Annex 5.2
DHA Water Dispersion Modeling
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CORMIE MIXIMG ZOME EXPERT S¥STEM
CORMIK Wersion 5.0GT
HYCROL-Vergicn March, 2007

SITE HAKE/LABREL: DHR Cogen, Karachi
DESIGHE TASS Water Dispersicn modeling
FILE HAME: i Program Files\CORMIL 5, BYDHA Cogen’\DHA-1.prd
taing subsyRtem CORMIXE: single Port Digcharges
skart of peagsian: 11/0a 200818152443
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BUMMRRY OF TWPUT DATA:

LMEIENT FARAMETERS:

Crogs seckion = unbounded
average depth HA = & m
Depth at discharge HE « B m
Ambient velocity Uk = @ mfa
parcy-Weipbach fricticn factor F = B.0157
ralsulated from Manning s o a D-o02
Wing velocity uw = 2 mfB
Stratificaticn Type STRCHD = U
gurface tenperabure = 31 dagC
Brtiom bengerature = 31 degC
falenlaced FRESH-WATER DEHSITY valuss:
Surface densicy RHOAS = 995,3405 kafm"3
fakton density BHOAB = D95.2408 kg/m"3
DISCHARGE PARRMETERS: single Porkt Dischargs
Haars=et bank = left
Gigtance to hank CISTH = 100 =
wrfost diameter Ci = 435 m
payt cross-gastional araa RO = B.0o9&d 12
Discharge welockly o = 1008.20 mis
Digcharge [lowrate Q0 = 97 m*i/fa
piarharge port haigh: H - (.5 m
Vertical dlscharge anagle THETA = 0 deg
#arlgontal discharge angle SIGHA = 0 Qeg
Discharge Cemperaturs | Ereghwater) = 40 deal
corresponding densiry EHC = §92,2107 kg/m™1
Deneily diffsrence DRHG = 3,128 kg/m'3
Byoyanz asgelarabion GFC = @.0308 mie™2
pigrharge congcentration on = 40 dag.C
gurface heat sxchange co=f£E, EE = 0.000000 mis

Coafticient ©f decay KD =0 fa

BISOHARGE FENVIRONMENT LEHNCTH BCALES:
L = 4.31-mn Im = 156.26 m b o« G637 @
LM = J1%T.58 m Lm* = 22958 M Lh' = %5999 m

HON-DIMEHSTOHAL DARAMETERE

Port denmimetric Froude number FRI = 9704.62
Velocicy rabtic B = 5010
MTETHE BONE f TOMIC DILUTION 20ME / RRER OF INTEREST PRRAMETERS:
Tonir discharge a ne !
Wat=r guality standard spaclfied - no
Regqulatory miding zone = YEE
Ragulatory mixing 2one spreifloation = distance
pegulatary mixlng zone vilue = 500 m {m"3 Lf area]
Ragion of intereat = 40d m
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HITRODYHAMIC CLASSIFICATECH

s - - - .

| FLUM CLRSH = IFHE |

- i W

iz flow configuracion applies to 4 laysrs corregponding to the full waker

depth &t the dischargs Blte.

ppplicanls layer depth = water depth = B m
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MIKING ZONE SVALUATION |hydrcdynamis end regulafory SUNmBIY:

%-¥- % Coordinace. syskem:
oOrigin i@ located st the bottom me=low the part cehter:
109 m from che left bank/shore.
Humper of display steps HSTER = 10 per module .

HEAR-FIELD RESLON. {NFR) COWDITIONS |

Mebas The MFR is the zone of artrong initial mixing. It has ne regulacory
impligation, Howewver, this inlormation may ke useful for the diecharge
desigrer because Che mixing in the BFR i usually sen=itive te the
discharge deptgn condicions,
pollutant concentration at WFR edes ¢ = 94,1592 deg.C



Dilution at edge of WNFR B = 251.3
HFR Location: X = Z464.68 m
leankerling doordinates) y=0m
T = 8 m

WFRE plume dinensions) half-widch {bh) = 203.75.m
thickness {bv) = 3 m
Cumulative travel bimei 13081282 sec,

4 Buoyancy aseessment |

- The effluent density is ledes than the surrounding ambient water
denaiby at the discharge level.
Ther=fore, the afflusnt ig POSITIVELY BUCYANT and will tend te rise towards
tha srurface.

Tre diacharge [low will experience instabilities with full vercical mixing
in the near-Field.
There may be bencthic impact of hagh pollutant concentrabione.

¢ Heak contagt/interaction of the discharge plume with cne bank/ehore ooours
within the HFR.

+/ Ths REGION OF INTEREST [RDI1 specification orcurs before the near-£ield
mixing (WFRE| regime has besn corgleced. Specificaticn of ROL is highly
restrictive.

FAR-FIELD MIXING EUMMARY:
Plume Becoped vercically fully mixed ALRERDY I HEAR-FIELD at. O m
downstream and cantinuea aa vercically mixed into the far-field.

PLUME BARENEK CONTRCT SUMMARY
Plypa in unbounded section contacts nesrest bBank at 0 W downsCraam.

dhmmsddbhaewvesnivevedey TOYTT DILUTICN ZONE SUMMARY dhhEsdddhane A TR TR

Wa TOZ wag ppeclified for this simulakicn.
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The plumeé conditions at the boundary of the specified RHZ are as follows:

Pollutant concentrakion C = D.3§7347 deg.C
Corresponding dilution = = 110.46
PFlume location: X o= E00 m
|leanteriing coordinatesi ¥ o= Dmn
z=8m
Pluma dimensions: Ralf-width lkitl = 46.01 m

thickness |[Bv] = 8 =

Cumulative trawvel time < 1308,1382 gec. {RMZ 15 within WFR;

dhnassddddadaaddbeadd FINLL DBSIG“ P'WICE m mmm LR R P R

REAINDER| The user must Take note that HYDRODYMAMIC MODELING by amy koown
technigue ia WOT AN EXLCT SCIEHCE.

Extensive conparison with field and lakoratory data has shown that the
DORMIY predigtions on dilutions and concentrations (with assooiated
plune geometries! are reliable foxr che majority of cases amd are ACCULACE
Lo within about =-50% (standard deviatbica).

As 2 Eurther safeguard, CORMIX will not give predictions whepever it judges
the depign configuration as highly complex and uncertain for prediction.



CORMIXL PREDICTION FILE:
111111%31111111121212213123111231113111331133233122311112212112111118113111111113
CORMIX MIXING ZOME EXPERT SYSTEM
Bubsystem CORMINL  Single Port Discharges

CORMIX Version §.JGT
HYDROL Version 5.0.0.0 March 2007

CASE DESCRIFTION

Sit= name/labad: CHAR Cogen, Karachl

Deklgn case: Water Disperricn mocds=ling

FILE HAME: C:\Program FileshCORMIN 5_0WDHA Cogen'\DHR-1.prd
Time stamp: Tiue Wow 4 13:52:41 2008

ENVIRCHMENT PRRAMETERS Imatric units|
Unbounded section

H& = B.00 HQp - 8,00

LA - 2.000 F - I.018 USTAR «0,BE6)E-0L
UK - 2.000 UWSTAR=0,2198E-02

Uniform denaity envircament

STRCHD= U EHORM = 595,3405

D1SCHARGE PARAMETERS |(mebric unitel

BAHE = LEFT OISTE = 1c0.4a0

x i) - 0,350 A = D.03%E HOD - §.50 SUBD = L.50
THETA = 0.00 SIGMA = 0,30

on - 1008.15%8 @4 = 87 .000 =0, 9700E+02

REG0 = 0%2.2107 DPREJQ =D-3130E+01 GPO =0, 3084E-01

(] =0: 40002403 CUNITSs deqg.C

TRILL = 3 ks =0.35R3E-0e KD af, PLOOE-D0

FLUX VARIRBLES (matrig unirs)

Q0 =0 .9TOJE+D2 MO =0.9780E+05 -J0 =0, I9IE+0E  SIGKIO= 1.8
pespciabed langch scales (meters)
Lo - 3L LA = 3197.59 Lnm - 156:36 Lb - A7

Lnp = 55948,00 Lbhp = .59333.00

HOH-DIMENBICKAL PAIAMETERS
FRY = PL4.E3 R - 504,10

FLOAW CLASSIFICATION
111111113111112111113110821123111213183711
1 Flow glags |CORMIX1) = IFHS 1
1 Applicable laysr depth HE = a.080 1
121111113171111221122231112111331112311181111

MIXINSG TONE / TOKIC DILUTICON / REGIOHN OF INTERRST FARAMETERS
i =0.4000Z+03  CUNITS= deg.C

WTOX = D
BSTDO = [
HEGHE = 1
REGHFC- 1 KHEG = oo bo WREE = 0.00 ARB3 = 4.0

KINT = 400,00 XMAX = 3090.00

¥ ¥ % COORDINATE SYSTEW
ORIGIN 16 loraced at the boteom and balow the center of the pert:
100.00 m  from che LEFT bank/shore,
¥-axie points downstrean, Y-axie points bo lefe, Z-axias polnus vpsEard.
HETEP = 10 display incervals per module

HOTE on dllution/concentratien valuea for this HEATED DISCHARGE (IPOLL=3)-:
8 = hydredypamic giluticas, include busyancy (heat) loss effects, Dut
provided plume hag gurface conbtact
C = corresponding tempEratur= valued (always in "degStil,
ipclude heat ldes, 1 any

BEGIN WOD101: DISCHARCE MODULE

CORMDA ATTACHMENT immediately following khe dlscharge.

3 ¥ Z g c B
a.aa a,00 B.a0 1.9 0.40CE-D2 4.35

EXD OF HOD10l: DISCHARGE MODULE

Surface-attached jet morign.
VUHETAILE HERR-FLELD: Jet/plume will mix cwer Eull layer: depth.
Following HCO131 will include recirculation inco jet region.

Frofile definitlons:



B = Zapss:zan /e (37%) half-width,

Half wall jet. attached To bottom.
B = hydrodyvianic centerline dilubion

T » centerline concentration

X
o.an
T.d4

t4.88
+ 22,32
23,78
.20
44 .72
32,18
55, E0
67 .04
14,48

0,60
0.0
a4.00
.09
o.og
G.-09
C.ad
Q.03
0.90
0.an
Q.00

z
.06
E.00
B, 00
E.0D
8,00
8.00
.00
8.00
B,oQ
8,00
8.0d

Cumelative travel cime =

IND OF CORJET |

OEGIN WCD133: LAYER BOUMDRRY IMPINGEMEWT/FULL VERTICARL MIKING

Contrel volume inflows

X
7448

Profile definitiona

k §
C.0a

z
B, 00

5
8.7

G
D.4C0E+D2
0.11BE+02
0. 645E+01
0.447E+0L
0.341E+D01
Q,375E+0L
Q. 230E+DL
0.198E+0L
O0.173E+D1
B.154E+01
0. 139E+01
C.B785 Eec

[
0.135E+01

BY = layer depth (vertically mixed)
8H = top-hat half-width, in horizontal plans pormal o trajectory
" ZU = upper plume boundary (Z-coordinaze)
5L = lowetr plume boundary (Z-coordinatel
g = hydrodynamic sverage {bulk) dilutionm

C = average lbulkl concentration (includes reaction edfeces, if any]

X
G648
BB .08
6%-68
TL.29
TL.58
74.48
T6.08
T7.58
T9.248
a0.88
52,48

T
0.00
0.0
a.oo
a.00
q.00
3. 600
0,00
000
&, 00
o.oo
§,00

z
8,00
8.00
B.00
B.04
8.01
B.a0
B.006
E, 46
B-a0
B.OC
&.00

Cymulative craval time =

ENOD OF MODL33: LAYER BOUNDARY IMPINGEMENT/FULL VERTICAL WIXING

-]
28.7
a8.7
28.7
28.7
28.7
8.9
ic.4
34.2
7.5
9.3
.2

C
0.1Z59E+01
0. 139E+01
0.1Z9E+01
C.1309E+01
0.138E£01
LL13%E-T1
0.131E+01
0.117E+401
0. 107E+01
O.10ZE4D01
0. 984E+00
1.4529 mec

fipcludes reaction effecte

B
0.1
1.00
1,80
2. 60
3.33
4.38
d.96
&.73
E.48
T.A5
B.O0

B
B.00

v
.00
.00
.00
g.on
8,00
a.oo
&, 00
a.00
8.00
a.00
8.00

rormal Lo trajectory

MODL1a} « JET/PLIME WEAR-FIELD MIXING REGION

=1z
0. 00
1.2Z
.14
3.B4
1.44
4.94
S.44
5.87
624
G.46
F.02

LE anyl

el
g.aa
2.400
g.40
a.00
& .00
8,00
a.onon
&.00
&,00
a.oo
A.00

B.00
0,00
.00
.00
0.00
k.00
G0
o.og
000
G.0d
C.aa

BESTH MODLS3: VERTICRLLY MIXED PLUME IN CO-FLOW

Phase 1, Wertically mixed, Fhase 1: Re-stracified

Pha=e 1) The plume is VERTICALLY FULLY RIXED cwer the entize layer depth.

Profile definicionn

+BY = layer depth {vertically mixed)
Bif = Saussian 1/= [37%] nalf-width in horizental plane normal bo trajectery
U0 = upper plumg hourdary (E-coordinatel
L = lower plume boundary |2-coordinate)
5 = hwdrpdynamic centerline €llution
C = ceaterline concentration |includes reacticn gffectos,

- £
B3._4a3
320.79

++ ERGULATORY NINIHG ZOME BOUMDARY is within the Hear-Fiseld Region *4

W
a.oe
o.oo

=
B.09
B.0d

2
40.2
ba.z

c
L. 934E+00
D.454E+00

By
g.00
a.0u

EH
B.52
15,64

1E any:

o
2.40
.40

ZL
i, 00
a.00

In thia prediction interval ehe plume DOWHETREAM distance meers ox exceeds

the regulatory valug =

So0.00 A,

Thie if the extent of the REGULATCORY MINING RONE,

EER .92

THT.14
1035, 56
1E73.58
1511.80
17540.02
193534
SEIG .46
2464 .68

a.00
Al
-0
~oQ
-0
.00
0,00
L. 00
L.o0

RN

B.d10
g.a0
BE.Q0
.00
E.OD
.00
E. 00
.00
B. 00

cunulative cravel Tima =

118.4
141.7
162.90
180.30
156.3
211.4
125,58
138.7
251.3

. 339E-00
O.ZHIE+{0
0. 247E+00
0.222E+00
0.2304E+0D
O.1B59E+00
0.177E+CD
0. 168E+00
0. 159E+00

1308.,1379 s&C

&.op0
B.o0
a.00
&, 00
g.oo
8,00
g.04a
B.T0
B.08

E1.349
TE.25
52,42
112.492
131,14
142.83
168,14
1E8.10
203,75

&,00
.00
8,00
8.00
&.oo
a.00
8.00
B.o00
.00

.00
. 0g
D.oa
G 00
O.od
004
o404
o.00
o.od



Entire ceglen ie ococupied by Phase 1

Plume does nak re-gtratify in thia flow region.

EHD OF ‘MOD163 VERTICALLY MIXED FLUME IW DO0-FLOW

=+ grnd af WEAR-FIELD REJICK (WFR] **

ar rhe end of the WFR, the plume FPOSITION EXCEEDS SPECIFIED LIMITS
for the regulatory mixing zone (REM2! and/or the reglon of interest [ROLI.
Specificaticas way be cverly restrictive.

Uae larger ROI values in Bubsequent iterabicon!
BIMULATION ENDS.

THe inttgal plume WIDTH waluea Lln the next far-Field module will ke
CORRECTED by a facter  3.74 to conserve the mage flux in the far-Eield!

The correction factcr is gquite larde because of the amall ambient welocity

. relative ke the atrong mixing characteristics of the dischargs
Thia indicates localized RECIRCULATION REGICHE and intermal hydraolie JUNPS.
Midth predickions ghow discontinuities, @ilution values should be acceptable.

In this design case, ©he discharge 1s IecaCed CLOSE TOD BRMESSHORE .
Gome boondary inzeraction occurd at end of near-field.
This may be related to a design case with a very LOW AMELENT VELDCITY.
The dilution values in gne or more of the preceding zones may be too high.
Car=fully evaluate results in near-field and check degree of interaction.

Consider locating outfall further away from bank or ahove-

ORMIKI: Single Port Discharges End of Prefiction File
1111122111114331112332123112211133112331112322123211212313313377111233211221121131




sareedssssnmsssnsnennawrns FLON CLASS DRSCRIPTION =ssbsssssbuassdsbbassssnndds
The Esllowing descripbicon of flow class IPHE applies to the FULL WATER DEPTH at the dlscharge gite-

PLOW_CLASS_IFHS

A sligthly submerged positiwvely bucyant effluent izgued horizontally or
niear-korizencally from the discharge port. The diacharge 1s cross-
Elpwing or counterflowing with respect to Ehe ambient current.

The discharges configuratica is hydroedynamically "unstable®, that

i the discharge streagbth (merasured by its momentum flux) dominabes
the flow in relacion to che limiced layver depth. The effect of
uoyancy is negligible and the initiel discharge is usually
atcached to che surfage.

This may be a complicated and perhaps undesirsble discharge
configuration. The laterally Zischarging jet the cende coward
tull wvertical mixing and will block the anbient f£low. This

will cause a recirvculating eddy recion downstresm of the discharge.

1) Mepentum-deminated near-Lield jec (surface-attached): The Ilow
is dominated By the eifluent momentum [jet-like} . The jeb attaches
te thi gurface and 18 weakly advected by the anblent Elow.

2 Berengly deflscted wall jet After some distance, the surface jac
ig gtrongly deflectod and adwvected by the ambient flow, (This flow
region may be absent for wvery shallow wabter depthe.|

I Layer boundary ceatact f full wvertical mizing: After some
digtance the jet hag grown vertically over the Eull layer depth.
From now on the flow is wertIcally mixed, Dut may re-sCIracify
lacer oo

4) Vercically mixed pliuma in crosg-flow: The discharge induced
momEntum flue is seill controlling che flow. Howsver, lateral
antrainment and diffusion lead to a spreading of the plume &and
addgicicnal mixing. Indtially, the plume is cross-flowing, but ik
becomes progressively deflected fnco che direction’ of the amblent
Elow. At the beginning, the plume i= wvertically mixed éwver the full
layer depth, At some distance, ye-stratification may take place
daepending on the strength and direction of the plume Buoyaney.

e The zones listed above constitut= the NEARR-FIELD REGICH
inowhich strong initial mixing Cakee plape. *+=

iy Broyant spreading at layer boundarys: The plume epreads laterally
along the layer boundary [botbem or pycnocline] while it is beimg
adverted oy the ambient current: The plume Thickneee may decreaee
during this phass. The mixing rate is relaciwvely small, The plume
ray interact with a meachy bank or ahoreline.

&} Passive ambient smixirgs The warcically fully mixed plume is
'rurt'r'.er adverted by the anbi=nt flow and spreads labterally throush
turbulent diffuaion. The plume may interact lakerally with any
naarby bank or shoreline=.

R Predictions will be termimated in zonea 5 or 6 depending <n
che definitions @f the REGULATORY MIXING ZOWE or the REGION OF
INTEREET. #*=**

SPECIAL CASE: If the ambient is atagnankt, 8o that advection and
diffusion by the ambient fiow |zomes 5 and 6| cannot be considered.
The mixing is limited to the discharoce-induced mixing zones |zones
1 and 2) and the predictions will be terminated ak this stage. Such
predictiona will present a consarvative lower bound on the mixing
capacity ms they neglect any further mixing kevond the stage whare
the {at hag grown toche full layer depth. Buch stagnant water
predictions may be a useful inltial mixing indicacce for a giwvan
glbe and discharge design.

For practical final predicticons, howewer, the advection and

Aiffuaion of the ambiens flow - no matter how small in magnitude
should be considersd

END OF FLOW CLASE DESORIETION mivvsdnsvrsrassssysosassartbsnssssasnstbssasssass
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DRSIGH RECOMHENDATIONS; SINGLE PORT RISCHARGES:

, A reliable environmental analysis and mixing zone prediccion 16 pessibla
only if sach design cese is ewvaluated throwgh several iterations of CORMIEL,
Emall champgea in amblent or discharge demign conditions can sometines

cause crastic shifts in the applicabls flow configuration {(Elow claaal and
the gize or appearance of mixing zonss. Iteratlve use of CORMIXL will giwe
tnfowmmaticn on the sensibivity of predicted results on design and ambient
condiciona.

Each predicktive case sheuld e carefully asesssed as co:
gilze and ahape of RHZ,
conditiona in the TOZ. AL present),
botton imgact of the discharge Elow,
water surface expoguce,
bank attachment, and ochar Facktors.
In general, itecaticns ahould be conducted in the following order)
&1 Diecharge design changes {geometry wvariationsi
Bl Sensitiwvity to anbisnt conditlons
Cl Diechargs flow changes {process wvariations)

When investigacing chese varistions che CORMIXY user will guickly
appreciate the [a0r Chat mixing conditions sk short diseances [near-
figlid) are usually guikte sensitive and contxollable.  In conbrast, mixing
conditiane at large digtances |far-field] ofeten show little genslcivity
iinitess che ambient conditions charge subatantially or drastic process
variationg are Lotroduced.

Al DIECHARGE DESIEM CHAMGES: (GEOMETRY VARIATIONE] :

© Most of tha following recommendacicons are motlvated by che dosire of
improving conditione in the applicable mixing zones {i.e. minimizing
concentrations and/or arsal extankl.

1) Ouclall location: Congider moving the diacharge Iarther cEfshore to a
larger water depeh in crder to delay flow interackicn with the bank
andfor surface. and to improve near-Ifield mixing.

2y Height of discharge porc: For posiciwely bugwant or neutral discharges
it i5 usually desirable o mlnimize the port height in order ko provide
A long submerged jet/plume trajectory. Howeéver, undesirable Elow bottom
attachment may resulk if the pert hedght 15 too small. A typical
cange Loy port heights is from two to ten diameters. For negatively
buoyant discharges. of the othar hand, it may ]:E desirable Lo maximize
the port height. Havigaticnal reguirements may put furcther limite on
large port helghts.

[}

wercical angle of discharge {THETA!+ Mear-figld dilution for posicively
or neutsally buoyant discharges is often improved by providing a near-
horizontal discharge, In order T4 prevent bottom interference a slight
upward orientatica {in the range of +18 to +30 degrees| may ba advisable.
In coatrast, a wvertical pr near-vertical angle may be favorable for
negativaly buoyant discharges.

4} Hor:zomtal angle of discharge [FIGMA): This angle provides the discharge
ariencation relative to the ambient curreant. A co-flow design (angle
of about 0 degrees) or a croBe-flow design Jabout 30 or 270 degress,
reppeclively! are preferable, A counter-Elow design (about 1B0 degress) is

.  undesirable from che viewpoint of mixing zone predictability and bottom
impacra, Crogs-flow designs may be parcicularly effective in optimizing
near-field mixing, and if chey are chosen, che port should point 1n ©he
alfahore direcbion.

3) Por:t diameter/area {discharge velocity): Remember that [or & given
dAigchargs flow rate the port area and discharge welociby are inversely
relaced: & amall diecharge port impliss a high dimcharge velocity, and
i conseguently high dischares momentwm £lux. Typically, a high welocity
dimcharge will waximize near-field mixing. Hote, howevar, that high
velogity discharges a! may lead £o unstable near-field £low coafigurationa
perhags tovolving undesirable mizing patternd, and b} vsually have little,
if any, effect on dilutions over the far-rield whers a RMI may apply.
piechargs welocibies in bypical engineering designs may range from 3 mfe
o B mfs. Very high velercities may lead to excessive punping energy
réguirements. Very low welocities [lesa than 0.5 m/sl may lead to
undggirable sediment accumulaticn within the discharge pipe.

Hf EEMBITIVITY TO AMBIENT CONDITICHS:
Variaciong - of the order of 28 percent - of the following ambient design
conditicae shoald ke conaldered:
smbient weloccity (or ambient [lowratel,
pmbient depth jor river/tidal stage), Band
anmbiant density structuce’ (notably density differences|



HSuch variabiliey 18 importanc for two reasons:
1) the uswal uncertainty in ambient envircnmental data, and
2 the schenatizacion employed by CORMIX.

Please refer 1o the detailed advice on the speeificabion of ernvirocmmental
data, including the deneity ecructurs, that is available in programn
@lament DATIN. In particular, note the agvisory Coements on scagnant ambient
zonditions,

) DISCHARGE TLOW CHANGES {(PROCESS WVARIATIONS] .

Actual process changes can result in wariaticns of ong or more of three
paraneters associated with the discharge: I[lowrate, density, or pollutant
sapesntrablon, In §fome cases, such procsss thanges may be diffigult ko
achiove or too costly. Wote, Ehat "off-design® conditions in which a
discharge oparates below its full capacity alga Iall Intg this category.

1| Pollucant mass flux: The total pallutant maes Elmd 18 the product of
dischargs flow (m"3/g] times the discharge pollutant concentration {in
arblorary units). Thus, decreasing the pollucant mass flux will, in
general, decrease thé regulting pollutant concentration in the hear-
rield and far-fieid. This ccruras, of couree, during off-design
canditions.

2

Discharge [low: For a given pollutant mass Flux, an increase in
discharge flow impliea an increaes in discharge pollubant ConCentratvion,
and vice varsa. For the variety of Elow clagses contained in CORMIED
there is no wniversal rule whather high or low wolums discharges ara
preferable for optimizing near-field mixing. Mostly, the =sensitivity

1@ amall, &nd sven mor= sc for far-field effects. Bote that a change in
dischacge Eléw will influence, in turn, the discharge velocity and hance
the momentum £lux:

1" Dibcharge deansity: The actuwal density of the discharge flow controla
the bucyancy effects relative ©o the ambient water, Oecasionally, che
dlpcharge density is conktrollable through che ampunt of process heating
or cocling eccurring prior to diecharge. Usually, near-field mixing is
enhancgd by maximieing the tobal denglty diffevence {positive or
negative] between discharge flow and ambient waber, In mOGBC CASEE,

. howaver, this =ff=ct is Ainar.

END OF DESIOH RECONMEMOATIONS A4veadsvrssskhtisssdessitbssddbbssssspmponnnnve
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Design Case| Wabter Dispersicn mode=ling
ite Name: DHR Cogen, Karachi
brapaved By: Dr. Mcharmmad Hanifl

Project Hotes:

WELIDATING THROT TATA . .

Checking Pages for invalid or miaaing inputs...
Effluenr Page has been wvalidated,

hmbient Paye ifas been valldated.

Discharge Page hes been walldaCed.

Miming Rone Page has been walidated.

Finidhed checking Pages for invalid or miesing inputs.
Loading Correct RuleBases

Yalidating FuleBases ,..

MMBIENT TRATA

Equivalent Darcy-Weisbach friction factor = D.018
Ambien: Sengity = 935.3405 kg/m™3d,

Ambient Rule Bage hag besn validated.

DISCHARGE DRTA: '
DORMINL: Bingl= Poct Discharges

Port crosg-sssbicnal area AD = 0. 095 =3,

Dimcharge Clowrate 90 = 97 m°3/e.

Digcharge velocizy U0 = 1008.138 nfs.

Hoze

Discharge Velocizy (U0} & 2.5 m/F may in some cages he reconmended to avoid pessible adverse condicions for ssneitive
Fimn populations,

This iz a Slightly Submerged or Above Surfece Diacharge, whore the height of the discharge port (B = 8.5 mp and the
local aabient water depth (ED = B m) .,

The submergence of the port below the water susrface iz BUBD = 1.5 m.
bistharoe density RHOD = 55%32.2107 ka/m*3.

The kinematic neat exchangs ceefficlent (transfer velocity) ig 0.0000004 mfs.
pigghargs Rules for OORMIKL have been wvalidated

MIXING ZOKE SPECIFICATION:

REGULNTORY MINING ZONE (RMZ{ Specificatiens

In general practice, Chers are two possible interprecaticns for the RME,

Interpretaticn 1: The RMZ 18 3 spatially defined [(by Stare/Federal agencies) restricted region at whose boundary a
specified water guality standard for copventicmal pellutants - op Ehe CCC Eor ool pollutante - hasd to be met.

Interprecacion 2= The applicant or the State/Federal agency may propose oo an ad-hoc basie an RME as that region at
whose boundaty a water guality standard - or ©OCC - has been demonstrated To ba met. That demonstration 18 uswally made
by means of a miming =meqe prediction.

CORMIX will eveluate the RMZ coadibions en the basie of both incerpretabions.
Hixing Zonas Rule Ease has be=en validacad.

Finished valldating Rul=Bages,

Calocularineg PRrameLers.

i‘u:ﬂi' PARAMETERS BND LEMGTH SCALES:

Ralative densicy dilffevenoes between dizcharge and amolent:

mblent density ab the diacharce level ZHOAHL = O895.3405 kg/m™3.
Vertical mean amblent density RHOAM = 3953405 kg/m™3.



The efflusnt density (352.32107 kg/m*2] is less than the sUrreunding ambient water density at the

FE55.3405 kgfm 3.
Therefore, the =fflusnt 18 POSITIVELY BUDYANT and will tend Co rigse towards
Flow bulk paramsters)

Dimcharge volume Clux GO = 37 n*d/s.
Dlacharge momesntum flux WO = 97705,19082 m*4/8%3-

Discharge buoyancy flux J0 = 2,991106 w4 /573,

Flow length scales:

J=b-ko-crossflow lengch scale Im = 156.36 m. b
Pluno-to-crossilow length scale Lb = 0,37 m.
Discharge Leagth acale LG = 00,3102 n,

Jot-to-pluRe. Erpnaition length scale LW = 3137.52 m,
Hon-dimensicnal paramaterss

Oensim=tric Froude pmumber FRO = 8704.69
Jer/feropsfiow veloclty ratio R = BO04, 10

paramerers Loy COEMIXL have been caloulated

Claasilving Flows,

FLOW CLASSIFICATION:

coAMIXl includes SIE MAJOR CLASSER of possible Flew conflguratlons:

Clagges 9, I8 : Flows trapped in a layex within linear scratification.
Classes V., H

the surface.

Wear Bottom, Positiwely bueyant flowa in s uniform density layer.

Clagges IV, TH : Hear Surface, Hegatively bucyant flows in a uniferm densicy layerx.

Classes WV, HH

Wear Bottom, Wegatiwely bucyant flowa in uniform density layer.

Clagees IPV,IPH: Mear Surface, Poaitively buoyant flows in uniform dengity Laver.

Clasees &, AL Flows affectod by dynamic boktom orf gurlace attachment.

The HEAR FIELD FLOW will have the following features:

dimcharge level’

The discharge near-field behavior 18 dominated by mither the positive buoyancy of the discharge or the upward vertical

criencation of the discharge port lseding vo surface interaction.

The diggharge flow will experience inatabilitles with £ull vertical mixing in the near-field.

impacet of high pollutant concentrations,

Ther= may be bentiic

The following conclusion on bhe HEAR-FIELD FLOW COMFIGURATION applies o a layer corresponding to the FULL WATER DRETH

at the discharge pite:

#ea PLOW CLASS = IPH3 &®~*
Epplicable layer depth HE = & m.
Flow haa been clagsified.

Exsruting the aimulation:.. FORTRAN simulation complete.

Generating Bession Report. .. Sesgicn Report complete,
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