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A Study on Outfall System by Analyzing Mixing
Characteristics of Heat and Brine Doscharge

at Near Field Region

PILL-SUNG KIM

Department of Civil & Environmental Engineering

Graduate School of Korea Maritime University

Abstract

When planing outfall system, the first target of design is to maximize
initial dilution of discharge effluent. To achieve effectively this, it
should be analyzed the characteristics of mixing phenomenon between
ambient and discharged water. Especially the analysis at the
Near-Field-Region(NFR) as initial dilution zone should be preceded.
Usually, the initial behavior of effluent through outfall system is rising
toward the surface due to mixing with ambient water for heat
discharge and sinking toward the bottom due to the difference of
density for brine discharge. After mixed with eddies accompanied by
the ambient water, the plumes are showing the same density and
internal current pattern by advection and diffusion. Until recently, lots
of studies are being carried out for the optimum design of outfall
system. but 1t is difficult to find anystudies of heat and brine
discharge at the same time. Therefore, the initial behavior and NFR
characteristics of heat and brine discharge at once have been
examined in this study and it is hoped to provide some basic data for

optimum design of outfall system.
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NOMENCLATURE

Plume cross—sectional area
Thickness of spreading layer

Port area

Entrainment coefficient

Equivalent slot width

Jet lateral dimension where velocity is 37% of maximum
b /1

A\b

Depth averaged concentration

Ambient concentration

Effluent concentration

Waste concentration

Time averaged centerline concentration
Port diameter

Diffusion coefficients in x, y directions

Entrainment function
Equilibrium temperature
A source Froude Number

Local Froude Number
Safety factor

Darcy—Weisbach friction coefficient

= Vil -



2

Gravitational acceleration
Reduced gravitational acceleration

Total depth
Mean depth

Shape constants of volume flux

Kinematic buoyancy flux

Kinematic buoyancy flux per unit length

Velocity ratio (= u;/u,)

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 inter 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

- viii -



M Momentum flux

m Initial kinematic momentum flux per unit length

m, In ralative to ambient velocity kinematic momentum flux
per unit length

n Number of ports, Manning's coefficient

b Boundary flux

&y Volume flux

a,, Discharge volume flux

a, Source discharge volume flux

s Lateral dimension in cylindrical polar coordinates

S Dilution ratio

S, Average dilution

S, Centerline dilution

S, Minimum dilution

U, Mean centerline velocity

u, Vv Depth mean velocities in X, y directions

M, N Flow rates per unit—-width x, y directions

U, Port discharge velocity

u, Current speed

u; Jet velocity

v, Entrainment velocity

v, Eddy viscosity coefficient

_ix_



Wastewater field lateral width

Streamwise Cartesian coordinate

x /1

Tranverse coordinate in plane jet or plume
Vertical coordinate

Initial buayancy flux per unit length

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

Fluid density

Density of jet or plume
Mean centerline density
Ambient density

Horizontal angle of discharge measured counterclockwise
for the ambient current direction to the plan projection of
the port centerline

Water surface elevation
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Table 3.1 Summary of properties for turbulent jet(Koh & Fan, 1970)

For Round Jet

For Slot Jet of Length

L
Volume flux Q Tub? ViubL
Momentum flux
Y n2’b*/2 Va/2u*bL
Py
Density Deficiency flux 2 2
B 1_);)\2 - tub*(p, D) \ 11_5:\)\2 - ub(p,—p)L
Temperature Deficiency 2 2
: 1%2 b (T,~T) | 1%2 cub(T,— T)L

Buoyancy Force f

A2 b%(p,—p)g

VanbLeg(p,—p)

Entrainment Function E
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(1) BUOYANT JET REGION
(2) SURFACE TRANSITION ZONE
(3) ENTRAINMENT, FOLLOWED BY INTERNAL HYDRAULIC JUMP

(4) STRATIFIED COUNTERFLOW REGION

Fig. 3.3 Postulated a two dimensional flow field induced at the center of
diffuser in a stagnant ambient fluid(Jirka and Halman, 1979)
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b) 0.2 < F < 1. Forced entrainment and upstream wedge.
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c) F> 1. Forced entrainment, no upstream wedge.

Fig. 3.4 Flow regimes for a plume of infinite length in a perpendicular current
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Fig. 3.6 Effects of the environmental conditions on the jet behavior
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Table 3.2 Spreading ratio with processing merging(Wood, 1993)
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Fig. 3.8 General stability diagram for line buoyant discharges into stagnant
ambient(Jirka, 1990)
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Table 4.1 Comparison of the results (Experimental value/ Theoretical value/ Cormix2 value)

No. H(cm) Ua(cm/s) | Uo(cm/s) B(cm) H/B \Y% Obs. TheoryEq.
CO-1 10 2 30 0.029 344.83 22.99 16.6 28.56
CO-2 10 2 50 0.029 344.83 13.79 19.3 21.28
CO-3 10 2 70 0.029 344.83 9.85 14.5 18.47
CO-4 10 6 30 0.029 344.83 68.97 74.6 71.20
CO-5 10 6 50 0.029 344.83 41.38 32.7 44 .92
CO-6 10 6 70 0.029 344.83 29.56 38.5 34.21
CO-7 10 10 30 0.029 344.83 114.94 77.5 116.31
CO-8 10 10 50 0.029 344.83 68.97 38.5 71.20
CO-9 10 10 70 0.029 344.83 49.26 33.8 52.31
CO-10 15 2 30 0.029 517.24 34.48 40.0 40.40
CO-11 15 2 50 0.029 517.24 20.69 25.5 28.94
CO-12 15 2 70 0.029 517.24 14.78 27.8 24.52
CO-13 15 6 50 0.029 517.24 62.07 62.5 65.71
CO-14 15 6 70 0.029 517.24 44.33 6. 49.19
CO-15 20 2 30 0.029 689.66 45.98 41.7 52.09
CO-16 20 2 50 0.029 689.66 27.59 37.0 36.35
CO-17 20 2 70 0.029 689.66 19.70 45.9 30.24
CO-18 20 6 30 0.029 689.66 137.93 57.1 140.20
CO-19 20 6 50 0.029 689.66 82.76 69.4 86.44
CO0-20 20 6 70 0.029 689.66 59.11 513 64.08
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Fig. 4.4 Comparison of dilution for coflowing diffusers
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Table 5.1 Water quality standard

Brine discharge

Classification Heat discharge
Water quality +1C +2ppm
AP Adolrlol FAR dAstor msel AAFAE HEate)

0.7mol A &=9] 13.3m7MA] Welst= kst S Bolar 9l om(Fig. 5.1),
A A HFFA Al CASE 12 5.0m, CASE 2+ 7.0mo]H, CASE 3 11.0m
ot Aol WAL WHTH Azow AN ddE 45 FF FAL
Bt 490 0.08m/secE AHEHTE E, o] WY Fee FR2A Al
sl A 100m, 1000mell Aol A4 ¥Wslrt gle JAS kst A=A}
o] $% 529 21.1C2 4Z8d3] 9t Ao ArkTable 5.2)
Table 5.2 Ambient characteristic per case
CASE CASE 1 CASE 2 CASE 3
Parameters
Average Depth(m) 5 7 11
Distance from bank(m) 220 330 600
Temperature(C) 21.1
Current Vel.(m/sec) 0.08

WREeH= $F W (submerged discharge)E 7| 2WHF FEZ 38l

F-(multiport) e} TH3WFE Yoz siglon, A} 55 W3t

filo
=
)
ol
o
38
o
dou
>
r
lo,
Ho

S u#3ste] durakgH Ak (unidirectional diffuser)



Table 5.3 Characteristics of discharge type

CASE
o CASE 1 CASE 2 CASE 3
Characteristics
Type Multi—port
Distance from
i ] 220 330 600
shoreline to diffuser(m)

Port height(m) 1

Port diameter(m) 0.5
Port No. 13

Channel width/depth(m)

Diffuser type

Unidirectional Diffuser




5.2 4HA=

CORMIX®] 918 Ami 27 Fufele] 54, a3 54, B55 54,
T+ o2 YFoAY, wHFrIFH s gsditd R (submerged) 2
AAste] AW FAAT. CASEY 98 A@E Table 5.400 Lophgict
Table 5.4 Input data for CORMIX

CASE CASE 1 CASE 2 CASE 3

Input data

Analysis situation unbounded
Average depth Hy4 5m 7m 11m
Depth at discharge Hj, 4m 6m 10m
Ambient temperature 21.1 C
Ambient density 1024.0 kg/m’
Friction value
. 0.025
Darcy—Weisbach f
Wind speed u,, 2m/sec
Current speed 1, 0.08m/sec
Nearest bank 220m | 330m | 600m
unidirectional diffuser

Diffuser type

60m / 75m / 90m

Diffuser length Lp
Number of openings 13
Number of risers 13

Space between

4.6m / 5.8m / 6.9m

risers/openings
Port height 4, 1.0m
Average diameter D 0.5m
Diffuser alignment .
90
angle v
Vertical discharge 99 5°
angle ©
Horizontal discharge o
angle o
Relative orientation .
90
angle (3
Discharge temperature 407C
Discharge salinity 75g/L
Port/Nozzle diameter ]
with contraction ratio
Discharge flow rate @, 36,000m’/hr




Bathymetric chart - Referred to Local Datum & Plan View
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Fig. 5.1 Bathymetry chart and plan view
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Table 5.5 Input data for CASE 1

CASEUl CASE 1-1 | CASE 1-2 | CASE 1-3
Parameters
Space between opening/risers (m) 4.6 5.8 6.9
Number of opening/risers 13
Port Diameter(m) 0.5
Average Depth(m) 5
Discharge Depth(m) 4
Discharge Velocity(m/s) 3.92
Vertical Discharge angle(deg) 22.5
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Table 5.6 Input data for CASE 2

CASE | CASE 2-1 | CASE 2-2 | CASE 2-3
Parameters
Space between opening/risers (m) 4.6 5.8 6.9
Number of opening/risers 13
Port Diameter(m) 0.5
Average Depth(m) 7
Discharge Depth(m) 6
Discharge Velocity(m/s) 3.92
Vertical Discharge angle(deg) 22.5
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Table 5.7 Input data for CASE 3

CASE | CASE 3-1 | CASE 3-2 | CASE 3-3
Parameters

Space between opening/risers (m) 4.6 5.8 6.9
Number of opening/risers 13
Port diameter(m) 0.5
Average Depth(m) 11
Discharge Depth(m) 10
Discharge Velocity(m/s) 3.92
Vertical Discharge angle(deg) 22.5
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Table 5.8 Summary of case study for suface discharge
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Table 5.10 Summary of case study for discharge of multi-port diffusers for sensitivity analysis

Parameter Port Diffuser Number Discharge Risers Vertical discharge
CASE & Var: diameter(m) length(m) of risers velocity(m/s) | spacing(m) angle(deg)
0.45 100 16 3.93 6.67 15
CASE 1
) ) 0.5 100 16 3.18 6.67 15
(discharge velocity)
0.55 100 16 2.63 6.67 15
0.5 50 16 3.18 3.33 15
CASE 2
. ) 0.5 100 16 3.18 6.67 15
(discharge spacing)
0.5 150 16 3.18 10.00 15
0.5 100 16 3.18 6.67 15
CASE 3 0.5 100 16 3.18 6.67 30
(discharge angle) 0.5 100 16 3.18 6.67 45
0.5 100 16 3.18 6.67 60
0.5 100 16 3.18 6.67 15
CASE 4 0.5 100 18 2.83 5.88 15
(Number of risers) 0.5 100 20 2.55 5.26 15
0.5 100 22 2.31 4.76 15
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