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Summary

Nonpoint source (NPS) pollution from small watersheds has recently been brought into
attention as a potential pollutant to streams and tributaries, as majority of them are ex-
periencing water quality degradation. This necessiates the quantification of NPS loadings
from agricultural and forested lands. And this study attempts to quantify daily loadings
from forested and farm lands using hydrologic and water quality monitoring. The
hydrologic monitoring program consists of five water level gauging stations along creeks
and stream at the Banweol reservoir watershed having 1220 hectare in size. Water sam-
ples were taken and analyzed periodically at the streamflow gaging sites and tributaries.
Soil samples were also taken and the chemical constitutes analyzed. The primary results
indicate that the major sources of pollution were small villages and dairy farms on the
watersheds, constituting two-third of total nutrient loadings to the reservoir. However,
the loadings from paddies and upland areas may cause a problem to the water quality of
the reservoir and stream as the measured levels of total nitrogen and phosporus are not
low enough to ignore. Further studies are needed to quantify the effects of landuses and

treatments at a watershed scale.

I. M 2 24y FRE G T o] 4T WETE
BE 525 E AY 2.9 (point source pollu-

% f90 o@9EHL He-F&2aR F tion)i FE3}]  H)FH (nonpoint  source,
Ax 2 58 AEFZ SAFHAY, EA NPS) e ¢elet dioh &, AYLed9e =AY
Fitglo] fd 293 @74 A {95 3 A AL B e A &9
2 SHET. o9 e odEAE Y Hol dA S ME&TE T3t ez 7Y

* A &I 54D Ao A= EXolg, HAded, gued, o
4 A SO S o) kel Rae, AU

—115—



BT F 83 A 43948 A3F 19973 64

-t

Hed el HHede A4 A AR
FrZzoly FAA 9 BN WFAl JA5 T
A W EE e Ao, 1 LAYl BRI
7] W& #4te g (diffusive pollution)o) e}
A% 3},

Y ¥MELEY F8 BHE AA A
xE #7184, HF, 5 So2 oFon
th ol EFE £&2Y 3 9 dA=z »
H uj&Hrg, O F8o] AN Zold 3,
AR, H, dd 59 A (water body)d
gt A Fo Aol Hrix
(Park et al, 1994). 3§, w23 %5(1996)
& fElde S, 34 T £EgYes
FRAAE M #4=2 e 1wt
5, AF, FEAHAM Ader REH ARS
o} A A strE LEAIFIA "ol

A2 HHoEe F8 U A 3}
H 5ot Foke] AMRFE drid FrlEA=s
A, 19943 dA) A7 oF 400kg/has] 3}3tu]

E AplEta dded, o] d2 AA Ha Al
H) 2l 99kg/havt m| =] HFAIv g} 94kg/
hae] 4u} o]de] g FHFIr}t. T3, A x
A, 7% T ALF2 JE JF:og 849
9] 290FE 16.7"tondA 94l Fg
568Z %2 26.3xtono 2 3A Z27stgdci(E
YA, 1995).

B H(1995)9] vH2Q 9] F3AH
T-No} A9 =A1A AL 7.67kgha, =0l A
2.2kg/ha, &2 Okg/ha To2 WEFY
olo} Ze YT HapHgozm Ry A
T-N F3l%F dgolde 2001d& 7| E3
A g o] 9§ A FAHFL 36Tton, &
e 97ton FolM, H|H LAY
d 95ton FToE o3t UTH(HEFd T,
1996).

afy, fo FRAAM BFERE o
dYdA HEdes 4 F E5AAAN FF
ol 1ytel A3dtAE ]ld oldle AXE

R Ay

o] HAlz &Hd =g o] Foma,
9 R Aol 2HEA K o
g A7t da3ich B8, A= A4
5 71E3 ERRTAY v FEE
o Mg HE3e A9 2oy, nyg
AAHA A5 F&3 FhdAe BAEE
T A& J|Fe AESdE d= F8ditn

ok

oft -z

2He fodAg uHey ¥
St WY FAL A5l APRde 44
=

71Et A9l wE 29 wIEE FAs,
1 Z24E n@sted o

0. A7
1T AERHS e

2 479 ddfYezeE HrlE QR
W ol $A 3 A AR H9E
A3 v frH2 198613 o] Mg
D 2 HAAM FEFSE AAH
Ken, Hnd AFriztel Fug FE ZA
ARE B8l glomz B d3e g &
Aoz HA% Aol
B AR F9E ArE MEE A9
A, X, AFA Y] AARN HAF F
7159 §9 W3 < LZkm?ZHE wi$
He ROz, HEALRAE FHozd 43}
7 AH Folh

W AR §99 EX&HE TT%
7t Addolm, ¢ 18%71 =& T ¥AA,
a8 Ve B2, 45 Fol A L
o £9 AF FES MEAdTgez X
o] o] Hlunyg #F BAH: glou, dF
FRM= 1428 A4, B4 833 Fo=
wEA WRda e X Yol

g frode PF-FRHT Ad G- AZ

[=]
fA

il

—116—



AFHe] EXol g e udLed Py

Czﬁs‘;;*",“*(

WS#9 ]

L -
Loseogiwas2

N
WQ*3 |wqz1 b
\ J
. ) ¢
@ Gauge Stalion v {
"> Sampling Site "‘\ )
W Rainfall Geuge . f
Watershed Boundaries \.\ .
------ Subwatershed Boundaries| 1000 0 1000m
~— Stream T ey
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Table-1. Methods of water quality analysies

Type flem O,f Method of analysis Remarks
analysis
- Water Water Electron thermometer Field analysis
Temperature Temperature
pH pH  |pH meter Field analysis
DO DO |DO meter Field analysis
Method of weight analysis .
SS SS of Standard method Lab. analysis
NO3-N  |lTon chromatograph
N NH, Keldahl method Lab. analysis
T-N  |Kjeldahl distillation
PO, Ton chromatograph
P P Ascorbicacid reduction Lab. analysis
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Table-2. The characteristics and the land
use of the studied watersheds

Characteristics Land use, %

Wate | Area |Shape| Relief |Paddy
rsheds | (kmy) |factor | ratio | field
WS#1| 275! 0.19]0.021| 30 22 | 40
WS#2|1220| 053 0.092 | 12 6 | 77
WS#3| 4.80| 03270113 7 5 | 87
WSH#9+{ 1.67| 0340069 | 22 17 | 57
WS#11; 126 | 0.70 | 0.360 2 2 | 96
WQ#1| 275 0.35] 0070 | 14 6 79
WwQ#2| 956 | 048] 0.038| 24 14 | 34 | 28
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WQ#3| 047 0240079 15 9 |73 3
WQ#4| 1.33| 056 0.065| 14 | 11 | 70 5
WQ#5| 0.78| 0340146 | 14 3|8 2
WQ#7| 066 064|019 13 2| 8 5
WQ#8| 052 0350195 19 1|76 4
Mean | 5.20| 042 0120| 16 8 | 7 6
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Table-3. Status of population and livestock

Korean| Beef | Dairy
Cattle | Cattle|Cattle
WS# 1 1,137 23 70 201,340 14| 115
WS# 2 3,397 11 558| 21| 160| 149| 190
WS# 3 150 1 0 0 0| 137 15
WS 9 2,710 2| 135| 16 0l 0 0
WS#11 0 0 0 0 0| 0 0

Station | Population Pig |Deer [Poultry
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Table-4. Stage-discharge relationships

Station Rating curve R?  |Remarks

WS 1 Q=0.0402 h®58  (h<0.08) 0.992
Q=6.7529 h251%  (h>>0.08) 0.997

WS# 3|Q=19.4313 h3-3409 0.982

WS# 9|Q=5.8125 h670 0.920

WS#11 |Q=5.7305 h'5+ 1.6429 h25 0.935

*Q : Discharge(cm®/s), h: Stage(m)
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Table-5. The results of water quality constituents from subwatersheds
Stati Period I I DO SS T-N T-P
ion em
° (No.) P mg/
WS#1 95/5~96/6 | Min./Max. | 6.20/8.86 | 5.93/13.10 {861.43/7.29| 1.44/9.32 | 0.16/1.28
(13) Mean 7.15 10.82 98.23 5.30 0.63
STD 0.79 8.91 226.74 2.15 0.32
WS#2 95/5~96/6 | Min./Max. | 6.40/9.57 ‘4.64/12.05 9.40/73.33 | 1.24/3.61 | 0.05/0.53
(9) Mean 7.81 8.89 21.26 2.20 0.23
STD 1.23 3.50 19.96 0.85 0.18
WS#3 95/5~96/6 | Min./Max. | 6.40/8.77 | 9.26/11.50 | 4.00/43.33 | 0.88/4.90 | 0.02/1.82
(8) Mean 7.16 10.18 16.16 2.39 0.41
STD 0.76 1.17 15.48 1.14 0.53
WS#9 95/5~96/6 | Min./Max. | 6.30/7.91 1.47/6.30 {5.80/141.67| 4.52/38.98 | 0.71/7.95
(12) Mean 7.10 3.16 36.45 18.97 3.27
STD 0.53 1.91 37.67 8.45 2.31
WS#11 | 95/5~96/6 | Min.,/Max. | 6.30/7.49 | 5.54/10.63 | 4.95/45.00 | 0.64/9.46 | 0.02/0./96
(12) Mean 6.92 8.55 18.52 3.39 0.18
STD 0.46 1.91 13.37 2.87 0.26

—121—



B335 X A39W A35 19973 64

of. &2(TP) s

TPe] ¥%& Table-5¢} Fig. 24|49t 2
o, 9= e 0.4~3.3mg/le] M= A
P02 2 & JYelt. WSH1e 3¢
H 0.6mg/l, WS#2= 0.2mg/l, WS#3
0.4mg/l, WS# 94l &= 3.3mg/l, WSH#11
0.2mg/15-9] #& Yebdch &, 24714 &
l WS#119] TPy=¢ Hegx {9
WSH#97t= o 188]e] 5% Ao]E Yelz
Arh. olgh o], o] FEE HYH oMo
BEgo o TPe] wj&del 713 H&
FE2A T-Nexjel o] 49 F8 o9

o] H1 5S¢ A

(g

20 e orir

160
140
~ 120
E 100
F 80
e
‘% 60
g
40
20
0
200
180 °
160 .
~ 140 x
S 120
£ 100
80 M
8o °
10 x A o
20f o334 2 e
0 . 3 FET1 11
40 4 To WSE1
35 TIWSH2
A WS£3
A30 X WS#9
Ezs o * WS#11
E 20 o xx
Z x x
=15 x x
10 . - - o:
5 ° °
ol 2-0% a5
9
8 x
7
x
=6 x
Es
S 4
[% x
€3 X X
x
2 2 .
1 o & -
0 3 °Ag H é %;:Qu
5 2z 3 (;g} 3 S ] § 7 3
< = 7 8 = =2 = 7

Date(month/year)

Fig. 2. The changes of SS, T-N, T-P

3. AL

7L REY-FRESTY A

Table-50 A} A& nie} ko] Alg{o 9]
TRE FEE AVIEE B2 AelE Bie
o, 2 4L F99 2% F2 gt
ANEFae F33% F42 559 BAE 3
=4 A=Y FF-EHE
S AdgAe ®Ade & A, RRE
e 2% A5 $7HE g U
7l Aol 4 (2)& 718 2Y2 o 234
et AeE T

A71A, S=R{FE F=(mg/), Q=#%
(m3/s), 223 o} ey="359} A olt}.

3| &4 A= Table-69 B3 nje} Lo
3ol F7Hl wet R48 =5} FokeE 3
F& U AAAS R e WSH,
3914 7t 0.53, 0.43019121, 7]} #)
A 0.649] & HYTh

¥, KA FF-PRE FE WA=
HF e NEFo R AT g = B&3
F7F BA gsken, deoz A&AQ ¥R

#AZE T3t Bgs) 2 oyt Yk

Lt R RAbR

F9E FH-FAF 5 BA9 1995¢ %
o] d FFARE ol &3, 9 fAEE F
Bt e, 1 A3} Table-79) vehy 2l th.

FH99 FHES 53712 F WSH1dA

Table-6. Discharge-sediment concentration
relationships
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2.20, 2.39, 18.97mg/I& HLsAw, WSH
1194 8mg/l ol4sl ¥=E& AHAL
Wel BFekd 018mg/lE AHEIATH
$9d $3a5se FERT A 43R
SHH T8 LPRSFE Table-To 4ot 2
o, sHel A% WS#1, 3, 9, 114 7z
10.6, 1.6, 21.9, 1.3tono]%lt}. 2L Rajat
e 5 AoldE £FETL KR 25
£ f3o) Bomaz Hawel go] 2 Ag
P AT ol e AV A
sdode MY Aoz VH 4BeF
zastdod, HA fHozRy 2%
JFEA oA Jdst & AL AT
Rolth. 23y, & A7 A%

it

4 98 3329 e@vAFe 439

o oo

Table-7. Pollutant mass measured the stations

T2 B2 ez ¥ ¥4 2
FAge 2Eog Asto 4d

No. of Discharge Pollutant mass
) Area - Mean -

Staion (km?) measure | Daily mean Sum Item (mg/ 0) Daily mean Sum

(day) (10°m3/day)| (10°m?) (kg/day) (kg)
T-N 5.30 90.63 10,604
WS#1 2.75 117 17.10 2,001 T-P 0.63 10.77 1,260
SS 18.89 323.02 37,793
T-N 2.20 2,754,711 355,357
WS#2 12.20 129 1252.14 | 161,526 T-P 0.23 287.99 37,151
SS 16.23 | 20,322.26 | 2,621,571
T-N 2.39 11.70 1,603
WS#3 4.80 137 4.90 671 T-P 0.41 2.00 275
SS 16.16 79.10 10,837
T-N 18.97 219.40 21,939
WS#9 1.67 100 12.85 1,157 T-P 3.27 37.82 3,781
SS 36.45 421.56 42,156
T-N 2.27 11.93 1,348
WS#11 1.26 113 5.25 594 T-P 0.18 0.95 107
SS 18.52 97.32 10,997
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2AY 4 gdenz, NS A8 F oAt Rol, el MAeP HHY
o g Nel FAL FaF) 3F Aol AuABANA HPHA e BBLFR

4ag Aol i O%s}wﬂ e wee T 5 Yo
= } 2 e ek
6. ol(T-P) Hala L 34 710 B9 AA 299

Ziﬁi 76-4@’ F U o9} e ¥R

B2 2 re

Folo) pEEss $37 4BAel dFH sk WA, AW MFEA Foz PH o
A ggrom, 71 olfE 44 ERHY 2E A ASAY 4991, o2 dse A%
o3 Bl Erisauy) otk mehy  Ad 3 Jad 9ol Hu Yee & 5
29 ReRe Fapy] dstde AvFx Aok

g fE F19] HEFEE HLIAEF 3

ojHIAHE 52
o, WS#1, 3, 9, 116)4= 742 0.63, 0.41, 6. UL T

3.27, 0.18mg/1E A &AL, AFA] BS SRR 9= AHE(199%4)
= WS#29 £ A%< 0.23mg/l1E 4 o] AT Zte AHEEATHLY o] gk% o) g

3. fo8 Qe $A0) FF FE s] 3WE 499 LY AFL A
29 ¥8ue $4% A9E Table7d) 4 @ow, 2 23 Table-83 2ot

bt} F1e) & WSH141A 1.3ton, WS Fig. 39} Fig. 42 439 o5 Al
#20)A 37ton, WSH#3e]A 0.3ton, WS#9 Z24d 499 eduy TR 45 294
o] 0.4ton, WS# 11914 O.lton FolYt. F3%e deha Aok WSH9= d& &%
WSH#29 A¢xe A& Aeshd, WSH], o v AZ o @Y R3] IA YEHUR
WS#9, WS#3, WS#11%¢ &oz %9 Ak oA AHH3 offE WA T WSH
Falake] @3t 9ol F&% Wslz AYA e KEo

Table-8. Results of calculated T-N and T-P loading of the stations

Pollutant T-N (kg) T-P (kg)
source | WSH1 | WSH#2 | WS#3 | WS#9 |[WS#11| WS#1 | WSH#2 | WSH#3 | WS#9 |[WS#11
Land use 2,142 8,382 3,357 1,028 683 166 329 89 65 8
D 1
OmestC | 1330 | 4,382 | 260 | 2,710 o ! 18 | 614 29 | 379 0
wastewater
Livestock 9,106 (30,070 367 5,754 0 2,296 1,869 124 288 0
Total 12,578 142,834 3,929 9,492 682 2,649 2,811 243 732 8
25 4
o 20 + 0 Measured = B O Measured
¥ g 15 B Computed CE 3 W Computed
= < g
52 10 g8 °
= é 5 = é 1
0
WSH#1  WS#3  WSH#9 WS#1l WS#1  ws#g SWH#9  WS#11
Station Station
Tig. 3. Comparison between computed and Fig. 4. Comparison between computed and
measured T-N loadings measured T-P loadings
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