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Why Do We Need
Mixing Zones?
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3. Purpose of Mixing Zones

Achieve Maximum Dispersion in Smallest Area
Minimize Effects on Receiving Water

Minimize Acute and Chronic Toxicity in Receiving
Stream

Meet Narrative Water Quality Standards

Provide Maximum Protection for Recelving
Stream

Maintain Zone of Passage for Fish
Meet Local or National Mixing Zone Requirements
Meet Technical Guidance



Oregon Guidelines for Mixing Zones

0 Shall be free of concentrations that cause acute toxicity.
The Department may on a case by case basis establish a
zone of immediate dilution if appropriate for other
parameters (including acute and chronic toxicity)

0 Shall be free of Nuisance materials

0 Limits shall be described in the wastewater discharge
permit.

0 Avoid overlap with other mixing zones
0 Not threaten public health

0 Minimize adverse effects on other designated beneficial
uses outside the mixing zone

*From “Water Pollution; Division 41; ‘Statewide Water Quality Management Plan;
Beneficial Uses, Policies, Standards and Treatment Criteria for Oregon”



Purpose of Diffusers

o Provide rapid and immediate dispersion of
effluents to prevent adverse effects to the
receiving stream




Diffusers

Purpose & Design Considerations
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5. Hydraulic Mixing Zone Concepts
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Diffuser Design Considerations

o Effluent Mixing Zone
Zone of Initial Dilution (ZID)
Total Mixing Zone
o Enhancement of Mixing
Side Channel Discharge
Single-port or Multi-port Diffuser
Real-time Effluent Discharge (tidal or dynamic flows)
o Effluent River Influences on Mixing
River Hydraulics and Bathymetry
Effluent Flow and Discharge Velocity
Density Gradients
Flow Changes
Contaminant Build-up



Zone of Initial Dilution (ZID) Cont’d

0 Use EPA TSD Guidance

Use a high velocity diffuser >/= 10ft/sec to limit exposure to
only a few minutes

Criterion Maximum Concentration (CMC) standards met:
10% of distance from edge of outfall to edge of mixing zone in
any spatial direction
- Within 50 times the square root of the cross-sectional area of
a single port in any spatial direction
. Within distance of 5 times the local water depth in any spatial
direction
Spatial is defined in the TSD as a discharge length scale or in
the direction of flow. This is also mathematically defined along
the centerline of the plume
o  Hydraulically on the Order of 1 Diffuser Length (i.e., +/- 0.5t0 1.5
diffuser lengths, but dependent on ambient velocity). Cormix
calculates the jet momentum zone to end at the 0.5 diffuser
length



Total Mixing Zone (Chronic)

TMZ Is Far-field or Ambient Diffusion

Far-field technically extends until effluent totally
mixed with receiving stream — this may take 13 to
16 km or more

No Chronic toxicity must be met at edge of this
zone

Zone of free passage limits TMZ in U.S. to 25%
of cross-sectional area or volume of flow.



Bulk Dispersion Analysis
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Plume Stability Analysis
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m m_ +m_ cos &, > 0.54 unstable

0

+
p,”°H p,”°H < 0.54 stable

Jirka (1982)

where: mo = discharge momentum flux
ma = ambient momentum flux
po = buoyancy flux
H = water depth
go = discharge angle

m0(1+ m, cos® 6, )2 +m_ =0.54unstable

p,2°H < 0.54 stable
Adams (1982), Jirka (1973,1982)



Jet Zone
Entrainment of Water (1/2 Plume)
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Stable Plume Analysis
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UDKHDEN Dispersion Model Cont’d

o Zone of Flow Establishment
d

. Conservation of Mass:
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o Zone of Established Flow: 2
POWER PROFILES = [1—(%)2]

for concentration, velocity, temperature, width,
and geometry to approximate Gaussian Profiles

o Zone of Merging

. Superimposition of Plume Property
Distributions



UDKHDEN Dispersion Model Cont’d

o Zone of Established Flow:

3 2
POWER PROFILES = (1—(%)2J

for concentration, velocity, temperature, width,
and geometry to approximate Gaussian Profiles

o Zone of Merging

. Superimposition of Plume Property
Distributions
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Restratification

o For Holley and Jirka (1986) restratification will
occur If the densimetric Froude number is less

than a critical value: J

——2_<061t00.7

Joln

where: u, = ambient velocity (ft/sec)
|o’| = buoyant acceleration (ft/sec2)

=| g Aplp,|

Ap = residual density difference between ambient and
effluent

=|p,-p|/S

= ambient density

g = acceleration due to gravity (ft/sec?)
= 32.2 ft/sec?

S = dispersion at the end of the JMZ

H = water depth (ft)



Bouyant Spreading Zone
Residual Plume Velocity

u, = ZSiQe where:
L, H u = Plume velocity at the end of the jet momentum zone (ft/sec)
S = Dispersion at the end of the jet momentum zone
Q. = Effluent flow in (ft3/sec)
Lo = Diffuser length (ft)
H = Local water depth (ft)

Plume velocity at the end of the Jet Momentum Zone (JMZ) during November field study:

S = 88:1 (66 divided by 0.7481)
Q. =14 mgd
=21.7 ft3/
See 2(88)(21.7 ft® / sec)
Lg =100 ft Ui =

(100 t)(15 ft)
H =151t I::> u, = 2.55ft/sec

For comparison:

Ambient current velocity: 2.38 ft/sec

Port exit velocity: 8 ft/sec



End of Buoyant Spreading Regions
Plume Velocity

—d(X=X; —d(x—x.) [IF0.5
u=ue*" X')[1+,B[1—e $(x x.)]]
h x = distance downstream from x;
where:

x; = distance at end of JMZ (ft)
u =velocity at end of BSZ (ft/sec)

B =2a,/(libi9)
u; =velocity at end of JMZ (ft/sec)

b =[2(0.068)]/[(0.8862)(50 ft)(0.000292 ft-]
¢ =f,/(8H)

=10.52

f, =Moody friction factor = 0.035

a, = entrainment coefficient = 0.068
H =local water depth (ft)

l, =+n/2=0.8862

¢ =0.035/[8 (15 ft)]

= 0.000292 ft" b, =0.5L,=50ft

L, = diffuser length (ft) =100 ft

At the end of an intermediate zone: =D, p?(x=x) 1+ p) - ﬂJ

where: b = plume width at end of BSZ (ft)
b, = plume width at end of JMZ (ft)
: Calx—x.) \]F0.5
At the end of the BSZ: S=S, [1_|_ ,B(l—e H(x x,))]
where: S = dispersion at end of BSZ

S, = dispersion at end of JMZ



Far-field Dispersion
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c(x,y,2) = Cod
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F2 =erf w —erf
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and where:

C(xy.2)

Z+1z,—-2mH
2(D,x/u)*®

*2. 2R*F,

N=—00 M=-o

z—-2,—-2mH z-2,—-2mH
M| ———— || ————
2(D,x/u)* 2(D,x/u)”

= concentration at location x,y,z (units)

X

y
yo
z1
z2
u
Dy

erf
n, m

distance downstream from line source (ft)

distance from channel bank (ft)

location of line source from channel bank

distance from water surface to top of line source (ft)
distance from water surface to bottom of line source (ft)

ambient river velocity

lateral dispersion coefficient (ft2/s)
bu*/H

0.23 for long straight channels
shear velocity (ft/sec)
3.8un/(H)1/6

Manning’s n = 0.035

vertical dispersion coefficient
Dy/3

river depth (ft)

river width (ft)

initial source flow (ft3/sec)

initial source concentration (units)
error function

indices
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Jet Momemtum: Unstable Plume Analysis

(Shallow Water Diffusers)
Holley and Jirka 1986

0.5
1 1 ’m_ H where: S = bulk dispersion (___:1, dimensionless)
S=—-V+—V 2 + 02 COS 90 \" = volume flux ratio,
2 2 qo or ambient mixing due to ambient current
=u,H/q,
H = water depth
d = discharge flux per unit length
=u,a,/L
m, =momentum flux (ft3/sec?)
= u,2a,/L
L = port spacing
a, = port area (ft2)
u, = port exit velocity
0, = port discharge angle
CORMIX Schematic for Dispersion From a Diffuser
| L)
BOUNDARY BUOYANT FAR-FIELD
INTERACTICN SFREADING AMBIENT OIFFUSION
NEAR—FIELD _ . :
JET IONE y ; @ @
AMBIENT CURRENT ug oy / - FAL
UNIFORM DEN INITURL LAR
FOSITIVELY BUOTANT oL Eﬁm
SECTION)
NEAR—FIELD —# FAR—FIELD




CORMIX Schematic

Near-field Dispersion

Detail A Far-field Dispersion
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Data Required for Designing a Diffuser

Bathymetry

Effluent and Background Water Quality
River Stage and Velocity

Dye Monitoring



Depth } Event |

Time Selection

Bathymetry




Discharge/Velocity Measurements




Pump Set Up

Dye Dispersion
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