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a1 nay lsIsn1saeslaaegn (Trial and error) Tumsdsumaum

J

duiseansaneg meluuvudiass el A1 optimal 5511919 1A

NLUVII1ADY (model output) AUNITATINIAVTI IUMIATUIN (field
1as Y 1 o Yy Y g
measurement) LAITNITAINA1I19N1 1493 Toma 1da1 local optimal
1 : A Y a J . .
ﬂau%’nqﬂ Gﬁﬂ’J%ﬂﬁ%ﬁ]ﬂwuﬁﬂiiuﬂﬁmv\l’uﬁﬂi (Genetic  Algorithms:
1 I = A 2 A o 9 1 W a =
GA) m%zgﬂuaﬂ‘nmaaﬂ‘wm‘numﬂﬂumﬁmmﬁnﬂﬁzﬁmmm
[¢) g} 9 1 =~ Aa A = 9 1
ﬂ181uLLUUﬂ1a@Qﬂmﬂ1W‘L!ﬂﬂﬁ)ﬁlNiJﬂi%ﬁ"ﬂ‘ﬁﬂWW uaziToma laan
. 1 o < 1 A a
Global optima ﬂ@ueﬁnqmazmqm‘lﬁﬁ’;ﬂ’mfﬁmimmm'iamNﬂam
0n (Gregory et al., 2005)
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INNANITANHIVDY Gregory etal.,  (2005) WU A3
Us52gnd 1$MUTNTTUABUNIUABS (Genetic Algorithms: GA)
TumsdSufeuduilszans melunuudians QUAL2ZKw
Tagly NszUIUMTAAABANIINUENTTUABNTNUADS (GA
Operators) A3 U111 VU®9 Charbonneau and Knapp (2002)
T334 Boulder Creek, USA

WU GA 81115019 1umMssuenuyusiass QUAL2Kw
YA 19 9 Y = 0 1 9 A

1aa ualsnarlumsdsumeunuudiass Aeut9UIUAL 6

%3 J19a1%51U Population 100 482 Generation 100 (3.2 GHz

Pentium 4 processor)
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SuiumaiseaseisujfivefnyulSsnifeunszuaumsdaden
%Wﬂﬁuijﬂiﬁuﬂﬂuﬁ’u@ﬂ{(GA Operators) 52119 GA Operators
U84 Charbonneau and Knapp (2002) NU GA Operators ¥99 Goldberg
(1991) and Michalewicz (1992) Lﬁamgﬂgmmmmzmumﬁ
AAONNNWUENTTUADNNUADS (GA Operators) Az auuazan
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- Joyagnninen
- Joyaunasduilanaiy
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- Point source
msisuieu (Calibration) LULT10D9 <

- Non point source

- Joyagaiionine
y

msUSuieunuuiiaes QUAL2Kw @28 GA msUSufeunuuiiaes QUAL2Kw @28 GA
Operators UB4 Goldberg and Michalewicz

Operators U84 Charbonneau and Knapp
Sensitivity Analysis
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v

a J
HENITINADNNIIADI : Genetic Algorithms (GAs)

N19F55UBI (Natural Selection) Y99 Charles Darwin

. Ifumagega-diga nSeuaiiennsenhilayminsm
?1'1Q$5]3Jﬂ1‘1/\| (optimisation problem) maq%’\lqﬁ%’mﬂmmaim
(objective function) ‘ﬁméfmmﬁ “]d;ﬂ function AINA1IDIY
Wuuuuduasa (linear) traz il uduasa (non-linear) f
A1

. (M fnana, 2547)

& A o A Ao = v A
L‘]Juf]_lﬂulmu']‘]_ligﬂﬂﬁumquuQcﬂlaﬂullﬂﬂﬂﬂyaﬂqﬁﬂﬂlﬂ@ﬂ wf LN

VINE LE
KEBEK /=

LiTRE ! @
]

Charbonneau and Knapp, 2002




M3 auMaUnszUIUMIAAADNMINUENTIN

ABNIIUNBST (GA Operators )

GA Operators GA Operators
499 Charbonneau and Knapp (2002) VY99 Goldberg and Deb (1989) Hag
Michalewicz (1992)
1. TUMIAA@DN (selection operator) LAUMIAAIADN (selection operator)

1.1 Proportional Selection

1.2 Rank Selection

1.1 full generational replacement

1.2 steady-state- lace- dom
steady-state-replace-ran 1.3 Tournament Selection

1.3 steady-state-replace-worst




MafSaumaunszuIUM AR NMINUENT I

ABNIIUNBST (GA Operators )

GA Operators
GA Operators U043 Goldberg and Deb (1989)
Y949 Charbonneau and Knapp (2002) iaZ Michalewicz (1992)
2. VumsaEuR VeI (crossover 2. VumsaEuR V0D (crossover
operator) operator)
2.1 one-point crossover 2.1 one-point crossover
2.2 two-point crossover 2.2 two-point crossover

2.3 equal probability of either one-point or two-point 2.3 uniform crossover

crossover

2.4 uniform crossover

2.5 equal probability of either one-point, two-point, or
uniform

2.6 arithmetic crossover

2.7 equal probability of either one-point, two-point,

uniform, or arithmetic




M3 auMaUnszUIUMIAAADNMINUFNTTN

ABNIIUNBST (GA Operators )

GA Operators GA Operators
UD3 Goldberg and Deb (1989)

itas Michalewicz (1992)

U994 Charbonneau and Knapp (2002)

3. %’uﬁﬂuﬂm%u (Mutation Operator) 3. %uﬁﬂuﬂm%u (Mutation Operator)
3.1 one-point mutation, fixed rate 3.1 conventional mutation
3.2 one-point, adjustable rate based on fitness 3.2 uniform mutation
3.3 one-point, adjustable rate based on distance 3.3 modified uniform mutation
3.4 one-point or creep, fixed rate 3.4 non-uniform mutation

3.5 one-point or creep, adjustable rate based on fitness

3.6 one-point or creep, adjustable rate based on distance




anuduanveauusiass
QUAL

. - QUAL I (1970) #ieu11a8 Texas
f Water development Board

\ - QUAL II (1975) Walu1 lag Water
Resource Engineer, Inc. (WRE) meld
1oANaINU US EPA 1tazThe Southeast

Michigan Council of Government
(SEMCOG)

- QUAL2E (1985 ) W11 1ag SEMCOG

- QUAL2K (2000) #®111a8 Chapra,
S.C. and Pelletier, G.J.

- QUAL2Kw (2005) Waiu11ag Gregory
J. Pelletier, Steven C. Chapra, Hua Tao
(Washington State Department of
Ecology)

QUAL I Model (1970)

QUAL2E Model (1985)

QUAL2K Model (2000)

(Seok and Yong, 2002)



HUVUD1099 QUAL2KwW

Wanvu lag Gregory J. Pelletier, Steven C. Chapra, Hua Tao
(Washington State Department of Ecology)glufﬂ 7.71.2005

9y

F IR UAD I NULU 1004 QUAL2K ¥99a911)4 USEPA
WanNIMNUMIoUNY QUAL2K Ao i luszuulfiianis
a3 TaaTasunsuadann Visual Basic for Application
(VBA) TaglyauniuTusunsy Microsoft Excel

' v v Y
drmsudaimun 1 QUAL2Kw 1uf® n31i1 Genetic
. Y . 0 ' )
Algorithms 1115115 calibrate HUVI @09 9 150ATUAT
91N Fortran 95
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Temperature W13 Wmesanuail 1dun pH, Conductivity (cond.), Dissolved Oxygen
(DO), Biochemical Oxygen Demand (BOD), Ammonia-Nitrogen (NH3-N), Nitrate-
Nitrogen (NO,-N), Total phosphorus (TP) Hag 1313983 a a1 1aun Total
coliform bacteria (TCB) Tagl¥uuud1ans QUAL2Kw

] v 9
2. edAnTuamansnNnguihdnzasInnuraInulavan bl sz NN
UHAIRIUANUUUBY (point  source) A TUNTILUMAIRUHANLUWOU (non-point

source)

R : 4 % o a 4
~ 3. erlSeuMeunszuIuMIAAo NN NWUENTTUAONNIADT (GA  Operators)

' 32NN GA Operators U9 Charbonneau and Knapp NU GA Operators Y93 Goldberg
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A water quality modeling study of

the nakdong River, Korea

laviimsnlssumeunuui1a095e1I19 QUALZE tiay QUAL2K 9
9y
Wauu Iag USEPA
X { o oy 3} Jd Y} 1 31
ez lun luilamiguawibhuazaunsodszana lgiuuii
Nakdong Tuilseimaning

Y
A a Jd v A c
IﬂﬂW%1§m1W1§13Jm@'§ PN DO, BOD, N tiag P series LIag
Chlorophyll-a

a I 9 = QQJI =
m3silszmiunailu11/@d1887e QUAL2E 1ay QUAL2K 49 QUAL2K
T¥inansAneINAN laemnizan Algal death to BOD, Fixed plant
DO ttae denitrification

(Seok and Yong, 2002)



Modeling and Assessment of Water Quality in

The Kelani River, Srilanka.

Y Y
laldunusians QUAL2K we9 USEPA lumsisziiuguniniirlumaiii Kelani
Y
UsnaaTa9n 117 3U52UUNY point source LA non point source

TagNa13 M5 13903 99l pH, conductivity, Turbidity, Temp, DO, BOD, COD,
Chloride, Nitrate as N, Phosphate as P t1ai¢ Total Coliform

1 1 X g 1A
Nﬁﬂ'ﬁﬁﬂ‘]&ﬂWU'}'ﬂuG}n\‘l Low Flow Naﬂ']ﬁ'ﬂﬂ?ﬂlﬂﬁ@ﬂ%@ﬁﬂTiﬂ?ﬂﬂWﬁmﬂW DO Rleal
v J o w X
4.2 % Loy 5.2% Glmﬁauqumwmi LHAasUNITAY ?_]ﬂ.ﬁ.2003 ATlaIl ﬂ']ﬁﬂa']ﬂ!)ﬂa‘@u
g 1A
VOINIINIANITUAT BOD 2gN 17 %

1 1 X g 1A
a1 1U%29 High Flow #an13Aa1aAauv03n1iA1an1saia1 DO ogi 2 % 1ag 5.5%
Tuwdpunang Ay tazdaian Ua.A.2003 MUSIAU FIUNTAIANADUVOINS
Jd =
A1AN38iA1 BOD 8¢ 15 %

o Y 1 a 4 dy o A YA
’c’fTVi’i‘UﬂTW131%&@]’031&6ﬂﬁ]1ﬂ‘L!LL‘1J‘]Jma’é)\‘IﬁWJJﬁﬂﬂWﬂﬂTimllﬂﬂ

(Chaminda, G.G.T., 2005)



v 5 Y a ¢
nMsaamsaamninlagl INuENIsuABNNINDS

(Genetic Algorithm)




Selection of genetic algorithm operators for river

water quality model calibration

J o
181l528na 1% Genetic Algorithm 1113 calibration 1LV 1AD
dvsulsziuaanIni

: . . ] 0911 (o w Y o
BINT calibration Do IMTUTUADUNA Y TUMIHALILLDTIAO
A A 9 . c =
a3z gnININYeINT 19 Genetic Algorithm Tumsdsziiv
AN N UDEAD
— P15180n GA operator
v A Y
— msnaanauls
Y
— MINAUNATIU LAY
— sensitivity NIz
: 1 1 A Y Y . o
FIVLAINAAD output N 1A91NN3UTZUIANAAIY Genetic Algorithm

(Ng, A.W.M. and Perera, B.J.C., 2003)



A framework for modeling water quality in streams and river

using a genetic algorithm for calibration

I % v a J
Uszgnd 14Nz uIum Ao nHUFNIsUADUNIADS (GA  Operators) A3 UuDUUDS
4 ]
Charbonneau and Knapp Iumsdsuiieududszaninielusuyudiaes QUAL2Kw e
9 9
MU UNINIIUD9L311 Boulder Creek, USA.

WUN3UUVVYBI GA Operators NHIIZANNGA 11!

Y

% v A v d . I~ J = v Aa ..
—  VUABUNIIAALADNTTINUT (Selectlon)clsl)’il‘ﬁﬂﬁq%ﬁﬂﬁﬂﬂlﬁﬁ]ﬂ‘ﬂ?}ﬂﬁg'ﬂ (elitist
strategy) I N Full generational replacement

Y

Y Y v J Yax eqe c .
—  VUADUMTAAVA1YNUT (crossover) 1975 equal probability of either one-point, two-

point, or uniform,
Y

] v J . ga . .
—  UYUADUMINANYNUT (mutation) 197% one-point mutation, fixed rate LY

_ population size, Generation 11111 100 FalHarlumsdivia 6 ¥11ua (3.2 GHz

Pentium 4 processor)

— uaﬂmﬂumllmﬁuaummﬂumiwwm GA ﬁ'"l?‘ii‘]Jﬂ"Ii Calibration LU0
ﬂﬂ!ﬂTW‘Hﬂl!’E)l!"lﬂ@] D11 GA Operators 1/]L1’i3J"I°’ﬁ3J!W6E1C°]L’Jﬂ"I"UﬁNﬂ"IS Calibration

(Gregory et al., 2005)
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1. m'ﬁimﬂauﬁama{ CPU 3.0 GHz Pentium 4 processor
2. Talsunsunounmes QUAL2Kw version 5.1
3. T1511n53 Microsoft Excel (Visual Basic

for Application [VBA])

4. T1s1nsY Arcview GIS 3.3a
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msthiddeyavewuusaes QUAL2Kw

A

MsUsunen (Calibration) UV 04

A

A
msdSuiisunuuiians QUAL2Kw a0 GA msdSufieunuuiians QUAL2Kw a0 GA
Operators ¥94 Charbonneau and Knapp Operators Y99 Goldberg and Michalewicz
Sensitivity Analysis
J 1 d o Ay o~ v J 13 e Ay v v Ay
Auamwihluihdmzaod ldonmsilsuiion d2e GA pumwihlumihdmzaesn ldoinmsiSuiiendis GA
Operators ¥94 Charbonneau and Knapp Operators ¥89 Goldberg and Michalewicz
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uuusiaes (Verification)
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Uszianveyanlylunmsanin

a a
ﬂﬁ%!ﬂ‘n J8aziogn N
o o
amwmﬁ‘lwammm (Discharge) 99151013 MMavo9i
) <
ﬂ’ﬂll!,ii]ﬂ’i u’dm (Velomty) Hay (Discharge) AULI)
9
seauh (Water Level) Inaeseidion | nszuaii (velocity) b8
9
5 nsusalszmutazdinsalsznu | szauin (Water Level)
- YayagnnInen | . . y )
N 8 UATTIBEN RAYTIYADUNTY
¥aUseniuuaza1iin
¥a5ENIUN 8
UATTIHTN
o v | Water Temp, pH, DO, BOD, NO3-N, ﬂiumuauuaﬁyuaz
-URYANWUNININ

NH3-N, TP, TCB, Conductivity
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Uszinanveyanlylumsinin (ve)

Uszian

=
Jgaztoen

=
N1

-Yayanriaanuiiavosay
g’J A t%4 3,’
nafSnamslyineas

- Point Source AR ANy
AANNUHAIEUFULDE 199911

ATIMNITY

Yueu1 luerIa
= 9
UATIIVAV LA FIUUDYA

GIS WHIAUATI BTN

A a . Yy 1 a
USunamans - Non Point Source }ALA WAy L
A a . VOINTUAUATUAUNIN
NINAVN Runoff HAE Discharge :
daadon
Air Temperature, Dew point
- YayagaHaNINe temperature, Wind speed, Cloud NINQAUINING

cover L101Y Shade and Rainfall
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HUV1a09 QUAL2KwW

1. 119 Reach ¥@uN¥i l Headwater boundary

Tﬂammmmm : —
Point source —

2
“ @@ﬂ!’ﬂu%jﬁ “UNN Point abstraction «<—

f (Reach) Fudutraves == Point abstraction
S mummﬂym § RN ||
_ ll Point source — 14—
hydraulic characteristics 5 Non-point
HUUB 8IS » 6 .| abstraction
Non-point g . -
source >

g/« Point source

T Downstream boundary

QUAL2Kw segmentation scheme
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2.1) UOYAYNNING

* Reach specific data
— Elevation

— Latitude/Longitude

[@ Microsoft Excel - 1.0 LTK qadu_ilasiu_d5mlsa 2 i 1
@ File Edit Wiew Insert Format  Tools Data  window  Sheets  Ploks  Help  adobe PDF -8 X
DNEHRSISQAIVE $ 2@E-J 2 = -4 Kl B w0 - @
= -1 -|[B|r U === @ - % o % -k

129 - 23

A B G [u] E F G H o 8 L ] # -

1 | QUALZKwW
2 Stream Water Quality Model Open Old Run Run
3 |Lam TakBhong River (3/22/Z2887) File VBA Fortran
4 | Reach Data:
5]
B Reach for diei plot: 6 < change diel plots to this reach |
7 Reach Downstream Elevation Downstream
5 |Reach Downstream length Downstream Jocation Upstream | Downstream Latitude Longitudi
9 Label end of reach label Mumber km Latitude | Longitud (km) m {m) Degreas |Minutes |Seconds | Degrees | Minutes | Sec
10 Headwater 1] ¥7r.a9 164.87 0.000 261.000 7 a9 i} 164 a2
11 |Lam Takhong diaussunsnimisinaa i 14391 1 39.10 80.20 166.10 39.100 261.000 206.700 9 2 4 165 65
12 diaussunininneaiu (ma.48.5) 2 9.40 80.79 165.15 48.500 206.700 185.500 a0 46 81 165 [i]
13 FauUsSUNE G (101.79.5) 3 31.00 18.53 165.15 79.500 185.500 176.800 17 91 64 165 8
14 diaussunninauzpd (ma.87.3) 4 7.00 18.46 166.11 47.300 176.000 171.000 18 27 52 165 66
15 daussunsniaiaiong ((11.97) G 9.70 19.29 166.08 97.000 171.000 163.000 19 17 21 165 65
16 aussunzn e (ma.109.8) [ 12.80 20.43 166.32 109.800 163.000 163.000 20 25 53 166 19
17
18
19
20
21
2
23
24
25
26
27
25
29 |
30
31
32
A3 %4
Wo4 b MY QUALZK [ Headwater % Reach  Air Temperature f Dew Point Temperature ¢ Wind Speed 4 Cloud Cover [/ Shade  Light and Heat { Paint Sources  Diffuse Sources  Rates  Fitness |« »
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ﬁ_ﬂ] Microsoft Excel - 1.0 LTK qielu_ilaqiiv_test Rating Curve wet ‘
I'—‘Il File Edit Yiew Imsert  Format  Tools Data  Window  Sheets  Plots  Help  Adobe PODF - - 8 X
NDEHRS SQAVEH $§DLA-J Q= -5 &Ml 4w - @ .

o L Al -0 -|B|f UEEEHEDmw- Ty o 550 EE - v
G16 - A 109.8

J K L hl N 0 P Q R S T u N Wy * i z -
1
2
3
4
5
B Hydraulic Model (Weir Overrides Rating Curves; Rating Curves Override Manning Formula)
7 Downstream Weir Rating Curves Manning Formula |
8 Latitude Longitude Height Width Velocity Depth Channel | Manning | Bot Width Side Side !
9 Degrees |Minutes |Seconds | Degrees | Minutes | Seconds {m) {m) Coefficient | Exponent | Coefficient | Exponent Slope n m Slope Slope
10 7 a9 38 164 52 18 0.0000 0.0000 0.01666 1.00016 2.06142 0.21640( 0.000000 0.0000 0.00 0.00 0.00
1" Fi) 72 4 165 65 69 0.0000 0.0000 0.01380 0.99254 1.71542 0.16563( 0.000000 0.0000 0.00 0.00 0.00
12 80 46 81 165 8 46 0.0000 0.0000 0.02629 1.00046 0.64344 0.51922( 0.000000 0.0000 0.00 0.00 0.00
13 17 L) 64 165 8 46 0.0000 0.0000 0.01426 1.00095 0.56889 0.15790( 0.000000 0.0000 0.00 0.00 0.00
14 16 27 52 165 66 19 0.0000 0.0000 0.02850 0.99989 1.18662 0.37132 0.000000 0.0000 0.00 0.00 0.00
13 19 17 21 165 65 1 0.0000 0.0000 0.04038 1.00226 0.83093 0.31079( 0.000000 0.0000 0.00 0.00 0.00
16 20 25 53 166 19 0 0.0000 0.0000 0.04774 1.00691 0.26880 0.77665( 0.000000 0.0000 0.00 0.00 0.00
17
13
19
20
21
22
23
24
25
26
27
25
29
30
3
32
3 -
W o4 » W[\ QUALZK 4 Headwater % Reach ¢ Air Temperature 4 Dew Point Temperature ¢ Wind Speed 4 Cloud Cover  Shade  Light and Heat  Point Sources 4 Diffuse Sources 4 Rates Jf Fitness |« [ g
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A, B c o] E F G H J K L b
1 QUALZKwW
2 Stream Water Quality Model Open Run Run
3 |Lam Takhong River (3/22/2887) File VBA Fortran 1
4 | Headwater and Downstream Boundary Data:
5
g
7 Headwater Flow 9.67 |m3/s
g Prescribed d tream | lary? Yes
9 Headwater Water Quality Units 12:00 A0 | T:00 AM | 2200 AM | 3200 AN | 400 AM | 500 AN | 6:00 AN | 700 AN | 800 AN | 9:00 AT | T0:00 £
10 Temperature C 26.05 26.05 26.05 26.05 26.05 26.05 26.05 26.05 26.05 26.05 2
11 Conductivity t 270.18 270.18 270.18 270.18 270.18 270.18 270.18 270.18 270.18 270.18 27
12 Inorganic Solids myD/L
13 Dissolved Oxygen mg/L 6.591 6.591 6.591 6.591 6.591 6.591 6.591 6.51 6.591 6.591 |
14 CBODslow my02/L
15 CBODfast myQ2/L 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64
16 Organic Nitrogen ugh/L
17 HH4 Nitrogen ugh/L 220.00 0.22 0.22 0.22 0.22 0.22 0.22 0.22 0.22 0.22 |
18 NO3-Hitrogen ugh/L 410.00 0.41 0.41 0.41 0.41 0.41 0.41 0.41 0.41 0.41 |
1% Organic Phosphorus ugP/L 50.00 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 |
20 Inorganic Phosphorus (SRP) ugP/L
21 Phytoplankt ugAiL
22 Detritus (POM) myD/L
23 Pathog cfuA00 mL 191.50 191.50 191.50 191.50 191.50 191.50 191.50 191.50 191.50 191.50 19
24 Generic constituent user defined
25 Alkalinity myCaCO3/L 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 1m
26 [pH S.U. 7.85 7.85 7.85 7.85 7.85 7.85 7.85 7.85 7.85 7.85 |
27 Downstream Boundary Water Quality (optional) Units 12200 AN | T:00 AN | 2:00 AM | 3:00 AM | 4:00 AM | 5:00 AM | 6:00 AM | 7:00 AM | 8:00 AM | 9:00 AM | T0:00 4
28 Temperature C 27.72 27.72 2.2 27.72 27.72 27.72 27.72 21.72 27.72 27.72 z
29 Conductivity t 678.13 678.13 678.13 678.13 678.13 678.13 678.13 678.13 678.13 678.13 67
30 Inorganic Solids myD/L
31 Dissolved Oxygen mg/L 4.50 4.50 4.50 4.50 4.50 4.50 4.50 4.50 4.50 4.50
32 CBODslow my02/L
33 CBODfast myQ2/L 4.60 4.60 4.60 4.60 4.60 4.60 4.60 4.60 4.60 4.60 |
W4 v M QUALZK Y Headwater { Reach { Air Temperature  Dew Paoint Temperature [/ Wind Speed ¢ Cloud Cover / Shade / Light and Heat { Point Sources / Diffuse Sources  Rates { Fitness |« [ m 3
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10 % 321189099
A A

NUAU

Nprl.1_0-1

Nprl.2_0-1 l—V
_>

Nprl.5_0-1

Nppl.1_0-1
to
Nppl.6 0-1

Npr1.6_0-1

v

»| Npcl.1l8 0-1

to
Npcl.26 0-1

I

HEAD WATER

Il

Npr2.4_0-1 |—>

;| |

Npr3.1_0-1

Npr2.5_0-1

Npr3.4_0-1

lll

Npk3.1_0-1
to
Npk3.4_0-1

v

!

P

Npr3.3_0-1

| Npr4d2 0-1 |—>

Npr4.5_0-1 }

Npr4.6_0-1

»

Pi5.1 0-1
to
Pi5.41_0-1

IO

t1

Npr4.3_0-1

Npr4.4_0-1

P8 —>

P10

Npr5.3_0-1

Pi6.1_0-1
to
Pi6.7_0-1

Npr6.2_0-1

Npr6.4_0-1

il

Npr6.6_0-1

Nprl.7_0-1 |,
l

f 1

Nprl.3_0-1

]

Npr1.8_0-1

Npk1.29_0-1
to
Npk1.57 0-1

Pil.1 0-1
to
Pi1.28 0-1

Npr2.2_0-1

Npr2.3_0-1

Npr3.2_0-1

Npr3.4_0-1

] g

Npr4.1_0-1

H

t 11

Npr2.1_0-1

t1

t 11

Pi3.1_0-1
to
Pi3.11_0-1

Pi4.1 0-1
to
Pi4.3_0-1

Npr5.2_0-1

Npr5.4_0-1

Npr6.3_0-1

Npr6.5_0-1

A

Npr5.1_0-1

Npr6.1_0-1
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HEAD WATER

1

Nprl.7_1-5
Npr15_1-5 Nprl4_1-5
Nprl 8 1-5 Npri.3_1-5 1
Nppl.7_1-5
—>
Npr2.2_1-5
Npr2.1_1-5 —» 2
Npr2.3_1-5
—>
Npr3.2_1-5
Npr3.1_1-5 Npr3.3_1-5 3
Npr3.7_1-5
Npr3.6_1-5
Pi4.1_1-5 Nprd.3_1-5
o Nprd4.4_1-5
r4. -
Pi4.4 1-5 pre 4
Npr4.6_1-5 |—>| Npr4.8_1-5 |—>
Pi5.1_1-5 >
Npr5.7_1-5 —»
to N
Pi5.30 1-5 Npr5.5_1-5 —» 5
Npr5.8_1-5 P11 >
| Npr6.3_1-5 '—PI Npr6.4_1-5 |—>
Npr6.5_1-5 Pi6.L 15 | 3 .
to
Pi6.14 1-5
Npr6.6_1-5

Nprl.6_1-5

A

Nprl.2_1-5

A

. Nprl.1_1-5
Pil.1_1-5
Npr2.6_1-5
<4+— Pi21_15
Npr2.5_1-5 to
s Pi2.2 1-5
Npr2.4_1-5
<4— Pi31_15
< o Npr3.5_1-5
Pi3.4_1-5
< Npk3.5_1-5
Npr3.4_1-5 | to
< Npk3.8_1-5
Nprd.2_1-5
<«— Npra7.15 [
' Npp4.1 15 [ Npré.1_1-5
Npr4.5_1-5
Npr5.2_1-5
Npr5.3_1-5
<«— Npks1 15 | Npr5.1_1-5
<«— Npr56.15 |
Npr6.2_1-5
Npr6.1_1-5

Npr6.7_1-5

A
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A a
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(21310391 NUIFNA, 2547)

Pil1 >5 | Npri5>5 L
to -1
Pi1.3 >5 N
- ”| Nprl4 >5 ;
Npp1.8_>5 .| Nprl7_>5 )
to 1
NPPLL7>5 3l  Npri3_>5 |
Npr2.3_>5 >
Npr2.1_>5 Npr27_>5 L
P Npr24>5 |,
Npr2.5_>5 >
Pi3.1_>5
to » Npr3.5_>5 >
Pi3.2_>5
—>
Npr3.5_>5
Npk3.9_>5 R pras_>5 L —p
to
Npk3.11_>5
—
Nprd.3_>5 )
Npr4.8_>5 )
Npr4.5_>5 )
Npr4.4_>5 >
Npr4.7_>5 )

HEAD WATER

U
I

<«—] Nprl2_>5 NprL1 >5
<+
<«— Npdl28 >5
Npk1.58_>5
to
<—| Nprl.6_>5
Nppl.147_>5
<+
<« Npr22_>5
<«— Npk2.1 >5
<«—| Npr2.6_>5
< Pi2.1_>5
<« Np3.2>5 |g
<« Npr3d>5 lg Npr3.1_>5
< Npr3.3_>5 <
<« Nprd2>5
< Pid.1 >5 |g Nprd.1_>5
<«— Nprd5_>5 B




QUAL2Kw Inputs,cont.

e Point Sources Pollution
— LLocation

— Waste Flow

— Temperature characteristics

xl Microsoft Excel - 1.0 LTK aasdu_ilaaiiu_d3ulsa 2

E] Eile Edit Wisw Insert Forrnat Tools Data wind o Sheets Plats Help adobe PDF

DECHR S S QPR % E F| 9 - 2 = - 2] R bl 45 10w -
o Al - -([B|r uw ElE @ - 15 % > w82 E- S - A
K33 -~ A 0
A B c =] E F = H | J =~
1 | QEFALZNw
2 Stfreamny Warer Quality Moderl Open Run Run
3 | L amw Takbong River (3/22/2887) File vBA Fortran
4 | Point Sosrce Datas
a
=]
r Point Point Temperature Specific Conducta 4
=] \ bstraction inflow mean range’2 time of mean range’2 me:
9 [Name [ fon (k) niis s C c nax ma.
10 |P1 vasunacing 2l diunading =BE== 00201 0067 26 N 00 _AmM N N
11 | P2 wasunasituaaiaiinud dwaad&as N 006174 26 N 00 AM N N
12 |P3 wAun@ciiuadng dannadan 40. 1627 029 26. K 00 AM K K
13 |P4 vaFiun@situana&n davnaggaiing . 0003 016275 26. . 00 AmM . .
14 PSS vasiunasituagaiiu siavnagaiig N 0255 .004 4 261 N 00 _AmM N N
15 |P6 tiAun@cdi U@ iiMsacEa dinad inavsiacEa . [: 26 N 00 AM N N
16 | P wiAiunaumAsumss 1dan dnaaiiag K . K 1 26. K 00 AmM K K
17 P8 variunasriuatannsn dnnaiiag . d 47 26. . 00 AmM . .
18 | P9 vasunasiua aosa davnaiiag N S N 4 26 N 00 _AmM N N
19 | P10 tvmunasituaviuas eddoug dawnadiags . . LE) 26 N 00 AmM N N
20 |P MFURruUanIaa dnamiiag 100. 00714 26. K 00 AmM K K
21 |Pil. -1 wnanmaa  AGnaENT . 002859 26. . 00 AmM . .
22 |Pil.2 -1 uSiBuEan Ul BuGuas uauel wribinaa S 20. N 114 26 N 00 _AmM N N
23 | Pil. -1 uS i a. wWaldnSadin 24 06433 26 N 00 AmM N N
24 |Pi1.4 -1 masu Dlsand duancidg dssuaehaa), uan. 26. i i S0 26. i 00 AmM K K
25 |Pil. -1 Saninud@aA i A, vAan. 28. i 1 26. i 00 AmM i i
26 |Pil. -1 AaSoy @) @anehlasw, uan. | N 7 26 N 00 _AmM N N
27 |Pil. -1 SHnnidsiaa, usn. N N 250 02287 26 N 00 AmM N N
28 |Pil. -1 s uAauUNSEAHFELLES 3 S0 7. 26. i 00 AmM i i
29 |Pil. -1 @u e G uihadiud S agl, uan. .50 i 707 26. i 00 AmM i i
30 |Pil. -1 FA S mnd NS s, uan. -0n 002058 N 26 N 00 _AmM N N
31 Pil. 1 S aiiia UauE Wisuns, Ul E. 50 007127 5 26 . 00 AM . .
32 |Pi1.12 -1 Us=SimsHanaunsaudan 2.00 26. K 00 AmM K K 00 AM
33 [Pit. A B naann (hisuaus), uan. .00 26. . 100 A . . 00 AM|| ol
M 4 v My QUALZK { Headwater < Reach 4 Air Temperature < Dew Point Temperature ¢ wind Speed . Cloud Cover  Shade . Light and Heat % Point Sources ¢ Diffuze Sources . Rates « Fitness | « 3




QUAL2Kw Inputs,cont.

* Diffuse Sources (Non-point)

— Location (upstream to downstream)
— Waste Flow

— Temperature characteristics

€] Microsoft Excel - 1.0 LTK aqaelu_ilaqiiu_snlsa 2
B File Edit  Wiew Insert Format  Tools  Data  Windows  Sheets  Flots  Help  Adobs FDF

DEEHRS &G0 VR4 Ga@E- T ® = - 2] il bl B 00n -
= omy om [ aal -0 -|[B|r u EE @ v - 22 % s w8 %8 -
L& - A 145
A B c o E F G H | o K L [l r =
1 IFALZHKw
2 | Streany Water Quality Model Cpen Run Run
3 | Emmm Takbong River (3/22/Z2887) File vBA Fortran
4 | Piffose Sowrce Data:
5
[
7 Diffuse Diffuse Spec Inorg Diss CEOD CBOD | Organi A Nitrate | 1
=] n ion Inffow Temp Cond 55 Oxygen sfow fast N N A
o Name Up (k) | Down (k) m /s c ? gL mad_ | mgO3A_ | mgO2d_ | gl LG P
10 [Npri.1_0-1, 1.5,>5 tmunsnassa (L) 00 08628 6.1 - . . . . A5 7 K]
11 [Mpr1.2_0-1.1-5,>5 viunuwinslgnsis il 14.4 30. 187114 26. d . . . d 0 75
12 |Mpr 1.15.>5 "hiua bifiuciu 11. 28. 02356 26.1 ! . . . - o F5
13 [Mpri.4 1,15, >5 vy o 10. 05329 261 i .| .| . ! 0.4 3
14 |[Mpri.: 1,15 prenaiiog 15. 24. .| Fi:l 261 i .| .| .| 10. 1.2 F
15 |Mpr 1,15,>5 e . 39. K 53 26. | K K K 4.4 0. E .65
15 [Mpr -1,15,>5 wsaani d d 1 26 K 6. 0.28 4 1
17 [Npr -1.15,>5 viurau) 5. 39. 014955 26. - . . . 13.1 0.45 3
18 [NPP1.1-NPP1.6_0-1,NPP1.7 1.5,NPP1.8-NPP1.17_>5 14.00 35.80 0000 0.001252 26.05 0.00 .00 0.00 0.00| 3000.00 0.00 0.00 0.00
12 [Nprz.1_0-1,15,>5 vunsnssa (i) 39.10 48.50 0.0000 0.027590 26.05 0.00 0.00 0.00 0.00 3.83 1.5 0.0073 0.99
20 [Npr2.2 0-1,1.5,>5 munuaoslgnis bl 40.50 48.50 0000 0.039310 26.05 0.00 .00 0.00 0.00 3.83 1.11 0.0056 0.75
21 [Npr 0-1,15,>5 bina Lifnuciu 40.20 45.33 40 26 d d 1.11 56 TS
22 Hpr2.5 >5 /"y 42.6 43.00 4! 26 i 6 45 =
23 HNpr2.4 -1.15,>5 2paenaenaumn 48.50 7. 26 ! 4.4 95 4 .65
24 |Mpr2.5 5,25 umEania 40.6 41.00 1 26.1 i ! 28 4 A1
25 [Npr2.6_1.5,>5 viunan 40.6 45.89 58 Z6. .| 13. 45 02 .3
26 |Mpr 1,15 vmunsnssu (uagina) 48.50 50 26 ! . . . o A5 07, &=
27 [Npr 1,15 diuduaslgnsiz Tl 48.50 79.00 4 26. K . . . K A1 F5
28 |MNpr3. 5 “bira bidiuciu 54.53 56.76 E 26 i i 211 FE
29 |Mpr EEVEN ] 56.15 57 .50 26 i i 0.45 3
30 |Mpr -1.15 2pJrnniiog 52.09 F9.50 K 26 ! K K | 100 1.20 F
31 |Hpr3.4 -1.1-5 aparnaaauv 48.50 79.00 012994 26. K i | | 4.4 0.95 4 .65
32 |Hpr3.5 1.15 wumanin 79.00 F9.50 K 65 26 ! K | | 6. 0.28 4 B |
33 [Npr3.6_0-1.15 vunann 53.85 57 .63 0044 26. K . . . 13. 0.45 3 dl
M4 v ow [ QUALZE ) Headwater J Reach 4 air Termmperature Dew Point Temperature 7 wind Speed 4 Cloud Cover £ Shade . Light and Heat  { Paoint Sources » Diffuse Sources . Rates { Fitness | « i >
Ready LM




2.5) UoyagAHeNING

U

. (i :
D Climate Data (also reach specitic)

Air temperature

@MicrnsﬂﬂExcel-l.l]LTannlnjl'-m\'iuJ]Eu\]ﬂZ i = -&l
) Ele Edt ew Iwert Fymat Jook Data Window Sheets Plots Help  Adobe PDF (¥l - _a&x
DEHRS I SQAIVER X B@R-J B = -2 3B -@F
mEmBE i glv & u EE D8 % > ws

10 - fe 27304
A B c D E F G H | J K -
1 | QUALZKwW
2 | Stream Water Quality Model Open Run Run
3 |Lam Takhong River (3/22/2887) File VBA Fortran
4 |Air Temperature Data:
3
B
7 Upstream | Downstream | 12:00 A | 1:00 AM | 2:00 AM | 3:00 AM | 4:00 A
8 Upstream Reach Downstream Reach | Distance | Distance |Hourly air temperature for each reach {degrees C)
9 |Label Label Labal Number km km he input vaiues are appliad as point esti) at each |
10 [Head Lam Takhong \diausanniuandatad (nu.39.1) 1 0.00 39.10] 27.30 27.30 27.30 27.30 21
11 [diausaunznihuandatnd u.39.1) \Fausanininetiu u.48.5) 2 39.10 48.50 27.30 27.30 27.30 27.30 21
12 l'ﬁauszu‘nulhﬂmﬁu (Mu.48.9) Fausaniiuzanmaeh (Mmu.79.5) 3 48.50 79.50 2730 2730 27.30 27.30 )
13 [iaussunzniwzamaei (1.79.5) |'fmuq:u1u\hnu'qu mu.87.3) 4 79.50 87.30 2730 2730 27.30 27.30 2
14 l'flau:m1u|hnu'qu (m1.87.3) \Fausaninisace 11.97) 5 87.30 97.00 2730 2730 27.30 27.30 2
15 iausunenisiacmng (.97) \Faussauneniven (P.109.8) [] 97.00 109.80 2730 2730 27.30 27.30 2
16
D Int t t
[@Micrnsnl’tfxcel-1.unxqq»lu_ﬂ-|=|ﬁn_\ﬁmlsa2 i = -Xh}
S Fle Edt Vew Insert Formst Tooks Dats Window Shests Flts Help AdohePOF (¥l - -5
DEHRS SRAVE s 2R &z -4 % o - @
A S U EEEE Q- Ty oo w9 Hede AL
G10 M
A C 0] E F G H J K L M
1 QUALZKw
2 | Stream Water Quality Model Open Run Run
3 |Lam Takhong River (3/22/2887) File VBA Fortran
4 |Dew Point Temperature Data:
5
B
7 Upstream | Downstream | 12:00 AM | 1:00 AM | 2:00 AM | 2:00 AM | 4:00 AM [ 5:00 AM | 6:00 AM
8 U Reach Downstream Reach | Distance | Distance [Hourly di i Js for each reach {degrees C) | |
9 Label Label Label Number km km he input values are applied as point esti, at each time. Linear interpolation is
10 [Head Lam Takhong lausanuihuandatid (me.39.1) 1 0.00 39.10 22.44 22.44 2244 2.4 22.44 2.4 2.4
11 [dlausananihunnan i (ma39.1 rﬁuuqm1ulhgmﬁu (n.48.5) 2 39.10 48.50 244 22.44 22.44 244 22.44 244 244
0 S H | N G '[ [] N S I A ]’ E 12 vlaussuenihnniu (nu.48.5 aussninihu= e (na.79.5] 3 48.50 79.50 22.44 2244 22.44 22.44 2244 22.44 22.44
13 diaussunniusannmi (0u.79.5) Wiauss AU (i 87.3) 4 79.50 87.30 2244 22.44 2244 2244 22.44 2244 2244
JEPARTMENT OF 14 [ Bausmnatnmn pud?3) \Fausanininaanen ud7) 5 8730 97.00 2.1 7244 2.4 2.1 7244 2.1 2.1
E C 0 L 0 G Y 15 [lilausanenitineon 1u.97) L@nLss neniiuc (. 109.8) 6 97.00 109.80 22.44 2244 22.44 22.44 2244 22.44 22.44
16 [
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Inputs,cont.

e Climate Data
(also reach

specific)

Wind speed
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1 QUALZKw

Stream Water Quality Model Open Run Run
Lam Takhong River (3/22/2887) File VYBA Fortran
Wind Speed Data:

Upstream | Downsiream
Upstream Reach [Downstream Reach | Distance | Distance of speed for each reach Im above water surface (/S
Label Label Label Number| _km km___|(The inpat values are applied as point estimates at each dime. Linear iritc
Lam Takhong _|iinusaneniuansatad fnu39.1)

2
3
4
5]
6
7
8
9

1}
1 Wiausanotenda bl (n.39.1
2 iusanminativ me.48.9

1
1
1
13 iiaussunenimsrnneh iou.79.5)
1
1

4 \@musanuimngs §u87.3) [inusaneninaioggm 1u.97)
£ [Wausanaiingo (.97) iinuszune e (. 109.8)

Cloud cover

EIMm-usnn Exccel - 1.0 LTK qrelu_Tlaai_tfulga 2 ’_w = .é:hl
B Hle Edt Vew Iwert Fomet ook Data Window Sheets Plots Help AdobePDF - .8 X
DEHRISRAIVE $RB-F(9- 8 x-3l 5 g -@

BERE ™ : sy SSEEAm- B W
K21 v i3

3
4
7
87
9.
0!

G R

A B € ] E F G H I E

1 QUALZKw

2 |Stream Water Quality Mode! Open Run Run

3 |Lam Takhong River (3/22/2887) File VBA Fortran

4 |Cloud Eover Data:

3

[}

7 Upstream | Downsiream | 12:00 AWM (2]

8 Upstream Reach Downstream Reach | Distance | Distance |Hourly cloud cover shade for each reach (Percent)

9 Labef Lahel Lahel Number| km hm (Percent of sky that is covered by clouds. The input values are applied as poi

10 |Headwater Lam Takhong [vllausansniwsandahid (n.39.1) X 39, 9. E ¥ . . E

11 iausnuniminandaid (u.39.1) iausangninadiu (nu.48.5) 3 8. 69..

12 diauszineniinai (u.48.5) ausanaiwzeh (nu.79.5) 48. 79.! 69..

13 inussuiniuznnnh me.79.5 nu.87.3) 79.! 81, 69..

14 diausannihmieg o873 \ausaniniageu (nu.97) 8. 97 69..

15 Wiauszuienizniu (n.97) diausanenfiue (nu.109.8) 97 109. 69..

1
[ crasolt Excel - 1.0 Tk qreu St wswzs 2 i = -&\
B Fie Edt Vew Inet Fomat Tools Data Window Shests Ploks el Adobe FOF A .8 X

DEHRSGRIVR 4RB-F/9- & z-4lilIle e -@

wmm cw-[Blru ESEE A D% B8
K25 - )3
A El c D E F G H J K L -
1 QUAL2Kw

2 |Stream Water Quality Model Open Run Run

3 |Lam Takhong River (3/22/2887) File VBA Fortran

4 | Shade Data:

5

[}

7 Upstream 200 AM | £:00 AM | 5:00 Al
8 |Upstream Reach |Downstream: Reach | Distance | Distance

9 Label Label Label Number| km of solar radiation that is biocked because of shay i 0po
10 Headwater Lam Takhong iausaneniuanda b (m.39.1) .00 .7 a .z i
11 iaussunimiuanda v (39,1 Miausneninafiv (nu.48.5) 39.10 1
12 dlaus=unhnaiig (.48.5) iausneniusIuah (n.79.5) 48.50

13 dinuszuinbusaniai ma.79.5) 79.50

14 dlaus=uininug u.87.3) iausnenintingyg u97) 87.30

15 ilaustuniniiiageu (nu.97) usnenifiueg (nu.109.8) 97.00

16
17 |




Light and Heat parameters

[@ Microsoft Excel - 1.0 LTK geyedn_ilaqiiu_test Rating Curve wet = &]
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1 QUALZKwW

2 |Stream Water Quality Model Open Run Run

3 |Lam Takbong River (1/22/2887) File VBA Fortran

4 |Light Parameters and Surface Heat Transfer Models:

5

B

7 Parameter Value Unit

5 Photosynthetically Available Radiation 0.47

9 Background light extinction 0.2|/m ke

10 Linear chlorophyll light extinction 0.0088 | ¥m<{ugd/L) oy

11 Nonlinear chlorophyll light extinction 0.054 | Vm{ughi )23 Ly

12 158 light extinction 0,052 | ¥m-{mgDiL) o,

13 Detritus light extinction 0174 | m{mgDiL) [

14 Solar shortwave radiation model L
15 Atmospheric attenuation model for solar Bras 1
16 Bras solar parameter (used if Bras solar model is sefected)

17 'atmospheric turbidity coefficient (2=clear, 5=smoqqy, defauli=2) 3 L

15 Ryan-Stolzenbach solar parameter (used if Ryan-Stolzenbach solar model Is selected)

19 atmospheric transmission coefficient (0.70.0.91, default 0.8) | I].B| [

20 Downwelling atmospheric longwave IR radiation

21 atmospheric longwave emissivity model | Brunt|

22 Evaporation and air convection/conduction

23 wind speed function for evaporation and air convection/conduction_ [Brady-Graves-Geyer]

24

]

26
7] —l

28

]

30

31

32

33

M 4 v W]\ QUALZK / Headwater /Reach / Air Temperature /. Dew Point Temperature / Wind Speed 4 Cloud Cover [/ Shade , Light and Heat / Paint Sources [/ Diffuse Sources / Rates / Fitness |« i
Ready UM
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1 QUALZKwW

2 |Stream Water Quality Model Open Run Run Run Fithess:

3 |Lam Takhong River (3/22/2887)  File VBA Fortran Auto-cal 0.68836 3

4 | Water Column Rafes

5 1l

5 Autolcalibration inputs

7 |Parameter Value [Units Symbol Auto-cal | Win value | Max value

5 Sioichiometny: Auto-calibration genetic algorithm controf

9 Carhon 40|gC zC No 30 a0 Random number seed 100 seed

10 |Hitrogen 7.2|gH aN No 3 9 Hodel runs in a population i==512) 50 np

11 Phosphorus 1P gP Ho 0.4 2 Generations in the evolution 50| ngen

12 Dry weight 100 | gi> gD No 100 100 Digits to encode genotype {z=6) 5 nd

13 Chlorophyll 1| g A No 0.4 2 Crossover mode (1,2, 3,4,5,6, 0r7) 4| icross

14 Inorganic suspended solids: Crossover probability {0-1): 0.9| pcross
15 Settling velocity I].I]I]23B|n /d ¥; Ho 0 2 Hutation mode (1, 2,3, 4,5, 6 0r 7) 7 imut

16 [Oxygen: Initial mutation rate {0-1): 0.13|  pmut

17 Reaeration model Internal fiu h) Hinimum mutation rate {0-1): 0.0005| pmutmn
18 Temp correction 1.024 a; Haximum mutation rate (0-1): 0.25| pmutmx
19 Reaeration wind effect None Relative fitness differential {0-1): 1 fif

20 02 for carbon oxidation 2.69|gi0z/gC ¥ o Reproduction plan (1, 2, 3 or 4): 4 irep

21 02 for NH4 nitrification 457 |gi0z/gN o Elitism {0 or 1): 1 ielite

22 Ozxygen inhib model CBOD oxidation Exponential Restart from previous evolution {0 or 1): 0| irestart
23 Oxygen inhib parameter CBOD oxidation 0.60|¥mg02 Kooy Ho 0.60 0.60

24 Oxygen inhib model nitrification Exponential

25 Ozxygen inhib parameter nitrification 0.60|¥mg02 K oona Ho 0.60 0.60

26 Oxygen enhance model denitrification Exponential

27 Oxygen enhance parameter denitrification 0.60|L¥mg02 Koo Ho 0.60 0.60

28 Ozxygen inhib model phyto resp Exponential

29 Oxygen inhib parameter phyto resp 0.60|¥mg02 K. Ho 0.60 0.60

AN Oxvaen enhance madel hot alo resn Fxnnnential 7
W4 v [y QUALSK / Headwater f Reach 4 Air Terhperature £ Dew Point Tempetature ¢ Wind Speed ¢ CloullCauer~shalle. £ Light and Heat / boint Eaurces / Diffuse Sources % Rates / Fitness | « 3
Ready MM
T, T i Wi i T — W . N7 — L. i N7 — i . 2 [eaeEee—




1.1 vz Iunseuile ldminou neinda (fitness)
1.2 S1uv9szrns Tutsaz g1 (Population

Size c . .
) 1.3 91UIUVDITU (Generation)

1.4 Unuumsdns iad1eWugn3 sy (Coding System)

Auto-calibration genetic algorithm control.

Random number seed 10

Model runs in a population (<=12) b

fip

2

1 | 9 @
1.5 ﬂ’J'IlI‘Ll1i]%LﬂHGIJ'E)Qﬂ'I‘ilIBIJ’JﬁWEJWH‘Qﬂii‘M

Generations in the evolution 10| ngen
Digits to encode genotype (<=6) 5 nd
Crossover mode (1,2, 3,4.5,6,0r) ] 3 orss
Crossover probability (0-1): 0.83| perozs

[ a' Y (] o
1.6 AUTUAUVDINTEUIUNITHITIYNUTNITY

1.7 MipeNgAvINTZUIUMIMIEBNUTNT TN

1.8 ANNNFAVBINTEVIUMIHIAGHUTNITY

1.9 ANNUANAIUDIAT fitness

. |

Mutation mode (1,2, 3,4, 5, or ) 2

Initial mutation rate {0-1): 0.003

Minimum mutation rate (0-1): 0.0003

Maximum mutation rate (0-1): 0.25

Relative fitness differential (0-1): 1

1

Reproduction plan (1, 2, or 3)

1.10 mafuaeiusnangavejuilegiiu (0-off 1=on)
111 misuduvesiSannmslul

0 = guanisuduln
1 =1@ongu (Generation) gathewuily Asudu

Elitism (0 or 1):

Restart from previous evolution (0 or 1):




observed value

predicted value

number of pairs of predicted and observed values
weighting factor

number of different state variables (e.g. dissolved
oxygen, pH, nutrient concentrations,etc.) included in
the reciprocal of the weighted normalized RMSE.



sheet Fitness 1% laf1 luauns Objective function
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1 | QUALZKwW
2 | Stfream Water Quality Madel
3 | Lam Takhong River {22/3/2887)
4 | Seraftch worksheet for goodness of fit calculations for cell G1 of the "Rates” worksheeil:
5 |Note: the values and formulas In this scratch worksheet are not saved in the g2k fila.
B
7
& Distance {km) Temperature |cond-data |I$5-data  |DO-data  |CEODs-data |CEBODf-data |No-data  |NHd-data [NO3-data  |[Po-daila Inorg P-data |Phyto-data |Detritus-data |Pathogen-data
10 |Observed diel max or avg
11 0.00 3135 1.6 33 0.8z 790
12 130.00 3267 7.3 22 1.7 90000
13 45.00 336 48 6.5 0.15 16000
14 B0.00 372 4 6.8 0.09 16000
12 79.50 444 32 1.6 0.01 16000000
16 95.00 1375 5.1 15 0.75 1600000
17 1109.80 1013 7B 8.1 122 160000
158
19 |Observed diel min

20 |0.00 236 32 06 0.01 2
21 130.00 261 53 0E6 0.01 220
22 149.00 336 4.8 6.8 0.15 16000
23 |60.00 372 4 6.5 0.09 16000
24 79.50 444 32 16 0.01 16000000
25 95.00 418 07 09 0.01 16000
26 109.80 374 26 1.1 0.06 2500
27
28 |Predicted diel max
29 0.00 27018 6.51 1.64 0.41 191.5
30 |30.00 253.98309 7. 660587 3.261762 0.375027 52.306451
31 149.00 251.21513 7 556075 3.222651 0.388627 39.717627
32 |B0.00 235819331 7.336891 4258511 0. 2266851 5.110801
33 79.50 231.9654 7055623 5. 149526 0.235414 2749627
34 95.00 22202255 6.512144 5.10006 0.235495 1.087336 il
M« » W Headwater {Reach { Ar Temperature / Dew Point Temperature  Wind Speed f dlood Cover  Shade 4 Lioht and Heat { Point Sources / Diffuse Sources { Rates b Fitness { Autoce| <[] 3

Da=dos
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s I~ Aaaa Y Aa
Ne1n5a! (Root mean square error [RMSE]) iluadan 1o 1umsnasaniu
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4.1 Mmylsuievuuuiiass QUAL2Kw 1ae ¥ Genetic

Algorithm
4.2 M3NATILHANND0U 1M (Sensitivity Analysis)
4.3 MINTIAOUANUYNADIVDIV U009 QUAL2Kw
4.4 mﬁgmﬁyﬁﬁzmﬂmﬁjm‘i}wéwmﬂm
4.5 mﬁmﬂmﬁm{@mmwfﬂu@mﬂm

a Y, Y, a Jd
4.6 @ﬂﬂi18ﬂi$‘ﬂaumiﬂmﬁﬂﬂmﬂwu‘qﬂﬁuﬂﬁ)jJW’Jmai (GA

Operators)



4.1 Mmslsumeunuviiass QUAL2Kw Taels

Genetic Algorithm

4.1.1 dn¥AIZNNYaFaas (Hydraulic Characteristics)

Y
4.1.2 wamsdSumeuaanIwiii (Water Quality)
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Lam Takhong River
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% ANWUANATI NNV 11.73

0 20 40 60 80

100

distance downstream (Km)

—, m3/s @ Q-data m3/s

ceth(im)

Lam Takhong River

% ANWUANATL NNV 9.28

e |
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distance downstream (Km)
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Lam Takhong River

% ANWUANATL NIND 24.80

(0] 20 40 60 80 100

distance downstream (Km)

—Q, M3/s @ Q-data m3/s

depth(m)

Lam Takhong River

% ANVUUANAT N1OU 9.07

[0} 20 40 60 80

100

distance downstream (Km)

‘—H, m @ H-data m‘




a J 1
4.2 ﬂ1§3lﬂ§1$1’?ﬂ31%@ﬂu11ﬁ3 (Sensitivity Analysis)

HANISNATOUA Sensitivity UBJ ﬂﬁ%‘U’Jl!ﬂ"l'iﬁﬂlﬁﬂﬂ@lﬁJﬁﬁﬂJ%Wa

9
(GA operators) $114° 1ua1118192a04

Results
Items Charbonneau and Knapp Goldberg and Michalewicz
Wet Dry Wet Dry
Elitism + Full Elitism + Full
Tournament Tournament
Type of selection generational generational
Selection Selection
replacement replacement
equal probability of equal probability of

Type of crossover

either one-point, two-

point, or uniform

either one-point, two- Uniform crossover Uniform crossover

point, or uniform

Type of mutation

one-point mutation,

one-point or creep, Modified uniform Modified uniform

fixed rate fixed rate mutation mutation
Probability of crossover 0.60 0.65 0.90 0.80
Probability of mutation 0.23 0.15 0.13 0.25
Population size 100 100 100 100
e —— e —
Generation in the evolution Q 80 ) 20 Q 50 ) 30
Best Fitness 0.71074 0.70450 0.69074 0.68450
e —— B
Execution Time (minute) ( 2,352.23 ) 520.62 ( 230.65 > 131.75
v u




Dissolved Oxygen
7.00 ‘\
S 6.00 \
% 5.00
9 4.00 . —— Simulated#1
g‘ ' —— Simulated#2
B 3.00 \/ m Measured
>
2 2.00 A
b
£ 1.00 1
0.00 ‘ ‘ ‘ ‘ ‘
0.00 20.00 40.00 60.00 80.00 100.00
Distance (km)
Biochemical Oxygen Demand
5.00
4.50
) 4.00 A
5 ~ 3.50
P\l > 3.00 / —— Simulated#1
AUNTWUHIT AN € 250 // Simulated#2
O 2.00 1 m Measured
m 150 W . N
1.00
0.50 A
0.00 T ‘ ‘ T T
0.00 20.00 40.00 60.00 80.00 100.00
Distance (km)
Ammonia-Nitrogen
3000.00 /
*kk 2500.00
s '
Simulated®! = 5 2000007 Simulated#1
o 1500.00 - —— Simulated#2
Charbonneau and Knapp, = / o Momsured
€ 1000.00
) : 500.00 |
Goldberg and Michalewicz 0.00 20.00 40.00 60.00 80.00  100.00
Distance (km)




Conductivity Nitrate-Nitrogen
800 600.00
700 - /\
@ S 500.00
2 600 > .
£ = -
3 500 — Simulateat]| | < 1000 — Simulated#1
§ 400 /\ —__ Simulated#2 2 300.00 - — Simulated#2
S 300 B Measured E 200.00 A m Measured
2 200 2
3 < 100.00
100 | =
o
0 : : : : : 0.00 . . . T T
0.00 20.00 40.00 60.00 80.00 100.00 0.00 20.00 40.00 60.00 80.00 100.00
Distance (km) Distance (km)
Temperature Total Phosphorus
28.50 800.00 *
700.00
5 2800 £00.00 P
(@] ~ N
.50 - < 500.00 - __
g/ 27.50 Simulated#l % / Simulated#1
o . S 400.00 ——— Simulated#2
= 27.00 - — Simulated#2 =
= & 300.00 - m Measured
g m Measured
g_ 26.50 200.00
£ l/ |
S 26.00 | 100.00 %____/
0.00 1 ‘ ‘ ‘ ; ;
25.50 ‘ ‘ ‘ ; ‘ 0.00 20.00 40.00 60.00 80.00 100.00
0.00 20.00 40.00 60.00 80.00 100.00 Distance (km)
Distance (km)
pH Total Coliform Bacteria
7.70 £ 700,000.00
7.60 \ _ 600,000.00 - =
7.50 ‘E 500,000.00 -
——=———| 9 — Simulated#1
—— Simulated#1 S 400,000.00
7.40 =1 , )
T ; 3 —— Simulated#2
S 730 . —— Simulated#2 5 300,000.00 \ /
: m Measured o m Measured
7.20 — | © 200,000.00
7.10 | V 100,000.00 |
7.00 : : : ‘ : 0.00 & —— ‘ ; ;
0.00 20.00 40.00 60.00 80.00 100.00 0.00 20.00 40.00 60.00 80.00 100.00

Distance (km)

Distance (km)




Dissolved Oxygen
7
~ 5 1
g., 4 —— » —— Simulated#1
g W —— Simulated#2
T 3 m Measured
>
5 2
2 \/
T 14
0 ‘ ‘ ‘ ‘ ‘
0.00 20.00 40.00 60.00 80.00 100.00
Distance (km)
Biochemical Oxygen Demand
7
6 a
Y /
5
o 4 E; 4 — Simulated#1
AUNTINUIERLLAN £ — cimulateas2
qQ U § 3 m Measured
2
1
o] ‘ ‘ ‘ ‘ ‘
0.00 20.00 40.00 60.00 80.00 100.00
Distance (km)
Ammonia-Nitrogen
1600
*%%k 1400
. _ 1200
Simulated*! = s
3 1000 —— Simulated#1
Charbonneau and Knapp, € 800 —— Simulated#2
E 600 - m Measured
400 -
Simulated® = o
o o o - ‘ ‘ ‘ ‘ ‘
Goldberg and Michalewicz
Distance (km)




Conductivity

Nitrate-Nitrogen

800 700 3
. 700 5 600 -
] b=
g 600 | / .
3 500 — Simulated#1 S 400 | _ Simulated#1
2 400 | — Simulated#2|| | & 200 - |/ | ——simulateds2
B 300 u m Measured = -/ ———~ m Measured
S ;
° o 200
S 200 T
o = J
100 S 100
0 ‘ ‘ ‘ ‘ ‘ 0 ‘ ‘ ‘ ‘ ‘
0.00 20.00 40.00 60.00 80.00 100.00 0.00 20.00 40.00 60.00 80.00 100.00
Distance (km) Distance (km)
Temperature Total Phosphorus
35.00 1400 ]
30.00 | 1200 |
&)
> 25.00 - 1000 A
= 2000 | —— Simulatedsl 800 — Simulated#1
5 15.00 —— Simulated#2 g — Simulated#2
g ’ m  Measured 600 1 m Measured
g— 10.00 A 400
j5i //
5.00 200
0.00 ‘ ‘ ‘ ‘ ‘ T/ ‘ ‘ ‘ ‘ ‘
0.00 20.00 40.00 60.00 80.00 100.00 0.00 20.00 40.00 60.00 80.00 100.00
Distance (km) Distance (km)
pH Total Coliform Bacteria
7.90 3,000,000.00 N
7.80 L - ~ 2,500,000.00 [ ]
7.70 S
2,000,000.00 - -
o ﬁ\ — Simulated#l § — Simulated#1
T —__ Simulated#2 3 1,500,000.00 — Simulated#2
7.50 A )
- m Measured o 1,000100000 i B Measured
7.40 - )
l_
500,000.00 -
7.30 A
7.20 ‘ ‘ ‘ ‘ ‘ 0.00
0.00 20.00 40.00 60.00 80.00 100.00 0.00 20.00 4000  60.00  80.00  100.00

Distance (km)

Distance (km)
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Lam Takhong River

distance downstream (Km)
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Lam Takhong River

distance downstream (Km)

—H,m ® H—datam‘




Dissolved Oxygen

ATIAOUANUYNADIVD
VU999 QUAL2KwW NUNIT
m53%5’ﬂﬂmmwﬁlmmnﬁmaum
UATTIFAN

BOD (mg/l)

Biochemical Oxygen Demand

20
18 ]
16
14

12 A —— Simulated#1
10 A —— Simulated#2
8 A m Measured

"

0.00

oN MO

20.00 40.00 60.00 80.00 100.00

Distance (km)

i el N\
~ 7
= [ ] N
£ 6 /4
& 5 -
> - —— Simulated#1
X 4 / —— Simulated#2
S Measured
o 3 [ ]
= v
g 2
2
S 1
0 T T T T T
0.00 20.00 40.00 60.00 80.00 100.00
Distance (km)
Temperature
35.00
30.00 A
G \Jp—.__./_
2 25.00 A
% 20.00 —— Simulated#1
5 —— Simulated#2
g 15.00 m Measured
o
¢ 10.00
I
5.00 4
0.00 T T T T T
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