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Calculating the water quality response coefficient of water functional zone
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Abstract: The water quality response coefficient is a critical foundation for both calculating water environmental capacity and t
dentifying the responsible body. Based on F D convectiorr diffusion equation and linear superposition principle, t he water quality
response coefficient matrix was established. Efficient calculation method of w ater quality response coefficient of water functional
zone w as studied, w hich based on comprehensive hydrodynamic and water quality model. Based on HEG R AS, the hydrodynamic
and water quality model of Lihao River was built. T hen the water quality response coefficient matrix was calculated on the mod
el. The results proved that it is an efficient method to calculate the water quality response coefficient matrix of water functional
zone by the comprehensive hydrodynamic and water quality model. The H EG- RA'S model could be used in water quality model
ing. In addition, the calculation accuracy could be significantly improved by the method w hen calculate the w ater quality response
wefficient of water functional zone.

Key words: w ater quality response coefficient ; hydrodynamic model; w ater quality model; HECG- RAS; Liaohe River

: 201505 15 120160127 12016 0227
: http: // www. enki. net/ kems/ detail/ 13. 1334. T V. 20160227. 1637. 014. htm1
s [EZR KA TS e g2 ) 5 VA BRI T K5 30 2013ZX 07501 004) ; [F 5% 11 AR B} 22 FE 43 (51209230; 51479219)
Fund: Major Science and T echnology Program for Water Pollution Control and Treatment of China (2013ZX0750t 004) ; National Natural
Science Foundation of China(51209230; 51479219)
ST K(1983), B, W AR, ORI, T, A SOK IR SR ik A R e 5O VESE Y. B mail: dong
fei99999@ 163. com
CICA(196F ), 5, IR RN, FOR s S RN, 19 e, S SRR RS B A B I TR VT A B 5 VAR B mail:
pwq@ iw hr. com

c 10 E£B5HE



F S KT R R ABUE R & SO AR

oo AR 5 KB R R RS FRAE o BT
FATF RS RS AR T, 5 fHE S 2 T 5 1k
AR S KI5 G WAk JRE A8 Tl AR G 2R
BT 52 M7 Xt 5% 45 0% D S FRIZK JBEh) 5 R AT B
T TR B DT A, R TR A 7 1 K
TR BRI P KO H AR AR R B K T g IX
B g BRI A D BOR 211 o SR IRk PR B8
& P St (1 i 3 TM DL ( Total Maximum Daily
Loads) TF I, K55 A 55 200 W 5% 2 A1 D
AN TM DL $HR S 1 S s ROD B o 9zbrit
L IR AU RSy LTV S S bu W O DV
X E SN

R RO AR 2 VRS R SR ) AN,
ZKTT M [ 2 50 TSR T DL ANIR] )5V, 90,
BT ITRE R (2~ 2Nk, B SR 2545 K B))
JK A (WASP, CE-QUAL-W2 25) 74—
T, SR AR A28 S g 7 i w0, 28 50 IS 75 >R 482
ZHIBGE: TR 28 7K Bl ) 7K JBURRE 1R SK i 7K o il
I RBON, T 256 2% 18 T oF AT B IN 28 53
RAIEAS IR, o o5 48 SR 2 AT R T A
VIR R DUAERE SR, 2o @ — s X b
FRIT TR U5 R K B MY 58 28, T A & T AT
KTy REDS A T T X 5 Gt () 7K i B DR AR 5 R A
PCREARE i 3 S0 S5 AR AE AL B A
A RER Jr) B 4 A OC R AN U S o) e . A
ST — e YT B R AL P B hn R, 4 S KT
REDX 7K TTE) [ 28 50KE B PR 5T 4545 /K 8l ) 7K it
AR R 7K Tl RE DX 7K 5 i 2% S0 B o 28 5 ik
Ty AR P DR HE v B A = = 22— 1Y
I ARG, R P Y A, 3 T [l o 2
THENIA(The U. S. Army Corps of Engineers) 7K
LT ( The Hydrologic Engineering Center)
FF% ] HEC-RAS (H ydraulic Engineering Center
River Analysis System) 58, #4 & 7 33 i 7K 30
JIK RS . 7R BB b, THEE T % K D fig X 4R
T T 255 Gl 1) 7K T Wi 28 SORE R, I T B T T
LT TR SIRE DA Iy 0 255 Qe v e G
NV S

1

1.1 KRR % SFE AR5

IR 5 28 FERAE T 7K SR 5 7K 35k I 1) %
A Y U B SR NI HES 1, A AR S
V1 RS e v5 e ) HETRGS Yo S IO R R o
TR T K DIRE X (R i &, — BB 46 2 A~ K

REDX, IR RIAT 22 42 I, S 4] B v 4%
YR BRI B T X A HEYS 1 4b, 3 036 7K T g X
AECAR BRI ( BT ST B 4 T T 1R Sy Gk
FEo T2, B AIFEE [ P % 42 il TR T 0S5 ¥ G Y %
T 55 TR SE TR IT A7 00 1. 2R 50K P B kA 7K 5 M .
REUERE . LL—4EsK 8 )1 7K UL Sy SE A, 4 5 K
JTUR 5 58 50RE FE
%(AS)+ a%(QS): a%[ADg—ﬂ - AKS+;V—Xi (1)

K S VSR EE; Q D Witk i A Wi id
WAL D AN B R EG K s W ok B il
RECWi(i= 1,2, -y N) R i V5PN £
farte, Wi= Ci * qi, Ci i A NG BRI 75944
WPE; qi AR i ANNTVG S YR AT i

FEA 15 G4 PRI AT e 3 S R A FEI1 7K 3)) 792
W4 AFSE A RIS, 35 Ak 36 n JEE - 3 T4 R0
IKEN T 4AF R, AT YIE W SLRER T
BTG B P TR B 3, 0T LA R 88 AN V5 G U Bk 52
Wi 537 I 2 MRk e ¥ Su R i /N1 GLilsiont 5 5
AN T TSR A B3 ( RIL, B8 AN o T T g
S50 AVTAIER KRN, R =R 1), Sb K
ThRE DX RS LA T HI( THE T Bk AR I X285 N 1l
T TFT PR B e AR P 37 ( B A4 o T X 7K T g
DX G BRI T (AR B 4 T T ) FRIZK T 1) 8. 2R 4
WK 1), WHE N ANV 35 1 5075 4 W A7 7F
B, BT BRI IR EE 3% S, £) N AT:

S(x.t)= BSi+ Sh 2)

A Pi= S(x,t),j=1,2 . M, | Py EI 4 N
ANHETG M A3 5 W7 1T T B 1) 7K 5 i B 3R 50
B

Pj= iji;si+ Sb; (3)
1.2 R F 46 K3 A KIRARR & KR v L
R AAEME I H o ik

MI(3) FTRAE H, P72 il ik AT 5
(o IE BRI 2T BLoR A P, RIS Seulk AT RS 11
Rbiqigo T TXAT n ASHEG L m ASEEE W, BF
TG RMAT « TP, ST A o (Cu+ 1), o
SRR BB, FENTAE . WL, SR 2R K3 Tk
JoORE BT S5 BT A DR 3% 42 ST T A\ i 1
JRTT P FERE R I, A2 v 2 T TS, A
R R, AW T4 RE RN HEG
RAS 2 it~ o877 5 (1) 73 PRV 5, B
T X S5 10 Wi S 2R 80—, T ) W x
TGP W R IO — JS (2) VSR I T 15 5

EEE5HE - 11



F 4% BF 8 M- BAAEE KM A 20164 2 A

WS (R0 BRI IN, W2 B4 AN Sk 1, T s Y1 I
(V594) NI Ny O; BRI PI TRW T 1 IRSHL,
W 1TIR 9 « Fysdn, TE « IRSHL 1
S UR; (3) VB4 S BT T S ¥ % YRR i) S8 R I
RN TG R0 1 Pl g4, WA A T [ B o 5
H T A Y5 B DR BT A s ST T P i N R G A 4
PHE N 0, 535 B U5 78 552 B A7 1 AR50 T A\ A
1, T £ G A 5 FOURE B 1R Y5 I Ny O; e ol
VI o€ 1 IRSHL, vH5E 1 IR, 91T « Fhis Y,
TBE v RS VA xR B LL EJ7 %, nl L
B ETH M o (Crt 1) FPFHITE 20 Rl

2

2.1 A5 RBAEIA

ALTUIAL M Kb 3L 3o 48 TP, M PEAR BR O R 22
121°16 - 125712, Jb45 40750 - 43° 29, itk i A1
37 927 km”, I Rl P9 A VB SR OB BRI |
Bl VRN AN BB AR 7 AT I T AT K 24 538
km , JRZE RIS IR BH B RS 45 4 AN T TR (0 B
SIS YN VN N F S SN T2 /A TAL LN
B L WG T %S AR HESE 14 A (T,
X) o JLIKAR PR 2%, XTI i AT 38 42
P& AT ANE ARIZWL PHIL ) .
2.2 #wHFAREBAEMA X

IR K ) 7 R B S HEC-RAS 4
Ho MEWNANSCEE, — ot HEGRAS #2h7K3)
SIS AR B Sy K B AT TR AT g T
HEG RAS IBARSCAER A0 Tk 3 T e S Ak
FI{HECGRAS, River Analysis System Hydraulic
Reference M anual. MJi B SO, AT ST 7K I 4t
SIS, AHE A H T CHEG RAS, River Analysis
System Hydraulic Reference User s Manual» 47
T o NHHT R 0 Sk A, [ A1 STk o HEG
RA'S [¥17K3h 1 R HAN 7K s Sty A7 W 5 1Y, iy [
DAY SRR — 5 SUFFOR P LKl e T

KB F1B 5, HEG-RAS #5 BUAAY ] LLIE AT
HAR ALY, T LT BLEAT32 N8 3 T30 W
PR TRTAL (B Qi S b S A A S R T R v
Bl AR GG AU T TE UK B 77 R AR PR KM TR ) A
PO, AR HEAT P T AR, T ELRT A AT R R
T KRR P vk S0 K 3 ) 2 s 528
TS (R G2 B MRS KR &) R BRI
T Froude . s S 0] 08 7K TR 28 L Jsh 7K Sk 28 7K
IR o BRI AL b, 3 R DABEAT 3K 23

s 12 HEBE5HE

B~ 7K L AW 52 Wi 53 A7 I S 2 6 70 AT S 03 1T
MG SRl Il S5 47 2 K 3 A SRR - Tl s
TR K ZER VDU E S UK BRI K ook S e 30 #r s
PIE W R e . AEK T84, HEG-RAS #5
RUT] DAHEAT ik FE AU, 5 SR 0T A5 40 V5 At 2 B AL
LB CBOD. DO KL, BL A I A 52 LK)
TERARSE SARRSF R 52 Bk S Sl . A
YR H HEGRAS 7K 20 #8837 10+
(7K Bl S AR, ETT N T HEC-RAS 9 7K R He g
SEXL TR AR K 5 ) 1 55 S5 545 by 2K 5t
R ()3 il
2.2.1 K HER

FE4E 52 P 7K Bh I 455 R ) 43 ) 5 FE Ol Saint
VenantJ7 F24H, B[l

. s 0A 0

e Gy S gi= 0 (4)
e aan 0Q . O(Qv) 0

B i 5(;2+ axv + gA [a—;+ Sf] =0 (5

U 7R A IR 2E 73 1%, B A% 5UCR M Pre
issmann [ 3R, BIFERE— A4 i BRI SRR

UKL
SR I 2 5l
i g~ A QAL NI ()
%l‘ﬂ?%ﬁ&%z—gﬁf (fie1=fi)+ ?\;Aﬂ# = N) (7

BREE f=f= Q5[+ fie1)+ QR A+ Ai+1)(8)
30y ATAR IAUR T 0< 0< 1), 24 0= 0 I, 1l
BRI, 2 207 PR TE A e, Al 0 2>
Q5:fi=fl:0fi=fi""=fls

30 A et 1034 S5 RN Bl R AT
AT BSHL, FF 23505 3 Al e e 8 53 T RE AR, 49

M. Mg A =
A Ty e T = Q= 0 (9)
Bl e
A O AxLZl Qr Axr) + AVeQe)+ NViQrs)+

g(Ac+ As) Az+ gA Sy e+ gArSy Axr= 0 (10)
2 Qo 2 T8 Ml g A3k
2.2.2 KA
KT ()42 5 R — 4R RO RE, B
Licayr Lic)= a%[(DA)g—gA} -
- AKC+ 2S: (11)



F S KT R R ABUE R & SO AR

e C TG GIREE: D I\ 0 B HURE K s B
WZr e ViR 280G S USIEI, FEARAT 5 IATHI -

HUETTER A BRAABUE, Btk QUICK-
EST-ULTIMATE & {0 #% U™, QUICKEST B
Quadratic Upwind Interpolation for Convective Ki-
nematics with Estimated Streaming T erms, ULTI-
MATE Bl The Universal Limiter for T ransient In-
terpolation Modeling of the Advective Transport
Equation. TFWZ2% [ 13-15] .
2.3 AR

TLAR K 28 B 2%, MR B 75 5Kk 5 B kL 58 4
FRE RIS AN ITHETS E1 T UK V45 3017 WAk

AT RL5E 2 R B 8tk 20, I0 0 Tt
38 4 S HET) , JL s I e ST A T
LRTIN 527 STINC RPN 28 M i ST N W SR Tit
b e 507 ST T N s S o W ¢ R e R (B
B WRAAL B (CREH IR SR ST VT 1 T B8 VT A K
Y] e [T AR BRI 6 4% SCTME A — 4%
SCU —H ], AN RE RS A AN R BT ) o FSF
TN 2 P AN O, P I RO 0001~ 0 02

1

m’/ s, BRI R P 18, ek, WAL e ) — L
WA 28 4o LW _LIMEBUK D28 214, ¥R
B DL 0K A, 30w TR 9 A N HEE 1,
FErp R DA B 4 AN, BIBELLR 54

IO R KAR) TAE 2, Ak bn] 4y i) L B2
PYEE DU, 0T LA DU KA T AR S A AE: (1)
IO TR A $2EB5 659 2 km, W] #4545 5 TRE 33 4k,
17, 3 km, SEP 0 {0 B ER BN T LU 18,
(2) I3 AT 2 B AR Bk AT 2 S SR T AR
27 JE; BT TR BRI, 0 B Bt S BN IE SN
FHCZE ZKAT S0, T 0] SE A KB 4R A% AN K,
WO KT 2518 (3) 1L T A 16 HERRIR
L, CAS AT K A A ) 2 88 K Y s o v e AR
W), BHE R Y DL S
2.4 DREM Gk LAt
2.4.1 bW R4%&MH

KB I3 &30 A A HURE 4 K S0k 201 1 4R 3%
F st Fedk o 7K 0 5 4tk B a9 44 SR H
FEAE B K TR 2011 5328 A Sz A, LA 1.

Fig. 1 Up boundary condition of the model

2.4.2 THF4H

IKBN S T3 GG A b A8 1Lk 2K SC PR R]
Bl B A ES K R SR AL %R, s>
2011 4.2012 “F%d . R 1986 47 H 15 H& 9
30 Him 7K A7 e M5 ek, g S KA R AE N
IR, L 2.
2.4.3 JRILH

F BRI K P, SR HEYS PN B
IK BRI AR A P T  N, Ferbe (1) 323 17 4%,
TS WA 1S 3 R FH K SC P8 7 vk S it o
(2) HEVG 10 A, 6F B 88 Bl iHES DA TREAL, 15
G IO 13 8 Ak (3) UK 13k 26 A4S, X S 4%
U B UK AT ML, MEALS ORI 20 &b. T
SR B LI 3

2

Fig.2 Down boundary condition of the model
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Fig.3 Sketch of the Liaohe hydrodynamic and water quality model
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Tab.1 Roughness coefficient of Liaohe River
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Tab.2 Comprehensive degradation coefficients of Liache River
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4

Fig.4 Flow verification of the hydrodynamic modeling

5

Fig.5 Water level verification of the hydrodynamic modeling
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Tab.3 Error analysis of the hydrodynamic modeling
s i KAz
it WO dik mTo i
TR % - 2.34 5.88 1.65 - 0.03
I8 ¢ R i 6.08 14. 41 1.08 0.56
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Fig. 6 Verification of the water quality modeling of Sanhetun
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Fig. 7 Verification of the water quality modeling of Mahushan
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Tab.4 Error analysis of the water quality modeling

i coD A
ER Rl - -
=& Bl S gl
TR 4.26 5.14 0.54 0. 69
S o X 5 2 2.92 4.08 0. 30 0.36
¥R 2 3.55 5.58 0. 60 0.53
AEXIRZE( % ) 21. 1 20.2 22.6 32.5
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8

Fig.8 The water quality response coefficient
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