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Name of River {Nong Bon )]

*The waterfront area of

the marsh is providing
a fine environment for
the children to play.

" Present Aspect

- Waterfront Area

River Valley Area

Problems, etc.

*The waterhead of .the pond is
consisting of rain water and city
drainage water.

-Its water quality is better than
that of. Nam Psak,

*The "space of the pond is about Sha
_:and the water depth s about one
| meter as average. .

*The waterfront area is overgrown
with water grass and weed present-
ing the aspect of & natural marsh

“area, : S

-Creeﬁ belt and residential areas.

~There are plants, naikets, temples,

etc.

<1t is easier ta access to the

" waterfront area.

+The development potential is higher
in the waterfront area.

*The deterioration of the water
‘quality due to the flow of the city
drainage water.

+The developmeat of housing program,

B-11













Cl.

Ccz2

C3

APPENDIX C. WATER QUALITY

Table of Contents

OBJECLIVES.eveivirserercreeeiirereens [T eerereies i . rreeerine :
Existing Condition........cv.coeeeeverrererennenan., PR TN
21 COHECEd DA .coveeeeeeeesee e eeeree e
C.2.2 Field Survey and Analy$is......ooooooooiiiireeevisimieoreeenreanns
G233 ASSESBIICIL cuuiiie e eceeeersieeeie s s s e ee e rasss e eaes s e s e rese e e ee e s e ein
Projection............... e e et e e e e e e e e e s e
C.3.1  General DesCriplion.....occooveeeeiesreeeeereeteessesssssseseessaseens
C32 Case Stdy ..o, oot JR ’

C3.2.1 Condition..iiiciirinnn, e R P

C.3.2.2 Calculation of Fulure' Water Quality e

C3.3 Recommendation of Optimal Water Quality

ConServalion MeasUure. ..o e eee e e e eeeanns



Table C.1
Table C.2

Table C.3
Table C.4
Table C.5
Table C.6
Table C.7
Table C.8
Table C.9
Table C.10
Table C.11
Table C.12
Table C.13
Table C.14
Table C.15

Table C.16
Table C.17

Table C.18

Table C.19

Table C.20
Table C.21}
Table C.22
Table C.23

List of Tables

Content of Existing” Water Quality Analysis...............
Mckong at Vicntiane, Lao P.D.R. Surface Water

Quality (Kaolieo: LiW.Q.AL) i S

Existing Water Quality Data (Mean Maxunum

“Minimum)- Location: - Kaolied (L.W.Q.A) . i Ciee

Water Quality at Kaolico (Nam Papa Lao)
in Year 1988....ccee.ne feitiverrersnrsersiasberinengnraian eirerienarieaa

Water Quality at Chmamm (Nam Papa Lao)

in Year 1988........ revieiieriadraarheass neeteesrraienisriienereenean

Thatluang Swamp at NOng Nleng, ‘Lao P.DR. _
Surface Water Quality....oviiininninn e

‘Existing Water Quality Data (Mean Maxunum

Minimum) Location: . -Nong Nieng......... s St

Thatluang Swamp at Hong Xeng Lao P.D.R.
Surface Water Qualily.......ooiiaisiin, eerenivined .

Existing Water Quality. Data (Mecan Max:mum

- Minimum) Location: Hong Xeng........i.i.. ereernas

Thatluang Swamp at Houa Khoua, Lao PDR..
Surface Water Quality........cooonindimnniiie i,

Emstmg Water Quahty (Mean Maximum Mm;mum)
Location: Houa Khoua... reer s

Thatluang Swamp at Hong Ke, Lao PDR
Surface Water Quality...oiii i,

Existing Water Quality (Mean Maxlmum Mmlmum)
Location: Hong Ke...... ST ST UE SOPF TP S .

Thatluang Swamp at Salakham, Lao P.D.R,

Surface Water Quality........... e bieeae it b ae e panee e srann
Existing Water Quality Data (Mean Maxlmum
Minimum) Location: Salakham ... i evvees
Content of Water Quality ?urvey and Analysis............
Result of Water Quaiily Survey “and Analysis
(First Time) in Phase T
Result of Watcr Quality Survey and Ana}ys:s
(Second Time) in Phase ...

Result of Water Quality Survey and Analys:s
(Daily Change of Water Quality (No.7,9) in Phase II.

Result of Water Survey and Analysis in- Phase ...
List of Fish, Water Plant and Water Use......ienns _..
POHULANE LOAA covoveeeiveee s eesseescremsesseaeseneseeres e ess e
Assessment of Water Quality ... ........

- qi -

S Cr-t

CT:-2

CT-3
CT-4
CT-7

CT-13.

- CT - 14

Cr-15

CT - 16

CCT 17
“CT - 18

CT- 19

CT-20

CT - 21

cr-2

Cr-23

CT-24

Cr-25

CT-26
CT-27
cr-28
CT 29

- CT-30



" Table C.24
Table C.25
Table C.26

Table C.27 (1)

Table €27 (2)
Table C.28
Table C.29
Table. C.30

Table C.31

Fig. C.1°
Fig. C.2

Fig. C.3
~Fig. C4 (1)
'Fig. C.4 (2)
Fig. C.4 (3)
Fig. C4 &)
Fig. C.5
Fig. C.6
Fig. C.7
Fig. C8
Fig. C.9
Fig. C.10 -
" Rig, C.11
Fig. C.12
Fig. C.13

Land Use-in the Study Area....... U
Projection of Futurc Pollution in the Study Area........
Projection of GRDP in the Study Area.....oviiiinn.
Pollution Load Factor of Domestic Waste Water (BOD).
Pollution l.oad Factor of Natural Run-off Water

Estimation of Pollutant Load and Concentration
{BOD):  Present Condition....coooveveiininiieec e aras

Estimation of Pollutant Load and Concemranon

(BODY:  Future Condilion........ocieviiiiinmniciinneniniensinenn i

Estimation of Discharge and Concentration
(BOD) in Future....... rreerssasees s e rrreeren s eas

Comparison of Concentration (COD) between

CPresent  and TFULLIC oo

List of Figures

Location Map of Water Sampling Site.......oiinni

Monthly Change of Water Quality at Kaolico
(L.W.Q.A) between 1987 and 1989....... e ertrrran e aranas

Daily Change of Walter Quality at Kaolico..................
Monthly Change of Water Quality (TSS) i
Monthly Change of Water Quality (COD) .ol

| Monihly Change of Water Quality (DO}
‘Monthly Change of Watcr Quality (T-P) i

Distribution Map of Water Quality (TSS)......iins
Distribution Map of Water Quality (COD Mn) .................
Distribution Map of Water Quality (DO).............o
Hourly Change of Water Quality (NO. Th..ooorooomecrirrenreneen
Hourly Change of Water Quality (No. 9o
Annual'Changc of Dissolved Oxygen (DO}

" Annual Change of Total Suspended solid (TSS)......

Annual Change of Water Quality (KMnO4 consumed).

'Spatial.-Distribhtion of Water Qualily...ccocoivivenrnrrennnn ;

- i -

Page

CT -
CT-
cr-
oT.

CT -
CT -
CT -
CT

CT -

31
31
31
32

32

33

34

-34

35

Page

CF-1

CF-12
CF-7
CF-9
CF - 10
CF-11
CF-12
CF-13

CF- 14

CF-15
CF- 16
CF - 17
CF - 18

CF -
CF -
CF -

19
20
21






C.l.  Objectives

The objectives of the water quality survey arc summarized as below;

- 1o collect the existing water quality data

- to survey the river water quality in the Study area
- 10 assess the: existing river water quality in the Stwudy arca

- to designate the future river water quality in the priority  project area

- to recommend an optimum water qualily conservation measure.

C2 Existing Condition
. C2.1 Collected Data

“The analysis of the existing river water quality in- the Study area are

shown in Table C.1. Fig. C.1 shows the location of monitoring station.

Laboratory of Water Quality Analysis, Department of Irrigation, Ministry
of Agriculture: and Forestry has conducie.d the regular monitoring works of
water quality for the Mekong river system since - 1987.  The mounitoring has
been done by sampling water at various stations once every month. - The data at
the  following stations located in and around the study area were collected,
Kaolico (Mekong), Hong Xeng, Hong Ke, MNong Nieng, Salakham and Houa

Khoua. ‘The testing items are comprehensive and useful for the study.

NAM PAPA LAO (Water Supply corporation), Ministry of construction has
carried out the surveys for pollutant source of river water . The survey is to

identify the contribution of industry and livestock to the water potlution.

_ The contents of collected data are’ shown in Table C.2 - C.15 and Fig. C.2 -
C4,

C22 Field Survey and Analysis

“The ficld survey and analysis of water quality were carried out as shown
‘in Table C.16. |



The JICA carried out water sampling and analysis during the Siudy. The'
sampling and analysis ‘were conducted twice, at the end of dry sezlson'-(Ma'y) and
at the end of the rainy season (Scptember). The sample size is about 80. the
sampling sites are distributed in the Study area and tallics 20 sites as shown in

Fig. C.1.

The result of survey and analysis of ‘water quality shown in Table C.17 -

C.20, Fig. C5. - C.9.

In addition,- the existing fauna and flora and  the *water surface itilization
Were survcy'cd to asscss the water quality. The surveyed results are lisicd in

Table C.21.

C.2.3 Asscssment

In general, the results of the test indicate that the water quality in terms
of COD in the rainy scason is improved as compared with that in the dry season.
Dilution . by rainfall and ‘the consequent increase in . run-off ‘might be the
reason for the better water quality. As can be seen in Table C.22 the pollutant

 loads have increased but the increase in run-off cxceeded that in the loads.

On the contrary, the relative concentrations of TSS and turbidity were
increased in the rainy season. The load which was once silted in the dry season
might be transportcd by the traction force of high flow and be discharged in

the run-off.

The concentrations of DO at the sampling sites No. 6,8 and 9 which are
located in -the urbanized area were improved but that of No. 3 (The Hong Ke)

and No. 13 (The Nam Pasak right branch) become worse.

All the samples in the survey of Phase I attested -the contamination of
coliform. Especially the water sampled at No. § and 9 sites showed the infinitive

coliform comtamination.  The poor sanitary condition should be remedied.

The results of water quality test arc - illustrated in Figs. C.10, C:11 and C.12
together with those average monthly data of lhc:Mcko_ng. The' quality “of

drainage water is poor as compared with that of the Meckong in terms -of COD.



However TSS of the Mckong is higher than the drainage water.  This  proved
that the correlation -between the qualities of both water has not changed since

the dry season.

- The -résult of asscssment of water quality is shown in Table C.23 and it is
distributed as shown in Fig. C.13,

. This table and figure enunciate thal' the upstream  rcach -of the river in
the most urbanized arcas is SIgmf:camly polluted in the Siudy area. Therefor

some -measures should be taken ‘to control  the water quality.



C3 Projection
C3.1 General Description

The river water quah!y in the Study area is affected by the amount of

pollutam load gencrated from- domestic “and  industrial- activity “and- ‘natural load

The future land use in the Study are is predi'c'léd ‘as shown in table C.24.
It shows that the ratio or utbanized land use increases ‘moré than present due to
the increase of population and development of mdusmdl activity, and about

one half of the Study arca is for residential use.

The population in the Study area, as shown in Table C.25, is over 150,000
in 1988 and is predicted to exceed 300,000 in 2020, in other words, the growth in

the said period is twice.

GRDP (Gross Regional Domestic' Product), which indicates the ind_ex of
industrial activity is shown in Table C.26. 11 indicates that the value of GRDP is
13,543 million Kip in 1988 and is predicted 160,000 million kip in 2020, whwh is

11 times as much as present.

As mentioned above, the increase of population and development  of
industry are going on in future causing the increase of domestic waste wiler,

which is the main source of pollutant load in the Study area.

Consequently, in case of lack in execution of some measure, the water

quality which is bad cven at present, will become worse than present.

C.3.2 Case Study
C.3.2.1 Condilion

The future river water quality at the Location No. 3 (ang Ke) and No. 13

(Nam Pasak) in the Study area, is described as below;

(1) The sources of pollutant load consist of domestic, industrial, institutional,
commercial waste water and natural run-off, but in this case they: deal

with domestic waste water and natural run-off by the following reason;



(2)

(3)

(a) The main source of pollutant load in the casc study arca is domicstic

wastie water.

‘(b)Y The polluiant load factor and wasie water amount are described in

the report "THE DISPOSAL .OF DOMESTIC WASTE WATER IN URBAN
' VIENTIANE, S. Sandanam, 1988"

Run-off ratio of pollutant load is same as present.

The - target‘year is 2020 whén the goal of "IMPROVEMENT OF DRAINAGE
SYSTEM IN VIENTIANE" is complelc.

C.3.2.2 Calculation of Future Water .Qualily

(1)

(2)

(3)

" “Generated Pollutaht L.oad and Run-dff Ratio of Pollutant Load

Table C.27 shows generated po’!lulam'load at present and in future. The

run-off ratio .of pollutant load was calculated based on thc population,

catchment area and measurement of run-off load. The result of

calculation is shown in Table C.28.

Generaled Pollutant Loéd and Run-off Pollutant Load in Future

The gencratcd poliutant load and run-off pbllutam load in future were
calculaied based “on ‘the popﬁlation, pollutant . load factor and run-off

ratio of pollutant load. The result of calculation is shown in Table C.29.

Future Discharge and Water Quality

The future water quality was calculated based on the futurc discharge

and run-off pollutant load. The result of calculation is shown in

‘Table C.30.

The ‘future water quality ‘was predicted becoming worse in comparison

with present water quality as shown in Table C.31.



C.3.3 Recommendation of Optimal Water Quality Conservation Mcasure

The establishment  of scwage system needs cssentially a temporary
measure  of water quality - conservation, which should * be taken until  the

cstablishment of scwagc  system,

This paper recommends some suitable measures for water ~ quality

conscrvation which can be adopted in the river course.
The recommended measures are as follows;

(1)  Measures adopted by the Feasibility Study

(a) Purification pack v Screcning of suspended solid in the
small ditch ' '

(b) Submerged filter ~ Biofilm process in the secondary canal
(¢} Sedimentation box Removal of sediment in the main canal
" (d) Lagoon: Sedimentation “and purification in ‘the lagoon "Nong

Chanh” ' '

(2)  Measurc recommended by This Feasibility Study

(a) Imake of water for purification

Morcover, as the existence of natural river bed and cultivalion of water
plant and fish contributes to the purification of water. guality, ‘it “should be
considered to preserve the function of purification harmonizing ~ with the

function of food control.
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Table C.1 Content  of Existing Water Quality Analysis

Duralion of Interval

Location Item Collected of Organi-
: Date Analysis Zation
Kaolico Water temperature, electric 1987-1989 Once a LW.Q.A.

- conductivity, TSS, Ca, Mg, Na, X,
Alkalinity, Cl, SO4, T-Fe, [NOy-,] -N
- NHg-N, PO4-P, T-P, Si, DO, CODbmn

month

Agriculture, Forestry,

Department of Irrigation

Kaolieo Air and -Watcr temperature, _
~color, o 1938 Generally Nam Pa Pa
odor, Taste, Turbidity, Alkalinity, everyday Lao
. Ammonia Hydrogen, Nitrite
- nitrogen, Nitrate nitrogen, pH
‘Chinaimo  Ditto and, clectric conductivity, 1988  Generally  Ditto
NHg4-N, KMnO4 consumed. “everyday
Nong . The same as the item of Kaolieo 1986-1989 Once a LW.QA
‘Nieng (L.W.Q.A) and T-N month
'I-.Iong Xeng Dito Ditto Ditto Ditto
Houa Khoua Ditto Ditte  Ditto Ditto
Hong Ke Ditto Ditto Ditto Ditto
Salakham  Diito Ditto Ditto Ditto
L.W,Q.A : - Laboratory of Water Quality Analysis, Ministry of

and Cooperatives,

Nampapa Lao : Ministry of Construction Nampapa Lao
Nampapa Department

Workshops

LAQ PEOPLE'S DEMOCRATIC REPUBLIC
FEASIBILITY STUDY ON IMPROYEMENT
OF DRAINAGE SYSTEM [N VIENTIANE

JAPAN INTERNATIONAL COOPERATION AGENCY
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Table C.4 (1) Water Quality at Kaolieo {Nam. papa Léo)

in year 1988 (1)
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_ Table C'4.(_2) Water Quality at Kaolieo (Nam papa Lao) in year 1988 (2)
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Table C.4(3) Water Quality at Kaclieo (Nam papa Lao) ‘ih-year 1988 (3)
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Table C.5 (1) Water Quality at Chinaimo (Nam papa Lao) in year 1988 (1)
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Table C.5 (2) Water Quality at Chinaimo (Nam papa Laoc) in year 1988 (2)
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Water Quality at Chinaimo

(Nam papa Lao)

in year 1988 (4)

LOCATIOR: CIHRAIND :
why 1 z 3 4 5 [ 7 TT 10 )] Z ¥ 11 15
\[mosphere Leaperatureg U Hi Hi 0 7 K1) 7% Wi A 75|24 i 3 5 T8
\aler lenperatuve [ 25 24 23 23| 221 - 23] .24 ¥4 5 243 23 222 23 24
Turbjdity g 180 | 180 ] 280 220 480 | 2701 240 | 240) 200 530} ‘&0O7) 28D 380 500 ) 480
Cofor pR k] 4 1 5 i} 7 3 4 ] 3 5 § 3 4
dor Wne  None  pone 1one wone hone hone fone. hone pone None pORe none  pongé pOne
Tastie wne hone hone hone hone one pone pone hone pohe none - pone- hone hone  pone
ol - roilondl 3] 4 L 50 7.8 a1 Ly 7 1. .41 Le] RE] LE
Mikal inity PR 50 18 1t sl 92 a5 93| 100 92 1 100 §0 194 100 95 96
Ammonta nilrogen jrpm Wone  Noneg pong  mone hone hore hene jone “hone ‘phone pone hone JoAe ponc  mone
‘iirile nitrogen ppn wone | JoNe- poRe  pont  pone  none  poae wone  hone . pone  one  poae ponhe poRe pone
illate nilrogen ppm  iong. jioite  hone  none - mone none  Reie hong pone . yone 10ne . pone - pone p(}ue one
LITE np 1.5z el a el g9l 7.3y 631 5.20 7.4 t3. 20058 a6 17|13, 0} 100 9.6
9 as/hed 2601 260 f 265 325§ 300 7551 326] 290 266) 31o| 270} 280 270 285 2%
£ pE " .
In opm hone . pone  hone Lmne Lmnc " none bonc Wgne  §lone - pone  Nene  None Llone_ F‘Ione 1Ghe
fg - pe ront -JIone hont - pont pone  pong - joné  pone wolie - pione  Nong  hong - nohe  pone” none
[k 7T 718 ] 0 21T ] 21 Y E] Zh 21 BT 2V aU ] 37 Jeean : max. Em.
] 77 2T 4] 23 2B I6 277 . ed | T 2h 2T L] IR LN T
25 23 22 23 2 21 24 25 23 3 24 25 24 25 123.6 25 2
2503 210 460 ] 46D | 500 5481 5407 460 560 ] 350 ¢ 360 | 400 350 JE0D ] 379 6OO . 13D
5 2 3 q b 8 i b 5 q -3 4 2 3 4 B 2
hone hone: hone Jtone hone hone hone hone none jpgne  jone ' pone none none
ienz  pone  pone hone horie  Mose jione  pone none hone pere  None none none
8.0 7.8 .74 2,91 Ty T .94 1.8¢ .6) 7.8} 1.5] 8.0 7.8 7.6 7.6) 8D} 7.1
T3 10 45 81 86 BE 84 89 87 92 91 %0 .85 78 g9 100 75
hone' hose hone lhone hone pene fione hone Noné hone  Jong ' pone FLone ane R
one hone noue Jone poce  poae anc none hone pone nong  none none one. ’
one hone hane hone none noac Rgne podle  gione  pane  pone o ponc T . rlone ’
woliz vbiazdas.ebtz o] eaf 7.4 G.20te b 15 60 04.7 [12. 1 16.3 10.0)i1:1116.3( 5.2
255 2w 275 | 2444 285 | 240i 243 253 275 2961232 232 292 210 [ 212} 25} 212
one none fione fone  pone  nong ;wnc hone hone ione  pone pone hone hone
hone one Jlone  onc. MONE  Rope PORC  BOAE  Jlone  gaeone  pone  pnone one one
.ﬁCATIDu CIIRATHD )
| Z J ¥ 5 [ 7 § T il 1 1 17 19 T
(o 24 23 [} [E I1! 23 2Z2f 23 2] 23 F 1} 22 IS b}
G 2 21 22 20 21 2z 20 21 23 Z1 20 22 21| 23 22
hpR 400 | seg) sepi se0| s40) 640 ] €46} 580 son| 980 [ 720 540 ) GAD} 5zD| 48D
DPR 1] 3 A 3 4 2 3 4 ] 6 7 8 § 3
yone hone hone hone hone hone jhone pone jone pon¢ pone pone Rone  none  pone.
wone hone hone koue pone pione flone hone hone ' pone : pone hone pone pohe pone
7. 79 291 7.8 2.81 2.8 2.7 7.6| 6| 7.5| 80| 7.8] 7. 1.6) 1O}
PP 87 Bl 81 a8 ek} 24 -7 78 62 80 §1 8] -85 ‘88 &6
opa  hone pone hone | 0.01 @.G0J mope peone pone pone pone 0.01 B 002 hone | 0.05 hone
bp=  hone homt hons pone | Q.02 pone hone poae honc hone: | 0. 62 §. 001 none 0.2 pone
ppm wone. pene hone pone | 0.01 pone pone none ncne 0.0% fene hone hone pone: hope.
ppm s.2112.3) 6.8{16.0! s.af1o.el &3} 6.8] 7.6112.3 16,0421 697 53| %:0
hs/heol 230 | 229 2641 Ju0| 220 270 240 z20f 2201 240 2251 Zz10|-200] 280} 210
35 g2t o.vt 6.3f ezt oeal gy ezl ozt ooll 045 0.5 0.30 0.2 011 0.3
ppm  pone  pone  foie Lm'ne pone jone - pone hone t:one- none none hope wone poaz none
ppa___jiofe_ Jiohe  NOne. HUNE HONT  fione pOAE  poAt one  hone jone  hone  pone. plong . fione
5 17 A7 1 20 21 77 73 F 75 771 7B Ty K]
73 Ty 4y 75 24 FA] F3 ] Te| 2% i ] I Z(T!r 3-l ;a? mx:iﬁ mnl?
21 20 2] 24 22 23 20 23 20 23 24 22 20 21 20 1.6 - 247 - 20
720 5661 528 GEO| 520 ] 500 F SO B4D ] 550 60 ) 3204 400 26} I60 (- 400 58337 960 320
2 7 K] 1 5 1 1 4 5 2 k] 5 3 41 & S 4 8 2
|one  FIORE none  qose  flohe  BoOne None  poic pane one  none None pone pone  gonc
wie none honpe hone Jione none pose hone poiae hone pode floné honc  pone  fone
.ol 7.6] 7.5 2.4 .57 16 Tl 1.2) 7T.6) 1. .41 13 51 41 LI 7.6 8.0} .72
90 76 g7 94 53 46 77 12 92 94 30 10 92 9657 .. 78 84 33 62
Lone - jione none hone | 0.02 mone nane pone 10,02 none |0, 01 @ 002 pone “jpone hone -
wae hone wone noae | 0002 mone - pone  pone 0.1 pone jpone hone . piohe pone jpone
wone hoac hone hone X.001 pone pone hone 10.003 hone hene None hone pone Yione
g.alisalreal tojhof1z. 12| 5.2 227 5.2] 7.6[12.3 7.2 15.4 9.3{15.47 5.2
son | zop| zio| 220 230 225] 200 2481 235 220 25} 233 28D 246 230 230 |- 300 200
m4t 9.5¢ 0.1} e.2l 03] 0.4f 63| 0.2[ 0.3] &2 0.1 0,2 041 0.3¢ 0.2 0.3} 0.5(0.10
hione  Jlone pone  None j;mnc none none hone pone pone jpone poné pone hone hone .
none soge pone hone ponc  hone hone pone  yone  pone hone hone fone jpone -mone

LAQ -PEOPLE'S QEMQCRATIC REPUBLIC
FEASIBILITY STUDY ON IMPROVEMENT
GF DRAINAGE SYSTEM IN VIENTIANE

JAPAN INTERNATIONAL COOPERAT!ON AGENCY




Table C.5(5) Water Quality at Chinaimo (Nam papa Lao) in year 1988 (5)
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‘Table C.5 (6) Water Quality at Chinaimo (Nam papa Lao) in year 1988 (6)
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Table C.20

Result Of Water Quality Survey and Analysis in PHASE 1

o Q PH DO CODMn ~ CL T.P TSS  Turbidity Celiform
NO Date - in3/s mg/t  mg/l mg/l mg/t mg/l  mg/l Col/100 ml
325/5/89 00528 75 4250 7740 4367 0957 30 4 -
0276/89 0448y 73 4292 7734 3008 0730 29 4 :
3749489 04432 .72 3142 5013 . 1655 0178 124 354 Inf
Y U9/89 01714 74 273 3977 2860 n434 4@ 19 20,200
31479789 1 4367 2121 518 1687  0.383 23 23 18.200
5 24/9/89 - 71 0180 9440 3510 0337 27 -
6 3175/%9 - 68 2093 10000 3587 0363 ¢ 4 -
& /989 -7 198 7319 2216 0.163 23 11,000
6 11/9/59 200 2000 7062 2425 0713 2005 7.600
5 1479/89 70 2229 3745 1698 0.582 s 7 11200
5 24/5/89 - F4 0 000n 10230 103 1513 8 5 -
$ 31/5/%9 Ceo- 730 B332 0 S 148 1268 14 5- -
8 7/9/89 0449 70 0830 5981 2187 0.377 9% 26 Inf.
s 1179789 00942 71 L14l 505 2124 1004 22 5 Inf
£ 14/9/89 ° 0.19%7 71 1.949 76300 1016 0825 36 14 Inf.
9 24/5/8% . 00163 73 080 0 21360 529 1810 12 6-
9 3/3/89 @070 72 05391 13730 079 2034 19 6 -
9 7/9/89 0.0425 72 1569 5867 5229 1072 22 b Inf.
9 11/9/89 00942 71 0394 10360 2315 1.374 24 3 Inf.
9 14/9/89 00295 72 0750 91449 1918 1074 18 16+ Inf.
13 24/5/89 00173 3 4430 7110 4552 0712 18 8- -
13 31/5/89 00310 74 3255 7650 3388 1021 17 0 5- -
A3 779789 03448 70 1.922 5175 2056 §.402 120 40+ ~Inf
31179789 - 78 0425 6339 3885 0865 20 6 16.800
13 i4/9/86 01137 7.1 0.397 ° 6.331 230 0568 24 14 37.200
Remarks:
- No dala
Inf.: Infinitive
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Table C.21

Dats :26/9/1989

List of Fish .Water Plant and Water Use

Localion Fish ‘Water Plant Water Use
Ro.
i ABCDGH B.CEI - A
2 ABCDEFGHUZ BCE A
3 ABCDGH]Q - AAB
4 ABCDFH - A
5 ABCDEFGH ABCDE Al
6 ABEFM ABC C
7 H - -
8 ADM B A
9 H - -
10 Unknown - . -
il ACGLIKL BCF AA
12 ABDEFKR - AAB
13 ABCDH ABF AD
14 AEFM G AL
I3 AEFM ABG AC
16 HbQ - o
17  CEHM BC AABE
18 ABCGHN BCER ‘A
19 ABCDJIKLORSLUVWIYZ BLF AAE
20 ABCDEFGHELQD, BLE AA
Name of Fish Namé of Fish Kind of Water Use
APaKo T;Pa Soua AAFishing(Active)
B:Pa Douk U:Pasathong ATFishing :
C:Pa Keng VPalt B:lrregation
D.Pa Kadout W.PaKiang C:.Cultivation
E:PaNinh(Tilapia) . X:PaTiok D:Washing
F:Pa Nai{Common Carp) Y:P khap khong E:Bathing
G;PaXhao Mong Z;Pa Siev Ao
H:P Sieu :
I:PaXa
JPalot Name of Water Plant
K:Pa Kot A:Phak Bong(Ipomoea)
L;Pa Kagnoen B;Phak Top {(Eichhornia)
M:Pa Salit C:Phak Chok (Pistia)
N:Yen D:Ne(Hydrille)
O:PaPak E:Ne(Ceratophyllum)
P;Pa Kal F:Bouatuang(Nelumbo)
Q:Pa Mat G:Kolokasia (Colocasia)
R:Pa Sou H;Chok Noi(Salvinia)
5:Pa Meo 1;Phek Beyen(Jussiaea)
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Table C22  Poliutant  Load

No Date Q CObmn TP T5$

mi/s kg/day  kg/day kg/day

25/5/80 00526 357 4.45 91

2/6/89 0. 4470 298.7  28.19 1120

3 1/9/88  0.4432 - 1920 6.74 4748

11/9/89  0.1714 §3.5 5. 12 681

14/9/83 1. 4367 843.1  47.54 3416
24/5/89 -
31/5/89 -

§  1/9/89  0.449% 232.3 14,65 3729
11/9/8%  0.0942 £9.3 8.17 119
14/9/89  0.1857  i28.0  13.95 §09
24/5/89  0.0168 3.0  2.63 17
31/5/83  0.0170 15.8 2.98 57

g 1/9/89 . 0.0425 215 3,94 81
11/9/88  0.0250 2.4 2,97 52
14/9/89 0.0295 23.3 2.14 16
24/5/89  0.0173 10.6 1. 06 21
31/5/83  0.0310 20. 5 2.1 46

13 1/3/83 0. 3648 1531 12.87 3782
11/9/89 -

14/9/89 0. 1137 52.2 5.58 236
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Table C.23  Assessment 0f Water Quality

Sampling Class Fauna'species Water and Water surface ) “Note
Point ~ Utilization
e *‘ .
1 E 6 Fishing
2 ¢ 10 Fishing _
3 W{H]] S FishingtActive), Irrigation - Hongle
4 D 6 Fishing
5 D 8 Fishing, Irrigation
b E 5 Culiivation
7 D i -
5 E 3 Fishing
9 F t
H) E I - : _ : :
il B 7 Fishing{Active) Nonp Nieng
12 C(ct IE Fishing (Active), Irrigalion Hung Xeng
L3 ¢ - 5 Fishing. Washing '
14 E 4 Fishing. Cultivation
13 D 4 Fishing. Cultivation
16 E 3 . : _
17 D 4 Fishing{Active), Irrigation, Bathing
15 C 6 Fishing : _
19 D 17 Fishing(Active), Bathing
20 C 11 Fishing(Active)
Houa Khoua D - -
Salakham D - -
Yaolieo A - -
* ( ):Existing data
Class A good COD less than 3 mg/l. PO more than 6 mg/l
] fair CODS mg/1-3 mg/l, DOmore than 4 ©3g/1
C poor COD & mg/i-5 mg/l, DO more'than 2 mg/!l
D to be improved COD 3 mg/1-10 mg/l DO less than 2 mg/i
E worst ' COD more than 16 mg/l, DO lessthan 1 mp/d
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“Table C.24 Land Use in the Study Area

Unit :ha

Year Ceniral Residenliat Public & Indusirial Water Green QOther Total
Commercial
1988 0.0 2. 164.4 400. 6 38.2 166. 7 2.4§9.3 349.4 5.618. 6
2020 '239.2 2.658.3 3449 107, 4 F16.5 1,7%12.2 38%.1 D5,618.6

Table C.25 Projection of Future POpulation in the Study Area

Population . . Population density({person/kn®) Growth Rate
1988 2000 1) 2020 1388 1000 2040 pAYAU [988-2020
157.653 201,000 251,000 . 305,000 2:806 3,577 4. 467 5, 428 . 2. 08%

Table C.26 Projection of GRDP in the Study Arca

Unit:million Kip

GRDP Growth rate p.a
1988 1990 2000 2019 2020 1488-2020

{3,543 15,800 32,700 71, 160 160, 600 8.0%

LAQ PEOPLE’S DEMOCRATIC REPUBLIC
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Table C.27 (1) Pollutant Load Factor of Domestic WasteWater (5op)

[tem Present Future
Was;ewaler(lit/person - day} 105 140

Pollutant load{g/person « day) 45 80

Table C.27 (2) Poltutant Load Factor of Natural Run Off Water (Bop)

ltea Present Future

Run Off{a*/s - km%) Deducts Domestic Wastewater Same as left

from Observation Yalue

Poltutant load{g/day - kn®) 1.0 _ RO

LAQ PEOPLE'S DEMOCRATIC REPUBLIC
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Table C.28 Estimation of Poliutant Load and Concentration (BOD):Present Condition

.Location Catch.me.nt Population Genecated Pollutant Load Run off Polluant Load ¥ Run off
No. area : Speciflic Domestic  Speacific  Natural Sum Ratio of
: Domestic Waste Water Natural Load . * Pollutant Load
Wasts Watsc Lead -Load- 24/5/-25/%  31/3-2/6
Load  (g/ (kgsday ) 1989 1989
© {kmi2) {psrson) person day - (kg/day) km2) (kg/day) (kg/day) {kg/day) (kg/day) {10)=
{1 2) [&Y) {4)-{23¢3) 153 {63413 {51{T}-{ 436} &) (9} {8y (af2/(7)
3 B. 18 51, 87) 4% 2,335 1.00 g.18 2,343 34,5 363.1 0.08
13 199 6,835 . A5 308 1.00 1. 99 36 - 8.0 40.8 0.08
% gun 0ff Pollutant Load (BOD)
24/5/-25/5/1989 ' 31/5-2/5/1989
Location I)iscliﬁrgn Cluncc'n“' -~ Pollutant Dischafge = Comcen- Potlutant
No. - tration Load tration Load
{n? /sec) {mg/1il) {kg/day} {n* /sec (ag/lLit} {xg/day}
(N (2) (=N {1 (%) (8)=(4)(H)
3 0.0526 1.66 4.5 0.4469 4. 160 353.1
13 0.0113 5.35 8.0 0.0310 15,220 40.8
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Table C.29 Estimation of Pollutant Load and Comcentration (BOD) :Future Condition

Location Catchaent Pepulation Generated Poflutant Load Run off ° Run off
No. area - Specific Domestic Specific Natural Sum Ratio of- ~ Polluiant
Domestic Waste Water Natural Load Pollutant ioad
Waste Water  Load Load Load
) Load . (g/ (kg/day . . L
(km2) (persan} person day (kg/day) Em2) (kg/day). (kg/day) " {kg/day)
(1) (2) (3} (£)-{2)*(3) (53 B){L){(5K7)=-{41H5) {8} (9)-{7)=(8)
3 8. 53 85,875 60 5,153 [. 00 9,53 9, 163 0.08 4113
15 1.89 12, 982 60 779 - 1.00 1.94 781 0.08 S 62
Table C.30 Estimation of Discharge and Concentration (B0D) in Future

Date : 24/3 - 25/5/1989

Location DPopulation Population Run off Discharge Run off  Concen-

No. at Present in Future Existing  Aditiopal . Sum Pollutant  tration
Run-off Run-off load

Discharge Discharge

(person) (person) {(m3/sec) (m3/sec) (m3/sec) <{kg/day)  {(mg/D)

(1) (2) (3) (4) _ (5)-(3)+04) (&)  (7)-(6)/(5)
3 51,891 . 8%. 875 . 0.0528 0.0761 0.1287 413 3
13

6, 833 12,982 0.0173 0.0127 0. 0300 62 24

Remark:Aditional Run off Discharge ~Existing Populalion‘Bﬁl/person
+ Incresing Population * 1401/ persen

. 'LAD PEOPLE'S DEMOCRATIC. REPUBLIC -
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Tabie Cl3l Comparison of Concentration(COD) between Present and Future

: Location Concentration (mg/lit)

NO. e

Present : Future(2020)

— e

_24/5—25/5/1989 31/5-2/6/1989  BOD Conversion Ratiot  COD

3 . 1.1 1.1 37 0.9¢ .3

13 : 7.1 1.1 24 0. 99 24

¥ Conversion Ratio between BOD and CODMn

| Date |  BOD CODMn | CODMN Date |  BOD i CODMA rﬁoagn
(mg/1i) | (mg/liy) /BOD (mg/lit) (mg/1i1) /80D
i N - . L

21. 25 51.70 1.90 12. 640 13,230 1.05

5.98 8. 99 1.50: " 3,085 6. 970 2. 26

1.6% 1.14 1.04 9. 160 7,734 0. B4

11.95 9. 46 0.79 8. 435 8. 660 1.03
13.01 8. 56 0. 66 0.110 8.050 | % 7318

S.54 | . 8. 44 1.70 _ 9. 115 10. 000 1,10

32,83 9.19| 0.30 | 28. 275 9. 533 0.34

- 24/% 10. 55 10. 23 0. 97 12. 500 8.110 0. 64
~28/5 30.45 1  21.36 0.70 [ 32,120 10. 730 0.33
1989 23.20 12,55 0. 54 31/5 31. 200 12. 850 0.41

' 6.71 10.70 | - 1.59 ~2/6 7.170 6.061 0.85
3.69 6. 46 175 1989 4.550 5. 363 1. 18

5.3% 7.11 1.33 15.220 7. 650 0. 50

10. 60 9.06 0.385 2. 370 2. 050 1. 129

14,15 7. 47 0.53 13. 570 6. 200 0. 46

11.5¢ |  10.353 0.92 1. 430 10. 160 0,58

1,25 9. 77 2.30 | . _ 3. 720 9. 130 1.05

.12 6. 64 1. 41 11.220 4. 790 0. 43

5,75 8.02 1. 39 6. 475 4.992 0.7

5. 50 3. §9 0.57 | ©6.970 4,330 0.62

Avrage ' 0.99

#:Exclude from-Average Calculation
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