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Objectives : This study assessed the applicability of the total pollutant load management (TPLM) data on the
analysis of impaired waterbody and pollutant source characterization. To achieve the study objective, the TPLM
data collected in the downstream of Yeongcheon-Dam within the Geumho A unit-basin, Nakdong River basin for
6 years (2013-2018) were used to analyze the accountability for precipitation conditions, seasons, and flow rates.

Methods : The study area is the downstram of Yeongcheon Dam within the Geumho A unit-basin, Nakdong River
basin. The TPLM data used in this study were obtained from the two monitoring stations in the mainstream of
Geumho River (i.e., Jahocheon and Geumho A station) and the three tributary streams (i.e., Gochoncheon,
Sillyeongcheon, and Bugancheon). Precipitation conditions were classified into rainy (>10 mm/day) and non-rainy
days (=10 mm/day) to assess the TPLM data accountability for the two precipitation conditions. Seasonal
accountabilities of the TPLM data were assessed for spring (March-May), summer (June-August), autumn
(September-November), and winter (December-February). The TPLM data accountability for stream flow rates was
assessed using the standardized daily flow rates which were estimated by % of maximum flow rate. The daily flow
rates were simulated using the Hydrologic Simulation Program-Fortran (HSPF).

Results and Discussion : During the study period (2013-2018), TPLM data were collected 35-41 times throughout
a year in the two Geumho River mainstream stations (i.e., Jahocheon, and Geumho A), while the tributary streams
(i.e., Gochoncheon, Sillyeongcheon, and Bugancheon) were monitored 36 times per year excluding every January,
February, and December. The tributary streams shown the missing data months because those stations were monitored
through the implementation assessment for total maximum daily load (TMDL) management. But, the mainstream data
were continuously collected by the Water Environment Research Institute. The accountability assessment results shown
that 28%, 25%, 28%, and 19% of TPLM data for the two mainstream stations represents spring, summer, autumn,
and winter seasons. The three TPLM station data in the tributary streams could not account for winter season with
the seasonal data ratios of 29% for spring, 32% for summer, 34% for autumn, and 4% for winter. Secondly, 37.9%
and 23.1% of TPLM data for the two mainstream stations and the three tributary streams, respectively, were collected
during rainy days. Comparing to 22% of rainy days throughout the study period, the two mainstream stations were
monitored more frequently during rainy days than the tributary stations. Lastly, accountability for stream flow rates
shown that the annual TPLM data cannot account for mainstream flow conditions. For the tributary stream flow rates,
six years composite TPLM data could not represent the flow conditions. Therefore, the TPLM data need to be carefully
reviewed before assessing impaired waterbody and pollutant source characterization.

Conclusions : TPLM data was widely used in TMDL implementation and research activities. Thus, detailed TPLM
monitoring plans should be developed to improve accountability for various stream characteristics including
precipitation, season, and flow rate, etc. In addition, further research is needed to represent wide ranges of flow
rate which are hard to be predicted due to the large uncertainties induced by precipitation, precipitation intensity,
precedent rain days, and other factors (e.g., dams, wastewater treatment plants, etc.).

Key Words : TPLM (Total Pollution Load Management), TMDL (Total Maximum Daily Load), HSPF (Hydrologic
Simulation Program-Fortran), LDC (Load Duration Curve), Impaired Waterbody
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Fig. 1. Location of the Geumho A unit watershed in Nakdong River basin and monitoring station.
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Fig. 2. DEM, sub-basins and landuse of Geumho A watershed.
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Table 2. Hydrologic calibration parameters and possible ranges.

o Ranges
Parameter Description = =
Typical Possible
INFILT Infiltration capacity of the soil 0.01~0.25 0.001 ~0.50
AGWRC Groundwater recession rate 0.92 ~0.99 0.85~0.999
DEEPFR Fraction of Groundwater inflow to deep recharge 0~0.2 0.0~05

Table 3. Status of flow rate each monitoring station in study area.

Flow Rate (m?/sec)

Jahocheon Gochoncheon Sillyeongcheon Bugancheon Youngcheon STP Geumho A
2013 2.370 1.527 2.925 0.584 0.340 11.136
2014 1.957 1.718 3.296 0.674 0.352 10.434
2015 2.351 1.188 2.250 0.509 0.313 7.578
2016 2.330 2.169 4185 0.707 0.331 13.033
2017 2.332 0.582 1.049 0.401 0.312 4.700
2018 3.642 2.435 4721 0.804 0.346 13.775
All periods 2.497 1.603 3.071 0.613 0.332 10.111
3. 2n s nH Aol 714 worom, 1 thgo g AW wEIl 2497
m/sec (24.70%), ALFHo] 1.603 m¥/sec (15.86%), Ho+H
3.1. Ry X8 U URT = 0.613 m¥sec (6.06%)0|5, AeALel FHslH e 1w
31.1. g2 EHS F8F0] 0.332 m¥sec (3.29%)E UERL, F3FA A Ho| u

ozer WA U FA=o QlojA ulj7jus== PWAT-PARM2 2= o] &AM AFA] A HRF A=A
block 2] Infilt (0.05~0.25)2} AGWRC (0.92~0.98), PWAT-PARM3 9 AewEFE UEyT

block?] DEEPFR (0.1~0.15)& &-&3}92o, Z} nfj7j¥4=9]

5742 Table 20] vehdl uvpe} ot 3.2. ZEXIEL| thEY 24
BA717H2013~2015¢) BF L&A, AgH, HIH A 3.2.1. E™X|= oigt
A FEA XA A @ xH%)= ZH2F (-)2.110, (-)24.061, 2 6W7H2013~2018Y]) % =217 332 Tabled
7.798, 4.608= 4], Table 1o Uepdl 7|&ef whel Rygag o Zrt BRI A5 M F5AE A 35304 41
2 Very Goodi} Good & H7F=|lom, HZ(2016~2018 37HA] teFstAl SR = em ARl aLEH, Al
ol QlofAm= 242} (-)21.341, (-)23.038, (-)0.598, 11.452= A, HH2 oA 3632 vid A SHEUL o=
Al Very Good¥} Good © & sg7}s|o] HO2|7F 525 S37|HEE mUHEY AgS s 477 53
w3z Rkgetal 9l Ao wekEchkFig.3). ojuf Aoy gt AAs A F5A0 SAAR o] ZaL, FHATL oF
27} ko] Fhe YEte AL 2ol At Hlste] Al B7He Yol SAse 12, AP, B 49
Hog AZA7} A Uehts S st v & o] e Ao & weErh 3 BF77e B3 A4
9] 2 Yehlle A2 ASA e vlste] mojA7t £ 4 A SJERS Rol HME EAoe] dA&Hoz A5k 9l
5 9u|gi} of € UAst SAAEIF FHREIL 9ot FHA o]
B7F RUEPY] A wid A St 2 EAHOR
3.1.2. AR 2o Znt 129 9 29efle SYART SRR Rk E4E 2
H-AZ25 HSPFE 0|83l AT7]7Hel 2013~2018W(6 A thFig. 4).
W)e] dfFe mojtglon, noduE o]gate] FHH
WREFHAEA), 12, AR, S 2Ea JHskeA 3.2.2. AMEZE thEY EM Ant
24 Rl 999 el A S dFE B4 T SANEE AEERE 248 By, 2760 A5
at9lom 11 ZAb= Table 33} 7t A FEALE Fo| 28%, oE0] 25%, 7H&0] 28%, A&°]
2013 5E 20187k 6dZ FFA BEFFFS 10111 19%E 448 fRstes S 9lon] (Fahdel L
m’/seco| ] §-¢ 922 Al1F o] 3.071 m¥/secE 30.38%= 22, AFA, BekHLe Hol 29%, o] Eo0] 32%, 7+20] 34%,
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Table 4. Number of seasonal monitoring data by year in study area.

itoring data
Season :
2016 2017 All periods
. 12 11 11 1 10 10 65
Spring
(29.27) (27.5) (27.50) (28.95) (26.32) (28.57) (28.02)
10 9 9 9 10 10 57
Summer
(24.39) (22.5) (22.50) (23.68) (26.32) (28.57) (24.57)
Main Eal 11 11 12 10 10 11 65
a
Stream (26.83) (27.5) (30.00) (26.32) (26.32) (31.43) (28.02)
) 8 9 8 8 8 4 45
Winter
(19.51) (22.5) (20.00) (21.05) (21.05) (11.43) (19.40)
Al 41 40 40 38 38 35 232
(100.00) (100.00) (100.00) (100.00) (100.00) (100.00) (100.00)
. 9 13 11 10 9 11 63
Spring
(25.00) (36.11) (30.56) (27.78) (25.00) (30.56) (29.17)
11 10 13 12 13 11 70
Summer
(30.56) (27.78) (36.11) (33.33) (36.11) (30.56) (32.41)
) 13 13 12 11 13 12 74
Tributary Fall
(36.11) (36.11) (33.33) (30.56) (36.11) (33.33) (34.26)
) 3 - - 3 1 2 9
Winter
(8.33) (0.00) (0.00) (8.33) (2.78) (5.56) 4.17)
Al 36 36 36 36 36 36 216
(100.00) (100.00) (100.00) (100.00) (100.00) (100.00) (100.00)

* Main Stream is Jahocheon, Geumho A and tributary is Gochoncheon, Sillyeongcheon, Bugancheon.

+ Monitoring date(Main Stream) « Monitorin date(Tributary)
o
2013-01-01 2014-01-01 2015-01-01 2016-01-01 2016-12-31 2017-12-31 2018-12-31

* Main Stream is Jahocheon, Geumho A and tributary is Gochoncheon, Sillyeongcheon, Bugancheon.

Fig. 4. Distribution of monitoring data during the study (2013-2018).
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Table 5. Status of rainfall day by year at Yeongcheon weather station.

Rainfall day
Weather =
2013 2014 2015 2016 2018 All periods
29 33 22 33 20 35 172
Rainy day
(22.7) (24.1) (17.6) (24.1) (15.5) (29.7) (22.2)
99 104 103 104 109 83 602
Sunny day
(77.3) (75.9) (82.4) (75.9) (84.5) (70.3) (77.8)
Total 128 137 125 137 129 118 774

Table 6. Status of rainfall day by year at each monitoring station.

Number of monitoring data

Site” Weather :
2013 2014 2015 2016 2017 2018 All periods

Sunny day 24 21 26 23 25 25 144

Main .
Stream Rainy day 17 19 14 15 13 10 88
Total 41 40 40 38 38 35 232
Sunny day 26 29 27 30 27 27 166
Tributary Rainy day 10 7 9 6 9 9 50
Total 36 36 36 36 36 36 216

* Main Stream is Jahocheon, Geumho A and tributary is Gochoncheon, Sillyeongcheon, Bugancheon.
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10,000.0 . . . Y .
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1,000.0 i i i i
i St Main Stream
ain Stream
Jahocheon
100.0 / (Geumho A) ( )
w
- 10.0
£
g
@ 1.0
:
2 01
0.0 oo 01 o Tributargr 0=4 Tributary 0.26 Hi.jr’”ta"f s 033 b
0.0 E [%OChUH&iEOH} [Slllyec?ﬁ%cheon} [Bug'ancheon?' : ’

0.0 : !
Percentday flow exceeded (%)

Fig. 5. Flow duration curve at each monitoring station using daily flow in study area.
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Table 7. Number of monitoring data for each hydrologic group.

itoring data

| 0 3 9 1 0 1" 34

Il 22 1 10 2 20 17 72

Il 4 15 3 3 2 3 30

Jahocheon

IV 12 16 15 17 4 2 66

\% 3 5 3 5 12 1 29

Total 41 40 40 38 38 34 231

| 3 2 3 5 0 0 6

Il 16 15 2 18 1 16 40

I 15 8 12 12 14 20 66

Gochoncheon

v 2 11 19 1 20 0 95

\% 0 0 0 0 1 0 9

Total 36 36 36 36 36 36 216

| 1 0 3 4

Il 17 2 4 9 6 6 44

] I 10 11 21 10 2 22 76

Sillyeongcheon

v 8 18 11 14 25 8 84

\% 0 5 0 0 3 8

Total 36 36 36 36 36 36 216

| 3 6 1 11 0 3 24

Il 15 13 12 13 6 23 82

Bugancheon ! ’ > ° ! ’ 4 19

v 5 3 8 4 10 4 34

\% 10 11 10 7 17 2 57

Total 36 36 36 36 36 36 216

[ 4 4 4 4 2 6 24

I 7 6 2 7 2 4 28

I 7 7 7 8 5 10 44

Geumho A

v 23 16 20 13 20 15 107

\Y 0 7 7 6 10 0 30

Total 41 40 40 38 39 35 233
S0 SHAEANA EUEFE T SHARSY FE= 6l A717H2013~2018Y) F=F SEA4=S] IFE(1~VL
F fYTAY fARe vwetel 23 9 UE S 3k B RIS Wy BReH ATAS 27 347(15%), T2
& 24 & ) AFoR FRsl] SRR mE  AGI%), 3070(13%), 667029%), 297H(13%) = Lrekte s
ZoF 2R JYBEAYS A5 o 1 Zyt= Table7 HTAE 2471(10%), 287H(12%), 4470(19%), 1077§(46%),
3! Fig. 63} gt 3070(13%) = Uy SdA=7E 25E I8 BE2E 2
AzH NG GRS Pes A% gepdsbt A o Zeg ARSI TEHL 671(3%), 407(19%), 6671
o EQS Holom Tgw oA SAE AR Be  (1%), 9570@44%), 9@%)E dehton AlgAe 47
Aoz Ues=T, ol A 2o YA HF £ oF (2%), 44711(20%), 76711(35%), 8471(39%), 87H(4%)= LERE
500 m sHRAFCE FeRFET 5 Ad@YET= e T2 135y 42l Vg SR A
A R GRS e A0 BUAL 1 9 AF L AoE yehtly) o ALH ZYAE/L BuEL ¢
© AubHel ShHe) B B4S Molow, Y HYAR % SHARF B9fEdel dEshs a7E sl
o Awy gd BRL vl ke FeE RAG 22 7)o $97) AR HW] qeoR sete, Bebd
U 19 991 FF SEARTCR SPHRE A7]of gt <= 2471(11%), 827H(38%), 1971(9%), 347](16%), 577H(26%)
WEAS ey ofele Aow vhebgt 2 B5aA MBI 47 23 Aoz ek
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