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021 4-8 22 A2 M OPHAF AE2] ME
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22 MESHL LE, Ol /RIS As YEZEA| O|FE == HAIAZH LEHELICH &l
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- -z Flow 20000 - 7] Flow 0400 - B Flow 18800 - E
™ mghL kgld . i
Tss 102 821 386 266 T8 602065 686041 TSS 6.02066 113188
TP mgPIL kld
coo 3800 7600 coo 262333 24 B5¢ coo 262333 493186
™ 350 700 N 18872 TN 188eT2 35437
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920.0
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Aeration Tank (miss)  [EZ2N X NN XN T R (X N (PR
Final Clarifier (fe1) 0.00 0.67 0.00 0.00 1.00 1.67
Final Clarifier2 (fe2) ~ 0.00 0.67 0.00 0.00 1.00 1.67 T
400k &H 13.42 1.99 3.00 0.00 200 20.40 ‘ nes k%‘\'
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cod Z COD gCOD/m3 365.0
tkn £ TKN gN/m3 36.0
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2SS MZ COD, TKN U @Ljoh 92f 248 Bisizlel 7|2 Q4 228 AL
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aim3 46.3
QVSS/aTSS 0.75
gCODIm3 125.2
gCODIm3 365.0
q02/m3 76.7
go2/m3 188.2
g02/m3 2045
g02/m3 337.8
gim3 0.0

Change selection by

) clicking on variable

) moving over variable
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VSS:TSS H|Z (ivt) = 168/210 = 0.8

11. o] 2 A2t Yz

12. B4 W4 MMo| VSSE SaUstol A4t BAg EAILICE

A9 2t A5S SUSIHAM, VSSt xi (YA HIZY 23), xu (HIE23 & di=) 2

xs (L2 MEs 7120t 22 YA || SE2el B4 ¥ & AsLch

Vsl il gt2 2ol SR UECL 45U S, ¢ B2 RYs CODE YA HEH=
(8ol HEHELHE AH2) 2HisHoF &LICh

13. YAy CODY| s=5 =017| 2o ALEAL gH MH9| {7|= E& (Organic Fractions)
g=s =Y

C22t 20| 3}&H¥=2H|(stoichiometric ratios)E R A EHLICH:
O & CoDe| Edtid Hadaas 0.022 44

Q & CoD9 dEstd 288 0.152 2%
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B3 220l WASS MR 23, 43 BUEC| SHI UFE 2UY Y S4S
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Influent Composition

cod £ COD gCoDma 365.0
tkn £ TKN ghim3 36.0
tp =0 gPim3 10.0
MNitrogen Compounds

snh R0k S ghim3 26.0
snoi oE A ghim3 0.0
snoa ZHE gMim3 0.0
Phosphorus Compounds

sp EEDIM gPim3 8.0
xop PAOH FIZHE! CH2I £+ gPim3 0.0
Influent Fractions

|ivsstotss |VSS.|’TSS HI&E gvssigTss | 0.8 |
Organic Fractions

frsi £ CcoD2| Eill4 HEHEESE - 0.02
frss £ COD2 A= E BEE = 015
frxi Z COoD2 YAHE HEd 28 = 0.13
frscol LN 4 E85t= cope SEE0|E 28 - 0.03
Nitrogen Fractions

frsnh SilE TKNZ| ZHELI0EE = 0.85
insi JIE Higd S22 2 BHE ghigCOD 0.05
inxi HiEA 2AkE S22 NEEF gN/gCOD 0.05

J2l 5-5 A2 oA

HE HE o Al =L I
il Az U ou" % ALk 2t okl
& CcoD 365 365 - gcop/m’
gzLjopd A 26 26 - gN/m’
£ TKN 36 36 - gN/m’
£ EtAM BODS 190 188.5 g0/ m
23 cob 68 69.7 gcoD/m
Z 7% 12¥= 210 209.7 g/m
ALY R/ 2¥= 168 167.7 g/m
E3dli4d TKN 31 30.6 gN/m’
0.8 gVss/gTss
& COD2| 83|y HgdEE 0.02
£ COD2| 4Fsid 28 0.15
Le|A MEslsk= cobe| E20|E 28 0.03

2314 TKN2| &=Lt 28 0.85
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macro userderivativesection

IDERIVATIVE SECTION

IMacros called here will be executed in the derivative section
IDont put macro definitions here —

000 = conversion of V33 from mail to g/l units
GALISS(noise=mean stdev)

ourwithnoise = ourlmlss(1) + noise

sourone = ourlmlss(1vsslmlss(1)*1000
sourtwo = ourwithnoiseivssimlss(1*1000

macro end
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13. DERIVATIVE SECTIONO| Ct& REE ZIfgL(Ch:

11000 = conversion of VSS from mg/L to g/L units
GAUSS(noise=mean,stdev)

ourwithnoise = ourlmiss(1) + noise

sourone = ourlmlss(1)/vssimlss(1)*1000

sourtwo = ourwithnoise/vssimiss(1)*1000
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IMENU ITEM:!Noise Variables
IHEADER:!Noise Variables

constant mean = 0.0 !average measurement noise !g02/(m3.d)
constant stdev = 50.0 !measurement noise standard deviation !g02/(m3.d)

MENU ITEM 2 HEADER ™2 Ofw 2 #4 O§S SYFLICH
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IFollow syntax of library .con files!
IMENU ITEM:IMoise Variables
IHEADER:!Moize Variables

constant mean = 0.0 laverage measurement noise IgO2/{(m3.d)
constant stdev = 50.0 !Imeasurement noise standard deviation 1g02/(m3.d) [
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IMENU ITEM:!Uptake Variables
IHEADER:!Uptake Variables

display ourwithnoise 'OUR with noise !1g02/(m3.d)
display sourone ISOUR without noise Img02/(gVSS.d)
display sourtwo !SOUR with noise 'mg02/(gVSS.d)

IMENU ITEM: !Noise Variables
IHEADER: !Noise Variables

display noise 'measurement noise !g02/(m3.d)
display mean !average measurement noise !g02/(m3.d)
display stdev Imeasurement noise standard deviation !g02/(m3.d)

Y B DAY 0] 23 B4 MAUS| HO|H2 7|9 =7t 'constant’ 4l 'display'o|D{ &
2 B0 20l FOR|A] G=ltis AYUTHZR ofsh AL 22).

G

IFollow syntax of library .var files!
IMEMU ITEM:!IUptake Variables
IHEADER:Uptake Variables

i

5 #e x

display ourwithnois e 10UR with noise 1g02/(m3.d)
display sourone ISOUR without noise ImgO2i{gV35.d)
display sourwo IS0UR with noise ImgD2i{gVas.d)

IMEMU ITEM: IMoise Variables
IHEADER: IMoise Variables

display noise !measurement noise 'g02/{m3.d)
display mean laverage measurement noise 1g02/(m3.d)
display stdev Imeasurement noise standard deviation 1g02/{m3 d)
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19.

AlZ2|0]H0] (2E|H LI et & JHo] SIHE0 et Yo W0l X5 2QlsHory
UL d4d82 Y 2ES [efofsts B, 2o Aes 25888 =
Ch ARZE 24| gtel 227t oldsls 22 20| 2| g2 += USH 7L 0]

o
= 1000742| AlZ20|d2 LY WRYLICL O B2 5o Alg2olds Sall &st=

[

= A+ pageis ol
21 20t 2 B &~ ASL|C
Max Growth Rate for Ammonia Oxidizer E' | Max Growth Rate for Nitrite Oxidizer =
= Max Growth Rate for Ammonia Oxidizer - Max Growth Rate for Nitrite Oxidizer
p p
o @
= 8
a a
=+ o
& =
gl /=" 2]
2° e
3 3
o % o g
0 0=
] ]
2 ] g
=] =]
a a
= + = +
0.67 0.778 0.882 0.088 1.094 12 0.7a 0.848 0.938 1.024 1.112 12
[rmlss] maximum growth rate for ammonia oxidizer [1/d] [rnlss] maximumn growth rate for nitrite oxidizer [1/d]

J213-8 Y3 ¥4 EE

Ac

o BE 9| 2T Hslote 2 U SHOMO AL Hs2 EOHSUCL R

2Lof = %E_HEN T2 HUEt o= AE EOELLCL SH 202 SHE &
OFL|Ot7} A|E2|0]|M2| 87.7 %0i|A]

oS4 2HZIEZ ‘='“01IA1 oFZt CHE

S 85% ~ 90%2| Q| LHof QU0{okEtL|Ct.

-I> 02 My

=
3.0 mgN/LRH Z7iLt 8t Ui 28
Hzae o2 4 Ao Jehmo| JISE % 2

rl

Ammonia Nitrogen &

Ammonia Hitrogen
= 3.0 = 38 6%

0.36

0.288

0.218
[N
o

Probability
0.144

0.072

0.84 1814 2988 4062 5138 6.21 7.284
[mlss] ammonia nitrogen [mgliL]
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24 43

Ol ATEQ0f 7 |X|E 51 CIAZ2{0|L} AZEQ 0| QIE{T|0|A9} BAI0] ALRA} 242t

o LZE YE5H Iofst Aso2 UFAIZ + UAS F=E2 AHlFste A2 =7sEUCH
Chil, GPS-XE= oMol S§E Soli, AFEAZL Wt BIE Z|oieh et AEd 2ol 7t
Sot=E UGU T AEAN A4S et AZHY =ut WYFE oy 39 2SstA|,
GPSXE A3tz EAMS AMEAR Ao =S HY £ A & AUt o] 7 &5t7
floiM= oW E22iY 0ot z=aor & Eart AGHLE HS 0|oR|= %ET 2| Hof| A
Ojo[ Qoo A& 7|24Ql LHES0| o EE' Z0[2|2, mO|H AES Q% & 7to|=2t
S AHAlGHES= A2 OFgUICE W2tA, GPSX W HOJHE &&3to] 1 =1 thatst 7|
fIsiM= Dol 0ol chet EH =2 ﬁéo 3—.%% S NS UL

Ol HoMe A MO0 GPS-X Lol OfH Aoz *E'%EIEZI ‘1!4:-3H7<I— O M FE

Al25H TO[HE ofH Moz StEels

&3l GPS-X AlZ2{04d WolM 2y eSS HEY & A=A EHOHHE HHTJEEE St

SLIC

0| EE2|YE St&5H| fIsHAM= GPS-X2e| Advanced Tools 20| & QEHL|CT,

O] RE2ILS SI5e ARBAtE, GPSX AlZ2f0|4S st 225h= OHo|H A

AO{OFEIL{Et.

1
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1. SE2/Y 10| A4M3UH 24|0[0tRE F 1 ‘tutorial-14'2 X EHLICH.

Influent

Aeration Tank

a2 14-1 SE2|H 14 0|02

2. AMEH0|d RERZ HEIFILICY.
3. ol A3YE DfLIZE HLICh
23YE BUAHE Sall O[FH YL

el

GPSX Lj THO|M 7|52 2t
BHlEE
f(x) . |

=

0|4 ~3 2 E HLIA

4. M2 A3YES WAL
M2 BIES 2250 M2 TolH ASUES 4T 4+ ABLCH J|EHoR, ATYE
& olotRn SUsH ClE0l, 2ol0lRD SUF 01FOR HFFULL Y2 HHS Al
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8 14-3 GPS-X LJOj|M Aj2& Ojo|H AJERIE MAMSH|
AJHEE MAUFLICL

tutorial-14.py' 7t AMEHE! AtefolA T HES S2AFLICL J|2HCR, To[H 3.7 HHS
AF8 310 mETE oM Tl ASRET} Hal Euict.

of 712 Mue mop 4ukF vES Sesiol W JISTLICL GPSXOlS MojH 2.7
B 3.7 HHO| &4 22|22, mjojd B Oiw oM = JHel HH J stE A
S5 D AHs A0l 7ksYULE O 2 SHE AESIES JEISHH ChE B9 Io|H
= MESIES 2[¥E & USLICL O] off, MY Hool MOHezo| F2E A FdH+H
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GPS-XZ AIMEl DE Mo ATYE
A gL GPSXO| 2faH AT, T3
LICH GPS-X7t A3 -E LHOJAl AtM

20f GPSXOIA QIAlElE 4lie] B4 29|
| oS WO AAYEE of2f 1Y 14-59 2
|3t BHas CH23} ZALICH

= 2
g2
g9 -

Of 8= StLo| AlZ2i|0[H0] AlXElE AlYol| ot =S E LT

of gh= Al22f0lid W 2t S4l ZHADH =S LG

— —
iii. eor

O 8= GPS-X AlZ22{|0|H0] BLi= AlYO| & S ZELIC)

iv. runSim
O] gh= IO AFZE UO|M GPS-X AlE2f0]dS AIAS== st= T+
Lich A3 EE oM O] &2t S=F W{OICt AE2{|0]40] Al 3f71l =L
LgFE BUE 2AE 270 AIYM 0L EIM EFO) BIAE T SHIY T EI 7 X
o 5 eRiey=1 | | @ % | BB Ba® @ 2] | A%
dtulurlal dpwﬂ]
1 # Simple template for controlling GPS-X from a Python interpreter A
2 # This script is launched from GPS-X
3 # GPS-X copyright 2020 Hydromantis
4
5 # start() function executed once at simulation start
6 #
7 def start():
8 try:
9 pass
10 except Exception as e:
11 print(e)
12
13 # cint () function executed at every communication interwval
14 #
15 def cint():
16 try:
17 pass
18 except Exception as e:
19 print(e)
20
21 # sor() function executed once at end of simulation
22 # finished set True is required to terminate the runSim() function
23 #
24 def cor():
25 global finished
26 finished = True
27 try:
28 pass
29 except Exception as e:
30 print(e)
31
32 # runSim() call starts simulation in GPS-X
33 try:
34 runSim()
35 fexcept Exception as e: v
< >
Pythen file length : 727 lines: 37 Ln:37 Col:1 Sel:0|0 Windows (CR LF)  UTF-8 INS
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I}O|40] GPS-X LOflAM O AloZ Zt=3H=2|0]| Cialf 2=x5HZ|7| 2|3 ‘Hello World” 12
AR &S IS 2ASLIC

H=2 o

start() &4:0flM, pass YOS print("Hello)2 ¥

EW

FL|C}.

cint() &<40llA, pass HHOE print(" )2 HZFELICH

DiX|ato 2 eor() 40| M pass HEOE print("World") £ HZAEL|CY

YCO|EE A3EEE of2ff A8 14-62 22 250|0{0F LT

[ tutorial-14,py E3 |
1 # Simple template for controlling GPS-X from a Python interpreter c
% # This script is launched from GPS-X
3 # GPS-X copyright 2020 Hydromantis
4
5 # start() function executed once at simulation start
6 d
i %def start():
3 |8 try:
9 P print ("Hello")
10 T except Exception as e:
11 print (e)
13 # cint() function executed at every communication interval
14 #
15 %def cint():
16 try:
17 i print (" ")
18 T except Exception as e:
19 print (e)
20
21 # eor() function executed once at end of simulation
22 # finished set True is required to terminate the runSim() function
23
24 def eor():
25 global finished
26 finished = True
27 try:
28 print ("World")
29 ﬁ except Exceptlon as e:
30 L print(e)
31
32 # runSim() call starts simulation in GPS-X v
sython file length : 750  lines : 36 Ln:34 Col:10 Sel:0|0 Windows (CRLF) | UTF-8 INS

1% 14-6 T AQE ofA|
A3YES HFFLICH

CEIHE UojM AFZES HES U GPS-X WoM 5| Mo BtEA] =EIE
D20 WolM siE DS A{FsHoF gLch

mo|# A3YE OfLHZ SORLICL FA ol AIYE O§UA UM AR IS,
295t AJRYEL ‘tutorial-14.py'0|22 7|22 O=2 0] AJREJ} MEHE ZHQIL|CH AT
ze () veg C20 GPsx LjojM MeEl Toj A3YEr} AsELCL oF I}
O/ ATRYE OfLIA7} Dol ATES MasHA Fuct
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GPS-X8.1 RE2|Y U=

AJGES| Zits TOW ASFE DL Z2t 2o LIEfLD, &3 HES 285t
20l JtsEUL Al2e(0ld Zak= Ofeff A8 14-71F ZGU L "Hello'= 23 9

M EH==, O et LIEFELICE "Hello"7t W & LiEtLt= Olf=, AlE2(0]40]
E|Z} ORRp 7t A S2&= 20| start &4-0]7| WRYLICH Al=2[0]H0[ 2L
ot start 8= CHA| 2] 282, "Hello” 22| ST LIEILL= AQLICH 0|2 Of
7tAZ, "World"e| F< eor &7t AlZ22{01d = Al0] &Y S 2|02 239 It
Otz|atol| S LIERLAl LT

fr oo e
oN ™ ofn N 2

]
o

LHOIlA “Hello"2t "World” AtO[Of| & Z+O| =|0{A4 QU=Cl, Ol= AlE2{0[40| 2lglz|=
bcint g2t & ¥ S227] QEYLICH AlZ20]He| of 41 7+H0tC} cint g7t
=g, o7|0fl= start &4 (t = 0.0) O|F A|22|0]M2| A|2t1} eor &4 T2 A A
g0 Z=2El= W7t ZeE|0] JEUCL 0 AlZ|0]4H2] HA| A[7H0| 0.0€=2 HHE
A7| WZO0f, cint= TO|M AJRIEQ| Al2fuL F& Al0T 22E|0], 23 o "7t £
LIEHLEA| E AL Ch

e J

E 2 o ok ofn M
M

@ DO ASEIE DX X

EE I

[z 0stutorials \ el
e R Rtutorial-14.py

World

? £1|
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GPS-Xg} Tjo/# — 7= AlZ2)o/4

O GPSXetel AHRLIAOIMES I3 THoIM AIZUET} O{ZA| ALBEI=RI0) o 2 =%t
L, GPSX L BI4-52 2517| 9I3) Ol WYOR IOMS ASE 4 USAd) 2YS %2

A2 AHEZZ SIS CH
10. M2 A3YES F§HCL

&M EE2|H0jA S0 & IO ATREE HSO0IE Ht UELICH GPSX &2 CHME
2|el st¢l C=EEZ|(of2f F=2 21)o U= moM AJZE mY  ‘tutorial-14-COD-
Manipulation.py'2 20} O{A|7| HFRFLICE

Tdyout[@8tutorials[]
B2 GPS-X LHUO| AHE CHEZ0 AF3ZHES ALt
11, mo|M A3Z|E OjL|AE OfA|7| HfZtL|CE.

12. A3 EE FIrehct.

@ DoM AZBE BUX X
A3 BE

ZohEl NH

[= 08tutorials ' MIEJ
I Rtutorial-14.py !

E-S))

(A

[mz]

13 14-8 7|2 AJYEES mo|MH AIZE OjL|Ao| 27}
FI} HES 2ot SA Y Il CHbELDt d2|n oY ClHE2|of HEZY Us
D& Ojo|d AZJZIEJL BA|ELCE ‘tutorial-14-COD-Manipulation.py’ OIS MENSH £,

HojA To[H AIYE fLHO| 2IHE 4 YT BLCH

13. A3YEE WAL

AU
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GPS-X8.1 RE2|Y U=

a2 14-

MU AR e 7| 2e

X UolM O B4S0| ke A WA 4 ALt of
]

99t 20| start & g+ AS IEP A3RE U start s AMEARE 2
=2

= BAIGIZUCH DOIMS AESHO| GPS-

e 2y vy 242 GPSXI} QIABHER A
of HOIHE YHOIS ALBSIOI SHELICE start B4 oI GPSX7} Q141 FHo(o]
& chgol Yyoiso| EatEUct

Q

gpsx.getValue. IfO|HE E5{A]
M OAHE US IHHRE 4
P

wg =dst7| 28, G
IL|Ct. getValue &4+E At
=2

PSX Ljo] 3t

—

g5t{E, &

ol

of

—

1

=2 1

fok

O = BHAS=

GPSX L4 #4E Q2130

DO|I

148 ABSHR Djo|KS S5 AWHOR MR 32
AaLCh 0 BHE AIZ5RR

aT=

GPS-
, BT ol GPSX LiA

gpsx.setVale. O|
X g0 2%g 4

A8 WIEA| YSOF BLICK 1 S0 ALBAE ST 40| AYSDA e A
22 32 YABLICL O BA0M HHF TOJM B4 RFO| AIRE 4 A==
SHQIBLICt

20 GPS-X L{O|A ON/OFF AQ|2|E& HI TqdH, EIEA| gpsx.setValueS At
OF 3t0{ OFFO= Zt2 0.022, ONOjl= 1.022 2| Fsl=0{0F LTt

]

A2 AlE20] A AltE B3 & U
=

25ty |2 ot ELch

e BEE #7165 22V 228

) Aol HEM EFO) HAR U

FYe=] Epcy = | lag|las | BEISTEEERo®| @ D=
H tutorial-14, py (3 |'_-Jtutnria\—ld—COD—ManipuIatinn.DyKil
o # ~
7 def start():
0 B try:
E InfFlow = gpsx.getValue("
10 InfCOD = gpsx.getValue ("codc
12 print (" The e i3 " 4+ str(round(InfFlow, 1)))
13 prlnt(‘in_ + ztr(round(InfCOD, 2)))
14 print("")
15
le EffFlow = gpsx.getValue ("
17 EffCOD = gpsx.getValue("c
19 print ("The e is " + str(round(EffFlow, 1)))
20 print ("The "+ str(round(EffCoD, 2)))
21 print("")
22
23 gpsx.setValue ("
24 gpsx.setValue ("
25
26 InfFlow = gpsx.getValue("
27 InfCOD = gpsx.getValue("c
£0
29 te is " + str(round(InfFlow, 1)))
30 " + str(round(InfCoOD, 2)))
31 print("")
32
33 EffFlow = gpsx.getValue("
34 EffCOD = gpsx.getValue("c
35
36 print ("The AC te is " + str(round(EffFlow, 1)))
37 prlnt(‘T:_ Ac " + str(round(EffCOD, 2)))
38 print("")
40 r gpsx.setTstop (5.0)
q W
ython file length : 2,248  lines : 79 Ln:52 Col:34 Sel:0|0 Windows (CRLF)  UTF-8 INS

2! 14-9 tutorial-11-COD-Manipulation OjO[44 A3

E Lf start &
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cint B45 Of2f 13 14-10014 HOIE 4 YBUC YN HHE
r

U gpsx.getValue
A0} She BAS0| 2Z7e ¥ YUk

oot
e

~J]

(=]

%]

Ea G &y IS IS & R T
(S BT W%}

~]

£ ARESHY] cint gtee AREANL H A
def cint():
global InfFlow, InfCOD, EffFlow, EffFlow, EffCOD
try:

InfFlow = gpsx.getValue ("
InfCOD = gpsx.getValue("c
EffFlow = gpsx. getValue(”
EffCOD = gpsx.getValue ("«

except Exception as e:
print(e)

12 14-10 tutorial-11-COD-Manipulation IO A3 ZE LY cint &

T gor

eor

ClOIEo] MAE 2EE O AFZELICH

14 Ofeh 22 14-11014 SIS 4 UELCE O] B4k dnt &4 Lol 4
|:]|_|.

STV S

Fdef =or():
global finished
finished = True

£ try:
print("The > iz " + str(round(InfFlow, 2)))
prlnt("” " + str(round(InfCoD, 2)))
print ("' )
print("The w Fate 1s " + str(round(EffFlow, 2)))
+ print ("The = " + str(round(EffCOD, 2)))

1 except Exception as e:
print(e)

# runSim() call starts simulation in GPS5-X
try:
runSim()
except Exception as e:
T print(e)

&l 14-11 tutorial-11-COD-Manipulation OjO|# A3 ZE LY eor &4

14. AJYEES HASHLC
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GPS-X8.1 RE2|Y U=

15. A3EE

AlE2fold Zxt= O
d2, Ooez GPS-X
02|12l Y=thes

—O
g2

=2 HHEH

H Sl

'I'I'_I_llj_:1

Abet gio] ACiZ Chof U&Lict d24
Al AttEl 2

MagLch,

14-129} 20| LEtp| Lt 23
viao| 22 M5 oLt GPSX
AQLICh Ol 23 23t UjollM

HLICh Tfojo] R4

Lo —
2ol Jt58
+52 Ag

Gl
A2 ZYUUCL TONHE AMESHH CHS S41 7

=2 Adg

ol g2sts Aol JhsEL

AES
BassS B8

ZBOM 2300 ATE
L 2 wssol Z23el
ZHE FULY YRS w4
stou, was Hese
201 40| CHAl Alztel7| 2

O ME AMEls

@ mopH

AQEE U

08tutorials
----- D tutorial-14.py

------ O utorial-14-COD-Manipulation.py

==
H

w | (=] | s

00

5 .

N
o,

The Initial Influent Flow Rate is 2000.0
The Initial Influent COD is 380.0

The Initial Effluent Flow Rate is 1940.0
The Initial Efluent COD is 31.48

The Adjusted Influent Flow Rate is 2500.0
The Adjusted Influent COD is 435.0

The Adjusted Effluent Flow Rate is 1940.0
The Adjusted Effluent COD is 31.46

The Final Influent Flow Rate is 2500.0
The Final Influent COD is 435.0

The Final Effluent Flow Rate is 2440.0
The Final Effluent COD is 37.52

?

=l

12l 14-12 tutorial-11-COD-Manipulation I}0|*d

AQ2IEO
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Ijo/# 2folE2{al &z/517/

otoj =22 AHOIE GPS-Xeb & AtESHA =S Ho|M ARZAHS0| 291 HFLUEIZ &
g £ Q= Z&0| JEUCH AR HRUE[OM= Oo|4 L TSt 458 sot=
oz E A4 2i0|H2{2[E &YstA PtED JELICE Of 2t0|E2{2|&8 AtEst{H, mo|4
£ AMdst= ClAE2| U0 2to|E22|&8 Halg Bt USLILCHL AFBAIS| PC 40 Q& Ul
HZ0| =0f Utz 7t 5tof, Y= 2HE oM Oo|ME dx|= LHo|| Cfsi YotEE= of
&L
16. 7{9HE 2+Z OfA|7]| dHjghL|C}.

AT AlZt OO ‘emd'S 2f5tn, MaELC
17. ClAE2|2 Aashch

ALEAtS| ARE HO|M GPSX7t 4z|E ClaE2|z HZaioF gL Ct. GPSX ClHEEZ|E

2QUCHH, HUME 2 WHoM oY CjHE2|Z2 Jt= F2E d/dai=0{0F &L Ct.

oHo[4 B 3.78 AtBst QUCHH, GPSX Hx| C|AlEz2| LHo|A python370|2t= 0|2

ECS uch DY Y| 24 22 @ 2GS § ClAER] FAS SARILCL F40|

22 ofeliet Z& AYLch

GPS-X81[gython37

ool M 2.7 AMEst QUCHH, GPS-X dx| Cl2E2| L{o|M pythonO|2t= 0|2 &

GE BLIC IS4l 24 S © B2 5 LS TAE BARUL. Fao B

2 ofefiet Z& ALt

GPS-X81[gython
HHE 20| ‘cd'E YHotn AL FAE 20 E5ULC Y 71§ FEW 2443tE O
HE2Z OIS 4 UBLICH
cd<Paste address here>
12l 14-13 GPS-X mjojd ClelEz2| Z225}17]|

18. pipE YGI0|EgL|Ct.

pipeTto|d U 2t0|E2{2|E MXx|ot7| 2o AtEEl= 7|2(base) IO AHX|0f ZatE Tj

7| dx| Z2HAL|Ct, HA|, Of2iet 20| Y=dstof pip7t 25| HHOIEE &~ ULS

gLtk

python — m pip install — upgrade pip
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El 7|2 FEULCL AU HES AMESIH ALE 7158 pip 2t0|E2{2| YH|0[ETL A
QIO O|RO{YLIC. AFE 7tstt YUI0|ET} U= ER, pipe £A2 YOH|O|EJL I
2eliE S5800 thsiM = YTO0IET} O|F0{ YL L.

ol
=
|

E_JBL" R

E¥ Command Prompt

17 14-14 mio|M pip I§7|2| OiL|x YUC|0|E5t7|

19. matplolibE Axz|&tL|Ct.

Ojo[H L HIO|E{E =3st7| flolil AHEEl= 2t0 | 212¢l,
matplotlibE H2[5t7| 2lal], HUE 2i0f Of2fel Z0| Yt °“E1 7|€ #&U

python — m pip install matplotlib

ujo

>.
ﬂ
el
=

il
-
£

=4

pip= Ars22 Z|YE CAE2| Lo matplotlibet 11 Z£&7d

Bl Command Prompt

20. AMz| AMgte slolstL|C)

ALEZtS| To|M B0l 225t 2f0[22{2] &ol2 GPSX L2=2L C|HE:| oM 7ts
F

gLch ool 3.7 S AREstal QUCHH, Of2f 222 ol Ut
GPS-X81 > python37 > Lib > site-packages
Oo|M 2.7 HEES AREst QUCHH o2 222 Oz §Lct.

GPS-X81 > python > Lib > site-packages
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1 # Simple template for controlling GPS-X from a Python interpreter 2
2 # This script is launched from GPS-X
3 # GP5-X copyright 2020 Hydromantis
é #hEEEdEF SR EAF S S E# #4444 USER INPUTSHE# 4 E44 #4454 E 441054444444

RainInflow = [0, 0.0025, 0.005, 0.0075, 0.01]
CommInt = 0.05

€ StopTime = 50.0

10 Count = 0
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#HE#FFF IR I A FFHFFEFFFFFFTUNCTIONSHE######## #5333 444444 #44¢#

# start() function executed once at simulation start
#
def start():
global CommInt, StopTime
try:
gpsx.setTstop (StopTime)
gpsx.setCint (CommInt)

except Exception as e:
print(e)

# cint () function executed at every communication interval
#
Edef cint():

global RainInflow, Count
import random
H try:
RainProbability = random.randint(l, 100)
=] if Count == 1.0:
Count = 0
=] if RainProbability <= 85:
F gpsx.setValue ("rainfallrain”, RainInflow([0])
=) elif RainProbability >85 and RainProbability <= 90:
F gpsx.setValue("rainfallrain”, RainInflow[1])
=) elif RalnProbablllty >90 and RainProbability <= 95:
F gpsx.setValue("rainfallrain”, RainInflow[2])
=] elif RainProbability >95 and RainProbability <= 9%98:
F gpsx.setValue ("rainfallrain”, RainInflow[3])
= else:
F gpsx.setValue ("rainfallrain”, RainInflow[4])
F Count = round((Count + CommInt), 2)

T except Exception as e:

print (=)
# eor() function executed once at end of simulation
# finished set True is required to terminate the runSim() function
#
def =or():
global finished
finished = True
try:
pass

except Exception as e:

print (=)
# runSim() call starts simulation in GPS-X
try:

runSim ()

except Exception as e:
print (=)
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MaxAeratorFlow = 4000
O] 2= ZI[¥2|7} H2lg 4 e ztf 518 7hsdt RS2 20U
3 #HEFHFAEAFESFAAEA S S E A FFUSER INPUTSHEH4# 54440444 F440FFS4F4444F
7 RainInflow = [0, 0.0025, 0.005, 0.0075, 0.01]
: CommInt = 0.05
StopTime = 50.0

10 Count = 0
11 [MaerratorFlow = él‘]DCI]
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o  MaxAeratorFlow
O Cint g=29f DORR|9t0f Chg& =/t Ch
o Inflow = gpsx.getValue (‘gmixinf")
o if Inflow > MaxAeratorFlow:
o  gpsx.setValue (‘gconbypass’, (Infow — MaxAeratorFlow))
o else:

o  gpsx.setValue(‘qconbypass’, 0.0)
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# start() function executed once at simulation start

#

def start():

global CommInt, StopTime
try:

gpsx.setTstop (StopTime)
gpsx.setCint (CommInt)
gpsx.setValue (' gconbypass', 0.0)

except Exception as e:

print(e)
# cint () function executed at every communication interval
#
Edef cint():

global RainInflow,] MaxAeratorFlow,| Count
import random
B try:

RainProbability = random.randint(l, 100)

=] if Count == 1.0:
Count = 0
=] if RainProbability <= 85:
- gpsx.setValue("rainfallrain”, RainInflow[0])
=] elif RainProbability >85 and RainProbability <= 90:
F gpsx.setValue ("rainfallrain”, RainInflow[1])
=) elif RainProbability >%0 and RainProbability <= 95:
- gpsx.setValue("rainfallrain”, RainInflow[Z])
=] elif RainProbability >95 and RainProbability <= 98:
F gpsx.setValue("rainfallrain”, RainInflow[3])
= else:

F gpsx.setValue ("rainfallrain”, RainInflow[4])

f’ Inflow = gpsx.getValue('gmixinf')

E if Inflow > MaxAeratorFlow:

gpsx.setValue ('gconbypass', (Inflow - MaxAeratorFlow))
E else:

\‘ gpsx.setValue ('gconbypass', 0.0)

E Count = round((Count + CommInt), 2)

- except Exception as e:
print(e)
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RainInflow = [0, 0.0025, 0.005, 0.0075, 0.01]
CommInt = 0.05
StopTime = 50.0
10 Count = 0
MaxBeratorFlow = 4000

|Influent = []l
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17
18 # start () function executed once at simulation start
19 #
20 def start():
21 global CommInt, StopTime
22 try:
23 gpsx.setTstop (StopTime)
24 gpsx.setCint (CommInt)
25 gpsx.setValue ('gconbypass', 0.0)
26
27 except Exception as e:
28 print(e)
29
30 # cint() function executed at every communication interval
31 #
32 Hdef cint():
33 global RainInflow, MaxAeratorFlow, Count,] Influent
34 import random
35 © try:
36 E if Count == 1.0:
37 Count = 0
39 RainProbability = random.randint (l, 100)
40 o if RainProbability <= 85:
41 + gpsx.setValue("rainfallrain”, RainInflow[0])
42
43 o elif RainProbability >85 and RainProbability <= 90:
44 + gpsx.setValue("rainfallrain”, RainInflow[l])
45
46 H elif RainProbability >%0 and RainProbability <= 95:
47 gpsx.setValue("rainfallrain”, RainInflow[2])
18
49 H elif RainProbability >95 and RainProbability <= 98:
0 r gpsx.setValue("rainfallrain”, RainInflow[3])
1
2 o else:
3 gpsx.setValue("rainfallrain”, RainInflow[4])
4 .
5 =) ﬂf len(Influent) >= 5: \
6 H if Influent[-5] > MaxBAeratorFlow:
1 gpsx.setValue ('qgconbypass', (Influent[-5] - MaxReratorFlow))
8 H else:
9 gpsx.setValue ('qconbypass', 0.0)
0 = else:

gpsx.setValue ('gconbypass', 0.0)
Influent.append(gpsx.getValue (' 'gmixzini'))

Qount = round((Count + CommInt), 2) j

[l except Exception as e:
print(e)
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#Define upper and Lower range of temperature and wasteage flow
5 UpperTemp = 25

9 LowerTemp = 10

10 UpperWaste 1000

11 LowerWaste

5

2
13 #Define the number of equally spaced points between the min
4 #and max values you'd like each variable to have

5 NumPoint = 4
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20

21 # start() function executed once at simulation start

22 B

23 def start():

24 try:

5 gpsx.setvValue('temp’, CurTemp)

26 gpsx.setValue('gconwasl', CurWaste)

27

28 except Exception as e:

29 print(e)

30

31 # cint() function executed at every communication interwval

32 2

33 def cint():

34 global CurNH3

S

36 try:

37 CurNH3 = gpsx.getValue('snhfel')

38

39 except Exception as e:

40 print(e)

41

42 # eor() function executed once at end of simulation

43 # finished set True is required to terminate the runSim() function

44 B

5 def =cr():

46 global finished

47 finished = True

43

45 try:

50 pass

51

52 except Exception as e:

53 print(e)

54

55 def Gpsxfn(CurrentWaste, CurrentTemp) :

56 global CurWaste, CurTemp

58 CurWaste = CurrentWaste

59 CurTemp = CurrentTemp

o0
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import numpy as np

#Create an vector of equally spaced values between the min and max
Temp = np.linspace (LowerTemp, UpperTemp, NumPoint)
WasteFlow = np.linspace (LowerWaste, UpperWaste, NumPoint)

#Create coordinate matrices from the vectors
Temp, WasteFlow = np.meshgrid(Temp, WasteFlow)

Results = []

#Cycle through the walues and record them

try
E for i in range(len(WasteFlow)):
CurrentWaste = WasteFlow [i][0]
Results.append([])

=] for j in range(len(Temp)):

CurrentTemp = Temp[0][j]

GpsxFn (CurrentWaste, CurrentTemp)

# runSim() call starts simulation in GPS-X
try:

runSim()

B except Exception as e:
- print(e)

+ Results[i].append (CurlNH3)
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limport matplotlib'
E g')

import matplotlibtpyplot as plt
from mpl toolkits.mplot3d import Axes3D
from PIL import Image

#Plot the data

fig = plt.subplots(figsize = (20,15))

ax = plt.axes(projection='3d")

ax.plot_surface(X=Temp, Y=WasteFlow, Z=np.array(Results))

#Label the plot
ax.set xlabel('Temperature', fontsize = 24, labelpad = 20)
ax.set ylabel('W , fontsize = 24, labelpad = 20)

ax.set zlabel ('EZL oniz', fontsize = 24, labelpad = 20)
plt.xzticks(fontsize

plt.yticks(fontsize

17)
17)

#Add z-axis ticks
for € in ax.zaxis.get major ticks(): t.label.set fontsize(l5)

#Save the plot as a PNG image in the active directory
plt.savefig('Tutorial-16-3D-" + str(NumPoint) + ' i
Image.open('Tutorial-16-3D-' + str(NumPoint) + '

except Exception as e:
print(e)
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#Define upper and Lower range of temperature and wasteage flow
UpperTemp = 35

LowerTemp = 10

WastageRate = 40

#5pecify the concnetration of Ammonia you would like in the effluent
TargetEffluentNH3 = 0.15

#Define the number of equally spaced points between the min
#and max values you'd like each wvariable to have
NumPoint = 4

#5et the Wastage Rate
gpsx.setValue ('gconwasl', WastageRate)

idddsisasasd ittt i satd sttt iR d

13 16-7 Dol A3EC| B2 Y MM

=



168  GPS-X8.1 RE2|¥ O

I.

O
UO|I

A
L

MZe TolH A3YEES N3 1 GPSXO| ofs Zolsls s GPSX U
M USS 24Y o AZEUC AREAE Eol &2l GpsxFn HA| ZFHe|0f
A Al220]H0]| AFBE|= ALl L 2=E 22|5HH ELICh GpsxFn gt
LHOIM A2 GPS-X QIAl H240{Ql gpsx.setSenario’} =Q!E/L|C}. O] HAHO
AL HS TS | AEZ0R IEEIo2M ALEAIZ 51012 GPSX Al
20]440| dEl= S O AlLt2| 27t 2dsHEl| Meidr 4~ =S gL

25 FHE AR R A A FUNCTIONS# 4 # # # it it i s 4444444

26

27 # start() function executed once at simulation start
28 i

29 def start():

30 try:

31 pass

32 except Exception as e:

33 print(e)

34

35 # cint () function executed at every communication interval
36 #

37 def cint():

38 global CurNH3, CurScenario

39 try:

40 CurNH3 = gpsx.getvalue('snhiel")

41

42 except Exception as e:

43 print (e)

44

45 # eor() function executed once at end of simulation

46 # finished set True is required to terminate the runsSim() function
47 i

48 def =or():

49 global finished

50 finished = True

51 try:

52 pass

53 except Exception as e:

print(e)

Hidef GpsxzFn(CurrentScenario, CurrentTemp) :
global CurScenario, CurTemp

CO =1 O U W

I¥s)

CurScenario = CurrentScenario
CurTemp = CurrentTemp

gpsx.setScenario (CurScenario)
gpsx.setTstop(l.0)
- gpsx.setValue('temp', CurTemp)

O Oy O Oy Nnononoan
=

;U LN
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70 import numpy as np
71
72 #Create an vector of equally spaced values between the min and max
73 TempLevel = np.linspace (LowerTemp, UpperTemp, NumPoint)
74
75 Scenariol = []
76 Scenarioz = []
77 Scenario3 = []
78 Goal = []
79
30 #Cycle through the Temperatures and record value for each scenario
31 try:
82 E for i in range(len(TempLevel)):
83 currentTemp = TempLevell[il]
34
85 GpsxFn('High Flow', CurrentTemp)
86
87 # runSim() call starts simulation in GPS-X
88 o try:
HIOh runsim()
90
91 © except Exception as e:
92 = print(e)
93
94 Scenariol.append (CurNH3)
95
9¢ GpsxFn('Low Flow', CurrentTemp)
97
98 # runSim() call starts simulation in GPS-X
99 1 try:
100 | runsSim()
101
102 H© except Exception as e:
103 print (e)
104
105 Scenario2.append (CurNH3)
106
107 GpsxFn('Base Model', CurrentTemp)
108
109 é # runsim() call starts simulation in GPS-X
110 H try:
111 - - runsimi()
112
113 o= except Exception as e:
114 F print(e)
115
11ée Scenario3.append (CurNH3)
117
118 - Goal.append(TargetEffluentNH3)
119
120 idddssssasssssasaisdiadasddssssaaddassaddsaasaadsanaaadanana R R R
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import matplotlib
matplotlib.use('2gg’)

import matplotlib.pyplot as plt
from PIL import Image

fig, ax = plt.subplots(figsize = (20,15))

#Plot the data
ax.plot(TempLevel, Scenariol, 'k', label

ax.plot (TempLevel, Scenarioz, 'b', label
ax.plot(TempLevel, Scenario3, 'r', label =
ax.plot (TempLevel, Geoal, 'g--', label = '"Goa

#Label the plot
ax.set xlabel ('Tempe
ax.set_ylabel ("Effln

rature', fontsize = 32)

nt Ammonia', fontsize = 32)

ax.set title('EIf of Temperature on Effluent Ammonia', fontsize = 32)
ax.legend(loc = ' t', fontsize = 24)

plt.xticks(fontsize = 24)

plt.yticks(fontsize = 24)

#save the plot as a PNG
plt.savefig('Tutorial-16-2D-" + str(NumPoint) + °
L Image.open('Tutorial-16-2D-' + str(NumPoint) + 'points

?except Exception as e:
print (=)
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# start() function executed once at simulation start
#
def start():
try:
pass
except Exception as e:
print ()
# cint () function executed at every communication interval
#
def cint():
try:

t=gpsx.getValue("t")
g=gpsx.getValue ("=zrasl")
series.add(t, q)
dataset.setValue (t)

except Exception as e:
print (e)

# eor () function executed once at end of simulation
# finished set True is required to terminate the runSim() function
#
def =or():
global finished
finished = True
try:
pass
except Exception as e:
print (&)

def createDialPlot (min, max, incr, dataset): \
plot = jvm.DialPlot (dataset)
plot.setDialFrame (jvm.StandardDialFrame ())
plot.addLayer (jvm.DialValueIndicator (0))
plot.addLayer (jvm.DialPointer.Pointer())

scale = jvm.StandardDialScale (min, max, -120.0, -300.0, incr, 1)
scale.setTickRadius (0.88)
scale.setTickLabelOffset (0.20)
plot.addScale (0, scale)

return plot

FH#4##4##4#444 Example of implementing a Java interface in Python
$class MouseMotionListener():
def  init (self):
pass
def mouseMoved (self, e):
pass
def mouseDragged (self, e):
pass
class Java:
implements = ["java.awt.event.MouseMotionListener"]

SR o e S e R S e

g

= MouseMotionListener ()
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try:

gpsx.resetAllvalues ()
gpsx.setSteady (False)
gpsx.setTstop (40.0)

except Exception as e:

dataset = Jvm. DefsultValueDataset(wl 3]
series = jvm.X¥Series("Total

datasetl = jvm.XYSeriesCollecticn(series)
if jframe — None:

jpanel = jvm.JPanel{)
jpanel.setLayout (jvm.FlowLayout () )

plot = createDialPlot (0.0, 40.0, 5.0, dataset)
chart = jvm.JFreeChart (plot)
chart.setTitle ("Time (d) ™)

panel = jvm.ChartPanel (chart)
panel .setPreferredSize (Jjvm.Dimension (200, 216€))
jpanel.add(panel)

chartl = jvm ChartFactory createX¥YLineChart (' To =nd So 'y "Time(d)",
g/L)", datasetl, Jvm. PlotOrlentatlon VERTICAL, True, True, False)

plotl = chartl.getPlot()
domain&Axis = plotl.getDomainAxis()
rangekxis = plotl. getRangeAxls()
domainAxis.setRange (0.0
rangeAxis.setRange (5 .0, 11000.0)
panell = jvm.ChartPanel(chartl)
jpanel.add(panell)

jframe = jvm.JFrame ("Plots")

jframe.setContentPane (jpansl)

jframe.addWindowListener (None)
jframe.setLocationByPlatform(True)

jframe.setAlwaysOnTop (True)
jframe.setDefaultCloseOperation(jvm.JFrame.DISPOSE_ON_CLOSE)
jframe.pack()

else:
plot.setDataset (dataset)
plotl.setDataset (datasetl)

jframe.show()
sys.stdout.flush()
# runSim() call starts simulation in GPS-X
try:
runSim()

except Exception as e:
print(e)

print(e)
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=230 s
Al220]42| 20 d-8E Oefjm= ofeff 18 17-82 Zenf, o] J2{ZE B 23t 2
A BEER W & Bf 1Y=0| 30| 0 &1 0|5 S7tst dEYs € & US
LIt AlZ2f0[H0] A&LELE, & Bf L¥ESY £l AR S49 RYLLES g
QBILICL O 30Y &, 23S 20 YR U £ £ 120 M3t U 5510 94
7 TE2M LYES 20|10 ASUCH Ol A|LEIO| H HEHo| =ZFCi= AS
LHEFLICE
|£ Plots - [m) X
Total Suspended Solids
11,000
I~
10,500 (A}
— 10,000 . ‘.‘II\ A
Time{d) FREEC T
F o000 I ‘;I 1 ;1 ‘
§ 8,500 ' I‘,' ‘,I"\‘II‘I I"'L Iy
T so0m0 V 'w'}“.m'l"\ ha
- TR e
5 7500 R L | T S e
7 VU R A AR AR ARARAAAAA
& A ""u"lu"|”|\{"“‘"Iu"I‘\I\"Ilw““u"‘lﬁ"!
T as0 SOOI
=} LI I | T TR AR R
= 6,000 L VYV U N VYV
5,500
5,000
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 3 40
Time(d)
07 17-8 HIYY A Do ATYE £
15. Ojo|d A3 EE o] EgtL|Ct.
23EES YUO|ESIH YILENOM AlZ2i0|4S AIAS== SIS LIC
gpsx.setSteady?| Z}2 TrueZ BHZAEILICL. 35t rangeAxis.setRange(5000.0,
11000.0) T2OZ HOIE, AE 4 y & FHIES HASIG & HS THES A5H0]
8,000mg/LO| &= §fLCt.
16. mfo|d A3ZEE Fstn, HAFLICH

= El 22
Of 2 2|4 3|7} YHS AfRl A e BT 0 222 0|A mjoW A3
=] of
2}

J
r
]
_|
3
i

4] Plots

Total Suspended Solids

5,000
7,800
7,600

RN REN
II‘\""”"

I”“I ‘
N

NAR AN AR AN LN ANN
1A (I (] 1
. L |“"I‘
1 I NN NI
'“‘\“\“IulH Il
LT
\H‘I.‘\

Time(d)

I 1l |
| [0 |
SRR RREANEEE S

0 2 4 6 B 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
Time(d)

Total Suspended Solids

03 17-9 HAME) HAE Do ASUE £
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EEZ|d 18

GPS-X¢} mo|’d — DDO z|A s}

=4 &%

StLtol 2Ol By LI, £31 2(ASE AMESI0 & O|UZ| A8, & SHetfE MET
2|43 52 dH 2 HIE z|4st SO ZH S9S Qo 2Mo 2d =2US ot + US
Lch o SES2 22 W o2 HeS0f ot 2HHel s we A2, ABAS0| 22
LHOIlM CHE B3t B2 28Y + AsHH

Ch O WSS who] 4Tt HS Ast BAS HAFI0lS GPSX LM AHg Thset

Aol 2717t HELE {71 =243 £+ ASHCH
GPS-X L{of| E3hel E||O|E1 ey 2|5H§}(Data Driven Optimization) 242 0{2{ 7§2| O{7HHLTt

\O

U= ZHst Ao HYEILICHL O] FHS ARBY O Z2l= AlY A2 zHe 24 W 2
glE 07Nl JhR0 2 FoS A (T, 2O SYYOILt gE Spolls IS T
SLICH
0] FESHME M2 LHE 2d 24 oA SMES| & o2 AH|FES 2|2815H7| Lok
2| 4o 2 2US AOEE H5S MEMUSUCEL SUE oHR| B[O Z'J—*.OJ gers 0
e eSS AR, SUE REF 22 YRS S8 WM RAE=SF StAGUCH
2z
=
0] RE2[E9 FH2 GPSX UOIM AMEEl= 28X 29| 2|4al0f| THO|HE OfYH ArEY +
USA| LOEE NYLICH O] FESLS st &, TOIMS AFESHH GPS-X 2{0|0FR LHOI|A
=4st 2 Hs ZAHE HEY + Uz sHS 4= 2 AU
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22 A3

£ 5§ 1¥s 0.0 20.0 mg/L
£ Et4~M BOD5 0.0 10.0 mg0,/L
£ 3> 0.0 7.5 mgN/L
Y=Lopd A 0.0 0.2 mgN/L
Ortho-9! 0.0 0.02 mgP/L

£ g+ Y457

O|H| UZ3 GPSX DEE AR50 22 &

W oo, 21 B4 UoIN 2 waE
Ol 21y TsHe AT JHSBLIC

1. A2t 2| (starting point) 2|0|0IRE &

ol EE2|YS ofsf ARE 4 Y 20012 0|0 MHME AL

=22

= =2 [ =]
gojofR > REZIE > RE2IY 18 (AMZ AH)0MM Y 20|0tRE 2E + US

C}.

—_

BgLch.

>
L WM

=]

I.OI >
o
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Influent

Influent Combiner

Efflusnt

Pri Clarifier Anoxic 1 Aerobic 1 Anoxic 2 Aerobic 2 Ferric Dosage Final Clarifier

Recycle Combiner

WAS Combiner

Dewatering

Thickener Digester Sludge

a3 18-1 E£2|Y 18 0|0}
2. M2 0|E2= 2|00t AZeLct

O] {|0j0tRE HEAY OIIYO|22 7|Z9| Al2f A|Y 2f|0[0tRE HIFA| 87| LIt &5t
A

=2

Q|Z|0of] AZEHL|CE. (Ofl. Tutorial-18)

e

3. OiA=Z A2 THUS HLICh

2gflojofR > «uk Hjo[E] > AtEA} MY > OjIR...2 O|F5HH FLICH

B3 2H0EgE =8%

Al A ]

AHEAL 3

12 18-2 A2 MYR oS
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GPS-X8.1 RE2|Y U=

netenergylayout = totalpowerkw - electricitySavedwdig/24.0

AN EH X

macro end
l}ttttttittl:tt!tt!t‘l!tlttlttitttttti!tl:tt!tt!tl:tlttlttitttttti!tl!tt!tl!tltt‘lt
macro userderivativesection

IDERIVATIVE SECTION

IMacros called here will be executed in the derivative section

Don't put macro definitions here

netenergylayout = totalpowerkw - electricitySavedwdig/24.0

macro end

r!kltx!ix!ix!ix!lx!iikl!klttl!xltx!i!!ix!ix!I!!ttkl!klttii!!tx!i!!ix!ix!l!!ttkl!

macro userdynamicsection

IDYNAMIC AND DISCRETE SECTIONS

IMacros called here will be executed in the dynamic section.

l(discretes plus code to be executed every communication interval) -

o
il Tl

0l

a2l 18-3 AUH|0|EXl 0|32 IE

Netenergylayout H4:7} 92|0| 2|25t 22 &47t UCE 027 AAS MAFOZH,
ZaE U 27t o7 ABI(KW)RF 2312 TH9lof of3 A4 THSEH o4 M2 (kwh)
219] 2j0|S A=A FLct.

2UE E4H 0|0tRS HHA| E2{ets HAIA7t LIEHELICE &RI(0K)S 2

UEY B2 W4 Y YN AOIOKR > Yk CIOIE| > ABA DY > &Y B4

display netenergylayout !Net Energy Used in the Layout kW
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G g
rFollow syntax of library .var files!
IMENU ITEM:IUser Defined Output Variables
IHEADER:!
display netenergylayout 'Net Energy Used in the Layout kW I
g | sz
12l 18-4 AUH|0|E=l 0|32 ZE_2
9. 92 2Ysie] HAAFS HFHLIC,
10. O|A| gjojorRE A5t CHA| E2{SL
Ol ot GPS-X7} £ H4E 21 0[0f Chet OwE CHae %'E 20l ddstA &
Lict. O[Ok > Yuk HIOJE] > ALZ} > £ ¥4 > ALt Ho| £ ¥
NER I 23 He #
Net Energy Used in the Layout KW -
ol | 5 [
% 18-5 AIBZF ol &3 ¥ OR
11. Ag80o|d RES ofA|7| HZL|C}.
12. Y R £ =g dMsto| CI32| HaS0| ZEE=S §LCh
Q go[opz > Ut GIOJE] > AMZAL > &8 W > ABAL Mol 23 WL >

2OI0FR U & OofL43] ALS

O 37|14 2 g2+ > sE > MLSS
0 884> 55> 3 ¥7 288
0 {4+ > 55 > £ cBOD5

0 884> 55 > Y2Ujory Ys
0 88+>55>3 U

O #&E+ > 55 >2EE g
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GPS-X 8.1 £E2|Y 4

32z &3 £
a4 =
H= |0utput:1 |
Jmz z8 fORg e
B S
22 5| =2 2 OOIE =
lf % NetEnergyusedin the Layout \ |kW 'f O |=°1§ '|
% [miss]MLSS mL - O |28 -
CECEEES mot  ~ O |28 -]
% [fe] & cBODS moz. ~| O |28 -
% ) 2ELI0M B4 mnt -] O |28 -
% =3 move  ~| O |28 -]
\\“ e] 2 EAN ) mpL  ~| O [28 -|
go | sz |
2l 18-6 £3 Jefjo MA
0Y H4et HEf AlZ2o| 42 HAELICH
0|8 &oll, 2|A35t AYS Moty M SUE 29| 7|2E &Y 4+ USLIC
Oz O& 18-72 EH A FHES| & O|UHZ| ARZHO| OfEH 14.47 kW7t |04,
MLSS2t 22 E QIAHHO| StAX|E Z2tst=2|0| s &g 4~ USLIC
Output: 1 &
Met Energy used in the Layout 14.47 KW
[mlss] MLSS 3798 molL
fe] £ 272 11.33 mglL
[fe] £ cBODS 3,353 mgO2iL
[fe] R0 2 4 0.1422 mghiL
[fe] 2 &4 4194 mghiL
[fe] 2EEDIA 3.194 mgPiL
O 18-7 0 Y M4 Ml AlZ20] 42| 2|A3t=(R| 942 &Y
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02 Al==o/4 & DDO oft] F

14. 0] £E2(AS W3 Y3} AHBT 4 UL THOM AIYUES 0|0 YHIHE HefIL
C. CfgQl CI2E2|2 0|55(0] ‘tutorial-18-0Day.py'2i 0/S2| TjojM A3YES
20} O1A|7] BiILICH,

Tayouts[@8tutorials ]
15. mjo| A32IEZ 2ZFstL|C}.

A 2 SO LHE|of A3YES Mot FLCh

rek

16. GPS-XO0|| AJZEZS Z7|8tLCt.
GPS-XOIA THO[M AQZUE Of4AS I ST oM AIYES GPSXO| 27}t

17.

[>
[N

JYUEE HHUFLICH

—

g 201 LENCR Y AIYES ¥ FUCH OjA 0 ATYET of
2| 2oL,

90 re
o g

] T

el |m

Ioo|M 2to|E212|Q! ctypes 2t0|E2{2|E AL25I0, GPS-X A%| L{ Dynamic Link Library
(DLL)OJA] 22 4 Q= DDO2} sobol_sampling &40 Hd&8tL|Ct. Ctypes 2t0|E2{2]
£ AMES0 ddo &4 Y RS ctypes 2t0|E2{2] LHOM AHE 7SSt HIOE R
2 AESIEE Fol=AS5 U T

brary (DLL)
dll')

6 #Import the DDO dynamic link 1i
7 dll = CDLL({GPSXDIR + '/bin/dd
8 ddo = dll.ddo_
¢ Tddo.argtypes=[c_void_p, c_wvoid p, c_void p, ¢ _veid p, ¢ void p, c_veoid p, c_void p,

0 c_wvoid p, c¢_wvoid p, c_veid p, ¢ void p, c_void p, c_void p, c_void p,
11 c_wvoid p, c_wvoid p, c_veid p, ¢ void p, c_void p]
12 sobol_sampling = dll.sobol_sampling_
13 sobol_sampling.argtypes=[c_void p, c_void p, c_void p, ¢ _void p, c_void p]

12l 18-8 mo|M A3 2 E0f| Dynamic Link Library 3t 271517

#Define the characteristics of the DDO optimization

nvars = 7 $number of design variables

nineq = 6 $number of inequalities

no = 100 #number of data points in training set

maxiter = 20 #maximum number of iterations before termination
mpoint = 25 w set of points

1b = np.array([0.0,
ub = np.arrayl( .
%0 = np.array([10.0, 40.0,
xbest = np.zeros(nvars)

fbest = c_double (0.0)

ig = np.array( )
gl = np.array(
gu = np.array(

g = np.empty(nineq)

gbest = np.empty (nineq) value at best operating conditions

PTOL = 0.01 40ptimization tolerance
data_dvars = np.empty((nvars, n0 + mpoint*maxiter), order='F')

data_resp = np.empty((l + nineg, nO+mpoint*maxiter), order='f')

points_of_interest = np.empty((nvars,mpoint), order='f')

iconverge = c_int(0)

opt_errorcode = c_int(0)
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maxiter — 2|43t & A
Ib— 22 #49f 5tetLCt.

ub— A #40| HEtYLCh

x
o
|
ux
N

s
>
2
>
o
i
b
P
AN
I
g
i)
-
o

xbest — 2|9 =4 B4 YPS =ESH= 2

fbest — z|A9|

= 205, 12 A = al
At2A0| AL 22 ©E Ast=2AYS Q0[FLICh 32 Y5 A=Y

—
ol0|3te, 5 @5 AMAYS [0l

ol

[P
L]

o

]

N

—

R

o

- ol

o

N
mo rr

g- Ao Aol By 30| AHElof Y B2,
gbest - M7 W4Z ALBY T Aot wao| o] BEE 2202

4 g ol =2gL o

data_dvars — B|AE CHAO| B, ZHE ZOESS Latsty| 93 ARl
ojE2jAQiLct.

data_resp - H|AEE ZASO| ZIE ZEsHe BfE2AQU|Ct,

ol

PTOL - 2t Bt5 3|40 =E5t7| d, S8 Al AFBElE 2|4st 318 22y
L|c}.
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#Function to check if the optimizer has converged
def checkConvergence(xl, x2):

T sum = np.sum(np.absolute (np.subtract(xl, =2)))
return sum <= PTOL

#Function that is used to determine the objective wvalue under given conditions
44 Hdef userfunc(nvars, x):

45 global AllResults

46 gpsx.setvValue('gconwpri', x[0]1);

47 gpsx.setvValus ('

48 gpsx.setValue ('
49 gpsx.setValue('se =[31);
gpsx.setValue('s ;

gpsx.
gpsx.
gpsx.
gpsx.

# runsim() call starts simulation in GPS-X
runsSim()

#Get our user defined wariable
netenergylayout = gpsx.getValue('netensrgyla

- return netenergylayout

#Function that is used to collect the constraint wvalues under given conditions
Fldef userg(nvars, nineg, x, g):

rweff=gpsx.getValue('zf=")

bodeff=gpsx.getvValue (' i
tneff=gpsx.getvValue ('t
snheff=gpsx.getvalue ('
speff=gpsxz.getvalue ('
xmlss=gpsx.getValue ('

gl0] = xeff

gl[l] = bodeff
7 gl[Z] = tneff
75 gl[3] = snheff

76 gl4] = speff
77 - gl[5] = zmlss
12 18-10 ¢ 2t 4 Y £ 42US A 4

Userfunce GPS-X L 4| #0| A 2tS 25t GPS-X U AIZ2|0|ES Al2fEiL
Ch. =4 g9 2 Al=20142] Orr|9of| 20|t e+2F8 Z/S0kgH .

Userg gt-= 02 AlZ22i|0[449] Dfx|9fof Agtel Haol gls +agH

18. A32EES M|

T ASUET} SHOIOIEH Mol ATYE MY BIES LEUCL ATYE Uy
of TR AIZKS ARBAF YAAE(OIHL| £& U DUo| SYTO| YIS WL

2|Mo| 23 g4 3t 012 7| 93 AFBE A W4 2t U ASHE w4 o] ol
A3RYE ofL{Ho| 22 MM EAIELICL 0L DDO |25t Zate of2f 1 18-119}
Z&Uct

21: DDO Z|H3IS AIRE Of, RE A3t 2AS 2Z5He 22H0| DAE 20017 &

OIsHo} BLICH U ABH 20| ZEEIR| YUCH ST 2 HBI0|ME 0|2 ALRALO
o
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GPS-X 8.1 £E2|Y 4

e Python Script Manager

Scripts

Included files :
= tutorial 18

R utorial-18-0Day.p

Add

Remove

e |

Edit

Q

Tramlng Set Point -» TS
Training Set Point -> B0
Training Set Point -> 85
Training Set Point -> 90
Training Set Point -> 95
Optirizer iteration-> 1
Optimizer iteration-> 2 ||
Optimizer iteration-> 3

Optimizer: Termination due to small change in parameters

xbest -> [86.4634, 42,5902, 5368.2842, 1.049, 2.7358, 6.0523, 1906.3911]
fbest -> 2.9982

gbest -> [10.1086, 3.1294, 6.6091, 0.1392, 0.0614, 2135.4075]

‘|

? Close |

12! 18-110< DDO 2|8} Ay}

19. mto|H A3 YUEE HATL|CE
n02| Z+E 252, maxiter®| Z+& 52, mpointe| S 72 HATL|CY.

20. DO A3AEES AAFHL|CH

21, AQYEES MWSHLCE
2| A7t ALBY B2 SIfE MEIS of, 2|3 45 AN &7 o & HEZE0|
O|20{& AYULICL AIBE Ht= sIE F0|H, 2Ot B2 A2t Wo| HEs £248
Aes & ALt =4 s 212 kKW %7f%*l—| Ct 2[5t 2HE Fd o, Ol &2
o3 HZ0| 0|R0{E £ UCt= AS qsiof gLct
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e Python Script Manager X

Scripts

Included files :

[ tutorial 18 New
Add

Remove

Edit

GMJ &y

Qutput ~

Training Set Point -> 0

Training Set Point -> 5

Training Set Point -> 10

Training 5et Point -> 15

Training Set Point -> 20

Optimizer iteratien-> 1

Optimizer iteration-> 2

Optimizer: Termination due to small change in parameters
xbest -> [62.5, 29.373, 4375.0, 2.125, 1.375, 6.25, 1875.0]
fbest -> 3.8728

gbest -> [10.6473, 2.681, 7.4575, 0.1003, 0.0424, 2890.8632]

g 18-12 2HE 02 DDO

m
it
_k')!
10
Y
1]

S A/E2)0/4 & DDO ofs] &4

02 AlZ2f0| oA SUE 2HS 2HelstE Jtstt 2 A2 SRR oefst= |
=20| iUt A SUE 2ol HHAQ HUS = & A= FYLLL 4 AlEoldE +H
S HE 24 RS 2 7|2 HE3UE W 22 =S4t 7% 249 0= 2[HeE 25l
O DH7HH4 2Ol O|FOIAOF &2 & - UAFLICH. MO[H} GPSXE AESIH A S
E GO|HE Al22{0]80] 'E0f, ArZA7t SUMEOM Fest dA 24 =40 gt z|4sts

So3 4 YBUC
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22. O] RE2HOIM AtESHY| Qs O[0| mo|H A3HES TS50 & HEHYLICE Of2f Cf
HE2|0|M ‘tutorial-18-Dynamic.py'et= 0|S52| TO|H AIZHES Z0F OJA[7] BREL
c}.

Tadyouts[08tutorials[]

23. ool A3YUES AL

2 2 S0 CAEe| Uof s A3-EE AHASHH ELU T
24. ot 2A3YEE GPS-X0f| F7}EHLct

GPS-XOlM IO A3 ZE OjLAE B2 i DHoJH A3ZYES GPS-X0i| F7HELct

H—=

25. A3UEE WAFL|C

I Eg Z25tH EIjE0| A3 EIJ}F Ha|A = LC}. ‘tutorial-18-0Day.py’ A3 2!
EO0M 2210| BRA =l=A[0l| Cisll YOot2=F SHSLICH

19 4 Aol dAS fla 2A3YEIF HEZASLICL AlZ201H0] SH Al=22
O[de= #FLY| W20, sS4 ZtH0| O Al=2{0l4d WofA ZdstA Lt 2
18-130{|M =0|= Hiet 0|, stitel g7t 2 S4 HADI 2220 54 o+ H4
Of JA ¢t AMet 2US S =0, Ol +3 YA 75 EU T O offA
OiME AlZ201d 7|20 2H & & AHA| ALBYE 2LSEiEESE SHUSLICH

42 # cint () function executed at every communication interval
43 i
44 Hdef cint():
45 global netenergylayout, g, intervals
46 xeff = gpsx.getValue('xfe")
47 bodeff = gpsx.getvValue('bodfe’)
48 tneff = gpsx.getValue('tnfe’)
49 snheff = gpsx.getValue('snhfe')
50 speff = gpsx.getValue('sp
xmlss = gpsx.getValue('zmlss')
g[0] = xeff + g[0]
g[l]l = bodeff + g[ll]
55 gl2] = tneff + gl[2]
56 g[31 = snheff + g[3]
S gl[4] = speff + gl[4]
g[5]1 = xmlss + gl[5]

0 intervals = intervals + 1

J3 18-13 Al22f|0|d L Z+ sS4l ZHAo & =25

of GOl 22t 2Ol OFLl %2 Bt £ASDR, £UE BE AF 22 USS 0Y A2
O[M oM MHE S 2T 202 ArELICL 0lo] ChXEH7| s, S 20| ZH
MBS 2t ABZA W S MEE HULICH AIS0|HO] 0|0 SO Al 20|
HAS 25D BY g U 2 242 S 2HY| H4E Lk, o HAS M LT
Of WP 2 AS 9 AIBEIS BEL Ofzf 1 18-140I4 HS 4 UBLC
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64 #Function that is used to determine the objective wvalue under given conditions
65 Hdef userfunc(nvars, x):
66 global netenergylayout, g, intervals
67 gpsx.setValue ('gconwpri', x[0])
68 gpsx.setValue ('gconwas', x[1])
69 gpsx.setValue ('gc cyele', x[2])
70 gpsx.setValue ('setpscaerl’, =[3])
71 gpsx.setValue ('setpsomlss", x[4])
72 gpsx.setValue ('« 4dosagegferric', x[5])
73 gpsx.setValue ('gconras', x[6])
74 gpsx.setTstop (1.0)
s gpsx.setSteady (True)
76
77 netenergylayout = 0
78 g = np.zeros(nineq)
79 intervals = 0
80
81 # runSim() call starts simulation in GPS-X
82 runsSim()
83
84 #Use the average value of each of the constraints over the simulation
85 g = g/intervals
26 L return netenergylayout, g
a3 18-14 g Uof| AE AHE= o WAS 73t YHOIEE userfunc g
26. 7 7T EHO| CHE U™ H|07|5 HdEL
7Y AHE * ST U3, 7 > 7 HOIE=Z 0|S5HHE FUCh
o zn | & 2 DAY T SE -
lraw] S5 N [CIOIEd - O
a3 18-15 YU+ 7T YEH |0f7]|
27. 43 AO7IS ALBSI0] RUS R HEHS 24 AIZt BlO[EIZ MFBILCY
28. z|Mst ASYES HYFLICL
[ "\
OO E e
Output ~
o ———— -
Training Set Point -> 835 |
Training Set Point -> 90
Training Set Point -> 95
Optimizer iteration-> 1
Optimizer iteration-> 2
Optimizer iteration-> 3
Optimizer: Termination due to small change in parameters
xbest -> [ 45.05004883 51.19110107 6220.15380859 1.25286865 1.50793457
7.5567627 1538.45214844]
fbest -> 72.3877
gbest -> [ 9.84253618 3.31924291 6.80998484 0.19986751 0.05956857
1866.0051245 ]
'~
9 Close |
L ]

13 18-16 24 A7t 9 &3 AlE2j[o]4of Cist DDO 2|3t &3
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29. Al22f0| 0| 22e|W LR, RYs 7 FEHE AISHC= HESI D A3HES A
AAELICH 2[5t 220l of FY¥S OIR[A =R #oldls &~ ASHT

00 7

Output ~

e
Optimizer iteration-> 1 =
Optimizer iteration-> 2

Optimizer iteration-> 3

Optimizer iteration-> 4

Optimizer iteration-> 5

Optimizer iteration-> 6

Optimizer: Termination due to small change in parameters
xbest -> [ 16.75525177 45.60899629 5610.1335641 1.51013077 1.34993588 |

7.15969048 1216.68049134)]

fbest -> 59.4567

gbest-> [ 962175953 3.39715503 7.27242646 0.1886861 0.09291469
1622.44903513]

0l

? Close |

12 18-17 AfQIZM U4 S| 1Y £ Alg20|Moj Cj3t DDO 223} £

OHE2 2 IS OIS Ol 229 2{0|0tRE 7HL5L, AlS2|01H4S LA, 2
e BASHE 20| XA E HYLICH 55| GPSX SHO| Cht 27120l Y GPSX
AFE2Z} 710|E0|M LS 4 o0, 2EO| CHSt RIMISt AE= GPS-X Technical Referenced| *E
ghelof UAEUCH



