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Abstract

Due to the growth of population and industrial development at the coastal
cities, there have been much increase in necessity to effective disposal of the
wastewater. The amount of municipal water has been increased rapidly and
it is necessary to treat and dispose the wastewater effectively. The recent
trend, in terms of disposal of it, is discharge through diffusers into the
ocean, either at the coastline or at the deep water, or between these two.

For this end, we need to predict near-field characteristics of discharged
water. We adopted CORMIX model for the analysis of the near-field
behavior of discharged water and made certain comparison with the existing
experimental results.

We found the early dilution is important, especially for the numerical
simulation by a depth averaged hydrodynamic model of diffusion mechanism
at the existing flow field.

We also applied it to the Pusan Jungang Effluent Outfall System, which is

planned to be in the Gamchun harbour and will be completed in 2011. The



model output showed the trajectoral variation of dilution and mixing behavior
for three cases of outfall system. Dilution differences have been simulated
and found the highest dilution condition under the different displacement of
outfall system. On the basis of these outputs it will be proposed the
optimum outfall system type and location.

Through the case study, dilution is dependent on the discharge depth, the
ambient velocity and total flow rate. This approach might contribute to deal

with serious water quality problems caused by the ocean discharge.
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NORMENCLATURE

Plume cross- sectional area

Shape constants of volume flux
Port area

Equivalent slot width
Jet lateral dimension where velocity is 37% of maximum mean
AXDb

Mean concentration
Depth averaged concentration

Time averaged centerline concentration
Flow- weighted average concentration
Background concentration

Contraction coefficient

Port diameter

Diffusion coefficient in x, y directions

Densimetric Froude Number

Local Froude Number

Darcy- Weisbach friction coefficient
Coriolis parameter

Gravitational acceleration

Reduced gravitational acceleration

Total depth

Mean ambient depth

Discharge depth



Pycnocline heights
Port height
wastefield thickness

Thickness of lateral buoyancy spreading

Kinematic buoyancy flux

Kinematic buoyancy flux per unit length
Decaying coefficient

Plume/crossflow length scale
Plume/stratification length scale

Diffuser length

Jet/plume transition length scale
Jet/crossflow length scale
Jet/stratification length scale

Discharge geometric length scale

Port space

Crossflow/stratification length scale per unit length

Slot plume/stratification length scale per unit length

Slot jet/crossflow length scale per unit length

Slot jet/stratification length scale per unit length

Characteristic length scale

Kinematic momentum flux
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Kinematic momentum flux per unit length

Number of ports, Manning's n
Volume flux

Initial discharge flow rate
Pollutant load

Source discharge volume flux

Lateral dimension in cylindrical polar coordinates
Dilution

Minimum dilution at the edge of near- field region

Minimum dilution

Centerline trajectory in jet or plume
Time

Port temperature

Ambient average temperature

Reference temperature

Mean centerline velocity
Depth mean velocities in x, y directions
Flow rate per unit-width x, y directions

Port discharge velocity
Current speed

Wind speed
Entrainment velocity
Eddy viscous coefficient

Water surface width
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Wastewater field lateral width

Maximum time- averaged velocity

Distance to the edge of near- field mixing zone

Streamwise Cartesian coordinate
Tranverse coordinate in plane jet or plume
vertical coordinate

Height of rise

Entrainment coefficient

Relative orientation angle measured either clockwise or

counterclockwise from the averatge plan projection of the
port centerlines to the nearest diffuser axis

Initial buayancy flux per unit lengthe

Average alignment angle measured counterclockwise from

ambient current direction to the diffuser axis

Bottom friction coefficient

Ambient buyancy gradient

Vertical angle of discharge between the port centerline and

a horizontal plane

Measure of the difference in the spread of velocity and

concentration

Volume flux in jet

Fluid density

Density of jet or plume

- viii -
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Ambient density

Horizontal angle of discharge measured counterrclockwise

for the ambient current directionto the plan projection of the
port centerline

Water surface elevation

- X -
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(feedback)
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1
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Fig. 1.1 Actual diffusion of
pollutant particles
(U.S. EPA)
CORMIX (Cornell Mixing Zone Expert System)
. CORMIX Cornell

(Akar & Jirka, 1991)
(Expert system) 3
. CORMIX 1, 2, 3 ,
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(Jirka , 1996).
CORMIX1 CORMIX2

2
2
Hlnad « fiond «
> (=] > k
'-:,__ Awnlar surfmos
land Pt land ST
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Fig. 1.2 Pollutant source - (a) theoretical source (b) practical source
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Rawn(1960), Brooks(1980, 1983), Fisher(1979), Brooks & Koh(1975),
K oh(1977) ;

2.1

(feeder pipe)

70m ,

(scouring)

, 0.5m/sec



(densimetric Froude Number)

(hydraulic capacity)

(riser)

2.2

2.1 ( , 1996).

Fig.



(operating head)

Collect
Design Data
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L

Assume Diffuser
Length
and Depth of
Discharge

Assume Manifold Geometry

|

Near & Far-field
Mixing Analysis

|

Flausibility

|
QK
L)

Detail Design

Oceanographical Survey
Process Conditions
Regulation

Port size & Geometry
Port Spacing
Diffuser Diameter

Mear-fizld Mixing Model
(CORMIX)
Far-field Model

Aspect of Regulation
Aspect of Economics
Aspect of Aesthenics

Feeder Pipeline
Diffuser
Pumping Station

Fig. 2.1 Design process of submerged multiport diffuser
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2.2.2

(net currents)

(Layton, 1976).
(unidirectional diffuser),

(staged diffuser), (alternating diffuser)

(coflowing diffuser) Tee
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Fig. 2.2

|I . g 7
e ; R | = ) by
- g . 2o / || Rl \ Ci-
[ 11 | N I| / ] \
<\ 0
(a) coflowing (b) Tee (c) staged (c) alternating

Fig. 2.2 Diffuser type and flowfield

Fig. 2.3 . Y [Fig. 2.3(c)]
0] [Fig. 2.3(d)]
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i Cofluser
(a) (b)
| —{ | S
\ \ '
| | O
(c) (d)

Fig. 2.3 Orientation and alignment of diffuser

2.2.3

. Tee

(alternating diffuser)

(staged diffuser) (coflowing diffuser)
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(flow rate)

1)

.(Brooks, 1960)

(F.>1)
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2)

(flexible)

20°

- 14 -



3 8m/sec (Jirka, 1996).

0.5m/sec

(trial and error)

(fanned- out)
. Fig. 24 1, 2, 4,

- 15 -



2LF2 08

[

(a) one port

i 'a
-
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= 4
..... = AT
! i
TV
i |
|
e

(c) four ports

ROLD

nnnnnnnnnnnnn

LI

— s
T 1 by
“roud
L

(d) six ports

Fig. 2.4. Examples of diffuser type

, 1980 5
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Table 2.1 Introduction of domestic sewage diffuser

. Masan/Chang-
Subjects Ulsan Onsan Noksan
won
_ 12.84 8.24

Discharge volume (planned (planned

( /sec) maximum, maximum,
2011) 2011)

Discharge depth
13.0 35.0 270 6.5

(m)

Feeder pipe
_ 2,000/680.0 2,200/4,500.0 | 1,800/2,000.0 2,500/126.0
dia.( )/leng.(m)

Diffuser pipe
_ 2,000/210.0 2,000/1,300.0 1,800/180.0 2,200/56.0
dia.( )/leng.(m)

Riser
_ 1,350/10.0/20 | 200/10.01/130 | 1,350/18.0/9 1,200/9.0/6
dia.( )/spa.(m)/no.

Port
dia.( )/no.

200/80 200/260 250/36 500/24

nozzle 150

- 17 -



(jet)
(plume),
, (trapping)
(near
field zone) (initial zone)
Fig. 3.1 , (momentum)
, (transition region), (buoyancy)
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Trapped or Surface level

B H
aunda {
", )

)

momentul buoyancy

dominant daminant
Jet transition plume
regicn region region

L

Mear field region

Fig. 3.1 Detailed near field region

Q M, B
Q= 4 D*W
M=-%D2W2
Oa- 0 :
B=( : °)gQ= 9,Q
a
D ] W 1 pa
] g ) g‘O
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3.1

(single jet)
(pure jet), (momentum jet),
(non- buoyant jet) . ,
(buoyant jet)

(forced plume)

Fig. 3.2 :
(zone of flow establishment)
6 7 ,
5

(zone of established flow)

(Albertson , 1948).
(round buoyant jet) Fig. 3.3
(initial zone of flow establishment)

(self similar) .,

: ( )
s Gaussian (Wood , 1993).

U= U,e (T’) (34)

- 19 -



(3.5
C=C,e (%) (3.6)
L] U L] Um L]
r S ] b ’ KO’ KOm
, A
(spreading ratio), C, C,,
A 1 1.067,
1.275 (Fischer , 1979).
(3.4)
(volume flux)
Q= 27sz0 Udr= zU b (3.7)
Morton  (1956) b Ve
Un
Ve
g =" alFu] (38)
(3.8) (entrainment coefficient) « (local
Froude Number) F (List & Imberger, 1973). ,

- 20 -



dQ _ 5 U

ds
(3.8) )
F. (Albertson , 1950 Hirst, 1971).
F.= Un
L= 1/2
Oa- Om
b
ety
Fox(1970) (311
Fox 1%
a, Al
= +
a 1 FE
az[ﬁ]
= + | (9
a 1 Ff
] 6 1 a’l
y @ (Fischer
Wood , 1993).
Table 3.1 ) ,
Fischer  (1979) Wood (1993)
Table 3.1 lo
M

- 21 -

(3.9)

(3.10)

Hirst(1971)

(3.12)

(3.12)

(3.12)

, 1979



lo= QIMY?= VA (3.13)

, lo= V 7/ 4D
(equivalent length scale)
(orifice) z

z/IQ, Q, M

- 22 -



Zone of Flow
Ezstablishrmeant

=N

—i r
1
-u_h- -—ﬁl e
m q o Urwxs LIy

Zane of
Eslablished
Flow

Cenler Line

Umes < U

Diffusion Region

Fig. 3.2 Classification of zone of flow establishment

and zone of established flow

g
Z A
g \ _AU A Um
e ..I ]
| : e
=
pa s
e
Entrainment
: (B0
D
Zone of Flow
Establishment

Fig. 3.3 Schematics of a round buoyant jet
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Table 3.1 Summary properties of turbulent jet (after Fischer et al. 1979)

Parameter Round jet Plane jet
Initial volume flow 2
70 U, BU,
rate, Q 4
Initial specific 2
D U, BU}
momentum flux, M 4
Characteristic length Q 2
12 Q_
scale |4 M M
Maximum
. U, | U, |
time- averaged = (7.0 £0.1)(—2) = (2.41 £0.04)(—2)"?
U, z U, z
velocity, U /U,
Maximum
time- averaged tracer Crm = (5.6 +0. 1)(£) T = (2.38 0. 04)(2)112
C, z C, z
concentration, C ,/C,
Mean dilution, #/Q —(%z (0.25 +0. 01)(|—Zq) —%z (0.50 +0. 02)(|—Zq)”2

Velocity scale of

0.107+ 0.003 0.116+ 0.002
half- width, b,/z
Concentration
scale of 0.127+ 0.004 0.157+ 0.003
half- width, b;/z
Ratio, C ,/ C ,, 1.4+ 0.1 1.2+ 0.1

- 24 -




3.2

(transition region)

1993). Fig. 3.4

u(x,y,z)=U(2)

» Yo=Y/b,

b/l L1 :

b/l >1

y

(slot jet) 2

(Wood

exp (- yzb)iexp{-( b

)]

X, = X/,

= . (3.14)
Sl (3)]

b= bll n

Gaussian

(3.14)

- 25 -



9= [ u(xy,2)dA= 1,U(2)bl (3.15)
A I
(shape constant) oy A
A 1.067 ,
1.275 . Kotsovinos(1975) Rodi(1984)
2 A 135 ,
A 1.067
Table 3.2
2 135
(3.14) b/ | A b/l
(buoyancy distribution)
S b
Abl 4s (spread constant)
(Wood , 1993). Table 3.3 Table

34

- 26 -
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Fig. 3.4 Jets merging in unidirectional diffuser



Table 3.2 Spreading ratio with processing merging
(after Wood et al. 1993)

b/l | 0.0 | 0.1

0.2

0.3

04 | 05

0.6

07| 08 | 09 | 10

A | 107|108

1.09

111

115121

127

131|134 | 135| 1.35

Table 3.3 The spread constants for a two- dimensional flow

Jet Plume Reference
0.116 0.116 Fischer et al., 1979*
0.125 0.109 Patel, 1971*
0.120 Kotsovinos, 1975
0.108- 0.132 Evertt & Robins, 1978*
0.120 0.120 Chu & Baines, 1989

* averaged of the values obtained prior to the publication of Fischer et al.

** These values are deduced from experiments in a coflowing fluid

Table 3.4 The spread constants for an axisymmetric flow

Jet Plume Reference
0.107+ 0.003 0.105 Fischer et al., 1979*
0.109 0.109 Papanicolaou, 1984

* averaged of the values obtained prior to the publication of Fischer et al.

- 28 -




3.3

(equivalent slot diffuser)

Cederwall(1971)

dilution of the multiport diffuser

dilution of the equivalent dot diffuser

(pure plume) R 0.78

(densimetric Froude Number)

- 29 -

= 0.9

(3.16)

(3.17)

(3.18)



o

Albertson  (1948) (submerged turbulent jet)

. List  Imberger(1973)

(entrainment function)

Fischer  (1979)

3.4

, (near field region)

region)

- 30 -

(far

(3.19)

field



(reentrainment)

(thermal diffuser)

Bo= go‘ uU,B

Jo

. Fig. 35

. (8

(sewage diffuser)

, (b)  (d)

Jirka(1982)

(initial effective acceleration)

- 31 -

(c)

Bo

(3.20)



m,= U3SB

—-=1.84 F 31+ cos? f,)?

(323) H/B 200

. Fig. 36
bo

. Ma/( Bo”°H)

(Jirka, 1982).
m, m.,+ m, cosd,
+ =054
18023H ,BOZIBH
(3.24)
Fig. 3.7

- 32 -

(3.23)

(3.21)

(3.22)

(3.23)

(3.24)
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4
mﬂ TR VEFEFRT

b) Deep Water, High Buoyancy,
(a) Deep Water, High Buoyancy, (b) P g yaney

) i Near- Horizontal: Stable Near
Vertical: Stable Near- Field Field
- Fie

=

DN

vertical ==
Dl
i

mixing

el

(c) Shallow Water, Low Buoyancy,
Vertical: Unstable Near- Field
with Local Mixing and
Restratification

(d) Shallow Water, Low Buoyancy,
Near- Horizontal: Unstable Near
- Field with Vertical Mixing

Fig. 3.5 Examples of near-field stability and instability conditions

for submerged discharges in limited water depth

- 34 -



H/B

100000
) STABLE NEAR FIELD
(deep water)

f=r'4
10000 { O=mi2
1000
UNSTABLE NEAR FIELD
100 ! {shallow ster)
W
10 100 1000

Fs

Fig. 3.6 Stability diagram for line buoyant discharges into
stagnant ambient



.60

UMSTABLE NEAR FIELD
{shallow waler)

I .40
th
o
k]
El =
*l 3
E - 0.20
STABLE MEAR FIELD
{deap water)
.00
0,00 0.0 0.40 0.60
m,
H 0 23 4 H

Fig. 3.7 General diagram for line buoyant discharges into
confined depth comprising stagnant and flowing ambient



4.1

4.1.1 (Mixing Model)

(prototype)
.(Fischer , 1979).
, ) , Reynolds ,

(FDM) (FEM)

, , (similarity
function) ,

, Eulerian Lagrangian
, S
x,y, 2
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(complete field model)

4.1.2 EPA

U.S. EPA

Table 4.1

UPLUME Eulerian

0
UOUT PLM
UDKHDEN :
UMERGE
Lagrangian
ULINE

UM UMERGE

Lagrangian

UPLUME

- 35 -

(Zhang, 1995).

3

Eulerian
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RSB UM U.S. EPA PLUMES

, CORMIX

Table 4.1

EPA

4.1.3 CORMIX

1) CORMIX
CORM IX

CORMIX ,

. CORMIX2

Tee
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CORMIX

2) CORMIX
CORMIX Fig. 4.1 5
DATIN , , ,
PARAM
Table 42 Table 4.3
, CORMIX1
Mo= U Qo, Jo= 9Qo0, Qo= Uag
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jo= glo%y

Lo

Uy ’ U 0 , &
[ 9(0a- 00) 0al
CORMIX?2

' mo= Udo,
do= Ugnay/Lyp ) n

A e Amblent

CATIM " | Mzcharge 1,23

Uges Daka Il Zones

P-Espan

PARAM

Pasamelel Computation

'I

WP-Expan

CLASS

Frowy Glassification

l

VP-Expar
HYDRD

Pragram Cantrol

|

WP Bt
Sl
Hemmary
Evaluation
HAacommendalion

~— HYDRO 1.2,3

| FORTRAR

| Prediction/Simulation

POST-FROCESSOR
CMXGRAPH
FFLOMGATRA
CORIET

Cesign iteration

Fig. 4.1 CORMIX system elements and

processing sequence

- 40 -




CLASS

. CORMIX1 4
@
(A
CORMIX 2 3
HYDRO
, SUM

Post- Processor
(CMXGRAPH),

3) CORMIX

(V H

(MU

SUM
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31
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, (unbounded)

: CORMIX2
. CORMIX1 ,
, CORMIX2 ,
, Lo, o,
g, s,
y : Fig. 4.2
Fig. 43 CORMIX .
3 : CORMIX1
0, 45
, 6, 45 13 . CORMIX2
15
40%  90%
CORM IX
: (half- width), (thickness)
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Table 4.2 Length Scales for single port submerged discharges
(Used in CORMIX1 and CORMIX2)

Scales Length Scales
Discharge geometric length scale L o= N?ﬁz
0
M3/4
Jet/plume transition length scale Ly= j—]fz
0
MJJZ
Jet/crossflow length scale L,= u°2
a
Jo
Plume/crossflow length scale Lp= N
a
MZ3
Puff/thermal transition length scale L= ——%
(JoUa)
MJJ4
Jet/stratification length scale L= —uz
&
e . . J
Plume/stratification length scale L= —a5
&

Table 4.3 Dynamic Length Scales for multiport diffuser(CORMIX2)

in the 2- dimensional slot discharge representation

Scales Length Scales

2

Discharge geometric scale lo= mq]‘jz

0

. .. Mo

Slot jet/plume transition length scale Iw= 12

a

mJJ3

Slot jet/crossflow length scale In= —5
&

mJJ3

Slot jet/stratification length scale I, = 60

U3

j]J3

Slot plume/stratification length scale ly = — 35
&
g . u

Crossflow/stratification length scale la= —33
&
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Fig. 4.2 Definition diagram CORMIX



Range

of beit

Range

=
Wala f E
—_— — e — — — — i =
Densily prafiia
L e
H
F SN _——— — lm=hAH
— — — o 00=053H
o j"n.
I
Ao a5 D H CORMIX
1
Bol 45 D HA
_ GOAMIX
D HIE 2

Fig. 4.3 Limits of applicability CORMIX

4.2 CORMIX
CORMIX ,
U.S. EPA
UM 4.2
4.2.1
Oahu Sand Island
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UM

. RSB

of h

Range
ol D

(Kwon & Lee, 1997)

RSB



(Q,) - 4469 /sec
(H,) - 93 m
(Hp) - 701 m
(u,) - 0.1 m/sec

(Ly) - 1040 m
(he) - 229 m

(D) - 0.085 m
(00) - 1000417 /

(YB / DISTB1, DISTB2) - 2520m / 2000m, 3040m

- Fig. 44
Im ,
1996 1, 4, 7, 10
CT D(conductivity- temperature- depth) . Fig. 4.4
. Fig. 44 CORMIX
4.2.2
CORMIX CORMIX 1 CORMIX 2
, RSB
UM CORMIX 1
, CORMIX 2



, (trapping)

. Fig. 45 , Fig. 4.5(a)

Fig. 4.5(b) CORMIX 1

CORMIX 1

CORMIX 2
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E !
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= |
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@
(]
L
£ ®
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¥
1

Fig. 4.4(a) Density profiles for input data on January and April, 1996
(Case 1 and Case 2)

- 48 -



Fig.

Dansﬂylkgfmqﬂéﬂﬁ

1022.40 1022.80 1023.60
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4.4(b) Density profiles for input data on July and October, 1996
(Case 3 and Case 4)
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1200.00

500.00

Dilution(S)

400.00

O RSB
[] UM
® CORMIX1
[ | CORMIX2
] =
O @)
|
* B
Casel Case?2 Casel Cased

Fig. 45(a) A comparison of the dilution by
UM, RSB and CORMIX model

- 50 -



()  RsB
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B cormix2
g =
@® 4000 ! [
O
= N
[ O 5
=
20.00 - g

0.00
Case1 Case2 Casel Cased

Fig. 45(b) A comparison of the wastefield thickness by
UM, RSB and CORMIX model
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4.3

(point source)

2
1)
2
S a M+ 50IND = g (41)
OM . QUM . QUN _
ot T ox T oy o NF
o¢ 0 oM
g(h+ 9 oX * oX [V‘ oX ] (4.2)
2
7b 2 2
ay[ut v e g MM N
ON . QUN . VN _
T Tk Ty TIME
L, _o ON
g (h+ &) -+ 2 [ut ax] (43)
2 2
oy | v 8y] (h+§’) M=+ N
U, Vv X,y M, N X,y
( /sec), & , h .V T’
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o[ (&+ h)C] . o[ (&+ hUC] . [ (&+ h)VC]
oX

ot % (4.4)
o[ g+ Mo Ge] 9 (gr D, O]
- ox T oy ~F O
L] C L] Dx1 Dy X1 y
2)
(Gug , 1999) , ADI(Alternating Direction
Implicit) 2
(grid) 96x 38, 25m, 3sec,
25m , 20 /¢ ,
0.155 /¢ . , 25m 0.25m/sec
105m
4x 4 . )
0.155 /¢ 4% 4 1
248 /¢
Fig. 4.6
, O
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Fig. 4.7, Fig. 4.8, Fig. 4.9

(@) ()],
[(©)] 0.1, 0.3, 05
.01
. 03
. 05 | 03
Fig. 410 Fig. 411 Fig. 46 y
(A-A) Y (B-B')
0.1, 0.3, 05
X, Y
! 2
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Fig. 4.6 Calculated result (max. flood tide)
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Fig. 4.7 Comparison of diffusion between point source and processed source
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after 0.1 period

- 57 -



O I8, S0 (W8 QD2

20,00

*

10.00

L0k GeN0SRE NLIRDMDSHDN ) De0NS O DNTDe

20,00

*

16,00

FIONMAL DHIRL S0 R DAOKDE

30,00

2000

10.:00

100,00 2000 30.00 40.00 3000 60.00 70.00 a0.00 2000

Fig. 4.8 Comparison of diffusion between point source and processed source
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after 0.3 period
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Fig. 4.9 Comparison of diffusion between point source and processed source
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after 0.5 period
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Fig. 410 Comparison of concentration profile for A - A' cross section
according to the 0.1, 0.3, 0.5 tidal cycles between point source and

processed source

ﬁ - -
0.1 period OHE -:|]l- 1|
(s
= = == 0.3 period {
R 0.5 period
E
-
a
=
[
E
E 1
8
_________ B s o g = o
— e ttEemaa-_y.
n -
o 10 20 1w 0
B - B' axis
WO TONIZRE DeORL |
{b)
= L]
I,
E
B
o
J=
£z
o
=
i)
L]
¢ 49
EOORI-ILe OeOnL |
e}
i 0.20
I,
E
E
=)
2
E 010
o
=
i
0.0
0 1 0 o “
B - B' axis



Fig. 411 Comparison of concentration profile for B - B' cross section

according to the 0.1, 0.3, 0.5 tidal cycles between point source and

processed source

Table 41 Summary of numerical model characteristics

Mode
UPLUME |UOUTPLM|UDKHDEN| UMERGE | ULINE RSB CORMIX1 | CORMIX>
Parameter
] ] Single/ ] Slot/Closely ] ] ]
Port Single Single i Multiple Multiple Single Multiple
Multiple spaced
Discharge | | 5 . . . . . . | Assumes . . . _ _
-5 90° | -5° 90° |-5° 130" | -5 90 -90 -90° 90° | Arbitrary | Arbitran
Angle 90°
Density : : : : : : : :
Brofil Arbitrary | Arbitrary | Arbitrary | Arbitrary | Arbitrary Arbitrary | Arbitrary | Arbitran
rofile
Current Constant ) ) ) ) Constant | Constar
No . Arbitrary | Arbitrary | Arbitrary Arbitrary | .
Speed with depth with depth |with dep
Current
relative to Assumes Assumes . _
N/A 45°  135° 0° 180° 45° 135° | Arbitrary | Arbitran
the 90° 90°
Diffuser

- 64 -



5.1
, 2011
Fig. 5.1 Station A, Station B, Station C
5.11
140,000 /day
COD , 20 /¢
1,000 / . Table 5.1

, Table 52 COD
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Fig. 5.1 Location map

Table 5.1 Characteristics of discharges

Discharge rate Density of
Y ear COD( /¢ ) | SS( 1t) _
( /day) discharge( / )

2011 140,000 20 15 1000
Table 5.2 Water quality standards on COD

Classification

COD( /¢ ) 1 2 4

(CORMIX 1)
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COoD

5.1.2

, Fig. 5.2 A, B, C

(HL) 15m, 24m, 30m

(DISTB 1)  150m, 1250m, 3000m

, (horizontal discharge)

(perpendicular alignment)
; 2

, Table 5.3

- 61 -



Table 53 Summary of

diffuser characteristics in Station A, B, C (unit: m)

Station A Station B Station C
Diffuser line length 100 100 100
Riser number 11 11 11
Distance from shore
- line to diffuser 150 1250 3000
Port height 0.7 0.7 0.7
Port spacing 10 10 10
Port diameter 0.6 0.6 0.6
Diffuser type Alternating diffuser
\ it
L
_.,- Distarn
I i |

Fig. 5.2 Schematic drawing of submerged multiport diffuser

5.1.3
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Station A , 15m

, 30 75m
0.15m/sec
Station B , 24m
, 0.20m/sec
Station C , 30m
, 0.25m/sec
( , 1998).
T able 5.4 Density distribution
Classification Winter (/) Summer ( [/ )
surface 1026.0 1019.5
Station A
bottom 1026.0 1022.0
surface 1026.2 1021.6
Station B
bottom 1026.2 1023.6
surface 1026.3 1021.6
Station C
bottom 1026.3 1023.7
5.2
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CORM X ,

Station Table 5.5

, 2 0.42m
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Table 55 Summary of input data CORMIX1 /
Classification Station A Station B Stati
Analysis situation unbounded unbounded unbot
Average depth H, 15m 24m 30
Actual water depth H, 14.3m 23.3m 29.
Current speed u, 0.15m/sec 0.20m/sec 0.25n
Friction value Darcy-Weisbach f 0.025 0.025 0.C
wind speed u,, 2m/sec 2m/sec 2m/
Distance from the shore to the diffuser 200m / 150m, 250m 1,300m / 1,250m, 1350m | 3,050m / 3,C
Diffuser type Alternating diffuser Alternating diffuser Alternatin
Alignment angle y o0’ Q0° 90
Horizontal angle of discharge o 0 0 o
Vertical angle of discharge 6 30° 30° 30
Relative orientation angle B 90° 90° 90
Average diameter D, 0.6m / 0.42m 0.6m / 0.42m 0.6m /
Port height h, 0.7m 0.7m 0.7
Discharge flow rate g, Qg 0.147 /sec / 162 /sec|0.147 /sec /| 1.62 /[sec|0.147 /sec
Water quality standard 2 /e 2 /e 2
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5 Station COD ,
6.1

6.1.1

1) Station A

CORMIX1 Fig. 6.1
Fig. 6.2 : H1

(discharge strength)

(Fig.
6.1 Fig. 6.2 ). mod131 (near- field mixing
region) ,

. Station A ,

Station A ,
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496, 374

2 /¢ WQS/CCC
. CORMIX 1 ,
COD 3.90, 4.46m 2 It
2) Station B
Fig. 6.3 Fig. 64 , Station A
, 201.3 49.6
Station A
S4
; 201.3, 79.7
6.77, 5.41m
3) Station C
Fig. 65 Fig. 6.6 , Station B
, Station B
. mod13l
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WQS/CCC 9.05, 5.54
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Station A CORMIX 1 Winter
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Fig. 6.1 CORMIX 1 output diagrams of Station A in winter



Station A CORMIX 1 Siimmer
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Station R CORMIX 1 Winter
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Station R CORMIX 1 Siimmer

| ' =
1 1
k| 1
— ]
— E0] bt} —
=5 5
g &
4 =
B 1
D_
g ]
e
=]
o]
— =]
o]
el
]
e
(=1
0.0 +.0 8.0 12.0 ig.0 ¥t .
Flow class: 54 ; : L *
) ) Side Uieuw
Distortion = 0,487
a ] i
8 i i
2 5 5
[ : i
n : :
e : i
I ] :
n : i
m : ;
= : ;
— i |
] i
4] ! 8
H H=}
2 =
s |
g
=3
:):
o
=1 — 77—
[="1 8] 4.0 8.0 1z.0 18.0 .
Flow class: 54 £ iml *

Concentration vs Dounstream Distance X

Fig. 6.4 CORMIX 1 output diagrams of Station B in summer



Station C CORMIX 1 Winter
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Station C CORMIX 1 Siimmer
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6.1.2

1) Station A
CORMIX 2
MUZ2,
6.7 ,

(full vertical mixing)

level)

mixing)

2) Station B

(coanda attachment)

Fig. 6.7, Fig. 6.8

M S5

(recirculation)

(restratification)

. Station A

Station A

- 73 -

Fig.
(equilibrium
(full vertical

MU2, MS5



Station A 50.0m
134.2, 289.0

3) Station C
Fig. 6.11 Fig. 6.12 , ,
Station A, B MU2, MS5
, Station A, B :

, Station B
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Station A CORMIX 2 Winter
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Station A CORMIX 2 Siimmer
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Station R CORMIX 2 Winter

i
8.0 1z.0 1g.0

B 17 5

4.0

Bottom

T B e e ?cﬂ()
Flow class: MUZ : ’ ml —
Side ULeu

4
=
u]

Oiztortion = 1.258

1
—
2.?0

1.q0
Q5. CC

C {mg-per-liter) x 10
i %U

il

HODZRL

T B i B B
Flow class: MUZ , ; Kolm —
Concentration vs Dounstream Distance X

Fig. 6.9 CORMIX 2 output diagrams of Station B in winter



Station R CORMIX 2 Siimmer
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6.2

6.2.1

CORMIX1 Station
Table 6.1
Station A ,

49.6, 374
100 200
, Station A
Station B ,
201.3
79.7 .,

(passive diffusion) (lateral spreading)

Station C ,
Station B
443.4, 102.8 100

Fig. 6.13 Station . ,
Station A ,
Station B Station C 2 4



Fig. 6.13

6.2.2

CORMIX2
Table 6.2

Station C

Fig. 6.13

Fig. 6.14

Station

COD

453.2

(CORMIX 2)

- 82 -

, Station A

Station C

Fig. 6.14



- 83 -



) ) CORMIC-winter
w . a CORMLY 4. summar |
I /A CORMIX 2-winter é
iy CORMIE 2summer
400 ;
o
) -
8¢ A
1l
@,
= &
-.g i O
= &
FAN
mw : |
@ E
0 . :
Station A Station B Station G

Fig. 6.13 Centerline dilution at the edge of N.F.R.

() CORMIi-winter
| O cormx1.summed Fay
A CORMI 2- winter
| CORMIX 2- summaear
M
E
W
uy
g A
g o ©
= O
< O
0 O O
D o
Station A Station B Station G



Fig. 6.14 Wastefield thickness at the edge of N.F.R.

Table 6.1 Near-field characteristics at edge of N.F.R using CORMIX 1

o ) ) Distance to . . o
o Classification |Height of rise T hickness | Half- width | Dilution Ci
Classcification edge of N.F.R
of flow z(m) BV(m) BH(m) S
x(m)
Station | winter H1 14.30 13.06 4.93 4.93 49.6
A summer H1 14.30 12.54 4.28 4.28 374
Station | winter H1 23.30 33.77 8.60 8.60 201.3
B summer S4 11.67 20.22 541 541 79.7
Station | winter H1 29.30 62.21 11.42 11.42 4434
C | summer s4 11.25 25.84 5.50 5.50 102.8
Table 6.2 Near-field characteristics at edge of N.F.R using CORMIX 2
. ) ) Distance to . ) o
o Classification |Height of rise Thickness | Half- width | Dilution Ci
Classcification edge of N.F.R
of flow z(m) BV(m) BH(m) S
x(m)
Station | winter MU2 7.15 50.0 14.30 14.30 134.2
A summer M S5 7.87 11.38 8.91 51.79 85.5
Station | winter MU2 11.65 50.0 23.30 49.77 289.0
B summer M S5 9.26 19.48 13.51 52.31 174.6
Station | winter MU2 14.65 50.0 29.30 49.88 453.2
C summer M S5 8.96 24.97 13.69 52.39 221.3
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6.3

(Kwon, 1997)

Station A, B,
C Station C , ,
Station C ,
1)
15, 30, 60m , ,
Fig. 6.15
60m 1,876
Fig. 6.15(b)
, . Fig.
6.15(c)
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2)
Fig. 6.16 0.2, 0.25, 0.3m/sec

, Fig. 6.16(a)

Fig. 6.16(b)

3)
0.81, 1.62, 3.24 /sec

Fig. 6.17(b)
. Fig. 6.17(c)
4)
10, 20, 30 /¢
6.18

- 86 -

Fig. 6.16(c)

Fig. 6.17

Fig.



5)
Fig. 6.19

6)

Fig. 6.20

Station C

7) (
100m

22, 33

Fig. 6.21

30, 60, 90°

0.3, 0.6, 0.9m

Fig. 20

11,

10, 4.16, 3.13m
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Fig. 6.16 Dilution, wastefield thickness, height of rise computed by CORMIX
model according to the variation of ambient velocity
- 90 -



Dwlwtnoet, Hinckimess, eight of nise af e edge of NP R by CORMIX modal

Dilution(S)

1000 i |
—f=— CORMIX1-winter
TED meeglee=s  CORMIX1-summer
- F]=- cormiX2-winter
500 CORMIX2-summer
260 = s o
e —— R g
(a)
E
m 0 [F = == === - e Bl
E L - -
o o - e
= s
p—
% i "S}\ D
2 1 = ©
E iI.----I-----ﬁ
w &..--a---------* '''' ﬁ"""""""'""'"""'"'""“--
s
0 i
(b)
- ] T P
E = e £
@
A
i 20
k)
2 0 - iawmmanamnnees=T 2t B o o-im - -
2 .

1.00 2.00 3.00
(c)

Flow rate(m3/sec)

Fig. 6.17 Dilution, wastefield thickness, height of rise computed by CORMIX
model according to the variation of total flow rate
- 01 -



Diution, thickness, eight of nse at the eage of NF R, by CORMIK model
—e— CORMIX1 -winter

800 - -
semglieass  CORMIX1-summer
co |~ El= CORMIX2winter |
) —< -  CORMIX2-summer
= .
.g W
g 40
2
PO ficscsTT TR T T T s g
R S
(a)
£
TS G & e i it e O
=
-
¥ n
£
o G— mh — e e — B s — - s — - =S
% 0 c, = &
[ g e
= 0 ;
(b)
= @4 = i
@
L
I
=
S oy | Axeeeeees Y
T
0

10.00 20.00 30.00

(c)

Effluent concentration(mg/l)

Fig. 6.18 Dilution, wastefield thickness, height of rise computed by CORMIX
model according to the variation of effluent concentration
- 02 -



Dhlutian, thicknass, hoight of ise at the edge of NF.R. by CORMIX moda!
—e— CORMIX1-winter

[s=e=sleeas CORMIXT-SUMMEr |
600 | fr E— CORMIX2-winter

Dilution(S)

—<> = CORMIX2-summer i
RS AT REEEE - TF -
e e
W e O s O —— s —o— O —
S —— — —
(a)
E
7 [B === == s === 3 = = £]
=
E
2 put
£
= 8— - - —ﬂ- - — — = = # 73
% .&“"‘“""‘“"ﬁ"'““"-"'"ﬁ“"““““'“ﬂ------ﬂ"""ﬂ
z i
(b)
4
R & = = == &
hY
b Y

*

' b3 - 41

Height of rise(m)
=

40.00 €0.00 80.00

(¢)

Discharge angle

Fig. 6.19 Dilution, wastefield thickness, height of rise computed by CORMIX
model according to the variation of discharge angle
- 03 -
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Analysis of Ocean Discharges of Municipal Water and its
Near- Field Mixing Characteristics

K. M. Kim*. J. W. Lee*

Key Words : (Ocean discharges), (CORMIX, Cornell
Mixing Zone Expert System), (Dilution), (Mixing characteristic),
(Qutfall system), (Near-field region)

Abstract

Due to the growth of population and industrial development at the coastal
cities, there have been much increase in necessity to effective disposal of the
wastewater. The amount of municipal water has been increased rapidly and
it is necessary to treat and dispose the wastewater effectively. The recent
trend, in terms of disposal of it, is discharge through diffusers into the
ocean, either at the coastline or at the deep water, or between these two.

For this end, we need to predict near-field characteristics of discharged
water. We adopted CORMIX model for the analysis of the near-field
behavior of discharged water and made certain comparison with the existing
experimental results.

We found the early dilution is important, especially for the numerical
simulation by a depth averaged hydrodynamic model of diffusion mechanism
at the existing flow field.

We also applied it to the Pusan Jungang Effluent Outfall System, which is
planned to be in the Gamchun harbour and will be completed in 2011. The

*

* %
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model output showed the trajectoral variation of dilution and mixing behavior
for three cases of outfall system. Dilution differences have been simulated
and found the highest dilution condition under the different displacement of
outfall system. On the basis of these outputs it will be proposed the
optimum outfall system type and location.

Through the case study, dilution is dependent on the discharge depth, the
ambient velocity and total flow rate. This approach might contribute to deal
with serious water quality problems caused by the ocean discharge.

11

( , 1999).

1.2

(outfall system)
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(U.S. EPA)

CORMIX . CORMIX
Cornell (Akar & Jirka, 1991)
(Expert system) 3 . CORMIX
1, 2, 3 ’ 1
(Jirka , 1996).
2.
2.1
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(round buoyant jet) Fig. 1
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Fig. 1 Schematics of a round buoyant jet
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( ), Gaussian

ol

U= ume'( ) (1)

0a- 0= (0a- pm)e(' %) (2)
C=Cpe (W) (3)
1 U 1 Um L] b
1 Pa v O Om
, A (spreading ratio),
C, Cn , A
1 (Fischer , 1979).
(volume flux)
Q= 27 [ Udr= U b’ (4)
Morton  (1956) b Ve
Un Ve= - aU,
a (entrainment coefficient)
dQ _
qs = 2baU (5

, Froude , F,

(Albertson , 1950 & Hirst, 1971).
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(6)

, Fox(1970) (7) , Hirst(1971)
Fox (8)
a= a2 ©
FL
A
a= at 61'2[2] ing (8)
Fi
, 0 . a
, dy (Fischer , 1979 &
Wood , 1993).
2.2
D, U, |
(transition zone)
(slot jet)
Gaussian (Wood , 1993).

u(x,y,z)=U(z)
oo y') Bewl (5"
el (5))
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, Yp=Ylb o x= X/, b= x/I n

9 b br(= A b)
1.07 2
1.35 (Wood , 1993).
b/l <1 :
b/l >1 2
b

(spread constant) ,
(Wood , 1993).

(9
q= fAu(x, y, 2)dA = | ,U(2)bl (10)
2.3

(equivalent slot diffuser) ,

(11)

Cederwall(1971) (12)
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dilution of the multiport diffuser

R= dilution of the equivalent dot diffuser

(plume) R 0.78

number) (13) ,

2.4

(Near- Field Region, N.F.R.)
(Intermediate zone)

(Far Field Region, F.F.R.)
Fig. 2

’

(surface plume)
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(densimetric Froude

(13)

(14)
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Fig. 2 Behavior of wastefield in near field.
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CORMIX 2

CORMIX 1 2 ,

CORMIX 1 2

9, 45
1/3
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, CORMIX 2

Table 1

13
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. CORMIX2
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40%  90%

Table 1 Features of CORMIX 1, 2 programs

CORMIX 1 CORMIX 2
Port Single Multiple
Discharge angle Arbitrary Arbitrary
Density profile Arbitrary Arbitrary
Constant Constant
Current speed . .
with depth with depth
Current angle . .
) Arbitrary Arbitrary
to the diffuser
3.1
2011
, ( , 1998) )
140,000 /day,
COD . COD 20 /¢ ,
(fresh water) 1000 /
, 30°
(perpendicular alignment)
, 100m . 11
(riser) , 2
, 11 0.147 /¢
3.2
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Fig. 3 . 15, 24,

30m ( , 1998), Table 2
, Station 1, 2, 3 0.15, 0.20,
0.25m/sec ,
LBy i
I I
CH&EEI#E

Fig. 3 Location map

Table 2 Density distribution

Classification Winter( [/ ) Summer( / )
. surface 1026 10195
Station A
bottom 1026 1022.0
. surface 1026.2 1021.6
Station B
bottom 1026.2 1023.6
. surface 1026.3 1021.6
Station C
bottom 1026.3 1023.7
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4.1

H1 S4
Station A ,
Station A ,
49.6, 37.4 :
Station B Station A
Station C  Station B
Station B ,
. Fig. 4
Station C
4.2
MU2, M S5 . Fig.
5 : ,
, (recirculation)
(full verical mixing) (restratification)
(equilibrium
level)
, (full vertical
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