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ANNEX-I METEOROLOGY AND HYDROLOGY
PART J MASTER PLAN STUDY
I OBSERVED RECORD
1. General

Department of Metcorology and Hydrology, MAF, is responsible to carry out the meteo-
hydrological observation and data compilalion over the nation. The Department is now
operating 93 meteorological stations including rainfall-gauge stations and 108 water level
galiging stations. - Based on the list of existing meteo-hydrological observatories provided by
the Department, observed records on 14 meteorological stations and 8 hydrological stations
located in and around the Study area were selected for the study taking the extent of Study arca
into consideration. Description of the selected stations is as follows;

Metcorological Stations

Station " Code Lat. Lon. Alt.  Type  Period
PATHOUMPHON M140505  14%46  H0SSS®” 9%m. R 1965-
CHAMPASAK MI40307  14°54" 105553 9Sm R 1979 -
NONGHINE MI4DGB4 - 15°13 106%21° T 1,230m R 1979-
ATTAPU COOMIAO60S  14%48° . 106507 105m M 1980 -
PAKXE MIS0304 - 1507 HSAT C102m - M 1960 -
KHONGXEDON MISO506  15°34" - 105%8' 200m M 1989 -
XELABAM MISOS08 ~ 15°24° - 105°50° 96m R 1972-
BAN BACHIANG MISOSI0 - 15°10° 105554 220m R 1977-
PAKXONG MISO60E 159107 106°11" 1,200m M 1986 -
SALAVAN MI150602 15541 106725 170m M 1980 -
KM42 M150603  {5°11° ~ 106°10 1L160m M 1977
BAN LAONGAM MISO604 1553 (0618 500m M 1989 -
NIKHOM11 MIS0605  15°11"  106°26° LISOm M 1984 -
' SEKONG M150307 = 15905 106°15° 126m M 1992

Type: R;Rain Gauge Station M;Metcorological Station
Hydrological Stations . ' C : o

Station - . Code " Lat. . Lon. Al Type © Period

BAN NANAY H3290101 15932'.  105%49 1Wm . -1 1988 -
KHONGXEDON H190102 15934 ' 105°48' 122m Q1989 -
SALAVAN H390103 1542 10627 140m © 'H 1986 --
SOUVANNAKHILT ~ H390104 1523 10549 1dm Q 1988 -
BAN DONXE Hi90110 15°19° - 105%4Y 94m H 1988 -
1. CHAMPI 11390201 151 10506 880m H oo 1994
NIKHOM 14 11390202 15910°  106°14° 1L130m i 1989 -
ATTAPU 1430105 15°48" - 106°50 105m Q 1987-
Fype: QiDischarge Data H;Gauge Height Dala

- Apart from the MAF  meteo-hydrological “observation network, individual meteo-
hydrological observation is made by project basis under the control of gevernmental agencics
such as MCTPC, MiHl cte. [In the Study area, MIH has been conducted the study on Xe
Katam Small-Seale Hydroelectric Power Development Project under the technical cooperation
of JICA in 1991, ‘The study covers X¢ Namnoy basin where locates the southeast pasts of the
Study area.  Through the study, two (2) automatic water level recorders and five (5) antomatic
rain gauges have been set up and observation is being continued. Morcover, monthly-basis
discharge records of existing hydropower stations, Xe Set and Xelabany, located in and near by
(he Study arca are  also available for clarification of runoff phenomenon of rivers related to the
Study.



1.2 Meteorelogical! Data

The Study arca and its surrounding are classified as savanna climate.  Aumospheric
dynamics are governed by monsoons, steady winds blow alternately from: the northeast and the
southwest, These winds are caused by seasonal temperatire and the resullant pressure
changes over the Central Asia and the Indian Ocean.  The southwest monsoon is characterized
by heavy and frequent precipitation, high humidityies, maximam cloudiness and tropical
temperaiwre.  From May to Octaber when the southeast monsoon blows, called the wet
scason, over 90% of annual rainfall occurs in and around the Boloven Plateau including the
Study arca.  In the remaining period when the northeast monsoon blows, called the dry
season, little precipitation occurs, humidity is low, the sky is clear and temperatures are
relatively low. :

At the metcorological observatories shown in the previcus section, observed climatic
items are different in cach obscrvatory.  Most of the observatories, continiious observition is
being carried oul regarding the rainfall, temperature and refative humidity though many lack of
records can be found in the itéms of evaporation, sunshine hours and wind velocity due to the
trouble of observation equipment.  The table below summarises the major features of climatic
condition within and near the Study area and meteorological itcins for estimation of potential
transpiration are available only these observatories. ~ Pakxe may be considered representative
* of the west part of lowland area in the Study area and Pakxong for highland area, Salavan for
the naith part of lowland area. '

Station: Pakxe

Item JAN TEBR MAR APR MAY JUN JUL. AUG SEP OCT NOV__DEC ANNUAL

Rainfall {mm) _ . .
24 85 141 594 2013 3246 3763 500.5 2969 1167 175 2.2 19204

Temperiture (C)
Max. 320 335 350 1358 338 314 309 306 3 301 3L 307 322
Min. - 186 215 237 255 251 2406 241 24 28 22,6 206 133 22.5
Mean 253 274 294 307 295 280 275 274 274 2170 258 245 27.5
Relative Humidity . (% '
: 61 58 58 63 12 79 81 50 30 75 0 63 70

- Sunshine Hours  (hours) : _

‘ . 88 8 15 76 0 7.1 42 4.7 4.1 4.7 56 1.7 1.9 6.4

“Wind Speed  (nvs) : S : _ . : .

L o 25 26 29 28 28 24 22 22 20 23 26 27 2.5

“Lvaporation  (mm} _

CosAspan 1933 1948 2244 2207 1844 1207 1059 1022 1225 1629 1769 1912 20000
Piche " 171.5 184.6 2184 927 1272 784 711 645 0658 943 127.0 1533 15497

Station: Pakxeng

Iicin AN 113B MAR APR MAY JUN JUI, AUG SEP OCT NOY DEC ANNUAL

Rainlall {imm)
9.8 109 041 2438 3478 4573 6884 790.3 427.0 2125 376 146 33M

-~ Temperature {C) . : . .
Max, © 242 252 257 264 254 236 231 219 4.0 239 236 232 242
Min. 10.1 11,8 150 170 180 178 175 17.2 1638 160 136 11.5 153

Mean © 17.1 185 204 217 207 207 203 200 204 200 186 174 19.5
Reélative Homidity (%) -

2 T1 75 1R 83 88 L9 S0 %6 82 75 13 80
Sunshine Hours  (hours) : .

7.6 711 62 68 4.5 30 2.8 724 34 43 1.6 69 5.1
Wind Speed  (m/s) _ : . .

2.2 21 26 2.6 30 34 33 32 25 10 3.4 29 .29

Evaporation (mm}  {recordsat  Nikhom34) .
Piche =~ 67.7 543 574 486 448 388 338 333 286 39.1 475 56.6 550.5

I-2



Station: Salavan

ltem  JAN TEB MAR _APR MAY JUN JUL AUG SEP OCT _NOV "DIC_ANNUAL,
Rainfal! {(imm) ' _ -
23 513 161.6 384.6 3258 5382 2853 1231 177 06 1926

3 20 3
Temperatuee ()
Max. 30.7 335 356 350 337 30.8 306 297 308 308 g 297 313
Min. 154 191 227 244 242 244 239 238 2135 224 19.7 180 21.3
Méan 211 263 293 302 9.0 275 213 267 2712 270 250 23.0 26.8
Refative Humidity  (50)
_ 05 61 59 63 72 Sl 80 86 k2 79 74 68 73
Sunshine Howrs  (hours) o _
_ _ "R9 74 6.6 69 44 4.1 36 49 6.5 8.4 1.4 0.3
Wind Speed - (infs) ) :
1.9 e 1.9 1.9 1.9 1.7 2.0 1.7 1.6 1.8 22 2.2 1.9

Evaporation  {mm) ) : . _ )
A-pan 184.3 2102 243.3 2485 229.7 139.7 1180 1083 1056 1460 1654 1733 2072.4

Revorded periods in the table are as follows;

Pakxe © 1989 to 1994 for evaporation {(A-pan), Others are 1985 to 1994
Pakxong : 1991 1o 199 for sunshine houvrs, Others are 1986 1o 1994
Salavan - 1991 to 1994 for sunshinc hours, 1992 to 1994 for evaporalion,

Others are 1981 to 1994 excluding 1985 to 1989

{1} Rainfall

_ Boloven Plaeau forms as isolated tableland with elevation of around §,200m in top
portion and surrounded by the plain generated by the rivers such as Nam Khong, Xe Don and
~ Xe Kong. - Those topographic conditions closely affects to the dynamics of monscon and
" rainfall disiribution over the Study area as shown in Fig.1.1.1 of annual isohyetal map.
During the wet scason, the southwest monsoon hit the southwestern slope of the Plateau and
causes large amounts of rainfall reaching up to 3,300mm on an annual average at the southern
parts of the Platcau though a tend ta decrease of rainfall amounts can be seen with a decent in
clevation. Lowland areas surrounding the Plateau ranges 100m to 200m in elevation and
annual average rainfall counts from 1,600mm to 2,000mm.

There exists foui (4) metcorological and/or rainfall ebservatorics along the route 23 from
Lak 42 to Pakxong and the road to Houay Ho damsite from Pakxong in the highland -areas.
Those obscrved récords on annual total rainfall varies from 2,500mm to 4,700nun. Among the
observatories, Pakxong gives the maximum values and (he decrease of annual rainfall amount
can be seen in other observatorics. On the contrary, average annual rainfall in the lowland areas
surrounding the Plateau shows at around 2,000mm in the southicra part, 1,600 to.1,800min in
the northwestern part and 1,800 to 1,900mm in the northeastern part. The peak of monthly
rainfall in and around the Study area takes place i August and accumulates one fourth of
annual rainfall within a month. Regarding the rainfall at the beginning of wel season, over
200mm of monthly rainfall occurs in April at the highland areas while noliccable in May at the
lowland areas. As for the initial stage of dry scason, appearance of less (han 100mm of
monthly rainfall is dominated in November at entire part of the Study arca except the
northwestern lowland arcas which appears in October. In July, 1983, 533.5mm of daily
rainfall had been recorded at Pakxong while 450.3mm and 213mm of daily rainfall at Pakxe

and Xerabam obiservatories, respectinely. _ :

Correlation concerning the monthly distribution of annual rainfall is ‘verifted using the
average noathly rainfall among the related obscrvatories in and around (he Study area. High
correlation can be recogaized as shown table below and those results mean that the monthly
distribution pattern of annual rainfall tends toward same manner over the Study arca.



Nelabam Khongxedon Pathoumphon Poakxe -~ Sckong  Salavan  Aftapy_ Pakxong Laongam
097223 099091 095502 0.99153 098597 098341 096628 0.90(94
0.96801 0.98497° 0.98482 0.98701 0.98676  0.99129. 0.94721
0.93897 0.98874 '0.99338 098210 0.95717 0.88756

Helabam -
Khongxedon - 0.97223 -
Pathoumphon ~ 0.99091 3.96801 _ -
FPakxe 0.95502 093497 093897

akxe - 096320 0.95820 097153 097095 0.93632
Sckong 099153 098482 098874 0.96320 - 099100 0.99429 098493 0.92667
alavan 0.98597  0.98701  0.99338 0.95820 0.99100 - 0.98892 097752 092196
Allapu_ 098341 0.98676 098210 097153 0.99429 0.98892 0.97988 0.91929

FPakxong 096628 099129 0.95717 097095 0.98493 097752 0.97988 - 0.96977
Laongam 090193 0.9472] 0.88756 0.93632 ° 0.92667. 0.92196 0.91929 - 096977 -

Following ware the correlation factor of monthly. sainfall between Pakxe and other
obscrvatories. - The value of less than 0.6 indicates a very low correlation under the significant
Jevel of 5 % taking the number on a pair of data into account. Salavan cin be considered the
observatory having high correlation with the Pakxe among the observatorics located over the
Study area.

Observatory JAN  TEB __MAR APR.MAY "JUN _JUL AUG SEP OCT NOV _DiiC
Salavan . 09971 0.9581 0.8546 0.7688 0.7170 0.3368 0.7687 0.7230 0.5491 0.8090 0.6991 0.3139
Xelabam 01000 0.8008 0.3713 0.6566 0.6455 0.6444 0.6673 0.7403 0.5353 0.8985 0.3268 0.7212
Laongam 0.9816 0.2297 0.8488 0.736]1 0.8314 0.3863 0.7546 0.5112 0.2624 0.3054 0.5869 0.1935
Pakxong 0.7755 0.7928 0.1523 0.5047 0.6232 0.5413 0.4165 0.7424 0.6589 0.3861 0.4558 0.8251
Pathoumphon  0.8463 0.9677 0.2195 0.1122 0.3002 0.1414 0.2171 0.6852 0.5343 0.4550 0.2100 $.4992
Khongxedon _ 0.992¢ 0.3109 0.1818 0.7440 0.7719 0.4550 0.2446 0.4463 0.3425 0.8526 0.5151 0.3162

Sckong 0.8490 - 0.1690 0.7790 04180 0.9110 0.4320 0.1640 0.8980 0.4240 0.8870 0.5110
Allapu 02294 0.2812 0.4933 0.8469 0.1742 0.2588 0.6844 0.3875 0.5983 0.5255 0.2454 0.0183

To contrast the rainfall between highland and lowland areas, coreelation factor of monthly
rainfall is studied between Pakxong observatory located in the highland areas and the
observatory situated in the lowland areas. Results show low and irrcgular correlation faclors as
tabulated below. No clear correlation can be found belween highland and lowland areas.

Obseqvatory JAN FI:B_ MAR _APR_MAY JUN_ JUL AUG SEP OCT__NOV _ DEC

Salavan 0762 0655 0201 0301 0.717 0.733 0709 0.482 0.729 0.586 0311 0.017
Xebam T - 0220 0.340 0311 0665 0542 0.510 0.796 0.634 0533 0.J94 0.942
;Laongam 0873 0210 0.363 0.671 04970937 0.895 0.858 0355 0.538 0.142 0.189

FPahoumphon " 0.863 0.157 0.295 0.409 0450 0,158 0.434 0.854 0485 0.267 0252 0.855
© Khoogxedon __ 0.770 '0.205 '0.959 0.633 0.480 :0.297 0.685: 0.873 0.597 0.636 0.113 0.246

. Sckong . 0.842 0352 0999 0868 0.061 0.486  0.574 - 0936 0.968 0.092 0.668
- Altapu 0.378_0.154 0.198 0.318 0.500 0.629 0206 0.160 0.273 0.631 0.234 0.892

~ - For estimation of average annual rainfall in the Study arca, nine (9) meteorological
observatories weie selected in view of location and  its dala period.  With these selected
observatories, Thiessen Polygon was delincated as shown in Fig. 1.1.2 and average annual
rainfall in the Study area can be estimated at 2,417mm as described below,

" Observatory Data Period Mean Annual Areal Ageal
' (ycars) —_Rainfall(mm) Ratio {%) Rainfall(inm)

Pakxe —— 15 12,060 25 S1s
Xelabamn - -2 1929 4,2 81.0
Khongxedon 14 - 1,058 1.1 ‘18.2
Laongam 6 1,856 20.1 3731
Salavan 28 2,007 14 R1.0
Sekonp 3 1,803 13.7 247.0
Pakxong 16 3412 38 10850
Allapy 5 2,153 8.7 402.6
Pathoumphon 16 2088 0.5 . 10.4
Tolal 100.0 . 2417.3

Probable rainfalls for annual, daily, continvous two-day and three-day are calculated
wusing the observed records of cach observatory.  Probability of exceedance is basically
adopted for calculation though probabitity of non-exceedance is also examined regarding the
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annual rainfall.  Successive non-rain days is studied during the period from March to June
taking the irrigation program into accounl. ~ Probable no-rain days is tabulated below together
with the probable rainfalls stated above;

Unit : mm , Days

Qbscrvatory ftem - Return Period  (Year) :
_ o 5 10 30 S0 100 200

Pakxe Daily Rainfall 109.8 216.8 302.3 347.5 4149 489.9
2-day Rainfall 244.2 3073 415.0 469.0 5472 6311

3-day Rainfall 284.7 3523 413.5 517.8 3950 . 6704

Annua) Rainfali (1) 2.358.2 2,5520 - 28165 29287 30739 32127

Annual Rainfall (N) 17353 1L,599.4 14424 13839 13141 1,253

No-rain Days 32 30 50 55 62 60

Pakxong Daily Rainfall 2721 3431 464.4 325.5 614.0 9.2
_ 2-day Rainfall o 484.9 626.0 6949 792.8 896.0
“3-day Rainfall 466.1 = 564.7 731.2 §14.2 9337 1.0614

Annual Rainfal] (1) 4,165.4 44873 492140 5091.1 53172 5530.1

Aonual Rainfall (N) 30680 23131 25102 23947 22551 2,13LI

No-rain Days 21 29 46 56 70 87

Sckong Daily Rainfalt 86.0 108.1 1465 166.0 194.5 2254
2-day Rainfall 88.9 - 973 117 118.9 129.3 140.3

3-day Rainfall I31.5 153.0 196.4" 221.2 260.0 3055

Annual Rainfal] (5} 22904 25348 28952 30620 32907 35228

Annual Rainfall (N) 1,698.6 15974 1,491 14576 14176 13846

No-rain Days 22 28 38 44 52 62

Khongxedon Daily Rainfall 131.6 210.4 2674 290.2 320.8 351.2
_2-day Rainfall 2493 ¢ 302.3 agLe 418.2 467.5 517.0

3-day Rainfall 2554 313.0 408.6 4556 . 5225 §93.3

Arnua) Rainfali (1) 2.146.2 24124 28255 30188 3,2856  3,558.3

Aanual Rainfall (N) 1,485.3  1,377.6 - 1,268.0  1,231.1 11898 L1560

No-rain Days 33 43 61 10 84 100

Salavan Daily Rainfall 163.8 191.2 2319 250.2 2750 299.7
. 2-day Rainfall 212.) 241.6 289.4 N6 352 3793

3-day Rainfall 2524 286.8 339.0 363.0 3958 428.9

Annual Rainfal] (1) 21134 0 22229 2,363.0 24196 . 2490.7 2,5304

Annual Rainfall (N) 1,712.5 . 1,622 14888 1,440.5 1,381.0 1,327.2

_ MNo-rain Days 22 29 41 - 48 57 o9
Laongam Daily Rainfall ©186.0 231.5 305.7 416 | 3924 445.7
v 2-day Rainfall 221.7 263.4 3157 3392 . 3706 401.7

3-day Rainfall . 248.7 - 289.7 3513 0 3196 418.0 456.8
Annual Rainfall () 2,066,7  2,189.2 2,353.3 . 2421.9 25100  2,5934.

Annual Rainfall (N) - 1.658.0 1,565.1 14560 14147 13650 1,321.2

: No-rain Days 17 - 20 2% 34 42 52

Xelabam Daily Rainfall 180.9 2307 - 3278 © 3110 434.2 502.8
- 2-day Rainfall _ . 2599 3173 4153 464.6 535.8 6122

3-day Rainfall 3046 3665 468.9 519.2 5909 6666

Annual Rainlall (E) 23510 2678.9 13,1478 33540 36271 38950

Annual Rainfall (N) 14235  1,24314 998.9 924.5 837.8 761.7

No-rain Days 34 38 44 46 48 51

Pathoumphon  Daily Rainfall 1511 173.1 204.3 218.7 2313 255.6
2-day Rainfall 2i0.2 2352 269.7 284.4 3016 3220

3-day Rainfall 252.7 2828 3232 340.2 3620 . 3826

Annrual Rainlall (E} 2.652.1 29500 33384 34975 3,6990 38870

Annual Rainfall (N) 1,600.8 - 1,347.7 1,041.8 923.7 179.7 650.6

No-rain Days 47 - 54 64 68 4 80

Atlapu Datly Rainfall : 143.32 163.9 194.0 207.4 2255 2433
2-day Rainfall T 2130 257.3 325.6 357.6 402.0 447.5

3-day Rainfall © 24713 300.8 387.2 428.9 487.6 548.8

Annual Ruainflall (13} 2,555.2 28201 - 31911 03,3515 35617 3,765}

Annual Rainlall (N) L6 1,579 1,391.0 01,3222 12413 1171

No-rain Days 28 33 43 48 53 02

dance

L)
1)

Annual Rainfall; (E):probability of exceédance,(N):probability of non-cxc



(2) Temperature

Generally, the maximum air temperature occurs in the end of dry season, March to April,
and minimum is the mid of dry scason, January to February.  IDaily difference of air
emperature accounts around 10 C in the wel season and 20 C in {he dry season. Because the
clevation of Study area ranges from 100m to 1200m, annual average air temperatere differs at 7
to 8 Cwithin a Study arca.  As described in the previous section, recorded air temperature at
Pakxong and Pakxe may be constdered representative of hightand areas of the Platean and its
surronnding lowland areas, respectively. Differences of air teinperature and elevation are
shown below and difterence of air temperature due to elevation can be caleulated around 0.7C
per 100m.

fem  Pukixe Pakxong Difference
“Mean Max, 322C 242 C gocC
Medn Min. 225C 153C F12cC
Average S21.5C 195C 80C

Elevation 100m 1,200m 1.100m

According to the air temperature records at Nikhom 34 observatory located 20km to the
east of Pakxong town, 0C andfor close to 0C of minimum air temperaiure has been observed in
several years. Frost has been found at that time and duration counts a few days per year.
Appearance of these conditions is limited in Nikhom 34 and its outskirts,

(3) Relative Humidity

According to the records of Pakxong observatories located in highland arcas of the
Platcau , mean annual relative humidity shows 80%. The value of 70% or more relative
humidity is being observed even in the middle of dry season. On the contray, mean annual
relative humidity in the lowland areas conmes 1o 70% in Pakxe and 73% in Salavan and those

values decreases upto 60% in the lowland arcas during the dry scason: The value during the
wet scason comes around 80% in lowland areas and 90% in highland arcas.

{(4) Evaporation

Observation records of evaporation are available at Pakxe, Nikhom 34, Salavan, Sekong
and Altapu observatories within and adjacent the Study arca.  Class-A pan evaporator is uscd
at Salavan and Sekong observatories while other obscrvatories are observed by wsing Piche
evaporator. Al Pakxe observatory, observation using the Class-A pan had been made from
1967 10 1979 and from 1989 to March 1944, however, observation is now stopped due to
“trouble of equipment. When the comparison is made by the observed evaporation value of
Piche between highland areas of the Platcau and its surrounded lowland arcas, following
remarks can be pointed out;

- annual total cvaporauon in hightand arcas of the PIatmn accounts one third of its
lowland areas.

- the value during the wet scason in highland areas of the Platcan comes h'\lf of its
lowland aréas, o ‘

- the value during the dry season in highland areas of the Plateau accounts one third of
its fowland areas.

- the value during the wet season comes half of total amount during the dry season in
both highland areas of the Plateau and its surrounded lowland areas.

_ Annual total evaporation by Piche evaporator in the lowland areas represented the
observed value of Pakxe and Salavan ranges from 1,400mm to 1,800mm, on the conlrary,
values on highland areas of the Plateau represented by Nikhom 34 shows around one third of
the lowland areas ranging from S00mm to 700mm. Comparison of observed evaporation value
is made below betweéen Class-A pan and Piche evaporator using the data of Pakxe obsc;valory
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The value of Class-A pan comes 1.35 times of its Piche on an average.

' . Unit : mm
Year © Class-A pan () Piche (b) (aY/(b)

1990 1.817.9 15181 1.20
1991 2,050.3 148101 1.38
1992 1,912.8 1,488.3 1.29
1993 2,055.7 1,432.7 1.43
Average 1,959.2 1.477.8 13

{5) Wind

Wind direction over the Study area is governed by monsoons. - The northeast winds are
prevailed during the dry scason though the southwest winds are predominant in the wet
season.  The existence of the Plateau alfects to those prevailing wind directions and generates
varied wind directions localy. During the wet scason, Pakxe located in the lowland areas and
the western side of (he' Plateau, southeast winds are predominant while the north andfor
northeast winds are maily observed in the dry scason. At Salavan located in the lowland areas
and the northern side of the Plateau, the west and east winds are predominant during the wet
season and the north winds added the east winds blow in the dry season. * In  highland areas
of the Plateau, the cast andfor the northeast winds are prevailed in the dry scason though the
west winds are predominant during the wet season.

Wind speeds in the lowland areas are from 2.0t0 2.5 m/sec on an anauval average. From
2.5 to 3.0 nVsee on an annual average is observed in the highland areas of the Study arca. No
clear difference can be observed regarding the wind speeds between the dry and wet seasons.

1.3 Hydrological Data

As stated in the previous section, eight (8} hydrological observatories were sclected
among the MAF hydrological nctwork as the refference observalories to the Study, Most of
sclected observatorics, however, locates along the river course of Xe Don and X¢ Kong having
the basin area of over 5,000 ko, From the scale of objective river basin in the Study area,
river flow records of its basin area of less than 500km' are desirable for clarification of runof f
phenomenon. Observed records of H.Champi and Nikhom34 are adequate for the purpose but
only water level records are available. As the continuous and long term siver discharge records,

- montbly basis flow regime al Xc¢ Sct power station having the river basin of 325 km? is
available in the Study area.  Flow regime is as follows; L

' Unit : MCM

JAN [1:B MAR APR MAY JUN JUI. AUG SEP. OCT NOV DEC ANNUAL

1989 0.5 65 5.6 88 314 586 760 10671192 58.6 226 146 5196
1990 9.5 4.6 7.0 70 172 197 396 536 7130 1025 530 362 4231
1991 100 5.6 64 7.9 139 204 930 1293 1064 882 31.0 186 5306
1992 79 58 50 46 95 38.6 69.8 1120 747 455 209 136 4078
1993 $2 55 5556 139 119 364 710 80.6° 350 172 165 3012
1994 69 50 51 131 274 388 724 155 765 457 209 125 3969

AVERAGE 8.8 5.5 58 7.9 189 30.8 646 913 884 62.6 27.6 177 4299

_ During the course of the Phase 1 Field Study , discharge measurement was carried out at
“cight (8) sites in six (6) rivers to grasp the river flow phenomenon in a dry season.
Measurement results are as follows;

1-7



River Basin Area Date

Q 9
km?2 mdfsec m3/sec/km?

Xe Pian 140 - May(4 0203 0015
May 12 0377 0.027

May I8 1.085 0078

May 30 0.74] 0.053

H. Makchan-Goai( ) 330 May 04 0338 0010
May 10 2,173 0.066

H. Makchan-Gnaid2} 56.0 May (M4 0.974 0017
May 10 - 3.396 0.061

May 30 4,186 0075

H. Champi 510 May (M 1.335 0.026
- May 10 1.880 0.037

H. Tapoung(}) 730 May 02 0.540 0.007
May 12 0.726 0.010

May 16 1.114 0.015

Moy 24 0.54) 0.007

May 31 0.532 0.007

H. Tapoung(2) 4.0 May 16 0.196 0.049
H. Nomsai 330 Muy 24 0.385 0.012
H. Kapheo 26.0 May 12 0.262 0.0
Moy 16 0.278 0011

In addition to the discharge measurement in the Study area, cach three (3) observatorics
for the rainfall and the river water level measurements were set up by the Study Team within
and near the Study area to supplement the continuous river flow data for the Study.
Automatic Recoider was equipped for cach observatory and stuff gauges were also instatled for
river water: level observatories.  The site of new observatorics was decided taking into
consideration the - present distribution of existing observatories, accessibility and the site
required for clarificalion of river flow phenomenon for the project formulation.  Locations of

- cach obscrvatories are as follows;

Automatic Water Level Recorder

River Village Lat.  Lon. EL.
Xe Pian B. Xepian 1507 106%18" 1,240m
H. Makchan-Gnai  B. Nongkhung 1509' 106%25' - 1,030m
H. Tapoung B. Dong 15923 106°12' _ 750m
Autonatic Rainfall Gauge e
Village Lat. lLon. EL.
- B. Xepian - 1507 106°18 1,240m
B. Vangkhanan 15°31" 10539 302m
B. Kele = 47 10606 106m
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11 RIVER RUNOFF
2.1 General
The Study area is surrounded by Nam Khong and its major tributaries, Xe Don and Xe

Kong. Hydrological characteristics of those rivers identified by the Mckong Committee are as
follows;

River Drainage Arca Annual Rainfall Annual Flow  Annual Runoft
km?2 . nin . MCM nmn
Narii Khang at Pakye 545,000 2,000 at Pakxe 326,730 - 600
Xeé Don 7,170 2,000 71.680 1,07}
Xe Kong 28500 - 2,280 32,200 1,130

Nine (9) major rivers in the Study arca originates outskirts of Pakxong town and flows
down in a radial manner to Nam Khong, Xe Don and Xe Kong. River systein related to the
Study area is shown in Fig. 1.2.1to 1.2.2 and the summaries we as follows;

Basin Areal  Length () | Elcvation () Slope
: fin2 1.1 112 {totallEL.1|EL.2|EL.3 51 S52

[Nam Khong | e Don H.Champi 639] 400 28F oR 104 4008 1,426{0.0075000.03664
H.Kapheu 375] 41 220 o3 110 6004 1,288[0.611950.03127

Xe Sct 1,129] 48] 411 89 I 400§ 1,426]0.005630.02502

H.Namsai 3590 241 23] 47 199 4008 1,521]0.00854{0.04874

Xc Kong| | H.Tay-Un 412] 28] 250 53] 1500 5000 1,620]0.0125010.03448
Xe Namnoy 1,523 14l 58] 74 140 2008 1,086)0.003750.01528

Xe Pran . 3,331 106f 46] 1521 8O 4004 1,422]0.00302)10.02222

H.Banghang S050 39 14 S 9y 2041 1,348[0.002690.08200

H.Touvay 3681 44] 14 5§ 90 3000 1,348]0.004770.09527

LI; Within aflat plain  L2: Within a mountainous arca  EL.1: Juaction point

IiL.2 : Foot of mountainous wrea- EL.3: Highest point  S1: (EL.2-EL. 1YL

$2: (FL3-TL2YL2

2.2 Basin Rainfall

Basin arcal rainfall of stated nine (9) major rivers can be estimated as tabulated below on
the ‘basis of Thicssen Polygon, average and probable annual rainfall of the selected :
observatorics.  In the column, A, E and N-E mean annual rainfall for average, probability of -
cxceedance and probability of non-exceedance, respectively. : '

Annual Rainfall (mmy) Xe Pian : H. Touay

Qbservatory Return period 1451 Ratio Rainfall  (mm) Ratio Rainfall  (mm)
A B “N-IE % A E | NE S A & N-I

Altapu 2.153] 2.,555] 1,746] 195 | 420 498 Mo - - - -
Pathoumphon 2.088] 2,6521 1,600] 47.7 . 998] 1,265 764] 46.7 915] 1,238 748
Pakxe 20600 2,358] 1,7135] - - - - - . - -
Xelabam - . 1,929 2,351] 1,423 - - L. - - - -
Khongxedon 1,658 2,146] 1,485] - - - - - - -
Laongam 1.856) 2,066] 1,658] - - - - - - - -
Salavan 2,007 2,113 1,712 - - - - - - -
Sckong - 1,803F 2,269 169581 - - - - - - - -
Pakiong 3,412] 4,165] 3,068f 32.8 1,019 1,366] 1,006] 53.3 1,819] 2,220] 1,635

Tolal _ ] | 1000 | 2.535] 3,129] 2,110} 100.0 | 2,794] 3458} 2,383
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Annval Rainfall (nm) | H.Bungliang .__H. Chainpi -
Obscrvatory Return peried U3 | Ratio Rainfall _(mm}) Ratio] ~ Rainfall = (ma)
LA L | NE| % A B N-E % A NG
Altapu 2,153 2555] 17146 - | - - - - - - s ]
Pathoumption | 2,088] 2,652f -1.,600] 3.3 1] 141 s3] - - - -
2akxe 2,060 2358] 1,735] 21.0 433 495 364 80 165] 189 139
Xelabam 1,929] 2,351) 1,423 - I . 44.0 3491 1,034 626
Khongxedon 1,658] 2,146f 1,485 - - - - . . -
Laongam {,856] 2.0066] 1,658 - - - - -
Sajavan 20071 2,113 1,12 - - - - - -
Sekong 1,8031 2.299] 1.698] - . -] - - - - -
Pakyong 3412] 4.165] 3068 737 2515 3.070] 2,261] 48.0] 1,638] 1,999f 1,473
Totxl 100.0] 3,059 3,705 2.710] :100.0] 2,652} 3,222t 2,238
Annual Rainfall fum) - H. Kophew Xe Sct
Chseevitory | Return pesiod 145 | Ratio Rainfall  (mm) Ratio Rainfall  {mm}
A B N-E % A E | NE % AL E | NE
Attapu 2,153 2,555] 1,746] . - - - - - - - -
Pathoumphon 2,088] 2.652{ 11,6000 - - - § - -
Pakxe 2,060 2,358] 1,735 - - - - - - - -
Xelabam 1,929 2.351] 1,423] 2313 042 783 474] - - - -
Khongxedon 1,658 2,140] 1,485] - - - - - - - -
Laongam 1.856f 2,006] 1,0658] 60.0{ ,114] 1,240 995  70.5] 1,308] 1,457 11069,
Salavan 2,007 2,113 1,712 - - - - 4.5 o0 05 77
Schong 1,803]- 2,299] 1,698 - - - - - - - -
Pakzong 34121 4,165] 3,068 6.7 221 279 206} 250 8531 1,04 761
Total : 100.0] 1977] 2,302f B674F 10007 2,251] 2,593] 2,013
Annual Rainfall (imin} H. Namsa Tiﬂ.—'l“ay-Un
Ohscrvatory Retuin period 175 | Ratio Rainfall  (imm} Ratio Rainfail  (mm)
A B N-I % A E N-IZ G A £l NE
Allapu 2,183 2,555] 1.746] - - - - - - -
Pathowwwphon | 2,088 2,652] 1,600 - - - - -

C[Pakxe 2,060) 2,358] 1,735 - - - - - - -

- $Xefabam 1,929] 2,351] 1,423 - - - - - - -

_ tKhongxedon 1,6538] 2,146] 1,485 - L - - - - - -

* tLaonpam 1,856] 2,006 1,658 Al 397 "442] ¢ 3551 103 191 213 171

* 1Satavan 2,007 2013 L7124 o 7h4] 1432] 1,509 1,223 - - -

15ckong 1,803 2,299 1.698] - - - - 759 1,369 1,745 1,289
Pakxong 3.412] 4,165] 3.068 7.2 246 300 21 13.8 471 575 423

Total 100.6] 2,075]- 2,251 1,798] 100.6] 2,031 2,533] 1,883
Annual Rainfall (mm) Xe Nanoy | -
Observatory Return period 178 | Ratio Rainfatl  {(mm) Ratio Rainfall | ()

’ - A [ N-E Y | A I N-E o A L N-E
Atlapu 2,133} 2,555] 1,746 S0 1,077 1278 873 - - -
Pathouniphon 2,088 2,652{ :1.600] - - . - . .

Pakxe 2,000] 2,358§ 1,735] - - S - -
Xelabam 19291 2,351f 1,423] - - - - - - -

- |Khopgxadon 1,658] 2,146] 14851 - - - - - - -
Laongamn 1.856] 2,066] 1,658 . . - - - - -
Safovan 20071 2,013 L2 - - - - - - - -
Sekeng 1,803 2.299] '1,698] 31.7 s 729 83| - - - -
Pakxong . 3.412] 4,165] 3068] 18.3 624) . 762|561 - - -

Total 100.0F 2,273 2,768] - 1,973] - - -




2.3 Basin Runoff

: No corntinuous and long term river fow records are available within and adjacent the
Study arca except monthly:basis flow regime of the Xe Sct power station.  Estimation of
basin runoff regarding the average year, low-water ycar and high-water year in the Study area
is preliminarily carried out using the monthly basis river flow records at X¢ Sct power station.
Low-water year is defined as probability of non-exceedance with return period of 5 {five) years
for the annual rainfall in the objective river basin. High- water year is- also defined same
manner as low-water year, however, the value on probability of exceedance is used instead of
non-¢xceedaiice value of the low-water year.

Procedures Lo estimate the basin runoff is as follows;

- Using the flow records of Xe Set power station _
1) Estimation of average annual flow volume and monthly basis flow ratio,
2)  Estimation of annual basin rainfall, and
3} Estimation of average runoff coefficient.

For the respective river basin

1)  Estimation of basin areal rainfal} for respective river basin, _

2)  Estimation of amual flow volume wsing the concerned river basin areal
rainfall and the runoff coefficient calculated by the Xe Set basin, and

3)  Monthly distribution of the annual flow volume using the flow ratio.

© Average annual flow volume with monthly basis and distribution ratio of monthly flow at
Xe Set power station are as follows;

. : Unit : MCM

TAN - TEDB MAR APR MAY JUN JUL AUG SEP OCT NOV_ DEC ANNUAL
AVERAGE 8.8 55 58 7.9 189 308 646 9L1 8R4 62.0 276 177 4299
Ratio (68) 2.05 128 135 1.83 439 7.17 1504 21.23 20.57 1456 642 4.11 CODO0

Annual basin rainfall and runofT coefficient of the Xe Set basin arc as follows; -

" Year Basin Rainfall T3asin Total Volume (MCM) | Coelticient
: {mm) Rainfall{a)  |River Flow(by] b)(a}

1989 2,223 . 7225 519.6 072 .
1990 2,173 7064 423.1 " 0.60
1991 2,579 8383 530.6 0.63
1992 2,378 772.9 407.8 053
1993 1,712 556.6 301.2 0.54
1994 2,448 795.8 396.9 0.50
_Average 2,252 o 7132.0 4299 | 059

* Annual total flow volume of respective river in the Stedy wea can be estimated by the -
basin areal rainfall, basin area and runoff coefficient. Runoff coefficient of the Xe Sct basin
was examined at 0.59 on an average as tabulated above, however, minimum value of 0. 50
among the examined values is emiployed in view of conservative estimation of annual total flow
volume in the Study area. Those examined ranoff coefficient shows nearly same value of
adjacent river basins such as 0.54 of Xe Don and 0.50 of Xc Kong basins. With these basic
values, annual tofal flow of respective river is preliminarily calculated as follows,



Annual Flow Volume of

Basin Basin Arcal Rainfall Anpual Rainfall Volume
River | {mm) . of Basin (MCM) Rivér - " (MCM)
k2 A - H L A H L A H. - L
Xe Pian 3,330 2,53 3,029 2,110] 8444 104228 7029 4,222 5211 3,515
H.Touay 368] 2,794 - 3458 0 2,383 1,028 1,272 876 54 638 - 438
H.Bangliang 505§ 3,059 3,705 2,700 1,545 1,871] 1,368 112 935 634
H.Champi 0397 26520 3223 2238] 1,693 2058 1430 844 1,029 715
{H Kapheu 3758] 1,977 2,304 1,674 7408 863 627 3 431 314
Xe Set 1L129] - 2,251 2593 20131 2541 29237 2,272 1,27 1,463 1,136
H.Namsaj 389; 2,078 2,251 1,798 754 808 645] 1277 404 323
Xe Namnoy 11,5230 2273 2,768 L9713 34628 4215 3004] 1,731 2,107 1,502
H.Tay-Un 412 2,031 2,533 1,883 837 1,04y - 776 418 520f . 388
Total/Average | 8,6411  2,408]  2,884) 2.086] 21,0440 25479 18027 10,517 12,737 9,015
CAC Anpual average
H : High-water year ( probability of exceedance, return period § years)

L : Low-water year { prohability of non-exccedance, return period 5§ years)

Monlhly basis river flow volume of respective river can be generated with the distribution
ratio of monthly flow at the Xe Set power station and annual total flow of respective river.
Generated results are as follows;

Preliminary estimation resulis of monthly {low voluine in average year Unit : MCM -

River Jan . Feb  Mar Apr May  Jun Jul  Aug Sep  Oct - Nov Do Aonual
Xe Pian 866 541 568 774 1853 MR8 639 8968 8684 6148 2710 1134 42220
H.Tovay 1.5 66 6.9 94 226 369 713 1092 10657 749 30 2N 5141
H.Bangliang 158 99 104 M40 39 0 854 h162 64l 1589 H25 496 317 7724
H.Charpi 7.4 108 114 155 372 . 607 1273 0 1798 1740 1233 513 W8 8467
H.Kapheu 76 47 50 68 162 266 357 TRE 160 539 238 152 3702
Xe Set 260 163 FLU 2320 558 91 91 2699 2613 1850 8K6 S22 12707
H.Namsai 16 18 50 68 (B3 267 - S0 . 790 766 542 239 153 3725
Xc¢ Namnoy 355 22 233 M6 760 1214 2603 3677 3560 2510 ML L 17309
H.Tay-Un 36 54 56 16 184 303 - 629 B39 861 €09 269 1712 4184

Total 2158 137 4ES 1919 4615 7543 45800 2,2632 21632 15315 6751 4320 105173
Prelintinary estimation results of monthly flow velume in high-water year - Uit: MCM -

River Jan  Feb : Mar  Apr May Jua " Jul Aug  Sép. Oct Nov ' Dec Annual
X¢ Pian - 1068 667 703 - 954 2288 3736 18XT L1063 1,0709 7587 1345 2142 52109

© o Hlouvay . | 130 Bl . B6& 116 279 456 957 1350 1308 - 926 408 261 6358
HBangliang : 192 ° 120 ° 126 170 410 670 1406 1985 1921 {361 600 384 9348
HChampi = ° 21t 132 | 139 388 452 738 (548 2185 LT (498 661 423 10292
H.Kapheu 88 55 - 58 79 189 309 648 . 915 887 628 277 177 4314
Xe Set B0 187 C 198 268 642 1049 2200 MO6 3009 2130 919 600 14629
H Namsai 83 82 55 74 177 190 608  BS8 8y S8% 259 {66 404.1
Xe Namnoy 432 270 84 386 925 U511 3169 4473 4334 3068 138} 866 21070
H.Tay-Un 10.7 6.7 70 95 229 374 7184 106 1072 758 334 214 S2L0

Tolal 2600 1631 1719 233F 5591 9§X1 19357 2704t 26200 18515 8176 5234 12,7369
Preliminary estimation results of monthly Bow volume in low-water year Unit : MCM

River Jan _Peb - Mar A May  Jun Jul Aug  Sep Oct Nov  Ixx Annual
Xe Pian L 450 4715 613 1543 2520 5286 1462 10 C SI1E 2157 1445 3SH9
H.Touay 90 56 5% 20 192 3k4 659 931 902 638 281 18 4334

- H.Bangliang 140 88 92 125 300 490 1029 . 1453 1408 996 439 2B 684.4
H.Chanipi 11 - 92 97 AL 314 SLE 10T ISES 1411 10AD 459 294 TISO
H.Kapheu - 64 40 42 ST 138 225 412 667 646 457 0 202 129 340
Xe Set 211 145 1S3 208 499 RIS 1709 2412 2337 1655 730 ¢ 467 Li36Ad
H.Namsai 66 41 &4 59 142 231 486 685 664 420 207 13X 38
Xc Namnoy 3o 192 w3 275 650 1077 2260 3190 3090 287 965 617 15024
H.Tay-Un 8.0 5.0 S2 71 170 278 S84 24 798 . 565 249 159 3880

Tota] 1869 1154 1207 1649 3958 6464 1,350 19142 18546 13127 5789 3705 90162

From the table mentioned above, water resources in the Study area depending entirely on
the nine (9) major rivers can be sunmnarized as follows;
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Major 9 (ninc) rivers: Total basin arca s 8,641 k2 .
Year Basin Rainfall | ___Annual Total Flow (MCM) “Annual Total Runofl (mm)
“(mm) | Total | Wet Scason|Dry Season|  Total | Wet Scason | Dry Scason
Average 2,610 10,517] 8,754 1,763 1,217 1,013 204
Low-water 2.087 9,016 7479 1,57¢ 1,043 806 1]
High-water 2,919 12,736 10,566 2,1 1,473 1,223 254

Wet Scason : From May to October  Dry Season @ From November 1o Apyil

In accordance with the MIH’s development plans, water resources related to Xe Pian and
Xe Namnoy are scheduled to use for new hydropower development projects among the major
rivers in the Study arca. Available water resources of the rivers in the Study area excluding Xe
Pian and Xe Namnoy, therefore, can be estimated as follows;

Major 7 (seven) rivers: Total bastn area is 3,787 km2

Year Basin Rainfall Annual Tota! Flow (MCM) Annual Total Runoft (sun)
{mm) Total }yf:l Scason|Dry Scason]  Total  } Wei Season | Dy Scason
Average 2,811 4,964 3,786 778 1,205 900 205
Low-water 2,111 3,998 3,317 6381 1,056 876 181
High-water 2,863 5,419 4,495 924 1,431 1,187 244

‘Wet Scason : From May (o October  Dry Season : From November to Apnl

2.4 River Runoff at Selected Site

(1) Monthly Flow Volume

Through the overall basin study of the Project, sixteen (16) potential sites for irrigation
development were proposed. Available water resources in such specificd river basins s
preliminarily calculated using the estimated monthly flow of major rivers in the Study area.
River flow regime on average, low-water and high-water years at the intake sites of the
proposed inigation project is as follows; .

Unit : MC

Monthly flow volume in average year : - M _
Propased Project River bosin  Basin Az JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC ANNUAL
" 1. Upper Charpi H.Champi J7kn? 101 063 065 090 215 352 738 1041 1009 7.14 345 201 4904
2. Upper Topaung Xe Sel 4km? 0.09 006 006 008 020 032 068 096 093 066 029 0.9 450
© 3lower XePian  Xe Pion kw2 112 070 074 100 2.39 7391 82011157 1L21 799 350 224 5450
4. Upper Makchan  Xo Namnay Mkm2 072 045 048 064 1.55 251 S30 748 725 503 226 145 1523
5. Middle Xe Ketam' Xe Namnoy FPAkm? 405 253 267 162 8.68 14.18 2974 41.99 4068 2879 1270 843 - 19776
6 Middle Namtang  X¢ Namnoy Stkn? 1.9 073 078 106 253 456 372 1231 1192 844 372 238 5297
7. Lower Makchan-Grai  H Makchan-grai 65km2 151 095 100 135 3324 523G HLID 1563 1520 1076 474 304 73.88
" 8. Lower Champi H.Chamgi 245%m2 677 422 446 601 14.49 23,66 49.68 7007 67.59 43.06 21.19 1357 33005
9, Upper Kagheo 1), Kaphew 24km2 049 030 032 043 103 170 356 503 487 145 152 097 2368
10. Middle Taposog  Xe Set S9hm? 136 085 090 1.22 292 476 999 1410 1366 967 426 273 642
11. Lower Tapoung - Xe Sct 10Xhm2 238 148 157 202 SO0 B3I F7.44 2462 2385 1685 7.44 477 11595
12. Lower Xe Set Xe Sei A25km7 7.50 468 453 670 1606 2621 $5.03 77.68 7256 5327 2349 1504 36588
13. Lower Namsai 11 Namsai BOAMZ 340 292 224 10} 728 1089 2404 1520 34102414 1064 631 16579
14. Upper Thon . Namsai 42km? 089 0356 059 050 19t 392 655 924 895 63 279 17y 4352
15. Middle Lamphan H. Tay-Un FA7AM2 306 1.91 208 2.1 655 1069 22.43 IE66 3068 2171 957 643 14914
16, Uppsr Tay-Un M. Tay-Un 2%m? 046 020 DI 041 098 1460 336 474 459 335 143 092 N2
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Monthly flow volunie in low-water year

Unit :

MCM

JUN HUL AUG SEP OCT NDV DEC  ANNUAL

Proposed Project _ Riverbasio Basin Arei JAN TFB MAR APR MAY

1. Upper Champi 1 Charpi I7hm? 085 053 056 076 182 297 623 879 857 603 266 17D - M40
2. ifpper Tapoung Xe Set kw2 008 005 005 007 0.8 629 06F 085 08} 050 026 017 403
3. Lower Xe Fian Xe Pian £m? 093 058 06F 08 199 325 682 963 931 661 251 186 45
4. Upper Makehan  Xe Namrnoy km? 063 039 041 056 B3 219 960 649 629 145 195 126 WS
5. hfiddle Xe Katam  Xe Namnoy Fl4hm? 352 220 237 ME4 7.5% K230 2582 3644 3533 2499 1102 7.05 17145
6 Middle Namitang  X¢ Namnoy Sihm2 10X 064 068 092 221 361 757 1068 (035 T3 123 207 S03
7. Lower Makehan-Grai B Makchan gaai 65km2 £310 082 087 LI7 281 4.60 968 1368 1A% 933 412 264 6LR2
&. Lower Champi H Charopi 245hm2 570 357 376 S.40 223 1993 41.90 59,15 57.33 40.57 1787 1045 27341
9. Upper Kapheu . Kaphew Mim? (40 036 027 037 083 141 302 127 413 293 1 083 2009
(0. Midd% Topoung  Xe Set S9km? 122 0.76 080 109 261 426 8931261 1222 B6S 8L 24y S9N
1. Eower Tapoung e Set W03km2 213 133 1.40° 190 485 7.43 1559 2200 2132 1509 666 426 - 10367
12. Lower Ne Set Ne Set 335km2 670 409 442 599 1436 13,45 49.20 6345 67.29 47.63 21.00 1343 32701
I3 Lower Namasai 11 Namsat 160Am2 295 184194 263 632 10322168 3051 29.59 2095 9.24 590 4387
1. Upper Thon 1 Namsad 12km? 077 048 051 069 166 271 563 802 777 S50 247 155 M7
15, Midgle Lomphan 1 Tay-Un 147km? 234 1777187 253 603 003 208&2 2939 2848 20.16 £EY 569 13844
16, Upper Toy-Un B Tay-Us 22hm? 042 027 028 038 091 149 342 440 426 302 133 085 072
Monthly Bow volume in high-water year _ Unit : MCM

Proposed Project Riverbasia  * Basin Ao JAN FEB MAR APR MAY JUN UL AUG SEP OCT NOV DEC AnUAL
1. Upper Champi H.Chamgi 3TLu2 122 076 080 109 262 427 £96 1265 1226 B6S 381 245 5938
2. Upper Tapoung Xe Sct fhw? 0.0 007 00T D03 023 037 078 100 107 675 0433 021 508
3. Lower Xe Pian Xe Pian H2m? 138 6386 091 12X 365 48210121428 1381 9790 4320276 6727
4. Upper Makchan Xe¢ Namnoy Ihm2 088 055 058 078 188 308 645 9.0 88 624 275 176 4289
S Middle Xe Katam  Xe Naminoy I74kia2 493 308 325 4.4) §057 17.26 36.20 1.1 49.52 3505 1545 989 24072
6. Middle Nanwang  Xe Namnoy SIkm2 115 090 095 129 310 506 1061 1498 (4511027 453 290 7056
T lowee MakehanGros 1 Makchonegasi  65km2 11 145 B2 165 395 645 1352 19.09 t850 1309 537 370 8992
& Lower Chanipi H . Champi 249hm2 B22 S.43 541 7.34 5760 28.75 6031 8503 8298 5838 2579 1648 40097
9. Upper Kapheu H. Kapheu 232 0ST 035 037 050 121 198 495 580 567 402 177 143 2753
10. Midle Tapoung ~ Xe Sei Shm? 157 098 103 §40 336 S48 1150 1623 15T 1LI3 450 304 7645
1. Lower Tapewng  Xe Scl 1Bhm2 274 171 180 241 586 9.57 2007 2834 27.46 1943 B57 549 13347
12 Lower Xe Soi Xe Sot 32Skm? 863 539 569 771 1849 3020 6334 8941 B663 61.32 27.04 1731 4215
13 Lower Namisai {1 Namsyi I60hm? 369 230 243 130 700 1291 27.08 3823 37.04 2622 11.56 7.40 15006
'14A_'L’ppcr Thon 1. Namsai SN2 097 060 063 086 207 333 2111003 972 683 IO} 194 . 4726
15 Middic Lamphan 11 Tay-Un 14702 381 235 251 340 .06 13.33 27.96 39.96 3824 27.07 1193 764 I8589
16 Upper Tay-Un 11 Tay-Un 2m2 057 036 038 051 122 199 418 591 572 405

(2) Flood Discharge

1.79 114 27.82

Estimation of flood discharge of the river is made with return period of 5 and 10 years
taking the design condition of project facilities into account. As for the H. Lawphan, return
period 200 years is also estimates because the site has possibility to construct the dam facilities
as the intake. Duc to the lack of historicat tlood records, Rational formula is employed for

estiniation of flood discharge al the proposed intake site.

is applied ;

‘Runoff  coefficient
-Arrival time of flood

0.5
- Rziha's formula

Rainfal] intensity within an arrival time of flood '(R24i'2_4)(24f s
i : Probable daily rainfall
: Avxrival time of flood

R24
T

stimated results are as follows;

In the formwla, following condition



Peak tood discharge at the sclectad site

Frobable Daily Rainfall Amival Time of Fload Raiafall lntensity Peak Flood Discharge

- Projeet Site Sinday Hour mnv/houwr m3/fsee

: 15 1710 | 17200 [L ke ko] Tenay | 145 § 110 JH200] 1S | 1710 17200
). Upper Champi 226.4| 2835 - 12 019 | 2.0 | 3272|410 - 168312107 -
2. Upper Tapoung 1 206.5] 257.6 - 3 002 | 0.8 | 48.5] 60.5 - 27.0] 33.6f -
% Lower Xe Fian 189.3| 2271 - I8 $038 | 2.5 |24.3]29.2 - 1453 174.3] -
4. Upper Aakehan §148.7] 179.0 10 Jo20) 1.5 251303 - 11083[1304) -
5. Middle Xe Kotao § 148.7] 179.0 - 29 |072 ] 3.7 1158190 - |381.4]459.1
6, Middte Namtang {148.7] 179.0 - 18 o3t 291179]21.6 127.2]153.1
7. Lower MakehanGani} 148.7] 179.0 - 27 | 047 § 4.3 1471127 132,71 159.7
3. Lower Champi - |2264) 2835 | - - 46 121 ] 2.6 | 194F24.3] - - 1670.9]840.1{
9. Uppir Kapheu 192,11 218.7 : 15. 1036 | 2.0 | 2818349 - 2351162 -
190, Middle Tapousg - | 206.5] 257.6 16 {042 | 2.0 |30.1§3725 - |246.6]307.6] . -
11. Lower Tapoung. | 2063 | 2576 26 1069 | 3212371295 - |33g4}4222] -
12 Lower Xe Set 206.5] 2576 45. 1098 | 6.2:}3 169] 211 - |764.11953.1 ]
13 Lower Namsai 176.3] 210.8 - k] 1.34 | 2.8 j214] 256 - |475.11568.1] -
L4, Upper Thon 1763|2108 | | - - 12 | 044 | 1.2 13271 38.1 - |190.7]228.1] -
I5. Middic Lamphan | 122.0] 1532 [ 3149 |- 20 | 0.60 | 23 {165 20.7 42.6 1337.3]423.5|870.6
t6. Upper Tay-Un 1220} 153.2 | - - ‘13 10584 1.2 123.1]2%.0 - 70.6] 88.7] -

The 100-year return period flood discharge at the Xe Sct power station has been
calculated as 1,000 mYsec with drainage arca of 325 kny’.  Also, 840 m'sec of flood
discharge has been estimated at the Xe Katam Project under the condition of return period 100-
year and drainage area of 200 km’. The H. Lamphan basin in the Study area, those tflood
discharge with return period 100-year comes 754 m3/sec with drainage-arca of 147 knn’.

Il WATER QUALITY
3.1 Water Sampling

Establishment of improvement plan of rural infrastructure as well as agricuitoral

* development plan is the main purpose of the Study to elevate the standard of living of the rural

“habitants.  Drinking water supply for the rural arca is one of the major component of the
improvement plan. With these basic consideration, the location of water sampling for the water
quality analysis is sclected at the present source of drinking water and the possible site for the

~water source in the improvement plan.  Twenty-one (21) sites of water sampling mentioned
below were conducted in May 18 and 19, 1995 and those quality analysis entrusted to the
Laboratory of Water Quality Analysis, MAF in Vicatiane, ' :

No. Village Waler Source No. Village - Waler Souree
I |Pakxong Dug well without pumip [ 12 |Nkhi. 4~ |H.Sm
2 |Pakxong H.Champi upsiream 13 [B.SiXiangmai |H.Kapheu
3 |B.Lak 40 - Tributary of H.Hin 14 IB.Kengkia H.Kapheu,
4 |B.Lak 38 Tributary of H.Charapi | 15 [B.Houakhua - | Xe Set
L 5 _|B.Lak 30 H.Koy {H.Bangliang) 16 [B.Nonglao-fum|H.Phan
0 |Nkh L. 34 H.Makchan-Gnai 17 {B.laomgam H.Tapoung n
7 |B. Hovaykong {H .Makchan-Gnai 18 |B.Palai H.Palai
18 |B.Xc Pran Xe Pian 19 [B.Bachiang H.Champi ]
-1 9 |B Tongsci Borchole with handpumyp | 28 [B.Thateng H.Namsai
10 | B.nvai Borchole with handpumgp | 21 IB.Kbhainkok - |Spring. 1. Tit basin
i1 |B.Katouat Tributary of Xc Sel I - -
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3.2 Water Quality Analysis

ltems analyzed at the laboratory are; pH, clectric conductivity (EC), suspended sedimeit
(S.5.), coliform group, chemical oxygen demand (COD) and chemical analysis for NO3-N,
Ca2+, Mg2+, Ma2+, P2+, Cu,Cl- . Results of analysis and MAF standard for drinking
waler are shown below,

Sample | pH EC 1 8.8, [Celiferm | COD INO3-N| Ca2+ | Mg2+ | Mn24 | Fe2+ | Cu Cl-
No, _ mS/im_ [mg/l  ketsioomt] mgdl | mg/i | megi | omegd | ompef { mpdl | mgdl | megh
| 3.56]  4.30 0 A 0.0356) 1.354] 0.024]  0.213.-0030]: 0.086] 0.029f 0.062
2 | 6358 460 9 107 1.407¢ 0.003] 0154 0218 0.030] 0.264} 0.030. 0.00%
3 661l 2.00 l 0809 037 0117 0.049-.0.0101 0.178] 0.004  0.019
4 | 580 1.22 3 0 2,503 0.081] 0.032 0.080 0.010] 0515 0.028 0.014
) - 88 1.39 6 ] 0,657 0.025] 0093 0024 0082] 0426 0.023 0.017
6 1.06] 540 4 2 1673 0367 022 0267 0030] 0.302] 0.023 0.009
7 7.06] 4.72 6 - (f 5446} 0010] 0.18¢ 022y 0.00] 0.167] 0.032] 0.007
8 690 4.21 3 13 1407 0.001) 0131 0281 0060] 0.157] 0.034] 0.021
9 5.78]: 6.52 7 O _0.078 - 1.508] 0.203 0301 0.030; 0.1831 0.034] 0.076
10 626 17.7 5 0 0129 0004 0878 0.829 0384 1.128f 0.040] 0.009
il 6.36]  7.63 0] A 1016 0.258] ©0.268 - 0.402] 0.030] 0.2065] 0.014 0.020
12 6.9% 5.8 4 1 2260 0.005] 0.2804  0.238<0.001] 0.281] <0.001]  6.009
13 6.87 4.6 3 O 161] 0.004] G174 0.208 0.030] 0.162] 0.00 0.025
14 6.97 6.7 8 9 2.182] 0.053] 9301 - 0.257 <0.00i] 0.736] <0.001] 0.01§
15 7.00] 4.75 7 Q2453 0041 0203 0202 <0.001] . 0.2101<0.G01]  0.027
16 1.02)] 149 i3 12] 5063 0.193] 0564 0.72410<0.001] 0.400] 0.001] 0.057
17 .15 8.7 6  _1.650] 0.054] 03200 0395 0.030{ 0.389]<0.001] 0.019
18 7.0% 4.5 1 A 2189 0070] 02021  0.148 <0.001] 0.162|<0.001]  0.020
19 104l 4.4 1 19 2.162] 0.007] 0.211]  0.139 <0.001] 0.373]<0.001] 6.023
20 7.12 9.9 4 O 51731 0.075] G471 0419 0.030] 0.232]<0.001 0.006
21 6.20 7.9 i O 1099 -0.152] 0.285 0.507 <0.001] 0.076] 0.022{ 0.027
Standand[5.8-8.6] - 2 100 - 10 JI5(*1)124.7(*23] 0.3 0.3 | 1.0 1583

(*1): 200ppm=(200/35.45)=5.8 mcgA
(*2) : 300ppm=(300720.04)=15 meg/l
{(*3): 300ppm=(300/12.16)=24.7 meqg/)

_ Following are the results of analysis for the sampled water. In the analysis, water
utilization not only drinking water but also irrigation purpose is verified. '

‘(l)'pH

Analyzed pH ranges from 7.15 to 5.56. Those value show from ncutrality to weak
acidity. - Among the samples, shallow well , spring and surface water of 11.Champi basin
ndicate weak acidily,  Because the desired level of pH for drinking water is from 5.8 10 8.6
according to the MAF Standard, shallow well and surface water in the surrounding area of
Pakxong town shown at 5.56 to 5.78 of pH values are lower than the Standard value.
However, ulitization of those water source without treatment for drinking water is not a subject
taking into account the time of sampling which is the end of the dry season and the insignificant
ditference of value belween the Standard and the analyzed resulis, Monitoring will, however,
be required to clarify the transition of pH values for utilization as the waler source. As for the
irrigation use, desirable pll of irrigation water ranges from 5.5 to 7.5 on an average.
* Therefare, no treatment of water will be required for irrigation use.

(2) Electric Conductivity (E.C.)
- B.C. values ranges from 4.4 to 17.7 mS/m. Generally, irrigation water having more than

30 mS/m of E.C. value arises a decrease of agricultoral productivity. Being within the limit of
E.C. value, all sampled water can be used for irrigation purpose.
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(3) Suspended Sediments (S.S.)

An allowablc extent of suspended sediment in water is less than 2 mg/l for drinking water
in the Standard. Analyzed values of 8.8, ranges 0 to 13 mg/d and most of surface flow
exceeds the Standard value. Those results show the requirement of stilling basin for the infake
facitity in case thiat the surface flow is used as the drinking water source.  On the contrary, an
allowable value for irrigation is less than 50 mg/l.  No special consideration is required for
utilization regarding the suspended sediments of river flow.

(4) Coliform Group

Desired level of coliform group in the MAF Standard is less than 100 colonics/ml. Only
one site, upstream of H. Champi, exceeds permissible level of coliform group among the
analyzed samples. Water sampling at upstream of H.Champi is thade at the reservoir of micro-
hydropowcr station at Pakxong Washing and taking a bathe are practiced by the rural habitants
in the reservoir and those activities are being progressed the contamination of reservoir water
especially in the dry scason.

(5) Chemical Cxygen Demand (COD)

No desirable level of COD is mentioned in the MAF Standard.  Generally, suspended
sediment shows voluime index of inorganic substance in the unit quantity of water and COD is
aquantily of organic substance. An allowable extent of COD is less than 6 mg/l for irrigation
use and analyzed resulls of all samples shows lower values such an allowable extent.

{(6) Chemical Analysis

From the analyzed results of dissolved ions, around half of water samples exceed the
-Standard for iron ion of drinking water. Shallow well in B.Mai exceeds the Standard value of
“both iron and manganese fons. . When surface and well water in the Study area utilize as the
water source of drinking water within a desired level of the Standard, iron and/or manganese
removal will be required according to the location of intake site. Individual or combination
facilitics among the pre-chlorination, acration, chemical precipitation and filtration will be
required as the removal facility for iron and manganese. -

As the sunimary of the waler quality in the Sludy area, both surface and well water can
basically be used for irrigation and drinking purpose.  However, some well and surface water
exceed allowable extent of the Standard for drinking walter regarding the coliform group,
dissolved ions especially iron and manganese and treatment will be required when those water
utilize as the drinking water source.

YI GROUNDWATER
4.1 General

~ Ministry of Health is now carrying out the Study on Groundwater Development for
Champ'lsak and Safavan Provinces under the technical cooperation of JICA.  Purpose of the
study is to formulate a groundwater development plan for village water supply in Champasak
and Salavan provinces. The study includes obscrvation of groundwater level, test boring and
evaluation of groundwater potential.  To grasp the groundwater potential of the Boloven
Plateau and its adjacent arcas, interim results of the study are quoted for the Study.

During the course of the Phase 1 field study of the Project, shallow wells located in the
- Pakxong lown were sclected as the bench mark welt to confirm the scasonal water level
fluctuation in the highland arcas of the Platcan. Water level observation of selected wells is
being continued and results will be analyzed during the succccdmg Phase TII ficld study of the
Project.

I-17



4.2 Quantity and Quality

Geological feature of the Study arca is characterized by basalt lava flows underlain by
Jurassic shale.  Basaltic rocks of Tertiary and Quaternary ages are sporadically distribiited in
Boloven Plateau.  Rocks consisting of alkali basalt lava were formed during voleanic activities
in Pliocene to Pleistocene age.

Based on the topography and geology, ten (10) hydrogeologic units and four (4) ranks of
qualitative groundwater polential are set up in the study arca.  Table below shows those
hydrogeologic units and the rank of groundwater potential.

Unit Topography and Geology Aquiter 1 i Ik
. GL_-m | m3dayim | Ao D |

Qr Flood plain, Accumubation termace. Quaternary mnd 0-13 14-128 A
Sand, S & Clay, Jurassic shales. Jurassic siindstone. -

0] Alluvial fan, Talus slope Sand. 7-8 - C
Sand; Silt, Jurassic shales. Jugassic sandstong, - .y

Bal § Basali slope. N-Q Basalt lava. 20-35 320 8.C
Basalt tava flows, Ash, Loam, Lava. Weathored basalt lava. -

BaZ | Basalt slope. N-Q Basalt{lava. 13.24 - A
Basall lava flows. Autobrecciated lava. : 17001900

Bad | Basall slope. | Pz Basalt lava. 4-12 - B

I Basalt lava Mows, Jurassic shalcs. Jugassic sandstone, 19.1

Ep | Erosional plain, Jurassic sandstone. 7-12 - 3166 B
Juiassic red sh:dc Sandstene. Sandyshale. _

1 Irostonal hil. : | Jurassic sandstong. 9.20 - 1-17.3 B-C
Jurassic red shale, Sandstong. Conglomerate, ' .

Etl | Erosional terace. Fissured agquiter. 815 4.6 B-C

~ | Triassic acidic welded (i, Dacile, .

Et2 | Erosional terrace. Fissured aquifer. B-17 369 B
Paleovoig siate, Sandstone :

P Platcau, High plain, Sandstone, B . Low - C
Jurassic Creta, Sandstone, Shale. Locally fissured aquifer,

M Mountains. Fissured aquifer. Low-High - C-D
Metasediments, Plotonic rocks. Sand, Silt 1n Valleys.

1: Groundwater Level ¢ "1} Spécific Capoacity _
1l : Groundwater Potential ( A ¢ bigh, B medium, C @ low ™ D no polential)

. Entirc part of the plategu, Pakxe, Batiang and the castern part of Laongam belongs to-
at of hydrogeologic unit in the Study area. As the other hydrogeologlc units distributed in the
Study arca, Ba2 is the western part of Laongam, Ba3 is Thateng, Ep is Satavan and P for the
. Xe Namnoy basin, lI)dmocologlc map of the study area is shown in Fig. 1.4 l.

Detailed information of cach hydrogcologlc unit is as follows;

Bal : Unit if underlain by thick volcanic ash and mudflow with boulders. The
groundwater table is deep.  Unconfined water or perched water exists in the sediments.

Ba2 ; Thin volcanic deposits cover the surface. Unconfined or perched water exist in the
sediments. The basalt lava constitutes the hydrogeologic basement, however confined
groundwater niay exist in the lower basalt lava.

Ba3:No surﬁce dcpoc,mon is found on the slope. Groundwater may exist in the fissure.
Underlying Jurassic shale may have confined g:otmdwalu.

Ep : Unitis an erosion plain with no surface depoq:tlon Jurassic shale crops out on the
surface. The weathered zone of shale constitntes an aquifer. Groundwater table is
shallow. Confined groundwater may exist in deeper layers.

P :Unit {.OHSISIS of gently undulated plam, ‘and in higher clcvauon it is (‘omposcd of
hard formation. Groundwater may exist in the fissure.

Water quality analysis has been made at 50 points in the Study on Groundwater
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Development for Champasak and Salavan provinces.  Around ha!l of sampled water exceeds
the Standard regarding the chemical components of iron(Fe), manganese {(Mn) and nitrale
(No03). In biotogical components, analyzed value of coliform group amd bacteria exceed the

Standard value especially in the wet season.
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PART 2 FEASIBILITY STUBDY
I  CLIMATE
1.1 General

Through the Master Plan study of the project , five {5) areas were selected as the priority
areas to execute the feasibility study on the agricultural and rural development in the study arca.
Prior to seltle the such priority arcas, metcorological observation network in and arounct the
study area, observed meteorological items and its recording periods were clarificd to set up the
representative micteorological observatories for the study and to provide basic data for the
formulation of various schemes of the project. '

1.2 Climatic Condition
‘(1) Application of imcteorological data for the selected prriority area

Meteerological items such as temperature, relative humidity, sunshine hours and wind
speed are essential to estimate the potential evapo-transpiration of crops. Also rainfall data are
indispensable for estimation of irrigation demand. Taking these basic requirements and data
availability into account, representative meteorological stations of the project area were selected
at Pakxe, Salavan and Pakxong in and around the study area. For each sclected priority area,
application of the metcorological data excluding rainfall data is made with the stand-points of
elevation, slope direction of the plueau and location in the Thiessen Polygon. Applicd
meteorclogical observatory for the priorily arca is as follows; :

_'?,rio,ri_*y Ara o Meworologieal Observatory

Uppér Champi Project ava Pakxoeng Observatery
Upper Tapoung Project arva Pakxong Observatory
Upper Kapheu Project arca Satavan Observatory
Lower Xe Set Projoect area Salavan Obscn'alory

- Upper Tay-un project awa _Salavan Observatory

(2) Pakxoug Observatory

o Pakxong observatory locates' central part of the platcau and its clevation is 1,200 mn
~ MSL.. Observation is started in 1986 and observed items are temperature, relative humidity, -
dew point, rainfall, duration of sunshine, wind dircction and speed. Reflecting  the
topographical condition such as top of plateau and high elevation, general climate surrounding
arcas of Pakxong is characterized as the cool weather and much rainfall. Mean annual

temperature is 19.5 °C and over 3,000 mm of rainfall is observed during the rainy season.
Annual mean sunshine hours is 5.1 hours, however, less than 3 hours a day continucs at the
mid rainy season in July and August. General featvres of the climatic condition of Pakxong
observatory are shown in asection of Master Plan study. -

Since no evaporator is available at Pakxong observatory, simplified A-pans have been
manufactured at Pakxe and sct in the Pakxong and KM42 obscrvatories during the Master Plan -
study of the project. Observation by the staff of observatory has been started June 12, 1995
Monthly basis measured values are as follows;



S Unitmm
. uSI!}!i_l_}ﬂ_ lnpomer CJul. - Avg. Sep. Oct. Nov.: Ikc. Jan.  Feb. er
Pakxong A-pan $7.3 R68 685 766 901 1079 875 1014 183

KM42 -do- 782 770 608 670 665 941 650 T 1055
TPaxe  -do- - - . - ST 620 17197 1972
Pakxe Piche 70.7 7168 603 831 1172 1693 1767 1934 242
Nikhom34 -do - 438 391 332 456 295 576 562 692 79.R
KM42 - -do- 107 116 88 142 174 213 252 237 289

Comparcd with the A-pan .vialues of Pakxe observatory !OC'llLd in tlm lowland area,
monthly basis evaporation values of Pakxong show around 55 % and 40 % in KM42.

(3) Salavan Observatory

Salavan obscrvatory locates nmihern part of the platcau and its elevation is around 200 m
in MSL. Observation is staited in 1980 and observed items are temperature, refative humidity,
dew point, rainfall, dusation of sunshine, evaporation, wind direction and speed. Because
observatory locates in a flat flood plain developed by Nam Khong, mean annual temperature is

26.8 °C and around 2,000 mm of rainfall is observed during (he rainy scason. Annuval mean
* sunshine hours is 6.3 hours, however, ntore than 7 howrs a day continues at the mid dry
season i February and March. General features of the climatic condition of Salavan
obscrvatory are shown in a scction of Master Plan study.

() Other Reference Observatorics for Meteorologicat Data

In connection with the selected priornity arcas, following meteorological observatories can
be positioned as the reference observatories taking its location and elevation into account.
Obscrved meteorological items of lhO\L observatories are limited such as rainfall, temperature
and humidity.

o Pnon(y Arna o Rgfg} e Mclcorolog:cal Ohsew'uory
" Upper (hamps Project arca KM 42 Observatory
" Upper Tapoung Praject arca -

: Upper Kaphew Project ara Laongam Obscrvatory -
Lower Xe Set Projéct iyea® " Laongam & Thateng Obscrvatorics
Upper Tay-un projectama Thateag Observatory

Average observed values of reference observatories are as follows;

Obscrvatory : KM42 EL.: 1,160 m (Daia Period: 198310 1995) _ i
Mem  Jan. Feb. Mar. Apr May Jun. Jul Aug.  Sep.  Oct. Nov. Dec.Annual
' R'nnf‘ill (mm) : ‘
0 Ave. 8.9 102 R36 2056 3440 569.3 S80.3 8732 467.1 2474 870 12.8 14894
“Temperatore (T) . _

Mean 2001 217 227 233 227 217 214 210 215 202 203 197 214
Relative Homidity (%) :

Mean 67 70 74 80 &% 90 89 9 88 8 77 71 80
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Observatory @ Laongom BL:S00m  (DataPeriod: 1992101999

ftem  Jan. Feb. Mar. Apr.  May Jun. Jul. Aug. Sep,  Oct.  Nov. Dec Annval
Rainfall {mm}
Ave. 107 13 435 779 2458 2475 3587 3667 2818 1458 6.6 1.9 1700.1
Temperature {T)

Mean 221 251 271 276 210 259 249 248 250 239 229 215 248
Relative Humidity (90)
- Mean 62 88 60 59 H 17 | 84 &3 77 0 63 n

Observatory : Thateng . EL:800m  (Data Period: 1993 10 1993) e
Hem o Jan. Feb. Mar  Apr. May  Jun. Jul o Aug. Sep.  Oct. Nov. Dec Anmual
Rainfalt (mm)

Ave. 0.5 215 458 1454 4160 2527 4394 3683 3038 1035 132 13221232
Femperature (T) '

Mean 188 202 238 258 254 258 249 253 255 238 225 214 236
Retative Humidity (%) _ _

Mean 72 73 77 74 8% 86 93 89 89 92 87 8 83

1.3 Rainfall
(1) Application of rainfall data for the selected priorily arca

In the calculation of ircigation water requirement, estimated amounts of the effective
rainfall in the objective irrigation arcas influences noticeably to the total irrigation demands of
the objective arcas. -Since the selected priority arcas distribute in the central, north-western and
northern parts of the plateau, rainfall amounts and its patterns differ with the clevation, slope
direction of the platean, ctc. To cstimate irrigation demands more accurately, rainfall data
should be sclected with the extents reflected the configurations of objective area because rainfall
observation network in and around the platcau is constructed densely compared with the
meteorological obscrvation network. ‘Taking these condilions into account, area -division
delineated by the Thiessen Polygon is applicd for the selection of rainfall data on the irrigation
arca of each priority area. ‘Application of rainfall observatory for the selecied priority arca is as,
follows; S I

Priority Ama Metcorological Obseevatory -,
-Upper Champi Project arca Pakxong obscivatory ' L
Upper Tapoung Project arca Pakxong observatory
Upper Kapheu Projccl'an‘a [.aongam obscrvatory
Lowcer Xc Set Project mva Laongam observatory

Upper Tay-un projectarea Sckong observatory

“Average monthly rainfall in recent five years (1991 to 1995) of the selected rainfall
stations is as follows;

Station Jan. Feb. Mar. Apr. May Jun.  Jul. Aug. Sep. Oct. Nov. Dec. Annual
Packing '

13.7 195 1229 2100 2953 4919 790.5 7747 4257 139.7 328 32.613349.7:
Laongam . _

1.1 45 234 §7.6 2084 2469 3628 3831 310.7 1360 4.6 1.1 1760.0
Sckong :

139 439 1353 1061 2060 2256 2703 311.0 2423 1582 149.1 82516203
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(2)  Other Reference Observatories for Rainfall Data

The same observatories for the meteorological data as described in the previous section
are employed for the reference obscrvatories of raintall records related to the selected priority
areas.  The observed rainfall valuce is also shown on the table in the previous section.

H RIVER RUNOFF
2.1 Basic Dala

Due to insufficiency of the river flow record in and around the study area, water
resources of the specificd river basin in the study arca have been evaluated preliminarily based
on the mean monthly flow records of Xe Sct power station during the Master Plan Study of the
project.  Taking these data availability and required runoff data for the further study into
~ consideration, water level observation and discharge measurement on theee rivers in the study
area have been started by the stady team at the end phasc of Master Plan Study of the project.

Five (5) priority project sites were proposed to execute the feasibility study through the
overall basin study of the project for agricultural and rural development. Hydrological aspects
in the feasibility study is focused to prepare the long term river discharge record in these
prionity project sites to clarify the available water resources Tor the project.

During the Feasibility Study stage, observed water level records and discharge record
to construct the H-Q curve were thoroughly checked and prepared contintous runoff record for
the respective rivers. In addition to these observation records, daily inflow data at the intake
site of the Xe Sct power station werc obtained through the analysis of daily power generating
records at the station. With these contihuous river discharge records available in the study area,
constiuction of the ranoff model and reproduction of runoff were made on the respective rivers
tfor the project formulation.

2.2 Runoff Modc)

~ The purpose of the construction of runoff model is the reproduction of river runoff in the
selected - priority--area. To meet these requirements, Sugawara’s Tank Model Method is
- eployed to construct the basic rainfall-runoff model of the project.

* Taking the location of rivers having available continuous discharge records and the

: 6bjcciive priority area, two runoff models were constructed and the application of these models
- for the objective priority area is as follows; '

Model A runoff mode! calibrated using the discharge record at H. Tapoung
basin area : o 73.0 km?
basin arcal rainfall  :  Pakxong 56%, Laongam 44%
priorily area to be applied

Upper Champi Project area ... H. Champi
Upper Tapoung Project arca ........ H. Tapoung
Upper Kapheu Projecl arca  ........ H. Kapheu

basin arca ; 325.0 kim?

basin arcal rainfall :  Pakxong 68%, Laongam 32%

priority area to be applicd '
Lower Xe Set Projectarca ..., downstream catchment arca
Upper Tay-Un project area  ........ H. Tay-Un & H. ‘Thong

“Model B2 yunoff inedel calibrated using the discharge record at Xe set power station

For model calibration; rainfall and discharge data were used 1 rom May, 1995to Januh.ry,
1996 for the model A and from January to December in 1995 for the model B. The calibration .
was focused o suit on the recession curve of the hydro-graph of annual runoff and the annual
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total runoff volume of the observed records. Constructed miodel and its inultiplict arc shown in
Fig.2.2.1 and calibration results with the daily basis are shown in Fig. 2.2.2.  Correlation
factors between observed and estimated discharges are as follows;

Mudel A comulative discharge  ......... 0.9139
daily basis discharge  ......... 0.9979

Model B cumulative discharge  ......... 0.9443
daily basis discharge  ......... 0.9987

2.3 Flow Regime of Rivers in the Selected Priority Area

Using the coistructed run-off model and the basin areal rainfall, reproduction of river
runoff related to the priority arca is made with daily basis.  The duration of reproduction is ten
(10) ycars from 1986 to 1995.

Following areal ratio of point rainfall is used for the river basin of priority area on the
basis of Thiessen Polygon delincated in and around the study area.

Pnon(y An River Basin Arwa Areal Ratio (%)
S L (kavy o Pakxong  Laopgam - Sckong
Upper Ch'mlpl . (‘hampl “7) 16.0. 100 - -

H. Champi (43) 60 100 - -
Upper Tapoung  H. Tapoung 40 100 . -
Upper Kapheu H. Kapheu 24.0 75 25 -
Lower Xe Sct Xe Sct (dam) 325.0 63 32 -

Xe Sct (down) 8.0 C - 100 -
Upper Tay-Un H. Tay-Un 21.0 - 57 43

M.Thong . 80 o BB

Mean monthly rainfall values for each river basin at the intake site are shown in Table
2.2.1 from 1986 to 1995. When the point rainfall data are missing and/or nothing in the
objective periods, these data were compensated with the correlation equation constructed by the
rainfall data of neighboring obsecvatories. Average values' are as follows based on the ‘poinl
rainfall and areal ratio mentioned above; -

Uml mm !

JAN. FER. MAR APR. MAY JUN. JUL ACG. SEP. OCT. NOV. DLC ANNUAL

H.Champi 47 & 43, H. Tapoung : . .
10.7 23.5 101.0 237.3 343.3 467, 0 679.8 757.3 4122 2092 31.2 184 3,‘29].0

H. Kaphcu : .
104 205 86.6 20493206 4153 6009 671.5 3754 197.1 254 142 29426
Xe Set - _ .
10.1 17.8 74.2 177.0 301.0 370.8 533.2 597.8 3438 1867 203 107 2,643.3
3. "Tay-Un - _ - . o A R
- 9.5 201 66.1 125.0248.2 264.1 3525 414.1 264.8 1687 4i2 194 119938
4. Thong :

9.7 266 8§32 13802452 2672 437 414.0 2647 1747 66.0 325 2,065.4

Runoff calculation results for objcclwc tivers arc shown in Table 2.2.2 with monthly
mean discharge basis.  Summary of the calculation results are shown below.  In the column,
droughty, low-water, ordinary discharges mean that the discharge occurs more than 355, 275
and 185 days in a ycar, respectively.

Upper Cﬁarhpi Project area -
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H. Champi (Lak 47) Az 16.0 kn¥
_ _ e e Uml mfsee
Discharge 1986 1987 1988 1989 1090 1991 1992 1993 1994 1995  Average

Droughty ~0.118  ©0.117 0.155 0091 0.104 0102 0125 0093 0.123 0.170  0.120
Low-waee 0243 0262 0314 0230 0229 0272 0226 0.191 0309 0277 0256
Odinary 0602 0528 0579 0622 0546 0651 0464 0357 0701 0438  0.549

Upper Champi Project anca
H. Champi {L.ak 43 A=36.0 kn?

- L Uit mikee
Discharge 1986 1987 1988 1989 1990 199} 1992 1993 1994 1995 _ Average
Droughty 0.266 0263 0349 - 0205 0234 0230 0281 0209 0277 0.382 - 0.270
Low-water  0.547 0590 0706 0518 0515 0612 0508 0436 0695 0.623 0.575

Odinary 1354 188 1303 h400 1228 1465 1044 0803 1.577 0986 1235

Run-of-river type mini-hydro power station is now opcrating on the river course of H.
Champi at Pakxong town ( 3 km upper stream reach of Lak 47).  During the dry scason (from
December to April), power operation is” performed with 25 KVA generator. Operation hours
arc limited for 8 to 12 o’clock in the morning and 6 10 10 or 12 o’clock in the evening. From
the effective waler head ( Max. 9.2m, Min. 5.2m ) and installed capacity (25 KVA in the dry
scason, 87 KVA in the rainy scason ) of the power station, outﬂow from the power station
during the operation can roughly be estimated from 0.35 m'/sec to 0.60 m'/sec in the dry
scason and from 1.20 m'/see to 2,10 m’/sec in the rainy season.

Uppcr Tapoung Project arca
H. Tapoung A= 4.0 k¥’

-~ . R . Unies e
Discharge 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995  Avemige
Droughty ~0.030 0029 0039 0023 0026 0026 0031 0023 003 00412 0030,
Low-water ~ 0.061 0.066 0078 0058 0.057 _0.968 0.0_56 0.048 0077 0.069 0.064

. Oddinary 0450 0132 ; 0.145 _ 0.156_ 0.136__0.163 _ 0.116 0.089 0.175 0.110 0.137

Uppcr Kapheu Projcc!':u'u.fa '
o H. Kapheu - A= 24.0 l-im2

e ~ Unit: m’ls c
Dischuge 1986 1987 1988 1989 1990 1991 1992 1993 1999 1995 Avewsge
CDroughty - 0151 0149 0.197 0120 0.156 0.101 0.161 0.106 0.146 0.197 0148
© Low-wakee 0326 0346 0401 0317 0343 0300 0203 0242 0353 0.334 0.325

Ondmary 0804 0.682 "'0.770 0847 0818 0.770 06!7 0456 0.857 0540 0716

Lower Xe Sel Project aca -
: Dam _ A=325.0 k'
Downsteeam catchment drca A=E88.0 kv

_ R . _Unit: m¥see
'93_5 1987 1988 1989 J??Q,,,,}29,',,,,..!??2 1993 1994 1995 Average

' Discharge 243

‘Droughl) 1.916 2,807 2760 1.831 1673  2.373 1916 2.090 1588 1.894 2.015
Low-water  3.877 4565 4756  4.010 3.007 3798 3300 3.116 3487 3.178 1714
Ondinary 15,830 10.140 12.486 14451 10.173 10.057 5.886 5412 9447 5990 9987

In case of Lower Xe Sel project area, runoff at the intake site consists of outflow from
the power station and the runoff from the downstream catchment area of Xe Sct dam.
Calculation vsing the runoff model was, therefore, made only for the downstream catchment
area. Qutftlow records from the power station were cmployed for selting up the available
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discharge al the intake site. According to the operation record of Xe Set power station, entire
inflow {0 the reservoir consumes for the power generation within a same day.  During the dry
scason, however, inflow to the reservoir is stored (Max. valume 0.37 MCM) in day-time and
used for power generalion in night-time, Operation hours for such cases are: limited within 3 to
S hours in a day. Taking these operation procedures of the power station into account,
construction of the regulating pond will be required to deliver the urigation water continuonsly.

Upper Tay-Un project anca
H.Tay-Un  A=200kn?

e , . _ . Univ: m¥see
Discharge 19861987 1988 1989 1990 1991 1992 1993 1991 1995 Avemge
Droughty D166 0.164 0176 0122 0.097 0153 0064 0.113 0099 0019 0127
Lowwer  0.254 O.?Sd 0277 0.22 Q.ITO 0204 0.237 0170 0.160 0.1 0.209
Ondinary  0.607 0405~ 0.470 0489 0.359 0386 0.300 0374 0260 0210  0.386

H. Thong  A=38.0km' _ :
Discharge 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995  Averge

Droughlty 0070 0070 0075 0053 0.050 0.076 0.072 0046 0050 0017 0.058

Low-water 0.106  ©0.118 “0.114 0092 0.081 0108 0.091 0066 0.07 0.048 0.078
Owfinary 0245 0.166 0192 02020150 0.182 0.121 0201 0107 0097 0166
_ From the calculation results, occurrence of droughty discharge varies from February to
May depending on the rainfoll amount in the last wel season andfor rainfall during the dry
season. River basins consisting hyetal region of Pakxong observatory such as H.Champi,
H.Tapoung and H.Kapheu, show stable and high specific discharge during the dry season
compared with the river basins consisting hyetal region cxcept Pakxong observatory.

During the course of the ficld survey, discharge measurements has been cacried out at the
cach intake site of the priority arca and those results are shown below; |

_ - River Basin Area km2 _I_)aﬁ. Qmwisec q_'r_n3isct:{!@2‘u :
H.Tay-Un : 21,0 Feb. 12,1996 0015 .00
o . Feb.20,1996 0016 .~ - 0001

H.Thong " Feb. 12,1996 0.039 (005
' Fch.20,1996 0.030 0.004
H.Kapheu 24.0 Feb. 13,1996 0.309 0.013
Feb.21,1996 0.336 0.014

H.Tapoung 4.0 - Feb.13,1996 0.053 0013
' Feb.21,1996 0.083 0.021
 H.Champi (Lak.47) 16.0 Feb.13,1996  0.237 0.015
TFeb21,1996  0.240 0.015
H.Champi (1.ak 43} 36.0 Feb.13,1996 0.480 0.013
Fcb21,1996 - 0.669 0.019

Teb.27,1996 0804 09022

From the comparison between mean monthly value of the cstimated discharge by the
constructed runoff modet and the observed discharge at the intake site, both discharges can be
recognized in a same exlent except the vatue of H. Tay-Un. To verify the such discharge
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differences of H. Tay-Un, runoff calculation for Janvary and February in 1996 were carried
out additionally using the constructed runoff model for X¢ Set basin. As the results, ‘mean
monlhly discharges were cstimated at 0.070 m *sec for January and 0.020 m'fsec [or Fcbnmy
Thus, the same discharge ¢xtent on estimation and observalion valucs were obtained at the
intake site of H. Tay-Un reflecting the little rainfall during the last rainy season and no rainfall
in the succeeding dry scason.

2.4 VFlood Discharge
2 .4.1 Flood discharge at the intake site

Flood discharge at the intake site of selected priority areas is estimated by the rational
formula.  Probable daily rainfall is employed for ‘setting up the rainfall intensity during the

arrival time of flood. Fram the point rainfall re¢ords and the Theissen Polygon, daily rainfall of
the priorily arca in each probable year is as follows;

Intake Site ) Arca Ratio { %) Probable Daily Rainfall  fmm/day)
Pakxong| Laongam] Sckong 15 110 30 1/50 1100 1200
H. Chanpi(47) | = 100 - - 2721 | 3431 | 4644 | 5255 | 6140 | 709.2
H. Champi(43) | 100 - . 272.1 | 343.1 | 4644 | 5255 | 6140 | 7092
H. Tapoung 100 - - 272.1 | 3431 | 4644 | 525.5 | 614.0 | 709.2
4. Kapheu 75 25 - 2506 | 3152 F 4247 | 4795 | 5586 | 6433
Ne Sct (im) 68 2 |- 2445 | 3074 | 413.6 | 466.7 | S43.1 | 6249
Xe Set (down) - 100 - | 1860 | 2315 | 3057 | 3416 | 3924 | 4457
B. Tay-Un - 57 .43 143.0 | 1784 | 2372 { 2661 | 3073 | 351.0
H. Thong - 25 15 1110 | 1390 | 1863 | 2099 | 2440 § 2805
_ - ~ Pakxong : 2720 | 343.0 | 4644 | 5255 | 6140 | 709.2
* Point Rainfall Laongam 13006 | 231.5 | 3057 | 341.6 | 3924 | 4457
Sekong 860 | 108.1 | 1465 | 1660 | 1945 | 2254

: Amva] time of ﬂood and rainfall Adntensity during the flood time are estimated by using
Rnln s formula, and the presumed cquation quoted from the arrival time of flood and daily
am fall. (‘aleuhlcd results are tabulated below,

© Intake Si[Cf . Asrival Time (hour) . Rainfall Intensity (mnvhr) ]
N S Lgkm) | H¢km) | T ¢he) 143 W10 1130 1/50 11160 | 17200
H. Chanipi(47) 9. 015 | 5 [ 4600 | 5800 | 7850 | 8883 [ 10379 | 119.38
tl. Champi(43) 12 .19 20 | 3923 | 4946 | 6695 | 75.76 | 88.51 | 10224
H. Tapoung 3 0.02 08 60.52 | 7631 | 103.29 | 116.88 | 136,57 | 157.74
H. Kapheu - 13 0.36 20 |3660 | 46.04 | 62.04 | 70.05 81.60 | 9397
Xe Sct {(dam) 50 0.78 8.4 | 1019 | 2161 2908 | 32.81 38.18 | 43.93
| Xc Sef (down). 24 0.60 30 2174 | 27.06 | 35724 | 39.94 | 45.87 | s52.11

H. Tay-Un 12 poose | 1o §2ss | asss | 47307 5305 | 6127 | 69.98
11, Thong 71 02 | 08 tosor | 3131 | 4198 | 4729 [ 5497 [ 6320

- Peak flood discharge eslimated by the Rational formula is as follows on the basis of the
above meationed rainfall intensity and the basic data shown in the column.



Intake Site Basic Data Peak Fiood Blischarge (mYsec)

_ ' Arcatkm’y | Runoff Coeffi, 1S 110 1430 1750 1100 | 17200
H. Champi(47) 16.0° 0.5 | 1022 | 128.9 | 174.5 | 197.4 | 230.7 | 266.4
H Champi(4d) { - 36.0 0.5 196.1 | 247.3 | 334.8 } 378.8 | 442.6 | 511.2
H. Tapoung 4.0 0.5 136 | 42.4 57.4 64.9 759 | 87.6
H. Kapheu 24.0 0.5 122.0 | 153.5 | 206.8 | 233,58 1 2720 | 3133
Xe Set (dom) 325.0 0.5 776.2 | 975.6 | 1212.8 f 1481.1§ 1723.7 | 1983.3
Xe Set (down) £8.0 0.5 265.8 | 330.8 | 436.8 | 4851 | 560.7 | 636.9
H.Tay-Un 21.0° 0.5 832 L ro3g | 138.0 | 1547 | 1787 | 2040
H. Thang 8.0 0.5 27.8 34.8 46.6 52.6 61.1 70.2

2.4.2 Drainage Requirement

Estimation method of the drainage water requirement for the selected priority area is divided
into two i.é. paddy and upland ficlds. For the paddy field, such requircment is estimated to
evacuate the surplus rain water with the drainage period of 3 days by using the probable daily
rainfall which has a probability of once in a S-years. Besides, Rational formula is applied for
the upland ficld to estimate the drainage water requireinent with a probability of once in a 5-
years, Drainage period of four (4) hours for vegetable field and one day for other upland crops
are considered.  Estimated results are as follows;

Prionity Project | Prodable Daily - || Paddy Field | Upland Field _
Arcea Rainfall (mm/May) f g (lit/sec/ha) || r, (mo/hr) | q itfsec/ha)
Upper Champi 272.1 105 | 278 38.6 |
Upper Tapoung 2721 10.5 . I| 21.8 38.6
Upper Kapheu 186.0 7.2 7.8 10.8
Lower Xe Set_ 186.0 7.2 ‘1| 1.8 10.8
Upper Tay-Un 860 33 I 36 5.0

I WATER QUALITY
3.1 Water Sampling

To clai‘ify the water quality at the intake sites of the priorily zirc;a,;watcr sampling for :
‘water gualily analysis has been carried out at the following seven (7) siles in six {6) «ivers on

Feb. 20&21,1996.

_ Sclected pri_o;il;-‘a;itf:; ] Rn.er __gz;mplis;é St}(‘ _
I Upper Champi Area H. Champi - Lak, 47 intake site
2 - do - H. Champi  Lak. 43 intake site

3 Upper Tapoing Area  H. Tapoung  intake site
4 Upper Kapheu Arca H. Kaphcu intake site

5 Lower Xe Set Arza Xe Sal intake site
6 Upper Tay-Un Area H. Tay-Un  intake site
7 -do- H.Thong intakesite

Analysis of (hose sampled water was enliusted (o the Laboratory of Waler Quality
Analysis, MAF in Vientiane. Items to be analyzed at the laboratory are; pH, electric
conduclivity (EC), suspended sediment (S8.8.), fecal coliform, chemical oxygen demand
(COD) and chemicat analysis for NO3-N, Ca2+, Mg2+, Mn2+, Fe2+, Cu and Ci-.



3.2 Analy fed Rosuils

Analyzed results of the mmplcd water and the MAF standard for drml-.mg waler arc
shown below;

Samplc [ pH | FC TS8.8 Jeotiferm 1 COD [NO3-NJ Ca2+ | Mg2+ [ Mo2+[TowalFe] Cu [ CI-
No. mS/n [ mgfl feolt0omt] mg/l | g/l ¥ mogd | megd | mghl meg/l mefl | meg/l
] 7.08 73 1 4 029 001 0309 0314] 029 0.123 0.022] 0.026
2 7.76 6.1] 1 3 1.667] 0007 0314 0203 0.028 0.19¢ 0.022{ 0.037
3 6.59 23 1 i 45701 0.002 0.1069] 0.107] 0.0200 0.923 0.005] 0.061
4 7331 45] s g 1.846 0004 0221 0.191]1 0024  0.2924 0.004] 0.039
5 | 190 - 7.6 2 0 4.570x 0009 0.330] " 0.329] 9027 0192 0010 0.024
6 7.31 6.0 | 0 1.029 0.037] 0.296] 0.209] 0.038 - 0.731] 0.001] 0.026,
7 7. 7% 16 i 2 1 1.0571 0.004] 0.764] 0.755] 0.107] - 0.201] 0.031] 0.056
Standard |5.8- R [ 2 100 10 TI5(*1} 124.7¢*2) 0.3 0.3 1O ]5.8(*3)
(1) 200}1pm—(200ﬂi 45)=58 mcq!l
“(22) : A00ppm=(300/20.04)=15 meg/
(*3) 1 300ppin=¢300/12.16)=24.7 meg/l
(I} pll

All sampled water shows weak alkalinity except the sample taken from H. Tapoung
intake site.- Since desirable level of pH for drinking water is from 5.8 10 8.6 in the MAF
standard and analyzed resulls show 6.59 to 7.90 of pl values, all sampled wiiter is suitable for
drinking water regarding the pli values. On the contrary, desirable level of p}l values for
irrigation use is 6.0 to 7.5 for paddy cultivation and sane extent of its paddy rice is the upper
limit of desirable pH ranges for upland crops. Seme of the samples exceed such desirable
extent of pH. The pH value of surface water is closcly related to activation of photo-synthesis
of water grasses and scasonal changes are casily occurred due to degree of river flow, water
and/or air temperature, sunshine hours, cte. When the origin of strong alkalinity and/or acidity
pH values canses by the existence of pollution duc to disusc alkali and acid, natural sulfate acid
flow, countermeasures are required 1o use such water for the specific purposes. No particular
origin of alkali and acid is found in the river basins of sclected priority arcas. Therefore,
lrmlmenl procedures to adjust the pH values will bc required for irrigation usc.

" (2) Electric Condhctivity (EC)

Desirable EC values for irrigation water is less than 30 mS/m {or paddy cultivation in
general.  In case of upland crops, salt-tolerant varies crop by crop.  For instance, beans,
- cabbage, cggplant, ete. have low salt-tolerant and cotton sugarcane, potatoes, etc. have high
~ salt-tolerant compared with paddy rice. Because EC values of sampled water ranges from 2.3
mS/m to 16.3 mS/m, all sampled water can be used for irrigation purpose in view of EC
- vatues.

{3) Suspcndcd Sediments (SS)

: An dlowable extent of the suspended sediments is Iess than 2 mgA for drinking water in
the MAF standard. For the 1rngat10n use, such index is required less than 100 mg/ in general.
Among the sampled water, H, Kapheu sample shows 5 mg/l and others are the less than 2

mg/l. Based on this result, stilling basin together with the intake facility and/or filtration pond is
required for drinking water use in case of 11. Kapheu site to suit the standard.

(4) Coliform Group

- All sampled water exists in a desirable extent of MAF standard.
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(5) COD

~ COD s the index of the water pollution expressed by the dissolved oxygen demand of
water. Generally, 6 mg/l is the upper limit value for irrigation water though ne limitotion
is mentioned in the MAE standard.. Al analyzed results of sampled water show lower values
than that of fimitation.

{6) Chemical Analysis

Analyzed results of surface water at the intake site on the sclected priority aea varies in
an allowable extent for drinking and irrigalion water use regarding the concentration and
composition of dissolved ions cxcept item of the total iron. An allowable concentration of the
total iron is 0.3 mg/ for drinking water and 0.6 mg#t is desirable for irrigation water.  Water
samples exceeded the standard values of the total iron were taken from H. Tapoung and .
Tay-Un sites, and those values are 0.923 mgfl and 0.731 mg/l, respectively.  Problems
containing excessive iron are the unpleasant odor and color of water but harmlessness for
hcalth in case of sampled water. For removal of ‘ions to use within an allowable containing,
treatment is required such meihod as pre-chlorination, acration, chemical precipitation and
filtration.

As the summary of the water quality of river flow at the intake site of thé sclected priority
area, all surface water can basically be used for irrigation and drinking purposes. For
drinking use, however, removat facilities of iron may be required to suit the standard value of
drinking water. To finalize the’ processing method of river flow, monitoring of water quality
throughout the year is required to clarify the quality transition since sampling of analyzed water

“has been made only one time at the mid of dry scason.



Tables



Table 22.1

© Mean Monthly Rainfall in Each River Basin (172)
River Basla : .Champt (47, 43) , H.Tapoung
: UNIT : o
YEAR _LAN, FEB. MAR, AT MAY AN, JUL _ AUG. SEP.  OCL. NOY.  DEC. ANNUAL
TTTI%3 1.7 307 W8F B3 B13 KRS 908 4548 BBS  ar98 i SV 15349
1994 0.6 484 ME2 B2y AT 5009 121138 949 6062 1818 3.7 §72 42515
1993 00 43 40.2 1506 3535 2510 5215 7584 924 579 02 &y 26017
1992 430 11.3 19 1302 212 8687 5666 8353 3732 1253 L1 218 i3
1991 214 03 695 W40 2840 5511 9588 1nBT7 4882 1507 02 84 40231
1990 00 00 . 10546  135C0 3551 5147 4044 7974 4941 2719 s 00 . 3N27
989 14 00 62 3790 3149 3504 7051 5242 4721 2388 £48 31 Ao
§1988 273 1186 © 380 M43 4141 3680 4364 5668 33838 3582 132 00 3155
115987 09 . o0 $8.1 #2847 2856 5753 6428 9454 3183 2388 [Ay] 00 33500
V986 0.2 17.3 978 1779 5289 3314 . 6569 RBE50 3700 2857 355 194 34438
AVERAGE 107 333 1010 2% M33 44 6B3 T BTN &1 Ei E@z 32 184 32910
River Basto : ° 1EKapheu
. . TN om
YLAR JAN, FEB. MAR, APR, MAY AR at., 1OV, DEC.  ANNUAL
1933 13 291 10 1334 3838 A4 0T “4‘03"9' ?35 7 ‘Tﬁ 1817 74127 314%
1994 ‘oS 67 851 2532 3356  447) j0256 N85 5320 1639 413 504 36498
1993 o0 37 93 1240 3169 1948 4542 6632 3925 0 554 618 6.7 23127
1992 415 163 308 1118 2120 7387 5016 765B 3631 118} ‘.2 179 2950%
1991 162 03 534 2271 2500 4783 B227 10543 44185 1Ri8 02 1.7 3533S
1590 0.1 02 1107 1192 3258 4623 3163 6339, 4189 1536 315 00 20037
1989 133 o0 876 32 913 %I 6295 46150 4006 N 428 08 28941
1988 250 . 1034 M8 3167 374 3B 3991 51807 2099 ¢ 3276 121 00 27670
1987 [431] 00 533 2504 260.1 5241 588% 8598 %13 . 2187 o0 08 30546
1925 0.0 159 . 334 1627 4818 3567 . 6000 7894 a5 2508 325 . 178 31458
AVERAGE 104 03 86049 306 A3 00T 8TE5 - 3334 - 1Vid 754 142 29328
CRiver Basln: © XeSet (Dan) . :
) § UNIT : moy )
YFAR  IAN. | [FER MAR. Am MAY T AUG.  SEP..  OCF.  NOV.  DELC  ANNUAL
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Table 221 Mean Moathly Ralnfall in Each River Basin (2/2)
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Tadle 222 Monthly Mean Discharge (1/2)
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Table 22.2 - Monthly 'Mc.an Discharge (2/2)
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Fig. 1.1.1 Annual Isohyetal Map
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Fig. 1.1.2 Thiesscn Polygon
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Fig. 1.2.2
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Fig. 1.4.1

Hydrogeologic Map of the Study Arca
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(1) Model A

Fig- 2.2.1 Constructed Tank Model and Multipticr
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Fig. 2.2.2 Tank Mode! Calibration Results’
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ANNEX H SOILS AND LAND USE
PARTI  THE MASTER PLAN

I GENERAL

The present studies (phase ) on soil and fand classification aim al determining
soil units and their distribution in the study area to evaluate the land resources and to
estimate the possibdility of land development.

. Soil and land usc survey was carried out in three kinds of procedure, that is,
analysis of exisling dala, field survey, and soil chemical analysis. Existing topographical
maps and the results of previous soil examination which has been done by the related
authoritics of Lao PDR are refesred to for the present study. Soail classification of the
study arca was made by using the system of FAO/UNESCO (1974) and land evaluation
was donc by using the system of USDA (1961) taking both systems of USBR (1967)
and FAO (1976) into consideration.

Il SOILS
2.1 Methods of Soil Survey

On the basis of the data obtained by soil survey, propertics and distribution of
soils are known, the soils are classificd into several sorts and soil classification maps are
prepared.  As the same time, the land is cvaluated by mating its capability and /or
suitability and land capability and/or suitabilily maps arc produced. Morcover, present
Jand use state is obscrved on the way of soil survey and the results obtained are illustrated
on the map and estimated in every catcgory of land usc. In this way, practice of soil
survey is indispensable for camying forward a scheme lo reconcile agricultural
development (c.g. increase in crop production) and environmenlal conscrvation {e.8.:
decrease in crosion risk) of the project arca. Therefore, the techniques to be utilized for
soil survey, land evaluation, and land use examinalion must be ones which have been
backed by authorized methodologies. ' :

2.1.1 Daia Collection

. Certain cxisting data relating to soils and present and proposed land usc in Lao

" PDR were collected from the Ministry prior to investigation and reviewed to ‘execuic
efficiently this study. :

According to FAO's information, in the step of master plah, the type of land

resource survey belongs to intermediate one between exploratory and rcconnaissance and
its content is summarized as follows:
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Types of land resource survey

Expiofatory survey . |Recorinaissance survey
Afne and Tevel Resource inventory Prefeasibility

Project location Regional planning

Prefeasibility Project location

Site intensity and survey method |Erce survey of variable  jFree survey of variable
intensity usually much < fintensity usually <

_ - |1% 100 ha 1%100 ha - _
|Preferred scales: Aeriat photos  |=1: 60 000 1: 43 000 to 1: 20 000
- |=1:100 600
: Final map Variable : . [=1: 50 000

Source: Extracted from Table 2.1 in "EOOKER TROPICAL SOI. MANUAL® ed. by J.R.
Landeon {1991).

Furthermore, the mapping units used before this in land resource survey are
selected and suninarized as follows:

Mapping units used in land resource survey

Exploratory survey Reconnaissance survey
Final mapping unit 1.Physiographic units/ 1.Physiographic units/
- land systems ~ land systems
2.Potential development | 2.Soil associations
arcas 3.Land capability units
4.Potential development arcas
Landscape component | : 7
: '+ Geomorphology |[Major relicf units Relicf units, major landforms
1 8oil - - [The highest level of soil | Associations
o : . |classification to association _
: Vegetation Soil/climate-related types  {Soil/climate-related types; plant
: e : _ associations
-+ Land usc . |Agro-ceological groups | Land use system, cultivalion
density

Source: Extracted from Table 2.2 in "BOOKER TROPICAL SOIL MANUAL® ed. by J.R.
Eandon {1991). -

‘ . General topographic maps (1: 1 000 000 in scale) and the repaits on soils and
land use which were published for cach of provinces and districts in the shidy area were

used fully. Furthcrmore, 1: 20 000 scale acrial photographs that were taken on some

- patls of the study arca were utilized for checking the present land use.

2.1.2 Field Survey

Ficld survey for soils and fand usc in the study area, 654 050 ha, which
corresponds 1o almost of "Boloven Plateau" was carricd out in collaboration with the
counterpart provided by the Ministry. The field work iicluding landscape, topography
and vegcelation survey, institution of soil mapping units by boring with soil auger, pit
preparation and its profile observation, soil description, soil samipling, cte.was cnforccdr :
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(1)  Boring spot test with soil anger

In the first, boring spot test was done by using the soil auger. [In practice, the
work was made in two steps, that is, in first step thirly one spots were corcd by a narrow
shaped avger to know an outline of soil distribution in the study area, and in second step
sixty nine spots were bored by a jarret type of auger to examine individual soil column.
The boring spots were distributed in 100 sites in total. As a result of the work, texture,
consistency, color, contents of big fragments such as gravel or stone, effective depth,
elc., of soils were realized. Furthermore, slope of land surface, biological state,
drainage condition, degree of hwmidity, aspects of erosion and ecrodibility were
observed.

(2)  Preparation of excavating pits and obseivation of soil profiles in excavaling pits

The observation of soil profiles ere executed in ¢xcavating pits. Sites of the pits
were selected in consideration of land topography using the maps of 1:00,000 in scale.
The size of the pits was fundamentally one hundred twenly centimeters, (wo hundred
centimeters and one hundred twenty centimetérs in depth, long and wide, respectively.
However, at he place where rock bed lies in relatively shallow situation, digging couldn't
but be ceased at very thin horizon. The procedure of soil description was mostly done in
accordance with the Guidelines for Soil Profile Description (IFAO, 1977) and the Soil
Survey Manual (USDA, 1951). Twenty five pits were dug, and on each profile, horizon
sequence, cffective depth, texture, structure, consistency, plasticity, gravel and stone
content, color, hardness, ground water level, root spread, drainage, ctc. were observed
and recorded. Furthermore, landscape, land slope and vegetation were recorded. The
sites of boring spot test and master pits are shown in Figure I-1.

(3) Sample colléction

Sevenly three bulky samples of the soils were taken from the representative
- horizons on the profile of cach excavaling pit.

2.1.3 Lébm‘atnry Analysis of Seil Samples

The soil samples taken from excavating pits were analyzed on chemical propertics
by using a set of simplified soil testing apparatus at the provisional faboratory in
Pakxong. The items of chemical analysis were: pH(H20), pH(KC1), ammonia nitrogen,
nitrate nitrogen, available phosphorus, exchangeable potassium, exchangeable calcium,
exchangeable magnesium, available iron and exchangeable manganese. These
constituents except for pH were extracted from cach soil sample with unified solution
(Morgan's solution) and estimated by colorimetry or turbidimetry. '

2.2 Physiography
2.2.1 Fopography and Geology
~ The study arca betongs to the physiographic rcgimi named the Boloven Platcau.
The altitude at the top of the area’is abott one thousand and two hundred meters or more.
The stope of the plateau is relatively gentle in western and northern paris while it is
considerably stecp in easlern and southern sides.
The geology of the area' is so-catled Kontum massif that consists of the

slratigraphic units in the period from Mesozoic to present, and the weathered lava flows
of basalt covers in wide arca on the basal massif.
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2.2.2 Soil Fermation Process

Under the tropical conditions of high temperature and high rainfall that is often
seasonal, the soil development from its parent material, in general, rapidly progresses.
The parent rocks quickly collapse, and alkalis and alkaline carths which are important
conslituents are removed fast in solution.

Iron tends to move with rainfall after oxidation.

Under the condition that parent materials are poor in alkaline constituents or
relatively shallow and soil reaction is strongly acid by severe leaching, red yellow
podsolic soils and reddish brown latetitic soils which ate expressed as Orthic Acrisols on
the FAQ-UNESCO Soils Map of the World develop dominantly. The fertility of these is
generally low.

On the other hand, under the environment that parent materials are rich in alkaline
conlents like basalt and their layer is relatively deep, well-siniclured clay loam which is
signed as Dystric Nitosols extends in wide area. The fertility of these is relatively high.

2.3  Resulls of Field Survey and Laboratory Analysis

The resulis obtained by preliminacy boring test and by regular boring test are

“given in Tables I-1 and [-2, respectively. The results obtained on pit profile obscrvation

together with pH values and chemical analysis data are are shown shown in Tabls 1-3 and
1-4, respectively. -

2.4 - Soit Classification

The soils cxtend in "Boloven Plateau” are divided roughly into three sorts -
depending on mainly geological origin, that is, 1. Alluvial soils, 2. Soils derived from
sand stones and clay stones, and 3. Soils derived from basalt rock. Among those sorls,

" the soil that is distributed in most wide atea, used for agriculture, and there by regarded
as representative one is basaltic soil. Incidentally, soil classification was practiced based

- on the FAO-UNESCO system for seil classificalion because that for the Soil Taxonomy

system the delailed data concerning physical and chemical analysis are insufficient.

2.4.1 Aluvial Soils |
(1) ' Soil code 1: Orthic Acrisoils {Dystric Cambisols and Fluvisols) |

Characteristics of these soils are as follows: Color is light yellowish brown;
- effective depth is medium (30-75 cm); texture is coarse { sand to loamy sand) to medium

* (sandy toam to clay foamy); reaction is strongly acid to acid; and fedtility is low.

_ | “These soils arc distributed in small arca (520 ha; 0.08 %) in southera port of
: Pakxong District. The land is used for paddy rice.

(2)  Soil code 2: Gleyic Acrisols (Butric and Dyslric.Gleysols)
- Characteristics of these soils are as follows: Color is light yellowish brown;
effeclive depth is deep (>75 cm); texture is medium (sandy loam to clay loam), reaction is
acid; fertitity is medium to high; and hydromorphic propeities appear, :

These soils are distributed in small area (310 a; 0.05 %) in Pakxong District, The
land is utilized as paddy ficld. '



(3)  Soil code 3: Orthic Acrisols (Ferzic Acrisols)

" Characleristics of these soils are as follows: Color is yellowish brown; cffective
depth is shallow (<25 cm) to medium (30-75 cm); texture is medium (sandy loam to clay
loam): reaction is strongly acid; and feility is low.

‘I'hese soils are distributed in Salavan Province, Sckong Province and Champasak
Province. However, they don't occur in the study arca.

2.4.2 Soils Derived fromn Sand Stene and Clay Stone
(1)  Soil code 4: Othic Acsisols (Dystric Cambisols)

_ Characteristics of these soils are as follows: Color is pale brown; cffective depth
is mediumn (30-75 cm); texture is coarse (sand to loamy sand) to medium (sandy loam to
clay loam): reaction is very strongly acid to strongly acid; and fertility is low.

These soils are distributed in the arcas of 2,280 ha in Pakxong District, 840 ha in
Satavan District and 1,180 ha in Bachiang District. Total arca is 4,930 ha (0.75 %).

(2)  Soil code 5: Lithic Acrisols (Lithosols)

_ Characieristics of these soils arc as follows: Color is light gray; effective depth is
shallow (<25 cm); lexture is coarse (sand to loamy sand) to medium (sandy loam to clay
loam); reaction is strongly acid and fertility is low.

These soils are distributed in the areas of 150,630 ha in Pakxong District, 1,05 ha
in Laongam District, 5,220 ha in Salavan District, 4,220 ha in Thateng District and 460
ha in Bachiang District. Total arca is 161,580 ha (25.70 %). The land is mostly utilized
as steep forest one.

2.4.3 Soils Derived from Basalt Rock
(1)  Soil code 6: Dystric Nitosols '

_ Characteristics of these soils arc as follows: Color is dark brown, dark j.'clluwish -
brown or dark reddish brown; texture is mediuni (sandy loam to clay loam) to fine (clay
to silty clay loam); reaction is strongly acid to acid; feitility is medium.

© Thesc soils are distributed in the areas of 100,620 ha in Pakxong District, 16,790
ha in Salavan District, 64,120 ha in Laongam District, 12,190 ha in Thateng District and
44,990 ha in Bachiang District. Total area is 238,710 ha (36.50 %).

(2)  Seil code 7: Dystric Nitosols (Lithic Nithosols)

~ Characteristics of these soils are as follows: Color is dark brown, datk yellowish
brown or dark reddish brown; cifective depth'is medium (30-75 cm); texture is' medium
(sandy loan to clay loam) to fine (clay to silty clay loam); reaction is acid to slightly acid;
and fertility is medium 1o high. ~

These soils arc distributed in the areas of 43,220 ha jn Pakxong District, 4,900 ha

in Laongam District, 160 ha in Salavan District and 12,300 ha in Thateng District. Total
area is 60,580 ha (9.26 %).
(3)  Soil code 8; Lithic Nitosols (Lithosols)

Characteristics of these soils arc as follows: Color is dark brown, dark yellowish
brown or dark reddish brown; effective depth is shatlow; texture is fine (clay to silty clay



loam); reaction is slightly acid to neutral; and fertility is high.

. These soils are distributed in the arcas of 48,620 ha in Pakxong District, 28,950
ha in Laongam District, 9,000 ha in Satavan District, 1,490 ha in Thateng District and
1,490 ha in Bachiang Distiict. Total arca is 88,200 ha (13.49 %).

2.4.4 Others
(1)  Soil code 9: Steep Land Soils

Characteristics of these soils arc as follows: These arc soils on the land with
slopes over than 60 % .

‘Thesc soils extend in the areas of 60,400 ha in Pakxong District, 19,870 ha in
Laongam District, 7,570 ha in Thatenig District, 16340 ha in Salavan District and 11,380
ha in Bachiang District. Total area is 99,220 ha (15.17 %).

Area and distribution pattern of the soil units in the study ar¢ given in Table 1-5
and Fig. I-1, respectively.

III  LAND CLASSIFICATION
3.1 Land Classificatlon System

Land cvaluation of the study arca was made from the points of view of the land
capability and the land suitability. Tt is not easy to distinguish between 'capabitity' and
'suitability’. According 1o McRAE & BURNHAM, "Suitability and Capability have
often been confused or even rcgarded as synonymous. This book (p.3) draws a
distinction between suitability for a single clearly defined, reasonablly homogenous
purpose or practice, e.g. carrot production or mole drainage, and capability for a broader
use such as agricultuic or urban development. Thus suitability assessment has a sharp
focus, looking for sites possessing the positive features associated with successful
production or usc, whereas capability must bé vaguer, and is often defined in terms of

-negative limitations, which hinder or prevent some or all of the individual activitics being
considered.".

. 3.2 The Capability Class and the Sultabllity Class
(1) - The Capability Class

Land evaluation for capability was made by using procedure for land capability
- classification prepared by USDA (1961). Major items of land characteristics and
qualitics used in classification were effective” depth, natural drainage, rockincss,
stoniness, textural appreciation, slope, and erosion hazard. A system of land capability
classes is usually numbered from I {the teast limited) to VIH (land with severely restricted
~ use) that a bricf description for the classes follows. In practice, for land capability
classification of the study area, the degrees of cffective depth, slope and rockiness were
regarded as impoitant items,

Class L. Soilé have few limitations that restrict their uses.

Class II. Soils have semc limitations that reduce the choice of plants or
require modcrate consegvation practices.

Class III.  Soils have severe limitations that reduce the choice of plants,
require special conservation practices, or both.

Class V. Soils have very severe limitations that resirict the choice of plants,
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or both. Land Limited in Use - Generally Not Suited for
Cultivation.

Class V. Soils have litle or no erosion hazard, but have other limitations
impractical to remove the limit their use largely to pasture, range,
woodland, or wildlife food and cover.

Class VI.  Soils have scvere limitations that make them gencrally unsuited (o
cultivation and limit their use largely to pasture or range,woodland,
or wildlife food and cover.

Class VII.  Soils have severe limitations that shake them unsuited to cultivation
and that restrict their use largely lo pasture or range, woodland, or
wildlife.

Class VIII.  Soils and land forms have fimitations that preclude their usc for
commercial plant production and restrict their use to recreation,
wildlife, or water supply, or to esthetic purpose.

(2)  The Suitability Class

_ The FAO Framework for Land Evaluation by a system of land suitabitity
classification is well-known. - Land Suitability Classes arc numbered according to
decreasing degrees of suitability. Three Suitable Classes and two Not Suilable Classes
are recommend as below: :

Class 81 High Suitable Land having no significant limitation to sustained -
application of a given use, or only minor limitations that will not
significantly reduce productivity or benefits and will not raise input
above an acceptable level. _

Class S2 Modecrately Svitable Land having limitations which in aggrcgatc are
modcrately severc for sustained application of a given usc; the

limitations will reduce productivity or benefits and increase : |

required inpuls to the extent that the overall advantage to be gained

from the usc, although still attractive, will be appreciably inferior to. | .

that expected on Class S1 land.

Class S3 Marginally Suitable Land having limitations which in aggregate arc.
scvere for sustained application of a given use and will so reduce’
productively or benefits, or increase required inpuls, that this
expenditurc will be only marginally justificd.

Class N1 - Currently Not Suitable Land having limitations which may be
“surmountable in time but which cannot be corrected with existing
knowledge at currently acceptable cost; the timitations are so scvere
“as to preclude successful sustained usc of the land in the given
manmner.

Class N2 Permancntly Not Suitable Land having limitations which appear so
severe as to preclude any possibilitics of successful sustained use
of land in the given manncr.

The system of the land suilability classification for imigation which has been
produced by USBR (1953) is thought highly. In the system of USBR, the imrigation
suitability classification is expressed by using the symbols of land class, soil deficiency, -
topographic deficiency, drainage deficiency, risk of flooding, need for leveling, land usc
code, relative productivity level code, relative land development costs code, farm water

In-7



requirement code and land drainability code.

An instance of the criteria used in assessing soil suitability for crops are given in
the following table.

Mayor criteria used in assessing soil suitability for crops
in Malaysia (Extract)

Crop  iMaximum §Soil depth Texture Drainage” | - Water release pH -
Slope (%) (cm) ' {months) .
Soyabean 10.5 25{Not C o wi | GS 5.5-65"
[Vegelables 10.5 25{Not C W-1 GS 4.5.65
Tea : 36 100iNot S or C W-1 12 4.0-6.0
21 25;Not LS or coarser W.p 12 4.3.7.0
36 125iNot S or C W-] 12 5.0-7.0
10.5 251AH W-1 12 4.5-5.5
21 '125iNol 1.S of coarser W 12 4.0-7.0
36 100iNot C Ww-1 9 4.0-1.3
21 125iNol § W-1 12 i 4563
10.5 100iNot LS or coarser W-1 ' 12 4515
10.5 SOiNot Sor C W-1 GS »50
10.5 50;Not S : W-1 - GS i 50
10.5 25iNol Sor C W-MW -GS 5.5-1.0
0.4 25;SCL or finer Controlled | Dry al harvcs! >4.0

_LS-Loamy sand: SL-Sandy loam: C-Clay: $-Sand: SCL-Sandy clay Loam; W-Well
“drained: MW-Moderately well drined: I-Impeifecily dmined: P-Poorly drained; GS-
Growing season,

Sousoe: Bxtrated feom Table 4.2 in Land evaluation” & C.D. BURNHAM (1981)

In this study, land evaluation for suitability was done by the system of USDA,

especially, on the base of the relation bctwccn altitude of land and crop suitability, the -

cffcctwc depth, the slope and the rockiness.
3.3 Results of Land Classification

- Results of tand capability and land suitability were shown in Table E-6 to I-7 and
- Fig. I-2.

IV LAND USE
4,1 Present Land Use
| 4.1.1 Total Study Area

Present land use in the study arca was mveshgalcd by the cxlstmg data, field
survey and aerial photographs.

The results obtained are as follows: plants which are cultivated covering the wide
- or small area arc coffee, tea, sugar cane, cercal crops sdch as rice and maize, leguminous
plants such as mungbean, groundnut and soybean, spicc food plants such as cardamom
land chili, ctc.

Fruit trees and crops such banana, papaya, dorian, mango, pin'eapplc& jack fruit,
cte. asre also planted. Vegelables such as cabbagc chinese cabbagc cucumber, elc. arc
cultivated in scattered land,



Besides, grassland is uscd for livestock in considerably wide arca.

The forest land extends largely. Decp forest which grows thickly on steep land in
wild statc in considerable wide area, while a part of forest tand is used for timber logging
and shifling cultivation even in the arca with a steep slope. ‘The results obtained
approximately is indicated in Table I-8 and Fig. I1-3.

4.1.2 ‘Tentatively Selected Priority Development Areas

- Present land use in sixleen areas which are fentatively selected as Priority
Deveclopment Arcas was examined. The result obtained approximately is given in Table
I-9.

4.2  Optimum Prospective Land Use
4.2.1 Total Study Area

Taking the exisling dala relating to optimum prospective land use plan and the
knowledge obtained from field survey into consideration, a draft for land usc plan of the
study area in the futire was prepared. Tt resulls obtained are given in Table I-10 and
Fig. [-4.

4.2.2 Tentatively Selected Priority Development Areas

The future plan of the tentatively selected priority development areas is undertaken
in other pait of this report.

4.3  Soils and Soil Erosion

The rcsults obtained through cnvironmental studies with  Geographical-
Information System {GIS) technology state clearly that the crosion risk in Lao PDR is
divided into three classes and these classes arc effected by seven factors, that is, 1. _
Population density, 2. Cattle density, 3. Fthnic groups, 4. Slope, 5. Geology,: 6.
Soil, and 7. Climate. : S RO

Among those factors, geology is a item closely relating (o soil. According to the

~ hydrogeology map of the Mckong Atlas published by the Mckong Secretariat, 1968, L

erosion risk classes which arc influenced by geology are arranged as follows:

Frosion risk class 1: - a) Sandy alluvium
b) Limestone
Erosion risk class 2: ag Basalt _
- b Gneiss, Schist, Quanzite, Granitc and Gabbro
Erosion risk class 3: a) Sedimentary rocks '
b) Shale

- From such a point of view, it may be thought that erosion risk is considerably
heavy because that the parent material of major soils in "Boloven Platcau” is basalt tock.
According ‘to the engincering soil map (scale 1:2,000,000) of the Mckong Atlas
Published by Mekong Secretariat 1968, crosion risk classed that arc influcnced arc as
follows:

Erosion risk class 1:  Highly plastic clay
Erosion risk class 2: a)  Poorly graded sand and silty sand |
b) Interbeded silt, sand, clay on poorly drained alluvial
plains _
) Sand, clay and silt on mountains, hills and dissccted
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plains

Erosion risk class 3: a) Silty sand and clayey sand
b) Clayey silt

Major soil extending in “Boloven Plateau” is equivalent to highly plastic clay soil.
Thercfore, the soil is casily croded.

Conclusively, the soil crosion risk in "Boloven Plateau” is ranged in medium
class. Referring further, the crosion risk is mediuvm i central region, low in forest land
~ in castern and southeastern regions, and high in the belt tike region from center to south
- edge, of "Plateau". '

In practice; the shallow soils are distributed n the arca of 310,3.60 ha (47.48 %)
in the study arca. Especially, in most part of Pakxong and Laongam Districts, sand
stone, clay stone or basalt rock which is parcnt matedials of the soil crops out on the land
surface. ;

In such a case, if the land surface is rough, a great mass of sojl is easily eroded by
heavy rainfall (arcund 2917.3 mm/ycar in the average of 11 years'record).

- 10



	Cover
	Title Page
	ANNEX ⅠMETEOROLOGY AND IIYDROLOGY
	Tabaie of Contents
	PAERT 1 MASTER PLAN STUDY
	Ⅰ OBSERVED RECORD
	1.1 General
	1.2 Meteorological Data
	1.3 Hydrological Data

	Ⅱ RIVER RUNOFF
	2.1 General
	2.2 Basin Rainfall
	2.3 Basin Runoff
	2.4 River Runoff at SelectedSite

	Ⅲ WATER QUALITY
	3.1 Water Sampling
	3.2 Water Quality Analysis

	Ⅳ GROUNDWATER
	4.1 General
	4.2 Quantity and Quality


	PAERT 2 FEASIBILITY STUDY
	Ⅰ CLIMATE
	1.1 General
	1.2 Climatic Condition
	1.3 Rainfall

	Ⅱ RIVER RUNOFF
	2.1 Basic Data
	2.2 Runoff Model
	2.3 Flow Regime of Rivers in the Selected Priority Area
	2.4 Flood Discharge
	2.4.1 Flood Discharge at the Intake Site
	2.4.2 Drainage Requirement


	Ⅲ WATER QUALITY
	3.1 Water Sampling
	3.2 Analyzed Results



	ANNEX Ⅱ SOILS AND LAND USE
	CONTENTS
	PART Ⅰ THE MASTER PLAN
	Ⅰ GENERAL
	Ⅱ SOILS
	2.1 Methods of Soil Survey
	2.1.1 Data Collection
	2.1.2 Field Survey
	2.1.3 Laboratory Analylsis of Soil Samples

	2.2 Physiography
	2.2.1 Topography and Geology
	2.2.2 Soil Formation Process

	2.3 Results of Field Survey and Laboratory Analysis
	2.4 Soil Classification
	2.4.1 Alluvial Soils
	2.4.2 Soils Derived from Sand Stone and Clay Stone
	2.4.3 Soils Derived from Basalt Rock
	2.4.4 Others


	Ⅲ LAND CLASSIFICATION
	3.1 Land Classification System
	3.2 The Capability Class and the Suitability Class
	3.3 Results of Land Classification

	Ⅳ LAND USE
	4.1 Presen Land Use
	4.1.1 Total Study Area
	4.1.2 Tentatively Selected Priority Development Areas

	4.2 Optimum Prospective Land Use
	4.2.1 Total Study Area
	4.2.2 Tentatively Selected Priority Development Areas

	4.3 Soils and Soil Erosion





