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Abstract [ Objective] To address the pollution risks associated with the single water source in Lanzhou City and potential sudden
water contamination events, a water source construction project was implemented to ensure urban water supply security. The project
focuses on resolving challenges such as raw water characteristics of low temperature and low turbidity in winter, short-term high
turbidity in summer, coordination between new and existing water treatment plants, special geological site conditions, optimization of
pipeline network compatibility, and emergency response capabilities. [ Methods] A large-scale Pengjiaping water treatment plant was
constructed with a current capacity of 750 000 m*/d and a future capacity of 1 000 000 m®/d. The treatment process adopted enhanced
coagulation + composite sedimentation tank + V-type filter + ultraviolet and sodium hypochlorite combined disinfection. The water
treatment room is a multi-functional water treatment structure that integrates multiple functions such as mixing, flocculation,
sedimentation, filtration, and backwashing. The sludge treatment room is a superimposed wastewater and sludge treatment structure.
Hydraulic simulation is utilized to optimize the velocity gradient and mixer power in the mixing tank. Parameters for backwash blowers
are carefully selected, and improvements are made to the baffle installation method and the sludge discharge corridor design in the
composite sedimentation tank. Additionally, smart water management systems are integrated. [ Results] The project demonstrates that

the selected process effectively treated raw water with seasonal variations, achieving stable outflow turbidity below 0. 3 NTU year-round.

[WFEHEHEA] 2024-05-31
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The water treatment plant achieves a highly compact layout, reduces energy consumption, and simplifies operation and maintenance.

Enhanced resilience of the water supply system is realized through optimized pipeline network compatibility and emergency measures.

[ Conclusion |

The enhanced coagulation + composite sedimentation tank + V-type filter process proved highly effective in addressing

low-temperature, low-turbidity water treatment challenges. The composite sedimentation tank exhibites significant advantages in terms

of land occupation, initial investment, operational costs, and shock load resistance. By optimizing process parameters and adopting

integrated structure designs, the project reduces energy consumption and land requirements, providing valuable insights for similar

engineering applications.

Keywords large scale WTP  key technical problem process design
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THIER AR 2, Bk T kAR5 Y (40 DBPs) AR
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I G . N Vol. 44 ,No. 6,2025
WATER PURIFICATION TECHNOLOGY June 25th, 2025

AT g A B e (PLC) SE . SN2 KA k1
AT TR,
4.3.7 I5URHRAE M AL IR 5

15 Ve vk 4 i H 8 7 0 S KR 99. 5%
HIHEVR K He 4 22 97% , 5 2 JE B4R M 30 m AY TR Sy
At , >R 2 W 2R A Sk da B, A &
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Fig. 4 Inflow and Outflow Turbidity from 2022 to 2023
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MIBATEOLRT AR 1, 2 KK WA EE T2

PEFE | T2 SHOR IS 5t 5L i B 45 U 1, 3

— 179 —



i R 5%

[LE[#:i1Ee 8Nty SR 1 S A S R e N

Vol. 44, No. 6,2025

BN ATHE,
5 45iE

T H 2015 45 10 A JF T8 15,2020 4F-4) 8 %
JEHRIETT B4 EislT T 4 4E 2 BUIRAK) KA
o A EE AT 2 N BEEROK 2Rk X e K R K A Sk A
AR ARG [ XA Al K, 32 R PEK ) K3
MR AERRE N 0.3 NTU LR, KK, 22
PN B2 4 00 1 o i O AR I AR K B
NRPEARIEE, AW EHET T 22 Mtk e 4|
Pedl T HEK S5, MKIEAK R | i DG A [l
KX oK) T AW s 471 5045 5 #4717 4
A, MR TREAIRMESE FRTE,

(1) X S K & ZR AR A i, B2 2 i g ok 55
B SR AR AR+ 2 A UE b +V BIEH+ UV Al
RN A T2, HrhE A U057 5 Hi
AN B A9 N = 41 W N DY E R UL T N e
7 T 2% PR S O A TOUE i KV T AR AE 2
NTU LLF .

(2) 7K e HEAR IR B K A7 BRAR A A Je) L
RS i IX A O, 0 SR 7 1 DXL BT DX b 3
R ANETEE 2 JBEOK T, AT AR EE ) H 2 R
W A i 45 AR 3278 O S D) DR TG, R IR I
AT RIS | [T 45E PR A P A 2 3, AT AR R
FIHAE, LR E A TS

() AR C A TREZM, 8 i A B A B AR R it
PR A AL R R e s AL R Pl g |
BAUIEHEE TH 2 SR T T O, T A
FLRE ZRE , B i T s A7 B PR AT A I A
KK,

S 3k

(1] FEigets, Tl BRI i g AR G0 a0 22 M K st B
TALI). hE%KHEK 2018, 34(6) : 16-21.
WANG H M, WANG B. Construction project of Lanzhou water
source covering the system of intake, diversion, purification,
distribution[ J]. China Water & Wastewater, 2018, 34(6) : 16—
21.

[2] k3o, skaom. 56T P A 0 G iy Js A 2 6] 43 7
FE—LAZMATAHIL]. TR IXHIE, 2023, 46(8) : 1376~
1386.
ZHANG W B, ZHANG Z B. Residential spatial differentiation
based on extended niche theory: A case of Lanzhou City[J].

Arid Land Geography, 2023, 46(8) : 1376-1386.

— 180 —

[3]

(7]

[10]

[11]

FEEE, BUEH, BT, S X GRWK R I ) R 7 2
MEFEHE TR 1], KAEEY R, 2021, 45(6):
1299-1307.

DUY Y, LIAOCS, YANGZY, et al. Community structures of
phytoplankton and its relationship with environmental Liujiaxia
reservoir[ J]. Acta Hydrobiologica Sinica, 2021, 45(6) :1299-
1307.

EE, T, ik, S5 BH R BT S0 YR 4 i oK
JRPPA[T]. ETDEE, 2023, 43(4) 1 146-156.

WANG Y, WANG X, FENG Q, et al. Macrobenthos community
structure and water quality evaluation in Gansu section of Yellow
River Basin[ J]. Journal of Desert Research, 2023, 43(4):
146-156.

R, M, T—W, 4. 20102019 4FH# W 5 22 Al
FIARBOK B 28 AL RFAE[ J]. K BEIR LR, 2021, 37(4) .
44-50.

XU F L, HE L, WANG Y F, et al. Temporal and spatial
variation characteristics of water quality in Lanzhou and Baiyin
section of the Yellow River mainstream from 2010 to 2019[J].
Water Resources Protection, 2021, 37(4) :44-50.

FIARs, AR, 2RI, A HrK T REX s R K 1 Ak 1
LI T ESKHDK, 2020, 36(12) :86-90.

BAIH Q, ZHENG S, LI Y, et al. Optimized design for high
turbidity raw water in waterworks [ J ]. China Water &
Wastewater, 2020, 36(12) :86-90.

P, EWME, O, . ZAUUE I MATE K TR
[J]. WEZKHK, 2021, 37(12) :31-35.
LI J, WANG H M, BAI X L, et al. Development and
engineering application of composite sedimentation tank [ J].
China Water & Wastewater, 2021, 37(12) : 31-35.

SONG Z M, YANG L L, LU Y, et al. Characterization of the
matter and disinfection

transformation of natural organic

byproducts after  chlorination, ultraviolet irradiation and

ultraviolet irradiation/chlorination treatment [ J ]. Chemical
Engineering Journal, 2021, 426. 131916. DOI. 10. 1016/j.
cej. 2021. 131916.

SRA, XA, S, S8 SEAMEFRHORTEAR) /YR B T
FESEI[I]. kAR, 2024, 43(6) :196-203.

ZHANG G, LIU H D, WU H, et al. Application and
engineering cases of UV disinfection technology in WTPs [ J].
Water Purification Technology, 2024, 43(6) : 196-203.
JEFI, A, Mk, S N R SRR KT 2 i mE
ARG R PEgZRHEK, 2021, 37(12) :109-115.
ZHOU Z C, YANG X, XIAO R, et al. Technical principle and
application of multi-point chlorination in high algae water
treatment[ J ]. China Water & Wastewater, 2021, 37(12) :109-
115.

ZHANG Y M, CHU W H, YAO D C, et al. Control of aliphatic

halogenated DBP  precursors with multiple drinking water



weook HoR
WATER PURIFICATION TECHNOLOGY

Vol. 44 ,No. 6,2025
June 25th, 2025

[12]

treatment processes: Formation potential and integrated toxicity
[J]. Journal of Environmental Sciences, 2017, 58: 322-330.
DOI: 10. 1016/]. jes. 2017. 03. 028.

Bl , 2%, 1L, S5 e N 1A O A TR R A TR T 22
MBHGIRARMK[T]. KIS SK TR, 2018, 29(6) .
68-74.

YAN X T, LI J, FENG S Q, et al. Optimization of coagulation
treatment of low-temperature and low-turbidity water in Lanzhou
section of the Yellow River by response surface method [ J].
Journal of Water Resources and Water Engineering, 2018, 29

(6) :68-74.

(L3599 W)

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

PATRICIA B, D L. G, LEONARDO E, et al. Genome-centric
metagenomic insights into the role of Chloroflexi in anammox,
sludge and methanogenic reactors [ J ]. BMC
Microbiology, 2023, 23(1) . 45-45.

SPIECK E, SPOHN M, WENDT K, et al. Extremophilic nitrite-
oxidizing Chloroflexi from Yellowstone hot springs[ J]. The ISME
Journal, 2020, 14(2): 364-379.

YOU F Y, TANG M G, ZHANG J M, et al. Benzethonium

activated

chloride affects short chain fatty acids produced from anaerobic

fermentation  of  waste activated sludge:  Performance,
biodegradation and mechanisms [ J]. Water Research, 2024,
250 121024. DOI:10. 1016/j. watres. 2023. 121024.

XU Y, GENG H, CHEN R ], et al. Enhancing methanogenic
fermentation of waste activated sludge via isoelectric-point
pretreatment ; Insights from interfacial thermodynamics, electron
transfer and microbial community [ J]. Water Research, 2021,
197 117072. DOI: 10. 1016/]. watres. 2021. 117072.

MUIASE J, ITOH K, KANA M, et al. Molecular analysis of -
proteobacterial ammonia oxidizer populations in surface layers of a
submerged paddy soil microcosm [ J]. Soil Science and Plant
Nutrition, 2003, 49(6) : 909-913.

AO X, ZHANG X, SUN W ], et al. What is the role of nitrate/
nitrite  in  trace organic  contaminants degradation and
transformation during UV-based advanced oxidation processes?
[J]. Water research, 2024, 253, 121259. DOI. 10. 1016/j.
watres. 2024. 121259.

SHARF T, O'GUINN M L, KEANEOA, et al. Biologics and the
timing of operative management of pediatric inflammatory bowel
disease[ J]. Journal of Pediatric Surgery Open,2023,4. 100084.
DOI: 10. 1016/j. yjpso. 2023. 100084.

NITTAMI T, SHOJI T, KOSHIBA Y, et al. Investigation of
prospective factors that control Kouleothrix ( type 1851 )
filamentous bacterial abundance and their correlation with sludge
settleability in full-scale wastewater treatment plants[ J]. Process
Safety and Environmental Protection, 2019, 124. 137 - 142.

DOT: 10. 1016/]. psep. 2019. 02. 003.

[40]

[41]

[42]

[43]

[44]

[45]

TADASHI N, RISA K, TOSHIMASA K, et al. Exploring the
operating factors controlling Kouleothrix ( type 1851 ), the
dominant filamentous bacterial population, in a full-scale A20
plant[ J]. Scientific reports, 2020, 10(1) : 6809.

JElEAE, EIE. Bk B R A R A A AR W RSN
PR PERERIE [ T]. Mg AR, 2022, 12(3) -
155-169.

ZHOU X Y, WANG R K. Performance of zeolite powder-based
polyurethane sponges for the removal of ammonia nitrogen from
wastewaler in a sequencing batch biofilm reactor[ J ]. Bioprocess,
2022, 12(3) . 155-169.

CAO Q, LIX Z, XIE Z J, et al. Compartmentation of microbial
communities in structure and function for methane oxidation
[T].
Technology, 2021, 341: 125761. DOI: 10. 1016/]. biortech.
2021. 125761.

JIAYU Z, WEI Z, QINGAN M, et al. Denitrifying phosphorus

coupled to nitrification-denitrification Bioresource

removal ( DPR) performance and metabolic mechanisms of
Tetrasphaera at long-term nitrite exposure [ J ]. Chemical
Engineering Journal ,2023, 475 146249. DOI. 10. 1016/]j. cej.
2023. 146249.

CHAO H, HAIZHEN W, GENGRUI W, et al. Simultaneous
decarbonization and phosphorus removal by Tetrasphaera elongata
with glucose as carbon source under aerobic conditions [ J].
Bioresource Technology, 2023, 393, 130048. DOI. 10. 1016/].
biortech. 2023. 1300438.

Wlg, kAR, UL, S5 R TR AU AL Y S AL Rl Bt
R T]. TPEBREERIE, 2020, 40(7) : 2901-2908.
PAN T, ZHANG M, FAN Y ], et al. Denitrifying phosphorus
removal and microbial characteristics based on the optimization of
carbon sources [ J |. China Environmental Science, 2020, 40
(7):2901-2908.

WANG D, ZHENG W, LIAO D, et al. Effect of initial pH
control on biological phosphorus removal induced by the aerobic/
extended-idle regime[ J]. Chemosphere, 2013, 90(8): 2279-
2287.

— 181 —



