8.3

8,3.1

8.3.2

8.3.3

Core Drilling Work
General

Core drilling was executed at 3 project sites selected in the hydro power potential study stage.
This work was entrusted Lao Company which is advised by a core drilling specialist of JICA

Team.
Work Period and Contractor

Work period  : Commencement Nov. 21, 1993
. Completion ‘Mar. 15, 1994

Contractor = : Hydropower Engineering Canultants (HEC) in association with
' ' ECAS-Engineering Consultants, Vi:ﬁiane, LaoPDR.

Location and Quantity of Work

The quantity of works is 12 holes totaling 900 m in length. (Table 8.3-1).

Location of drilthcle is shown in Fig. 8.3-1 to 8.3-3.
JICA Team visited the sites and decided the detailed location of drillholes ir consideration of
topography and geology. Steep slopes-up to 60° at Xe Kaman dam s:te prowde real

difficulties in transporting the dnlhng machine to the decnded pomt

The location of dnllhole were suweyed from GPS pomts for topographlc mappmg and
observation points of seismic prospectmg ling wluch had been set along; the dam axis.

_Driiling _Works
Corc drilling, Lugeon test, measurement of water level in drilthole were executed. : i

Core drilling was done by rotary drilling machines in order to obtain cores continuously down
to the spec;ﬁed bottom of dnllhoie _The equipments used are shown in Table 8.3-3. Oneof -

 the two drilling machines is Koken KT-100, whmh is prouded by JICA for the Fea31b111ty
.Study of Xe Katam Smali-scale Hydropower Development Pro;ect requ:red supply of spare
© parts but still available.



Obtained cores are not disturbed in general and provide enough geological information
except some sections near the bottom of strongly weathered zone and cracky portion of
basalt. ' |

* Lugeon tests were executed during driiling work. The length of test section was 5 m longin -
principal, but it was modified in some sections owing to the condition in drilthole. Injection

pressure did not reach 10 kgf/cm? in many sections because of shortage of packers.
The watcr level of drillhole was measured during drilling.

- The drilled cores were ai'rangéd in core boxes which contains cores totaling 3 r.n., and stored
in Pakse MIH Office. Some cores were used for laboratory tests such as unconfined -

compression test.

The records of core drilling and appurtenant works were daily' report, log of drilthole, core
" photograph, result of Lugeon test, result of water level measurement etc. These records were
- submitted to JICA Team by HEC as Work Report.



Table 8.3-1 List of Core Drilling

Drillhole | Coordinates
Project Number | Length(m) N E
Se Kong No. 4 SK-1 100 1,715,122 | 692,132
| SK-2 60 | 1715512 | 692,112
SK-3 100 1,715,808 692,102
Xe Kaman No. 1 XK-1 100 1,654,608 732,180
XK-2 - 60 - 1,654,826 732,279
XK3 100 | 1,654,937 | 732330
Xe Namnoy Midstream XN-1 80 1,663,482 673,317 |
| XN-2 40 1,663,766 | 673,584
XN-3 60 1,663,021 | 673730
XN-4 80 1,664,760 | - 672,460
XN-5 60 1664870 | 6727760
XN-6 60 1,664,840 672,980
Total 12 holes 900 |




Table 8.3-2  List of Equipment

Name Specification Quantity Remarks

Drilling Machine | Koken KT-100 | with Engine
Drilling Machine | D-900 (Sweden) ]
Drilling Purmp Koken Mg-5 1 for KT-100
Mono Pump Australia 2
Water Supply Pump | Robin MS-410 | 1

| Derrick Tripode of o4 in pip 2set |H=5m
Drill Rod 240.5mm x 3 m 40 for KT-100
Drill Rod” 940.5 mm x 1.5m 4
Drill Rod NW x 3m 40 |forD-900
Casing Tube NX x3m 4 for KT-100
Casing Tube NXx15m 2
Air Packer - I for 066 mm hole 1 set

| Water Level Detector | 100 m reach 2
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8.4

8.4.1

8.4.2

8.4.3

1.

Preliminary Survey on Environmental impact and Compensation
Cutline
Preliminary field survey on environmental impact and compensétion for the selected three
projects; Se Kong No.4, Xe Kaman No.} and Xe Namnoy were carried out by the local
Consultant shown below. ' :
Consultant Hydropower Engineering Consultants (HEC), Vientiane, Lao P.D.R
Work Period : From November 1993 to March 1994 '

Methodorogy of Surirey

The field survey were carried out mainly data collection collaborated with Lao experts and

‘organization. Furthermore, some of the items were on the field survey including interview
" with the local authorities and the local peoples. '

Based on the field survey results, initial environmental examination, measure to alleviate
impacts, survey items needed in future, and survey of example in similar reservoir in Laos

were carried out.

Survey ltems

Environmenta%__lm;bact Survey

(a) Social Envirohment

- Population and communication
- Industry and cconomy
- Utilization of land
- Utilization of water area
- Infrastructures and transportation
-~ Sanitation
~ - Land scape _
" - Cultural assets



by Natural Environment

- Topography and soil condition
- Water phenomena and condition
- Flora and fauna

" - Air, noise and vibration

2) “Compensation
- Compensation costs related to the project
8.44 Results

Data of the field survey has been reported by the HEC as "Report on Environmental Impact

and Corhpcnsation".- S

The results of the survey are described in Chapter 11.
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8.5.1

Survey on Access to Project Sites

Usable Port and Airport

" Since Laos has no sea board, import materials and equipment will be fransported through
- Thailand. Pakse city which is center point in southern Laos is to be transportation basc for

the hydropower construction in the Se Kong river basin. -

Pakse city faces to the Mekong River, and connected road from Thailand by a ferry boat at
the Mekong River, Capacity of the ferry boat at present are as follows:

Capacity tonnage : ) 100 ton, 1 boat
ST ~ :50ton, 1 boat
Loading capacity or 100 ton boat : - 6 tracks or 12 cars

At Pakse city, thereis a domestic airport and claily flight from Vientiané has been operated.
Furthermore, there is weekly flight from Vlentlane at Saravane airport in the Saravane

province.

8.5.2 Existing Roads

There are national roads and local roads to app_roach from Pakse to the Se Kong river basin

as existing roads.

The natlonal Toads have good road condition in general. The roads have w1dth of 6 m-10 m

: and partly tarred. The roads have steel bridges (20 ©) and passable even during the ramy

season. However, the greater part ¢ of Route 16 located in Se Kong-Attapu-Pakse have narrow
width (approximately 6 m), unpaved road, no bridges, and very difficult to pass by car during
the rainy season. Thesc national roads are progressing improvement now by the ADB

ﬁnar_lc_e.

The local roads have narrow width (4 m) and steep slope in general. The roads are unpaved
and very few bridges. It is very difficult to pass during the rainy season.

: Reé_'ults of the existing rpads survey done by the study team 'm_1_993 are summarized in Table

8_.'5'__-1.- The road map in the Se Kong basin and surroundings is as shown in Fig. 8.5-1.



8.5.3

boat sections.

As shown in Table 8.5-1, distance from Pakse to Sekong town which is a base for Se Kong

No.4 is estimated 153 km, from Pakse to Attapu fown which is a base for Xe Kaman No.l is

estimated 233 km, and from Pakse to B.Latsasin which is a base for Xe Namnoy is estimated
110 km,

Of the existing roads mentioned above, improvement of roads and reinforcement of wooden
bridges will be-required for the transportation of heavy equipment such as =éonstmctipn
machines and ele-mecha equipment. Furthermore, special barges will be required at the ferry

“Construction Ro'ads

Other than the roads described in 8.5.2, there are no roads approach to the project sites. In

the pre-feasibility study stage, new construction roads connecting from the existing roads to
the dam sites are planned as described in Chapter 14. Improvement of the existing roads also -
planned. ' ' '

Table 8.5-2 shows wmﬂy of new construction roads planned in the study. . - |




Table 8,51 Existing Roads

Route No. - B Section' Distance ~ Width - ' Description
R-10  Thai border - Pakse - 40km  6-8m - Tarred road
: . ~ Ferry boat (Mckong River) _
S Steel bridges 20t, 15t (B=3 m, 4 m)
b R-13  Vientiane - Pakse ~ 700km  8-10m Tarred, carthen road - -
| " Pakse - B. Pathoumphen 45km  68m Earthen road
R-16A  B. Thateng - B. Phon 40 km 6m Earthen road
: T Wooden bridges 5t
B. Phon - Sekong 7 km 6m Earthenroad - |
' - Wooden bridges 5t
Sekong - Attapu. : 80km 6m Earthenroad . -
' Wooden bridges 10t
_ P _ -No bridges at Xe¢ Namnoy
R-16B  Attapu - B. Pathoumphen =~ 120km  6m  Earthenroad .
No bridge at Xe Pian Riv.
R20 B Houayhe-B.Beng =~ 70km  10m  Tarred, carthen road
: ' _ - Stecl bridges 20t
R23 Pakse-B.Houayhe  16km  10m  Tarred road
. B. Houayhe - P_aksong . 30km 8m Earthen road
Paksong - B. Thateng - 6m  Earthen road
B. Thateng - B. Beng . - 20km 6-8 m  Earthen road .
: : - - " Steel bridges 20t
B. Beng - Saravane . 10m Tarred road
- Local rb_ads B.Phon-B.NavaNua . 2km 3m Earthen road
(Se Kong No. 4) . . ‘Wooden bridges 3t
Paksong - B. Latsasin 65 km 3-6m _Earthenroad =
(Xe Namnoy) ' : Wooden bridges 5t
Attapu - X¢ Kaman 54 km ~ 3-6m  Earthen road
- (Xe Kaman No. 1) : Ferry boat (Se Kong River)
_ o : No bridges near site
" Total distance from Pakse | o
' Pakse - Sekong- _ 153m
Pakse - Attapu - 233m
{North route) _ SR
- Pakse - Attapu - 165km
~ (Southroute) S
" Pakse-B.Latsasin. - 111km

_(Xe Namnoy)



Table 8.5-2 . Plan of Construction Roads

" Project Distance - Width Description
Se Kong No. 4
New Construction 14 km 6m Earthen road
- Steel bridges
Improvement . 14 km 6m
Xo Kaman No.l =
New construction 22 km - - 6m - Earthen road
B | Steel bridges
Improvement 23 km 6m
Xe¢ Namnoy Mid-stream .
includes Downstream .
New Construction 29 km 6m Earthen road
Steel bridges
Improvement 34 km 6m
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Meteordlogy_ and Hydrology
Outline

Monthly discharges and provable floods of three hydropower: projects were analyzed and
presented in this chapter. The analyses were based on the observed meteorological and

- hydrological data which have been compiled at the newly established stations in the project

basm since the end of 1993

Se Kong No.4, Xe Kaman No.1 and Xe Namnoy hydropower projects were squeezed from

fifteen candidates in the Hydropower Potential Study Stage as reported in Chapter 7.

In the Hydropower Potential Study Stage, the observed daily water level records at the
- stations in Sekong Town, B.Fangdeng and B.Latsasin could not be used though 5, 2 and 3

year records are retained, respectively. The water level could not be converted to discharge
because no stage discharge relation was identified due to lack of discharge measurement

record at the stations.

. In 1993 October cableways crossing the . river to measure the river: discharge ‘with the
~ current meter provxded by JICA were installed by MIH at the three stations, The flow

veloc1ty can be measured from the river bank even in flood period through the stecl w1re
and a manual type winch. Because of small river, a gondola was furmshed at the station in

B Latsasin and a observer can directly measure the flow veloc:ty from the gondola.

* The discharge measurement to gct stage discharge relation at the stations has been carried

* out by four times a month and records are sent to MIH in Vlentaane

'The monthly dxschargcs for the study of three prOJects were calcalated based on the dally _

discharges converted from daily water lcvel records through the newly: established stage
discharge relation. ‘The probable floods for sizing the diversion work durmg.constructxon_ _

of the.prbj ccts were also studied based on thé daily discharges obtained from the stations.

The. latest rain‘and evaporatlon records sent from the statlons were: mtroduced in the study

- presented in this chapter. - T"ne threc new ramfall gauges with automanc recorder and the
_ ' threc class A evaporatlon pans were supphcd by JICA a.nd installed by MIH at the staions
: ' 3m Sekong Town, B. Fangdeng and B Latsasm in 1993



8.2

9.2.1

(0

M'onthiy Dischafge

The monthly discharges of the projects were calculated from those of neérby'stations in
proportion to the catchment area. Because of short term records of the stations, monthly
d1scharges were extended to longer records using regression corrclanon of the nearby basin.

- It is generally said that reliable streamﬂow -n:cord for 10:to 20 years is csSential for the

plan of hydropower projects. In this sfudy,-it was aimed that period of monthly discharges
of three projects should be 10 years. '

The stage discharge relation in high water period is not yet. made. bécauéc discharge

measurement was began to carry out from the end of 1993 which was the end of last wet

~ scason. The stage dlscharge relation in high range of water level was estimated by. uniform

flow depth or non-uniform ﬂow calculation of the stream at the statnons and daily water

 level records were converted to dally discharge records.

 The stage discharge relation used in this study is just for tentative use, therefore, the

relation should be updatcd in the future as soon as discharge measurcmeht records covering

 the unknown range of water level are available.

Monthly Discharge at Se Kong No.4 Project Site

The water .level has been recorded since January 1989 in Sekong Town which sits on the
flat area between the Bolaven Plateau and Annam Ranges and is Iocated 40 km
" downstream from the Se Kong No .4 dam site along the river. There exists no more water

level station along the Se Kong River except for Attapu Town sitting 90 km downstream
from Sckong Town. : : .

The catchment area covered by the station in Sekong Town s 6,200km2, . ..

" Observation Data

The observatlon data at the statlon in Sekong Town utahzed in this sectlon are. hsted as

follows.-




Water Level Record  Jan. 1989 to  June 1994

Breakdown
1989 Jan - Nov. : Nov.,Dec. incomplete
1990Jan-Dec  : Oct. incomplete

1991 Jan - Dec.  : complete _

1992 Jan - Dec.  : Dec. incomplete

1993 Jan - Dec.  : March, May,Jun., Aug.
incomplete

- 1994 Jan. - Jure .
Total - 64 months , 5.3 years o
Range of record” : 0.88 - 14483 m

Mean W.L 123 S m
Discharge Measurement SRR B o L
' Records November 6, 1993 to  June 29, 1994
' Number of record 130 times
Range of record :1.09-314 m-.
@ Estimation of Rating Curve

Two ‘station rating curves showing stage discharge relation in Sekong Town were

_determined and shown in Fig, 9.2-4. .

One is the curve for low water level range and another is the curve for. hlgh water level
range. The. Jatter was estimated using umform flow depth to substitute the insufficient

~ - number of discharge measurement record.

a) The rating curve in low water _iével range was dcteﬁnined by least square method
using 29 data of 30 observed-discharge measurement data- which are tabulated in
Table 9.2-1. o '

by 'The:uhifdnn ﬂow depths of the stream flow at the sfation were calculated in the
‘ —followmg cases and the most fitted. case to the observation data was sclected. The

river cross secuon surveycd by MIH. engineers 1n January 1994 for uniform flow
- depth calculatnon is shown in Fig. 9.2 1.
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“)

Di=15000  i)i=1/2500  i)i=1/1250

n =004 n=0.04 n=0.04
=005 - =0.05 =0.05
=006 =0.06- = 0,07
=007 =007 = 0.08

where, - -1 : riverbed slope

n : coefficient of roughness

¢)  The rating curve for high water level range was finally. determined by least sqiiare
method using calculated uniform flow depth in case of river slope : 1/1,250 and
coefficient of roughness : 0.07. . "

d)  These two curves were connected at the crossing point of 1,69, m in terms of the

water level, -

Monthly Discharge

The daily discharges were éonverted from stage observation records by the said two rating -

curves and monthly records for 57 months from June 1989 to June 1994 excluding

 December 1989, October and” November 1990 at the station in Sekong Town were

compiled.

* Substitution of Monthly Discharge Data

Regression analysis-waé introduced to extend period of monthly discharges in Sekong
Town to 10 years. ' B

a). from record at Attapﬁ-in Se Kong River basin

16 months of monthly discharge, from June 1988 to May' 1989 and Decernber 1989,
“October and November 1990, and July 1994, were supplemented from-those of

~ Attapu using regression correlation. ' The results of regression analysis of monthly
- discharges betweéen Sekong Town and Attapu show'a 'good'_porrelation_ having the

* coefficient of 0.91 from 56 mont_hly'discharge data of both stations. -




)

. b)

from record at 'B.Nanay of Xe Don_e River basin

: Monthly drscharges for 21 years at B.Nanay of Xe Done River are presented in the

feasibility study report "XE DONE 2 HYDROELECTRIC PROJECT April 1991,

- by NIPPON KOEI". Using this record, some 19 year monthly discharges in Sekong

Town, which are for 2 years from 1960 to 1961, 12 years from 1964 to 1975, 4

. .years from 1978 to 1981 and } year and 5 months from January 1987 to May 1988,

were devclopcd by regression analysrs with the correiatlon cocfﬁcxcnt of O 86 in all

seasons and 0.95 in dry seasons.

from record at Souvannakhili of Xe Doue River basin

-5 monthly dlschargcs from August to December in 1986 were supplemented by
those of Souvannakhili. The correlation coeﬁiclent from regressron analysis is 0.8

using all monthly dlscharge data from June 1988 to December 1993 and 0 7 using
the data in dry season.

_ Consequently, the perlod of month]y dlseharge record in Sekong Town was extended
. to around 25 years based on the record of 3 year monthly drscharges converted from

water level records.

Morrthly Discharge of Se Koug' No4 ‘Proj.ect.Site o

The projects other than Se Kong No.4 - ﬁnally have 10 year monthly discharges from
August 1984 to July 1994 for their study as reported in the followmg sections. In order to

get same period of dlscharge data monthly drscharges from August 1984 to July 1986 in

2

: b.')-

_ | Sekong Town were arranged as follows

'The average dlscharges for 8 years from August 1986 to July 1994 and 10 years,

namely all data, at the statnon rn B. Fangdeng were calculated and the ratio of both

' average was also calculated

The average drscbarge for 8 years of the. same penod as above {a) in Sckong Town

- . -was calculated The average discharge of 2 years in Sekong Town was derived from.

' the ratro of 8 and 10 vear average of B. Fangdeng assummg that the ratio in both

'statlons was same S
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(1)

¢}  Series of 2 year monthly discharge were selected among 25 year monthly discharges
in Sekong Towh so as to close to the average discharge of 2 years obtained in above

: Consequently, the monthly dxscharges from August 1969 to July 1971 in Sekong Town

were replaced to those of 1984 and 1986. The monthly discharges of Se Kong No.4 were

_ calculated from 10 year monthly discharges of Sekong Town in proportion to the
' 'catchmcnt area as shown in Table 9.2-5 and Fig. 9.2- 9,

_Mont'hly Discharg‘e at Xe Kaman No.1 Project S,ite.

B. Fangdeng sitting in the nght bank of the Xe Kaman River is the vnl]age located 10 km to

the east of Attapu Town and there exists a water level station maintained by the

.Departmcnt of Hydroiogy and Meteorology in Attapu ‘No more water level station was

found along the Xe Kaman River. Water dlschargc mcasurcment howcver has not been -
conducted by them. '

In Oétober 1_593, MIH installed a cableway in B.Haitﬁykhaé located 3 km upstream from

B Fangdeng with ﬁnéncial support of JICA to make a statibn 'raﬁng cﬁrve at B.Fangd.eng.

Xe Kaman No 1 pmject sits in the west end of' Annam Ranges a.nd is ]ocated 50 km to the
east of B.Fangdeng along the river. .

Observ-ation Data '

The observation data uti_lized in this section are listed as follow.

| a) B Hatsaykhao Water Level Rccord Nov. 1993 to May 1994

Dlscharge Measurement Oct. 1 }993 to May 29 1994 -
" 'Numberof record 28 times _ '
Rangeofrecord . ¢ 036- _I.72m
'b) BFangdeng  Water Level Record Nov 1991 to May 1994 B

_ | (Apnl 1992 April 1993 mcomplete)
Range of record 0. 3 6. 22 mo
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Catchmeni Area of B.Fangdeng

The catchment arca coverd by the station in B.Fangdeng is 4,570 km?
The downstream drainage area of 770 km? from the Xe Kaman No.l dam site was. .
measured by the 1 to 100,000 scale topographic map and the catchment arca of
B.Fangdeng was calculatcd

Water Level Relatiu'n betweeit B.Fangdeng and B.Hatsaykhao

Water levels of both stations at the same day were depicted in Fig, 9.2-3 and lincar relation

was found. Using this relation, water level records of the new station in B.Hatsaykhao

- were converted io those in B.F angdeng and discharge measurement records were utilized as

th_osé in B.Fangdeng.
Estimation of Rating Curve

The records of dxscharge measurement cover the range from 0.36 to 1.72 in water level at
B.Fangdeng as shown in Table 9.2-2 though the maximum water level of 622 m was _
recorded. The measurement was. started from the end of 1993 last year. ‘This is the same
situation as that in Sekong Town.. '

Therefore, the data in high water level were substituted by uniform flow depth in addition
o 28 observation data. The rating curve was decided by Jeast square method using those
data as shown in Fig, 9.2-5. The parameters such as riverbed slope and coefficient of

- roughpess of the river to- calculate uniform flow depth were considered by several
: 'combmatlon shown below. The river cross section for the calculatlon of umform depth is
shown in Flg 9.2-2. ' '

iyi=1/5000" - ii)i=1/2,500 )i 11,250 iv) i=1/1,000

n=003  n=003  a=003 . n=004
=004 . =004 =004
=005 . =005
" .where, T N rivcrbedslopc,-.- S

n coefficient of roughness - . . -



(5)

(6)
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The combination of slope : 1/2,500 and roughness :.0.03 was selected. - Calculated water
levels from the uniform flow depths which were computed using these parameters, give the

closest position to the observation data.

Monthly Discharge

The daily water level records at the station in B.Fangdeng were converted .to daily

discharge records by estimated rating curve and monthly discharges for 29 months from
November 1991 to May 1994, excluding April 1992 and April 1993, were compiled.

Substitutidn of Monthly Discharges

Period of 2.5 years of monthly dlscharges compiled from daily dlschargcs ‘were cxtended to
10 years by regression analysis as follows.

a)  from record at Atiapu

.Thé monthly - discharges _fbr 6.5 years, from June 1988 to ‘October 1991, in -
B Fangdeng was extended from those of Attapu by regression analysis. The -

correlation coefficient from regressxon analysis shows good correlatxon 0 95 by all
monthly chscharge data and 0.90 by the data in dry SEAsOn..

b) = from record at Kontum -

The mouﬂﬂy 'discharges at Kontum ‘of the Dak Bla P_dve'r basin whosc_ drainage
borders on that of the Xe Kaman River were introduced to extend 6.5 year monthly
discharges to 10 years period. ‘The correlation coefficient of 0.86 was given from
regression analysis using 19 month records of both stations.

Fmally, monthly dJscharges for 10 years from August 1984 to July 1994 in B. Fangdeng'

were obtained. -

Monthly Discharge of Xe Kaman No.1 Project

Monthly discharges at the project site in the Xe Kaman Rwer basm were calculated from _

extended 10 year cllscharge in B. Fangdeng in propornon to the catchment atea as shown in
Table 9. 2-6 and Fig, 9. 2-10 ' '
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Monthly Discharge at Xe Namnoy Midstream Project Site

B Latsasin is situated 2 km downstream from the Xe Namnoy Midstream Project dam site
and there is an automatic water level recorder which was installed by JICA in 1991 and
has been maintained by MIH. No more station was found along the Xe Namnoy River
other than this station.

At the station discharge m the dry season have been measured Because of no gondola
facility, discharge in rainy- season could not measured, discharges have been measured just
dunng-low-ﬂow period. In October 1993, MIH constructed cableway crossing the river at
the 300 m upstream from existing water level gauging station with financial support of
JICA and a gondola was furnished to measure the flow velocity directly from it even in
flood period. o

. Qbservation Data

The observation data at the station in B Latsasin are listed as following.

Water Level Record -~~~ . Feb. 1991 to July 14, 1994

. Range of record o 045 5.12m _
Discharge Measurement - - - May 17,1991 to Jul. 12, 1994
. Numberofrecord - 65times
Range of record - . 047-436m

Evaluation of Ob'servation_ Data
A tcmporary bndge for access to Houay Katak Tck (Houay Ho) pro_]ect site was
constructed at the end of 1993 and the bridge was replaced to permanent onc according to

the JICA Study Tcam-mcmbers who ws:tod site in the end of July 1994.

The bndgc crosses the Xe Namnoy River at 100 m downstream of the exlstmg water level

- . gauging. statlon The river cross sectlonal area at this pomt is decreased because of piers

~ of the bridge- and dumped soil materials from the construction’ work The streamflow might

S _bc aﬁ'ected and backwater from the bndge may extend to the gaugmg station.

- "The data wh:ch are affected by thlS backwater thcrefore should be compﬂed separateiy

Tl from the prewous data to make 1atmg curves of both cases.’



The discharge measurement records, which are shown in Fig. 9.2-6 and Table 9.2-3, were.

b)

¢

evaluated from that point of view as stated above and followns.
-Diseharge‘measurernent record from May 1991 to April 1992 B

“The .measurement in this period was conducted by JICA Study Team of Xe Katam

Small Hydropower Project.

Though 'discharge measurement was carried out in only Idry season during this

© period, the record shows stage drseharge relation clearly before backwater influence
"asseeanlg 926 '

. Discharge measurement reeord from October 1993 to January '1994._'

Dischdrge measurement was carried out, using the newly constructed cableway-
during this period. '

After this period, some errors of measurement eaused by the current meter were

found. The error is that the current meter had indicated excessive flow velocity
when the dlseharge was small and actual velocity was small. Because the river.
section at the eableway_ is rather- brg comparing to the small streamflow in dry’
season, flow velocity becomes too small and that may be out of 'm'easuretﬁent rage of
the current meter. S ' '

It is deemed that the record includes not only ‘such errors. but. also _ﬁbackwater :
influence, and the record seems not to be reliable as scattered_ in Fig, 9.2-6.

The record in this period, therefore, was neglected.

Discharge meaSurement record from Febmary 1994 to May 1994 -

To solve thls phenomena the JICA Study Team gave their. suggesﬂons durmg site

' réconnaissance conducted in February 1994. It is that. the drscharges should be

measured at the plaee where stream ﬂows w1th appropnate veloelty measurment- by :
the current meter, ' '

The record seems to include baekwater mﬂuenee eomparmg to the record of item (a) |
as shown in Fig. 9. 2-6 '
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Discharge measurement record from June 1994 to July 1994

The dlscharge measurement records during this period apparently include backwater
influence judging from the recorded date.

It was intended that a 'rating curve before construction of the bridge could be

substituted by the curve made from the records of this period because substituted
curve shows smaller strea.mﬂow than actual one for the water level records before
the end of 1993 and moreover thc record in this penod covers encugh hrgh water
level to determine a rating curve. kN ' '

- However, the annual Tunoff amount calculated by the said substituted rating curve

_ became bigger than the amount of annual rainfall observed in nearby stations below.

Station . Annual 1991 1992 1993 1994%x*
Blatsasin Runoff[mm] 3858 2010 1977 1221
B.Latsasin - Rainfall mm] 2,774  *1,232 1,892  **171

| 'BNamkong Rainfall [ 3449 *4537 2,107 1006

L mrssmg few ** mrssmg many' . record up to rmddle of July

It was judged, therefore, that this substitution of the ratmg curve was not proper,

B __because 1t is not ratronal that annual runoff is blgger than annual ramfall in the basin. -

The water level tecords in wet season from May to July 1994 were neglected,

because there is no '_W:a)'(' to translate this record into water discharge.-

' Estimation of-Réting Curve

The avallable data to make ratmg curves at the station in B.Latsasin are 26 data measured

‘ by JICA Study Team of Xe Katam: Small Hydropcwer Pl'DjeCt and-15 data measured -
' durmg February and May in 1994. By the former data the rating curve for low flow range

was decided by least square method and the latter were used for deersron of the curve when

'_ the water levek was, affected by the back water.

"I'he drscharge measurement record covers the range of 0.47 to 1’78 m in water level
B ""'though ‘the dally stage observatlon was recorded from0.45 to 5. 12 m. Therefore the
2 ratmg curve in hrg,h water level was estrmated by non-umform ﬂow calculatron using river

9.1 o
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* cross sections made ffom 1 to 10,000 scale topographic map whioh was made by JICA

Study Team for this project.

Monthly Discharge

- The daily water level were translated into the daily discharge by the three rating curves

which are figured in Fig, 9.2-7 and monthly dlscharge for 39 months from February 1991
to April 1994 were obtained.

Substitution of Monthly Discharge Data

Period of 2.5 ycars of monthly discharges complled from daily dJscharges were extended to

10 years by regression analysis as follow.

a)

b)

from record of Xe Set'River

The streamflow record at the power station of the Xe Set River, whose basin borders .
on that of Xe Namnoy River, were employed to investigate the correlation between

‘two rivers. Good relation was found with the correlation coefficient of 0.98 by 29
~ monthly discharges.

The Xe Set River has the 4 year record from 1985 to 1990 excluding 1987 and 1988.

These 2 years were supplemented by the record at B. Na.nay of the Xe Done River,
Then, 6 years monthly discharges of the Xe¢ Namnoy from January 1985 to January
1991 were converted through regression correlatlon

from B.Fangdeng

Thc rest of 10 years, namely August to-December in 1984 and May to Iuly in 1994,

. were supplemented by the record at B. Fangdcng of the Xe Ka.man Rwer The -

results of regression analysxs show that the correlanon coefﬁcwnt is. 0 88 by 39

_ monthly dlscharges of both rivers. |

It i's deemed that the characteristic' of ooth b.asin-ﬁ/.ould 'tiotroe 'si‘inilar because

" BF angdeng is located 40 km far from B. La,tsasm and is not on the Bolaven Plateau.

However the penod supp}emented is so short that aﬁ'ectlon to the total amount of
runoff will be neghglble
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| Monthly Discharge of Xe Namnoy Midstream Project

- Monthly discharge at the project site in the Xe Namnoy River basin was calculated from

_c,xtcnded 10 year discharge in B.Latsasin in proportion to the catchment area.
The results are shown in Table 9.2-7 and Fig. 9.2-11,
Monthly Discharge at Xe Namnoy Downstream Project Site

The avallable discharge of the Xe Namnoy Downstream Project is the water from the

downstrcam drainage area of the X¢ Namnoy Midstream Project and Houay Katak Tok

L (Houay Ho) project as well as Xe Katam basin, and discharge from Xe Namnoy Midstrem

Project power station through the headrace tunnel.

* The streamflow from the downstr'éam drainage area of the two projects could be calculated

from the estimated month}y discharge at B.Latsasin, and the monthly. discharge of Xe
Katam River was calculated based on the observa.txon data at B. Nonghm as below.

Monthly Discharge of Xe Katam River -

The JICA Study Team of the Xe Katam Smail Hydropower Pro;ect mstalled a water lcvel

. gauge with- an automatxc recorder at-B. Nonghm in 1991 and dxscharges have beon

measured with the current meter since then,

The rating cufve was determined by the least square me_thod' based on those data as shown
in Fig, 9.2-8.. )

'a)  Observation data . -

Wafcr Level Record - Jan.24, 1991 10 Sep.30, 1993

S . Jam 1, 1994 to May 31, 1994
_ .Ra'ngeofrecdrd' © 0 020-151m - '
stcharge Measurement - May. 3 }991 to Mar 21,1993 )
Number of record L : 151 tlmes - |

Range of record 026 --1.4__8 m- |

913
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d) -

Rating curve at B.Nonghin

The 151 recorded data are depicted in Fig. 9.2-8 as well as the determined rating

curve by the least square method. The 7 points of 151 data did:not contribute to
determination of the curve. '

The dlscharge measurement record at the station in B Nonghm is shown in Table
924, ' -

Monthly Discharge

The daily water level was converted to the daily djecharge by the rating curve and
monthly discharge for 38 months from January 1991 to May 1994 were obtained.

Su'bstitut'ion of Montlﬂy Discharge

The penod of 3 years comp:led on monthly dxscharge basis was extended to 10 years
by regrcssmn analysis i in the following procedure
i)  from record of Xe Set River

The penod of 6 years was extended from the monthly dlscharge of the Xe Set
River with the correlation coefficient of 0.98 obtained from the regressnon
analysis using 29 month records from January 1991 to June 1993,

i) fromBLatsasin

9 monthly dlscharges at B Nonghin, from August’ to December 1984; October .
to December 1993, and June and July 1994, were extended from those of |

B Latsasin. The eorrelatlon coefficient- from regression analys:s is 0.87 by

the 36 discharges in all seasons an_d 0.93 by the '_15 diseharges in dry season.

Fmaily, monthly dlscharges for 10 years from August 1984 to July | 1994 at

B.Nonghin of thc Xe Katam szer were obtamed as shown in Table 9. 2-8 and
Fig. 9.2-12. S -
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Available Streamflow for Xe Namnoy Downstream Project

The downstream drainage area of 721 km? from the Midstream Project consists of the sub-
drainage areas ; 290 km? of the Xe Katam River and the rest ; 431 km? of the Xe Namnoy

River,

‘The streamflows from the former and the latter were calculated from those at B.Nonghin

(drainage area : 171 km? ) and B Latsasin (drainage area : 537 km?), respectively, in
proportion to the catchment area. '

The results are shown in Table 9_.2"-9 and Fig, 9.2-13.

Monthly Discharge of Xe Pian Diversion Scheme

10 year strea:_nﬂows at B.Nonghin of the Xe Katam River, whose basin borders on the .

drainage area of the Xe Pian River' were calculated in previous Section 9.2.4, These
streamflows were employed to estimate monthly dsscharges of the Xe Pian River Diversion
Scheme because there ex:sts no water level gauging statlon in the basin,

Drainage Area

Two intakes are planed in the Xe Pian basin to divert the water to the Xe Namnoy

' ] Midstream Project aﬁ_d-the drainage area of 223 km2 was obtained the 1 to 50,000 scale”
. topographic map. ' ' ‘ '

L Monthly Dischairge

.The montlﬂy dlscharge of Xe Pian Dwersxon Schemc was. calculaied from that of

.o B Latsasm in proportion to the catchment area.

" The results are shown in Tab_le_ 9'.2-_'1_0 aﬁd_Fig.S.Z}lé. _
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Flood
Design Flood
The pro_bable maximum floods (PMF) to determine thé scale of dam spillway were

estimated by the Creager curve which envelopes the recorded maximum discharges and
design floods of hydropower pro;ects in Laos and adjaoent countries- as presented in

‘ Scctlon 63,

The following design floods are applied for the pre-fcasib_ilit)f study.

Se Kong No. 4 16,400 m¥/sec
Xe Kamian No. 1 o 14,300 m’*/sec
Xe Namnoy Midstream : 6,000 m*/ sec

© Xe Namanoy Downstream - 9,000 m/sec
Probable Flood

The probable floods to determine the scale of diversion work for the projects are introduced

in this Section. Those floods were calculated. based on the dally dlscharge records -
: collected ﬁom the new stations in the prOJect basin. |

The probable floods are generally derived from observed annual maximum dlschargcs

through statistical procedure

However the available discharges for the study are the discharges translated from the
observed water level for 5, 2 and 3 years-at the stations in Sekong Town, B. Fangdeng and

" B.Latsasin, respectively. . Morgover;. no maximum * discharge is- recorded, and only

periodical measurement have been done.. “The Year Book published by Mekong Sccretanat

also have no maximum drscharge record of the 3 rivers except for that of the Se Kong N

River at Attapu in which 3 years dlscharges were recorded. -

After substntutron of the annual maximum dlscharge data at the stations as stated below, h
the probable floods of three pro_|ects were glven by frequency analy31s usmg log-normal .

dlstnbutron
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Relation between Peak Discharge and Mean Daily Discharge

The ratio of recorded annual maximum discharges to daily discharges of the same day and
catchment area of the rivers were depicted in Fig. 9.3-1. In this figure, a parabola -

. enveloping all records was drown. It was assumed that the relation was expressed by this

curve.

The records which include the data at Attapu (Se Kong Rwer), Souvannakhili (Xe Done
River), B Nanay (Xe Done Rlver) Kontum (Dac Bla Rlver) and other 14 stations in Laos,
are_quoted from the Year Books in 1988 1989 and 1990.

Estimation of Maximum Discharges

Becausc there are 5, 2 and 3 years recorded amnual maximum discharges in the three
stations, the maximum discharges of 1 year in Sckong Town, 4 years at B.Fangdeng , 3
years at B.Latsasin are substituted from the records at Attapu, Sekong Town and Sekong
Town respectwely in proportion to the catchment area.

" Probable F'Ioo'ds_ of Projects

| - The probable floods of three projects were given by frequency analysis. ‘The analysis was
-done using annual maximum discharges which were converted from those of the three

stations in propomon to the catchment area. Results of the analysis are shown below. '

- The probable floods of three prOJeots are depicted in Fig. 9.3-2 t0 9.3-4 and that of Attapu
s shown in Fig. 9. 3—5

The ﬂood d}scharges of 100 year return penod of each pro_1eots and Attapu can be laid

‘close to the envelope curve whlch are proposed by ECAFE as presented in Fig. 6.3-6.

Althoagh the number of data was hrmted the resuits show qulte the reliable value at this

moment

. e) ' Se kong No 4 (Catchment area 5 400 kmz)

'I'he desxgn ﬂood dlschargo of 20 year retum penod for deerqun work is 5 400 m3/s
as shown below.



Return Period

fyear]

5 .
10
20

100
200

b) Xe Kaman No.1 (Catchment area ; 3,800 km?)

The design flood discharge of 5 year return period for diversion work is 3,212 s

as shown below.

- _Return Period -

{year]

3

10

20
50
100
200

Probable Flood

[ra/s]
3,524
4,454
5,404
6,718
7,767
8,870

Probable Flood

[m3/s]
3,212
3,917

4,615
5,350
6,276
7,023

‘Flood per sq. km

[m3/s/km?!]
0.65
10.82
1.00-
1.24
144
164

085 ..

103
121
1.65

€) Xe Namnoy Midstream P.roject (Catchment area : 531 km?}

. The design flood discharge of 20 year return period fpr diversion work is 950 m3/s

as shown_below.

- Return Perio_d

[year]
5
10
20
50
100

200

Probable Flood  Flood per sq, km

(m3/s]
594
758
927

1,162
1,351
1551

9.8

| [m¥s/km? ]
112

. Flood persq.km.: .
. [m®/sfkm?]

185, .

143 ..

st
254




. d)

Xe Namnoy Downstream iject N
(Catchment area : 1,451 km? including H.Katak Tok)

‘The diversion tunnel will be designed by the probable flood of 5 year return period

because a concrete gravity type dam is planning in the Xe Namnoy Downstream

- Project.

The Creager curve for the probable floods of 5 year return period can be drown in
paraliel with the Creager curve of 100 year return period. The flood discharge,
1,350 m%/s of 5 year return period for the Downstream Project was calculated from

the curve as shown below.
q=01494 (8474~
Whe.rc,

q : specific flood discharge of 5 year return period [m3/s/km? ]
A:drainagearea | 2]
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9.4.1:

9.4.2

Evaporation

Annual evaporation of the three projects are presented in Section 6.3.5.

To seek the monthly evaporation, the ratio of each monthly evaporation to annual

gvaporation were calculated from the observation data at the nearby stations. The data
recorded by the new evaporation pan installed in the three stations in the project basin for

“the study were also refereed.

Data List -

The data recorded by the new everporation pans are listed below. Those were distributed
at the below stations in the Project basin . ' '

(1) . Attapu . (Jan. to Nov. 1989 by Pitcher)
| (Jan. 1990 to Dec. 1991 by Pitcher)

: Oct. 1993 to May 1994 . by Class A Pan
(2) SekongTown  Oct. 1993 to Jun. 1994 by Class A Pan
() Blatsasin  Oct. 1993 to Jun. 1994 by Class A Pan

Observed Evaporation at the nearby Stations _

The distribution of the observed monthly evaporation at the meteorological station in _Paksé _

and Nikhom 34 can be scen by the said ratio in Fig, 9.4-1 and Fig. 9.4-2. The same figure

in Attapu is also seen in Fig. 9.4-3. This is made based on daily evaporation which were
observed by the pitcher for 3 years, The ratio of the calculated monthly evaporation to

annual evaporation is also shown in the same figures. - These calculated monthly
evaporation are derived from the observed humidity and temperature records presented in
Section 6.3. ' ' L

In Pakse, the peak of monthly evaporation is recorded in March and the minimum one
appears from June to September in wet season. -

In Nikhom 34, though the peak of monthiy evaporation alipears in February and -

evaporation fluctuates gently, the pattern is similar to that in Pakse.

In Attapu, observation data show random pattef*n because of _short-terrr': record. However,

Hoth observed and calculated mtmt_hiy evaporation ratios ého_w a peak il March and ther 6
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- seems fo bea bo&onx between June and September. This is the similar trend of other two

locations. -

The ratio based on the observation data in February, November, and December are rather
big comparing to the calulated monthly evaporation ratio. On the contrary, the former
ratio is rather smail in April. '

The trend of calculated monthly 'evaporat'ion ratio is similar o one in Pakse.

Monthly Evaporation of the Projects

Se Kong No.4

__Evaporatlon has been recorded since October 1993 by the class A pan wluch was newly

ms’called at the meteorological station irl Sekong Town.

The observed daily data for about 9 months seem to have some errors in wet season

because the amount of daily evaporahon taking the amount of rainfall into consideration,

shows sometimes negative value or scale of several tens millimeters. Then, the records of
Octobcr' 1993 and April to June 1994 were abandoned and observed evapofation were
adopted as shown in Fig. 9.4-4. ' ' '

Accordmg to Fig. 9.4- 4 evaporanon in November and December tends to increase and the
peak of monthly evaporatlon will take place in March, It may say that the trend of
monthly evaporation in Sekong town is similar to that in Pakse. Thcrefore ‘monthly

evaporation of the Se Kong No.4 is esumated from the annual evaporation based on the

“monthly ratio of Pakse.

Xe Kaman No.1

The same typo pan as that in Sekong Town was installed at the meteorological station in
Attapu in 1993 for the Study and the records from October 1993 are available. The record

in May was abandoned due to the same reason as stated about Sekong Town.

Because of few data it is not easy to deﬁnc the tendency from the data in an 9.4-5,

] 'However the amount of evaporatlon in November and December is larger than that in

January and ‘February, and that IS similar to the tendency of the monthly evaporatlon

' measured by the pltchcr m ' the same town as shown in Fig. 9 4-3.
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Therefore, monthly evaporation of the Xe Kaman No.l is estimated from the annual
evaporation based on the monthly ratio of the observed data by pitcher in Attapu. -

‘Xe Namnoy

Fig. 9.4-6 was made by the same procedure described above based on the 4 moith record

of 9 month record from middle of October 1993 to June 1994 in B.Latsasin. Namely,_ :

following data were neglected because of msufﬁc;cnt reliability.
October 1993
March, April, and May 1994 _ :
Moteover, evaporation record in June 1994 was neglected because no ramfall record in this

month was available.

"It is deemed that no specific trend is intérpreted from Fig. 9.4-6.

Then, monthly evaporation of the Xe Namnoy Project wé.s ostimated from the annual

'cvaporatlon based on the monthly ratio of Nikhom 34 because Nikhom 34 is also located

on the Bolaven Plateau. -

The monthly ¢vaporation of eaéh project are shown in Table 9.4-1.
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