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ABSTRACT

The objective of this study was to develop the model of recirculation completely-mixed stirred
tank areal reactor (RCSTAR) of recirculation surface flow constructed wetland (RSFCW) using granular
activated carbon (GAC) as a media contained in 29 pots of reed. The ratio of width to: length was <1:4, used
travel area was 0.50 m?, and the initial height of bed 20 cm. The result of the study found that the
recirculation ratio: QR/Qin (R) was 3. The hydraulic recirculation time (HReT) was 2 hrs for treat washing
waste water. As a result, the efficiency of COD and BOD removal was 90.19% and 87.50%, respectively
which cause the second-order-reaction with areal rate coefficient (kA,,y) equals 0.158 and 0.223 m/day,
respectively.

Keywords: Mathematical modeling; Recirculation completely-mixed stirred tank areal Reactor; Surface

recirculation flow constructed Wetland; Waste water treatment
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undeanunasiinendeidulifignuuleudie [7] TwiinyuszanSamaesszuuirtaiinde SRFECW

' ' v @ 1 [y £ & a [ .
A159UN38 @15furse waraTnanadsdunney Jevinli AIgAINANAIUNUNUAYUALIA (Granular Activated
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ﬂﬂﬁﬂLLUUﬁ&US%ﬁMﬁﬂJu’mLﬁﬂﬁﬁﬂix?ﬁ%quaﬁm% Completely-Mixed Stirred Tank Areal Reactor Models:
finedenszaneiusea annifagainassuusm RCSTAR) @egnitmuiunainuuudiasanainiaios
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nsAnaSaiinguarasdiio (1) mussAvsam
Tunn5A19aA1 COD wag BOD, (2) HAUILUUT1a8 4
Nadsn RCSTAR, (3) mmuﬁﬁ%mﬁuﬁwﬁmasaaq
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govaany (k,) ves3zUUUIUAULEY SRFCW

2. W[andunsidy
2.1 MINAUILUUIADIAUAATENS
WUUINABINA TR RCSTAR 98HA0INANTUINANI
Twavnanstuuy (Up Flow) fiugnsndiuainunings
Aue (<1:4) [1-3, 6, 14] wazUfAzensuduniauas
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Unsal n3oszuusIsuvIflaenisussuialavans
nsdl 919 Rapid-mix tank Tuwu21n15 Chemical
coagulation, Aeration tank luwu1n15M14 Biological
treatment, 1L iutvtounasi [7] Afinnsuausany
furoudnatafasenevuiouth fgud 1

o

—

Discharge ———

UoneR[NOISY P

Feed

Q.Cy-C* QR,Cyy-C*
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& v s o A ° v o
wialuduead danmd 1 lneivualidnsinisiva

(Q+QR) [1]1-[3], [6]

Aanigluaanarsluuu (Up Flow) LaznuanaInlIm

Wriudnsinisivanyuie

Wuduiunds (Background concentration; C*) [17]
TuaruAUE gL influent WU Cuy-C* ARNY
Wadueen Effluent Wi C,-C* agviliinaansidiuay
snaansvsuisuiignSusulussuuiissanndumslva
9TANAIMINTUIATDLTAGHUTILIAES (A) LaLSNIT
asunyudeu (R) [11-[3], [6, 15, 16] awnsailaula
Iugﬂ%a partial differential equation Fauanenis
Wasuulaswesnnudududensudazesdusznou
vosiuilufiamenisinasai N5V NTdUsU
il (n=1)

VEE —(@+QR)(C o —C)

- (Q + QR)(CAl - C*) - AkAlst (CAl - C*)
(1
am’gsmﬁ, VdC/dt=0

0=(Q+QR)(Cpo —C*)

—(Q+QR)(Cpy —C*) = Ak (Cps —C¥)
2

Inguanns

~QA+R)(C, —Ch)

k =
Alst A(CAl _C *) (3)

PNAUNITN 2 Ay nsundymiaunisdnsuaiy

WutuvaskuuInasamadn RCSTAR agle

(CAO -C *)

1+ AkAlst
Q@+R)

Cy=C*+

WU NSe10UAUFRS (n=2)

v ‘L—f — (Q+QR)(C —C*)

—(Q+QR)Cy —C*) = Ak s (Cpy — C*)2
(5)

amwmﬁ, VdC/dt=0



0=(Q+QR)(Cp —C*)

~(Q+QR)(Cpy —=C*) = Ak 04 (C o —C*)*

(6)

Q(1+ R)(CAO _CAl)
kA2nd = 2
A(C,—C*)

7

INANNITA 6 FIUUNITLATYRIAUNITANE

auysaldmiuanuntuveLuUIIaeInain RCSTAR

ayle
C.—Cx_ Q(1+R)
2'A‘kAan
QU+R)(¢ (., QUrR)
AkAan 4AkA2nd

(8)

W7l Cu, Cuy Ao AMULTURINAE wazoen
Tunilawad smuddu (un/ans)
Q A9 9nI1N1TINALTN LAZEBNTYBINIAATT
Tunilaead sud v (auu/du)
A e Nuilundarad (s
R Ao §nndunsvyuiey
ke A0 ANAITINISIUABUL U II8a15184
ﬁuﬁﬂg’jﬁ%mﬁué’wﬁﬂ (n=1) (./70)
Koy A0 ANAITINISIUABUL U aE151T4
fuiugisensusuaes (n=2) a1/5u)
2.2 NSNARBUTINAIA
2.2.1 dnwainde
nsfnuildindeangrsdnenudedien cop g9
11nN31 1,000 4n./8n5 [3, 18, 19] wagA BOD g4
1Nnn37 400 un /a5 [20] gniensiaidndsdnleusiunas
sioninidelsomealunsuiuugnmnimiiieldan
Araududures COD wag BOD wieuSuaninan pH

wag5EnIN 6 9 9 feudrsyuutininde SRFCW
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2.2.2 MsNAaasszuUUIUn RSFCW
lun1sesnuuuszuutadatnde SRECW 14
AIna19 GAC [12] ussqlunsearsdunndiuiu 29
N5A19 Whaznsyansaziuseendu 2 wad dvunndu
rrugusnans (D) Wity 0.105 1as uazszduthdud
(Over Flow) 111U 0.25 1UAS A8RS1@3UAIUAING:

A11817 (<1:4) [1]-[3] Tneiuuaian1slraannans

¥ '
S a

v (Up Flow) eniluiisaddil (Cell of Area 1; CA1)

v '
=

WINAU 0.25 915.4. ANunazay (Travel Area; TA) winfu

€

v & A

0.25 754, wazdiuieads 2 (Cell of Area 2; CA2)

v '
a

0.25 M5.4. BefiNuiiazay (Travel Area; TA) 11U
0.50 A5.4. finarudndunsesdi 20 wu. [14]
m“mamgﬂﬁ 2 ey gﬂﬁ 3

mﬂgﬂﬁ 3 lunsvaaesszuunude SRECW
TAndnandmunisuywisu (R) Wi 0.5, 0.85, 1, 2
way 3 [6, 15] Tun1snaaaulagyinnisusuinas 1 aae
31 (Feeding Pump) Udesnidedn (Q,) 100 ams/Su
LazU¥uds 2 Medussuvdmyuisudiedas
nslvanyudeu (QR) Wiy 50, 85, 100, 200 Wag 300
an/3u lngldatmyudeu (Hydraulic recirculation
time; HReT) # 2 F2lus wazusuanda 3 i e vun
Yo (Q,) Wity ddeeen Q) Tunistiva

a v

Undsansanu [1-[3] vinfvdidiegieiaun 3 90

=

#2933 Standard Method [21] Fauanins1ei 1 1aeg

'
a

0% 1 9INNTATIAARUAMAMUIVBITEULTIUTEAYS

HA%lefdn (COD,) Wwiniu 1000+3.59 fadnsu/ans
wazA1Ulefitn (BOD,) Windu 723.75+2.68 daansu/
a3 Wiomuszansamluidas COD waz BOD (COD
and BOD Removal Efficiency) ﬁwsﬁagaﬁimdiu
TUsunsa Microsoft Excel wazUSuifloumenduussans
\Feufiveansdesaane (k) 9nauns 3 wazaunis
7i 7 ¥mssaeauusiaeanain RCSTAR tneldaunis

7 4 azdun1sn 8
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= 8 a €8 o . g = s
A19199 1 AN (ALATIZNUINIDYN A PAAVUINIUFUN 2 taz JUN 3)

Parameter Travel Area; Qn QR R COD, BOD,
Reactor A (m?) (liter/day) | (liter/day) (me/\) (me/)
0.25 100 50 0.5 327.92+3.25 242.33+2.99
0.25 100 85 0.85 276.54+3.30 204.54+2.95
Celll 0.25 100 100 1 259.45+3.28 192.58+2.86
0.25 100 200 2 164.60+3.15 117.24+2.80
0.25 100 300 3 135.78+3.09 84.60+2.70
0.50 100 50 0.5 247.62+3.45 190.28+2.97
0.50 100 85 0.85 206.31+3.38 157.21+2.90
Cell2 0.50 100 100 1 193.66+3.32 147.07+2.83
0.50 100 200 2 119.70+3.25 87.85+2.76
0.50 100 300 3 119.70+3.25 62.57+2.69

Flow Meter Pressure Gate and Control Valves

Sink

Recirculation Pump
— f"J Control Valves

Anaerobic of Pipe

Feeding Pump

Grease Trap

3UN 2 vihgszuutidaiide SRFECW

(Unit Operation Surface Recirculation Flow Constructed Wetland: SRFCW)
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QR,COD,,, & BOD,,

Q,,,C0D,, &BOD,,

'_F@ Ower Flow=0.25 m.

Cell2 Sap"™

T~

Feeding

1

Celll [ALT l:é}
0,,coD, & BOD,, ¥ S

vi QntOR Pot 1

3. NAN1SITYUAZIANTAUINE

3.1 Uszansnmlun1dnan COD waz BOD Auansiau

nmyuREY (R)
naa1nnsAnwIszuutaTatLde SRFCW 19

fINa1e GAC [12], [13] ussgbunseassunnidtuig 29

n3ea1e uiaznszatsldvuiaduniugudnans (D)

0.105 AT LarseFuLIdudl (Over Flow) 0.25 LIRS

19m51duAUNING: ANEI (<1:4) [11-[3], [6] lne
Uaeeuudoa19anudn (Q,) 100 ans/iu dianielua

1 . GAC=0.20 m
ALY FTAT Recirculation
T " [ |
_m Geotextiles {3 , Pump
Pot 2 # Pot 29 =0.05 m.
V3
]

10,..COD,, &BOD,,

nEATTUUL (Up Flow) hituiiazan (TA) 0.25 s,
warlnadituiiavay (TA) 0.50 ms.4. fimudndunses
7l 20 . [14] ‘wudﬂﬁ'é”mwdaumﬁmuﬁsuﬁqﬁu (R)
WA 3 [6, 15] vesszuuthtnude SRFCW & 14
LAy Iy (HReT) geand 2 T2l [11-[3], [6]
fUsednsarngeanlunidaan COD way BOD
(Removal COD & BOD Efficiency) 1@ & ¢ 90.19+3.39%

WAy 87.5042.90% FILARIATIN 2 LAy gﬂﬁ q

A19199 2 AAF13AT COD Wag BOD Auanuanseensidiunsnyuisu (R)

WW R COD;, BOD,, CODgyt BOD, Removal Removal

of COoD BOD
RSFCW RSFCW Efficiency Efficiency

(mg/L) (mg/L) (mg/L) (mg/L) (%) (%)

Travel Area;TA
0.50 (m?) 0.50 (m?)

0.5 1000+3.59 500.5+3.11 247.62+3.5 190.28+2.97 75.24+3.55 61.98+3.04
o 0.85 1000+3.59 500.5+3.11 206.31+3.8 157.21+2.90 79.37+3.70 68.59+3.41
:rciu 1 1000+3.59 500.5+3.11 193.66+3.2 147.07+2.83 80.63+3.40 70.62+2.94
= 2 1000+3.59 500.5+3.11 119.70+3.5 87.85+2.76 88.03+3.54 82.45+3.33
3 1000+3.59 500.5+3.11 98.14+3.18 62.57+2.69 90.19+3.39 87.50+2.90

COD*= 0 mg/L and BOD*= 5 mg/L [17]
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wrog13lsiniu miresyuuttainde SRECW
Falinoiie Iz UNANNINTFIVUING AU ALY
nsAafasyuuiAesUnsainuininuuuvigdladiun

fanansarudududviiaigia (Moving Fluidized bed

100

bioreactor- Granular Activated Carbon, MFBBR- GAC)
F95vUU MFBBR-GAC @nansardnanzlon 96.58% Ing

Iaanfniiunisngudeu (HReT) wiriu 2 Halus Lite

v
o

Prundenduuntolva [11-[3]

B0 4

g0

—A—

CODE BOD Remave Efficiency] %)

CDD,R=3 Remove Effidency=00.10+53 383

BCO,R=3 Remowe Efficiency=B7.50=2 90%

000 0.50 1.00

150

200

300 3.50

T
250

Recirculation ratio (R}

5UN 4 Usgavsnnlufindae COD uay BOD fiudnsndiunisvyuieu (R)

3.2 n1s@nwnisUuLiieuAduUszans B eiud
Yasnstoaans (k,) ¥89A1 COD wuaz BOD Tuszuu
RSFCW

NHANIANYIUTEANTAINGIgAvRY SRFCW
Uaosindedsaudi () 100 ans/Tu lufdas
COD wag BOD (Removal BOD and COD Efficiency) 1in

v '
A a

n13gadu (Adsorption) wazuuailiielildeinialunis
YoUaa18a159UN3E (Biodegradation) A1 COD way
BOD figmsndaunisnsuiou (R) widy 3 [6, 15]
Tflufiazay (TA) iy 0.50 as.41. Lamyuisy
(HReT) 71 2 Falus [11-13] Tunsvrvaddeann

£19871991Y

= ! v o o a £ a . aaa v o 1Y) ' =
M1 3 ANUSUNBUENUTEEANTTINUNYDINTEBYARNE (kA) ‘UEN‘lJQﬂ‘iEJ’]E]uﬂU 1wy 2 maﬂami’]a’]uﬂ’]iwgunﬂu

(R) winfiu 3

Rate constant, k,

Parameter Try Model R2
( m/day)
COD RCSTAR 1st order 15.65 0.919
RCSTAR 2nd order 0.158 0.980
BOD RCSTAR 1st order 12.936 0.933
RCSTAR 2nd order 0.223 0.981

Tneitayanliusvunanaluiuudiassnain RCSTR

aaa [

INAUNTTN 3 Uavaunish 7 wudufauisendudiu 1

LAY 2 INANNITA 3 war 7 HAFUUTLENTLTINUD

YDINTLOUAAE KA ¢, UaZ KA,y WINAU 15.65, 12.936,

0.158 wag 0.223 4./74 MUa1AU R? 1W1AYU 0.919,
0.933, 0.980 uaY 0.981 AMUEINU FILARIANTIN 3

waggun 5
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1000 =00
RCSTAR OF REFOW (A) RCSTAR OF REFCW (B)
=0 R=3 T @ R=3
Z 3
E ]| £
a = |
g g
—_—  » ] —
T T D T T
0,000 0.250 0,500 0000 0.250 0500
Travel of Ares, (m) sa0 Travel of Area, (m®)
S00 ’ 3
= |17 Order of RCSTAR (R=3) (RSFOAD (=] g 1% Order of RCSTAR (R=3) (RSFOW (1]
=3
] © ]
[a] o <]
[ ¥ = 15,650 + 21.500 2
£ E ¥ = 12.936x + 8.87¢
(=]
) % RZ = 0953 [
% K
& ]
[E1 T T e T T T
0 10 10 30 5 10 15 20
ACODOUt-COD=) ABODOU-EODF
300 v 500
= | Z™Order of RESTAR (R=3) (RSFCW) B} . | 2™ Order of RCSTAR (A=3) (ASFOW) iy
2 E]
o
g s 2
=] * a
e} y = 0.158x + 5.581 &
£ £
o R = 0.980 2 ¥ = 0.22% + 2745
3 ]
= A? = 0981
g g
o o]
I:l T T T T T |:| 7 T T T
o 500 1000 1500 2000 2500 3000 g 200 400 &0 ana 100
ACODOUt-COD*)® A(BODOUE-EODFE

JUN 5 mevhunedsuiisuluuiaemainduussnaganuiivesnistesaans (k) Inglduuuinassufizen

DUAU 1 WAy 2 Ue9A1 COD war BOD (A), (B), NsAnN®IIawainn1san COD wa95¥uU RSFCW (Q), (E),

AsANYIZINaTnNITan BOD ¥e958UU RSFCW (D), (F)

3.3 WUUINAB9NWaIR RCSTAR 28955 uuU1UnuLEe
SRFCW

PNRANIANYIUTEENEANEGIgAvRIsTUUUIUN

v v

U8y SRFCW Uaesuldsa1sanuidn (Q,) 100 dns/
Ju Tun1sA1dnA1 COD way BOD (Removal BOD and
COD Efficiency) #i$asnd@runisuyuiiou (R) whiu 3
(6, 15] M43 uii avau (TA) vy 0.50 A9.40. 17a1
nyuIgy (HReT, tRe) # 0.5 uaz1 Flus wavden
FuUseandideiuiivesnistesaans Kajsr 8% Kapng
Wiy 15.65, 12.936 1./9U waz 0.158, 0.223 11./3u
fIuaIRU R? 191111 0.919, 0.933, 0.980 Wag 0.981

9991 COD way BOD ¥NN1531884n19AmnANEnSLae

19

T9lUsuAsH Microsoft excel 1nN&@UN1ST 4 LaLEUNTS

'
=

1 8 989 wuudnaeanadn RCSTR wudn LnUnTen
Sudu 2 TenduUszandideiuiivesnisdesaans Kpong
Wi 0.158 wag 0.223 u1./7u a1 R? iy 0.933
uay 0.923 fauaniguil 6 ustegndlsfinulunisidentld
wuudnaesndinmansnadn RCSTAR vaauisendudu

1 uag 2 Sanuunnangliunnin hasinisesnuuy

[
b

9

P~

U

Juegiunisuiagaduininlsludidnunide
Usehvg

PNUU LLUU

v
o

Ufsedudiu 1 azdnguiisendudu 2
"aosnlafIans AN RCSTAR vaUizen
FUAU 1 @115l T LNULUUINABIANAAIEASNA TR

RCSTAR weaUfjisendunu 2 1uriu
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1200 600
1% Order of RCSTAR (RSFCW) 1% Order of RCSTAR (RSFCW)
1000 4 5 Order of RCSTAR (RSFOW) s s 2" Order of RCSTAR (RSFCW)
ann A Experiment Data 400 A Experiment Data
3 >
£600 £
: :
w400 @wz00 |
200
0 T T 0 T T
0.00 025 0.50 0.00 0.25 Q.50
Travel Area, TA (m?) Travel Area, TA (m?)

UM 6 NM331aesAnudNiuSIEnineasA1 COD way BOD funufiagas (TA) Mmeuwuudnaaemain RCSTAR

4. ayy Kajor WAE Kapng BVNAU 15.65 tag 12.936 U./9U Lag
ﬂqjﬁ'@uuqLLuuﬁqaaqwaﬁJmL%qﬁuﬁ RCSTAR 94 0.158 wag 0.223 1./3u, R? Wiy 0.919, 0.933, 0.980
szuuttatinde SRECW 19dnans GAC usselu war 0.981 31NN1TINRINNANAAIEASUDIAT COD

NIZONAUNNTIUIU 29 N520NN hAazNIZSIgUWIn Way BOD WUl AU jise189uiy 2 999hUUT a8

VRN uAUENaNs (D) Wity 0.105 wns uagsyiutndu Waim RCSTR dA1duUsz@nsidenunvesnisgosaans
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