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Prediction of Water Quality in Haenam Estuary Reservoir
Using Multiple Box Model (I)

—Development and Application of Water Quality Subroutines—
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Summary

A rational management of water resources in estuary reservoirs necessiates the prediction
of water quality. In this study, a multiple box model for the water quality prediction was
developed as a tool for the purpose of examining an adequate way to improve and maintain
the water quality. Some submodels that are suitable for simulating the mixing behavior of
pollutant materials in a lake were considered in this model.

The model was appiled for predicting water qualities of Haenam Esturay Reservoir.

The result from this study can be summarized as follows :

1. A water quality simulation model that can predict the 10-day mean value of water qualities
was developed by adding some submodels that simulate the concentrations of chlorophyll-a,
BOD, T-P and T-N to the existing Multiple Box Model representing the mixing and circulating
of materials by the hydarulic action.

2. As input data for the model developed, the climatic data including precipitation, solar
radiation, temperature, cloudness, wind speed and relative humidity, and the water buget
records including the pumping discharge and the releasing discharge by drainage gate were
collected. The hydrologic data for the inflow discharge from the watershed was obtained by
simulation with the aid of USDAHL-74/SNUA watershed model. Also the water quality data

were measured at streams and the reservoir.
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3. As a result of calibration and verification test by using four components of water quality

such as Chlorophyll-a, BOD, T-P and T-N, it was found that the correlation coefficeints between

the observed and the simulated water qualities showed greater than 0.6, therefore the capability

of the model to simulate the water quality was proved.

4. The result based on the model application showed that the water quality of the Haenam

Estuary Reservoir varies seasonally with the harmonic trend, however the water quality is

good in winter and get worse in summer. Also it may be concluded that the current grade

of water quality in the Heanam Esutary Reservoir is ranked as grade 4 suitable only for

the agricultutal use.
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Fig. 1. Interaction of chemical and biological
components of estuary reservoir.
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Fig. 2. Major constituent interaction to phy-
toplankton.
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Fig. 3. Schematic diagram of phosphorus su-
bmodel compartments and interaction
pathways.
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Computational time step
(Year, month, 10days)

WATER BUDGET

Call INPUTD

Compule & construct Call DFLUX
— Basic data for each hox CHDIM
—Basic data for hydrological transpol CONY
— Water quality of river inflow SECT

Time step (day)

Computational loop (box)

{ Compute-water {emperature
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Table-1. List of subroutines of Multiple Box
Model.

Name Function
MAIN Main program to control all the loops,
call subroutines and calculate

10-day water qualities

QMBOX |Subroutine to compute hydrologic
mass transfer

BODSIM |Subroutine to calculate BOD
WSHEX [Subroutine to compute water surface
heat exchange

BTHEX |Subroutine to compute bottom heat
exchange

CHDIM |Subroutine to make some data. into
dimension

CONV Subroutine to compute capacity and
surface area of each box

DFLUX (Subroutine to converse flux to
concentration

DOSIM  |Subroutine to calculate DO

INPUTD |Subroutine to read input data
NITRO |Subroutine to calculate T-N
PHOSPH (Subroutine to calculate T-P

PHYTP |Subroutine to calculate phytoplankton
SALINT |Subroutine to calculate salinity

TEM Subroutine to calculate water
temperature
SECT Subroutine to compute section area

between boxes
WTEST |Subroutine to convert rain tempera-

ture and inflow temperature

to water temperature
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Table-2. Monthly exchange rate and flushing

time.

(unit © %)
Month 1987 1988 Mean |T.(month)
Jan - 54 54 18.52
Feb - 4.2 42 23.81
Mar - 447 44.7 2.24
Apr - 49.2 49.2 2.03
May 49.8 77.6 63.7 1.57
Jun 53.8 78.5 66.2 151
Jul 296.3 46.0 171.2 0.58
Aug 258.6 96.6 1776 0.56
Sep 127.0 19.6 73.3 1.36
Oct 174 - 174 5.75
Nov 176 - 17.6 5.68
Dec 32 - 3.2 3125
Mean 103.0 46.9 75.0 7.91
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Table-3. Monthly inflow dischrage from each sub-watershed.

1989 3fE4EZ 88l AA AT REE ALE
g om> B g AZ2k0 Table-49] YER)
At

s o] gatell HA 4 AHE AR A
ARkl +do] BH /MgED 5 Ho
BA Vb AEH F7149& Eolx vk, wd
Ad FAEAL chlorophyll-a®) % A
7t ¥]4%:8 BEE B, BODE HS 1 A4
wA g3, T-P L T-N2 372 2435 ¢
FEE BAFEa Qi

3 = 2 34 FEA7E®I n|
873813 (USA NES) ol A A et $ 4 e

7NESY HAEIAL A4S ddse RIF A

a) 1987 (unit : 1000 m*)
1 2 3 4 5 6 7 8 9 10 11 12 Total
HR-1 1663. 614. 1310. 973. 1874. 1492. 9082. 9881. 6084. 626. 160. 131. 33896.
HR-2 1917. 1111. 2879. 1738. 3174. 2691. 18712. 15862. 9284. 280. 287. 229. 58168.
HR-3 412. 224. 504. 576. 566. 697. 4512, 3234. 1196. 137. 165. 66. 12294.
HR-4 2514. 1465. 3127. 3996. 3353. 4505. 28891. 20990. 7303. 876. 1252, 436. 78713.
Total 6508. 3416. 7821. 7285. 8968. 9386. 61199. 49968. 23869. 1921. 1864. 863.183073.
b) 1988 (unit : 1000 m*)
1 2 3 4 5 6 7 8 9 10 11 12 Total
HR-1 621. 59. 1536, 1606. 2051. 1254. 1623. 1942. 891. 18. 0. 15. 11617
HR-2 47. 0. 1977. 2213, 3074. 4026. 1168. 5032. 394. . 0. 12. 17948
HR-3 54. 33. 610. 590. 744. 1126. 320. 1188. 202 1. 0. 9. 4879.
HR-4 324. 214. 3851. 3658. 4792. 7363. 1835. 7562. 1363. 14. 0. 63. 31039.
Total  1064. 306. 7975. 8067. 10661. 13769. 4947. 15724. 2851. 38. 0. 99. 65483.
c) 1989 (unit : 1000 m®)
1 2 3 4 5 6 7 8 9 10 11 12 Total
HR-1 2586. 1980. 2186. 89. 336. 3986. 3139. 3954. - - - —  18255.
HR-2  1979. 3605. 3668. 71. 521. 7676. 5683. 7244. - - - —  30446.
HR-3 777. 731, 552. 19.  326. 2099. 1615. 1791 - - - - 7910
HR-4  4755. 4626. 3609. 208. 2029. 13194. 10445. 11276. - - - — 50141
Total 10097. 10942. 10015. 387. 3212. 26955. 20881. 24264. - - - — 106754,
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Table-4. Observed water quality of Haenam Table-5. Pollution sources of each sub-water-
estuary reservoir. shed.
Year |Month [ Sampling| Chl-a | BOD | T-P | T-N ltem Haenam|Samsan | Andong Others | Total
site (mg/m®) |(mg/L) |(mg/L)|(mg/L) stream | stream | stream
1987| o) |HS-12 U| 827 | 41 |0115 | 0718 Area(km?) | 2805 { 57.96 | 1151 | 83.78 | 181.30
HS12 L| - 40 10175 | 1.187 Land [Upland| 3.65 5.78 149 | 832 | 1933
HS-3 24.74 44 | 0146 | 0.764 use [Paddy | 590 | 13.14 241 | 1125 | 32.70
HS-4 40.26 79 | 0082 | 0.946 (km?) |Forest | 1523 | 33.15 623 | 2793 | 8254
10M) |HS-12 U| 2050 | 34 | 0061 | 0437 Others| 327 | 580 | 138 | 3628 | 46.73
HS12 L| - 73 | 0153 | 0.689 Popul.(man) | 16,228 | 7,801 | 6,640 | 14,277 | 44,946
HS-3 1801 | 23 | 0086 | 0382 Cattle {Cow 675 1,240 267 | 1,254 | 3445
HS4 | 3250 | 28 | 0065 | 0552 Pig 2351 M2 96| 532] 1005
1988] 5(L) |HS-12 U| 593 | 44 | 0069 | 1001 (head) |Chic. | 6,962 | 12182 | 2,849 | 9,306 | 31,299
HS-1,2 L - 26 10127 [ 1411
:2'3 710 34 ] 0057 | 0.924 Table-6. Unit effluent loadings of each source.
4 - - - -
(L) |HS-12 U| 3167 | 43 | 0122 | 1145 Population | Cattle Land use
HS-12L| - 33 | 0141 | 1141 Item| (g/man/day) | (g/head/day) (kg/km*/day)
HS-3 1530 | 41 | 0.045 | 1.160 Urban| Rural {Cow| Pig |Chic. |Pad.|Upland|Others
HS-4 _ _ _ _ BOD| 500 | 44.0 |640|125|125 (512 7.10 | 0.96
9E) |HS-12 U| 1416 | 46 | 0.060 | 0.738 TP 19 19 721 167 14120) 006 | =
HS12L| - 47 | o182 | 1521 T-N| 108 | 108 |128| 20| 15(435| 025 | —
HS-3 1505 | 36 | 0216 | 0.873
HS4 - - - h Table-7. Total effluent loadings into Haenam
10(M) (HS-1,2 U| 1522 | 23 | 0368 | 0.786 Esturay.
HS-12L| - 41 |0.820 | 0.889 (unit ® kg/day)
HS3 | 2875 | 41 | 0336 | 0.772 Sub-watershed BOD TP T-N
HS4 | - | - | = | = Haenam stream 1336 | 100 | 311
1989| 4E) |[HS-1,2 U| 694 | 39 |[0.019 [ 0870 Samsan stream 1453 140 335
HS12Li = | 33 | 0017 | 0.980 Andong stream 546 | 41 | 127
HS-3 | 357 | 26 |0041 |0812 Others 1791 | 153 | 309
T e Total 5126 | 434 | 1172
6(M) [HS-1,2 U} 1315 37 | 0204 | 1463
HS-12 L| - 54 {0177 | 1.203
HS-3 452 | 36 | 0227 | 127 1. Box 2%
HS4 - - - -

Multipte Box FAREH ] &0 A3t 3
9] BoxE &4+ Muraoka, Fukushima(1983)
9] 72 RE Fig. 89 VG BitES &5

note) U . Upper layer, L . Lower layer
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Table-8. Computation of P. number during

two years.
Inflow Exchange flow| Peclet No.
Year (Qin) (Qe)
(10°m*/year) | (10°m®/year) | P. No.*
1987 165 0.5X365 0.90
1988 72 0.5X273 0.53
Mean 1185 159.5 0.72

*P. No.=Qin/Qe

Table-9. Computation of Px number during

two years.

Inflow Reaction BOX
Year (Qin) coefficient

(K) Volume
10°m*/day)} (1/day) |(10°m®) [P« No.*
1987 452 0.01 11,530 | 0.26
1988 264 0.01 11,530 | 0.44
“ Mean 358 0.01 11,530 | 0.35

*P, No.=(Volume X K)/Qin

QP1 QP2
L3 QL1 :
EL-05 Qi —] )‘ j_?_L’Z
B poxs 9 @
Qe] BOX 2 Qe|BOX 1
BL 40 p—g—l = -
-~ 5 |
Q4 |
BOX 4 Sediment
oL sk L2=05
L3=20km __ L1=15km

Huaenam Stream

Andong Stream

BOX3 (Upper layer) /
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Fig. 9. Segmentation and mass transfer sys-
tem of multiple box model.
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Table-10. Comparison between observed and
simulated values in Haenam estu-
ray reservoir and correlation coef-
ficient (R).

Box Chlorophill-a BOD | T-P | T-N

1 0.689 0.991 | 0.862 | 0.957
2 — p— u— p—

3 0.876 0.955 | 0.756 | 0.934
4 - 0.869 | 0.650 | 0.951

34, Fig. 10, 11, 12, 132 22} chlorophyll-
a, BOD, T-P, T-Nol| th & A =3t3 n.&d) 9§
2o AZE EAIF otk
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Fig. 10. Observed and simulated chlorophyll-
a concentration of each box.
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Fig. 11. Observed and simulated BOD conce-

Fig. 11. Observed and simulated BOD conce-
ntration of each box.
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Fig. 12. Observed and simulated T-P conce-
ntration of each box.
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Fig. 13. Observed and simulated T-N conce-
ntration of each box.
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