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Abstract

Results from a study of the requirements and desired functions of the

diffuser at the end of an ocean outfall are presented. The study concentrated

on outfalls used for wastewater disposal and the most functional geometry

for this particular application is discussed. A procedure to calculate the

internal flow and discharge parameters was developed for this type diffuser.

The most likely locations of outfalIs on the North Carolina coast were

considered and the wastewater flows at these locations were estimated. These

flows and typica'I discharge parameters, as established by the calculation

procedure, were utilized to compute the probable diffuser length and diameter

at each location. Preliminary data on diffuser performance or mixing, based

on the predicted discharge parameters and expected nearshore conditions, is

also provided. The report thus gives a calculation procedure which is

applicable for any diffuser and applies this procedure at specific locations

to develop preliminary estimates of diffuser size and performance. The results

establish the initial conditions of effluent dilution and extent which would

be required for any subsquent study of how the effluent will be further mixed

by ocean turbulence and transported by ocean currents . In addition, it also

provides an estimate of the extent of the diffuser mixing zone and the

probable effluent concentrations within the mixing zone.



OUTFALL DIFFUSER HYDRAULICS

I. Introduction

In order to provide minimum oxygen demand and to reduce other

environmental effects, it is usua11y desirable to mix the sewage effluent

with background seawater as rapidly and as much as possible. This is

accomplished by the geometric arrangement at the discharge end of the

outfall pipe, which is referred to as the diffuser. For most ocean outfal'Is,

the diffuser consists of a multiple discharge port manifold at the ocean

end of the outfall. If the wastewater were discharged by a sing1e port, the

dispersion and dilution would be slower than if discharged over a 1arge area,

through a number of ports. In fact, without the use of mu1tiple-outlet

diffusers, much longer, and hence more costly, outfa1ls into deeper water

would be necessary to provide the same dilution and consequent shore

protection.

In addition to providing maximum dispersion of the effluent there are

severa'I additional hydraulic considerations, which wi'Il be discussed in detail

in the next section. Moreover, there are the additional constraints of a

structurally sound geometry, that can be cleaned with reasonable ease and

which is not prohibitively expensive to construct. The combination of

hydraulic considerations and structural constraints has resulted in a fairly

standard diffuser geometry, but with wide'Iy varying dimensions. This is a

diffuser which distributes the outflow through many ports over a large area

and is often referred to as the submerged multi-port diffuser.

The mu1ti-port diffuser is basically a long manifold and usually



undergoes a reduction in pipe diameter toward the far end. The discharge

is through many ports that are, olatively small compared to pipe area and

which usually have simple bell-mouthed holes. For buried pipes and on some

steel pipe~, the ports are made of short nozzles attached to the pipe. The

fol Iowing report deals with the hydraulic analysis of a diffuser which consists

of one long pipe, or several branching pipes, with discharge ports at

intervals along th pipes. The report is concerned only with analysis of

the internal flow of the diffuscr and does not treat structural requirements

or the protect~on necessary for outfall pipes and diffusers. The report is

intended to determine the discharge out of each port, and the velocity, pressure

and total head at any point in the diffuser as well as the viscous head losses

and the to'.al head required at the diffuser entrance. In addition, the procedure

is applied to expected diffuser configurations in order to develop the usual

or expected values for these parameters.

II. Basic Considerations

A discussion of the basic hydraulic requirements for the diffuser

reveal the reason that the mu]ti-port geometry is chosen. Those hydraulic

considerations are as follows:

A. Flow Distribution The flow rate out of the individual ports should

be fairly uniform along the entire length ot the diffuser. This is to provide

even mixing and dispersion along the length of the diffuser and to avoid any

local bui"Id-up of effluent, If the diffuse is not level, i.e. it is laid

on a sloping sea bottom, it wilI be impossible 'o provide uniform flow

distribution among ports for all flow rates  Rawn et.al. 1961!. In such cases,

the usual procedure is to make the flow distribution fairly uniform at

or medi " 'lo~. and to let the deeper ports discharge more than the ave age

port di ~arge during periods of high rates of flow. One reason for diing

this is at substantially less than average discharge from the deeper port.



may result in clogging of these ports. Fortunately most of the Eastern U.S.

coast, and in particular the N.C, coast, has a relatively shallow slope and

therefore most diffusers in these waters can be designed to provide un~form

flow for a wide range of fIow rates.

l3. Velocit in the Diffuser The flow velocity in all sections of the

diffuser should be high enough to prevent disposition of any residual particles

remaining after treatment. For primary treatment, velocities of 2 feet per

second to 3 Ft/s at peak flow are usually adequate, because these will tend

to scour any material settled during low flow rates. For sewage that has

received secondary or advanced treatment, lower velocities are possible. In

this case, the permissible velocities are sufficiently low that it is advisable

to have a precise definition of settleable solids before making a dec~sion

on minimum flow velocity.

If deposition takes pwace in any part of the diffuser over an extended

period of time, the cross section of the pipe or outlet may become so

constricted that local velocity is reduced and a cycle initiated that

accelerates the deposition process. This can result in complete clogging

of the end ports, and thus failure of the diffuser to supply its predicted

mixing or dilution.

C. Total Head Loss Some pumping of the effluent is usually necessary, and

thus the total head loss, which is supplied hy the pump energy, should be kept

reasonably small. As a rule, additional head losses of several feet are

usually acceptable. In addition to a geometric consideration, this requirement

usually provides an upper limit on permissible discharge velocities.

0. Prevention of Seawater Intermission Flow through all of the ports in

the diffuser should be maximum to prevent intermission of seawater into the

dif'fuser pipe. If seawater does enter the pipe it wijl become staqnant and



wiI1 tend to trap any settleable matter. Such deposits reduce the mixing

capacity of the diffuser as described in A and B.

Even carefully designed diffusers will requireE.

occasional cleaning to remove any accumulated sediments  grease, slime

and grit! at intervals of two to seven years. Provision of sufficient

access to provide cleaning should be an integral part of the diffuser

design.

The outlet ports may qu~te satisfactorily consist of

circular holes in the side of the pipe without nozzles or tubes or other

projecting fittings. If the diffuser pipe is buried, then the usual procedure

is to provide short nozzles that extend above the sea bottom . Care should

be taken to provide overall simplicity; thus any unnecessary nozzles, gadgets

or high maintenance devices should be avoided. The nozzles should also be

constructed so that replacement is fairly straightforward in case of damage.

For maximum mixing, the jets should discharge horizontally with no initial

upward or vertical component of discharge velocity. The inside of the port

should be bell-mouthed to minimize clogging and to provide a discharge

coefficient which remains constant over an extended period  c.f. section 3

for the possible variation in discharge coefficient!. If the discharge ports

are placed on either side of the diffuser pipe, their location is usually

alternated from side to side to prevent any possible flow instability or flow

oscillation between ports.

These requirements apply to a'll diffusers, whether used for disposal and

dispersion of wastewater, chemical effluents or condenser cooling water from

power plants. Thus most diffusers have fairly typical geometric arrangements,

but with rather widely varying dimensions, A summary of the resulting features

is as follows:



1. The diffuser pipe diameters are reduced in steps toward the
far end in order to provide even flow distribution.

2, Some form of flap or gate is provided at the end of the diffuser
which can be opened for flushing and/or cleaning.

3. The port diameters are relatively small compared to the
diffuser pipe diameter. The total port area downstream
of any section is less than the pipe area at the section.

4. Whenever possible the ports are simple, bell-mouthed holes in
the wall of concrete pipe, or simple, short nozzles on steel
pipe.

5. The diffuser pipe is reinforced concrete or structural steel.

III. Analysis of the Internal Flow

The hydraulic analysis of the flow internal to the diffuser has as its

boundary condition the flow rate supplied at the entrance of the diffuser.

Thus the problem is to determine the resulting flow out of each of the

diffuser ports. In practice, the problem is solved in the opposite manner.

That is, the flow out of the fi rst  most distant from the entrance! port

is estimated and the flow out of the subsequent ports, and the corresponding

total head and head loss calculated as the computation proceeds toward the

entrance of the diffuser. If the resulting total flow rate is not the one

specified, then the estimated flow for the first port is modified and the

procedure repeated. This method has been found to converge rather rapidly

and can provide almost any desired degree of accuracy.

In order to avoid the iteration procedure described above, French   I972!

developed a method to yield a system of differential equations. The equations

were put in dimensic nless form and integrated numerically for the usual or

expected range of dimensionless parameters. The major advantage of this is

that it provides an increased understanding of how the various flow parameters

interact. The results, however, are limited to constant pipe diameter, except

in the case of zero pipe friction. Moreover, ajl of the results are also



restricted to the case where the difference in density between the wastewater

in the pipe and the ambient seawater outside the pipe has a negligible

effect. While this work does provide insight into diffuser operation, the

restrictions make it diff~cult to apply to a general diffuser. Moreover,

the previous1y described method utilizing an iteration procedure can be

easily and quickly carried out on a computer: because the overall objective

of this work is to be able to evaluate or predict the performance of any

proposed diffuser, a complete numerical calculation was adopted. The technique

is basically that first utilized by Rawn, et.a1. �961! and subsquently

considered in detail by Brooks �970!. Before describing the computation

procedure and the computer program, however, a description of the basic

phenomena and principles are discussed.

For alt calcu'lations, each port is assumed to be at full flow. Based

on the work of Rouse   1946!, a circular orifice in a large tank will flow

full for Froude numbers greater than 0.59. Here, the Froude number =F=V/gD

where V= port velocity, g=the acceleration of gravity and D= the port

diameter. For a rounded port the criteria for flowing full is usua11y taken

as F>1, Brooks   1970!. This trans1ates into a flow velocity of' greater than

3 Ft/s for most common diffuser conditions. With every port flowing full,

there is no way in which the seawater can enter the pipe, once initially

expej1ed. Thus the diffuser wi11 prevent any seawater intrusion.

In making these ca1culations, the pertinent pressure at any point is

the pressure differential between the fluid inside the diffuser and the

seawater outside at the level of the port. The pressure in the seawater is

assumed to be hydrostatic. Because the seawater is more dense than the

wastewater, it will decrease faster with increasing elevation. Thus when

working in reverse order from the deepest or farthest point. of a diffuser,



any decrease in depth tends to increase the pressure differential. The

change  increase! in pressure differential due to an increase in elevation

al is apaZ where ap is the difference in density between the seawater and

wastewater

The basic premise of the hydraulic analysis is that the ports are far

enough apart that the flow in the vicinity of any one port is independent

of the rest of the diffuser flow. This does not mean that the discharge

jets never interact, but only that their interacti on occurs sufficiently

far from the diffuser that it does not alter the discharge from the port.

This assumption is nearly always very accurate. As a result the discharge

from each port can be computed separately, and the total flow in the diffuser

pipe obtained by addition of the flows from the individual ports. Between

consecutive ports the effective pressure head is increased by the amount

of the friction loss plus the density head   � hF!. Therefore the rate of
P

discharge from a single orifice or port is the basic hydraulic phenomena in

the calculation.

The rate of discharge, g, from an orifice or port in the side of a

pipe whose geometric configuration is shown in Fig. 1 can be expressed by.

g n! = CD ARPT �gE n! ! '

where

g n! = discharge out of nth port

CD = discharge coeff~c~ent

ARPT = area of the port

g = acceleration of gravity

E n! = Total head = � + � at the port locationV2 hP

2g yf

AP = pressure difference between inside and outside of
pipe at the port location

yf = pg = weight of fluid in jet

V = mean velocity inside the pipe



1! Sharp edged ports, flowing fulI:

C0 = 0.63 - 0.5~~
E �!

2! For srrooth bellmouth ports, flowing full:

C0 = 0.975 � - ~ !
E

�!

These values apply only to small ports or where the port diameter is less

than one tenth of the diffuser pipe diameter; they also have been verified in

concrete or steel pipes, Vigander, et.al.   1970! has considered the use of

corrugated structural steel pipes as the diffuser pipe for the condenser

cooling water discharged from a nuclear power plant. For this type of pipe

This equation is a semi-empirical expression developed from the application

of' the Bernoulli equation to the port discharge. This discharge coefficient

C>, is to account for various losses, contraction of the discharge jet and
nonuniformities in the discharge. The expression also assurres that there is

no energy loss from the main flow down the diffuser pipe as it passes each

port. In other wards, the decrease in pipe velocity due to port discharge

is compensated by complete pressure recovery  the decreased velocity head

is replaced by increased pressure head!. This is usually a good assump tion

part~ally because the velocity decrease at any port is small. This assumption

has been considered by NcNown �954! in the analysis of manifold flows.

In general, the correct value for C> est be found experimentally and

depends not only on the geometrical characteristics of the pipe and port, but

also on the ratio of the velocity head in the diffuser to the total head  E!.

Brooks �970! has investigated the correct representation of the discharge

coefficient for ports cast directly into the wall of' the diffuser. He

developed the following expressions for discharge coefficients at high Reynolds

Numbers  RN 20,000!:



the discharge coefficient is altered because the diffuser ports are placed

in the pipe corrugations. In addition, the pipe friction, or head loss

between ports, is increased by a corrugated pipe. In some applications the

discharge ports consist of riser-nozzle assemblies. The risers are usua1ly

used when the main diffuser pipe is completely buried under the ocean bottom.

In that event, the discharge coefficient is dependent on the entire geometrical

characteristic of the riser nozzle assembly. Some data exists on special

configurations that have been used. See e.g. Koh and Brooks �975!.

The present study is confined to smooth  un-corrugated! pipe with horizontal

discharge ports cons~sting simply of holes in the pipe. This is used because

the design is the expected configuration for diffusers that will be used along

the Southeastern Coast. If other methods of port construct~on are utilized,

and experimental data on the discharge coefficient is available, it is straight-

forward to incorporate the new methods into the calculation procedure.

In order to provide a uniform flow distribution, the discharge, g, is

usually small relative to that in the diffuser pipe. Therefore, the difference

in upstream and down velocities  V n ! and V  n-1! in Fig . 1! is usually

sufficiently small that either V  n! or V  n-1! can be used in Eq. �! or �!

to compute the discharge coefficient. As will be seen, it is usually more

convenient to use V  n-l!, the downstream velocity.

IV. Calculation Procedure

As previously mentioned, during the calculation procedure a computer

calculates the flow out of each individual port, beginning with the port

most distant from the diffuser entrance. The procedure is described in steps

below, but several introductory comments are made first. The notation employed

in this section is similar to that used in the computer program in order to
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facilitate understanding of the program. The program itse'ff is reproduced

in Appendix A. The English system of units is utilized. However, most port

and pipe diameters are usually given in inches rather than feet, Hence the

program is arranged so that these diameters can be i~put in inches. The

rest of the program input is written using the English system in consistent

units.

The ports are numbered 1 to n, with port number 1 being the port most

distant from the entrance to the diffuser, The first step is to estimate the

flow rate of discharge  Ft3/s! out of port No. 1. The original procedure

employed by Rawn et.al.   1961! began estimating the total head at the tast

port, and then computing the discharge. Here the port velocity is used as

the first estimate, primarily because most port velocities will range between

3 and 8 ft/s. Thus step one is to estimate VP   1!, the velocity out of port

1. This velocity is then used to calculate the discharge out of port 1, g   1!.

Using this discharge, the velocity in the diffuser pipe between port 1 and

port 2 can be calculated by:

V l! = g l!/ARPP

where V   1! is the pipe velocity between port 1 and port 2  c.f. fig. 1! and

ARPP is the cross-section area of the diftuser pipe. Having the flow velocity

in the pipe, the velocity head is calculated via:

VH�! = " '!
2g

where VH  I! is the velocity head between port 1 and port 2. The head loss

can then be calculated by:

HF = F x � x VH�!SEP
DIAP

�!

where HF is the head 'toss, F is the Darcy friction factor, SEP is the separation

between ports, and l3IAP is the diameter of the diffuser pipe. The designer

usually has the option of changing port size and diffuser pipe size. Port



spacing or SEP, however, usually can not be easily changed because an

integral number of ports per pipe section is required. As a result, the

port spacing is considered fixed in the present calculation procedure.

Modification into variable port spacing can be easily made, however, if it

is ever needed.

After calculation of the head loss between ports, the increase in

pressure head, DENHD, is calculated by:

DENHD = � ' aZ
0

i.e,

E�! = E�! + DEHD + HF  s!

where E�! is the total head at port 1 and consists of only the velocity head,

i.e. E�! = VH�!. Having computed the total head, one can then use VH�! ta

determine the ratio of velocity head to total head. This ratio is then used

in Eq. �! or �!, as appr opriate, to yield the discharge coefficient for the

second port. After computing discharge coefficient, the discharge out of the

second port is computed from equation   1!. i.e.

Q�! = CD ARPT �gE�! !  g!

where the terms are defined atter equation �!. The flow from ports   1! and

�! are then combined and used to compute the flow rate in the diffuser pipe

between ports �! and �!:

�O!QT = QT + Q�!

where QT is the total flow rate in the diffuser at the nt port; in this

case QT on the right of eq.   10! is simply Q l!. The combined flow rate

12

where ap is the density difference between the discharged fluid and the seawater

outside the diffuser, p is the discharge fluid density and a7 is the difference

in elevation between the two ports. The total head at port 2 is then the sum

of the head at port 1 plus the head loss and pressure head between the ports,



is then used to compute the velocity in the diffuser pipe via:

V�! = QT/ARPP

where V�! is the pipe velocity upstream of the 2nd port  c.f. fig, I! This

pipe velocity is then used to compute the velocity head and the procedure

�a!

Q  n! = CD APRY �g E n! ! '  9a!

AT = QT + Q n!

V n! = QT/ARPP

�0a !

 I>a!

The use of these equations is repeated  by use of a do loop in the computer!

until the flow out of the last or n port is calculated. By summing theth

discharge from the individual ports, the total flow discharge by the diffuser

can be computed. In addition, the total head and head loss that must be

supplied at the diffuser ontrance can also be calculated by summing the head

loss between ports. In most cases, this flow rate is not the desired flow

rate that is to be discharged by the diffuser, simply because the initial

estimate for the discharge from port I was not correct, Therefore the estimated

discharge for port  I! is altered and the calculation procedure repeated.

The present calcuIation procedure uses the difference between the computed and

des~red flow rates as an estimate of the correction that should be made

to the estimate for the discharge of port   1!. The actual procedure computes

the difference between the two flow rates, AQ, by

13

beginning with equation 5 repeated to yield the discharge from port �!. The

general expressions used to obtain the discharge from the n port are as follows;th

VH  n! = V  n!/2g �a!

HF = F x DIAP x VH n! �a!
DENHD = � aZ

E n! = E n-I! + HF + DENHD  8a!



�2!AQ = QACT - QT

where QACT is the des~red diffuser flaw rate and QT the computed diffuser flow

 eq. 10a!, The correction on the estimated value of Q  1! is then

aQ�! = 0.85 aQ/QACT

The factor of 85% is used to assure rapid convergence of the solutian, but

without oscillation about the desired discharge. This number has been

chosen primarily on the basis of experience in making the calculation. The

correction is repeated until the computed flow rate QT is within any desired

accuracy of the actual flow rate. After this accuracy has been reached, the

program then prints the velocity in the pipe U n!, the area of each port

APRT N!, the discharge of the port Q N!, the approx~mate port discharge

velocity VP N!, and the distance from the end of the diffuser for each port,

In addition, the final flow rate and head loss are also printed in the output.

In some situations, when the variation of parameters over the 'length

of the diffuser are being studied, it may be more convenient to have the output

in non-dimensian form. Therefore the program also computes the ratio of

velocity head to total head, defined as B n!, the non-dimension discharge

per unit length, given the symbol R n!, and the non-dimensional length af

the diffuser itself', denoted by Ã n!. The farm of these parameters are those

suggested by the work of French �972!, and the reader is referred to this

paper for a discussion of the rationale employed in the non-dimensional

procedure. When investigating the relative uniformity of the discharge, the

non-dimensional form of output is often more convenient. Therefore, the non-

dimensional parameters are also calculated and printed in the output.

U. Application 8 Resu1ts

As an example, the diffuser program  provided in Appendix A! was used

to compute the perf'ormance of the proposed Hampton Roads outfall and diffuser.



This outfall is designed to serve the Virginia Beach area, an area with

conditions somewhat typical of those in a large Southeastern urban area.

While North Carolina nearshore conditions are nearly identical, the State' s

coastal urban areas are considerably smaller in popu 1ation and area; hence

they will have 'lower wastewater flows . Table 1 @g.21! provides the

estimated wastewater flows far North Carolina urban areas. These figures

are based on population estimates in each area.

The Hampton Roads advanced wastewater treatment facility is designed

to operate with an initial discharge of 35 million gallons per day. This

figure is predicted to increase to 65 MGD by the year 2010. The outfa11

and initia1 portion of the diffuser consist of a 66-inch diameter pipe. The

diffuser itself is 2400 feet long. Starting at the seaward end, the diffuser

consists of 109 three and one-fourth -inch diameter ports, alternating on

eight feet spacing in a 42-inch pipe. The spacing is maintained at 8 feet,

alternating on either side of the pipe over the entire 2400-foot length.

The ports are of the simple be11-mouthed type, cast in the pipe wal'I. The

next section consists of 52 three -inch diameter ports in a 54-inch pipe. The

last section has 32 two and seven mights -inch diameter ports foIlowed by

66 two and three -fourths -inch diameter ports, with the final size being

two and five eights inches and consisting of' 42 ports . The ports in the

last section are all in 66-i nch pi pe . Thus the diffuser consists of three

different stepped pipe sizes and five different port sizes, with a total of

300 ports. The present proposal is to lay the diffuser on the ocean floor

along a contour line with the entire diffuser at the same elevation. Thus

the flow distribution among ports shou'jd be the same for all flow rates. This

is fairly typical for the southeastern coast, where the nearshore bottom has



a very smal1 slope. Therefore it is usua11y possible to provide a constant

depth for the entire length of the diffuser.

The results of the computation for 65 %I3 are given in Appendix B. The

results provide the total energy head E n!, the velocity in the diffuser

pipe V n!, the computed discharge out of each port, Q n!, and the approximate

velocity, VP n!, out of the port as a function of distance from the seaward

end of the diffuser. The port number is also included, In addition to these

dimensional values, the non-dimensiona1 distance, X n!, and discharge per

unit length, R n!, are also provided in the output.

The results in Appendix 8 are in numerical form and are useful for

detailed analysis of the diffuser. However, when the diffuser has a large

number of ports it is easier to visualize the flow dynamics graphica1ly. An

example is given by figure 2, which is a plot of the discharge per port verses

distance along the diffuser. The figure provides an easy check of uniformity

in the discharge over the length of the diffuser. Two features are noteworthy.

First, there is a discontinuous change in discharge with each change in port

diameter. The ports are systematically reduced in size to produce approximately

the same discharge per unit length. This is typical of all proper diffuser

designs. Second, the relative discharge among ports remains the same at

different f'low rates. As mentioned previously, this is because the diffuser

is level.

The distribution of ve1ocity in the diffuser pipe is shown in figure 3.

Again there is a discontinuous change in velocity where the pipe undergoes

a diameter change. The purpose of the decrease in pipe diameter as one proceeds

toward the end of the diffuser is to keep the pipe velocity from becoming too

low, as is clearly shown.

When analyzing the performance, or dilution, provided by a particular

16
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diffuser, the numerical resu]ts given in Appendix B are more usefu]. However,

probably a better idea of the overall operation is given in figure 2 and 3.

From these figures and those generated from other configurations, the following

conclusions can be drawn.

During the design process, the engineer can vary the pipe diameter, the

port diameter and possibly the port spacing. In order to keep the pipe velocity

high enough, it is often necessary to reduce the size of the pipe in one or

more steps from the entrance to the seaward end. The size of the discharge

ports is usually varied in such a way as to provide approximately uniform

discharge over the length of the diffuser. As previously mentioned, the

spacing between ports is difficult to change because practical considerations

dictate that the spacing remain equivalent to a length of pipe or some multiple

thereof.

For a diffuser which is laid at zero slope  ]eve]j, the relative

distri bution of flow will be the same at a]1 flow rates. This was previously

discussed and is illustrated in figure 2. The reason is because all the head

terms are proportional to the square of the velocity and that there are no

pressure head changes due to change in elevation . In this case one calculation

will be sufficient for all rates of flow. For example, to double the rate of

flow, one wou'Id simply quadruple all the heads and double a]1 the ve1ocities

and discharges. In practice, the computation is usually only made in order

to confirm the result. However the concept is useful in understanding diffuser

operation.

The sum of all port areas must be ]ess than the cross-sectional area of

the pipe at any location along the diffuser. It is impossible to have all

ports f]ow full if the aggregate port area is larger than the pipe cross-

section, otherwise the average velocity of discharge would have to be less



than the velocity of flow in the pipe. Brooks   1970! has indicated that the

best area ratio  r port area: pipe area! is usually about one half to one

third. These values are small enough to get good flow distribution and full

flow among ports without producing velocities so high that the total head

and head losses become undu1y large.

VI. Parameters Range for Potential North Carolina Diffusers.

From a comparison of diffuser pipe length at various outfalls, it is

possible to compute the ratio of length in feet to the design va1ue of the

average daily discharge in MGD. This is referred to as the diffuser loading,

and provides some idea of the length and subsequent mixing provided by the

diffuser.

Diffuser loading for West coast outfalls usually range from 15 to 20

ft/MGD. This is a relatively low value  high loading! and is possible because

the outfalls are in deep �50-200 ft.! water. In shallow water, higher values

of 1oading become necessary. For example, the Hampton Roads diffuser, which

is at a depth of approximate1y 32 feet, has a diffuser loading of 37 ft/MGD.

Assuming that 35 to 45 ft/MGD is a typical value for Southeastern coastal

waters, the expected diffuser lengths for the wastewater flows given in Table

1 have been computed. These are included in Tabte 1 under the column titled

"probab'le diffuser length". Moreover, the pipe diameter can also be est~mated

by using these flow rates and the expected values of the entrance velocity.

With an assumed pipe velocity of 4 ft/sec, the pipe diameter has been calculated,

The computed values are also given in Table 1 under the column, "probable

pipe diameter". Experience indicates that port diameter for these diffusers

will probably be on the order of 1 to 2 inches; the lower bound being set by

the smallest practical bell-mouthed hole that can be consistently manufactured,

The discharge velocity from these ports should range from 4 to 10 ft/sec.

20



TABLE I

ESTIMATED WASTEWATER FLOWS AND
DIFFUSER PARAMETERS

DIFFUSERPROBABLEYR 2000

WASTEWATER DIAMETERLENGTH

INCHES-FT-FLOW MGDLOCATION

162004.0DARE BEACHES

BOGUE ISLAND
5 MOREHEAD CITY

WRI GHTSV ILL E

BEACH

WR I GHTSV ILL E

BEACH 5 WILMINGTON

SURF CITY
REGION

245009.0

1080

3260014

1.0 50
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As previously mentioned, the amount of mixing or dilution provided by

the diffuser is a major concern. In order to compute the dilution of the

wastewater discharge from a particular diffuser, one must have the discharge

parameters,  computed as described in this report!, the actual diffuser

geometry, the depth of discharge, and the nearshore ocean conditions. However

it is possible to make a reasonably valid estimate of all of these quantities,

and thus one can make an order of magnitude calculation of the probable

dilution that will occur. Because the approx~mate amount of dilution or

mixing possible is of considerable concern, the est~mate was made as follows.

The likely range of discharge parameters and port sizes have already been



discussed. The data provided in Table I gives an estimate of diffuser size

and the volume of discharge. The actual diffuser geometry is assumed

to be that for a conventional, properly designed diffuser using standard or

typical design values. The nearshore ocean conditions that were used were

based on an average of historical data. The depth of discharge was estimated

by a study of bottom topography off the North Carolina coast. With the
exception of the Northeastern section  Oare Beaches!, the depth of the ocean

floor off of North Carolina is extremely shallow. Even in the Dare Beach

area, the slope is much less than in many other areas of the United States.

For this reason, North Carolina outfall diffusers will probably be located

in relatively shallow water. For this study, diffuser depths were estimated

at between 20 and 40 feet. This corresponds to an offshore distance in

North Carolina of from I to 5 miles.

By utilizing these assumptions, curves of expected dilution were calculated

for typical diffusers in North Carolina coastal waters . These curves are

given in figures 4 and 5. Figure 4 is for widely-spaced port separations and

5 is for closely spaced ports. For this study, closely spaced ports are

defined as those which are closer than one-fifth of the water depth.

It is emphasized that these figures are based on a number of assumptions.

Thus the intent here is to provide preliminary estimates of the dilution that

can be expected in the mixing zone of the diffuser. Obviously the performance

of a specific diffuser should be analyzed before making any conclusions on

that particular diffuser. The spatial extent of the mixing zone can be crudely

estimated as a triangular zone extending the length of the diffuser to the

ocean surface, assuming a 90 vertex at the diffuser,
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APPENDIX A

C0%'UTER PROGRAM TQ CALCULATE
INTERhlAL FLOW



I V G LEVEL 21
I 5/46/57DATE = 78013MAIN

100

!.10

120

200

300

22

A-1

C C

C C C C C C
C C C C C
C C C C
C C C C C C
C C C C C
C C C C C
C

M= NUMBER UF PORTS
0 ACT= ACTUAL FLOW RATE CUBIC FT/SEC
DIA N!= l3 AMETER OF PORTS
ARPT= ARFA OF THE PORT
DPI P= DIAMETER OF P IPE
ARPP= ARFA OF PiPE

D IS= DISTANCE. FROM SEA END OF THE PIPE
C 1 ~ C2 ~ ~ ~ ~ O I STANCE. FORM SEAWARD END QF QIFFOSER WHERE THERE
I S 4 CHANGE IN PORT D A ~ ~ PIPE DIA ~ ~ QR PIPE SLOPE
SEP= PORT SEPARATION

VEL= VELOCI TY OF SEWAGE OUT QF PORT
O   M I = Q I 5 CH AR G E GF N I H P OR T
CD= PI SCHARGE COEFFICIENT FQR THE PORT
V  M!= MEAN PIPE VELQCl TY BETWEEN NIH PORT ANO N+ I PORT
VH  M ! = VELD CI TY HEAP AT NTH PDRT
HF  M! = HEAI3 LOSS DUE TQ FRICTION BiETWEEN N+I AND NTH PORT
F= PARCY FR ICT IQN FACTOR
E M!= TOTAL HEAD AT THE NTH PORT

L = QPE RAT QR FOR PORT CONF I GOR AT I 0 N ~ L= I o BELL MOUTH PORT L=2 SHARP
EDGE PORT 5

RHQ= i3ENS I T Y Qf SEWAGE
SRHO= DEN5ITY OF SEAWATER
T HET= ANGl iE OF I NCL I NATION QF PIPF

X  N I= iNOR MAL IZED LENGTH
DM= PORT PARAMETER
R N!= NORMALIZED PORT DISCHARGE PER UNIT LENGTH
B  N!= VELQC I TY HEAD/ TOTAL HEAD

DIMENSION 0 IA�! ~ V�00! ~ 0�00! ~ VH�00! ~ HF t 303! ~ CD�00! ~ ARPT�00!
DIMENSION E   300! i THET� ! iD��00 ! ~ DPIP�!
D I MENS ION X   300! ~ R t 300 ! ~ B t 300 ! ~ VPl 300!
DIMENSION RQA�!
DATA RQA/'54 ~ w 100 ~ /
RE AQ  1 ~ 10 0! GRAY ~ F ~ RHQ+ SRHO
F GRMAT  4F 10 a S!
READ  1 ~ 110! PIAt 1 ! ~ DIA  2! eDIA�! ~ DIA�! ~ D A S!
FORMAT t SF 10 ~ 2 !
READ[ 1 ~ 120! DPIP  1! ~ DPIP�! iDPIP�!
FQRMAT�F 10 ~ 2!
READt I ~ 200! CI,C2~C3 ~ C4
FORI4AT   4F 10 ~ 2 !
READ�.220! THET  1!,OACT ~ VEI
FORMAT�F 10 ~ 2!
REAP  1 ~ 30 0! L e Ik ~ SEP
FORMAT�1 10 ~ F10' 2!
DQ 22 NN= I ~ 5
OIA NN!=DIA NN!/12
CONTINUE
DQ 24 MM= 1 ~ 3
DPIP MM!=OP IPt MM!/12



FORTRAN IV G ! .VEL 21 DATE = 783�MAIR

24

92

10
0

30

40

50

55
60

A-2

0023
0024
00 15
0026
0027
Jo?3
00 '9
0030
0031
3032
0033
0034
0035
0036
0037
0038
0039
0 0 l4 0
0041
3342
0043
0044
0045
o o46

0048
C 049
i�50
0051
ooo2
0 063
30o4
0055
0056
0 057
C 058
0059
0060
0061
ooo2
0 Oo3
0064
30o5
0066
ooo7
0068
u Go9
0 070
OO71
0 072
0073
00 I'4
0 075
O 076
0077
0078

CUNT RUE
ARPT { 1 ! =3 ~ >42/4¹DIA   1 !¹¹2
C   I ! = VLL¹ AR PT   I !
DD 1002 NT=1 i 2
C AC T=R QA  NT !
GD TV
O�!= l ~ 0- R! !¹Q�!
CV TD
0  I!=  I ~ 0+CRE !¹J�!
ARPP=3 142/4¹DP IP  I ! ¹¹2
V� >= I�! /ARPP
VH  1 ! =V  I ! 4¹2/  2+GRAV !
VP� >=Q� >/4RPT�!
IF LE='0 ~ 1 ! GD TV 10
C ~   I ! 40 ~ 63
GD TV 20
CD{ 1!=0 ~ 973
D i = C V   I ! ¹   D I A   I ! ¹ ¹ 2 ! /'S E P
QT=C{ I !
8   1 > =   0   1 > /   C! '   I ! ¹ A R! 'T   I ! ! ! ¹ ¹ 2/ {2 ¹ G 8 A V !
X� >=0 ~
i3�!=V�! ¹¹2/�¹GRAV¹E�! !
R  I >=I ~ 0
D 15{ 1!=0 ~ 0
HFT=03 ~ 0
K=M � 1
DV 600 I= I~ K
N=  +I
D 15 N! =SFP¹I
IF  DI 5  iN! ~ GE ~ C4 ! GD TD 55
IF DI 3 N! ~ GE ~ C 3! GV TV 50
IF   DI 5  N> ~ GE ~ C2! GU TU 40
IF OI S N! ~ GE ~ C� GQ TV 30
DIAN=DIA  I !
DIAP=DPIP� >
THETV=THE I  I !
GV TV eo
D I AP=3P IP � !
D I A>{=31 4  2 !
Gd Tii 60
DIAP=JPIP�!
D IAN=V I*  3!
GD TD 60
DIAM=CIA  4!
GV TV 60
D I AM=0 I A  5!
ABPT  N! = 3a 142/4 ~ ¹DI AHI¹¹2
ARPP= 3 ~ 14?/4¹D I AP¹¹2
VH  I > =V  I ! ¹¹2/�¹GRAV !
HF   I > =F¹SEP¹VH { I !/0 IAP
! F T= Hi= T+HF   I !
THETA= THF TD 4 3' 141 59/I 80
DELL=SEP¹ SIN�   THETR !
DCNHD=  SR H3 � RHC ! ¹ RIEL 2/RHD
F.   N ! = E   I ! +HF   ! > +DENH3
1i  L ~ CD ~ I ! CL! TO 7 >



DA TE = 780131V v LEVFL 21 15/46/57MAIN

»QT=' ~ F10 ~ 5

~ //!

D IS  J !»J

FLOW RATF=' i
iFI 0 ~ 7!

A-3

CD N! = 0 ~ 83 � 0»58+ V  I ! 442/{24GRAVWE NI ! !
GO TD 80

70 CD N! =0 ~ 9754    I-VH I !/E N! �40 ~ 375!
80 CONTINUE

O N!= CD  N}4ARPT  N!ASSORT ZWGRAVWE N! !
OT=OT+Q N}
V N!=QT/ARPP
VP N! =Q N!/ARPT NI
8  N! = V { Nl 4'4 2/   24 GRAVURE   N ! !
R h}=CD N!/CD  1 ! +SORT E N!/F   I ! !
DM= CD l! + D14�!++2!/SEP
X  N! =DMWD IS  N I/  D I AP+W2!

600 CONTINUE
ORE=  QACT � OT}W100/Q4CT
OREZ=QRE442
CRE � SORT   QRE2 !/' I 20 ~ 00
Wkl TF� ~ 3 »8! CRE ~ QT. VP  1!

388 FORMAT  lX» »FLOW HATE CORRECTION' i 5X ~ CRE= ~ F10 ~ 5» 5X»
Cr 5X»'PORT VEl.=' ~ F10»5 ~ //!

PE=50 ~ 0
IF QRE2 ~ LE ~ PE! GC TO 90
IF{QHE ~ LT ~ 0 ~ ! GO TO
IF  QR' »GT ~ 0 i ! GO TO 92

90 CONT I NUE
WR I Tr � ~ 400 !

400 FORMAT{ SX ~ 'X  NI ~ bX 'R NI» ~ 7X ~ 'E N!i >7X ~ ~ V N!'
C7X ~ 'APRT N! ' ~ 7X»»Q N!» ~ 7X ~ »VP N! ' »7Xi 'OIS  Nl ' ~ 7X ~ 'N'

DO 900 J= 1 ~ M
WRITE� ~ 800! X  J! ~ H  Jl iF  J!»V  Jl ~ AiRPT  Jl »Q J! ~ VP  J! i

900 CONTINUE
WRI TE� ~ 1000! QACT iQT ~ VEL ~ VP  1 !
WRI TE{ 4» SOI ! { V  J I » J=l ~ M!
WRI TE �» 80! !   0  J I ~ J=1 ~ I»l !
wRITL�»802! DIS  J! ~ J=l ~ M!

801 FORMAT �Fv ~ 4!
802 FORMAT  10fo F 1!

1002 CON!INUE
800 FORMAT  IX 4F10 ~ 5 3X ~ F1 0 ~ 5 ~ 3X ~ 2Fl 0 ~ 5 3X»f 10 ~ 2 4X ~ i�!

1 000 FORMAT{ /// ~ ZX i DES IGN FLOW RATE= ~ Fl 0 ~ 5 ~ vX ~ COMPUTED
CF 1 3 »4 »5 X ~ EST PORT VEL»F ID ~ 7 ~ 5X ~ ACTUAL PORT VEL

STOP
END



APPENDIX B

SAMPLE COMPUTER PROGRAM OUTPUT
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