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44, pPurpnse of Study

This is the - ' renort for the rvollution loodina survey Phate

thalung, Haadyai and Songkla municirelityv wrerared by tho authers for the first

three-month peroid of study after jcininy with the Lake Sonckla Project (LSP).

The rurpose of the worl doals vith the studr of the irract of nollution

and pollution sources, to the lake's envirenwent. The purpose way be written as

follows :

44.1

44.2

44.3

44 .4

Study the watsr cuality in the rairn streams through out the large
community e.g. Haadvai, Songkla and Phatthaluna,

Study the characteristics of the wastevator and the wastes from
various point sources such as urbanized and/or industrial areas.
Fstablish the per cepita load per day for'the sanitary wastes

and industrial wastes.

Predict the tendency in water quality change for various szlected

main streams as the case study.
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15, Tntroduction

Pollution agsesswent of moint and non-roint or diffused sourcszs in
the Lake Songkla basin iz ona of the w2in activities of th:s rroject, The results
oi studies are rregseonted und:sr four conorsl cstenories @ cormunity vastesz, in-
dustrial vastas, acrienlbursl vastee #nd wastes derivoz from transveortetion acti
vities both on land and watel, Thé raste oroducts from peonle and frem renufac-
turing rnrececses from waricus zoupces arcund the lake, cspecially fror Ar-hur
Faadyal and Chanowat <ongkls teocethor revresent the major woste offluents that
drain or durp directly or indirectly teo Lrke Sona+lo without any treatment. $Land
reclamation of Loth Headval s»nd Seonckls in futurce have rravisionslly bzen saelected
as a growth nlle for industrizl =nd =acsociated develevmont in rerticular in rela-
tion to the mollution of the laka frorm the dreinnge of cffluent from vopulated and

industrial area.

Other sources of nollution includes the construction «f nort and asso-
ciated investment, includina the cffect of dred~ing, There 7ill also be effgcts
on hydrology, including those dus Lo a nossikle kridea/causcwsy vhich may be con-
stucted. Also, the use of fertilizers, vesticides, and other agriculturzl chewmicals
can be expected to affect lzke water c¢uality. Farticulary, the Fenot Irreaation

Project, which will socn be implemented, may be immortant in this aspect.

Pollution of tha lake and ite environment could corme from 2 number of
sources in relation to vonulation orowth ané rosources develovment in the neiah-
bouring area. Tt is timely now to ostimate the copscity of the lake to absorb

rolluting aments and to contxol or to vnrotect thoe rollution ot source from each

Most nrirary @atn are based on field survers ond lahorstory snalysos
by the staff undertaken undex tho project. Tublished deote and results of previous

studics are moretimes used when neceezrry, agraecinllv in oroiecting future conditions,

Pollution csseswent for ~ laks Lasin of this cize and complexity involves
a variety of foctors and nsmects. Rlthouch hast ¢fforts hove been made under the
existing constrzine of technical pannower and rrterinl availabiiity and the time
a2lement, it iz the rreoioct staffig Loliaf that the extencive nollution monitoring
nlan during the irplementation nh-ase of thoe rrovosed watzr ruerlity ranagement pro- -
crar prepared under the rroject shouvld be set un for verificrticn of trends and future

programging of vollution control rcasurss.
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46. Background

46.1 General Description of Lake Songkla

Lake Sonckla, 2 lnuoona lrke of Southern Thaileand (10074 § and 7°5' N),
measures roucghly 6.5 km, fron wast to cest =nd 150 kr, frem north to south, and
has an arez of about 616,750 rai or abéut 1,040 sduare kiloretere {1,2) produces
one of the largest lakeoe in Southeast M=i=, The lake is quite typical of a com-
bination of low 1land, recziving = veter flow (fror more thon o hundred shért
streams) and sand dune. The commonent of thn loke sustom is, generally, very

shallow {(about 1 to 2 metor) and of » flat hottom.

According to NEDECQ "Remecrt on thn‘Prelirinary Curvey of the Theale Sep

. ; 1 s _
Basin Project”™” the gencral deserirtion of the loke may b condensed as follows

46.2 Boundaries and Sizo of the Basin

The boundaries ara as follows (Figure 1 ané 2}, On the west side the
mountain range along the lencth of the nenisula, with thc rmountsing rise as'hiqh
as 1,200 meters ébove sea level in rsome pleces. The boundrry bEztwaen Phatthalung
and Trang closely follows the watershed. ©On the north sids the catchment of Pak
Phanang river., The watershed on this side is not clearly detfined becaues of the
intermediate swampg and interconnecting creeks ond canals, The vatcerehed has been
drawvn arbitarily midway through the swamn. The Gulf of T™~ilend locates on the
east side. On the south aicde fhe mountains on the hordoer with Malaysia and the

catchment of Xlong Na Than,

The total area enclosed by thess bewnderries is found to be about 8,000
kmz. East of the Fhet Kasem highvav fror Archur Pettanum vie Photthaluna z2nd
Amphur Khuan Khanun to Amphur Cha-Ust the lend is. in general, gently slowing to
very flat ; west of the highway the land baoorzs araduallv wore hilly and moun-

tainous.

All rivers usﬁally small in thelir ~ize an called "Ylona™, and creeks
in the basinrdrain towards the lake. The onliy outlet tn the sce with the excention
of a few very smell kienos, which sre hloc?ed or demrmad ~t the fep - ghore is the-
fairly wide and deer chanucl at Sonckla {cross secticn ot mean standard sea level

(MSL) about 3,000 - 4,000 m3).-
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The lake syster comprises four different parts, forwing three basins of a

lake chain. The arecas of the basineg can he found in Takble PL/]

*
Takle PL/1 Lake areas

2 -
Lake Zrez in U Sub~total in hmz
Thale Moi 30 30

Thale Luang A0 500

Thale Sap 360 860

Thale Z&~ Sonckla 18¢ 1,040

F
211 of the arcas #re involved the island arecs

The catchrent aresas draining tovards +he lake, cup~dzvided into areas east

and wect of the Lzke are shovn in 1rshle PLS2

Tzbla PL/2 Catchrents

Area in sz

west of cht of cost of [east of i easttwest | castdwest
Draining towards i FLUE, . PE, of P.K,
K, | SR . A 1 N N
o 1 ahway highuey of P.I highway.
highway ;sub-total highway |sub-total | highway sub~total
Thale Noi + Thale Luang 1,600 1,600 1,300 1,300 2,900 2,900
Thale Car 300 3,660 820 3,020 1,100 7,500
Thale Sap Songkla Mot availa-

ble (H&) M NI o121 3,000 7,020
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46.3 Climate

The frequencies of average annusl rzinfell, Octoher througn Decerber
rainfall and Januery throuch septerbor rainfall, recorded at the 10 stations in
Songkla and Phatthalung, kased on menthl: d-ta for the reyoid 1871 -~ 1977 are
shown graphically in Figure 55, 7The T=yiar annual averane rainfall for 10 stations
is 1,915 mﬁ, while the mear is 1,250 =y, The sworacs distribution of the rainfall
per month 1t five stations (Th-otthalung, Thu-: Khancon, Pandyai, Rattapum end Ranot)

during the rereid 1852 ~ 1971 i shown in Tolle ~1/2

1
Table PL/3 Average reinfall”

Y M 7 J oA £ o I D J- 3 P M [Total

Average rainfall
{rm) 88 | 125 €8 | 3z 85 o 288

N
-
a

368 1121 | 33 | 451 1,884

Average number

of rainy days 5.118.1

(%1
tn
L]
o

6,8 7.2 14,2 116.2113,3(6.4 12,5 |3.1] 94.4

Clinatological dat» for the peroid 1951 - 1975 recorded by Sonakla
meteological station can be found in Takle '3, It is nbserved that the wind is
south-west from May through September (scuth-west monsocn + transiticn) and east
from October through Zrril (north-east monsoon + transition). Thers i nn infox-
mation about rainf»2ll on the mountzin ridge in the western rart of the basin but
ocrographic affects can ke concluded clearlv fror the runeff -f the gifferent klongs.
The annuzl rainfall is assured to ke hichest in the central nart of the mcuntain

ridge where altitudes higher than 1,000 reters abowves MIL occur.

The annual rainfall in the southern nart ~f the basin the catchment of
the Klong U - Tapac is lower according teo the 25 veay gwverage annual rainfall of

1,613 mm. at Sadao, which is situated ~t the headvrtors of this kleng

Table 31 shews monthly runcff »f Xl-na U - Taveo, Xleng Ratthapum, Klong
Tha Khae and Klong Phru Pho, which are censidered to be the main stream through

'highly urbanized areas on the catchments.
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Based on the available data in Talbe TL/3 the mean monthly lake evanoration
has been has been calculated uzing the Penman-Fijkoort formula, For comparison, some
class * pan evaooration data rultipiied v a pan factor of 0.7 are also given in Table

PL/4.

Table PL/4 Mean lake evaporation (rillimeter)

I n t J ¥ M Total

=
U W

[

4

¥

41

o

Mean monthly

I S

. |
evaporation of 125! 105 | 100] 106 | 110|266 | o5 | o5 (1101251230 (140 | 1,340

Songkla

Fan at Khao !
3l o G | 46 | 63 :
Chaison x 0.7 117:11 71 9411001 B | 36 [ E£3 1 70 ;1041312 1120 1,160

Pan at Wat Tan

!.-l
(]
XS

5 b G194 [€2 2 21t .
AL To x 0.7(1969) 136|116 (105 116 (110 €2 8210 118}118 1,278

(4 2
Pan at U"at Ban 116 {113 94 (102 | 86 |85 |63 | 68|110[102{100 | 1,145

Ai To x 0.7(1270} !

]
~J

46,4 Long-Percold variations in Sea Level and Tides

Due to long-vpercid tidal movements and to scasonal changes in metegrologic
comditions, i.e. the effects of the monsocn winds cn the shallew waters of the Gulf
of Thailand, the vearly vafiations in sea level alone the gulf arc relatively great.
In Songkla, roughly 60 cm, can he obscerved as these annual variations with the hichest
levels in November and Decerber and the lorsest in July and Aucust. The strencth and
duration of the ronsoons are not thessme every voar, sn the variations also differ
slightly frow year to yvear : for example, thce sca level vas excenticnally low in
1968

The tide in Songkle is sewi-~2iuznzl vith inegualities, 24t snring tide
the tidal range is approrirmatily 50 cr, and »t nean tide avvroximatily 2% om. The

dsily tidal volume (ebb+flow) is in the ovder of 70 - 110 million m°. Inlend, the

tidal range is some 10 - 18 cm. At Ban Laer Chak, 6 - 10 corm at Pakx Phayvun and




3-%1 cm. at Ban Thin. The daily tidal wolwre (ebb+flow) at Fan Lacr Chek is in
‘s 3 .. . .

the order of 10 -~ 20 miliion m The annual variations in sea level, even if,

the variations of only 2 fev deyc'duration are clowely followed by the lake with

meye or less evenoration depending on the dizteances from Sonakla,

It is notified thet only in tha r-innv scason (Moverher - Jenuary) is

the water level of Lake Sonckla higher than the ses level due to runoff.

46.5 Lake Songklo and their surroundings

Generally, the lrske are all very shallow =nd flat beottomed, except a
natural channel running fror Soncgkla Horth alono ¥n Yo to Ban Lasm Chak there are
no channels in the lake. The depth of this channel is 7 to 8 m  at “ongkla and
3% m at Ko Yo, but further north the depth decreases cuickly to l% m. *n the
morthern shore of Thale fav Songkla, the depth in the channcl decreasas further
to epproximately 1 m. and then suddenly increases to 12.m just before Ban Laem
Chak. The paximum depth is approximatily 7 r can be observed at Dan Laem Chak,
Xlong Luang is deepr from Ban Laer Chak te Pak Thavun with the maximum depths from

7 to 10m, but Ao Tong Ben is shallow (1 to 3 m in the deepest perts).

In a2 short survey the following depths vere cbserved for Lake Sonckla

Thale Sap (outside the channel) 1,0 - 1.3 m. ML
Thale Se&p . 1.3~ 1.7 m. MSL
between Laer ¥hu Ls and Laer Chone Thanon 1.7 ~ 2.0 m, ¥SL
Thale Luang 2.0 - 2.4 m. MSL
Thale Noi _ 1.0 - 1,3 m. ML

The land immediately surroundinc the lakes is verv flat and larne
parts of it are inundatz every vear duving ihvember and Decerber. The lowest
partz are situated in the north betwesen Man Thele Meoi and the Panot irregation
scheme and in the sovuth near Tan Laem. Most of the villares around the lake
are situated above 2.25 r, fror MSL. An imrortant nurder is situated between
0.50 m, 2néd 0,75 m. ebove ML, and & small nurber is situated between 0.25 m.

and £.50 m. a2bove MSL.
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It can be found that the yearly floo@ levels are hicﬁest in the northern
part of the lakes, of about 0.8 m. to 1.4 m. zkove MiL., and some 30 to 50 cm.
lower at Ban Laem Chak.

Tue bottom, everywhere, of Daxe fonckla consists of fairly thick soft
unconslidated layers of clavev or silty raterizl, Tt is found bv boring at the
pumping station of the Fanot ivvegation scheme on the northern shore of Thale
Luang that soft silts and clavs -o vouchly &8 r. below ML and stiff clays to at

least 19 m, below MSL (at which ¢evth the horings were terminated) can be observed.
46 .6 Runoff

Due to short peroid prelionary study, an available limited number of
data about monthly and annual rinoff from various klengs on the catchment cf the
lake are shown in Tekle & . Table PL/4 summarized averacge annval runoff, size of

catchments and runoff coefficients of the main streams.

It is clearly that tha hichest amounts of rainfall rost likely occur
in the catchment of Xlong Hua Von, the castern slomes of “hao Mok Ra and Khao
Luang, the highest peaks in the mountain ranga. To a lescer oxtant this also

aprlied to Klong Rattapum,

NEDECO consultants tried to correlate, crshically, everags annual
rainfall to average annual runoff bzsed on the results of discharge measurerents
carried out by the Royal Irrigation Department (RID) at Pan Laem Chak using the
fall between Pak Phayun and_v/Rlé as naremeters {where V is the average velocity
in the cross section and R is the aydralic radius). The fairly straight kines
cna be drawn throuch the points renrcsznting the years 1265, 196£ and 1968, The
year 1967, howewer, shows a relativ=ly ruch “icher runoff. This iz »orily due to
the abnormal high rainfall,

Average totesl amoun of cnnual runeff to Lake Sontkla ray be roughly
estimated bt Rational formula. Vith the eversil cetchment of 2bout 8,691.20 km2
measured graphically from the hichest contour, the hounderies of the catchrent of
Lake Songkla to the lake shore /s showvm in Tiqurez., and the annual average

e
approximately million m~ per year, upon sittinc the runoff enafficient to be.
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According to tha Hahour Denmartment, it was repcrted thet the total
annual water discharse in 1973 wag 12,045 rmillion m; with the currcnt reange Ffrom
0 - 2,545 t3 rer second. Toscther 'ith this opeed and volurs, thae water carries
as hich as 1,334,920 tong of silt per annue with ~n saveracoe of 3,457 tons ner day
into the¢ zea. won understanding the rrocesz could enofmously help in delaying
the filling ur of the lakr so, any tyre of fevalovment that lecks the flow would
rasult in shallownees in the Fasin. The availakle dota show thet the racerse
flow from tha oben sea into the lake can he chkserved in March, June, Septerber
and October wiht the ficuran of 2, 04 ; 1%4 ; 1,328 »nd 258 rillion m3 respaectively.
This indicates that an inflow weoulition fror the vatershed sraz during these months
should be performed to countar beolance the reverse flow in orvder to prevent the
amount silt trenswort of 92,644 tons into the lake, since the amount has been carried

-

into the leke with the said reversc flow

46,7 Litursture Survey

46.7.1 Community “fastes
A6.7.1.1 Prasepnt Corditions

The Leke Sonckla basin located in close proximity to

Sonckla, and Headyai municipal s#res., It functions as a
rejor drainzcn outlet, ngricutural rusourches, supoort hase
for agricutural and induatrial develorment and as the medium

for extensive eouaculture and fishing industry,

The basin is rounded on the north and cast by Songkla ;
dn the south bv Haadvai ; ond on tho north and west by
Phatthalung respactively. Tte onl ~utlot is the short

arrow cheanel at “onckla vhich Joins the Gulf of Siam

-

46.7.1.2 rTorulation

Limpadanii {1977) remortzd thec there 2re 4,500 femilies

(anrroximately) that reside on Lake Songklea's shore and about
150,000 shorininzl peorle 2round the lake,

These shoreline residents grestest derendence on the lake
is for its snirmal protein weinly in the zubsistence cateqory

with &.000 tong of catch por annum used to be obsarved,
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In fact, there are small revers cr'"klonca" nurcrously in the
catchrent area of Lake %ounckla, say, rore then 2 hundred klong.
Most of thege Klon: usually src joined toocthar to hecomse the largerx
onz vhich discharae runc®f snfar and all pollution wastewatsr into the
lake (Figure 2). Eenco, the maorle gigtribution in Songkla, Haadyei,
Phatthalung and the remsined crichemnt srea of the lake would be
racognized cspeci=lliv corvmmity ~nd Leczl covernment arna which have
their locality near »r the Lleags, 7hane cormunitins are considered

3

as the sourcas of dorertic arnd indnetrial water mollution which impact
the lrke's anvirenrent ‘nfluenily, -nd they would be neccessary to de
their cage studiass zhout the nelluticn lesding survey, vovulation

enquivalent to BOD valve and other nrodorinant parameters hzlp in

-

agsessroent of pollutior loads Tron woricus cources.

Takle 52 shor the porulaticn in ~nd out municipal areez of
Songkla, Headyai and Ssdao, The cansus o the arcea vas conducted
dufinq 19€4d to 1975. 7The total vorulaticn of Handyai and Songkla
municipal area amounted te 32,805 and 57,908 respoctivily, vhich
respresented 41 and 60 narcent increare over the 1264 record popustion
of 44,513 for Haadvai ~nd 35,277 for Sonﬁkln wunicinal'arga with an
average annual crowth rate af about 2.8 and 3 nercent respectively.
The total ponulation of Sonalls ind Headval at the veesr 1575 amounted
to 748,233 and 200,980 vith copulation concentretion of 112.14 and
176 .09 parcons per squazae diloreter resnectively., It iz understoed
that an average annual crovth rete of nonulation increasc during 1976
to 1981 is about ‘3,12 [orcent and durine 1981lto 1291 is about 2.27
percent 23 shown in dotiale ir Table 53 mrediction of populatioh arowth
in Songkla. ™e latest czasus of Zonckls hag not conducted during
1979, at the tresent., E-~vowver, ttestld ke eypocted from Teble 53 that

the total epdutaticon 2t that {ive asmcunt to 2.8 rillion,

Tha lastact censue of Thatthzlone van conducted during 1978,
It was found that the total “atution srounted te 392,095, with an
average annuel arovih rate o7 2,8 Lorcont over the five-yoar peroid,
This rete is then apelic? to tie 1978 consus to dorive the 1879

population cf sbout 403,275, In nrief, it is estirated that there

o

are rore then 1.2 million pearle, the tetrl vopulation of woth

Songkla and Phatthalune aride in the encloned ares of the lake,




the ropulation distribution at varicus lecalitice which licated
nearby the smell rivers cr canals 2s shown in dotials in Figure
50 for the yesident distribution nearby ¥long U - tTepac, Xlong
Lempum and Xlong Ranct. Therme datn arc very uﬁful.for the case
study a5 the ~spect ¢f veter mollution lerdine nsszzzraont to the
1:zke.

4€.7.2 Vater Supply

According te comprohensive watsy cuality monngement olen for Leke
Songkla, considerstion must be agiven to weter risources dovelormont, weter
supely and water utilization, B&ny develooment »f the aren shouléd cleoscly tied
to the availability of hiah guzlity woter to the ocbnomics involves. Surface
end ground water sourczs are diminished and preferable in rmuniciral areas of
Haadvai, Scnoklzs Fhatthelung and Raneot, tho surplies from current scurces tend
to be limited loss by evaporation cormounted to 700 millinn m3 neor vear with the
lake capacity of sbeut 1,500 mdllion 53. The mass hRalance o f vater in and
out of Lakc Scngkla shovs that the sorce ameount of geswator £low into the lake with
the quantity, probably, slightly lezs than the irrigatinon demand becausa of some
amount of underground water flowe in o the l=ke, It is alss, found that, the
runoff water carriec the huge in cuantity of =susvended s-lids ot the rate of 1,334,925
tong per year or nearly 0.3 nillion m3 vor year which sediment portizlly on the
1ake bottom4. As twe of the resulte, the aszlinity of the lske water tends to in-
crease while ovarall capascity of the loka tends tc dacrensc in Iuture, in the future
bacaﬁSe of their populestion and industrial crowth, Irrigaticn waier, althcugh
seemingly in abundancc, may be saverelv restricted if the lake is te be utilized
as a mejor source dorestic and industrinl rpurpnsas. HNachisnomei {1978)3 ccncluded
that there were © irricaticn projects in the cetchrant aren of the lake, eight-
ninth vere the irrigsation kv dems and the remaining cne, the Ranct irrigaticn project.
purposed to irrigate by pumeing lake vater @irectly with an ~wcunt of 56.2 million
m3 wer year for servicing arza of =bh-ut €5,000 rai {12.4 sounrye “iloretar). Overall
orojects domanded hoth runcff and Lake water with average <f 358.82 million m3 per

1

year to sarve 368,500 rai (58,96 scusre kilopeter) as the culturesl croe while -

. . Ly q 3
averall runcff water dizchrraed to the lake was estimated o Fe 1,800 millicon m

par yz2ar, the lake surface
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The temperature of the Qater in Songkle Lake, like in any other
tropical low 1and‘water, has veen measured throughout the year and the
range was between 25.0 to 22,5 OC. No considerzble fluctuation of tempera=
ture has beend found. Therefore, the temper-ture is not a limiting factor
in the ecological distribution of the lake's organisms. The salinity
regrime in Songkls Lake is one of the most impertant limiting factors for
aguatic life, Normelly the sclirity flvctuates =1l the year round. Annual
average of salinity in the northern beasin range 0«8 ppt., while in the southern
basin 16~28 ppt. The change 1s very well known as for years it has been
observed continerously from 1965 to 1971 by The Songkla Fishery Station.
Nutrients, in so far as the survey has been reviewed, the assessment of the
nutrient cyeles ir this like has been carried out. Therefore the nutrient
budget is unknown, It is recommended that the nutrient that the nutrient
cycles and budget of Songkls Lake should be carried out as soon as posible
since the nutrients are very important limiting factors for its autochthonous

preduction .
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Oimocha” (1275) cencluded skout the irrigation projoets which have the
service areas in Scnukla ané Haadyai as shetn in Tsble PL/4 zlzo shevn the location
of these irrigation projects which four.cf ther should be bLriefly discriked as

follows :

46,7.2.1 Xlone 7ad irxrigation wroject Mecording to Vigure 58 Ulonn
Yadls sourco is an.the mountain arce name:d Mzkornsithamerat,
the vesthern aves of lHaadvai, Tts catchment arza baain at
Tarbol ¥haun Lane to Xlons U - Torao throujh the distance of
chout 10 kilowmeter:. The »roioct consists of two sections,
first, ¥long "ad ¢ari. The eoncreota dam has 2.5 reter height
and 32 meter Wwidth; with the thre»=3 retur wide onte at the
rmiddle ~f the dor.

‘Tho second part of the <roject is the irrication system
comprisas twe main canals which serve for th.: agricultural
arca of about 4% wo.km.  The avernge veariv wetor runff and
average rainfell are found to ke 9,770,000 m3 Aurinea 1953 -
1871 and 2,263,544 millimeters ror vear during -967 - 1975,'
fesnectivnly. Hewawer, information about the ficure of the
catchment area iz net availebla.

¥6.7.2.2 cChamuong irrigation snd Chapucng irrigation extension project.

Both ~f the pmjects are onmeleted and they nurnose to serve
the acricultural rree of 120.48 sq. kr. for the pecple that
reside on both Klona Pattaohwr banks by the concrete dam of

3 meter height and 30 meter width on the ¥rlng Racthavhum at
lath kiloreter fror Xhuenniang - Ratthavhws ~ Sztul high way
Bnd Khoqchang, Amphur Ratthaphum, Based on the data in Table
PL/A énd Figure 35 the average yearly runoff ucter and zverage
rainfall are found tc be 158,76363 ¥ 10° 5’ during 1967 - 1977
and 1567.33 millimeters during 1271 - 1977 respectively with -
the catchment area ~f 272 svuars Xilometers., Calculation on
the available data shows the figurer ¢f =bcut 0.312% as runoff
coéfficient,'c which ie maerit for estinmnitinT overage rrnoff

by Ratjional formula.

4.7.2.3 Panot irrigation nroiect The nroject comrrahens on both Ranot

purping statlcn and irrecation syvster, The f£irst one is
purenged for pumping the lake wrter and diccharge to the

ftrriqgation system, The station is lecated nearhy the lake's
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shore 2t Ran Huakh2, 1 kilimeter westhern from function of
“long Takria to the lake. The intake station includes with
1C units ~f 36 inchus in diamcter for =uction Tines with the
total discharqa capacity of =2bout 56.2 millien m3 per yearl.
The 2wming watcexr then dischares te the irricgation system
cormrise rain and subsidar canals serve for 184 sguare

Eilomotar as cutur~l arca.

46.7.3 Scurces of Communlity "astes

No dezte arc avoeilabdle on velurme o f oowrye and scwance characteristecs
in all comrunities in catchrent arca ~f Lake Sonskla. &ince there ~ra no commu-
nities in the basin that iave centralized crlluction svstems, except the large
municinal areas. Asscssrunt of the voint sourcs vasteloads within all communities
nreferably, be done by studies conduct throuchout the celected communities. For
the vrupcses of thes: studies, thoe rer canita p~lluti~n l~2d contribution from
the more feveloped and highly-urbenizod® areas woul? be established, According
tc pulcusness nf Haa'vai, Songkla and Phatthalung municinitality are silected
for the case studias., Similarly t~ the highly-urkbanized arcas, the population
equivalent tn pollution load frr the low-urbanizecd areas cnuld be found by the
case gtudies. Tt is unfortunate that most of the residents reside ncarby
various "Klongs" or.small rivers have their househnlds vith sanitary facilities
include units with septic tanks and sealed tanks without centrslized cnllection,
and some of these facilities discharae directly to the klona., Overmore, some of
households with unsanitery facilities include only nrivy withrut anythings, and
discharge imrediately without anvtreatment tn the kleng. So the wasteloads
assessment may be only done by examining water guality upctresm and downstream
nf the delected locatitias along the banka of the klong. Denending on limited
data snurce, at the present, only Kleng U - Tzpao is selected for the case study
finding the per cazpit> pollution load eontrivuticn fror the lew-urbanized arcas.
The results »f community nelluticn lradine survev arce ! aged on liturature surveys
an@ field surveys which may be incommleted becouse ~f er-nstraing nf manpoawer,
material availability and the time elemant, hovaver, they preferably present as
£o1lows ¢

46.7,3.1 Sanitary Wastes in Haadyal

Haadyal Municiprlity is thiz commercial junction of the

south, JAmrchur Haadyai itself is th

(0]

largest of the ten

ir
amphur of Songkla Province. It is a centre of tourism,

]

commerce and industry. Haadvai nlso play the important role
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in &ﬁlluti5n thné U - Tars-, 2nd Leke Seonckla,  Porticularly,
¥l U = Tepeoy, the moin sercam ~f Haadvei, is now anxicusly
contaminata? and nrafornbly sav b b7 hoevily nellutad in dry
seas~nt,  Kloag U - Tanen Sl-vs from thoe meuntein ~f Malavsia
at Aﬁphur Cedae and rasgas thy vigh meny wvillaces Yefnro traversy
HEaadvzi Municinzlity 2nd then nreeadine te Lelke Congkla, It
is a dwping nlace “or Hasdvai tunicipalitv f£or all tyoes of
vagtes inclufing &~ 1id vasts and wretsocter frop compunity and
industrisl sonrces withrut onv treotrent.,

' The cowmunity sanitary rastos include commercial and
domestic waste. Haadvai Mucicirality iteelf has 2 population
at about 87,200 in 1977 and is expected to reach 114,200 by
1882, The municinal area include about 8 scuar Kilimeters,
Community sanitary wvastes not only come from Haadwal Munici-
walitv, iut also fror the many villaces of the =ight Tamhols
of Imrhur Raadvai, wvhich are situated alonag Loth sides of
Xlona U - Tapao.

Nad:iangmaiB (1977} revortaed that there 2 rarkets, 43
tiotels, 208 restaurants, 8 saloons, B harbershers, 5 niqht—
cluws, 6 turkiszt beth houses, & theétres, 5 heswitals, etc,
tocether with 27,200 =neesle which drain or dump dirnctly and
indirectly at wnder the bridge of Klong U - Tarac and at Klong
Toey; the subsidi%r?\o? “ions U ~ Tarao which jein together
at Tambol Klong Haze, shout 3 kilcreters te the north of Haadyal
Municipality. (Fiqur? 58 zshevrs in the mar of Faadvai.,

Phanr&_‘-tana.phaitoong et,al [197¢}) studied about ﬁatgr
nollution asséssment of Hasdyal Muanicipzlitvy., Their study
disclosad that the B,7.0 index cf 50 Xee per vaar by the ner
covnita sanitary wiste loding ztandard of the Ministry of
haalth for cevery 1,200 vorsons var veer of the growth of
vaste~producing inhabitante, could ko eymected. However,
the per Cafita sanitery weste lcad contribution from Headyal
Municipality directly vas noet estellished, The principal
;ﬁurpose.of the study was the zp;rebénsion of water gualities
in Klong U ~ Tacac, ur ind ﬂcvnA?treaw at the urhanized area.
Thae wory was made by five c;llaéticnz of watar sarple from

three differont stations 2long the ~“treew within five months
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from Septerber 1976 to February 1277. the rainy season of
that year. WVarious paramaters were concerned and the resulte

were shown in Table 6%. 7.

Sewerage and Drainate

Sewweage syeter @ Taadyai has nn central cublic severage

system at present tut Aencnds on weing of cesspbools or septic
tanks serving individuzl Suwildings, In the future & nuwblec
soveraga syster will likelr M. nocessary in this area where
the extend of crow+h results in : totsl volure of waste which
exceeds the leaching capacityv of tihe ground.

Tahle 36 shous nurker of watcr seal privies at selected
Tambols along Klong U - Tapan. The data is notified that the
peorle to privy ratios of all Tambols, excent Haadyal Munici-
ralitv, are very lov and vary frorm 70 to 2589, so the community
waste eatimation, likely be @ifficult. It is understand that
the waste assessment mev be done casily by assessment of
pollution load in thz stroam throuch that corrunity because

of limitation of alternatur m:thods,

Solid Waste,

Carbaga collecting servioe ig oroviding by the municipal
for the entire municipal area. The refuse is haulded to an
open dump about 8 kilimeters west from the city. It is burned
in the open air. nlso, 2dditional solid waste from commercial
and domestic sources arz dumped into the klong and some is
dumpcd on the land . During floodinc, plastic bags, rubbish,
etec, are recadlly risible in ¥longo ' - Tarac,

Sanitary Wastes in Sonokla

only six-scventeenth tamhols of Arphur Muang the highly
urbanizeé 2re- in fonekla play the imcortance role as pollu-

tion saurces for L=kc “onckla. These eix Tambols are include

Gonrkla Municipality., The ncopls vho live around the lake

consist of about 13,300 farilies cororice about 400,5900 and
700 families in Thale Noi, the upper zone and the lower zone -
of Laka Scngkla reznectiwely. Fisheries is the most important
cccupation, totaling sbout 7,700 frpilias, with 3,500 families
in the ueprer zcne, 4,500 farilies in the lower zone, and 200

‘o .3
fzmilies at Thals Noi
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‘ongklz Municipality itsclf has 2 mopulation of about
57,473 peorle wvith an zrea of 6.7 scuar: kilometer Ko Yo,
an island famous for Thai s3ilk has 2 population of about
3,699, KXo Yo in tha futur:, after the bridge construction is
finishad, is exbected to éavelor into an important tourist
attracticen. TPishing village cround Lake fonckla include Xe Yo,

Hua Kua, “eting Mo, Pavong, and Nao Poswchang

£mall and large shins, bout 40C to 503/8ay are freguent
at the hzrbor. 0il nellution can e obscerved at places of
docking and berthing shirs vhich rclease oil in the vacinity
include both fishing boats and tanker and other commercial
ships. However, oil pollution is not yct serious in this
rogion, tut could be in tha future e shipping or port con-
struction or industrializaticn Jrow unless nrover contrils

are inplerented.

46.7.3.2.) Scverage and Draingoe System

Like practically Hasdvai Municirality, Songkla
Municipality has ne niklic sewerace system at pre-
sent but d@rends cn use of cecspools or sentic
+anks serving indivﬁdual hukidings. Recause the
soils =rz roaconaly permeable znd the ground irater
levels ara net clc3e to the surface, this system
hag perfarmed reasonavly satesfactorily in the part

t can be eypocted Lo we used indefinatily except
for the kuilt-ur orer~ ¢f the citv includinq the
Jusiness section vhoere, sconer or later, a public
sevcrncs cvetom will ho nead to raintzin minimum
dnvironrental chanlincse, Ps mentioned sbove,; many
building along tha 1ake shore (Nokorn Nork Road)
do not have anv cecsnools or septie tanks? Thay

have dischareoed wastas to the laske for many years.

Sfonckla municipal area is drained hy Klong Kwang,

2 naturasl stresm running throuch the town, and then

discharas tc the lake,
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30lid Waste Collection and Disnosal System

T™e rangc of domestec =olid waste waight
genarated per person rer day usually lies between
250 and 1000 grams, gcnsrelly, and density veries
from 100 - 600 kg/m‘ ith the wvolurc eof % to 10

liters/rerson-dmy of the 30lid vartes could be

aspected.

The mein constituents of dorantic solid wastes

vary afg followslo.

eqgotable-putrescrible mettc 20-7% %
Inaexrt rmatter 5-40 %
Paper =60 %
Glase 0-10 %
Metals O-1b %

It is unfortunstcly that ther: ~re no data
aveilzble about the solid waste characteristice
in both Sonckla nnd Fradai areas, then thev o2ro
likely, assumed to £all with in the zbove mentioned
rangas. The method of cellection and disposal of

solid wastes may be doscriked ss follov :

Sonckls runicirality has ahout 85 struts
with a teotal lenoth cf siout 48 kilircters from
which the selid vasts aava to be cellacted. There
are obout 5 zide-loaded truckes working in 5 zones
in tha runicipval arcs ; onc truck work ketween
3~11 ar, while the othar three work betveen 6 on.
to 3 rr, disly with one iprre truck for additionzl
cnllection of solid rastces denesited in the storm
severs, The oollaction efficincy sear: o o as

low 28 in Headvel municirelity mo the litters of

wasetes a2re still rrecont in moct rlaces.

Aftor colluction, the "ravitet ~re thon disncsed
of by open dummine =and dally krurning 2t a site on
the Songkla Leke shore wost ot the city. Tt iz

different from the diznorgal of =zelid westes in
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in Phatthalung,

Industriai Vms

fimadyvai, which are disposed of bv onen duming and

da2ily burning on an z2zea of cver 400 rai. 8 km.
southwaeot of the town, Due to the'topoqranhy and .
distancae of thia‘open durr, tha chance of its con=-
taminaotien er oo sing sdverae offgcts to Klong U -

Tapac and the teim is erpected to be minimum.

Contrret with shewve mention, the snlid vnstoes

disposal. in Sondi:la f= net considered hvaienic

a

becaﬂse bachztaz from thn oren dure Generatsd Auring
the wet scason o n ersily find their way into the
lake, lIt.vas reported that the leschates in =ome
location such = in the nited Stete were found to

contzin hich concentrations of towxie materinls end

enteric orcanisms. Th> contents of BON of as high

as about 3,309 i/l hav: been reportzd along »iht

heavy netal? Such_as Zinc (¢ to 370 rg/l), cnoper

{0=-2.S¢ wg/L} and lead (as hioch as ﬂhout 23 wr/l) O.

Thuz, the discharce of selid we sstec leachate into

Leke Sonckle nresent a possible threst to the aqustie
lives and humen-keing, .Noorover, the cven durr is not
desirablé fron the acsthetic view moint becnuse it cen
cousa un51,Hblinéss‘ind offensive cdeur to the residents
near thet sroa. It i rocommendz# thot another fab ot

far away f£rom the loke chora, mda for nvwzy from community
be considered ag z disposal site for the solid vaztes, or
the presert'opes durp nrea shonld be converted te sanitary
1landfill with »nrovisicn of » "reger dvaincge system for

div.rgence of the le »ta eenoreted sway Sfrom the leke.

toevater

Limited ~vailable inforrations for industrizl surver =n@ claseificotion
Sontkla and 2nd Haadyzi sre shawn in Trkle 57 & /A, Fiquie 50 shcws

distributicn of industries in the catchrent ~vo- of Leke Sangkls,
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According to the available data, it is mention that only industrial

sources in Haadyai and Songkla are the main sources of industrial wastewater

dump to Lake Songkla and impact televantly to the lake environment,

The necessary discroption about these industrial sources in Phatthalung

Haadyai and Songkla may be written as follows :

46.7.4.1

16,7.4.2

Phatthalung : Refers to table 57 to 58, there are the total of
923 light industrial plants in Phatthalung, with 822 plants
are the rice mills, the major industry. Most of them are
small scale industrial plants, and are widely distributed in
community areas. Some of them located near the lake shore
and discharge the wastes dircctly to the lake but the environ-

mental impact due to their wastes seems to be no significant,

Haadyai : the major industries together with other pollution
sources in Haadyai which discharge their wastewaters into

Klong U -~ Tapao and XKlong Toey can be found in Table,

Munag Koa Roopchang, a tin mine in Amphur Sadac discharges
large quantity of its wastes into Klong U - Tapao upstream
from the Haadvai waterworks. The wastes contrain high concent-
rations of solids and silty particles which could impair the

water quality and ecology balance in Klong U -~ Tapao.

The wastewater from Nakornthip Co. Ltd., a soft drink
bottling factory, is produced in large volume daily and is
high in organic content. The discharge point of this waste-
water, which is partially treated by activated sludge process,
is about 200 meters upstream of the Haadyai waterworks posing
a potential treat to vfficiency of the water treatment pro-

cesses,

Two ice plants in Haadyai damp hot, oily and turbic
water into Klong U - Tapac at the rate of abut 50 m3/day
per plant. Two rubber processing plants also discharge
their wastewaters into the klong, while another larger rubber

processing plant, discharge its wastewater into Klong Toey
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nearby with the rate of 3,270 m3 per. day, and the water is
recycled three times prior disposal without treatment.

The wastewateractually, contain dirt mud, sand, tree bark
and rubber bite which cause serious pollution to Klong Toey.

There is one alcohol distillery, the Alcochel Distillation
Co. Ltd., located ot Haadyal, discharges its partially treated
wastewater of about 20 m3 per day containing mostly molasses
and aleohol into ¥leng U - Tapao.

At the present, there are about 349 factories of various
types and sizes in Songkla province, of which approximatilly
30 percent are rice mills, 3.4 rpercent are fesh processing
factories, 0.06.percent are mines, 1.8 percent are rubber
processing factories and 35.26 pércent are miscellaneous.
Details are shown in Table 59. Among various pollution
sources, the fish mills at Klong Phawong are considered to be
the source yield highly strength pollution in the huge quantity
to that klong., The water guality analysis found that Klong
Phawong is completily contaminated by wastewaters from the
factories and is sereiely poliuted in dry season, Some infor-
mation about water gquality in the klong will be found and dis-
cussed later, The-treatment provided is a series of 3 ponds

which did not seem to operate properly,

Songkls Fish processing and cold storage factories are the

major industries in Scngkla which create poliution to Lake
Songkla, as shown in Table 63. There are presoently about

400 - 500 small and large fishing boats catching fishes, shrimps,
squids, crabs ahd clams in the deep sea, Lake Songkla and its
nearshore area. The most polluted part of Lake Songkla is on
the shoreline of Songkla municipality where various pollution
sources such ac the fish markets, ¥ishery dwarfs, cold storage
factories, gascline stations, piers for commercial and fishing
boats and houses arc located. O0il pollution problem is rather
sever at the piers and anchcrages due to discharges and spill of

oil from the boats,



Table PL/5 Wastewaters in Haadvai Area*

Progress Report on Preliminary Tourism Development Study of Songkla

Haadyai, TOT : Bangkeck (1979)

Sources of wastewater

Quantity and characteristics
of wastcwater

1.

2,

10.

11,

Tin Mining at Amphur Sadao
Nakornthip Co., Ltd, Ban Phru

B.U. Commercial, Pholphichi
Road, **

Sinn Thai Tin B. Rubber Co., Ltd.,
Sakorn Mongkol Road#*¥*

Teck Bee Hang, Petchakasem Road

{Discharge to klonc Toey) ****

Solid wastes from Haadyai muni-~

cipality and domestic

Wastewater from Haadyai minici«
pality, with 2 main public sewers

Two ice plants :
Prathan Cold Storage Co., Ltd, and
Watanasin Co,, Ltd.

Haadvai Alcohol Distillation Co,,
Ltad,

Sawing factory, Pholphichi Road

Haadyai waterworkdkr®* s+

Turbid water and some minerals dissolved
Washing water and organic wastewater

252 m3/day washing water (pH 6,95,

BOD 117 mg/1, COD 375 mg/1, ss 368 mg/1)

1360 m3/day washing water (pH 7, BOD
153 mg/1l, ss 144 mg/1)

2450 ma/day ¥ashing water (pH 7.01,

EODS 134.5 mg/1l, COD 479 mg/l, ss 584.4 mg/l

Sewage from markets, hotels housing,

industries.

Sewage from markets, hotels housing,

industries.

750 ms/day (coolinag water, oil turbid

water

720 m3/day (Klong U - Tapaoc become seriously
turbid and odourcus.) Foam can be observed
at least 2 kilometers downstream,

Offensive odour can be detected at least

10 kilometers away ; etc.)
bumping solid waste from processing

drain highly turbid water from sedimentatoon
tanks and water sand filters which comprise
alum and calcium oxide, directly to Klong

7 - Tapao



Sources of Wastewater

Wastewater Quantity
m3/day

1) Thai Marine Food Co.Ltd 3,000 cu.m/day
2) fthai Seri Cold Storage Co.Ltd. 32,000 cu.m/day
3) Pand N.S5. associate Co. Ltd. Cil
(Gas Station)
4) Fishery dwarf, Fishery Department 5,000 cu.m/day
5} Commercial ships and boat at least 400-500 ships/day
8) Solids wastes from Songkla No Record
municipality
7) Waste water from Songkla No Record
municipality {(includes mardet,
domestic and business zone)
8) Koyoc : 3,699 people No Record
9) Tambol HuaKoa ; 9,894 people No Record
* Narong Na Chiangmai (1977)3
** Udsanangkornchai, J,, and Khaw neam D. (1979)11
kkk Pudthiphairoj, Pisit (1977)12
*ok ok Pinijchai, S., and Chatchawan. V. (1979)13
xhk ki |

Eield suxrvey by the research grocup.



47. Results and Discussion

47.1 Water Qualities of Selected Main Streams

Non-living water resources of Lake Songkla watershed include smail
rivers or "klongs” and ground water in addition to the lake water itself, Data
on the exact number of streams and their flows are not available although the

RID has gauging records of a few important ones,

From the best available map, ¢leven major streams may be seem as show

in Figure 265, to drain into lLake Songkla as follows

a} To Thale Noi
l. Klong Pa Phavor {tc the mangrove area north)
2. Klong Tha Nae (through Amphur Khuan Khanun)
3. Klong Mae Toey

b) To Thale Luang
4, Klong Yai (through Ihatthalung)
5. Klong Hua Mon (through Ban Lam Pam)
6. Klong Tha Madua (through Amphur Kao Chaison)

¢) To Thale Sap
7. Klong Pa Bon and Klong Loet
8., Klong Long
9. Klong Phru Pho

d) To Thale Sap Songkla
10. Klong Xao Yai (through Amphur PRattapum)
11, Klong U - Tapac (through Amphur Haadyai)

According to the significant figuros of runoff and population distri-
bution , Xlong U - Tapao through Hzadyai municipality and klongs through Phatthalung
municipality are selected for the case study of pollution loading assessment.

Partial study on water gqualities of water at Lake Scngkla shore near Songkla munici-
pality and water of Klong Phawong, the fish mill zone of Songkla are also carried
out., Methods of the study are described oriefly here and the details can be found

in the methodological section of this report. The results of study may be devided
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into three parts according to Songkla , Haadyal and Phatthalung municipality res-

pectively and, they are presented and are discussed breifly as follcws :

47.2 Water Quality at Klonuas Fhrough Phatthalung Municipality.

There are two upstreams on the west of the municipal area, the main
stream is Klong Tha Khae, the remaining is & short stream with the\name is not
available. These klonugs are Jjoined touether at the central area of the munici-
pality, receive all most domestic, commercial and some amount industrial wastewaters.
The combined down stream called Xlong Thuean Rae flow to the east of the town there
meet Klong Lam Pam and Klong Tha Fho at Terbol Lom Pam before discharce the waste-

waters to Thale Luang.

The partial municipal wastevater, also, discharge to the rice field,
the easthern of the town and then are drained o the lower part of Xlong San at

Tambol Khuan Thop before icining with Klong Khuan Rae.

Kleng Lam Tam is likely considered as the largest source of diluted
water for the wastewater., It is noticeable ns the lower part of ¥long Hua Mon,

one of the most important klonyg on Lake Sciugkla catchment®,

BOD : It is obvious that the BCOD values of the downstream is signi-
fucabtkt high at the station P.4, the welr at ¥huan Thop with the figures of 19,2
mg/l in April and 8.2 mg/l in ﬁarch, This is possible because partial wastes from
the markets and commercial areas in Phatthalung municipality are discharges directly
to Klong San with the dilution by small amount of water in that klong because of
dry season peroid. BOD, alsc sums to be too low with the average figures of 6,2
ng/l for the two months, it may be, due te a large amount of diluted water by Klong
Tha Khae., The water qualities of Xlong Tha Khae itself, show ac much as 2.65 my/l
BOD at station P.6, the bridge at Tambcl Tha Khae, {Table 65 - &&))

The BOD values in all stations for the percid are recorded to be not
more than 6 mg/l, the lowest level of the heavily polluted watzr according WHO

standard, except for station 4, the range from 12.2 to 8.3 mg/l
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BOD indicated severely the bad quality of water which have no suitable for small
aquatic lifes, It is also found that thers are the gas bubbles appear along Klong
Khuan Rae and the lower part of Klong San between station P.4 to P.2 and P.3 to

P.2 respectively, espectially at station P.2., It is understanded that large amount
of organic matters are deposited at the bottom of these streams, and the organic
decomposition by anacrobic bacteria, should, therefore, be expected to be Quite
high,

According to Figure 62 BOD values along up and downstreams through
thatthalung municipality, it is clearly that the water qualities are contaminaled
by the municipal wastes. Increasira BOD between station P.5 and P.4 is roughly
90 % in April., The BOD values are reduced by the self purification of the klong
along the downstream distance, and is found to be reduced to about 33 % and 6 %
in the summer, March and Epril respectively. Then all polluted downstreams are
effectively diluted by large guantity of water in Klong Lam Pam which BOD values
are reduced to be about 17 % and 39 % of the values at station P.4 for March and
April respectively. The dotted lines represent the munical wastewater discharge
partially into the lower part of Klonag San. The volumetric flowrate of the total
downstreams measures at station .4 is found to be approximately 14,144 m3 per
day. With the amount of the flowrate, the total BOD load of 25,884 kg/day can be
expected from the municipality with the population of about 18,939
yields the per capita pollution load per hour of 13.86 or 14 g/capita-day. The
fiqures are quite low than 20 ¢/capita-day, thz standard of Department of Environ-
mental Health, Ministry of Health.

There are ofc ause, serious errors in the BOD measurements, So the
results of analysis should be used only in somecases of interpretations where
significant figures are not significant. It is reccommended that the BOD analysis
should be done at the same temperature of the sampling stream, which is about 30°C
instead of 25°C because 30°¢C is more suitable for the mitabotism of tropical bac-
teria than another one, yvielding the higher in BOD walues which are more closed wp

to the true values than the analysis at 25%¢

Briefly, the water gualities in all downstreams, is obviocusly polluted
by the municipal wastewater and are not suitble for water supply according to
the WHO standard for raw water. Any constructiong that reduce the water flowrate
cf the upper part of Klong Lam Fam will make the more deterioration of the water

gualities, Jhepn impact directly to the lake environnent,



131

Total alkalintiy and acidity : thal'alkalinity in the rang of 49 to
60 mg/l as Caco

3 which is abowve of 20 mg/l, the lowest limit for frechwater

aquatic ‘life and water supply according to .S.E.P.A. quality criteria for waterlS.

The acidity, generally, is found to be high throughout at station #,1: F.2 and P.4.

Nitrate and Phosphate : It is stressed that the figures of NO3-N and

P04-P are rather low and have less significant in interpretation,., In the point of

veiw of NO3—N along distance to downstreams of Phatthalung municipality as shows

in Fogire 63, it is clearly that the NO_-N in Klong Tha Khae is increased while it

3
passes throughout the town, The evidance of partial conversion of N02-N in fresh
wastewater at station F.4, to NO3-N along the downstreams is shown by reaching to

the maximum value of NO3-N at station P,2 and F.3, about 8 km along the downstreams

from station P.4, Then, NO_-N is apparantly decreased at Station P,1, the junction

. 3
of the downstreams and Klong Lam Pam because of dilution by the large amount of

water in that klong.

Figure €4, shows P04—P along distance to downstreams, It is doubted
about two abnormal highly points at station P,5 and P.3, however, the results in
April sums to be convincing data, Increasing of PO4-P between station F,5 and P.4
ofcause, due to the contamination of yeilding phosphorus from the community wastes.,
Increasing of P04~P between station P,4 and P.3 may be, due to the leaching phos-
phorous in theerice feild by wastewater and then drains into Klong San at station
- P.3. This understand is based on the assumption that some of chemical fertilizers

are used by the farmers in their in their rice cultivation.

The NO3-N and Pb4ﬁP at station ¥.l are obviously, drqped to some degree
while the chlorophyl content is quite high. This is may be due to conversion of

No3-N and PO4-P to energy and the growth with photosysthesis by phytoplankton and
algae. It is understand that the null contents of the chlorophyl at various stat~
ions P.4, P.3 and P.2 shownonavailability of photosynthesis because of thé stream

turbulence which retards the potosynthesis greatly.

The PO4—P and NOB-N contents in upstream at station P,5 and P.6 are
small and have less significant in interoretation, However, they indicate very
the conclusion that the land of watershed is generally, clean and unurbanized

area.
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Refers to Table 65 to 66 phosphorus to nitrogen ratic (F : N) can be
found approximately to be 1 : 10 at station P.5., This ratio is more closed up

to 1 : 5 than the P : N ratio of another stations. '

With the 1 : 5 as actual P : N ratic of natural fresh water according
to the standard of fresh Water quality Standard. and the lowest BOD value at
station P.5, it is reasonable to believe that the stream at that station is mostly

not contaminated by pollutants,

Up on the agreement, the water gualities at station P,5 are considered
to be the best and will be used as reference of the remaining stations in the

next studing peroid,

47.3 Water Quality at Klong U - Tapao through Haadyai Municipality

Little information is available on such subjects, it cannot as yet be
established definitively to which the pollution loads will be estimated, The
pollution loading assessment, therefore, be considered as very tentative. It has

only been made to allow a preliminary study of Klong U - Tapao's water qualities.

According to Nachiangmai3 (1977), the water qualities of the klong are
studied and reported as shown in Table 69, The water qualities analysis are made
by collection of water sample from six different positions along the stream within
two months from May, 1977 to June, 1277, The samples are collected and examined
in laboratory to test the various parameters, however, BOD, phosphate, cholride and

nitrate content are not involved,

DO : Based on the available data in Tahle 67 to &9, plotting of DO versus
up and downstream distance of Klong U ~ Tapao through Haadyai municipality. The DO
in the stream is generally acceptable at station U.l, the upstream station of the
municipal area, then decrecases along the stream distance. DO values of station O, IP
and B are found to be 5.7, 4.9 and £.5 mg/l respectively. It is obvious that Do is
droped repidly at station DP., the downstream of the town, due to the discharge of
Haadyai municipal wastewater and thc wastewater from Haadyai Alcohol Distillation
Co. Ltd., then, the DO sums to be gradually increased at station RB, the station

at railway bridge across Klong U - Tapao, about 3 kilometers south of the town.
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According to the guality criteria for water of the U.8., Environmental
Protection Agency and the standard of receiving water which is suitable for aquatic
life as shown in Table 70 and 71, It is reasonable to report that the downstream
is heavily polluted with the DO below than 2 mg/l, the minimum value allows for
gquatic life, while the upstream at the station IP and E are considered to be
contaminated because of their DO values are lower than 5 mg/l, the minimum value
allows to maintain good fish populations. The serious consideration of the capability

of the self purification of the klong should be established,

Hutrients : Only Noa ~N wvalues at various stations are plotted versus
the up and downstream distance along the klong as show in Figure 66, It is cleared

that the N03-N at various stations are obviously higher than the ')_~N values of

the streams through cut vhatthalung municipality as deseribed in th: section 8.2.
With the N03~N values are more than 10 mg/l, the maximum aliowance for water supply
according to the criteria for water of L.8.E.P.A,, it i3 recommended that the raw
water in the klong is not suitable for water suply purpese without any necessary
pPretreatment to reduce degres of the pollufion. Morever, comparision with the
industrial wastewater standard of Ministry of Industry as shown in Table 916, with
N03-N values are more than 1.0 mg/1l; the maximum allowance for polluted water, the

water of Klong U - Tapac is likely to be completely polluted,

Figuret? shows relationship between DO and ND3*N'at the various stations

along the stream leading to the conclusion that the nitrate nitrogen (N03-N) is
inverse proportion to dissolved oxygen (D)). This is likely contrast with the theory
of generalized cffects of organic pollution on a strear which is stated that the
nitrate nitrogen should be decreased with decreasing of dissolved oxygen except the
zone of clear water, the nitrate nitrcgen is gradually declined while dissolved

. e ... 15
oxygen approaches to its initial saturated condition 7.,

It is understand that the nitrated nitrogen formed by oxidation of inor-
ganic compounds hy autotrople bacteria, espectially nitrifying bacteria, may be
more than nitrate nitrogen used by green alcae for their photosynthesis, The

equations are as follows :



Autotropic bacteria

NH3 + Oxygen Nitrosomonas 3 No; + energy (5=-1)

e

inorganic
compound

l - Nitrobacter -

o+ 3
N02 Oxygen 3 1F03

+ energy {5=2)

v

nitrate nitrogen

Green algae

! 3 Photosynthesis dissolved oxygen
co, + PO, + « or > New cell by
2 4 - Dark reaction growth 02 (5~3)
NO3

Refers to these equations it is reasonbly to interpret that if most of

the amminia nitrogen (NH_-N) is converted to nitrate nitrogen by autotropic

3
bacteria, then, the dissclved oxygen formed bt algal photosynthesis may be

insignificant, Rapidly decreasing in DO while HO_-N is obviously increased as

3
shown in Figure 282 indicates that large amount of dissolved oxygen in the stream
is used by autotropic bacteria to convert ammonia nitrogen to nitrate nitrogen
~N while DO is continuously decreased show the inefficiency of

3
algal photosynthesis in that stream, and reveals that the stream is overloades

Increasing in NO

by the pollulants from Haadyai municipality during the dry season,

In the point of veiw of the correlation of light penetration with up
and down distance along the stream as shows in Figure 283, the maximum light pene-
tration is lower than 2,5 ft. in April, 1977, and may be only a few inches in
June, 1977, while the the light penetration of 1.0 ft. in May, 1977 seems to be
average values, It is stressed that most of the depth of water at Klong U - Tapao
exceed 2 meters (about 7 ft~}, therefore, with the light penetration less than
2.5 ft., the photosynthesis by algal at the bottom of the klong is, ofcause,defected.
In the otherhand, the algal growth at these stations is very small, The brown color
og water everywhere along the stream as records in Table 44 also, confirms such

interpretauticn,
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Again, refers to Figure 283, the light penetration is likely decreased
at station G then begins to be increaszsd at station IP and B for April and June,
1977 respectively,. It isc doubted, however, by interview of the technician at
the inteke pumping station (station 0) of Haadvai waterwords the fact is that
iarge amount of the sludge from sedirentation and sand filter tanks in the water
supply plant is usually recharged to Klong U - Tapao neare by the station O,

The sludge, ofcause, contain with alum and lime ciause highter turbidity at station
0 then induce the suspended sclids in the klong te deposite at some distance a
along downstream from the intake pumping station yields thé lower turbidity (or
higher in light penetration) as the final result, 'The light penetration in May,
1977 is recorded to be constant at 1.0 ft, this is due to the heavy rainfall,

may be a few days beforc collection of water semples. The runoff water washes

the large amount of suspended solid, usuzlly soil particles then Adischarge derectly
to the klong. The recharge of the sludge from the waterworks hove noinfluence to

the light prenetration because of very small amount compares with the runoff water,

By observation, the algal bloom is found everywhere in Klong U - tapao
at Tambol Ku Tac near by the estuary. This is evident that most of the nutrients
from Haadyazi are useful for primary production at the zone near by the estuary of

the klong, say, about 8 kilometers downstream from the town.

As the results, Klong U - Tapaoc it self acts, as the huge sedimentation
tank. The organic pollutants in the fresh wastewater from Haadvail municipality,
therefore, are induced to deposite at the bottom of the klona and the water pellution

Problem due to anaerobic condition could be expected in the dry season,

Additional investigation on the water qualities is studied by the authors
as shows in Table 8-8 leading to the reccommendation that the raw water at the
intake station of Haadyai waterworks should not be used for water supply without
neccessary treatment to reduce the BOD value from 4.10 mg/l to 3.0 mg/l or less
than in corder to achieve the good water qualities according to ¥WHO standard of

surface water.,

Furthermore, the 0.037 mg/l of arsesnic compounds is found at the
waterworks (station 0). It is prefersixly to assess that the tin minas along
the upstream discharge their washing water contain highly suspendscolids and
some amount of inorganic arsenic compounds, te Hlong U - Tapac., Although the

arsenic content does not excess 0.05 mg/l the maximum level for the purpose of
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water supply according to the U.S. Public Health Service standardl7 however,
the existence of very high turbidity of the stream is still the serious problem
and need some relevant remedy. Rémoval of abnormal high turbidity yields the
higher cepability of algae for its photosvnthesis, in ordeﬁ to achieve the

higher water qualities of the klong.

47.4 Water Quality of Lake Songkla Hear by Songkla Municipality

As insufficient information is available on such subject as water
qualities and pollution surces, it cannot as yvet be interpreted in details
about the assessment of pollution loads from Songkla municipality. However,
pPreliminary study of water quelity =as dissolved oxvgen by Nachaingmai3 (1977 .
and the location of various stations can befound in the Figure, 61, which indicates
the DO values with the maximum of 8,1 at statiorn 1 and the minimum of 6,0 mg/l1l at
station 4, These DO values exceed 5 mg/l, the minimum DO allows to maintain good
fish populations according to the quality criteria for water of §,5, Environmental
Protection ﬁbency (U.S.E.P.A.) so the woter qualities sum to be quite good. However,
the order of water at these station is unpleasurable, so it is affirmation that the

lake is contaminated by pollutaﬁts from the town,

Additional investigation on the water qualities are also carried out by

the authors as shown in Table 72.

The study found that the BOD at station S.2 was 20.2 mg/l indicated the
polluted water condition at that zons according to WHO Standard of surface water.
With the minimum BOD value of 2,02 mg/l at station 5.1, the water gquality at
station 5.1 is considered to be guite good. Difference in these BOD values.shows
the impact of the pollutants from Songkla municipality to the lake's environment.
Again, the mitrogen to phosphorus ratio ¥ : P in the range of 1 : 92 to 1 : 100

at station 5,2 and 5.2 respectively, confirm such understanding.

The outhors also, investigate for the water quality at Klong Pha Wong,
the important industrial area of the fish mills about 9 kilometers south from
the town along the highway joins between Songkla and Haadvai. There are about six
fish mill factories locate near by the klong and drain their washed water directly
{may be, without any tieatment) to the stream., With the small amount of the stream
in Klong Pha Wong as dillutant, it is no doubled that the Klong is heavely polluted
as indicates by the 97 mg/l as the BOD value of sampling water in that stream at

station S,.3, unfortunately, the water guality studies at some distances downstream
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from the industrial area slong the klong to Lake Songkla at Ban Tao Phao. It
are not available, it is only in the future program at the time of writing the
report. So the impact of the pol lutants from these factories to the lake's

environment is still doubt,

The authors, recently took the sampling water of the fresh wastewater
from the two fish mills located nearby the seaside and, of the sea water at sea-
side at Tambol Xac Seng, 3 kilimeters south from Songkla municipal area the results

of the study are shown in Table 50,

Based on the limit available results, it is quite properly to report
that the sea water qualities are damaged by the factories according to the BOD
values of the effluents are very high, However, it should be kept in mind that

the further study need to be done in order to abtain the degree of impact.
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48, Methodology

48,1 Meteorology
u-_'—"'"———-_—

Data on runoff water and rainfall in the catchment of Lake Songkla were
collected from the Department of Roual Irrigation and the Department of Meteorology.
Records on solar radiation, evaporation and humidity were obtained from the Department

of Meteorology,
6.2 Hydrology

Hydrological data for Lake Songkla and the tributary rivers were collected
from the Report on the Preliminary sSurvey of the Thale Sap Basgin Project, the Depart~
ment of Habour and the Royai Irregation Dupartment (RID) respectively,

Six of the current gauging stations were placed in operation in 197 and
are being operated by the RID. Rating curves for these stations have been partially
~established. Lake levels have been rucorded at Songkla from 197 to t97, There are

actually 2 stations operating in the lake in recent years,

48.3 Water Quality HMonitoring

48.3.1 Laboratory and Field Equipment,

{1) Laborato;g

The temporary water quality laboratory was ficilitated by

the Department of Chemistry, Prince of Songkla niversity and
equipped through NEL funds in 1977, The building having an
area of 72 m2 compriscs with laboratory space ancd office space
was originally desigued for a limiteg limnological (basic ally
monitoring) program for the needs of Pollution Loading Survey
of Lake Songkla (PLSLS) study. Extensive additional laboratory
Support was given under the present rreoject. to the monitoring
of industrial effluents i domestic sewage and feed lot effluents ;
lake water pollution menitoring ; and the primary productivity

study.

The laboratory is fully airconditionedoequipped with an
24,000 BT ., air conditicner that is sums to be insufficient
to keep the whole laboratory operate Properly because of the
27OC as the contrel room temperature by the full capacity of

the air conditioner is likely to be too high,



(2) Eguipment

Field cbservations, sampling and laboratory analysis were

facilitated with the following major equipment.

{a) Transportation

1 (12 feet) speed boat (furnished by NEB), the

office vehicles and Land Cruiser are facililated by

Prince of Songkla University (PSU)

(b} Field Equipment

1 water sampler ; 1 water flowrate meter ;
1 AO sazlinometer ; 1 Hach spectrophotometer model

DR/2 ; 1 secchi disk , 1 camera.

(¢} Laboratory Equipment

1 double~beam / visible light spectrophoto-
meter ; 1 Kjeldahl apparatus ; 1 pH meter ;
1 microscope* ; 2 ovens ; Z fume hoods* 1 wvacuum
pump* ; 1 analytical balance ; 60 BOD bottles and
a nuvber of smaller items such as suction filters ;
magnetic stirrexrs ; mixers ; electronic calculator;

glassware ; chemwicals ; distilled water*

(d) Office Equipment

1 electric typewriter.

(¢} Supply, Repair and Maintenance

Some supplias, that woere supposed to bhe provided
by the Lake Songkla Project {LSP) locally, such as
chemicals or filters, were either sc prohibitively
expenxive in the local market, available in tiny
gquantities only, or of low grade quality so that
a number of planned tasks could not be carried out
or only to a limited extent,

A major peoblerm was the maintenance and repair
of laboratory and field equipment, mainly due to
slow administrative zctions and delayed delivery
of imported spare parts and cquipnment by some
foreign firym. sually, a three months delay could

be considered as quick action, Repairs could be



done locally as far as spare parts are available.

* facilitated by PSU. only

48.3.2 Staff

The technical staff of the laboratory consists of 5 persons of

various disciplines. The positions and the number of personel are as fellows :

Section : Positions : No :
Chemistry : Research Chemist 1
Lab, Girl 1
Engineering : Research Envircnrmental Engineerx 2
Microbiology : Research Microbiologist 1
Bacteriology : Research Racteriologist -

Certain peroids of understaffing caused some constraints on the work.
sually staff from the microbiology and engineering sector had to fill in tempora-

rily slots in the bacteriologist sector.

The staff of engineering sector was rotated more or less regularly

so that one person was able to tszke over the work of another in case of absence.

48,3.3 Sampling Location / Sampling Frequency

All limnological sampling stations in the streams through out Phatthalung,

Haadyai and the sampling stations at Songkla.

At Phatthalung, the tributary stream statiens B, to T, were established

in 1978, the station P.6 in 1979 and monitored through the present project.

At Haadyai, the sampling stations at Klong U - Tapas, number O to 7 were
established in March, 1879 hcwever, only station ns. 0, U 4 snd U 8 were monitored

through the present project,

At Songkla, the sampling stations, S.1 to 5.3 were established also in

March, 1979 and monitored thrcugh the present project,

These sampling stations were selected according to (i)} water contribution,

(ii) wurban, industrial or agricultural drainage area, and (iii) accessibility,
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The sampling frequency of every 4 weeks is considered sufficient for
the study during the peroid of 1978 - 1979. Sampling gaps are generally due to

breakdown of cars, boats and occasicnally due to roush weather conditions.

48,3.4 Parameters Analyzed / Method zpplied

The parameters analyzed during the project for laks water, small
river water samples, fresh wastewater samples frow varicus sources as well as

the frequencies of analysis of the individual parameters,

The analytical methods applied were mainly adopted from the APHA,
AWWA and WPCE Standarxd methods, l4th Edition with some modifications and are

described in detail in Annex,

48,3,5 In Container Measurements / Sampling Methods / Preservation.

(a} In container Measurement

The Hach instrument or other portable instruments were
used to measure pH, conductivity / salintiy in container.
Transparency was determined by Secchi disk (white and blace)

readings.

Other parameters were analysed by chemical methods

{b) Sarpling Mcthods

Water samples for chemistry, bacteriology were collected
with a IBP type water sample at 0.5 meters depth for all station
where the depth of water bot exceed 1.5 maters, The basic rule
for sampling methods established by the authors was that the
depth of water collecting shoukd be one-third, half and two-

third depth of water in that stream

breservation water samples were collected with plastic bottom and

preserved by following :

1. Use Chloroform 5 ml/l00 ml, water for determination of acidity,
alkalinity, salinity, conductivity, sulfate, carbondioxide.

2, Use Conc. H2504 5 ml/1000 ml. water sample for determination of
Nitrate, Nitrite, Ammonia, orthophosphate

1. Use saturated MgCO_. 10 ml/1000 ml, water sample for determination

of chlorophyll

3
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4. BRse MnSO4 conc., 50 % 1 cc. and Alkalide-Iodide-Azide 1 cc per 100 ml
watery sample for determination of D,O.
5. Steriling glass bottles were provided for bacteriological samples

These samples were keep cool until analysis.



49, Conclusion

Pollution Loading Survey of Lake Songkla considered about wastes
that discharge into the Xleongs runing to the lake, The wastes include ligquid
and solid waste from municipalities and industries, oil spillame from ships,
turbid water discharged from mining, and solid waste comprisina refuse from
processing of fish and shellfish. The surveyings are interested in Pollution
Loading in 3 regions., The first, the klongs through Phatthalung municipality
discharge to Thale Luang (upper part of Lake Songkla) as results of domestic
waste. The second, the Klona U - Tapac through industrial Eactories and
Haadyal municipality discharge to Thale Sap Songkla (lower part of Lake Sonckla)
a results of composite waste. The third, the water quality in Thale Sap Songkla
shore effect by Songkla municipality and Klona Phawong (the fish mill 3 one of
Songkla),

The surface area of Songkla Lake is 1,040 km2 and the total area
eficlosed bt the boundaries covers approximately 8,000 kmz. The 26-years (A.D.
1952 ~ 1977) annual average rainfall in Lake Songkla basin is 1,940,6 wmm,
The rainfal is decreased in the last 7 years vhich the annual averaae rain-
fall is 1,915 mm. This effects the water guality in klong and Lake about the
prevention of nollution and salts intrusion. The water pollution is seriously
in Eebruary - March which mean monthly rainfall is 39 mm/month., The salt intrusion
is worst in September - October althrough the mean monthly rainfall is 193.5 mm.
The reasons are the higher level of the sca at songkla in those times and the
lower monthly rainfall before September. The s=ilt transportation into the sea is

max in Movember - December when mean ronthly rainfall is maximum about 420 mm/month,

The nollution loading in klongs through Thatthalung municipality origins
by the minicipal waste and diluted by large quantity of water in klona Lam Pam,
The water qualities in Klong Tamman (upstream) at station-r.5 before through
Phatthalung municipality are agood. These are pH = 7.5, D,0, = 5,73 my/1 BOD =
0.8]1 mg/l, Total alkalinityv = 49 mo/l as CaCO_, Total acidity = 10 mg/l as CaCO

3
Cl = 0.05 mg/1, NOB—N = 0.7 mg/1, PO4-P = 0,08 wg,l and Chlorophyll = Q mg/ma.

3'

The water qualities are worst after through the municivality. The BOD at station
P.4 is 19.2 mg/l which is increased 23 times more than before The municipal pollution
loading is 14 g BOD/capita-day. The critical Oxycen curve at 10 kilimeters down=
stream from the municipal at station P.2 is 2.7 mg/l. The water qualities at the
station P.1 before discharge into Thale Luang are pH = 7.1, D.O. = 4.67 mg/1,
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BOD = 4 mg/l, Total Alkalinity = 50 mg/l as CaCo,, Total Acldlty - 20.45 mg/1
as CaCO3; 013 = 0,6 mg/l, N03—N = 0,7 mg/1," Poé-P = 0,01 mg/1 and chlorophyll =
6.315 mg/m , So the munlcxpal waste creates the algal bloom at the mouth of the

klong through Lake Songkla

Klong U = Tapao flows from the mountain of'Malaysia at Amphur Sadao
and passes‘throﬁgh many village befofe traversy Haadyai Municipality and then
proceeding to Lake Soncgkla. There are 1 tin mine, 1 soft drink bottling factory,
1 alcohol distillery, 1 sawing factory, 2 ice plants, 3 rubber prbcessing rlants,
waste from Haadvai Waterworks, solid wastes from Haadyail municipality‘and waste
from Haadyai municipality'that disposal to Klong U - Tapao. Water rollution
assessment of Haadyai Municipélity was studies that equal 0,164 kgs BOD per -
Capita per day. The D.,O. in the stfeam is generally acceptable at upatfeam
(Statidn U ) which equals 6,5 mg/l. ‘The D,0. is droped rapidly after discharge
of Haadyai munic1pa1 waste and D.O. at station D.P. is nearly zero, While the
N03-N concentration at that station is maximum. The qualities of water is studied
as shows in Table 5, Xlong U - Tapao is now anxiously contaminated and preferable

say to be heavily polluted in dry seasons.

Water'Quality of Lake Sonékla_Near by Songkla Municipality was studies.
The pollution sources are fish market, fishexy‘dwarfs, cold storaqe factories,
gasoline stations, piers for commercial and flshing boats and houses. The -BOD at
Station S.1 was 2.02 mg/l. While at station 2, it was found to be 20,2 mg/l.
It shows the impact of the pollutants from Songkla municiplaity to the lake's
environment. The water gqualities at Klong'Phawong, the important industrial area
of the fish mills south from the town is serverely polluted, There are six fish
mill factories‘ﬁhat locate near the klong, They drain their washed water directly
to the stream,  The BOD in_the klono was found to bé‘97 m/1.



50, Recommendation for Further Study

Since this subproject had to be completed within a fixed period,
The effects of many variables were not investigated. It should be study further
for a year to completed the data. Fer further study, it should

50.1 Find total-N, NH_-N NO =N and total-Phogphate plus Orthophosrhate

3 2 3
in water sample and soil samnle at the samé time. Then study the effect of waste

on the stream and posibility of entxofication,

50.2 Find the light penetration by using Secchi Disc in the field, Then
find turbidity and S$.S., for the relation shivs of these parameters which effect
the photosynthesis in the stream,

50.3 Find the primary product (algae) of the streer in the field, It will
shows the ability of harvesting the lake

50.4 Find the pollution loadings from each of industries and municipalities.

Then find the effects of pollutants in the stream,
50.5 Find the relation of COD and BOD

50,6 Find the effect of ROD at various temperatures in incubator and BOD

incubated in the stream,

50,7 Find the tidal effect for the qualities of water in the stream,
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