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Comprehensive Evaluation Method of Groundwater Quality
Based on BP Network Optimized by Krill Herd Algorithm

LIU Dong'? LI Shuai' FU Qiang'? LIU Chunlei'
(1. College of Water Conservancy and Civil Engineering, Northeast Agricultural University, Harbin 150030, China
2. Key Laboratory of Effective Utilization of Agricultural Water Resources, Minisiry of Agriculture, Harbin 150030, China)

Abstract: A new BP network model was developed to improve the accuracy and assess the groundwater
quality. For this purpose, the krill herd algorithm ( KHA) was established with the optimization process
of the connection weights and thresholds of the BP neural network. Totally 15 farms were selected to
evaluate the groundwater quality and identify the main causes of groundwater pollution in Jiansanjiang
Administration. In addition, to verify the applicability of the model, the distinction degree method and
the theory of serial number summation were used to analyze the reliability and stability of KHA — BP
model, PSO — BP model and BP model, respectively. The results exhibited a good agreement of
groundwater quality in each farm and there was a certain spatial distribution pattern such as the water
quality of grade I was mainly concentrated in the southwest position, grade Il was distributed in the north
and south, while the grade Il was located in the mid-west and mid-east of the administration. Fe, Mn,
COD,,,, NH,-N and NO; -N were the main factors caused groundwater pollution. Fe and Mn were local
primary hazard but excessive amounts of COD,;, , NH,-N and NO; -N were mainly related to use of a large
number of fertilizers and pesticides. The distinction degree of KHA — BP was 1. 107 0 and Spearman’ s
rank coefficient was 0. 928 6, which was better than those of PSO — BP and BP. In conclusion, this
research could provide a scientific basis for the comprehensive management of groundwater resources and
construction of water ecological civilization in the core areas of food production.
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Fig.2  Concentration map of groundwater quality index
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Tab.1 Groundwater quality classification standard
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Tab.2 Generation rules of training sample of neutral network
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Tab.3 Hierarchical simulation interval of model of groundwater quality assessment based on KHA — BP

EY I ]

m v \

ALK ] (0.8684,1.298 1] (1.2981,2.386 4]

(2.3864,3.594 3 ]

(3.5943,4.1612] (4.1612,11.262 3]

2.3 HWTKKRERZES
e 2 Firs g =V HR A5 AR T KOK i fs
FREFEE (11) H—14k, 13—k )5 Bl AR A BT
KHA — BP #b KK B PP A vpy 1531 45 b T
IR TR S5 S FNAR I A5 4%, S5 R an 3k 4 IR .
4 T LIE =V R AR 3 Rk
IK SRS, BT AR K B A F 250 L (g

FEME) , MR 2T A, LA 4 ARG K S
Gk 13, DOKBASHULE ROk A, 1T KK TS Ye e
ERREN R AN 200 EE MR, T AN
£ 3 AR K TR AU 4230 T Ak A g X ] 1 R
AT LAIA AR 3 A3 KK AT 1) T 28K B ik
(RS FEFIAR I 1 280K b R BRIA —E i
B9 UL K B R RRUE S B BT ETEE TS SR |



280 P

b LB 4R

2018 4F

x4 ERGUMTRKKREMNERRER
Tab.4 Simulation results and grades of groundwater

quality in each farm
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Fig.5 Spatial distribution map of groundwater quality

of Jiansanjiang Administration
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Tab.5 Weight of each index in evaluation results
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Tab.6 Comparison of water quality evaluation results under different methods

Vi 7] BP A& PSO - BP #%!  KHA - BP f5 %! 1% BP A5 PSO —BP #5%0  KHA — BP ##¢
GOLE] Il I Il pAlll i} I I
T I I Il ik I i} lif
NI | I IIr 2L I I I
Ji: A | I I Al I I I
T I I I L2 I I I
1 2y I Il I K Il I I
T I I I EhigF i} I 1
weim I I I

A BP 5  PSO — BP RERI PR 45 S 11 4% 45
PRACE 35 KHA — BP BERYSEFTXT 1L, W1 7 s
7 AT LA 3 Fho5 ik AR IR 45 2R e AR AL
F KR H Fe Mn ,COD,, \NH,-N NO; -N & &
X S FHPEM SRR, KHA — BP BB AT EAN 45 01 He 4
AfE,

x7 AEFETHKRENERIERE L

Tab.7 Comparison of weight of index in water

quality evaluation results under different methods

k7 _ R _
BP %Y PSO — BP ##  KHA — BP f<2
pH i 0.0910 0.074 8 0.092 4
CODy, & i 0.148 1 0.1628 0.170 1
NH;-N #i5 0.209 6 0.2344 0.2108
NO;y -N i 0.1972 0. 2065 0.209 8
Cl™ it 0.0536 0.0679 0.0322
F- A 0.0189 0.0314 0. 006 8
S03~ & 0.009 5 0.001 4 0. 008 2
Fe i 0.1424 0.1182 0.1548
Mn 5 0.1297 0.102 6 0.1149
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. (1 1G, -G, | ) (13) TV T R VAN 45 5 5 AT A 2R HE T
.=m - .
' G -G, f) Spearman SFZAH S REL, 45 R A1 10 FrR
. , o FASTEA
ivpgﬁ hfﬂwﬁ@ﬂf?ﬁé ‘ F10 STNFESEMAERFHERIELRE
AL X o E/‘Jfr%: AN Tab.10 Rank correlation coefficient of each evaluation
D= method between relative reasonable order
m-1 m-1
2 (G =G +1° Z (G, =G +1 WA I i BP 7 KHAZBE - PSO—BP
i1 _ = i i
(m - 0)2 +(m - 1)2 M2mE = 2m + 1 Spearman SFHAHCREL  0.5429 0.928 6 0. 800 0
(14)

HHEEC(13) M3 (14) 7051315 BP A8 KHA —
BP 55 PSO — BP BRI X 43, W3k 8 i, Xf
% 8 X BEHEATHEY 45 A P O vk 0l 5
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Tab.8 Diversity of different evaluation methods

TN Tk BP F7 KHA - BP #5721  PSO — BP %!
X435 1.026 3 1.1070 1.0819
3.2 IEMAEREESHT

P2 R T 5 BB X 3 AT A ik
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Tab.9 Ranking evaluation results and relative rational

ranking of each evaluation method

5 — KHA - BP  PSO fBP AEXT A HE
L LAY HeF
TR 12 7 4 8
I 13 15 9 14
NI 3 3 1 1
JH:F) 1 8 15 10
i 14 6 3 7
Tt £ Tf 10 5 6 6
piist) 11 12 11 12
b SN 6 2 5 3
oAl 4
i 7 2
famtl 15 14 13 15
Ak 9 11 12 11
tA2 8 13 14 13
K% 5 9 10 9
A F] 2 10 8 5

— ANy, BEAE HE P OB R N 423 BLCHE Y
SER 0GR I AR TR HE P A5 R AR E
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O O T ST A BEHE 45 SR O B P
2 AT DAIA Sk 33 R i AR T A Ty ik R AR A
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FACZREL, 1530 25 80, sk 11 R,
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Tab.11 Rank correlation coefficient of each evaluation
method between relative reasonable order in 25

random samples

W BP 471 KA~ BP PROBP
TR TR

0.4895 0.909 1 0.8322

0.430 1 0.944 1 0. 6643

0.444 1 0.9650 0.7203

0.566 4 0.9580 0.8392

0.4615 0.923 1 0.8252

0.423 1 0.8252 0.594 4

0.566 4 0.909 1 0.769 2

0.5455 0.888 1 0.8392

0.5594 0.916 1 0.7832

0.5315 0.930 1 0.874 1

0.6853 0.944 1 0.7972

0.748 3 0.9510 0.867 1

Spearman B 0615 0.909 1 0.8322
HRAE 0.5315 0.930 1 0.776 2
0. 608 4 0.930 1 0.7972

0.5245 0.874 1 0.853 1

0.573 4 0.916 1 0.776 2

0.419 6 0.916 1 0.7413

0.566 4 0.909 1 0.748 3

0.5245 0.916 1 0.8252

0.356 6 0.8811 0.7343

0.5105 0.923 1 0.699 3

0.4825 0.902 1 0.7692

0.4895 0.8706 0.608 4

0.5315 0.902 1 0.7343

K 13.0315 22.8427 19. 300 7
F-HE 0.5213 0.9137 0.7720
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