JP

L=
BVAEP V;

T ces
83 - o2

ENVIRCNMENT CANADA

CONEERVATION AND FROTECTION

DATA REFPORT

COMPUTER SIMUL

& EEFORT DR-85-0F

FETER K. KERAHN



[y

[

Summary of the u

of Contaminated Storm Water EF

Storm Design Criteria

tumber Storage Yard Design Critsria.

g from a Single, Open Sewer FPipe

=3
facs Flow Regieme.

L
+
I
L
n
ch
]
a1
]
(=N
o
]
B
5
[In]
m
2L
—ty
-
K]
0
w2
[
[
ot
(=4
T)
(=)
i}

T
et
il
T
W]
"l.
S
(e
["h
=k
"+l
[
in
y

A
I
e
et
(N
|
[
m
™
[}
et
el
o
-y
=k
c
1]
m
=

Stormwater Discharged from a Multipis
Through 5.1 m of Water Flowing at 1.8

References.

e of Diffusers to Reduce the toxicity
f

L)

0)

A

s

Pt
"

")
0



Appendix

Appendix

Appendix

¥

Appendi x

I»

I

end
=nid
Ena

[N

pute

o

»

I

kY

W

<
[

AFFENDICEES

UMEREGE: Theoretical Devel opment 17

Simulation Dats of StDmeatET Zischarged =21
From a Single Dpe: Sewer Fipe to a Near
Sur face Flow Regiers.

48]

imulation Data of Stormwater Discharged From 24
3 Single Fort Under Sressure to a MNear Sur face
Flow REegieme.

Eimulation Data =f Storm Water Discharged =8
from Three Forts Through a 2.0 m Saltwater
Layer.
Simulation Data of Stormwatsr Discharged 31
Froam Threse Forts above a 2.0C m Salt Water
Layer.
Simulation Data of a Filume of Storm Hater =%
Discharging from Three Foris through 7.7 @ of
Water.

e




Figure

Fygure

Figure

Figurse

IJ

(o)

List of Figures

Average Sawmill, Rainfall and Fiver Conditions.

Flumz of Stormwater Discharged from a Single
Open Sewsr Fipe to a MNear Surface Flow Fegieme.

Flume of Stovrmwater Discharged from = Si
Under Fressure to & Near Surface Flow regiame.

L1 i
h Water Layer a% Slack Tide.

ume of Stormwater Discharg f
{One Forit Shown) above a 2.0 m Sal

torm Water Discharged From Three Fort:
Showny through & 2.0 m Saltwater Layer
E
H

Three Forts

Water HWeoge

(A}

il

=
08 r3

[

»
A



1.0 SUMMARY OF THE USE OF DIFFUSERS TO REDUCE THE TOXICITY OF
CONTAMINATED STORM WATER EFFLUENT.
¥

There are several benefits and costs from using diffusers to
reduce the acute toxicity of stormwater vunoff from sur face
treated lumber storage yards. This data repart will cutline the
general criteria based on average but vrealistic conditions which
Can be experienced at sawmill and lumber storage yards
(terminals) in British Columbia. ¢ It will not attempt to
highlight any other topics such as source contrizl The
conditicons cutlined are to serve as a guide to the discussion of
stormwater control mechanisms.

Benefits

— Chlovophenols are slow to biodegrade/photodegrade  in the
natural aguatic environment, can bicaccumulate and contain trace
contamination of diaoxins and  furans. Thzse chemicals are
scheduled for phase cut and diffuser systems which are installed
to reduce the acuts taoxicity of chicorophencls will alsoc  work for
chemicals which will be replacing them.

- The dispersion through a diffuser system will likely increaze
the opportunities for photo degracation and possibly

bicdegradatiaon.

- The diffusers would reduce the acutely toxic zones of the
effluent plume by dispersion of effluent into the receiving water
column.

Costs

- Diffusion will not satisfy the intent of section 33.2 of the
Federal Fisheris Act which prohibits the discharge of a substance
deliterious to fish.

— The diffusion of contaminated runcff will not reducs the total
loading of chemical to the receiving eavironment.

— There is limited knowledge at present as the long term effects
of the replacement chemicals and there breakdown products. The
large scale discharge of these chemicals may pose an unacceptable
risk to the envivonment.

- Most mills/terminals cannot afford to dedicate any yard

sur face area to the construction of holding ponds to regulate
flow. A diffuser system would require the installation of a

storm sewer collection system which directs storm water from a



paved yard surface to a pumping station. The pumping statiaon¢s)
would require a minimum 10 year and possibly a 20-25  year storm
design.

¥ Fump stations will reguire a level activated system and & pump
capable of discharging the effluent under pressure during highk
runcoff and high tide conditions.

- In river systems such as the Fraser where siltation iz a
problemn a second flushing 1line feading river water through the
pump/diffuser system will hs required. This flushinc will be

nterval during pevicds of dry weathsr.

reguired on a daily e
to keep the lines and diffuser ports clear

5
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During the initial and final pericds of a storm svent when runctf
concentrations peak several orders of magnitude there will be
shiock loads to a stagnant flow regieme that occurs at high tide.
Ewxtended acutely toxic zones are likely to woccur under these
conditions. Addition of river water to the discharge effluent
m&y be reguired to achieve dilution.

- Under certain tidal conditions and rain events the plumes of
previous discharges may wash ack and forth with +the tide
producing additive effects to the new discharges.

- In areas where there are adjacent mills and/or  pump stations
the plumes may impingse on  each other  and produce additive
effects.



2.0 S5TORM DESIGN CRITERIA

A "10 Year Storm" was the minimum design criteria for
estimating the affects of using diffusers to dilute runoff from
treated lumber storage yards. This criteria states that "there

is a 100% probability that a storm of this magnitude (or greater)
will accur at least once every 10 years. The volume of runcff tao
be treated/di ffused was assumed to be fram 116 mm =f rainfall per
24  hour period. This is a rounded average of the 10 year storm
values of Vancouver Harbour and Squamish B.G. (13

2.1 Lumber Storage Yard Design Criteria.

The lumber storage yard was assumed to  be 22,370 square

meters surfaced with blacktop paving and serviced by an
underground storm sewer system capable of handling a 10 year
storm flow. {See Figure 13 This is the average vyard size of

sawmill storage yards in the E.C. Lower mainland area. (2} A& 10
year storm of 116 mm/day will generate an average flow of 30 L/s

which is divrected to a pump station capable of delivering this
flow through a diffuser system. A minimum flow velacity of Q.75
m/s is required +to prevent deposition and clogging of the pipe
system. £33 The discharge pipe diameter requirad is O.22Em
anc the diffuser pipe will lie at the bottom of the river at =
depth of S.im at low tide and 7.0 m at high tide. (42 The
diffuser system will lie at 90 degress to the curvent flow and
will consist of three diffuser ports spaced three meters apart.
Eack diffuser port will angle 20 degrees from the horizontal and
point in the normal downstream dirvrection. The diffuser ports

will be circular in shape and 0.1230 m in diameter. (Assuming the
discharge is to the lower Fraser River at Mitchell Isiand the
di ffuser ports will point downstream to produce maximum diffusion
during the loweser river velocity that occurs when tidal action
reverses river flow.)

The high sediment 1load of the Fraser River is likely %o
cause siltation and clogging of the diffusers whick would be
inactive during prolonged periods of dry weather. An intaks line
which draws river water and pumps it through the diffusers at
regular intervals may be requirec to overcome this problem.

2.2 FEiver Flow Criteria

The lower 90 to 110 km of the Fraser River ic affect=d by
tidal action. The river level will vary 2.0 m ar greater during
a tidal cycle depending on weather conditions, river flow volume
and distance upstream. During a high tide the river will reverse

-

flow in all areas of the lower reaches from Steveston upstream o

NMew Westminster. A salt water wedge up to 2.0 meters deep may
intrude as far up vriver as the Annacis Island Sewage treatment
plant. (S The range of flow velocities in the various arms of

the lower delta is from 0.0 — 2.6 m/s. (5} (See Table 13 .
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Table 1: Average River Velocities in the Fraser River
from New Westminster to Steveston.

Current Speed Location
0.0 m/s All areas at slack high/low tide
1.8 m/s North Arm average velocity
2.1 m/s North Arm maximum velocity
2.4 m/s Main Arm, New Westminster
2.6 m/s Main Arm, Steveston
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Discharge Simulations

¥ All discharge simulations were made using the United States
Environmental protecticn Agency (USEFA) plume dispersion madel
called "UMERGE". £33 The model "amalyzes a positively bauyant
discharge by tracing a plume element through ite trajectory and
dilutiaon. Conditional controls rather than conceptual
limitations , prevent analysis of negatively bouyant discharges.
UMERGE is a two-dimensional model which accounts  for ad jacent
plume inter ference and which accepts arbitrary current speed
variations with depth" (9) Further criteria and assumpticons ares
detailed in reference #9 and Apperndix I.

3.1 Stormwater Discharged from a Single, Open Sswer Fipe ia
a Near Surface Flow Regieme.
The effect of a single cstorm  sewer Fipe under tidal
influence was simulated to contrast the flow regiemes produced by

a diffuser system. An open sewer pipe or a pipe with a tide gats
will not produce any flow during & storm event whern the river
level is above the head (elevation) of the plpe. When the tids
ebbs enough to allow the airlock to release in the pipe, or , the
head upstream of the pipe is sufficiently above the river levs!
flow through the pipe will occur in the form of a large flush.

C1a3 Figure 2 shows the affect of 0.340 m3/s flow from a round
pipe intc & slow river velocity of 0.10 m/s at the start of an
=bb tide. The runcff is assumed to have a temperature of 2 ©
higher than the river water whick gives the plume bouyancy to
rise to the surface. Colder plumes may trap below the surface or
sink depending on the temperature differential. Appendis Il

details the simulatiocn data.

Current cperating practices at sawmills  which apply &1l the

regulremsents of he  report “"Chlorophenate Hood FProtection,
Recommendations for Design and Operation” (the Code) will producs

a minimum effluent concentration of S00 parts per billicon {pphd
of chlorophencls (6 or Z-(thiocyanomethylthic)-benzothizszole
CTCHMTRED ., €73 The 26 Hr Lethal Concentration of chlorophenocls is
20 ppb (8) and 20 ppb for TCMTE.

Figure 2 shows that a dilution of 24X the original effluent
concentration is reached within 40 meters of the discharge. The
discharge will produce a plume of water Z0-40 long and up to 8
m in diameter which contains €70 ®m32 of habitat from which fishk
would be excluded during a storm event. If the drainage were to
originate from a storage vyard that contains rough  lumber
discharging at 1000-1200 ppb the plume would be acutely to=ic at
20 — 30 m downstream.

3.2 Stormwater Discharged from a Single Diffuser to a Near
Sur face, Stagnant Flow Regime.
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A single diffuser port of 0.226m

0.030 L/s of flow from the average sawmill starage vard to a
réceiving river system under 10 year storm conditions. Figure 2
shows the simulation of such a discharge to the 1.0 m surface
zone of the Fraser River at slack tide. The plume was found to
surface within 1im of the discharge and achieve a 21X dilution of
the original effluent. Appendix III details the simulation data.

diameter is required to deliver
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4.0 Stormwater Discharged from a Multiple Port Diffuser

Three diffuser ports of 0.13m diameter are required %
déliver a 30 L/s flow generated by 10 yvear storm conditions. Al
of the following simulations will use this diffuser design.

e

4.1 Stormwater Discharged from a Multiple Port Diffuser
Through a Zm Salt Water Wedge.

At locations downstream of the north end of Annacic I=land
the diffuser plumes must rise through a f{semi-dilutedy 2 m layer

of saltwater. For the purposes of a simulation the salt water
wedge 1s assumed to be partially diluted with fresh river wat =y
and has a density of 1.01500 gm/cm3. A 5.7 m laysr of freshwater
will lie above the saltwater at high slack tide. Figure 4 shiows
that the laow density effluent plume will rise rapidly within the
first two meters of downstream distance and then trap at the salt
water /freshwater interface with a 12 X dilution. The trapping i=
believed to result from the entrainment of heavier saltwater |
the effluent plume. Dilution of the effluent is rapid during the

plume rise and then minimal afier the trapping level is roached.
This woul likely result in the formation =f 2 poorly diluted
Cloud arocund the diffuser. Appendix III detzils the simulated
data.

Figure 5 shows that when the di ffuser is locatzd abaove tha
salt water wedge that trapping is avoided and that dilution
reaches 32 X before the system stabilizes. Appendix V detzils

the simnulated data.

3.2 Stormuater Discharged from a Multiple Port Diffuser thvough
7.7m of River Water.

In the absence of a saltwater wedge ths averags denth of
fresh water in the North Arm of the Fraser River at kigh slack
tide will be 7.7m. Figure € shows the effluent plume discharging
from the design configuration through 7.7m of water. The extra
2m  depth over that in Figure 5 allows the plume +ao surfacs Zm
further downstream (ie. 12-14 from the discharge pipe) and
achieve a dilution of 39.5 X. This will result in reducing a2 SO0

ppb and 1000 ppb initial effluent concentration to 2% ppk within
3 - 6&m and 11 - 12m respectively of the discharge. Appendix VI
details the simulated data.

4

/3;5 Stormwater discharged from a Multiple Fort Diffuser
through S.1m  of Water Flowing at 1.8 m/s.

The average river velocity of 1.8 m/s in the MNorth Arms cf
the Fraser River will occur at low tide when the water depth has
reached S.1m. There will be no salt water wedge to influence the
plume density. Figure 7 shows that the Plume will experience =a
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very slow rise to the surface as it is washed downstream by the
current. A dilution of 22 X will be reached within 10m of the
out fall which will reduce the S00 ppb and 1000 ppb initial
concentrations to 23 ppb, and 46 ppb respectively. Appendix VII
détails the simulated data .

!



REFERENCES
1¥ Environment Canada, Atmospheric and Environmental Services,
- . Vancouver Airport Weather Station, 1986 '

2) Krahn, P.K., Unpublished data, Environmental Protection,
- Environment Canada, Pacific and Yukon Region, 1988

3 Grace, R. A., " Marine Outfall Systems, Planning, Design
and Construction™, Prentice - Hall Inc., Englewood Cliffs,
New Jersey 07632,

3) Marine Charts

S Al Ages, Fersonal Conversation, Institute of Ocean
Sciences, Sidney B.C., 1988

&) Krahn, P.K., Shrimpton, J.A., Glue, R.D., "Assessment of
Storm Water Related Chlorophencl Releases from Wood Protection
Facilities in British Columbia." Environmental Protection -

Conservation and Frotection, Regional Program Report 87-14, 1987
7) MacMillan Bloedell, Unpublished
8) Code of Practice

9) USEFA — Plume Madel Programs.



AFFENDIX I

UMERGE : THEE¢ﬂETICAL DEVELOPMENT



toeET?

T Fb
?A:tzs

[

UMERGE

¥
Theoretical Development

C AT

The model UMERGE analyzes a positively buoyant discharge by tracing
a plume element t.hrbugh the course of its trajectory and dilution. Conditional
controls, rather than conceptual limitations, prevent analysis of negatively
buoyant discharges. UMERGE 1s a two-d imens fonal model which accounts for
adjacent plume {nterference and which accepts arbitrary current speed variations
with depth. Diffuser ports are assumed to be equally spaced and may be
oriented at any common elevation angle. The current {s assumed to bte normal
to the diffuser axis and the discharge velocity vector s assumed to be
fn the plane formed by the current direction and the vertical axis.

The basic plume equations are summarized as follows

dm/dt = entrainment (Taylor hypothesis ¢ forced continuity) (60)

d(mu)/dt = ug(dm/dt) (conservation of horizontal mamentum) (61)

_‘D d(mv)/dt = (ap/p)mg (vertical momentum) (62)
d(rT)/dt = To(dn/dt) (conservation of tomparature) (63)

d(mS)/dt = Sg(dn/dt) (conservation of salinity) (64)

Ah/(uzwz)l’z = Ahi/(u12¢“2)1’2 = constant (65)

where

{ = initial conditions
o = ambient conditions.

Equation (65) transforms the {ntegral flux plume equations to their lLagrangian
counterparts. Also required 1s an equatfon for density (subroutine SIGMAT)
as a function of temperature and salinity (U.S. Havy Hydrographic office
1952). The equatfons are integrated with respect to time.

~~ Forced and aspiration entrainment (Taylor hypothesis, see HMorton et

al. 1956) are handled {n much the sam? way as in UOUTPLM. However, rather

than considering the larger of the‘two components as being the operative
s ° 3




-¥mechanism, they are considered additive, based on superimposed flow fields. r*
In the absence of a current, entrainment is due solely to aspiration.

; At moderate current levels, entrainment s from both mechanisms but aspiration
{s somewhat reduced in the lee of the plume. In the presence of higher
currents, entrainment is largely forced (Frick 1981, 1984).

The mass of overlapping portions of adjacent plumes is redistributed by
increasing the normal diménsfons of the plumes, and entrainment {s adjusted

accordingly.

The merging equations are based on purely geometric considerations.
&svﬁ"“rw

Assumptions {inherent in the model! formulation include

° Exchange between adjacent plumes does not change the average
properties of a plume element (mirror imaging) but does
affect the plume radfus

3 ] The model calculates average plume properties

° The ambient fluid s largely undisturbed by the presence
of the plume

° No net-’pr'essure forces are exerted on the plume by the ambient
and adjacent plume elements exert no net force on each other

] Energy and salinity are conserved

° Specific heat 1s considered to be constant over the range
of temperatures observed in the system

® In addition to entrainment by aspiration, all fluid impinging
on the projected area of the plume is entrained

'[:!l
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. F e Current direction {s assumed to be normal to the diffuser
axis

] The plume boundary encloses all the plume mass.

Hodel Description

Entrainment 1s considered as the mass flowing through the projected
plume area plus the asp‘lrated quantity. While the concept is simple, the
computation for the projected plume erea s complex and the reader fs referred
to Frick (1984) for further development. The changes 1n mass (am) and
time (at) are scaled internally by the model, allowing for a variable time
step. This feature shortens execution time, important wien using micro-
computers or when using the program to optimize a design. The new plume
element average horizontal velocity, temperature, and salinity are calculated
using weighted averages of both the element and entrained masses. In calcu-
lating the vertical velocity, the effect of buoyancy is taken into account.

The subsequent position of the plune element s found by multiplying
the new element velocity by the time fncrement and adding to the previous
coordinates. The length of the plume element changes durfing each time
{ncrement due to the velocicy gradient between the two fazces of the element.
Elongation, or contraction, can be estimated by camaring the element velocities
petween iterations. The effect of merging is estimated by distributing
the overlapping mass to other portions of the plune, calculating the resulting
changes in the element radius, and by adjusting entrainnent terms.

Once all plume properties have been calculated for a given time step,
the {teration process begins anew until the vertical velocity becomes negative
(maximum rise), the surface {s reached, or the maximum nunber of specified
{terations is exceeded.

ULINE

The model ULINE ts based on Roberts® (1977) uniform density flume

experiments and {s a generalization of Roberts® (1979b) discussion of dilution
45




AFFENDIX II
SIMULATION DATA OF STORMWATER
DISCHARGED FROM A SINGLE OPEN

SEWER PIFPE TO A NEAR SURFACE FLOW EEEI#ME



Tl .E : STEM FLUME ©0.34 CU/5 1 PRT 1M
1. TOTAL DISCHARGE FLOW (CU.M/S) "
2. NUMBEFR OF FORTS :
2. FORT DIAMETER (M2 :
4. FORT VERETICAL ANGLE (DES.) :
5. PFORT DEFTH (M) :
E. HOR.CURRENT SFEED (M/S5) CUOUTFLM ONLYD:
7. ANGLE OF CURREENT TO DIFFUSEFR (DEG.Y
B. DISTANCE BETWEEN ADJACENT FORTS (M) s
F.  MAXIMUM NUMEBEER OF ITERATIONS H
10 ITERATION FRINTOUT FREQUENCY :
11. NO MORE CHANGES

AL

EFTAELE <Y/N) 7

wNIVERSAL DATA FILE: PETER1

5000

20

HEXERERAEREX XL R LA FEARRTE R XL LR R R R TR NI H RN RRRHEEXNRE

NOTE, THIS5 IS5 THE ORIGINAL FILE. *
* - IT DOES NOT EEFLECT ZHANGES MADE INTERACTIVELY. *
THOSE CHANGES ARE SHOWM IN THE OUTFUT HEADING. *

st it i T LIS eI LT LLIEILILEL TS ELE T E L E LTS

STEM FLUME 0.324 CU/S 1 FPRT 1M

1,1,0,0,0,0,0,
“4,1,.76,0,2,

0,30,5,

s

o000,20,0,0,0,0,0,0,0,0,0,0,0,

. 93373, 0,

0,.99983,0,.1,

l

.99983,0,.1,
IMERGE VERSION 1.0 AUGUST 1985.

UNIVERSAL DATA FILE: FETER1

ASE I.D. S5TEM PLUME 0.34 CU/S 1 FRT 1M

ZUN TITLE: FRUNONE

ASFIRATION ENTRAINMENT COEFFICIENT

NUMBER OF STEFS ALLOWED

ITERATION FRINTOUT FREQUENCY
FREINT ARRAY AA (0O=NO, 1=YES)
“FINT ARRAY AR (0=N0O, 1=YES)
FEINT ARRAY AC (0=NO, 1=YES)

=

5000
20

0

0

O

10

CDEFAULT)

CDEFAULT?
(DEFAULT?
CDEFAULT?



T-.2700 BIGMAT UNITS
27.4

INITIAL DENSITY OF THE FLUME
"ROUDE NUMREFR

DEFTH SIGMAT u
(M2 (M/8)

- 00 —.17 - 100
2.00 -.17 » 100

. 3400 CMS
1
- 7600 M

JOTAL EFFLUENT FLOW
NUMEER OF ¢ FORTS
'ORT DIAMETER

‘ORT SPACING 1000, 0 MC(DEFAULT?
VEETICAL FORT ANGLE FROM HORIZONTAL .0 DEGREES
™0RT DEFTH 2. 00 M

1 I T

rIRST LINE OF OUTFUT ARE INITIAL CONDITIONS

X z FLUME DILU- DENDIFF HORIZ VERT TOTAL AMEBIENT
DIAMETER TION VEL VEL VEL CURRENT
€MD M) €2 CSIGMAT) (tM/5) (M/8) (tM/52 (M/S3

17.41 1.61 - 309 10.55 .01 - 16 .01 - 16 - 100
0. 40 1.47 . 236 1z2.12 .01 .15 <01 .15 . 100

« 300 2.93 .01 15 .01 .15 100
004 16.00 01 .14 .01 14 . 100
651 18.328 =01 14 - 01 - 14 . 100
21.11 « 00 .13 .01 .13 . 100

:3.83 1.28
27.84 1.04
22.19 .74
i&.'30 « 30

« 00 2. 00 . 760 1.00 10 w75 - 00 o 70 100
.0z .00 . 763 1.01 .10 .74 .00 .74 . 100
el 2000 .BEZ 1.15 .05 .E7 . GO .67 . 100
.E1 .00 .975 1.27 . Of .59 . GO .55 . 100
.98 .00 1.111 1.5z .07 .53 .00 .52 . 100
1.40 .00 1.259 1.74 . 0& .47 .00 .47 . 100
1.88 2.00 1.424 .00 .05 .47 .00 L] . 100
T4z 1.99 1.608 .30 .04 .28 .00 .3 . 100
3. 05 1.9 1.812 2. 64 . O cls . 00 .35 . 100
3.76 1.98 . 039 3. 03 .03 e . 00 i . 100
4.57 1.98 . 288 3. 48 slc! .29 . 00 el L 100
5.50 1.96 2. 563 4. 00 .03 . 26 .00 . 2E 100
€.56 1.95 2. BES 4.59 .02 et . 00 L2 100
7.78 1.92 5. 194 5.28 LOF el . 00 =le] L 100
.18 1.87 3.553 6. 0F .02 .21 .01 .21 . 100
10.80 1.85 3.94% .96 .01 .13 .01 .13 100
.68 1.75 4.3264 8. 00 .01 .ig .01 .18 . 100
4.86 1.71 4.815 9,19 .01 .17 .01 .17 . 100

5

5

€

7

7

8

)
Ia
—

COMPUTATIONS CEASE: FLUMES SURFACE

‘LUMES DID NOT MERGE OR TRAF
DILUTION = 24.21



APFENDIX III
SIMULATION DATA OF STORMWATER DISCHARGED
FROM A SINGLE PORT UNDER PRESSURE TO A

NEAR SURFACE FLOW REGIEME



Tl LE : STEME FLUME 1 FET 1 ™

1. TOTAL DISCHARGE FLOW <ZU.M/5) : 032
Z. NUMEBER OF FORTS : 1

3. FORT DIAMETER (M) 5 o 226
4. FORT VERTICAL ANGLE (DEG. ) - 0O

5. PORT DEFTH (M) § 1

&. HOR.CUREENT SFEED (M/5) (UDUTFLM ONLYD: 0

7. ANGLE OF CURRENT TO DIFFUSER (DEG.)Y @ 90
8. DISTANCE BETWEEN ADJAZENT FORTS (M) S

9. MAXIMUMSNUMEBER OF ITERATIONS : S000
1€ ITERATION FRINTOUT FREQUENZY : 20
11. NO MORE CHANGES

AL EFTAEBLE <(Y/N) %

FO NT DEFTH(M) DENSITY(E/CM3) CURRENT(M/S)
i 0 - 933983 0
2 1 «'33383 Q

Al CEFTABLE (Y/N) 7%

JNIVERSAL DATA FILE: PETER1

ettt s I IS L L LI LIS IS L LSS I LSS ST L L 23

; NOTE, THIS IS THE ORISINAL FILE. *
* IT DOES NOT REFLECT CHANSES MADE INTERACTIVELY. *
* THOSE CHANGES ARE SHOWN IN THE GUTFUT HEADING. *

£96 363 36 33 3 30 3 3 I3 I H I I I I W I I I AW I IS I I N R

STRME FLUME 1 FRT 1 M Im-1



0,0,0,0,0,
3 L226,0,1,

50,5,

0, 5000, 20,0,0,0,0,0,0,0,0,0,0,0,
2..99973,0, .

¢ .33983,0,0,

1,.99983,0,0,

1 UMERGE VERSION 1.0 AUSUST 1985.

1,

J =

s 1
s 1

— -
T e
-

NIVERSAL DATA FILE: FETER1
CASE I.D. STREME PLUME 1 PRT 1 M
FUN TITLEY RUNONE

~SFIRATION ENTRAINMENT COEFFICIENT = .10 (DEFALULT?
NUMBER OF STEFS ALLOWED = 5000
TEFATION FRINTDUT FREQUENLCY = 20
FINT ARRAY AA CO=ND, 1=YES) = 0 C(DEFAULT?
FEINT ARRAY AR tO=NDO, 1=YES: = 0 (DEFAULT?
TRINT ARRAY AL tO=NQ, 1=YES) = o] (DEFAULT
INITIAL DENSITY OF THE FLUME = -, 2700 SIGMAT UNITS
FFROUDE NUMEER = SO.2
DEFTH SIGMAT u
(M (M/S)
. 00 -.17 - Q00
1.00 ~. 17 elels;
OTAL EFFLUENT FLOW = L0300 ZMS
NUMBER OF FORTS = i
FORT DIAMETER = «ZZ2B0 M
ORT SFPACING = 1000.0 MC(DEFAULT?
LERTICAL FORT ANGLE FROM HORIZONTAL = L0 DESREES
FORT DEFTH = 1.00 ™

IEST LINE OF DUTFUT ARE INITIAL CONDITIONS

X z FLUME DILU-  DENDIFF  HORIZ VERT TOTAL AMEIENT
DIAMETER  TION VEL VEL VEL CURRENT
(M) (M) (M (SIGMAT) (M/S) (M/8) (M/5) (M/S)
- 00 1.00 . 226 1.00 <10 =73 « Q0 75 « 000
.00 1.00 227 1.01 .10 .74 . 00 .74 alols
. 08 1.00 . 259 1.15 .09 .65 . 00 65 . QOO
.18 1.00 - 257 1.3z .08 .57 S00 .57 . Q00
« 29 1.00 . 341 1.52 .07 -4 - 00 43 - 000
s e 1.00 - 392 1.74 . 0E « 43 < 00 =432 - 000
- SE 1.00 - 450 2,00 . 05 - 37 - Q0 =37 - 000
.73 1.00 -517 2.30 .04 .33 - OO0 Scic . QOO0
-9z 1.00 - 594 Z.64 . 04 et . 00 .28 - OO0
1.14 1.00 . 682 3.03 .02 .25 . 00 .25 . Q00
1.40 1.00 . 784 3.48 .03 .21 . 00 .21 - Q00
1.69 .99 - 901 4.00 .03 .19 . 00 .13 . 000
z.0z .33 1.035 4.59 .02 .16 - 00 .16 - 000
2,41 -39 1.189 S.z28 .02 .14 . 00 .14 . 000
2.85 .98 1.365 €. 0OF .02 .1z . 00 el - 000
3.36 .97 1.568 &.96 .01 11 . 00 .11 - 000
S.394 =95 1.801 8.00 « 01 - 09 « Q0 .09 . 000
4.61 <93 Z.069 9.19 .01 . 08 . 00 .08 - 000
5.3 .83 Z.376 10.55 .01 .07 00 .07 - Q00
6. 26 . 84 2.727 12,12 .01 .06 . 00 . 06 . 000
7.27 .75 3.130 13.393 .01 .05 .01 . 05 . 000
8.4= .62 3.589 16. 00 .01 .05 .01 .05 . 000
974 - 43 4.11%2 18.28 .01 . 04 .01 04 . 000

1 1 - :l(:) - 1 5 4. 697 = iy .1 ™™ T A G-



TOMFUTATIONS CEASE:

FLUMES SURFALCE

rLUMES DID NOT MERGE OR TRAF

DILUTION = 22.29



A ST AT e ey mm DT L T e L e MELI T bt

AFPENDIX IV
SIMULATION DATA OF STORMWATER DISCHARGED

FROM 2 PORTS THROUGSH A 2.0 M SALTWATER LAYER.



TI LE = STEMFLUME 2 FORTS O M/S5 7.7M
1. TOTAL DISCHARGE FLOW (CU.M/S) 03

2. MNUMEER OF FORTS :
3. FORT DIAMETER (M) :
4. FORT VERTICAL ANGLE (DEE.) : 20
S. FORT DEFTH (M3 5

~

3
<1z

7.7

&. HOR.CZUEEENT SFEED (M/S) (UDUTFLM ONLY?D O

7. ANGLE OF CURRENT TO DIFFUSER (DEG.) =1¢]
8. DISTANCE BETWEEN ADJATENT FORTE (M) 2

9. MAXIMUMENUMEER OF ITERATIONS : S000
1C ITERATION PRINTOUT FREGUENLCY H 20

1

1. NO MORE CHANGES

AC EFTABLE (Y/Ni> = ¥
FCOMT DEFTHIM) DENSITY!(S/CMI) CURRENTIM/S)
1 O - 9983 ’ .

2 J. 69

< 9.7 1.015 G

E} 7.7 1.015 O

A « 933983 O
!
1

ACTERFTAELE CY/R) 7

L

MIVERSAL DATA FILE: PETERI

ERERERLAXHA K AL L LR LA EFEREXR SR LR AR R AR IR LR RN R R LR NN R RS R

NOTE, THIE IS THE ORIGINAL FILE. ' *
- 17 DOES NOT REFLECT CHANSGES MADE INTERACTIVELY. *
* THOSE CHANGES ARE SHOWR IN THE DUTFUT HEADING. *

EXRAARAKZREF AL R AL AR RN A E R F IR FREHRRAEER B R LR EFFEERAE RN

STRMPFLUME 2 FORTS O M/S 7.7M
1 1,1,0,0,0,0,0,
. 3,3,.13,20,7.7,
0,90,3,
0,5000,20,0,0,0,0,0,0,
4 .39973,0,
¢,.39983,0,0,

.€99, .99983,0,0,

7,1.015,0,0,

7,1.015,0,0,
UMERGE VERSION 1.0 AUGUST 1985,

NIVERSAL DATA FILE: PETER1
~ASE I.D. STEMFLUME 2 FORTS O M/S 7.7M

RUN TITLE: RUNONE

0,0,0,0,0,

~Ira g«

SFPIRATION ENTRAINMENT COEFFICIENT
NUMBEFR OF STEFS ALLOWED -1 S000

T AT ™Rl ™ T R I™" ™ ) [ e g e ¢ p s B B R B

- 10 CDEFAULT?



FRINT ARRAY AA (0O=ND, 1=YES)
“RINT ARRAY AE (0=NO, 1=YES)
FEINT ARRAY AC (0O=NO, 1=YES)

TNITIAL DENSITY OF THE PLUME

FOUDE NUMEER

DEFTH SIGMAT U
(Mo tM/5)
« OO -.17 . 000
5.70 ¥ -.17 alals)
5. 70 15.00 . D00
7.70 15.00 . O00

OTal EFFLUENT FLOW
AUMBER OF FDRETS
FORT DIAMETER

I L I I

0
Q)

O i

— 2700

n

2
w

ORT SFPACING 2
ERTICAL PORT ANGLE FROM HORIZONTAL 20
FORET DEFTH 7
IRST LINE OF QUTPUT ARE INITIAL CONDITIONS
% Z FLUME DILU- DENDIFF
DIAMETER TION
(M) (] M2 (STEMAT)
- Q0 7.70 . 130 1.00 15.27
ale] 7.70 1320 1.01 15.1¢6
.04 7.E8 . 148 1.19 13.29
=10 7.66 170 1.3 11.57
15 7.E64 -1394 1.351 10.07
I 7.-61 ey 1.73 8.77
« 29 7.958 1.398 7.6
.27 7.33 . 287 =. 2B £.65
. dE 7 .48 . D3 2.61 .79
. 96 7.4%2 . 265 2. 00 5. 04
&7 Fasck 410 244 4.33
.78 7.249 36 2.95 Z.82
.90 7.12 . 505 4. 54 2.32
1.02 £.38 . 555 o.21 =2.89
1.14 &£.8= . 608 5.9 2.52
1.26 &.63 «6ED &.87 2.19
1.327 .42 " 722 7.89 1.91
1.4%9 £.19 . 784 9,07 i.66
1.60 5.93 .91 10.41 1.45
**®%¥NOMINAL TRAFFING LEVELL REACHED
1.6%9 5.67 . 'F15 11.73 -13.79
1.71 5. 649 .'9'98 11.96 -1Z2.60

. 300

. 1300
. 00

o 0
.70

HORIZ
VEL
tM/S)

.71
« 70
L B2
- o
=47
31

ne
u i)

- 12
- 10
- 03
.08
.07

. 06
« O&

CDEFAULT)
(DEFAULTS
CDEFAULT)

SIGMAT UNITS

ZMS

M
M
DEGFEES
M

VERT
VEL
M50

- 26

.16
=12

COMFPUTATIONS CEASE: VERTICAL FPLUME VELOCZITY IS LESS THAN O

LUMES DID NOT MERGE

TEAFFING LEVEL= 5. 68M BELOW SURFALCE;

DILUTION=

11.72

TOTAL
VEL
tM/8)

rd—
= 7

2 7D
« 66
.28
o1
45

.23

AMEBIENT
CURRENT
TM/G)

OO0
L D00
. D00
000
. Q00
slsls)
M alals)
L0000
. 000
elalsl
D00
elsis
. 00
alalal
elale]
eleln]
L 000
L 00
D00

. D00

L DI00



APPENDIX V
SIMULATION DATA OF STORMWATER DISCHARGED

FROM 3 PORTS ABOVE A 2.0 M SALT WATER WEDGE.



FORT DEFTH <¢M)

ANGLE OF CURRENT TO DIFFUSER (DEG.?
DISTANCE BETWEEN ADJACENT FORTS (M) =
MAXIMUMsNUMEBER OF ITERATIONS :
ITERATION FRINTOUT FREGUENCY :
NO MORE CHANGES

it LR ¥ B (Lt B B o I SN

[y

1 LE = STEM FLUME 3 FRETS/5.eM 7.7M
TOTAL DISCHARGE FLOW <(CU.M/8) 2
NMUMBEFR OF FORTS :
FORT DIAMETER <M) :
FORT VERTICAL ANGLE (DEG. ) :

HOR. CURRENT SFEED cM/E2) CUOUTPLM ONLYD:

0 M/85

AL EPTAEBLE (Y/N) 2 VY
FLO NT DEFTHCM)Y DENSITY(3/CM3) CURRENT(M/8)
1 0 . ‘33983 0

2 5.693 . 'I3283 o]

= S/ 1.015 0

< 7.7 1.015 O

ACCEFTABLE (Y/N) 7Y

» L

.13
20

S. 6939
0

30

Law]

ad
S000
20

1
NIVERSAL DATA FILE: FPETERL
VHEREEREFAERER R AR A EE RSB R R LA AR F R R FFHEHRF AR LR RERRAFARAR RS
MOTE, THIS IS5 THE ORIGINAL FILE. *
* IT PDOES NOT REFLECT CHANGEZ MADE INTERACTIVELY. *
* THOSE CHAMNGES ARE SHOWN IN THE QUTFUT HEADING. *

CEEHFERA X LR EEREEEX R LR LR LEERX XA TR ERBEXRL XL LR R XX R EERF RS

STREM FLUME 3 FRTE/S.eM 7.7M O M/5
1,1, u,u,u,u,u,
.'3,3,.1M,L 2. 693,
0,90,3,
COS000,20,0,0,0,0,0,0,0,0,0,0,0,
93373, 0,
9383, 0,0,
- 9I9RE,0,0,

y 59
33,
1. U],,_;,H,U,
1.
F.

wdorn Ln ,:". e

015,0,0,
5E VEFSIDN 1.0 AUGUST 1385.

-------------- nomow W Om B R EEWE = RN EE NS AW

INIVERSAL DATA FILE: FPETER1

CASE I.D. STEM FLUME 3 FPRTS/S5.6M 7.7M © M/S

FUM TITLE: FRUNONE

ASFIRATION ENTRAINMENT COEFFICIENT
NUMEBER OF STEFS ALLOWED

TERATION FRINTOUT FRERUERNCY

PRINT ARRAY A4 (O=ND, 1=YES)

FEINT ARRAY AR (0O=N0O, 1=YES)

"RINT ARRAY AC (0O=NO, 1=YES)

INITIAL DENSITY OF THE FLUME
FEOUDE NUMBER

DEFTH SIGMAT u
M) (M/SH

K
!
o

<10

S000

20
(8]
(8]
8]

—. 2700
E6.7

(DEFAULT)

CDEFAULTY
(DEFAULT)
(DEFAULT)

SIGEMAT UNMITS



- 10 -.17 000
S.70 -.17 . 000
5.70 15.00 elals)

7.70 15. 00 L D00

OTAL EFFLUENT FLOW L0300 (CMS

wUMEBER OF FORTS = 2
FORT DIAMETER = L1300 M
ORT SFACING = 2.00 ™

20.0 DEGREES
9. 70 M

ERTICAL FORT ANGLE FROM HORIZONTAL
FORET DEPT@

it

IRST LINE OF OUTFUT ARE INITIAL ZONDITIONS

X z FLUME DILU- DENDIFF HORIZ VERET TOTAL AMBIENT
DIAMETER TION VEL VEL VEL CURRENT
Mo M €M CSTEMAT) tM/8) (M/5) tM/8) (M/S)

- D0 S.70 130 1.00 «» 10 .71 - 75 « 000
<00 S, 70 - 130 1.01 <10 .70 - 26 .75 = 000
<05 S5.68 - 143 1.15 . 39 S @2 . B6 . 000
.10 3. 66 171 32 - 08 «od W 20 .57 - D00
- 16 S. 64 . 196 1.52 - 07 -7 17 - 50 . 000
23 S.62 N 1.74 « D6 <1 .13 .43 = 000
. 20 S5.599 259 2.00 . 05 s 25 13 .28 - D00
pcis 5. 96 =298 .30 0 -1 .11 33 - 30
- S0 5.592 - 32 2. 64 - O .27 . 10 . 2 - D00
B2 Sad7 . 333 3.03 03 . 23 09 - 20 - 000
- 73 Sed2 - 451 3.48 « 03 o 20 07 .2 o 000
<91 5.3 .18 4. 00 <03 .18 07 .19 . Q00
1.03 5. 30 » 395 4. 53 02 13 - 06 - 16 OO0
1.20 S.28 .83 DB - 03 .13 OS5 - 14 . 000

1.54 S5.13 . 784 E&. 06 el -1z - O - 12 < Q00
1.81 5.03 . 900 &.36 01 =10 oL « 11 00

2.1 4.'31 1.033 8.00 -1 .09 « 03 .03 - GO0
Z2.48 4.77 1.186 9.19 » 01 .08 .03 .08 < Q00
.89 4.61 1.360 10.55 01 .07 - 03 07 D00
2.326 g, a2 1.560 12,12 01 . OF <02 . 06 . 000
=.8%9 4. 20 1.787 3.393 .01 - 05 . OZ - 06 000
.50 3.94 2. 046 16.00 .01 .04 - 02 05 - 00
Sa 20 2.63 2.341 8.28 .01 - 04 o 02 . 04 - Q00
S.98 3.25 2.673 21.11 - 00 .03 02 - 04 o D00
*#¥¥MERGING BEGINS

6.B82 2.83 3. 027 24,08 Q0 « 03 <Oz .03 . Q00
.87 2.80 2.048 24,25 « 00 =03 0% .03 L 000
7.35 2.19 3.497 27.28 « 00 « 03 » 02 .03 - 000
8.94 1.58 3.8357 23.68 L 00 L 02 - 02 « 03 000
.86 - 96 4. 259 21.7¢& 00 o 02 .0 « 03 - D00
0.73 pcic 4.291 23.65 =00 02 . 02 03 W 000

COMPUTATIONS CTEASE: FLUMES SURFACE

‘LUMES MERGED, DID NOT TRAF; DILUTION = 324.58



AFFPENDIX VI
SIMULATION DATA OF A PLUME OF STORM WATER

DISCHARGING FROM THREE FORTS THROUGH 7.7 M OF WATER.



TI LE : STEM FLUME 3 PRTS 7.7 M O M/

1. TOTAL DISCHARGEGE FLOW (ZU.M/S) : 03
2. NUMBER DOF FORTS g 3

2. FORT DIAMETER (M) H .13
4. FORT VERTIZAL ANGLE (DES.? : 20
5. FORT DERTH M2 H 7.7
6. HOR.CUEEENT SFEED (M/S) CUOUTFLM ONLYD): 0

7. ANGLE OF CURRENT TO DIFFUSER (DEG.) @ 0
8. DISTANCE BETWEENM ADJAZENT FORTS (M) = 3

9. MAXIMUM NUMBER OF ITERATIONS : S000
1¢  ITERATION FRINTOUT FREGUENCY 5 20

11. MO MORE CHANGES

AT EFTABLE (Y/N) 7 ¥

FC NT DEFTH(M) DENSITYC(S/ZM33 ZURRENT (M/S)
i s} - II83 O
< 7.7 . 99383 O

ALCEFTABLE C(Y/ZND) 7

ST M FLUME 2 FPRTS 7.7 M O M/S
1,.,1,0,0,0,0,0,
f03;,3,.13,20,7.7,
Dy 000, 20,0,0,0,0,0,0,0,0,0,0,0,
2y« FIIT7I, 0,
0, 'I93983,0,0,

)

NIVERSAL DATA FILE: PETERL

bt I LI L AT L E S S ST LT LRI LTSS L L L LT LT L LR

NOTE, THIS IS THE ORIGIMAL FILE. *
IT DOES NOT REFLECT CHANGES MADE INTERACTIVELY. *
* THOSE CHANGES ARE SHOWM IN THE OQUTFUT HEADING. *

a2 LRI LIRS LIRSS SIS S EL L L ES LS L L L L T T L

&/EM FLUME 3 FETS 7.7 M O M/S
1,1,1,0,0,0,0,0,
13y3,.13,20,7.7,
90,3,
), G000, 20,0,0,0,0,0,0,0,0,0,0,
.99973, 0,
- 39383, 0,0,
«75.993983,0,0,
UMERGE VYERSION 1.0 AUGUST 1905 T - 1

~

0,

R Y o]

| o



= ®% B m m B m @B B U WM oW oRoE AR W R RE N W E WD R EEE SRS ® B MW EEE DN BB EE N L "W oE R oE A=W oD R uw

UNIVERSAL DATA FILE: FPETER1
ASE ILD. STEM FLUME = FPRTS 7.7 M O M/S

N TITLE: RUNONE

.10 CDEFAULT)Y
S0O00
20

0 (DEFAULT?

O CDEFAULT?Y

0 (DEFAULT?Y

ASFIRATION ENTRAINMENT COEFFICIENT
IUMBER OF STEFS ALLOWED
ITERATION PRINTOUT FRERUENCY
ERINT ARRAY AA (O=NO, 1=YES)
'RINT ARRAY AEB (0O=NDO, 1=YES)
FRINT ARRAY ACZ (0O=NO, 1=YEE)
-¥ '
NITIAL DENSITY OF THE FLUME
"REOUDE NUMBER ‘

—. 2700  SIEMAT UNITS
6E.7

DEFTH SIGMAT U
M tM/S)

.00 -.17 . 000
7.70 -.17 . 000

TOTAL EFFLUENT FLOW L0300 CMS

IUMEBER OF FORTS 3
*ORT DIAMETER L1300 M
FORT SPACING 3. 00 M

20,0 DEEGREES
7.70 M

[ LR 1A S | B

YERTICAL PORT ANGLE FREOM HORIZONTAL
*0FRT DEPTH

FIRET LINME OF OUTFUT ARE INITIAL COWNDITIONS
X z FLUME DILLU- DENDIFF HORIZ VERT TOTAL AMBIENT

DIAMETER TION VEL VEL VEL CURRERNT
M3 Cra M3 CSIEMATD M/ (tM/82 tr/50 (M50

- 00 770 - 130 1.00 o 10 .71 « 26 . 7O « GO0
« 00 7.70 <130 1.01 10 . 70 - 26 w75 . 00
- 03 7.68 - 143 1.13 - 093 i S Y - BE - Q00
.10 7.66 171 1.32 . 08 - S - 20 57 « 000
.16 7. 64 < 136 1.52 . 07 e 17 D0 W 2300
23 7.62 226 1.74 . DE « =15 - 43 . OO0
- 30 7.5 w259 2. 00 .05 - 25 <13 .38 L QOO0
.39 7.36 238 2.30 o 0 ch] .11 .33 . Q00
- o 7.9 « O 2ebd <04 - 27 .10 <23 - D00
62 7.47 . 333 3.03 03 « 23 .03 .25 000
.75 e 451 3.48 .03 . 20 - 07 22 alsle
=91 7.3 918 Qo .03 .18 07 .19 . 00
1.09 = 30 995 4.53 - 02 15 .0 - 16 L 00
1.320 7 22 . 683 5. 28 <02 .13 <05 <14 QG0
1.54 7.13 . 784 6.06 .02 .12 < 0d .12 . 300
1.81 7.03 . 900 .96 01 10 . g - 11 L 000
2012 &.31 1.033 8.00 <01 .03 .03 <03 - 000
2.48 €.77 1.186 .19 01 .08 03 .08 <000
2.89 &.61 1.360 10.35 01 . 07 02 .07 » 000
3.326 6.42 1.560 12.12 .01 . 06 02 . 0& . Q00
2.89 &.20 1.787 13.33 .01 - 05 02 .06 - OO0
4,50 5.94 2. 046 16.00 .01 . 04 .02 . 05 . 00
9. 20 S9.63 2.341 18.3 .01 - 0 . D2 <04 . 000
5.398 5.23 2.673 21.11 < 00 - 03 L 02 . 04 . Q00
**¥##¥MERGING BEGINS
£.82 4.83 027 24,08 « 00 = O3 . 02 - 03 . 000

. 048 =24. 25 . 00 .03 .02 .03 . 000
. 437 27.28 .00 .03 .02 .03 . OO0

£.87 4. 80
7.95 4.19

B OLW
m
¥4
~
(]
[Nu]
m
o

B8.94 3.58 .00 .02 .02 .03 . 000
. BE 2096 . 289 31.76 . 00 02 - 02 .03 . 000
10,73 2.33 o921 323.63 00 02 . 02 032 . QOO
11.55 1.639 B399 e 4y TL-2 0o e O _O= L0000
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OMFUTATIONS CEASE: FLUMES SURFACE

~_UMES MERSED, DID NOT TRAF; DILUTION = 359.54



APFENDIX VII
SIMULATION DATA OF STORM WATER DISCHARGED FEOM

THREE PORTS INTO RIVER CURRENT MDVING AT 1.8 M/S5.



TI _E = STEM FLUME 2 FORTS 1.8 M/S5 5.1M

1. TOTAL DISCHARGE FLOW (ZU.M/8) : .03
2. NUMBER OF FOETS : 3
3. FORT DIAMETERE (M2 : .12
4. FPORT VERTICAL ANGLE (DEG.D : 20
5. FORT DEFTH M : 5.1
£. HOR.CURRENT SFEED (M/S) (UDUTFLM ONLYDS: 0
7. ANGELE OF CURRENT TO DIFFUSER (DEG.? 3 20
8. DISTANZE BETWEEN ADJACENT FORTS (M) = 3
3. MAXIMUM NUMBEF OF ITERATIONS : SO00
10  ITERATION FRINTOUT FREQUENLCY : 25

11 NO MORE CHANGES

A ZPTABLE (Y/M) Y

FO NT DEFTH(M» DENSITY(E/CM3) CURRENTC(M/S)
1 G - 39383 1.8
2 S.1 .33j8u 1.8

AT EFTABLE (Y/NY T Y

UNIVEESAL DATA FILE: FPETERL

EERERRSFERE RS FRERRRAAFRER A FER LR AR R AR A EARAXXEERRRFERRE RN

» NOTE, THIS I5 THE ORIGINAL FILE. *
* IT DDOES NOT REFLECT CHANGES MADE INTERACTIVELY. *
THOSE CHAMSES ARE SHOWKN IN THE OUTFUT HEADINS. *

ERR R A EFEERRE R RN AR R AL E RS ER R FAFREREEA AR AR XA F R AR R X AR EREX

STEM FLUﬂE = FDFTS 1.8 M/5 5. 1M

1 b, 0, 0,0,0,

1_-, 20,5.1,

,J,U,H,l_),(_),(),(_),(_),(_),U,f:),
C 1 8y

=1, 83,(.1,1 g,

1 'MEEbF VERSION 1.0 AUSUST 1328GC.

®m M M E B D UMW EES SO DDA M EmoE oW M H WM EWENE R W L W B R E B E W OB E B R W B 2 N B S

''INIVERSAL DATA FILE FETERL
ASE I.D. STRM FLUME 3 FORTS 1.8 M/S 5.1M
RUN TITLE: REUNONE

SFIRATION ENTEAINMENT COEFFICIENT = . 10 CDEFAULT?
JUMBER OF STEFS ALLOWED = 5000
ITERATION FRINTOUT FREQUENCY = 25
"RINT ARRAY AA (0O=NO, 1=YES) = O CDEFAULTY
'RINT ARRAY AE (O=N0O, 1=YES) = 0 (DEFAULTY
FRINT ARRAY AC (0O=NO, 1=YES) = O CDEFAULT

'NITIAL DENSITY OF THE FLUME

FROUDE NUMEER &66.7
DEFTH SIEMAT U
(M3 tM/8)
. 00 —-.17 1.800
S5.10 —.17 1.800

TEHRTAI 1 HIENT EL U — il T i =4

------

~. 2700 SIGMAT UNITS



NUMBER OF FORTS = 3

GRT DIAMETER = L1300 M

‘ORT SFAZING = 3.00 M

VERTICAL FORT ANGLE FROM HORIZONTAL = 20.0 DEGREES
= S.10 M

~ORT DEFTH
rIRST LINE OF OUTFUT ARE INITIAL CONDITIONS
X z FLUME DILU-  DENDIFF  HORIZ VERT TOTAL AMEIENT

DIAMETER TION VEL VEL VEL CURRENT
M3 g M2 tMd (STEMAT) (M/8) tM/S) (M/S) (M/S)

. 00 5.10 - 130 1.00 <10 .71 - 2 - 73 1.800
L D0 5.10 . 1320 1.01 .10 72 26 .76 1.800
. 02 S 5.09 - 130 1.19 .08 .88 w2 .91 1.800
. 05 S.03 . 132 1.41 .07 1.02 .18 1.04 1.80G
. 08 S5.08 - 126 1.e8 . 36 1.15 .15 1.1 1.800
<12 5.08 P 2,00 - 05 1.25 .13 1.26 1.800
« 13 S.07 - 130 2.38 O 1.324 - 11 1.235 1.800

27 D.07 - 160 2.83 . 0 1.41 .03 1.42 1.2a00
a7 5. 06 - 170 2. 36 - O3 1.48 . 08 1.48 1.800
ol 5.05 . 183 4. 00 03 1.53 . 06 1.53 1.800
e 70 5. 05 . 196 4.76 - 02 1.57 - 03 1.57 1.800
» 94 D. 04 212 S.66 L 02 1.&1 05 1.61 1.800
1.27 S5.03 b | 6.73 01 1.64 - 0d 1.64 1.800
1.e9 2.02 o237 8. 00 .01 1.66 . 03 1.66 1.800

2.25 S.01 - 265 9.91 01 1.3 03 1.3 1.800
2.397 e 00 - 291 11.31 01 1.70 O 1.70 1.800
3.92 4.33 - 316 12.45 - 01 1.72 - O 1.72 1.300
2. 16 4.398 SpCE X 16.00 -01 1.73 .02 1.732 1.800
€&.78 4.36 373 13.03 01 1.74 =01 1.74 1.800
B.88 4.935 « 406 2Z. 62 . 00 1.75 .01 1.75 1.800
1.61 4,93 « ] 26. 391 L 00 1.78 01 1.76 1.800
15.1& 4.31 - 480 2200 . 00 1.77 01 1.77 1.800
13.75 4.89 o D23 28.05 . 00 1.77 .01 1.7 1.800
T. 68 4.87 70 43,25 - 00 1.78 01 1.76 1.800
5. 34 .83 - BZ0 o3.81 « 00 1.78 01 1.78 1.200
13. 20 4.82 676 &€3.99 .00 1.78 . 00 1.78 1.300
iD. 87 4.73 « 737 76.10 .00 1.739 « 00 1.72 1.800
2. 07 - 4.76 - 8O3 P0. 50 00 1.75 .00 1.73 1.800
9. 72 4.732 8735 107.62 - 00 1.73 . 00 1.73 1.800
11E.30 4.6% <54 127.98 - 00 1.739 . Q0 1.73 1.800
131.91 4.649 1.040 152. 20 « 00 1.79 o 00 1.73 1.800
1493.25 4.59 1.133 180.339 « Q0 1.7 00 1.73 1.800
2943, 62 4.54 1.23 215.24 . 00 1.73 - 00 1.73 1.800
© 17.31 4.48 1.347 2353.96 . Q0 1.80 . 00 1.80 1.800
5517 4.41 1.463  Z204.39 .00 1.80 00 1.80 1.800
474.27 4. 3¢ 1.99¢  359.3z - OO0 1.80 . 00 1.80 1.800
T4.13 4.z 1.713 414,32 .00 1.80 - Q0 1.80 1.800
€ i4.01 4.20 1.823 469,23 - 00 1.80 .00 1.80 1.800
743,90 4.13 1.927  SZ24.50 . 00 1.80 - 00 1.80 1.800
=53.80 4.07 2,026 979.31 . 00 1.80 - 00 1.80 1.800
t3.71 4.01 2.122 e35.8z2 .00 1.80 - 00 1.80 1.800
1ok EER - 3.94 2.214  e92.59 .00 1.80 . 00 1.80 1.800
HRHHHR 2.88 2.304 743,397 . 00 1.80 - 00 1.80 1.800
1 oEXRE 3.83 2.391 807.&0 . 00 1.80 .00 1.80 1.800
1 REXE 3.77 2,475 BeS.68 . 00 1.80 - 00 1.80 1.800
HEEX KR 3.71 2.598 924.40 .00 1.80 .00 1.80 1.800
¥R RKR 2. 66 Z2.639 282,94 . Q0 1.80 - 00 1.80 1.800
1 iRERE 2.60 2.719  1044.43 el 1.80 00 1.80 1.800
ALK K 3.95 2.798 1106.02 - 00 1.80 - 00 1.80 1.800
KN =.49 2.876 1168.84 .00 1.80 . 00 1.80 1.800
I RERKE Z.dd Z2.994 1232.94 00 1.80 . 00 1.80 1.800

- %k ¥*¥MERGING BESINS
FEREER 2,40 2006 1276.74 TIT-2 .00 1.80 .00 1.80 1.800



