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H EAZMR TR RES, WA X 38 2 s AR ROR A R B 6 KA 28K (— BB 5.0X10° m®/d,
SR 5.0X10° mP/d) , FRAFRLE A+ A AR+ V R EL+-FI R REEN I Y, AT 25a
BRI, RAFEERT RBRRSEFEHFM, SREN, BT XA ERARTAFAE)(GB 5749—

2022)F K ;BN R AR A E AR 27 CFU/mL B 2

R, A MR ek B RS IEAT N, BRI A RS

(PAC,ALO, B & 53K 30%) T3 AE A4 6.20 mg/L, AATH A EH 1.59 mg/L, 4F5R* 54 0.26 /10" m*kK,
'A% -F R A B (PAM)#mg A4 2.2~35kg/t TR AREBESHET,PAC mBZEE5H#KRAETXKRH0—
0.58) , 3tk A it ARIBE Bk B A2y pH A A K ik B AR S5 1 % 5, U BLAT 4% Am SR <T AT RIGE R 3 T JR KA,
B AR pHAAS A, ZTARZRT AR ERTRERELK REERAE,

KR RFTRIR R THRM BATRR BRI E I & R AR
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TR AW A5 [ R A B A2, Ak i B K 42 4 T I AR 48
P IRUSSE o 23 T %o B — AR ) B 55 A E T R4
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B Z T ZE R L AR

2019 4, IR T R AR — AR LA AT i TR K
SARKIER R ZRK) ™, — IR 5.0 X 10° m*/d,
IR 5.0} 10° mP/d, b H AR 2 30 hm?, BR
A Y MK A R DA BRI AR 1) 2205 E D A R S
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60 kmo JFURMKIZBOK SR B In 32 7 SR
VAT K DURD I 2 RO I B T U R ), e ik

AZIK) 7, 2023 451 A & 2025 4F 6 A k) JFK
KRR WA 1,

R1 FEKKE
Tab. 1 Quality of raw water
, . A/ BA/ .
i} ] WH KR/ (O pHIA COD,,,/ (mg-L") = “ . WJE/NTU
(mg-L™") (mg-L™)
2023 4F J 5.0~7.0  8.06~8.33 0.020~0.130  2.78~2.96  0.52~10.70
S v 1.82~2.03(1.90) ?
1—3 A CF#) (5.7) (8.20) (0.080) (2.90) (3.00)
2023 4F R 12.0~17.7  7.93~8.28 0.020~0.110  1.09~4.25  1.07~19.80
1.66~1.98(1.80)
4—6 A CF#) (15.5) (8.10) (0.070) (2.40) (5.00)
2023 bl 13.4~22.0 8.43~8.46 0.040~0.070  1.58~1.91  1.62~33.60
¥ EA 1.67~2.40(2.00)
7—9 A () (16.9) (8.40) (0.050) (1.80) (11.00)
2023 4F Ja Fl 7.9~12.9  8.33~8.43 0.020~0.170  2.02~2.55  2.50~37.80
1.96~2.61(2.20)
10—12H  (F%) (10.7) (8.40) (0.080) (2.20) (9.00)
2024 J 6.9~10.2  8.33~8.36 0.085~0.159 2.41~2.88  1.46~4.83
S 1.80~2.70(2.20)
1—3H () (8.8) (8.30) (0.110) (2.70) (2.00)
2024 4F R 12.6~20.7  7.84~8.54 0.111~0.151  2.22~2.70  0.30~10.70
1.90~2.00(2.00)
4—6 A ) (15.8) (8.20) (0.140) (2.40) (4.00)
2024 bl 23.9~33.5 8.40~8.60 0.084~0.102  1.69~2.17  2.17~20.40
¥ EH 1.70~2.20(2.10)
7—9H () (27.4) (8.50) (0.100) (1.90) (6.00)
2024 4F S 24~14.1  8.00~8.30 0.098~0.190  1.87~2.63  1.64~24.10
i 1.60~2.20(1.90)
10—12H  (F%) (6.5) (8.20) (0.150) (2.20) (8.00)
2025 BiE) 0.5~4.9  8.20~8.40 0.071~0.119  2.47~4.38  1.50~6.50
oL ? 1.90~2.40(2.10) X
1—3 A (E)) (2.5) (8.30) (0.090) (3.20) (3.00)
2025 4F R 12.5~244  7.90~8.80 0.083~0.121  2.09~2.88  1.08~16.10
1.90~3.00(2.30)
4—6 A CF#) (16.9) (8.20) (0.100) (2.50) (3.00)
2% 11 2K b 6~9 4 0.5 0.5

e 1 AT, DK B A U e vk B R AR A, Ay
6 b5 ¥ 2 CHb 2R K PR BE & A o) (GB 3838—
2002) w0 11 287K Bk . 2K IR DLRD IE S BIS2 , JiR
7K ok B AR Ak v i 9 il 72 0.30~37.80 NTU, # sl
FEFIRE 28, 55— R K IR BRI EAL R
5.7 °C, %N M EE K 2.67 NTU, J& TR ARk
WE L KR R TR R, HEKIE R E G,
AR R RS K34 pH KT 8.0,
pH {EAw = AEZE T K rh R S B AR 14 XU
B FEL KT BT R 78 5025 RE AR AR L e
H R pH A i 5 114 RS <

B XCHE K YA AT A A2, i — 4
M TR A S AT G XS LB
BN, (2017 5T BOK R IRA ) WoR %
BEEWE 5| /K 2Bl 38.868 X 10° m?, HEZK VA HE/K i
M 22.499X10° m®, VDX HEZK VA B 7R FH A B HEZK
Hb, RIEFH NI R T ki) Tk oK RAE T

157K o DR TLHE KA VBUBA A b IR A 2 451
IKIEK B M F oK 25V 2R i AR RE
H BT K R A A R A HL S S
[F) R, PRI, BT 5K ) 7K B 375 % DRSS A 07 7R 13
I sE %18

2 AT 2P SIS

21 EEMIZ

IR R R AR+ G UTTE L+ V A g+
AN R AIE BRI T2 I5 e &k 4 5
K MHE FEEALBEK , Bk T5 JesMs kb E . K) T
AR 1,

(1) B XHAPRIR AR K . AR AR K 25 5 80K
PRk BE AR 2% S UKL AT B2 Shiak 55 TR EE T K AL
FRREAS, AT SE M B BERCR ™ o X HF I Ty v
BUTTEM M 2 A UivEth I PERR RS (R 2) , E /0T
JEMZL A T Hr I DIE X 5 5 v AR U TRE X, BE
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Fig. 1 Treatment process flow of the water treatment plant
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Tab. 2

Comparison of different types of sedimentation tanks

FA ERRIT S A

B

PLRERTIA] 1.5~3.5 h, 7K
\Z \‘tf’_" N
SRR TE Tk 10~25 mm/s.
R P, 2L IEAR)
WA g 3.6~
9.0 m*/(m?h),

RGN

TERHE LI Hh Y Tt i
BHUE A —BRKERN12~25m
W ERRITTEX .

A3 7 B RO LT ot S AT

DIVERCE R K HAAT

SR PRFVREAK SR (7 4824

IR OTTE LAY 1/3,

SR TSP IO I b b A AR

LBRACR2E M IR, TE iR T ARVEILTE i
[IETEZE STk 87 N bl [ 1N

PR TG, Ay AR, X/ IR Y 2

BRACR 22 , R ITTE L 1) HE Kt — g
BEHIE3SNTU LR,

X IR K B AE A )3T I PR 22, RVE R

DR IR, HEJC 15 A5 1A 5 PRI v

LURTTRERH B T-RHE T RSS2

s ALV,

VIMILAE
o7 M AR L ARV DO
HEVRIS 5 10 A B A R A

R A

SR TP S ITVE I o M T AR INILAE BRI 22
R AL, U DR T RVETDTTE TN 2 8- U8 Beipds £
far 55 B Ml BRI, 20K 35 A A DTVE iV E Az 0
DUERTT, Al , BB TR U R Bh &R (PAM)
BIMRGE, imfb ZEECER .

(2) Bl 45 B 208 % o I I 0o Y A 1
FELE BB AR, A P ] e S BUK T 57
R U8 B ZE KO BRI RGN . R OR TR AR
SAALBIR I AN SE F 41, 1 i 2 s R 5, i
RIS R Gl B B0, Ofl i 5 N RGO e
RS, AR 22 B~ A il i

(3) FEARA AR RS . 5K pH (B 5 , 2 3L
IREERDK A TE S BT KR &2, it
ﬁl‘:ﬂ:/me;% A, B BhEER, LR AE SRR 7K

B CO, B 145 73k, AR YK B AR (L )8
Jf'??ﬂ( pH i, Bit&4a Hds

(D) PRBEK e 4o A XTI TE Y S A L)

BTG e , T BA L S 0 T e T A HLFH b 5 SR 5%
AR B FEIH R GTHRE T2 TR B H R
TR ST K A 2 4 PR

22 IZEiSH

221 BAKFATLALAAE L1, B
HAE 1.0X10° m?/d AL EE B, 05 AR Ml b 4%
5.0X10° m*/d Kb BB . FLKIHF R E 2 B
FE 100 mm AY-F-AAS M, SR 4 SR Be KNS S5k 43
g4 %, —WIR A 2 T ECOKIE, B 2 i, B
Bt Jy 0.5~1.0 mg/L, FEflif 6] >4 4.73 min, B

EREREWIORAEE , ik RA S FEK T
A
2.2.2 RAFFEE KPR R N A EA E

BUWEM \V BIEh SR B v by, it
FUELR 5.0X10° m*/d.

(DEADIVEMIE 2 )i, RS 2 2,1 457 2
¥ o IRA B BCR FIVUIR G IR G IR R 30 s, REA%
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A1 IR WIS . REERBOR AT ZLEE K
JIEE R IHE N 23.8 min, ZEEMIL 2 i, BEESY 2
2,1k 10 ANRGE . DIE X FTE A R UTTE X
KR 17.95 mm/s) , 5 B RHE DLE X (b
TR A 1.4 mm/s) , IHBCE SR e ML HE
Ut e WA UTTE TS e

(2)V R pEuh A 2 JE SR oo 14 K SUCHEA
B RN . FRAS IR R 112 m?, JE TR
FHYS B AT BERDIE AL CREAE R 0.95~1.20 mm, A%
FH Ky=<1.3). IEHIEHEN 6.91 m/h, 58 A
7.44 m/he whE Ty AOR BRI A P e -+ AOKIA
Ve K vk - R R A, BARSEO Hl
APETREE 55 m*/(hem?) , WYt 2 min; SUKECE W
e S msEEE 55 m*/ (hem?) , /KR 9 m®/(h-m?),
Yk 5 min; BLAK s RS E 18 m?/ (h-m?) , #h ik
5 min,

(3)XF BN 5 S S BEAE 7, L 2 IR XL
3HEERMI&H),BaEKE 3024 m/h,
39.2 kPa; e ik /K HE 3 G (2 H 1 %), AEHE
1080 m*/h,##2 13 m.

2.2.3 A& FENE WITHAEL 5.0X10° mY/d.
WHE 6 GERIMERN A, T R EIMT (RS
it 6 AT LS TR LU + T i VR B kA
ST LI B ROR o MR IR 2% R 90%,
KB 1 NTU, fieZb 56405 & 40 mJ/em?, #ff
PR ER o B 5 U E A ROR K

2.2.4 BORIFBFEKFRE WoKH 1 EE,# 1.0X
10° m*/d BBER T, 20k 4 AT AR, —BA(E VY
M2 a5, IR 2 M8 . 26K+
A 1.0<10° m?*/d BB, B AR b R A0 1.3, 1%
10 AL, — W2 B AT HILEE 5.0<10° m*/d,
i 6 NHAL(S H 1 #8) , i 5400 m*/h,
T2 62 m, LAl 2 3R i (oK 45 ) SoK ok o
225 FRAEZ% HREHERFEFEELTTE
Tt et S AL A 5, e KR b S K HILS

(D) VG eve i AR by o & 2 el e e 4
(PR B AR 30 m) (1 JEAE VR AT 1 TS e 4R T
Fhr o THIRHAR T HLEL 1.0X10° m*/d, — ]
] A 2% 1 G faf 4 0.36 kg/(m?+h) , ¥ 6 ff A
0.07 m*/(m*+h) . AR FELCE 3 5715 I BCIRAT
H(2 148, Al , i 90~25 m’/h,
£ 0.3~1.8 MPa,

(2) VAR VE T AR o & 1 PR K Iy
AR 2 400 m*) 1 JEHETR 15 1 CH 3R R

1275 m?) Je 1 JEBEKALG: . P4 P& 3 &5 42
FHE2 H 14, KR E LA T E 600 m*/h, HE
PR T A W 100 m*/h; BKHLEECE 3 &
MRAERIENL(2 F 1 4%) , i b P 8.5 t/d, i1 Th
18 h/d , WA AT S A2 17 s (R s FH 48 5 o
3 BITRER AT
3.1 fHkkE
KT 2023-01-22—2025-07-22 1% H ik Kk 7k
LA 2 AU KT B KOK SRR R D
I B B s Hid, 2023 4R B
H ok & 8 4.367X10° m*/d, ¥ %1 A K & K
2.105X10° m*/d; 2024 4F Y fix i H Lk 2 R
4.859 X 10° m*/d, F-3J H ALK & 2.883X10° m*/d;
2025 At H ALK R 5.072X10° m*/d,F44 H
MK 3.605X10° m?/d. FEHLK g, k) E
R AATIET T o
/7_: 60.0
y 50.0F
= 40.0f
— 30.0F
i 20.0}F

10.0F
0.

10\ 3 .

/

B

D
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EREI
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B2 2023-01-22—2025-07-227k]” & Atk E
Fig. 2 Daily water supply from 2023-01-22
to 2025-07-22

32 kK&

2023 4 1 A & 2025 4F 6 ARy /K FEIK
6 b5 UL I 30 WU, T OK R A R R FE 4K
(CODy,) 5 Bl N 0.58~1.78 mg/L, F ¥ {H N
1.34 mg/L; #EEJERTA 0.10~0.54 NTU, FH{E K
0.32 NTU; 5 Bt e B2 24 0.012~0.168 mg/L,
SEHIE A 0.080 mg/Ls pH {E3E Fl ok 7.68~8.38, F
YIE Ny 811, 548 bR 0 2 (A 36 IR K TBAE bR
HE) (GB 5749—2022) (I FRE 2R , R BIK) T 2%t
BT JEUK A A BRASCR AR A T 5

2025 4E 6 H & 2025 4E 8 H T KM Yrts
FrLFE 3. n] UL, 7628 ANER T B T ST R, 2025 4F 6
H 12025 4F 7 H V& B 535°8 27 CFU/mL, Bk
J AR RN R i 152 7 LR R A AR Y, 3806 A2 AR T A
K TLEARE) (GB 5749—2022) 1 FRAE 25K . 2025
8 A AN R ETITA a AT SRR R T
WIKE A Ak
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Fig. 3 Key finished—water parameters from January 2023 to June 2025
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Tab. 3 Microbiological parameters of finished water
from June 2023 to August 2023

[k SSUN'7/ BN 73 S

KUl ] LHNETE B W/ A/
Bfs (CFU-  (CFU- (CFU-

mL™)  100mL™) 100 mL™)

2025-06  AKIFH 27 0 0
2025-07  KIFH 27 0 0
2025-08 i 0 0 0

EHARER RS, — SR A E A T 2005
SR AL A S5 0 o o Tk A A By e R D b S
e A Wt ), LR T KB AR ik b AR R
AR T S TR AL B R R TS
HEAT GRS BT 2 B AR S R AR A
TR ABITE, 0 SECFBE 99%. Wb L
FA T HE KT B R ORI A 7 AR T B e R A
T RN A SIS TH R E YIS o i K
HRAI B R KRCR 45 R R | Y MR BT
480 T/m, A AR 1 mg/L W, KB BT ik
100%.

33 %

KT H BT REHFAER AR (PAC) (R

W ERE (PAM) L O, Kk, Hor , PAC it

I, HEF PAM Sy BhEER (DTiE b fr#en) , FHE
PAM hy 5 Je 5 B3 B8 HLETHH0) , O, FHF il 7%
A, B TR R AR, 2023—2025 4K
FIZIRITHFERE UL 4. v WL, PAC #2023
AEAY 7.50 mg/L LR 2025 4EH 6.20 mg/L, FE
PR 4 Z5 38 AR ER BE B 19 PAC (BB A | F 1oy 235
) TR AT I Bh BRI A BRI BT, HATBE
AL SRR AR K, T /N T 4% SE AR . A
ROASINEEDA 2023 4E 1) 2.3 mg/L FE 2 2025 4E1Y
1.6 mg/L %Ry 4RI FE I [RE FRE B Tk
o LPriztr AU H T ETIN (0.6~0.9 mg/L)
UG ANE (1.0~1.4 mg/L) o J3 F AN & A % 3m i
TR, H oK 4 By FE G B B T I
TP e n AR K I TG TR I FH 8 st i i 4 .
Kl B A 328 4T B KO A T K Tt Y Y 45 B B TR]
5%, e ANV AR IR H o FHES T PAM i A
3.5 kg/t Ti5IRMEZE 2.2 kg/t TI5U8, AL 5 1E
WAL, 15U AR R 250
34 PACHZAEHEXMES

| Bz 7R #b (Pearson ) #H ¢ R BT kMK )
202541 PAC #5241 FIgh /K i & gk /K e B gk 7K
TERE HE K pHAE | /K LR (R A OGO 2R, 25 21 L A
4o AU PACHNZy 5 3EK i i IR R 3 S B
TE AR 15 2E K pH A A H 7 e B 14 R S 1 45
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Tab. 4 Statistics of annual average chemical consumption

at the water treatment plant

PAC(w FHET PAM frih/

Y (ALO)=30%)/  (I5UEIMEEH])/ ( “}1“)
— N m ' :

(mg-L ) kgt 159 ¢
2023 7.50 35 6.90
2024 6.21 2.6 083
2025 6.20 2.2 &7
&
5 Jrj’i 20.00 4.0 12.00
e

T B R B B R X A AL R 4 mg/L; BT ES 1
PAM (B EEHD) BT B &4 0.1 mg/L, O, B8 &
10 mg/LOW R 5401 mg/L)  fHSEPRIFARME A

i&ﬂ@frﬁ%- 0.107 - 0.228* —0.508* | 0.578* 1.00

0.75
MK 0.107 0.424*  0.305*% —0.241* 0.288* 0.50
i&ﬂdﬁr‘;- 0.424* - 0.488* - 0.339* 0.25 ﬁ
o X
=
H#EKpHAf, 0.228* 0.305% | 0.488* —0.478* —0.044* —0.25 &
—0.50 &
Kk —0.508% —0.241% —0.478* —0.128
—0.75
2 0.578% | 0.288* 0.339% —0.044 —0.128* —1.00

HEKL i SR EE KT #KpHIE K B2t
T 3R p<<0.05, MM RA G+ 8 3
4 PACKZHESH/KIRE d#kihE #HKEE pHE.
Hokih ERIHE X REHR I E
Fig. 4 Heatmap of correlation coefficients between PAC
dosage and influent flow rate, influent turbidity,

temperature, pH, and finished—water turbidity

26, Hop 2w S KRR ASERECH 0.58,
PR P SRR Y IE A G, R B K O R Y b
i, B2y T EAR BRI, $ 2 S KR
(IAH DG R ECR 0.34, B EEE5 I IEAH G, BERH K
Tk 32 11 T g W A 24 AT — 2 9 LE ) 2 ) (E R e A
B B2 5 b K B A O R ECR 0.29 , 7 7R 4L
551 IEAH DG, B B TR B 2 i s —
FREER B TE HX AR IR . B2 S5tk
pHAE FIAH X BB —0.04, F B & LT A AR
PEAH I ZR , B K 8 pH E 025 5 A S i /N
5 24 5 H Kb EE A OC RO —0.13, I H 32
55 B SR G , T8I BT 156 PAC 25570 %5 #30] Ji 7K pH (EL
e e 140388 o A 5, (45 24 ) T HE K e B T e
RORA IR, e e nl il iR A A — 2042
PAR S &

35 BiRFEE

KT IH4ET IG5 e A 0.24 ¢/10'mP K,
20232025 FIPFRVHET5I %R 0.26 /10 m¥K,
SETHMEREA . SIRAHHE VLK), &
IKFIERIFE 60% (L E0O VAR fhis E45 e ab &
Yt A T A 3 s i

4 458

B e T i R AR IR AR L pHL 1 5 L A
SRS T A A v S TR T e XU A5 K AR, K T
SR G A A A DLE L+ VB8t + 58 AN 2R 7
AU LA IFREETT, KK B 2
CHTR TR BAFRUEY (GB 5749—2022) %k . LA
TR 2 i EAARLE
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Engineering Design and Operation of a Large Municipal Water
Treatment Plant Using Yellow River Water

BAI Lu', LIU Zhiyuan™, ZHU He'
(1.Yinchuan China Railway Water Group Co., Ltd., Yinchuan 750004, China;
2. Shanghai Municipal Engineering Design and Research Institute (Group) Co., Ltd., Shanghai 200092, China)

Abstract; To alleviate groundwater overexploitation, a large municipal water treatment plant (WTP) drawing raw water from
the Yellow River was constructed in a city in northwestern China, with a Phase I capacity of 5.0 X 10° m*/d, and a Phase II
capacity of 5.0 X 10° m?/d. The treatment train comprises pre-ozonation, composite sedimentation tanks, V-type filters,
ultraviolet (UV) disinfection, and chlorination. Using nearly 2.5 years of operational data, this study systematically evaluated
the treatment performance and operating economics of the plant. The results showed that the finished water consistently met the
Standards for Drinking Water Qualiry (GB 5749-2022). UV disinfection reduced the total bacterial count from 27 CFU/mL to
below the detection limit, markedly improving microbial safety. During the operating period, the average dosage of solid
polyaluminum chloride (PAC, Al:Os with a concentration of 30%) was 6.20 mg/L, and the average available chlorine dose was
1.59 mg/1.. The dry solids yield was 0.26 t per 10* m® of treated water, and the cationic polyacrylamide (PAM) dosage ranged
from 2.2 to 3.5 kg per tonne of dry solids. Correlation analysis showed that PAC dosage was most strongly correlated with
influent flow rate (+=0.58), followed by influent temperature and turbidity, whereas its correlations with pH and finished-water
turbidity were the weakest. These results indicate that the current dosing strategy can effectively handle the low temperature
low turbidity, and high pH of Yellow River raw water. The operational experience gained from this project provides a technical
reference for similar WTPs treating Yellow River source water.

Keywords : Yellow River water; water treatment plant; process design; operational performance; ultraviolet disinfec-
tion; water quality guarantee
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