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Numerical Prediction of Water Quality Changes
at the Developing Region of Deep Sea Water

Seok Jin Yoon

Department of Ocean Engineering, The Graduate School,
Pukyong National University

ABSTRACT

As a basic study for establishing a influence forecasting/estimating model,
used for deep sea water discharge to the ocean, this study was carred out as
follows: 1) estimating the amount of river discharge and pollutant loads into
the developing region of deep sea water in the East Sea, Korea, 2) a field
observation of tidal current, vertical water temperature, salinity and SS
concentration distribution, 3) 3-D numerical modeling of tidal current to
analyze the physical oceanographic status, 4) numerical prediction of water
temperature, salinity, suspended solids and nutrient circulation by SWEM
model. The amount of river discharge flowing into this study area was
estimated about 462.7x103 m3/day during passage Typhoon Rusa in 2002. The
result of field observation, tidal current was controled by residual current. We
could find a stratification within approximately the depth of 30—40 m in field
observation area, and the differences of sigma-t between the surface layer
and bottom layer were about 4.2. As result of numerical prediction of water
temperature and nutrient circulation, when discharging 20,000 ton/day, water
temperature was decreased about 1C and the maximum area is about 4.25
km north and south, about 1.25 km east and west, and the concentration of
COD, T-N and T-P was increased, increased and decreased by discharged

deep sea water, respectively.
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Table 2.1 Estimated result of river discharge at each river discharge point

in 2002
L , Watershed | River discharge(x10° m”/day)
Division River
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Table 2.2 Estimated result of annual mean inflowing pollutant loads at

river discharge point in 2002

' ) Pollutant Loads (kg/day)
Division River
COD TN TP SS
D Nam-cheon 231.9 134.1 1.28 289.8
@ Songji-ho 29.6 17.1 0.16 37.0
©) Injeong—cheon 54.3 314 0.30 67.8
@ |Hwangpo—cheon 69.1 399 0.38 86.3
® | Moonam-cheon | 222.0 128.4 1.29 2774
Total - 606.9 350.9 341 | 7583

Table 2.3 Estimated result of inflowing pollutant loads at river

discharge point during passage of Typhoon Rusa in 2002

Pollutant Loads (kg/day)
Division River
COD TN TP SS
@© Nam-cheon 20,901.5 9,252.3 111.48 22,294.9
@ Songji-ho 2,668.3 1,181.2 14.23 2,846.2
©) Injeong—cheon 4,891.8 2,165.5 26.09 5,218.0
@ |Hwangpo-cheon| 6,226.0 2,756.0 33.21 6,641.1
® | Moonam-cheon | 20,012.0 8,858.6 106.73 21,3461
Total - 54,699.6 | 24,2136 291.74 58,346.3
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Fig. 2.7 The observed tidal current ellipses in Spring tide (St. 1, depth 150 m).
20

st 7 TN(em/s)
July 1~2, 2003

Moon's age : 1.0 ~ 2.0
Water Depth : 13.5m

10

E(ecm/s)
~20 -10 g 10 20

\
104 * 25 cmisec

+ -~ <+ DIURNAL
¢ . o SEMI-DIURNAL
—> : RESIDUAL CURRENT

—-201

Fig. 2.8 The observed tidal current ellipses in Spring tide (St. 7, depth 135 m).
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Fig. 2.9 The observed tidal current ellipses in Neap tide (St. 1, depth 90 m).
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Fig. 2.10 The observed tidal current ellipses in Neap tide (St. 1, depth 150 m).
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Fig. 2.11 The observed tidal current ellipses in Neap tide (St. 1, depth 210 m).
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Table 2.4 Meteorological data of study area (2003, 2004yt ; Sokcho)

Maximum Minimum Mean Amount of

Date Temperature | Temperature | Temperature | Precipitation
(C) () (C) (mm)
2003/06/29 28.1 184 239 0.0
Spring| 2003/06/30 27.0 20.3 22.8 0.0
Tide | 2003/07/01 22.0 18.8 20.0 3.5
2003/07/02 24.9 169 21.2 0.0
2004/09/18 24.0 20.5 21.8 8.0
Neap | 2004/09/19 25.3 16.3 20.5 0.0
Tide | 2004/09/20 20.4 146 16.7 11.0
2004/09/21 21.0 14.1 16.9 3.0
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Table 2.5 Result of SS filtration on ebb flow in Neap tide

Depth|SS Con.|.. |Depth|SS Con.| .. Depth|SS Con.., DepthSS Con.
St. St. St. St.
(m) | (ppm) (m) | (ppm) (m) | (ppm) (m) | (ppm)
0 2.69 0 393 0 2.75 0 3.81
3 1.82 3 13.64 5 1.83 5 3.77
5 2.13 5 12.26 7 2.90 10 0.90
7 2.79 7 15.24 10 2.68 20 2.63
10 1.80 10 3.79 15 450 50 2.75
3 15 3.62 4 15 2.73 5 17 4.50 6 70 1.00
20 3.48 30 2.87 20 1.80 100 8.49
25 0.90 40 1.85 30 3.59 150 2.78
30 1.80 50 0.88 50 11.71 200 2.80
35 0.90 70 3.61 70 091 300 3.64
40 2.73 80 3.67 100 4.46 400 4.67
50 0.91 - - 110 2.79 452 3.70
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Fig. 2.24 Vertical distribution of observed SS concentration.
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Table 2.6 Tidal boundary condition of tidal current model

P, P P3 P,

Amp. | phase | Amp. | phase | Amp. | phase | Amp. phase
(m) (°) (m) (°) (m) ) (m) ()

M. | 0.0690 | 83.39 | 0.070 | 82.99 | 0.0690 | 8881 | 0.0650 | 89.09
S, | 0.0362 | 102.35 | 0.0342 | 102.40 | 0.0325 | 109.92 | 0.0180 | 109.90
K, | 0.0496 | 354.82 | 0.0556 | 354.82 | 0.0470 | 12.35 | 0.0470 | 12.40
O, | 00462 | 32364 | 0.0458 | 323.64 | 0.0460 | 313.23 | 0.0460 | 313.00
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Fig. 2.28 Input condition of surface/bottom open boundary of water
temperature and salinity (2002year).



© FBA=2A
T, =

' = 15.7+ 6.50*cos (w* (id +159.8)) (2.29)
T,, = 10.4+ 2.50*cos (w* (id +159.8))
T,,= 16.2+ 6.50* cos (w* (id +159.8))
T,y = 10.5+ 2.50*cos (w* (id+159.8))

@ ARAA=R

a,, = 33.25+ 0.40%cos (w* (id—10.0)) (2.30)
Ay, = 33.55+ 0.30*cos (w* (id+95.9))

Cly, = 33.25+ 0.56*cos (w*(id+29.8))

Cl,, = 33.54+ 0.14*cos (w* (4d+90.5))

ANA, T, Ty D Ty, Ty 47 AR 2 &£z £33 A
e A, d, D 4,0, 47 ARG 2 Hxge] 2574 A
AR idE 19 19€ 12 3 AAdF, we AE=EH

4) FradE 48=x23
Table 219 AFBT FFFLFS dFx002 AEsAH

5) 71} Aldkzd
HrgErdd AAsE 7 ANEAE Table 273 2o
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Table 2.7 Computation conditions of tidal current model

Division Parameter Input value unit
Time interval At 3 sec
Coriolis factor f 7.819x10° 1/sec
Acceleration of gravity g 9.8 m/sec?
Eddy viscosity coef. A, A, 100 m/sec?
Water surface friction coef.| y? 0.0026 -
Internal friction coef. 2 0.0025 -
2 _ 2
Bottom friction coef. ¥4 vy =ele .
¢ . Chezy coefficient
K=ansut+
K;/:aAs-v—Fﬁ
Horizontal eddy diffusion K K As : mesh interval(m)
coef. e u,v : current velocity of
x,y-direction(m/sec)
a=100, B=50
Kz = Ri : Kzo
Vertical mixing coef. K, R; - Reynolds number

K,:1.0x10~* (m/sec)
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Table 2.8 Estimated result of SS maximum diffusion area at each case

(a) 1st layer(0~3m)

Denth| S5 C SS maximum diffusion area
(ffl) ( n‘l’)“ East & West[South & North| , .\
bp distance(km) | distance(km)
CASE 1 0~3 SS= 1.0 0.66~1.07 0.91~352 0.36~2.25
14~19 SS>= 1.0/ 053~0.66 1.12~1.87 0.34~0.83
0~3 3.0>SS> 10| 134~1.82 2.71~6.28 1.39~3.05
SS= 3.0/ 142~155 2.26~5.48 2.06~4.83
CASE 2 14~19 3.0>SS= 0.1] 1.55~1.88 3.06~6.50 2.18~5.02
SS> 3.0, 125~1.30 2.23~5.40 1.83~3.26
45~55 SS> 1.0/ 0.18~0.59 1.23~3.05 0.17~1.39
USYLBVE&?»\[Umtppm] | (5mLev)g\|] [Umtppm]
v '\:T\\?;o \’\ ° ﬁ ¥ A 1.0 :
v @%\ )
Gajir:;{ . j Gajin/-LiA ?j\ :
GOSEONé‘, GOSEONIém
@‘h;.\} .
oL
O
@//%; ’ /‘;‘.O
Ayajin-ri ,l

4

(b) 5th layer(14~19m)

Fig. 2.36 Simulated max. diffusion distribution of SS concentration at 1st
layer(a) and 5th layer(b) (with CASE I).
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[Unit:ppm]
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(a) 1st layer(0~3m)
Fig. 2.37 Simulated max. diffusion distribution of SS concentration at 1st
layer(a), 5th layer(b) and 9th layer(c) (with CASEI ).
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(AU A& 21)-(DOM, TOMS #31) (2.46)

= foof pc(GoP) = fogf po (R TP)
- fCO‘KVC.eXp(GdC. yj.COD_*- KA.<DOSal - DOl ) - SOD+ fPO - DOM
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22 Richard(1965) 2ol <l 3|

u)
49l darFoyE FT &

(CH,0))106(NH,),H,PO,+ 1380,
¢106C0O,+ 16HNO,+ Hgpo + 122H,0 (2.47)

webA [TOD @ Cl9] 34 AFE o] &3 44w ¥she thid 2ol

e
o

Ol
ox
=2
o
%

>

o wF=[T0D : C )l (T)-p, (DIP, DIN)pyP

@ ABE=agaEe aFd oF Ax 4uw=[T0D :Clv,(T)P

@ E2Egase sdd 9% 4u=[T0D : Cl(u,—v,)v(1)Z

@ A 5715 2ol o 2u|=[TOD: Cpppprve(T) Detritus

® £24 $71% waol 98 £u=[T0D : Cpoylv,(T)-DOM
2) stetA Aba 23 (COD @ mg/l)

A AN s £ - AeEgaE Q44 2 8FEY #7189 A%

]
W CoDe) @9 A wstse o & vk wEd 4 dEd frlE
il

tio
e

Lo

—=(Phyto?] ul4)+(Zooo] &4 3bu)Ad)+(Detritus®] = 3H)

-(&3h) (2.48)
= fPG'(EP'GP'P) +f e, = 0):f p7(Gp)}-ZP+ f 16K expl(f,,; 7;)-Dety,
— Kzexpl(0,: T,)-COD,

9 4o 7 AEAA +458 BaAA A 24 Fejel gl o
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FudE FRodRaEs Fo A 59, yerEel 4R
AAAE G Rl SR nEEel A ¥x, AFAdNE 5
aAe ooz qlate e@dEde) WEARst WIAA 97 BEel,
3 2 META gAdeiE fUss edBde BT vHdeR
kg,
A% AAZD

SAAN FEY 8 AAFECOR BHAI, $E96, okopd
gEansd)s /e AeRARAL AR oz AvddNds 3
Aol Qe 2ARPIAS BENE £ FABER AEaGom,
Aol el 2/12Ae 3 5 8 1199 #ARZAE B - AF
B9 an@AzA Agstel Agach $Ae ANAAFER A
g50i 20023 HFBHZAARE Table 299 2h

Table 2.9 Boundary condition of water quality concentration

Upper . Lower
Division boundary (E;%};;gfggig), boundary
(L2+L2F2)" (R2+R2F2)"
Water surface 13.92 14.13 14.08
Temp.(C) |bottom 11.03 6.73 11.47
..oy |Surface 33.09 33.16 33.29
SalinityGbo) g crom 33.43 33.70 33.62
surface 8.26 &8.65 3.86
DOme/V 1 om 850 8.96 9.22
H surface 3.18 8.20 8.19
P bottom 8.10 797 3.08
surface 0.83 0.98 0.95
CODmg/D 1y Som 0.65 073 0.65
surface 0.070 0.070 0.077
TN(meg/D rp om| 0,066 0.072 0.077
surface 0.021 0.018 0.022
TP(mg/D 1 om] 0,024 0.035 0.026
surface 0.044 0.33 0.37
Chl-a(me/D 1y 0 T 0.031 0.15 0.19
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shFAelA 2q AAS 47

A LgARA AEHE A wde Fa ABHA stety]
B Table 2103 o] 71E2d 2 AFRRANA Hg40] A48 2
g FdaA Hestel g

==y
NEZYaE JAEEY ex FAS AFTFR WG diFL
THEo 20CE 7|Z202 &3 ou, Eppley(1972)E 0CTE 712

=
7 9lth. Eppleys Ust o] 93 Be A7 A(2FE 0T A
Axw= 059/dayR AAsG o B AFeldE 060/day & A&t

pEaggEe FEEL IAELE, F7EY FUist S5, 0

3
2= =% 2328 (Jorgensen, 1979)E ol&ste) YAt HIT H&

Hole) HAEvY oo $E4EE Aoz RE HFUSAI)
Mulshmz MEEvl ga 2 oade Yo ¥ RddNE §E4 ¥

Nols gEH BrAxe] APRRE $EELE 47 50 mg/m’/day
2 950 mg/m’/day= ARSI FAE el diE HEHAA B A=
FA 2 AAst
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Table 2.10 Main biological parameter of ecological model

Symbol Definitions Value | Unit

Gmax | Maximum growth rate of phytoplankton at 0C 0.06 1/day
] Temperature coefficient 0.0693 1/C
Gz Maximum grazing rate of zooplankton at 0C 0.18 1/day
Ep Excretion rate of phytoplankton at 0C 0.05 -
Dey Mortality rate of phytoplankton at 0C 0.01 1/day
Re Respiration rate of phytoplankton at 0C 0.01 1/dayC
Wp Settling rate of phytoplankton 0.2 m/day
Wp | Settling rate of detritus 0.3 m/day
Uz Filtration rate of zooplankton 0.35 ¢ /mg/day
Dy Natural death rate of zooplankton at 0TC 0.04 1/day
Ky | Half saturation effects of zooplankton 0.06 mg/ ¢
Nvu | Total growth efficiency of zooplankton 0.3 -

a Digestion efficiency of zooplankton 0.7 -
Kpe | Decomposition of Detritus 0.03 1/day
Kon | Decomposition of DON 0.04 1/day
Ka Reaeration coefficient at sea surface 0.15 m/day
Kp Half saturation constant for uptake of DIP 0.003 mg/ ¢
Ky Half saturation constant for uptake of NH4-N 0.03 mg/ ¢
Ko Half saturation constant for uptake of NO3-N 0.03 mg/ ¢
Ky Optimum intensity of radiation for photosynthesis| 200 15 klux
fow | Ratio of Dryweight/Chl-a 110.0 -
fec | Ratio of COD/Chl-a for phytoplankton 0.59 frw -
fpx Ratio of N/Chl-a for phytoplankton 6.022 -
7~ Ratio of N/Dryweight for detritus 0.0547 -
fpp Ratio of P/Chl-a for phytoplankton 0.833 -
fzp Ratio of P/Dryweight for Detritus 0.00757 -
fzc Ratio of COD/Dryweight for zooplankton 0.59 -
foc | Ratio of COD/Dryweight for detritus 0.59 -
fro | Ratio of DO/Chl-a for phytoplankton 2.26 frc -
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(4) A2 2 4

7hH AdE AT

2 aAFdAE gadde 533 AFd oste H4EEFAEY AR
24 Zzz9-a(Chl-a), 3F8H8 A2 FHCOD), FHEAL(T-N), F
(T-P), £E22(D0)e] sE=EF disted AeA - ]aﬂ%f—iﬁé—% T3
ot = wao; A A=5 HFqaayd FA5E ANAds
HABZ2z7t 2E3 COD, T-N, T-PsEE u}woz AA st A&

JE

AN EgTh B3, T-NgE 9@ T-PsEe 474 FEAMY
o] =4 $714A(DON) 2 $&24 712209 &3 &4 &7
Sl (DOP)H &&4 F712((DIP)9 oz veldle]l AFaA

Aoz AZAY, Ao #F CODsET 1.80 ~ 1.90
ppme] WHoin, AxE= Az 1.8 ~ 1.90 ppme HHoltk T-N %
T-pPe] #=xE 7tz 005 ~ 0.07 ppm¥ 0022 ~ 0.032 ppm*] H 9} o]
o AR E ZhzE 005 ~ 006 ppm¥ 0.024 ~ 0.026 ppm®] ERE=2
olate] AMZ B3 A BEATE FAR e JEified &
e B Fxmie] e #AANS F5A AP F de A
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Fig. 2.39 Verification result of surface concentration.
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(a) COD concentration
Fig. 240 Simulated horizontal distribution of Water Quality at 1st layer
(with non-discharge Cond. of DSW).
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(b) TN concentration

Fig. 2.40 (Continue).
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(a) 1st layer(0~3m)

Fig. 3.1 Simulated result of Water Temp. changes at 1st layer(a) and Sth
layer(b) on maximum flood flow (with discharge Cond. of DSW).
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saou, T-PY 5xE Z71a9eS ¢ 4 e, ol COD, T-N9|
$ wRRE Az wENg f9o2yH FUHE ¥EF ¥
T-pe] A9 Wy WEel Aow wudth o|2RE A4 AHA WY
sl COD, T-No| B&E gtashs @9, T-Pe ¥27t 3718 2o
Z o d=r.
Table 3.2 Distribution area of surface concentration at each water
quality factors
Surface Distribution distance(m)
Factor
concentration(ppm) | Non-discharge Discharge
COD 1.88 341 112
TN 0.0535 572 282
TP 0.0255 104 317
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(a) COD concentration
Fig. 32 Simulated horizontal distribution of Water Quality at 1st layer
(with discharge Cond. of DSW).
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(b) TN concentration

Fig. 3.2 (Continue).
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Fig. 3.2 (Continue).
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