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Development of Evaluation Model of Pumping and Drainage Station Using Performance Degradation Factors
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ABSTRACT

Recently, natural disasters due to abnormal climates are frequently outbreaking, and there is rapid increase of damage to aged agricultural infrastructure.
As agricultural infrastructure facilities are in contact with water throughout the year and the number of them is significant, it is important to build a
maintenance management system. Especially, the current maintenance management system of pumping and drainage stations among the agricultural
facilities has the limit of lack of objectivity and management personnel. The purpose of this study is to develop a performance evaluation model using
the factors related to performance degradation of pumping and drainage facilities and to predict the performance of the facilities in response to climate
change. In this study, we focused on the pumping and drainage stations belonging to each climatic zone separated by the Korea geographical climatic
classification system. The performance evaluation model was developed using three different statistical models of POLS, RE, and LASSO. As the result
of analysis of statistical models, LASSO was selected for the performance evaluation model as it solved the multicollinearity problem between variables,
and showed the smallest MSE. To predict the performance degradation due to climate change, the climate change response variables were classified
into three categories: climate exposure, sensitivity, and adaptive capacity. The performance degradation prediction was performed at each facility using
the developed performance evaluation model and the climate change response variables.
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Table 1 Selection of study sites according to geographical classification system in Korea

Station No, Climate zone type Area Name Station No. | Climate zone type Area Name
1 Hongseong Waryong1 15 Wanju Bongdong
2 Central west coastal Seosan Sungyeon 16 Waniju Jugyo
3 region Seosan Daesan 17 Namwon | Yongsan
4 Paju Daedanwi 18 South inland Geochang | Seokgang1
19 ) Hapcheon | Sinpyeong
5 Hongcheon Oesanpo region -
—_— - 20 Uiseong Yangseo
___ 6 | central inland region Wonju * Seomgang 21 Uiseong Nakjeong
7 Cheongju Seopyeong 22 Miryang Naei
8 Buan Nansan 23 Miryang Banwol
9 South west coastal Buan Dangsang 24 Daegu Hyeonpung
10 region Gochang Sachang 25 Dea—gu region Daegu* Jidong
1 Gochang Geumpyeong 26 Daegu Daeam
12 Gangneung Gujeong 27 Goheung Jangam?2
13 South east coastal Yeongdeok Buheung 28 South coastal Goheung Bongam
region B . 29 region Gimhae Machal
14 Uljin Oeseonmil - T -
30 Gimhae Saengnim

* Pumping and drainage station
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Table 2 Variables and Role Relationships between Response
Variability and Vulnerability of Climate Change regarding
to Pumping Stations

Table 3 Input/output variables related to the performance evaluation
model

Factor Variable

Facility classification

Pump operation number

No relevant to Total pump capacity

performance

degradation Beneficial area

Pumping station / Pumping and drainage
station

Classification Performance/Safety Response variable
Water supply/Flood Climate exposure
Electricity control performance |Responsiveness
(pumping performance) Adaptability
Water supply Climate exposure
Machine performance Responsiveness
(pumping performance) Adaptability
Climate exposure
) Flood control -
Machine Responsiveness
performance
Adaptability
Climate exposure
Civil :
) ) Safety Responsiveness
engineering
Adaptability
Climate exposure
Total Total Responsiveness
Adaptability

[e)
o
A5, A7 AR A7 B PRI ApAts
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Cumulative operating hours of machinery

Electricity consumption

Established year

Maintenance manpower

Pump operating days per year

Average pumped water per year

The number of typhoon occurrence

The number of earthquakes and its scale

Maximum hourly rainfall per year

Maximum rainfall over 2 days

The number of days with daily precipitation
greater than 80 mm

Coastal distance

Relevant to |Climate zone classification

performance | ayerage annual precipitation

i
degradation The number of heavy snowfall per year

Freeze—thaw frequency

The amount of 100—year floods

The number of humid day per year

Average annual temperature

Average of temperature during the irrigation
period

Average of precipitation during the irrigation
period

Average annual effective precipitation
days

The number of continuous rainless days

The amount of standard evapotranspiration

Annual average effective rainfall

Regular Safety check result — All parts

Regular Safety check result — Civil
engineering — Structure

Regular Safety check result — Civil

Performance |€ngineering — Suction parts

evaluation |Regular Safety check result — Civil

engineering — Discharge parts

Regular Safety check result — Structure

Regular Safety check result — Machine

Regular Safety check result — Electricity
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Table 4 Selection of parameters for meteorological data analysis

Factor Meteorological variable

Temperatures Average annual temperature

Humidity Average relative humidity

Wind velocity | Average wind speed, the number of storm days

Precipitation Annual total amount of precipitation
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Table 5 Result of statistical analysis by POLS, RE, and LASSO regression method

POLS RE LASSO
Components 5, PO 5, PrOIzl) 5,

(Intercept) (8,) | -348.598 0.005"" -57.295 0.664 —252.840
Average annual temperature (C) X 63.452 0.001™" 18.256 0.349 49.014
Average annual temperature? X, -2.398 | 0,001 -0.691 0.355 -1.848
Average relative humidity (%) X 0.028 0.889 —-0.051 0.830 0.030
Average wind speed (m/s) X, 0.161 0.470 0.372 0.075 0.140
Storm days (Day) X; 2.246 0.060" 1.643 0.088 2.108
Annual precipitation (100 mm) X -0.219 0.442 -0.127 0.588 -0.258
Elapsed time (year) X, -0.469 0.000™" 0.009 0.949 -0.472
Benefited area (ha) X, 0.008 0.000™" 0.011 0.030" 0.008
Frequency of drought (year) X, 1.348 0.000™" 1.277 0.016" 1.321
Flood frequency (year) X, -0.093 0.019” -0.106 0.261 -0.091
Embankment elevation (m) X, 0.118 0.001™ 0.155 0.053" 0.116
Maximum pumped water (m*/sec) X, -2.093 0.010"" -3.402 0.090" -2.037
Average daily operation hour (hr) X, -0.397 0.030" -0.443 0.331 -0.387
Osmotic volume (mm) X, —-0.257 0.308 -0.192 0.758 —-0.237
Waterway loss (%) X5 0.572 0.003"™ 0.352 0.474 0.545
Total power of the motor (HP) X6 0.000 0.941 0.001 0.696 0.000
Power uptime (hr) X, 0.000 | 0514 ~0.001 0.202 0.000
Maintenance cost (Dummy) Xis -0.021 0.994 3.060 0.174 -0.047
Facility renovation fee (Dummy) X, 19,348 0.135 18.828 0.016" 19,077
Distance to the coast (km) X, 0.072 0.228 0.043 0.742 0.066

*  10% statistical significance at significance level; **

*** 1% statistical significance at significance level

5% statistical significance at significance level
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Table 6 Test results of performance evaluation model through statistical analysis
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Sample True value | POLS estimate | LASSO estimate Sample True value | POLS estimate | LASSO estimate
1 60.00 69.17 68.82 31 80.00 86.13 85.51
2 60.00 66.23 65.92 32 80.00 85.28 84,67
3 80.00 63.51 63.68 33 80.00 90.16 89.88
4 70.00 62.61 62.60 34 80.00 79.29 79.76
5 80.00 96.72 96.77 35 80.00 76.31 77.61
6 100.00 94.40 93.94 36 100.00 81.67 81.07
7 60.00 87.61 87.46 37 100.00 81.07 80.71
8 60.00 89.34 88.79 38 100.00 81.36 81.39
9 100.00 100.00 100.00 39 80.00 80.27 79.80
10 80.00 74,92 75.30 40 80.00 73.91 73.75
1 80.00 77.21 76.57 a4 80.00 86.04 85.17
12 80.00 76.78 76.15 42 100.00 99.55 98.80
13 80.00 73.46 73.57 43 85.00 97.91 97.43
14 60.00 63.03 63.69 44 80.00 95.58 95.14
15 60.00 63.86 64.64 45 80.00 97.29 96.93
16 60.00 60.64 61.58 46 93.33 85.15 85.17
17 50.00 64.62 64.88 47 100.00 87.76 86.89
18 80.00 76.66 77.28 48 64.00 64.15 64.20
19 100.00 79.45 81.54 49 80.00 66.44 66.21
20 80.00 79.29 78.81 50 100.00 94,49 94,00
21 80.00 79.00 78.56 51 100.00 100.00 100.00
22 65.00 74,95 75.47 52 96.67 83.13 83.13
23 60.00 73.68 73.17 53 60.00 71.24 71.08
24 60.00 75.16 74,50 54 60.00 69.56 69.85
25 60.00 72.34 71.84 55 80.00 76.24 75.78
26 60.00 68.85 69.20 56 80.00 73.92 74.02
27 80.00 65.56 65.90 57 100.00 68.58 69.55
28 40.00 65.48 65.07 58 60.00 69.41 69.36
29 40.00 62.73 62,48 59 80.00 66.25 66.27
30 80.00 60.96 61.17 60 80.00 66.99 66.85

MSE 185.84 161.82
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Table 7 Performance evaluation score prediction using performance evaluation model

Station| 17 18’ 19’ 20’ 21 22 23’ 24 25’ 26’
No. Rating* 5" Rating| & Ratingl & Ratingl d Ratingl § Ratingl § Rating & iRatingl ¢ iRating] ¢ Rating
1 80 0 80 |-55 745 0 745|-01:744| 0 743|-19:724|-48:677| 0 677 |-02 674
2 50 0 50 |-55:445| 0 445| 0 445|-02 443 |-27 416 |-4.6: 371 0 371 0 371
3 50 0 50 |(-45:455| 0 455| O :455|-05 45 |-11.439|-58 381| 0 381 |-0.1: 381
4 80 0 80 | -9 1Al 0 1Al 0 71 |-07.703|-52.652|-65 587 | 0 :587| 0 587
5 100 0 100 | -14 . 857| 0O 87| 0 87| 0 87|-9 767 |-72.695| 0 :695| 0 {695
6 80 0 80 |-9.2. 708 0 708 |-15693| 0 693|-68 626|-73 553| 0 :553| 0 :553
7 80 0 80 |-52:748| 0 748|-12 736| 0 :736|-29:707(-28 679| 0 679| 0 679
8 100 0 100 |-24: 976 | 0 976 |-0.7 969 |-02 967 |—-11 956 |-08:949| 0 1949 |-0.8 941
9 80 0 80 |(-27:.773| 0 [ 77.3|-06 76.7|-01.766|-09: 757 |-14 743| 0 743|-08735
10 80 0 80 |-35. 765 0 (765|-06:758| 0O 758 |-15 743|-08:735| 0 73.5|-0.4: 731
11 100 0 100 (=27 973 0 973 |-0.7 96.6|-02: 964 |-08 956 |-09: 948 | 0 947 |-0.9 938
12 60 -3.2: 568 |-84:484| 0 484 |-28 457 |-32 424 | 0 424 -5 374 0 :374| 0 374
13 80 -09 791|-92 699| 0 1699 |-36:662| 0 662| -1 :653|-36:617| 0 617 0 | 617
14 100 -22 978 |-11 85| 0 865 |-55 81 0 81 |-0.3,807|-49 758 0 [ 758| 0 758
15 60 0 60 (-26:574| 0 574|-07:567|-03 564 | -2 544|-12 531| 0 :531|-08:524
16 40 0 40 |-19:3881| 0 :381/|-06 375|-04 37 |-17:353|—-11:342| 0 342|-11: 331
17 80 0 80 |-36:764| 0 (764 |-15 749| 0 749 |-36: 712 |-0,7.706| 0 706| O 706
18 80 -06:794|-98 697| 0 1697|-55/642| 0 642|-38 604|-15589| 0 589| 0 589
19 80 -04:796|-43.754| 0 754|-21.733| 0 733|-19 714 |-09 706| O 705| 0 :70.5
20 100 -08 992|-54. 938 0 :1938|-25:914| 0 914|-26:888|-31 857| 0 87| 0 857
21 100 -0.8:992|-52 94 0 94 |-24 916| 0 916 |-24 892 |-22 87 0 87 0 87
22 80 —1 79 (-07:783| 0 783 |-11.77A1 0 {771|-08 763 |-06:757| -1 747 |-05 742
23 65 -1 64 |-09. 631 0 631 |-11. 62 0 62 |-0.9: 611 |-05 60.5|-1.2 59.4 |-0.2: 59.2
24 80 -09! 791 (-05:786 |-0.7 78 0 78 |-0.7 77.3|-03:769 |-04: 765 |-11:754|-15 739
25 40 -0.9: 39.1 |-0.5: 38,6 |-0.7: 38 0 38 |-0.7 37.3|-0.3:369|-04 365 |—-11:354|-15 339
26 85 -09 841-13 88| 0 88|-01:827|-05 822|-05 817 |-06 812 | -1 80.2|-09 79.2
27 60 -05595|-03 592 |-02: 59 |-06:584|-08 576 |-03 57.3|-01 573 |-12 56 |—-15 546
28 80 -17:783| 0 783| -2 763|-07 756 |-19 737|-01:736| 0 736|-23 712 |-36 676
29 85 -15.835| 0 /835(-46:789| 0 789 |-14:775| 0 775 0 775|-34 741|-3.3:70.8
30 80 -08 792 |14 778 0 :778|-15:763| 0 763 |—-11:752|-05:747|-12:735|-01:73.4

*  Measurement data

** Performance degradation
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