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Only the Natakha canal has no problem because the water available at intake site is
considered suflicient.

Since the lrrlgauon improvement plan is of the one to decrease the present water
dematid, the above-mentioned future water balance is unprovcd accordingly as
explained in Appendix-H.

7.1.2  Groundwater and Sub-surface Water
(1) Sub-surface Water

Sub-surface water is defined as large-scale ﬂowmg water in sand and grave‘ layers,
formed in butied ancient river channels, nearby present river flows. Hydrogeologlcaily
it is generally connected with river water, and impossible to divide it from river water in
* quantitative calculation. Accordingly, groundwater tables of subsurface water generally
coincide with those of river water.

- As mentioned above, sub-surface water is basically considered same as river water. The

- Chang Chhu, which has about 4,800 km’® of catchment area and 270 1113/sec'_0f méan
annual discharge, runs in the study area. The Bajo sub-area, about ‘1.9 km’, _exiéts
beside the Chang Chhu. Sub-surface water runs in this sub-area; but the water volume
‘of precipitation, surface mun-off, infiitration, and evapolransplratlon in the sub-area is
negl:g:ble compared with the total volume of the nver,

‘Judging from this point of view, the walter bafanoe of sub-smfaée flow in the sub-area is

negligible in tems of the large-scale water -recharge of the Chang Chhu. Rough
- calculation on exploitable quantity of subsurface flow was made, and ‘one (1) i’ fmm
- _was eshmated in lhe low. terrace area of the Bajo cub-area :

In the Bajo sub -area, the present and lhe ﬁnlure water demand:. for the rural ‘water
. supply are projected to 44 m /day and 66 A Yday, respectively as evq)]amed i Chapter
6. Since 1,000 Vmiin of potential capacity is interpreted in' 1,440 m¥day, the above
demands for rual 'water supply is judged to be’ negligible small; less than five (5) % of
 the recharge capacny However, it is difficult to utilize it considering that the expected
potential capacity is able to conunand as smalt area as 10 ha only. Therefore, the sub-
surface’ water resource is considered as one of the: ‘resources to be anncnpated o
© provide the mral water in lhe Bajo sub-area. :

| (2) Groundwater
" 1) ' Groundwater in River Terrace

'.T'he groundwater in the nver terraces is unconfined, and its water table level is
observed five {5) m higher than the river water level of the C ha% Chhu

The ch!onnc contents of the groundwater in the terrace are as follows

- 46 ppmin the Umiekha spring water in the background mountain
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* considered available'in the river terrace along the Chang Chhi. This pmenllai_
© capacity is equivalent to I, 152 Yday, and is judged to be qune large companng
" with the prcscnt and the ﬁnurc water demands which are estimated to be 44 m'/day
~and 66’ m¥sec, respectively. The grotndwater in the teirace area is, therel’on _
* considered to be one of the potential water resources for the Bajo sub-area.

o

- 15 ppmuin the Limti Chhu river water originated from the eastern mountain and

draining the terrace area

- 30 ppm in the water from the groundwater in the terrace, that is the average of

above two

These contents are much higher than that of water from other arcas. Judging from
the above-mentioned fact, the groundwater in the Bajo sub-arca is most likely

composed of one portion of fraciure water from the easternt background mountains

and another one portion of the surface water from the Limuti Chhu, a tributary of
the Chang Chhu.

In'the background moumtain area in the north and northeast of the Bajo sub-arca,

the groundwater nun-off from the fissure water into the terrace has been

investigated. In this case, the 355 days' specific discharge is set to 7.6 Vkm¥/see, and
the area of background mountain is about two (2) km2 Then, the run-off is
calculated to be 15 Ifsec as stated below. :

Run-off = 7.6 ¥km’/sec x 2.0 ki’ = 15 sec (900 Vmin)

This is the recharge volume of the groundwater in the river terrace from the eastern
mountains, assuming the fracture water of the eastern mountain is diluted by the
same amount of river water ffom the Limti Chhu, The water supply of the

groundwater in the areais, thcrclorc 2,592 m'fday or 1,800 Vmin.

In addition, the infillration water in the terrace ot 0.9 lun m area is able to be

“expected. Assunung the annual precipitation is 1,000 mm and 20 % of the
' precumallon water percolates into the ground, the volunie of 180,000 m*/year, 493
a fday or 340 Vmin, of water is added. If recharge from paddy ficlds in the area is.
added, then total ﬂow in volumc \xould roughly be calculated to be aboul 3 000; ‘

m /day of 2 000 Vimin. o

In the fo![owing section, exploitable grbtliad\véter is considered as 40% of recharg oe
volume. Therefore, 800 Vmin of groundwater will be exploitable in the river terrace

in Bajo sub-area.

As for the water baiance in the Bajo sub-area, about 800 Vsec of the gaoundwatc; is

GrOundwatér in Landslide Areas

‘The groundwater in the landslide areas is stored in the fractured landslide debris,
and small perennial springs yielding 5 to 20 Vinin are scattered in the landslide
areas.
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In Chapter 4, it is discussed that the annuat infiltration amount to the landslide arcas
is 200 mm from precipitation and 240 mm front the bad\gound motnains.
Accordingly, the recharge amount in an area of 360 m x 300 m is estimated as
follows:

300 m x 300 m x 0.44 m = 39,600 m¥/year

On the other hand, the volume of the hatural dlschars,e of spring from the similar
size of landslide is estimated in 10 Vinin or 5,250 ny’ /) car. Accordingly, if the intake
facilities are improved and double or triple aniount of water is taken from the
springs, only 30 to 40 % of total recharge amount is utilized safely. On the
Geological Map 1:10,000, all tandslide areas are measured ' Then, the recharge
volume is caleulated for each slided blocks and in tum, 40 % of the recharge
volume, which is considéred exploitable is calculated as shown on the Grounduwater
Inventory Map of 1:10,000. Above listed volume is the sum of those figures for
cach sub-arca. :

‘The followmg table shows the balance of the present and the future \Wllﬁ‘l demands

and the avaifable capacity of the eroundwater in landslide areas.

Waler Balance of Groundwater in Landslide Areas _
(Uml o fd.n}

: qucr Dumud

T Presént - T Futare | GAvailable” | Shm,of Fulure

- Sub-arca - (1993} (2007) Water . | - Water Use (%)
Lobeysa. 139 P07 450 Cde
. Bajo T T IRl S
. Phangyul - -7 78 SN0 sy 8
Rubeysa: 66 i 98 | as0. ] o

As shown it the above table, the avai!ablé water is Izirger'lhan the future deinand in
all sub-areas i the Bajo sub -area, since the arca where the groundwater is

available is $cattered only in the hilly areas, it is recommcnded to utitize the other

type of water resources for the low flat areas to economize the water supply

scheme as well as 10 save and protect such limited groundwater resources.
Groundwaler in Mud-flow Area-

As discussed in the prcwous chapters, the mudflow deposits are highly p'ormis but -
less permeable. Judging from the comparison of yielding quantity of the two drill
holes, TB-4 and TB-5, the size of catchment area is more significant controlling -
factor for groundwater volume than the area or volume of mudflow. Applying the
values set out in the previous section, specific discharge of metamorphic rock is
roughly 7.6 Usec/km? (450 Umivkm’) that will be recharged to the mudflow area. if
40% of recharge volume is considered exploitable, then the volume will be - '

450 x 0.4 = 180 Vininvkm?

__Chapter. 7
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In the mudflow area, 180 Ymin of groundwater is e*(plonablo for every one (1) kn’
of calchment aréa of the mudflow. Those calcliment arcas for each mudflow are
measuted in the Geological Map and the exploitable volume is calenlated using the
factor of 180 Vminkm’. Those calcilated volumes are shown on the map of
“Groundwater Inventory Map” (1:10,000 ), and the potentiat for each sub-areas are
summed up and shown on the table in previous section.

The following table presents the present and the fiture water deiands and the
calculated potential groundwater in mud-flow areas for each sub-area.

Water Balance of Groundwater in Mud-flow Areas _
(Unit: m'/day)

o Water Dn.maud o
"~ Preset Future Available Share of Future
: Sub-arca {1995) (2007) Water- Waler Use (%)
Lobeysa 139 207 2,450 8
Phangyul 52 . 73 450 2
Rubgysa 66 98 900 11

The groundwater in the mud-flow area is judged to be unavaﬁableiin the Bajo sub-
area according to the results of h},drogeological analysis. The available water is
considered qunle abundant comparing with the future demands in all sub-areas.

However, since in the hilly areas such as the Phangyul and the Rubeysa sub-areas, it -
is impossible to cany out drilling works, the utilization of groundwater in mud flow

- area is not recommended th(n 1gh the available water is abundant.

' Consequentiy, the avallable groundwater and sub-surface water resources in lhc Study area '

Coare summanzed as slated belew

' The sub curface water is avaliab!e n the Bajo sub-ares, bul 1t is riot rccommended Lo
- utilize it for the irrigation purpose e\(cept einergency or supplemen[al puipose, but for
 the rural water supply becauqe lts potenhal is quite small comparmg mth the i |mg,auon
_ clcmand o Co : ‘ SRR .

. The grotnhdwatcr ‘tesources are not recominended to be utitized for the irrigation

purpose becéuse of their limited potential compariﬁg the irrigation water demand.

In the hilly areas such as the Phangyu! and the Rubeysa, sub-areas, two (2) types of

~ groundwater (groundwater in mud-flow and landslide areas) are considered avaitable,

To exploit those in mud-flow area, it is requ:red to conduct drilling works applymg,

‘heavy eqmpmenl Therefore, 1t is recommended to utilize those in 1andshde areas as
much as possable ' :

“The groundwater resources in landstide and river terrace are available in the Bajo sub-

arca, while those in landstide and mud-flow are available in the Lobeysa sub-area.

=
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7.2 Water Quality

The water quality is one of the imporiant factor to evaluale whether the water envisaged to
be utilized is suitable and applicable for any purpose. In this Study, since sub-suiface water
is directly connected with river water hydrogeologically, it is considered as river water
which has similar characteristics in view of water quality. To evaluate such suitability and
applicability, water sampling and analyses were cariied out in the points shown in Fig.
72,1, and their results are sunmanzed in Table 7.2.1 and Table 7.2.2. Fig. 7.2 2 indicates
the hexadiagram of the selected samples.

7.2.1 Surl':ice Witer

The water qualities were analyzed with the samples listed as follows:

- PeChhu _ Intake of the Bajo canal
- Dang Chhu ' Downstream of the Pe Chhu
- Mo Chhu Punakha Valley
- Pho Chhu Punakha valtey
- Tabe Rongchhu ~ Near Thinleygang village _
- Chang Chhu Inflow in the center of the study area
- Limti Chhu - - ~Inflow in the Tedtsho gewog
< TakanaChhu - ° ' Inflowin the Rubeysa gewog
- Dongkhar Chhu ¢ Inflow in the Phangyul gewog :

" The locations of the above-hsted samplmb points are mdicaled in Hg 7.2. l and the
- results of lhe analyses are summanzed in Table 7.2.1. o

- As a result, the surface water |Sjuclged to be sausfactony physwally, but the :eeulta of
‘ chemlcal and blologacal analyses suggesl the necessuy of

- 1ron'rc111oval by ﬁlt;ration,‘ and
-+ disinfection t_reatmént by chfoliliati0|1. |

:Thc charactensucs of major paramelera of sampled surface water are sumnmnzcd
- below.

(N Physmat Exam:natlon

The water quahty is observed to be siable and Judgcd to be physmally saanaclozy -
except in rainy season. The water is kept {fow turbidity, normal taste, low color unit -
as summanzed below. u

- ' Appearance is cledr in dry season, but turbid and hazy during rainy season

- Temperature widely varies from 15 C° 10 25 C°, and approximately 10 C* lower
than the atmospheric temperature '
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_the right table. The relationship of

‘Turbidity is higher in rainy season,
and the value often exceeds 100 mg/l
especially during and afler the flood i

time. 2

g
Conductivity is observed to vary S 8t e
moderately in accordance with T.D.S. LT e o o me e
Apparent relation is found between Contuctsy 957 e
turbidity and T.D.S as presented in RELATIONSHIP BETWEEN

CONDUCTIVITY AND T.D.S.

these parameters is expressed as follows:

{T.D.S (mg/)} = 0.4104 x { Conductivity (nQ/cm)} + 7.9868

Color unit is observed to be lower than five (5) normally in dry season, but i

erquently raises durmg the flood times in the rainy season exccedmg 10.

Taste and Odor are COIIS!dt.l’ed generally normal at the measured tcmperaturc
of 40 C°, except for a few samples.

Gencra!ly lurbld and hazy substances are caused by cxircmcly fine choroidal
particles’ of clay or silts. Those chormdal substances m:ght not scule wulhm 24
- hr observation.

(2) C hemlcal anmmallon

T he water is considered chcmlcally samfactory :hough moderate ion conlenls arg

found '13 slated bclow

i

5 p}[ vahie mdlcates mther h:gh va1ues T he value showq ina range of 7.5 - 851t
is considered to be almost lhe up|)c1 Iumiatmn of the requlremen{ for drmkmg, -
water. - L : : :

Total Dissolved Solids (T.D.S) moderately varies with a linear regression as

shown in the above-prcscnted figure.

' AILalmny detected on a 1evel of hundred- somel;mes \xhtch 1S cons&dered good
“enough for reaclmg with Aluminum’ coagulanl

'Hardness is aléo:detcct'ed ol a quite low level.

Chioride is extremely low measured 1-5 mg/t in all samples.

Sulfate and phosphor are also detected in small values.

Some small amounts of iront ion is detected, but i is considered within an
allowable level. '

8
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- Ammoniuni nitrogen  and  nitrite nitrogen are detected  simultancously
suggesting a contamination by wastes of animals, etc.

(3) Bacteriological Test

Bacterial counts and the bacteiial coliform groups arc detected in all of the
samples, suggesling some degree of contamination caused by both animal and
human activities.

7.22 - Groundwater and Sub-surface Water
The groundwater qualily is also examined taking samples in various points in the Study

area:._ The results indicate that the groundwater generally judged to be satisfactory including
spring water. The details are discussed below.

(1) Seasonal Fluctuations

" The spring water in Phangyul, the observation: point S-5 (assay sample §-7), was
chemically assayed four (4) times from the end of the dry season Lo the wet season. The

2. results are as shown in the table presented below. ' :

' _Seasonal Fiucluation of Spring Water Quality in Phangy_ul {3 -5)

Date } “Are2s Aay 30 June 4 : June 19
. Weather ) : choudy > e Cfue ©fine
-~ 1) Physieal Fxam, ' : :
- Appearanee clear o clear “vlear ear
© Temperature o 158 | 191 — 242
L Condinsivity CopdY A 1169 1258 1234 1591
¢ Turbidity wgl AT i v 3 ]
- Color Ddeger <3 <3 <3 5
. Taste Lo C rwainal Lregmal ok Al
Odor . T EULY myw e noie L e
2y Chomieal Fxam. s o . . S .
TR © o mplasNaC 221 L0 691 - 754
"TDS ©o gl 587 . 0] 616 950
Alkalinity ol 610 - .63, 620 : ®10 -
Hardoess Cogl 330 KR 4240 110
* Clloride "ol 2 3 G 2
Sulfate gl <1 ) e RN
Phoeghute - mgl 01 0.1 02 02
Nitrogen : .
~Ameonduni il il il ]
- Nitnite sl i il sul
© Nitate wzl ni 08 05 . 0.5
Dssehed Opgen 51 4% A -
KAInD, | _ S gl : :
Rexidual Clilorine B : : : )
Irén D omg) 0.2 01 o0s . T
Manganese " ogl vl b . il ol
“Heavy Motal ' o o S
B & TR Comgl T ¢ nil nit’
C L gl il il F il il

" The reason why the electric conductivity of the water increases from time to time, (s

altributed to the fact that salis accumulated on the grouild surface in the diy seasm

would dissolve and run ofY in the wet season.

On the other hand, the ptl values decreased from 821 to 6.91, then increased to 7.54,
This phenonenon is interpreted that the iron sulfide minerals (pyrite; F.87) in the black

7-9
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clay layers would be oxidized in the dry season because the groundwater icvel is
lowered. The sulfuric acid water occurring there would subsequently flow out in the
wet season, after which the groundwater level would be rise over the black clay layers,
sealing the zone of oxidation.

“The content of iron'ion decreases from Aprit to June, and nitrogen or nitrate appears in
May, however- this content is very little. These phenomena should be discussed in
relation with other factors such as volume of water pouiing out at measurement time.

(2) Characteristic Sprin'g Water and Groundwater in Drilled Well

Three (3) water samples from’cheically characteristic springs and four groundwater
‘samples from drifled wells have been assayed. As shown in the table, chlorisie in the
samples from Umiekha spring and Bajo' drill hole (1B-2) show high values, and both
are genelically related to each other. This is discussed in the previous chapter. Other
geochemical characteristics are that a small amount of iron ions are commonly
contained in all samples from the wells and phosphate content in all samples is generally
high, from 0.1 to 0.45 ppm.

Water Quality of Some Characteristic Springs and Groundwater Sources

Sanple No. Nol  © Nol No3 - Nod Na s Nob He?
Date Juned MayIl  May30  Ap18 0 May$ May23 ‘
Weather lax fine “fine - fine fine {ine

1) Physical Fxam.

Appearance © clear Jear  ockears | wibid  chear clear <lear -

Terporahure s 230 S 254 124 - 240

Condativity S Aam 2660 1312 1250 ... 2570 3l ! 7.6

Tubidity gl 02 3 C 7 1 1] U]

Color S degree 3 <5 <3 <5 =8 <5 + §

< Tade . Coe T pormal nool | omemt T nomal  oneonal | oaenwmad nemal
Ode -t 40°C poot C rneme  meed 0 nene | nond oo L bight
DChomical Fxan. | S Pl Do Ch .
pit SmglasNaCl - 723 - 163} L 760 1 696 733 YA ] K

. TDS - CTgl - 1310 - 687, L 650 [12BR 1160 - 1532 03}
Allalinity . 0 1 mgl e sie & ¢ 1900 %0 - R0 -

C lardwss Cmgl @ - U800 13000 G MO0 1060 80 3200 960
Chtade G o4 D 3 13D 0 ! .5
Sulfate Cooawgl oo el 3 <t 05" | cel it
Piosplate 1 oy 03 G2 0.1 Gas 02 Na
Nfirogen ‘ . : o

= AnumEunt il nl ©onil nil i nl al
~Niirite ~mit nil il it il - nit =02
 -Nitrate mgl B B Q5 08 0% 08 ol nif

¢ Dissobved Onygen- S 50 17 - 4%: - 22 85 23 I

CRMAD, nigl oo . .
Restdusl Chlorine oL o : : : o = :

Clent T mgl R B BRI ‘045 018 0 ey 0wt

. Mapgawse - - o mgl Comle ol nil nid il il :

T Heavy Metal : R S o )

o Lu cagls o m L el fil -l it ril R

Lr ‘gl nil il Conl “nib g vt ml
Note; )

Sample © Nol - 81, Upper Mitdm
No2 $4 Unichha
No3  8-7, Pvoper Phangyul
Nod W-2, Bajo{1132)
Nos$ WA, CARB-3)
Nob W4, Madhina (T1-4)
No7 Loboysa(13-5)

NA; o assayad

didn
s
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7.3 Envirommental Impact-

7.3.1  Surface Water

The exploitation of surface water sometimes induces various environmental impacts to
upstream as well as downstream areas. it is, therefore, quite essential to forecast extent
and magnitude of such adverse effects through the adequate scale of assessment before
implenmenting the water resources development in order to prevent inhabitants, fauna
and flora, etc. therein from such effects as much as possible. Nevertheless to say, the
cosls and expenses necessary for taking remedial measures should be considered in
studying and evaluating the envisaged water resources devclopmem plans to minimize
such adverse effects.

The following adverse effects are considered to be induced by implementing the
surface water resources development.

Waler Rights and Fishing Righis

Excessive water intake from rivers and lakes may change river flow conditions. In
particular, the shortage of a maintenance flow will decrease the river functions. The
lowering of river levels will cause difficulty in obtammg irrigation water, reduce the
size of fish catch, discourage tourism, and a1so will aﬂect lile waler supply, the fishery
mduslry, and the lives of mhabuams :

g Hvdrolo;’z.icai Simation

Excessive walei intake from rivers and Iakes will resuh in lhc dccrease of dlscharg,e
~ and transportation rate. Such change of flow snuatlon may obslmct the gtowth and
propagallon of' aquatlc lives in downslrcam area.

j b{lects dunna Constmcllon of Rwer Stmclures

T he conslmcuon of river structures oﬂen causes thc el}ecl 1o the fauna and flora as
‘well as the chiaracteristics of the ecosystem in the: downslream area. Such construction
_increases the turgidily of river water and transports lots of sediment loads giving
unexpected adverse effects to the inhabitants and the endemic fauna and flora as well
~ as the ecosystem in the downstream areas. '

T he adverse cﬂects to be cons1dered for each sub area are, dcscnbcd beiow
Nt} I(}bej(sa Sub-area’

In the Lobeysa sub-area, the |mgatton water is !aken from the Tabe Rong,chhu a
“tributary of the Chang Chhu. The diverted water is conveyed for the irrigation of -
about 360 ha of farm lands through two (2) nrngauon canals; the Upper and Lower
Lobeysa Canals. The mean discharge of about 4.0 nv *fsec is available in this river in
May according 10 the hydrological studies. the maintenance dtscharge of about 0.8
m'/sec at least should be kept even when the :rngailon requirement is increased in
the fulure plan. There are some small streams in the Lobeysa sub-area, but it is

7-1t
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rather difficult to utilize such stream water since the flow is observed poor and
unstable.

(2) Bajo Sub-area

The iirigation water for the Bajo sub-arca depends mainly on the Pe Chhu, a
tributary of the Dang Chhu, and the Limti Chhu, a tributary of the Chang Chhu.-
The Limti Chhu is mainly used for the irrigation for the farm lands in the upstream
arca, and then for ihe B?iJO sub-area it functions as a supplemental water source.
Hence; they use the river water 'of the Pe Chhu for the irfigation of the Bajo sub-
area at present. The river water of the Pe Chhu is utilized for supplying the
domestic waler for the Wangduephodrang town %h:p 100. The mean river discharge
of the Pe Chhu is observed to be aboul 4.9 m'fsec, and hence the discharge of
about 1.0 mi'/sec is required to be kept for maintaining the perenmal tiver flow in
good condition.

“(3) Phangyul S'ub-area

" Inthe Phangyul sub-area, lhc n:ral water supply is made by mamly llll|1?lll§_, spring
water, and only the irrigation water depends on the susface water of some
perennial streams tributaries flowing into tiie Pe¢ Chhu. However, since the stream
flows in these smail streams are observed to be small, it is proposed 1o take
: adequate measures to keep the suflicient discharges of stream flow in lhe streams,

{4) Rubeysa Sub-area

The streaim fow is found to be quite scarce in the Rube)sa sub-area, and even the
- irrigation’ water being diverted from: the: small :streams in the area is considered
" msuﬂlclent Therefore, no further devc!opmcnt mueasmg (he water requ:remem is

.~ proposed to be nnplemenled without any proper measure. Mosl of Ihe prcsenl rural

water supply schemcs unhze the sprmg water al presenl ' po

LI

7.3, 2 (;mund“a(ea and Sub-sur face \Vatcr

In this survey, the water in the undcrground is claqsnf ed inta two types; subsurlace water
' and groundwater. :

Subsurface-water is prcsem in 1he low {erraces and watcr table is aboui two (2) m from the
ground sutface. its flow speed in some ancient river “channels is c:gmﬁcamly high The sub- :
surface water is dircctly supplicd fromi rivers, and exploalatlon may have no impact on lhc o L
- physical and ecological environment.” L % '

lhc groundwaler is hosted in the middle terraces and Iandshde areas. The middle terraces

-~ are utitized as cultivated g g,round or residential areas, and some irdgation water channels are
constructed for ricé fields. It is estimated that the groundwater in the middle terraces, being
hosted below 25 m to 30 m from the surface, is supplied and recharged in a rate of about
2,000 Vmin. '



Accordingly, as far as a smaller amounit than the above-mentioned figure is pumped up, no '
environmental impact such as change of soil moisture in farmlands is expected on the
surface in the terrace area.

As previously mentioned, there are two (2) types of recharge patterns for the groundwater
in landslide arcas, i.e. penctration (infiltration) from precipitation and infiltration from
fracture water in the background mountain.

The amount of infiltration from the precipitation of about 1,000 mmvyear is estimated at
200 mnvyear, and that from the fiacture water in the background mountain is about 240
mm. Therefore, thie total quaittity of annual recharge for each landslide block is calculated
as follows:

Area (mz) % (.44 {m} = Annual recharge (mz)

For example, if the area is 300 m x 300 m, the quantity of the recharge \'»"ol__lld be;

90,000 m’ x0.44 m = 40, 000 m' /year (76 l/mm)

LAt p;esenl the ylcld from springs n landslides of such scale is aboul 10 Ifmm and hence no
~ adverse impact on the groundwater systcm would ‘decur even if the yie!d voluie is

mcreased upto lhree (3) times by i unprovmg the cmsimg facilities. -

. ln conclusion, the broundwaler in the landshdc areas can be uhhzed as much as l\so (2) or -
" three (3) times of the present y:eld by i lmprowng existing facilities without any adverse
" environmental or ecologlcal impact. The water in the middle level terraces can also be
: utllued wﬂlun lhe recharg_,e volume of 2, 000 Umm as esumated before. .

7-13
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8. BASIC WATER RESOURCES DEVELOPMENT PLAN
8.1 Basi¢ Concept and Planning Cl‘itez;ia
8.1.1  Constraints in Present Water Use

The following consteaints and problems are found and identilied in the present water
use of irrigation and domestic water supplies through the studies, analyses and held
surveys having been conducied so far. - :

(1) Urban and Rural Water Supply
Usban Water Supply System

- Since the quantity delivered from the ’¢ Chhu is not sufficient due to lack of
supply capacity of the system, the water distribution is made intermitiently at
present and the irrigation water conveyed by the Bajo canal is also sometimes
used for the urban water supply. (Shortage of Supply Capacity)

-~ ‘The present distribution networks were constructed in-1969. Since then many

~ branch lines have been added and.expanded: at random ‘resuliing-in the
inadequate and- unbalanced d:sinbullon networks. (lnadequate Di%lnbutlon
Networks) :

-7 The, 1rngat|on water of the Bajo canal is Frequently used for: 1he ‘urban water
! supply. during. the irrigation season, and ‘such irrigation waler is apt to be
. bacteriologically : contaminated - by the animal waste and  fandslide " mud.
However, o treatment s conducted 1 the prcscnt distribution ‘systen except

- for simple sedimentation. The lurbldliy data: of raw water from the Pc Chhu
also indicate higher value than 20 frequently during lhc ramy season. (Rlsk to
lnfcct:on)

Rtpral Watcr Sum‘)lv Systein '

- In rural areas, the service ratio of the existing water supply schemes reaches
only 67 %, and the remaining 33 % of dwellers have to take water from
i ngalmn canals, river streams or small sprmg pools for thelr domeqtnc use.
; (l ow Scmcc Rano) : :

- (2) 1rr|gat|0n Watcr Supply

- The capacmcs ot the exlstmg irrigation Canals are Judgcd 1o be’ msuﬂtcmnl in
most of the irrigation systems in the Study area causmg, the decrease of
cropping areas. (lnsuﬂwicnt Canal Capacrly) v

- The present water management system provailing in most of the irrigation areas
is considered impractical to utilize the available water properly. {Impractical
Water Management)
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. ‘The available water resources at the intake sites are considered insuflicient
particularly in the high hilly areas such as Phangyul and Rubeysa sub-areas.
(Insuflicicnt Water Resources in Hilly Area)

8.1.2 Concepts of Basic Water Resources Development Plan

(1) Components of Basic Plan

The major comporicnts of the Basic Plan are considered to be the water
development plan for:

£

- the irrigation water supply plan, and
- the domestic water supply plan for rural and urban areas,

Taking into account that all Ihe water resources available in the Study area is at
present used for the above two {2) purposes only, and any other uise of water
resources is neither planned nor scheduled for the future. The water resources arc: .
also used separately for these two (2) purposes except for the surface water in the
Pe Chhu which is used for both irrigation of the Bajo sub -area and water supply for’

- the Wangduephodrang town area. '

{2) Basw Comepts

(‘onsldcrmg the results of the dlscusswns made - in the prcvmus chapters and
sections, the Basic Water Resources Development Plan ‘are considered to be
‘established in order to realize and attain the ideal social conditions so as to allow -
*.the inhabitants to lead’ productwe hv:,s in a suslamable 'md ba!ance&l manner as
Statedbclow:-gi.g_i“_.‘l .

3lmgat:on Waler Suppl;

- Achiev_ement of the eflective irigation water use

- Achievement of the effective land use

Urban and Rural Water Supply
- Déﬁcreaisc:o’f thcirisk"s to vatious infectious discases
- ¢ Facilitation of the n_lrai a.’_ml urban development S %

- Provision of the basic human needs in rural and urban areas

et e i e i e A s
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8.1.3 Planning Criteria

(1) Objectives of Water Resources Developient

Considering the basic concepts stated above, the Basic Water Resources
Development Plan for the Irrigation and Domestic Water Supplies is to be
cstablished and formulated to fulfill and satisfy the objectives set as stated below.

~ Jrrigation Water Supply

The following items, in conformity with which the RGOB has made ‘efforts to
* promote agriculiural developments under the Seventh Five Year Plan (1992-1997),
are considered as the objectives of the Basic Plan.

l;_,h_'ba'n and Rural Water Supply

Sustainable development of arable production to cnable self sufliciency in food
production, ' :

Improvements in the incomes, living and nutrition standards of the rural
* population, and B ' o

. Sustainable utilization of natural resources.

- Under the above basic concepts, the following items are set as the objectives of the
. basic plan. o Co L -

Pravision of the safe domestic water free from any risk-to infection

 Realization of the reliable and stable water supply throughout a‘day as wellasa

- year

(2) Target Years

* The target year has to be set taking into account of the following items:

getting understandings of the beneficiaries,

i coordination among the related government agencies and concerned

“organizations and people,
unexpected actidents, and

delay in financial arrangement.

As a results of discussion with the government oflicials concemcd, the targ#t years
are sci as follows: : _

2007 for long term plan
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- 2002 for short term plan
(3) Necessary Consideration in Planning

The following items are considered necessary for formulating the Basic Water
Resources Development Plan for Irrigation and Domestic Water Supplies.

1} Ircigation Water Supply

- To attain the effective use of the agricultural lands and the limited water
resources, several countermeasures such as improvemelit" of water
management, irrigation canal, diversification, improvement of water
resources, etc. should be proposed. The optimum countermeasure will be
determined comparing with such countermeasures, and focusmg on the net

. B/C ratios through thc case study.

- (,ons:dermg the topographlc characteristics of cach sub-area, the Sludy
. area is broadly categorized into two (2) groups; one is the high hilly area
“and the other is the low flat area. The constraints in present irrigation
systems ~differ : from ™ sub-area to sub-area,’ and then the Opiinmm' '
countermeasures is also considered to:be different - depending on such’
different constraints of sub-areas. Therefore, the case study is carncd out.
for these two (2) g,roups

- Asa result of the Study sevcral development scheme:. will be pm]mscd
~ The priority should be given to them according to the net B/C ratio, and tho
most cffective nm)!emcntatlon plan w:H be proposed ‘

2y Domcshc Water Supply

- Cons1dcnng, the preseul situation that many i nhabnanls both in urban and -
- rural areas are sullering from shoitage of water, the highest priority will be
put on the plan to reserve enough volume of domestic water to meet the
increasing demands. '

- The improved andfor introduced water supply systems should be of the
quahly and level same as those being unplemented in the other sum!dr areas
in the coumly in order to avoid uneven dev c!opment

- - his necessaiy and esscnllal to conslder the exlslmé, plans mlatcd to the -

' waler résources development in'the Study area as well as mumcepahly and

town development plans in otder to formulate such basic plans m a most
realistic and smlable way.
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8.2 Water Resowrces Development Plan for Irrigation Water Supply
8.2.1 Proposed Countermeasures

Considering the effective use of the agricultural land and limited water resources, the
following countermeasures are proposed for the irrigation improvement plan.

- limprovement bf water management system (Case A)
- Zmprovémenl of irrigation capacity (Case 3)

- Improvemeﬁt of water sources {Casé C) :

- Crop diversification (Case D)

- Expansibn of doﬁble paddy cropping (Case E) .

- Combination of countermeasures mentioned above

- The following two (2) 1rngat|on schemes are selected out oflhe 10 ifrigation suhemes :

in the Study area to determine the ophmum eountermeasure
- Bajo_ canal _represeming low flat areas - .

- Phangym canal reprééenling high hilly are'asf '

The cost and benefit of each counternieasure are eslm\ated in the case study. lhe flow

of the case study is shown in Fig. 8. 9 1, and the applled sludy caqes are summan?ed in
Table 8. 2.1, : -

: 8 2 2 Condlllom of Case Sludy

! (l) Water Reqmremem

‘Based  on the - Irrigation Efficiencies

calculation - method o : ' . .

‘mentioned in Present Ficld | Comveyance Total
~Appendix: H, the _ Condition . | FEfficiency Efficiency Efficicncy

‘waler - cequirement “Paddy: 09 - f(r__n S s

‘are . calculated  for __Upland Crop C06 | ey ol 0432

‘cach 10 schemes. The i irrigation efliciencics presénted in lhc table ar¢ applied in llle
“study ‘on the improvement of irrigation- canal capacities in accordance with-the
IFAD project. : :

In the case study, the water requirements are recalcilated when the im,n‘dvcmcnt
of canal capacities or changing of the ¢ropping area were considered necessary.
{Sce Data Book)
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(2) Influence of the Insuliciency of the Ireigation Watcr

The following inftuence coeflicients are applied tor calculating the irrigation
insufliciencies considering the results of field investigations.

- For planting area 50% of insufliciency for low flat arcas
' 40% of insufticiency for high hilly areas

- For cr’oppinﬁ vield 13 % of insufliciency
Considering these cocflicients, the reduction of yield is estimated for ¢ach case.
(3) Conditions of Benefit

‘Based on the farm gate price and production cosl in 1992 the net production value
ar¢ estimated as shown below;

© Estimated Net Production Value L
’ : (Nu-ba)

| Paddy | - Pouble Paddy Wheat | Mustard { Vepetablc] Vepetable

: l) cseription (‘Zummer) First- | Sccond (‘-‘-mitr) (Winter) | (Winter) (Summu)
Unit Vil (thay . - ' 320] 7560 6| Bl 067 1sa 150

© Faim Gate Price (Nus1a1 1992) - . 3960 31960 3v60] - 4400) 0 TA9Y SFAM 7.430
Farm Gate Price (Nu /Tal 1943) | 5.029] 15020 5,029 5.588] 9.3 B436] . 430

" Gross Production Value (Nushay | 7 16093] 12875 - 12.875] 10058 GARL| 14054 KO
- Productiop Cost (Nu.0) o 8047 B.626| © 8.426 3209 1021 Bo63 86347
: 'N‘t I‘mdumm Valu; : T R.047 4.2-!9 3,249 - 6840 5350 5.520 3.520

In the est:nmcon 27% of inflation from 1992 is consndercd The diiference oflhc

total net producuon value with and wnlhout the unprovemcm plan is consxdered as

the bencht of thei unprovemcnt plan
=(4‘) C(')_xiditionsiof Cost Es‘tima_l_ign: .
“The :coinditions of cosl esti;mht_é. are Siz.ll.lilll"lafiizcd a§ showin be!o';v;
- Base year and month ~uly, 199‘3
- Ixchange rate X -US 18=30. 8s Nu
" 822
823 - Results ofCase Study
) he procedurc and calculatlon are shown in Appendlx H and the Data Book V. 'lhe

* results are summarized and illusirated in Table 8.2.3 and Fig. 8.2.2, and the f‘ollowm_g
- basic strategy for Water Resources Developmem Plan is suggested.

The basw ml‘ormatlon for cost estimate for the case sludy is prescntcd in Tablc '
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(1) Yor Low Flat Area (Lobeysa and Bajo Sub-areas)

Without consideration of the double paddy cropping, the highest benefitrcost ratio
is obtained in Case AB {combination of water management and canal capacily
improvement), and hence the improvement of canal facilities and establishment of
new water management system are proposed for the icrigation improvement plan of
the low flat areas.

With consideration of the double paddy cropping, it is technically possible to apply
the double cropping to all the present paddy fields. However, Case AB with
“applying 40% of the double paddy cropping with Case AB shows the highest B/C
ratio. This means that-it is nccessary to consider the proposed portion of double
cropping based on the development concept. The relation among B/C ratios,
production and portion of the double cropping are presented below.
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RELATION BERWEEN DOUBLE PADDY CROPPING AND PRODUCTION IN THE
BAJO SUB-ARFA
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(2} For high hilly Area (Phangyul and Rubeysa Sub-areas)

The highest B/C ratio is obtained in Case AD-2 (combination of water management

improvemeit and diversification of 10 %), and the improvement of water

management system with 10% of diversification is proposed. As there is no

suflicient irrigation water at intake sile in these areas, the high B/C ratio is not

expected applying the improvement of canal capacities. Considering the cllective _

- use of agricultural lands and limited irrigation water, it is necessary to consider the §§f

diversification. In this Study, chili is considered as the diversificd crop instead of

paddy, and it is necessary to conduct the research for finding out the suitable crop

forthe diversification.

8.2.4 Basic Waler Resources Development Plan
m Summary of Basic Plan
 Asiit is necessary to establish the proper implementation plan to prevent the social
~conflicts caused by the rapid dev elopmenlt, the lmprovcmenl plan should be sludled
for short and long terms. The following target years are set taking into account of

* the physical year of the Five Year National Development Pl_ans in the country.

- 2002 year for the short term improvement plém 5
- 2007 year for the long term'improvement plan

Bascd on the results of thv case study, lhc to]lowmg stratcgcs arc proposed
1) }'or Low Hat Areas c
1) Shdrt ‘Term

- Supplvmg the wﬂ:aem tmgalton water -
- Appl)mg the doub!c paddy croppmg, for 40% of present paddy field

i) Long Term

- Supplymg the suﬂment irrigation ivater .
- Applymg the double paddy croppmg, for IOO% of presenl paddy he!d

~ : 2) :For High Hilly Arcas
1) - Short Term

- Establishment of new water managenient system
- Applying the diversification for 10% of present paddy tield

i) Long Term

- Improvement of the water management system
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- Research on suitable crops for diversification

Based on above strategies, the irrigation water resources development schemes are
proposed as stated below.

1) Vor Lobeysa and Bajo Sub-area
i} Short Term

a) Rehabilitation of present irrigation canals (3 scheines, 30 km in all)
including the protection works in the hazard areas for supplying the
sufficient irrigation water
b} Establishment of new water managcmem system for the effective use of
irrigation water _
c. Applying the double paddy cropping of 40% of present paddy fields for
the eftective use of agricultural lands

ii) Long Term

a Applying the double paddy cropping for 100% of present paddy field to
increase the paddy production. (the maximum water reqmrement is
abaut 5 % less than that for the short term plan, the same facilities are
applled for short term plan ‘

2) For Rubeysa and Phangyul Sub areas
i) -.Shorl Term-

a) hstabllshment of new water managemenl S)stem constmf.,ung new
oﬂ'take facilities for the effective use of irrigation water

b) Applymg 10%; of dwers:ﬁcatton for prescnt paddy ﬁclds for the
eﬂecme tand use:

ii) Long ler’m‘

a) Research on lhe suitable crop for dlversmcat:on to improve the iulurc :
agncultura! autwutles

Baecd on’ these: countermeasures ment:oned above lhc future: croppml., paltem
‘shown in Fig. 8.2.3 is proposed to be apphed and_the necessary. structures are
‘preliminary designed as shown in Appendix H and the Data Book V. The project
benefits and costs including O/M cosls are also roughly estimated based on the
results of the case study The proposed irrigation water resources devclopmem
schemes are summarized below. :
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Summary of Proposed Schemes

Categary of fand Fov Flat Area T
T Sub-Area - Lobeysa L
T ‘.\.a;i1:;ﬁ;|};11 - lppcrl,obuu ) !,omrlmbnm ) Total
(am1 Lenslh (km) T 7 W 7. l - 7 i ?‘I_ 1 302
T T Command \rea{hl) B TR ; T}OO ) o ﬁl}l )
 Nunbecof Benefited Ttowscholds | Tir 7T I R
Numberof OMakeFaciliies | ;1T Ty 1 e
- Wi;r;[im;.d(oénl:r Meatires Rehabelitation of [mL_ah w0 Camal ith Enforcerment of of Protection Werks %
Establishment of New Water Miragement Sastom '
Applving Double Faddy © Ty "‘b“ 7% o shor fenn, l{h)“n for bng termy)
sz 3627 T s S eaes
 Reguired OM Co [ LN D S R TR BT P
A Estimated N E R Y - 280 .
Catepory of land Tligh Hilly Area
Sub-Area Pangyul ' Rubeysa
B ~Name of Canal Fhangyu! Gamkha \ahk!u o Rutetha
- "('gd_"__"_' LT "'__Ei'ﬂ"" T T T Y . Oy ’ B ) ng
 Camllenghgen) ] o T TTTTas L2
i Command Areatha) 7 o1 R
T No.of Berefited Touseholds - | T Ty T o
ket of Oflke Favibtios | a2 Cw
777777 i’{dpdﬁés_(_.(‘_Uﬁfé;ii;atl;l‘:‘é T ?:fa-:\'-(‘(:;\:-:uu:!;:sr;0!'@‘?&"3.1.-[:'“;!:!:05 7 )
Establishment of ’\'c;w Water h{ ;mgcm«.ni 'i\‘_..'[c.m
' Applyi ing Divecsification for 14% of Padd\ F:r!d )
"!otal(omfmnl|on(:7f[1000\tl) 25 a7 Coome T e
- chmred() MC 1(1b00.\' S -_“_T”'USAQWA”; T !2 N - 15 T ”lﬂ._-r--”
o EmaeINaBCRstio | Tigs Uiy g e il
¢ Sub-Area ; - Rubayxa B
. NameofCaml o ~ Maphehhi i Nayhoywwa Rumina - Total
S T e e e |
CGamtbeghidiy TR T T T e
Command Arsathay | 23 24 : H P28
TN o et s | T R S A A Y S
S Nemeromabe b 7|7 sl b e | g
I‘ropoad(oumer Measires . ¢ Inew Consruction of Oftak e Faciltics s o o
- Establishmcin of New Water Manngernent Svstern
] Arplving Divessifiatic I 10% e'Faddy Field )
Twtcoiimconanoixy |1 we s o
chmrcd() \ \ g ] Ty 3 : ’ 1|<
‘ Vatimate d‘\et B¢ Raho e T g i e T o
Research Prejoct for the Diversification
Required Preject Cot (1000Nw iycar) .1 487

83 Wzi(c’r Resources l)evelopnienl Plan for Erban and Rural Water Supply
8.3.1 U1 han Water Supp!y S)stcm in W-mgducphmhaug Town Area N - g
(1} Service Area and Required Capacny of Water Supply System
The present urban w ater supply system covers an area of about 110 ha consisting
of the RBA complex and quarters, the Dzongkhag and administrative areas, the
commercial and shoppmg arcas, the residential arcas, etc. Any extension of the

present town area is scheduled at present according to the Town Planning Section
‘of PWD cexcept for the arcas where some internal shufling of land use is

&-10
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scheduled. However, the areas of about 23 Estimated Water Demand and
ha located between the present DSC/AMC ~ Required Additional Capacity
ards and the construction si f the e
yar hicl ie | Steds dol 'bb Average Max. i Required
junior high school are recommended to be Daily Daily | Addi-
included, and then the total service area of Demand | Demand © tional
the water supply system will be 133 ha. Year | (n'/day) | (uday) | Capacily
i (n’/day)
“The present productivity of the existing ;gg; :_ ;'(‘)(2) i }?f: - s
water supply system is limited at 780 2007 | 1236 ¢ 1516 A

m'/day because of the limited capacity of
‘the exisling conveyance pipeline from the Pe Chhu.

The table shows the domestic water demand estimated based on the projected
future population and the demand per capita. It is necessary to increase the water
supply capacity from 780 m'“/day to 1,133 m¥/day and 1,546 m'/day in 2002 and
2007, respeclively The capacity to be increased is calculated to be 363 m*/day and
776 nw'/day in 2002 and 2007, respectively. The future demand and the Lapacuy to
be increased in future are illustrated in Fig. 8.3.1.

. Therefo_re,-the proposed capacity of the conveyance pipeline from the Pe Chhu and
the proposed daily productivity.of the distribution station are set at the valucs as
stated below, considering the internal requirement of five (5) % for washing tanks.

- Conveyarice capacity of the proposed conveyance pipeline: 1.70_0 m'/day
(including 5 % of the internal requirement for washing, etc. ) '

. Productivity of the pro’péséd water diélribi’.ﬂion slaiioniE N 700 ' /da)
coE iDlsIubuhon capacnlyof'thcdlsmbuuonneiworks S '_ ' 1600 I fda)
) f

| (2 Avallable Water Sourcc

5 The present water supply system dwe;ls its raw water from ' the Pe C hhu and no
“other water resource is utilized for the said urban water supply. The ioilowmg
water sources are considered possible 1o be developed to supplement the present
resonrce “of ‘the Pe Chhu for the urban' water supply system in the
‘Wangdiephodrang town area. ' L o

. Stirfac'c'\vatcr in thé Ch'aifg'CI}h_u and thc Daﬁg'Chhu ‘-
- Groundwater in the south of tﬁe Bajo e
- _Sub'-surf;dce water in the alreag a.lcmg the Chang 'Chh.u -
Sl;ring waler is not considered for the urban .vater supply in the Siudy, bc't‘:ausé ils

potential is expected to be quite less comparing with the estimated demand of
water supply and possible source sites are scarce.
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The surface water of the Chang Chhu and the Dang Chhu is found to be abundant,
but its utilization is judged to be quite difticuit, because of the following reasons.

- Since the velocity and depth of river flow in these rivers are fast and shallow in
the reaches near the town, it is necessary to provide the intake facilities with
sufficient capacity of suction pits which require difticult underwater
construction.

- The inlet structure constructed beside the river is easily clogged by the %
sediment loads of the river, and it is difficult to conduct necessary sediment
- removal works for the Dzongkhag administration duc to the limited budget
alocation for it.

- Alarge lift of pumping facility is required to lift the diverted water up to the
existing water distribution station; the necessary height of the liil is measured
over 140 m.

- - If the supplemental volume to meet the estimated future demand (about 1,000

- mv'/day) is served by the river water, a huge capacity of distribution reservoir is

rcqmred to be constmclcd since the operallon hour of the pumping station |s
~limited. ' :

~ Furthermore, it is recommended to utilize neither groundwater in the south of the
‘Bajo_sub-area nor sub-surface water in the areas along the Chang Chhu for
' supplcmenlmg whole of the future incremental demand of the urban water supply
in lhe followmg aspecls S : -

- Cons:dermg that lhc present dlsmbuuon reservoir tank i is !ocated at the hlgllcsl
. point in the town area over 1,300 m and the bolh sites oftubewells andl shallowi 5
wells are in:low areas in the south of the Bajo sub-area, it'is co:xstdered.
. necessary 10 apply the pumpmg, systém - to it the raw  water up. 10 ‘the
* distribution station. Howevcr it is. lecommended to reduce such apphcal:on of
pumping facilities as much as poss:ble ‘which requires expensive! related
facilities such as electric supply in order to realize the liable water supply and to
achieve an easy operatmn and maintenance.

- lf the whole of the future incremental volume is served by the newly developed
: groundwaler or sub:surface water resources, ' the . pumping *facilities are
necessary as ehp!amed above. 1hcn a large’ capacuty of distribution fanks is
necessary since such punping “facilities are not be able to be operated s
; throughout a day. However, taking into account that the presem yard of the . g
* existing distribution station is quite limited being situated on the top of hill, it is
~ judged to be difiicult to extend the present yard for constructing the additional
- reservoir tanks.

8-12
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(3) Alternative Measures to Develop the Supplemental Water Resources for Future
Extended Service Area

Based on the discussion made in the above section, in this Study, the alternatives
for establishing the most appropriate water resources development plan are to be
set so as to consider only the optional plan to cover the extended areas between the
school yards being constructed and the DSC/AMC yards in the Bajo sub-area
(Block 6) from the following considerations.

- As discussed in the above section, it is recommended to apply the development
of neither groundwater nor sub-surface water for supplementing whole of the
incremental demand.

- Since the existing water supply network covers whole of the town area as its
service arca al present, and only the areas along the Chang Chhu in the BHJO
sub-area are not covered. -

The following three (3) alternatives are consequently considered in this Study to
supplement the shortage of supply capacity of the urban water supply system

CAlternative 1 Inc'rease the present' diversi'on water fromllh'e Pé Chhu

_The present urban water supply svalem is basrcally wlilized wrth some extent of
“improvement that meets whole of the mcremental demand including that for Blnck o
6 which is proposcd to be extended. :

A_lternative 2 '# Devclon Ihe groundwater resoticces avallable in the soulh of
the Ba;o snb -area

~ The groundwater resources available in 1 the farm yards of RNRRC aré devclopedﬁ
- for the additional demand of the extended area {Block 6), and the increniental
" demand of the other blocks are served by. uuhzmg the cxisting water . supply
system. Tn this case, an isolated: supply systein is provided for only:the Block 6.
The present system for the Blocks 1 to 6 has to be lmprovcd increasing its supply
capacrty :

- Alternative 3 ® l)evelop the sub-surface water resources avarlablc in thc
' area aloug the ChanL Chhu in the Bajo sub -area

f The sub- surface water resources e\rpectcd 10 be avallab!e in lhe arcas along_, the
- Chang Chhu are developed for the additional demand of the e\ctcndcd area (Block
6), aud the incremental demand of the other blocks are qcrvcd l)y utilizing the
- existing water supply system. In this case, an isolated supply system is provided for
only the Block 6 as same as Alternative 2. The present system for the Blocks 110 6
has to be improved increasing its supply capacity. :

The above-stated alternatives, presented in Fig. 8.3.2, are scrutinized and

compared with each other, and consequently it is concluded that Alternative 1 is
considered the most appropriate for supplying the water to Block 6.

8§-13



The Stady on Groundwater De velopman! in Wangduephodrang District of Bhedan

(4) Proposed Urban Water Supply System

The proposed water supply system for the urban water supply of the
Wangduephodrang town area consists of’

)

| 'HDPE pipes and pantly broken causmg Ieakage ‘of water. Therefore, it is .

the intake and conveyance facilities,

the water treatment and distribution station, and

the distribution networks and house meters,

Intake and Conveyance Facilities

The design discharge of the conveyance pipeline is calculated to be 20 I/sec for

the target year of 2002 on the condition that the raw water is diverted
continuously from the river for a day (1,700 in'/day / 86,400 sec = 20 I/sec).

“The existing open channel is judged 10 have an enough capacily to flow this
‘discharge, even if the irrigation water requirement of the Bajo. canal is.
- considered. The existing sediment tank made of reinforced concrete is found to

function well at prescnt, and is considered well functicnal in the future plan also

'iallhough some extent of cleaning is required. Therefore, it is proposed to utilize

the existing intake and scdiment'remoﬁal facilities as they are utilized now.

As described in- the prcvmus chapter on the prcsent condition of the wrban
water supply, the diverted raw watér is conveyed by ‘the pipelines to the
e\ustmg water distribution station at present. The existing pipelines run mainly

~ along the national road for Tongsa, and their distance is measured 1o be about

8.5 km accordmg to the topographlc survey. The ﬂow capacity of the existing

pipelines is estimated at 0.08 Vsec, which is quite smaller. than the design
dlscharge of 20 !/sec The pipelines afe made of galvanized steel at thc most

upslream and downslream pomons oniy ‘while| the middle porllon is of 4
recommended to replace the existing one in this Study.

There are two (2) routes wh:ch .are considered as “options for the new

- conveyance plpehnc One is the route along the existing Bajo canal and- the
- other is a10ng the national road for Tongsa. The existing plpelmes ron alom, the
' Ialler route. Both réules are scritinized and conipared in detail, and the latter

2)

" route is recommended to be considered for the new conveyance pipeline.
- Among the piping materials, the ductile iron pipe is judged to be the most

suitable for the construction of néw conveyance pipeline.

Treatment Facility

~ As shown in the following flow chart, only simple sedimentation is performed

i the present water distribution station.
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% ' o . FLOW CHART OF EXISTING WATER DISTRIBUTION STATION

The water is delivered from the existing mlake through two (2) tines of the :
conveyatice pipelines with a maximum discharge of 8 I/sec, and received water
passes the baflled channe! to the simple scdlmentanon tank of about 950 m”.
capacity. The distribution reservoir of about 600 m” capacity is located adjacent
to the sedimentation tank. The flow of treated water is regulated in this tank -
and distributed 1o the service areas in the towa.

The present. dmtubuuon station is scnmm?ed to find out the ncccssary 1tcms of
: nnprovemcnl as stated below. '

- _The daily produciml} ot the proposed dlsinbuuon stat:on is sct at l 700
R 'Y !day as aforesaid. The capacity of the éxisting sedimentation tank (950
m') is considered 1o be so suflicient that about 13 hr of retarding time is
considered enough to allow the requlrcd sediment seltlemcnt However, the
*“capacity of distribution reservoir measured to be 600 m is considered -
_ insuflicient considering that this capacity is translated to’ only about. elﬂht '
: .(8} hr ofrclardmg tinie. :

- The results of lhe water quahty exammatton re\'eal that no serious
bactériological infection i is detected but tuibidity, frcquently raises over 20
: dunng and after the flood in the Pe Chhu espcmall) in the wet season {rom
- June to ‘Septcmbcr T herefore ‘it i§ recommended to. apply some waler
treatment for improving such high turbidity and reducing bad color content.;.

1) DiSlribulion Networks and House Co:mection
Thie prcscnl d1stnbul|on networks cover most of the whole service areas in the
townsh:p, and house connections are made pastly to the govcrnmcnl oftices and.
" the offices and quarters in the RBA complex without any imet¢red system. The

% P " improvement works for the distribution networks are as follows

- Replacemem of the e\ns{mg 1IDPE p]pcs on the main ptpelmet. with Gl%
pipes to reduce waler leakage and to avoid illegal connection. :

- Placing new pipelines (o mitigate unbalanced load of demand by traversing.
long main pipelines, etc. o

- Extending the existing networks to provide water (0 the extended service
areas in the Bajo sub-area.

g8-15
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- Construction of house connecting pipes to each household with water
meters. '

8.3.2 Rural Water Supply Systems

© {1) Planning Methodology

: Th? conditions SUCh_ as topogre_lphy " ( Villages and Communitics ldc:iliﬁch
available water resources, village ' i)

population served and not-served, : R ———
" present water Sil;jply systems,’ etc Type of Present Water Supply Schiemcs
p ’ i {Private, UNICEF. Government Org.)

were  surveyed for  each :

village/community during the field - 2
surveys as summarized in Table
8.3.1. As a result; it is found that
such  wvillages have different ( ' ¥ ]

Catcgorization of Schemes for Finding out
Necessary Countermeasures

conditions  varying  village by Sclection of Appropriate Mcasures for Watcr
oy : oL Resources Developnient
- village, and conséquently it is 7 :
- difficult to' prepare such  plans ———— ——
which are required for each village l :P";";';Z":OIEI?lpéc'll_‘"‘llai‘0"3 j
. ) : 1L, S 1138
one by one in this level of the Study cheduie, Lol Tenmates

for the basic planning. .

. . FLLOW CHART FOR SELECTING METHODS
ThefoOI'é as ShO\VI] ll‘l Ihe ﬂow‘ OF WATER RESOURCES DEVELOPMFNT

~chart, - the villages and communities identified during the field survey are .

categorized depénding upon some factors which are considered important in order
to' find out the constraints and necessary and . suitable measures to be taken for

respec{lvc sub-arcas:: Some lypxcal scale of vnllages are, then, aqsmned for! each

* selected ca!eg,ory"lo facnlllate ﬁrriher studles on appropriate measurcs to be

proposed These assumed wllages have the  typical’ constraiiits. The -

~ counternieasurcs are proposed for these af-sumed wl!ages mc[udmg aitcrnauve '

‘ sludlcs 1f necessary ' L L

(2) Categorization of V |llaécsf(,ommumues and Necessity of Further Water Resources
Development

As illustrated in Fig. 8. 3 3, bef‘ore calcgonzmg the villages/communities 1dentmed
“the types of the present water supply schemes are considered acwordm‘g to the kind
of organization which implemented such water supply schemes; private, UNICEF
- and other. government orgamzauons such as RBA, MOA, MOC et¢. Out of the
- vitlages whose_scheme is confirmed, those schemes which' are impleménted by
* UNICEF and any private sectors and those villages which do not have any scheme’
are considered for further categorization, taking into account of the following
factors which ‘are considered important for * finding out constraints - and
countermcasures.

'~ Present Service Ratio -
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- Liability of Water Source
- Water Qualily:
- Number of Houscholds to be Involved

‘The villages/communities identified in the field survey are classified into the
following categories depending on the above factors.

) The:villagcs‘ requiriing some new scheémes involving mare than  six )
households (New Scheme (A)), :

ii)  The villages requiring sonie new schemes involving more than six (6)
houscholds, since there are private water supply schcmes but do not function
well as expected (New Scheme (B)),

iliy The villages requiring some new schemes involving less than five (5)
households (New Scheme (C)),

iv} . The villages requiring some additional schemes, since the e:-.is(ing, UNICEF’s
- schemes do not satisfy the requitement in some viewpoints of service rat:o
llablllly of water source or water quahty (Addmonal Schcmc)

V) ‘The vrllas;rcs rcqmrmg some water Ireatment ‘schemes, because thé present
‘raw water “does not clear the recommended standard valires’ (Waler
‘Treatment Scheme), :

i) 'Ihe wllages requumg some etlensmn schemcs mvolvmg more than six (6)
: 'households to mcrease the sewed populallon (them:on Schcmc (A)) '

~vii} The vl[lages requlrmg some cxtensmn schemes mvolvmg less than ﬁvc (i)
' households (l*xtcnston Schemc (B)) and

“viif) The' villages requ:rmg bot_h-exlens’:on' and water treatment schemes
" {Extension with 'l‘reaim'ent Schemes). :

~In the above categories, the first four (4) items from i) to iv) are considered as the
‘group requining new water resources development and the fast four (4 items from
V) to viii) reqmre some nnprovement or rchabilitation works such as walcr quality
trealnient,’ e\cpammn of present ‘water supply systcm etc. “The _rcsults. of
calegonzanon are smnmanzcd be!ow Lo B
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3)

Poputatiori and Number of Villages to be Served by New and Extension Schemes

New New Now Addtion- Extension | Extonsion | Fateasion :\r(:;r
Sab-arcas Ttem Schome | Scheme | Schome a1 Scheme Sehome S‘ch.i.me with Troat et
() ) (©) {A) (1) mem Sehoroe

Lobeysa No. of Villages 1 0 .2 0 0 1 Q 1]
Avcrage Population 50 0 ) 0 0 67 0 ]
Hajo No. of Vidlages 3 0 I 1 Q ] i}
Average Popalation 128 0 1] 185 qQ 1] © 1]
Phangyw!  {No of Villages : 3 i 1 0 3 0 [} 13
Average Populafion 120 49 1§ 1] 76 0 (J 0
Rubeysa No. of Villages 2 0 P 4 I . Q 1
Average Popolatien 93 0 2 0 169 b)) u 123
Whole Total Mo, of Village 9 1 12 t 4 3 U 1
Area | Averagé Population 131 19 21 185 o R U 123

Selection of Appropriate Methods for Water Resources Dc{'elopmem

To select the most appropriate method of water resources development for the
rural water supply, the categorized villages are further simplified and re-arranged
considering - the available water resources in each sub-arca as presented in Fig.
8.3.4. The water resources avallablc. in the Study area are considered and evaluated
as slated bciow ‘

a}

9

Sprmg Water

Sprmg water resources are available predommamly in the hilly areas such as the
* Phangyul and the Rubeysa: sub-areas and some parts of the Bajo and the
- Lobeysa arcas along hilly areas. Many springs have been dew.loped for the
rural water suppl} schemes so far mainly by UNICEF, and villagers who do not
“have their water supply, schemes also take water from such springs available -

ticarby their houses. T his source is’ con31clercd to be lhc most Ilablc one in:the
Study area for rural water ':upp]y o ' '

4

Sub-surf‘ace Water

Sub-surface walter resources are available in low lands such as river terraces

along the Chang Chhu in the Bajo and'_ the Lobeysa sub-areas. A shallow well
has to be constructed on the low lands 10 wtilize this water source. According
to the results of the momiormg conducted during the field survey, 8 Usec of

yield is expected in a 3. 5 m diameter of well with 1.6 m of drawdowi in the -

Bajo sub -arca.

'Groundwatcr -

The groundwater resource is also considered as one of the most promising
source in the low lands like the Bajo and the Lobeysa sub-areas. According to
‘the results of test boring conducted during the field survey, an yield of 150 Vsec
is expected for a 10” diameter of borehole with 50 m and 80 m depths in the
Bajo and the Lobeysa sub-areas, respectively.

g\g‘?
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d) Stream/River Water

" There ate many streams and rivers flowing in the Study area. Among others,
perennial streams are found to be a quite few in the Study arca except for the
Chang Chhu and the Dang Chhu, and such surface water may be infected and
contaminated by animal wastes and land sliding soils. If this source is utilized
for the use of domestic water supply, it is essential to provide the suppiy
system with treatnient facilities to the extent that cnables to supply sale water.
Therefore, in this Study, this water source is not recommended for rural water

“supply.

C onsidcrmg thc above discussions, the following cases are extracted for the {unther

study.

Cases to be Considered in the Study

( ase

Description

Remarks -

Case 8-1

Speing Dovelopment - New
{1 arze)

New apra dovalopment for kege goonp ol hotsahiolds of geaz Thunsediron o r“ R
for the Iully arens Lke v Pungiad nnd (e Hubey s suaberzas

Caze §-2

Spring Development - New
(Smally :

Now s pring dovdopmant for sl onp of Beeshodds o Toss o fve 45 n uJ ap sl
for the il areins Wk e Mgy a v Rty st sbeup s

oo o ax

Case §-3 ¢ Spring Development - Extansion of ackiboal sgeing developient for Targe flowp ol eas
. Fatension ([ .“.';..‘c) fonaths -injy sprbed Gop Bhe iy oreas Gk the l’h.zwml ind e Rk aT s .
Case §-4 Spring Prevetopment - Ferimien oF wdtional spidig deveb gt f\vrl‘ru. g el o hene Bue
. ; F\ien&io:"z {Snull)- VR dy ayphed for e iutl). anzies b e Phamgyul und e Rubiy <
Case T-1 “Water Treatmenat : Watas trewoienit sctiestie of won erovad for the Ruboy sasubegza
Case 13-1 Grounpdwater vs. Sub-surfice Graotndwates of Syl-surfice waler ricwhi;-mmi.-L!wm-; for g gron)s of o e

Davelopneent (1 aFge)

Ui e <IN 85 F apgbiad Tor the B st rConabimtacn Cots b wwis i
ot 1 dettersniing whivh 1nentoe is fo Do upplisd +

Case 13-2

Grodndwater v, Sub-sarface
Development (Smadl}-

Ciroelwuter of Sulesrfice water davafopmaent schtng Foan brge geoup .\E fasis Aweiils of
Joxs dum Bive 15) appbed foc e e subearea ib Getnictivh Cnts s comgar. I vtz
eflier b detamie which raonree i le v rn bl 1

Case f-4 ‘,rnna Ve, bwlmd\utcr - Sprinyd of groutds ater develeprie® seheua Gof larze o ¢ Hnu !L\i!m o 2t ~dy
o ])-.\r.l(‘lplm.lll (].«11‘5\.) ‘ .!w!’w the Labet s sularia o sl lien vusts ard varpoted wirle u'h Al et e
A Dl 1esoumee i B0 be wppbiad )
Case L-2 5?‘ ngve Groundwater &g or grounchtater desloprent schanse for Lty o o b u»JnIL et lzes tian e

. : RIS Ihelnln}-: ub.. ens Irmlmnv:m!\ e Lt lunh ach !l o 4y bindne

v
i

Dy e!opm ol (Sp: aliy -

i
Dubich roswirce is mlu, "i s h

The wes and scales of lhc lyp:gal v1l!ag,es for the sludy are Iabnlated bclow

Summary of Slzes and Populallon of Typlcai Vll!ages for lhe Study

Biosod Regined . Esisting
. Ty of Feopolatica | Popwelateon No.of Erenne Sroasze | st e Shyw
ST Water Sovgue Schenne | tebeSened Served | Tup st | Gom Seoce § Tk Vol | Sty po | Contitnn
. ’ . i s 1o
e S [Spmg Wates T New 1l B3 L - BEILTS RN
"Case 8-, [Rpung Wate L New RV o S} [HIT . IS I
Cae 2 [SpirgWata, ] Extasion 7] 1 215 IXLH ; [T B
Case S0 [Spricg W Extawim ] hM 03 anr] NoTek BETY
ACpde T-1 - ol Dana 32} - - . 4
CCre B [Graaataate o] New 1 - -2 LR | raee] .
O st Water ] New 1 M - R jrod ¢
Cae B2 [Gromebeater L] New 3} - A =Y Jine
s Sulesiiface Water New 1 . iP5 WK e
Coase -} [oymmwdwater New 24 - R Jawes AR
. Sprig Water New - pEE - X [N [T
Case 1= Jlamasha ster New hy} - 3 ] %¥ ] L

8.
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(4) Selected Development Methods

1} Lobeysa Sub-arca

In the Lobeysa sub-area, there are development schemes required to be
implemented as shown in the table. Two (2) New Schemes (A) and (C) are
considered as Case [.-1 and Case L-2, respectively taking into account of the
available water resources in this sub-areas. The last Extension Scheme (B) is
regarded as Case S-4 because the present scheme (’epends on the spring water
resource,

Development Schemes Required

As for Cases I.-1 and L-2, there are in the Lobeysa Sub-drea

two (2) options to be considered; the New | New |Extsion
construction costs are compared for ltem Schemel sehemel Seheine
. utilizing spring water and (A) («© (B)
groundwater resources. The Suiation 750 Y S
following  typical ~schemes are g of Villages | 2 1
considered for the comparative study A\'C{'agc Pop. 250 29 67
of Cases L-1 and -2, Voo
| (Case -)},,,(L 1§ (L2
-iiff :
\’b‘-d]}, -.f;;:?" R . s
Lo, g |
r‘:_:;l-l.u‘ ﬂ;-. 'v'j%-".it‘;a" u;- ¥ a_:;..]. ‘.i.x- ko : -_; - _lrﬁ.;::’i'i ie
l\‘c L'.th[d.!.rf']l ] ![ﬂfi‘;i{ H JF&?-FJ . I ’ -.".."lg.al ‘ﬂi : hl 1?’ “'
TE R B s ] Lo { EE' 2 Es il -
" OPTION-1 (SPRING W;AT‘ER)‘ IR OPTION 2(GROUNDWATER)
Casel:2 -
1 T

R 1 I i)
. OPTION-1 (SP_R;_NGWATERL | OPYTION-2 (GROUNDWATER)

The ' ‘construction COS!S T *  comparison of Construction Costs for

" calculated for the above options, “Cases L-1 and L-2 |
and the costs for the Option-1: {Unit: 1.000 Nu.) :
- Utitization of Spring Water are - Option-1 Option-2
- considered ‘lower than those of _Case | (Spring Water) (Groundwater) ~
" Option-2:  Utilization gL 28 3838
P Ju ) 657 2,608

Groundwater as summarized in
the table. Therefore, vtilization of the spring water resources is recommiended
for Cases L.-1 and L-2.
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As for Case S-4: Extension Scheme of 4
the Present Spring Water Source, the’ ‘
water supply system consisting of Cep
collection tank, reservoir tank, break :
pressure tank, ete. is recommended to be

appli s shown in the figure. )
pplied as sh the tig CASE S-4: EXTENSION OF

an _ o : SPRING WATER SCHEME
g | 2) Bajo Sub-area

ey

There- are three (3) schemes to be Development Schemes Required

implemented - for water resources in the Bajo Sub-area
devclopment as summarized in the table. - New | New | Addi- -
Out of the three (3) New Schemes (A), ftem MK‘“‘“ SC“‘(‘:‘"“"‘ ":;:‘[ja]
one (1) scheme is located away from the FopuTation ( :34 ¢ ')m ‘ fk;;; )
potential area of groundwater and sub- of Villages Y .
surface water, and hence it is considered  Average Pop. 128 G61{ - 185

as Case S-1:: the :new development
* scheme “of sprmg water.” The other %/
schemes ‘are located i the potential
“areas of either groundwalPr or sub- 7 . / W
surface water, and then are regarded as Cases B l of B 2 \Vthh mcludc two -
(2) optlonal water sources of groundwa{er and sub-surface water. The
- necessary construction costs of these two (2) options are compared with each
other to deterinine which option is more suitable and appropriate for the basic
‘plan. The fo!lowmg two (2) typical schcmcs are conmdcred for lhc comparahve
study.

J:gy,__m e
S _—-d'—'_,_:_’—\ N

EENNN

i Jt | ‘E [ = 7

e L

OPTION-1 {(GROUNDWATER) OPTION-2 (SUB-SURFACE WATER)
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‘calculated  for the above

Therefore, the groundwater resources

3)

there are lhc‘ development L in the Phangyul Sub-area
schemes ' required to be New | New | New [Est'sion
implemented as shown in the © o Hem Scheme] Scheme| Scherne | Schems
Ctable.  Fwo - (2) New o | .| Ay
Schemes (A) and (B) are Population 361 3ol sl 227
consxdercd as Casc S-1, and "No.of Villages | - =31 .~ =l I =
© New Schen]e (C) lS A\'Ciachop . : 120 49 ‘ ’8 76

* considered: -as  Case | $-2
' tang mto account that the 7

The construction costs  are Comparison of Construction Costs for
Cases B-1 and B-2
{Unit: 1,000 Nu.)

options, and the costs for the

. , s Option-1 Option-2
Option-1: Utilization . of Casg (Groundwater) | (Sub-surface Water)
Groundwater are - considered Ty 1275 3341
lower than those of Option-2: B2 3,066 337

Utilization  of  Sub-surface _
Water. as summarized in the table.

are recommended to be utifized for
Cases 13-1 and B-2.

As for Case S-1: New Scheme of the - -
Spring Water Source, the water supply CASESI NEW SPRING WATER
system consisting- of collection tank, SCHEME

reservoir lank, break pressure tank, etc. is recommended to be apphied as
shown in the figure.

Phangyu! Sub-area

In the” Lobeysa  sub-area, Development Schenies Required

<

N
<° "D s )C ‘

oy

B

- available water resource is
" only spring waler in lhls sub- area. The L.\tensmn S‘chcmc (A) is rcgarded as
' Case S-3 becausc the ‘present scheme fully depends on ‘thespring water

“two {2) options to be considered; the
=conslrm:llon costs are compared: for
" utilizing spring water and groundwah,f
“resources. - The to!lowmg iyplcai
“schenies * are  considered - for - the

Iesource.

As for Cases Lt and L-2; there are :
‘hmtluhﬁ‘

© CASE S-1 NEW SPRING WATER
compalatwc study of Cases L-1 and [.- , SCHEME {LARGE)
2. '
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* CASE $-2 NEW SPRING WATER |
SCHEME (SMALL) ‘  WATER SCHEME [LARGE)

CASE 3-3 EXTENSiON OF SPRING

It is considered as unnccessary to conduct any cost comparison between
different ivater sources, because only the spring water source is available for -
the rural water supply in this sub-area.- The water supply systems indicated in -
the above figures consisting of collection tank of spring water; reservoir tank,
break pressure tank, etc. are recommended 1o be applied for the spring water
development schemes in this sub-area.

Rubeysa Sub-area -

Tn the Rubeysa sub—afeé, ' - Déve!opmehtSchemés; Required

“there  are  development - in the Rubeysa Sub-area -
schemes required ‘to be B RNew [ New | B | Wate
implemen!ed ais shbwn n 'l(cm : Su:hcmc Schquc Schc!nc Schaue I real.
the table. ‘Two (2) New ' W | (O | @ [ db Schane

v Population S 180 ° 42 169 ¢« 53] 123
Scheémes (A) and (C) and No of Villages . 2l 2 ] ] IR I
S two - (2)  Extension AveragePop. a éi St IR e A

* Schemes (A) and (B) aré

considered as Cases from { “Cave e )“// C _9 :

- S$-1 to"S-4 taking into

~ different water sources, because only

- account that the avallable water résource is only sprmg water in lhqs stib-area.

Waler Treatment Scheme is ‘considered as Case ‘T-1, becamc this SLhEl]le
includes only thc componem of water lrﬁtmcm fori iron removal '

It ;15 cons1dcrcd as um’uecessary 10
conduct any cost comparison between

the spring water source is available for
the rural water supply in this sub-arca.
The water supply systeins mdlcated n

the ‘previous subsséction  for - the CASE T-1 WATER TREATMENT SCHEME
- Phangyul sub- area consisting ‘of collection lank of spring. waler reservolr lank

- break pressure tank, efc. are reccommended to be applied for (he spring water

dcvelopment schemes in this sub-area. The treatment scheme’ proposed to be -
implemcmed is considered only for one (1) existing scheme in this sub-area, .
and it is recommended 1o be composed of a iron removal tank beside the

existing tank as shown in the figure in previous page. :
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8.4 Implementation Schedule and Cost Estimate

8.4.1 Implementation Schedule

(1) Trrigation Water Supply Plan
Based on the estimated B/C ration of the projects, the priority was considered for
the implemnentation of the irrigation improvement plan. The inventory angd priority

of the projects is tabulated as shown below; i%

Inventory of the Irrigélion Water Resources Deveiopmeni Prdjecl

Category Co Cominand| Constriction] (WM Cost | Istimated

of Sub-Arca]| Namne of Canal{Code]  Arca Cost for t year | B/C Ratio | Priorily
Land (ha} (1000 Mu.) § {1000 Nu.) )

Lowklat  jlobeysa |Upper Lobeysa |Cl : 61 - 1,182 2} 225 @

Area Lower Lobeysa [C2 300 3,427 32 22 @

Bajo Bajo C9 143 5,010 48 280 @

High Hilly {Phangyul |[Fhangyut - |CI0 9l - 286 58 CLus e @

. Area : €iemkha Cis| - 15| 47 12 153 ©

Rubeysa |Nalakha - |C18 28 119 _ 15 LY

Rutekha ~  [C19| . - 40 207 - W L ss @

Maphekha - [C20} .5 27 " 148 9 159 ©

Naykoyuwa - |C21 1 24} 19| 71 M| e

Rimina €22 28 95 S A Rl )

Based on the priosity of the project, the implementation’ Sche_dulel of the irrigation
+.improvement ptan is proposed as shown below considering the target year and total
construction cosl. ' ;

Category | Sub-Aies :Name of Canal - Code | riceity P : Y Year . ;
of Land 2 HEEN R B ENEETIEE R
LowHat © [Lobeysa CfUpprldana O @ . - : - : : , ' ‘: RS B
Area Cor [,ox\f.fl,ob_«.;jsa_ 2 @ ; W - ! ; ; |
L Bajo | . |Baje ;.. : C9 BORN 1 B 3
Tah Hitly  |Phangyut Phargyul - Clo 20 m B B !
Arva G Gemne 0 es | @ 0 ] ) = co b
Rubcysa - |Nalakha Cl3 ® ErRTRL b
Rotskha' €19 Q e A
Saghekha 20 ® Coop
Nayhoyuwa ca @ i : $ ! i !
) Humina e &) :m 3 o i ; g
Rescarch on the Optimun Diversification Crop : | Sd—" —

' PROPOSED [MPLEMENTATION SCHEDULE FOR IRRIGATION WATER SUPPLY PLAN .
D Urban and Rural Water Supply Plan - | S ‘%

~ 'Prior to sefting the implementation” schedutes for the Basic Water: Resources
“ Development Plan both for the urban and the rural water supplies in the Study
area, the following items are considered in order to make the implementation
schedule more effective and more snitable for the Study area.
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Urban Water Supply Plan

The present urban water supply system faces the constraints both in quantity
and quatity of the supplied watcr as aforesaid. To achieve the maximum effects
of the project implementation, the quantity of supplied water should be
increased as soon as possible in accordance with the projected future demand.

Ll

- The planned scale of the water supply system is set at 1,700 m'/sec only, which

~is ‘considered so small that it is difficult to construct the proposed water

distribution station and the ¢onveyance pipeline separately based on efficiency
and economic aspects.

- Therefore, the construction of the proposed conveyance pipeline and
distribution station is recommended to be implemented by the first largel year
of 2002, and the improvement works of distribution networks and the
introduction of metered system are implemented later by the final target year of
2007.

Rural w_a_ter Supply Plan

‘- ‘The present-service ratlos of the sub-areas are cons1dered to be one of the

important factors to determine the pnonnes for wnplemenlm;3 the schemes in
each sub-area. The pnonty of the area-wise unplcmentatlon is proposed Lo be
set 1) Phangyul sub-area, i} Bajo sttb-area, i) Rubeysa and iv) Lobeysa,
according to the present service ratios of the' respective sub-areas; 88 %, 36 %,
36 % and 69 % for the Lobeyaa the Bajo the Phangyul and the Rubeysa sub-
areas, rcspec(wely L . : :

- There are elght (8) catcg,ones ot schemos proposcd to be nnplcmenlcd Amoig’

- these scheimes, lhe first priorﬂy is recormnended to be given to the schemes for
wllag,es wh]ch are cons1dered to havc no supply system at prcsent and more_
P populatlon to be sewed - = '

R Wate‘r treatment scheme is proposed to be given the last priority, because ‘the

- quantity of supphed water is judged to be the most unportam and cssentlal in
planning.

- Extension schemes are proposed to be implemented after the new. schiemes
© “which are proposed to be lmplcmemed in the wllages hawng no supply system

; The urban water supply systcm for the Waugducphodrang town arca is proposed :

to be nnplemenied as shown below based on lhe ﬁbove-menuoned |tems

. . Year :
Weork Tt Lo T iess T vooe [ o0 T 3001 § com J 3oos | Yoa | sond o s |
Detailed Design and Adininislrdtive Anangzinents DR i
Conveyance Pipeline . |
Water Treatment and Distnbution Station I .
Distribution Networks end flouse Metery | L

IMPLEMENTATION SHCEOULE OF URBAN WATER SUPPLY SYSTEM
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The nural water supply systems for the sub-areas are proposed to be implemented

Wanghephodrang Diskict of Bhutan

as shown below taking into account of the above-mentioned items,

Year
Suh-area'Scheme Type | uiodity | 1557 [ 1998 | 3999 | 200 | o | 2oz ] 2005 ] 2004 ¥ 2005 | 1 ¥
. [Lebeysa Sub.aces ¥ | : :
New Stheme (A) L1 | €1 E‘Eﬂ?ﬁf‘
New Scheme (C} 1.-2 o2 : e ]
Extension Scherme (13} | sa} o2 hﬁﬂ
Bajo Sub.ves - %3 ! ;
New Scherae (A) By51 01 ERTER | .
New Scheme (C) B2 | ©3 i i
Addticnat Schere Bt | ©-2 !
Plapgyul Sub-arca — ¥ _ : ‘
New Schemae {A) 51 0.] jman ; !
New Scheme (B) S-1 0-2 ; :
Wew Scheme () 83 0.4 : :
_Estension Scheme (A) 8.3 i ;
Rubeysa Sub-area — T |
New Scheme (A} 51 :
New Scheme () : 5-2 ‘ :
Externston Scheme [A) 5.3 i
Extension Scheme (B) - | 84 | .

Waser Trewment Scheme T

IMPLEMENTATION SHCEDULE OF RURAL WATER SUPPLY SYSTEM

j 8.4.2 Cost Estimate

(]) Project Costs

" The. pTOJCCt costs for 1mp!emcntmg the niral and urban water supply schcmcs 1s:_
well as the irrigation nnproxement schemies are estimated based on the “above

' nnplemenlanon schcdule% as shown in the tab]c presented below.

's'ummary of Project ;CdSté L

Wit Ny | LT

: D Msavitem : I el - - [)ua'lrhc'ﬂ i L \\‘*
i }lw)“ ater Sy dy Q)\.llﬂ Ty W, L\_hl!h\ﬁ ang Town Azey . 1 [my 1oy Waes St ydy
I Priveat Coxts Aol L LdeyaSdiaea 12
L1 Coerciane Fipeloe : serl) 2 igeSureea Sar
¥ 2 Treativond and Water Distilasing Sr i 554 3 Fluogid Sub-ieea o3
13 Lisuilvabion Nebwoehs and 1 bae Metors 131 4 Rilvisa Sibeicea 3
2 ceringe SR e 350 S Resoarch Actnities td
3 Acbnbstraion Costs - 62 Tl IRl
T bt niy
T3 Tywcal Coutingeiny ’ EE
) T () T
M Rord Warer Sug by Spsteais R
1. Ledwyse v en oAl
3 frjo Sub-med iRl
¥ Pharggd S1lv-ues as]
) Butera Sibhowea Cogs] o C
Torde2y 134 * o i Lot }‘)9

The total costs consisting of dwcu costs, engineering fecs administration fces, and

physical - contingency are estimated at Nu.

14,600,000

for the -

ir rlg,auon

improvement schemes, and Nu. 275,300, 000 for the domestic water supply
schemes consisting of Nu. 231,200,000 and Nu. 44,100,000 for the urban and the
rural water supply schemes, sespectively. The details of estimated costs are

8§-20
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explained in Appendix-J including the propottion between the local and foreign
costs.

The above estimates are made based on the prices in July 1995, with the exchange
rates of 30.85 Nu./USS and 100 yen/USS,

{2) Operalion and Maintenance Costs

\nnual opelallon and maintenance costs are calcmated for the irrigation
improvement schenes and the domeslic water supply scheines as tabulated below.

_Operation and Maintenance Costs for lrrigation ' Water Supply
Cunit: 1000 Ny, I

Catcgory | Sub-Arca .\':lmcof_(“a'nal Code Year

of Land IR ES R DD sl i
Lowkblat  |Lobeysa  |UppirlLebiysd  |C1 ; B R T TR T
Aren LoweeLobevsa o2 N e
Rajo Hajo . 9 EE AR L -.\4 Can & w8

IighItifly [Phengyul |Phangyul - c1e i s ososs sl s s s s
Area _{tiemkha s ; oo ot o 12!: i
Rubcysa © {Nalakhs . Cl18 : S BRREI DR

Retekha - fcie S T A T I S A P T

Mophekha  [c20 ’ : BETARE I 91[ >I : 3: b9

INaykotuwd (10 B SR B }{ T r‘F 7 7

Irumina’ cn | T R R | N I N N .
TAnaual Totdd RSN R G R T

Operatton and Maintenance Costs for Dome stu; Water Supply
. (Unii: NU.1.000)
1997 11998 1999 T 2060 T 2000 | 2002 | 2008 | 2001 | 2008 | 2006 1 2007

fhrbnn Wahr.&uppl\ 526, 51607 820 326( 2.220] 2.312| 2312; 23121 232 2.628] 2667

Rural Watés Supply | 2820 33s) 406 s ad1; 58y 704|739} s7 71200 799, RIS
~ el R081 861|932, 95| 2.802] 3016 3.052[; 30Tal 3031|3425 3482

r\nnual Disbilrscm(’nt Scliedulc:

N Bascd on the above 1mplementat10n schcdule the annual dlsbursemem scheduk: oi

the project and O/M cost were eslnnaled and summarized as shown below.

Proposed Dishu rsement Schedule fo: the Irrlgation improvement Pro]ect

(at BN Nu)

Cateposy § Sub-Arca | Name of Canal [ Code |- o ' Year Lo :
" afband . : A T TR ) '«m‘ wwa] o] weal ol vesl e s
Tow bl [loteyss  |Upper Lebarsa 01 EEEHen payer R IR ] _
Arua j fowe Lobeysa €2 N T TR T | | ; o
:  [Bajo Bajo . . 1357 LTSS, 1003 . : : Doy
MighHily  [Phangyu! |Thangyel 0 JCIO 7 ) : : o R i
Afea . Gomkna - |cis : Lan ) ' |
. Rubcysa  [Nalabhe Cis H R . : ; !
Rutchla 1 D HER A f : : ‘ Ci :
Maphchha o0 1 51 : :
Naykopuwna cn £3 }5; :
Rauraina 22 g : - . R
Research fur the Optinium Diversdficatien Crop | 487] 487, 487 48T) A87) S8R 437 48T, BT
Annual Tetsl R R Ry T U Y 1




Annual Disbursement for Implementing Rural Water Supply Schemes

{Enit. Nu Lo,

Year

Sub-area Scheme 1997} 1998

1999 | 2000 | 2001 § 2002 | 2003

2004 § 2005 1 2006 | 2007

Lobeysa Sub-area

“New Scheme (A)

~ New ‘;chenm {C)

Fxtension Scheme (i3)

235

RE
34

Bajo Sub-area
_ New Srhemc :{A)
" Hew Qchcn e {C)

Additional Scheme

FPhanooui Subarea

o NewScheme{d) | 53

~ NewSchemedB) __I_S

B hm Scheme (C)

_Esteasion Scheme {A) 5

Rubeyvsa Sub-area

Ne\\ Scheme U\)
_ NewScheme (C)
_ Extension n Schenwe {A}

__Iixtension Scheme (B)

 Water Treatment Scheme

3.1

“Total : - 33 1.

251 1661 76 15 18

S5 251 1y oo

Annual Disbu;'semenl Schedule for lmplemenlmg Urhan Water Supply Scheme

{Unt \n'kmﬂu '

Wixk Items

¥ew

[ 1597 § 1998 1 1999 | 2000 | 20 | 2n

¥ ! 20312008 | dpx Nl

8547 93 I R
iestverd and Disi S I N S s ) i
l Jl)nlnbutlm\'trl.orkﬂ wd_}l:mc\.j-. Lj; o B L I 3 3
-2 fnu.ns_ny_ﬂs Semee L.l BN 98 49 A S
3 Adwirastration Cools . L IR T fiy ol
Su{ﬂ alal FaT 7200 1084 146 L)
3 ['h}stml Coedingency : 60, 298 0% . 4 0l
. ..‘..b-'ohl 44 11

17 7en 1179 185]

8.5 Organizations and Institutional Co_ns:il!mi_'a(:idn :

8.5.1

' Organization for frrigation ] mprovement Project:

H

Consideiing ' the claracteristics

Minlstiy of

 Inonghloag
Agricultare :

and annual cost for the project,
ihe project is implemmled"by
present organizations, and it is
ot necessary 16 establmh any
~ kind of new orgamzallon The
' iuncuon of present orgamzallons
is proposed as shown below.

1

Reveardy
Extonsion
and bnigation

Division

Reweandh

Proposed Firation

Beserdhfr ©° .

Setion

Exforsion

Diversification

3 \f\‘1'N0ll o -pmcd

Sation :

Tnigation

Cropping Potan

D alod Pnigg ol

Soution

]

Imigation

Facilitios

Satvw

) Agiculinre
Sator

L Extansion

B Consteniction of Pinalitiss
ad (&M

Water Moot and

Cader

¥

Eaternion

PRESENT ORGANIZATION AND PROPOSED FUN’.‘JION FOR THE PROJECT
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8.5.2  Organization for Domestic Water Supply Schemes

No new organization is recommended to be established to implement the proposed
urban and rural water supply schemes, because it is consequently judged as follows:

- the present Dzongkhag’s organization is considered to have functioned so far well
eitough to proceed with its implementation of various schemes as well as operation
and maintenance services at least in view of the rural water supply, since most of
the daily and routine maintenance works are basically to be managed by the

- beneficiaries themselves,

- on the other hand, it is considered to involve some constraints in operating and
managing the urban water supply system as stated in the above section, which
requires some extent of the reinforcement and enhancement of the present
organization particularly in the human and material résources aspects, and

- taking into account the scale of town and the served population, it is nol necessary

10 establish such new mdependent organization only for operating and managing

the water supply system in order to reduce the cosls and evcpendtturcs nccc‘:sary tor
such mana gement. : : -

‘Therefore,‘ ot is . DZONGKIMGOBKE

proposed - 1o : Inail“ain oo i (Wapgdacpbodyang, Thimpha, l'\makh:i[

the ~ present - I . |

Dzongkhag’s ' B . -
P . . ) - PWD Section | : . : Adm!nlstrative Seetion

organization with a little Diongkhag Engincer ()E)

.El'l.ha‘ﬂ.cenlqrﬂ . Hﬂd ’ . [ . : | Meler }iei&ing and Liling Scetion

reinforcement in human - ' [Fa s ] - M_uow'ns-ic“orpomﬂun (Newhs Attachidy -

. . . N u H . . : - wpd Raollation Seclon - srcilon . L .

and -material resources, | SRS IFR RN <P Do

and | lhc Organization 1 ;'5““7‘;)77\ ' [ l:;;e‘:u;L:‘:wl ' ' Meter Reaid (rh:»‘«‘llﬁ‘lf:l\ll“gl:ﬂ.lcﬂk‘nu ';

p[esented in the ﬁgure |s i l!-!amlcmlj:‘: wmm] l‘lﬂnmlg;v:‘q‘.t:m l i, }

proposed = for  the ! Lo J ; L "&‘Tli“,‘{:,‘ K

operation - orand ——

mauagemcnt - of the - PROPUSED ORGAMZA“ON CHART

future urban water supply system.
~ Only the sub-section for meter reading and billing is proposed to be attached to the
: Admlmstratwe Section of the Dzongkbag Office in order to’ enhance and facilitate thc
- services dlreclly connected to the benehcrarles :
8.6 Project Evatuation
8.6.1 Basis of Evaluation
(1) Approach
The project evaluation method to assess a Water Resources Development Plan for

validity of its implementation includes economic evaluation; financial evaluation
and socio-economic evaluation (effect). Emphasis is placed on the cconomic
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evaluation since the main objectives of the Basic Plan are agricultural development
by irrigation water supply and urban and rural water supply development, and
public profitability is also cmphasised. The financial.evaluation is oriented to the
farm housechold economic analysis and water charge. The basic approach of the
project evaluation confirms fo the methodology and guide line adopted by the
international financial organisations and the adopted parameters are related to
MOA of Bhutan. '

(2) Coriditions of Evaluation

The evaluation criteria nsed in the estimation of ¢conomic and financial evaluations
are as follows:

a. The project life is set‘as 30 years froni the commencement of the Basic Plan
“including detailed design penod and construction works period, considering the
working life periods of the main facilities.
b. The currency used for the estimation is the money of the Bhutan Ngultrum
(Nu}.
¢. The foreign exchange rate used st as USS 1.00 = Nu 30.85 as monthly averag,c
" rate of the oflicial foreign exchange rate of (he Royal Monetary Authomy of
" Bhutan (RMA) as of July 1995.
d."The prices of agricultural products ‘are farm-gate prices and the prices of
- agricultural production input materials and construction matedials ave prices on
delivery at the production and constiuction sites.

e. The economic discount’ rate applicd in the evaluation is 10%. This hg,ure'

“ represents the opportunity cost of capital for the country, a5 esnmated in recent

studies . (Study on' Promotion of - Export. Oriented ‘Industries, 1991; Bhutan
Power System Mastcr Plan, 1993; An Analysis of Comparaiwe Advantag,c aud :

'Developmcni l‘olzcy Ophons n Bhutancsc Agr:culiure 1995 clc. )
‘ 8. 62 Bcncﬁt and Cost ol‘ihc Plan . :
T he pIOJect cvaluahon is made on lhe Water Resources Developmem Plan m the Suldy
Area which comprises of the foltowing plans:-

a. 'Agri(ulmral .l)evclopmem Plan including ¥irigation Improvement Plan
- b. Urban and Rural Water Supply Pians mcludmg Wangduephodrang Town Plan
(l) !*snmahon ofBeneﬁt

T

The bencﬁl of the Rasic Plan refers to a difference of net proht e\pccted between

'th Project and Withoul - Project * conditions under the water resources

development plan’ through the whole project life. The project benefits consist ‘of
tangible benefils; i.e. an increase in agricultural production, supply of safe and
“siable water, a saving effect of operation and maintenance cost of irrigation and/or
urban and rural water supply systems, an increase of returns of farmers, etc. and
intangible Lenefits such as a stabilised food supply, a creation of employment
opportunities, an improvement of living standard of inhabitants, etc. Tangible
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bencf_it is directly subjected to economic an_cl financiat evaluations, while infangible
benefit is analysed for socie-cconomic ¢lfects.

(2) Agricultural Production Benefit

AGRICULTURAL PRODUCTION BENEFIT
' (Unite: LU00 Nu)

=)
;ag

Item With Project " Without Project In¢reased Value
_Gross Producl!on Valuc © 14,800 : 11500 : RN
“ Production Cost 6,900 ' 5.300 1.600
" Net Production Value - 7,900 6.200 I )]

* Annual net production value on the With Project condition is about Nu. 7.9 inillion

and about 1.28 times as on the Without Project condition, and the annual
agricultural production benefit is about Nu. 1.7 million

_Aclual operation and maintenance cost which value Nu. 32‘3 thousand per year is
considerable a pro;ect bcncﬁl because of saving effect by canal 1mprovement

(3) Urban and. Rural Water Suppl Benefit

URBAN AND RURAL WATFR SUPPLY BENEFIT

(Unite: 1.0GH Nu )

" Hem With Projccl Wilhoul Project | - Increased Value
Urban Water Supply 112,800 71100 TALTR0
Rural Water Supph 11,100 18500 22,600
Total : 153,900 89.600 64.3(3(}

: fota! annual nel water va!uc on’ the With PrOJcct condmon is about Nu 154
. million_and about 1.72 times as on the Without Pro;ccl condition, and thc mmual
- water supply benem is about Nu 64 mlihon : : S

(4) Pro;ect Cosls |

Capital cost for the Basic Plan totals Nu, 290 million, over the lO year construction
perlod and agnculluml rcscarch actmncs, as summanscd as showan below. lhe

.....

supply I‘qcmues

Annual operatlon and mamlcnance {0 & M) cosls aﬂcr !hc complelton of the
-~ conistruction works are included during the operation period; Nu, 216 thousand
~and Nu. 2,674 thousand on irrigation facilities and water supply *facilities,
- respectively. With the project evaluation period applied, 30 years, no replacement
“of equipment is included. Salvage values at the end of the evaluation period are not -
included. :
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PROJECT COST
{Unite: 1.000 Nu.)

Year order Irrigation Facilitics | Water Supply Facilitics Tolal

1 2,515 5,308 7.823
2 2,526 - 17,820 20,316
3 2,662 80.629 '83.291
4 247N 128,506 C 130,977
5 1,503 23,116 24.619
6 187 3.539 4026
7 487 '_ 1769~ 2.256
8 187 1455 1.942
9 187 6898 7385
10 187 6.263 6750
- 187 : 0 : ' 187

8.6.3 Economic Evaluation
() [Zv&hiaiion Criteria

'?The evalualton uses three rclevant indexes: economic net present. vatuc {(ENPV),

economic benefit-cost ratio (E.B/C) and economic internal rate of retura (EIRR).

"The benefii and cost of the Rasic Plan which are estimated based on the
_lmpiementanon schedule of the Basic Plan are discounted by the opporlumly cost é%
-of capital through the project life. The term ENPV 'is a differcnce between ’
accumulated beneﬁt and accumulated cost, and EB/C is the tatio of the founcr to

the latter.’ “The term BIRR means a chscount rate by whlch accumulaied bcncht is

:‘equahsed to accumulaicd cost : - : : :

";The criteria to econom:cally valtdalc the mlplc,mentatmn of lhe Plan are lhal ENPV
is positive, E. B/C is inore than 1 and EIRR exceeds the opporum]lj,r cost of capital,
The oppontumty cost of capltal (discount rate) is’ social margmai productwn) of .
capital input in the Basm Plan, and the discount rate is co:151dered 10 be 10%.

{2) Price Conversion

Slandard conversion factor and shadow pm.cs aré not appltcd for this economic

- evaluation because of obtainable difticulty on basic and adequate economic data.

~ o Asa sensitivity analysis, however, a slandard conversmn f‘actor (SCF) of 08is = - .
- applied to local costs. - | J g; -

(3) HRR LNPV and 11.B/C -

- The ﬂow of project cost, operation and maintenance cost and the all project benefit
of the whole Basic Plan are shown in Appendix-K. Where EIRR is 15.4 % and at
discount rate of 10%, ENPV is Nu. 127 million at price for July 1995, and E.B/C is
1.53 at the same discount rate. Project evaluation has proven that EIRR exceeds
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the opportunity cost of caplial 10 %, FNPV is positive and E.B/C exceeds 1. It is
judged that the implementation of the Basic Plan is economically sound. :

(4) Sensitivity Analysis

Sensilivity analysis is carried out to estimate for variation of the main factors of the
project evaluation, and made under the following conditions: 1) 10% increase of
the project cost, 2} 10% decrease of the project benefit and 3) 1 year delay of the
completion of the constiuction works.

SENSITIVITY ANALYSIS OF ECONOMIC EVALUATION

ENPV
Hem EIRR (%) (1.000 Nu.) CEBIC .
Base _ 15.4 126,819 1.53
Project cost incivased by 10% 14.2 104528 (e[}
Project benefit decreased by 10% 14.0 " 90,264 R
3.7 91,390 : l:l__’»S

Construction dcla_\'cd_ for 1 year .

Sensitivity analys;s has proven that a change in the constmctton period has stronger |
"+ influence on economy of the Basw Plan than a change in project cost and project .

benefit.

© A standard “conversion’ factor (SCF) of 0.8 has been: apphed 1o local cost .
components, resulting in an EIRR of 16.8 % and at dlscoum rate of 10%, E NPV is -
“Nu, 149 nullton am! E. B/C is 1.68 at the same discount rate. ' '

8 6 4 Fmancnal Lvaltnuon

(1) !"drm Household s Lconomlc Analysls

:Dnrect beneﬁmanes of lhe Water Resour(:cs Developmem ‘Plan are I"anmr-; in the
‘Study area through the implementation of the’ agricultural’ development plan.
“Agricuitural net returns have been calculated deducting producuon costs from
- gross praduction values.

AGRICULTURAL NET RI:TURNS

: (Ulﬁlc:

Nu.)

Sub-Arca Condmon per Farnt l!ousclmld per heclore
Lobecysa - . Without Project ' 1430 : CSo07
o * With Praject 18.622 12380

Bajo Without Project 25,162 : 9 368
With Project 3310 F12,476
Phangyul Without Project 8.141 t 4992
With Project 10,202 | 6.256
Rubeysa " Without Project s 3807
With Project 5915 6,719
Averapé Without Project 11,844 8.178
_With Projoct 15,084 10,442
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After the completion of the Basic Plan, expected annual agricultural net returns are
increased in the range between 1.16 and 1.33 times (average is: 1.28 times} in
companmn Without Project. Increased vatue of agricultural net returns are in the
range between Nu. 804 and Nu.8,548 (average is Nu. 3,270) which result in to be
“equivalent 1o 0.57 to 6.11 man-month of the mininm wages (Nu. 1,400). In the
Bajo sub-area the effect of the Basic Plan is largest.

* (4) Water Charge Analysis

‘Charging of water has the dual purpose to reduce excessive cousumpuon and to

‘cover the costs invalved in operating, maintaining and renewing the system. To

‘make the water suppiy ptan successful, at least the operation and maintenance costs
should be paid for by the beneficiaries. However, a deep-rooted conviction
remained in the minds of the people that water would be provided free of charge by
the Government, especially in the rural areas.

) Water Supply Plan fof Rural Areas

The participation of inhabitant would be very 1mp0|lanl for the dcvelopment of

a water supply plan. Without their participation, the chances of a successful

plan would be slim. It is possible to utilise the inhabitant’s labour services in the

- constiction works. The inhabitant would also be allowed to participate in the

- operation and maintenance works with a view to promoting their enthusiasm
- for the Basw Plan. Also, “the PWD  and Dzangkhag - are ‘that -through
* paruupahon of the mhabnant the Water Suppl; System would be self-
supporlm&,

r

-2y Water Suppl} Plan for Wangduephodrang Town

ﬁ Aﬂcr the complcuon of the Plan annual opcrahon and mamtenaucc cost is

 increased in 5.07 times in companson Without Project from Nu 526 (housand
to Nu, 2, 667 thousand.- Until now, Vangduephodrang town has not cha[}:cd

water {anﬂ for waler supply service. llumphu ‘and Phuntsholing have been the only -
towns wheré consumers are required to pay for water. Recently, the Urban Water
and Sewerage Project in Thimphu is proceeding by the Thimphu City Co:porauon _

This project provides new tarifY rates for water supply which are risen after 20 m'
per month. According this new rates, a household of five persons usmg, a normal
-amount of water, will have to pay approxlmatel} Nu.'25.0 a month.

If Wangducplmd:ang, D;n)ng!-.hagj \\ould apply the same water lanﬂ syslem
‘after the completion of the Plan Dzongkhag or City Corporation could clarge

~ Nu! 564 thousand which values approximately 21 % of the whole opcrallon and
‘mainlenance cost.

8.6.5 ‘Socie-Economic Evaluation
- As stated before, the Basic Plan brings about direct, tangible benefit as well as the

secondary or indirect, intangible benetit, which is important in reviewing validity of the
implementation of the Plan.
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(1) Contribution to the National Development Plan

Implementation of the Plan contributes to the national development in ensuring
accomplishment of many objectives of the agricultural development and water
supply plans, which are ones of the important political terms on the agricultural and
water supply sectors of the national development plan.

{2) Stable Supply of Food

Bhutan is 66% seclf-sufficieit in all cereals. It is viri_ually self’ suflicient, i|_1 maize,
barley, millet and buckwheat, but it is only 52% self-suflicient in rice and only 24%
self sufficiént in wheat. To meet the food deficits cereals are imported from India.

Productions of rice and wheat, which are basic major crops, are maintained and

become stable with irrigation agricultural method. Furthermore, agricultural

produumn become diversity because of new crop introduction such as vegetables, |

answers stable supply of food for people and conlnbutcs to improve of sclf-
~ sufliciency rate. ‘ X

© (3) Improvement ofl,iVing Standard -

CAs evrdently provcn by the financial evaluanon farmel § €ConoOMic su;plus is

* increased to a great extent by the implementation of lhc Plan. A rapid increase in
ﬁmds in farmer s econom} by far exceeds cost of iniproving hw_ng, environments.

(4) Walcr Quanhty and Quahty ]mprovcmc—nl

_ [mprovcmenl of drmkmg water supply has two aspecis quanmv and quahty T hc '
fformcr is by far the dominant faclor, as, quahty is always attained by the treatment
- of water. lncrease of wa!cr supply would gwe tremendous unpact on thc domesuc =
users. oot : : : -

“Increase of the tvater supply to the existing distribution system would reduce the
area and time of suppressed use and it will result in reduction of a chance for the
‘poor‘who will sulfer from water-borne diseases like diarrhoca, typhoid, cholera,
‘worm infestations (h»patntts) espemally in the hot ramy'scason whcn walter is
jconlammated - :

pramlon of the water supply area would result in lhe overall improvement of lhe p
'margmal areas of the town economically and ecologtcally “The eftects two! folds,
This is the area where quality aspect of the drinking water ‘would need keen
attention. It would reduce the incidents of epidemics of water- borne diseases by
enhancing the standard of hygiene. This would contribute to build-up of belter
human resources in the area. At the same time it would liberate may womenfolk
and children from the labour of carrying water from sources some distance away.
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(5) Economical Stimulation

As stated, the implementation of the Plan incieases the income of local farmer and
mmproves the living standard to a great extent. Improved income further increases
purchase power of the local farmer and vitalises local commercial activitics.
Increased purchase power and vigorous commercial aclivities are expected to

- promote local industries. In this way, the implementation of the Basic Plan will
bring about significant repercussive effect to Wangduephodrang district and finally
to the economy of Bhutan, not limited to the Study arca.

' (6) Environmental Consideration

The environmental impacts and influence on the confirmed environmental elements
which is especially ground water is summarised as follows: Ground water potential
is rather poor in the Study area except for limited areas. Therefore the ground
water resources are scarcely used as a source of drinking water. Presently, there is
no health hazards connected to the contamination of the ground water resources.
The Water Resources Development Plan in the Study area involves no ground
water development plan on a grand scale. Accordingly, it is considered that the
environmental impact on ground water would be insignificant.

) Gender Issue
'Accordmg to the previous studles gcncrally in the rural area of Bhutat, women are

the predommant propnelors whether it concerns the house, land or livesiock.
Ownership gives women a stronger position than. men at the houschold: level.

Women most oflen decide aboul househoid Iabour moblhsah(m selling of livestock

and cash expenditure.

In paddy cu!twanon women provrdc Ihore lhan 60% of the Iabour lrng,atlon’

lmplemcn!ahon Plan ‘which increases the wetland area or cultivation ratio ‘could
bring relatively more work’ for: women lhan for men., n othcr words 1rngat|on
_ dcvelopmem would aflfect women maore lhan men : ' :

' On _lhq olher hand, one of the important and hai'd: household works by the rural .

- women is fetching water, traditionally carried from streams or springs on long
~ distance.. Water supply for rural area could get water on near houses. A part of
- women’s work would bé decrease about fetching water.

~ 8.6.6 . Comprehensive Evatuation

The impleriientation of present Water Résources Development Plan is judged as valid
- with the result of economic evaluation and linancial evaluation as computed from
- tangible benefit. In addition, socio-economic impact evaluated from intangible benefit
is also judged as sufliciently expectable. Large negative ®impact from the
implementation the Basic Plan is not confirned on the environmental evaluation and
the Basic Plan is evaluated as a sustainable water: resources development plan
" considering the environment. Moreover, the implementation of the Plan is justilied to
be feasible from technical and organic operation view points. Accordingly, it is
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recommended that a high priority should be given 1o the present Plan be implemented
in the ecarly stage.
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Table 8.2.1 Surmmary of Study Case

A 4] C D ro.
Case - Water Canal Water Crop Double Paddy Remark
No. | Code Managenient Capacity Resourée Diversification Cropping .
1 O {Present Condition) )
2 A @ ]
3 [0 . 't -
4 c o - _
5 D-1 _ ¢ 595 Divesstfication
[i] -2 L 102 e Diversification
7 N3 [ ) 15%s Diversilication
3 D4 [ 20%s Diversification
9 AB D) 9 : )
10 AC L) ©
11 AD-| d L4 3% Diversification
12 AD-2 * 107 Diversitication
13 - AD-3 - 159, Piversification
14 P AN 205 Biversiheation
i5 | BC D . * :
16 | : BD-1 [ ) | 5% Diversification
17 S B2 @ o 102, Diversification
18 nh-3 * LN 13% 1iversiication
19 BD-§ L LB 20% Diversilication
20 CD-2 N o 573 Diversification
21 Cch-3 ] ] 16" Inversification
22 Cch-4 [ ] L] £5% Diversification o
23 CD-5 ° i 2075 Diversification .
21 | Anc ° K "o _ —
- 25 ABD-1 L) @ L] - 5% Diversificalion
26 ABD-2 L] B ® 1070 Diversilication
0 27 ~ABI-3 s ® .8 15%5 Diversilication
28 7| CABD-§ e * . @ . 20% 6 Diversification
129 ACD- L . bd - 3% Diversificalion
30 ‘ACIR-2 ] . ® ) 10%a Diversilication
Y ACD-3 .. . ® e 15% Diversification
232 ACD-3 o - - ¢ ® 20%s Diversification
*33 | BCIA 2 o ® 5%a Dversilication
‘34 BCL-2 i) o * | 10%0 Ihversification :
35 ) BCDA . o I 15% Ehiversafication |
‘36 BCH-4 o -8 ® * C20%% Diversitication |
| 137 | ABUD-2 @ ‘e Ly [ 1% Diversification for Phangyul
18 ARL-1 . R * P (e 207 % Double Cropping for Bajo
39 | ABE-2 T e ) o ) ~40% Double Cropping for 3ajo
40 | ABE-3 ‘e ‘e e ., 160%% Double Cropping tor Bajo
41 ABE- o ‘o o o "1 100%; Double Cropping for Bujo

Note o :With Improvement Plan
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Table 8.2.2 Unit Construction Cost for Irrigation Improvement Plan

Unit

Cost Nu)

Work ltem Code

1 Earlhwork
Excavalion, inanual m3 30.61 E-1
Excavation, machine m3 45.92 E-2
Backfill, manual m3 15.38 E-3
Backfill, machine m3 23.07 L-4
Embankinent, manial m3 3136 E-3
Embankinent, machine m3 51.84 E-6
Earth lining ‘m2 8.75 E-7
. Gravel surfacing m2 367.96 . E-8
Gravel foundation m3 206.60 E-9
Sand il m3 61.22 " E-14

2 Concrete Werks .

‘Reinforced concrete (1:2:4) m3 1,330.73 C-1
In-situ precast concrete (1:2:4) m3 2,358.20 C-2
Foundation concrete {1:3: 6) m3 994.38 C-3
Plain concrete m3 1,483,735 C-4
Concrele inortar for plastering m2 56.45 C-s
Wet masonry ' m3 917.08 C-6
Cement Masonry (1:4) “m3 318.54| C-7-
Dy masoniy ‘m3 i13.39] S C-8
Form, type-1 m2 5483 C9
Form, iype-2 m2 43.86 C-10

3 Metal Works : L T o :
Steel Flimic for Aquedtact (=1 w2 $5.13 M-1

4 Tunbcr Works T T S

- Wooden plun]( for stop Iog (1“*0} w2 . 231.33 T

. Timber beams S in3 C 451218 T2

: Woodcn cross tai (1= 20) w3 1,626.63 T3

5 Other Works ‘ : R _

" Gabion ] m3 sert0)

" Concrete pipe placing (D=1 200) m 1.685.09 Pl
Concrete pipe placing (D=900) m 1,136.04 S
Concrete pipe placing {D=700) m $59.78 p-3

_ Concrete pipe placing (D=500) m -540.00 P-4
. Conerete pipe placing {(D=400) m 136.03 P-3
- m

- Concretc pipe placing (D=300)

306,49
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