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Table 1 Related parameters in model
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Management and maintenance 2
fee of ponds/(7¢-m™)
HeoK V8 18 & B A3 P I
Management and maintenance 2.5
fee of channels/(7¢-m™)
He ka7 & L R IUE

Present water surface ratio of 3.2
drainage channels/%

Lk FHOK R 08
Daily water depth of ponds/m ’

TG Z g A ok
Dail;@wiétiizihﬁoﬁ ﬁ':innel 12 Operation management fee of 11
tworks/m drainage pumping station/
ne (i 75-s'm>)
TEYZ ] 2 Tl TRRAT A
Cost of river network 10 Economic life of pumping 20
excavation/(7G-m™) station engineering/a
LT 907 UR G HDI SRR

0 Gk Ffn 25
Economic Life of pond
reconstruction engineering/a

%1 X T AR #@L\’i’f‘ifﬂ”ﬁ%ﬁ
. 2 48 Present value coefficient of
Planning area/km
one-shot payment
e D) AR 7%, 2) SIS T IR AN 10%.
Note: 1) Social discount rate is 7%. 2) The operation and management fee of
pumping station is 10% of its investment fee.

Cost of river network
landfill/(7t-m™)
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Table 2 Relevant parameters of water quality in Qunan irrigation
district in November

KRN HRPIRIREE  KBIRERRE TV FOKRIK BT MEE
Water  Initial concentration ~ Water quality Water quality standard
quality of pollutant/ degradation of class IV water/
index (mg-L'l) coefficient/d”! (mg-L'l)

Total N 2.0 0.006 1.5
A 0.2 0.022 0.1
Total P

B

Chemical
oxygen 40 0.100 30

demand of
chrome

(CODCr)
3.2 ZHRE5HR
3.2.1 ERAAAA

MR 3.1 AR RS HOH ST 45 58 i X AR AL Y

{ﬂ264ﬁb—32%0+1ﬂmpx2232%) 21)

410.11(3.2% - x, ) +120x,,x, <3.2%

*3 FRIKKESHRKIKE THESEXSBRKRES]
Table 3 Waterlogging related parameters and water quality
categories of present and planned water surface in polder area

24 Parameter IR Present #i %1 Planned
ISViTHES
9.40 11.32
Total water surface ratio/%
R YNITES
6.20 8.15
Water surface ratio of ponds/%
Y RGOK T % 320 117
Water surface ratio of channels/% ' ’
HEB AL
0.65 0.86
Drainage modulus/(m*s™-km™)
HEWiFRYE Drainage standard 5 8. 10 F—i8 20 FE—i%

JKJFi 55 Water quality categories \4 v

3.2, ARBHALHFALSATREHKSFERS
X T A2 2 % 694010

D EbnER A, G RARIR R IR . i
HEK 73R, RIVAE R G0K IR RFE 3.20% A48 . Tk
AN 8.15%, KN 11.35%, TR
/s FFIXATIA 20 SE—IB W THHEB bR e, N KR ATIA
BTV KK bR
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Table 4 Drainage modulus and pollutant removal rate under
different drainage standards and water surface ratio
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Total Ponds Channels . Y Y
10 years 20 years
10 6.8 32 21.46 5859 91.24 0.528 0.881
8.6 1.4 19.98 55.66 89.43 0.521 0.878
12 8.8 32 24.67 64.43 9425 0.476 0.836
10.6 1.4 2324 6192 93.05 0.469 0.833
” 10.8 32 27.74 69.45 96.22 0.424 0.790
12.6 1.4 2637 6729 9544 0.417 0.787
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Note: Scenario 1 and scenario 2 refer to the corresponding pollutant removal rates when the channel surface ratios are 3.2 % and 1.4 %, respectively.
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Fig.3 Removal rate of pollutants under different water surface ratio
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Determining the optimal water surface ratio in agricultural polder areas
considering drainage standard and water quality requirements

Cheng Jilin, Xu Jing*, Wang Liang®, Jiang Xiaohong®, Gao Shan?
(1. School of Water Conservancy Science and Engineering, Yangzhou University, Yangzhou 225009, China;
2. Jiangsu Water Conservancy Engineering Construction Bureau, Nanjing 210029, China)

Abstract: This study aims to optimize the current engineering system for drainage waterlogging and water environment in
agricultural polder areas. The research object was taken as the Lixiahe polder area in Jiangsu Province, China. Therefore, a
mathematical model was also proposed to determine the optimal water surface ratio in the ponds and drainage channels
wetland system in study areas. The objective function was set as the present minimum of the total project cost. The constraint
conditions mainly included the following relational expressions: 1) The relationship between the drainage capacity of the
pumping station and the water surface ratio of ponds and drainage channels. 2) The optimal range of the maximum and
minimum water surface ratio was determined in the study area, which was closely related to the local natural conditions,
indigenous culture, and land planning. 3) The removal rates of TN, TP, and COD¢, were selected to determine the relationships
between water environmental capacity, ponds, and drainage channels wetland system in polder areas. The decision variables
included the water surface ratio of ponds, the water surface ratio of drainage channels, and the design of drainage flow. An
Intelligent -Genetic Algorithms (GAs) was utilized to solve the mathematical model, due to the nonlinear calculation rather
than the general. After that, a case study was applied to the pond and drainage channel engineering system in the polder area of
Funing County. The specific results were as follows: 1) The water surface ratio reached 11.35% under the open ditch drainage
system in the planning areas, where the water surface ratio of ponds was 8.15%, particularly increased, compared with the
current. 2) The water surface ratio of drainage channels reached 3.20%, which remained the current status. 3) The design
drainage discharge was 41.01 m’/s, and the designed drainage modulus reached 0.86 m’/(s-km?). An optimization scheme was
expected to fully meet the standard requirements of the regional 20-year flood drainage. At the same time, the water body
quality inside the polder areas reached Class IV level, where the outside was Class V. Therefore, the adsorption and
degradation of water to pollutants were enhanced to accelerate the removal rates of pollutants, with the increase of total water
surface ratio. There were different proportions of water surface ratio between ponds and drainage channels, leading to the
different removal rates of TN, TP, and CODc,, although the total water surface ratio was all the same in the polder areas.
Correspondingly, the distribution of water surfaces dominated the interception and purification of pollutants by water bodies.
This finding can also provide a strong reference for similar areas in flood control, drainage planning, reallocation of land, and
river-lake water purification.

Keywords: pollution; drainage; water quality purification; agricultural polder area; water surface ratio; optimization method



