
Modeling vertical, tiered, radial diffusers 

using the Visual Plumes UM3 Model
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On Initiatives to Maintain and Advance 

the Visual Plumes Modeling Application
(Original and Alternative Title)



Our Journey to  ISOS2023
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On Initiatives to Maintain and Advance 

the Visual Plumes Modeling Application

As you may know:

With the support of the California Waterboards 

and in consultation with Drs. Phil Roberts and Walter Frick, 

a group at the San Francisco Bay Estuaries Institute, (Richmond, California)

headed by Dr. Anthony (Tony) Hale 

is working to update and revise Visual Plumes (VP). 

You can find information on Tony Hale, Gemma Shusterman, Lorenzo Flores 

and others at their website:

Environment Informatics Program | San Francisco Estuary Institute (sfei.org)

https://ssl.sfei.org/programs/ei


The USEPA website
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Search: “EPA visual plumes” yields

https://www.epa.gov/ceam/visual-plumes



The California website
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Simulation stopped at 2nd trap level; for negatively 

buoyant plumes, corresponds to max fall

Search: “california water board visual plumes” yields

https://www.waterboards.ca.gov/water_issues/programs/ocean/



The California website (continued)
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https://www.waterboards.ca.gov/water_issues/programs/ocean/

Nice logo



The California website (continued)
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Plumes18b.exe (soon 18c)

VP Manual 4Mar2003.pdf

BDEinfosetup.exe (Windows 10)



Birdseye View of a Wastewater Source
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Modeler’s Thoughts
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Gravitational spreading

Maximum rise

Second trapping level

First trapping level

Buoyant rise, entrainment

Source, initial plume element

Merging plumes?



Lagrangian plume element

EPA Modeling Webinar 22-24 Jan 

2013

A material element

A Lagrangian plume element 

traced through time

dt = tlead – ttrail = 4sec

Element age (r to l):

0, 4, 24, 44, 64, and 94 sec

The element contains the same 

effluent it had at age 0

Length (h) is variable

Cross-section round

h(t=24)

h(t=4)
h(t=0)

Notes



Initial Dilution
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For ocean discharges, to be permitted to discharge effluent one must 

meet ocean criteria for achieving appropriate dilutions, the second 

trap level is a good candidate for defining initial dilution
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Design Comes First

Design 

Considerations:

For Example:

30 cm end port for

prevent internal 

sedimentation

Prevent seawater

intrusión

Port Froude 

Number > 1

Etc.

(Scagliola, 

Comino, et al, 

2018)
Mar del Plata 

Submarine outfall:

awaiting deployment

Diffuser Design:

Visual Plumes, 

receiving wáter 

impacts

PlumeHyd or similar

internal hydraulics

How to Mitigate and Comply?

E.g. Build a Long Linear Diffuser Outfall



Critical: plume spacing and plume merging

26 Jan 2004 Puerto Rico Outfall Review by VPC
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Plumes beginning to merge, this shows merging distance can be variable

Physical spacing 

14.64m

Effective spacing

9.9m

Approximate location  

where merging begins



Cross-diffuser merging

26 Jan 2004 Puerto Rico Outfall Review by VPC
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For T-riser, the effective spacing would be 4.95m. In simulating cross-leg merging on 

Wye diffusers we could use a fourth of the effective spacing, 2.475m.

Effective spacing

9.9m

Merging effects begin 

almost immediately



Birdseye View of a Wastewater Source
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2681

Interlude



Small Source

(Not Buenos Aires)
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Alternative

Vertical diffusers

Easier to maintain

More economical



Alternative: Vertical Radial Outfall
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Vertical pipe with ports 

arranged in spiral fashion 

to minimize the effects of 

plume merging



Rosette Elevation and Plan Views,…
Current direction 330 (-30) deg, almost zero
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0.001m/sec No merging



Plume Centerlines in Plan View
Three Current Scenarios
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Zero current

0.05m/sec

0.1m/sec

Notice, in current the upstream

plumes bend sharply and merge

significantly with the downstream

plumes. The standard linear

merging algorithm is inadequate

in simulating the impact on

entrainment.



Cluster Initial Dilution?
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0.05m/sec



What to do?
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Simulating Merging of  Radial Plumes
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Upstream Plume

Concentration at 

Point of Merging

Alternative: Simulate the upstream plumes to provide

information on dilution (and concentration) achieved at the

second trapping level. Input that as the background

concentration for the appropriate downstream plumes.

(This corresponds best to the second trapping level; little

entrainment of dynamic properties.)



From Phil Roberts, received 5 Jan 2022

Box Model Validation Tool

The box model approach may be used to help validate the results obtained

from UM3. It helped to confirm the background concentration approach to

simulating merging of radially discharged plumes at different levels.



2681, 85, 98, 2705, 27, 22

The Future of Regulations?

23 March 2023 ISOS 2023 25



Regional Model Results
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SCCWRP far-far-field response to local discharges

Courtesy of Dr. Martha Sutula of SCCWRP



Regional Model Results cont.
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SCCWRP far-far-field response to local discharges



Coastal Processes
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SCCWRP far-far-field response to local discharges
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Virtual Beach Multi-linear Regression

10/24/2016
MWWD 2016, Varna, Bulgaria 24-28 Oct  2016



Glaciares National Park
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Thank you



Linear Bottom Diffuser, 1, 2, and 3m Spacing
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20m diffuser
40m diffuser

(300+ dilution)

60m diffuser

Current-effluent angles, 0, 15, 30, 45, 60, 75, 80, and 90

0 is cross-diffuser current, at 90deg to pipe orientation



Effective and Volume Output
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Ambient Table:

Depth   Amb-cur   Amb-dir Amb-sal Amb-tem Amb-pol     Decay   Far-spd Far-dir Disprsn Density

m       m/s       deg       psu C     kg/kg       s-1       m/s       deg  m0.67/s2   sigma-T

0.0     0.050     330.0     32.00     13.93 2.0000E-6       0.0         - - 0.0003  23.91077

18.00     0.050     330.0     32.40     12.54 2.0000E-6       0.0         - - 0.0003  24.49442

Diffuser table:

P-dia VertAng H-Angle SourceX SourceY Ports  MZ-dis Isoplth P-depth Ttl-flo Eff-sal Temp Polutnt

(m)   (deg)   (deg)     (m)     (m)      ()     (m)(concent)     (m) (bbl/d)   (psu)     (C)   (ppm)

0.03249 -4.0000  300.00     0.0     0.0  1.0000  1000.0     0.0  14.000  3333.0  20.030  51.667  1000.0

Simulation:

Froude No:     161.2; Strat No: 3.63E-5; Spcg No: 8.44E+9; k:   242.5; eff den (sigmaT)  1.600960; eff vel     

12.13(m/s);

Depth  Amb-cur    P-dia Polutnt net Dil x-posn y-posn Iso dia

Step      (m)    (m/s)      (m)    (ppm)       ()      (m)      (m)       (m)

0     14.00    0.050   0.0254   1000.0    1.000      0.0      0.0       0.0;

Potential for more dilution

Ambient species greater than plume isopleth value, physical boundary graphed

178     14.11    0.050    1.207    21.35    46.84    1.447   -2.259    1.2074; local maximum rise or fall;

200     14.08    0.050    1.786    14.53    68.81    2.171   -3.244    1.7863;

285     11.92    0.050    6.359    4.458    224.3    8.372   -9.686    6.3592; trap level;

344     10.97    0.050    9.104    3.485    287.0    13.02   -13.42    9.1045; local maximum rise or fall;

385     11.79    0.050    11.01    3.081    324.6 18.12   -17.22    11.012; trap level;

Horiz plane projections in effluent direction: radius(m):   2.2584; CL(m):   23.969 Lmz(m):   26.228

forced entrain      1 7.71E+9   2.208   11.01   0.985

Rate sec-1          0.0 dy-1          0.0  kt:          0.0 Amb Sal      32.2606

;

Depth  Amb-cur    P-dia Polutnt Dilutn x-posn y-posn Iso dia

490     14.84    0.050    13.74    2.846   1246.8 7.071   -16.03    13.743; trap level;

Depth  Amb-cur    P-dia Polutnt net Dil x-posn y-posn Iso dia

490     14.84    0.050    13.74    2.846    351.4 7.071   -16.03    13.743; trap level;

Depth  Amb-cur    P-dia Polutnt Dilutn x-posn y-posn Iso dia

419     9.348    0.050    12.76    2.893   1177.5 12.51   -17.79    12.761; trap level;



Effective Dilutions in Stratified Ambient
blue: 40K bbl/day, 14ports, red: 60K bbl/day, 18ports
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Zero current

0.05m/sec

0.1m/sec



Comparing Effective and Volume Dilutions
60K bbl/day, 18ports; red volume, blue effective measues
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Zero current

0.05m/sec

0.1m/sec



Effective Dilution
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Sae = ce / cp for each pollutant individually



Effective and Volume Output
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Ambient Table:

Depth   Amb-cur   Amb-dir Amb-sal Amb-tem Amb-pol     Decay   Far-spd Far-dir Disprsn Density

m       m/s       deg       psu C     kg/kg       s-1       m/s       deg  m0.67/s2   sigma-T

0.0     0.050     330.0     32.00     13.93 2.0000E-6       0.0         - - 0.0003  23.91077

18.00     0.050     330.0     32.40     12.54 2.0000E-6       0.0         - - 0.0003  24.49442

Diffuser table:

P-dia VertAng H-Angle SourceX SourceY Ports  MZ-dis Isoplth P-depth Ttl-flo Eff-sal Temp Polutnt

(m)   (deg)   (deg)     (m)     (m)      ()     (m)(concent)     (m) (bbl/d)   (psu)     (C)   (ppm)

0.03249 -4.0000  300.00     0.0     0.0  1.0000  1000.0     0.0  14.000  3333.0  20.030  51.667  1000.0

Simulation:

Froude No:     161.2; Strat No: 3.63E-5; Spcg No: 8.44E+9; k:   242.5; eff den (sigmaT)  1.600960; eff vel     

12.13(m/s);

Depth  Amb-cur    P-dia Polutnt net Dil x-posn y-posn Iso dia

Step      (m)    (m/s)      (m)    (ppm)       ()      (m)      (m)       (m)

0     14.00    0.050   0.0254   1000.0    1.000      0.0      0.0       0.0;

Potential for more dilution

Ambient species greater than plume isopleth value, physical boundary graphed

178     14.11    0.050    1.207    21.35    46.84    1.447   -2.259    1.2074; local maximum rise or fall;

200     14.08    0.050    1.786    14.53    68.81    2.171   -3.244    1.7863;

285     11.92    0.050    6.359    4.458    224.3    8.372   -9.686    6.3592; trap level;

344     10.97    0.050    9.104    3.485    287.0    13.02   -13.42    9.1045; local maximum rise or fall;

385     11.79    0.050    11.01    3.081    324.6 18.12   -17.22    11.012; trap level;

Horiz plane projections in effluent direction: radius(m):   2.2584; CL(m):   23.969 Lmz(m):   26.228

forced entrain      1 7.71E+9   2.208   11.01   0.985

Rate sec-1          0.0 dy-1          0.0  kt:          0.0 Amb Sal      32.2606

;

Depth  Amb-cur    P-dia Polutnt Dilutn x-posn y-posn Iso dia

490     14.84    0.050    13.74    2.846   1246.8 7.071   -16.03    13.743; trap level;

Depth  Amb-cur    P-dia Polutnt net Dil x-posn y-posn Iso dia

490     14.84    0.050    13.74    2.846    351.4 7.071   -16.03    13.743; trap level;

Depth  Amb-cur    P-dia Polutnt Dilutn x-posn y-posn Iso dia

419     9.348    0.050    12.76    2.893   1177.5 12.51   -17.79    12.761; trap level;
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Reducing loading as we amortize resource recovery

To a Future of Sustainability


