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APPENDIX A

HYDRAULIC CALCULATION OF A MANIFOLD
AND OUTFALL PIPELINE FOR WASTE WATER
DISPOSAL BY MEANS OF A DIGITAL COMPUTER




f . from port w con be expressed by:
s 1

The rate of discharqe OO

( = A \/ 2ql 1
?03n D,n "Pyn RS (1)
where
CD b discharge coefiicient for port n
3

i = area of port n
/\P . i | "

En = total head at port n
v = velocity in the manifold between port n and n-1

/7
1‘1

CD,n is found to be a function of %ﬁ/ﬁn, and the desiagn of the port.
Cﬂsﬁ changes therefore along the manifold. Laboratory experiments for
Reyﬁo?ds numbers VDO/v0 > 20,000 has shown that:
Sharp-edged ports, flowing full:
V2
Cy = 0.63 - 0.58 »ég/En | (2)
Smooth bellmouthed ports (with port area contraction = 4:1 or
more), flowing full:
V2
Cy,y = 0.975(1 - 5o/C) A (3)

g n

The total head En of port n can be expressed by:

. by |
En En-? * Hf,n ¥ Y, Ayn (4)
where
E = total head at port n-1

n-1

Hf N friction loss between port n and n-1
3
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Lty = difference dr ép(%r@fﬁc gravity between waste wator and
receiving water

vy = specific gravity o

Ay = change in elevation between port n and n-1l

The above cquation is based upon the assumption that thofc is no
energy loss for the main flow in thevmanifoid when passing a port. In
other words, there is perfect pressure recovery compensating for reduc-
tion in velocity head in the main flow because of the laterial discharge,

The calculation of the flow distribution from the manifold is a
successive procedure starting with the first port at the ouler end of
the manifold. The manifold is designed based upon a selected deéign
flaw and a number of initial assumed values.

The flow in the manifold and outfall pipeline wmust ensure a
rCQUTUr flushing and cleaning of settled material, excessive growth,
etc. This may be achieved by selecting a design flow which is exceeded
daily in the dry season, and provides a self-cleaning velocity at any
place along the outfall system. To the design flow a maximum velocity
in the manifold and outfall pipeline should further be specified.
~Since the flow in the manifold decreases from the design flow at the
entrance to the relatively small discharge flow at the outer end, the
diameter of the manifold may have to be changed in steps to meet the
specified minimum and maximum velocities.

The diameter of the outer end of the manifold is selected accordinq
to a suitable standard pipe size. Corres pondan to the selected design
flow and a spccifie& minimum velocity, the discharqge out of the outer

end or the first port is then determined. The discharge velocity, or
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the total head at the outer cond, has next to be selected in order to
determine the area of the fir }ort.' The selected discharge velocity
wWwill influence the desian of the manifold as well as the performance
The discharge velocity is of importance to the initial mixing of the
waste water, the discharge load per Tenqgth of manifold, number of
ports, total Tength of manifold, total head, the capacity of the mani-

fold to perform satisfactorily under varied discharge flows, etc.

¥

The port size and the distance between the ports along the mani=

fold must be selected to give a discharge load corresponding to the
design flow. The ports are usually made small to achieve a high degree
of initial mixing. The distance between the ports will also influence
the'geqree of initial mixing as well as the design load and the total
Tength of the manifold. Since the discharge of the outer port often is
se!oxai times areater than the second port, the distance te the second
port is also assumed to be greater than the distance between the other
ports. This is done to ensure a uniform discharge load in the outer

end of the manifold. A aood assumption for the first design is to carry
the calculation through, assuming the port size and the distance between
the ports to be constant along the manifold.

When the accumulated discharge from cach port equals the design
flow, the inner end of the manifold is reached. The designed manifold
has now to be tested for performance as well as to be evaluated fron
an economical standpoint. To optimize both the te;hnica] and the
economic design, the initial assumed values have to be changed and the
calculations repeateﬁ. Since each design is based upon many assumed

initial values, the calculations may have‘ta be repeated a great number

of times 1o determine the best solution.




The ve?)éity in the outtall pipeline may also bo specificd for
the design Tlow. The velocity s Targely responsible Tor the friction
Toss in the outfall pipeline and may have a dominating role in the total
head neccséavy at the shoreline end of the outfall system. I a high
velocity is selected, a pipeline with a small diameter may be installed.
However, this may require an extremely high value Tor the total head
at the shoreline to discharge the higher flows which in the wet season
may far excced the desian flow.

The total head L at the shore necessary to convey and disperse

the waste water is expressed by:

- L by
= F 4 Y, r
E [M Hf,p T » [\& D (\))
O
where
[M = total head of the finner end of the manifold
H{ " hiead loss due to friction in the outfall pipeline
%

i

Ly depth of water at the inner end of the manifold

2. Computer Program

The computer program is written in the computer language Fortran IV.
The computer, UHIVAC 1108 of Computas A/S, Ckernvn. 145, Oslo 5, was

used to carry out the numerical calculations presented in this report.,
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FRM
FRICT(!

)

Standard I.D. pipe size

Horizontal distance from the shore along the

outfall pipeline profile

bepth atong the oulfall pipeline profile

Horizontal distance from the shore along the
utfall pipeline profile to port n

Diameter of outfall pipeline

Diameter of manifold between port n and n-1
Diameter of port n

Effective diameter of jet at port n

Distance belween port n and n-1

Total Tength of manifold from port 1 to n -
Change in elevation between port n and n-1

A e o Foan ey e P P, - i
Port numbers for ints &.\dbp;!x’j cnanges an the

geometry of the manifold

esign discharge flow
Velocity in manifold between port n and n-1
Minimum velocity in manifold specified for
design flow
Maximun velocity in manifold specified for
desian flow ‘
Total head at port n
Darcy friction Tactor in manifold
Head Toss due to friction between port n and
n-1 '
Specific gravity of waste water
Difference in specific gravity between waste

water and receiving water

6

o N
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CDsn co{m Discharge coefficient at port n
Uoﬁn , Ui Discharge velocity at port n
() Densimetric Froude number of jet at port n
Qoﬁn a0 Discharge flow at port n
SQ(K) Total discharge from manifold up to port n,
Wt including port n
QY Total discharge from manifold up to and — |
inctuding port n
OX Maxcimum flow in the manifold corresponding to
maxdimum velocity for design flow at any pre-
determined diameter
Qi OL(H) Discharae load per unit lenqth of manifold at
K port n
VPIPE Upper Timit of velocity in outfall pipeline
specified for design flow
. FFRP Darcy friction factor in outfall pipeline
Hf,p FPIPE Head Toss due to friction in outfall pipeline
E ESHORE Total head at the shore

Input Data

The input of data is provided through seven input statements.

Input statement 5 contains the initial assumed values for the
manifold calculation: DIA(2), DL(2), DL(3), D(2), U(T), VMAX, VMIN,
QDES, DIST(1), DENS, FRM.

Input statement 6 contains the initial assumed values for the
outfall pipeline calculation: FRP, VPIPE.

Imput statement 7, 8 and 9 contain data for changing the geometry

of the manifold: K1, DIA(KI), DL(K1), L(K1), K2, etc.
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Input statement 10 gives the bottom profile atong the outfall
Sy 4l { e Vo oy

pipeline through 25 corvesponding values of YX{1) and Y(1)

Input statement 11 contains a list of 25 standard 1.D. pipe sizes

Proaram

The main program, called MANIFL, calculates the flow out of each
foltows the step by step procedure described earlier. In a

subroutine program BOTTOM(XX,N) the slope and the depth at the bottom

is calculated for any distance offshore. This subroutine program is
called upon for each port.

The calculation of the manifold is first carried out assuming

gn flow and constant diameter of the ports and distance between

-

the ports from port 2 and inwards. This is achieved by giving K1,

=
=
o
@
o
)
o

Kg and KB the value 0 which never will be a v pori.
As the flow in the manifold increases toward shore, the velocity

in the manifold will also increase. When the maximum velocity for the
design flow VMAX is exceeded, a new diameter of the manifold is calculated
based upon the minimum velocity VMIN. The program then provides for a
selection of the nearest standard pipe size with diameter smaller or
equal to the calculated diameter. In this.way we are insured that the
minimum flushing velocity is maintained. Before the calculation
proceeds further to the next port, a check is carried out if another
increase in the diameter is necessary before reaching the inner end
~of the manifold. If this is not the case a new diameter is calculated

based upon the maximun velocity at the inner end of the manifold, and
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the program sclects the nearest standard pipe sizeo Houever, this

time the standard pipe size equal or greater to the calculated dia-
meter is sclected to ensure that the maximum velocity Tor design Tlow
is not violated,

The Triction loss in the manifold and the oulfall pipetine is

e
1

§ head Toss due to friction

>
1

Darcy friction factor
b= diameter of pipe
L = length of pipe
The discharqc Toad along the manifold is found by dividing the discharge

out of po -1 with the following distance to port n, and is expressed by:

Y, (n-1)

n

The ports are assumed to be sharp- edqod and the contraction coeffi-
cient is programmed:

bz
Cy . = 0.63 - 0.5 é}/{:n

For belimouthed ports this equation must be replaced by Equation (B.3).

The program provides for the possibility of changing the geometry
at three different ports along the manifold. This is achieved by

specifying the port nuxvor K1, K2 and K3 and the corresponding value

of DIA(KT), DL(K1), D(K1), etc. The diameter of the manifold DIA(KI)
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the ports DLKT) and the port size DIKI) can be given any value.
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When the accumulated discharge Trom each port exceeds o equals the

The wanifold is now designed according to the design flow and
initial assumed values. The location and the geomcetry of 1he manifold
is permanently siored for the rest of the progran

A serics of hydraulic calculations of the manifold is next carried

out to show the performance of the designed manifold for various dis

e
i

charge flows, The initial assumed discharge velocity out of the

-ty
-t
-3
[72)
[enad

port U(1) is varied from 1 m/sec to 8§ m/sec to cover g Tavoe variotion
in the flow.

For each hydraulic calculation of the manifo old, the program also
calculates the flow through the outfall pipeline. In the first calcula-
tion for design flow, the geometry of the outfall pipeline is deter-
mined according to the bottom profile and the specified maximum pipeline
velocity VPIPE. The program selects the closest standard pipe size which
gives the velocity equé} to or less than VPIPE. The total tength of the
pipe}fne is determined by calculating the Tength along the bottom profile
from the shoreline to the inner end of the manifold. The bottom profile
s assumed to be a straight line between each value of horizontal dis-
tance from shore vs. depth given in the input. UWhen the program

repeats the manifold calculation Tor various discharge flows, the



orTespond COi ion oin Lhe outfall pipeline is also calcutate
The total heed at the shoreline i Tinatly detevmined for the totol
waste wator disposal system at the various discharge Tlows

The programmed waste dispozal system consists of an oulfall
pipeline with one manifold at the end. The Targer ovifall systens
sometimes have two identical manmifolds in a Y-shape at the end of the
outfall pipeline, The described program can ecasily bo changed Lo this
situation by vequi that the outfall pipcline has to convey ilwice
the flow entering one manifold,

fhe program is written in the Metric technical system. AT input
and output data are described in m and sec except Tor in output where
the flow out of each port is given in 2/sec and the discharge load in

g/m,sec,

distance
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m profile is firet printed,
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the shore and the corresponding depth.
next printout is a list of symbols used in

values is then given.

printou

t, the hydraulic calculation of the manifold is shown i
For each port the following values are printed: N, DEI

A
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table of manifold calc

calculated data for the outfall pipeline.
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APPENDIX B

CALCULATION OF THE JET MIXING
BY SUBMERGED WASTE WATER DISPOSAL
BY MEANS OF DIGITAL COMPUTER




INTRODUCTION

Theoretical description of turbulent jet mixing in the zone of
established jet flow in stagnant receiving water with stable
density stratification has been presented by Loh-Nien Fan and
Normen H. Brooks, 1969 ( 3 ). Based upon this theoretical work,
and earlier computer programme by John D. Ditmars, 1969 ! L ),

a new computer programme for the calculation of the initi.i dilut-
ion of a single three dimensional round jet as well as the two

dimensional slot Jjet has been developed at NIVA,

BABIC ASSUMPTIONS AND EQUATIONS

Assumptions

The theoretical analysis of turbulent jet nixirs in based upon the

ing assumpbions:
fellowing assumpsions

A : The fluids are incompressible.

B : TFlow is fully turbulent. Molecular transport can be
neglected. Density has linear mixing properties.

C : The jet flow 1s stationary.
D : Pressure is hydrostatic throughout the flow field.

E : Varistion of fluid density throughout the flow field are
small compared with the reference density chosen. The
variatior of density can be neglected in considering the
inertia terms, but must be included in the gravity terms.
Since the variation. in density is assumed small, this leads
to the approximation that the conservation of mass flux can
be replaced by the conservation of volume flux.

F : The initial horizontal momentum is conserved throughout the
flow field.

G : The curved jet, under the influence of buoyancy, retains its
axial svmmetry in a plane perpendiculsr to the axis.

H : The mean velocity and concentration distribution in the
plane perpendicular to the axis of the jet are of similar
form throughout the zone of established flow, and can be
approximated by the Gaussian normal probability funection.

I. Dilution water is entrained unrestricted by boundaries.
The momentum of entrainment is balanced across the jet axis
and may be neglected in the momentum equation.



Definitions

Fixed space coordinates are (x, ¥, z) with z in the vertical
downwards direction. The mean velocity in the jet lies in the
X, z plane. The centerline of the jet is also found in the x,
z plane. The cross—section planes normal to the centerline,
are defined by the distance s along the centerline from a
chosen reference point. The points in such a cross-section
are defined by polar coordinates (r,¢) for a circular jet,

and by the distance n in the x, z plane from the centerline

for the two dimensional jet.

Figures 1 and 2 show schematic diagrams of a single round jet
and the two dimensional slot jet.

The coordinates (s, r, ¢) and (s, n, y) then define a point in
space. For the scalar field in space, the following functions

can be written:

Three dim, Two dim.

round Jjet slot jet

& {s,r) - {s,n) Velocity in s-direction
%%(ar&) %%(sm) Ambient density x =
X {s,r,0) o> (s,n) Jet density

c® (s,r, ) * (s,n) Tracer concentration

For the centerline

u (s) velocity in s-direction
e, (s) ambient density

p (s) jet density

e (s) tracer concentration

(s) nominal width of jet

o

[av]

(s) angle between x-axis and tangent to centerline
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7ONE OF ESTABLISHED JET FLOW

Tlow entrainment and cross-sectional distribution

The entrainment relation or volume flux derivate is for the three

dimensional round jet given by the equation
dq/ds = 2roub (1)

where a is a coefficient of entrainment, assumed constant.

The veloecity profiles are similar at all cross~sections normal to
the jet trajectory. Also, the profiles for buoyancy and concen-
tration of & tracer are assumed similar. The analysis .. .~ v only
to the zone of established flow and the similarity is mec & sing
axisymmetric Gaussian profiles, as follows,

~r2/b2

Velocity (s,r) = uls)e (2)

. an(S sr) - DX(S,T)

p&(S) - O(S) _rE/(}\b)Z

Buozanéx = (3)
o P
o o
2 2
Tracer Hr,s) = c(s)e © /(x0) (4)
2

_ore A° is the turbulent Schmidt number.

For the two dimensional jet, the identical equations with r replaced

by n, are formulated.

The value of the constants A and o has been determined through
experiments. For round buoyent jet X and o 1is set to 1.16 and
0.082, respectively, For two dimensional buoyant jet, A and a
are determined to 0.89 and 0.16.

Equations

Continuity relations for volume, momentum in x~-direction, momentum
in z-direction, buoyancy and tracer, together with geometric
relations, yield the following system of simultaneous differential

equations.

Simple round jet

du u . 2g Xz , sin ® (pa - p)
—= - 20 -+
ds b po u

(5)

& o - gle b sin 8 (p& - p) (6)
ds o} 2
o u




et o] “ 2 & 8] o]
Q{_,,L - ) — 1o+ }\ 4 & e - MT-.”,::«WQ k

o 5 Ep gin & 2o (7}

by
48 _ 2g32 cos 6 (Fa - P) (8)
as '
o 1

a 2y _
55 (cud ) =0 (9)
ax ’
as cos © (1(})
% = - sin 6 (i1)

'

g, (9) integrates into an algebraic equation for the tracer

concentration
2
c =0 uobo
5 (12)
ub
s
or for the centerline dilution § = e
oo U
u b 2 (13)
© O :
Two_dimensionel jet
, . 5
au_ _2un 2o osin0 (o P) (1)
ds i b 5 u o
o)
db ba Y2 g\ . b sin © (Pa - pl. (15)
sy Py w?
a (pa P i { + XQ aPa y 20 Pa p i 16
ds B If 57 Tag SO L b (16)
A v
48 _ Y2 gd  cos © (°a = °) (37)
as o u2
d N ‘
P 17 = 18
o (cub) = 0 (18)
dx (19)

ds



dz .
3 & - gin © (20)
and
c = ubbo
0% (21)
_ _ub
S = uobo (22)

ZONE OF FLOW ESTABLISHMENT

The mixing of the jet in the zone of established jet flow has to

meet the boundary conditions of the zone of flow esteblishment.

Simple round jet

The jet is discharged from a round port with diameter D and with
uniform discharge-velocity U, density P dilution 1 and the
initial discharge angle 6. Deflection is neglected in the zone

of flow establishment .

The length 51 of the zone of flow establishment is through experi-

ments determined to

5 = 6,2 D (23)

The end of the zone of flow establishment is characterized by a

Gaussian velocity profile where
w =0 (24)

Continuity and geometric relations then give

b, = B (25)
z"
2
(B =) = (P (s)) = P,) - l;—:; (26)

8, . 8 (27)



x. = 6.2 . D cos 6 (28)
1 o . . .
{XO ig seb to zero)

= - 6, in 6+ 29
Zy £.2 D si ot % (29}
}2
2x
Sl = mmm.*..,é. (39)
I+ X

Equations (24) - (29) are used as initial velues for the eguations
(5) - (8), (10) ana (11), and equation (30) is used for correction of
equation {13) into

132 2 '

L . ub
§ = S B (31)

1+ 2% UD”

Two dimensional Jetb

o e 4 s e S0 o w00 Ko S T O A e B

The two dimensional jet is assumed discharged from an infinite slot
of width B. The discharge-velocity, initial density, dilution and
discharge engle are given as for the round jet.

The length of the zone of flow establishment has been determined by

experiments to

e . : . b
8 5.2 « B (32)

The following equations can be written

§ *

=2 (339
by [“ B
J. + 22 -
(p, = ) = (o (s7) = pg) - §-~§*~ (34)
oA
X, = 5.2 ¢ B'cos 80 (35)
z) =z - 5.2 Bsin6 (36)
2 ,
5. = gﬁ““*g (37)
1 1+ X

u = U (38)
6. = 0 (39)




The dilution S may now be expressed as

R 1

oe )P B (x6)
?l + }\‘"

Density of the jot and the ambient receiving water

For ses water the density e, of the ambient receiving water is
- o

eazloulated from the following formulsa
&

o, f{pg - 1) ° 1000

&

9, F ZT + (RQ f 0.1324) « (1 - AT + BT . (EQ - 0.132h})

vhere

(T - 3.98)% - (T + 283)
T 503.57 ¢« (T + 67.26)

Ap =T+ (57667 - 0.098185 « T + 0.0010843 - €y 073
2 6

BT =T « {18,030 - 0.9164 « T + 0.01667 = T°) < 10

R = = 0.069 +1.4708 * X - 0.001370 - K° + 0.0000308 « KO

t

Water temperature in °c

1"

]

salinity in o/oo
1

K

clorinity in o/oo .
where

8 = 1.80655 < K

For fresh water the density is calculated based upon linsar

interpolation between the values given in the following table :




..lo..

oC Da ‘
0 0.9998679
1 0.9999267
2 0.9999679
3 0.9999922
L 1.0000009
5 0.9999919
6 0.9999681
T 0.9999295
8 0.9998762
g 0.9998088
10 0.9997277
11 0.9996328
12 0.99952k47
13 0.999k40L0
1k 0.9992712
15 0.9991265
16 0.9989701
17 0.0088022
18 0.9586232
19 0.9984331
20 0.9982323
21 0.9980210
22 0.9977993
23 0.99756Th
24 0.9973256
25 0.9970739
26 0.9968128
27 0.9965421
28 0.9962623
29 0.9959735
30 0.9956756

The density of the jet is found by assuming a linear mixing of
the density of the jet and the density of the ambient receiving

water.
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5. COMPUTER PROGRAM

Jet mixing

The computer program is written in the computer language FORTRAN
and named JET MIXING. UNIVAC 1108 of Computas A/S, @kernveien 1L5,
Oslo 5, was usad to carry out the numerical calculations presented

in this report.

Program

The differential equations described earlier are solved ste;
step along the jet curve. ZEach step is calculated by the Runge-

Kutte method with given initial conditions.

The neutral depth, i.e. the depth where the density of the jet is
equal to the density of the ambient medium, is calculated and
interpreted as the equilibrium depth. Besides the maximum and
minimum depths, the input constants can be solved on catalogued
files.

Irmut Data
There are three kinds of input data:

- constants
- density profile in the receiving water (temperature,salinity)

- initial values of Jjet discharge

a) Constants:

DELTAS Step length along the curve (m).

XLIM Mex. distance from discharge (m) for
limitation of the calculations.

GRAV Acceleration of gravity (m/se).

ALPHA Entrainment coefficient.

LAMBDA Squareroot of turbulent Schmidt number.

b) Density profile data:

STATION Name of station,

REG.TIME Registration time (two items).
DENSWW Density of waste water.

DEPTH Depth (m).

TEMP Temperature (°C).

SAL Salinity (0/00).
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¢) Jet data:

OUTFALL SITE Name of outfall site.
MANIFOLD NO. Number identifying manifold.

Up to ten sets of the following:

N Hole number

DEPTH (W) Discharge depth (m).

DIST (N) Discharge distance from shore (m).
DEFF (N) Effective hole diameter (m).
THETA () Discharge velocity of Jjet (a/s).

U () . Tnitial velocity of jet (m/s).

Output data

Normal output from a normal set of data:

MANIFOLD WO. As inputted (not used).
CUTFALL SITE As inputted {not used).
DENSITY PROFILE NO. Given by user.
DISCHARGE N As inputted (not used).
DEPTH (N) As inputted.

DIST (N) As inputted.

DEFF (X) As inputted.

THETA (N) As inputted.

U (N) As inputted.

DENSWW As inputted.

DEPTH (j) "y-coordinate” (m).
DIST (J) "y-soordinate" from discharge (m).
WIDTH (J) Width of jet (m).

DILUT (3) Dilution of jet.
AMBDENS (3) Ambient density

VEL (J) Jet velocity (m/s).

Special lines printed have the following meaning:

DEPTH/MIN or DEPTH/MAX: Horizontal tangent to the curve.
The jet is passing an extremal point.
DEPTH/NEUTRAL: Equilibrium point.

The diagnostic and error message are explained in

"User Manual.
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10,96 799 1035 13,44 LI99ESL « 54
10,28 9.87 168 Tbhga71 99850 e b3
P67 1177 AR 19.95 JIPRLA 35
9,20 13,72 2.48 23,16 99844 «30
8.96 15,70 2.73 2634 99843 2206
8§.%94 16,37 DEPTH/MIN )
DISCHARGE N DEPTH(N) nIST (M) PDEFF(N)  THETA(N) UIND DENSWW
31 13,95 200,00 163 30.0 6:28 AN

DEPTH(JY DIST(J) WIDTH(J) DILUTC(J) AMBDENS VEL(Y)

13.44 I Y: =12 1,15 «I9RBD 6.28
12.44 2,61 o b T L 99867 Tebl
11,43 4,33 w17 7,69 LFP858 « 94
11,08 492 ﬁﬁpT%/a HTRAL

10,0606 5e0h 102 10,17 «FORSZ w1
9,65 7e36 1655 1% bt 99846 «53
8,68 9,12 1669 1609 ~29842 el 2
7.80 10,91 2,05 19,90 L90839 « 3h
7.09 12,78 AR 2h 04 LFOREE 2 B

T hL 60 14,73 A 26,12 L POB3S b

6,59 15,84 DEPTH/MIY



INTTIAL

MARIFOLD

DISCHARGE

DEPTH (Y

14,62
1319(*
13.26
12.59
11.94
11.30
10.68
10,09
9.53
9.00
8,50
8.05
7.64
7.29
6.99
6.76
6,60
6.50
6443
6,49
6,56
6471
6,95
7,28
7.71
8,23
8.73

DISCHARGE

DERPTH(J)

14,33
13.34
‘32’34
11,36
10.353
Gob
o489
7.50
6,606
5.79
4,96
6,17

;o
Sabg

ET MIXING

(ALL DATA

IN M, SEC AHD DEG)

NO O3 OUTFALL SITE NO ¢ DENSITY PROFILE NO
N ODEPTH(N) DISTUD DEFF(NI  THETAH) HiN)
1 15,24 500,00 w292 20.0 400

DIST(J) WIDTH(J) DILUTC(J) AMBDENS VEL(Y)
170 1«15 L9987 4e 00
3,58 «53 2.97 .99987 Te54
5:46 LB6 4,79 L.99987 96
7.35 119 661 . 99987 « 69
Gl 1852 A L99987 » 54

1‘2913 1:&3§ 1{).2/* ,,99987 -4’{4
15.04 218 12.05 99987 w38
164495 2852 13,86 L99987 «33
'}éQS() 2-85 'iSQG? ;99987 IZQ
1879 319 1747 79987 e 6
20,73 3,52 19,26 L99987 «23
22,68 3.86 21,05 L99987 21
2b,64 420 22464 L99987 «19
26,61 LySh 24,62 LQ9987 18
28,53 Lo 88 24,39 Lv0987 e 16
30,57 5.22 28,17 JG9987 «15
32456 5¢55 29,94 LG9 16
34,564 588 21,70 79987 «1h
35.9% DEPTH/MIN

30,56 6421 33,47 L.99987 »13
38,56 Gehb 35:24 99987 « 1
40,55 6.85 37.01 79987 «12
42,54 716 8,78 L99987 .11
G4he51 Tebb 40,56 .99987 11
A Te?5 L2e35 «F9987 10
48,40 8.03 44 .15 LIQYRT «10
S0.00 XLIMIT REACHED.

N DEPTH(N) DIST(H) DEFF(H)  THETAC(H) UinD
1 15:2% 500.00 272 30,0 £,00

DIST(JY WIDTHCH)Y DILUT(J) AMBDENS vELLD)
157 w21 1.15 ,99987 4a00
330 53 .97 L99987 TaSt
504 L B0 La79 L99587 £95
G,78 1.19 f")gé? a(;(?}(;}%? « 69
8,52 T.52 842 L9987 s 54

10,28 186 1523 V9987 oy b
12,04 219 12.04 L9987 257
13,82 253 13 _ 84 L99987 e 37
15.00 2.806 15,64 L969987 WoH
17,41 .21 17 .42 L9997 w5
19,27 3,55 10,20 ,99987 + 23
21,04 3,59 2h.97 LOBG987 w21
20,91 boPh 2273 L0087 e 19

4

DENSUHY
11,0003

DENSWW
10005



2.71
2,07
1.48
L7
.53

OO

DISCHARGE

DEPTH(J)

14,77
14,09
13.42
12.75
12“11
1149
10,90
10.34
Q.83
936
2,95
8,60
B,23%
8.13
.02
799
8,00
8,08
8,27
B.56
8,97
G.49
10.12
10.85%
1170
12.63
13,66
14,25

DISCHARGE

DEPTH (4D

14,58
3,%?
?2 5G
11,61
10,64
9.70

p R
}"‘g:()

7 r}
r{.g{iw’

a4
'-{‘} & £ W2

24.79 4,59 24 49 JYOOETY
26, @o AR 26,2% L,99987
28,59 5.30 27,96 99987
suﬁaz 5,66 29,69 L99987
34,450 6,01 39,41 ,79987
34 4h 6,37 7,12 99987
BEPTHLIn/MIN REACHED.
MoODEPTH(N) PIST () DEFF(N) THET
4 15,19 490,00 c197
DIST(J) WIDTHC(J)Y DILUT(JS) AMBDENS
1615 e 14 115 L0087
3403 b7 3.85 L 99937
4991 nSO [}'55 gc}gé}l?
6,80 1213 9,24 L99987
8,69 TbbH 11.94 L 79987
10,59 1?79 14,62 L9987
12,50 212 17,30 L99987
1442 2ahb 19.97 L 99987
16.36 2a79 22,64 L99987
18,30 213 25,29 LUG987
20.26 347 27 .94 LIFF87
22.23 281 30,58 L FPORT
2h 21 Lath 3%,21 CPG9RT
26,20 bobh 35,84 LOUoRY
28,20 LoRE 3R, 40 R Y
€260 DEPTH/HIN
30,20 Selh 41.08 L9998
32,19 5.47 43,70 ,99@8?
31“&19 58?8 l{-f)g:f?z .Q(}Qg?
36,16 608 L8 .95 L99937
38,12 G637 51,60 L99987
46,05 He b 54,27 L9987
41,95 691 56,95 L FGGRT
kz;'ia? ?g'i(? SQ“{:\? ’QQ}QS?
65,62 740 6242 299987
47,39 762 65,21 LP9987
49,10 783 66,04 79287
50,00 XLIMIT REACHED.
N ODEPTH(N) DIST N PEFFINY  THET
2 15.19 490,00 s 197
DISY(J)Y WIDTHCIY DILUTCIY  ANMBDENS
106 A 115 LIUGRY
2.79 wh ¥ 3,85 ’an?
be 53 80 he55 99987
6,27 113 9,24 a@?%a?
8,02 Tetit 11.93  ,99987
D78 179 14,60 L9987
11:56 713 17,27 L.99987
15,35 Fel? 1,93 JGO9RT
ThLa1h Fe i1 2rL57
16,90 3,15 24,20

ACH)
20.0

vELCS)

4:02
120
270
50
«38
» 31
s26
«23
«20
18
«16
e b
«13
014
« 11

« 11
=10
09
- 09
« 09
563
08
08
=08
08
- 08

AW
30,0

VEL W)

L.02
1.20
e 70
« 50
v 35
« 51
@2{}

xs
a?{:}

v 1

17

%)

o €4

UCHD
4.02

UON)
4eQ2

DENSUW
10003

DENSUW
1.0003




30

Se47 18,84 3.50 27 .81 L99987Y «15
b,78 20,72 T 3.85 30,41 L9987 o 14
bel5 27,62 bo2t 52,99 L99987 »13
5,60 2h o 5h ALY 35,55 ,99987 12
3,15 26,49 by972 18,10 .99987 « 11
2.79 2B L5 S5.27 49,64 L9987 « 10
254 30,44 5.62 43,16 99987 w09
2. b1 32,43 5,90 45,068 .99987 209
2at0 R3,37 DEPpTH/WMIY

2ok 34,43 6,29 48,19 L99987 08
2,50 36443 6 w60 50.71 L99987 08
284 3841 6.89 53elb 99987 « 08
3,27 40,34 716 55.78 L99987 07
3,83 42,28 741 58,35 299987 =07
4,53 G415 7 etk 69.95 99987 « 07
5,36 65,97 7 .85 63458 .99987 07
6,30 L7 .74 805 664,26 99987 «07
736 L9444 8.22 68.98 . 90987 007
Telh 50400 xLIMIT REACHED,

PDISCHARGE N DEPTH(N) DIST(H) DEFF(N) THETA(
31 13,95 200,00 $ 163 20

N

) UIN) DENSWNW
0 628 10003

Ld

DERPTHCS)Y DISTC(JIY WIDTHLLY DBILUT(J)Y AMBDENS vEL(D)

15?6{3 igs aj? 1§’35 ﬁi;}f;){)};}" fﬁ#e;f"a
1292 2eB3 bl bt L99GEY Ts63
12.24 by 71 77 7.63 09987 e Gl
11.57 6,59 170 10,94 “F908T w &b
10,90 A 6B 1a43 14,20 < FGTFET 5
10,25 1037 176 17445 LI9PRT 24
P61 12.26 209 273.70 s P97 «34
8,99 1he16 2ehd 25,95 L 99987 » 30
.38 1607 2aib 2719 99987 e 26
7,80 17,99 209 30,43 29987 w25
7elk 19,91 2ed? 32,60 99987 w21
6,72 21,84 3.76 36,68 » FGIBT #19
6,22 25,77 4,09 (0,10 s F99BT #17
Se76 EneT? bhabd 43,30 TGRE7 «16
5,34 27 .68 La77 66451 LO99RT 15
4,97 29.64 5.11 649,70 L9G987 et
4.6‘{? 51§61 5-45 5?@69 gqggg? 8?3
L35 33,59 5.7 56,07 L3987 «12
4,13 35,58 612 59,24 LT9987 s 11
2.96 37,57 Gebb 62 .41 L99987 « 11
3,85 39,57 6,79 65.58 L99987 «10
3.591 4T .57 7a12 68,75 CHIIET <10
3481 G181 DEPTH/MIH

3,83 43,57 7e45 71,91 29987 «09
2,93 45,57 777 75,08 L 99987 09
4,10 47,56 8.09 78,25 LGFGRT «09
L35 49,54 HR5Y 81,62 LPORBY « 28
4L &7 50,00 ¥YLIMIT REACHED,

GISCHARGE M DERTH(N)Y - DIST(H} DEFF(NY  THETA(D BOND DENSL
31 13,95 SU0. 00 et 0a B0, 0 628 L0004




2
S

DEPTH ()Y DIST(yy WIDTHC(G)Y DILUT(J) AWMBDENS  vEL ()

13,44 (65 217 1,15 L99987 6,28
§2,,£&5 2,{"7 ,‘{N’% 1-';&‘{4'? q(}Q'Q%? ’i,f;?)
11,45 b, 3L e 7,68 99987 A
10,406 6,08 1.10 19 .94 L 99987 b6
9 67 7,82 1.43 144,19 ,99987 .50

850 7,57 1.76 1764  ,99987 ol

7.54 11.32 2.00 20,69 99987 o34

6.59 13,08 2.43 23,93 99987 « 30

5.60 14,85 276 27,106 L99987 026

4,75 16,63 3.10 30.38 99987 .23

3586 1362 3ebb 33459 99987 e 21

3.00 20,23 3.78 36,79 L99987 «19

2.16 22,05 bel? 30,97 99987 17

136 23,88 bot7 43,15 99987 <16

60 25,773 482 L6351 LTO9RT7 w15

00 DEPTHLIM/MIN REACHED,




APPENDIX E

EDB-BEREGNINGER AV UTLZPSLEDNINGENS
OG DIFFUSORENS HYDRAULIKK, ALTERNATIVENE 6 og T




BOTTOM PROFILE

®

DISTANCE ™ DEPTH M
00 , 00
25,00 200
35,00 1.00
£0.00 2.00
50,00 2,50
62,00 5,00
75,00 6450
90400 8e50 MARIFOID o
100,00 9,00 pEA R UL G
120,00 9,00 Ao
125,00 2,00 TRACE £
150,00 9,50
175,00 10,00
200,00 11,00
210,00 11,50
225,00 12,00
250,00 12450
275.00 13,00
300,00 13,50
325,00 13,60
350,00 14,00
375.00 14400
400,00 14,00
450,00 14,00
510,00 14400

LIST OF SYMBOLS

N = NO OF PORT

DEPTH(H) = DEPTH AT PORT N

DIST(N) = DISTAHCE FROM SHORE »

DIA(NY = DIAMETER OF MAMIFOLD BETWEEN PORT N AND N=1
DL(NY = LENGTH BETWEEHN PORT N AND Nei

D(N) = DIAMETER OF PORT N
VIN) = VELOCITY IN MANIFOLD BETWEEN PORT N AND H=1
U(N) = DISCHARGEVELOCITY OF PORT N

FN(N) = DENSIMETRIC FROUDE HO OF JET AT PORT H
E{nN) TOTAL HEAD AT PORT H

SE(HY = TOTAL DISCHARGE UP TO pPORT N

GON) DISCHARGE OF PORT N

QL(NY = DISCHARGE LOAD PR LENGTH OF MANIFOLD

i

fl

QDES = DESIGN DISCHARGE FLOY

VMIN = MINIMUM VELOCITY IN MAHIFOLD FOR DESIGH FLOW

VIMAY = MAXIMUM VELOCITY TN ANIFOLD FOR DESIGN FLOW

DENS = (SPEC.GRAV. SEAWS=SPEC.GRAV. WASTEW.)/(SPEL.GRAV,
FRM DARCY FRICTION FACTOR 1IN MAHIFOLD

FRP = DARCY FRICTION FACTOR TN OQUTFALL PIPELIMNE
VPIpE

WaSTEW: 3

= UPPER LIMIT FOR VELOCITY IN OQUTFALL PIPELINE AT DESIGN FLOW




INITIAL VALUES FOR THE CALCULATION OF THE MANIFOLD

0BEs = 4,000 Ccum/sec
VMAX = 2,00 M/SEC
VMIH = « 40 M/SEC
DIST(1) = 500,00 M
UGy = 3,00 M/SEC
Dia(2) = o982 4
DL(Z2)Y = 10,00 M

D(2) = el ? M

DLC3)Y = 10,00 M

DENS = ,001

VPIPE = 1,20 W/SEC
FRM = « 100

FRP = «100

PORT NO K1 = 10

DIACKT) = 2000 WM
DL(K?) = 1QGQO M

D(K1) = 25
PORT NO K2 = 0
DIA(KZ)Y = 4000 U

DLIKZ) = 200 M
D{KZ) = 00 M

PORT NO K3 = 0
DIACK3) = 5000 M
DL(K3) = 00 H
D(K3) = 00 M

THE LENGTH BETWEEN THE PORTS UL(MN) AND THE DIAMETER OF THE PORTS
DON)Y ARE KEPT CONSTANT ALONG THE MANLFOLD AND SET EQUAL TO
RESPECTIVELY DL(3) AND D(2),

IF WANTED THE DIAC(N)DLIN) AND D(H) CAH BE CHANGED FOR PORT NO
No= K TO DIACK)Y,DL(K) AND D(K).
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