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Polluted groundwater pump and treat system optimization based

on weighted optimization method on the area

CHEN Fan'”, SHI Zheming®, JIA Yongfeng', ZANG Yongge', LIAN Xinying', JIANG Yonghai',

RAN Zeyu'?, SHANG Changjian'

(1. State Environmental Protection Key Laboratory of Simulation and Control of Groundwater Pollution, Chinese
Research Academy of Environmental Sciences, Beijing 100012, China; 2. School of Water Resources and
Environment, China University of Geosciences (Beijing ), Beijing 100083, China)

Abstract: Well group layout is one of the key steps of groundwater recovery with pump and treat technology. In
order to improve the remediation efficiency of pump and treat technology, a pollution field was taken as the
research area, and a nonlinear-dynamic-multi-objective simulation-optimization model was established. The
minimum capital cost, maximum pollutant removal rate and shortest remediation time were taken as the
optimization objectives, and different extraction flows under single, double and three-well modes were set. The

weighted optimization method is used to compare the well group layout scheme. The results show that: Overall,
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the single-well mode has poor remediation efficiency, when focusing on capital cost, the double-well pumping

scheme is better overall, when focusing on the standard time, the mitsui-well pumping scheme is better overall; the

single-well mode with constant flow is better than the multi-well modes, if the pumping flow is reduced

appropriately in the late stage of the multi-well modes, the total amount of water pumped can be reduced and the

capital cost can be saved, the dynamic management of well groups can improve the remediation efficiency. This

study provides a reference for the application of weighted optimization method combined with numerical

simulation method in well group layout optimization of pump and treat technology, and verifies the flexibility and

practicability of weighted optimization method in well group optimization application.

Keywords: contaminated groundwater; pump and treat technology; weighted optimization method; multi-

objective optimization; dynamic remediation
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Fig. 9 Simulation optimization results of each scheme in the
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2024 4F

Wi WL, 45 St T et T KA i Ak BE AR GE IR REALOL AL B AT 5 - 209 -

B B bR T AR BRI ] 8 280 d, B9 4 ARl 2.28
TiJC, 15 e 25 45N 73.39%. M HE 1k AR sk A B (R
1% 50 3 R 5t 4), 150 d5c i 3 R O 48 24, Bl O
Bkl 3 0, JEEEE N 7.07 m, B 180d b L RiF
(W2, W5, W4)dh it I B i 2 328 15 m/d, J5 b

L iSig ML [ SIS ey
. PSP — - XURRECTISE - - =IFRCTE
%0 i Bffrg:
g0l § § Ji5%25 (87.67)
70 ‘ ‘ |
<B 60 63.35
& 50

=N |
| IR : 3

o : |
2001, :
ol | :
oL ‘ 1

HfE (W2, WS) Fl Rl R R 2 10 mY/d, R iF(W4)
R R AN o %O R B R IRRET T 240 d,
SR A AR A 2.34 T IC, 5 Y BRI 74.17%.,
P =, F— M H A, ACE R R 2 5%, (g
RERAK, Bt %R —Fh,

[ ESIEIEy MUARE Rt
00 BIPECP I -  BOFERCEISE - - —IRECP (e
0 | RiE:
Q0! : : JrE25 (89.67):
0f ‘
e 64.63
£ 50
juiz

“af]
] |

A E
10} |
JHLL | |

2 4 6 8 101214 16 18 20 22 24 26 28 30 32 34
2z

(a) 1§38 I E52

2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34
ES
(b) 1545 5 /A B

13 MERERAEETREHER (BER3MNER4)

Fig. 13 Scores of different schemes under focusing on time cost (Scenario 3 and Scenario 4)

6 ZHit5RE

(DA SCEE 4 FpIE 5, TR 34 Fih 7 09 m
BUARACAS 53, 45 S b 7 ) 3 0% 4 AR B, ST 38k
o B 2 O, JEE RS 1414 m, LR
(W2) i 180 d i H ¥ 1 4 20 m/d, J& B 2= 10 m’/d; ]
IR BRI AL, S5O0 T7 2 i g o 3 1, IR
i 7.07 m, 25 1 BB 180 d L, v, R I (w2,
W5, W4 s a8 15 m/d, J5 W2, W5, W4 fil i i
RN 5,10, 15 mY/d,

(2) 38 2ok - il 3 85 X & T S8 AP EUHE % L 23 A
138, ZHF R, 35 Y BT 1 s
i1 8 T A R R A S A, DR B AR 1.72% ~
714%, AT AN BB G AT, F RS B R, AT —
G SE P PLE R N UL 3 &

(3) A S 335 A AR A6 J7 2% 2R A7 0F 5% DX 4 ) A 3
&5 I e vt AR % 08 E MR L, 40 4 F
T ST, AR BEIWBE T RS TEBEM
T AR Ty B ERAE T R, A] R AT 2 B AR Ak, R
T M, AT R TR B A b ) R A R, (R AR SO
R A 7, AEAE — 2 0k, S5 0 %
LR A A7 S E AR, DA A O R A B
5 UERATE

£ E ik ( References ) :

[ 1] FAN Yue, LU Wenxi, MIAO Tiansheng, et al. Optimal
design of groundwater pollution monitoring network based
on the SVR surrogate model under uncertainty[J].
Environmental Science and Pollution Research, 2020,
27(19): 24090 — 24102.
A8 SC. F I Tl b7 b R Ks G B IR KRN
s (1], B BE AL 2 B 5T, 2022, 35(9): 2015 — 2025.
[ HOU Deyi. Ten grand challenges for groundwater

[2]

pollution prevention and remediation at contaminated
sites in China[J]. Research of Environmental Sciences,
2022, 35(9): 2015 — 2025. (in Chinese with English
abstract) |

REAESE, 2208, VRV, 55 ORI X0 R KIS e BT iR
AR L ) B K B R R R (] SRR R S 5T,
2019, 32(1): 1 — 9. [ XI Beidou, LI Juan, WANG

[3]

Yang, et al. Strengthening the innovation capability of
groundwater science and technology to support the
coordinated development of beijing-Tianjin-hebei region:
status quo, problems and goals[J]. Research of
Environmental Sciences, 2019, 32(1): 1 — 9. (in Chinese
with English abstract) ]

[4] ZRER, hegig, 2B, 8. MRS oA


https://doi.org/10.1007/s11356-020-08758-5
https://doi.org/10.13198/j.issn.1001-6929.2022.04.18
https://doi.org/10.13198/j.issn.1001-6929.2022.04.18
https://doi.org/10.13198/j.issn.1001-6929.2018.09.27
https://doi.org/10.13198/j.issn.1001-6929.2018.09.27
https://doi.org/10.13198/j.issn.1001-6929.2018.09.27

A Ak 7 B BERLRT 58 (1], PR E FL 2%, 2014, 35(7):
2572 — 2578. [ JIANG Lie, HE Jiangtao, JIANG
Yonghai, et al. Simulation of nitrate pollution in
pump-and-treat

groundwater  using optimization

- 210 - IR Sl 5T TR 4 5 %1
B 17 &AL T, 2022, 49(7): 145 - 146. [ RONG method[J]. Environmental Science, 2014, 35(7): 2572 —
Zhihao, SHI Xuefeng, LI Changwu, et al. The 2578. (in Chinese with English abstract) ]
optimization of groundwater pumping well layout[J]. C12]  #R)I, ZRERE, R = BUEB I R e 75 e 1T K
Guangdong Chemical Industry, 2022, 49(7): 145 — 146. i b BEAE AT AR A R (D], R TORE, 2023, 41(7):
(in Chinese with English abstract) ] 102 — 108. [ DU Chuan, LI Houen, CHEN Suyun.

[51 SREEWE, 224k, BTEWE, 55 M P KBEME AN E Application of numerical simulation technology in
e B 3¢ 1 A5 BEXT OR X R /9 S s (D). IR 88 R 2E A extraction andtreatment of polluted groundwater[J].
3%, 2022, 35(5): 1120 — 1130. [ ZHANG Lina, JIANG Environmental Engineering, 2023, 41(7): 102 — 108. (in
Lin, JIA Xiaoyang, et al. Technical impracticability of Chinese with English abstract) ]
groundwater remediation and management counter- [13] MANTOGLOU A, KOURAKOS G. Optimal groundwater
measures in the USA and lessons learned for Chinal[J]. remediation under uncertainty using multi-objective
Research of Environmental Sciences, 2022, 35(5): optimization[J]. Water Resources Management, 2007,
1120 — 1130. (in Chinese with English abstract) ] 21(5): 835 — 847.

[ 6] ZHA Yuanyuan, YEH T C J, ILLMAN W A, et al. [14] HOU Zeyu, LU Wenxi, XUE Haibo, et al. A comparative
Exploitation of pump-and-treat remediation systems for research of different ensemble surrogate models based on
characterization of hydraulic heterogeneity[J]. Journal of set pair analysis for the DNAPL-contaminated aquifer
Hydrology, 2019, 573: 324 — 340. remediation ~ strategy  optimization[J]. Journal of

[7]1 BORTONE I, ERTO A, DI NARDO A, et al. pump-and- Contaminant Hydrology, 2017, 203: 28 — 37.
treat configurations with vertical and horizontal wells to [15] BECKER D, MINSKER B, GREENWALD R, et al.
remediate an aquifer contaminated by hexavalent Reducing long-term remedial costs by transport modeling
chromium[J]. Journal of Contaminant Hydrology, 2020, optimization[J]. Groundwater, 2006, 44(6): 864 — 875.
235: 103725. (161 200, RIS, 62 2, 5 JEFHLE A 2 5 ik navg 22 i

L8] 8K, JREM, MHE%, % 2T HERLA RN T5 0 BUARAIIE AT 5T 0], FRBERL 205, 2021, 34(4):
Wi T KRG R E AR U] e 50E T 872 — 881. [ LI Juan, YU Peng, DAI Xuezhi, et al.
T, 2020, 27(6): 74 — 80. [ ZHAO Le, SU Chunli, XIE Optimization of numerical simulation in Xi’ an based on
Xianjun, et al. Design of remediation technology for machine learning methods [J]. Research of Environmental
arsenic pollution of groundwater in a pollutant pond based Sciences, 2021, 34(4): 872 — 881. (in Chinese with
on numerical simulation[J]. Safety and Environmental English abstract) ]

Engineering, 2020, 27(6): 74 — 80. (in Chinese with [17]  EMAR, WROOK, 22K, 55, 1N ARG R -0
English abstract) ] A B RSB R (1] 35 MOR 2 2 4 (b 2R Bl 2%

[9] COHENRM, MERCER J W, GREENWALD R M, et RR ), 2023, 53(1): 218 — 229. [ YAN Baizhong, XU
al. Ground water issue: Design guidelines for conventional Wenjie, LI Yuhan, et al. Optimal layout of pumping and
pump-and-treat systems[Z]. 1997:1-39. recharging wells for groundwater source heat pump and

[10]  FF, & 5%, sk am, 25 5 ETs Ye it F AR H - parameter sensitivity [J]. Journal of Jilin University (Earth
Ak B A GE O AT 5T D], K SCHl 5 TR M R Science Edition), 2023, 53(1): 218 — 229. (in Chinese
2020, 47(3): 34 — 43. [ WANG Ping, HAN Zhantao, with English abstract) ]
ZHANG Hailing, et al. Simulation and optimization of a [18] AHLFELD D P, MULVEY J M, PINDER G F, et al.
pumping and treating system for the remediation of Contaminated groundwater remediation design using
ammonia polluted groundwater[J]. Hydrogeology & simulation, optimization, and sensitivity theory: 1. Model
Engineering Geology, 2020, 47(3): 34 — 43. (in Chinese development[J]. Water Resources Research, 1988,
with English abstract) | 24(3): 431 —441.

C11] =B, IV, oK, 25 MR KA B ER 5 il H Ab [19] AHLFELD D P, MULVEY J M, PINDER G F.

Contaminated groundwater remediation design using
simulation, optimization, and sensitivity theory: 2.
Analysis of a field site[J]. Water Resources Research,

1988, 24(3): 443 — 452.


https://doi.org/10.13198/j.issn.1001-6929.2022.02.14
https://doi.org/10.13198/j.issn.1001-6929.2022.02.14
https://doi.org/10.13198/j.issn.1001-6929.2022.02.14
https://doi.org/10.1016/j.jhydrol.2019.03.089
https://doi.org/10.1016/j.jhydrol.2019.03.089
https://doi.org/10.1016/j.jconhyd.2020.103725
https://doi.org/10.16030/j.cnki.issn.1000-3665.201907053
https://doi.org/10.16030/j.cnki.issn.1000-3665.201907053
https://doi.org/10.16030/j.cnki.issn.1000-3665.201907053
https://doi.org/10.13227/j.hjkx.2014.07.019
https://doi.org/10.13227/j.hjkx.2014.07.019
https://doi.org/10.1007/s11269-006-9109-0
https://doi.org/10.1016/j.jconhyd.2017.06.003
https://doi.org/10.1016/j.jconhyd.2017.06.003
https://doi.org/10.1111/j.1745-6584.2006.00242.x
https://doi.org/10.13198/j.issn.1001-6929.2020.10.27
https://doi.org/10.13198/j.issn.1001-6929.2020.10.27
https://doi.org/10.13198/j.issn.1001-6929.2020.10.27
https://doi.org/10.1029/WR024i003p00431
https://doi.org/10.1029/WR024i003p00443

2024 4F MR WL, S S g T K A B R SRR AL T A Y - 211 -
[20] MCKINNEY D C, LIN M D. Genetic algorithm solution [29] ¥R me . b 7K 75 Y 35 b oK I £ O Ak 7 Z W
of groundwater management models[J]. Water Resources [D]. dtat: FrEHm k- (dE ), 2011, [ JU Xiaoming.
Research, 1994, 30(6): 1897 — 1906. Optimization of hydraulic control programs for
[21] CULVER T B, SHOEMAKER C A. Optimal control for groundwater contaminated sites[D]. Beijing: China
groundwater remediation by differential dynamic University of Geosciences, 2011. (in Chinese with English
programming with Quasi-Newton Approximations[J]. abstract) |
Water Resources Research, 1993, 29(4): 823 — 831. (301 A=W, BV 5, 2R3, 2% 25 T RBUE ALY L F
[22]  E WK HT K TR R AT 8300 3 25 0 R #8552 KI5 B Mok 5 it D], BB 4p #2021,
[D]. B B KA%, 2000. [ WANG Haoran. Differential 47(5): 69 — 75. [ NIU Haobo, WEI Yagqiang, LI Lu, et
dynamic programming model under the condition of al. Design of pumping project for a groundwater
groundwater  exploitation[D].  Nanjing: Nanjing contaminated site based on numerical simulation[J].
University, 2000. (in Chinese with English abstract) | Environmental Protection Science, 2021, 47(5): 69 — 75.
[23] CULVER T B, SHENK G W. Dynamic optimal ground (in Chinese with English abstract) |
water remediation by granular activated carbon[J]. Journal (311 o [ M o 4 2 Jmy . 7K S 5 F 0 (M. Jb . b it i
of Water Resources Planning and Management, 1998, B #t, 2012. [ China Geological Survey. Handbook of
124(1): 59 — 64. hydrogeology [M]. Beijing: Geological Publishing House,
[24] Eask, QVBHAE, QL 55, BRIl AR 30 T /K75 4 ) 2012. (in Chinese with English abstract) ]
M p ALy ik 0], 8 TR 2441, 2019, 13(10): 2468 — [32]  XUF, PR, 43l 45, 2L T FEFLOW fy =4 1 -
2474. [ GONG Zhigiang, LIU Mingzhu, LTU Weijiang, R KB 5 TS P AT 5 L], oK SCH i TR
et al. Optimal method of groundwater pollution plume Hb ¥, 2022, 49(1): 164 — 174. [ LIU Ling, CHEN Jian,
capture by single well[J]. Chinese Journal of NIU Haobo, et al. Numerical simulation of three-
Environmental Engineering, 2019, 13(10): 2468 — 2474. dimensional  soil-groundwater ~ coupled  chromium
(in Chinese with English abstract) ] contamination based on FEFLOW [J]. Hydrogeology &
[25] REZAEI H, BOZORG-HADDAD O, LOAICIGA H A. Engineering Geology, 2022, 49(1): 164 — 174. (in
Reliability-based ~ multi-objective  optimization  of Chinese with English abstract) |
groundwater ~ remediation[J].  Water  Resources [33]  J7 MG, skjd, 2= %%, 55, 3 TR0 LA AL 5 3
Management, 2020, 34(10): 3079 — 3097. 15 g R KK Oy Rkt DL SRR RL =05, 2016,
[26] YANG Yun, WU Jichun, LUO Qiankun, et al. An 29(11): 1608 — 1616. [ WAN Peng, ZHANG Xu, LI
effective multi-objective optimization approach for Guanghe, et al. Designof contaminant groundwater
groundwater remediation considering the coexisting pumping scheme based on a simulation optimization
uncertainties of aquifer parameters[J]. Journal of model[J]. Research of Environmental Sciences, 2016,
Hydrology, 2022, 609: 127677. 29(11): 1608 — 1616. (in Chinese with English
[27] ARG, o5, POURAR, 45, BT I 55 P i M T /K 75 e i abstract) |
W 2 H bR AT (). BREERFERF L, 2018, 31(1): [34] oA, RAE, PMBEAL, 5. MGO #1F 78 F /KI5 3¢
79 — 86. [ LIN Mao, SU Jing, SUN Yuanyuan, et al. i i -4 R ARAL T R (0] MR 7K, 2018, 40(3):
Multi-objective optimization method for groundwater 12 —15. [ BIAN Rongwei, SONG Jian, SUN Xiaomin, et
contamination monitoring network based on vulnera- al. Application of MGO to optimal design of pump and
bility —assessment[J]. Research of Environmental treat system in groundwater contamination
Sciences, 2018, 31(1): 79 — 86. (in Chinese with English remediation [J]. Ground Water, 2018, 40(3): 12 — 15. (in
abstract) | Chinese with English abstract) ]
(28]  akHa. 75 e 3zt —Ab BREOR S e R R A4 7 22 [35]  3RAR. 15K AL BR AR 254 Je A A i 58— T

WH5E [D]. Jbxt: shEHBRAA (JE50), 2010. [ ZHANG
Yan. Factors and optimization research of pump-and-treat
technology in contaminated site[D]. Beijing: China
University of Geosciences, 2010. (in Chinese with English

abstract) |

15 K AR BB B2 BB B9 o A LD A0 s R S s
&, 2020(10): 27 — 30. [ ZHANG Ran. Research on
structure and change trend of sewage treatment
cost—analysis based on the date of sewage treatment listed

companies [J]. Price: Theory & Practice, 2020(10): 27 —


https://doi.org/10.1029/94WR00554
https://doi.org/10.1029/94WR00554
https://doi.org/10.1029/92WR02480
https://doi.org/10.1061/(ASCE)0733-9496(1998)124:1(59)
https://doi.org/10.1061/(ASCE)0733-9496(1998)124:1(59)
https://doi.org/10.12030/j.cjee.201812028
https://doi.org/10.12030/j.cjee.201812028
https://doi.org/10.12030/j.cjee.201812028
https://doi.org/10.1007/s11269-020-02573-w
https://doi.org/10.1007/s11269-020-02573-w
https://doi.org/10.1016/j.jhydrol.2022.127677
https://doi.org/10.1016/j.jhydrol.2022.127677
https://doi.org/10.16803/j.cnki.issn.1004-6216.2021.05.012
https://doi.org/10.16803/j.cnki.issn.1004-6216.2021.05.012
https://doi.org/10.13198/j.issn.1001-6929.2016.11.06
https://doi.org/10.13198/j.issn.1001-6929.2016.11.06
https://doi.org/10.3969/j.issn.1004-1184.2018.03.004
https://doi.org/10.3969/j.issn.1004-1184.2018.03.004
https://doi.org/10.19851/j.cnki.CN11-1010/F.2020.10.428
https://doi.org/10.19851/j.cnki.CN11-1010/F.2020.10.428
https://doi.org/10.19851/j.cnki.CN11-1010/F.2020.10.428
https://doi.org/10.19851/j.cnki.CN11-1010/F.2020.10.428
https://doi.org/10.19851/j.cnki.CN11-1010/F.2020.10.428

- 212 -

7K SCHb BT TR b S

%1

[36]

[37]

[38]

[39]

30. (in Chinese with English abstract) |

BRI, BRI, A A, AF. RS Y g i b R K K
7 # Ak (3], B TR, 2019, 37(5): 1 - 3. [ GONG
Zhigiang, CHEN Jian, YANG Xinxin, et al. Optimization
of groundwater pumping scheme in a chromium-
contaminated site[J]. Environmental Engineering, 2019,
37(5): 1 — 3. (in Chinese with English abstract) ]

KO N Y, LEE Kangkun, HYUN Y. Optimal groundwater
remediation design of a pump and treat system considering
clean-up time[J]. Geosciences Journal, 2005, 9(1): 23 —
31

IhNEE S, AR, K, & AR R T
KA g7 g A [0 BR3E TAR, 2021, 39(11): 172 -
178. [ SUN Junliang, GONG Zhigiang, LI Lu, et al
Optimization of groundwater pumping scheme for a
chlorinated hydrocarbon-contaminated site[J]. Environ-
mental Engineering, 2021, 39(11): 172 — 178. (in
Chinese with English abstract) ]

Bk 05, R IS W, i 2 BT B 51 ) TCE V5 ¢
bR K AE S A K b PR AR T R BTAT (T0. K AR 4
A (RIS, 2022, 53(7): 69 — 81. [ GENG Guoting,
WU Xiaofeng, YOU Jinjun. Genetic algorithm-based

[40]

[41]

study on optimization scheme for remediation of TCE-

contaminated groundwater  with pump-and-treat

system[J].  Water  Resources  and
Engineering, 2022, 53(7): 69 — 81. (in Chinese with
English abstract) ]

FIAHZR, akH, X458, 458 JLiG )5 e g st b s -4
HE AR M AT W FE (T]. B KB 2 B 27 4Rk, 2012,

14(4): 23 — 26. [ BAI Xiangdong, ZHANG Yan, LIU

Hydropower

Zhirong, et al. pump and retreat—processing optimization
plan of a smelter contaminated site [J]. Journal of Institute
of Disaster Prevention, 2012, 14(4): 23 —26. (in Chinese
with English abstract) ]

JELHT B, SR . 2248 b pR R B4 T 0 WAL AR G e
(CL/7 55 28 J v [l 42 i) 15 P 38 2 R SC4R . |,
2016: 380-384. [ ZHOU Xinmin, GUO Yu. Multi
objective decision for the fuzzy optimization method of
subjective and objective weight[C]//Proceedings of 2016
28th Chinese Control and Decision Conference(CCDC).
Yinchuan, 2016: 380-384. (in Chinese with English
abstract) |

HWE: R R


https://doi.org/10.1007/BF02910551

2024 4F MR WL, 55 b T G R Kl AL R e R IR A T B BT - 213 -

RS1 HBHKAFREMER

Table S1 Simulation results of each pumping scheme

B yE I AEBYBER A K I EBRF EFREHR] BNAR RKERFMSS BHEES O ASES TR R RS W
-~ ) /(m*d™) 1% i b /45y /45y 45y N N Y ;
1 35 76.34 330 243 62.64 40.00 50.00 4826 4926 4526 4426
- 2 35 30 75.23 360 2.46 49.44 20.00 40.00 3494 3694 2894 2694
) ;W2 35 30 30 74.52 360 2.40 40.97 20.00 60.00 46.10 50.10 34.10 30.10
4 35 30 25 73.57 390 243 29.62 0.00 50.00 3296 37.96 17.96 12.96
5 20 76.84 260 232 68.61 86.67 86.67 84.86 84.86 84.86 84.86
6 20 15 75.51 310 2.46 52.78 53.33 40.00 4528 43.94 4928 50.61
7 ‘234 20 10 7231 350 2.36 14.49 26.67 7333 5345 5812 3945 34.78
8 20 15 15 75.09 330 2.46 47.78 40.00 40.00 4078 40.78 40.78 40.78
9 20 15 10 72.34 360 2.40 14.92 20.00 60.00 4349 47.49 3149 27.49
w2 20 15
10 75.43 270 231 51.78 80.00 90.00 83.18 84.18 80.18 79.18
w4 20 20
w2 20 10
11 73.79 280 2.28 32.16 73.33 100.0 8522 87.88 7722 7455
W4 20 20
H: w2 20 5
12 72.93 310 233 21.89 53.33 8333  68.19 71.19 59.19 56.19
W4 20 20
w2 20 0
13 72.93 340 232 21.86 33.33 86.67 6419 69.52 4819 42.85
w4 20 20
w2 20 15 15
14 75.33 280 232 50.64 73.33 86.67 79.06 80.40 75.06 73.73
W4 20 20 20
w2 20 15 10
15 73.75 280 2.28 31.75 73.33 100.0 85.18 87.84 77.18 7451
W4 20 20 20
w2 20 15 5
16 73.18 300 234 24.93 60.00 80.00  68.49 7049 6249 60.49
w4 20 20 20
w2 20 15 0
17 72.93 340 244 21.86 33.33 46.67 40.19 4152 36.19 34.85
W4 20 20 20
18 15 79.46 240 2.52 100.00 100.00 20.00 52.00 44.00 76.00 84.00
19 w2 15 10 76.36 280 2.58 62.97 73.33 0.00 2830 20.96 5030 57.63
20 W5, 15 5 71.32 310 237 2.69 53.33 70.00 5827 59.94 5327 51.60
21 W4 15 10 10 75.70 310 2.58 54.98 53.33 0.00 2150 16.16 37.50 42.83
22 15 10 5 71.24 330 243 1.70 40.00 50.00 42.17 43.17 39.17 38.17
w2 15 10
23 W5 15 10 75.93 240 2.40 57.83 100.0 60.00 71.78 67.78 83.78 87.78
W4 15 15
w2 15 5
24 W5 15 10 74.17 240 234 36.68 100.0 80.00 81.67 79.67 87.67 89.67
W4 15 15
w2 15 0
. 25 W5 15 10 73.31 260 238 26.51 86.67 66.67 68.65 66.65 74.65 76.65
o W4 15 15
w2 15 0
26 W5 15 5 71.89 270 234 9.43 80.00 80.00 72.94 7294 7294 7294
W4 15 15
w2 15 10 10
27 W5 15 10 10 75.68 260 242 54.83 86.67 5333 6348 60.15 73.48 76.82
W4 15 15 15
w2 15 10 5
28 W5 15 10 10 74.41 260 2.40 39.61 86.67 60.00 6596 6329 7396 76.63
W4 15 15 15
w2 15 10 0
29 W5 15 10 10 73.15 260 238 24.57 86.67 66.67 68.46 66.46 7446 76.46

w4 15 15 15
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B R I Klﬁlmﬁwﬁﬂmm:ﬁ KPR ARRE B KBRS MRS AR SR R RS fiia
/(m*-d™") 1% /d /JiJt /15y 153 /15y /15y /15y 145y 153
w2 15 5 0
30 W5 15 10 10 72.96 290 241 2227 66.67 56.67 5623 5523 5923 60.23
W4 15 15 15
w2 15 0 0
31 W5 15 10 10 73.77 340 2.54 31.94 33.33 1333 2119 19.19 27.19 29.19
W4 15 15 15
w2 15 10 0
=¥ 32 WS 15 10 5 71.98 260 236 10.56 86.67 7333 71.06 69.72 75.06 76.39
W4 15 15 15
w2 15 10 0
33 W5 15 10 71.10 270 237 0.00 80.00 70.00  66.00 65.00 69.00 70.00
W4 15 15 15
w2 15 10
34 W5 15 5 0 71.37 340 2.46 3.32 33.33 40.00 3433 3500 3233 31.67
W4 15 15 15

T oK BT S B B U, O 58 1 D S AR A R K Uit g il oK 5 5585 D 5820 SRR IR ] (#2360 )30 321 B BEfd il ok 75 258 (BRI
180 difiZK i B35 m¥/d, JF R 230 m*/d); 7 52 3—4 A ST A=CHiK ] (42360 d) Jl 4324 B Be A K O 5 5 S8 5 A SIS =L s il K i B Al K O 585
Z26—9 M WAL 73 A [ W Bl 7 G e AR ) B4t 7K 7 585 J7 22 10— 11 R SUTBE Sl Kt st A [l i 4l 7K Oy %8 (Cn i 2210, il i i) 30 732~ Bi Bt #7180 d

W2, WKL 520 m¥/d, J5 W2REZE 15 mY/d, WA ); J5 5818342 =R 9ok O 58, Bt RS IRIXOT .
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