and Diameters .

iv) Anciitary Facilities . @
© - Public Water Storage Tank

- Public Water Tap

(2)1\101ﬁt0fing Works

The monitoring work was carried out from the end of April {o the cad of August

-Multi-stage centrifugal sub-

mearsible pump

-4 inches

-50 m (Dynamic water level
GL-35m)

-8 m/day

1305V

:550W, 0.75 HP.

:8.8A .
-controlling facility for shifling
operation from solar-drivento

power supply-driven and vice
versa. ' -

" nominal étaiput voltage 65V

DC

440 V, 50 Hz, 3 Phases
. Approx. 60 m with 2 electric
o poles -

. :.:ﬂl;ﬁr‘ C _ o L
L 2myx2@xym
. :SMC panel tank o

Ca6m
- Steel struciure

:Galvanized steel pipe

1390 m (2 in. dia), 'I2'3"0'n'1" {1in.

= dia.)

21 unit {500 1)

-1 unit

1995. The following data were collected/monitored during the nonitoring,

Daily sunshine hours

4-
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- Volume of water pumped up by solar power and electric power supply
- Relation of frequency and discharge by solar power driven pump

The results are shown in Appendix I and sumumarized below.

Average Yield by Type of electric Supply m .~ - e
miday}

. May . Fune Ny Augast . (wfe -

Solar 27 5] 17 60 ’
Public 0.3 0.7 0.9 [ )
Totzl £5 2] _se| ek .

Gindine dm| @8l oHl_0BHl_ on §

-1
. =
The electric power generated by solar [

radiation ~ varies  depending  upon “ T . -

weather conditions and sunshine hours. EEEEEEREEE
The figure presents the variation of the
recorded electric frequency plotted
together with the time. The frequency
raises graduvally after sun rise and at
noon it reaches to the maximum. Since o -
a frequency of more than 50 Hz is 2 |
required for enabling the submersible &
- motor pump to hift the water up to the g
" tank, the functionable hour is five (5) hr
~and three (3} hour for fine and cloudy
" weather condition, I’CSpCClWEI) : TR N

zon |

318

. . Time
CHARRCTERISTICS OF SOLAR POWER GENERATION IN
SUMMER

Thdur

' IR
S |

Iula! nua (my B
. Rﬁl.A‘F!OH OF D‘SCI‘ARGE ANDHEAD BY FREQUE\CY

(3) Evaluation of System {

For the water supply, this is lhc ﬁrst case of applymg3 the solar pown,rcd pumpmg

system in Bhutan and the monitoring perlod was only five (5} months in this Study.
‘The system’ was roughly evaluated as ‘described in Appemhx I based on a‘few
Emomtormg dala and are summanzed he!ow P

- Considering the wealher condmon of Tainy ‘season, a maximum yleld ol" tess
then five (5) m'/day is expected, but this amount is too small for irrigation -
purposc. : ' S

-+ From lhe résult ol altemnative study bascd on' the initial and O/ cost, it |s'

- expected that applying the solar power system will be more effective than using

* the public power line for pumping up depending on thc sile Londltuoar

However, further detailed investigation should be requircd '

- To apply the solar system in Bhutan mdcl) it is _nece.ss'ar)" {o ‘solve the
difficulty in purchasing spare paits, for which it may take a tew months.- Further
the maintenance works require skilled technicians also. :

- For the effeclive water use, it is necessary to consider the oplimum storage
tank capacily based on the water demand, capacity of well and site condition. It
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is essential to educate local people to control water taps for saving the costly
pumped water,

Spring Water Scheme : Spring Water Sterage Facility in Phangyul Area

(1) Summary of Facility Plan

n

-~ made ©in - preliminary
study, 5 to’15 % .of
~increased  water ' is

2)

‘of rice cultivation in the

- by applying a water tap

“the S)’Stel]] BC Pr

“As - shown ‘below, the, | eed
‘system was proposed to ‘

General Condition

Reliable water source is quite scarce in the Phangyw! ‘area. Although most of
the’ mountain springs in the Phangyul area is wtilized to the maximum extent,
villagers still have to face water shortage troubles in both of rural and irrigation
water supplies. '

In this area it is important to utilize the spring water as effectively as possible.
In the spring of the proper Phangyul, the spring water is collected and
conveyed to the village with a polyethylene pipe, and the unused spring water is
lefl wasted as it flows because no water tap is fitted at the outlet,

To utilize such unused wasted water effectively, a water tap was proposed to
be installed at the outlet of the pipe. The construction of storage tank was also
proposed near the spring to store such wasted water as much as possible. The
water stored in the’ slorage tank was conveyed to the existing canal for
supplementary irrigation | o

Existing Cendition

rainy season. According
to the rough calculation

éxpected to be created

and a storage tank, - .

Proposed Component of

3% Y
..... -
i)

CoMectirg Diech

T Wer b age Tael

be composed of water g o

tap -’ at : the outlet ' of

polyethylene pipe,  'a ]
storage water tank, and SCHEMATIC ILLUSTRATION OF SPRING WATER SCHEME

a collecting ditch,

When the water tap is closed, the spring water is spilled out from the spring
basin, and flows down to the collecting ditch through the wet swamp area. The
collected water is stored in the water storage tank.

3




3) Design Conditions

Based on the results of field survey, the following conditions were considered
in designing Spring Water Storage Facility in Phangyul Area.

~a) Water Tap :An ordinary type

b) Collecting Ditch :Dry masonry type

¢) Storage Tank 170 ", SMC pane!
4) Principal Features of Facility

The principal features of the constructed facilities are summarized below and
the general and layout plans of the proposed facility are shown in Fig. 4.2 5.

a) Intake Facility
i} Spring Water Collecting pii  :Stone masonry

- i1} Collecting Ditch :Length 35 m, nght04 ni, Botommdth
o o 04m
b) Water Conveyance Canal - _ _
i} Earthen Ditch :Length 15 m, nght 64 m, Bolom width -
_ _ Od4m ‘
+ i) -Stone masonry Canal :Length 25 m, H]ght 0.4 m; Botom w:dlh
_ L . 04 m c
. i) Desilting Pit © 7 1 unit
~d) Storage Tank - ‘ -
i} Capacity - S 70m°
i) Dimensions { o :6(L)\(6(B)x2(ll) m
o iil) Matedial e 'fSMC panel tank -
:¢) Related Structure . | o
) WashBasin 4w’ (concrete)

ii) Delivery Pipe @ 3 inches, 20 m, PVC
o (_2) Moniioﬁnﬁ Wbrks |

The momtonng works was carried out from thc beginning of May to the end of
August, 1995 except a few weeks in May and Juné during the repairing works for
“the leakage of storage tank. The following items weie monitored to measure thc
effects by installing a water tap at the outlel of pnpchne : :

- Daily Rainfali at Phangyul '
- Volume of Spring Water Saved by lnshllmg Water Tap
“Use of the Saved Water
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* (3) Evaluation and Conclusion
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The monitring result is explained in the Appendix E and summarized beloiv.

Water Batance of Phangy Experimenlal Facility

Descriplion

Discharge (Vmin)

Inflow to Tank

Dircct Rutioff from Rainfall
Fslmnlcd Sprmg Discharge
Discharge for  [without T;
Domeslic Use l“ll]l Tap
F\pccud Saved Spring Discharge

[w llhomT'lp‘ -

- 15
S A
- 3
-6

Summary of Operaluon Records at Spring Water Facitity
) (May to August in 1993)

(Water Tap tor Domastic Use)

Exescription Operation | Hstimated Watker Amount
Time(hr) litter) (I ‘ovin)
Moning Time 0510 60-- 100 1.0--2.0
Atter Noon Time 1.0-2.0 60 - - 200 LO--1.8
Evenintg Time 0.3 -1.5 30150 0.7- 20
 Total 2.0--40 208 --300 Lt
(Storage Tank for Supplementary Irrigation Purpose} o
Operation Interval Ustimdted Discharge _ Averige Command
{1y - G day) (s for Operation Period) Arca (ha)
3--6 10 20 2030 03

- According to the rainfall record, the rany season was started at the end of May in’

this year (1995) and it is nccessaly to consider, the influence of the direct ruioll of
cainfall in the anal}, $iS ofmomtormg data, The factlity was evaluated as summanzcd
below and lhe delalt dle‘USSIOHS an, made in Anne\ |

:l)' Effect of water tdp !

'lhc amouul of water saved with istallallnS of watcr iap is eshmalcd as 3 L6
/min (apprownate:y 5ar {day) ‘and this antount is equivalent to 10 ~ 135 % of
tota! spring discharge. Considering the command area and the’ water
“requirement in the dry season, this amount is too small 1o use for the irrigation
purpose. l[o“cxer depending on the cropping period and weather conditions, -
even small amount of water is considered helpl‘ull for the crop yield as !he'

: emarg,ency supplememal water.

'

2). Eﬂbcl of Storage Tank

Since wide flat spaces are found scarcely and the foundation is considered wet
“and weak in hilly areas, it is quite difficult to construct the storage tank with

-the capacity more than 70 ~ 100 m'.

This water amount is equivalent to the

water requireivents of one day for upland crops with only about 1.5 ha.
According to the operation record, it took as long time as 3 or 4 days for filling
it up in the rainy season, and it is estimated to take 7 to 10 days in the dvy

J-
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season. Therefore, the water of storage tank could be considered only as a
supplimental resource for irrigation.

The spring water diséharge is estimated at 0.1 1o 0.6 Vs only, and there was not
enough dischage head 1o reach to the end point of each laterat canal. Applying

~the water of storage tank, the maximum discharge as large as about 30 Us

becomes available, and the water reaches the end points of canals where any
water had not been able to réach before the construction of the tank. From the
results of fild survey, the farming practice was changed afler the construction
of tank. Futherniore, the new water useérs’ group was formed and the manner
of water management was determined through the- discussion among the
members of such users’ group. '

Effect of Collection Pitch

Before construction of collection ditch, the dump area was quite muddy, and
was not used for any kind of purpose. Afier construction, such damp area was
dried up even in the rainy scason, and hcnce this area v vould be abie to be used
for agncullu;e '

Consndenng the conslmcuon cost, the bcneht of this facnllty is quite a few from 1hc '
- economical viewpoint. However, the several uncountable bCllell‘i as mcnuoned
above would be e\pecled

g 424

Sub-surface Water Scheme :Shallow Well Pumpmg I*'mhly m lhc Bftw

AI ca

'(l) Sl'lmmary of Facﬂily Plén

l)

(‘cncral Condmon _

‘; ’lhc utilization of ‘sub- surhm, water is alao conqtdel ed 1mp01lanl e;pcc:ally in

2)

the areas along the rivers such as the Chang Chhu. To utitize such sub-sirface

' watcr effectively, a shallow well is dug in the rorthern-part of the Bajo sub-

area. The utilization of sub-surface water is considered as one of the quite
effective methods to provide irdgation and domestic water in the country, if
such shallow wells are operaled and mamtamed well i g,ood condition.

:"lhc sub-surface water laﬂed up is empected to be used nat only for domesnc "
water supply but also for supplemental irrigation and emergency waler soufce - -

wihen the irrigation canal is damaged by hazards such as land sliding duung the
rainy season.

Proposed Component of the System

A shallow well was dug at the old river course of the Chang Chhw in the lower

river terrace of the Bajo sub-area. To facilitate the smooth constiuction, the
liner plates with 3.5 m-dia. was applied for the shallow well. The water

__Chapter &
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4

collected in the shallow well is'lified. up with a diesel engine pump and
conveyed to the existing canal for irrigation through delivery pipe.

Design Conditions

Based on the construction condition explained in Appendix I, the following
design conditions were applied.

a) Shallox{; Wil Capacity 700 /min
b) Lifting up Equipment :Total Head 25 m
¢) Delivery Pipeline ‘Length 90 m

Principal Features of Facility

The general and layout plans of the proposed facility are shown in Fig. 4.2.6,
and the principal fealures of the constructed facilities are summarized below.

a) - Shallow Well . _ :
- SizeofWell - 35m .

- Depth of Well . - CoaTm o
- Material -~ :Steel linefplale
b) Pumps |
- Type ; ; ’:Smgle suction volute typc (Movab!e)
- Capacily : ~ 1700 Ymin' :
. - Engine Driven * :Dicsel engine
"¢) Delivery Pipe : S :
- Pipe Material - o PVC pipe
CLength o 90m
- Diameter . 4inches

.f_d) Diviéion Box

Slmclure 7 :Concrete |

(2) Momtormg Works

.The Foilowmg ltems'we're monitored to evaluate the performance and édaplabilily

of the facility. - . :
- River “and - well - water 2o A e S ¥ b
evels o s S I “'.I‘ “‘I'T' "

. - iﬂ : - B . o -
- Pumpmg test dala of the £l ‘ g
E &h&!low well L § e | Smrilesand -
| RN owom “3
T he‘res‘t'llt of 111011it0rihg are " so

. ' N . o

shown in Appendix I, and its an e
swnmary is rcscntcd in the e
figuse. yisp ST LTI DU I IR BT 2

- WATER LEVELS OF THE CHANG CHHU AND SHALLOW WELL

@
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Summary of Result of Pumping Test

Methods

Thics
Method

Jacob
Method

Tlmu, Recovery
Test

" Transmission Coelicient T

2.16 x 107 mifsec

2.80 x 107 m¥fsec

3.20 x 107 m/sce

(3) Estimation of Well Capacity by Size
pacily

The following parameters were applied for estimating lhe well capacity based on
the result of pumping test and site condition.

- Transmission Coeflicient (T) :2.16 x 107 m¥sec
:0.16 (Gravely Sand}

- Storage coeflicients

The detailed manner of
estimation is described in
Appendix 1, and the
results are summarized in
the table.

(4) Evaluahon and
. Conclus:on

Estimated Well Capacity

R Dr(l\‘ DO\‘ i] e m e
Well Diameter| 100 m 1 Sam i 200m | 250w
35m SWsec | 7lsec 10 Vsee | 12 Vsec
20 1 Vsee 6 l/sec RVscc i 10 Vsee
10m 3lsee i S l/scc 7Hsee i Rlscc

‘! Based on the results of monitoring and the expenences during lhe conslrucllon '.
" works, the shallow well facility was evaluated as descnbed in Appendt\ 1 and the -
evaluation is summarized below :

‘- l) Relahomhlp of Water Level belween lhe Cllang Chhu and Wcll

“The water lcvel in the shallow well vanes with thc tendcncy sumlar to lhc :
Chang Chhu and the time Iag was estlmaled as appromnately 15 d‘lys

'2) Well Capacity

From the result of puraping test, the ‘well capacity is expected at 3 ~ 12 ¥/s
depending on the well diameter and draw down. Considering the maximum
walter requirement of the Bajo and the Lobcysa sub- -areas, about 3 ~ 12 ha of
paddy fields could be 1rr|gatcd :

3) Difficulty in Constmchon- L

- Itis necessary to find out the old river covrse for the conslmclion of shaﬂow_
well and, in most cases the soil condition of old river course is considered to be
gravely sand. Considering this soil condition, it is nece%saty to use the heavy
equipment for the construction, bccause the depth of well w outd be aboul IO_

m.

4-13
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4} Lconomical Condition

* Froni the results of alternative study described in Appendix H, the shatlow well
systems are not feasible for irrigation purpose considering the balance of cost
and benefit.

Consequently, the shallow well system should be considered as on¢ of the water
resources for domestic use.

4.2.5 River Water Scheme : River Pumping Station in (he RNRRC in Bajo
(1) Summary of Facility Plan
1) Gem:ral' Condition

In Bhutan, the surface water cxp!onahon is considered 10 be the niost
important measure for the developing water resources, and various surface
water exploitation projects have been conducted so far.- However, some of
those projects have not implemented successfully espec:a]l) in case of pumping,
scheme because of intrusion of sediment loads into the pumping eqmpment as
“well as the inlet structure. Such sediment intrusion is apt to result in frictional
damages of impellers of the pumping equipment as well as obstruction to the
water flow in pipes and canals. Husc,e amount of costs is necessary for 1cmovmg
such sediments load piled in and in front of the pumping station. In this
-~ connection, it is considered quite important and worth to develop and propose
- such type of pumping station that is bcheved 1o overcome lhc above !mubles in
' pumpmg : : :

‘_Thc nvcr pumpm was constmctcd i ihc ﬂat yard be51cle the C hang C llhu 10
pump, up the river water to the e\usims:, RNRRC trngation facnlnms consldermg
“the ‘above malters. n Bhutan there ‘are ' other. rivers havmg the similar
lopog,raphic conditions to lhc planncd site. The similar type of pumping station
" may be able to be constructed in those other arcas in the fiture. The structure

and materials 1o be applied to this pumping station, therefore, should be those
'co:mnonly available in the nmrkcl of the country.

2} Proposed (‘omponcnt\ of the S)slun

Baséd on the irrigation plan of thie R\RRC farm yards, ‘the pumping %yslem
- plan was proposed as shown below.

The construclion of the experimental facilities for RNRRC farm yard§ includes:

- the construction of slide type pumping station, and
- the connection of delivery pipe to the Ist. stage storage tank.

1n determining the dimensions and sizes of facnimes it is necessary to pay so

careful attention that the pumping station to be constructed should be of the
structure not only to enable to solve the above troubles in pumping but also to

4-14
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function as planned together with the existing irtigation system in the farm
“yards. '

A slide type of ﬁf

pumping slation is, A=R6Sh
Q=o2ls ! V=odud

therefore, applied for
the consiruction to 4 G0 Srage Storage Tack)
solve the  above- '

mentioned  problems _‘L ' ‘— -

. " A VS8
!akmg. the following e S atte
iteins nto account. Ve 18led A

Q=olls  {1st Staja Sovage Tank}
- The difterence of _
water  level of ‘ B
. . Charg Cldin
Chang Chhu river 7 == =
between dry . PROPOSED PUMPING SYSTEM AT RNRRC

scason and rainy

seasons varies from four (4) to five (‘S) nt and the diﬂt,rence in suction head
of the pump between these two seasons arc very large. For mlmml?mg, the
suction head losses, ‘the pumping equipment should be movcd on the
inclined steel rail dcpendmg on lhe sucuo_n waler level.

- order to prcvent the entry of sediment toad (hrecl[y Trom the river bed 1o
- the suction pipe:and the pumping system and to avoid the frictional
- dainages of the impellers, a floating type of suction was demgned

- Smcc the construction. equipment and matenals Tequired ior the under
water construction is not available in Bhutan, the facilities were desigued in.

~ such way that the consteuction should be carried out wnh the u]mpmcnt-

- under drycondlllon : - -

- The pump umls are not 11\<ed on lhe ground since thc pump units ace moved on

" the inclined steel rail using the hand winch in accordance with the ilucluauon of -

 river water level. The suction hose is ﬂextble and the sucllon strainei is floated
in the nvcr

As for the pumping operation, a S!mplb alternative calculation was carried out
- to work out the most appropnatc pumping operaiton in the RNRRC farm yards

as shown in the Dafa Book.'As a rcsu!l the pumping operation shown below
was proposed 10 attain the balanced operalmn uhlmng the avaﬂablc facnhncs o
" the maxinmum extent, - o

[ Y7 gu—— — e L

[T} it | ;j ‘\ 11 41 T
) hasl /.-" \ A K ,'."' \{7,"' 11?
£, 4 s - ‘ 1ty
‘ ;7 : : ; €6t
g st : - ] YR
&0 .’ . ¥4
a0 : 03
[} L¥o 249 k5] 31|
. Maites e iz e M I
T v en T LEw e g . yLINE AP T T ] I Sl Otkw EimTre e e - - = < Oully Bomigger Purg
...... Oouicw horlkper Task e —Otlew Dromlew e Tack 1 - Qutiew Do Lewer Tank - < Quifcw trombig e Tank |
—_—— Vm{albsarlmsfrk ———-Wa‘au lia'ltpe- Ta*‘l I i FfA_ VeaterLeve' 2t Lower Tk “iaecLe elatigpes Task
HI.L SCALE OPS:FA! ION aﬂer INSTAKUNG {0, TENTARVE OPERATION UNTILL IND §TAS € PUMP
STAGE PUMP
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3} Design Conditions

The following conditions were considered in designing the River Pumping

Station in the RNRRC Farm.

a) Irrigation area
b) Design Capacity

‘12 ha
162 V/sec

¢} River Water Level and Pump Instaltation Level

1) River water level
- HLW.L (High Water Level).
- L.W.L (Low Water Level)
ii} - Pump installation level
iit) Suction water level
iv) Farm pond water level
- Discharge water level
d) Number of Pumps
e) - Pump Head
i) Actual head -
1) Pipeline losses
iit) Total Head .

“ ) Pipe line

:4)'

1) Pipeline length
i) Pipe

Prinsipal Features of Faci!ify

TP L1999 m

TP 1AM m
TP L1961~ 1,200 m
TP ],]94 m-~ 1,198 m

TP 1,218 m
:Two pump units

| Li25m
Om
_ {34 m

2710 m
:200 i, PV(,

The general plan and !ayout plan of the proposed facnhly are shown in, Plg,

; 'summanzcd below,

: '_a) Intake Pumping Umt

1} Intake Pump (2 Qe!s)
- Typc
~ ' Capatity
- Total head
11) Motor for Intake Pump (2 Sets)
- Type
-~ Quiput
~ No. of poles,
-~ Voltage: -
i) Slide Base (2 Sets)
- - Material
-iv) Valves (2 Sets)
- Foot Valve
Sluice Valve
Non-return Valve
v} Suction Piping {2 Sets)
- Flexible Pipe
- Connecting Pipe

b

1-16

-+ Totally enclosed, square cage
185 kW
L4P
415y

" Mild steel

'4.2.7 and Fig. 4.2.8. The’ prmcipal fealures of lhe conslmcted f‘acn!mcs are .

P

-:Smgle suctlon volute pump
" :1.88 m'/min
34 m

B 150 mm
125 mim:
(125 mm

150 mm
ASOmMmx 125 mm
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vi) Delivery Piping (2 Sets)

- Flexible Pipe 7125 mm
- Connecting Pipe 100 mm x 125 mim
- Header Pipe 200 mm / 200 mm / 125 mm /
125 mm
vi) Pump Control Panel (1 Set)
- Type :Outdoor, scif-standing
- Staiting Method -Star-delta -
.- Power Source 415V, 5011z
b) Coicrete Base for Pump Sliding
- Concrete Base 134 x 58 (B)XOS (T) m
- - Slide Steel Rail ' ;-2 Sets
- Hand Winch . 1 2 Sets
¢}  Revetment .
- Gabion Work 60 (L)Yx 15 (BYm

(2) Monitoring Works

Monltormg work of slide type of puniping station were camed OL:l from the middle
of July 1o the end of August in 1995 The detailed momteung 1tems area explamed
~in Appendtx 1, and the results arc summarized below, .

- Reqmred time for pumping operation including posmomng and setting vp :
~ < ' Pumping dlscharge with dilterent suction head -
- Condmon of ﬂe\nblc suction hose and ﬂoatmg unit :

1) chulred 'l ime for Posmonmg and Sellmg ugp

Thc layout of pumpmg posmon is 111ustrated belﬂw

Colestepait co Ly B

o Fosmon

34':.

 Heviblehase
S

| irme I

o2 Pume -

\‘\ .i\ﬂ?‘.liiipﬂ(.‘ :

Flow

POSITION OF PUMPING EQUIPMENT
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The result of monitoring is described in Appendix 1, and its summary is

tabulated betow.

Summary of Required Time for Pumping Operation

Description Required Time Remark
L L {min)

Positioning  |Pump unit 10~ 15 Pipe disconnecting for one unit

' 15~ 20 Pipc connecting for onic unit .
10 ~ 33 Sliding down for onc unit. %;;
. 15~30 Sliding up for one wnil
.[Floaling unit 10~ 35 Lifting down for onc unit
. 10 ~ 60 Lifling up for ong unit
~ Filling up water for suction pipe 20~ 30 for onc unil -
TFotal ttine for sclting up 60 ~ 100 for one unit
Total (g for resciting 70~ 90 for one wnit

One supervisor and 5

5~ 6 supporling staff were required for positioning pumping

units and 6 ~ 7 stafY were required for floating units. The following reasons are

cons1derd for this time cosumption.

Welght of pump is 500 kgfumt and hcnce shdmg of lhe pump 15 a heavy
task.

The weight balance of pump is not sutable for shdmg operation, and then it
is necessary to take a time for sliding carefully.

It is relatively diDicult to adjust both rails to fix the bolt between the'ra‘ii_
- and the pump stand kecping a stable and batanced position of the pump
Space between rails was relatively narrow for the sliding aperation.

- Since a check valve for water hammer was attaced to one side of pump the
“unit is not able to be moved in a balanced position. . -

“The weight ofﬂoatmg unit is 200 kgfumt and there is no eqmpment io Ilﬂ it
up. Furthermore an ﬂange _|omt made of iron connects: the' ﬂoal and the
pipe. :

- Weight of flexible hosc is heavy in propomon (o its lcng,lh

'There is no foothold on concrete base and gabion

2) Pumping Discharge with Defternt Suction {lead

The monitoring data is shown in Appendix I and il[usiratéd below.

P35 ol : —-

&

P * ' i b 4

2325 B ¥ x> | i x H§x X
geeo X

g_ 15 . N .. . . _‘ .

& 20 25 30 as 40 45 50 55 ° 60

Tolal Suctlon Head (m} o
m suction hose lengih 2 tn
w suction hose length 6 m

e suction hose lenglh om
& suction hose length 4 m
x sucbon hose Ienglh 8m

PUMP DISCHARGE AND SUCTION HEAD

—
R .

v o s emimmad

4-18
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3)

From the results of monitoring déscribed in Appendix 1, it is possible to operate
“the pump with total suction head of 5.5 m (actual head: around 4.5 m), but it

should be suggested to operate the pump with total suction head of less than
4.5 m (actual head: around 3.5 m) considering the cabitation and pumping load.
Furthermore, the influence of head loss caused by the fexible hosc was
estimated at about twice of design head loss in suction hose. In the design
stage, it is necessary to consider the suitable safety factor for suction head, if
applying this type of pumping systém. The length of suction pipe is also
suggested 1o be more than six (6) m for stabilization of pumping discharge.

Condition of Flexible Suction Hose and Floating Unit

The floating unit consists of steal frame, floal, foot valve and 90° bend pipe,
and connecting at the tail end of the flexible suction hose. This floating unit is
comected only with wire, and it has been always moved with river flow.
However,the following unit was designed to prevent the vnit from touching thc

river bed.

'Fl:oating unit o . gg‘__beﬂ_¢_pl_p¢. - ‘ ,‘Fb?‘,, : ]
_;-"' R4 " Water Sustace
Y s o ‘ .
) . " Steal Frame
flexible hose ‘ A\ R
S A\ . FootVate

FLEXIBLE SUCTION HOSE AND FLOATING UNIT

%The fool valve is mSIde Ihe s{ca! Framc and the deplh 10 lhe bottom is. alwa}s '

- okept in the optimum condition for suckmg the -water: From the results. of

monitoring, even if the tail énd of flexible suction hose moves near the river
edge, any kind of problem does not take place during the pumpmg, operation.

- (3) Evaluation and Conclusion

'The syslem was evaluatcd as dcscnbcd in’' Appendix: I; and the cva!uallon is
- suminarized bclow : y

113)

Merit of Siide Type Pumping System -

- Using the ﬂoalmg unit and flexible hose itis possible to keep the optmmm
suction head against the variation of lhe river water level.

- It is not nesessary to consider the maintenance for sedimentation problcm

- There is no problem for pumping operation even if main river course is

changed. '

The system can be established with small civil constretion works.

$-19
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- Tt is nol necessary to consider the protection works for the flood time.
- 2) Demerit of Slide Type Pumiping System

- Considering the pumping operation including positioning and setting up,
the large pumpmg unit will not be able to apply for this system. Therefore,
if the system is applied for lrngauon purpose of paddy field, the cammand
area of 15 to 20 ha could be the maximum scale for one pumping station.
- In case of applying the electrical motor pump, 5 ~ 6 suppoling stafl is -
always required for positioning, setting up and reselting the operation.
- From the results of alternative study described in Appendtx H, the tiver
puniping system is not economical if the system is only for lrrlganon
purpose.

Itis tcchnically feasible to apply the slide type river pumiping system in Bhutan, and
this system is considered to be one of the alternatives for water resources
development scheme. Based on the results and experiences of the study on and
construction of the experimental facility, the several points for nnprovemem are
identified as described in Appendm i :

: 43 Sub-snrl‘acé Walm" and Groundwater Resources

" Within the Study area, SEgmﬁcant volume of c\(plouable water rcsourccs comprising of
- sub-surface water and groundwater is explored. On the basis of mode of occurrence,

. groundwater can be classitied into 1) rivér terrace related groundwater; u) landslide
 related groundwater and m) mud-flow relatcd grcundwater

- The caicuhted water polemlai for cach sub area is summanzed in ihe followm_e, table.

Potenhal of Avallab!e Water Resources in the Study A:ea

\

Sub-sur_[acc Wa_tcr ' P Ground\\alcr(lhmn) Lol "f'folal -

. Sub-arca ol wminy Rner Tcrnce Landslide { Mud-flow | (I/min).

* Lobeysa ¢ © Nil N/A 430 R R R
Bajo 1.000 800 00 WA - 2200
Phangyul * - CN/A N/A 1,000 450 1,458
Rubeysa ‘ NfA : ~ N/A 450 " 900 1.350

‘The total of potentml derived from groundwater and sub- surface water resources in

whole of lhe sub-areas are calculated to be 5,200 Vmin. The methods of calculation
-and the basic conditions considered in catculating  the abové potential are bneﬂy

descnbed below and e\plamed tn de!all in Appendm D.
f-i_._ii.l ' Sub surface “"ﬂ(‘l‘ Potential

Large- scale undcrgmund water-flows running lhrough gravel zones underncath of or
nearby rivers are cafled "sub-surface water". These gravel zones usually represeit ancient
river channels. In some cases, water flows undemeath present rivers are called “river-bed
water". The terms of "underflow water" and "underground stream" are also used for this
same meaning, but only "sub-surface water” is used in this report.

1-20
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Sub-surface water is hydrogeotogically connected directly with water of rivers or lakes, and

-can not be separated each other. Therefore, static water levels of sub-suiface water are
“closely related to those of river water. Flow velocity of sub-surface water is normally

stower than that of surface water, bui significantly faster than that of ncarby groundwater,

Accordingly, exploitable water potential of the sub-surface water in the area is extremely
high due to the direct water supply from the tiver. The potential can be refated with the
volunic of cub 511rfacc water which is calculated by the following formuila.

Q=AxKxl

where Q: flowing volume of subsurface water
“A: area of cross section
K: coeflicient of permeability
I: hydraulic gradient

"o the Bajo sub-area, if width of sub-surface flow is assumed at 200 m, or one hall’ that of

low lerrace width, and exploitable depth is assumed at five (S} m, then A=200mx5m=
1,000 m?. assuming a hydraulic gradient equivalent to that of the river gradlcm or 1/150,
and a coeflicient of permeability equal to a standard gravel bed, or 2.5 x lO m/sec, then:

IOOO 25 163

166 l/sec 1 m / min

" It conclusion, the area has quite high potennal for exploitable water resources fiom the

sub-surface water, and the actual eﬁcplouable volume will be demdcd by the number of wells

: and their deplh due to ns great recharge capacﬂy
L 43, 2 Gloundwa(ea Potenhal

. Because of the 1110i1111ai|10113 terraiii, there is a wide variety of local groundwater conditions,
nevertheless the hydrogeological ¢ondition of the Study arca could be geieralized as an

area of two-layered geological model, i.e. impermeable basement rock fayer and permeable
Quatcmar}' Cover. '

. ln the area of basement rocks, no nnpostam waler yleld is obsen ed, T he Quatema:y covers
“in the Study area are composed of thickly weathered cresl plancs river le:race': }andshde -

debns and less permeable mud flow deposits.

The Quaternary river terranes along lhe Chang Chhu arc the most nnponam aqml‘cr in the
area. Since the Study area is situated in the mountainous area, no’ nuper:mable layer is

Cintercalated in the terrace deposits, suo,gcslmg that the growidwater in the arca is

unconfined.

Perennial yield of minor quantity of spring water is often observed at toes of landslides in

the stoped area. The groundwater here is a sort of "perched groundwater” embraced in the

slide debris and under-propped by the black colored landslide clay fayer. The best yield of

1-21
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waler comes fiom just above the black clay layers. ‘These types of springs are the most
imporiant water source in the high clevated arcas.

Although the mud flow deposits are less permeable, the huge volume of the massive
sediments could be an excellent storage for groundwater. The groundwater retained in the
mud flow deposits is concentrated in the bottom of the mud flow layers, specially depressed
paits of the paleo-topographic reticf, and may have good potentiat for the yicld of water.

The groundwater in the area can be classified into the following three (3) categorics.
- groundwater in river terrace deposits

- groundwater in landslide debsis

- groundwater in mud-flow deposits

(1) Groundwater in River Terrace eposils

The terraces in the arca can be

ey s . " Ciassification of Terrace
classitied into five (5) levels. The ‘

deposits mainly consist of sands and " Terrace ~ Height from River Sudice
gravel. No impenmeable layer such as HIL: approximately 130 meters
clay layers exists in the terrace . H2 70 to 100 meters
deposits, therefore, all groundwateris - Miz | 30toS0maters,
“unconfined and concentrated in the ».;M‘?Z | 10wzt m(cfs

S5 Lo | 0 20 10 mcicrs

~ bottom of the deposits, just above the
* basement rocks, o '

- Considering the ﬂcplh of the bedrock from the sufface terraces of 11 and H2 are not

« adequate {argets for groundwater dcvclopment becausc of necessily of decp dnllmg and N

ingh cost for e\ploralion and exp!onauon

- On hc olher hand tcrraccq of the L cqlegory aré g,oocl arcas for groundwaler
“dev Liopment because of its potenhal and easy prospecting. T he way of dev elopment for
groundwater in the category 1. teiraces is discussed in the item of * 'sub-surface water".
- Only the groundwater in the M1 and M2 whxch are distributed in the Bajo sub-area will
“be discussed in the Study.

~In the survey this time, the clectric survey a'ppiying, the Sehlumbeérger method has been
- performed, The results revealed two Zones in the M1 terrace showing a crescent-
shaped low resistivity zones which suggest good potentlal for gmund\\aler Presuriing
from these shapes, the zones would be resulted from buried ancient river channels,
*_ which would had been formed during tiie time when the Chang Chhu river nieandered
‘over a width of several hundred meters.

Two (2) holes, TB-2 and TB-3, were dnffed in the presumed buried channels. The
depth of the aquiler is about five (5) m higher than the present river level. The chlorine
content of the groundwater from T13-2 shows 30 ppm, and the spring water from
Unmtekha village in the mountainous terrain, about two (2) km north of the drilled area,
shows 46 ppm. Therefore, it is presumed that the groundwater in the aiea is mostly
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recharged from the background mountain areas situated to the cast as well as the L. imit
Chhu, adjacent to the north, sunning water of which shosws 15 ppm in chlorine content.

Simply presumed i the water from the meuntainous area, which contains 46 ppm of
chlorine, is dilited by the water from the Limit Chhu, which contains 15 ppm of
chlorine, it is estimated that the groundwater from TB-2 is composed of 50 % of water
from the castern mountainous area and 50 % of surface water from the Limit Chhu.

’% : As mentioned above, the groundwater in the terraces is recharged from the background
inountains and the sutface water of the trbutaries. The background mountains in the
Bajo sub-area have an area of two (2) km?. The volume of the recharging groundwater
run-ofl in the area is estimated using the average 355 day's specific discharge in
metamorphic rock terrains of 7.6 Usec/km. It is presumed that the recharged water
volume from the tiibutaries is about the same as that from the background mountains.
Therefore, it can be estimated that the total recharge volume of groundwater in the
Bajo sub-area is 1,800 Umin or 2,590 t/day. Exploitable volume may be about 40% of
recharge volume as discussed in section (2) below. This amount, 800 Vmin is suflicient
for drinking water source in the middle and low terraces areas.

L {2) Ground\\ ater in the Land%llde Area

| Many landslides are obqerved in the arca. Most of the cultivated flat terrain locatcd in
~ the middie slopes of the hilly areas has. been formed by landstides. Small peaenmal
spnngs yleldmg Sto 20 Ymin, are dlbll’lbuted m thesc shide areas.

: ihc land*‘\lldc debris in the area is a massive and highly porom unit, composed mamlv of
- blocks or fragments of‘ weathered rocks and lateritic soit. The physical character of the
 debris is excellent as an aquifer but the volume of each stide unit is too small to develop
: and uuhze a large quantity of grounclwatcr These sma!l scale springs in the area are
found in muddy mar:,h mth black ctaycy matenal '

; ihc grmmdwaler kept in fractured tandslide debns lheletore ‘might be undcr propped
by the 1mpermeablc bottom clayey Iayers, l"onmng perchied g,roundwater on thc clay
fayers in middle slopes of the mountain areas. :

~ The potential for development of water in the area is rathier low in general because of
- ils great vanalmns of groundwatcr conditions due to its 1solaied small scale geolomcal
Uit : . :

“On the ather band, assuming if the scale of landslides is in propoition to the storage
"-capacny of the groundwa!cr it is possible to estimate groundwater potemni using the
size of landslide landmass.

' ln the example of the spring of S6 in Phangyul the water guantily in the dry SCASON
from Oclober to April is about seven (7) Vmin, and that in the wet season from May to
September is about 14 Umin, so that its average figure is 10 Vmin, 14.4 m fday or 5,256°
m'/year.
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Thie scale of the mass of the Iandsllde block is about 300 m x 300 m in the area, 15 min
a\crage thickness, and 1,350,000 ' in its volume. Aseu:mng its efiective porosity is 10
%, it is estimated that its water capacity is 130,000 nr'. This means that the water
capacity is abundant enough for its yield quantity.

It is estimated {hat the precipitation in the area is about 1,000 mnyear. Assuming that -

20 % of the rain water, that is 200 mmyear infiltrates inlo the ground, recharge
quantity is about 18,000 m/year.

In addition to this, some fracture water in the background mduntainous area is
expecled as recharge sources. It is hard to estimate the volume of this, but its specific
discharge per 0.09 km’ is calculated based on the data that the 355 day’s specific
discharge in crystalline schist terrains in Japan, under similar. geologic  and
meteorological canditions, is 7.6 Usec/km. If all fracture water is recharg,ed into the
landstide block of 0.09 square kilometers, the quantity of recharged water is 21,400
m'fyear, or 240 mm/ycar. Accordingly, the total quantity of recharge water, Fr0111 rain
water plus landstide areas of the background mountains, is about 40,000 m or 440
mm/year. ' S

Deep weatheted
2one

i Perched groundwater
o il‘l shded debris

SPHHQ ‘ Clay séam
SCHEMAT{C |L|.USTRAT|0H SHOWING RECHARGE PATTERN IN LANDSLIDE AREA

2

. This quanttly of recharbc water is the finction of lhe area o! the landslide blocL and
“the quantity is calculated using the following formula.

© Quantity of recharge water = Area of landslide block (m?) x 0.44 m

As discussed before, many small but perennial springs, genetically refated to the
landslide, arc being utilized in many villages. This water in the slide debris is being

&=
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‘recharged by precipitation as well as by seepage from the forested background
niountains. Since the total volume of the debris is limited, the exploitable quantity of
water is also limited. EHlowever, the water yield from these springs contributes only 13%
of annual recharge. Accordingly, the vyield quantity could be considerably increased,
say up to 40% of recharge quantity, by trenching if it is done in the correct way.

" (3) Groundwater in Mud-flow Area

Major mud-flow deposits are distributed in the Lobeysa area and several other small
areas. The litho-faciés of these nud-flow deposits are quite uniforin in appearance. The
rock fragments in the deposits vary from block-scale to fragment-scale, and are
scattered in its brown muiddy matrix. These facts suggest that a huge volume of
materials saturated in water have been transpotted in a short time. '

The groundwater retained in the mud-flow deposils is under-propped by the basement
rocks, and may have a good potentiat yield for water at the zone just above lhe
basement.

Two’ (2) dill holes TB 4 zmd TB-S, were constructed i in’ the mud- ﬂow area The
“optimal quantities for pumping in TB-4 and TB-S are' 110 Ymin and 55 Imin,
respcctwely The catchment area for TB-4 is about 8 ki’ and the arca_ lor TB-5 is
about 2 km’. Mudilow areas are 2.5 kni® for TB-4 and 0. 14 knv* for T B-5, respectively.
* Upon comparison of the optimum yield, catchment area and mud- flow area for each of
the two drill holes, it is concluded that calchment area size is more significant factor
controlling groundwater volume than either mud-flow area or volume. ‘Applying the
~values set out in the previoné section, speciﬁc discharge of metamorphic rock is roughly
calculated at 7 6 secfkm’ (450 Vmirvkm?). If 40% of this is Consu{ered explouab!e
then N :
450 x'o.‘4 =150 yminjk.‘n2 | { i
‘In other words in the nmd-ﬂow arca, ‘180 Vinin of groundwalcr is e\cplonable for every
‘one (1) kim® of catchinent area. These holes have been dnl!ed ina buned creck
suggested by the result of an electric prospecimg ‘

These mud- ﬂo'w deposits have completely covered the pre-existing topographie relief,

forming new drainage or creek patterns which are entirely different from the buried
drainage pattcm The groundwater in these areas, how ever, is stifl ﬂowmg down to the
buried creeks as mentioned before. - This is the main reason why diy creclﬁ are often”
observed in the mud-flow areas. :

4.4.1  Available Surface Water Resources in Each Sub-Avea

As presented in Table 5.1.1, there are 22 irﬁgaiion schemes in and around the Study

area and 10 schemes of them function {o supply the irrigation water to the sub-arcas as
shown in Fig. 5.1.1. The present condilions of water resources for 10 schemes are
summarized below.
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Summary of Water Resources for lrrigation Scheme in the Sub-Area

Caval |  Waler Source Mcan
Sub-Arca |Code| Name of Canal | Length River | Catchment i Altiwde Discharge
tkm Arca (km2) “ (m} {m3/s)
Lobeysa Cl | UpperLobeysa | 7.1 | Taberong 119,40 100 6,574
€2 | Lower Lobaysa| 2.1 Chhu 11946 §: 1380 6,574
- Bajo Co Bajo 150 | PeChlwm § 14570 1420 8022 %%
Phaungyul | CI0 Phangyil 160 | lLachhu 223 2,330 0.123 '
C15|  Gemkha 35 | Uship | - 084 1,750 0.046
Rubgysa | CI8 Nalakha " 39 | Mochina i 878 1440 0.183
C19|  Rutckha 22 | Takarong i  3.03 L8800 | w167
C20| Maphckha | 2.2 Chtu i 623 1760 | 0343
C21 | Naykovuwa 1.7 2.95 1.920 0.162
Cc22 Rumina 1.1 6.80 1.560 0374

Based on the resulis of hydrological study, the river discharge at each intake site was
- roughly estimated as shown below.

" Estimated River Discharge at Intake Site

(Eant mis)

River

Sep !

: Jan Feb | Mar | Api | Mav | Jun Jul .3 Aug Oct | Nov &+ Dec
Taberong Chhu | 2602} 2500] 2327 3231 4034] 80280 129530 16.755) 13,577 GOG?L 4286 3029
Pe Chhu 3175] 3051] 28400 39930 4922 9.797] 15.196] 20446 16,368 7403 5230 3096
Lackhu 0.048! 6047, 0043 0060, 0.075] 0.150; 02321 03)2 0.253? 0113} 0086, 0036 -
" Uship 0.018] 0017 -0.016] 0023 0028 0.056: 0.087; 0.117 0.0‘JSi 0042 0‘030; 10.021 %%
Mochuna, 0A91 6184 0471 0237 0296) 0.590, 09150 1231 0998 04461 0313170223
0.148! 0142} 01330 0184) 0230] 0457 0709, 0951 0.773 0.386; 0 204 (172 :

Takarong Chhu

3t urlhermorc the river water of the Chang Chhu will be avallablc for the Lobcysa and -
‘Bajo sub- -areas applying the river pump system. Based on tlie hydro!og,aca! analys:s lhe '
' -ﬂow condmons of the ( han}, Chhu are summarued below ; :

Month!y lecharge at Chang Chhu (maa's)

ftem | Jan

’ I‘CS

Nov

Anmal-

Mar Apr | May [ hun | R | Aug .\p Ot e
TMean| 850 820] 943 143.6] 231.2] 479,171 $96.9] 59831 197.6| 313.0, 1513 1083} 2817
Max. | 9530 919! 1204] 3087] 185! 6022 ’9659. 881.5] 697.0] 427.4] 190.4° 126.8] 9659
Min. T4] 740) 970 1560) 217981 Y9661 a6.0] 302) 2059 12270 919 740

Limﬁ Chhti is one of perennial tributaries flowing into the Chang Chhu in the Bajo sub-
-~ arca, but water cannot be expected to be available in this river because almost of the

7891

'nvcr water is used for the farm fand in the upstream.

4.4.2 I Sm'fl"acé. \\’a!cr R('sour('es Polclttial

With a consideration of environmental consetvation, at least 20% of the river discharge
should flow down as the maintenance flow. Consequently, up to 80% of the river
~ discharge can be considered as an available siver discharge. Therefore, the potential of
surface water resources was estimated as shown betow,
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Available River Discharge at intake Site
. L m“«'s)
River Jan Feb | Mar | Apr § May | Jun Jul T Aug | Sep Tooa ] Nov i D

Tahermg Chhu | 2.08%] 2000} 1862 2.585] 3.227| 64237 99631 13401 10.862] 3853 34290 2423
Pe Chhu 2.540] 2.410] 22721 x1s4) 3038l 7337 12.|57{ 15.357] 13254 59220 +4.184! 2.957
Lachhy 0.039) 0.037] 0035] 0.0480 0.060] 0.120{ 0486 02501 0.202] 0.680° 0064 0045
kship 0o1s| oor o013 ooist 0023l oeust 0070 0.0 0076 0034 9024 0017
Machuna (153 0.M7] 0.137] 0190 0237] 0472] 0.732] 0985 0798 03571 0252 0178

Takasrcog Chhu | 0119 0114} 0.106! 0147} 0.184] 0365 0567| 0763 0.619] 0275 0195 8.138

As for the available water of the Chang Chhu, it is necessary to consider the structure

of the facililies and capacity of pump. Considering the conditions of topogtaphy,

- geology, hydrology and difficulty in the pumping operation, 0.1 m'/s of pump

discharge will be the maximum capacily for one set of the system. Furthermore, the

maximun number of the pumping system is proposed to be 30. Hence, the limitation of

the total amount for water use is expected to be about 3.0 m'/s using the river pump
system.
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__Chapteri¥
5. IRRIGATION WATER I\"lANAGEMEN'F AND WATER REQUIREMENT

5.1 Present Condition of frrigation System

Most of the existing irrigation canals were constructed by the farniers themselves a
long time ago, and, the year of construction of such canals is not known. Thosc are of -
gravity-flow type intake made of stone masonry and of earth canals carrying water by
gravity. Most of these canals are unlined. As presented in-Table 5:1.1, there are 22

irrigation canals in and around the Study Area, and the tofal lengih is mmeasured as over

100 km and total command area is approximately 1,250 ha. The location of these
canals is shown in Fig. 5.1.1. All of the irrigation” canals have their source in the
tributaries or small streams flowing into the Chang Chhu and the Dang Chhy.

~ Since 1981, the Small Farms Devetopment and Irrigation Rehabititation Project

(SFDIRP: ll“A[) Phase 1) has been lmplememed by RGOB with assistance of IFAD
and 37 irrigation canals have been renovated in the Punakha-Wangdue Valley. The

total command area is reported to be about 3,400 ha. In July 1989, the Punakha- :
Wangdue Valley Development Project (PWVDDP: IFAD - Phase 3) was slarted as a
follow up of the above SFDIRP. One of the objectives of the PWVDD is to knprove
agricultural producl:on through rehabilitation of the existing irrigation canals. The
completion: of on-going PWVDP is scheduled for June 1996: Under PWVDP, stone

- masonry canals are constructed partially, mainly for the upper portions of caualb whcre
-~ land shdmg often occurs, :

. As'describéd above, some of these canals constructed by focal farmers years abo have-
" been rehabilitated, improved -and - reconstructed - by the Dzongkhags of
' - Wangduephodrang and Thimphu under IFAD finance. The pa;ltmpalton of IFAD is.
- considered to provide the nost extensive asssslance in recent years as mdlcated n
:Tab!eSIl » L : Lo

_--The sub area is lmgaled by lobeysa lower and Uppcr 1rr15al1on canals and lhcf
length of these canals are’ measured to be about eight (8) and seven (7) km,
“respectively. [rrigated area is about 330 ha The water source of these canals is the
: Tabc Rongchhu ﬂowmg into the (‘hang, Chhu.

Intakes of these canals are the nalurat ﬂow lype without water controf hcuht:c;
like gates, elc. Spillways arc provided on lhcse cana!s to dram surplus \\alor o
Tabe Rongchhu. :

The canals run along 'valloy'slopé of the Tabe Rongchhu with an approximiate
length of three (3) km from the intake sites to the command arca of Lobeysa sub--
area. Soil crosion occurs often due to rainfall and drain runoff from T hnmphu- ‘-

Wangdue road on the valley slope, resulting in damage to the irrigation canals. The -

Upper Lobeysa canal is currently under renovation with the YFAD project.
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(2) Bajo Sub-area

The Bajo canal which is also constructed with the assistance of IFAD is onc of the

longest canals in the Study area, and its length and command area are about 15 km

and 143 ha (including RNRRC area), respectively. The irrigation canal was

constoucted to provide irrigation water to cultivated areas of the Bajo sub-area as

well as to provide domestic water to Wangduephodrang town. The water source of

this canal is the Pe Chhu, one of the tributaries of the Dang Chhu. Parallel lines of

pipefine have been constructed along the existing road from the Pe Chhu intake site
to the water distribution station of the Wangducphodrang town to convey water

-more eftectively.

The Bajo canal runs on the mountain slope for an appreximate distance of nine (9)
km distance from the Pe Chhu intake site to the water distribution station near
Wangduephodrang town.  Along this segment of canal, spill over of irrigation water
has occurred due to poor water management.

The irrigation water of this sub-area is provided mainly from the Bajo canal, but
during the dry season when the conveyed water is not enough o ifrigate this area,
surplus water of the Limti Chhu is commonly diverted for irrigating this sub-area.
However, during the transplanting season, almost all discharge of the Limti Chhu is
diverted to paddy fields at the upper part of the river. o

(3) Phangyul Sub-area

The Phangyul sub-area extends along the south-eastern side of the mountain ridge
running along the Pe Chhu and the Dang Chhu toward Wang,duephodran‘g town.
Most of the cultivated lands are developed on the steep slopes. forming rice

© terraces. Thc most 1mp0rtam irrigation canal of this sub-area is the Pham,yul canal
which has its water source at the Lachu, a lnbulary of the Komaihan&, Chhu. The
length ‘of the Phangyul canal running along “ the’ contour Imc over 2,000 1

-~ southwestward i is about 16 k}m, Although a large amount of water is diverted at its

* intake, the water is not conveyed properly to the canal ¢nd located ncar .

- Wangduephodrang town, because of seepage from the canal and excessive
discharge taken from the canal at its upstream portion. The Gemkha canal is also
located in this sub-area, but its command area is measured as small as 15 ha only.
Water source of this canal is the Uship, also a (ributary of Komathang Chhu.

(4) Rubcysa Sub-area’

T he ‘:ub -area extends along the Taka Rongchhu and the lefi side of the Mochuna :- g
‘There are five (5) irrigation canals running through the sub-area. The water sources

of these canals are the Taka Rongchhu and the Mochuna flowing from the

southéastern mountain area. The sub-area suflers from serious irrigation water

shorlage especially in the downstream porlion of the Taka Rongchhu. One of the

reasons of water shortage is seepage from the canal at its upstream portion. Most

of the canals are unlined, and permeability of soil is observed to be high.
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5.2 Water Management, Operation and Maintenance and Water Rights

Generally, water management activities are donc by beneficiary farmers. TFarmers
appoint one or two water guards for inspection of the main canal and intake. Water
management for secondary to on-farm canals is done by each farmer or jointly by
several farmers related to the operation of the respective canals. From-the main canal,
small secondary canals (sometimes gullies or natural water courses) run down the
slope to the ficld level. Usually farmers have to divert the irrigation water to the ficld
which is located on the highest terrace, from where water tlows to the subsequent
lower terraces. :

Water is distributed to farmer fields in rotation, and the irrigation interval differs from
canal to canal depending on location of field, water availability and farmer’s water
right. For example, each houschold in a village reccives water oh a fixed day at a fixed
time, regardless of the area, number and location of the land he owns.

Mostly, canal is cleaned by farmers once a year before transplantation period of paddy.
Each household dispatches a person for this canal maintenance work. In the casc of

* repair work for damaged canals, farmers jointly work to carry materials such as stone,

sand, log flumes, etc. Results of survey of water management and O/M situation of

 several canals in the Study area are presented in Table S:2.1.

- Recently, MOA launched the National Irrigation Policy (NIP) for a sustainable
" approach 1o irrigation development through the effective participation of the water
“users. Under this policy, project beneficiaries associate themselves in an organization
“which is formally constiluted as a Water Users Association (WUA). A WUA can be
" officially. established at any time but’always begins before implementation of the
_ government-assisted project.: NIP was approved officially in August 1992. According
“to ‘procedure of NIP in PWVDP, several \WUAs were formed * before - the.
“commencement of rehabilitation wotks of irrigation canals. There are nore (han 30
- WUAs in the Punakha - Wangdue Valley arca. AT I .

5.3 Preseat Irrigation Water Réq1nii‘cilxcnils;

~ Some information on water requirement is avaitable at RNRRC buwt the cropping

conditions of cultivated land in the Study area are quite diflerent from that of RNRRC.

“Therefore, the water requirements were estimated in the manner employed in FAO,
“Hirigation & Drainage Paper No.24 (1977) as described in Appendix H.

The CSﬁI'ﬂﬁﬁOllj Was * Maximum Water Requireinent (May)

7 {unil: Vsec)

as shown in Fig. 3.7.1 - Retarn Period | Lobeysa |- Bajo Rultm)'sa l’hr;ug,)ul :
172 246 - 30 . £ 385 ¢
by each hz_xlf-month, and s 085 378 195 105
the _ maximun waler 110 | on 18] 197 100
rcqmrement was found 1120 9717 383 199 103
in May second half- /s (Exceedance) 910 | 336 183 37
mionth. The amounts of 1710 (Exceedance) | 887 7 179 - 362
the maximum  water _ 1120 (Exceedance) 364 338 175 LA
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requirement are summarized in the table in the previous page.

As for the future water réquircment, as some case studies will be conducted for various
conditions considering different cropping patters and water management practices, the
future water requirement will vary case by case. Therefore, the most appropriate
values will be proposed as discussed in Chapter 8 of this report.

5.4 Problems of Existing Irrigation Scheme

5.4.1  Estimation of Water Balance for 10 Irrigation Schemes

10 irrigation schemes in Present Cropping Areas of Existing 10 Schemes

the sub-area  were
selected and inventory  Canal Namcof | e e
\l'rorks were f-ﬂffic‘j out. Codc Canal CP1: CP2 i CP3 CcPd CP5 | Total
The present cropping 8 SPP‘?' 1?3{03.\'5? 1{2]: g 3 1'::' li ﬁg(‘l
B . QWor LODCYSA J a J H h 3
area in each cm}lmand o Bajo 0 15 ol 12 13
area is shown in _rthe cl Phangyul . | 31§ 10 ol 10 i | oo
fable for the 10 . ¢y Gemkha sioai oo s :
schemes. CI18 Nalakha W0 3 0l i |2
_ . C19 Rutckha | 14 4io0i2wi o2 40
As two (2) schemes in - C20 Maphekha 9f X0 MU 27
Lobeysa and four (4) €21 | MNakoyuwa | 8 : 20 0 120 1] 24
schemes  in Rubcysa C22. Rumina 0 i 3 -[} LA 28

divert the waler from same rivers, these IO schemes are ‘grouped into six (6) groups.
The results of 1 uwentory are summarized as shown below.

: _ L;st of Imqauon Scheme in |he Sub- Area :

Cstiomted -

. N R N Canl | ¢ umn.ul Z\-o ‘ul'_ i Wates Sonce . New
- Sl Ace Grap | Cote | NaneofCaad { Lagth | A Beeliod || Riter Catdgneit | Akitake Disduege | gany
' S L B : : flan} ! hay Howehdd [ @ . Area ka3 et ; (mtd sy (i) 53
l'\h.'}\a A Cl, Upper 1 olaysd 71 &l ik . Tote 3R L 149 @ 6574 LR
ST ] Lowirtobesa |TURET )T T Rogeldns § - WTW Drwg | s | i3y
H.)_]a T KRR . Bao i50 143 p] Pe Uhlne 18000 bk I‘U LI EEE
Py < (31 - Fhaynd 60 #oc £ 82 : Yadidw LN B Y nie oo
L N LN RS L T N L Cagi " i
Rubwyna E Cig Nl 19 X i Moduew L] Ol s
: TS Redla e O N T BRTIC
B LA 22 b1) H & 1IN ) |
N T R I R Ty
_ | 18] s i = 7 ew | ke !

Based on the resull of hydrologlcal study, the avatlablc rwer dtscharge were roug,hly o
estimated at each intake site as shown below. :

Avallable River D|scharge at Intake Site

: (.l'ni‘l B s}

Jun

Sep ’

Group| Code | Jan Fcb Mar Ape Ma}' Nl Aug (ht Wov i Dec
A la ' _ ‘
' c2 | zo081! 2000 1852} 2s58s5] 3227 e423] 9963} 13401 108620 AwsA] 39, 2423
B | o | zstol 2410] z272) 3151] 3038 28%7] 12157] 16387 ixzsq| se22] sl 2957
_ C Cl10 0019 0.037 D.035] 0048 0060 01207 0,186 0.250; 0.202] 0.090 O.DG!E 0.045
o | crs ] oois| _vota] oonx]. oors] o023 0015] 0020] 00941 0476] 0034 0024} - 0.017
EF s I oasal oasr] oaxz| o] ez37] o472 o0732] 0985] 0.798] 0357] 0252 0478
F {cro :
o ! 5
©n : j !
‘2| o19] onal ores] onaz| o1ss| ozesl aserl 0763] vers] e216] a9s! 013g
5-4



The water requirement for each canal was estimated based on the water requirement
for the sub-area and the result of inventory work. Using these results, the water
balance was examined at each intake sile as shown in Table 5.4.1.

According to the results presented in Table 5.4.1, three (3) groups namely Groups C,
D, F suller from the water shortage in May which is considered as the scason
traversing from winter crops to paddy planting and the most important period of
transplanting of paddy. The paddy can not be planted uSuaIIy in whole of paddy fields.

The paddy can not be planted in almost half of the farmers’ paddy fields according to
the interview surveys conducted during the field survey. Furthermore, in Group C (the
Phangyul canal), the water shortage occurs for three (3) months from January to
March, and hence the production of winter crop i this aréa might be decreased in thls
case considering the cropping period of winter crops.

The following table presents the water sufliciency in May, which is derived (rom the
water balance study considering the estimated canal capacity in addmon fo lhc above
available water resources.

© Sufficiency of Water Source and Canal Capacity in May

. Avaibble Water Resporces CanalCapecity -
Command| Max. Wakr River ~ {Shoragpe | Sullciency Caoal [ Stadage | Sarrage ulsu‘:_;mcd
Canil | - . Area Reguiement | Discharge | of Water | at Intake Site | Capacity | of Water | of Capaciy | Cyrpping |
Groupe | Code | - (na) (mYsec) mised) Nm2sed) | &) - (mVsec) | (misec) | ° . Rate (%)
- T S L _ T ] gou| L B esm
A o) - 300 osa| : . 08&58) 0084 S T
S EITRT7S] ! R T BT STT NN . BRNTT7] BT RN (R
i (&) w7 eas) x| - [T - o3| ool we] . ww -
[ cn o 0.256 0035 O®t Si%] . 0240 G £l v SAn
Db Ci5 . o] 0.042 - 0023 .00 -44% 0040 --0.002 L S
e | cR | »| oo oy < - R oor7|  oms| T % “56%
e | e . o - - R IR 7] BT Can T
] e | i) sem| - | son|. ceoes| - Em
Fo |l e | - - ooss| A REE I onss|: oms e
: cn oL som|: o oei| cates| 0 an
sobaeral| - | T Ty T T eia T EE T Al T edn| L Tenm) ¢ an]| 0 e

The canal capacily is estimated considering design dimensions and actual conditions of
~the respective canals such as topography, structure, ctc. It is e\'pectcd that the

capacitics of all canals are not suflicient; the calculated suﬂlcmncy vancs wnlhm a

- range of 7% ~ 16% at the maximum waler requaremem in May.

In estlmatmg the cropping rates the rate ofdecrcasc is set at 40 % - 60 % oflhc water
shortage considering the rcsulls of ficld investigation, As a result; the average cropping

rate of 86 % is catculated against the total command area, and it is conllnncd that there
" is a basic constraint in the available water resource in six (6) schemes out of 10.:T his

cropping rate may vary depending on the available annual rainfall, and not always
shows in the actual situations. However, this is applicable for the Study mdmatm;, thc
irrigation conditions.

_Chapter ¥
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5.4.2 Evaluation of PrcSem Water Management System

The . present I'opogr:;&‘:i:“__mﬂb{_vm T Selection of Major Olitake ]
aperation  system | Condition
was analyzed and : .
evalu at'cd (‘ir!n:)ir;d I Fstiration of Water Requirement at Selected Ofitahos ]
applying the water Ok
ba1émcc '- [ Essimation of Canat Discharge for } Day Use —l
calculation ag | Presint Water
. Managemont . . ) .

ShO\Vn ; m S)';tcm' : r- Caleulation of Water Balance at Ofitake . ]
Appendix H. The

“calculation  flow ¥
of water balance I Estimation of Cropping Arca in Each Cemmand Arca }
is ‘shown in- the
fi gLi re. i I Fstiraation of Water Managomont Foss ]

CALCULATION FLOW OF WATER MANAGEMENT
. The suﬂiciency of

irrigation water is calculated based on the total water requircinent and the amount of
available irrigation water at intake site. Based on this sufficiency, the total cropping
rate is estimated for the conditions without management loss. The difference between
" the cropping rate with and without the management loss indicates lhc degree of
‘management loss. The c.amplc calculation for the C10 canal in the Phamc,)ul sub-area is -
‘shown below.

Water Balance at Offtake Point of Phangyul Canal
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About 20 % of operauon foss is calcmaled for the case that the water suﬂlc:cncv is 100
%. In case of about 30 % of water sufliciency, about 1.5 % of opcrauon loss'is
calcutated: This tendency is illustrated below. :

" 120% S -—

“9%'-‘r:;::;—thou!M':n'agementloss]
100% '
‘0%
Lo%
70%
50%
50%
0%

....... wm: Manage ment Less

Estimated Croppinq Rate
Eﬁtimat d

0% 20% TA0% 0% 20% 100% 120%

Water Supply

CROPPING RATE BY SUFFiCiE.NCY OF WATYER
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Based on the results of these calculations, the water management loss for the 10
schemes is estimated, and the results are plotted as shown below.

35%
[——ct |

30% —8-c2 :

: — ¥--Ci0 - : /;;
L 25% —%-C15 3 Y SEid
g 8- | : X
T -+ —cta~ czzg ' 4//

[ : - — : A
2 20% - e
=
a
]
T 15%
"
E
B
o) ;
T 10%
5%
0%

0% 20% Caow - e0% . BO% C100% T 120%

Sufﬂcier;cyj of lrrigation Wéier
OPERATION LOSS ESTIMATED FOR FACH IRRIGATION CANAL

10 %% ~ 25 %o (14 % for the total area) of water manag,cmenl Ioss is e\pccled even if
100 % of irrigation water is supplicd.‘In the present condition, as there is'a constraint

in irrigation supply coursed by shonage of water source or canal capacuy 1% -23 %
(7 % for the total area) of water manag,cmcnt Ioss is’ e\peoled The re%ull are

summarized below

Summaty of Estimated Water Manageméent Loss

Canal Grope A T C |} k ¥

‘CodeNo. © Ci 2 7o [Taie § s | cis Jaser

c-;hm1@mlme3('h_a) o : 3| o) T 14d 2 | I b 5] SR

‘ L Max Weier Requiranent (bay m3’s) G191 © 09} 0451 D025 woad| oo uns?]. w3i?
Lo Ltasc‘l Amonnit of Avalable Waer o Inlde ‘?ixe aieil. @ 94'3 ]’J,-tf»l o 25 0'9_'12 ! 06§ '" 337
' '  Sfidmayof nigiin Waa s E limﬂ-‘-‘s S e IERERT R IR R fomd  aones

Eslised Clopying Rale without
Maagancut Loss

SRYCR IRTCH INERRTSH BTS04 IR T BT R L
: E.*hll\!h‘dcl'ppllgmt\ﬂ!h : I

87% EILH IR -1 ER 1/ sse o ] e
Mangeinen Lass : ; i ) :
Estinited Mavg oot Los 13% L I LT LUy 11% 154 2% -
" Extimded Cripping Atvatha) 5320 . 27135 1268) 0 131 14 n eas
. Case 2 | Anixmd of Avislalie W al Intde Site oirs U85S 037 o Q’i FPRT 0677 PTY
Soffideny of Irigation Walox Cogyn gjey #42i) 9% 3¢, osu] - ssn,
Estiinatod Cropping Rte v-ai}-.mu 95 o6 9t $8% 724 96 730,

Moawgemeil Loss
Eimated Cropping Fute with TR YUFs I TUH 56% T T PN
Masgenwid Loss
Ediruted hanageiiend Loss f0% % j2 1% 2 bEAC L
Extirated Crogping Asea tha) 5.1 616 1192 5.1 105 242 718
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Table 5.1.1 List of Irrigation Canals in and around the Study Area

_ Name Canal Conunand] Number of Government _ :

Code of Length Arca Benefited Assistance Watcr Source
Canal (Km) (ha) | Houschold } 1FAD-I [ 1FAD-II| .

Cl Upper Lobeysa 7.1 61 17 O O Tabe Rongchhu

C 2 fLower Lobeysa 8.1 300 123 O TabcE Rongehhu

CJ Rinchengang 9.0 65 38 O Nabe Rongchhu

C4 |Omie 35 21 258 ._ Limti Chibwi

CS5 |Taa 2:0 22 . 24 Limﬁ.Clhlm

C6 |sichu | 38 52 24 Limti Chiw

C? Gigu:: 3 16 a | - ' l,i[:IIEiCIII\:la :

CS Tm'-éce}_ : : 3:5 : ' 2:6 13 .{ Linti Chiu |

o tao ) o |m |w | oo o

Cl0 Pl.lang_\_xll 16.0 ‘9] | <42 O - {Lachy :

Cll K@mélhang EJ,_i)z 7 30 ‘ \ Ko.m:.ilh:mg Clih:11

ClZ Cli\un\gs:ckha: 69 . 200 50 a O » Ko_m;;llmng'Ch:hil

Clil Lcn\er kas:hi. ‘- i2.'4'f7 20 3;1 :: O Ko:1nallmn§t‘l1?hu

(‘l-! Jaéatjokiha. . v -H 16 . 39 'O.“ Koi:lﬁlhané'(‘l\igu

c1s |Gemkna 35 j_ 15 ‘ 2 | IUinip L

C16 |Balakha 10 10 50 Q O [|Mochuma

ci7 Tl!en;akh'a 3L 40 - 35 | O_: o . z\iéclum_a ;

C18 |Notaha ‘3‘.:9'; e o Imochoma

19 Rlite!;;ha | 22 N ‘66 . : ‘i‘agarollg :('h.hu_

€20 {Maphckha 2..2.: . :27 44 | o 1‘aka;o|ig ;Ch-‘lm_

Cll. Naykoyuwa 1.7 24 18 Takarong Chhu

C22 |Rumina 11 2$ 35 Takarong Chhu

Note: @ - Planned to renovale from fiscal year 199495,
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Table 5.2.1 Water Management and O/M of Canals (sheet 1/4)

Name of Canal

Upper Lobeysa

[Water Users
Association

Exists

Numbei of water guardq} peison

Payment to water guard|S N/0.Tha or 1.5 kg/0.1 ha

Canal maintenance

Water allocation

Major mainicnance work 15 donc ong time per year before

paddy plantation

There are 3 major ﬁngat:on Blocks (villages), rotation of
one dav/nieht {24 hours) for each irrigation block

-_\b .

{(1)| Chang block 24 hours’

()} Babblock 24 hours
h 4
'(3)| Wangbleck | 24 hours

3 R

- [IName of Canal

Lower Lobeysa

: {Water Users

llAssociation

| Daoes not exist (planned to be formed}

- INumber of w'at_er guardy 4 liérsoh (Therc are 4 oﬂlake) ‘:

o Payment to waler guard[no payment (\.\ater guard i 15 changes yearly)

- ! [[Canal maintenaince .

Major maintenance work i is done one fime per ycar beforx,
paddy vlagtation

; [lwater allocation

rolation of one day/mghl (?4 ﬁours) for each 1rr|gauon —
block

R
) ond block of | * 24 hours
. canal ‘ :
.- 3 4
)| Jikhablock {0
: ' 24 hours

T

(3)| Babblock

Ty hours

(4) | Chang block

I
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Table 5.2.1 Water Management and O/M of Canals (sheet 2/4)

Name of Canal Bajo -
Waler Users D © exist - T
A ccaciation 0es not exis

Number of water guards

2 persons (Iperson each from Bajo and Wa'ngiokh.a/'l“ angu
villages)

Payment to water guard

20 ~25 kg/ha of rice

Canal maintenance

Water allocation

Major maintenance work is done one time per year before
Daddy. vlantation
one day/night (24 hours) for 1 inlet or 1 acre of rotation

(1) | RNRRC & NASEPP | 1 day usc
(2) Bajo village 5 days usc
i 2
(3) Wanjokha/Tangu S days use -
L ‘.Jli.;::gs :
“IName of Canal Phangyul '

Walcr users

Associatinn

Aformed in 1993 .

Nuimber of water- guarﬁ

6 persons (1 water guard leader and T person each from

Phangwil lellmm.ﬁmnkhiﬁhunﬂmkh&imnnekhm___

Payment to water guard

no payment

- {[Canal maintenance

- [ Water allocation -+ °

“{B. after trasisplanting

2 times per year (before and aller the paddy cultivation) -
A T ransplammq penod -

Hampckha L
Village : . © 2 weeks
\!’
2]"0f_llak‘cs in |24 hours forone -
“other Ofour, | offtake (total 21: ©

- R

Hampekha ' | | Chungsekha
~ Village - * Village, There are 21
corlain M offtakes in total
: Gemkha with 24 hours
amount of .o _ .
e Villape usc by one
Irrigation ffl'k .
waler can be v : Offlake,
taken ‘ N therefore 21
Kumcehi Village| 1 4306 of rotation
K for irrigation.
Phangyul
Village

[
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Table 5.2.1 Water Management and O/M of Canals (sheet 3/4)

|IName of Canal

Gemkha

‘Water Users
[Association

Does not exist

Number of water guards

| person

Payment to water guard

no payment (water guard not responsible for maintenance wo

Canal maintenance

2 times per year (before and after the paddy cultivation)

Water allocation

" |24 hours per farmer houscheld: rotation on 26 day interval. {according

_1Gemkha irrieation canal seheine)

{o intervicw survey, there are 26 benefited houscholds under he

Name of Canal Nalakha
Waler Users . ]

. . “1Does not exist
Association - : :

Number of water guards

water guard does not assigned

Payiment to water guard

no payment {on¢ year rotation among beneficiarics)

: rCanaI maintenance

Water allocation

Rutekha

Number of waler guards

- fName of Canal

[Water Users. _ N
: C, - {Ixoes not exist
fAssociabion

water guard does not assigned

| Pe{yaj;eht‘lo \\}afer_ guard

no payment .

[|Canal maintenance |

2'_1i;n¢s per year (before and afler the paddy ¢ultivation)

[Water allocation - -

rotation --- 24 hours for 2 households (total houscholds :-

0

Name of Canal

Maphekha

Water Users
Association

Daoes not exist

Number of water guards

one person

Payment to water guard

no paymenl

Canal maintenance

2 times per year

Water allocation

152

rotation --- 24 Tiours for 2 howseholds (total households . |

5- 12
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Table 5.2.1 Water Management and O/M of Canals (sheet 414)

Name of Cahal

Rutina

Water Users
ssociation

~[Poes not exist

Nuniber of water guards

water guard 1s Wrmwise during paddy plantalioﬁ period by |

benefited households. S

Payment to water guard

fio paymcnt

Canal maintenance

2 times per year

1
Water allocation

rotation of 24 hours per Rousehold (total benefited

households : 35)
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, - ,C!japferﬁ
6. URBAN AND RURAL WATER SUPPLY DEMAND |

6.1 Urban Water Supply for Wangduephodrang Town e’\réaf
6.1.1  Presenl Water Consumiption

The variation of water level was obscwed at the distribution tank, to measure the
~actual water consumpimn As a result about 780 m Iday of treated water is dlsulbutecl
to the town arca by lhe distnbution station Wllh the maximum and { minimum flow rates
of 110 m¥hr and 53 m'fhe. The water consumption per caplla is mlculatcd 1o be about
125 I/day . cons1denm_., thal the present populatton is 0, 035 and day visitors 'also vse
some amount of waler :

The'supplied water volume is quite difterent Present Water Consumption per.

- from place to - place depending on ‘the L Capita___
topographic and hydraulic conditions of each  Doscription - ("onsumpllo;r'_
location. The field survey on the actual water ~ Cloth washing (medn) I ifeid

* consumption was carried out in some selected Latrine i 3l

~areas in the Wangduephodrang town. The 23‘1‘::'3 a ::: :gg

+ daily water consutiption per capita s .. 10!31 FE Ve

consequently estimated to be 75 I/day under
the present life style as shown in the table. The physical loss is calculated to be about
- 50 Vday per capita, deducting the above consumption per capita of 75 Ifday from the
' obsewed comumptlon per capita of about 125 I/day.

6, l 2 Popnla(:on ijectmn and Puimc Walcl I)cmand
(1) Present Populalion Served and Service. Arca

The present water supply system covers the wholc town area of about 110 ha, and
all of the population thercin is considered to be served by the present system with
‘an intermittent operation. The field survey was conducted during the field survey
penod to roughly grasp the actual population in these areas, and consequently the
presen! population was estimated at 8,355 for 1995 including the day tinie visitors
0f 2,320 as summarized below.

Summary of Surveyed Population in Wangduephodrang Town Area

Pﬂpul.ltion !ll 199\ _ o
: Calcgory | Residents " Day V:snors

- Township Area - _ 1.820 - . . 0
- Commeicial and Shoppmg Arm Cis0 400
- Monk Body - © 65 S 0
© Administrative Qsganization f U : 150

- RBA Complex and Outer Quarters | - S 3140 ‘ 176

N RBA Hospital : 175 : Do
© Primary anid Junior High School o T 1,200
RNRRC Office - . . 0228, i 0
© ' Total - 6035 230



The Swd'r on Groundwater Devalopment in Wanoduephodrang Lhistrct of Bdan o

Construction of a junior high school is going on in the north to the existing AMC
yard in the Bajo arca, and its completion is scheduled for 1997. The present junior
high school is planned to be transferred to the new school when its construction is
completed.

(2) Wangduephodrang Town Plarining

According to PWD of MOC, the expansion of the present township is corisidered
with some alternatives at present, but ¢ any final decision has not yét been made so
far due to'the limited land rescurces in the surrounding areas of the township.
There are two (2) allernative plans being considered as shown in Fig. 6.1.1, and
both plans aim mainly to transfer the existing shopping and commercial areas
located at the center of the township to the other arcas by:

- newly expanding the town arca to include the experimental farm yards of

RNRRC for the further development, or

- developing the present residential areas extending on the rather steep slope
lands west to the town center along the Chang Chhu,

* In planning the future water supply system, it is proposed to adopt the former plan,
- since it seems to be nore possible to reserve such lands for development in the
present township than out of it considering that the' present experimental farm
yards in RNRRC are being utilized to the full extent and there is not any altcmalnc
sites for relocalmn at present. -

: (3) Fulure Populalion’ :Prlojeclion

-t

fThe town' development \wll be made w:lhm the present: town arca accordmu to-
- their town plan and then no- e*cpansmn is necessary to be’ considered. How ever,’
: _fsome extent of development such as constructmn of rc&dent:al houses, elc, is |
expected to be made in the tands of existing AMC and DSC yards along3 the Chang .

~ Chhu towards the new school site, because such areas are considered to become
~ high potential arcas in development when the development is realized in the future
- based on the said town plan. The service area is, therefore, proposed to be
expanded so as to include such areas which are located north to the present
township along the (‘hang Chhu. The expccted populatlon increase in such aréas to
be newly mc[uded in the future service area is summarized in the following iab!c '

Pro;ected Population in the Expanded Service Area

a2 2007
L . CDay | N
7 Catepory Residents § Visilors | Residents | Visitors
Junior High School in
Bajothang 10 220 165 433
Agriculural Machinery
Center (AMC) 0 7 0 7
Druk Sced Corperation
OSC)___. 37 6 37 6
Total : 47 23 202 448




illustrated in Fig. 6.1.2.

. (4) Future Watér;[)cnf\and

i IMRSTT[—-\?
s S . : [ = FATE VP
- The present water consumption . per o
capita is measured to be 125 l/day, Tmm:u--‘
which consists of the net consumption i

~ of 75 l/day and the physical loss of 50
Vday. (40 % of the total ‘demand). - 2 EE .
‘Based on this ‘mcasured value, the ' = U~ eSS N I
" future demand is estimated. .. ' PRESENT AND FUTURE WATER *

The future population increase  pyojocted Population in Wangduephodrang

____ Chapler ©

projected for the target year of Towi Area _
2002 and 2007 is set as shown Categorics 1995 | 2002 2007
in the table. Since the high 1 Present Service Arca - o B
growth rate is Dbelieved to Gront gcsid{i;l; 6,035 (6;)‘:; (’;C{;*{',J
H : rowth Rite (o - 2. )
;;?g“,i"3,‘;;;;"t‘f,'gf(;}‘t;,:j‘;;e:j;';‘i‘ Dy Visitors G890 2293 | 2634 | 2908
. L L : Sub-total 8328 9.567 | 10,562
is applied for projecting the 5 F tended Scrvice Arca
population in 2002 ‘and 2007 _ Rasident 0 17 202
considering  the ~ Wangdwe- _ DayVisterst 0} 233} M8
phodrang Dzongkhag’s Sub-total 1.0 280 630
expectation, . 3. Total Population 1
S Resident| 6.035 0.979 7856
The - number of .day3 visitors To?n? et iig; ;:i; I;;;g
shares 38 % of the resident
population, - and . the total Present and Future Water Consumption per
population is projected  at . Capita
9847 (consisting of 0979 . | Peesent | Futere
residents’ and - 2,293  day Description 1995 | 2002 2007
visitors) and 11212 Cloth Washiug | 3.0 ' S350 4O
~ (consisting of 7,856 residents - &:::‘:im . b ) . m'j_ "
~and 3,356 day visitors) for  pathing _ : I 10
2002 and 2007, respectively  Cooking_ S (R T I A 25
including those in the present _Consumptive Demand A 90 i 12§
* and the fulure exiended service  PhysicalLoss . - s 30 20
Careas. . This - - projected '(%;o Total Demand) (40—) | @3 i _(14-)
poplﬂa'lio'n 7 increase is Total W{tlc:r Demand 125 120§ 143

o © Paity Conwniption pér Capita (K1l
fen 50 Y T C oM

e —

CONSUMPTION PER CAPITA.

As a resull, the ‘con_s'ump'iive demand "pér capita is increased from present 75 Iiday
to 125 I/day in 2007. The total démand per capita will be once decreased trom
present 125 Vday to 120 Vday in 2002 and will be increased to 145 l/day in 2007 as:

“shown in the table and figure.

Based on the above discussion on the future population and the future water
demand per capita, the total water demand for the whote of the served area is
calculated. The average daily demand and the maximum daily demand are
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calculated. The average daily demand is calculated by
multiplying the estimated water demand per capita by

£stimated Water Demand

the sefved population, and the 25 % - increased value
of the average demand is taken for the maximum

daily demand. The estimated daily water demands are
presented in the table, and are illustrated in Fig. 6.1.3.

6.1.3 Block-wise Population and Water Demand

The service area of the

Average | Max
Daity | Daily
Demand | Demand
Year | (mlfday) | (’/day)
1995 8§12 i 1015
2002 N6 1.133
2007 1,236 1,516

Block-wise Population in the Wangduephodrang Town

water - supply system is ___ Area .
divided into six (6) blocks : Blocks .
as shown in Fig. 6.14. T;:: 292‘: §lﬁ2§5 9356 327441 1545 : srgziz!
The1 _, block-wise 00 9y 1786 1618 (1926 166 1 978 | 9847
population” is calculated 3007 [ 3723 {1972 2368 {1545 1 183 | 1421 [1i202

based on the resulls of

the population survey
which was- conducted
':durin the field surv Block-wise Water Damand for the Wangduephodrang
g the neld  survey Town Area {m*day)
period, as shown in lhe Blocks - .
table. Year | 1§ 2 3 1 4 15 T 6 [ Toal
_ _ _ : . Avorage Daily Demand ' S ‘
“The  ‘average ~ and 1995 | 286§ 152§ ' 93 ¢ 267 4 - 812
- maximum daily demands 2002 | 310+ 164 519 177 1015 10 90 - 906
for each divided block are - 2007 - '“l ....... 217 26} ...... 170 2“‘]57 lz}ﬁ
Calso c'af'culaied " takin Ma\unml Datl) Demand : 7
: ateu ARINE - Coos | 3ss it use L mel o3 18t - | Lots
- proportional values of the . 2007 | 388 ii 206 i 186 ;. 222 1 19 | 113 |13
- above- caleulated block- 2007 | 513 i 272 i 326 1 213 25 196 | 1.346

“wise population as shown
Cin the table

f'6 2 Walel Supplv for Rmal Areas
6.2.'1'

Present Water Consumption

Someé field surveys were conducted to
grasp the actual water consumption in the

Surveyed Water

Consumption in Rural
Areas :

rural areas. As shown in the table, ithe

total consumption per capita is obsewed'
to be 45 l/day.

' 'Accordmg, to the UNICEF's guldelme the

water supply systemn to be constructed in
rural areas should be designed based on .
the water demand per capita of 67 I/day,

Description - Conisumplion
Cloth \nchmg([,aundr\) £ 20 eld
Latrine Slefd.
Bathing <o l/erd
Caoking 10 Ve/d
Total 5led

‘Poputalion Increase in Rural Areas

which * is  obtained mulliplying the Prosont .

consumption of 45 Vday with 1.5 for the  population (1995) 2002 2007
further increase ‘of population. This Lo 1.26 1.50
increase is translated to the annual (e-—-— Annual Growth Rate: 3.4 %5 ____,J
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population increase of about 3.4 % as shown in the above table.

6.2.2 Population and Served Population

As mentioned in the previous Poputation and Population Served in the
chapter, the present population and Study Area
those served by the presenl water Population | Scrvice Ratio
supply schemes are stimmarized in  Swb-arcas | Populatio | Served {%)
. n .

the table. Lobeysa T 3_,_086 ‘ 2729 88

S _ _ Bajo 983 353 36
The population of the Study area is  phaggyut 1159 ‘314 6
6,684, and 4,502, equivalent to 67 Rubeysa | - 1456 1,006 69
% of the total papulation are served __ Total 6,681 | : 4302 67

by the present water supply schemes. The rest of the population of 2,182, equivalent
to 33 % are left without any supply system, and they have to take their domestic waler
from rivers, streams or icrigation canals near their houses facing thc risks to be
bacteriologically infected. g
: :Accordmg, to the Dzongkhag admnms{ratlon the popuiahon growth rate in rural areas
* have gradually increased for these ten (10) years in all villages, and it is conv.ldcred that
~ the population in these rural villages looks like reaching the saturation in the near
future because of the limited land resources available and the poor possntnltty to
maintain - self-suflicient econony.

HO.WCWF. ;lhe‘ rural populallon is Pro;ecled Future Populanon m the Sludy

“considered to increase for the further : ' Area .
10 years at least. Therefore, in this ~ | Populion
| study, it is proposed !o;apply two (2) Sub—area; 1995 P 2002 2007 .
% . of  annual increase, a rather Lobeysa~ 3.086 CASS s A9l
conservative value of increase, for Dd° 1| 983 Li2o e
N N N o Phangyut | . -1.159 S U % B S R W )]
eshmahng the fulure pOPll’&thll Th(}' Ribeysa 1 145 -’L(,jz : 1817
; prOJectcd populauon in 2002 and 200?_3 Total ‘| 6,684 S 7677 ¢ 8478

is summanzed for ‘cach sub-area as
shown in the table.

6.2.3 Water Demand .

: l" he present water consumphon per capila as mcasured lhl oug,h thc hcld surveys is. 4‘3
I/day as déscribed in the prwmus sectionand '

~this consumption meels that rc-commendcd n g A
the UNICEF’s guideline. 'Accordmg, to the %W W oo |
s - . L= 7 L wpzined Imdreaie -

UNICEF’s - “guideline, it " is  further’ '3 g ofTi Syl

recomimended to apply the 50 % - increased _ .
. . : E X th-mw-l_!t:nca.\.e.!}g. :

value for estimating the future water. 3 fhpatriza Growil

consumption per capita. The increased valueis. £ | PR

calculated to be 67 l/day. In case that the rural : Cappan 195

N . « 941 F = t R P

population increases with the growth rate of e s :

two (2) %, it means that the 45 lday of INCREASE OF CONSUMPTION

consumption per capita would be increased to PERCAPITA



T  Shady o Groumdwater De velopment in Wangduephodrang Distrct o __&*_ i

47 Vday (45 Vday x 1.02%) against the same present Present and Future
+ population. Therefore, if the value of 67 Vday is applied ~ Water Consumption per

- as recommended by UNICEF, the balance of 10 l/day (67 Capita (day)
/day - ?7 I/day) is considc:?d. as the value increased dt{e “Present Future =
to leveling up of villagers’ living standards. This value is 3995 | 2002 1 3007
cqm\'afcnl to about 22 % of the present consumption per 15 57 ¢ 67 .
capna and is considered quite reasonable taking into
account of their present life styles. ' It is, = .
' therefore, proposed-to apply the same values . Presentand Fulure Water Demand S %
~as the UNICEF’s guideliné for planning rural - W (o 7day) :
: iy : D o : aler Dmmnd
(water supply systems in the Study arca as | quareas | 7159570 2002 | 3007
shown in the table. © TLobgysa - | 139 176 1 207
. Baje .| 44 0 36 1 66
Based on the above discussion, the fulure Phangyul 52 S66 I
- water demand in each sub-area is calculated _Rubeysa 66 83 ¢ R
““as shown in the table. The total deniands of —..Fota! 30l SLLIN . LD

381 mYday and 449 m’ lday will be necessary m | the target years of 2002 and 200?
;cspectn’ely
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- e Chapter &
7. WATER RESOURCES EVALUATION

Considering the guantity and the quality of water as well as the impacts induced by its
implementation, the water resources available in the Study area are broadly classified .
into two (2) categorics. One is the surface water resource and another is the
groundwater resource including sub-surface and spring water. Both categories of
water resources are evaluated, and the following finding are reached.

- The surface water in low flat areas such as the Lobeysa and the Bajo sub-areas is -
considered sulicient, while that in hilly areas such as the Phangyul and the Rubeysa
sub-areas insuflicient even in the present water balance. :

- The sub-surface water resources is abundant in the Bajo area, but it is not
recommended to exploit it for irrigation, but for domestic water, because of its
small potential comparing with the irrigation requirement. :

- The’ spnng water resources are recommended to be utilized for the rural water
supply in the hllly areas such as the Phangyul and the Rubeysa sub areas as mw.h
. as possible. :

- The groundwater in river terrace available in the Bajo sub-avea is recommended to

- be utilized for the cural water supply, but economic and techmcal companson wnth
_the sub-surface water is required.

- Inthe i obeysa sub-arca, the g,roundwatcr resources in mud- ﬂow and the spnn5
water are available. It is:recommended to compare with cach other on their
: econmmcal and technical feamb:ht) to detcu mine lhe I’{,SOlM'CCS to be e\plmtcd

L ‘The waler thly of g g_,roundwater is judgcd to be saf‘e wnhout any mfecl:on and

:conlammatlon whulc lhc surf‘ace waler reqtures some treatment of d:smlu.ilon and
'iﬁltranon :

.- No adversc cﬂecl is: prcdlctcd unless any excessive: exp!oxtatlon is madz, for: the

groundwater resources, but for the ‘surface water some’ consideration may be
necessary for reducing the high turbidity which may be caused by the construction
of river structures, - :

The details of the evalualion dre described below for each category of waler resources.

1.1 Walter Balance

7.1.1  Surface Water

At present, surface water -is used mainly for the irrigation purpose and -
Wangduephodrang town water supply. Applying the présent water requirement, the
water balance for irrigation was analyzed as shown in Table 7.1.1. The dctails are
discussed below for each sub-area. :
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(1) Lobeysa Sub-area

The maximum total water reqmremem of the upper and lower Lobeysa canals was
estimated at 1.1 m*scc in May and the available river discharge of the Tabe

~ Rongchhu was estimated at 3.2 m’ Yfsec which is 80 % of the mean river discharge
of May at the intake site. Even if applying the double paddy cropping for all the
paddy ficlds in the Lobeysa sub-arca, the maximum water reqmrcmem becomes 0.9
m'/sec in Apn! (see Data Book V), and the available river discharge of May is
estimated at 2.5 insec. In March, the lowest flow season, about 1.8 msec is

~estimated for the available river discharge, and the water requircment  was
estimated at 0.3 and 0.8 m¥/sec for both cases. Consequenly, the sufficient water
can be expected at the intake site for the irrigation purpose in the Lobeysa sub-
aréa. .

(2) Bajo Sub-area

The maximum total water requirement of the Bajo canal was estimated at about 0.5
~ m/séc in May and the available river discharge of the Pe Chhu was estimated at
3.9 m'/sec which is 80 % of the mean river discharge at the intake site in May.
. Tiven 1fapplymg the double paddy cropping for all the paddy field in the Bajo sub-
area, the maximum waler requirement becomes 0.4 m Ysec in April, and the
“available river discharge of May was estimated at 3.2 m’ *sec. In March, the lowest
Mlow season, the available river dtscharge was cstimated at 2.3 m'/sec, and the
water requirement was estimated at’ 0.1 and 0.4 *fsec for both “cases.
Consequently, the sufticient water can be expected at the mtake site l‘or the'
1rr|gauon purpose in the Bajo sub-area. -

‘As f‘or the Wangduephodrang town. water supply, at least 10 hy /sec can be
: j'cxpected to be available for all the seasons, and this value is consndered to be more’
' ?than ‘SOimtcs of lhc domesuc water rcqmrement in 2007 year L o '

(3) I’hangyul Sub area

As shown in Table 5.1.3, about 0.2 m/sec (70% of the water requirement) is’
estimated for the insuflicient irrigation water in May, and 4 ~ 30 Vsec for January
to March at the intake site of the Phangyul canal. It is technically possible to
develop the new water source for this canal, but this is not conssdcred fcasxb!e from
the results of the Case Study i in Appendlx H o ‘

As {‘or {he Gemkha canal; 20 Us (arouud 45% of water requlrcmem) of urq,atlon
- water is )udgcd 16 be msuﬂmcm in May and fhere is no possibitity to find out the
- other new water sou rces. - :

{4) Rubeysa Sub-area
As shown in Table 5.1.3, four (4) irrigation schemes have & problem of irrigation

insulticiency of about 0.2 m'/s (45% of the water requirement) in May, and there is
no way to increase the diversion water, so are the canals in the Phangyu! sub-area.

v,
A LES
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