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A Study on the Application and Design Procedure of
Multi-Purpose Wet Detention Ponds for Improving Water Quality

- Case Study of NamAk New Town Development Area -
Woo, Chang—Hol)

" Dept. of Landscape Architecture, Mokpo National University.

ABSTRACT

The disposal of stormwater is one of the major problems in urban water management. One method
of reducing peak runoff rates and other detrimental impacts of stormwater is detention storage.
Detention ponds as a water quality control alternatives have been investigated by a number of
researchers. Recognizing multiple roles such as flood peak attenuation, pollution removal and aesthetic
enhancement, the design and management of detentions ponds deserve more research. The purpose
of this research is to establish design criteria wet detention ponds to improve water quality.

Water quality in detention pond discharge might be improve with physical, chemical and biological
alterations. Physical alteration was focused in this study. There are several methods for estimating the
suspended solid control capability of wet detention ponds. Existing models of suspended solids
removal are based on sedimentation and gravity settling theory. The pollutant trap efficiency of pond
is a function of several interrelating factors. Detention time is the most important factor, because it
determine gravity settling quantities of pollutants.

Desirable modification of physical factors for improvement of water quality in wet detention ponds
are volume ratio, area ratio, length to width ratio, depth, out let location, bottom soil type.

In order to apply design procedure in actual site, Namak new town development area was selected.

Key Words : Stormwater, Detention ponds, Detention time, Suspended solids, Gravity settling.
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Figure 2. Land Use Map.
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Figure 3. NamAk New Town Plan.
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Figure 1. Drainage Area of Ecological Waterway.
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Table 1. Runoff Coefficient(Steven, 1998).

Runoff

Coefficient

Business Area

Road

Down Town

0.70-0.95

Asphalt 0.70-0.95

Neighborhood

0.50-0.70

Concrete 0.80-0.95

Residential Area

Gravel 0.35-0.70

Single Family |0.60-0.75 Parking 0.75-0.85
Apartment 0.50-0.70 Cultivated Area
Suburban 0.30-0.40 Paddy 0.70-0.80

Industrial Area Crops 0.45-0.60

Heavy Industry |0.50-0.80 Urban Surface

Light Industry |0.60-0.90 Roofs 0.75-0.80

Open Space Area Play Ground | 0.20-0.35
Flat 0.10-0.25 | No Plant Cover | 0.40-0.60
Rolling 0.50-0.75 Water 1.0
Hilly 0.75-0.90 | Pasture & Lawn | 0.10-0.30
@ ALAE
B AN AES FSFE FHS A
AL S| A A HRECIAF T, 1999F $-
et mAMEA s A4S 99 FELSA
=49 frode] WESERIY He 2

Table 2. Rainfall Intensity Frequency of Mokpo city

(Lee at al., 1999).

Frequency Rainfall Intensity
5 year 591.179/>% + 1.943
10 year 469.731jt> + 0.859
20 year 365.006/° + 0.144
50 year 315.019/t°* - 0.439
100 year 202.139/t>*7 - 0.706

200 year 155.551/" - 0.877

<

2 F2) oA t(concentration time)] Zk-S A
B27F AL HAolmRE GISA AHF Aol o
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AA

AWl Aol AAAL A7FA L =3

1) 53 & (AFA F9/59%)
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Table 3. Observed Performance of Wet Detention Basins Reduction in Percent Overall Mass Load
[NURP(National Urban Runoff Program), 1983].

Basin Average Basin Site Ration Average Mass Removals form All Monitored Storms(%)
No. Dept(ft) *AJAs  =VB/Vr TSS BOD TP TN T.Cu TPb TTn
1 2.6 10526.34 0.045 ) 14 ) ©) ) 9 “)
2 26 2857.14 0.17 32 3 12 7 ©) 26 ¢
3 5.0 1111.11 0.52 32 21 18 14 . 62 13
4 4.1 328.58 1.16 5 ) 34 20 . 5
5 1.5 86.96 1.02 85 4 3 19 82 )
6 33 54.35 3.07 60 TOC=7 45 () 80 .
7 2.0 35.09 5.31 81 . 54 27 . . 26
8 4.6 58.48 7.57 91 69 70 60 57 95 71
9 52 57.14 10.70 84 . . 34 71 78 71
* A/As=Drainage area/Wet pond surface area.
**VB/VR=Wet pond volume/Mean runoff volume.
ol bssth aedW 4YR Fo] RHed A FAZ HPT F Aok
E& 7tebeks] 7)o o= H o] A)zte] FAasth Table 4= Driscoll®] A|Ag Aoz 727 g &
A7b Fad Atgto]l "ok o7l gk At EXo]8 AAEjolA 993te] AFAIZTE AF{FA
Y A5 oaA olFA At 2 W57 98 H2RNE 9% @olth o @&
NURPE 24A12be] ARAZE H78, 9FE ot F9Uae Fohd 275 ARA 4
A, 35923 O3S AAY & Avkm syl 2¥WE 7T 5 Ak 474 BE avHE
th. 7123 Whipple 5(1983)9] £ Aol o] HARNE 9% e ARA §99 BE5A
P &l Ao 2l LHEL lARNE A ol FATFF 2R Bk, HEFH 5
49 datacl oS, FE(EEEZL(ES 29 Fo 29E S/ "k AFAY A=
e DB 4F T35 0%F YAN7] AARATh EAolg] wE B4 F=
=8 36A17ke] AA| Azl FESIGI ok 10%01A 90%7FA 9] 87 E = gh2 0.36cmol A
F, Rast (19832 A3 P2 AAN]  218m7AX ) Welolth Qs R FHEH A
Ao} 2F719 ARATE ALSAG 273 o) Fula) WAE AAZR BEFYE] ok
o] AFE Yl aFHE 299 £ZFS YT Table 49 37 th2 A9 K7 (interpolation)
AX AFHEF 2HE A Jd AT o 93t A 5 ok
2 % oo o9 w2 1AL AT AFA
- Table 4. Minimum Water Quality Storage Criteria for
= y=E »e 37 2 2= 9t}
A% A& 27170 2 5 Ao Wet Ponds(Driscoll, 1983).
3+, Driscoll(1983)8 Zt7] th 2 R uju|&3}
] - \
AFAZG BEF FRLAE AASS 24 Land Use % Wt Pond Storage
Tk 70%9] RGBS HAAHA T 7] st Hu Impervious Qs(inches) Qs(cm)
B & 257 2oty olgt BAP A7/ A Low Density Single Family 10 0.14 0.36
- Low Density Single Family 20 0.23 0.58
ok gl 5 Q) o) =2 X NN
°F 9z efghal ST 9kl AFAZ \pdum Density Single Family 25 028 071
At aEe A FI= 19X 25 LA Medium Density Single Family 35 037 094
o]o] AFAII XFNA LFH+= 3 ZA4 Multi Family Residence 40 0.41 1.04
< - Multi Family Residence 50 0.50 1.27
% ou 7t Jde FX7F "ok A 92 7k
I <m7k 3 N ]l . ek 94 Industrial or Office 60 059 150
of AAAZEe Heid FHAH 2FHNEA)  ndustrial or Office 70 068 173
Slo] FRHEES 23T 4 dve o]dFAd 4 Commercial 90 086  2.18




,
o

gl g o)t

2~
g

FTHAL AFA xHHOZ
U Felth d 24, WAHEE 402 AFA &
A2 400m°, Tt WA 8000m o]tk B = €]
ESREHSCS)ABHANE FEAGAAM A
FA AAE T AFS WEV] st HH
H-&-& 10914 5071A] A<HslA

$] Table 3914 EA AR H Lo l Ztotd 45
AFA FWAH o] AAFE) FHLIES] AA
&o] ARE Ak AFA 49 55 A
2o BaH|g(1.16, 1.02)S 2zt Uth ¥
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Figure 4. Detention Size Performance Relationship

(Driscoll, 1983).

Al AN WA o] oW F5F
AHFA dHo] 253) FH2AEY Ta
AANE AL & F Ao AFA 2WF A
A% 9 =71 e BES A

=i £l
£ A% AF(Driscoll 1983)(Figure 401 A7 5ked fole] EAo) 83} EFAH o
A ARAN FHeAE AARES BUGE A WE F93% f2%0] F25 Bk AFA
o), ARA B#zol mdl, BHUE 50094 A FFo]l FART How AR F9AE AT
5 4089 aurt AA @ A wele, M 4 Aok ARARS 9% fUFe gz
Table 5. Required Minimum Area Ratios(A/As) for Wet Ponds (Harrington, 1986).
Soil Texture Classes Soil Texture Classes
(Infiltration zone) (Wet pond zone)
Loamy| Sand site | ST | cray | 51| gangy | il
5 S| Laam | ™| Leam S:ZI Loan S:ZI Clayy ag Clay
Saturated Infiltration Rate(in/hr)
Land Use Category Percent | ¢ 7 1 2.41 | 1.02] 052 [0.27] 0.17 [ 0.09| 0.06 | 0.05 | 0.04 |0.02
Impervious
Low Density Single Family 10% 12436|3624 (1534 | 782 | 406 | 256 | 135 | 90 | 75 80 80
Low Density Single Family 20% 7570 [2206| 934| 476 | 247 | 156 | 82 | 55 | 46 37 18
Medium Density Single Family 25% 6218 [1812| 767| 391 | 203 | 128 | 68 | 45 | 38 30 15
Medium Density Single Family 35% 4706 [1371| 580|296 | 154 | 97| 51| 34 | 28 23 11
Multifamily Residential 40% 4247 (1238 524|267 | 139 | 87| 40| 31 | 26 21 10
Multifamily Residential 50% 3482 (1015| 429|219 | 114 | 72| 38| 25 | 21 17 8
Industrial 60% 2951|860 | 364|186 | 96| 61| 32| 21 | 18 14 7
Industrial 70% 2560 | 746 | 316| 161 | 84| 53| 28| 19 | 15 12 6
Commercial 90% 2024 | 590 | 250( 127 | 66| 42| 22| 15 | 12 10 5

L

This area represents soil textural classes that require the use of infiltration practices.
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Figure 5. Short-circuiting in a Detention Pond (Goldman, 1986).
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7F UE oW HBEX oA wE G 9 Figure 6. Percent Reduction of Sediment Load and
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Z 5l th(Maryland 1985). ©]& AlWHol] $X2E& Figure 7. Percent Reduction of Sediment Load and
73

0 2

100 20 50

Qi
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g

=
o] & =4HA AFAY AHAS FIANE F Attached Pollutants(Driscoll, 1983).
R, LFAEHY AANE AFI} =S F
T AE Aolth e
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24y 2y

Driscoll(1983) A Fx WelA ZFHH A

o

g3 RHodEe) AASS AV A w | DR
e Apasgeh Add Bag 9 Ame 0] STEERL N §
A9AR, BA #4540 949 PA&E, ¥ | 1 E N
He| BSfEAS, ARA Zol, WAwes . | &
Mgt 7k ARG Ade gedt gk 4B
Figure 6, 7, 82 Maryland5 7$-A 85 A}8-3} A i mf‘ﬂmgeaf;e.;\ayea_ﬂi, .

o BEFA0] T 1079 fejel

6feet, Ofeetol]l A FH L A= A| AE 0]

°] 3feet, Figure 8. Percent Reduction of Sediment Load and
Attached Pollutants(Driscoll, 1983).
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A 2ol B, AFAU ] E3E BF{Ho 127 9459 ARAZ 7|2st] AH4
A=) HAE 44T F d=d, AFAY @ 3 AFA FHYE FEH
Ay go] FS52AHEA THHo] 242) 1 Table 4°] 9YZ+e] AAAILE FASH7] 9
il o7t ZEFE RF2AEY AAL] o 27HE Qsoltt fHWAE Fate] HA
FoAE AL AGT F Atk dZ M (Figure 6, 27 EHE AFA FI(Vs)E AlFETH
7, 8) Frdo] 50% BEFAHLZ FHol Qla, WA 204 - AAH G Zole} AN &S At
Hl&0] 20002 & AFAY F FHLEE Al AFA Fo, @AHE, FANE 24E 2
AE&L 3feet, 6fect, Oeeto| A 2+t °F 46%, oF Hol HAS AFA AT Zo|(dE A¥st,
67%, ¥ 75%°|thk. Le1} wheko] WAHH] o] 50 LTFHE AFA FHFHA)S T2 s A
o2 AAHY, BFodE AASLE 474 o Heh
87%, °F 96%, &F 98% = T3ttt whEtA] A& As = Vs /d
HARE(E AFA TdA)AA EFLIE Al 3TA 2@ AldA] B ARFA EHH(As)S
AZgo] F7tAYE AL AR £ 3tk o] FIUHALE Yol AN LS FIh
Z1-S Table 49 NURPOﬂﬁl(1983)oﬂ/\1 AA ZAL 43A 1 99 EXol&y AFA EAS 1
B ARAY RH2AE AALEH Xt Hdle] $E Table 5914 HA FHE AHNE
3+, Harrington(1986)°l 2]3}¥, Driscoll2] S =t wheko] AAksE WAR] o] HA T
A(1983)0 A AAE BHoAEY 70% A & WAMESEY FHow AFANE AE3FHQA
£o AFA 9 HAE Yol xFoE FHYT EL FASA 2 A lﬂ o] Afoll, AFA
F Ao Yy "EE 70%9 FAES E HFol(d)E Ao sfZd
Aol &oly, B g AFPHQ = w 5TA : Figure 6, 7, 82 7}4 #F99 E%F
& 715 = dut a3y B =FdAs &3 Zo], "WENES nEdle BFodEY
AAE HE: 70%E 7122 3o HAZTES  FAPES FAIY. gk Aol 70%R
AAetaat g o oW 70% AALT FHHAE AHH &
AFAY By F7te AFAY 2948 F7F LF 4804 Y AFA 2HAS FHI7] A
(BARE )y Zo] Frtel g3 shsstth g Zolg gAl AR =Heh
Zlo] 3feete] A F X o)A (Figure 6) S & 70% 67 AARA S 957 st HAHE 2
o AL Yt EFESFA 900% F9EAHE o] o F9o HEE HA 2194 312 4F
3500 10% +9(AAHHE s6)ETE oF 6w o] Tk X¥H gy tE HAAH Aok uE
Fe] EHAo] Fasint of HAg ZHo| o Fo HI&EE FHA XE
AFA Y o7l F7leA RFHEE] A A AAAGE Fo|7] Aste FAdF A
A& AAAT FHA O FUIEHE &7H 0] AF Holu FAAES AR
A= E3ith 35%9 EFFAHoZ FH 3feet 4
ol¢] AF Aol M (Figure 6) FFeAE2e] 3 V. FX| Aoy Mg 2 oFE
2EL 0% EFFAHLZ H £99 feet
Zolo] HFA Ao H|ssHA AhHAuE 1. MFREY 5
130, AAE 70%). D) Mda o] A5 &% " (F9d)
Ex] o]&Msle e F9 =AML AS
M. MFX A7 oty o AFNEY HFHEF W3 Table 63
2t} A o3 ZEASHE} §EA5Y
AFAU Y BFEE S St AAFAH  HIE 4 fY9vig AeAdEn=d AFHFE
S o5 go] 89F & & Yok ol MAF 7} ARG fovig Mo
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Table 6. Peak Discharge Variation (m'/sec).
Watershed | Area(ha) Development Frequency
5 year | 10 year | 20 year | 50 year | 100 year | 200 year
Before 16.50 17.84 18.70 19.74 20.12 20.67
1 157.80 After 28.49 31.54 33.85 36.59 38.51 40.24
After/Before 1.73 1.78 1.81 1.85 1.91 1.95
Before 14.20 15.35 16.10 16.98 17.32 17.70
2 121.02 After 28.04 31.03 33.31 36.01 37.89 39.60
After/Before 1.97 2.02 2.07 2.12 2.19 2.24
Before 14.79 15.99 16.77 17.69 18.04 18.43
3 128.30 After 25.94 28.71 30.81 33.31 35.05 36.63
After/Before 1.75 1.80 1.83 1.88 1.94 1.99
Before 20.25 21.88 22.95 24.21 24.69 25.23
4 175.74 After 34.76 38.47 41.29 44.64 46.97 49.09
After/Before 1.72 1.76 1.80 1.84 1.90 1.95
Before 24.02 25.69 27.22 28.72 29.29 29.93
5 213.17 After 37.35 41.34 44.37 47.97 50.47 52.75
After/Before 1.55 1.61 1.63 1.67 1.72 1.76
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Table 7. Results of Design Procedure Values.
Area Impervious Soil Vs d As Area Reduction
Watershed | =, > p(%) Texture | T |y | @) | () | Ratio S;‘SEZI(I%?
1 157.80 75 silt loam 184 | 29035 | 3 |9678 | 163 73
2 121.02 60 silt loam 1.50 18,153 | 3 | 6,051 | 200 70
3 128.30 80 silt loam 196 | 25147 | 3 |8382 | 153 73
4 175.74 60 silt loam 150 | 26,361 | 3 | 8,787 | 200 70
5 213.17 30 silt loam 0.83 17,693 | 3 | 5898 | 361 72
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