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Abstract Shandong L water treatment plant( WTP) is designed with a capacity of 120 000 m’/d. Before upgrading and renovating,
the WTP primarily uses conventional treatment processes and adds potassium permanganate and powderes activated carbon to remove 2-
methylisoborneol (2-MIB) and geosmin (GSM) from raw water, but this can only cope with 2-MIB mass concentrations not exceeding
80 ng/L. To meet the requirements of the new Standards for Drinking Water Quality ( GB 5749—2022) and enhance water supply
quality, a pre-ozone/hydrogen peroxide (05/H,0,)-biochar fluidized bed process is constructed. This innovative approach involves
integrating advanced treatment processes prior to conventional treatment to remove odorous compounds and minimize the adverse effects
of organic matter and algae on standard treatment, thus improving overall treatment efficiency. After upgrading and renovating, when
the 2-MIB mass concentration in the raw water does not exceed 600 ng/L, the mass concentration of 2-MIB in the filtered water
decreases to below 5 ng/L. Other water quality indices, including the permanganate index, turbidity and particle count, also showes
substantial improvement. Additionally, the WTP discontinues the use of powdered activated carbon and potassium permanganate,
reduces the dosages of PAC and sodium hypochlorite, and decommissiones the flotation process. As a result, the water production cost
per cubic meter is lowered by 0. 129 yuan to 0. 171 yuan. This case study provides valuable engineering experience and serves as a
reference for similar upgrading in WTP.

Keywords pre-advanced oxidation ozone/hydrogen peroxide biochar fluidized bed = 2-methylisoborneol (2-MIB) geosmin (GSM)
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Fig. 1 Process Flow of Existing WTP
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Raw Water Quality Indices
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Tab. 1
JEAK K TR FR 1l
2-MIB/ (ng-L™") 30~600
GSM/(ng-L7") 20~120
VEMUE /NTU 2~10

B/ (AL 2 000 J3 ~20 000 J7

R BRERTE R (mg L") 2.3~7.0
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BT/ (pg L) 150~180
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Fig.2 Process Flow after Reconstruction
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F2 IR
Tab.2 Designed Inflow Quality

BEAKIK TG bR BEKBUEER
VEMUE/NTU <50

BR/ (LD <20 000 J7
2-MIB/(ng-L™") <600
GSM/ (ng-L™") <100
RET/ (mg-L") <0.5
PR B (mg- L") <7.0

PEAREE 5, PRIEE A R KK BT (AR TR AR
FZK TAERRUE) (GB 5749—2022) | (3l i fHE 7K 7K B
FRUEY (CJ/T 206—2005 ) 55 (38 11 25 7K TR 300 H B
1) (GB 55026—2022) %3K , [A] I} B4 A 0 22 1y & 42
TUAEE, Horp BORVEPE <0.5 NTU, SRR 15
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3.1 HEBE®RS B

SRy R U 1 K T R AR O e B A
A P RS 2 1% T AR, S A 1 4 B b, A [T 3 BT
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BESEA7U5E  IE 5E R 1 600 mm, % ik K &
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MR 4 1 &, RAMILEEHIE L, &1t 3 &
P FLAR S REAR ME, PR FLAE R 1 mm, 2 A 2R

4300 mm, FRALIR N 1,50 kW, I AR H A 6 =
A7 25 A S st [0 42 i) 55 95 A 6 sh A, Bic 46 b T o
VEKE2 G (1LH14), L 60EHN 10 m’/h, YR
R4 kW EMEKE2 B %) , L HHE
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3.2 O, BHRENIZE
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4 B, 0T SCBLAr RAVKAE , HOF- A6 S W E 4
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2~4 mg/L, 5320 s BN, B Lo AR 95 J 7K K
JR g, AR EA BAEIRGS, Likit 3 &
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FLmEPm, SRS 0, MIF, 0, 5 H,0, Ffik
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K FHAN TR BE 2540, WiAR R ) LxBxH=41.0 mX
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FORBIHEE RN 0.5 m, N EE T 410 4 A2, BB
BRI A 1~2 2~4 4~8 8~16 mm; A=Y
HEERHN2.0~3.0 m,,ﬂ\:*ﬁﬁéﬂﬂ 0.4~0.6 mm,ﬁﬂﬂﬂﬁ
BRHE T T 700 mg/g, BEJE N>95% ; 23 PR 12 fil it 1]
10 min, MK FE N 30% ~ 50% , #EK AR 2 %
AL FEFEZETE N 1 000~1 500 m*/h, %N 2.9~
5.4 m,6 2%, EWRmARIG KA
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3.4 BE O,.H,0, H&MTMES

B 0, ZARANE 6 iR, @R T LxBxH =
17. 35 mx10. 25 mx4. 80 m, KB A% 0,,0, %
#RAEX, AW 0, it AL E o,
HRAMT L, 0, BAMTHEZA 180 m*, ¥ it
0, JARBIRE N 10 mg/L, FTERFZMLT 3 EH 0,
KEA (21 4,0, fil#&5 R 20 kg 0,/h, LB
HE MR ARIKENLA JEAR RGO, s Hm S
B A LA AR | H sh % i R 50 55 HoAth 25 25
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Fig.3 Design of Newly Built Solid-Liquid Separation Tank
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Fig.5 Layout Plan and Cross Section of Biochar Fluidized Bed
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6 O, KL A
Fig. 6 Layout Plan of O, Generation Room
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Fig.7 Layout Plan of H,O, Dosing System
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3 O AT A I ACK T
Tab.3 Comparison of Treated Water Quality from Sedimentation Tank and Filter before and after Reconstruction
okt br S L0 L _Emdk
i Al Eecin i R g e
2-MIB/(ng-L™") - - 5~15 <5
GSM/(ng-L™") - - 5~15 <3.8
R ERAR AL (mg-17") 2.2~3.2 1.2~1.6 1.6~2.8 <1.2
Tl EE/NTU 0.86~2.27 0.6~1.0 0.2~0.4 <0.12
ORI 80 (CNT-mL™") 2 500~2 800 1 100~1 300 700~900 <300

R4 UOERTE 2T

Tab.4 Economic Analysis before and after Reconstruction

i H BEINE 250 et & 38/ (JE kg ™) I AAEAL (TG
I AR 0, P (&30 1 IR IR EISE) 17 0.034~0. 068
H, 0, (LA BUR A1) 3 30 0.012~0. 024
PR AR ARG S 8.5 0.128~0. 170
3 R 2.8 0. 042
15 T L 2 0.70 0.017 5
/> PAC 0.85 0.025 5
WD SRR 0.8 0. 008
(2) RHHTE 0,/H,0, BEA T2, a5t 2018. 07. 123.
?ﬁﬂ%/_:‘h %‘& j:”] Xd— 2-MIB %n GSM E,(J éi‘ F/%&& %3 ﬂ:’ﬁ jj_ [ 3] MUSTAPHA S, TIJANIJ O, NDAMITSO M M, et al. A critical
Vi N review on geosmin and 2-methylisoborneol in water: Sources,
999, ¥4 SEN L
0 ,:EE%J /ﬂ@ﬂméﬁﬁzf&; B N e N effects, detection, and removal techniques [ J]. Environmental
(3) X P T ZR M TALR BT %, Monitoring and Assessment, 2021, 193(4): 204-204.
wEAR T IEPE R R YR AR B JROKBE [4] BERLTM M G, SCHNEIDER R C S, MACHADO E L, et al.
%B\%g%iﬁq%rﬂ%ﬁ , j’;?gﬁif“&ﬁ% s ’fﬂﬁ%ﬁ/—:@%‘lﬁ , }i‘]ﬂ‘:}% /ﬁ;ﬁ ik Comparative assessment of the degradation of 2-methylisoborneol
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