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Abstract

Lately water quality of Daechong Reservoir has become more eutrophicated than ever before and there
has been much concern over especially the eutrophication of the embayment near Daejon and Chongju
Water Intake Tower every summer.

The purpose of this study is to predict the impact of change in the pollutant loading, flowrate, nitrogen
and phosphorus release from sediment, SOD(sediment oxygen demand) upon the water quality of
Daechong Reservoir by WASP5/EUTROS in order to suggest water quality management alternatives.

The data of Sep. 1995 were used for the calibration of the model and those of Sep. 1997 was for verification.
The result of the modeling can be summarized as follows.

1. The 50% increase(decrease) of pollutant loading has caused that of T-N concentration by 0.10-0.14 g/  ,
T-P concentration by 0.003-0.005 mg/ ! , and CBOD concentration by 0.16-0.18 ng/ ! . But the ratio of DO
change by the change of pollutant loading was relatively small.

2. The sensitivity test of NH4 flux to T-N and that of PO4 flux to T-P shows that T-N and T-P concentration
were changed more in the epilimnion segments (SEG4, SEG5, SEG6, SEG?) than the other segments. As SOD
increases, DO was predicted to decrease more especially in the hypolimnion (SEG9-SEG14).

3. As flowrate increase, the concentration of T-N, T-P, and CBOD were predicted to decrease, but DO
concentration increased especially in the hypolimnion segments(SEG11, SEG12, SEG13, and SEG14). As the
flowrate changed from 119m?*/sec to 50 m*/sec, the concentration of T-N and CBOD in the hypolimnion was
predicted to decrease.
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2. S = sourve/sink term for variable "i" in a segment, mg/ £ -day
Ga= byt 3™ Cy kg
BTie by 20
Dy = biomass recuction raze, day ™!
by = grazing rate on phytoplanklon per wnit zooplankton population, ¢ /mg C-day

ZUt) = herbivorous zooplankton population grazing on phytoptankton, mg C/ ¢
P, = meeference for ammonia uptake term

8 5 = SOD temperature coefficiens
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Vg Vg Vg = setting velocity of organic matter, phytoplankton, and inonganic sediment
D = segment depth
fu. fi. fm, fg= fraccon dissolved inorganic phosphorus, CBOD, orgaric mitrogen,

and organic phosphorus
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Table 1. Depth, area and volume of segment

------- : Segment boundary
L1 : Odaeri L2 : Daejongri
E3:Shingokri = E5: Daejon Water Intake Tower
E6 : Chongju Water Intake Tower

L4 : Dam

E7 : Shindaeri

Figl. Daechong Reservoir

EL 70.0m (Sep. 1997) EL 72.0m(Sep. 1995)
Segment No. depth ;(all;ia; vczr:z;\e depth e(nrr;? vczi;lgie
1 20 4,420,000 88,400,000 22 4,420,000 97,240,000
2 20 6,355,000 127,100,000 22 6,355,000 139,810,000
3 20 838,750 16,775,000 22 838,750 18,452,500
4 20 13,650,000 268,500,000 22 13,650,000 295,350,000
5 20 4,675,000 93,500,000 22 4,675,000 102,850,000
6 20 2,397,510 47,950,000 22 2,397,510 52,745,000
7 20 1,198,750 23,975,200 22 1,198,750 26,372,720
8 5 590,000 2,950,000 5 590,000 2,950,000
9 10 2,400,000 24,000,000 10 2,400,000 24,000,000
10 10 340,000 3,400,000 10 340,000 3,400,000
11 20 7,252,500 108,900,000 10 7,252,500 108,900,000
12 15 1,855,000 27,825,000 15 1,855,000 27,825,000
13 15 580,000 8,700,000 15 580,000 8,700,000
14 15 290,000 4,350,000 15 290,000 4,350,000
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Fig2. Segment of Daechong Reservoir
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Table 2. Pollutant sources in Daechong Reservoir
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T8 Qe A5 A H e BOD, T-
N, T-P°]E.2 NH;-N NO:-N, Qrganic—N. PO+P,
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8} Chl-a9 ¥38%F2 33 78 (segment)olr e 5=
o 4% g8 F33%

SEG2, | SEG4,

SEG 1,SEG 8 SEG9 | SEG11
Pollutant sources Daechong Reservoir and inflowing Stream Steam Total
Daecho.ng Muju- | Bong- | Young- | Cho- Daecho.ng Bochong | Okchon Daecho-ng
Reservoir|| namdae { whang | dong gang  |Reservoirl Reservoir I
Populationf Urban | 16,657 | 8431 | 18,782 | 21,355 | 8,698 18413 | 24.214 116,420

{person) | Rural 43,499 | 12844 | 22,070 1,247

27583 | 30,2921 27,847 | 19,187 | 21,510 | 206,079

Industry(m*/day)| 533.1 | 139.9 | 1480 95.1

344.6 | 2,553.0 864.6 | 2,398.9 13.2 | 7,090.4

Koreancattle| 22,392 6,635 4,759 552

11,314 7,575 | 18,214 6,443 8,650 | 86,444

Livestockl Cow 1,358 121 748

1,093 216 1,885 764 474 6,659

(head) Pig 35,890 5428 5,547 9,890

15,714 5131 | 29,766 3,754 2,056 | 113,186

Poultry | 475,709 | 18,681 | 201,952 | 33,509

79,039 | 53,920 | 256,617 | 89,601 | 69,448 |1,278476

Nursery [detention| 1,600

4,335 5,935

(m") | flowing { 16827 | 4512

7485 | 48,859 | 15,151 4,460 7,700 | 104,994

Field 65.59 23.70 25.60 4.73

48.49 37.16 58.82 19.01 36.79 | 319.89

Paddy | 368.56 81.03 21.00 36.47

449 64.77 4.14 72.31 18.58 25.77

Landuse| Forest | 853.98 | 399.60 | 158.04 65.27

497.85 | 29462 | 37535 | 108.77 | 294.05 | 3,047.53

(km?) Lot 9.37 2.98 421 1.35

9.91 13.74 9.90 299 8.82 63.27

Pasture 2.13 0.66 0.09 0.06

217 0.25 0.44 0.11 0.43 6.34

others 51.43 18.17 16.58 7.33

41.37 46.59 38.37 30.13 7406 | 324.64

Source : Kum River Environmental Management Authority, 1998, ‘97 Pollutant Sources in the Middle

Region of Kum River, p. 3.
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Table 3. Generated BOD loading (kg / day)
Daechong Reservoir .
Segment and inflowing Stream Generated BOD loading Sum
Daechong Reservoir | 10,971
Mujunamdae 3,190
Bongwhang 4,096
SEG 1,SEG 8 Youngdong 2,081 40,971
Chogang 6,156
Daechong Reservoir | 6,712
Bochong 8,365
SEG 2,SEG 9 Okchon 4,489 4,489
SEG 4,SEG 11 Daechong Reservoir ]I 4,313 4,313
Table 4. Generated T-N loading (kg / day)
Daechong Reservoir Generated
Segment and inflowing Stream | T-N loading Sum NH-N NO-N O-N
Daechong Reservoir | 1,990
Mujunamdae 659
Bongwhang 682
SEG1,5EG8 " | Youngdong 303 7,292 526.5 4,749.6 1,886.4
Chogang 1,172
Daechong Reservoir [ 1,029
Bochong 1,457
SEG2,SEG9 | Okchon 663, 663 47.9 431.8 171.5
SEG 4,SEG 11 Daechong Reservoir [l 771 771 55.7 502.2 199.5
Table 5. Generated T-P loading (kg / day)
Daechong Reservoir Generated
Segment and inflowing Stream | T-Ploading Sum PO-P oF
Daechong Reservoir | 284
Mujunamdae 77
Bongwhang 105
SEG1,5EG8 | Youngdong 60 1,039 3117 727.3
Chogang 150
Daechong Reservoir | 143
Bochong 220
SEG2,SEG9 | Okchon 107 107 321 749
SEG 4,SEG 11 | Daechong Reservoir [l 106 106 31.8 74.2
Table 6. Effluent loading (kg / day)
Se ¢ / Effluent Rati BOD NHs-N NOs-N O-N PO-P o-P
e 40% 40% 40% 15% 5%
SEG 1, SEG 8 4,097.1 210.6 1,899.8 754.4 46.8 36.4
SEG 2, SEG 9 4489 19.2 172.8 68.6 48 3.8
SEG 4, SEG 11 4314 24 200.8 80.0 48 3.7
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Fig. 3 Calibration Results
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Table 7. EUTRO5 Water - Column Kinetic Coefficients
3 |89 21D 5 B 2%
Constant Code E& Notation msulg £§ﬂ :‘]" g el z 73 Lung :ka ga3F
74 74
Nitrification rate Kizc | 1 ke 009013 009 } 015 | 007 | 100 |0.10day" at20C
Temperature coefficient | K12T | 12 6y 1.08 |0105] 001 | 108 | 1.08 | 1.04{ 1.08 |1.080
Half-saturation constant |KNIT | 13 Kur | 20 20 20 | 000 | 200 [20mgO:/L
Denitrification rate K20C | 21 Ko | 009 0.09 | 009 | 000 | 040 0.10day” a2y,
Temperature coefficient |K20T | 22 | 0» | 1.045 001 | 1.045 | 1.045| 0.00 | 1.045]|1.080
Half-saturation constant [KNO3 | 23 Kvos | 0.1 010 ; 01 | 0.00 0.Img On/L
Saturated gowth rate of
Phytoplankton KIC | 40 | ke | 20 |15-25| 1.00 | 20 | 20 | 1.9 20day” at20C
Temperature coefficient | KIT | 42 | 6c | 1068 1.068 | 1.07 | 1.066 1068
Endogenous respiration rate of
Phytoplankton KIRC | 50 ke | 0125 |005-025 0125 | 01 | 0075 0.05day™ at0C
Temperature coefficient | KIRT | 51 O | 1045 1045 1.045| 1.08 1.045
Nonpredatory phytoplankton | 11y | 53 | 1, | 002 | 0001 | 020 | 002 | 002 | om 007 day” a0
death rate
Zooplankton grazing rate | KIG | 53 ke | 00 1.0 L/cell-day
Phytoplankton stoichiometry
Oxygen-to-carbon ratio [OCRB | 81 Goc | 267 | 260 | 533 | 267 | 2667 | 267 | 267 |267mgOr/mg¢]
Carbon-to-chlorophyll ratio{CCHL | 46 | | 30 500 | 300 | 300 33 30mg ¢/mg hlorophyll
Phosphorus-carbon ratio |PCRB | 57 0.025 | 00404 0015| 002 | 0.03 | 0.025]0.025mgP/mgd
Nitrogen-carbon ratio |NCRB | 58 I 1025 | 00304 025 | 030 | 021 | 0.18 |040mgN/mgc
Half-saturation constants for|
phytoplankton growth 0.005
Carbon KMPHY | 59 | Kwc 00 | mgN/L
Nitrogen KMNG | 48 | Kw | 250 0.025 | 0.025| 002 | 0.005 0.05mg N/L
Phosphorus KMNPL | 49 | Ke | 10 0.002 | 0.001 | 0003 | 0.001 0.002mg P/L
Nutrient limitation option [NUTLM| 54 0.0 1
Light formulation switch {LGHIS | 43 1.0 1.0 1 10
Saturation light intensity for : 350.0
ohytoslankton sl | 47 | I {20050 4000 | 350 | 460 | 350 angley/day
BOD deoxygenation KDC | 71 ke {01602 0.1 04 | 007 | 0073 0.035 day" at20e
Temperature coefficient | KDT | 72 6.} 1.047 |000442 1.047 | 104 | 1.04 1.047
Half-saturation constant [KBOD| 75 | Keo | 05 04 00 0.05 day™
Reaerati'on rate constant for| ., 82 ke 0.40 075 day’ a0t
entire water body
Mineralization rate of
Dissolved organicN  [K71C | 91 kn | 0075 [00L025| 0.01 | 0075 | 002 | 0.03 | 0.075{0.019day’ at20C
Temperature coefficient | K71T | 92 0 {10810 1.08 | 1.045| 1.045( 1.08 (1.080
Mineralization rate of
Dissolved organicP | K83C | 100 | ks | 02 001 | 022 | 0005, 0.03 | 075 |0.015day” at20%
Temperature coefficient | K83T | 101 65 | 108 {00002 108 | 1.05{ 1.045| 1.08 |1.080
Fraction of dead and
respired phytoplankton | pop | 404 |, | g5 03 065
phosphorus recycled to

organic phosphorus
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