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| Abstract |

The numerous efforts have been made in understanding generation and transportation mechanism
of nonpoint source pollutants from agricultural areas. Also, the water quality degradation has been
exacerbated over the years in many parts of Korea as well as other countries. Nonpoint source pollutants
are transported into waterbodies with direct runoff and baseflow. It has been generally thought that
groundwater quality is not that severe compared with surface water quality. However its impacts on
groundwater in the vicinity of stream quality is not negligible in agricultural areas. The SWAT model
has been widely used in hydrology and water quality studies worldwide because of its flexibilities and
accuracies. The spatial property of each HRU, which is the basic computational element, is not
presented. Thus, the SWAT HRU mapping module was developed in this study and was applied to
the study watershed to evaluate recharge rate and NOs-N loads in groundwater. The NO3z-N loads
in groundwater on agricultural fields were higher than on forests because of commercial fertilizers and
manure applied in agricultural fields. The NOs-N loads were different among various crops because
of differences in crop nutrient uptake, amount of fertilizer applied, soil properties in the field. As shown
in this study, the SWAT HRU mapping module can be efficiently used to evaluate the pollutant
contribution via baseflow in agricultural watershed.

I Keywords | Nitrate, Non-point Source Pollution, Recharge Rate, Ground Water, SWAT HRU
Mapping Module
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A NOs-N9| 7] #-§-Zof o3t 2 X371 AA 3 NOs>-N 2 FH312] 50% oA
A Ae A = 2 (Shin, 2006) 3Fd =91 2] Aot 2 Hol] A2 = Ak s}, o524,
2009). =3t Aot BEFY ofdfo] fAIstER 1 $AE AsteS o EASH=
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€], 2001).

o|2|gt A|5tof ot e HUS APt EA5H7] el of ] 7HA] de ST
Aoy} GLEAMS(Groundwater Loading Effects of Agricultural Management Systems)
(Leonard et al, 1987), DRAINMOD(Drainage and related water management

Bl

systems) (Water Resources Research Institute of the University of North Carolina,
1978), NAPRA WWW(National Agricultural Pesticide Risk Analysis World Wide
Web) (Lim et al.,, 2003), SWAT(Soil and Water Assessment Tool) (Arnold, 1992;
Arnold et al,, 1998) =g Go] &&= glom, o] = SWAT g2 t}ofst 2=
w Aol A ES L A5t o] m A gak] tiet SR Bt Abs
7] 2ol =uiefelld de EEHA AuCdEd €, 2009; 4+ <, 2009;
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| 1% 2 Overview of SWAT HRU Mapping Module

Modified
SWAT Engine
; \
L = : ;
SWAT Daily :\gAL?ﬂé
L
Recharge Rate o GW _
b I y N I E | | Format Conversion

1! J | Pre-process
Recharge Rate NO;-N Load
for Each HRU for Each HRU

[E——— 7

f—————"  Mapping | program

‘ Generation of HRU map ‘

i

Recharge/NO;-N Load
HRU Map
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3. SWAT HRU Mapping Module 7%
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1) SWAT oAl £ S8 2R, HRUY 45 2R 25

SWAT HRU Mapping Module2 73517] a4 HA] SWAT

HRUY A Re} HRUYE HOFtS &3t &Fgol Zasith SWAT 113
7 9)

HRUY 2, B4, 293 v 2do B 9 7es o &9i(daily time-step)
2 griete RFolth o2k d @9 SWAT RF9 £AIES A6t Afod
2]l HRUE R A8t s s §9 29 Folde FEs3leh shAnt #
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e 9 99 aF

o
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o HRU #4315 9o

2 4 Recharge rate for all HRUs estimated with SWAT

Year month 1 2 3 4 5 6 7 ]
2002 1 10.081 1.704 5177 10.063 1.677 1.677 5173 10.076 1
2002 2 28.667 21439 65,903 28.654 21.422 21422 6.900 28,663 21
2002 3 32591 25.766 21.358 32.567 25.747 25.747 21.347 32585 25
2002 4 12,376 9.662 8.271 12.365 9.654 9.654 8.265 12373 El
2002 5 39.363 14.399 29.212 39.319 14.364 14.364 29.182 39.352 14
2002 6 23715 9.255 19.757 23.695 9.235 9.235 19.742 23.710 9
2002 7 54.926 11.714 47.683 54.850 11641 11641 47.655 54.909 11
2002 8 125704 53.967 92980  125.637 53.908 53.908 92954  125.689 53
2002 9 140815 70153 100401  140.766 70119 70119 100371 140.804 70
2002 10 80.659 36.851 56.400 80.610 36.820 36.820 56.363 80.647 36
2002 11 47.247 22137 33.066 47.221 22112 22112 33.046 47.241 22
2002 12 18.300 8574 12.807 18.290 8.565 8.565 12.800 18298 8
2003 1 6.732 3154 4712 6.729 3151 3151 4.709 6.731 3
2003 2 10.341 5.964 1631 10.327 5.951 5951 1.630 10.337 5
2003 3 87.765 73129 44613 87.744 73111 73111 44,612 87.758 73
2003 4 143987 110576 72719 143964 110558 110558 72707 143981 110
2003 5 109721 68,157 66402  109.688 68132 68132 66,378  109.713 68
2003 6 57.995 29.799 37.142 57.964 29.771 29.771 37118 57.988 29
2003 7 93776 42539 66.754 93.733 42499 42499 66.716 93.766 42
2003 8 87.179 40.954 63.186 87.146 40.924 40.924 63.164 87171 40
2003 9 195061 97.398 145671  195.023 97.361 97.361 145656  195.052 97
2003 10 129337 65.010 95285  129.304 64.980 64.980 95.262  129.329 65
2003 11 75043 34,931 52.895 74.999 34.896 34.896 52.860 75.032 34
2003 12 53.081 26.404 36.888 53.056 26.383 26.383 36.868 53.075 26
2004 1 19527 9.717 13,570 19.518 9.709 9.709 13,563 19.525 9
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| 1% 5 Recharge rate for each HRU using SWAT HRU Mapping Pre—processor

HRU_seq_no Y_2002 Y_2003 Y_2004  Y_2005 Y_2006  Y_2007 Y_2(

1 614443 1050.019 489674 565669 559.029 346541 1¢
2 285621 598.016 205486 296.027 240.396 134216 5
3 434015 687.897 370779 384133 441788 268.018 14
4 614.037 1049.677 489316 565.218 558576 346162 17
5 285265 597715 205.217 295630 240.032 133.895 5
6 285.265 597.715  205.217 295630 240.032 133.895 5
7 433799 687.680 370.654  384.055 441.555 267.834 14
8 0614.346 1049936 489588 565561 558920 340448 1&
9 285536 597.943 205422 295932 240309 134140 5
10 695163 1150.666 558.631 647507 636149 399420 21
11 695163 1150666 558.631 647507 636149 399429 21
12 286.290 598576 205991 296765 241.078 134821 5
13 615202 1050.655 490344 566513 559.878 347.303 18
14 535.059 879.780 4326044 484420 494360 306.646 1t
15 615456 1050.870 490568 566.794 560161 347.555 18
16 286.512 598.765 200159 297.011 241.300 135.022 5
17 286.512 598.765 206159 297.011 241306 135.022 5
18 708638 1043341 593579 573749 731081 548891 2t
19 615502 1050.907 490.610 566.846 560.213 347.603 18
20 708675 1043370 593613 573769 731119 548932 2t
21 535316 879969 432871 484.688 494631 306.891 1¢
22 616155 1051458 491186 567570 560943 348255 18
23 287127 599.281 206.624 297.688 241934 135.577 5
24 709209 1043776 594075 574057 731651 549476 2%
25 6lel26 1051434 491161 567.538 560911 348.227 18
3 HRU 2 M4 2 HRU Y X|si5 &2 U i3 fel 29S|l oig
< =] O o =]
Oroll A 715 Hie} ZHo] SWAT 23S HRU S iz oz AAste] Fast 4
HE 223 F o|2 AW btk whebd £ ATe| A SWAT 29| HRU A
- le) =
ARt SUgh WH o2 HRU B A5t on, olgA 45 HRUWYo| SWAT
A& 2T 4= %= ArcView Avenue Z=2IHS 241k <17 6> 37
O O =2 =Z = = A<
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12 6 HRU Map using subbasin, landuse, and soil maps
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12 7 Recharge rate generated by SWAT HRU Mapping module

A | Hysgn | raw | raw | raw
HEWEN | 5| 266 26458400 | S5 TYSADMD | 05 21TIH00
BWE | 4| BUA QSEEN | DHIETTIE 83831905
2EWF | B 255 JEAEBUIN | TA7 TVRADMD 2B 2ITHRN0
THEWFN | 3 434 OYS4T00 | BT BTN I TTEET0
1L | 2| JESENE000 | 538 VSTSE0 | 206 B 70
WRWEH | 9| 285536256000 | 5373020 | 205 4200500
W 7| 433 00000 | 657 GR00E80 T EEA3E50
LEWE | 8| B SE0000 | VMR 9056 BE8 SHTREG0
SURWF | 17| 266,51 2244000 | 538 745580 | 206153080
SLEWF | 17| 256 SIBH000 | 536 TEAS580 | 206 1550%60
1HRWE | 1B BAZRA0000 | 1050098858 £33 B7IE00
SHEWE | 15 35 S55E40000 | 1OED 6643 430 SN0
SUEWEN | 16| 256512000 | 556 MA0e) | 06 1530180
EwLH | 10636 142750000 | 1150666498 | 252 6314780
gL | 11 G35 1EITS0000 | 11S0EEEA EE ATHTRD
SR ] 18] 708 E77EA000 | 10431313 | B33 570
WEWE | 8514 34583000 | 148 908627 | 28 57800
SHEWE | 15| G15 STEANN) | DEDSEIEEY 43004040
SUED | 18| MEEITEIND | b3 W13 BT
WEWE | 8614 45800000 | 1049906567 £V
SUEWE | 15| GIS AR | IEDEIEE) 2305504040
SEWEN 12286 2957R8000 | 538 5757540 | 2053300050
RlFN | 1452 (53390000 | &7 7757510 | 412 GAINEED
TLEWEN 23| 2671214000 | 538 2807300 | 206 K0520

MHEWE I 2| BRE 1SAECONN0 | DO 457RET | E51 1 H5ESEN
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DA 28] 99 EAog FFe AT 9 W FFRAE HE o2 5 A7
5t E.0] 1/25,0002] jHEF S22 EXTEE(2005) RS o]L3tgct <18 89 4]
=0

Hol= nvie} o] A 28 {99 FHAY 25% 5 THCRRT)©| 0.9ha, Hj==
(CABG) 6.7ha, Z-AHPOTA) 5.8ha, H2Z2](BROC) 0.1ha, %¥Hj3=(CCBG)7} 0.4has
AR S QAL A= AF-(FRST)o] XAl k.

| 12 8 Landuse in Heonggye 2-ri

I BROC

| CABG
| CCBG

CRRT

» | |FRST
. I GRBN
I POTA

1 0 1 2 Kilometers
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(B) Eo=
A 28] F99] EGF £ <OH >0} o] F2XTA sHIsTE oA AF
Nre ZUEGE=E AT B4 28 B 4 5 7P Bol BExsts BEYS

WHE-N(32.93%) 3} WjE(40.21%)0] c}.

| 2 9 Soil map in Heonggye 2-ri

1 0 1 2 Kilometers

(4) DEM (Digital Elevation Model)
27 28] 599 DEM2 ArcView GIS 2 1 3H-& o]-&3}o] 1:5,000 3| X =& H
2sto] 4} 27] 5m x 5mel DEMS 12atarh(1d 10).
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(5) AAE 9 AW @3 DB

“}'

| 800 - 836
| 837 -872
| 873 - 908

[ ]909-944
[ 945 - 980

[ 981 - 1016

1017 - 1052
[ 1053 - 1088
I 1089 - 1125

| No Data

2 Kilometers

A 79 W AuiztE 2 Al8] S22 National Institute of Highland Agriculture]]
A AZI <E B> <E 29 QAR PERATBA S GATLL, 2007 F5) &

o ZARRE B9

| X 1 Status of fertilizer application for various crops in Heonggye 2-ri
Amount of applied Fertilizer nutrient Date of manure )
Crops fertiizer(kg/ha) (N-P205-K20) Application Transplanting date
manure 12,000
15-18-12 ' _
Potato N 150 manue April 16
P 180 (12122kg/ha)
manure 12,000
> 6-9.6-7.9-1500 _
Carrot N 60 manure May 20 N = ZUune 30), 7uly 20)
b % (12122kgiha) K = 2.1(June 30), 2.1(July 20)
manure | 12,000 5-6.5-43-1500 _
N = 3.2(July 15)
Cabbage manure June 15 K = 290uly 15)
N 50 (12122kgha) - esuy
p 65

60
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H 1 Status of fertilizer application for various crops in Heonggye 2—ri (%)

Amount of applied Fertilizer nutrient Date of manure A
Crops fertilizer(kg/ha) (N-P205-K20) Application Transplanting date
manure | 12,000 8-7.1-4.5-1500 _
Broccoli N 80 manure June 15 E - ég’gjﬁlly g
P 71 (12122kg/a) Py
manure 12,000 T-C=32
N 20 T-N=20 st (July 10)
Chinese P205=3.49 June 25 2nd (July 25)
Cabbage K20=0.96 3rd (August 10)
P 34.9 MgO=0.67 Harvest (August 25)
CIN=16
So manure 6,000 12-9-9
Beaﬁ N 40 manure May 22 -
P 75 (12122kg/ha)

X 2 Planning, harvesting, and tillage dates for each crop at Heonggye 2—-ri watershed

Crops Planting Harvest Tillage
Apr. 257 ) ) 14 days before
Potato May 5 Straight row Sep. 5 Straight row plarting Rotary Hoe
) ) 14 days
Carrot Jun. 10 Straight row Sep. 5 Straight row before planting Rotary Hoe
Cabbage Jun. 5 Contoured Aug. 5 Contoured 14 days_ Rotary Hoe
before planting
Chinese 14 days
Cabbage Jun. 10 terraced Aug. 5 terraced before planting Rotary Hoe
Broccoli May 15 Contoured Jul. 30 Contoured 14 daySA Rotary Hoe
before planting
Soy 14 days
Bean Apr. 5 Contoured Aug. 5 Contoured before planting Rotary Hoe

2) SWAT HRU Mapping Module X&
2A 28] FH9 sty FFF H ders Y 2F FokE
= YERI 2A45H7] sl & AtollAl 7idt SWAT
A ‘j’]‘ﬁ‘@l of A-&st3ict. FA 27
HRU $= UerW7] flsiA WA HRU = A/dsfof skal SWAT E“B‘éﬂ A=
HRU ”ﬁoﬂ ﬂﬁléﬁolﬁ @EP. Olﬂif& A AL & AFolA e SWAT HRU
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L A 28] 2§99 NO:-N 23] R 053] vl=

<Y 11>& A 28] §99 AA =9 7|7 = 20061 4 224 F ¥ 2006 74

209711 ¢] 42 98 313 NOsN 22 SWAT 29| 9l NO-N 55 #ahe Lhe}
@ ACIEL A elole) NON SIS BatsA dFd| ARAE 8 =
M B W A4 Aol APHolok stul, 5o ) ThFR EYRA U PR 24
£ o mye] MRS THor ek Lot B AFolAE 59 f 2 WA
489 GEAR 2P HRE $9¢ AT dARGOR Aoy, £ W &
2% AL Qlold SE AEUE 371 FastA 2otk dAl =ad 99 a7
of dafA 1 % A AT, 2000004 AFSE s AESE o) gkl G2
Selol &gslet ofefat olf UHSIE FA 28] Fo) A2 FEE NON 55
£ AgSHe o] B oj@igol Atk £ AL 7 Ew Aol 4= D Ay
Me wHO| YUARE BEo] SWAT 29 o] A2 BASHYA AR Hujo] 2
%31 ol net Hu) U JFEYE] Fol7k AT F 4 AT, AR W Eogel
GFAF THF AR BA 5 08 A5 AEH st UEA9} ol & BY 5 k. E
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2] 11 Result of Simulated NO3—N Concentration in Hoenggye 2-ri

]
1

—+—Estimated -#-Mearsured

NO3N Conc. (mg/fl)

Date
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2, SWAT HRUE Rlol+ FF 43

<Y 12>9F <19 13>2 2 Lo A 7jutsl SWAT HRU Mapping ModuleS- 2]
§5to] 20069131 20079 A 28] 259 Aok FFFS FUHOR Lehie So]
th oA Hol= Hiel Zo] A 28] {9 W EAO]EE/EFEL} A5t YA

wo} H et A MolT gt ol £of Wm0l U EOF B4l Ash4: 3
ofoll e S HIA L Ao WL 2007UE A5 FeFaro] 2006WE A5
S ol ulstel Mgl ol 4ake] Ho](2006d 743 2,1135mm, 2007

| 18l 12 Recharge Rate (mm/yr) in 2006

T/

Recharge_2006

[ 1107.92 - 185.259
[ ]185.259 - 262.598
[ ]262.598 - 339.937
[ 339.937 -417.276
I 417.276 - 494.614
I 494.614 - 571.953
I 571.953 - 649.292
I 649.292 - 726.631
Il 726.631 - 803.97

1 0 1 2 Kilometers
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12l 13 Recharge Rate (mm/yr) in 2007
4 N

Recharge_2007

[ ]66-134.53

[ ]134.53-203.06
[ ]203.06 -27159
[ 271.89 - 340.12
I 340.12 - 408.65
Il 408.65 -477.18
Il 477.18 -545.71
Il 545.71 -614.24
Il 614.24 - 68277

[ ] No Data

2 Kilometers

3. SWAT HRUY tj$3 /Y ¥ 23 3

2 Aol A gt SWAT HRU Mapping ModuleZ-0]-8-5fo] &7 28] {92 ¢
5 Y edRstEe APgstth <Oy 14>9F <Oy 15>= 2006W 3 2007
NOs-N 43 FU%F (kg/halyn)S 378z Uetd= ddolth 34 28 §99

TS Y LIRSS 2 F ASHFY vlsshATE FA 28] 99 &

1= il ?:r o
AA7} ol wEEel i £ B Aee] g Liekel A Uehir.

-

o
3
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2l 14 HRU NO3—N Load (kg/ha/yr) in Groundwater Flow in 2006

Gw_No3_2006
[ 1233-13.258

[ 13.258 - 24.186
[ 24.186-35.113
[ 35.113 - 46.041
46.041 - 56.969
6.969 - 67.897
7.897 - 78.824
5.824 - 89.752

5
6
7
89.752 - 10068

]
(==
=]
[ |
=
L]

2 Kilometers

12l 15 HRU NO3—N Load (kg/ha/yr) in Groundwater Flow in 2007

Gw_No3_2007
1159 -10.961
[ 10.961 -20.332
120332 -29.703
[ 29.703 - 39.074
I 39.074 - 48 446
I 48.446 -57.817
I 57.817 -67.188
I 7.186 - 76.569
Il 76.559 - 65.93

[ ] No Data

1 0 1 2 Kilometers
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| H 3 NO3—N Load in Groundwater Flow for Various Crops

2006 2007
Crops NOs-N Load in NOs-N Conc. in NOs-N Load in NOs-N Conc. in
Groundwater Groundwater Groundwater Groundwater

(kg/halyr) (mg/) (kg/hayr) (mg/)
Potato 54.74 23.11 39.47 2217
Carrot 16.51 9.58 12.96 9.14
Cabbage 49.09 11.57 48.76 13.95
Broccoli 39.38 16.91 20.32 16.08
Forest 33.61 752 2413 862
Chinese Cabbage 85.17 20.15 7148 22.15
Soybean 51.78 19.26 4234 19.13

1
gk v} 0‘3} -2t dRA Aol tfs) Tt /\l??.ﬂ
Fob wi5(1974d) A Al o) HAEFEFS 29 kg/ha/yr/ T(19754) A A
57kg/halyr, £-2F =1(1976d) Aul Al 85kg/ha/yr Al &40 uf3(1997d) A Hl
Al 132kg/ha/yr2 AH 4t 76kg/ha/yr 9] A4 IE FEFS ZAth=HIEFA+Y
1993). Suthar et. al.(2009) <l Rajasthan 227H9] UF FEX|HoA 2] Z|3}4=9]
NO:-N e @AY =E AG-5F%+=0l Rajasthan 227§9] A 52292 2|5t NOs-N 2
FerEs AHEH 2 F2 92 71 mg/lo]al il ¥ A Y2 161 mg/l= 1}
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