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Improvement of River Water Quality by Aeration: WASP Model Study
ZHU Wen-bo', WANG Hong-xiu', LIU Cui’, ZHANG Jian', LIANG Shuang'”

(1. School of Environmental Science and Engineering, Shandong University, Ji'nan 250100, China; 2. Department of Mathematics and
Statistics, Texas Tech University, Broadway and Boston, Lubbock 79409-1042, USA)

Abstract: Aeration is one of the main technical methods to remediate polluted rivers, and mathematical models are the main ways to
predict and assess the environmental pollution. WASP model was used to study the effect of aeration on improving the water quality of
a small river over a time span. The preliminary results showed that the simulation values were consistent with practical monitoring data,
which could be useful for the management and control of polluted water. Furthermore, simulations under different aeration conditions
suggested that aeration technology could significantly lower the levels of chemical oxygen demand ( COD) and ammonia-nitrogen
(NH, -N) of river water, thus improving the water quality. With the improvement of dissolved oxygen (DO), the water quality could
be further improved. However, the increase in the removal rate of pollutants would slow down. Also, there were remarkable differences
among various months throughout the whole year, and aeration from May to September had better results. Considering economic costs
and environmental benefits, river aeration with a 4 mg-L™" DO standard in summer was determined as the best condition.

Key words :river aeration; water quality model; WASP; DO; economic cost
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WP, A R T B ) R B A AV A 2047, i
(1) DO e B R (0 H 52 4 I 253 i, i il A X
G Sh 3SR (AR L A XA IS O, A= xd
A AR R 22 BRI g AR /N

K3, 4 g R EoR,5 ~9 A I, i i
ST 0 KBRS B TERRIEIE 1 5%
F, COD ¥#& B F [% 12.0% , NH, -N % T [&
13.2% ; 7EBESAEE 2 B4 T, COD ¥k T /%
14. 4% ,NH, -N# & R [% 16. 0% ; 1EBESHEIE 3 1
00T, COD ¥k T W 15.6% , NH, -N ¥k & T %
17.5% .1 ~4 H J 10 ~12 H (8], o] 8 B0 5
PR RBOR B . AEBRIEIE | M&EMT,
COD 5 TR 3.9% ,NH, -NY B R 3. 4% ; 10
SAEIE 2 B2, COD ¥ TR 4. 4% ,NH, -N¥f
JETFRE3. 7% ; EBEAREIE 3 44T, COD Mk E
4. 7% NH, -NYE F[%4.0% . 7] GeR IR &
5~9 AIREREM 1 ~4 AKX 10 ~ 12 A EEER,
TR 5 R Bl A A 0 R i TR IS i A T 5

S WREAE WASP A5 50 L B 5 Y 4 (14 [ fife 1ok Rt 7 P
T 3. w] UL, 7E AT RO, T B
TR Z B R R R) B P SR 0
2.3 KRR E MBS T K b

g S LT DR A KAA DO K 34 COoD |
NH," -NT5 Q48R 22 B 38 (H AL 23 ok 22 3% LA 1Y
PETF. A T AR AR AR A TS YL PR KK iR
P EHPRH RS, [R5 A A s A T A,
X RS RF HAT R AR A . BRI A A A S T
TT I M SRA (Y SR P 2R 2 AR 5 L B 0T B
TR LSRR SR T & T AR, B A8
FEAA T 1 e B KR T A, AR 4
WA I S0 A BN 0O B A% A . A9 ik
A T /NIRRT I A SR 18, I i AN KRR
&, HAM A A T5 G i far i BRLG AT SR FH 1 BRT
G B B R — R A A SR R K R T
A

WS AAR PRI 78 S 8l ) R 1 2 e Y /K 5
B3RA , A2 75 YK AR B 7 S AN A U e
RS B s R A (4) P AT

R, = e - (4)
T a(BO,y - 0) x 1.0247

Ko Ry MR AR PR 7 R, SR IR A HE R &
B, g-h 'y R, CHTET S, g-h ™' 0,5, WK
IR 20°C PRI ANAE B me- L' o WIBIER
BOARSCIHC0.85; B A IBIE RE, ABFFEEL0.97;
0, ry FKIR TCF I 100 FNV i S8R, mg- L' 5 O
SRR S R AR MR B, me LY TR K
I, C.

is PRI AT 28 5 3 2 A BT i 358 A [R] 93
JE, L5, 15, 25CHEAZF (1 ~2 A K 12
A). HEBEB~5 AKo~11 A), BF(6~8 A)
7KL BRI A K SRS 12 b, 43 T B AN [ g
GG . ARZETAA T B & 7 A . B
GER W 2.

®2 TRASERTHERASEN

Table 2 Simulation of oxygen loads under different combined conditions

BEAAE S i :

£2(5°C) FHTE(15C) HZ(25%C)
B 1(DO JAF] 4 mg-L~") 23.6 t-h~! 25.2 t-h~! 26.6 t-h"!
BESREIE 2(DO 58] 6 mg-L~1) 32.8 t-h~! 39.7 t+h~! 55.5 t+h~!
BRI 3(DO 3AF] 8 mg-L") 50.3 t-h~! 72.0 t-h™! 169.0 t-h~!

M2 Fn LI AR —ITE R AR E T i
A T AR R KR R AR Rl — KGR Y

TP T B & e R R e IR B DO H iR
ETRmsE . 25 3 K 4 FIER 2 Al R R U
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FE 1 A IEE KRS Y COD | NH, -N#k B R [ I
N ARSERE T KK T DO K FEBRSAEIE 2. 3
B, V5 Yoy B it — 20 T B MR BEAR /DN T T A 1 4
Fo AU TR AU N A RV 2R T AR SRR B 5 A
BRAURETE 1 I, 2 (/KR 25°C) B4 7o S| A HE H:
A1) BERE 5 | AT COD . NH, -N 5[ b Hi4x
Af e B e 10 AN 4 a5 LA b R, 25 255 FA
B as i Bofe B M UE Y 1 B RO Sl B
B H BT DO KA F] 4 mg- L' A i) 18 i
SIE.

3 it

(1) TERADAINT B N 32/ N RUIRAE AT 3L COD A
U5 S - A X 5 25 02 19. 9% , NH, -N £
M5 SEIE AT B AR X 25 02 29. 5% , BRAN A
BRZERARA K B Fa bR B AUE 5 S I A RE 08 3L 4 W)
& . UL WASP B8] DL RAR AT K b s G M iy
KAt A, PO K B AR A s 0, Sk 5 i BT
PR HES KA.

(2) WASP BLARUBLHLA I B A R R 54
AR B T T YL K AR HE AT N T IR S 1 R 8 R A1)
JKH COD | NH, -N¥R B2, #iest /K ot , H B g <]
BN DO KPR T 5 e ik e s A — 201 T
K. HIE, BEE DO KF-HEE T KA b i Je ik i
HE— 25T B R EE /.

(3) BFEAF N By B SR A B 22 575 ~
9 H IR, {0 B COD MINH, -NAY 25
BRI SA T 1 ~4 A& 10~12 .

(4) TR fil B S Bk B[R] DO K- s
() 78 48U, 55 AN () 2 71 Tl 0 B SO0 e W 1) 25 B
RO G E (6 ~8 H) 2Tk K DO KF-i53 4
mg- L™ il T B e A R A
Sk
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