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APPENDIX E

__The Sty on Grousdw aler Develognient in Wangdweghodrang District of Bhutan

APPENDIX-E  METEOROLOGY AND IIYDROLOGY

E.1  Iantroduction
E.L.1 Objective of the Study
The main objective of the nmieteo-hydrological study is to clanfy the meteo-hydrological

conditions in the Chang Chhu basin and the study area for the Study on the Groundwater
Development in Wangduephodrang District (hercinalter reterred to as “the Study”)

" In the Phase | and 2 TField Work, the existing meteo-hydrologicat data and information

weie collected, and the field survey and investigation were carried out. Some prefiminary
studies and analyses were also carrted out based on the data and information collected and
the field survey conducted to the extent that the principal fetcorological and hy dm!og,u.al
features of the respective basins and areas were clanlied.

Tn the Home Oftice Work, further detailed study and.anaiyses were carried out based on the
inforination and study results of Field Work. These results were checked and improv ed

' durmg the Field WorL mn Phase 3.
“The results ofthe' Siudy are ;3r¢se;1ted below.

E.1.2° Sumniary of Study

(1) Field Work

 The works carried ouf during the Ficld Work are suimmarized below.
‘ NG

:  Data collection Do Ramfall data' -_ ' L (21 Eslatimis).
P ' \1etcor0!0gical data © {17 stations)
Hydrological data. (8 stations)

N lnstal]ation and obscrvahon of autoimatic rain gaug,c recmdena { 4 stations)
- < Installation and observation of automatic water level recorder (1 station) .
- Installation and observation of water level stafl gauge - {9 stations)
- Discharge measurement {11 sites)
- Data analysis and preparation of simple database '
- Otlier field investigations

" {2) Home Office :Wokc: |

' The study carried 0th duﬁhg Home Omce \Vork"afe suimnariiegl below:’

- Further data analysis and rmprovemcm of simple database
- Estimate of rainfall pattern in the Chang Chhu basin

- Probability analysis of rainfall parameters

- Improvement of Tank Model :
- Probability analysis of river discharge at the Chang Chhu

- Lstimation of sediment nunoff at the Chang Chiu

E-1
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- Analysis of the date observed through the Study
-(3) Stamary of Meteorology

The climate of the Chang Chhu basin is classified into the following three (3) categories
based ontits altitude widely varying from 300 m to above 6,000 m as follows:

- Himalayan zone (altitude of above 3,000 m asl)
- Temperate Himalayan zone (altitude of 1,500 to 3,000 m asl) o i%
- Semi-tropical monsoon zone (altitude of 300 to 1,500 ma.s.l) :

The climate of the study area (altitude of 1,200 to 2,800'm) has both characteristics of
 the temperate Himalayan and the semi-tropical monscon. The mean monthly rainfall is
~ higher from April to September than that from October to March, and these two (2)
periods are generally referred to as the rainy and the dry seasons, respectively.

- The meteorological parameters observed in the meteorological station at CARD
(136400406, altitude 1,200 m) in \\’angduephodrang v.luch is located at the center of
the sludy area are summan?cd betow.

- Annml rainfall P © . 7I0mm

- Mean Temperalure . 9 °C

- Average Maximum Tempelalurc 24-°C

- = Average Minimum lempcralnn, 13

- Relative humidity -+ 15%

- Wind velocity. N 8 s

- Sunshine o © 55 hitday

. Lvaporailon S 790 mnviyear

(4) Summmv of llullolog}

: Allhough lhere are 26 meteoro!ogcal s!at:ons in and around lhc Chang, ( hhu baﬂn the - .
rainfall data of 21 stations were collected. Only a few statiohs are located in the high
moumam area with on altitude of over 3 000 m a.s]. Since all the raindall data do not
include snow fall, it is considered ll]lpOS\!b[C to estimiate annual precipitation ol high
mountain area based on these rainfall dala :

The corrclation coctlicients of monthly rainfall bcl\\.wn every two (2) stations were
- caleulated, Each station has a’ correlation coeflicient of more! than 75% with its -
' ncnghbonug, slailons Especially a correlation coeﬂmem of inore than 80 % was foird
among the statlons localed in lhc same sub-basm of same river system. R g

The ammal ramfali in lhe basm vaty from placc {o placc dependum on its altitude as
“showa below. :
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Estimated Rainfall in the Study Area

Altitads Annual Rainfall (ni)

1,000- 1,500 m 760

1,500 - 2,500 m - 1,200

2,500 - 3,500 1,800
cver 3,500 m SG0

Using the rainfall data a1 the stations in the Wangdue Valley, annual rainfall pattern
it the Chang Chhu basin was roughly estimated as shown below;

gy
G

Ekpected Annual Rainfall Pattera ;
400 \

[A] H

a0 i_o———woa 1,£00m| 7N,

: ' — 1.500-2500m | l—' "\

300 l-— 5 - 2500 - :ssmmI g A

E' 250 t - - gver 3500 m : e v

= T T T m et ‘ ;| A 1

= 200 Ko TN %

€ - N :

'é 150 :

100 :

. |

50 : ) o NN |
0&,.1-:‘ = - . ’ . [ .‘. b

JAN FEB. MAR. APR - MAY JUN JUL. AUG. SEF’ OCT ‘Nov. DEC.

Based on the eshmated rainfall and altitude, ihc rainfall pauern in the :>lud_s, area and at
mtake site was estsmated as shown below, « -

Eshmated Rainfall Pattem m ‘the bludy Area and at Intake blle

- . "Arga s | Jan ch ‘\hr f\pr Ma) Ton [ 7l A.-Jg b\.P O] Nev | i T annaal ]

¢ |Stady Area | ; . 8 26) i 17 S6F:  BA 193] 249] 0 256] 153} A9 2 1| Lo%6
Rajo Intake Site vel 22| 28] 0 68f 20| 228Y 297) . 384]. 2H) 7] 6l %] 1509 .
Lobweysa Intake Site V7 25| o] eS| i3] 226 208 363 245] (6a 510 7] VAR
[I'hann,_\ui Inlake Site - K 75). 13S5F -243f x16]| DA33[ 18] 86 o o 1.630)

i

Approximately 1,500 mm and 1,600 nun of annual runofl were estimated at Wangdue
Rapids on the Chang Chhu and at Yebesa on the Mo Chhu, respectively. These values
are considered approximately twice of rainfall’ at- Wangduephodrang. Taking. into

* account of the present basin conditions, the nmoﬁ of lhe basin may be aﬂe cted by those
from glaciers in high moumams : :

_ @ _ From the result of 1 ank Model ana1y~.|s lhe annual water balanm, a Wang,duc R"ipldS :
o at the Chang Chhu'is roughly cxcpecled as shown below. ‘

Summary of Water Balancé of GChang Chhu -

(e )ﬁr)

Rainfal] and Spowfall ] 2,400
Evaporation and Othees LA 1]
Runofl from Precipitation . 1.300 :
Runoft from Glaciers © 200
Total Runoft 1,500
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Based on the result of Tank Modet analysis, the monthly mean and minimum flow for
10 years were estimated and were summarized as shown below,

Estimated Monthly Mean Discharge at Wangdue Rapids (m3/s)

YEAR ) JAN FEl | 3t | AFR | MAY | SN L ALG SER. | OCE. | WOV | DR § aNNRAL
1353 957 1gss B 1y i8¢ il XM 6MED AXF) 4] 537¢ Hi6 30 -84
1683 1328 e 62y 615 ool ML 6125) S35 4281 3907] 1390] 1WTe
1987 B} 7 FEEY RS T ) L S 1A I ) I AX0]  165e6] . 97%
1944 615 66 7 soe taog]- 93] 3357 Ssrel  s3EG) 303%] 1354 3 & HioN
1982 4.4 139 - i il ss2] o] 9ioaf s033)c sa78]  DASAL - 1864 815
192 65 7] 10OER] L FM1 wrel. 1t y] el M3 andd] S18%] 388 7] 183¢] 1209
1501 1321 1283 §3 7790 3| A3 L 4ISOF 6877 eSN0f 25H1 130y Ry §
(22N [N [N Pl W43 387 SMISE 7113 3900 M5 1333 84¢

! : (20 R 2 R IR REEY B R T R I H A N
e 6.6 653 X IR EE IR e N33 1215 L=

Mean B3 0 8244 914] 1a3s] 0] 4wl Soes] sewd| el E3GE OISI3] MRS

Max 1321 1283 is28] Weo] ssa] ool S otpa] BI€] es0h]  $37ep A0 MG
Min R (S 4] ¢ 61 G w1l 2a7p 3 W3y 309l 1354 € 76 2

Estimated Monthly Minimum Discharge at Wangdue Rapids {m3/s)

YEAR] JAN FEB | MAR | APR MAY | AN UL ALRE SEP OCT. | NOV. | BEC ] ANNUAL
1583 85 ¢ 974 678 BRI RS RS X S SN 1974 1916 37
1355 | 1) 67 2 425 422 FLI) 4ROl 428K 3P M35 CHIY 1124 w7 2 °
1351 B3O 623 1208 zseg] o tere]  23649] RS0 3578) 3334] 69T 13464 14 N>
178y 630 (8] 638 ool 149d) da7s| 3ES7E 3Ty CMTT b guc [ _ O}
1982 73 4 [23 IR ars] g7l <sed] sE04] 34%S) 3323 L7ES] 150 AR L B
1353 6 xE BT T IRELE EER SN R o L G 1243] 1y &l 1
1991 1227 i (213 511 1§93 21f 3175 6 n 3 1534 1073 LY NN
1592 &1 5 ol LN TE EREE IEEE DN Y L AN Lok Hr R

RN 389 503 63| - 1536]  1534] - 36RE [RIE; IR 2R R 1100 A ) R R
(04 ns, )4 G2 Bl 1243 Sy 232¢] AR 23] 1886 FH wof Bl

Mean ne M 40 i) 15G0F  2pR 31604 dlen] 3303|0127 o M
Mas 1227 ME4 [EIR S LN D R A A N - 1974 131 L
Ain [ KA $5.0 R 422 N3] 183¢]  232¢] 348G 2077 o1z Shal 847 AN

(=

Based on the existing hydrological data thc specnﬁc dlschargc in the Sludy area
was, esnmah,d as shown below

Esllmalod Spec:hc D:scharge in the Sludy Area S
; ; . : {unit : ms lmz!

Mocth™ - Jan’ L I-cb Mar A ,\Ia_\' U REL B bcp COa | Nov | Do
"_sp:cimQ 0_0).'2 Le02t) 0019 0027 0.031 0.067] 0.101] 0440 (l.IH 0951 vozs] 0on2s

'

Using llns spcuﬁc dmcharge thc m-cr dlschargc at mtake s:te was csumaled as
shown bclow

Estimated Monthly River Discharge at Intake Site
. . . . I . . (unit s m’s)
River Caredm | ban | reb | At Ape Aty ] Jun |l | oaug i Sp | Oa | Nev | D

| Fabereng Chhus |- 11940 1603 250 xaz] aaw] aoas] soX| 12483 15735} 13379) . 601 A 2sef 3oy

PeChim & 145,79 3117 3os1] raw] aeaa] dex er| 1nax| ) e ses] 2403| s ) taw

[.achhe L 223 ¢ § ensy ¢on) qon] ooy vor ored om| osn| o] wis] ves [ oo :

Uship 318 [ oo} vestt aosi| anesf o] ozif oass] dasss] oars] an| wese| wied o ;g'z
Mochanat -} 878 osl] owsd] asn| onnf ozsd ose] o9is] oy aul o9m] ase| ons| oary ' d
Takocorg Chbu - | 6.50 o8] oraf o] aase] a1 043 sas] asss] o a3kl v o

- Using the result of Tank Model Analysis and the runoff characteristics at Wangduc
- Rapids, the monthly high tlow was expecled as follows;
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- Estimated Monthly Maximum Flow at Wangdue Rapids

‘er Develogment i
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Using Rational formula, the peak runofY discharge of the main rivers

year was estimated as shown below;

Estirmated Peak Discharge at Main Ri#ers

Max 24 I Rainfall {inm) ] 8.8 )
River | Calchnwnt | Duration | Rainfall Peak Runotl Specitic Q
: | oveagand | Time quy tntensity s} : s k)
- [ite Chivo 158 40.69 LRl ot 45.292 ~ ozl
{amiti Chhu ) 34 701 23 10905 - -0
Tabe ngchhu: ' 121] . 1789 195 32767 0.271

] Cunit : m”s)

Year Jan Feb Ner Apr | May Jun Jul Aug Sep Ot Nav Bee | Annual

1985 107.6] 120.8] 1t6.7) 1288] 1433] 191.0{ 1010.7] 779.8] 6803] 7aR8] 20531 270.9] 1010.7

986 120.2 813 85.2 Q38 1442] 107906] for4q] 796.0) 5908 4710 1739 126.2] 10811

1987 903 85.2] 2075 sMal 3357 sM6| 720.8] 87} 633 S97] Moo 147 B31.7

1988 76.3 501 1094]  213.5] 2823 1700] 8997 796.2] 4180] 1861 1246 823 899.7

1982 HEe LEN 191.5] 10582] 811.9] 15526] t4580] 72489 783.4] 364.06] 23x2) 1026 1552n

1920 280 N3] 1450] 405.4] 2723 58R9] trios] - HOB) 19591 5342 1927 HLT] EEE0Y

. 1991 1485 t432] 11eg] nso] zoz3| dar7s] soao] w222 9s10] 36s2| 1588) tus| torxr2

;'»§1 e 783 67.20 1381 1109 2366| 121 R67.5| 1094.7) 5$90.5] 2820 1556 933 1047
88 1991 19 751 1.0] 1649] 3290] 4257] 93s2] usre] 7528] 4210 131 b OHE2.0] REGAG
[32) 815 720.4] H102f 11148] 2929 - 7ea.6| 7385] 833o0] Ai3] 3s2a BES 9311 K14

Mean 95.3 919 1294 zer7| diss| 6922 (92658 8815 6970 279 1904 1268] 96s590

Max, 48] wae2] 201s] saol sinof 1ss26) 14s80] neas| osae] - rams] s0s.3| rren] 1s%26

M, AR 672 no oagh 1433} 3910) 720.38] 7484| 4180] 1861 1246 ¥9.3 7431

for average

There are scveral lnbutancs in the slud) area and the direct funoff from the ramlall
is drained through these trlbu{arles The direct runof¥ come from the agricultural

fand and the amount of the peak runoff varies depending on the Scale of catchment
area. Using the Ralional Formula mentioned above, the relationship between the
catchment area and the pcak runoft dlschargc Was analyzed as shown bclow

Peak Runoff Discharge _
{m?is)

-_03 NSO DU S

Estlmated Peak Runoﬁ from the Agncultural Lancl

-

. ——-——-Lobeysa { ‘ i . i
OTE ‘‘‘‘ Bajo i : . ' . X/X -“i"
08 _ s - Phangyut| ‘ ' - XTH et
05 i . w BF T

047+ Rubeysa

‘03

02

F 0,1

00 |} . . } :
0 3 "0 15 © 20 .

Using the result of the low and high fow analyses at Wangdue Rapids, the
probability analysis was carried out for the Chang Chhu and other rivers. 1he
resulls are summan?ed as shown below; '
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Result of Runoff Probability Analysis at Chang Chhu and Dang Chhu

. (m*s)
Site Wangdue Rapids Uppee Part of Chang Chbu Dang Chim
Catchineat Area (k) 5640 4956 684
Return Petiod NMean | Max Ain, AMean Max, Min. Aean Aaxy Min
1/500 191.7] 20173 368 168.4] 17726 323 - 232 2447 4.3]
1200 I9%.1] 18588 k4 174.1] 16334 RN 240 2254 4.7
[ 14100 2087 174112 398 179.0] 15301 35.0 247 2%1.2 18
150 2104 16250 0 414 184.8] 14280 364 25.5 197.1 5.0
1720 2212 13126 439 1943] 12940 8.6 268 178.6 33
1/1¢ 2317 1356.0 46.2 2036] 11917 40.6 231 1645 5.6 @
Irs : 24591 12354 49.2 2¥6.1] 10856 432 29‘.‘{3 1498 (X &
1’2 27191 10519 553 2442 527140 4838 RENS 1279 6.7
Result of Runoff Probabu!:ty AnaIysrs for Other Rivers
X (ritd’s)
Stte P2 Chhu Timii Chhu Tabe Rongdhihu
Catehrment Area (kml) 158 . 34 121
Retwn Period Mean Max, Min, Mean Max. Min - Mean Max, Min,
14100 57108 17626 1115 1,228 46.55 0.249 1371 13087 0.854
480 5893] 148126 j. 153 1.268 3916 0.249 4513 117.63 0588
R4 ) 6195 11450 1.229) 0 1333 W0 G264 A SO.&7F 0041
10 6432 91135 1.295 1.397 1407 021 4972 7233 4,921
175 6.889 6327 1.379 1.483 1829F - 0297 3276 5197 1 056
1/ 2 b 1785 4129 1.555 1.675 1091} 0335 5961 277 1.191

Using the river section and the result of probabilily analysis, the river flow at the
" Chang Chhu was analyzed applying the non-uniform flow calculation. Based on
this result, the flow condmons at the river pump station in CARD are summarized

below, T Y

Esllmaled Waler I_evel al CARD Rwer Pump Siatlon (TP m) -

Retwm Peried River Bed | 1500 |01 -’200‘ lflOD 1550 !liN 'liIO L A
Meanflow 11904 11959) 1195.9] 1196.0] 0196.0] 1196.1] 196.2] 11963] 11965
Mavivum fow 1 | 1193 4] 12005 1200.2] 11929] 11eo6] tiewa] neeo] nesi] nivs:
Minimum I'IO\'\‘ : S1E9A ] 919] 1194%] 11949] 1193.9] 1194.9] 11949 !!9!.9 1195.0

Usmg, the suspcudcd sedlment and the river discharg,e data at Wangduc l{aplds and
Yebesa, the relationship between river discharge and ‘suspended sediment. was
analyzed. The resuils are summarlzed below:.

_Wangdue Raplds $S = 0.00884 x Q‘2 007 ((‘orrelalioﬁ Coeﬂ'lcietil' 95 %)
Yebcsa . S$=001086% Q“’g' (Correlation C oeﬂlc:cm 86 %)

ileere; SS Suspcndcd Sednucm (t/day) T _ _ SR
: Qi Daily Mean Discharge (m'/s) . o , S ‘g

"The sediment runoff at both stations was estimated, using the actual daily discharge
data and above equations. Approximately 414 thousand ton of annual sediment
runoff was estimated at Wangdue Rapids and this amount is expected to be around
745 thousand mfyear (110 m*/km/year). On the other hand, approximately 140
thousand ton of that was estimated at Yebesa and it is also expected to be 252
thousand m*/year (100 m“km¥year).



APPENDIX E

___Fre Sty on Groundw aler Devsloperent in Wangdueprodang Distscl of Brufan

E.2  Field Work
F.2.1 Data Collection
(1) Rainfall Data

- Although there are 26 meteorological stations in and around the Chang Chhu basin, the
rainfall data at 21 stations are available for the Study in the Thimphu, Punakha,

gé? Wangduephodrang and Gasa districts as shown in Table E2.1 and Fig E2. LT he daily’
_ rainfall data of these 21 stations were collected.
(2) Meteorological Data
The metcorological data are available in 17 meteorotogical stations in and around the
Chang Chhu basin as listed in Table E2.1. The meteorological parametcrs were
collected on daily basis.
S &) Hydrblogical Data
-_ There were 22 secondary hydrological stations over the territory of Bhutan in 1990,
- and alinost half of them were replaced with primary stations or closed when the study
_ 'on lhc Bhutan Power System Master Plan having been conducted undel the tinance of
IBRD since 1990. As a result, 15 priticipal stations presented in Fig, 2.2 2 anid Table
: " E.22 have been established so far and the data recorded in lhcse stations are processed
: % o mlhlhe apphcallon provided with the said pmject :
Out of these stauons eight (8) h)drologlcal stations were selected and the hydrological |
. data nccescaay for the Study are col[cctcd which mainly mcludc the reco:d% of daul)
. mcan mer water tevel and daily mean river discharge. '
(4) Se(hmem l)am
The daia f‘or suspmded sedrmenl uerc m!lected al the followmg hyd rolog,u.at
stations. - co -
Hydrological Stétié}ﬂ : Latchmcnt Area (km?)
Wangdue Rapids 5,640
Yebesa _ : L L 2,320
K. 2 2 Lstabhshmcnt of Mcteo -hy {Imloglcal Slahous
_ § o (l) Stréam Gauging ‘Stations

In order to confinm stream condition in the study area, nine (9) stream gaugmu stauom
were established at the locations shown in Table E.2.3 and l"lg £23.
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(2) Rainfal! Gauvging Stations

in order to confirm the rainfall condition in the study area, four (4} rainfall gauging
stations were established at the locations shown in Table E2.3 and Fig. E.2.5.

E.2,3 River and Canal Dischavge Measurement

For the purpose to confirm the stream condition in the Study area and to cstimate the H-Q
rating curve for the hydrological stattons installed, the river and canal discharge
measurements were carried out. The locations of these discharge measurements are shown
in Fig. £.2.3 and their results are summarized in Table E.2.4.

E.2.4 Preliminary Design of Simple Database

The meteorological and hydrological data collected during the Ficld Work were installed in
the computer provided by JICA, and a simple database system was designed pretiminanly
using the soflvwvare "Excel". '

The simple database developed is summarized as shown below.

Summary of Database System

Diredory | Sub-Directory {7 Data - Remark
CWEPDI | RAIN © |Rainfall Iata {23 Station) Collected from Dob .
o NETES i Oer Mateerological Data (17 Stationsy . :
THYBRO 7 llsdrologival 1)ata (8 Stations) "
SEDIMENT © |Seduient Data (2 Stativis) ; .
RAINREC | [Rainfall Dats (f Stations) S Obscrved by Stady T
AL + JRiver Water Lavel 13ata (9 Statiotis) ) . S .
HORATIN O [Discharge Measurement Bata (9 Stations) "

E3 z_\\:'a'ila_bi;lily ;ol" x\icied-hydnplpgicﬂl.ID_afla :
E3.0 i\lct?oy'ologiimi Pata

“The Power - Division is  responsible for 'céliect'_ing,‘ processing - and - distributing ‘the

meteorological data recorded at the meteorological stations in the whole country. The
meteorological stations in and around the Chang Chhu basin including rainfall stations; are
operated by REID, Power Division and other institutions. All data are registered by Power
Division from which all data afe obtained in daily and monthly foims. -

(1) Rainfall Data -

fl‘hcr’c are 21 ui\ei'eﬁiy distributed rainfall gauging stations in and around the Chang "

Chhu basin, where the rainfall data have been observed for mare than three (3) years.
" Though the daily rainfall has been continuously observed at most of the stations since
1985, frequent interruptions of the records are found. Most of the rainfall data is
* considered applicable for the Study except the data at station Shengana (13830046},
which indicate unbelievably large amount. The available data periods of rainfall at these
stations are shown in Fig. E.3.1.

el
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(2) Other Meteorological Data

There are 17 meteorological stations in and around the Chang Chhu basin, and the
parameters other than rainfall are recorded. The continuous data are not avatlable
throughout an entire record period since its instatlation due to interruption of the
observation. The temperature data is only available for the Study except the
meteorological data at station CARD. (13640046). ‘The continuity of data at these
meteorological stations is shown in Fig. B.3.1.

E.3.2 Hydrological Data

The Power Division is responsible for the collection of hydrological data in Bhutan.
Daily mean water level and discharge data are availablé in the said division. The

~hydrological data of the cight (8) stations were collected, and the availability of such

hydrological data that are collected at these stations is shown in Fig. 7.3.1. The
sampling period of suspended sediment data at two (2) stations is also shown in Fig

E31L
“Ed h‘lclrm’dlog\'

: fThe climate of‘lhc Chang Chhu basin is classified into the three (3) Cangones based on
_ '1ls allitudc Wldcl}’ varying f‘rom 300 m above 0, 000 m as follows:

Ca Hima_layan zone (ahtitude of abt_wé 3,000 m a.si) characterized by severely cold

~ winter and short and cold summer. The area of the altitude over 4,250 m is
“considered non- -cultivable, and thc snow area extends on the mountains above _
tapproximately 5,500 m. Any cmp except cold resistance such as potato and 3
: barley can not grow in this zone.. i :

. lcmperale Hmlala"an zone (aillludc ofl SOO to3 000 m a s.1) charauemed by o
- “moderately- warm' summer and cool winter. The annual lamfall thereof: is
varying from 500 to 1,200 mm. RICQ banana and orang,e LFOW in rather low -
arca, and broad-leaved lrees are f‘ound in the wulhem slopé of htlly atea

- Senn-tr()plcal monsoon zo'ne (allltude of 300 to 1,500 1 as.1) characterized by

~ high temperature and humidity. The annual rainfall is observed as above 500
mm, and il sometimes reaches 2,000 mm. The tropical jungle covers mOai of
the area, but there are some dry areas Ilke savanna.

“The chmate of the study area (a1htude of l 200 to 2,800 m) has bolh charactensttcs of |

the temperaie Himalayan and the semi- tropical monsoon.

| E.4.l Rai.irau

While rainfall occurs throughout a year i the Chang Chhu basinf it is extremely
variable and undependable. The monthly rainfall data are summarized in Table E4.1,
and seasonal rainfall pattern at several rainfall stations is shown in Fig. 4.1,

Based on the rainfall data in and around the Chang Chhu basin, 500 to 800 mm of
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average annual rainfall is expected in Thimphu city area (altitude around 2,400 m a’s.1)
and Wangdue Valley area {altitude around 1,200 m a.s.1), and 1,200 mm is observed at
Dochu-la (altitude arcund 3,000 nt a.s1). About 1,500 nun of average annual rainfall is
expected at the castern part of the Dang Chhu basin (altitude around 2,600 m a.s.l)
which is one of the main tributarics of the Chang Chhu. Approximately 1,800 mm of
average annual rainfall is expected at Gasakhatey (altitude around 2,800 m a.s.1) which
is located at upper part of the Mo Chhu. In Lingshi (altitude 4,100 m a.s.l) onc of the
origing of the Mo Chhu, only 400 mm of average annual rainfall is expected.

The mean monthly rainfall is higher from April to September than that from October to
March, and these two (2) periods aré generally referred to as the rainy and the dry
seasons, respectively. More than '80 % of annual rainfall is expected from April to
September, and about 60 % of annual rainfzll is observed from hine to August.

E4.2 Temperatore
The monthly temperature data is summarized in Table 4.2 and Fig. £4.2. The
" relationship between annual mean temperatore and alulude is found out clearly as

- shownin Fig. £.4.3 and summanzed below

) Annua!_Average Temperalure ("C)

.-\jlitudc (masd) Mean - Maxinum Aisimun -
1,000 - 1.500 ‘ R Co28 15]
‘ '1,500»-2,500 : 15 20 10

" In gcneral the wmt«,r season is consndered fro:11 December lo February and it is coldest

“in Jamuary.} The suinmer season is consxdercd from June to Scptember, and the
temperature observed is consuiercd constant lhroughout these months. - It |s qmlc rare
to obscwc thc snowlall in the Wangdue Valley. : :

l~ 4, 3 O!Imr Panme!cls

The metcbroldgicél data 'otllc:r'tlléll:raillfall and temperature are available for the Study -
“only at station CARD The data are sumnarized as shown in Table .43 and Fig.
E. 4 q.

([) Relative llu'm'idi[s"

-~ The monlhly average. rclatwe humldlly (%) in lhc CARD Sstation was esnmaicd as
: shown below :

~ Summary of Relative Humidity (%)

dan. | Feb. P'Mar | A | May | Jun | Rl | Awp § Sep | Ot | Novo | oo [Anaugl
3F 2] TG 667 730) 733] BIS| FOfF 810 "75.3 730] M3 75.2,

The mean annual relative humidity was estimated as 75%. The relative humidity at
CARD docs not vary throughout a year.

E-10



APPENDIX E

__Ire Stry.on Growrsha ster Bevelopment jn Wangdaephodrang (rstict of Bhulan

(2) Sunshine

The monthly average of sunshine duration (hr/day) at CARD station is shown
below.

Summary of Sunshine (hr/day}

Jan. Feb | Mor | Apr | May | Jun | Rl .It-x—g‘ Sep. | Ot ] Nov (- Exe JAnoual
50 5.7 5.7 [ 51 11 51 5.0 52 5.6 6.5 6.0 55

Y

Cotnivn

* The mean annual duration of sunshine was cstimated ‘as 5.5 Wday. The mean
monthly duration of sunshine is generally higher during the pcr;od from October to
December than other months.

(3} Wind Velocity

The average nionthly mean wind velocity (m/sec) in the CARD slalion is‘ca[culatcd_
as shown below.

Jan, Feb | Mar. § Ape. | May | fon Jul Aug. 1" Sep, | Oct. | Nov. | Dec. JAanual | .
P4 B9 22 23] . 22 22 . 20| 186 1.5 [B) 1.2 12 18

The mean annual wind velocity was estimated as 1.8 m/sec. The'wind velocity

*“during the period from Febiuary 1o luly is higher than that from Augusl to January.
Abcordingtb the field intervicw, the wind velocity in the afternoon is mych higher -
than that in the norming “throughout a year. Especially in some hl‘g.‘l land ‘areas
(a]ulude more than 1,5 00 m asl}, more than 2 nv’sec of wind velocuy oﬁcn occur
"ili'lhe afternoon. .

(4) Evapomuon

© The annual mean mon!hly evaporahon (mmfday) in lhe CARD stallon iS sho‘.\n j
: bclow ‘ : ‘ : S

Summary of Evaporation {mm) :

lam, Feb, | Mar. | Apeo | May. | Jun Bl ez | Sep | Ot | New | Des | nnual
26 +1 52 sd4]- 61} . 63 63  54) s3] 18 17 29 19

The niean anmlal evaporatlon is esltmaled as- 4. 9 mm!day lhc mean. monthly
: ~ evaporation is higher dunng the penod from March to Aug,ust than that l‘rom
§ ' o Scptember to I‘cbma:y :

E- il
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‘5 Hydrology
E.5.0 General
(1) Drainage System in Bhutan
There are the following four (4) major drainage systems in Bhutan.

- Manas Chhu basin

- Chang Chhu Sankosh basin
- Wang Chhu

- Amo Chhu basin |

The Chang C hhu basin belongs to the Chang Chhu Sankosh basin, the second
largest basin in the country. Most of the rivers originate in high mountain range of
Himalayas of over 7,000 m asl, and flow out to Bengal Bay passing the Indian
and Bangladesh territories through Brahmapu{ra and Ganges rivers. The major
dramage system in maan arc presemed imFi 1g [f

(2) Gcncml C ondllmns of Chang C hlm Basin

The Upper Chang Chhu basm defined in this Study as those river baqmq that are -

Tlocated at the upstream of Wangdie Rapids Stream Gauging Station of the Chang
Chhy is divided into the following five (5) major sub-basins from north to south as
shown in Fig. E. ﬁ 2. The catchment area are summarized as shown below, -

Chang Chhu System

C ﬂ\!un onl «\rg 1 (l».m ) |River Length

: Sub-hasin . ; Taver and 'i'ri!;ul a1y Uit Basin’ Sub-total luni k)
SMa ('hl-m R : Mo Chhuat Yebosy Ci23m : ' o
o . S Mo Chhu at Lonﬂumu S B U -‘2..\‘5‘) ) : it&l.t}
Abpo Chbm - I’ho(lahu Al..onilu.nu”--. U368 2aexi | T oy
¥he - Mo Chhu ( onﬂumcc : : : L : ey R
' T rabe Roﬂg\hhu T - . BT X
Linti Chb - i34 7_ B 1 12l
(_hm‘(.hhu(l) AR - : N
Chang Chhu i (.!nno(hhu(l) B N T E
: ChangCha(hy |- 1 a
(ln!lﬁthhl’l'{rl’) R R i .
o e T e | s
: ” T l'..(hhu b W”: _““.” 15k a -.i-“__ i I 2.1;6
l)?ﬂg,.('lll‘.u oL " Dmg(.hhu(l) “; _ o 7”-;37! T ]. : 7 - o
: L L i)mg{hhn(l) T s Tesa] AR
Chang - Dong Chhe Confluence | . i ‘ se39l o -
Chang Clhu (6} ‘ T e H ; c 1 . -
(Imng(h!m af Wangdue Rap:ds L : - 5,640 . B

The total dlmilnagt_; arca of the Upper Chang Chhu basin is measured to be 5,640
ke’ at the Wangdue Rapids Stream Gauging Station Site.

The present conditions of each basin of the Chang Chhu basin are bricfed below,
and their longitudinal profiles and the schematic diagram are shown below,

- 12

Yy



APPEND E

_ T Stucy on Growrha alor Developpierd in Warghueghowt 37g Dislie of Bhutan

8000

Punakha

| Mo Chhui |
i 2000 | : ‘
| Gang Chhu Pho Chhu
s —— 4m0 L
i E T Tabe Ron hhu
s %M be Chtu
g 3O T Limt Chhu
ﬁ%} ﬁ 2.000
F 1,000 +
0 - 1 L L 1 ] 1 3 ‘
0 20 40 60 ) 100 120 |
Distance frorn Confluence of Bang Chhu and Chang Chhu (km) - 1
Longitudinal Profile of Change
N Mo Chhu o o Pha Chhy !
L
!

Yebasa K

" Tabe Rongchhu Ll Chhy

- Chang
Chhu
Pa Chhy

| Wangdue Bndge- ]lWaspgduephodr';ng

!t —_— - et

| WangdueRapuj 1 . 5DéngChhu :

| Chang Chhu Drainage System e
1 Mo (,hhu Sub basm

‘ lhe Mo Chhu sub basm area is measurcd to be 2, 359 Lm and considered to
* be one of the largest sub- basin in Upper Chang Chhu basm [t originates in the
‘glacier zong located at the north end of the country, the Himalayan Range of
over 7,000 in a.s.|. The river flows through narrow and deep gorge southward
joining many inbulanes and near Gasakatey meets the Same Chhu flowing
from Lingshi. T he river runs southward to reach the confluence with the Pho
“Chhu at Punakha. The river lengih from the most upstrcam to' the confluence
. C ‘with the Pho C bhu is neasured to be about 81 km. A’siream gauge station
\% .14 - operated by Power l)mslon is located at Yebesa, seven (7) km upstream of the
c ~confluence with the Pho Chhu. The dramagc basin with on altitude of over
5,000 m is covered by snow throughout a year, while the other rummmg, palls
+ are covered with well dense forest or little cultivated tands.

2) Phe Chhu Sub-basin

The Pho Chhu which is also considered as one of the largest sub-basin in the
Upper Chang Chhu basin, starts its flow in the glacier zone of Himalayan

E-13



APPENDIX E

1he Studly o0 Groundhs ater Development ia Wangduephodrang Oishict of Biwlan B . e

3)

4)

-~ southward, and flows into the Chang Chhu i in the Bajo arca. The vegetation of -

Range of over 7,000 m asl, and flows southeastward in the lngh mountain
range collecting drainage of glacicrs. It changes its fow direction _s;radua!!y
toward south, and reaches the confluence with the Mo Chhu at Punakha joining
the tributaries such as Si Chhw, elc. The drainage area is measured to be about
2.369 km?® at the confluence. The basin is covered by deep forest consisting
mainly of well-grown pine trees except for the snow-covered areas located in
the high mountain ranges of over 5,000 m asl The distance from its

‘uppermost reach to the confluence is measured to be about 95 km.

Tabe Rongchhu Sui)-ba_sin

‘The Tabe Rongchhu originates in the mountain range located ‘east to Thimphu,
‘and runs eastward along the narrow valley, and flows into the Chang Chhu near

Lobeysa. Many villages are scattered along the river and ils small tributaries,

and the cultivated land is developed. The vegetation of the basin is fairly good

in upstream portion, but in lower reach near Lobeysa it becomes poor due to
dry climate in Wangdue Valley. The distance to the confluence is measured to

-be about 18 km, and the drainage area of 121 km’. There are many small

intakes ‘constructed by local farmers to divert river water for irrigating their

_cultivated lands along the river. Two (2) intakes; L obeysa Upper and Lower

canais are also located on the middfe reach of this river.
,Limii_Clllm;Suli-basin

The Limti Chhu originélé in;the"hilly area of about 2, 400 m asl near the
Limbukha “village which is located north to Bajo area’ The river flows

~its catchiment area is not so dense,'and the cultivated lands are expanded in the
" flat and sloped areas along the river. The river Ieng,lh is measured to be about

At lhe-Wangduephodr_ang fown, the! Dang Chhu which has an estinated .

1 km and the dlamage area is 34 km

'l)ang (,hlm ‘Sub basin

drainage area of 684 km?, flows into the Chang Chhu from the left bank. The
Dang Chhu originates in the moiintain area of about 5,000 m that is located at
aronnd 27°45°N and 90°15°. The river flows southward, changes its direction

- to west gradually, and flows into lhe Chang Chhu near Wangduephodrang '

- town. At the point 7.5 km upstream of the confluence with the Chang Chhu,

: the Pe Chhu, which has a length and dramagc arca of 22 km and 158 ke,
A ;'respecuvely ﬂows into this river. The total dramage area of the Dang, Cithu at
" this confluence is easured to be 649 km®. The Pe Chhu is the important |
“source of domestic water for Wangduephodrang town as well as the irrigation
“waler for the Bajo area. Its intake facility is constructed on the Pe Chhu about
- one (1) ko upstream of the confluence of the Dang Chhu and Pe Chhu, and an

open channel and a pipeline of two {2) 10 cm-dia. steel pipes are installed along
the foothill of Phangyul hill area to convey the intake water to the water
treatment plant in Wangduephodrang town. The vegetation of this basin mainly
consist of dense forest in the high mountain area of aver 2,000 m, and in the

E-14
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low lands alonig the river cultivated tands are developed. At Wangdue Rapids
which'is located downsiream of the Chang Chhu and the Dang Chhu, theré is a
stream gauging station, and the total drainage area of the Chang Chhu basin at
this station point is measured to be $,640 km’,

(3) Basin Condition of Study Avea

The Study area of 65 km” is composed mainly of the Chang Chhu and the Dang

" Chhu basins. The Chang Chhu and the Dang Chhu flow from north to south and

from east to west, respectively, and join each other at lhc south to the

" Wangduephadrang town.

The Chang Chhu, which flows through flat fands of the Bajo and the Lobeysa sub-
areas, has (wo (2) perennial tributaries, namely the Limti Chhu on left bank and the

Tabe Rongchhu on right bank. The Tabe Rongchhu has a drainage arca of about 18
ki’ but most of the area extends out of the study area. The Limuti Chhu
ongmalmg in the Limbukha village is also considéred similar 1o the Tabe
Rengehhu, and most of its dramage area is located out of the study area, though it
has a drainage area of about 12 km?. Since both sub-areas have limited and poorI} .
végetated areas of watersheds, most of rainfall in such sub-areas is Judgcd to be

1' drainied rapidly to the Clmng Chhu without any retardmg

" On contrary, the Daug Chhu has a few Nat planes along nls course in lhe study area,
* and both sides of bank are formed of steep and deep valtey. The Phangyu! and the

Rubeysa sitb-areas aré located on elevated high hilly lands from 1,600 m to 2,000

- m. The Phangyul sub-area has a Imnted arca of Watersheds, and rainfall in this area
i considered (o be drained rapidly to the Dang Chhu similar to the other sub-areas

in the (hang Chhu basin. The rainfall in these elevated lands are expected to be

larger than those in olher lwo {2) sub areas in Ihc (‘hang C hhu basin due 1o their _
altitude, . - o

h.S.Z Ramhll Aualys:s

(l) Cha: .zclcushcs 0I"lhe Ramfall at lhe Chang Chhn Basm ;

The correla_llon coefticients of monthtyﬂramfail were ca_lc‘ulalcd for cvery two

 stations as shown in Table E.5.1. Each station has a correlation coeflicient of more

than 75% with its. lleigllborillg stations. Correlation coeflicients of more than 80 % .

‘were found especially among the stations located 'ﬂono the Wang,due \’allev from.

" ‘North lo South.

r-?The re!allonship belween aimude and mean annual rami‘all a: lhc stations in

Wangdue Valley is shown bclow
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Aftitude and Annual Rainfall

2,500

3

1,500

Annual Rainfall {mm)

g

— §

1,000 1500 2,000 2,500 3000 3500

Aliitude (m)

From this figure, the following tendenc-'y is expected.

Expected Rainfall in the Study Area

" Alttede(im) Anpual Rainfabl (mm} Arca(kon?)
1.000-1,500 700 'Y
1.500-2500" - : S LG : )|
2500-3500 . | ' 3,300 1,085
over 3,500 ) 00 i 3672)

- In thé"f' himphu

city ared, simifar kind of tendency is not found.

(2) L\p(’clecl Anmnl R'unfall Pattern in the ( hang Chhu Basin

:T-Usmg ihe ramfall data al the stallons in lhe Wangdue Valley, annual ramfall pauem

i the Chang, Chhu lnsm was roug,hl) cshmaled as shown bclow

‘More than 85% of the annual rainfall is expected to occur during the period from
April to" September, and especially in the area of altitude of over 1,500 m more
* than 90% of annual rainfall is expected. About 60% of annual ramf‘all is expected

; - Expected Annual Rainfall Pattern
: — 1,000 - 1500m] PR
350 ' SN
C T - - 1500-2500m SN
. 300 i—a—zsoo 3500m[ L R i)
\2'5250 [--0-0ver3500m o . Y
E s e ‘
i ‘s 200 1 ‘. . ;
£ .
& 150
100
50 .
o -
JAN. FEB. MAR. APR. MAY JUN. UL AUG SEP OCT. NOV. DEC
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during the period from June to August in whok arcas, and only in the arca of
altitude from 2,500 to 3,500 m, the amount of rainfall during the period from July
to September is targer than that froni June to August.

Four (4) antomatic rain gauge recorders were installed and the rainfail data has
been observed for 15 months. The original data was organized as shown in the
Data Book H and summarized as shown below;

Summary of Recorded Rainfalt :
it emm)

Flovation . 1993 o B _I9‘)5 L

Stetion . 1. (m) | Jon] Jul [ asg] $ep] 0] Now [iaec] Jan | Feb | Mar { Ape | Moy | Jun | Jub {nge
Umnickha (RG1) . 1ws] os| 152l y11 o ol o] 1s: 6} 18] 0 FTTIE SHI TR E
‘ (1-ycar Total) a0 ] (456), (1)) (511), (519)
NRENRG) | V3| 81y 151) ZE[ O o o 2t 30p 227 2 22 182 158
{13 car Totad) 1,380 ' (180 (g (539) 34
Phangyul (R(G) ¥24] 135] 174l W) o of 1 23} 25 120 @ 21 2300 452
{1-vear Total) 1,800 . 40! @on (592)) (550
Rubeysa (R(G4) 166| 162| 1240 79, ¢ ol o] 17} 3tf 16§ © £5 620 21 113
(1-year Total) 1,564 _ (10} '(606): (G65). (384)
CARD (Rel} P19y 13| 167 90 1 of o} 15l 7] 14t s a2l o3t ass) 2
| (1jear Tetal) 1,180 (534)‘ (518). (33%) (483

I 1995, the rainy season was started at end of May and it was about two months
dela)ed than that of average year. The estimated fainfall pattern at the stations
~ based on the recorded data is shown below and these are quite similar with that for
1,000 ~ 2,500 m. :

Estimated Rainfall Pattem at Rainigauge Stiations

! -04--Umtekha1aaom O _
| e NRTSEm : I N + . ‘
200 ; ——A——§argyl 1300'm -5
' o ‘ --—*—Rube,'sa‘iSGOm : l
E 150 ‘ H—)leﬁcARogﬁer;ﬂaOm : l
Lo 1 Y Ra.nfalrfommc 1500 m B
- R Ramfabfor?'ﬂouﬁf\{]rnj :
5‘0(’ : A m i
50 i
H
i
0 ; i
Jan i

L goking for the total amount’ of thc 12 months ramfaﬂ for Jum, 1994 to Augusl

© 1995, it is assumed-this period was one of ‘the drought penodﬁ for this area .

: cons;dermg the data series at the CARD. As for analyzing in this aspeci it is’

* necessary to observe at least more than five (5) years and to analyze in more detail.
In the Study, more rainfall analysis was carried out based on this res'ullt.

The arca at each elevation is shown in Fig. E.5.3 and is summarized below,
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Distribution of Area by Altitude

i

{onit k')
- N Area bnthe Sub basin
- Altituge (m)
Sub-basin Kaver & Tobutary wmasoe] 152000]  300-2%00F  2500-3000)  3000-3300]  Over 3300 Tolal -
Mo Chhu Mo Chhw ot Yetea 1.5 67.1 138.4 142.5 245.2| 17018 2320.0
Lo Chhu ot Contuence i6.5 1046 1384 1425 2452 17118 23580
Tho Chhu o Chhw of Confluenée L% 1096 1242 1256 1996 17R50 236840
ho - Mo Chhu Conflugee 134 n42| 2596 268.1 Hig] 2499 412740
Tabe Rongchia EEN AN 114 S 36 150 - 121.0
Lieuti Chu 29 1 is.t 19 110
Chang - 1 o 0.7 13 2.0
(hang Chhu Chang - 2 9.} 52 - - - 164
Chrz-3 6.1 6.0 - - . - 130
Ching - 4 16 1.4 - - - - 5.0
Chavg - § 10.1 116 6.2 31 - . 310
Sub-total ot Chang Chhu 92 2zx] - ozasa] 0wy 10628 34969 4955
Pech ) 2.1 143 184 566 28,3 g4 1580
[7pg Chhu Dang - 1 32 %9 6138 106.5 1229 166.7 1910
g - 2 6.5 16.1 124 - - - 350
Sube-total at Dang Chiw g 513 1256 163.1 1514 1748 6340
Chang - Dang Chhi Contlucnce 91.0 404 1509 170.3 6142 wm 5639.0 |
I(’hang-b 10 L - - - i0
Chang Chhu st Wangdue Rapiks 920 304 1509 4708 6142 ) 36717 56 10.0
New Stream Gauge Station '
Alitude (m)

Suations 1o ysiol  1se0cnn]  SEOASeE] AS0SW0E AN 35N Over 3300 Toial
SR coal ool a2d 6.6 285 8.1 145.7
- Sk2 27 269 613 106.5 1229 166.5 489.8
sR3 83 LR B 1065 1229 1667 5216
| SKe, oo it 15 L49 - 220
SRS 33 233 144 6 o] - 1210
© SR6 1.7 %7 1Hal e TR - 119.3

_Using'thoée areas and the expected rainfall patterns in the Study A_réa'; the iotal

average ramfall was estimated as low as only 800 munvycar.

(3) Estimaled Annual Rainfall Paitern in the Study Area and at Intake Site

The altitude of the study area varies from 1,200 m 1o 2,500 m éppr'oximalely, and
“its annual rainfall pattern was roughly expected as shown below using the expected
annual rainfall pattern and the distribution arca by altitude. For the catchment area

of the Bajo, Lobeysa a
~“estimated.: -

E£-18
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52
%
b

© T

Expecied Annual Rainfall Pattem in the Study Area and Intake ‘i

Site
450 p——m—mm— i 2 ;
400 RO-*-Sludy Area } ;
30 { - ‘Bajointake Site | 3
E 3001 | — %~ Lobeysa Intske Site j
% %0 -—-—ﬁ- Phangyu! lnlan;es'le. ‘
T 200 T |
& 150 ‘
100 !
50
0 B=== : . ol |
Jan Feb Mar Apr May Jun Jut Aug Sep Oct Nov Dec |
|

- The expected rainfall pattern is tabulated as shown below,

Expected Raintall Paltern in the Study Area and at Intake alte

Arca sz Feb | Mar | Agr \Ia:, Ton | Tl Aug | Sep | Od | Nev | Dec | Annual
Study Area 8 26 17 56 B3] 193] 249p 256) 153 39 2 1} 1086
Bajo Intake Sie 6 22 28 68| 120] - 228] 297 384} 271 U 6 $1 1509
Lobeysa fatake Site -2 25 26] C£8) LEX) 226] 295] 3063} 243 63f 5 714
Phangyul Intabe Site - 6 21 32 5] 135 . 243] 316] 433 3I5 86 e 18] - 1.680]

' (‘omparmg w1th rainfall paitern at CARD, the annual lamfall in the study area is

expected te be around 50% more than that at CARD. Howevér, during November
- and December, however, it is expected to be fess than S0% of the monthly rainfall
" at CARD. o

(4) Probablh(y Anal) sns
The probab:hly anal},ms was ('amed oul on the fo!lowmg 1tems and lhc rcsulls are
‘shownm !ableL’S2 P T S
- ?Annual Ramﬁl! |
- Maximum 24 hr Rainfall
- Maximum 3 days Rainfall
- Continuous Days without Rainfall (less lhan <0. l mm}
- Continuous l)ays without Rami‘a!l (less than < 5.0 mm)

“The anaI)ses were conducled for the 12 slatlom whlch is t,onqdercd to ha\c
acceptable data continuily. - -
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F.5.3 Runofl Aunalysis

(n Characteristics of Runoff

Aniual Rﬁnoff

1)

Specific Discharge {I/s/km2) -

River Discharge at Selected Stations in Bhutan
River discharges at eight {8) stations listed in Table .22 are summarized in
Table E.5.3, and their specitic discharges are summarized as shown below,
180 - - b
~——&-— Damchhuzam Y
140 5 ——8— Lungtenphu //é\
'120 . — A — Wangdue Rapids s’ RN
— ¥ — Yebesa ’
100 - = ¥ - - Thohlibi '
— & — Kurjey
80 - — Kurixampa
goi { T OrUrong

*Jan Féb Mar Apr May | Jun Jul Aﬁg Sép et Noy ~D;a'§:
- ANNUAL RUNOFF PATTERN AT SELECTED STATIONS

~ In general, thc amount of river dischargc is rising up from April ad the
- maxinmem discharge is observed in- August, The fow flow season staits from

November and lasts until Apn! (‘0111par1ng wnh vainfall pallem lhc high and
- the low {low seasons occur with one (1) month dc!ay from the ramy and the dry .
| seasons, 1especmely About 70% of anmlal rnofl” occurs clurmg the’ pertod

from May to October, and 40% 10 70% durmg the pcno(i from June to August.

l)tschargc dunng l ebmary and March atc c0t131dcred to bc the Iowesl

"l he relallonsh'ip between catchinent area and anriual runoftis Shown bc!ow';

1,600

; — % Vebesa —— —
$.400 : e ) . & Wangde Rapid
= 1,200 " ST _ o
& 1000 o A : -
L : ' co ;
40 e I — T
0 1000 2000 3000 4000 5000 6000 7000 8000 8,000 !
: ' Catechment Area (kin2) f
RELATIONSHIP BETWEEN CATARMENT AREA AND ANNUAL -
RUNOFF
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2)

About 1,500 muvycar of annuat sunaft is expected for the Yebesa and the
Wangdue Rapids stations, and this value is considered to be the highest among
the eight {8) stations. Though comparatively low amount of annual:rainfall is
observed at the Stations with catchment arca of less than 2,000 kw’, those
stations are located in the area with an altitude of morc than 2,000 m asl

Chang Chhu Basin

- According to the runoff discharge data at Wangdue Rapid and Yebesa, the

faver Discharge {mVs)

Chang Chhu basin is considered to be one of the highest runofY area in Bhutan,
The daily discharge at both stations are shown inFig. E5.4.

As shown in this Figure an extraordinary flood occured, on the October 7lh,
1994, because of the outburst of glacial lake named Lugge which is attached to
the glacier and is located on the ecastern tributary of the Pho Chhu and the

* maximum flood discharge was estimated as more than 2,500 m'/s. This amount

of discharge might be more or less 3 ~ 4 times larger than that of usual ilood i
the rainy season. Accarding to the discharge data of DOP, the hydro patiern'on

that day are shown as below;

Lot

25y ' ] RIS
:«m_ o
[ £
150 5 .z
Lo M ;
: ] A
s C v
PR
" ' L A 4 —
o [} 2 b 4 1 11 T 3 k4 L] 1 n o 15 14 L L] " o ot b1 i ]

Ceades 11w
* Hydrograph of the Fiood in Oclobér 7, 1534 by the Outburst of Glacial Lake

The flooding ‘period was around only 5 hours and this amount .did not :have -
-~ muchi influence to the mean monthly discharge. Therefore, it was 10t necessary
" to consider this phenomenon for hydrological analyses except for high flow and -
© sediment munoff analysis. o R o

The monthly discharges at both stations are shown in Table I5.5.4. In the lowest

flow season, the difference  between monthly — maximum and - miniminm
. discharges is found to be within the range less than +/-10 % of monthly mean
- discharge, while in the high flow season il reaches to a range from /40 to

S0, e - : B

3) Staidy Avea

' There arc a few perennial tributaries n the study area. ‘The rainfall in the study
area seems to flow down to the Chang Chhu within a few hours. Some water
flows [rom adjacent areas through artificial canals. ‘ :

The daily water revel has been observed at the stations as shown in Fig. £.2.3
for June 1994 to August 1995 and the recorded data are tabulated as shown in
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the Data Book 11, The discharge measurement has been carried out at these
stations as shown in Table I5.2.4 and, based on this result and site conditions
such as flow section, longitudinal slope, etc., H-Q rating cuive at each stations
was estimated as shown in Fig. 11.5.5. The coefficients of rating curve are
tabulated as shown below;

Coefficients of H.Q Rating Curve
Qealllse)

a b . N
| SRI 1640 2.369 0.770
§Rk2 6640 2426] - 1.200
sr3- 1 1354 2755 .0.810]
SR4 2.581 2470 0.100
SRS 20.4%6 © 2657 T0.200
Skeé 10782 2.605 C0.a50
CsCL 3,466 1.438 © 0000
SC2 7819 2198 0,060
§C3 3.149] . 1.980 0.000

Using the water level record and these coeflicients, the daily discharge were
estimated and the results are shown in the Data Book 11 and are summarized as
shown in Table E.5.5. '

(2) Low Flow Analysis
1) Low Flow 'Ana!ysis for Ch ang Chhu

| Usmg the monlhly rainfall dala at the CARD stanon and the river dlschar_ge ' | @
- data at Wangdue Rapids, a monthly T ank Model Was desrg,ned for thc low flow
; ana!}sns of the Chang Chhu as f-hown below

R RAINFALL & ?'Mp'omuom:

SURFACE
RUNGFF
q.;-_A_' _...'_‘.-' -
- Futh

e
Hu2

SUBSURFALE
RUNCFF

o 17X ]

BASE
RUNQFF

Hué

ct4 l §
LAYOUT OF TANK MOBEL
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The following coeflicients were found out through the simwlation and the
comparison between the actual and simutated data is shown below;

Estimated Coefficicnts of TANK Model

Catkchmont Area 5640 km2
CoclTivient of Tank Hole 1Teight of Fark 1ok
Cu Cm d b i m X
Terk1 { - 0060f  0.010 0.120 0.250] Tank} woo] - w00 0
Tank 2 0.300 0.200 oo00] o1s0| Tenk2 ) ) [}
Tank 3 0300 0,200 0.000 0.050] - Tonk 2 10 ) 0
Tark 4 0100 0.000 0.000 0.001| Tark 4 K D 0
Period of Rainfall Dota from 1985 t5 1994 Veiod of Hydrolapical Data 1931 to 1994
Kainfall Couflicient | 3 " Fyaperation Coctlicient 17 o
Conelation CocBiivient butween Simulated and Actual Data I 06.1%0
2,000 "ﬁ g ,......E . IHE IE- oy E ""EI g1 Y j
1,800 | lE !E E .E E 160 i
1.600 ‘ 200
T 1400 ) 300
B ' ' —
£ 1.200 400 E
& 1,000 00 %
5 _ 3
5200 600 . R
2 @ b
600 700
400 "800
C200 0, 1 v00 i
0 g 1oy
F50.01 90.07 9|01 91 o7 9201 92 67 9101 9307 9401 9407 o :
i ' { *—-O—Actueﬂ EEEEE Srmurated ‘ Ra:nfall P ;
¢ [T [ oIt LIITTTIITTIT VIO AR T B i

i

Comparlson bcln oen Ac!ual .md Slmllld((‘d l)xsclnn gc

From lhc resu!t of this analysns, lhe water. balance at Wang,due Rapld is
cxpected as summarized below: o : T

Summary of Water Balance of Chang Chhu

(rynyesr)
Kaindall and Snow . -0 2A00
Fvaporation and Others . : L ko)
Ruinofl from Precipitatica : : ‘ CL300
Ruoofl {rem Glaciers o ) P00
Total Runoft 1,500

‘Based on this model and rainfall data at CARD, the momhly river dmharé,e at
Wangdue Raplds was estimated as shown below; :
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Expcéted Monthly Discharge at Wangdue Rapids (m3/s)

TR TR T O T T AR Ty I R T AUG [ SEe [ ocT [ Navw | G | ANSUAL
T Y B I G T T I Y Y YT D T R
voss | Tore| el ersl _ers| oae] T era]_sase] aisa|_ 3423 isan| ek WL
st I B ere] Ts] i) ssis| aun] ssos| s dme] wEe] 97w ST
FRY ST BCE Y EEE R ) IR RS T I T S ST
s U ie o] i T | serol Tiwo] 910 a] T soas] S61E] s3] ieed] 373 BE
TV I T T G ) T ) B R I I Y 5o
ETREEL G S B T TR I T T Y EEE R
5 EE B0 ECE R I T T TR L R R T iR
EETN IR B T R I T T 1T T S I 6is
] T T T YR G B R EE B ) EE 37
YOS BT MRS B M ST Y I SR T T TS IR S0
Wi 1] o] 1sae] 3res] ssro| vimil vtoa] - sue oo sarel el mrel T uon
Wi Fr) Bl SREPTEY ERFIES Eeer] REETEE TR BESE IECE RS EEE IECE ]

~ Using this result and the runoff characteristics at Wangdue Rapids, the monthly
low flow was estimated as shown below;

Estimated Monthly Minimum Discharge at Wangdue Rapids {md/s}

YEAR] Tt T hED T aar | AP T Ay T AN L AL T AUG, | 2P [ oct [ NOVI | BEC, | ANNUAL
1585 R R GE B BEE IS B S I S I I 514
Tt T SR ECEE G Y G T BT S BTN T TN .
1957 R I R D D B O D I Y Y N
1953 AR B GE R T T ] I Y TR Y N it
) ma| oo T o] a7s] 87| tees| ssod| mss| sxes] ams| 1sus] ikt T
1550 A TN R G EE S TR S T I [
TN BEEEE B R YY) I EY T S ) MR I E Y
1992 75 G I R B N T T R Y T TE
00 EE L Y I I BT S0 T B ) T T Y
] Mol TTeTel e w15 a3 vak| care] - awmi| m63| 1see| | by dee] . wi:
Xy T NETE BRI B0 IR ) TR ST IEEZE T RN 747
T YRR TR R T I EE ST D R T EE R e
Min R BT EE R I T ] R L I T e

) Loi\'Floﬁ' ;\lialj'sis for the Study Arca

:ln order to estimation of runoft dISLhat‘gc in Ihe Study Area, thc rciallonsh:p :

‘bctwccn cah,hmem arca and monlhly rutiofl .was ana!yzed as shown in Fig,
1.5.6 based on the discharge data of DOP. The mﬂuemc of glacial runofl was
:conmdued for the csumaimn Thc coeﬂ:clenls are tabulated as shown below;

':.Coe:ﬂi(:ienis o Momhly RQn@ﬁ

(3t A Qs km ARy : ) i
Month Tan T NMar Apr May Jun Jul Aug Sepy Ot Nowv e
a 4,077 L3 - 373 231 22 R LR 9261|1061 421 612 501
- b Dote] 0633 o418 -ezo0] -oass| -odes] w003l 0203 -0.268] -0.243F -03M)- 0463

' .Based on’ this cocﬂlcmus, the spcc:hc discharg,c in the Study arca was
snmalcd as shown betow -

Estimaled Specilic Discharge in the Study Area ,
o . ! {unil: n;"r‘s .lm:)
Moath ¢ | Jan | Feb | Mar | ape | May | Jen | Rl | Awg ] Sp | Ot | Nev | D
Spcific @ | 0.022] 0021} o019l 0627 o‘o.u 0.067] o.103] o.1a0] o] 00s1] 0.035] 0025

Using this specmc discharge, lhe niver discharge at intake site was estimated as
shown below;
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Estimated Monthly River Discharge at Intake Site

(unitz i’ s)

River Carcahn’) § Jan | Feb [ Mar ] Ape [May | Jun § | Aog | Sp | Ou | Nov | Doy
Taberong Chihu 119.40 2602 25001 23] 3231 4033] R028] 12433) 16.285) 13570 o067) 1% 3 2]
Pe Chhu 14570 317 3051 284 yoasp a9} o] 15006 o] 16508] 7403] I Rk
I.achhy 223 O045] 0047 B043] OOl 007) nis| D232 D3I 053] G113 00l ] QnAd
Uship 4.18 aooi] 0081 oosi] o] o1} o} oa3s] asss] 0] a2il] ois] a
Afochuna 78 GI195] 18] 17l] Q237 Qo) OSX| 08515 1231 09Is] a4 23is) a2
Takarong hhu 680 4l4x) a1a2) o3| (484 02¥f 045 OB 093l QT HA3¥] 024 0 11;

§ _ Co:nparmg3 with the rccordcd discharge as shown in Table 1.5.5 . this result

shows similar value as the recorded discharge.
{3) Wigh Flow Analysis
1) High Flew Analysis for Chang Chhu

It is necessary to use the daily rainfall and the discharge data for high tlow
* analysis while applying any kind of runott model. However, the daily rainfall
data in the Chang Chhu basiii is considered as insufticient for the high tlow
- analysis in view of their uneven locational distribution in the basin. Using the:
~ existing rainfall data, the dally Tank Model had been tried to be established on
‘ prelnnmm} level, but it was eventually - found that this l\md of - tnal and
app;oach arc ioglcally lmpossuble ‘

iT h_éreforé_, using lhc rcsult of Tank: Model Anaiy&s and the - mnoﬂ
characteristics at Wangdue Rapids, lhe monthly high- ﬂow was e‘cpectcd as
follows;

- Estimated Monthly Maximum Flow at Wangdue Rapids ‘
. Y L P : {unil‘:in"-s)

"Year | Jan | leb Mar A May Jun | - Jul Aug | Sep Ot Nov i ilke | Annaal
cho19ss | vore] s nesf 1238] t433] 3orof 10107] 7798] 6803 13ss|: 30s3| C 2704) 10107
slor9ss || sag) o882 o38] 111.2] 10m0] 1ose4] wsa] svos| arro] i 1zl 262 10804
(1987 | oo0s| P 8s2| 2025] s71.0] 33s3]c save| 7208 s3t7| ssx| 54970 N0S) 147 (8IL7
rogst | 6] sl 1093 2ias] zs2z sroo] cssoq| esz| aso] isea] i azis] o593 8997

1989 |- co19] - 83| 1ois| 106.2f 841.9) 15526] 14680} 24sa] a4 3616]C 2332] 11020 15520
1920 139] naa] re1o] desa) 2773] ssve| nizosf o8| vesgl sad2f a9 14n3] 11365
1921 1485 1442] 1198] 1180] 3023 47730 s03.0] 10222 9640{ 3582]: 1583] 1063| 10227
1992 733 c¢72{ 1387] 1709] 2366] et27]  ge7.5] 1000.7] s90.5] 2so0| 155.6]  $3.3 10917
1923 . 179 51) 0] 16149)- 3290] J25.7) 9332 1ex6] 7528] 4231 1817 119.6) 11636
1999 | - 833 0.4 1102 tit48] 2929 MWa6] - BS5| 8330|7103 3s21] 163540 931 11148

Mean | 0 953 21.9] 1299 xe8.3]: 38s{ - 6922] 9659] 8315 697.0] 427.4] 19041 1268] 9659
Max 148.5] - 1432] 2075] 57101 8415 15526} 14680} 11634] 9610 7388 13053 230.9] 15326
_ Min CR3gl o 012 O 938 143.3] 39t0] 7208] HEAl JE8Q) - 1861] Ti1246 3').‘ 7431

‘%‘ o In this analysis, the flood caused by Ihc ombmst of glacml lake QhOllld be
neglcclcd and this result was confirmed based on interview, ftodd maik survey
and the river section data by applying non-uniform flow calculauons '

The high Nlow analyses were catried out for the Pe Chhu, the Limti Chhu and
the Tabe Rongehlhu by applying the Rational Formula as described below,

Qf=f1A36

E-
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Where Qf : Peak Nood discharge {m'/s)
f: Flood runoff coeflicient (considering the condition of the
Study area, a coeflicient of 0.7 was applicd)
1 : Rainfall intensity on the duration time (mm/hr)
A Catchment area (km?’)

Due to a lack of hourly rainfall data, rainfall intensity was eshmated using the
following formuta:

[ = Rypy/24 (24/1)°

Where Ryy: Maximum 24 hr rainfall (mm)
T : Duration time (hr)
n : Coeflicient (considering the condition of the Study area, a
coeflicient of 1/2 was applied)

The time duration should be varied depénding on the condition of catchment
area. Therefore, time duration was estimated using the following formula:

. Tp - C : Aw,?z) l(-u,ss;

Wherc Tp:: I‘lme durahon in minutes (min) ; ~
- . Coeflicient (conmdcrmg, topographic and land use condmon in
lhe Study area, a coeflicient of 350 was apphed)

Usmg those f01 mula, the peak runof¥ dlscharbe for average year was csumated
- as shown bclow .

t

Eslimated Peak Dlscharge at Maln Rwers

“Max 24h.rkamfa]l(nun) D DY

) Rl\:tf - Catchmant | Durstion Rainfatl Peak Runoll’ | Specitic

: ‘ Area (ki ) Tune they | Intensity (m's) - fntis '}
Pe Chhu P 1358] ¢ 30.69 1.88) - 41.292 0.261
Lindti Chhu 34 27.01 23 §0.905 0N
. Ta{k‘ Rongehin - ¥21 1789 1950 - 32767 02N

For the Dang C hhu Basin, the peak runoﬂ dnsahargt, was analyzcd as shown .
Paraoraph (4) of this SCCIID!I ‘ : '

2)' lllgh l‘km r\nalysxs for lhc Study Avea

There are _sever_al !ribnlaries in the study area and the direct runofY from the
~rainfall is drained through these tributaties. The direct runoff comes from the
~agricultoral fand and the amount of the peak runoff should be varied depending
" on the scalé of catchment area. Using the Rational Formula above mentioned,

the relationship between the catchment area and the peak runoft discharge was

analyzed as shown below; .

p Ty

e
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1)

)

Estimated Peak Runoff from the Agricultural Land

< SN 11 SO -
s -— Lobeysa ;
g  08f| <c---- 8ajo i
ow == M~ - Phangyu! :
e Ol o Ruemsa | i
e. o2 T dn
w M |
3§ oo ' ; —~ :
oo
0 5 10 15 20

{4) Probability Analysis

Probability Analysis for Chang Chhu

Using the results of the low and high flow analyses at Wangdue Rapids, the
probability analysis was carried out for the Chang Chhu o1 the following items. -

- Annual Mean Flow
= Annual Low Flow.

- Annual High Flow

: Usmg lhe specific dlschargc at Wangdue Rapu{s the probabllny discharges of
. the (hang Chhu at the upper part from the Wangdue Bndge and the Dang

Chhu were expected as shox\ n below;

Result of Runoff Probab:hly Analys;s at Chang Chhu and Dang Chhu

P . (m s)
o Site o \'\angdueRnplds ‘ lpp-.r}‘alio[(hmg(.ilhu £ PDang Chhin ! :
Cutehmedt Area (i) | L : DL 49560 ¢, L 684

R‘mm Penod Mean - | Max! Ain, Mean{ : Max. Min, Mean My o Ain.
Lopsoa o 1917] s 20173 36.8] 1684 el (323 owmap| o ormn] 45
1200 1981 1ssgel o 3k4] fa74tf c163d4) 337 - 240 2254 o 4¥
C10g Co20n- vzl o 3agl o 179.0] (153000 330 247 ¢ o2 . 48
1550 . -} 2104 T 16250 41.4 1248] 14280) 364 25.5] - 970 5.0
1420 2212 - taike 439 1943] 12949 k6l - 26w 174.6 53
1410 : 231.7] 13561 46.2] 2036] 1917} - 506 28.1 1615 56
1’5 4590] 123540 492] - ne] . 10856 432 298] T1i9s 60
172 22779] w0s549) sss| R4a2] 92740 T B Y IR 6.7

Plobablhty Analyms for lhc Oﬂwr Rwels

The probablhty aualyms for mean and minimam ﬂow was carrlcd oul- for lhc Pe
Chhu, the Limti Chhu and the Tabe Rongchhu, based on the specific (hschargc
of the Dang Chhu. The probability for the maximum flow was estimated by.
applying the Rational Formula as described below and based on the result of
rainfall analysis. Results of the possibility analysis are summarized below;
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Resu!l of Runoff Pmbabxl:ly ‘Analysis for Other Rivers

. Amd sy
B Sie P\. Chim B {.imt: Chhu Tabe Ronaehhu
Catchment Ares (ln3) 158 - 34 121
L Retum Pericd Afean AMax Min Aean Max, Min. Aean Aax Alin.
1100 5708) 17626 LELS 1228 46,55 0.240 43711 13987 (0.854
. 150 5893 14R26)  B.ASD 268 39.16 0.249 3513] 11765 {).8%%
130 6095 11450 1.229 131 3024 0.264 47743 93 87 0.941
110 6492 91,13 ).295 8397 24.01 02710 4972 7233 0 0591
1/ 3 688D 6327 8379 §.483 18.29 0.297 5276 497 1056
172 7785 41.22 1558 1.675 10.91 0.335 3961 3277 1.491]

(5) River Water Flow Analysis

Using the river section as shown in Fig. E.5.7 and the result of probability analysis,
the river flow at the Chang Chhu was analyzed by applying the non-uniform flow
calculation. The resull is shown'in Fig. 1£.5.8 and it has been confirmed throughout
the Field Work. From this result, the flow condition at the river pump station in-

CARD are summarized below,

Estimated Water Level at CARD River Pump Station (TP.m)

Retumn Period | RiverBed | 1500 | 15200 1100 150 1420 140 1’5 12
Mean flow 1193.4] 6193.9] 11959] 11968 119601 1196.5] 1i196.2 1196.3] 11965
Alaximum fow 1o 4} 1200.5] 1200:2] 11999] 1199.6) 1192.3] H99.0] 1198.7] 11982
AMinimum flow 11934 1noss] 11oa9f 11949] 11949 11949] UHLG) 1194%] K954

ES54 Scllimcnl Runoff Analysis

As: mcni:oncd before, the extraordmar},
‘caused by outbutst of glacial lake and this phcnmnenou has allected so much for the
sedimentation as more than I m: rising up. the river: ‘bed of Chang Chhu.: The

'companson between the cross-section of the river before the ﬂood and aﬂer thc ﬂnod :

at Wangduc Rapld is shown bciow
o8 _i' - - Belorﬁoodf
9 |y T ARer food |
a4
o2

T.P. Might {m}

CROSS SECTION PROFILE OF WANGDUE RAPIDS BEF ORE AND AFIER F LOOD

flood occured ‘on the Oclober 7th.

Peak Rood gauge height = 7.81 m (T.P. 65.79 m)

Distance {m)

- 28

Note : Flood occured on Qctober 7, 1904 Time of peak fiood - 09.07.62 hours

1994,
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Samec comparison at different section is shown in Fig. E.5.7 and it can be said the river
condition was changed e\.aclly after this flood. Furthermore, the suspended
sedimentation load (8S) has cistng up 100 ~ 1000 times more than 1hal of before the
flood and this phenomenon has been continued even at 6 month later as shown below,

Al Wangdue Rapids . L § 1200

Inflscrice of outbueat of glaon b lids . ~
Diachange 4+ Sedenents ; ‘ X
: . y 4 1am

4 100

Dhscharge Gudis)

Sqspattichtd S2AtC (pp

Ve 771993 ] 1593 T oI T 11995

Therefore, it Is necessary (o neglect the SS data series after the flood for sediment
runofl’ analysis in the Chang Chhu basin.

- Using the suspended sediment and the river discharge data at Wangdue Rapids and
Yebesa, the relationship between river discharge and suspended sediment was analyzed -
_a$ shown Fig. E.5.9 The results are summarized below.

Wangdue Rapids 88 = 0.D0884 x Q¥ _j _ tCorrc_létion Cocflicient: 95 %)
Yebesa S8 =0.01086x Q™" (Correlation Cocflicient: 86 %)

where;  'SS :  Suspended Sediment (t/day)
: Q @ Daily Mean'Dis’char’ge'(nﬁs)

T he scdlmcm mnon at both stations was estintated as sho“n in’ lablc l 5.0, using the
actual dmI) discharge data and above equations.: Approxlmately 414 lhousand ton of
annual sediment tunoft was estlmalud at Wangdue Ra]nds and this-amount is expected
to be around 745 thousand 'y !}ear (110" m'fkm*year). On the - other’ hand,

. approximalely :140 thouqand lon of that ‘was estimated at Yebesa and this also is -
. expected to:be 252 thousand m' Yyear (100 mkm f)c,ar) The ‘specitic. wspcndui' :
sediment runoff at Yebesa is less than that at Wangdue Rapids by 10 nv *km’fyear, but,
considering the longitudinal slope at the Chang Chhu system, this valug is e\pcclcd to
be wuhm a calcuiallon difterence.

The samphng of suspendcd sediment was carried oul at new stream gauging: alauon:. as
© shown'i in Table E.S 7. The relationship between river dnscharg,b and suspended sediment
- munoff was’ analyzcd as shown in Fig. £5.9 and cocﬂtc:cnts are summan.-rcd as shox\n
© below; - - :
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APPENDIX E

The Study on Groundhater Developmen! in Wangduephodrang Distielol 8htan M - I

Estimated Coefficients
$8=AQ8 (8S1'd, Qm's)

River A I3 Correlation ¢

SR1 0715 1867 71%
SR2 0.183 1510 5995
TSR3 0.008 2560 55%
[ sRa . S
SRS sa0|- 1950 T RI%
SRG 0.830|- 1700 77

l*or the leu Chhu, (SR4) there was no flow in almost observation date since most of all
‘the river dnscharg,e was used for imigation purpose at the upper basin of this river.
T herefore n was nnposs:bte to analyze the sediment nmoﬂ bascd on the rccorded data‘

Applymg those coeﬂ:c:enis the sediment runoff at each stations was rougjhly estimated as
sh(mn betow. However, it is necessary to collect thc hydrological data for !hls analysis.

Estimated Sediment Runofl

River Sediment Runeft’ | |+ Spevific Sedimenl
S {t yeas) Tl Runelfimtye M]\m)
SR1 1A ©133
" 8R2 3T i
SH3 0856 - 120
T SRY - R _ ;
- SRA C 746D 1. 198
SRG' : C635% . - 86
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Table E.2,2 List of Principal Hydrological Stationg in Bhutan

No. Code Name of Statien {.ocation Allitude | Catchmient
Latitude | Lengiude {(m) Atrcatkm?2)
1 12370045 |Lobnakha on Wang Chhu -
2 123130035 |Damchuzam on Haa Chlw (*) 27-214IN | 89-18'14E 26N 336
K] I28_t]0(}457 Lunigtenphu on Thimphu Chha (%) 27-26"48N | 89-3910E 2260 663
i) 13200045  {Tashiding on Daga Chhu
5 13310045 * {Dubani on Sankosho Clthu
6 13450045 - {Maza Falls on B:s.s'o Chhu ] S
7 13420045  {Wangdi Rapids on Pho-Mo Chhu (*) 27-2745N | 89-54'1IE 1190 3640
§ | 13700055 |Yebesa on Mo Chiwi (*) 27-37SON [ 89-1903E [ 1230 3320
9 14190045 - |Tinhtibi on Maugde Chhu (*) 27-08"44N | 90-11'36E 565 3200
10 15350045 |Chhumcy on Khargang Chhu - : _
11 15490045 [Kuijey on Chamkher Chhu (¥) 2735 1IN { 90-44'13E 2600 1350
12, 16200045 [Kurizampa on Kuri Chhu (*) 27-1627TN | 91-114IE 540 8600
13 17400045 |Uzorong on Gongri Clilu (¥) 27-15M0N | 91-25'03E 570 8560
14 17720045  |Lungienzampa on Gamri Chihu
15 | 17650035 [Tashivangishi on Kholong Chm -

Note (*) : Hydro

logical Data Collected

| Table E.2.3 List of Meteo-hydrological Stations newly installed in the Study Area

- (1), Rain Gauge Station
No.: CODE Name of Station Datc'of Location Altitude Remark
o : : : Established  Latilude Longitude | - (m) Co
e RGI Unnickina May/94 | 895VN | 27-32E 1360
S22 RG2 NRTI , May/94 { 89-53'N. 27-28% . 1380
"3 . RG3» Fhangyul May/o4 | 89-S6'N{ 27-32E ittt
L4 RGH Robes May/4 | 89-34'N; 27-27E 1560
-(2) © Streawm Gange Sfation ' _ _ _ :
No. - CODE Nanee of Station Datc of Location o Altitude | Catchment
: o Gstablished Latitude | Longitude () Arca(km2)
] SR1 Pe-Bajo Canal Intake May/o4 | 89-38'N 27-31'E 1400 113,80
2 SR2 Dangchhu Upstrcam May/94 | 8%-57'N 27-3V'E . 1320 189.78 .
3 SR Dangchbiu Downstream May/94 | 89-54'N | 27-28E- 120} 678.95
4 SR4 Limtichhu May/94 | - 89-54'N 27-31'E 1200 32.04
5 "~ SRS Tabe Rongchhu Downsiccam| May/94 | 89-54'N 2?-32':5 1200 12135
G "SRG Tabe Rongel Upstream | Mas/94 | 80-50N | 27-33'E 1320 11625 |
{3} Canal Gauge Station
No. CODE Name of Slalion ] Datc of © Location - Altitude | Remark
. - |Established Lalitude | Longilude " (m}
1 s Upper Lobeysa Canal May/24 | 89-50'N [ . 27-32'E 1340
7 §C3™ [Lower Lobeysa Canal TJunso§ | 8950N | 27-32E 1300
3 “§CH Bajo Canal Tniake Ma793 | 89-33N | 27-33E 1320 .
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Table E.4.2 Summary of Temperature Data (°C) {1/3)

tem

Fcb.

1 Station Xan, Mar. | Apr. | May | hin. { Jul. | Aug. | Sep. | Oct. | Nov, | Do | Annval
12620046 |Mean [Mean | 6.7] 79[ 1ta] 139 18af 20.8] 212 205] 193] 160} "ti0] 76| 145
Gidakom Max. | 12.8] 133 17.5] 185| 265] 260] 265] 240[ 223] 205|455 120 265
2210 (m) Min, 05| 15| 58| ss| tes| s3] 163 150| 133 o] 43| 33| os|
85-94  [Max. [Mean | 142 154} 184 210] 241] 260y 262| 252 245] 23d4] 196 168] 212

Max_ | 215 2v0] 270[ 270| 320 320] Me| 300) 295 270 240] 225] 340

Min_| 40| 4o o} 11s] 120 8ol 130] 16o| 150} 18s| 10| o] 40

Min [Mecan | -07] 07| 39] 69| 120 154] 162] 159 ws| 87 23 -16] 79

Max_ |_ 85| 75| ue| 120 210] 200| 19.6] 208 170] 15.0] 120[ so| 2o

_ Min. | 65| -se| 25| 1ol sel 85| 23] 18] 96| 10| -to] 80| 80
12720046 [Mean iMean | 47| 62| 83] n20] 141 167l 177 172 164] 127 83| s3] 116
Yusipang : Max. 00| 105] 150 2007 175 19.5] 195 2451 198f 19.0] "14.0| 100 2,45r
2686 (m) Min | oo 35 a0| 80| 85| 13s] 1ss| 123] 9sf 75[ S0l 50 -50
85-93  [Max Mean | 85| 118l -13e0f 18] t7.8] 202] 209 205 204} 179 157] 121] 163
Max. | 150] 200] 200 240] 230] 230] 240] 280 240} -260| 260| 19.0]_ 280

Min, o] 7ol so| 1ol o] 1ao] 17.0] 140] 100f 100] 20| -0 -10

Min  |Mean | 09 07| 33 72| 104 132[ 146 38| 26| 76| 09| -14] 70

Max. | 50| 40| 1x0f 190[ 150] 180 180 210 1so 10 60l 40| 210

Min. | 50| 0] 00| 1ol sol 70 noj o] sel 20| 20] -100] -180

12820046 |[Mcan |Mcan | 61| 80| 106 138 17.1] 203] 208| 208} 01| 15s] s 76] 142
Thiapha CMax | as2| 18| 1zal 9| 25| 246] 254] 265] 270] 225] 60| 125|270
2365 (1) Min, | -ri[ 03] 52| ool ol 145l us7| 150 ns| 92 7] 22 -1d
85-94  IMax. [Mean | 143 153 17.9] 205] 233] 258] 257 256] 233] 224 189] 161 208
Max. | 27.3] 240] 260[ 261 305| 320] 322 30 30| 320) 244;° 250] 322

_ Min. 250 60| eof 1a] el 16s| 1rol 170|140l w0 1wais 85| 25

Min [Mean { 2] 03] 3af  72] tod) 148 161 159] 146] 86l 21| 09 76

Max. | 73] os| aus| 17| araf 215 200f 260 240 19.0; 110} 7.0] 260]

Min | w03l 56| 70| oo 43] ea| 123 10 - 69| 17} 6] 76| -is

12880046  [Mean [Mcan | 63| ~ 72| 99| w27 152} 189| 96| 189 178 140f 105i eof 131

| Taba o Maxs res| a2 s3] wes| 2ns| 230 238 238l 223 188| 140 10.5] 238
2455¢m) © IMin ool 05| a8l ss| T 7s) 1as| asof 13s) 75| 75| 6s] 30] w03
85-93  [Max [Mean | 17.0] 60| 183 210] 228] 257 250] 248] 241 219[: Fol| i70] 212
C L [Max | 27| 280 29.0) 200 00] 320 3ol Taxof el 3oe| 28] 210] 330

| IMin | 0| 70| o] 100] 12| 170 160] T160] viop ivel 1so| o] ¢
IMin {Mean | - aa| 16| naf 43| 76l 120 141 i129] 115t ot oSl 38 5o
. Mox. | - 00] 40| 100/ T1io] 190] 180} 190] 1190 155] 120]0 6n] -10] 190

‘ 0 Min s ceo] mo| o] Tvo| tsal aee 90| a0 2e| o] 60| 95

F13390016  [Mean [Mean | 10.7] 120| 144] 178] 193] 202 218] 220] 214 as6[’ 155] 28] #74)

-fFashitangu Max. | 17.0] 155] 205 5] 23s| 250| 2650 2500 255 248 _IMLM £7.5] 205
1270 () Min. |60 70l o5l 115[ 135]- 170] (180} 18.0f 160[ 145 115 75| 60
85-01  [Max. [Mean | 16.0] 16.0] 184] 220] 232| 244 24.6] 252] 245} 230 21.0[ 791 214
: Max. | 220] 210 240} 270 280] 290 370! 300! 290f 280] 260] 240] 370

Min. 90| 100| 100 120] 160 180 200] 19.0] 17.0] 180} 170 120] 90

Min. [Mean | 72| 80| 105 15| 154 17.9] 190] 187F 182f: 144} 9.9 77| 134

o IMax. | 120] 120 100|180 zio] 28] 220] 210] 230l 230f 1] 20| 230

_ . |Min. 200 3of 30| ~70[ 1ol 18] 120] 150] 1200 80| S0} 30 20
13390046 [Mean [Mean { O8] 381 66| 9.6] 124] 148] 154] 149 M5] 106}) - 53] L26] 93]

tPhobjikha Max. | 80 90] 130| 150 185] 200] 180] 185l g0l 185 o] 85| 200
2860 (1) Min. | 65| -0s{ to| 30! 70| 100 05| 120 851 S5p 05| -20] 63
85-91  [Max [Mean | 78] 10.0{ 12.5) 1560 17.0] 193] 198 187 i85] 165] 131 M1} 149
: [Max. | 15.0] 15.0] 210] 240] 220[ 236] 280 250 20| 250] ‘190| 190] 280

__IMin 05| 20| 40| 80| 110] 140] 140 1a5] 120] wo| 6o 20 05
Min {Mean | 62| 25| o7 32] 76} 105] 101] 10| 104 47 250 481 36
Max. 30 sof sof 1ol 170[ 190] 40| 135 150 160 - 70| 207 19.0]
Min, | -14.0] -100] 70 60| 0o0f 10| 10| 86| 30| -2o] 80| -100] -140




- Table E.4.2 Sunimary of Yemperature Data {°C} (2/3)

Station | Bem " [ an. | Febo | Mar, { Apr. | May | Jun | Jul | Aug | Sep. [ Oct | Nov. | Dev. | Annualf

13910046 [Moan [Mean | 109 115] 1af 175 188 217] 212 203 202)° 200f 13.3] 121 170
Muma(Daga) Max | 125] o] 198} Jos| 220| 240 240f 2vs| 220[ 220] 190] 180f 240
1700 (1) Min. | 9ol 95| 9s] 38| 140f 128 190] 193] 17.5) 175) 103 83} 83

85 -92 Max IMean | 149] 157] 193] 22| 228] 248 237 226| 223{ 228] 193] 16.6] 206
Max | 180] 190 250 265 2500 300[ 275| 240] 250] 240] 238} 210] 300
Min. 130 120! 130] 1723] 170]. 140} 200 210] 190] 200] 158] 120] 120
Min,  [Moean 69| 72 95| 125 147] 186} 187 18l use[ 174] 114} 77 134
Max, 90| ool 160| 170] 190 200] 220] 190] 210 200[ teo] 150] 220

: Mio. | 30| 500 50| 90 100] 1i5| 170] 170] 150] 120] 6ol 4ol 40
13110041 |Mean |Mean | 13.7] 15.3] 17| 209] 228] 245] 242| 237 232| 222| 175 14.3f 200

Baso/Rurs Chba M 171851 153% 220! 250] 255] 278| 208| 265 258 2z7s| 238] 175} 278

980 (m) * [Min. 00| 11.5] 130] 150 168] 210| 200! 203[ 188] 170] 13o[ eo] 90
89-91  [Max |Mean | 17.6] 19.7] 219] 258] 269 283| 276] 271 265} 252] 223] 186] 239
: Max | 250 225] 2s0{ 300 3rol 3xs| sy 3rs| 3ol 3ie| 26sf 220] 35

Min 100 750 1a0] teo] 105 22| 0] 220 200] 185 13.0] o] i6o
Min |Mean | 9.8] 108] 130] 160] 186] 207] 208] 204} 199] 192 127 10.1f 160
[Mac T} Tise] 1so| 1zs| 205 21| 293) 230] 230] 220[ 255] 210 135] 295

Min. sst 70| 9s| 110l 120 180] o] el 1725] 25| 9n| 6o 53
13470046 §Mean [Mean | 87) 107] 134] 1631 188[ z08[ 98] 212 202 172| 131 98} 158
Gaselo o sex | 3] aas| 175| 19s] 2ss| 23| 23s| 23| 225| 200] 16| 133 285
1780y | [Mia 45 4s] sl 120] 130l es| isol 1so| ies] 125t sef 63| 45

§5-92  [Max [Mcan | 138| (54| 184] 220 240] 247] 225| 255| 244] 20| 183} 148] 203
| [Mac | ase| 2to| 230] 266] 3io] 290] 280 290f 29.0] 200 2051 19.5] 330

Min, 90| 90| 20| 160] 160 163 150] 200] 180] 140] ol 10o] 90

M IMean {0 39 59l 7sp 107 135] 169 174 170] 160[ t24]  79] 48] 1t
o Mex T Ten| o] iao| iso| 240|220 200 20| el i70f wzo| 9e] 2a0] o
Min, | 10| oo] a0 o[ _¢ol 3o] sl isu| viof 75t ao[ 1u] el @

13530046 [Mein [Mean 8.6 100 132] 164 18.9[ 218 217 219 201.0] 178 135] 99 16.2
Santengang | C[Max. 1501 140 188[ 200} 245] 255] 25.0] 25.0{ 24.0] 220] 1704 14.5] 255
1960=(m‘)‘_' obin, | 28] 30t 20) 95| 105t es| 170|165 eS| 123500 90) 0 40] 28

8694 [Max  [Mean | 14.0| “15.4] 185| 22.1| "245] 264| 2611 266] 256 238 20.3]:15.9] 21.6

[Max. | 200 2v0| 260[ 2000 330| 320§ 330] 2o 300l 28] ase| 220 330

v

o i | Tae| 60f 80p 120] 15.0] 180 200 18.5) 180 1501 120] | 6.0f - 40
{0 M |Mean | 32| 8] 787106 134l 171 172] 1721 16| 117| 67[  3.9] 108
Do | Max | 80) 9ol o) tso] 230| 2a6[l 220] 190] 200/ 180 11u] 11| 240
: ol Wie, || aiel 36| 3ol T30l 9ol tenf 1x0| ato]  ae[ 20] - 00] -l
13550046 {Mean |Moan | s3] 52| ssl 1z26] v 172 174 172] 158) 130 89[ - syl 19
Nobding - Max. | 95| 1Ls| 150] 165 193] 203] 208 20s| 19.0] 17.3] 55| 130 208
2600 (m) ni | os] s s 73] Tss] 8| i3s| ol 1ns| T sel sl os| 05

185-91 - [Max. [Mean | 10.8[ 0.8} 148|182 197 20.1] 209 205 196| 17.1] 138} .61 164
: Max, | 60| 190] 220 25| 265 2600 26| 25| 255) 213] 19e] 170] -26s)

. [Min. sol ao0] ool sl vio| 3] 1asl 1ss| 1ze] vo] 7ol 20] 20

Min' [Mean | 03] 06 3y - 70| 00 34] 140 Mop 1251 5.9 41 i) IE]

[Max | 40| 4of ool 12s] t40f 180] 180 190l 145[ 1s0] 110 150] 190
Min. { 60f 40 ool 10] so]l 935 sof so] 90 335 w3 .56 6o g

13610046 [Mean [Mean | ris] 13| 163] 189| 218] 244) 240] 242| 232 204 158] 123 188
Wangdi(CARD) © [Max | 167| 19,50 2i.5| 250] 280 325| 281] 05| 270] 2451 235[ 17.8) 323
1180 (n) . [Min. asl 65| 120l 130 Tas| 150l 1ss| 185 60| 135] s8] s3] 65
85-91  [Max [Mean | 17.6) 188] 219] 251 2731 20| 279f 283[ 22.70 260| 226] 197 243
Max | 2a0] 230( 270] 303 220 350} 333 30| ) 300 20| 241 350
Mit. g4 110l 150| 1700 170| 200f 190] 190 200] 180} 193] 125 84
Mio, |[Mean | 54 73] 107] 126] 163] 191 200] 199] 188} 148] 89 48] 132

Max | 150 19.8] T19.0] "210] 260] 320| 253 296| 20| “200] 194] 30| 320
Min, | 091 05| 46| 60| 90| 10| 40f 160] 18[ 6o] 20f -16] -16
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Table E.4.2 Summary of Temperature Data {°C) (3/3)
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Station | Item Isn | Feb. | Mar. | Apr. | May | Jun | Jul | Aug | Sep, [ Out. | Nov. | Dee. | Annual
13660048 [Moan [Mean | 76] 66| 78| os] 127 174 80| 193] 384 (43| 1r2f  8af 125
Lumichawa Max, 100] 11.0] twof 125; 180f 220 0| 253 230 1801 135 _'_I_E“i) 255
2210 (m) Min. | 25| 3s| 5ol 7o} oe] 11s| 10| 165| 13s| rs| 9] sp 28
9294  [Max |Mean | 98] 91 85| 107] 136] 209| 208] 24.6] 234 180] 135 9.6] 152
Max | i50] i60| 116 160] 190] 290[ 260] 35.0] 10| 240| 160| 136] 350
Mini, sol  so| 70| sof 1el 1o o] 17l 156l 130f ue] eo] 50
Min  [Mean | 53] 40| 53| saf 117} 139] 152] 147 133 105 90] 64 98
M 00| el 9o 120f 170 1se| isol 10| teo| wao| 1io] so| t9q]
Min, | 09 05 30 oo o8l 30 100] w00 80| 8ol 70| 0] 09
13670046 [Mean [Mean | 120] 146| 7.1 202} 220]- 254) 54| 255| 248| 21.7] 16.7] 13.6] 19.9
Punakhia - Max. | 17.5] 193 220 25.3] 286] 300] ‘330] 295F 300| 275] 215] 183] 330
1280 (m) Min. 60| 70[ 10s] 3] 50| 205 o] 193] 20| 13| 125 60| 60
8593 - [Max |Mean | 187] 210] 243| 269] 278| 307] 02| .17 201 264 23] n3[ 259
Max | 260| 260| 300] 310] 3s50| 370] 370] 350 50| 320] ol 220] 370
Min. ool r20] 120] 190| 180] 210] 200] 200] 200] is0[ 130] wo| 90
Min. [Mean | 4] 821 99 134] 03] 202] 207] 209] 206] 170 90] 57| 139
Max. | i20| 110] 1so] 80| 2ro] 270| 330 2s0] 280] 200| 160| 11.0]° 330
L - [Min 0ol 20l 4ol TS0 90| 10| 7e] 80| el 70| 20[ o] 10
13760036 |Mean [Mean | 47| 6.3 78] 104 | 149 67| 65| te2f axa| 9] 76l 14|
Crasakhatey Max | 100] 10.s] 1ss] w6s| 27| 2us| 210 210l 205p 195 150] 160 275
2760 (ui) Min- | os] - 05 10| as) 7ol as| w2s| 120] 105l 7ol 40] 10] oS
$5-91 - [Max. {Mean | 83| 1o] vis| 143 ge] 187 200] 204 19.9] 179 138 124 156
Max | 150] 170| 190] 210] 60| 280[ 250] 200] 240| 2600 230] 230| 360
: Min. | 10] 30| 20| a0l 8ol sol 10| 130 o] sol 70| a0 10
Min. |Mean | 14| - 16| 42 64 o7 wvol 134] 127] 1z24] Te3l 42 29 73
Max, | 63| 70| 1zof 1eo] 200| T19.0] 190] 170] 190| 170 130] 1dof 200
Min | Cio| cuof ol 1ol 2ol 40| 9| ool 7o Tao] 1ol el o110
13780006 [Mean [Mean | 34 -7 - 40| 64] oa] o6l 91y me| -s9l 42 w1l -
Lingishi IMax | a0 T - 95| 105 105 120f ves| s 95| we|as| o -
4100 (m) Mino | -50] - s 20| 6ol 75| ss| ss| 3of ous[ ss] ool
85-92 ¢ [Mox. [Mean | = 6.6] - o6 1L3[ 134 137] 129 12| 1220 QLY 100
O IMax | oo U] T 140y a8 170 180] 1 160] 160|160t 17.0[ | 160
L Min, |50 - - 0] so| :gol 100|: 80]. 70/ In[ 00y 00
AMin [Mean | D134] - st Al e ss| sl sal 03 a2 7s) .
e o] TS0 50 0] T80} 160f 961 90; 80| 60 -10] oo
K . . [Min. | -100[ - - w0l s0] e0p 20] 00 o0 60]-100[ -13.0] -
3830016 [Mcan [Mean | 120] 127] 148] 17.0] 180 198[ 208 209] 20| 183 157 143 171
Shengana Max | 192| 17s| 20| 250 262] 03| 2%0]- 25.5| 269[ 245] 235 "285| 30.5)
1680 (m) - Min. | 6o 35| 100 105 70 o8| 1o 112] wa] josii o 9s) o obsp 35
85-91 [Mav. [Moan | 184] 19.1] 212] ‘236] 243] 253 25.3] 258] 25.6] 238 222| 207] 229
' x| 280] 27.0] 290] 3ta] aro} 3so| 3ol 343] 3ssp 00| 3ol 30| 330
Min | 9ol 7o) 110} 46| 100] 130] 13.0] T03] 190 110] 12o| " so] e
Min |Mean | 57| 631 s4] 103 ve7| 143 ve3] 1se| 153 23| 92 w3 112
Max. | 130] 30| 1ao| 230| 230| 250] 250| 220f 220 1v0[ 190{ 280} 280
Min, 10l 20| 30| 30 30| 1o 46| oe| 7ol sof 0] “eof -20
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Table E.5.3 Summary of River Discharge at Selected Stations

{umii mi’s)

!24-!0045 Damehuzan on Haa Chha

E-44

336 km?2 : 2690 m 27-214IN 89-18'14K .
Irein Tl Feb.p Mar|  Apr May Jun Jubl  Aug Sep. Oct.}  Nov| Dec Annual
Mean 2451 236F 2200 3051 38l 048] 1962 31.68) 2567 717 405 286f 9356
[ Max 265 278F 263] 6921 6A40| 23.57) 8579 77.20| 14375 (16535 5.06] 356 14375
Min, 221 20T TG 26| IR g8z 1366|799 4s3| 292 219 163
12800045 Lungtenphu en Thimphu Chhu
663 Rm2 . 2260 m 27-2648N 89-394013 _ ‘
[tean Jan | Teb]  Wor. Apr| Moy ~iun, Jull  Aug. Sep. b Oct|  MNov ]  Dec Annual
Mcan 53sf a9 45s] s 1050 2408] d516| 7036 Si&s| 1999 1057 G 2059} .
Max. 569 491 320] 1nad] 1R8] ceos| 77.99] 133.78] 13278| d033] A0t 9.3 1a7s]
Min. 187 36| 36l 393 637l 87| 1934 4035 2816 1197) 78I 560 ¥
13480043 Wangdi Rapids on Pha-Mo Chhu
5640 12 1180 m 27-27'45N 89-54NE _
[iem Jan. Feb|  Mar| Apr l\-la)' Jun. hl Aug Sep. Oet.|  Nov. J_Xo. Amal
Mean 69461 6323 738 1104 19527 275.773] 56154 T61.43] 550.40] 255.02| 13327 91.73] 26300
Max. 17 0] 75,10 138.70] 17090| 329.00] G12.70| 535 20|1163.60] 064.00| 42310 181.70] 11960 1163.60
Mim, G3.50] 35.00] S4.90] 67.69( 125.00f 153,60 350,50 441.90] 270.50] 158.50| 98.90] 7180 5170
13?00(545 Ycebesa on Mo Chhu _ . )
$ 2320 km2 1230 m 273TSON 89-493K -
Item *lan. Feb | Mar. Aprd: May Jun, Jl]l Aug Sep.|-' Ot Nov| ke | Amuial
Mean C27.601 2574 30U o472 84.961 152.94] 24530] 33544 2_34..68 0583 sam| T s
Max. '29.4217-3047) 61.06] 81.30] 158.66] 305.54] 448.29 A$3.18| 432,28 175.65| 72.37| 4a.56] 48018
Min. 25.85] - 2204 23:24] 23805] 46.04] 66.22] AL 14| 169.66| 107.49] 61L21[ 384G 2838 22_._451F
TIT90035 Tbhibi on Mangde Chim — -
‘ 3200 ka2 S 36 a0 278N 20-41°36E S : R Lo
Item lan  ¥Feb| Mar| UApr]  May| fun Julf o Aug | Sepf T Ot Nov,j e | Ansual| .
IMean . | - 42,80F 418 49.3% 6871 H02.69] 198.35[ 102.86] 337.17) 268.09( 136.29 ’ T3] 5033 141.43] .
‘May. 56.001-; 49.49|  97.44] 103.38] 149.36[: 514.38] 658.73] 630,34 690.94| 202.04F 103.21]" 79.09] 690.94
Mo b [ 33450 2992] 29011 4043 7L72 91.34] 156.27] 199.13] 14973} 71.90] " 10.19] 2529 '525.29
13490015 Kurjey on Chamkher Chhu . . '
C3s0km2 2600 C2738NC 0 90adid L _
Nem “Jan, Feh.| Mar, Apr. May tun, Tol[  Awp. Sep. Oct| - Nov ] Dee.] Annusl
Muan - VLAY T008] 11.01] -1867] 33.75| 70.36] 106.26] 149.55] 163.02 42.46] T 21.800 1440 - 49.63
Max S R232) 23] 21U 3086] S1.96| 214.00) 225.05] 31397 273.32) 6860 ::30‘92 1846 313.97
Min. _ Wi K335 8ol 1272 19420 27.84) 5478 89.09] 5327 23201 1533 1131 833
16200045 Kurnrzampa on Kun Clhu - - e '
LRG0 km? $0m ;27 162TN 91114718 - L ,
Item . Jan. veb.| Mar| Apr, May| ~Jun Tub] - Aug. Sep| Ost| N_m"._ [ Dee | Annual’
Mean T |68 35| 66.02] 9596 152.18] 237.90] 424.80] 616 94] 816.85] 551.43| 386.60] 125.93]  9577] 29556
Max. T8187| 61| 18G.71] 6. 72| 436557| SAA 3G T 00{1133.00 1084.40] 492.94] 162,58 134.32{1133.00
Min 55621 47831 50.98]° 8LGS| 143.75] 203.231 27843 473.56] 258.03f 137.02 100.46] 6823 4783
17400045 Uzorong on Gongn Chhu '
8560 k2 570 m 27-15"10N N-2538
TN Jain}  Feb| Mar|  Apr] Mayl  Jun Jull  Auwg Sepl Oty Nov|  Doef Annual|
Mean 66.611 68.17| 77.34| 10213 140,321 210.40] 23446} 293.72| I34.66] 139.031 9130} '73.29] 14062
Max 68331 7652 139.49] 169.63| 220.4) 403.82] 47125 451.98| 255.65] 2R2.62] 106.52] "83.73] 45198
Min 65.28] 6558] 6206 65.14] 101.12] 104.00] 171.8L] 207.73] 136.02] 103.33] 7879 6587 6216
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Table E.5.5 Summary of Estimated River Discharge (m¥s)

_ River: Pe Chhu

StatiomSR1 .
Yeai| Day | Jan ]| Feb | Mar | Apr |'May | Jun Jul 1 Ang Sep | Oct | Nov | Dee
1994|Mcean - - - - - 5.357] 7.860p 13.222]15.125] 9.279] 7.013] 5.793
Max. - - - - = | 11.351) 9.296] 17.502]17.886]17.311}F 8.275] 6.123
~ [Min, - - - - - 3.246] 58171 8.777{11.252] 2031 6.020] 4.007
1995|Mean | 5.103] 4.695] 4.515] 3.466] 4.371] 4.924| 8622 12.085] - - - -
Max. | §918] 5.618] 4.773| 43596] 5.233] 5618]11.699] 12.784] - - - ]
Min. | 4.684] 4.171] 4.338] 4254] 3.692) 38ig] 5233| 10059 - |- - -]
River: Dang Chhu : ' ' ie
Station:SR2 ‘ @
Year| Day:| Jan | Fcb | Mar | Apr:| May | Jun | Jul Aug Sep | Oct | Nov | Dec
199§|Mcan - - - - - 1280061 - 36.525133.621]| 18 815 e LIE !
< Max. - - - - - |H4866] - . § 52,769]39.245]23.376] - 13506
Min. e - - - j16.083] - 20149124057} 15.020) - |10.544]
1995 |Mean = _410757] - 114417]17.939]23.271]|25.525] 31.3%] - - - -
Max. - 10357 - - 21.083F21.083]40.167]29.534] 49.036] - - - -
Min. - 10.757] - 11.632]16.355]17.471] 23.376] - 25.809 - - - -
River: Pang Chhu
. . ~ Station:SR3 : .
Year| Day | Jan Feb | Mar | Apr | May | Jun Jul Aug Sep | Oct | Nov | Dec
1994 Mcan - - - - - - 133.173] 63.267]36.996] 30.568 - -
Max | - - -] - - - 144.365] 100.914174.552040.738) - -
- Min - - - - - - - |20.083] 43.624f41.448] 20996 - -
1993 |Mean - 10.942] 9.922]113.206] 17.634] 31.188 - .4 70983 - < - -
' Max. - 112.650] 11,3541 17.914{23 462{68.403] - J1o0914] - - -
Min. - 9.296] 9.296] 16.739] 16.687{ 17.914 - 62.756 - - - -
- River: Limti Chhu o '
: - StatiomSRY .
Year] Day | Jan | Feb | Mar | Apr f'Mav [ Jun | Jul | Aug | Sep | 0ct | Nov | Dee
1994 | Mean - - - - Coe - R - ] 0.056] 0074 -] 0073
S Max | - - - f - - - - | o207 032 -] oa2
C - M - - S - | - - - - | noxg oz - 0048}
1995|Mean |- 0.066] ¢.043] 0.023] 0.025 oy = Pe - C - st RO
o Maxc 032 eo7e| 0048 0033 - T - o < i
| Min | 0043 00201 0.014) oo17]: - - . - - fa e

“River: Tabe Rongchhu

i . : Station:SRS Co : -
Yearf Day § Jan | Fcb § Mar ¢ Apr | May | Jin [ Wl | Aug | Sep | Oct [ Nov | Dec
1994|Mean - - - - 1 - 8.878] 11.279] 15.511|14.501F 9.102] 5.917] 5550
U Max - - - - - J63.534129.655] 263514 21.561| EL.307] 7.342] 6.512
. |Min, < -l - - F3SS] 1811] - 9.866f 7.930] 6.782] L&k1] 3.786
1995IMean | 3.850| 3.913]: 3.556) 2.388] 2.266] - [12.307 - P - - - .
Max. | 4.594| 5.035):3.599] 2910] 2.732] - lie3si] - - - - =
Min. | 2.451] 3.599F:3.418] 1.914] 1676] - 6.512 - - | - : ‘
‘ ' River; Tabe Rongchhu c
E P : . Station:SR6 ' L S gj
‘| Year] Day | Jan | Fcb | Mar | Apr [ May [ Jon [ Jul Aug | Sep | Ocl | Nov | Dec
11994 Mean - - - oo - 5.046] 7445 5104 - - - .| 3897
C 0 |Max, - - - - . 15.517)30 468] 9.177 - - - 4.258
-~ |Min. - - - - - 1.057f 2.975] 2.063] - . - 3.653
1995|Mean | 2.850] 3.369] - - - - - - - e -
Max. | 2.850] 36530 . - - - - - - . - -

Min. { 2.850] 2850} - I B - . . . - - -
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Table E.5.8 Estimated Sediment Runoff at the Chang Chhu

13420045 Wangdue Rapids on Pho-Mo Chhu ___Catchment Arca 5640 k2
. L Suspended Sediment Runofl (1'd) :
Year { Jtena | Jan, Feb. § Mar. | Apr. | May [ Jun. Jo. | Aug |- Sep Okt | Nov. Des. | Annuat
1991 Mean - - - - - - - - 4620.1] ¢284] 138.8] ¢ 74D -
Max - - - - - B7W.0] 12434] 2333|1042 -
Min. - - - - - - - - 1277.1]  2366]. 1066 5681 -
1992] Mean 441 KEN| 76.9] 1395} 2585] 11184 X428 50269] 18973 479.8] 1430  66.5) 10606
Max, 56.4 41.5] 1778 270 319.8| 35159| 7070.3{11282.1) 3264.7] 710|240 $9.0[ 112821
.| Min. 382 277|274 657] w43] M44] ita49| 18236] 6803] 23235 0. 474 214
1993] Mean 44.8]  41.0] 352 102d4] 4900 S532.7) 2817.6| 6336.7fF 2736.5| 81935 2013 950 11878
Max 55.8] 518 463 2507 1008.1] 1691.8) 8222.4[12734.0] 5317.5| 1670.0[: 3059 1320127540
_ Min. 382 318 323 421] 2182 218.2) 12284 36111] 15063] 3209 131.8] 657 s
1994| Mean 540] 392 546  932] 3876 1730.0| 1865.2) 35927 -209L.7| 2433.5[ 1403]  69.6] 10463
Max 64.1 455 26 1492 7982 5867.5] S116.5] 6516.7] 473491611597 2613 88.7{61139.7
Min. 46.2) 337 332 61.7] 1427| a034| s02.3] iTiro| cs1e9| 2328] w03 339 132
Mean {Mean 476 378 5560 17| o] 1127.1] 2709.9] 49854 2836.4] © 885.4[ ¢ 160.9 764 1H7.8
Max. 64.1 51.8] 1778 2704] 1008.1] 5867.5] 8222.4|12754.0] 8730.0] 1670.1] : 3050] 132.0[127540
Min.’ g2 217 234 42| M2T) 2182) 5023) 17110 6803] 2323 20.1) 474 274
. - Specific Suspended Sediment Runofl (md km2) o
Year Jan. Feb. Mar. | Apr. May Jun. Jul. Aug. Sep. Ot Nov. | Bec | Annual
1991 . - - - - - - - - 3932 . 53 1.33] - 063 -
1992 03%]  028] 065 119  220] 932 2030] 4273 16.15]  4.08 p.22] 0579 10831
1993 0381 0351 030¢f O087) 418] 453 2398 5303 2329 697 t.71 0.81] 121.31
1994 S 0a0]  033] 048] 079 330] 1472|1591 10.38] 17.80] 2071 r20|l  0359) 10686
Mean 041] 032 047[- 095 323] 959 2306] 4243} 20U 547 LAT] 065] 11209
13700045 * Yebesa on Mo Chha | Catchment Avea - 2320 km2
e Suspended Sedinint Runefi fud) - L : :
Year | Tteim | Jan Feb. Mar. | Apr. | May Tun. Jul Aug. Sep. | " Oct. ] Nov, Bec | Annual
1991 | Mean - - - - - - - 2963.1 | 1782.6] 1954 7 176] - -
D] Max. - - - - | 44503) 35269 5074 613 245
| Min | --- - - - - - |12007 ) 4] -6 o 237]C 128) ¢ - -
1992 Mean 113 g5p 0 235p  43.3] 1035] 0 4a23] 74| 1660.3F 6749] 1509 374 16.7] 13624
s | Max 128 9.7 ss8| u07.2| 215.6] 11608 3805.6| 42370 24226] 2767 - 60.2] - 222] 32370
| - Min. 9.8 7.3 EO|  235] 126] . 698] 3396| 4990 1921 592 23 uyl, 13
1993 Mean| 1LI[ 11D 921 30.3] T 1346|4980} 1004.2] 20202} 8633 2380]  333] - 209 14114
‘ Max, 12.7 138 11.0] © 756] : 433.7] 1707.3} 3669.3] 41557} E8G9.1] 33635] 849 0.5 41557
L Min. 104 8.4 78] - 116} 666 11386] 3165129551 4729 - 912] a1 4] ¢ 78
1994| Mean| - 118 0.3 14| 243F 0 H9.7] 4867 S172.0|: 790 4928 1083 269 12.7]. 2152
U May ‘143 158 - 370 98] 4768} 1057.2( 22078 14782) 11330 22050 47w 172| 22678
© | Min 98] 78 g2 1570 - 298] 14591 1704] - ama|s e s3] 1l 2.1 TR)
Mean Mean |- 114 96| . 15.6] . 326f 1266] 475.7) 0 898.3] 1830.8]: 9539| 17K2 3] 170 38k
(Max. | 143] 0 15.8| sk9) . 1072] 476.9) 1707.3] 3805.6] 4451.3| 35269 3363 san| 05| 42371
Min/ [ 98] 73] - 78] i n6] 298] 69.8f 1704 3303 Tea 7| 45| ] 9l 7.3
- s i ; - Specitic Suspended Sediment Runofl (mdkm2) & ¢ Do s o
_ Year lan. Feb. | Mar. | Apr. ] May | Jun Jul | Awg | Sepr [ O |- Nov | e | Annual
199k - - - e - - 61.31] 3688 J0d 082 036] @ -
1992 0.23] 0171 od9] 050  2.08]  9.05] 2428|136 1396 312 077]  035] 8997
1993 023 023 019 o063 220] 103} 2008] 4180 1790 534 LAn|  043] 1021}
19N 0.24 019] 0629 o50] 248] - 1007F 10701 1571) 1019 224 0.56] 026] 13343
Mean 023] 020 032f 067] 262 9.84] 18.58] - 1829 369 081 035] - 934

£19.14




Table E.5.7 Summary of Sediment Data at New Stream Gauge Stations (1/2)

Catchment Estimated Suspended Sediment

Stalion Arga Sampling . § Discharge | Sample 1| Sample 2 | Saiple 3 | Average
. ﬂ_ﬁnﬂ) Date (nifs) | (ppm) {ppm) {(ppm) (ppm)

SRt 580 18/Apr./94 6.530 10.1 9.1 - 9.6

SunfH 7888 16.5 18.1 - 113

| 29/hun /94 15.261 292.0 163.0 - 2215

8/ Hul./94 17416 18.0 17.0 - 17.5

23/ Aug /H 9.598 58.0 0.0 - o

20/Sep.d 12 400 3330 185.6 - 2593

28/0c/94 - 293.2 144.7 - 21%.0

7/Dec./9 3.878 13.6 971.8 - 3587

Jan./95 6.699 42.5 7.8 - 25.2

21{F¢b /95 3.139 12,5 13.0 - 2.8

13/Mar /93 3.329 1.2 210 - 4.1

HApr./93 6.126 12.1 2.5 - 1.3

23/May/95 6.165 1.6 4.8 - 3.2

© 3l 95 - 4.023 15.3 14.3 - 14.8

30/ Jul /95 8.668 37.7 334 - 35.6

23/Ang /95 1198 26.1 30.4 - 783

SR2 189.78) 19/Apr./94 1§.217 50 4.1 - 4.6

SHun /94 35.820 11.2 2.0 - i1.6

29/0un. /4 57,084 83.0 97.0 - 0.1

8/ul./94 12,678 710 50 - C 6.0

23/Aug /94 40.876 620 65.0] . - 03.5

20/Scp /94 34956 110.0 1210 - LI585

28/0ct/od 16894 13.8 335 - 54.2

[ HDecc /94 19.489 30.1 1013 - "05.7

| dfdan 195 16912 3.0 3.0 - S 30

21/Fch 95 16.792 1.5 12.0 - 7.8

13/Mar f95 10,399 5.6 4.0 - 1.3

WApr9s - 10.6 3.5 - 11

23/May/95 20.723 26.2 o221 - 24

3l 195 41126 T 990 155.4 - C127.2

30/Jul./95 - 33.130]. SIS 724 - 720

: 2V Aug /93 87.780}: yN I K B S30.3

SR3: - 67895 19/Apr.9d4 17.6717} “16.2] - 6.1 - 1.1

o 5/5un 93 50.716] 120 200 - 17.0)

29/Jun/o4 | o 84864 204.0 196.0 - 2000

&/Jul /04 - 342006 110 10.0 - 10.5

23 Aug fH 758.511 53.0 “48.0 - 0.3

20/Sep./91 19118 2013 234 - 207.9]

28/0c/94 | 0 25.895 188.9 185.7 - 187.3]

7/0¢c.i%4 21981 . 6671 1.5 - " 337.3

Aan d9s 39.830 3.0 X - -3

21/Fcb /95 11,583 6.1 12.4 - 9.3

13/Mar./95 ERLSE] 0.0 3.3 - 0.1

YApr9s. | - - 5.0 . - 50

23May/93 22973 392 8210 - 130.1]

Ylal/gs 58.827 166.7 126.7 - 196.7

30/Jul. /93 51536 65.0 07.0 - 66.3

23/Aug /95 55.102 37.14 314 - 341




Table E5.7 Summary of Sediment Data at New Stream Gauge Stations (2i2)

Catclunent Estimated Suspended Sediment -
Station’ Arca | Sawpling { Discharge | Sample | | Sample 2 | Sample 3 | Average
(kin2) Date (m3/s) {(ppny} {(ppm) {ppm} (ppn)
SR 32.04] 19/Apr/94 0.025 Big - - 348
SHun/94 - 69.6 - - 69.6
29/Jun /94 1,578 4020 - - 402.0
23/Aug /94 - 8140 - - 83.0
9/Sep.i94 0.170 416.0 - - 116.0
| 2B/0cUH 0.268 32718 - - 32718
7Dec /94 0.319 .63 - - . 6.3
4/Jan i3 - 2724 303.3 - 2879
21/Fch./95 o119, 201.0 - - 2010
13/ ar /95 - 101.0 - - 101.0
. 3/ Apr.f95 - 530 30 - 28.0
SRS 121.35] 18/Apr./od 3.857 7.2 8.6 6.9 1.6
Slhlli._{?_l 0,822 118 - 12.1 - 13.4
29 Jun /94 22,100 §9.0 78.0 - B 63.5
8/Jul /94 12.256 .20 - - 2.0
23/A08./94 10.798 19.0]° 63.0 - ~ 58.3
20/S¢p/H 11,346 60.1 9.4 - 69.8
28/0cU/94 8410 57.3 066.4 - 6191
Dec. 6.311 914 0.5 : 19.0]
Hlan /95 - 5,276 6.4 - - 6.4
24rch./9s ] . 3894 - 125 . 8.5 - “10.5
P3Mar/95 { 0 2.538 C6T 4.5 4 5.0
HApPr./93 3445 0 T I4LSE 0. E o [t
23 a3 A5 0 65 1.5 - D53
| 3/Tul/95 4.051 36.2 - - 116.2
304Jul /95 8.934 238l 27.0 - 257
. C o 23 Aag. S 0.510 72.3 68.3 - 70.3
SRG- 116251 18/Apr/93 | 1 2280 E R - S 93
' : RTINS 0.780] 5.8] . 164 - 1109
284Jun /93 8.784) . 540] . 660 - 60.0
S ] 7.998] 2040) 0 - 1LG - 16.0
23/ Aug /M 49660 - S28] © 450 - 185
20/5cp./94 IR N K (659 - 658
28/Cc/94 © B.296) - 4321 524 - 478
7Dec 94 Jsoeal 2 10 - RA
J/5an i9s 5074 0 40 - - 1.0
21/Fch./95 249 6.0 50.0 §7.0 47.7
13Mar /95 8.269 45 - - 4.3
SAp/S 1.249] 3.5 5.6 - 4.6
b 2aMaymes | o8] 43 . 0.5 - 5.8
‘- 3ulsgs . 4 E56] . 1238 -26.3 - 26.0
30/Jul.i95 EE N 237 329 - 28.3]
23 Aup 98 4.040 ‘2907 = 2.9
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