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Abstract

In this study to estimate suitable size of rain tank in Suwon district, monthly rainfall, daily rainfall duration curve
and daily rainy days have been analyzed. Annual rainwater consumption and daily average amount of storage
with respect to size of rain tank have been calculated by applying continuity equations that take account of daily
rainfall, daily consumptive use, storage of rain tank, It has been shown that above 50 mm of rainfall in the ordinance
related to reclamation water may be inappropriate regulation if annual amount of rainfall captured, efficiency of
utilized rainwater, number of days for utilized rain tank, daily average amount of storage and daily consumptive
use have been considered. Thus, it has been shown that suitable size of rain tank should be determined considering
reasonable daily consumptive use with respect to district, constructed cost of rain tank and benefit of rain tank

constructed.
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Table 1. Annual Precipitation for Suwon Rainfall Station (mm)
Year Precipitation Year Precipitation Year Precipitation Year Precipitation Year Precipitation
1964 1869.9 1976 1046.1 1988 849.8 2000 1328.8 2012 1748.3
1965 1309.7 1977 1049.4 1989 1217.7 2001 1067.2 2013 1240.1
1966 1396.9 1978 1134.9 1990 2043.6 2002 1231.7 2014 1029.1
1967 1198.5 1979 1319.1 1991 1320.4 2003 1514.8 2015 751.1
1968 1570.8 1980 1187.0 1992 11294 2004 1217.0 2016 1023.4
1969 1428.4 1981 13314 1993 1162.9 2005 1427.7 2017 1328.6
1970 1646.4 1982 1067.4 1994 1045.6 2006 1362.7 2018 1293.1
1971 1324.8 1983 942.4 1995 1653.3 2007 1325.0 2019 915.8
1972 1775.2 1984 1172.8 1996 952.1 2008 1342.9 2020 1602.7
1973 1021.8 1985 1491.0 1997 1394.3 2009 1541.2
1974 1189.3 1986 1141.1 1998 1626.9 2010 1470.6 Mean 1308.9
1975 1127.0 1987 1439.1 1999 1556.1 2011 1975.9
Table 2. Mean Monthly Precipitation for Suwon Rainfall Station (1964 ~ 2020) (mm)
Month Monthly precipitation Month Monthly precipitation Month Monthly precipitation
Jan. 22.1 May 90.1 Sept. 140.6
Feb. 28.3 June 122.3 Oct. 56.8
March 4477 July 350.5 Nov. 51.7
April 82.8 August 293.2 Dec. 23.4
Table 3. Daily Rainfall Duration Analysis for Suwon Station (1964~2020)
Rank % of fime Daily rainfall Rank % of time Daily rainfall Rank % of time Daily rainfall,
(mm) (mm) mm
1 (max) 333.2 362 8.0 49.2 1,811 40.0 10.0
45 1.0 125.9 407 9.0 45.5 2,264 50.0 7.0
91 2.0 96.0 453 10.0 42.2 2,717 60.0 5.0
136 3.0 82.0 679 15.0 31.0 3,170 70.0 32
181 4.0 72.2 906 20.0 24.0 3,622 80.0 2.0
226 5.0 64.1 1,132 25.0 18.0 4,076 90:0 1.5
272 6.0 57.5 1,358 30.0 16.0 4,528 100 1.0
317 7.0 52.5 1,586 35.0 13.0
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Fig. 1. Daily Precipitation Duration Curve for SuWon Station (1964~2020)
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Table 4. Amount of Cumulative Precipitation and Number of Days for Cumulative Precipitation for given Rainfall Range (Suwon Station)

Rainfall(mm) 1990 1992 1999 2011 2012 2014 2015 2017 2018 2019 Mean
626 457 307 360 426 309 456 401 363 342 405
1 ~20 (31%) (40%) (20%) (18%) (24%) (30%) (61%) (30%) (28%) (37%) (30%)
(75) (73) (52) 47) (63) (55) (65) (63) (59) (55) 61)
818 619 472 503 504 420 568 452 484 550 539
20 ~ 30 (40%) (55%) (30%) (25%) (29%) (41%) (76%) (34%) B7%) (60%) (39%)
(82) (80) (59) (53) (66) (59) (70) (65) 64) (63) (66)
922 655 643 740 610 518 630 590 520 589 642
30 ~ 40 (45%) (58%) (41%) (37%) (35%) (50%) (84%) (44%) (40%) (64%) (47%)
(85) 81 (64) (60) (69) (62) (72) (69) (65) (64) (69)
1,107[a] 696 816 (558;7) 795 (7723;7) 630 590 567 (761;2)) 750(al
40 ~ 50 (54%)[b] | (62%) (52%) 63) (45%) 67) (84%) (44%) (44%) 66) (54%)
89)[c] (82) (68) (73) (72) (69) (66) (72)
V20([d] V20 V20 V20 V20 V20 V20
V30 V30 V30
1,055
1,227 752 874 (53%) 900 37 686 640 620 727 822
(60%) (67%) (56%) (51%) (72%)
50 ~ 60 o1) 83) 69) (66) 75) 67 91%) (48%) (48%) (79%) (60%)
V40 (73) (70) ©67) ©67) (73)
V30 V20 V30 V50 V20 V20 V30 V30
V40 V40 V30 V30
V60
885 51 773 815
1,283 (78%) 936 1,123 900 796 (100%) (58%) (63%) 727 899
60 ~ 70 (63%) (85) (60%) (57%) (51%) (77%) 74 12) 70) (79%) (65%)
93) (70) ©67) (75) (68) V40 67 (74)
V50 V30 V50 V20 V20 V40
V40 V60 V30 V30
925 967
1,013 974 975
(17’33,09)[[33] (895630 , | @) | 1105 | 6w | 196 751 (Z%”) (Z?Z)”) 7271 | %)
70 ~ 80 (71) (60%) (76) (77%) (100%) (79%) (75)
OOl GO yso | s | vao | 68) | e | VRO VA0 ey | vso
V60([d] V50 V60 V50 V50 V60
V60 V60
1,089
1,528 960 1,277 1,277 (17’2;02) 796 751 1,093 1,063 (sgi) (79%)
80 ~ 100 (75%) (85%) (82%) (65%) (80) (T7%) | (100%) | (82%) (82%) 68) (76)
95) (86) 74) (69) (68) 74 (76) (73) V70
V50 V40
V60 V50 veo
V90
1,029 751
2,044 1,129 1,556 1,976 1,748 (100%) (100%) 1,328 1,293 915 1,377
100 oA (100%) | (100%) | (100%) | (100%) | (100%) (70) 74 (100%) | (100%) | (100%) | (100%)
¢ oOn 87 (76) (74) (82) V40 V40 (78) (75) (69) (78)
V60 V50 v50 V60 V100
V60 v60
Average
precipitation 2,043.6 1,129.4 | 1,556.1 1,975.9 1,748.3 1,029.1 751.1 1,328.6 1,293.1 915.8 1,377
(mm)
Number of days
for above 50mm 8 5 8 11 9 3 2 9 9 3 7
of rainfall

[a] Amount of cumulative cainfall (m’, mm), [b] Amount of cumulative rainfall/annual precipitation(%),
[c] Number of days for cumulative rainfall [d] Size of rain tank
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Fig 2. Percentage annual rainfall captured with respect to size of rain tank (Suwon station)
Table 5. Amount of Utilized Rainwater and Ratio of Utilized Rainwater to Annual Precipitation (Suwon station)
Size of
rain tank 1990 1992 1999 2011 2012 2014 2015 2017 2018 2019 mean
(m’,mm)
1,060[a] 751 727 801 829 623 625 672 657 621 737
V20 (52%)[b] | (68%) (47%) (41%) (48%) (61%) (87%) (51%) (51%) (68%) (54%)
[53][c] [38] [36] [40] [42] [31] [33] [34] [33] [31] [37]
1,129 837 841 880 887 725 674 752 737 722 818
V30 (55%) (74%) (54%) (45%) (51%) (71%) (90%) (57%) (57%) (79%) (59%)
A [38] [28] [28] [29] [30] [24] [22] [25] [25] [24] [27]
mount of
utlized 174 | 902 | 89 | 946 | 969 | 802 | 684 | 794 | 817 | 772 | 876
rainwater | V40 (57%) | 80%) | (58%) | 48%) | (55%) | (18%) | 91%) | 60%) | (63%) | (84%) | (64%)
(AUR) [34] [23] [23] [24] [24] [20] [17] [20] [20] [19] [22]
(n’, mm) 1,232 952 941 984 1,055 858 694 812 883 792 920
V50 (60%) (84%) (61%) (50%) (60%) (83%) (92%) (61%) (68%) (87%) (67%)
[25] [19] [19] [20] [21] [17] [14] [16] [18] [16] [19]
AUR/ 1,308 996 971 1,035 1,117 898 704 853 957 811 965
annual V60 (64%) (88%) (62%) (53%) (64%) (87%) (94%) (64%) (74%) (89%) (70%)
Precipitation [22] [17] [16] [17] [19] [15] [12] [14] [16] [14] [16]
(%) 1,350 1,016 991 1,064 1,175 934 714 890 992 832 996
V70 (66%) 90%) (64%) (54%) (67%) 91%) 95%) (67%) (77%) 91%) (72%)
AUR/ [19] [15] [14] [15] [16] [13] [10] [13] [14] [12] [14]
Size of 1,390 1,031 1,011 1,106 1,235 964 724 921 1,034 851 1,027
rain tank V80 (68%) 91%) (65%) (56%) (711%) (94%) 96%) (69%) (80%) (93%) (75%)
[17] [13] [13] [14] [15] [12] [9] [12] [13] [11] [13]
1,430 1,042 1.031 1,146 1,277 995 734 951 1,067 872 1,055
V90 (70%) (92%) (66%) (58%) (73%) 97%) (98%) (72%) (83%) (95%) (77%)
[16] [12] [11] [13] [14] [11] (8] [11] [12] [10] [12]
1,463 1,051 1,043 1,286 1,308 1,104 744 976 1,081 902 1,096
V100 (72%) 93%) (67%) (60%) (75%) (99%) (99%) (73%) (84%) (99%) (80%)
[15] [11] [10] [12] [13] [10] (71 [10] [11] [9] [11]
Annual (Fr’éif)lp“a“on 2,043.6 | 1,129.4 | 1,556.1 | 1,975.9 | 1,748.3 | 1,029.1 | 751.1 | 1,328.6 | 1,293.1 | 9158 | 1,377

[a] Amount of utilized rainwater (AUR) (w’, mm), [b JAUR/annual Precipitation(%), [c] AUR/Size of rain tank
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Table 6. Number of Days for Utilized Rain Tank and Mean Daily Storage of Rain Tank (Suwon, 2015)

Under 20mm of rainfall for single or | Above 20mm of rainfall for single or . .
. . Total rainfall events for given year
continuous events continuous events
Mean daily Mean daily Mean daily
storage storage storage
Size of N;;;?egoff Amount of rauz E;&nk N;ar;fefroff Amount of ralr(l E;mk Number of | Amount of ranz E?Hk
rain tank i~ utilized m - utilized m days for utilized m
() u?i:izlfd rainwater (3)=@/1 utrlilizrfd rainwater ©)=05)/4) utilized rain| rainwater ©=(/©®)
tank (mm) Mean daily tank (mm) Mean daily tank (mm) Mean daily
1) @ efficiency ) © efficiency D=)+@) | @)=2)+(5) efficiency
=(3)/storage of =(6)/storage of =(9)/storage of
rain tank (%) rain tank (%) rain tank (%)
2.9 17.4 9.9
50 50 144.5 5.8% 47 815.9 34.7% 97 960.4 19.2%
2.9 14.5 8.5
40 50 144.5 73% 46 669.3 36.2% 96 813.8 20.3%
33 14.2 8.2
30 52 172.5 11.0% 42 594.9 47.3% 94 767.4 25.6%
3.3 12.8 7.3
20 52 172.5 16.5% 38 486.6 64.0% 90 659.1 36.5%
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Table 7. Number of Days for Utilized Rain Tank and Mean Daily Storage of Rain Tank (Suwon, 1990)

Under 20mm of rainfall for single or
continuous events

Above 20mm of rainfall for single or
continuous events

Total rainfall events for given year

Mean daily Mean daily Mean daily
storage storage storage
Size of | Number of | Amount of | T} Eank Number of | Amount of rain Eank Number of | Amount of rain Eank
rain tank| days for utilized _(m) days for utilized () days for utilized (')
(’)  |utilized rain| rainwater (=71 utilized rain| rainwater ©)=(5/(4) utilized rain| rainwater O=(/®)
tank (mm) Mean daily tank (mm) Mean daily tank (mm) Mean daily
M ) efficiency @ ® efficiency M=+@ | ®)=2)+(5) efficiency
=(3)/storage of] =(6)/storage of =(9)/storage of
rain tank (%) rain tank (%) rain tank (%)
4.7 23.5 18.9
50 37 174.0 9.4% 113 2,655.8 47.0% 150 2,829.8 37.8%
4.9 20.0 16.1
40 38 187.0 % 108 2,161.1 50.0% 146 2.348.1 40.3%
4.9 17.0 13.5
30 38 187.0 16.3% 96 1,628.0 56.7% 134 1,815.0 45.0%
4.8 12.2 9.9
20 39 187.0 o 85 1,038.6 e 124 1,225.6 49,50

Table 8. Number of Days for Utilized Rain Tank and Mean Daily Storage of Rain Tank (Suwon, 2017)

Under 20mm of rainfall for single or
continuous events

Above 20mm of rainfall for single or
continuous events

Total rainfall events for given year

Mean daily Mean daily Mean daily
storage storage storage
Size of | Number of | Amount of | & Eank Number of | Amount of | 311 Eank Number of | Amount of | Fain Eank
rain tank | days for utilized (m’) days for utilized (nf) days for utilized (m’)
(m’)  |utilized rain| rainwater 3=/ utilized rain| rainwater ©)=0)/4 utilized rain| rainwater O=(/®)
tank (mm) Mean daily tank (mm) Mean daily tank (mm) Mean daily
M ) efficiency @ ® efficiency M=M+@) | ®)=2)+6) efficiency
=(3)/storage of] =(6)/storage of =(9)/storage of
rain tank (%) rain tank (%) rain tank (%)
3.9 30.0 18.2
50 49 189.8 78% 60 1,797.7 60.0% 109 1,987.5 36.4%
3.9 234 14.2
40 49 189.8 13.0% 55 1,284.3 58.8% 104 1.474.1 35.5%
4.2 18.2 11.1
30 52 219.8 14.0% 50 907.9 60.7% 102 1,127.7 37.0%
42 14.0 8.6
20 52 219.8 21.0% 42 588.5 70.0% 94 808.3 43.0%
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