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Preliminary Feasibility Study of Huachiew Chalermprakiet
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ABSTRACT

This report on Preliminary Feasibility Study of Huachiew Chalermprakiet
University Wastewater Treatment System is an applied research. The purpose was study the
preliminary feasibility of wastewater treatment system for Huachiew Chalermprakiet University.
Collecting of exiting wastewater characteristic data for predicting the trend of it in the future is
the first stage of methodology. Design and selecting the suitable wastewater treatment system are
the next stage consequently.

Results showed that the average flow of wastewater and storm water are 11.89 and
65.40 m /hr. Grab samples from upstream have the average dissolved oxygen value (DO) and
biochemical oxygen demand on the fifth day values (BOD,) of 3.92 and 101.20 mg/l.
Furthermore, at the downstream, it has DO and BOD; values of 3.39 and 113.21 mg/l
consequently. Composite samples have the average BOD; and SS values of 58.2 and 35.3 mg/l
consequently. The estimated quantity of wastewater which would be generated in the future is
67.32 m’/r, BOD, 90 mg/l. Then the suitable wastewater treatment system for Huachiew

Chalermprakiet University is the Sequencing Batch Reactor or SBR.
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Multiple-Tube Fermentation

Technique

Fecal Coliform

Multiple-Tube Fermentation

Technique

Wines Emsiman 1PNA391904
DO Azide Modification
BOD, Direct or Dilution Method
CcOD Open Reflux Method
g Ascorbic Acid Method |
NH,-N Titration Method Standard Method, 1995.
NO, -N Nitrate Electrode Method
pH pH meter

15197 3 — 4 MlnesNaziimMsTauazIEmsdnTzH a1 UaI0195

(Composite sample)
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M348 4 - 1 MszduanmIdisemamny W inendeiimeindunsziiesa

nya BS FS ANUTINADI ATy HUNUMA
ndoq lifsedu Ref. 100 Ref. min
TPI BM 1,147 101.147 100 1.258
1 1.145 100.002 1.26
2 133 99.817 1.075
TP2 2 1.392 101.209
3 1.435 99.774 1.032
4 2275 98.934 0.192|5zdurinlunaes
5 1.405 99.804 1.052
TP3 5 1.35 101.154
6 1.446 99.708 0.966
7 1.355 99.799 1.057
TP4 7 1.465 101.264
8 1.43 99.834 1.092
TPS 8 1.38 101.214
9 1.26 99.954 1212
10 1.54 99.674 0.932
11 2.44 98.774 0.032|szduhlunaes
TP6 7 1.195 100.994
12 12 99,794 1.052
13 1.385 99.609 0.867
14 14 99,594 0.852
15 1.48 99.514 0.772
TP7 15 1.55 101.064
16 1.03 100.034 1.292
17 ig3 99.764 1.022
18 1.525 99.539 0.797
19 148 99.584 0.842
TP8 19 1.903 101.487
20 1.97 99.517 0.775
21 1.555 99.932( 1.19|szAUUUAUIN
22 223 99.257 0.515|5zAULUND
23 1.86 99.627 0.885|52AULUNE
24 309 99.317 0.575|5zAULUND
25 1.845 99.642 0.9
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4 L b=y a  a a - = a A
Fll‘ﬂﬂ‘?l 4-1 Fi153ﬂﬂi]]ﬂﬂ"liﬁ1i']ﬂﬂ'lﬂﬁ“]ﬂ UHVINENALHAU[LADAUNIZINGIA (ad)

nyA BS FS ANUFINAB LREPTIY, HUINA
ndeq iszau Ref. 100 Ref, min
P9 25 1.835 101.477
26 1.842 99.635 0.893
27 ” 99.477 0.735
7 1.8 99.677 0.935
TP10 28 1.405 101.082
29 1.375 99.707 0.965|32AUAUTI
30 1.772 99.31 0.568|5zAULUND
31 a3 98.742 ofseamitlusa
32 1.315 99.767 1025
33 1.36 99.722 0.98
TP11 33 121 100.932
34 1.523 99.409 0.667
35 1.44 99.492 0.75
36 1.48 99.452 0.71
TP20 6 1.663 101.371
100 1.405 99.966 1.224
TP21 100 1.55 101.516
101 1.765 99,751 1.009
TP22 101 1.245 100.996
102 1.905 99.091 0.349| 5z lunaea
TP23 14 1.365 100.959
200 1415 99.544 0.802
201 1295 99.664 0.922
202 1.16 99.799 1.057|nanovuy
203 2.13 98.829 0.087|s¥durilusa
204 1.28 99.679 0.937|352AUTUTI
205 1.405 99.554 0.812
TP300 201 1.865 101.419
400 1.79 99.629 0.887
min 98.742
max 1.292
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2) NUNNIT08NLUY (Design Criteria)
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3) A1 Kinetic Coefficient

fi1 Kinetic Coefficient #12unseenuuuszuuthiatindefimng audmy
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(un/a) (QU.1./%) (nN. BOD/IY)
3 We. 44 45.6 11.79 12.90
6 WY. 44 108 12.88 33.40
8 Wy. 44 13 1418 3845
7 WA, 44 31.8 24.16 18.44
9 WA, 44 29.5 24.58 17.41
11 WA 44 21515 21523 109.25
AR 12.90
A1gIgA 109.25
At 38.31
it 1goeniuy 90 62.37 134.72
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A15197 4 - 14 TomnualumssenuuuIzUVTTAN Y

S 579013 A mua A e

1 [dequiiuie HRT 10 U
> |detasasimslva HRT 1 Wi
3 |gmnaznoududy HRT 1-4 .
4 |duduemd HRT 2-8 %3l
5 |§sanaznouduii 2 HRT 2-10 ¥y,
6 |Uodudanaoiu HRT 30 UIN
7 |Usguaznou HRT 10 TRV
g |vemnudsadad ANUNU 30 3.
9 |vwaneszuny 150-300 | w.
10 |amwudndunaudiga 0.5 u.

11 |anu@nAunaugega 3 .

12 |n (Maning Coefficient) 0.013

13 |pwdniiluvediga 0.3 v/
14 |anudailurieqege 3 !
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- Sneimmsanmlvamas (Average flow) 8a3mslnageqa (Peak
flow) ua:é’mwmﬂmeﬁqﬂ (Minimum flow) 9n3HANeaIANUFIRLS sz hana
x) 1Az dn31ns a nd y)

- fifmiwﬁw1ﬂ'1€1’mmﬁ"lﬂmm:ﬁ'ﬂymwmﬁuﬁum%’iuﬂﬁaammmm
Arithmetic and Log-Probability Curve wuplauuuniiimumzan WenwSvufvudumsas
ms“lwmm::ﬁ’nymzmaaﬁyu?mﬁ“l‘j’fa'emm1J°1uTﬂsams*?i"uﬁﬁﬁ'ﬂymxﬂﬁ'wﬂﬁqﬁu

- ﬁﬁ'ayaﬁﬂymwmﬂyn?fﬂﬁ"lﬁ’"luLm'az*’i’uﬁﬂﬂ’?mﬂ:ﬁmmmuﬂiﬂs'Ju‘um
ﬂsfﬂga (Analysis of Variance, ANOVA) ng’}ﬂ‘i'JilﬁEJ‘]Jﬂ’JﬁJLLﬂﬂﬁNﬁ"w Least Significant
Differences (LSD) ‘ﬁi zﬁUﬁHﬁWﬁfg 95%

2.4.3 miﬁﬂywmmmmzﬁmﬁvmﬁummszuuﬁﬁmfuﬁﬂ
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- dsuifudszrinslusuinalasldiinisonnemFaudunsy (Linear
Regression)

=3 o sf: = = 9

- dUsuiiusasinis g lusuinalae3in150a0001¥UTUATY (Linear

Regression)
& a Y 4 duy
- mmmmﬁnyjaaﬂswmsmﬂaﬂym:mmam"lmm Arithmetic and Log-
v d‘ 1 [~ 1 o

Probability Curve 1210119211 UMIAY 80%

3 I
5 4.3.2 AMseenuuuMadensuuiTaiudenrunzay
FMSuUMIINIaY
_ pumuaumsiFlumsesnuuunnaunisveslulua (Monode Equation)
[ aaa d . a aan [ o
uazaunsvesslfnseuunIueauysel (Completely Mix) wagdalnsuwuuldanival
(Plug Flow, PF) tuulauuumilaimanzay

v 1 E
. ePAUULTUYLILNS (Process Design) 9 naum s 18 Tududus wiunauai

L
S A

A1509NLLUY LazA Kinetic Coefficience NAENEIsNUITEduNReT e
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A 4

Y
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=y s 1 :J = o uy = Y]
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311 fenens maveshduwasiduneluninanunlasns
seypvieszien1 iUy Ineded uszUuniesan (Combined System) 7

a n’: : = :’ w 3 = = :‘ 3
Smsumunﬁuuazmﬂu ﬂﬁuuﬂﬁ'ﬂ“ﬂ'ﬁklﬁa%ﬂl‘ﬂuﬂ’l'iulﬂﬁ“liﬂﬂu'iﬂﬂ 2 Uszian thlfﬂi
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a vgq ¥ 1 o d%.‘ S o o {I 9/ é? o a
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a 1 LY 4o :J y
YoILLUUUI (Manning’s Equation) ﬁ'liJﬂULﬂmclfm'l'Q'ﬂ‘UENﬂTiﬂ'ﬂﬂlﬁ‘ﬂﬂ‘i;‘i‘lj'ﬂﬁ%ﬁ"lﬂu"l L'ﬁ'ﬂﬂW

3
o

o A 1 o ~ P a L4 ~
§as1ms Inagaganviousazuia 125835 14 IneaziBuamstnsizy e

1) @uN15 Manning’s Equation

Q = ImAR ™S (a.30./3u1)
Tﬂﬂﬁ n = Roughness Coefficient

= 0013 (HIADUNIATITUAT)

A = Huivthdnueamainde @uualdinlnadurie)
= D’ /4 (GERTS
= durgudnansueanie )
= Hydraulic Radius (1.)
= AP

P = Wetted Perimeter (u.)
= 7D

S = 0.0008 (AIMNFUAITAVDINDYUIA 610 HL.)

[
o 0

= 0.00058 (ANVUFUAIGAVBINIBYUIA 760 1)

o

= 0.00038 (ANNFUMFAVDIVIBYUIA 1,050 WN.)

= 0.00032 (ANVFUAFAVBINDUUIA 1,200 1)

2) WAMIATUIN

NovUIA (MN.) 8@31M13 1M0gIga
au.u./Aun AL/,
600 0.174 626.4
800 0.318 1,144.8
1,000 0.467 1,681.2
1,200 0.697 2,509.2
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S BOD fi1 Flow
BOD (mg/l) | Plotting Position f11 Flow | Plotting Position
(m/n+1) x 100 (m/n+1) x 100

1 17.7 T 335 3.57

2 24.6 154 8.15 24.40
3 27.2 231 12.89 56.55
4 315 30.8 16.32 66.07
5 31.8 38.5 22.29 67.86
6 321 46.1 27.54 72.62
7 41.7 53.8 32.50 76.79
8 495 61.5 36.57 81.55
9 108.0 69.2 4332 83.93
10 108.0 76.9 48.64 85.12
11 111.0 84.6 50.84 86.90
12 115.0 923 0.00 0.00

13 62.07 88.69
14 67.03 89.29
15 72.12 89.88
16 98.21 90.48
LF 105.14 91.07
18 105.14 91.67
19 123.14 92.26
20 132.49 92.86
21 168.67 93.45
22 168.67 94.05
23 196.74 94.64
24 196.74 95.24
25 203.99 95.83
26 218.73 96.43
27 218.73 97.02
28 221.54 97.62
29 398.59 98.21
30 445,99 98.81
31 657.62 99.40
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(Complete-Mix Activated Sludge, CMAS)

- YuIAnUANIMA, V

% = 0,QY (S,-9)
X(1+k,0)
\% = Suesdufuena, au.y.
0, = mqﬁﬁﬂﬁ, M
Q = 5ms1ms"lﬂmmufuﬁu, av.u./u
Y —  Yield Coefficient, un.uuafisuan.iled #ldl
S, = BOD,WhgszuY, Un/A.
S ~  BOD, 99A2INTTUL, UN./A.
X = MLVSS luguaueinia, un./a.
K, = Decay Coefficient, W’

= a o a
- Sywaaadauinu

P = ans Q (So - S)

P, = adavaluiu, nn.vVSS/Au
Y,, = Observed Yield, UN./UN.
= 1
1+k, 0,
- PSinwemaiidens

0, = Q-5 -142P

BOD,/BOD,
0, = nnafweendiouiidesms, nn/u
BOD, = Ultimated BOD, 1f./a.

BOD, = BODmluiuiis, un.a.
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YszAnTmnvUATDIANDIN A

YSimonandonmsluanzuas gy, au.u./u

QaO
{ P€LaG, F 4 1.024 % } (o)
9.17

Ymaemeianizldauese (1), avu/Au
Salinity-Surface Tension Correction Factor

DO Busaii T°C, un./a.

DO luduaueIne, un./a.
qquﬁwu{ﬂuﬁatﬁummﬁ, O,

Vv
Oxygen-Transfer Correction Factor YDIUWAY

8R3ININYUNYUAZNOU

Q+Q)X

Q
X

T

X Q

ORI IMINYUATUAZNBY, AU/

vss luaznounyuiou, un./a.

"  d
azneUTIMIAUTIADIgUNININYIDHYUIBUATNEY

Qur

Qur

= VX

ec Xl’

v ¥
aznoUdAURAIgUNIINYIBATNEUNIUIILY,
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2) aunisildeenuuuszvuhiaiudoaznowswuudalgnssiaduiung
(Sequencing Batch Reactor, SBR)
- nalumsinlgnsn

TC = TF+TR+TS+TW

—
Il

Total Cycle Time, %

= Fill Time, %

m

= React Time, %

= Settle Time, %

w

e e
]
|

=

— Ty + T
= Idle Time and Effluent Withdrawal, %

Effluent Withdrawal or Decant Time, %

—3
Il

F = Idle Time, %

3
- USinasveswna lumsidininge
Ve = Q/m

v
U5naslugraramsimuriuae (T,), av.u.

<
Il

Ed v
funsilumsinlgnsnaeiy, A3y

=
I

- palumsinlgnan
L = 1/m
- PSaadad lududueinie
M = PO, =  (P)T/TI®,)
M = USinaadadlududueime, nn.ss
P = ﬂ?mmﬁﬁﬂiﬁzﬁﬂﬁumnmiﬁﬁﬂ BOD, NA.VSS/Tu

= Yobs Q (SO - S)

Y. = Observed Yield, 0./,
= Y

1+k,6,
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Y = Yield Coefficient, un.uuafiFe/un.iiToan 191
0" = Effective Sludge Age, 11
- 1,6,
T

€

a a a d o a
- 1.]'511'15]3151.]??{1-!ﬂ@ﬁﬁﬁﬂﬂiunﬁmuﬂ’lﬂ’lﬁ

NV, .~ SF M,
XR
VN = YSasGudu, av.w.
SF = Safety Factor
Yy 9 w 1
X = f\’!']ﬂl‘llliﬁlu‘llﬂ\ﬂﬁﬁﬂﬁiu‘lﬂﬂ Idle, Un./a.

- USRI INvRIn AN INIA
v - V,+V,

T

V., = U519 I5WVRI0UANDINA, AL,

- PSnaadesmaslududueima
X = MV,

=y o & o
X = Sumaaaamay, un./a.

a  a 4:1 9/
- ﬂu1ﬂﬂﬂ\1ﬂﬁiﬂﬂﬂ'lﬂ1ﬂ'ﬂ'1%

Ve = V/n
@ a d!' g/
vV, = Y1AveIduANeINIAN 1Y, av.u.
n = 1D UANDINA
- YSuaemandens

JSinmeimandesmsasonesamn ldswdeanuaumsvesssuuiua
, :

uAvanus SUUREEIYsal
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3) Funsildoenuuussuuihiaindoaznouis wuuAaeIUABY (Oxidation

Ditch, OD)

USuasduauend
v, = 6,QY(S,-9)

% ({1+k;0)

USue1NIANAnanis

O = Q(S,-SYer g sad2 P,

2

BOD,/BOD,

Yunaumsguadasidoundy
Q+Q)X = X.Q

o w o o
o ﬂﬂiTﬂTi'ﬂZ’JﬁﬁﬂﬂﬁUuﬂﬁU, au.N. U

=

= vss luagneunyudow, un./a. Vss

.,

- MLVSS lugadyerna, un./a. VSS

o XL
[

¥
= §n31ms lnaveninde, av.u./u

a o a9 a:y 1 =
- USNuadaiNnABIgUTNINNINNENYUITUASNDU
Qe = VX
GCXI’
= USunsouauINIA, au.w.

USuaadas ludufueInie, un/a. Vss

oK <
I

= a o ' =
= USuaadad lunevyunouazNow, un./a. VSS

D
I

)

o ¢ o
91gaaAd,
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" o = 1
szuuneszuotindeldoonuuuillussuuneusn (Separate System) Taeld
2 ar = o ~ ' ar 0o <
aumsYRLUe Genvazdalwiadedn 3.1.2) sawiuTdsunsuduiaegy (Microcomputer

Programs for Improved Planing and Design of Water Supply and Waste Disposal System : Sewer

£

Y o v

Design) o mualunseenuuy Al
1) denldmdinniuea (Peaking Factor, PF) 1N 3.5

2) mmﬁw‘ﬁqwum%fw"lwa“luﬁa 03  u/Aud
3) mmﬁ’;qaqmmﬁwwulﬁa‘luﬁa 3 u./Aud
4) STAUAUINYIGA 3 u.

5) idenldm  n e 0.013

¥ ¥
3322 MIoeNULUUTHILIUMS Mudenszuuitalings

v
I o] ' s
) madenszuuhiaminfeaznousauuunauauyss (Complete-Mix

Activated Sludge : CMAS) A331U# 5 - 6
1
1.1 amfguinde

SMua  HRT = 10 W% N9a51015 lvamas (wea ADATALAUN, 2541)

dasinisivamas Q. = 67.32 ALLU/FU.

avg

b
vineaanifiguiude = 67.32x10 = 11.22 004,

60

1¥ 0319 x 017 = 2x 2 1. ANNAN BitenI1 2.8 .

12 edadasims ina
Smua  HRT = 1w fisasins Inagega (Peak Factor = 3.5)
YuIeUeIteIadas I va = 67.32x3.5x 1 = 3.927 au.u.
60

¥ adexoxag = 2x2x 1= 4aua. >3.927au.u. OK
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1.3 D9ANAZNBUTY 51}‘14 (Primary Sedimentation)

A rua  HRT = 1 -4 %1,

¥

dasnidu = 70 - 130 a1.31./05.3.- T (0n51 Inagage)
- 3050 av.4/m5.4 -0 (Fas Inamde)
onsnszrhy = 250 av.u./5.-TU
19 fanaw

- idurhguina 5 3-60 u

amuEnvedEduih = 2-5 U

_amusunudan - 8 %

+ Fondas iy - 40 AV.N/MIAL-TUY
fuffvestmnanznoy = 67.32 x 24/40 = 404 M50
Bendenay vwaduriguinaly - 8 u.

W.NHD _ 5026 > 404 OK

¥
A529a0U DA 1A

1. Noas I3 Inagaga

2. NPa31M3 IMamay

A =
* @onAuanin
A3I9AO HRT
1. N8A5INT Iagaqe

s

< =
2. ﬂi'lﬂ'li‘lﬁm’ﬂﬂﬂ

v
* anueadheidu
A31900U oI INIeHe
b
1. idasims nagega
- W P
2. PwIIMs Imamay

wasuszezlumsneaiiensa)

Il

67.32x24x3.5

50.26

I

67.32 x 24
50.26

= 50.26 x 5

67.32x3.5

= 50.26 x5
67.32

= Tx7 =

112.5 = B30 OK

321 > 30 OK

1.06 > 10K

3713 < 4 OK

220 w.

= 67.32x3.5x24/22.0 = 257.04 < 500 OK

= 67.32 x 24/22.0

= 7344 < 12530
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1.4 QUANBINIH

[~ v o
ﬂammmwmﬂuﬂ:nauﬁumumamnym (Complete-Mix Activated Sludge ;

A A A 9/ @ :;’
CMAS) Imnhenly lunisesnuuy adil

BOD,, = 90 un./a.
BOD_, < 20 un./a.
0, = 10 )l
Y = 0.5 (10, bact/un. Substrate)
X = 3500 wA./a.
Ky = 0.05 @B
MLVSS/MLSS = 0.8
BOD,/BOD, - 0.68
- YUIANAANDINA \% = D QYIsS,-9
X(1+K,0,

= 10 x 67.32 x 24 x 0.5 (90 — 20)

3500 (1 +0.05(10))
107.712 + 47 au.u. = 154.7 avV.u.

Il

1 Suasdaudvoma

* FonamuAnih - 3 w0, e 6 .
CLANWENINIANASZAOUY = 6.,
Fvuiadamneznou nxoxa = 6x8.6x3 = 1548 ALy > 154.70K
fMYUA  Freeboard = 0.5 .
S ANMNANTINYRIN AN = 35 .
wafuANeIMA + = 6x8.6x3 .
- PSunuadnddawiiu |
P, = Y,.. Q(5,-9)
Y = Y

obs

1+K,0,
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Q, - Y3 0, ideans

sz AnsnIn x mine1me (kg/m’) x ¥nin O, (kg/ke)

= 113.32

0.05x1.2015 x 0.232

= 8136.4 a1.:./3U

Q, - 8136.4
(0.95x838)- 1.5 (1.024)" ™ (0.95)
9.17
= 8136.4
(0.705) (1.1259) (0.95)
= 10791 au.u./Au = 7.5 avu/Aan
- ORI INYUALUAZNOY
Q+QX = X Q
frua X = 3500 un./a.
ss lugannaznoudid 2 = 10000 wn./A,
MLVSS / MLSS = 0.8
X, = 8000
Q = 67.32 x 24 V.3
UNUA
(67.32x24 +Q)3500 = 8000 Q,
228Q, = 1616
Q, = 709 QUMY
- ﬂzﬂauﬁamﬁuﬁﬁmquﬁq
Q, = VX
0.x
= 154.8 x 3500
10 x 8000

= 6.77 avu.u./AU
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1.8 5&ﬁﬂﬂ$ﬂ8u‘ifuﬁ 2 (Secondary Sedimentation)
s Ivaveainde - Qeatls + Quitakiiounti = Loy
- (67.32 x 24) + 709 — 6.77 A4/
= 2318 QUMY

[

1 118

Il

A Y o P

BonlenInnazNauN 2

YPUIANUNHIVDINT = QX /(1000 x S,)
= (2318 / 24) x 4375

(2 x 1000)
= 211.3 A3,

o d [
(SF = 'FJFI?7ﬂ1§$ﬂ]@\3llﬂ\11uﬂaﬂﬂﬂ$ﬂﬂu, AN/AT.U-TN. = 2)

1¥8anau D - \/211.3){4 - 16.5 .

T
As = T(165)°/4 = 2138 > 2113 OK

13

¥
@59 ARUMITATNIAUDUA

OFR = Q/A 2318 /2138
= 10.84 AUN/MT.H-MWU < 15 0K

- 1579 ADUNTZUBNAA (Solid Loading Rate, SLR)

SLR = QX/A 2318 x 4375
1000 x 213.8
= 4743 an/Asu-du < 50 OK

3 1
- AONANMNANYDINNNANBUTUT 2

= < .
= @15'li]ﬁﬂﬂnﬁ'ﬂﬁﬂﬁlﬂ‘llﬂQﬁﬁﬂﬂﬂgﬂﬂu
DT = Axh/Q = 213.8 x4 x 24
2318

= 8.85 T
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1.6 1A309910RA03 U
1¥msazawaasiuvoamnadoyleTinas 15 70% fsasinsidu s una.
~1Su1eu ca(oC1), 70% A%
dasIg Inagege = 3.5x 2318 a0/
= 8113  av.u./U
sasims namav = 2318 au.u./Au

Ysum caoc), 114 = Q x NI INTIAY An.Au

0.7 x 1000
= 8113x5
0.7 x 1000

= 58 nn./Iu

S RSUNEITAZAIANUTLTY = 25%  (AMUONTUNIZAITAZAWAADIU = 1.0)

Ysinmmsazaonlys = Y3 caocy), #lF  x anwarsumizasazaw

0.25
= 58 x 1 - 232 ans/Au

0.25

r

- 1PN BITWENSIAT NOATINSTU 250 AR/ IUTIUIU 1 %9

1.7 faduranansu

ldnaduna = 30 Wi Adasmsina 2320 auaSu
YPUATITURT = 2318 x 30 x 1/60 x 1/24

- 4829 av.w.
@on nxoxd = 4x125x 1.1

= 52 N, > 48.29 OK



1.8 teguaznoudounau
- inunsnoudafuRidosguin - Usnmaznoudoundy
= Q.+t Q
- 6.77+709 AU/

= 716  au.N./AU

~denldinosguvinagulidosnit = 15(Q, +Q)

= 1.5 (716)

= 1674 Ay 1./3u
- 139N HRT UoqU = 10w fsasmsluamde

vetegy = 67.32x 10 au.u.
60
= 1122 auy.

- i@onvuiogu nixen = 2x2 ¥ awanhidesnn 28w

1.9 1]8qmmaumnﬁmﬂm:ﬂﬂuifué’u
ﬂ?mmmﬂaumnﬁqmﬂmﬂﬂmfuﬁu
1SS ‘114‘1{“’3 g = 70 un./a. (Maximum Value from Wastewater Sampling)
- 139N 30% BOD removal 1182 50% SS removal (U3¥M woansudauaun $11a, 2540)

OW. V0IaAAT - 1.02

w o
ANMUTNTUYDIADAD 2.75%

= 0.05  gVSS/gCOD removed (MetCalf & Eddy, 2003:1000)

anaerobic

BOD/COD = 0.44  (Average Value from Wastewater Sampling)
- 151w ss Nigniidasenndianagnoy = 70 x 67.32 x 0.5 x (24/1000)
= 56.6 NN/

[
=

- 1511 BOD Ngnmiaseniintinnaznou 90 x 67.32 x 0.3 x (24/1000)

I

- 43.62 NN/

- 151% COD gnianenINtIANALNOY 43.62/0.44

= 99.14 NN.COD/IU
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¥
2) madenszyuThaindoesnowsauueaile1s (Sequency Batch Reactor, SBR)

o

Aegin 5 -7

v
2.1 amiiguindeneudigszuuinia

k) = vy 1
TRL Muxemxgs - 2x2  anhidesnn 28w,

2.2 Upiadns1lva

YU Muxemxge = 2x2x1 av.u.

£
2.3 UBuLU

=h.

1 = o [ n’: [ = @ :’
sonuuuiluyensuniaasuman Jukudy 2 Y09 Tasiinaimi = 3 win

80351013 11agaqaA (Q peak)

avoulai = 67.32 x 3.5 x 3/60 11,781 av.u.

8
Aonvuaeuail e x 017 x Q9 = 2x3x2
= 12 auw. OK

2.4 DAANDINA

-
iaon
o o E s

p1yaan (6,) = 18 U
VSS = 3500 un./a.
Total Time (T,) = 100 %
Fill (T,) = 20 %
React (T,) = 40 %
Settle (T;) - 20 %
Draw (T,) = 15 %
Idle (T,) - 5 %
Sasinszdunsd = 0.2 An. BOD/a1).u./3u

A
A3

Il
(38

ke
$wauasilumaihilgnse (m)
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-ymlSuimsaau Fili, VF = Q/m
= 67.32x 24 - 807.84 UM,
2
-y Total Time, T, = Yo, = 05 w12 %
fmua TA+T,+T, = 4 ¥3.
Ta = T, lsT )T, = 3]
= 5 W
= 0.208 I
- fraamnadad finaiy
P = Y . Q(S,-9) (Y, = 0.263)
= 0.263 x 67.32 x 24 x (90.20)/1000
= 29.74 PN.VSS/AU
= 29.74/0.8 = 37.17  0N. SS/AU

- SruramilSuanznoulududuernia (323 Settle and Decant)

M E PQ, = PTO"

X

T

A

37.17x 12/5x 18

- dnnanmysueslueae T, + T, (T,)

w

fimua X, U T = 10000 1N./a.SS

¥ dadunnuiasany, SF=1.0

v, = SFM_
XR
= 1.0 x 1605.74
10
= 160.6 aUY. ~ 161 v,
- JS11a377U0I0UANDINA
v, = V. +V,
= 807.84 + 161 = 968.84

0," =18 W)

1605.74 nN.SS/IU

(1%)

[INIRR
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- SnatlSuan U s Sludge nHo MU UALINIA (339 React)

X = M

X

1605.74

VT 968.84

1.657 fnN./al.y.
= 1657 un./a. sS

1500 < 1657 < 5000 OK

- A1UIUH 1 Decant pumping rate

X = 807.84 oL
Decant time = 2 W
Pumping rate = 807.84/2 = 404 AL/

_ywl5une 0, ideamslumsihy§isen
o, =  Q,-S) - 142P
BOD, / BOD,
3 67.32x 24 (90.20) - 1.42(29.74)

1000 x 0.68
B 166.32 — 42.23
= 124.1  0N.0,/ M

Qp = 124.1

0.05x 1.2015x 0.232

= 8905 AU.4.AU

Q, s 8905
(0.95x 8.38) - 1.5 (1.024)°7% (0.5)
9.17
= 8905

(0.705) (1.1259) (0.95)
= 11809 @1.u./IU

= 82 auuAnd
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- 5uunznouduiuidesguesn

Qwa - Px
37.17

nn. SS/U

AMUA GUAZNBUBDNTUTN Settle + Decant

X 10000

Il

1.05

1l

oW, YDITAT

. Suasaznouidesquoen

o

141./8.(3S)

= 37.17
0.01 x 1.05

= 3.54  au.Y./7U

A A = " Al Y
- Lﬁﬂﬂlﬂ‘iﬂ&gﬂﬂﬂﬂi“l 1.5 993 ﬂ'lﬂ'lﬂ

Quwy = 1.5x 3.54
= 531 av.u/au
- 022  aU.U/FY.
-~ o o aan
- Asnimaudaljism n = 2
SV = LA 968.84
n 2
- 484 =~ 485 Q..
= A Yo = 3 o 9 ] 4
- AonldguRuemesiuau 2 69 vnadurkguena e x gu = 11x4.5 .
\% = 495 > 485 auU.u. OK
94 Freeboard 0.5 1. .. vwadufuemaduriguinarexge = 11u.x5u. OK

A4 a
2.5 1N599010AADTU

Aonldasazaiunasiuues CaOCl), 70%  NOATINIIAN 5 un./a.

- 51 ca(oCh), 70% N119

= 8120x 5
0.7 x 1000

= 58 nN./AU
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SSunaEisazaie 25% nlY = (58/0.25)x 1 = 232 Ans/Au

'
= o

- ideninieaneasaiiNonsIMsgqy 250 aAs/AuTIUU 1 §A

2.6 DaduHanauIy

k) ar =1 c;
lgnadura = 30 W N Qu,
YUIADITUAT = 2320 x 30 x 1/60 x 1/24

= 4823 @l
= 4
AN NI X UNIXGY = 4x125x 1.1

= 59 Uy, > 48.33 OK

2.7 UoguAznau

179N HRT 10U = 10 W
AVREERIET$T = 67.32x10 QUM
60
= 112 aua.

Aonvuiatogu ni e x 12 x g9 2x2x28 .

w o
2.8 UAINURIAEAD

s

denszoznarlumsanadad - 10 ol
v
ANUNUITUAAAT = 0.3 1.
Q adad = 354 vy
YN UNYeIAIUAIN - 3.54/0.3
- 118 @5,
=}
{@envuIA 3x5 = 15 asy. > 11.8 OK

1Faumniiuiu 10 o



3) madenszuvhiaiudenzneus wuuAap9IUILY (Oxidation Ditch, OD)
JUN 5 -8
=1 : I
3.1 aadguiude
A A Ao =
{49n HRT = 10 1 Noas lnamae

=] (7 [
2x2  anudnlhidesndl 2.8 w.

= gt .9
yuaamilgu 19 nd1ex o7

3.2 U93AoATIMs Ina
A = ‘:‘: o
(N HRT - 1 il Ndes vagagea

vualeTasnI1nNs lna = 2x2x1 SHEY

3.3 DUANOINIA
a 1
2ONUUUTEUUIRIUAZNOULSY

=] dl =1 9 ar dy
famdenldlunisesnuuy Al

BOD,, ~ 9  un./a.
BOD,,; - 20 un./a.
0, = 20 )l
X = 0.5 (1. bact/uf. Substrate)
X = 3500  wn./a.
K, = 005 @B
MLVSS/MLSS = 0.8
BOD,/BOD, = 0.68
- YUIADUANDINIA % = 0,QY(S,-9S)
X(1+K,8)

= 20x 67.32x 24 x 0.5 (90 - 20)

3500 (1 + 0.05 (20) )

Il

1FU5asdadueIne 161.57 + 71 @1y, = 233 au.y.



x i
U@vainssLunesiumu
(Separata System)

©

D e & T
@

AYANBOL

@ amiiguinienoumizzmaina ® ewminAnaaiy

@ wadndasin 'l ® dsdudananiu
@ dwuAusne @ unguaznny

@ dewnaznoy ® awmnaznou

4 o ot : =
NN 5 -8 MABDNITZUVI NI UTEAZNBULST WVVADDIINISH

(Oxidation Ditch : OD)

ARBIMUVIL

[zl




- AAUDIDUANDINA
iy = .
IRDNAINANUDIN

9 9/
ANNNIIAUTIY

WA, Ninda

[} 9
AU 1A

Ay o
AUENINABINTNIKUA

ANNY1IBIINAN

= w o1 =9
-Suuaaasgiuny

P =

X

Yohs = Y

1+K,0,

= 0.5

1 +(0.05 x 20)

= 0.25

= 28.27 kg VSS/day

= 2827 =

0.8

MLSS MLVSS

Il

0.8

= 3500

0.8

= 4375 un./a.

Yubs Q (SD - S)

1.5 .
2.0 .
1.5+ (1.5x2)
525 A3

2,70 (2.5 +0.75)

204w,
254/5.25
484 .

(48.4-20.4)2

14 u.

0.25 x 67.32 x 24 x (90 — 20) / 1000

35.33 AN SS/U

4.375 nn./av.u.



Volume

-1Sumenandeinis

123

of waste AS = 35.33
4.375
= 8.1 av.u.Au
= Q(S,—9) - 142P,

BOD, / BOD,
= 67.32x 24 (90-20) - 1.42(28.27)

1000 x 0.68
= 166.32 —40.14

= 126.18 NN. O,/

¥
aelsznoudis  23.21% 0, lasiiwiin

¥

1IMUnDINA 1.2015 nAN./aL.Y.

UszAnSninvounsouaueInd 5%  (1@enl¥ Air Diffuser)
= d‘ o

saenmanapans Q, - Q,,

B =095

O VA5

4J§§wgch ' 1047 F @
9.17

1.5 T=25°C oL =0.95

(B!
I

c, <838

U511 0, Ndoants

¥ ¥
Yszansam x niinenie (kg/m’) x dmin O, (kg/kg)

126.18

0.05x 1.2015 x 0.232

9054 au.u./U

9054
(0.95x8.38)— 1.5 (1.024)° 7 (0.95)
9.17
9054

(0.705) (1.1259) (0.95)
12007 @1.4./9U = 834 AU
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- BRI INMIHYUIIUAZNOY

(Q+Q)X = X Q,
rUA s = 3500  wn./a.
ss ludsnnaznoudud 2 = 10000  A./A.
MLVSS / MLSS= 0.8
z = 8000
Q = 67.32x 24 av.3./U
U
(67.32x 24 +Q)3500 = 8000 Q,
2.28 Q= 1616
Q, = 709 U4/
asnoudnufudesquie
Q. - VX
0.x
= 254 x 3500
20 x 8000

= 55 AV.Y/IU

3 [
3.4 DINNAZNOUTUN 2 (Secondary Sedimentation)

Qmﬁn = Qﬁﬁ'ﬂn’ﬁwnﬁu ™ sz

= (67.32 x 24) + 709 — 5.5 AVU.N.A Y

3
8931013 Imaveaiudy

- 2320 av.N./AU

o

donlddwmnaznouii2 = 1 09
winafuiiavesss = QX /(1000 x S,)
- (2320/ 24) x 4375
(2 x 1000)
= 212 A3

o < o
(S¢= ?Jﬂi"lﬂ']'iﬁ‘l]f)du‘lﬁﬂuﬂﬂﬂﬂﬁxﬂﬂu, NN/AT.4-H1. = 2)



19 3nam D - \/212:44 165 1.
As = T(165) /4 = 213.8 > 212 OK

¥
- ATI9EUNISAT AN

OFR = Q/A 2320/213.8

1085 auu/MIu-IH < 15 0K

- @15 19 @0UN 132U (Solid Loading Rate, SLR)

SLR = QX ia= 2320 x 4375
1000 x 213.8
= 4747 an/esu-u < 50 OK
_donanuinuesdanaznoutufi 2 = 4 .
- A5 ABUNIANALINYDITIANAZNDY
DT = Axh/Q = 213.8 x 4 x 24
2320
= 8.85  wu.

3.5 1509910AABIY
215 azaronnosuveaunadoy lalnas lsy 70% fdnsmady 5 un/a.
- J51na ca(0CD), 70% 14
3.5 x 2320 V.Y

9R5INT IMAgaTa
= 8120 @u.N./IU
893103 Iamay = 2320 au.u./AY

Q x BATINTAY AN/

USat ca(ocn), 114

0.7 x 1000
= 8120x 5
0.7 x 1000

= 58 N./IY

25% (mmd’nﬁuwwmsazmﬂﬂafﬁ'u =1.0)

- @wieumsazaeanududu
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=N ~ 3 = = ' o
USmamsazaton 1y 1Fu@ Ca(OCl), ld  x anugsuwmzasazaw

0.25

= 58 x 1 - 232 ARsAY

0.25

-iBoninieewasal Noasmagqy 250 Aasdudan 1 ya

3.6 09AUAANRDIY

Fnaduia = 30 WN NORTINIT A 2320 auuAu
YUIANITUNE = 2320x 30 x 1/60 x 1/24
= 48.33 A1

@en Axoxd - 4x12.5x 1.1

= 52 vy > 48.33 OK

3.7 veguaznoudoundu
- ﬂ?mmmnaudamﬁuﬁﬁ’mquﬁa +Suamzneufoundy
I Q.+ Q
= (5.5 +709) + 56.6 / (1.05 x 0.01 x 1000) AL.4./3u
(AznBU SS)
= 720 au.N/Au

1.5

=1 Y ‘ﬂ‘ "9 ]
- nenlnTesguumiagu lidesnd

1.5 (720)

= 1080 av.3./3U

- (9N HRT Uogqu = 10 it isasns lnamie
vategy = 67.32x 10 IR
60
= 11.22  au.u.

-depvnavoquataxenn = 2x2 w. anudAnlidesah 28 w.
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3.8 aUAINUHIAAAT (Sand Drying Beds)

@enszoznalummnadad =. 10 Ju
AT AR TULA T = 30w,
Q adad - (5.4+5.5) a3/
. fufifaan = 10.9/03 = 30.33 @34
Bonuuia A e x e = Sx8 U 91w 10 a1 lposzuienznauad

AuAININAY 1 a1u

b4
4)  MIPBNUUVITUUNBITGHUTY
a :’ 2 Ay A
4.1 5uanindendinieasndnn Node

= o = ' o J = ' a o = A

Ysmaniudeluudaz Node Anamndndslusdazeraslavysmanivioh
a d? ' v @ [ d:; ~ o dy P ' 9 =
faduluudazemsszinisesnidludadiuamiui Tashiuiluudazoimsgudlodsunm
v [l ¥ 4 ' ¥ !
dndoinadulull we. 2565 MISARUNIIWNIMUATBINNDIAT UAAIAINITIN 5 - 2

wozglns-9

¥
42 vwaviesziuFy
[ : A A 3q 3/ o o :
vuraneszvviudoimurzay1dlelUsunsudusagl (Microcomputer
Programs for Improved Planing and Design of Water Supply and Waste Disposal System : Sewer

Design)lumseonuuudsuaaslusiomssiuiunnldsunsuanard (ms1an 5-3)
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JROJECT TITLE: FS Sewer Huachiew University . .
A9 5 -3 TMIAIMYIANTEUETLTY

NUMBER OF NODES: 34 .
NUMBER OF LINKS: 34 fuvanzay Taelsunsuduiogy
PEAKING FACTCR: 3.5
MINIMUM SCOUR VELOCITY: .3 (MPS)
MAXIMUM VELQCITY: 3 (MP&)
MAXIMUM COVER DEPTH: 3 (M)
SEWER OUTFALL NODE #: 33
CROWN ELEVATION OF OUTFALL NODE: 1.075 (M)

'OTAL SYSTEM LENGTH: 2250

\WERAGE WEIGHTED DIAMETER: 18.0111LL

VERACGE WEIGHTED EXCAVATION DEPTH: 1.3251705

VERAGE WEIGHTED EXCAVATION AREA: .274406

JARNING : ELEVATION OF LAST PIPE IS LOWER THAN CROWN OF OUTFALL NODE.

'ROJECT TITLE: FS Sewer Huachicw University

L INZK DATA * =» MAX COVER DEPTH EXCEEDE
FROM TO PEAK WATER LINK MIN MAX GROUND
LINK NODE NODE FLOW LENGTH DIAM DEPTH VEL SLOPE SLOPE SLOPE SLOPE
# # # (LPS) (M) (CM) (cM) (MPS) % % % %
1 il 3 0.665 50.00 15.00 2.75 0.300 0.36 0.36 %260.87
0.02
2 2 3 5.817 80.00 15.00 11.60 0.397 0.16 0.16 39.84 0.15
3 3 4 6.482 80.00 15.00 11.60 0.442 0.20 0.20 36.39 -0.06
= 4 5 6.482 50.00 15.00 11.60 0.442 0.20 0.20 36.39 -0.03
5 5 6 6.482 65.00 15.00 11.60 0.442 0.20 0.20 36.39 0.15
6 6 7 6.482 40.00 15.00 11.60 0.442 0.20 0.20 36.39 -0.24
7 7 10 16.982 100.00 20.00 15.47 0.651 0.30 0.30 17.98 -0.10
8 81 8 7 609 90.00 15.00 11.60 0.519 0.28 0.28 31.82 -0.31
S 8 o 7.609 240.00 15.00 11.60 0.519 0.28 0.28 31.82 0.06
1.0 9 10 7.609 125.00 15.00 11.60 0.519 0.28 0.28 31.82 0.07
11 10 11 24.591 75.00 30.00 22.23 0.438 0.08 0.08 15.09 -0.13
12 12 13 1.029 70. 00ng 15.00 3.73 0300 0,25 0425 %177.77
0.00
13 13 14 19629 50.00 15.00 3.73 0.300™0,25470.25 %177.77
0.16
14 14 15 6 597 90.00 15.00 11.61 0.450 0.21 0.21 35.84 0.09
15 11 15 28091 15.00 30.00 23.21 0.479 0.09 0.09 13.50 -0.03
1.6 15 16 34.688 45.00 30.00 23.21 0.591 0.14 0.14 11.33 -0.01
17 16 18 36.438 80.00 30.00 23.21 0.621 0.16 0.16 10.89 -0.01
18 1. 18 1.939 75.00 15.00 5.91 0.300 0.15 0.15 %102.21
-0.0e6
19 18 19 238.378 10.00 30.00 23.21 0.654 0.18 0.18 10.43 0.00
20 19 20 38.378 25.00 30.00 23.21 0.654 0.18 0.18 10.43 0.00
21 21 20 2745073 5.00 20.00 15.47 1.038 0.76 0.76 12.38 0.00
22 23 21 27.073 90.00 20.00 15.47 1.038 0.76 0.76 12.38 0.03
23 22 23 10.860 30.00 15.00 11.61 0.740 0.57 0.57 23.77 0.02
24 24 23 16.212 20.00 15.00 11.60 1.105 1.27 1.27 17.31 0.78
25 25 24 0.389 15.00 15.00 1.89 0.300 0.56 0.56 %418.96
~Q,03
26 30 24 15.824 50.00 20.00 15.47 0.607 0.26 0.26 19.05 -0.44
207 26 27 3056 45.00 15.00 8.40 0.300 0.11 0.11 69.00 0.00
28 27 28 3056 45,00 15.00 8.40 0.300 0.11 0.11 69.00 -0.01
29 28 29 10.115 45.00 15.00 11.60 0.689 0.49 0.49 25.18 -0.02
30 29 30 13.9685 30.00 15.00 11.60 0.952 0.94 0.94 19.45 -0.02
31 32 30 1.859 150.00 15.00 5.72 0.300 0.16 '0.16 %106.07
-0.25
32 3k 32 1.859 150.00 15.00 5.29 0.333 0.21° 0.16 %106.07



33 20 33 65.450 120.00 30.00 5% .21 1,115 ©0.51 0.51 6£.82 0.00

ROJECT TITLE: FS Sewer Huachiew University

LINK DATA * => MAX COVER DEPTH EXCEEDE

GROUND ELEV CROWN ELEV INVERT ELEV EXCAVATION DEPTH

LINK UPSTRM DNSTRM UPSTRM DNSTRM UPSTRM DNSTRM UPSTRM DNSTRM

# (M) (M) (M) (M) (M) (M) (M) (M)

1 0481 0.80 0:31 Q.13 0.16 -0.02 0.65 0.82
2 092 0.80 0.42 0.29 Q. 27 0.14 0.65 0.66
3 0.80 0.85 0.13 -0.03 -0.02 -0.18 0.82 1.03
4 0:85 0.87 -0.03 -0.13 -0.18 -0.28 1.03 1.15
5 087 0.77 -0.13 -0.26 -0.28 -0.41 1.15 1.18
6 0.77 0.87 -0.26 -0.34 -0.41 -0.49 1,38 1.36
7 0.87 O 9% ={asd -0.64 -0.54 -0.84 1.41 1.81
8 .33 i 21 0.43 0.18 2.28 0.03 0.€E5 1.18
9 1.21 1.06 0.1i8 -0.48% 0. 03 -0.64 1,36 1.70
10 1.06 0.97 -0.49 -0.84 -0.64 =07.-9.9 1:76 1...96
13 0.97 1.06 -0.84 -0.90 -1.14 -1.20 2.11 2.:26
12 1.22 1922 Q.72 0 .55 0 57 0.40 0.65 0.82
13 1.22 1.14 0.55 0.43 0.40 0.28 0.82 0.87
14 1.14 1.07 0.43 0.24 0.28 0.09 0.87 0.98
15 1.06 1.0 -0.90 -0.92 -1.20 =122 2.26 228
16 107 1.87 -0.92 =0..98 -1.22 -1.28 2.28 235
17 1 307 1.08 -0.98 iy . —~LN28 -1.41 235 2.48
18 1.03 1.08 0..55 0.42 0.38 0.27 0.65 0.81
19 1808 1.08 #L..11 -1.13 -1.41 -1.43 2.48 2.50
20 1508 1.08 -1.13 =1.17 -1.43 ~1.47 2 .50 2.55
21 1508 1.08 ~1:1.6 =il 1.9 -1 36 =1..89 2.43 2.47
22 1.30 1.08 -0.47 -1.16 -0E67 =1.486 1.77 2.43
23 1,38 1.:1% 0.61 0.44 0.46 0.29 0 .65 0.81
24 1.26 Ll -0.21 -0.47 -0.36 -0.62 1862 1.72
25 1.26 1.26 0.76 0.67 0861 0..52 Qr. 65 0.74
26 1.04 dm 26 -0.08 -0.21 -0.28 -0.41 1 .32 1.67
27 1.02 15702 @, 52 0.47 0..3% 0:82 g .65 0.70
28 1.02 1:.93 0.47 0.42 0872 0.27 0.70 076
29 1...03 1.04 0.42 0.20 0327 0.05 0.76 099
30 1.04 1.04 0.20 -0.08 0.05 -0.23 0.99 120
31 0.67 1.04 0.17 -0.07 0.02 -~ Q22 0.65 1.26
32 0.98 0.67 0.48 O, BL7 0.33 0.02 0.65 065
33 1,08 1.08 ~ilignd 9 =1.81 -1.489 -2 ;11 2.57 308

'ROJECT TITLE:FS Sewer Huachiew University
N ODE DATA

GROUND EXCAVATION DIST HIGH INVERT
NODE INPUT ELEV DEPTH TO LOW INVERT
# (LPS) (M) (M) (M)

i 0.190 0.81 0.65 0.00
2 1.662 0.92 0.65 0.00
3 0.000 0.80 0.82 0.16
4 0.000 0.85 1.03 0.00
5 0.000 0.87 1.15 0.00
6 0.000 0.77 1.18 0.00
7 3.000 0.87 1.41 0.05
81 2.174 0.93 0.65 0.00
8 0.000 1.21 1.18 0.00
9 0.000 1.06 1.70 0.00
10 - 0.000 0.97 2.11 0.30
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= 0.5
1+(0.05 x 10)
= 0.33
P = 0.33 x 67.32 x 24 x (90 — 20) / 1000
= 37.32 kg VSS/day
= 732 = 46.65 NN SS/U
08
MLVSS

0.8

MISS

= 3500

0.8

= 4375 U@, = 4.375 ANJ/av.u.

Volume of waste AS 46.65

4.375

10.66 01.3./7U

- Smmeniafidesms
0, = Q@,-S - 142P,
BOD, / BOD,
= 67.32x 24 (90 —20) - 1.42 (37.32)

1000 x 0.68
= 166.32 - 53.0
= 113.32 AN. 0,/

v
pmAlszneudis  23.21% O, lagtimiin

shmineime 1.2015 AN./AV.Y.
YszAnsamuounseufuoine 5%  (ienld¥ Air Diffuser)
USnaemefideams Q, = Q,,
{Bc,-c, t 1o2s™ o
9.17

B =095 c =838  C=15 T=25°C 0L =095

L



' Vv
-1f3ua VSS Mfndy

]
=

. 151w sS NignidaeeniInnInnaznay

1= w & Y Y
- LINIATVONERRAUNUY 100%

= w &
- USiasyesadandudy 2.75%

113

= 0.05 x 99.14
= 495  ANJAU

56.6 + 4.95 AN/

= 61.55 A/
= 61.55/1.05

= 58.6  any/u
= 58.6/0.0275

- 2132 aay/

= 2.13 AUNAU

=} v A L) 1 "
- denldinTosquumnagu litdesnd = L5 m

1N HRT 1Uogy
YUIAVD L

fenvuInlogy

= L.5% 2:13

= 3.2 A3/

Ao A
10 U7 19a3103 Ivamay

11.22  au.u.

I

AN x eI x Q4 - 2x2x2.8

1.10 awenuiaadas (Sand Drying Beds)

w o
Bonszeznal lunsainaand = 10 u

¥ o
ANUHUIVDITUAGATUUAIUAN

o o
Q adaad

[

30 3.

I

= 6.84 A1/

L fufAIauaIn = 6.84/03 = 228 @5.4.

Laﬂﬂ‘\l‘u'lﬂ ﬂ%‘N x#7 = 3x8 W U 10 21U Tagszu1onzNBUAY

AUAINIURY 1 AU
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ANOVA
Sum of Squares df Mean Square Sig.

BOD Between Groups 3641.013 2820.507 220.237 .001
Within Groups 38.420 12.807
Total 5679.433

coD Between Groups 38065.333 19032.667 75.727 a3
Within Groups 754.000 251.333
Total 38819.333

NH3 Between Groups 3.333E-03 1.667E-03 1.000 465
Within Groups 5.000E-03 1.667E-03
Total 8.333E-03

TKN Between Groups 1.000E-02 5.000E-03 176 .846
Within Groups 8.500E-02 2.833E-02
Total 9.500E-02

PO4 Between Groups 1.240 .620 075 929
Within Groups 24.760 8.253
Total 26.000

SS Between Groups 1750.963 875.482 12,408 .035
Within Groups 211.665 70.555
Total 1962.628

PH Between Groups 243 22 5214 106
Within Groups 7.000E-02 2.333E-02
Total 313
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Multiple comparisons

LSD
95% Confidence Interval

Dependent Variable (I) DATE (J) DATE Mean Difference (I-J) Std. Error Sig. Lower Bound Upper Bound
BOD 1 2 -5.0000 3.5786 257 -16.3888 6.3888
3 62.4000* 3.5786 .000 51.0112 73.7888
2 1 5.0000 3.5786 2ol -6.3888 16.3888
3 67.4000% 3.5786 .000 56.0112 78.7888
3 1 -62.4000% 3.5786 .000 -73.7888 -51.0112
2 -67.4000* 3.5786 .000 -78.7888 -56.0112
COD 1 2 -92.0000* 15.8535 .010 -142.4529 -41.5471
23 103.0000* 15.8535 .007 52.5471 153.4529
2 1 92.0000* 15.8535 010 41.5471 142.4529
3 195.6000* 15.8535 G0l 144.5471 2454522
3 1 -103.0000* 15.8535 007 -153.4529 -52.5471
2 -195.0000* 15.8535 .001 -245.4529 -144.5471
NH3 1 2 -5.0000E-02 4.082E-02 308 -.1799 7.992E-02
3 -5.0000E-02 4.082E-02 308 - 1799 7.992E-02
2 1 5.000E-02 4.082E-02 308 -7.9923E-02 1799
) .0000 4.082E-02 1.000 -.1299 1299
3 1 5.000E-02 4.082E-02 308 -7.9923E-02 1799
2 .0000 4.082E-02 1.000 =1299 1299
TKN 1 2 5.000E-02 .1683 786 -.4857 .5857
3 .1000 .1683 594 -.4357 6357
2 1 -5,0000E-02 1683 .786 -.5857 .4857
3 5.000E-02 1683 786 -.4857 5857
3 1 -.1000 .1683 .594 -.6357 4357
2 -5.0000E-02 1683 .786 -.5857 4857
PO4 1 2 7000 2.8729 823 -8.4427 9.8427
3 1.1000 2.8729 127 -8.0427 10.2427
2 1 -.7000 2.8729 823 -0.8427 8.4427
3 4000 2.8729 .898 -8.7427 9.5427
3 1 -1.1000 2.8729 J27 -10.2427 8.0427
2 -.4000 2.8729 898 -9.5427 8.7427
SS 1 2 7.3500 8.3997 446 -19.3816 34.0816
3 39.3500* 8.3997 018 12.6184 66.0816
2 1 -7.3500 8.3997 446 -34.0816 19.3816
5 12.0000* 8.3997 032 5.2684 58.7316
3 1 -39.3500* 8.3997 .018 -66.0816 -12.6184
2 -32.0000* 8.3997 032 -58.7316 -5.2684
PH 1 2 -5.0000E-02 1528 765 -.5361 4361
3 -4500 1528 060 -.9361 3.613E-02
2 1 5.000E-02 1528 765 -4361 5361
3 -.4000 1528 079 -.8861 8.613E-02
3 1 4500 1528 060 -3.6127E-02 9361
2 .4000 1528 .079 -8.6127E-02 8861

*. The mean difference is significant at the .05 level.
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ANOVA
Sum of Squares df Mean Square Sig.
DO Between Groups 1.677 1.677 41.899 023
Within Groups 8.005E-02 2 4.002E-02
Total 1.757 3
BOD Between Groups 4.040 4.040 9.105 .095
Within Groups 887 2 444
Total 4.927 3
CoD Between Groups 1156.000 1156.000 1.467 .350
Within Groups 1576.000 2 788.000
Total 2732.000 3
NH3 Between Groups 1.332E-03 1.332E-03 3.232 214
Within Groups 8.245E-04 2 4.122E-04
Total 2.157E-03 3
NO3 Between Groups 25.503 25.503 1.252 380
Within Groups 40.745 2 20.373
Total 66.248 3
TP Between Groups 18.879 18.879 1.375 362
Within Groups 27.454 2 13.727
Total 46.333 3
PH Between Groups 3.025E-03 3.025E-03 1.984 294
Within Groups 3.050E-03 2 1.525E-03
Total 6.075E-03 3
COLIFORM Between Groups 000 .000
Within Groups .000 2 .000
Total .000 3
FECAL Between Groups 000 000
Within Groups .000 2 .000
Total .000 3
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ANOVA
FLOW
Sum of Squares df Mean Square E Sig.
Between Groups 346.343 6 57.724 7.653 .000
Within Groups 580.764 77 7.542
Total 927.106 83
Post Hoc Tests
Multiple Comparisons
Dependent Variable: FLOW
LSD
95% Confidence Interval
(I) DATE (J) DATE Mean Difference (1-J) Std. Error Sig. Lower Bound Upper Bound
1.00 2.00 -2.4192* 11212 .034 -4.6517 -.1866
3.00 9417 11212 404 -1.2909 3.1742
4.00 -3.5842% 11212 002 -5.8167 -1.3516
5.00 -3.5183* 11212 .002 -5.7509 -1.2858
6.00 -4.2892* 1.1212 .000 -6.5217 -2.0566
7.00 -4.8133* 1.1212 000 -7.0459 -2.5808
2.00 1.00 2.4192* 1.1212 034 .1866 4.6517
3.00 3.3608* 11212 .004 1.1283 5.5934
4.00 -1.1650 1.1212 302 -3.3976 1.0676
5.00 -1.0992 1.1212 330 -3.3317 1.1334
6.00 -1.8700 1.1212 099 -4.1026 3626
7.00 -2.3942* 11212 036 ~4.6267 -.1616
3.00 1.00 -.9417 1.1212 404 -3.1742 1.2909
2.00 -3.3608* 1.1212 .004 -5.5934 -1.1283
4.00 -4.5258* 1.1212 .000 -6.7584 -2.2933
5.00 -4.4600* 1.1212 000 -6.6926 -2.2274
6.00 -5.2308* Li212 000 -7.4634 -2.9983
7.00 -5.7550* 1.1212 .000 -7.9876 -3.5224




Dependent Variable: FLOW
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Multiple Comparisons

LSD
95% Confidence Interval

(I) DATE (J) DATE Mean Difference (I-]) Std. Error Sig. Lower Bound Upper Bound

400 1.00 3.5842* 1.1212 002 1.3516 5.8167
2.00 1.1650 1.1212 302 -1.0676 3.3976
3.00 4.5258* 1.1212 .000 2.2933 6.7584
5.00 6.583E-02 11212 953 -2.1667 2.2984
6.00 -.7050 1.1212 531 -2.9376 1.5276
7.00 -1.2292 1.1212 276 -3.4617 1.0034

5.00 1.00 3.5183* 1.1212 002 1.2858 5.7509
2.00 1.0992 1.1212 330 -1.1334 33317
3.00 4.4600* 1.1212 .000 2.2274 6.6926
4.00 -6.5833E-02 1.1212 953 -2.2984 2.1667
6.00 -7708 1.1212 494 -3.0034 1.4617
7.00 -1.2950 L1212 252 -3.5276 9376

6.00 1.00 4,2892* 1.1212 .000 2.0566 6.5217
2.00 1.8700 1.1212 099 -3626 4.1026
3.00 5.2308* 1.1212 .000 2.9983 7.4634
4.00 7050 1.1212 531 -1.5276 2.9376
5.00 7708 1.1212 494 -1.4617 3.0034
7.00 -.5242 11212 641 -2.7567 1.7084

7.00 1.00 4.8133* 1.1212 .000 2.5808 7.0459
2.00 2.3942* 1.1212 .036 1616 4.6267
3.00 5.7550* 11212 .000 3.5224 7.9876
4.00 1.2292 1.1212 276 -1.0034 3.4617
5.00 1.2950 1.1212 252 -.9376 3.5276
6.00 5242 1.1212 641 -1.7084 2.7567

*. The mean difference is significant at the .05 level.




148

a ¢y o e ov = @ 1 > o
HANTAUATITVVDYADNY WUEFAVUALUTE (AIBYNTIN) ATIN
ANOVA
Sum of Squares df Mean Square F Sig.
BOD Between Groups 125.623 2 62.812 5.452 100
Within Groups 34.565 3 11.522
Total 160.188 5
cor Between Groups 165.333 2 82.667 .500 650
Within Groups 496.000 3 165.333
Total 661.333 5
NH3 Between Groups 103 2 5.167E-02 31.000 .010
Within Groups 5.000E-03 3 1.667E-03
Total 108 5
TKN Between Groups 263 2 132 39.500 .007
Within Groups 1.000E-02 3 3.333E-03
Total 273 5
PO4 Between Groups 2.123 2 1.062 837 514
Within Groups 3.805 3 1.268
Total 5.928 5
SS Between Groups 173.770 2 86.885 22374 016
Within Groups 11.650 A 3.883
Total 185.420 5
PH Between Groups 2.333E-02 2 1.167E-02 3.500 .164
Within Groups 1.000E-02 3 3.333E-03
Total 3.333E-02 5




Multiple Comparisons

LSD
95% Confidence Interval

Dependent Variable (1) DATE (1) DATE Mean Difference (I-J) Std. Error Sig. Lower Bound Upper Bound
BOD 1 2 2.3000 3.3944 .547 -8.5024 13.1024
3 10.6500 33944 052 -.1524 21.4524
2 1 -2.3000 33944 547 -13.1024 8.5024
3 8.3500 3.3944 091 -2.4524 19.1524
3 1 -10.6500 3.3644 052 -21.4524 1524
2 -8.3500 3.3944 091 -19.1524 2.4524
COoD 1 2 2.0000 12.8582 886 -38.9205 42.9205
3 12.0000 12.8582 420 -28.9205 52.9205
2 1 -2.0000 12.8582 .B86 -42.9205 38.9205
3 10.0000 12.8582 493 -30.%205 50.9205
3 1 -12.0000 12.8582 420 -52.9205 28.9205
2 -10.0000 12.8582 493 -50.9205 30.9205
NH3 1 2 -.3000* 4.082E-02 .005 -.4299 -.1701
3 -5.0000E-02 4.082E-02 308 -1799 7.992E-02
2 1 .3000* 4.082E-02 .005 1701 4299
: ) .2500* 4.082E-02 .009 1201 3799
3 1 5.000E-02 4.082E-02 308 -7.9923E-02 1799
2 -.2500* 4.082E-02 .009 -3799 -.1201
TEN 1 2 -.5000* 5.774E-02 003 -.6837 -3163
3 -.1500 5.774E-02 .081 -3337 3.374E-02
2 1 .5000* 5.774E-02 .003 3163 6837
3 .3500* 5.774E-02 .009 1663 5337
S V] 1500 5.774E-02 081 -3.3739E-02 3337
2 -.3500* 5.774E-02 .009 -.5337 -.1663
PO4 1 2 -1.3500 1.1262 317 -4.9341 22341
3 -1.1500 1.1262 382 -4.7341 2.4341
2 1 1.3500 1.1262 317 -2.2341 4.9341
B3 2000 1.1262 870 -3.3841 3.7841
3 1 1.1500 1.1262 382 -2.4341 4.7341
2 -.2000 1.1262 870 -3.7841 3.3841
Ss 1 2 .7000 1.9706 746 -5.5714 6.9714
3 -11.0500* 1.9706 011 -17.3214 -4.7786
2 1 -.7000 1.9706 746 -6.9714 5.5714
3 -11.7500* 1.9706 .009 -18.0214 -5.4786
3 1 11.0500* 1.9706 011 4.7786 17.3214
2 11.7500* 1.9706 009 54786 18.0214
PH 1 2 -5.0000E-02 5.774E-02 450 <2337 1337
3 -.1500 5.774E-02 081 -3337 3.374E-02
2 1 5.000E-02 5.774E-02 450 -.1337 12337
3 -1.0000E-01 5.774E-02 182 -.2837 8.374E-02
3 1 1500 5.774E-02 081 -3.3739E-02 3337
2 1.000E-01 5.774E-02 182 -8.3739E-02 2837

*. The mean difference is significant at the .05 level.
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ANOVA
Sum of Squares df Mean Square Sig.
DO Between Groups 6.002E-02 1 6.002E-02 a0s 636
Within Groups 394 2 197
Total 454 3
BOD Between Groups 484.000 1 484.000 8.274 103
Within Groups 117.500 2 58.500
Total 601.000 3
CoD Between Groups 13806.250 1 13806.250 169.923 .006
Within Groups 162.500 2 81.250
Total 13968.750 3
NH3 Between Groups 2.250E-04 1 2.250E-04 1,000 423
Within Groups 4.500E-04 2 2.250E-04
Total 6.750E-04 3
NO3 Between Groups 55.503 1 55.503 7.771 .108
Within Groups 14.285 2 7.143
Total 69.788 3
P Between Groups 16.201 1 16.201 1.502 345
Within Groups 21.576 2 10.788
Total 37.7717 3
PH Between Groups 235 1 235 337 620
Within Groups 1.394 2 697
Total 1.630 3
COLIFORM Between Groups .000 1 000
Within Groups .000 2 .000
Total .000 3
FECAL Between Groups .000 1 .000
Within Groups .000 2 .000
Total .000 3
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ANOVA
FLOW
Sum of Squares df Mean Square F Sig.
Between Groups 371545.700 6 61924283 9.263
Within Groups 514744.602 77 6684.995
Total 286290.302 83
Post Hoc Tests
Multiple Comparisons
Dependent Variable: FLOW
L5D
95% Confidence Interval
(I) DATE () DATE Mean Difference (I-J) Std. Error Sig. Lower Bound Upper Bound
1.00 2.00 -185.5233* 333791 .000 -251.9897 -119.0570
3.00 -61.2600 333791 070 -127.7263 5.2063
4.00 -34.7375 333791 301 -101.2038 31.7288
5.00 5.5458 333791 .868 -60.9205 720122
6.00 21.0317 333791 531 -45.4347 87.4980
7.00 5.1250 333791 878 -61.3413 71.5913
2.00 1.00 185.5233* 33.3791 .000 119.0570 251.9897
3.00 124.2633* 33.3791 .000 51.7970 190.7297
4.00 150.7858* 33.3791 .000 84.3195 217.2522
5.00 191.0692* 333791 .000 124.6028 251.5355
6.00 206.5550* 33.3791 .000 140.0887 273.0213
7.00 190.6483* 33.2491 .000 124.1820 257.1147
3.00 1.00 61.2600 33.3791 .070 -5.2063 127.7263
2.00 -124.2633* 333791 .000 -190.7297 -57.7970
4.00 26.5225 333791 429 -39.9438 92.9888
5.00 66.8058* 333791 049 3395 133.2722
6.00 822917+ 333791 016 15.8253 148.7580
7.00 66.3850 333791 .050 -8.1324E-02 132.8513




Dependent Variable: FLOW

Multiple Comparisons

LSD
95% Confidence Interval

(I) DATE (J) DATE Mean Difference (I-]) Std. Error Sig. Lower Bound Upper Bound

4.00 1.00 34.7375 33.3791 301 -31.7288 101.2038
2.00 -150.7858* 333791 .000 -217.2522 -84.3195
3.00 -26.5225 33391 429 -92.9888 39,9438
5.00 40.2833 33.3791 231 -26.1830 106.7497
6.00 55.7692 33.3791 099 -10.6972 122.2355
7.00 30.8625 33.3791 236 -26.6038 106.3288

5.00 1.00 -5.5458 33.3791 .868 -72.0122 60.9205
2.00 -191.0692* 33.3791 .000 -257.5355 -124.6028
3.00 -66.8058* 33.3791 049 -133.2722 -.3395
4.00 -40.2833 33.3791 231 -106.7497 26.1830
6.00 15.4858 33.3791 644 -50.9805 81.9522
7.00 -.4208 33.3791 990 -66.8872 66.0455

6.00 1.00 -21.0317 33.3791 531 -87.4980 45.4347
2.00 -206.5550* 33.3791 000 -273.0213 -140.0887
3.00 -82.2917* 333791 016 -148.7580 -15.8253
4.00 -55.7692 33.3791 099 -122.2355 10.6972
5.00 -15.4858 33.3791 644 -81.9522 50.9805
7.00 -15.9067 333791 635 -82.3730 50.5597

7.00 1.00 -5.1250 33.3791 878 -71.5913 61.3413
2.00 -190.6483* 33.3791 .000 -257.1147 -124.1820
3.00 -66.3850 333791 050 -132.8513 8.132E-02
4.00 -39.8625 33.3791 .236 -106.3288 26.6038
5.00 4208 333791 990 -66.0455 66.8872
6.00 15.9067 33.3791 635 -50.5597 82.3730

*. The mean difference is significant at the .05 level.
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