Sample 34 at the waste dumpsite {old) and éample 36 at the town conéentralor
shows relatively high in water-soluble and ion exchangeable phase. This sxlggesfs
possibility of an input of concentrator waste. '

Sediment samples at the dredging pond PS-b shows ‘11)]}10)(1mately 40% in the
sorbed & organic phase and Fe and Mn oxide phase, and apmox:malely 60% in the
sulfide phase. The composition is different from other soil samples. Concentration of
these phases was also high at over several hundreds of mg/kg. The I‘olldwing table
shows the comparison of the average composition and concentration of the pond
sediments and auger soil samples. 11 is considered that concentrator waste was (himpéd

into the dredging pond.

Table 4.1 Comparlson of the pond sedlment and soﬂ

Sample - ' Water Ton Sorbed & Sulfide FeandMn | .
' soluble | exchangeable | organicAs | As(mg/kg) | oxide As |.
- As(mghkg) | ~As(mglkg) | (mghkg) | .~ (mgrkg)
Sediment of the : S - o R
| dredging pond 13.4 092 23 | 273 T
(average) ' ' L ' 1 s ' R
Aunger soil o S I ) - -
(30 cm clopth) i1 AT o2 g 8.4 ' 3.9
(average) ' ' L D ce _ -
Auger soil T R : : R :
(100 em depth)| 10 - |13 | 16 S99 | 39

(average)

Samplc 39 from the waste (lumpmto (now) sho\vs 12% uf arsenic i in the qorbed
ﬁnd_ organic phase while the remain is in.the su]l‘ide phase. Sample ’l‘ G from tho q1le E
320, sorbed and organic phase. and Fe and Mn oxide phase reaches 90% of (he arsenic.

Snmpln? from the site 321, has composition similar'_!q the av’ei'-a-ge' soi) bu(_: ata
concentrafion nv'or 10 times higher.  Nearby cmm;ﬂo 31 shows a very hi'gli arsenic nI"
1.600 :11§,Iku in the su!ltdo ])hd‘«(‘ Ih(- cnmposmon varied slg,mh(anlly T }ns auguoats

mpul of <,0mo sm‘t of mmmg wasle.

4.2 Ox:dalion Reductlon potentlal (ORP) and arscmc relcase mechamsm

Rolmsc- of arc.emc I‘mm l*o oxulo or hy(lmxulo was conlrollod by lho oxnla(;on '_ SR

mducllon putonilal !*c-(ll) ion co- proup}lalm w:th arsenic in Wdl(‘l‘ in- ih{‘ oxulmngr S

(,omlll]on and forms’ hydmxldo IFe oxulo and hydroxl(lo dlso (1(]"10]"_)‘\ ar@omc vory well

in the oxulmng ‘condition. liowever arf»emc co: ])I‘(‘Clplld((‘(l wnh Fe, aml arsemc

adsorbed onto Fe Oque will be rclease(l mto the envnronmonl wnlh lhe Fe(]I) 1on un(ler . e

. lho reducmg con(hlnon On lhe Other han(l the ])OSSIIJl]ll)’ of arsemc release from sull’de e e
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is considered small because arsenopyrite is relatively stable under normal conditions.

Fig. 4.8 shows correlation of arsenic and sulfate ion in auger water and in soil
clution test. This survey originally assumed arsenopyrite in sediment as one of the
petential sources of arsenic. If arsenopyrite is oxidized 1o release arsenie, it will also
release sulfate and iron. Iron was also released not only by oxidation of arsenopyrite but
also by reduction of Fe oxide and hydroxide, thus it is not suitable as an indication of
arsenopyrite oxidation. From this viewpoint, Iig. 4.8 does not show any correlation
between arsenic and sulfate. Therefore it can be coneluded (hat the oxidation of
ars_endpyrife is not. a major pollution contributor in the area.

- Fig. 4.9 shows relation botWOen oxidation- reduction potential (ORP) and arsenic
contcnt in auger water qqmpled from the three areas during detailed mvoshgqtmn
n‘lmoly, around the lown concentrator, around the Slte 32C, and around the sn(e 32l..
Samples from site 32C area were galherell in a small area suggesting a smgle_
: mechamsm of arsenic release rohtml to ORP. On the other hand, samples from the

town concenlra(or and the site 321 were r~caltorcd This implies there is no relation
belweon ORP and arsenic release. _ :
hg 4, 10 shows ORP-pH diagram by similar grouping. Size of symboh is
' proporllonal to arsenic content of auger water. Therefore, larger the symbol h;ghor the
arqemc'cuntont Accordmg to the figure, samples at the sile 32C are high in arsenic if
ORP is more rc(lucmg Sqmplos from the town concentrator have litile correlation
botwovn ()RP and arczem(' content. Samploa from the site 32I, are somewhat in the
mul(lle This suggests hlgh arsenic at the site 32C be related io release from Fe oxide
un(ler a rmlucmg condition.

Sml amplo T-6- z from the Ir{-n(h at site 32(J during the det mlod mveslngallon
phase shows that l_ho. cnmbmcd composnlmn of sorbed and organic phase. and Fe and
N]]l"—b)(ill(‘. pl-_l'i'lse'r(!aches 90%. Further the combined concentration is 120 mglkg.
l_'JniiI_;('.‘rr'l‘(‘.'(lu(;il;lg condition. if such arsenic is released into pore waler. it will form high
'cunc&ﬂi‘hlihﬂ ol arscnic pullul.'inn'. In Tact. high arsenic content and low ORP is well
correlated in 'lh(- Q'lfﬂ])léé at the site 32C. Samplo 39 fmm lh{' waste dumpsite (new)
-also shows Iha( he combined compoallmn of sorbed dml orgamc phase. and Fe and Mn
oxide phac{' roachoq 9‘)% dml low ORP This _sug,g,es;l.s_ the possnblhly of same
mechanism ,lf-. Ih(- sile 52(, | S T - : .

. bdmploa 2. 1 and 3!-4 at th(' s:l(- SZIJ ahnw a roldllvo!y hlgh ((ampuqlmn of xnrh{-d
' .m(! orgi mlc ph.mo .m(i l*o_ and Mn oxite ph.v-o bul also high in waler ‘-nlublo arsenic at.
over l() mgll. .Sample 31-4 «hows 66% o['(ho drc-omc in sulfide. Therefore. it is estimated -

- that arsenic pollullon at. the site 321 i 1'-3 partly causéed hy rei(\‘iqe from l*e oxide under a
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Legend ‘
Waste dump site (new)
Waste dump site (old)
around town concentrator
around 32L
around 32C
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. Fig 4.9 Classification of Source by Arsenic and ORP_
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reducing eondition, but also caused by simple elution and oxidation of sulfide.

Sample 34 at the waste dumpsite (old) and sample 34 at the town concentrator
show fairly high in waler soluble phase and low in ORP. A similar mechanism is
considered for these Silés (Fig. 4.4).

During the detailed investigation, (lissolve(l_ iron (Fe(l)) was measured in the field
using a ])orthble kit (pack to.s(); This was done to check if Fedll) ion was released from
Fe oxide and hydroxide with .lh.c-. arseni¢ under a reducing condition. As a result, for site
32C, a sample with high arsenic also show a high concentration of Fe(lT) ions and low
ORP. This confirms the above-discussed mechanism of arsenic releases (Fig. 3.19).
Sample 39 at waste (lumpéite (new) also shows a high concentration of high Fe(Il) ions
(Fig. 3.16). Rogardmg the samples around the lown concentrator 'md the site 32L, some
points correlate wnth lngh arsenic and bo(ll) but in gener'ﬂ there is no significant
correlation. Around the site 26M a high concentration of Fe(l]) ions was detected near .
the pig farm. Thls indicates a reducing condition caused by organic waste made of Fe
_oxide to.release arsenic and Fe(ll) (Fig. 3.23).  As discussed, the measurement of Fe(ll)

ions confirmed that the arsenic release mechanism is under a reducing condition.

- 4.3 Arsenic species analysis and behavior

 Arsenic is the e]em_eht. whose toxicily is changed by its chemical speciation. There
is over several hundreds to thausands differences in toxicity between inorganic arsenic
“in water:and ofgan,ic afsénic in_an aquatic organism. Evén within iﬁb’rganic arsenic,
' f’rivalént. arsenic_-iAs(llI),an'il pentavalent arsenic - As(V) has several times difference
in toxicity As(ID) 1is more 'toxi.c than As(V). l*‘ulrthormor'o behavior in soil - and
groundwator changea by its: cpecmllon Aa(l][) is near neutral in {erms of ils eleetric
chargo andl hardly (ukorh('d while As(V) is positively chargod 'md o.mly adsorbed.
_'l herefore._ars_-cmc ,spe(.l.l_lmn 1s_~7|mpm‘l.ml in study of arsenic |mIIul|0n. in this survey.
ion ('hr(}mz'iloumph-alnmic mlqorpl'i('m spectroscopy was installed in the field laboratory

_.md arsenic spec mtlnn was analyzed. . .
Avomgo arsenic cpocnahon in gmuml walor and surface water samples fmm the

doldllcd lllV(‘S[l{,dllO]l is summaruod in the fullowmg {able. -As(V) dominates in

: ""-'qurl'aco water dn(l appmxnmate]y 80% of: the. arsenic is in the form of As(V). For well

_7 waler., lf % of the dr«om( 1% As(V) On the contrary for auger water freshly sampled
:‘.'(new) 98% is Aa(lll) Aug,(‘r water sampled one y('m‘ after being drilled still showed
dp])m\umaloly 5% ol' arsomc m Af-.(lll) This can be oxplalnml by lh(- oxygen
- _ﬁ:‘(f—lll_lab]_l.iyly. - hoi lS la,rge_s_t. _m.rl.ver w_alo.r,whl!{‘. sma_lle_st. in auger water. Well wdl{_!r has

: - g(_)'_b('l: _Qigygoﬁ,con't;'lct_: in caso of ,'an_dfmﬁ.dug well. Auger water sampled one yéar after
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drilling showed a slight increase of As(V), bul. the change is fairly smail.

Table 4.2 As(I111) and As(V) distribulion

As(I1) mg/l| As(V) mglt-[As(VYAs(11| ORP(mV)
. _ )
River water - 0.035 0.125 3.578 340
N=34 - R P :
Auger water (new) 1.706 0.043 - 0,025 176
Measured alter ‘ '
“drilled. - N=29 - . '
- Auger waler (old) | - 1.005 0.060 | 0060 - 261
Measured after one N S S .
year N=23 _ _ e o
Well water S 0126 | 0344 | 2746 | 325

N=22 '
- * N= number of samples

A high correlation ‘was noted bolwooﬁ- the ratio of As(V)/As(l [1) (converted to
log&nthm) and ORP (Fig. 4.11) for the average of the group. [lowevor if lho same plot
. wias m‘l(l(‘ l'or mdwulml q(lmploq the CO]‘l‘(‘ld(lOl] is not clear as shown in l'|5 4 12.

T Im may be due to the slow chango of draemc speciation by ORP .
i n: qummqry ‘As(V) dominates in water havmg long-term contact. wnlh lh(-

‘nmosphere while As(lll) dominates in groun(lwalor even al a fow Tielers d{‘p(h I is

rmky 1o judge the ratio of As(lll) and As(V) only l'rom the moasuromom of ORP. ' Iti is

'suggeslod that groun(lwalor to be’ oxpo&('(l lo air long onough 1[' ll is for -drinking
purpose. ' : B '

Fig.4.13 ehows Varmtmn of .u'fsomc speeies in waler of the upsiream llual Ron Na

River. L(J('.llmn of the sampling point is shown on the map at the” ummr left ol'lht- I|5ur0 -

The black line m(hmlos lotal arsenic. w(I (Inlimi Imv for AQ(III) blue (Inll('(l ling (or

As(V) and green Ilno. lor ORP. In gene ral. y:V(‘.r water isrich in As(‘_\/) as diseussed helore.,
“However. As(I11) increases over Aﬂ‘(V) after the point’ 20 'chmfnw.'m'l Al the same Iimi- o

total .n"-mnc inereases nmro lndn H0%. An mloror-.hn;, ob«orvalmn is lhat e mmlo wnq

" widely. distributed in lhe nvor thmonl at-this m(orval wuh Iow('r ORP: 'lo exp!am

these phonomona it is n(‘(‘oc-mry {o aaaume {hat gmun(lwalor rich- |n As(lll) (alzo rich

in i'e(ll) mn) flows info the river at his inferval. T Insvxplandlmn s in qg,roomvnl wnh

the disi¥ibution of arsenié in .mgor walor of lho rownn.mmm‘(\ f-.urvoy (;a shnwn m lh(‘h '

map - at upper’ loll) 'This alﬁ() m(hcaloc. that’ l*('(ll) ions I]ow.s info (h(' rlvor from -
“groundwatér. unmc(halolv :s oxuluod to e oxulo andd procuntatoﬂ Cdnvoraoly Aa(ill).

doos not..change mmodmlely to AS(V) an(l Nows (IOWnslroam "Thisis an 1m|)0r!ant.r

gy

Q‘ ;;l. ,!a



(1) 44O pue uoney A___vmsimq L'y m_n_

one. (wsvrnisy e
0L - _ b _ -0 100
TR ._*_ﬁ._ G T._,.,_._ - . 001
Bmcgoom:,q..
88°0 = posenbs-y .:ozu:_:toao.u JoJo0D o
~ v=pesn sjujod ejep jo sequnN. : , — o_ow
nlvcc_ «8¢° Rn>co_§um N s
m::mox 3d v
s
s |
R — O¥Z
N \ . Lo
VA
s . _
P u_ohoomzd N
s _
e _
T S S — 082
AR
NS -
s
-,
7 . .
1P — 02¢
9“9 :
s
_ ._o».&___ B
- L ose

' (Aw)duo_ o

—63—



(2) d4O pue uoney (li)sv/(A)sv gL't bi4
ones (I1)svHA)sY
00000L 00001 0001 001 oL L (A L0'0  LOO'D LOOO'QS00-2 900-9L

_;_:: i ___::_ H. ___::_ ) M__::_ [ m;E_: ] _:::_ ) M____:_ H __::__ ) w:__:_ | T_:_; ] T:__:._ 0
Ly 0 = peJenbs-y ‘UOREUULIBIBP JO J9OD o ~
46 = posn sjuiod g1ep Jo JequunN : ’o‘ e, ‘
667 + XUl . ZL'ZL = A uopenb3 _ ° 00l
s}nsey 34 [ ]
o, - ® o _ -
L4 . * L PP
® ot -
e ~— 002
® L - ® °
° ™ P
T
- - B
®
o . s — 00€E
&y
L ) - \“s... s *® -
4 .\\ ® . . ®
- : e .
_-"eg . ~ o — 00
e
®
— 0098
.

— 009

fauidd v



JBYEM 93BHNS Ul dHO Pue se10adg dussly g1°p Bid

BHMS ©poo s dwes .
L - £z A iz . 0z B
JUBLIPSS J9AU Ul YDU SPIXO 94 — 00¢
| - - 2 B
Weo)s ueap B yum \ uopouny A ~_ / | ozz
G. ....// oS mc_QEJmW \Y o~ L
. — ovz
PLY ’ L0
- O
_ P
— 09z 9
3
—_ m
~— 08¢
— 00¢
— 02¢
00sE6S . 000885 " ooszes _
: ﬁ / _ - - 00ZrP06
(AW) dHO —— | o . T N e
(ASY ——C —— . a5 Be——o1s mﬂh_aE:n aysep|
sy — - —-— CNO L ~ Looswos
SY [e}0), —@—— . S
pusba 57008v08
000506

¢’0

£0

4N

(gﬁw) sy



findihg to understand the behavior of arsenic in the environment.

Fig. 4.13 also shows a sharp increase of total arsenic and As(V) at the interval
~between the points 22 and 23. Concentration of As(III) isconstant.  ORP also showsa
drastic change to a more oxidizing condition. It is assumed that water high in As(V)
flows into the river. There is waste dumpsite (old) al the southern shore of the river.
- Argenic may come from there. An auger survey was carried out. {o confirm this
assumj)tion High arsenic.at 1.7 mg/l in the As(V) form in water and 1.8 mg/l in sml
elution were detected. This suggests the dlsposal of concentration waste at the slle
The. (lumpmg maternls were more porous than normal od Then it is in a more -

: oxndmng condttlon and made As(V) dommant

4.4 Conception model of contaminant source
4.4.1 'The foothill concentrator '
Concentratton waste dumped in underground was vnsuaily conﬁrmed by the .
'trench survey. Ovor 100 mglkg of arsenic was detected in soil elution test. Sequential
extraction of the soils shows hlghly varying composition among the samples such as
high in water soluble and ion exchangeable phase of high in sulﬁde phase. It is clear

_that this wasle constltutes an arsenic contammatton source Relatwely hlgh arsenic

concentration was detected in the soil (lownstream suggestmg transportatton o[‘ arsemc '

[‘rom the source' ’l‘he mechamsm can be summarued as ['ollowc. :

- Waste from foothillt;Oneentrator o, TranSported downstream by
(As,0;ete. water soluble phase): . flood =

Rain pereolation : ¢

Atsenic release

(0 groundwaler

~ Pollution mechanism of the foothill co'ncont,rstor'_:'_:f_-' -




4.4.2 Waste dumpsite (old) _

Sample 34 at the waste dumpsite (old) rshows high arsénic concentration at. 1.8
mg/l by the soil clution test. Also As(V) dominates in the oxidizing condit‘ic.m as
discussed Lefore. Therefore it is unlikely that arsenic concenivated on IFe oxide
naturally and was released by the reducing condition. IL is assumed that
conceniration wasles from the foothill and the town concentralors were phrtially

dumped (o the site. Arsenic was released lo groundwater by rain percolation. -

Waste from l'oothill_concentrator _ Waste [rom town concentrator
‘Waste dumpsite (0ld) P Arsenic r‘el_ease
' ' ' to groundwater

~ Pollution mechanism of the waste dumpsite (61d)

4.4.3 The lown concentrator and dredgmg pond
_ IMig. 4.14 shows a cross section model around (he town cnnwn(rator The Iocahon :
of the CrOSS secnon lme is &-hown by a dotled Ime in I'ig. 3.16. ‘The arsenic content. in
auger water 18 shown as a ted line in the llgure Itis agsumed that arsenic polluted
- waler in the dredgmg pond is ﬂowmg (o the town and further (lownqtrmm There are
pomlq Iocally low in arsenic. ThlS ¢an be e‘q)hmed by lomlvcd g,roundwaler movemenl.

o aml Iocal .1(ls_.orptlon of arsemc onfo Fe oxide under a reducmg condition.

Waste [rom lown concenlyator

As,04 ete; waler goluble phase

Damp to (iretlging_pdn_d ' o ' - | .Dump arourid the concentrator

" Rain percolation

Avsenic release (o groundwater .

g _]_E_’él"liiﬁo'ﬁ_'méchhx‘i‘i's'i:ii around the town concentrator

67
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4.4.4 | Waste dumpsite (new)

Sample from the waste (lumpSité (new) shows high arsenic concenfralion in auger
waler, buf low aréenic concentration in soil elution test. Considering high concentration
of (!issolvecl iron, Fe(l) ion and low O_RP al. the site, it is assumed that adsorbed arsenic
on Fe oxide was released by reducing condition. Sequential extraction result showing
high sorbed and organic phase suppdrls the assumplion. However, it is risky to conclude
that a single mechanism controls pollution and tll(‘ waste dumpsite may C()l'llﬂlll some

- concentration waste

Adsorption/concentration on Fe oxide

Arsenic from

upstream | T ¢

'Redncing' condition by organic waste and clay

- Concentration waste  {™~-.p : l

- Arsenic release to groundwater

P'ollnti_o"n _meéhanism'nf the waste dumpsite (new)

4.4, 5 Around site 32C .

' I'Ig 4.15 shows the cross sectlon mnde] around the snte 320 The location of the
Cross seclmn line is shown by a (lotiod lme in Flg 3.19. Arsenic and Fe(l[) content in
'mger water as well as ORP. are shown by colored ]mes in the figure. The hnghcqt arsenic
- concentration was observed at the poml 320 where ORP becomes reducing by overlying
clay. ORP is mvcrsely correlated w1lh arfaemc At the point 22 where it is relatively far
_-‘l'rom tho <.urldt,c‘ shmm maomc conlonl (Iocwasoa lhong,h it ig high in Fe(l) ions.
brom lhe:;(‘ Obfw('[‘valmns lh(' l'nllowmi, mndvl ha%ml on arsenic 101('(%0 from [e Oxule by

‘ _rc(luctmn lS consulerod

o Arﬁomcfmm u]isﬁtréan{_- . > _',A(is-o'rntiqnl'(:'nn'cc'nlration on Fe oxide
Reducing _cnndition by white clay

Arsemc release to groundwater

- Pollutmn mechamsm of sﬂ&e 32C
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Red soil rich in Fe oxide was widely distributed around the shooting range on the
north of the site. Arsenic over 1 mg/l is detected at the point. 104 in the north. However
al. the point 42, further upstream. it does not. show any arsenic. This may be due (o the

local ORP condition controlled by a small water pool on the surface.

4.4.6 Around site 32L | |
Fig. 4.16 shows a cross seclion model around the site 321.. 'Fhe location of the cross
sclctio'n_ line is shown by a dotted line in Fig. 3.21.  Avrsenic content in auger water is
shown by a red line in the figure. It is clear that the dressed soil brought from outside i.s
the con(aﬁlination source. Aé’sho&vn in Fig. 3.21,_;1rsenic content and ORP does not.
correlate in géner'al. though l'li'ete are some spois high in arsenic with low ORP, From .
the sequential extraction, it was known that the composilion of the arsenic phase varied
COnSiderably among the soil at the site. It is assumed that mining waste was mixed in

 the soil brought from outside.

| Soil mixed with miningwaste | - | Adsorption on Fe oxide

Reducing condition

Transporled a'l}:(i'ﬁiletl '

" by organic

* Arsenic release in groundwater

l"ol_lu.l,in.n mechanism ol site 321, _
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'_ 5. Study of contaminant transport model






5. Study of contaminant transport model

Ifig.h.1 shows the summary of the survey and the resulting maps.

b.1 Groundwater movement
5.1.1 Waler mass balance

5.1.1.1 Meteorology

Two nmleordlogichl observation stalions were established, one representing the
mounta_inoué arca and the other the plains. An awtomatic recording instrument was
installed at each station during the hirst field survey in '[‘h_nilaild (October 1998). Five
items v&vro bbcem-d- (emporaturé humidity, wind direction and velocity, in(l_
precipitation. '[‘he locatmns of the moleorologleal observation stations are f-:hown in the
‘hydrogeolog,lcal map (Flg 5.10). ‘Observalions were contmuousiy carrle(l out. at’ 30-

" minute mtervals until June 1999 when the third field survey in Thailand culmmated

l‘gmpﬂmm_e - _ _ _
' Durmg the obqorvatlon permd the dV(‘l‘dg(‘ (lally lcmporalure ﬂuclua[e(l hetwoon
23.4 1o 28.9°C. averaging 26.5°C. and gradually dropped from carly Oclober. lh(-. startof

- the rainy season, and (hen rose in lale January at. the beginning of the dry season.

ln contraqt the worago lompordlure in tho muuntamous area 1s '1boui OG°C '

~ lower than the temperature in the ])lams

oy .

| Fig. 5.2 shows the cumulative ramnfall in tAhe m(‘l{'orol()“ic:'ﬂ 6bqorv‘ali0n slations.
“In ‘%[)ll(‘ of b(-mg only 3.1 km apart. daily ralllﬁlll obt.owahonf-. in lho iwo slations
_showed a huge difference. llmroby roaulfmg in a disc repancy of over 3(){)mm in
_-_‘unnul.llwo ramfatl. This mmll indicafes that Iomppmlul(‘ and |.||n|.ll| in the Hlmly

duu: m‘ «lmngly mlluvntml by foe al (Imuu Iorlslus o Inpnumphy

lluml

A humuhly mngln;;.. b(‘twoon 6 % lo ‘]8% 'l‘h(- c.urvoy al%o show‘» ('nmllllonf-. are

muro humul n Iho mnuniammm area l]mn Iho pl.una

l)ata obfametl m lho lallm‘ Imll’of the rainy season in 1998 shows tlml nm‘[hvrn
: wm(!s prov-nlod m lho arca ‘l‘he northwcql w:n(ls prev(uk'd at. (he tht of lhc-
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observation and gradually became northeasterly during the observation period. Except
for a slight difference, the wind direction in the plains and mountainous area is

congruent.

During the observation period, the average daily wind velocity was from 0.1 to
3.5mfs. Except for December, the average daily wind velocity was less than 2m/s. The

average daily wind velocity is slower in the mountainous area than the plains.

'5.1.1.2 River Flow
(1) Base flow
More than 40 _slations were sclected for river survey, including runoff
- measurement and in-situ waler qmlit.y observalion. River surveys (4 times in total)
wore carne(l out lwice in the first (1998 dry to ramy season) and third (1999 dry soason)
field survey in Thailand. Fig. 5.3 shows dlslnbutlon of survey stations. Fig. 5.4
summarizes tho. survey resulis of ]998 dry season. In most stations, the river flow is
- small -at less than 0.1m%s. The londency of river flow . Ao increase toward the
downslream section indicates that river water is recharged by groundwaler, however, in
-:(",o_nlni-s{ with the adjacent survey stations, the 'riv'e_r I'Io'é; was found to decrease
downs_l'frea'm;in several stations. This, logo.'lher with the results of the gfoumlWater flow
sur\.‘rcy‘ m_enﬁoned her‘ea.l'ler, indicates how river w:ilér'ﬂows into the groundwaler in
"j se_ver‘é!.scctiohs in the study arca. ’l"hc_comparison of the results of the first and second
© river flow survey shows t_h{n. river flow in the rain’f SCASON 1§ More than {wice lﬁe flow in

* the (lfy season

(2 lHigh-water lliSChEll‘g{‘.

: © An automalic recor (Img water level gauge was installed S{K)ln downstreanm from
. lho ('{ml'luon('o of lhc- Huai Ilua Muong and lluai Ron Na rivers. The river walter level
Clowas con%eculwely obkorvod in the rainy season to obtain the basic (lala {to (‘ro.no the

: hydrologlml analyc.lc; mo(l(‘l

Hase.cl_ nn_lhc abserved river water level. river runoff. and rainfall amount. (he '
’hyt'h"o_logiml analysis model was established to simulaté lh_é river flow in Ron Phibun
basin, Tank model is used for this :innlyqiq and the model consists of three (3)'I;mkc';_ '
that. correspond to the three (3) m.nn processes of 1.11n|'.1|l (l|<-ch.1rgo aurfa(‘(- runofl

mlcrﬂow (aubaurl‘acc slorm l'low) a ml bd%oﬂow
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0.003 0.0004 0.0006) 0.011
_RS29 , '
0.0005 %j : ' , ' . @
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|
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Fig 5.4 Runoff Distr:bution in Klong Nam Khun Rwer Basm
(Oct 1998) o T



River flow calculated was verified based on the river flow estimated from the river
water level survey results. Fig. 5.0 shows that the calculated value matched the actual

value.

5.1.1.3 Waler balance in the Ron Phibun basin

The water balance in the Ron Phibun basin was analyzed using data on rainfall
obtained from meteorological surveys and the hydrological analysis model. ‘The results

are shown in Table 5.1.

Groundwaler recharge by rainfall is highest in October; about 60% of the month’s

rainfall amount. After the rainy season, groundwaler recharge declines to a significant

~ degree; negalwe values were obtained in the months 0[' December and June. 'l‘hr.s

1mplies a declmo in gmundwator storage due to the lack of replemshment

On the other hand, as shown in the table, rainfall in the survey period was hlgher
(han in normal years, Whll[‘ ‘the oppos:(c- was observed wnlh evapolranspiration.
Accordmgly, groumlwalor recharge by rainfall is higher durmg Iho s,tutly perm(l than in

normal yefirq

_Table 5.1 Summary of hydrological analysis using the tank model

fiainfall (mm) Evahq!nmmimlioh Surface Grouhd\s"alcl:'
) {mm) R - Recharge
T : : unofl -
Study | Normal | Study | Normal (mm) Amount. Rate (%
: ] Year . |  Year Year Year mm 1 mm) a cj'( %)
QOcl (from 10th) |- 366 125 | 33 | 40 121 - 212 58
Nov 18 | 502 | 44 | am 123 14 8
Dee | o2 | 243 | aa | 49 70 22 2
Jan o |50 | a5 | 62 T I T T R
Feb [ 302 | 45 16 51 197 59 20
Y Mar |13 87 | G0 | 64 69 | 44 | 25
Apr | 169 | t29 | 55 | 70| 71 |43 | 25
May  |:n8 | w0 | 56 | @ [ 52 | w0 | 8§
cdune | ' e
! ! ¢ : i 17
(unlll the 23rd) __JS 1 5.9 39 53 2.9 . ) _ <1
CTotal L1559 f 1350 | 422 | 499 | 783 | 354 | 23
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5.1.2 Ilydrogcologlcal Structure _
'To understand hydrogeologlcal structure, review of existing data and drilling
survey at. 16 locations for shallow and decp aquilers including pumping test were
conducted. Fig. 5.6 and Table 5.2 summarizes the location and quantity of the drilling

sUrvey.

5.1.2.1 Geology

Geologically, Khao Laimg Mountain range is made up of Triassic grani.te.
Cambrian Or’dovicizin 's}iale, siltstone and Ordovician li'mestonc crdn-out along the
eastern border of the mnuntam strlkmg approximately NE-SW. The Khao Suan Chan
Mountam (318m in oleVatlon) and Khao Mak Mounhm (265m in clovahon) north of the
(llstnct and the Ban Trok Bon Mountam (over 260m in elevahon) in the south are

. mfnniy made up of qandy shale aml hmestone

The b’lSln‘B of the Hual Hua Mueng aml Huai Ron Na rivers, the main rivers lhat
pass through the study area, are made up ofquatomary co]luvnal deposits and l'luvmhle

(le]l()SltS of sand, gravel an(l clay, from thc (hluwa\l to the alluvial periods.

’l‘hc colluvial slope where Ron Phnbun town is snuqiod forms a basin as it is

Dordered by mountams on the north .south and wesl sectlons The alluvial pl‘lm casl

' l'rom the way out. of the basm is I]'l‘lde up of alluwa] layers of sand. vravel and cldy

5.1. 2 2 Aqml‘er g'roup _

BdSG(l on the records on geo!oglcal s(ralum collec{ed in the woll mvontory c.urvoy

_ an(l tho resulls oflhe (Inllmg tests. the Ron Phjbun groundwﬂcr baqm within lhe study

area (:fm bo (Iwuled mln 4 hydmg(-olo"ual umlq as qhnwn in’ |:1b|0 3.

_ Tablc b. .3 Summary ol'dqul{'t,r group
.:uyd"%ﬁ?“w‘}_‘_ C;g:fﬁ::' .. Slmlum aml Lllhog,rmphy o | A(_]lli[-‘(\_r
Group 1 Al & San(l&Gravel . | Shallow aquifer
Allu\nalll)lluwa] .| Dikuvial - | Clayey soil - o Impermeable layer
. layers o Period s 'Cl,ayeySan(l - | Deepaquifer
1 Group2 -~ Triassic " *- M_@isboﬁte-b_i_otilé' ©‘Granite . Aqull'or
Baqemenlr(x‘k S [ (Weathered Zone) - o ]
(C'ramt_o) oo | Mugcovite bmhlc("mmte | Impermeable layer
R AR Y DR (Frech rock) o excluding ~ structure
o Gtoup3 =1 Ordovician " | Lunestone w;th ﬁ&.suro an(l Aquifer
S Basementrock ol e Toeavities - BT
- (l,unestone),‘ ] R AL leostone I‘reeh rock Impermeable layer
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|A l Quaternary Alluvial & Colluvial Deposits Ordovician Limestone

Cambrian-Qrdovician Sedimentary Rocks | l Triassic Granite

—

Theuzbon ey

Fig 5.6 Topography and Simplified Geology of Ron Phibun Basin
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ty d'ﬁfﬁfglml ('[(;2 :?g:;:l Stratum and Lithography Aquifer
Group 4 Ordovician | Shale & siltstone with hisaues Aquifer B
Basement rock Cambrian Shale & sillstone (Ivesh rock) Impermeable layer
Gandy mudstone) o

Iig. 5.7, 5.8 and 5.9, show the distribution of cach group along the profile sections.

@ Group 1 (Alluvial/diluvial layers)
Shallow aquiler (sand & gravel layer)

The quaternary alluvial layer and colluyial deposits of group 1 are distributed in
Ron Phibun basin and the plain on the eastern side.  'The deposit of this group consists
of all kinds of grains including sand, gravel, silt, and clay. Several hundreds of shallow
wells within the study area extract groundwater from this layer, making this layer the
most. exploi‘led shallow aquifer in Ron Phibun basin. Being directly under the ground,
the recharge condition of thig aquiler is favorable 1o be rechiarged not only by the direct

mfiltration of rainfall. but also from the surrounding mountain area as well.

Table 5.4 shaws the hydraulic conductivity derived from the results of the

pumping lests carried on the JICA test wells.

Table 5.4 Hydraulic conductivily of shallow aguifers

Well No. (,g.:((il:;c‘; :::ﬁy | (Ro‘l:"l'f;:ﬁl: ';}";L] 0
(cmfs) ]
1 0.0825 North of upstream section
2 0.106 North of midstream and upstream soelions
3 0.0355 o R'lidsi ream .q‘clinn”
4 0.0287 North of mitls(li‘:;l-l_ and upstream seclions
h ().})F:%S‘ South of upstream section
6 0.092 South nl'mids;lroelm and upsl;(‘«;;l;;ﬂt“;J o )
7 0.0174 South of downstream ‘.;\(‘l ion o
f8 S 0.00819 South of the plains
B 10 00019 - —Suuih of the plains . _ .
11 0013 Downstream _
12 k ‘ 0.0XX)52 m_; _Norl]lol' downstream section
13 0.00067 South of midstream and downstream seetions
14 0.001) Souih ol'mi(Islroa;i'l and upstream sections
15 00075 North ofnlfn(lslmzlnl and ups{r(‘;m seclions
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The hydraulic conductivity of the shallow aguifer varies l'_rom 52X10% ~ 1.06X
10" em/see, reflecting the change in facies. Overall, the hydraulic conductivity tends to
decrease from the upstream section of the basin toward the plain, and from the

northern to the southern section.

Immpermeable layer (clayey soil layer)

~ The sh'lllow aquifer directly overlies a clayey soil layer from several meters lo over .
10 meters thick. The clayey soil layer consists of clay mixed wnlh silt or sand and gravel

or sandl and gravel or sﬂt mixed w1th clay, either composition is highin clay.

~Being an 1mpermeable layer between the shallow and deep aqulfers, this clayey
- layer is quite nnporlanl, in the sludy area. In pumpmg test, the pump‘ige of
' _ groundwater from a (leop well did not affect a water level in a shallow well only several

melcrs‘ ﬂway from the test well

'Deep aqulfer (sandy sonl layer)

’l‘he clayey soil layer directly overhes a san(ly soil layer [rom 1 meters to about .
' 20m thick. ’l‘hlslayer consmlq of wealhere(l basement rock dn(l alluwall’dlluwal deposrts. :
: changmg lts facms from san(l mnxetl with clay an(l clay either. mixed wxlh sand or gravel
"Allhough the facws SCems "-:lm]l"ll‘ 1o that of the overlymg clayey soil layer, they have
_ qultc dlfferent characterishcs The layor 18 looscr lf the s'm(l and gravol confent is hlgh
| nnkmg core qqm])lmﬁr (hl'ﬁcult dunng the drlllmo test survey In'e CaSP 1L contams more |

~ clay. lhe qox] 15 har(l forming 1 maqcnve structures dml a lot ol’l"qsures

T hlS Iaycr _(lircclly overlles the base_menl. rock_. and asa san(ly sail laj((‘.r aquiler.
groumlwdlbnbxlractimi through well drilling is' possible. Simmarizing the results ol‘lhé:
pumping test. (he h_ydmullc conductivily oflhlqlayor varies l'mm 10 3~10' cmls. 1030n B
womve and slnrahwly varies lmm 10'~103 10?2 on average ']‘he qnecnﬁc capdrnlj

varies from 10 to 50 Ilmmlm 24.6 llmmlm on averago It can be mlerred that this layer

s not. mferlor to the othor aqun[‘ers at leas{ in lerms of petmeablhty and !he capablhty c

o provulo waler, -

As ahown ll'l Cross- secnon (l' 1g 5.5 1o 5. l) lhlS layer IS(II[‘(‘(‘I]Y m contact wulh lho "

olhon aqm[‘or group% an(l acts asa condmt belween lhe bas('monl rm,k aquers

| ® Girqup 2- l’l‘r_iasSic gfﬁlﬂllﬂ) -

: o .



The granite (hat makes up the mountain at the westernmost section of Ron

Phibun basin forms the backbone of mountain ranges in the southern region of Thailand,

including the Ron Na - Suan Chan arca.

According to the core samples extracted in the dreilling test survey, the granite is
deep gray, fine to medium grain muscovite-biotite granite. The granite that makes up
the mountain is generally considered as an impermeable basement rock, with the

exclusion of the fault belts that contain a lot of fissures..

@ Group 3 (Ordovician limestone)
Limestone layer of group 3 crops oul in both sides of the exit of the Ron Phibun -
basin. "The limestone is dark gray in color and forms cither a massive or a stratiform
structure. Numerous fossils, includirn'g corals and crinoid stems were detected in core
samples. From these core samples, the limestone was found to’ tilt at about’ 46°,

corresponding {0 the resulis of previuus sur‘vey‘q on su'rf-lc'o oulcrops (45° southeast).

The gronndwater amount thal can be {“(ll“lcl(‘d l'rom lhe hmoslonc aquor :

sngmﬁcantly varies depending on development. of fissures an(I cavities. Core qamples-'

~ show that. the limestone has undergone minor ‘metamorphosis, and is relatwcly rich in

fissures. The fissures vary by depth and section, having intervals of 10-30cm. * The core

am‘pl'es can only be, therefore, “extracted as short columns. A part of the fissures are

found to be filled with clay, mthcatmg itsrole as a groundwater conduit. This aquifer is

prodommanﬂy oxplmted as 70% of the deep wells. -

@ Group 4 (Ordovncnan & cambrlan scdlmenlary layer)

Eastern ()l'gr.mite ofgroup 2 (llslrlhulo& the cmhmonlnry rocks of group 4. Fig. 5.7

and 5.8. the geological prol'llc A-A"and B3, reveals the distribution of layers along the

direction nl'-innjor :I'\'i‘\' of Ron Phibun basin. G roupi- | aqm[or« in the conlml bl«m ﬂt(‘d '

“are overlain by .llluvml and diluvial I,iyors Ihmoby producing no oulcropping seclions.

However. as shnwn in l*lg b.6. outcmps an be scen in Iho northern part of the Huai

‘Hua Mueng river. and llm south(‘rn [)dl‘l of iho Huai Ron- Nd river, forming (ho

_ mounlams on both f-:nlc-s' ol'lho Ron Phlbun lmsm

A('cm‘(lmg, m the (,Ol‘(‘ rwlmpl('s OI‘JICA lest wells, this group is m(unly made up of

-siliceous c-,mdaiono mudqtono aml nnltfs[ono lmwover the core a.lmploq lakon from (ho

JICA 14 and 15 test wells md:calo Iho preqonco ol‘hmeqlono '] he hl;:,h temperature and

~ high ])rocsul‘e {lunng the intrusion of gram(e rcsullod in a slight. molamorphos]s

_ whoreby some parts bocam(- phylhles ’]‘he ﬁanulslone in ihls group l"i h-m! and w1[h '

T



well-developed fissures in some sections.

About. 10% of the deep wells in the study area exploit groundwater resourees in

this group.

5.1.3  Groundwater flow & water quality
5.1.3.1 Groundwaler level

Simultaneous groundwater leveling was carried 011( {o undcrslnnd distribution of
groundwater level and groundwaler flow conditions. Groundwaler lé.iréliﬁg is shown in
Fig. 5.11. Groundwater level in shallow aquifer wells is affected by topographic |
conditions.. In the sections of Uuai Hua Mueng and luai Ron Na river- basins,
groundwater level fluctuates Qharply where iho slope is steep. At the vncmlly of the
shallow aquifer. o the basement rock area, the hydraulic gradnont is hlgh {more than
lll()(}) 'l ‘owards the center of the basin the gr.ullenl gradu'il]y decreases to about. 1/100.
As the lopog aphy ﬂ.ittonq out in the pldmc- tho gmdlonl (locrmsoq l‘rom lem‘-. lhan 1% to
dbOlll 1!1000 |

The dlreclmn of the groundwaler ﬂow is delermmml from Ihe grmmdwaler level
comour and m(ltc(llod using a blue arrow. Groundwater ﬂowq from tho surrounding
mountain areasto the centml part.of the baam in the upstream an(l mnlslroam sections.
 Within Ron Ph:_bun basin, groundwater mamly flows [rom the western_to l_he castern
sections.  In the plains, groundwater mainly lows easlw:ir(l; but'..chang(is‘in ‘micro-
topography and focalized water use conditions disperse the flow into different

directions.

'the direction of gr(mmlwaibr flow can be determined - only :l('mnhng to the
hydraulic gradient. while velocity is the nrmlucl of the hytlmulu’ gradient dnd {ho.
hydraulic: conductivity based on Darey's law. ‘To delermine. the "mundw.n{*r I]uw
velocity distribution within the Ron Phibun basin, a «nmul.\non maodel W.IH oal.lbhahod

~based on the aqu:l‘or coellicient and. other p.uamolors. obtained frnm survoys of th:c.. '

project. The distribution ol'groumlwalor flow volocnly 15 shown n l'lg 512,

In the nm thorn upstream seclion’ oflho lmqm I)oth Ihe hy(ir(tullc (*ondu( lwnly (Il‘HI .
ey .uhonl arce high: groundwater llow volmlly is several l(kmld.ly (wor lB()meo.lr In’
contrast. the hydraulic gradient and mmlu('hwiy in. tho plamq aro Iow lh(‘ velnclly is

only several cmhldy i(*sslh.m lOmiyoar T I I P I N
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