Dilution Studies

Examples and Insights from
the San Francisco Bay Region
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Overview

m A sense of scale — the Bay & your outfall
m Plume models

m SO0 my dilution credit is...?

m Reality checks (dye studies, inspections)
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Bay
Models

m 2-dimensions

m ~5-min time steps

m Can focus on any
time or place
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Plume Mixing Processes
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3) Turbulent dispersion

2) Buoyancy

1) Momentum jet
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Source: http://www.cormix.info/picgal/nearfield.php




Plume Model Components

Effluent flow rate, density, concentration

Diffuser geometry
Receiving water currents, density, concentration

Mixing zones & model output



FLOW CLASSIFICATION
MEAR SURFACE NEGATIVELY BUOYANT
DISCHARGES IN UNIFORM DENSITY LAYER




Daily Mean Flow Rate (mgd)

—_—
=T =

B8 &8 38 8 8 8

Acute_future = BO

Acute_current = 496

| O W W e F e @ e 0 e 0 e @ e 6 e 8 e

N

Chronic_futwre = 249

Chronic_current = 16.8

i
g
7

Jan-06

Jan-07

Jan-08

Jan-09

Temperature (ol )

30

]
on
L

]
=
1

—
o
E

Acute_current = 17 oC

Chronic_current = 22 oG

Acute future =16 ol

10

20

40
Flow Rate (mgd)




\Nf ALTERNATE B5/DES OF PIPE

I8 NOZILES (3orEa)

_TINOTE AT RIGHT)

e MAX CLEAR 8" (TYP)

ADJACENT NOZZLES ON

M PILES

HE DIFFUSER (WD ITEMW N2 2)

gig-

& LA LA =
- 13", ZL
& Fr
I DrFFUsIR mmn{mm.l‘—a\__
1 | I 1 ! |
b ? 'y 1 1 1 1
¥ [{P | i
e v s i
1 BAAIE 43 PER BUBAARNE DUTEALL Fg{cs‘ g‘ﬂfﬂlﬂﬂmm
F-PILES REQUIAED AT EATH LOCATION, —-)

s QLEEGRER END AND
ATPP CATE
BEE DETAIL BELOW]



Depth (m)
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“Critical Conditions” o

Vary
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Acute criteria met

Ambient
Water Body

Chronic crferia met

(CCC values)

Effluent

1. Max daily 1. Max 4-day avg.

2. Wet-weather design 2. Wet-weather design
3. Wet-weather design 3. Annual avg.

4. Wet-weather design 4. Annual avg.

Receiving Water

1. Wet: Nov-Apr; Dry: May-Oct
2. "Shortly before” max flood & ebb
3. Average ambient current

4. Average ambient current

Or: Monte Carlo = 99.98t" percentile dilution

EPA: “Use no current or slack tide”
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DORMIX MIXIHC ZONE EXPERT SYETEM
COBMIX Warsion 5.0CT
HYDROZ :¥ersion-5.0.2.0 October, 2008
oos0 Diffusar, Waw York Slouwgh
Current Coanditicas
C:'\Program Filas\OORMIX S5.00\DDED Z0O

Multiport Diffuser Discharges
11/1E/2008--16:17:01

EITE MAME/LRBEL:
DEEICH ChEE:
FILE HAME:

Analysis. prd

Etart of sassiom:

wWind wvalocity

surfaca dansity
Bottom dansity

Diffumar t

y-axis

Using subsystam CORMIXI:

EDMMARY OF INPUT DATA:

Duﬂ riction factor
-:nla.tﬂd Erom Mamning's o

Erratification Type

u
1000.5 kg/m"3
1000.5 kg/m"3

E.‘u]:-ncr:g'ﬂd Multiport Diffusar Dischi
altarnating parallal

EEEH "HEE

DIECHARCE PRARRNETERE:

Ambient Table:
Density

m mis deg psu C  kog/kg =1 m's deg mi.67/s2 sigma-T
0.00D3
0.0003

0o 0155 30 1734 150 00 0O - -
84 0155 30 1734 150 00 0O - -

Diffuser table:

Depth Amb-cur Amb-dir Amb-den Amb-tem Amb-pol Decay Farspd Fardir Disprsn

P-dia P-elev V-angle H-angle Ports Spacing AcuteMZ ChmeMZ P-depth Til-flo Eff-den  Temp

Polutnt

{in) (in) {deg) (deg) ()} (ft) (m) (m) (m) (MGD) (kg/m3)
30 150 250 303.0 500 &80 460 460 82 215 9983 220 1000

Simulation:

Froude number:  138_9; effluent density (sigma-T) -1.7; effluent velocity  5.296{mv/s);
Amb-cur P-dia P-depth Dilutn x-posn y-posn  Time

Depth
Step  (m) (mM:) (in) (m} () (m) (m) (s)
0 82 0155 285 82 10 00 00O OO

100 7882 0155 1816 82 7231 D435 0568 0556

(C) (%)

185 7188 0155 798 B2 4123 2146 1737 6.804; merging;

2D|'.] 6.898 0155 1009 82 5237 3321 -2173 1249

38929 0155 433.0 82 1587 2015 -5.109 106.7; matched energy radial vel =

0. 121m.'3;

265 2998 0.155 5421 82 1897 2611 -5632 142.0; surface;

Rate sec-1 0.0 dy-1 0.0 kt 0.0 Amb Sal  1.73375

Flume Elevation

Depth (m)

[ 10 20 30 40

&0
Horiz. Distance from Source (m)
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Multiple Test Cases
m Only VP allows batch runs
m CORMIX accounts for tides
m VP can simulate tides
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MNear-field and Mixing Zone Dilutions
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Plume Model Comparison

CORMIX

Visual
Plumes

» Delineates mixing effects » Costly

» Comprehensive text output < Old-school interface

e Courses & tech support * Poor graphics

available * Minimal output customization
* Represents diffuser

» Accounts for boundaries

» Physically-based * Minimal support
* Free  Old-school interface & graphics
» Multiple models * No boundary interactions

» Used by Boards

» Batch process graphs
» Tidal buildup

» Customize text output
* Represents plume
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So What's Your Credit?

m CORMIX: Momentum & buoyancy dissipates

m VP: Not defined, choices include...
® Hits surface?
® “2 x depth” or “2 x width” from outfall?
® Plumes merge?
® <5-20% concentration variability?
® Round number (e.g., 100 ft)?
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Reality Check #1:
Diver Inspection
m Ports corroded or sealed?

m Sediment deposition or scour?
m Valves operating?

m Joints sealed?

[emr— 5
m Anchors holding? L1 [©10[910.0.0.0 0/0/0 .04

m Internal buildup?
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Reality Check #2:
Tracer (or Drogue) Study

m Many done in 1970s
m One-day events in lieu of models
m Calibrates Bay model
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CORMIX Interface

M=l E3

£) CORMIX v6.0.0.0

Project Pages Pre-Processing Tools Rum Output Dats Reports  Post-Processing/Advanced  Help

=N 1111 ]

e e e e e [

ual | CorHeln

"Ell??m FC Trea Corvus | Corlet FFL Corsens

Project Effiuent scharge | Mixing Zone | Ot ot | Processing |
Ambient Page |‘__-r__|
Ambient Geometry/Flow Field Data
Average Depth: | :I'T' Bounded I Unbourded | |
Diepth at Discharge: | =m
Wind Speed: | d,,,.’,} Wwidth: | =m
Appearancs: :]Llnifn:-rm

Steady | | rsteady |
Flowrat Welocit

wWrate I oy I Mannng I Darn:g,l |

Flowrate: | = m3/s Manring's ni: |

| Ambient Flow Opfion |

Ambient Density Data

Fresh Water | Mon-Fresh W ate |

U zirn

Susiied  L_1=A || TweB | TypsC |
—— j Temperature [deg. C]

at Sunface: I
al B otkor: I
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Visual Plumes Interface

%. Wisual Plumes, Experimental PYD Yersion; U.S. Environmental Protection Agency, ERD-Athens, ORD, 4 Nov 02, 4 Mar 03

Fil= Edit Modelz StopRun  Help
b= 8oxn3 =i

Diffuser: 54M-DDSD brine-acule-s.vpp.db  Ambient: C\Plumes\StephenM\DDSD\SAM-DD SD-brine-acute-ts.001.db ]Specialﬁctt'ngsl Test Output | Graphical Output |

Ambient Inputs
Measuwement |Mearfield Mearfield |ﬁ«ml:ient |An¢:ient Background | Pollutant it nir |Fa-fie4d
depth ar heaght| custent speed | cument dir. zaliaty lemperaiiie | concentiabion |decay rate(”] diffuzsan coedf
Depth or Heaght depih depti depth depih depth depth depth depth
E sirapolabion [sfc) constant corstant constant constant constant constarnk corstant constant constant
E strapolabian [bém] constant corstant constant constant conistant constant constant constant constank
MeasLremant it 1] mm i ko/m3 C 4 51 '3 deq mi 67452
4 0 1 1 1000.5 15 0 1] 0.0003 =]
!_ y 24 7 7 1000.5 15 0 0 0.0003
L3
Arabiert file list
Filenzme
SaM-DDSD-bnne-acute-ts
=l
Time-Series Files {optional) Borrow time-series files from project: |C'\FlumesiStephentd'Sak DD SD-brne-acute-tz 00
Time-senes flename C:APhumes'Steg O WPlumesiStep chok for file click far file chck for file click fou file chck bor file chek for hie click far file
Time increment [hes) 1.0000 1.0000
Cycling period EA6.0000 B56.0000
File meazmement unit m/s deq
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