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CHAPTER 5 HYDROLOGY
5.1 Precipitation

There are cighty(80) rainfall stations with at least 10 years of records in the wholc country of
Laos according to Soukhathammavong(1992). As shown in Table 5.1.1, the rainfall data in
this Study arca are collected by the Department of Meteorology & Hydrology, MAF at
twenty-four(24) rainfall stations. At the same time, the rainfall data near the Study area are
available at six(6) rainfall stations. There are sixteen(10) stations with at least ten(10) years of
records within and near this Study area, However, the precipitation data likc at Pakxong and
Saravan have not continuously been collected as shown in Table 5.1.2.

The study area is dominated by monsoons, prevailing winds that blow altcrnatively from the
northeast and southwest, each for about half year. The southwest monsoon begins in May and
continues until September and contains high moisture because of its long path over equatorial
scas. The period of the southwest monsoon, a wet season, is characterized by heavy and
frequent rainfall. A remarkable characteristic of seasonal precipitation shows that more than
eighty(80) % of annual precipitation occurs during the wet season from May to October as
shown in Table 5.1.3. The rainfall during the wet scason at about seventy-five(75) % of the
rainfall stations exceeds ninety(90) % of annual precipitation. The dry scason continues during
four(4) months from December to March that the dry northeast monsoon blows from the
continent. '

Annual mean precipitation in this Study area distributes like a coaxial ciccle, ranging from over
3500 mm at KM 42(Pakxong) in the Bolaven Plateau to less than 1600 mm at Khong as shown
in an isohyetal map of annual precipitation. The isohyetal map is described on the basis of the
data at the twenty-two(22) rainfall stations as shown in Figure 5.1.1. The southwest monsoon

. hits the southwestern parts of the Bolaven Plateau during the wet season and causes a large

amount of rainfall over 3500 mm at the south slopes of the Bolaven Platcau. The annual
rainfall is highest on the windward side of the Bolaven Plateau lying across the path of the
southwest monsoon.

5.2 Groundwater Levels
5.2.1 Simultaneous leveling

Groundwater inevitably occurs in geological formations.  The Study area is located in the
south-eastern part of the Khorath Plateau which occupies extensive arca of castern part of
Thailand, Cambodia, and Vientiane Plain.  According to the stratigraphic sequence of
sedimentation, the deposits are formed during Upper Triassic period and consist of volcanic
rocks and red color continental sedimentary rocks. _In the Jurassic time, sandstone, shale and
mudstone were deposited. The thickness of the Mesozoic formation ranges from 1.5 to 2 km.

~ The Mesozoic formation is covered by Pliocene basalt in the Bolaven Platcau. - In the valley of

the Mekong River and its tributaries, alluvial deposits are expanded. The Study area could be
separated into four(4) aquifer groups in the basis of geology. ‘ g



'1) Unconfined aquifer in the Alluvial sedimentary rocks (Symbols Qf and Qt of the’

groundwater potential map}

| 2} Unconfined aquifer in-the weathcred rocks (Symbols Ep and Eh of the

_ . groundwater potential map) - :

~ 3) Unconfined and confined aquifers in the volcanic rocks of the Bolaven Plateau
(Symbols Bal, Ba2 and Ba3 of the groundwater potential map)

- 4) Unconfined and confined aquifers in’ the fissured and faulted zones of the
Mesozoic sandstone and shale (Symbol Et of the groundwater potential map)

In order to clarify groundwater occurrence in- the Study - area, regional simultaneous

groundwater leveling surveys including simple water testings were carried out at existing

boreholes and dug wells as shown in Table 5:2.1.  The groundwater leveling surveys were

conducted once in the rainy season and two times in the dry season, At the same time, seven(7) -

automatic groundwater level recorders were installed for rnomtormg of long -term change of
groundwater levels -

The resuits.of groundwater levelmg in the Study area are summanzed as shown in Tables 522
to 5.2.4, : : :

- 1} Groundwater levels below the ground_ surface range from 0 to 23 m, about 6 min -

average. The mean groundwater level is the decpest in the dry season from Jan, to

Feb. in 1995(the dry season 1I) when recharge to groundwater can be the smallest.
The mean groundwater level is the shallowest in the dry season from Nov. to Dec.

- in 1994(the dry scason I) when recharge to groundwater can be the largest -

2) The groundwater: level -of ‘a volcanic rock(symbol Bal of the groundwater '

- potential map) is the deepest, about 10 to 12 m in‘average, :
3} Electrical conductivity values range 20 to 1350 microS/cm, 223 mrcroS/crn in
average. ' The highest electrical conducttvrty occurs in the dry season II when the

mean groundwater level is the deepest and the electrical conductivity is lowest in -
_the dry scason 1. Low electrical conductivity is eq’uivalent to, low amount of

solute.

4) pH values range 3.9 to 8.0, about 6.2 in average. The mean pH is less than 7.0 and'
the solution is acidic. The pH value is nearly neutral in the dry season 1 when the

groundwater level is the shallowost.

5.2.2 Long-term Change of Groundwater Level

From the viewpoints of geology, hy'drolo.gy and accessibility to the s’tatlons seven(7) aut'omatlc _
groundwater level recorders. were installed at the’ followmg groundwater level recordmg

statlons as shown in Table 5.2.5 and Figure 5.2.1..

* Slug. ‘method tests were camed out on the Wells before'mstalling automat'lc groundWater level -
recorders; In this method 30 liters of water was suddenly injected into the well and the dechne :
of water level was measured at rcpeatcd closely spaced mtervals The results of the slugr _




method tests are summarized as shown in Table 5.2,6. ‘According to the results of the slug tests
and hydrogeological interpretation, the aquifers at four(4) stations cxcept for Ban Tong-Noy,

‘Nongsim and KM 21 stations arc cstimated to be unconfined. The aquifers at Ban Tong-Noy,

Nongsim and KM 21 stations are estimated to be confined. Recharge to the confined aquifer

can occur either in a recharge area, where the aquifer sprcads, or by slow downward leakage

through a leaky confining layer.  Therefore, response to rise of groundwater lcvel in the
confined aquifer is slower than in the unconfined aqucr

. Groundwater level recordings were carried out at the savcn(?)_ stations for fifteen(15) months
from the April of 1994 as shown in Figures 5.2.2(1/7) to (7/7). Bars and lines in these figures

present daily precipitation and groundwater level, respectively, The recordings continued for

fully one hydrological year: including a transition period from dry to wet, a wet period, a
. transition from wet to dry, and a dry period. The groundwater levels begun to rise at the

middle of May and continued to rise by 3 to 4 meters to the cnd of September at the four(4)
recording stations cxcept for Ban Nongsim and KM 21 stations. Then, the groundwater levels-
begun to fall at the end of September and continued to set to the beginning of May. At the two
stations(Ban Nongsim and KM 21) belonging to basalt area, the groundwater levels begun to
rise at the end of June and continued to rise by 11 to 13 meters to the end of October. This
slow respons¢ to rise of groundwater level at Ban Nongsim and KM 21 stations can be
recognized by the characteristics of confined aquifers, The rather quick response at Ban
Tong-Noy station belonging to ‘basalt area can be cxplamed by quick dOanard leakage
through a rather thin basalt layer

. 5.3 River Discharge

The Department of Communication, MCTPC and the Department of Meteorology &
Hydrology, MAF are the main agencies responsible for hydrologic data collection. There are
four(4) regional centers including Pakxc in the country.. These centers arc operated by
personnel of the two.above-mentioned departments. - Field Procedures and subsequent
computations for dctermmmg discharge follow the WMO’s manual on stream gaugmg and the
Umted States Geologlcai Survey’s methods for water data acquxsmon :

There are cxisting twenty(20) gauging stations in this Study area as shovm in Table 5.3.1 and
‘Figure 5.3.1. There are four(4) key discharge measurement stations for the Mekong at Pakxe
~and for the Xe Don at Saravan, Khongxcdon and Souvanna Khili. - The six(6) stations of the

remaining sixteen(16) .gauge height stations are not collccted and the six(6) stations are for

- gauge height only. = The four(4) stations are utlhzed for thc purpose of 1rr1gat10n only durmg
© - wet season. : > :

Table 5. 3 2 shows a data hst of cx:slmg gduge helght and dlsch'lrge mcasuremcnts at the

- existing stations. - Of these twenty(20) gauging stations, only one(1) discharge measurement
. - station at Pakxe is operating systematically for a long time as shown in Figures 5. 3.2 to 5.3.5.

_.The station at Souvanna Khili in the Xe Don River basin has- dlscharge data measured from
l986 as shown in Plgurcs 5. 3 6 and 5:3. 7 At the threc(B) statlons, Saravan in 1989 and 1990



- (Figures 5.3.8 and 5.3.9), Khougxedon in 1989 and 1990 (Flgurcs 5.3.10 and 5.3.11) and Ban
Don Xe¢ in 1987 qnd 1988 dlschargc data were collccted only for two ycars

Tablc 533 shows charactcrlstlcs of dlschargc at the existing dlschdrgc measurement statlons,
that the 185-day discharge or ordinary discharge is smaller than the mean value for each station,
-and that the mecan discharge is larger than the 95- d'iy dlschargc or h1gh d1scharge for the Xe
Don River.

As above-mentioned, any discharge data is not available for small rivers or houay except for the
Mekong River and Xe Don River. -:Therefore, from the viewpoints of hydrology, geology and
accessibility to the stations, the following stations were selected and set up as discharge
measurement stations in order to make clear characteristics of discharge in this Study area.

Table 5.3.4 and Figure 5.3.1 show iocatlons of dlSChdl’gc mcdsurcmcnt stations sct up in' this
Study : :

Gaugc hc1ght and dlscharge measurements arc being cartied out for the abovc mentioned
five(S) stations. In this Study, discharge calculation is decided bascd on velocity measurement
using a current meter -and water ‘depth measurement.  The velocity is measured at the 60 %

depth of stream water depth. The water depth is measured at the interval of 1 m in the case of

less than a stream width of 20 m.  As the watcr levels of smail rivers or houay tise remarkablv
during the wet season, thc surface vclomty is observed usmg ﬂO‘ltS

After daily gauge height and several discharge measurcments for one year upto the Phasc 3of

the Study, rating curves are calculated for conversion of gauge helght mto dlscharge at the .

stations.

5.4 Groundwater Flow System

* The undulating water surface at which pore watcer pressure is equal to atmospheric pressure.is
- calied the water table. - The position of the water table often follows the general shape of the
surface topography.  The water table relief is not as great as the topographlc rchcf Thc
followmg gencral observations can be made;

1) In the absencc of groundwatcr flow, the water table will be flat
-2) Inthe case of a sloping water table, theé groundwater i is flowing.
3) In topographically low spots, groundwater discharge zone will appear. -

. 4) The water table has the same! shape as the surface topography and will be less gcntle |

than the surface topography.
5) Groundwatcr generaily tflows away from topographlcally h]gh places toward !ows

Groundwatcr leveling survcys in this Study ared meludmg snnplc watcr tcstmgs were: carrled- e

‘out at existing boreholes and dug wells as shown in Table 5.2.1 0of Chapter 5.2. - Based ori the

groundwater leveling data, a groundwater contor map in the rainy season was described for the

purpose of clarification of regional groundwater flow, - Figure 5.4.1 shows the groundwater

contor map in the rdmy season and F]gurcs 5.4.2 and S 4.3 show thc groundwatcr contor maps S



_in the dry season. The observation wells of the groundwater leveling arc located along the

main roads such as National Road No.13, because of very bad accessibility to the planned
observation wells especially in the rainy season.

Tho groundwater has sumlar ﬂow nctworks, although some minor variations of groundwatcr
Ievels are recognized by season. General obscrvations of the groundwater flows in this Study
area can be summarized as follows; :

1) In the central part of Saravan Province, the northward flow exists in the slope of the
Bolaven Platcau and the westward flow exists along the Xe Don.

2) In Lakhonpheng District of Saravan Province, there are two groundwater flows from
- a groundwater ridge near Ban Lakhonpheng to opposite directions(northwest and
southeast). The southeastern flow and two separate flows from the opposite slopes
join the westward flow along the Xe Don and change the direction to the south.

3) In Bachiang District of Champasak Province, a westward flow cxists in the slope of
the Bolaven Platcau. . There are a confined aquifcr along National road No.20 as
mentioned in Chapter 5.2 and a lot of springs in the downward slope of the Bolaven

~Plateau, '

- 4) In Sanasoumboun DlStl‘lu of Champasak Provmcc there are two groundwater
flows(westward and southward) and a groundwater depression near . ch
Thangbengsivilai{C-30). ' .

5) In Phonthong District of Champasak Province, a eastward flow from the hrll and .

. northward flow from the Mekong River exist.

. 6) In Champasak and Sukhuma Districts of Champasak Province, a wcstward flow from
" the Mckong River exists and there is a groundwater ridge near Ban Bak(C- 78).

7) In Pathoumphon District of Champasak Province, a southwestward flow from thc
Boiavcn Platcau exists, :

5.5 Water:Balénoe Analysis
5 5 1 Water Balance Analyms
B In order to estrmatc rcchargc of prec1pltatron to groundwater aqu1fer and, to makc clear a

‘hydrological cycle in a basin, runoff analyscs are carried out by the most effective runoff model,
- Sugawara’s tank modet.

k .- : (1) Tank Model and Proccdurc , _
- The tank model is composcd of four tanks vcrtrcally in scrics as shown in Figure 5. 5 1 Each
- tank COI‘I‘CSpOHdS to cachrunoff component. The top tank represents the ground surface and the

outflow from the t0p tank corresponds to the surface runoff The second tank represents the

. soil layer and the outflow from the second tank corresponds to the intermediate runoff. The

third and fourth tanks- represent groundwatcr ldycr and . the outﬁow from thesc tanks

corrcsponds to the baseﬂow



In order to c0n51dcr thc effcct of initial rainfall loss, thc tank modcl with soil moisture structure
is adopted. '

The characteristics of the tank model are described as follows :

1) The tank model can analyze both flood and low flows. : :
2) The tank model expresses non-linear relationship between rainfall and runoff.
3) The time lag between rainfall and runoff is automatically calculated.

4) The tank model is not necessary for complicated procedure of calculation,

5) The tank model has to find outflow coefficicnts of four tanks by trial and error.

5.5.2 Basic Meteorological Data

1) Rainfall _ : - S

The rainfall data in this’ Study area are collected at twcnty -four (24) ramfall stations. At the
same time, the rainfall data near the Study area arc available at six (6) rainfall stations. There

arc sixteen (16) stations with at least ten (10) years of rccords within and near thlS Study area.

(2) Evaporatlon |
‘The evaporation data in this Study area are collected at four(4) stations, The evaporation at the
~ Pakxe was measured from the August of 1989 to the Marc¢h of 1994 by the Class A pan which
is considered to be a standard pan and pitchers are used at other three stations, KM 42
(Pakxong), Pakxong, and Nikhom 34. - In general, actual evaporation values are approximately
fifty(50) to scvcnty(7()) % of the valucs mcasured by the Class A pan in subtroplcal ZOnes.

(3) Discharge

There are existing twenty(ZO) gaugmg statlons in this Study area. Out of twcnty(ZO) gauging
stations, there are four(4) key discharge measurement stations for the Mekong at Pakxe and for - -
the Xe Don at Saravan, Khongxedon and Souvanna Khili. - Of these twenty(20) gauging
stations, only one(1) discharge measurement station at Pakxe is operating systematically for a
_long time. ~The station at Souvanna Khili in the Xe. Don River basin'has discharge data
measuted since 1986. - At the thrcc(3) stations, Saravan in 1989 and 1990, Khongxedon in

~ 1989 and 1990 and Ban Don Xe¢ in 1987 and 1988, dlscharge data were collectcd only for two
~ years. '

- Any discharge data is not available for small rivers or houay cxcept for the Mckong River and :
Xe Don River. - Therefore, from the viewpoints of hydrology, gcology and acce551b1hty to the
stations, the following five(S) stations were ‘selected and set up ‘as discharge mcdsurcment '
stations. Gauge height and dlscharge measurements Wcrc carried out for the followulg five(S) -
statmns The dischargc measurcmcnts were carrlcd out usmg a currcnt metcr and ﬂoats

a) Houay Champ1 at Ban Ndkc (Bdchmng District)
b) Houay Champi at Ban KM 35 (Bachiang DlStI’iCt)
¢} Houay Nhang at Ban Houaxe (Pakxe District) |

* d) Houay Phaling at Ban Chick (Phonthong District)



s
i
‘,,!

| ¢) Houay Khamouan at Ban Sukhuma (Sukhuma District)

5.5.3 Verification of Simulated Runoff

(1). Xe Don
The drainage basin of the Xe Don River is composed of basalt slopes and erosional hills and

-plains of Jurassic sandstone and shale. The station at Souvanna Khili in the Xe Don River basin

has discharge data measured from 1986. At the three(3} stations, Saravan in 1989 and 1990,
Khongxedon in 1989 and 1990 and Ban Don Xe in 1987 and 1988, discharge data were

" coltected only for two years. Therefore, the discharge of the Xe Don River at Souvanna Khili

with a drainage basm area of 5760 km2 is selected and verified for the purpose of water balance

analysis.

The daily discharge of the Xe Don at Souvanna Khili is calculated for four(4) years from 1987
t0 1990. The rainfall data at the three stations(Pakxong, Selabam and Pakxe) are utilized and
the cvaporatlon data at Pakxe and Pakxong are used in the calculatmn

The snnulatcd daily, monthly and annual runoffs of the Xe Don River at Souvanna Khili arc
verified by comparing with the observed runoffs for four(4) years from 1987 to 1990. Figure
- 5.1.1 shows the identified flow coefficients and Figure 5.1.2 describes comparison Wlth the

observed and computed discharges of the Xe Don River at Souvanna Khili.

(2) - Houay Champl '

. The drainage basin of the Houay Champ1 is composed of basalt slopes. Gauge height and
. discharge measurements were carricd out at two stations, Ban Lak 35 and Ban Nake. The

clramage basm has areas of 57.6 km? at Ban Lak 35 and 356.875 km? at Ban Nake.

The station at Ban Lak 35 has gauge hclght data measured from 1988 and the dlscharge data

‘were measured in 1989 by MCTPC. The river bottom of the Houay Champi at Lak 35 is

composed of hard basalt and the cross section of the Houay Champi at Ban Lak 35 remains

- unchangeably. Therefore, the rating curve is calculated for the conversion of gauge helght into

discharge based on the dlscharge data in 1989 and in 1994/95.

The daily dlschdrge of the Houay Champi at Ban Lak 35is computed for sn(((;) years from 1989

'to 1994 The rainfall data at Pakxong are used and the cvaporatlon data at Pakxong and Pakxe
- are utlhzed in the computatlon IR : :

The sn’nuldtcd ddlly, monthly and annudl runoffs ot the Houay Champ1 at Ban Lak 35 are

Vvenfied by comparing with the observed runoffs for six(6) years from 1989 to 1994 as shown in

" Figure 5.1.3." At Ban Nake, the simulated daity, monthly and annual runoffs are verificd by

" comparing with the observed Tunoffs for one and half years from 1994 as shown in Flgure
"5.1.4. Flgure 5. 1 1 shows thc identified ﬂow coefﬁc;cnts of the Houay Champi.



(3) Houay Phaling : -

The drainage basin of the Houay Phalmg is composed of crosional hills and plams of Jurassic
sandstone and sandy shale. Gauge height and discharge measurements were carried out at Ban
Chick with a drainage basin 0f437.5km?. The rating curve of the Houay. Phalmg at Ban Chick
is calculated based on dlsohargc mcasurcments in 1994 and 1995.

The daily discharge of the Houay Phaling at Ban Chick is computed for one and half years form
1994. The rainfall data at Phonthong are used and the evaporation data at Pakxe are utilized in
the computation.

The simulated daily, monthly and annual runoffs of the Houay Phalihg at Ban Chick are verified
by comparing with-the observed runoffs for one and half years from 1994 as shown in Figure
5.1.4. Figure 5.1.1 shows the identified flow coefficients of the Houay Phaling.

(4) Houay Khamouan
The drainage basin of the Houay Khamouan is composed of crosmnal hills and plams of Jurassic
sandstone and sandy shale. Gauge height and discharge measurements were carried out at Ban
Sukhuma with a drainage basin of 1151.25 km? at Ban Nake. The rating curve of the Houay

: Khamoudn at Ban Sukhuma is calculated based on dlscharge measurements in 1994 and 1995.

- The dd}ly dlschargc of the Houay Khamouan at-Ban Sukhumd is computcd for one and half
years in 1994 and 1995, - The rainfall data at the two stations, Champasak and. Sukhuma . are
used and the evaporation data at Pakxe are utilized in the computation..

The simulated daily, monthly and annual runoffs of the Houay Khamouan at Ban Sukhuma are
‘verified by comparing with the observed runoffs for onc and half years from 1994 as shown in
Figure 5.2.4. Figure 5.1.1 shows the identified flow coefficients of the Houay Khamouan.

5. 5 4 Water Balance

The water balance calculatzon in the ﬁve(S) drainage bdsm% is. summarlzed as shown in the
following table.

Drainage | Main ‘Precip | Evapo | Dis- . /| Recharge | Year
basin . . | Hydro- - |=. o lcharge| . - Lo
geology itation | ratjon ' HE/RI
XcDon . .| Bal, Ba2, Ba3, | 2095 [ 1095 |[1047 | 499(23.8) | 1987, 1989,
| ~  |Ep,Bh - | | o 1990
Champi B L N
" Banlak 35} Bal . - 3411 1. 774 | 2438 | 1219(35.7) 1989 1994
BanNake |Bal . [3205 |' 988 {1996 ‘| 1296(39.9) | 1994/95 -
Phaling | Ep,ER 2642 11232 | 1420 | 209( 7.9) .| 1994/95
Kharmouan Ep,Eh 2508 {1232 | 1358 320(12’ 3) | 1994/95

- Unit'in mm/ycar



The recharge in basalt area of the Bolaven Plateau is estimated to exceed more than 30 % of
precipitation, The basalt area makes form of good groundwater aquifer.  On the other hand,
the recharge in the Jurassic sandstone and shale arca is estimated to be about 10 % of
precipitation. :
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Characteristics of Groundwater Level

Table 5.2.2 .
. . unit : m
Hydro- Wet season _ Dry season I . Dry season II
geology ~  (May and Jun,13994) (Nov and Dec, 1994) (Jan and Feb,1985)
Méan,  Max, Min Mean, Max, = Min Mean, Max; - Min
of 6.23, 11.84, 0.6 4.96, 9.22, 1.77 - 6.50,.14.52,:2.66 %
Qt 4.56, 6.55, 0.31 4.50, 5.38, 3.26 5.87, 6.06, 5.68 k
Bal 11.97, 23.32, 0.3 10.87, '16.45, 0.3 - 12.15, 20. 29, 0.50
Ba?2 1.78, 3.76, 0.7 1.97, 3.78, 0.89 6.08, 18.58, 1.54
Ba3. 2.35, 5.01, 0.0 . 2.26, 3.98, 0.15 3.27, 7.43, 0.14
Eh 5.10, 10.00, 0.29%9 4.68, 8,91, 0.88 6.05, 9.55, 1.45
Ep 6.52, 10.93, 0.43 4,30, 8.62, 1,04 5.83, 10.2%, 1.93
_Et '0.23, -, - 3.83, 5,61, 2.05 5,68, 95,34, 2,50
Mean 6.11({Sample:68Y 5,3(Samplé:94) 6.53(Sample:100)
Table 5.2.3 = Characteristics of Electrical Conductivity
Unit : (n8/cm)
" Hydro-- Wet ‘season’ _ Dry season I . Dry season II .
geology - (May and Jun,1994) (Nov and Dec,1994) ° (Jan and Feb, 1995) _
' " Mean,  Max, Min °~  Mean, Max, Min = Mean, Max, Min C}
Qf 288, 1350, 45 132, 300, 30 378, 782, 30 .
Qt 540, -, = 497, 710, 320 - 400, ~-; -
Bal 52, 185, 25 34, 55, 25 41, 110,. 20
Ba2 a5, 60, 25 34, .. 50, 25 10L, 222, . 20
Ba3 181, 380, 50 176, 440, 60 308, . 584, .85
Eh 86, 250, 30 101, 240, 30 159, 750, 30
Ep 391, 600, 45 237, 520, -30 401, 673, 25
Et 75, -y - 378, 550, 125 498, B804, 155
‘Mean 182(Sample:55). 166(Sample:59) 279(Sample.100)
Table 5.2.4 Characteristics of pH.
Hydro~ Wet season Dry season I - Dry season II
geology - (May and dun, 1994) (Nov and Dec,1994) - (Jan and Feb, 1995)
' Mean, Min. Mean, Max, Min. . Meang ‘Max,: ‘Min
Qf 5.4, 4.7 - 6.3,-°6.6, 5.3 6.8, 7.4, 5.8
ot 7.4, - © 7.8, 7.9, . 7.6 6.2, 7.9, 3.9
Bal 5.6, .3 .. 6.0, 6.6, 5.8 5.2, . 6.0, 4,7 -
Ba2 - . 5.5, V5 6.1, 6.5, 5.7 5.6, 6.3, 4.9
Ba3 T 6.3, .2 6.8, 7.5, 6.4 6.4, 7.0, 5.6
Eh 5.7, .6 6.0, 7.7, 5.4, 5.6, 7.2, 3.9
6.7, .5 6.9, 8.0, 5.5 6.5, ~T.6, 4.4
' 5.4 7.5,.:.8.0,°.6.8 ° 6.8, ' S 5.8
C . 6,6(Samples59) 6.1 +102)



Table 5.2.5 - Location of Gfuundwatér Level-Record_ihg Stations

_ : _ _ . _(Unit : m)
Location o Characteristics of - Water level
Village District Geology  Hydrogeology  Highest — Lowest
Tong-Noy - . Saravan vPg - Ba3 2:27 5.19
Napong Khongxedon R Eh - 6.67 9.88
Nongsim Bachiang - wN-Q Bal - 11.69 20.24
KM 21~ Bachiang vN-Q Bal 12.43 2341
Nonghai Phonthong - S I Ep 4.6 7.20 -
Nongphanvong  Sukhuma Q of 6.69 10.94
Muang Khong Khong - T Et . 2,14 6.43
Table 5.2.6 Results of Slug Method Tests.
Location N - Characte-ristics  Storage -: Transmis-
Village - - District o Coefficient . sivity
' _ o of Geology .~ . (m?/sec)

Tong-Noy “Saravan vPg C1x104 1.8x10°3

- Napong Khongxedon o - R
Nongsim ‘Bachiang vyN-Q 1x1073 2.5x107
KM 21 Bachiang vN-Q 1x107 1.6x10°
Nonghai - Phonthong S | - -
Nongphanvong ; - Sukhuma ' Q 1x102 1.4x1073

- Muong Khong  Khong T 4x1071 1.9x10°5
“Nachan - Phonthong - - C1x10°t T 2.1x104
Dou - - . Phonthong. - T Cixiot 3.6x104
Nonkhoun - - Phontheng . - . Q. O 1x10! 23x104
Nahek Wat ~ * Pakxe: . CVN-Q - ax10d 5.8x10-3

- can ﬁnpbc analyzed due 1o #xire_mély fast decline within firsi 30 seconds
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~ Table 5.3.4 Discharge Measurement Stations set up:in the Study - -

Table 5.3.3 Characteristics of Discharge at Existing Stations
River & station year 95-day 1B5-day 275-day 355-day Max Min - Mean
Mekong at Pakxe 19886 28,300 1,650 9,020

Ditto 1987 37,900 1,830 7,740

Ditto 1988 . . 28,800 . 1,490 7,390

Gitto 1989 14,100 5,030 1,780 1,410 28,700 - 1,380 8,430

Ditto 1980 17,600 5,660 2,410 2,040 34,100 1,930 . 10,300
Xe Don at 1989 - 328 7.6 15 ° 07 1,290 - 0.6 40.6

" Saravan ' ' '

Ditto 1980 33.5 55 1.3 0.8 1,280 Q.7 38.2
Xe Don at 1987 ' 5220 - 6,31 214
Souvanna Khili -

Ditto 1988 . _ _ ‘1,980  “3.38 877

Ditto 1889 134 42 14.6 4.6 3,150 - 4.08 159

Ditto 1990 138 33.3 15.9 6.8 2,890 408. 144

Unit : m3/sec '

Houay Khamouan

Ban Sukhuma

Stream ~ Location Remarks. _
Houay Champi -  Ban Nake 3 km u.pstream from the confluence with the Xe
o : Don River B
Houay Champi Ban KM 35 16 km.dqwnstrea}m of Muong Pakxong
Houay Nhang | ~ Ban Houaxe 7 km upstream from the confiuence from the
: " Mekong River | -
" Houay Phaling Ban Chik - '

~ 4 km downstream of the existing station at Ban

Dou

11 km upstream from the confluence with the -

Mekong River

: 528 :



Ny

u I:R‘GF -
‘ﬂ.‘ " ‘é\l -r‘m #
e
ﬁ‘m\

N
¥

ek S s VSRR N “m?’,
I Sdise =V

Al

" Figure 541 Isohyetal Mapof Ahh_ua} 'P_‘réc'ipi‘t‘at'i.on



ding Stations

Location of Automatic Groundwater Level Recor

1

5.2

Figure

530



	CHAPTER 4 HYDROGEOLOGY
	FIGURES
	Figure 4.1.1   Schematic Hydrogeologic Map
	Figure 4.3.1   Preliminary Hydrogeologic Map
	Figure 4.3.2   Legend of Preliminary Hydrogeologic Map
	Figure 4.3.3   Stratigraphy of the Study Area
	Figure 4.4.1   Location Map of The Hydrogeologic Profile
	Figure 4.4.2a  Hydrogeologic Profile
	Figure 4.4.2b  Hydrogeologic Profile
	Figure 4.4.2c  Hydrogeologic Profile
	Figure 4.4.2d  Hydrogeologic Profile
	Figure 4.4.2e  Hydrogeologic Profile
	Figure 4.4.2f  Hydrogeologic Profile
	Figure 4.4.2g  Hydrogeologic Profile
	Figure 4.5.1   Type of Hydrogeologic Features Based on Geomorphology and Geology
	Figure 4.6.1   Location Map of Test Wells
	Figure 4.6.2(1) Lithology and Specific Capacity of Test Wells
	Figure 4.6.2(2) Lithology and Specific Capacity of Test Wells
	Figure 4.6.2(3) Lithology and Specific Capacity of Test Wells
	Figure 4.6.3(1) Groundwater Level of Test Wells
	Figure 4.6.3(2) Groundwater Level of Test Wells
	Figure 4.6.4   Specific Capacities of Aquifers


	CHAPTER 5 HYDROLOGY
	CONTENTS
	5.1 Precipitation
	5.2 Groundwater Levels
	5.2.1 Simultaneous leveling
	5.2.2 Long-term Change of Groundwater Level

	5.3 River Discharge
	5.4 Groundwater Flow System
	5.5 Water Balance Analysis
	5.5.1 Water Balance Analysis
	5.5.2 Basic Meteorological Data
	5.5.3 Verification of Simulated Runoff
	5.5.4 Water Balance

	TABLES
	Table 5.1.1   Climatological and Rainfall Stations
	Table 5.1.2   Annual Precipitation within and near the Study Area
	Table 5.1.3   Monthly Precipitation in the Study Area
	Table 5.2.1-1 Groundwater Levels in the Wet Season, May to June in 1994
	Table 5.2.1-2 Groundwater Levels in the Dry Season, Nov. to Dec. in 1994
	Table 5.2.1-3 Groundwater Levels in the Dry Season, Jan. to Feb. in 1995
	Table 5.2.2   Characteristics of Groundwater Level
	Table 5.2.3   Characteristics of Electrical Conductivity
	Table 5.2.4   Characteristics of pH
	Table 5.2.5   Location of Groundwater Level Recording Stations
	Table 5.2.6   Results of Slug Method Tests
	Table 5.3.1   Existing Stream Gauging Stations
	Table 5.3.2   Data List of Existing Gauge Height and Discharge
	Table 5.3.3   Characteristics of Discharge at Existing Stations
	Table 5.3.4   Discharge Measurement Stations set up in the Study

	FIGURES
	Figure 5.1.1  Isohyetal Map of Annual Precipitation
	Figure 5.2.1  Location of Automatic Groundwater Level Recording Stations



