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Design of Large-scale Waterworks Relocation Project in Karst Mountainous
Area
YANG Hua-xian
(Southwest Municipal Engineering Design & Research Institute of China, Chengdu 610081,
China)

Abstract: Nanjiao waterworks in Zunyi is a large waterworks in Karst mountainous area, which
needs to be relocated due to rugged terrain, Karst development, poor groundwater occurrence and easy
pollution of water quality. The design scale of the new plant is 10x10* m*/d, and the project is required to
conform to class I anti-terrorism design technical standard. The advanced treatment process is ozonation
and activated carbon adsorption. Two key technologies, namely W-type sludge slot chamfering at the
bottom of the flocculation horizontal flow sedimentation tank and stacking the clear water tank, and
carbon filter and sand filter sharing backwash pump house and embedding carbon filter, were firstly
adopted in the purification units. The operation results showed that the effluent quality of the new plant
was good, and high removal efficiency of organic matter was obtained. The COD,, in effluent was 0.87-
1.97 mg/L (less than 3 mg/L), NH;—N was 0.04-0.19 mg/L (less than 0.5 mg/L), turbidity was 0.17-0.3
NTU (less than 1 NTU) and chroma <5 degrees (less than 15 degrees). The product water quality stably
met the limits specified in Standards for Drinking Water Quality (GB 5749-2006), which belonged to the
category of high quality water.
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Fig.2 Flow chart of water treatment process of new

Nanjiao waterworks

3.2 REHE

LA F/NE NS B ASR e 2 1K)
VR — 0 N B AR XS T /K ) A A
AE A B (BT AR 4. 47 hm?) |, 2 5% D PG X AR
KT SR AL 5L H , BERE CRTIE /N2 A TE W, B
SEPK A A R AR 2

KT 3 A B IE B 5 BUR AR = B 2k
e AR 25 G R BRI e IS4 T I B i
T AT RO KT B R A B, SRR R
FESSPE A TR SRR A7 X

LA R A TB) B N SR R] A e S SR T A R
TE ) DX P R M, 0 o T /Ny, LT S g s 1o

KRG B, 548 DN R SR BELR , BRAIE T 5 4%
/N e Sl i R A 22 AR B R T 50 mo IR TR
ST iz i h 5 =07 Lok A FURHE R = A
W BGBARERE) o OK)T R T LR 3,

e

3 @A BRFERE
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Fig.6 Section diagram of sludge slot chamfering at the
bottom of sedimentation tank and stacking the clean water
tank

R bl SR FH DR 2R B Ui DO DE T 5 T K
SR LR SEETIYE T, 6 2 )8, AR 4) 2
20, Be - ## RSF 8 90. 85 mx7. 85 mx4. 0 m; B
BEIE A, 362 8 R4, BRLAE S TR SE A 90. 85
mXx21.95 m, W I& K 3.45~5.45 m, H LK E N
4.8 m,

O EAM

RA MR A7 HLAIR A, i R 2.4
mx2. 4 m, HRKE6. 0 m, #150. 4 m, /K I 15 54 B}
[6]40 s,

@ ZEEX

ZBE X FLA 4 R SF N 15,9 mx7. 85 mx6. 4
m, FEEROKE 4.5 m, = 1. 25 m, R shHE
e A B HEDE .

ZUBE X 53 — B, T B B BT TE] 6 min, G {H 60
s TP B B B IE] 6 min, GAE 52 s7'5 5 BE5 §A i) ] 8
min, G{H 26 ™', 22 8&E X B W BT [E] 20 min, G=48 57,
GT=5.5x10*, "EH-Ji ik 0. 12 m/s, 1 P 37 8 /i B
0.25 m/s, FEEN 0. 22 m/s. FLITFLE . 55— BL 8 4%,
T 0. 3~0. 2 m/s; 55 Bt 8 4% , Ui # 0. 2~0. 15 m/s;
5 =B 1044, 0. 14~0. 1 m/s,

T2 2R BE DR BT HEA &, SRk 4 4%, 200 28 4%
(AT 2 K% 25 ), BAAKSF T R SE 1. 8 mx1. 8 mo ELEEIX
HI B 8 4%, TEAR B N PA% 52, A% LR 80 mmx
80 mm; M1 B 8 4% , BEAE I N FAE 3 2, A% FL IR
100 mmx 100 mm; i BE 10 4% , AN BERIRE 5 BAZH R A
o4k,

@ VEX

PUE XK 74, 7 m, AKOF- #1117 mm/s, 155 B8
BFE] 1. 73 he Ry 5@ ARAG SR LVE Tth A8 X B e R A 77
(A ME AL, SR FH TS DR D VE i W B PR A 45 T
HR, IF R IR Bl 42 58 W R W e pL , A7
1. 0 m/min, 18 16. 35 m. JUIEHETR MR B &, K
Y51 GE R brih i s L B TR E
4.3.2  uEh A S SR s et

P AR A T RS R e £
MR E AT, 0T 5 (B R g 7
UL S Y T8 A3 A A R P At P T Y

e 08 L 5 R0 U b Tth TR AR [ (EL R A 2 fih b
) T D8 URORHE EE vy S e R L sk
DIt AE45A AR A (UL 6 2) , ke i it A I Bk b ke, b g
b A R K gk

- 50 -



www. cnww 1985. com

My Al R BT AR RO KT A i T ARG

% 38 %A

% 22 2

F2 WATESHRL AR HE A B AR R A<0. 2 mg/L.
Tab.2 Comparison of filter technical parameters £3 MLEtHEY
5 _H YRS | B8 Tab.3 Design parameters of chemical dosing
" LA >4 >4 0 y=
SRS rEl s - SOH | RniE | #2iem ”‘ﬂffﬂ%’
et MG | 6~20 - ‘ R B
%{ﬁiﬁj‘lﬁ]/mln &ﬁ—ﬁ 12.4 A1 7][1?’?{ ﬁj%%(@)ﬁ JJ:(%@?E%%QE 1.0
I M| 8~20 6~10 L | BB .
R e T 72 JmA K KT 20
) Bl | 10-25 | 12-15 W | kR | R 05
JERHELE /m o
B BHE 2.0 12 PEKmE HEKHEVR | TR0 K R 1.0
. PSRN 3~6 1~1.5 PAC:30;
A FE YEL/NY VEY ’
TP 91 d e, S . TR RAE TREE Bl PAMLLO
R Loy ] 712 4~8 B | wbug S 3= e R AR
AP/ (L) et o2 | 48 KERET| SR | ek -
MLIAE | 15~17 13~17 TR REEDVUIEM AT AR EEIINE 1.0
= vk i R em 27! N [
ORI/ (Lo B 16 6 o | sabwE | W bR | 20
WK% e 4.3.4 ) ST
s - W 0T 111 X 1L B B T, 3 I
S I v > M) KRR A 4 () SRR U
— A 8~12 5~8 BZHE. BT, BORA T AR AL IEE
AP | 10 6 A S S, 2 [ — R 2

MR U5 B vk DT R e i b ) e Ok
KT8 5 B Wk I R T, o Ukt 194 S Y 4
ATyt o it R g vt 5L R g i
it B 25 o 4% B/ N AR, R S R —Ik
S o ) B B, I RV A (B0 B A
HIL) R F22 8 vib XU B T 00 e e, 38 A U B I RS
I G HCR VLI 755K BRI & B3

T H 3 R e A By, 94 B vp ik SR Bk A
L, e VT ) e D Tt M KRR P R R K A R
KU, Db (o FH AR R S et A 7K ok B
0.49~1.5 NTU, 7K M EE 4 0. 23~0. 48 NTU
4.3.3 fn#gikit

IN25 3 R IR K ) T A RO~ B T IR
ARSI LT AN R BB X AL
FBRAAR , LA DLTE R AP UEXF COD,, . DOC J2 UV,
JUF A RBRACE , RA A M A A EA
[T AR T e R A ML B I Y JBRAE
A= 1~1. 5 mg/L bt

AW HE LR L B AEHE S, 2ok
LS TR IS0 3. Horp mhn & s il viie
HIKAREN 05 5 a6l ) 7K R 5>0. 3 mg/L; &

IS A o T IERR AR 2 B 3
F5 772 (rp KA KA ) TR EE AN R 3 m 9 3 il 24
B 4ZBR A C15 BAIREE L T st (WL 7)o

g 214k HEPIRES RAF, R IEH .

e

a R RA TR b. URHE R VAl

B7 XREBERRERRRIERIBERIENG
Fig.7 Replacement site of shallow overburden type Karst
and deep buried Karst
4.4 R

T H AR 5 1 2 0 B B T 5 0 3 o
13 R BET A HR i 3 A A 7l 2 28 i B v T4
PR ) (k20162035 ) T 2845ifE, 2 WESL T A
B 0 B e, LA R 2 o 4 AR R = R
EEWAS

®©  ABi

e e i A A3 A I e DR 244,
AT R GRS 5 s AT 24 WHSE,

- 51 -



%38 % FH 22 ‘:P [ % K 'ﬁ}z 7K www. cnww1985. com
YRR 2 ANfEHE. JTTAE24 161.40 J170) o TSR 3 540 J0/m’,
@ Wk ZE AN 2 249. 41 T 0 a, AN EE AR 0. 8 TT/m’,

TUVE MR AN 25 4 28 55 S8t IR FHANTR /=
o Ml 5 B AR ik v R B TR L R % AR . AR
TEAK M (A5 P8 v 4 i HE 2K HE VeIt ) s B 1) s
(>30m),

AT A BEE A Sl TR AERE (- 440 vl 5
AT ] R PR T R bR a5 ) T2 T o B R EE
B AR T FRIL N 2T A 2

Fie ) DA [) RS RS 0 E B B 4 1) 2 A T]
Bl AR AL B4 e s 1 ) B 5 S A ) 4
Wt .

MR P BB RN B T AR 4 K TRl
Ze TEIKZE IR BT HRE A A A HLBIL K S S 2
.

@ Hbi

FE)A BT s R i
B3k s iR E R B IR S BoR .

TR EARHENG P EERE RS
Ld o

i aE ECHL ] U] R AT AR

TF I L 005 A4 il vt T O R K R BRI B AR
W £ T
5 iBATHR

I H F 20204F 11 A 30 H k474 B shiE il It
B 21785 R R KK R, ALY 25

BRI G | 45 THE A 2 R ik B CAE TR R K A
FRvEY (GB 5749—2006 ) EsK
SEPRE KK A ERE W 4

x4 EBREE KRR
Tab.4 Actual influent and effluent quality

m H Bi HK  |GB 5749—2006
IR/ C 1~30.1 1~24
MU /NTU 0.98~33.86| 0.17~0.3
COD,, /(mg-L™") 2~18 0.87~1.97 3
NH,~N/(mg-L™") | 0.15~1.2 | 0.04~0.19 0.5
4 i >
B (CaEOﬂ’f‘)/ 206~264 | 140~182 450
(mg-L")
o3/ 15~20 <5 15
BRI AT R E R R | TR R R
6 BARZFH5#
AT H BB 510361.40 J7 T, TR 28 1

35397.26 J7oc (CHBUK TR 1 275. 01 JiJG, HK

7 %15

FARBIK T IR, AU R T 23 X K
T Ml R A7 1 7 08 T T R I T A 1 FH AR A
I HL Ay 3k it 2 4 K it 25 2 B R g & R 4 it
TR K

TR etk "R BE AR R T, I Rl A
6 SR8 - I T TE MRS W T U A 4R £ O S E T K
M U A s S S i 2R 5 O A A UK
B WS T B 4t 28025 IR BR300 25 L s
FRILDOK T B R AL T 4

SE

(1] Boent, IS, skt ke Ll DX R 7K B A A
KALTF R A RS ——DA B NG R[], P ER R
JKFIZK L ,2015(6) : 5255, 65.

ZHAO Xianjin, ZHOU Chuangbing, ZHANG Hua.
Characteristics and utilization of groundwater resources
in Karstified mountainous zones in Guizhou Province
[J]. China Rural Water and Hydropower, 2015(6) : 52—
55,65(in Chinese).

VW PR, Xy, A fde, B S A rpe R S L DX A
X = T K RS2 e B (0], K - fRAg i
112,2012,32(5) : 141-144.

LING Mingge, LIU Fang, ZHU Jian, et al. Influence of

(2]

urbanization on concentrations of N and P in shallow
groundwater and its evaluation in Karst hilly area of
Guizhou Province [J]. Bulletin of Soil and Water
Conservation, 2012,32(5):141-144(in Chinese).

ETTR B R, A TR M DB PK 2 i X
KAEE AR R )] WA 2020, 32(3)
713-725.

WANG Wanfa,

(3]

ZHONG Jun, LI Cai, et al. The
influence of cascade reservoir construction on water
chemistry Karst area [J]. Journal of Lake Sciences,
2020,32(3):713-725 (in Chinese).

LR B RRAR AL, A5 IR K PR K AL 2R R IE X
TEALBRITAE R HE R[] WIARE,2021,33(6)
1701-1713.

MA  Song,

(4]

WEI  Yu, HAN Cuihong, et

al.
Hydrochemical characteristics in Karst reservoirs and its
implication for inorganic carbon deposition fluxes [J].

Journal of Lake Sciences, 2021,33(6):1701-1713 (in

« 52 .



www. cnww 1985. com

My AeAh R AR L R oK A KT i A T AR

%385 %224

(7]

Chinese).

BRI . R K TR B A R AR AT 5T 3 e B vy IR
(I, HoKkHEAR 2015,34(s1) : 44-47.

CAl Xuan. Research and application of advanced
treatment process in drinking water treatment [J].
Water Purification Technology, 2015, 34 (s1): 41-47
(in Chinese).

KR L, TR, AR AR S E AN IE T
XK ARG R FERIAREL) ] PR AR, 2016,
10(5):2315-2320.

ZHANG Zhenxiu, YANG Kai, YU Jianwei, et al.
Pesticides removal evaluation for O,/BAC with post
filtration process in drinking water[J]. Chinese Journal
of Environmental Engineering, 2016, 10 (5): 2315-
2320 (in Chinese).

FEr . B B — K B A0 P e TR B Ak B A i T
R, E KK, 2018,34(18) :69-72
REN Zhongjia. Reconstruction design of Changzhou No. 1
waterworks  for ozone/activated carbon  advanced
treatment [J]. China Water & Wastewater, 2018, 34
(18): 69-72 (in Chinese).

Bl oK RDUEM S RS T g AR G
i), T E BT, 2015(3):78-79,85.
MAO Feng. Design of intensive combination of sand
filter and ozone activated carbon filter in water works
[J]. China Municipal Engineering, 2015 (3) : 78-79,
85(in Chinese).

A Thal IR KA TRAERIEE LT AL
BRE oK P s 0], R E S K HEK L 2013,29
(23):38-41.

[10]

[11]

LI Xueyan, MA Yao, XU Feifei, et al. Conventional

treatment process enhanced by pre-ozonation for

removing pollutants in raw water from Huangpu River
[J]. China Water & Wastewater, 2013, 29 (23): 38—
41 (in Chinese).

TR AR, PRV RO SR M A g b R
BOPO LA T]. HokER 2019, 38(7) - 89—
95,120.

ZHANG Xue, JIANG Fuchun, LIN Tao. Evaluation and
management application of filter material replacement for
activated carbon filter of a water treatment plant in south
China [J]. Water Purification Technology, 2019, 38
(7):89-95,120(in Chinese ).

SRR, REMESE, 5KV . TR SRR A AL B e v
TRERAR 77 A Re gl (7). R4 TR 24k, 2011, 5
(8):1689-1695.

QIANG Zhimin, LU Xiaowei, ZHANG Tao. Formation
and controlling measures of bromate during ozonation of

drinking water [J]. Chinese Journal of Environmental

Engineering, 2011, 5(8): 1689-1695(in Chinese).

EEE N HAI(1982— ), 5, DUIFEL: A, BT, 5

G TARIW, B AR, AU A T A TR
i, 32 2 DA TT B4 HEK | T BOK Ab PR
MBI ST AR, ZUCGRS A % HR
AT g%,

E-mail: huaxiancq@163.com

s B 81 :2022-02-14

&2 H#3:2022-05-25

- 53 .



