APPENDIX l

gy

L5 River Water Scheme : River Pumping Station in the RNR-RC in Bajo'
LS4 Summary of Facility Plan
(1) General Conditions

In Bhutan, the surface water exploitation is considered to be the most important
measure for the developing the water resources, and various surface water

exploitation projects have been conducted so far. Tlowever, some ‘of those projects

have not implemented successfully especmlly in case of pumping scheme because

of intiusion of sediment loads into the pumping equipment as well as the inlet

“structure. Such sediment intrusion results in frictional damages of impelters of the
pumping equipment as well as obstruction to the water flow in pipes and canals. A

high cost is necessary for removing such sediments load piled in and in front of the

pumping station. In this connection, it is considered to be qite impbnant'and-
worth to develop and propose such type of pumping station which can overcome

lhc above pumpmg {roubles.

‘The rivcr pumping sla(ion for the irrigation water to the farm in RNR-RC in Bajo
©was constructed in the flat yard beside the Chang Chhu to pump up the river watcr .
~ to the existing RNR-RC irrigation facilities. In Bhutan, there are other rivers
* having the similar topograph:c conditions to the planned site. The stmilar tvpe of
© pumping. station’ may be’ constructed in those other areas in the future. The
- structure and materials to be apphcd to this pumping station, ﬂwrefore should be
‘ thosc wh:ch are commonly available in the market of the counlry

- (2) Ploposed Componenl of thc S)slem

The lrngatlon systcm oflhe RNR-RC farm yards are |I|uslratcd in I:g LE5.1 and
general pumping - system - plan ‘was proposed as. shown . in Fig. 152 The
construction of the e\penmental Facﬂmcs for RNR RC farm yards mdudes the
followmg ﬂems : :

': . construi_:tion of slide type pimping station, and
» conncction of delivery pipe to the Ist. stage storage tank.

In determining the dinmensions and sizes of facilities, it is thaf the pumping station
to be constructed shouid be of the structure which can solve the above troubles and
‘should funcllon log,ell:er wnh the e\-:lstmg m:gatlon system in thc fat mn yard

A shde type of pumpmg stauon is, lhereforc applled for lhe constmcnon to solve
thc above mentioned problem consxdcrmg the followmg items © : :

» * The diﬂerencc of water level'of Chang Chh’u river bctw‘ecn dry ‘season and :
rainy scason varies between 4 to 5 m and the difference in suction head of the
- pump between these two seasons are very big. For minimizing the suction head
losses, the pump should be moved on the inclined steel rail depeudmg, en the
waler level,
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+ Inorder to prevent the entry of sediment load directly from the river bed to the
suction pipe and the pumping systent and to avoid the frictional damages of the
~ impellers, a floating type suction pipe was designed.

+ Since the construction equipment and materials required for the under water
construction is not available in Bhutan, the facilities were designed in such a
way that the construction should be carried out with the land construction
equipment.

~The pump units are not fixed on the ground since the pump units are maved on the
inclined steel rail using the hand winch in accordance with the fluctuation of river
water level. The suction hose is flexible and the suctioni strainer is floated in the
river. '

As for the pumping operation, a simple altérnative calculation was carried out to
work out the most appropriate pumping operation in the RNR-RC farm yards as

“shown in the Data Book (IV). As a result, the pumping operation presented in Fig.
[.5.3 was proposed to attain lhe batanced operation utilizing the available facilities
to the maxumlm exlenl ;

) Dcsign" Conditions i

The followmb condltlons were cons:dered in desq,nmg thc River Pumping Slauon
in the RNR- RC Farm. IR ‘ .

1) D('Slgll C apanh

-The demgn capacuy is 62 Vsec with 10 houra“pér day (82 I/sec with $ hours |
: pcr day) of pumpmg, opcrahon f‘or the proposed lrngauon arca of 12 heulares

2 ancn W.ucr Levcl and Pump lnstallallon chel

o a) Rwer walu le\ el R
o, HLW.L (1ligh Water chcl) TP 1,199 m -
o LWL (Low Water Level) TP 1,194 m

“b) ‘Pump inslallélion level ~ TP 1,196 m~ 1,200 my
c) 'lSuc_tion water level '5 | TPf_l,‘f1945m ~ 1,198 m
(i)-‘.F'arinpo'ndtbpo‘fpipele\}el o I T T g ;

o Discharge water level -~ :TP1,218m
3) ‘Number of Pumps

Two pump units are determined in consideration of the cropping pattern,
seasonal water requirement and meteorological conditions.

4} Total Pump Head
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The total pump head is determined as 34 m by adding pipeline losses to actual
head with the following conditions;

+  Actual head 125 m

+ Pipeline losses ‘9m

« Pipeline length 2270 m o
« Pipe 0200 mm, PVC

" j 1(4)5Principal Features of Facility

The prinicipal features of the constructed facilities are summairi?;cd belox}',‘ and thie
general plan and layout plan of the proposed facility are shown in Figures 1.5.4 ~6.

1) Iatake Pumping Unit

- a) Intake Pump (2 Séts)

+ Type o Slngfc suction volute pump
o Capacity 188w hmnfumt

e 'lotal head . 34m -

e 'b) Molor for Intake Pump (2 Seis)

+ Type : - Totally enclosed square cage’
« . Oulput . - 18.5kW :

« No.ofpoles = 4P

o Vollage Lo d41sV

) _Slide Base (2 Sels)

+ Material o Mild steel
d) 'Va ves (2 Scts) o _
Footvalve  * 150 mm
f Shiicevalve -~ ¢ 125 mm

~+ s Non-rcturn valve 2 125 mm

¢)’ Suction piping (2 Seis) -
~»  Flexible pipe - 150 -
' Lonneclmg pipe © 150 mm x 125 mm

o De‘l\cry pzpmg (2 Séts) .

~» Flexible pipe : :3 !2‘» mny

o ‘Connecling pipe " 7100 mmx 125 mm i .

e Headerpipe . : :200 mm!200 mm/ 125 mml 12‘3 nur
g) Pump Control Panel (1 Set) , '

+  Type : Qutdoor, self slandmg

+ Starting method : Star-della

+ Power source © <415V, SO Hz
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2} Concrete Base foir Pump Sliding

+ Concrete base :13.4(L)x 5.8 (B} x 0.5 (T)m

o Slide steel rail 12 Sets
¢ Hand winch 2 Sets

3) Revelment
'« Gabion work C60{L)x 15 (B} m
1.5.2 Monitoring Works for River water Scheme
3The river water of the Chang Chhu river is fifted up by the pumping station which is
constructed as one of the experimental facilities. The pumping station is located in the
RNR-RC in Bajo beside the Chang Chhu river and the irrigation water ‘is supplied
through the exlstmg 1mgatlon system.

: (1) Purpose of \{Omtormg:,

: Somc teial canstructions ha\e becn made in other 1rr:g,auon prolects by \/IOA but

.t unfortunately most of them failed due to difliculty in desilling works caused by the -
“high amount of sediment load contained in the river water strcam. As a pioneer,

mplhod 16 solve this problem, a movable type of pump unit is propmed for the
pumping station. Based on the results of momlormg, if this method is evaluated to
“be suitable to solve the above mentioned problem this method can be applied to

the other 1rngailon pmjecl‘: in Bhutan which may also be suﬂenng, from same type

of problem

In ﬂus context, 1he purpose of momtormg is ta exaniine and conﬂrm ihc tcclmuai;

feas;iblhty appllcablhiy and smlabxhl) of the stide lypl, pumpmg, statlon ‘

(2) Momtm mg Worlx

Momtormg \\ork of‘ sllde type of plimping slauon Was camed oul from JuI) 12 0

end of August in 1995, The monitoring work was divided into two categories, one

is monitoring of pump setting before and afier pump operation and other is

monitoring of pumpmg fac:litlcs The: main monllormg items are cnumerated
below, : : . :

.  Momionng of pump settmg, betorc and a'lcr pump operation

.- Requlred time for setting the pump’ before aid after pump opcrallon at

: vanous tiver water levels and at extreme ﬂood condltlons :
= Reqmred time for filling up water into suclion pipe ‘before pump opcratlon

.. \{omtonng of pumping facilities
- Suction capacity of pump for each posilion of thc pump and pipe length

e Conditions'of flexible stiction hose and floating unit

1-28



APPENDIX |

The Sty on Ground sfer Development in Wangaeptograng Dislrict of Bhylan

1). Monitoring of pump setting before and after pump opcrati.on

The civil structure of the pumping station was designed considering present
hydrological conditions, especially the sudden fiood condition of the river and the
easy operation of the pump. At various river water levels, the pump unit should be
fixed at the most suitable position for the effective suction and operation of the
pump. Besides, the puinp unit should be shilted to the top of the dike when heavy
flooding occurs in the river. It is therefore proposed to observe the time required
for sliding the pump before and after operation, and for shifling the suction hose

“from ‘one. position to the other. The layout of pumping position is shown in

Fig.1.5.7 and lhc following items were observed:

+  Variation of river water level in the Chang Chhu tiver
o Position of pump unit and the time required for shdmgj the pump umt on lhe
inclined steel rail

o - Position of 1oat unit which includes suction hoses, l‘oot valves and the ﬂoats

and the time required for moving the float unit

. 'Any dlﬂlculty in pos:ilonmg, ofpump urut and the float umt '

‘a) Requtre.d time of pump settmg at various nver water Ievcls

The time requlred for seumg the punp unit and lhe ﬂoal unit was momlored
B and lhc results ofmomtormg tor each pomlon are shown in l*lg L S 8.

- Remure’d time of pump seltmg

“During ' the monitoring work, the pump was slided downwards from
position P] to P2, and posmon P1:to P3. Similarly, the pump was shded _
-upwards from posm(m P2 to P1, and position Plto Pl -

‘One supervisor and: 5~6 suppomng staff were involved in. Ca!rymg: out
these works and the time reqmred l‘or momtormg is shown in l lg l 5. 8

;Tlle time reqmred for shdmg down lhe pump I’rom pmmon P to P2 was
110~25 minutes and from P1 to P3 was 10~35 minutes. simitarly for sliding
up the pump, the time required were 15~25 minutes and 15~30 minuies
“froimn posilion [_'2 to PI and P3 to Pt respcctiv’e]y.

The reasons for the time consumption are enumcrated bclow

. Welght of pump is ’»00 Lgfumt and sl:dmg ofthe pump IS a hcaw lask
s The weight of pump is not: ‘suitable for sliding operahon
+ - and therefore, the sliding should be done carefully.:
-« Since check valve for water hammer was placed on one 51de of pump,
. the punp is not in a well balanced position. ' :
« Space of rail was relatively narrower for the sliding operalmn
e Iiis relatively difficult to adjust both rails to fix the bolt between the rail
and the pump stand to attain a stable and balanced posmon of
~ e thepump.
o Slope of concrete base was deep.
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- b) Required time of float setting

Corresponding to the sliding of the pump, the float unit which weighs: 200
ke/unit was lifted up and down by 67 supporting staft.

“The time required for lifling down the float from top of dike to the river water

level was 10 to 35 minutes. Snm]arly the time required was 10 to 60 minuites
for lifling up the float from the river water level to top of dike.

The reasons for time consumpuon are enumcraled below ;

+  The weight of floating unit is 200 kg/unit and there is no equipment for
lifting operation. Furthermiore, it is rclatwely difficult to lift the flange joiu
made of iron and connects the floats and the pipe.

o Weight of flexible hose is heavy in proportion to pipe length.

+  Frame of float was made of iron, which weighs 60 kg/unit.

.. T here i's no foothold in concrete base and Gabio'n :

The to!al time rcqum,d tor seltmg up the pump unit and the ﬂoal unit was

1 l 1.5 hours and S~6 supporting staff are necessary for carrying. out these

mes considering the heavy weight of these units, i*specrally during sudden |

ﬂoodmg conditions, the operators should be rcadlly available to carry out these =
_ operations, in order to prevent the puinp from -:ubmergence by lhc h@,h rver

water level

' Requifed time for filling up water into sinc‘tion pipe before pump opém'tinng y

Before carrymg oul the pumpmg opcration it is necessary lo fil up the cucuon

- pipe and the time required varies according 1o the pipe Ieng,lh as shown' m ki g
[:5.8. The time required” fo: ﬁilmg, up waler into sucnon pxpe ior eauh pipe

Icnyh was obscn'ed

The ob'se‘rvation was carried out ‘for- two times, one before pumping and the
second afler doing the pumping for haif a day and then stopping it for 3 lours
time. The time requiired for the second operation was measured in order to find

“out the Iea!\_age from the suction hose and part of joint.

- Rcduircd time for 1st iopefation |

i

- The ume rcqmred fos filling up mter was 20~ 30 minutes for all the pipe

lengths however,; these operations were carried out by the operator who_

. was me\pcnenced in this type of work, and this work can be completed in-
10 minutes time after experiencing these type of works.

- Required time for 2nd operaiion

Smce the hosc was a!ready filled up with water ihrough the pumping and
there was no teakage for most of the pipe lenglhs, almost no time was
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required for filling up water for the 2nd operation. However as shown in
Fig- 1.5.8., some pipe lengths such as 6m and 8m length required 10-30
minutes times to fill up the water which was mainly due to leakage of water
from the flexible hose caused by insufficiency tightening of flange joint
during the first operation and this problem was improved after each
operation.

2) Monitoring for pumping facility
a) Suction capacity of the pump

The cost of punp normally varies in accordance with its suction capacny The
suction capacity depends on two factors which includes the topographic

conditions and the design conditions such as shape of bladed wheel, output of
motor etc.. Suction head is the head: difference between the atmospheric

pressure and the pressure at the pump center. The pump capacily must be

considered based on the topographic conditions, since the pump should comply »
with the existing cond:llons

Sucuon Lapacny of pump includes Net Positive Suction Head Requlrement and
Net Positive Sucuon head Available .

’ \hmx[hm.. pressure Pa

L
oo - P31 > where:
. h¥ v .
i T \PSH()\‘ . - Pa Atmosphenc prcssure {m)
i e gt ).
SO PR by = Saturated vapor head (m)-

hsa= Stati¢ suction head (m)
hsl = I.0ses suction side (m)
7 = Excess head (m)
- hs = Sugtion head
Lo T = hsa +hsl .
NPS. H(rq) = Required N.P.SH
N.P.S.ll(av) =Available N.P.S_.ll

Rclauommp between N.P.S. H(rq) and N.P.S. H(av) 15 <ummarl7ed bclow :
N.P.S.H(rq) is the sum total of various fosses caused in the course from the
suction port of the pump until the water enters 1hc impeller and is decided
automalically. when the flow rate of the individual pump is decuied
: Consequemly, the excess head Zis expressed by the cquauon ;

g8 o ;Z=‘Pa-}[sp_¢}1§a-Nl‘Sl-l(1'q)
@ . =NPSH(av)-NPSH(rq)

Cavitation occurs when Z of the above equation becomes 0, and the above
equation becomes as follows as in case of (¢) in the above chart. :

NPSH(av)=NPSH(rq)
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Therefore, it is neccss_ary to consider the excess head of Z=1.0 m or more. The
value NPSH(av) is subject to the external conditions such as the atmospheric
pressure, fiquid temperature, conditions of piping liquid, etc. Wlule NPS!l(rq)
depends on the design of the pump itself.

As mentioned above, the suction capacity of the pump consists of atmospheric
~ pressure, static suction head and losses in the suction side and these losses and
the suction capacity of the puinp were momtorcd in this Study.

&

by Conditions of flexible suction hose

" The condition of ﬂcmble stiction hose was observed to decide on the CﬂlClCnC)
of lhe pumping operation. Monitoring was camed out on two 1lems

o (Coeflicient of head loss of flexible hose
o Coeflicient of flow rate

* The result of monitoring is shown in Fig. 1.5.9. The coefficient of head loss ()
is random in between 0 to 2.5, iriesp'eclive of pipe length. However coellicient
of flow rate (C) is observed 1o increase in proportion to p:pc length. Coeflicient -
of flow rate depends on the plpe material. The longer pipe is considered to be
more stable than the shorter one. Considering the casy operation, head loss and
flow rate, an optimum flexible pipe length of 6.0 m was chosen.: The Loeﬂment
of‘ flow rate (C) for the 6m length is 70 '

<) Suquon capac:ty of the pump for cach position aﬁd pipe length

- Relationship between N.P S, H(rq) and N.PS. H(av) in this monitoring is shown
~in Table.1.5.1 and ['xg 1.5.10 ( 1/10~10110 ). Accordmg]y, sciting point of
- pump niust be decided to prevent cavitation siice ihe suction capamty of pump
vanes dependmg, on ihe slahc suchon head [

l“ht, e\ceas head of the puniping fac;hl) is dcﬁlgned as I O

Atmosphertic  pressure s calculated using the f‘ollowmg iormula and
atmospheric pressure at each altnudc is shown below.

: : o 5256 -
P—"=?60x(1_0-0.0065l_1/288)

where P?is the Atmospheric presisﬁre {m} [ N
Relatlonshlp between Aihtude and Atmospheric¢ pressure ‘
Altitads () 0 500 [ 1000 15060 2000,
1lead{m) = 10.33 .74 9.16 R61 VIR

Mercurial column (mm) 760 16 674 634 396

"~ RNR-RC where the pumping facility is installed, is located at an altitude of
~ 1200m and the atmospheric pressure is caleulated as 8.94m using the above
+ formula.
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Suction capacity was monitored for each position of the pump and pipe length.
Results of monitoring are shown in Fig. 1.5:10. In these figures, the solid line
represents Net Positive Suction Head (req) and dotted line represents Net
Positive Suction Head (av). An excess head of 1.0 m which accounts for the
external conditions such as temperature of water etc. was deducted from the
Net Positive Suction Head (av). Net Positive Suction lHead (av) meationed
below represents the value of Net Positive Suchon Head (av) after deducting
1.0m. :

. Po'sigio'na P1

Pipe lengths of 6.00m and 8.00m were used for mouiloring and the
~ elevation of pump ceater at posilion P1 is 1200.58m. The pipe was placed
straight along the concrete base slope and no bending part was observed,
The static suction head varied between 3.50~4.30m and the discharge ratio
was observed as 125~140%, and the operafion point was observed to be at
the intersection of the two curves. [t means that the values of N.P.S {1(rq)
and NP8 H (av) are almost the same except for the excess head of 1.0m.
~Ifthe dlscharg,e rate increases, cavilation will occur in the pump. Therefore
“while operating the pump at P1 position, the dlschargl, of the pump shail be
comrolled by usmg, lhe vaIve i order to prevent cavilation. L -

. | Pov.mon P2

Plpe Iengths of 4 {)Om 6. ()Om and 8 OOm were used for monitoring and the
elevation of pump center at posatlon P2is E. L 1199. S‘)m and the s!alic
water level IS lm lov\.er than P1 position. ,

As shown' in l“@ 1. 10 there is 4 dlﬂereme of 0. Sm io 1.0m bcmccn. o
N.P.S. H(rq) curve and N.P. S. H(av) curve. Discharge ratio is 130~140%

and the head loss: of Pl and P2 position is- observed to be the same.
Therefore this excess head of 0.5~1.0m; was attained by the difference of
static water head bemeen positioris P1 and P2. Head losses observed ivere
1.00~1.90m uvsing 4.00m and 6.00m p;pe, and 1.50~2.50m using 8.00m

- pipe, The high head loss at the 8.00m pipe length was mamly due to the
bendmg of the suction hose caused by its length. - : '

. Posmon P3

Plpe Ienglhs of 2.00m, 4 OOm 6. 00m and 8 00m werc uscd An excess hcad
Cof 0.50~2.00m was observed similar 10 positioh P2, and this ‘excess hcad
was atlained by reducing static water head. However, in ¢ase of 8.00m.
pipe, the head loss was ‘high, and the vahles of N.P.S.H(rq) andi
N.P.S.H(av) are same.

Based on the results of monitoring work, P2 position is rccommcnded for
setling the pump considering the following aspects :
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-IL is desirable to keep a stalic suction head of 2.00~3.50m considering
head loss and cavilation.

-1t is better to keep the pump at an upper position in order to prevent it
from the rising of water level during sudden flooding situations,

A pipe length of 6.00m length is recommended considering the tollowing
reasons

» A certain pipe length is needed, since this pumping facility will be
utilized for the low water level during dry season.
» Head loss was observed to be same for 1hc pipe lengths of 6.00m or
less ai each position of the pump. :

During ihe monitoring work, the suction capacity was ot observed for the
changes in the inlet valve to conlrol the discharge rate. towever, the discharge
ratio of the pump is desired to be 130% or less.

Especially while operaling U unit of pump, the valve must be controlled to-
prevent the cavitation, since the head loss i is lower for one unit than 2 uiits and

- the design dlscharge is hlgh

=Y

Conditions of Flexible Suction Hose and Floating Unit

* The floating unit consists of steal frame, float, foot valve and 90° bend pipe,
- and connectinig at the tail end of the Nexible suction hose. This ﬂommg3 uiit is
~connécted only with wire, -and it has been always moved with river flow:
-However,the fol[omng unit was dcsngncd to prevent the uml from touching the
Rver bed

L 607 bend pipe -
" Floating Unit e pe § Float

C ' Steah Frame -
© Flexible hase R e

 Foot Vaive

Flow

'FLEXIBLE'SUCTION HOSE AND‘ FLoATiNG UNST

The foot valve is mssde the sleal frame and the depth to the boitom 15 a1ways '

kept in the opumum condition for sucking the water. From the results of
monitoring, even i the tail end of flexible suction hose moves near the river
edge any kind of problem does not take place during the pumping operation,

¥ Wa{grSuflaﬁe 3
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L.5.3 Evaluation and Recommendation
(1) Evaluation of System

Slide type of pumping station was designed in order to prevent the sediment loads
and to reduce the cost of the facilities. During the monitoring period, sediment
loads were obscrved on the concrete base below the river water level, However,
the sediment loads did not obstruct the flow of water or the intake of the ﬁcﬂmcs
and the removal of sediment loads was carried out casily using a scoop.

At first, the suction pipe and the float were placcd directly into the river stream and
then a steel frame was attached to the float so that the intake would not be aftected:
by the river flow. Besides, monitoring was also carried out by placing the suction
pipe over the concrete base and directly into the river. When the suction pipe was
taid uniformly over the concrete base the head loss was low, whereas the head loss
was high when it is placed into the river bccausc of the bending of the suction 'pipc. ‘

The construction of the pumpmg facilitics which include concrete base and gabion
are also easiet, campared 1o large scale submergible constiuction and largc scale
excavation which are necessary for the direct pumping from the river water.”

‘The res’ulis of the monitoring wbrk can be summarized a’s follows :

s The total ume reqmred for seilmg up lhe pump ‘unit and the Hoal unit was
' I~1.5 hours and 5~6 supporlmg slaﬂ are necessary for carrymg, out these
“works, : : :

« . The total time rcqu:red for fi f!lmg) up water into the suction- pipe befort, the

i pumping openahon was 20-30 minutes. However, this time shall be’ reduced 1o -

- 10 minules after operator is expenenced i1 this work for a few times.

e Among the three pumping positions ! ‘of P1, P2 and P3; P2 pomhon is -
- recomniended for selting up' the pump, since:a static suctlon head "of
1 2.00-:3.50m is desirable consldermg head loss dnd cavitation, :

Ce C01151dermg the easy operatiorn, head toss and flow rate, an optimuni ﬂcxlblc
pipe length 0f 6.0 m was ‘chosen. This pipe length is also optimum for pumping
during low water leve! in the dry season. The coeflicient of flow rate (C) for the

6m length is 70.

+ During dry season 2" umts of pump’ shall be operated since the water
requirement 1§ high and during the wel season, ‘oiie unit is considered as
suflicient. When one unit of pump is operated the dlschargc rate is high and
‘thereforc the valve -zhall be controlled to reducc the d;scharge rate. :

Based on lhe resuhs of the Study Ihe f‘ollowmg mferences ‘shall bc nnde

The slide type puinping: f'amhty was found to be suntable cons:dermg the
difference in river waler levels at various seasons. Most of the rivers of Bhutan
have a V - shape and one side of the river has mountainous landscape.
Therefore, the pumping facility has to be placed on the other side of the river at

a stable location. Considering all the above factors the shide type pumpmg) ;
f‘acmly was chosen in this Study. :
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By using slide type pump, it is possible to stide the pump to various positions,
and aucordmg!y the suction head shall also be varied. Through the monitoring
work, the maxinum suction head of the monitoring facility was found to be
3.5m, and this facility is considered to be suitable for the river water levels af
all seasons including the lowest water level in the dry season.

During this Study, a pump was planned to be installed at the mid level by the
Ministry of Agriculture of the Government of Bhutan. However, since the
capacity of the pump was not suitable, ohly the slide type of monitoring pump
was monitored during this Study. Since the construction of pipe line was done
during the monitoring survey in the rainy seasoh, the pumping was cariied out
using one pump. As discussed already, the discharge ratio of the pump is higher
than 130%, when the pumping was carried out using one pump. Therefore,
while using one punip, the inlet valve should be controlled so that the discharge
ratio will not exceed 130%.

When the existing pump is installed by the Ministry of Agriculture, the |
proposed pumping operation shall be referred to Data Book (1V). Since the
size of the 1si. stage tank is small, the operation of the two pusnps using the
existing pump will be irregular. Among the $ cases, case 3 shall be chosen,
“where a new pump should be purchased. In future, considering the wet and dry -
seasons, and thc safety factor, two pumps are considered to be suitable for the
-area. .

- Considering the maintenance of the facmhcs Volule Pump is considered to be :
“more suitable, and by using slide type pump and the float, maintenance required
‘shall be minimum: The existing equlpmem and facilities are enough to do the
“construction and mamtcmm,e of the pumping facilities. Besides, the monitoring
‘sheet ‘of the: pumping facmty shall also- include the maintenance items, which
sha!l be used o lmcl oul the pcrformance and problems of the pumpmg tacmtv

The slldc lype ofpumpmg facshly rcqulrcs comtmcuon of‘the mclmcd structure
which is easier and cheaper than conslmclmg blg simclures Besides, the inlet
unit mcludmg the float is immersed directly into the river and hence the
pumping of water is considered as certain. In Bhitan where the river water
level changc is extreme in between wel and dry scasons, the <l1de type of .
pumpmg fftcml) shall be considered to be more suitable.

(2) Recommendalmn ol‘lhc- l‘ulure Plan _E

Based on thc results of momtormg of the ehde lype pumping station, the lollowmg
recommendahons are made :

Since the slide type pumnping station was ms!ai!cd using the equipments, which are
applied in existing pumping facilities, it is not necessary to introduce new
techniques for operation and maintenance. Besides, since structure of concrele base
has an inclined structure due to sliding pump unil, it was possible to do smooth
construction and the problem of sediment loads can be solved. However, when a
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sudden flood occurs, it is relatively” difficult to slide the pump unit from a
determined point to the top of the dike. The slide type of pumping facilities shall be
applicd considering river improvement, river planning and landscape. Since the
pumping facilities such as gabion are designed in accordance with the landscape, a
small amount of construction is considered as sufficient.

On the whole, lhe slide type pumping station shall be used for the water resources
‘development in Bhutan with some small modifications which wﬂl suit to the pump
fg location.

The following items are recommended in the fiiture platmmg, oi the slide type
pumping station. : :

© 1) Location of pumpmg station

Setting of the pumping station is s the most critical, which must be decided based

© - on the sudden flooding conditions. The factors to be considercd in selecting the

- suitable location for the pumping station are desirable as follows. However, in
" Bhutan, most of the rivers have V lype shape, and accordingly the pumping
~facilities must be placed on the other side.’ Consequently, tocation of the
_Tpumping slation must be decided to suit with the river conditions as much as

.f§p0551ble to withdraw river water at all sedsons. Slide type pump shall be used

witha sucuon plpe of suitable length w:lh lhe followmg conlslderallons

+ There should be no fear of the problems of the river water ﬂuctuauon
+* Curve point in the river should not be selected for the pumpmg station.
o The] pumpmg station must be placed at a mild slope of the river.
~ o+ The pumpmg smnon nust be placed i in the side of lhe water route of ihc
river, = : :
+ The pumpmg slat:on mnsi be planncd consldenng, rn*m nnprovcmcm plan

2) Pumpmg Fac:hty

Consldermg the pnmpmg durmg wet and dry scasons and the safely ffidor two -

- 'pumps are considered to be more suitable. Considering the maintenance, vohute

“pump shall be chosen. The pump and the pump capacity shall be deuded
- considering the following factors :

. (,ommand Area
* & Deniand Discharge
g | .+ Toial pump head
S -+ Actual pump head
‘o Weight of pump

W!ule applymg the slide type pumping station, wetghl of the pump should be
considered for easy operation during sudden flood. Besides, the weight of the
puimp to be selected shall be comparatively small and correspondingly the pump
capacity shall also become smaller. However, a pump of optimum size and
suitable capacity should be decided based on the command aréa to be hirigated -
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and the pump lypc to be apphcd is classified into motor engine pump and d:cse! :
engine pump., :

A diesel enging puinp shall be installed eas:ly \ulh a cheaper amount and the
weight is also low. However, the design capacity of the pump is not exacl

comparing with the motor engine pump. Whilc the motor engine pump has an

exactly designed capacity, weight of pump is heavy. Therefore, it is necessary

to select the type of pump type considering purposc of syslcm site condmons

and dcs:g,n dlscharge ' :

a) Dlesel engme pump

1

" The diesel engme pump would be applled easﬂy al ihe dcswed IocaImn whuu :

the revetment w11| bc Lonstmctcd

:‘ O'uiline"of' spéciﬁcatioh of die'sel engine pump is enumerated below -

« . Volue ofdischarge 2090 lﬁshnin_
« Total head - S 30m o,
e ‘Weight of pump 0 130-45kg

: While tlsillg'diesel ehghué pump, it can be st at any desi'r'cd focation. It IR not
'néeded to decide the pump capacity based on the value of N.P'.S H(rq).

'b) Motor Engine Pump

Motor engine pump with a l‘mmping, station shall be planned tor large scale
puniping facility. Since a diesel engine pump is not suflicient tor this facility,
rail and slldmg conérete base should be constructed .

3} Structure oi‘conc‘:rclc base a:nd'Gab'ion ‘

Since the slide type of pumping facilitics must be made Loi'r-.;sp'ondinw to the
bhape of gabion, these facilities shall be uonslructed as a panl of rcw.lmcm for
river nnprovemutt and planning. : - R
While using the diese! engine pump, the concrete base shall be placed on lhe
gabion which is easier from the view point of economy and construction.” And

in case applying motor engine pump, a terrace lype excavation shall be made

_ and the congcrete shall be filled over the terrace considenng lcchmcal melhod mn
"~ Bhutan. :

© Structure of concrete base is recommended as follows -

-« Shape of concrete base must not affect the river flow.

-« Cut off of concrete base fimist be placed to prevent erosion of bank.

+ “The gabion and the concrete base shall be placed in lht.. same s1ope as the
- landscape. L

¢+ Slape’of the concrete base and gabion shall be less than 1:2 COllSldCfIIW
~ volume of_concrgc excavation and sliding opcration.
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Date  30/5/95

Table. 1.4.1 The Data of Contineous Pumping Test

Time

8:15

Weather (Fine, Cloud , Rain, Snow)

a) Water Level at Chang Chhu 83 m b) Water Level at Well 838 m
¢)-1 Cumulative flow mater at Start 202 m . d)-1 Water Terrp. 19 %
£)-2 Cwmulative flow mater at end 837 w’ d)-2 Teniperature 19 %
i ~ ¢) Continuous pumping test 1) Recovery water fevel test
Tima {c)-1 Pump up level [e)-2 Drawdown Time 0-1 Recovery levell £)-2 Fluctuation level )-3 Draw up
() ((nin)]  {gauge height) I L9 {min) | (gauge height) i
- 0] 838 m m 0] 6713 m - - m _ m
1] 828 m | 010 m 1 677 ™ 004 m 004 m
- 827 m 001 _m [ 2] 6719 m 002 m 006 - m
3] 826 m 00l m il 682 m: 003 m 009 m
4 823 m 003 ‘m 4] 685 m- C003 m 012 m
5/ 820 m 003 m 51 687 m 002 m 014
6] - 815 m 004 m 6] 689 m 002 m. 016 m
71 814 m 002 m 7 691 m 002 m 018 m
8l 810 m 0.4 m 8] 691 m 003 m 021 m
9] 806 m 004 m | -9 69 m 002 m 0.23 m
iy 802 m 004 m 1l 700 m 00 m 027 m
13 792 m 003 m f 13 705 m 005 m 032 m
15 190 - m 009 m 15] 709 m 004 m 036 m
18] 783 m 007 m 18] 714 m 005 m 4l ni
217174 m 009 ‘m 21 720 m:: 006 m 047 m ¢
241 710 T m . 004 m- 2 725 mo 005 m 052 m -
C 2164 m 006 m 27 730 m 1005 ‘m 0.57 m
0] 7159 'm 005 m: 30] 735 m - 005 ‘m 0.62 © m
351 .750 m - 009 m: o s 742 m 0.07 m 069 m
o 40744 006 m ’ 40 748 m 006 ‘m 075 m
451 7138 m 006 m 45] 752 -m | 004 m 079 m
50 732 om A 006 m . 50| 760 m 008 .m 087 m
55l 738 m 006 m : s8] 764 im ] 004 m 091 m
The 60 (724 m’ C 0, mi I thr L 60l 769w 005 m 096 m
o] 7160 m . -] 008 m el 776w 007 m 103 m'
o 80) 700 im i 006 m gol 783 m 007 m LI0° m
C 90| 706 m C 004 mi - 9ol 788 'm 005 m 115 m
100 701 - m | 065 T md oo00f- 793 om | 005w 120 m!
1ol 7698 S 003 - m 0] 7.96.° .m 003 m 123+ m.
2hr 120] 696" m 002 m § 2k 120 800 ‘m- 004 m 127 m
C135] 692 - m 004 m 135 804, m - | 004 m 131 m
150 683 m 003 m 150} 808 - m | 004 m 135 m
- 165 686 m 003  m 163} 810 "m 002 m 1.37 ° m
3he 180] 685 wm 001 m [} 3w 180} 812" m 002 m 139 m
S 193] 684w 001 m 195§ 814 ~'m - 002 -m. S 14l m.
210 682 m 002 - m o 210] . 816 m 002 m 143 m
C225] - 681 m 001 i m C225] 817 mi 001 m. S 144
4hr 240|680 C001 o m o 4br 240] 818 m 00} m " 145 m
0] 699 T om. 2001 m ! 1’_@2 820 m 002 m 147 m.
280]: 698 . m., 001 0] 821 m 001 m “ 148 m
Shr 3001677 m. 001 m | Shr 300 822 m 001 m 149 m |
3200 677 m 000 m 3200 823 m C00 m 150 mo
X0l 677 m 000 m 340 824 m Q01 . m .51  m
6hr 360] 677 m 000 m 6hr 60 824 m 000 m S =1
Thi 420 676 m | 001 wm f 7hr - 420] 826 m. 002 m 153 m
8he 486f 676 m 000 m 8 hr 480] 826 m 008 m 153 m
Qhr. 540 674 - m 002 m 9 hr 5490 828 m 002 m 155 m
10w . 60D] 674 m 000 m Plohr - GO0l . 828 m - 000 m 155 m
ilhe 650] 673 m 000 m JIithr 660 " 829 m 00f m 156 m
g2hr 720 673 T m 000 m NR2Thr 720 829 m 0060 m 156 m
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Table. 1.5.1 Condition of the Suction Capacity

Position  {Pipe Suction |Static  IDuscharge Head NP SIL o
length | Date Gage head Q  Rafio%]Loss(m) | pipe | (1q) [ (ave) |Batance |Remark
18Jt 1| 50 antfoase [ 136% | 1783 [o0s09) 2032 [ 2471 | 0439
6.00 21 50 | 3277 | 247 | 13| 123 |osie| 1893 | 2492 | 0598
T AT INE RS 3617 ] 260 | 138% | 1483 Joare| 2101 [ 2361 | 0260
2] 51 3787 1 239 129% | 1313 Jode2]| 1.797 | 2400 | 0612
" P 13w 2] 53 3777 ) 243 [ 129% | 1723 Fos8a3| 1845 | 2000 [ G155 |
4u | ss 4277 | 237 | 126% | 1223 [0386| 1776 | 2023 | 0247 B
800 | 24-Jul 1] | 52 3457 | 263 [ 140% | 1793 |om4a| 2136 2264 | 0.128
21 52 13577 | 239 | 127% ] 1623 |o77a) 1984 | 2319 | 0535
~ 28-Aug 55 {4277 | 241 [ 18% | 1223 lo3e0fisig [ 2005 | oag7 | T
291 1] 45 | 2692 1 267 | 2% ] 1808 [oM6] 2241 [ 291 [ 0703
4.00 2] 45 3592 | 242 | 129% | 0908 |0034| 1826 | .3.002 | 1175
gAug -1{ 40 2452 | 254 |135% | 1.508 [0549)| 1980 | 3476 | 1495
2] 40 | 2s12.| 261 | 139% | 1.488 |0472 2126 | 3420 | 1293
1Rl -1f 45 2092 | 2357 |-137% | 2408 [1427] 2036 | 2979 [ 0932
2| a4s 2292 | 244 | 130% | 2208 |t320} 1851 | 3007 |: 1136
26-Jal -1 4.5 2592 | 247 J132%{ 1.508 |0997] 1897 | 3000 | 1104
: 6.00 2| as 2732 | 245 | 130% | 1768 Jos7z| 1872 ) 3005 | 1133
P 19Aug -1| 45 ] 2992 | 266 | 115 | 1508 fo437] 2206 | 2937 | 0741
‘ 2] as 2992 245 Fan% | 1508 fosrr]| 1872 | 2995 | 1122
2h-Aug -2 45 | 2992 1197 [ 105% | 1.508 Jo.928] 1453 | 1070 | 1.626
12-ul -1] 40 | 2242 ] 261 [ 139% [ 1758|0748 2103 | 3470 | 1.367 |
21-ht -1 A4S | 2052 |25t [ 134% | 2448 [ 1508 1947 | 2991 | 044
. 2 45 | 2232} 261 | 139% | 2268 [1.252] 2,107 | 2.968 { 03861
800 | S-Aug -1} 48 3192} 258 | 137% | 1663 J0.619| 2062 | 2666 | 0604
. | 50 03492 | 255 ) 136% | 1508 | 0.537] 2000 | 2459 | 0.450
1-Avg 2| a5 [i30927| 267 ] 142% | 1408 [o249] 2211 [ 2945 | o
b 2| 4s 3092 | 2569 1 043% ] - 1308 J0o23d]| 2249 | 2940 | 0.691
000 [ 1s-Jul 1] 22 0648 | 269 J1a3% | 1552 Jo73s] 2248 | 5250 | 3002
A G 30 128 [T [ s% | 1772 (0760 2004|458 | 2385 |-
A e 30 1248 | 238 [ 127% | "1752 [osos| 1781 [asu | 2730 |
2400 2] 30 p48 ] 255 | 136% | 1252 |0281) 2009 |-4459 | 2450
N10-Aug -1 40 [ 2348 | 256 | 136% | 1652 |oe677| 20327 3458 | 1426
I31-Aug -] - 400 | 1948 ] 262 | 140% { 2052 |1028] 2.132°] 3443 | 1.311
28-Jul 1| 3s o[ rsaR ] 238 1127 [ 1os2 {i.108| 1981 | 4011 | 2230
= 2] 3s | isas [2as | 131% | 1es2 {0753| 18747} 3994 | 2120
N v XN R F0 2348 [ 256 | 136% | 1452 [0479] 2010 | 3471 | 1461 B
400 | 2l 40 | 268 | 265 | 1aise | 1352 Yosor| 2a7a [ 3436 | 1262 |
‘ 24-Avg 1| 45T 12248 | 309 | 165% | 2252 [0832] wigmen [ - - :
P3 2] 45 12148 | 183 | 98% | 2352 prasg| 1391 | 3102 | 1712
0-Avg -1 35 2048 | 231 | 123% | 1452 foeso| 1703 | 2014 | 231i
2] 40 2248 |- 254 | 135% | 1752 Joo4) 1980 | 3463 | 1483
15l 2] 34 ] nasst 230 | 133% | 2212 f1282] 1eas [ a0vd | 2170
1700 -] 36 s ] 258 | 1ava | 2252 fraex] 2062 | 387 | 1814
coo s ) 35 | oress | 244 [130% | 1812 fos28] 1848 | 4018 | 2170
600 o2 35 fusag d 254 i3t | 1652 Jos688] 2004 | 3934 | 1950
S D 22Aug 2] 45 Fa248 {241 | 128% | 22520 [ 1.387] 1819 | 2979 | 1.160
285-Aug -1f 50 | 2148 | 2547]7135% | 2852 | 183411980 | 2476 | T 04%6
26-Aug 2| 45 | 2248 F 269 [ 143 | 2252 |72 2280 | 2913 ] 0632
22kl -1 32 [ vas | 236 L st | rom [t | Ana] 2552
o2l 32l ra4ds | 2ss | 13e% | 1752|0782 2.008 | 4272 {2244
%Aug -1l 50 | 2448 | 267 | 142% | 2552 11490 2240 | 2444 | 0201
8.00 2| 50 2448 { 278 | 8% | 2552 | 14038 vunenan | - | -
S sAug ] 45 2548 1 266 [ 1a2% | 1952 |o896| 2209 | 2946 | 70737
: 2 50 2648 | 272 [145% ] 2352 1249 wewawne ] - | -
23Aug 1] 4 2448 | 281 [ 150% | 2052 |0876] vuwesn | - .
2] 48 2448 | 276 | 1a7% | 2052 | 0918] ke | - .

1-43







APPENDIX|

FIGURES






' N et

ONIANGT! A

2 A1d4NS ¥3LVM 113M 3387,

S ¥ILVM ONNOYD Bl /oYt ir A2 A ENR AN
1 -..... .. a1 o ....._‘.._. 4 e,

YNy f.,./
AN
\

Py W
;f... g/J J.).-\ A ]

(RTAST

(/f\\w

N % =

BNIHOS Y3

LYM ONINdSE
\d“.llll\ \

s N ) .
- - a !‘uh. o N i
y (A gy L ATy e H
: cE IS
- N y RE A i RS F I
4 ) N A | e ]
R VN k (d
i ’ / 3 \ ot
= ) £ N x -.. AN \ >
- H i : .
_, -. LY, l } e gh o
= i y : W 1 SA -
z hd -t 1t EINV L . s
. . J ECAN - e Ny EeUY ] s
: 1
-~ -

-43



@ e b g g Bttt e A L [

= . puE Loneradey «

= qum AUTpPUONs pur
=5 AJewnd ur S[HADLINTAY -

SPUOBDS SITUSNIC

SPAODI [TNF0]0I0II -
SPIOIDW BIUIIA[AN 4 U E
dund 5

]

ofels "puUT 10 uonnId( - B

BT

% JUPHIZDRUBE JAID 44 =
== 50807 Fumonisod w =
= SOLMAINNP pue sfeun(] - =
=] 3501 UonIaM 10 UaSOd - =
M =E._..y...v. =

= SUNDOLS [ 200IET0]d7f B2

ImEIdD] IDIEAL J0ATY -k
=] 2inssold
aBIvyasIp pue uondny -
NI MEQE"E. JosInoy
:ouﬂoao pue siegosyr -
syun dund Jo uonmod -

i

“ddng

SWS2i NV $3S04¥NE ONIMOLINOW 2L B

31em Busn Jo asodmyg -
SPIODRI DIUTUAILLEH -
SpI0384 [THFOIOLIDIA -
SPIORSW AINIS] A S iy
T Nean

IDIEAY [[OAL PUE.ISALY -

TATIGgT donis] Ui i m

SRDJIHSYNE HadmIdG YO LIBAY WH

(sisa3 Sudwing) EEE=

11oAL ANO[|BUS JO
suoiipuos [endolopay
uo TiEp Aseg -

e e
ot/ mllm

. |3aa] m
IDICAL DAL JO UOLEUEA 'm

i f »\\5. P H.ln,

CLPHG,) [IOISa]OdflLl]. .u:t.c =

eI REHIH

SPIOIDL DIUTUDTULCA -

SpI0d0s [EFO10100505 -

SWOIAY .650& LD
pue :._o.. s dn
qu: JAIEAL JO DWNIOA -

Jojea Susn Jo-osoding -

= Ey ey AT TG Wulll.

doy Emmm] L swosAs

“aozean FunuIsuL NG poATs hoﬂoa DL PUE IT[OK

Hllay SIN0Y BONTINdE) -

Iajeay Bunds 16 SWNOA - o

T T Jo Sieall e

WIS daG ] Njoy Jo S]] k ===

SW31t ONRIOLINOW

TTURISAN unaﬁzu

A JURWOFPUTI S0

uonriLis 10 ssuTwonIsd

[PIDAC URIIUOD O, «
“$102d8T JURLDTTUTW
pue uoneiddo

Surpniduy eass g

ur uonmys Suidwind odsy |

IPIS 23 JO b:ﬁ...u:n,nq )
"RTIQISE] 100!

JUIWIERS pur uwaues o -||!

] #: Furadde u sy[igunns pue
Antiquandde “ALqiIsea} [CaruyIN
| U WIpUed put JLULCND o] |

“T3IF U1 UL J{OAN MOJ[TYS

: : oo redidl
2113 10 19000 dy1 18 Iy topea|)
BUILISUT AG POATY 1A, I920M |
Sunds yo swnjoa ng SImsTHW o 1

ISAY 1oM0d JToKR 2t
J0 Appgeatdde pue uo:nE,_ocoa
TAIQISTAT [T SULUTND ©

40 350dHNd

ONINOLINOW

I A

HANYL JIDVHOLS

L oNIWNG 3EAL 30MS TTEM MOTIVHS GNY'dyLugavm ] [ W3LSAS ¥3MOd ¥vI0S ALY
: _ ] | . ] -

I'd » _ T

£ Qgsummwﬂﬂg ABALY AUBYDS IINBHA BIELINSENS - B "

awausg Jaep Bunds v . ﬂ BUIBYST JOIEMPUNOID) v

. . 4
L AW3HOS |

1-46



SLIDYSS WImT Ut PAAIDISQO) |-
tieg] Jo uonedton &

NOLLYINSOS ONROLINOW £711 51

WAISAS O 40

" NMI0AN UOHEATDSGO

‘ QUNNOI ATIE(T .
1 syun 3urdumd ada

S wmsas arddns
b Innay uoneFina
T JO SOUSUIIUILIL PUT

apis ay Swpn(ouy -

— i ——— — —
H

: SHIOM UOLBAIDNAO, | NNIOAL UOTIBAIINGD !

L LIDSAN Y 20)

L SNIOA UOTIBAIDSO

.. .-ounnol AfiecT -
wsAs soavod JeI0%

Yoy SUrpn[ous WANAS

D Addns mea o
O DOUDUDIWICUL Ut |

. uonedsdo aunnoy -: aumnor g -l sunno1 Aty -+ - - ¢ --vonexdo sunney -
?.pc.,..bm_ U (uosdad 1) il (uosiad ) uosiad )
0 OU-UNY - 91doag {000 21d0d ] [0 Lo S¥ENy
T owoyog ETTEVETI B R RS DTSR
UDIBAN JOAIY IDIEAN SDBUNSANG Joyepn Buiads INRBMPUNOID

R |

$
”

. M

~ Topom TORTALAQ):
N | Swipnjour sanrar]
~ il Jo-ssuruauieiy pun
./ N i voneradey.mt uotstdadug
= , N :
BT
| SR i ! ~ .
1 po0arjos Jo uonenead - ~ , e — |
' a : SUONIDA ©
: TITp POISY(OD A 1 N e e e e e e o e &mho
; Fnwsanozd pue mdey - : L S i R R : TUOT)
-U .-, o . .
. P o AT, (T UaaN
VOURAISYO Moomvotw& i S AT
i pur [quowsrddng -|; BRI L
w uonIR[O |, R I anit APMS
{ mop [EorS0loIpA-02IN - - S

1.47



e e A
3WIHOS ¥SLYM _aznomw m.o NYHOVIG DILYWIHOS 121 Bt

uny] 9+ = Newdy - E.ﬁh g€ H.quO uy ot = Newd o Uty 97 = XOUID)
CWLETTI=TIMD TWEIITI=IMD W=D o W TITI=TIMO
. 20190 Mo, . L WNOH UG dousyrom.--

x x x X

-0

) mu o W ] .rm., 03

- ez v oz -
_— 0 - 0 - -

2 = B » e I I =
il ) i} =) e ey

- = S = - -

= = g 2 =) =5
e o - e [ PRV R

= = = =

= 1= = =

w7 = NeWd
W LT8TTI=IMO

owaomstSUAqxr » o : _ _ >__

WwT=T.2d98 C WRG=T.IAOS o W 85T=1.2 40§ S WEO9=T4T DS _

_ NUTY I0TA

——— l|.||||lll»lul! ¢L

WO TT=TuC dOs

W H.ﬁham __ T

)

w97



500 —

' Output (Wp)

mrday

50

" Total Head (m)

45 .
30

40
40

35 .
50

30+
80

25

A

/
-
/
1 10

20 - - |

15

AN

10 -]

'y
»

-5

0

700

B B YA

1,000+ \

-

]
TN N

\\

AN

1,100 === \‘\= KIS

$1,300°

| e
P
L
j/
2
f//
7

/
/]

o e W N A

’

- _1,70:0 : 1 \ \ _ :;_"\ T ) \ \‘ '-\\\_ :

1.800 : -
2.0 3.0 4.0 50 = 60 70 80 :90

KWh/m’day

© Fig.1.2.2 PERFORMANCE OF SOLAR SYSTEM

1-49



7

)
R dw .t
L ‘.,.. L .&.n.ﬁ/

anfea 4015 11

’ 1
LY -
’.,/
W /

A\
\

k!

TEM d330 20 ALITIOVE ATddNS VZLVM HUOMLIN NOLLNSRILSIQ ANV VG “TVNaNZS £21 Bid

pIy

J

1 g 1

\.

Goray  Dles

E.:D.. 06 0%




g b et i T TR Y

i Bt e e

TI2M d33Q 40 ALITIOVS ATddNS ¥2LYM ‘NOLLYLS ONIdWN 30 LACAYT #2781

qr

Ris

yuey, 23Ma1g :
PATAST HW 9 10 wusuniuriry Surdiy

A OIS 1z
ol .Alb.ut

nm-W\ ru.‘%
. _. ‘Hw; ;H m un H_ aEMm P Woyg
N =1 B
W o T |
seER
: _mwx oy =t d_ oy
o il e Wi ks
I i
N
" h., ISR
_ mmw m Sl
H x o
! ~ =
AR
L wuel mw, #
r.wl. &y den |
! Fﬂl.'[

T

A =

ey T e
| %._ L Jrl.-f/
. i - TN
- : Lo ThL N
= . . : r -~ > e
< - L% =
o [ . EE ~ '
. B | ! .
.,!t._.f
! \
' A
N » L
= f—)i !
' Y

o W oL XOI0GE = 1)

v

ot

.. \
S0y oxddv D) W 00L xoddy

L it eSS pur - :
2 A g3 u gty
PN : T T N
W 3
/ FRN r/ ) . o
__.l_‘. ./ > 3

W
18] ududapa ],

ar
11y

a

W -

E.cﬁ. : < 0

1"
o

I.51




—— - U S

fwwil FIi€ LU0E BOWINWD

1S 435G 40 ALITNOVE ATddNS YELYM AVAHY ¥VI0S S0 vizasTibe _ o
. R i WL SC LWIESALCOEmMI A NYT
. I L 3vagon e . . o o weiaago

s im— 7 o— i nan . + ¢ A

i P .
' ER . : :
T it e ] Sy {r e e =

Ll PR T PN N =) H !
he RO CHSoS SRCRNORE ET- L.
e e T A e SR TR e o =S
3 s 7 B i Mt et
s Lo i SO
e . . IR

1

L .
| e 1 et 4+ s 7 e

LRy - GI3LT O3TINVATYD
1g ¥ wwgl x we§rox WEgLD 3IONY L1004

1neg wwngey - 1677 ¥ Lw5UEZ X ww(S T3NNYRD
FOINIAATY 827000N {0 ¥I4) 1¥0€dNS D17

WLNIATTY G3ZLJONT

TR waQy g - 157 K SWEUEE ¥ wadS TINNYRD

() () (1)

~
U
&
e
"

SN
T}

07t ¢elt OF1TD 3NOCNAC

1-52




Pumped Up Water (m3/day)

Pumped Up Water { m3/day )

200 M-I 5~ -1 -H-H-B-H-3 ) - -—-4]- ,,,f,,,,,:,,f,

Pumped Up water Volume and Sunshine Hour on May

16.00 g g,re 0

oo b T 7))

ne r---—}——-——ntf-fttf-—-- N T
1000 b= g-tf-—— 1. /\Tz S | IRV P
8.00 - :

600

4.00

0:00 ..Ju_IJr_la o bl kel .L,,.Jllumrl_-l.l.u.ll PR | L am._th_-u._,..tu.; 160

- 3 S0Pt e M1 NS. 17 49 200 23025 27 290 M
‘May, May  Mady ‘May May May May May May May May May May May . May May

_ Ceoselar Rainfell.. . —O—Sunshine Hour |

1600 ——— i

1400 b H
1260 _,;_..“.';.4.___.,,".:..____.,_._?_ __:___._‘_._T.._.,_". S I .,,k?“‘ ! | ISR i 40

1171 U RDRPUURUPHI | B | NSNS | B

v
-

[a}

i*"}*f“*"f"f‘".""""""' Lo 420

Rainfall ¢ mam )

Ruinfall (mm )

Fig. 1.2.6 Daily Pumping up Discharge at Deep Well ( 1/2}
1-53




< Pumped Up Water (-m3/day 'y

“Pumped Up Water { m3/day )

Pumped Up water Volume and Sunshine Houy on July
16.00 B o B . 1 § ¥ T }
g~ "¢ L b E B
1900 b-- ool e e 1
1ot b T - I 1 a0
%
1000 R | IEETEEEEEREEITRS | NSNS | FER N N,
' 1 ' E
E
800 - - S 1 80 =
A
b=
. 3
600 - — - ' J - 100
sz
1400 Yr 1206
200 : 1 e
000" L : Ll li i 6o
3 2 3 3 3 3
= e A A e
- P 3 e ' er. )
| EEEERainGN O Swnshine our
_ Pumped Up water Volume and Sunshine Hour on August
1400 SO UL S - 0
12.00 4 40
10.00 S | Y | I {60 __
' '?\ 3 193§
. . E
8.00 2N 150 =
: g
o
600 : Lo # |
C 400 120 ‘
C 200 1 10
1 0.00 LT 1
' 4 & ¥ % ¥ ¥ 3
5 5 s 35 % 3 3
W - (AL ] o~ o —
e [ ol (] [} L]
[ ESelar | smmMPublic | BEEEIRwinGI o —O—Sunshine lour |

Fig. 1.2.6 Daily Pumping up Discharge at Deep Well (. 212 }
1-54



- Relation of Rainfall and Sunshine
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Relation of Water Level of The Chang Chius and Shallow Well
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APPENDIX J

APPENDIX-J IMPLEMENTATION AND COST ESTIMATE
J.1 Implementation Plan
J.1.1  General
The project implementation .method is broadly classilted into two (2) categories, such

as Domestic Water Supply System and Irrigation Improvement Plan, based on the
scale and the kind of the construction works involved. The Domestic Water Supply

~ System is further sub-divided into Urban Water Supply System and Rural Water

Supply System.

The construction work for the urban water supply sys!em is to be execuled by the

contractor selected by international competitive tenders. It is 1equ1rcd to use many

imported materials and equipment for the construction work. The engincering services |
involve the detailed design work and supervision of the construction work is also -
necessary for such projects. The Urban Planning Secuon of PWD of MOC s
responsible for thelmplemenmuon of the project. - :

" On the other - hand, the construciion work - for lhe rural water supply system and
irrigation unprovcmcnt plan are to be performed under the direct management of thc

Government. The detailed survey is conducied by the Dzongkhag engineer. The des;g,n
is transferred to the Head Quaiters of Ministries for fuither detailed design and cost

. estimate.: The procurement and delivery of the necessary materials are also controlicd
:, 'by Head Quaners of Ministries. T he constnuction works are to be conducted under the
: supems:on of ‘the DAOngkhag engmeer with - the: materials ‘delivered at' site. Tie
* common labors necessary for the construction works have to be prepared by the
' beneﬁcmncs themselves: The parllc;patlon of bcncﬁcmncs is vcry lmporlant lo makc
- the prOJect succeqsﬁll SR :

:‘_'J.l.2j hnp!cmcnlatioll Scheduie

- The :mplemenlanon schedulcs for both of the Domesuc Water buppI) Systcm and the

Irrigation Tmprovement Plan’ are prepared based on the basic considerations'for the

- Water Resources Development Plan as described in the Appendixes G and H.

~ Implementation schedules are divided into two stages, considering the basic conditions

of the water resources development plan. Based on the physical year of the Five Year

‘National Development Plans in the Bhulan the followmg largc! )cars are sel f'or thc :
' short lerm and long term pians ' - :

L 2002-year for shor‘! term plan
- 2007 year for long term plan

(]) Urban Water Supply S)’Stelll

Considering the target year, the implementation schedule of the urban water supply

systems for the Wangduephodrang town area is settled in Appendix G and is

summarized as shown below,;

The Study on Groundwalter Deve\.fopfrwn! In Wangduephodrang District of Bhutan
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| The Skady on Groundwater Development in Wangduephodrang District o Bhu’an

Wk Hewns

Yeu

2006 | 2om

2002

il

Comveyance Pipeline

Detaided Desygn and Administrative Arrangements

Water Treatment and Distrbution Station
Dnstributicn Networks and House Maters

19911 1993 1 1959

2005 | 260G L Y07
1

IMPLEMENTATION SHCEDULE OF URBAN WATER SUPPLY SYSTEM

The implementation period is set as 11 years in total taking inta account of the first
target year of 2002 and the final target year of 2007. The implementation period
consists of 1 year for the administrative arrangement; 1 year for the detailed design,
$ years for the consiructivh and 4 years for the adjustment The target year for the
construction is divided into 2 stages. The major construction works are to be
completed in the first target year and the improvement works of distribution
networks including the house pipeline connection and the house meters system are
set 10 be completed in the final 1arget year. During the administrative arrangemnent
period, the preparations for project finance are to be performed. During the
detailed design period, the detailed design work of conveyance facilitics, treatment
facility, distribution networks, and preparation of tender documents, ete. are to be
executed. During the construction period, tendering, the construction wosks of the
© project facilities, procurement of operation and maintenance eqmpmenl elc. are lo
be conducted

@) Rural Water Supply Systesn '

, The lmp!emcmahon schedule of the ‘rural water supply sg,slems is deseribed in
Appendlx Gandis summanzed as shown below s

. Lo - L - : : Year - . ; :
Sub-area'Schen.e Type | i oriey [ 1097 1 1908 | 1509 | 2000 3001 1 2000 [ 2003 | 3004 1 2005 | JouG | 307
|uobeysa subaree - 0] P ; : o ’ .
RewScheme(Ay -~ |14 | -1 _ ’ _ i
Wewi Scheme (T} L2 0 2. Sy
F\‘lcnslon qcl'cl neq@) - | 84 0 3 ‘ ; l .
Baja Sehares  —— 1~ b ﬁfa’ l '
Mew \«.hemc fA) Cjdasal e
New Schere @y o] pa 03, : ‘ m
Additional qchcn‘c S B;I 6-2 ’ .
Phaneyul Sub-arca —— Y B
New Scheme {A} 5.1 Q-1 )
New Schere (B) 5.1 0-2 %
“New Scheme < . 3.2 04| | :
Ex‘eﬁ;-‘«n Scheme (A) 53 0-3 : i |
Rub_qsa Sub-area T -8 , B
New bL!acmc A} : 51 9 1 ! ;
New S(‘Lélﬂic {C}) ) 57 9—- 1 '
Extension Schome {A) 5.3 9, 2 1
Exténsion Scheme (i - | 54 | ©-3 1! ‘ !
Watét Treainent Scheme ”[ 1 ©.5 R ' ; : i |

1MPLEMENTATION SHCEDULF OF RURAL WATER SUPPLY SYSTEM

The lmplmnenlahon period of rural water supply syslem is also proposed as 11
years in total same with the urban water supply system based on the target year and
the factors discussed in Appendix G. The constniction works are to be conducted
under the supervision of the Dzongkhag Engineer with the delivered materials. The

J-2
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The Study on Grotrdwalet De;ylopnwnl" in Wangduephody anq District of Bheitan

' Tho pro_;ect cost is eshmated on the followmg condmons:_ -

procurement and delivery of lhc uccessary materials are to be conducted by
PHE/PWD of MOC.

(3) Irrigation Improvement Plan
The implementation schedule of the irrigation improvement plan is discussed in
Appendix H. Based on the priority of the project, the implementation schedule is

set considering the target year and total construction cost as shown below;

- Proposed Implementation Schedule

Category Sub-Area Wame of Canal Code | Torowity L Yew : .

“of Land . LO9T] 1558 1999 ’eml TIHT] 3003 03] I004] s sG] S|
Lovw Flat Toteysa | JUpper Loboysa - [C1 R R 7754@_:__ S T S
Arza Lowes Lobeysa 2. 53 .

J_ Bajo Dajo S 4 — ) B ) .
Tlgh il |Fhargl  [Thargvii T{CT0 T e N __ na
Arca Cenlkha cls = I I e A R - ﬂ! )
Rubeysa Nalkha ClE L3 e 1 & 7 _ ) E ]
Rutekha B (1 & T _ __7“3;5 ;ﬁi . _ - - o g i
htiphekha Ht] & N O E S o o
Naykouwa 21 a T A I D
Rumina (22 & i :
Resenchihe (x\linmmﬁwmﬁc;bm Crip - L L -

All the reqmrcd StﬂlCiUbe are to be comp]elcd ifs the short tcrm plan period until
- the target year of 2002 and no construction work will be carried out there after
: durmg ihe long term plan period. Only the rescarch work for applying optimum
* diversification crop is fo be perl‘ormed durmg the long term plan permd until the
target year of 2007, '

J2 Cosl Eslimalc

: J 2 l COlIdlllOIlS of Cost luslmmtc

a The price tevel used is as ofjuly 1995,
. The exchange rate used is US$ 1.00 = Nu. 30.85=J. Yen 100.
¢. The basic price such as labor wage, material cost and unit construction cost are
based on the unit cost adoplcd in the Bhutan Schedule of Rate, PWD of MOC.
d. The price of materials includes lransportauon cost to the construction site.

* The basic priCcs for cost es'lima'lion'arjc Su_mmariicd as'shown bclo\,\;;

(1) Labor Wage '

L o (L'ni(' T Nu}

o llems © Unit ot L 0 Tiems Unit - Cost

1 Labour - Y - B v S10 Eheetric Worker Comd 6575
2 Woek Supervisor md 2000 -1 Plant Operator ‘md .00
3 Carpenter o md 65T 12 itk Cmd 13000
3 Headof Carpenter C o md 1343 T11 Blasle ‘md 8507
5 RMason Worker md © 5507 B4 Watchman md AR
[ Head of Masen md 65,15 <18 Dt md Cas00
7 Stecl Worker . md 6575 16 Welder : “md 2 00
8 Machine Operater md 9000 17 Skilled Labour md 9060
2 Mechanis mJ 1641 18 Technician md P00

J-3
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The Siudy op Groundwsater Develppment In Wangduerhodrang Dislrict of Bhutan

{2) Materlal Cost
: {E'nit : Nuj
© Hems Unit “ost " Hems Unit Cost

1 Agprégate 12 HDP Strainar, D90 mm m 128.10
(2} Sand cum 203.22 13 NDEMpe
Y Grevel < 25 mm - cum 197.11 A2} 20 mm m 2490
{) Gravel < 50 mm cum 15263 BD=30mm “m 2760
{d) Rultle Stons cum §21.40 (ciD=350mm m 1280
2 Bumba 14 Conerde Pipe :
" (a) Form Lumber ) FIE] 11550 (2} 1) = 900 mm e 1.630.00
C(B) Phvood 142 & 498 sgpe 142.25 (by = 1,000 mm EY 1.770.00
“{e} Firnber ) cum ’ :1.296.03 15 PVCPipe 13- 8 inches 3 §.030.00
S0l Dimber beams cum 376015 16 Ve clbow, b=l S m n 070,00
3 Reinforced Iron ar ke 136x ' '
4 Nail, Uoh, Nut ‘ kg 2600 17 Steel Vipe (STPWL.°6 m)
5 liBeam ¥ 82,75 100 mmy s 3,300.00
6 Trash Rack : ke 39.50 . 200 mm ™ 1645360
7 Cemeni{l bag = 30 kg) bag 106.2% 18 - Corrugated Pipe (1= Im)
B Fud : 400 o, 122 i ™ 8.500.00
(a} Gasoline lit 1789 19 Sluice Valve :
) Dicsed 1 7.83% 13=75 mm pe 97585
9 ° Blasting - . D= 200 mm P E33150
(Dynamite” | © . kg 1B 132 300 mm e 201000
©o(eyDetonator - o ~ i.86 20 Fibow
10 Dllng . - R D75 me [ B0,
© {a) Rod (for Sinker) I T 45,000,00 . )= 200 mm . e TE42S
o B Siaker) T pe f 60.000.00 © D 300 ma . P S RIS
11 GEPipe R .M CAirValve D SO mm PO EX ).
@D S mm i 2550, T2 cMastigFitler 87590
MD=25mm L m 4960 22Ol Paint S TS 961
D= 50 um w1160 £ Sln:ﬂ'('-augc S L 196.00
D= 60 mm - L 17610 ' ' B
()= 80 mm ) m . 213
3) ('cﬁniruﬂiﬁn Equipeuént’ : .
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The'pljoject cost estimation is classified into two"célegéries such as Domestic Water
Supply Plan and Irrigation Improvement Plan. And the domestic water supply plan is
further sub-divided into Urban Water Supply System and Rural Water Supply System.
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