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In order to Aevaluate the applicability of GWLF model which can efficiently estimate non-point and

Application of GWLF Model to Predict Watershed Pollutant Loadings

Jang, Jung Seok ' Lee, Nam Ho

Hankyung University

ABSTRACT

point source pollutant loadings in rural watershed including urban district, the model was applied to
an experimental watershed. The mode]l was calibrated using observed data such as daily runoffs,
sediment yields, T-N, and T-P. Simulated daily runoffs and sediment vields by the model using
calibrated parameters were in good agreement with the observed data. There were difference between
the simulated and observed nutrient loading which was considered resonable. The simulated results
by the model showed that T-N, T-P and sediment yields were dependent on the amount of stream
runoff discharge and land use. GWLF model is believed to applicable to estimate amount of pollutant
loading of non-point source pollution for the water quality control of agricultural watersheds.
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Sediment
dissolved
Nutrients
N, P, C)

Precipitation Evapotranspiration

Point Source

D (N,P,C etc.)
Watershed Runoff D
Forest Land . I:> Streamflow
Farm Land Groundwater =
Urban/Suburban | — (Shallow)
And Others ﬁ
Output
Dissolved Water, Sediment
Nutrients

P C & Nutrients from
Deep Seepage (N, P, C) the Watershed,
Impact of Land

Use.

<2 1> Structure of GWLF model
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<3 2> USLE factor of land use

USLE factor

Land use K C P IS
Forest 0.23 0.001 1.0 4.0
Paddy 0.25 0.0 0.25 1.0
Upland 0.17 0.03 0.5 2.0

2 JUSH o HS

1) Exio| 8ol 2 LB =&

2 QTN £l BF § SUKOY A2E A
selon wel A9t 3 1NN ARE 489
R P N

(Nutrient parameters)

%9 EGFEATS UL #4344 (recession
constant) r  H8AS (seepage constant) s 59 2.
4 B9t olEFor ESGFEIAFEL AR Ao Mo G FEF digt FYEL FE
w99 B¢ AE 279 Y4 ESFATEEHS = FEUgM dFE AEE ZFE F Q1Y
23 23 2 EGSESESES BE 2¥5E9) Omernik(1977)0] s} AAE e HEsHen, 3
Bagold wet ZFEH, FEFA] wet AFHL 29 @2 ARG Aol 959 olFeE HI
2 & & . Z2gTAAS 12 24 des T-N<& 019 me/ 1, T-P= 0.006 mg/ { & &-&5tTh
<3 3> Maximum and mean concentration of drained water from cropland
T-Nimg/ 1) T-Plmg/ ! )
Paddies Uplands Paddies Uplands
max mean max mean max mean max mean
15.620 3.840 - 0.80 1.380 (.574 - 1.69
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sEAGY eqgoEyHs Rae wAE 2 oo FUER @ . o
Aejo] GorEAS Eoh) M7 QER @] ER srdle EE velddn £ ¢ glov G Y
cuT coREe mO oW So=s e e NzoE, H(196)9 FATE FEFIY ud
#(Enrichment ratio) & FaiA APdstA =9, & < ool Ea il A - R
Lo e o LEER WMEEHAT ARE vlaste H A
TFollde & 5(1997)¢] F449 s4AYNY EY
2 $RLPYATE A8l 45F EQU T-N 2 T-P 3 Hied
FF(mg/kg) A8 E HE3th g (1970 24 SO HIge HEA, A4PA ¢ SUAR
g 5 #99 T-N &g 138~3,999 mg/kg BAR TE3hd 4H3 e AEA Fate FEd A
o AA B2 11508 mg/kglZ, T-PY A% 10 ot A Ak 2 Qe 43t Rakg A
2~670 mg/kg MR AA HF2 2714 mg/kg W2 (B 4H9 2o
<X 4> Monthly pollutant loading from rural domestic sewage
Primitive unit Pollutant mass Pollutant mass
Population (g/capita/day) (kg/day) (kg/month)
T-N T-P T-N T-P T-N T-P
10,284 1.0 0.4 10.28 411 308.4 123.3
<X 5> Monthly discharged pollutant mass from industrial wastewater
Disch Primitive unit Pollutant mass Pollutant mass
Type Number di? /3%3 (g/ni/day) (kg/day) (kg/month)
T-N T-P T-N T-P T-N T-P
Food 5 2,610 15.86 7.34 41.39 19.15 1241.7 574.5
Textile 5 24 5.69 3.45 0.14 0.08 4.20 2.40
Others 20 268 35.4 11.47 9.49 3.07 284.7 92.1
Total 30 2,902 - - 51.02 22.30 1530.6 669.0
<E 6> Pollutant mass unit discharge from livestock (gr/nead/day)
Ttem Type A Type B Type C
Class T-N T-P T-N T-P T-N T-P
Korean Cow 38.3 0.88 359 1.08 479 11
Milk Cow 46.5 1.04 43.5 1.28 58.1 1.3
Pig 9.7 0.12 9.1 0.59 12.2 0.6
<I 7> Monthly discharged pollutant mass from livestock
[tem Type A Type B Type C Total
Pollutant Pollutant Pollutant Pollutant
Class Number (kg/day) Number (kg/day) Number (kg/day)  (kg/month)
Korean T-N _ - 175 6.28 649 31.09 1.121.1
Cow T-P 0.19 0.71 27.0
Milk T-N B - 23.88 74.43 2,949.3
Cow T-P o4 0.70 1281 167 711
. T-N 11.6 69.81 53.28 4,040.7
Plg pp LW 0.15 7672 452 4,367 262 2187
T-N 11.6 99.97 158.80 8111.1
Total pp b0 0.5 8406 541 6.297 500 3168
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w
IV_ E;o-o—l Z_.I'g &7 60 /<) he Dat:/(éfum/:/; 824 96 y9
2 539 ¥ RAL 5 #H osjd4, <O8 2> Observed and simulated daily runoff
FAF BB aES 992 dEse Fes (calibrated, 1993)
H, 2 ATdAE 23 WAESE WA Bys
IR B S, GYEAd dAEs £o i
2 33 AN o .
T 3
1. 722 s
%2 B9 use BAL 033 627U ~ 99 )
269744 BotA H9ETHAN 2 #2F A= Bl ’
2 olgsgth B¢ dstdl MY wAEsRE N
BEZ FEEGFRUT Ads BAYE A% o ]
A% 58 REZTIAFHY ON 2ZAS a Soldh
ARE e ARFLE s} RMS o3, 4 <212 3> Comparison of observed and

<i 8> Calibrated value of runoff paramters

L Values
Ttem Description Tnitial Final
U Unsaturated zone available soil water capacity 750 750
r Groundwater recession constant 0.058 0.026
8 Deep seepage constant 0.00 0.009
a CN modifying factor 0.5 0.70
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simulated runoff (calibrated, 1993)
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Observed sediment yields (tons)

<& 4> Observed and simulated sediment yields

<I 9> Calibrated value of nutrient paramters

Item Description Land use Initial Values Final
Forests 0.001 0.001
C  Cover & management factor Paddy 0.0 0.0
Upland 0.003 0.001
Forests 0.058 0.026
P Supporting practice factor Paddy 0.25 0.22
Upland 0.7 0.5
. » » Cool season 0.008 0.008
a  Rainfall erosivity coefficients Warm season 0.95 013
<F 10> Comparison of observed and simulated sediment vyields
Date rainfall Observed Simulated Slr(r};ulat)ed
(1997) (mm) (tons) (tons) ( x @?nlsggg)
05/12 395 0.02 8.459 2.924
05/13 5L.0 4.453 13.433 12.230
05/14 15 0.472 0.023 0.002
05/29 255 0.041 3.831 0.939
05/30 145 0.001 1.379 0.129
07/01 136.0 46.905 79.282 62.030
07/04 125 0.008 1.054 0.122
07/05 455 4.848 10.926 8.704
07/06 11.0 1.54 0.836 0.173
08/04 1315 97.167 74,598 75.500
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<% 6> Comparison observed and simulated T-P

<X 11> Calibrated value of sediment paramters

L Values
[tem Description Initial Final
T-N Nitrogen in groundwater 0.7 0.7
Nitrogen in sediment 1,150.8 1.150.8
T-p Phosphorus in groundwater 0.1 04
Phosphorus in sediment 2714 380.0
<3 12> Comparison of observed and simulated nutrient loadings
T-N T-P
Date (kg/day) (kg/day)
Observed Simulated iug?fggg) Observed Simulated ilglzlfggg)
92/06/13 8.3 161.1 11.9 0.5 35.4 19.9
92/08/22 72. 1931 1138 2.7 49.8 177
92/10/10 392.1 248.7 133.4 163.2 76.0 10.6
93/02/06 22.3 1359 94.1 13.7 21.4 45
93/05/21 260.3 2474 236.4 125.7 61.7 99.8
93/08/27 140.3 332.3 132.9 99.1 110.2 172
93/10/09 315 167.3 106.4 2.5 41.1 6.4




g Ao YrEd,

T-N, T-P 982 0@ B3 27 4214 24}

& g2 2P St ot 9FBAY B #9
29 qoRd Ase ByFos U4 e Y
A FARAFY o) oL Fe AT
232 49 2 nAAS TS oYY 44
Hggol gle RoE ueki

ra
ol
=2
X
e
i
=
N
18
filo
b
e
_9_[5
e
off
e

AREGEA 97 524N EGTY ERIPEL
AYSA, S0S- CNWol 9@ F719%F 434
FEIAA5Y BA% BAS TR 99
M EQSEUSE 18T 53 4E3IAA5Y
2 Adsgnt

 RED DU DIESE HFRT WEAE
8 23 Sgon, Z WAEsd UgES 24

sk 239 B AT AEFX9 2R 7Y
RMS 2x+= 1.69mm/dayE Uergon, zowt
A717F Bk A& 9 o o 53 4
Z+ 380.9mm<} 3890.7mmE <F 2.3%9 AWexE
B2,

. AN B8 apEeE HAsn 245 fAE 2
g9 93 BA st¥en, 2y vy A F¢
7} A& Adde BYAUT AEA B & FE,

ZPEAAIA GRS LEF SHE X
stk 2 2% 9 LEFeE2 TN, T-P &2
F #2332 wG @A gheeislen,
HIZ971 5 dRHos A2 oAt Hde

k!

o

oA

GISz&=3d9 AL 9 F&(

g olgsel Uy, 98 LgrARFe
SLE

X

-
2 A5 /2 I IFELY R4

| A&He A0z duEH

R
Mo
re

L RAZE 1996, sEA4Y SAS2BAE A

GISS &&. &= GIS 3R 4(2):147~157.

- BAE. 1998 AYFEALE S ol&7 SWAT/

GRASS 239 3g, Aeglsta HAretel=i
AY 9f. 1997 FAVHLLY B¥EES 9
), d=EEGT
2] 39(2) :53~61.
9, g5 1994 BAR A B2 &
EFwdd ¢ d7, dxsIeIA
(1):73~61.

22w oy

CAPE 9. 1998 FERAAAYG £229 54

¢

o g A7, FFEFFTHA 12(2):129~143.

1o

. B 1998 A8 FEE o8 EAOGER

) #EIUNEY 37, AeUda AR

&
g Fobg, FFEIAIA 39(3):115~127.

.98 9 19%. BARFE o] &% UH eFF
}‘\l_

d, 53 S A 39(3):92~100.

- HE 9. 1996 AYHR ALFEE o] &7 B



88

=272 Vol 7. No. 1 pp.77~88 20014 3¥

1. 2

12. 2

13.

14.

15.

16.

17.

18.

19.

20.

21

frE2dd 2.

i

R
W4 jo
o

Water  Quality
Urban  Runoff,
Environmental

Amy, vG..et al.. 1974.

Management Planning fro
EPA-440/0-75-004, Us.
Protection Agency, Washington DC.

Haith, D.A. 1992,  GWLF(Generalized
Watershed - Loading Functions) User's Manual.

Haith. D.A. and L.L. Shoemaker. 1987.
Generalized Watershed Loading Functions for
stream flow nutrients. Water Resources Bulletin

23(3) 1471 ~478.

Haith, D.A. and D.E. Merril. 1987. Evaluation
of a daily rainfall erosivity model, Transactions
of the ASAE 30(1):90~93.

Haith, D.A.. 1985. An Event-based procedure for
estimating monthly sediment yields,
Transactions of the ASAE 28(6):1916~1920.

LD. and W.H. Wischmeier. 1960.
Mathematical simulation of the process of soil

Meyer,

errosion by water. Transactions of the ASAE
12(6) 1754 ~758.

Ogrosky. H.O., and V. Mockus. 1964. Hydrology
of Agricultural Lands, Handbook of Applied
Hydrology, McGraw-Hill. New York, Ch.21.

Omernik, J.M.. 1977. Nonpoint Source-Stream

Nutrient level Relationships: A Nationwide

22.

23.

24.

Study, EPA-600/3-77-105, U.S.
Protection Agency, Washington DC.

Overton, D.E. and M.E. Meadows. 1976. Storm
Water Modelling, Academic Press, New York,
NY.

Richardson, C.W., et al. 1983. Estimation of
Frosion Index from Daily Rainfall Amount,
Transactions of the ASAE 26(1):153~157.160.

J.D., and G.B. Bovd. 1972. Water
Aspects of Street Surface
EPA-R2/72-081, US.

Environmental Protection Agency, Washington
DC.

Environmental

Sartor,
Pollution
Contaminants,



