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1. INTRODUCTION

The lona lsl and Sewage Treatment Pl ant Study Group was formed as a
result of a condition imposed April 3, 1981 by Judge P. Govan in Provincial

Court. The condition was part of a suspended sentence imposed on the

Greater Vancouver Sewerage and Drai nage Di strict on four counts brought by

the Province of British Columbia. The study group was to examine and recom
mend options available for improving the quality and Jocation of the lona
discharge.

As part of the study group's consideration of options, the possibility
that a long sea outfall might be put in place off Sturgeon Banks in the

Strait of Georgia required that an assessment be carried out. While it was

recognized that the development of a detailed design for a deep marine out

fall would be complex, the need was nevertheless apparent for a fundamental
understanding of the basis for a design and of the potential impact on the
environment from such an installation. Any future decision to build such an

outfall should recognize that many assumptions have been made in this
assessment, and that a thorough engineering study of a long sea outfall is
an essential prerequisite.

This report does not deal with possible effects on sediments or biota,

but examines possible outfall configurations and the subsequent attenuation
of effluent constituents in the water column.

The DKHPLM computer model was used to predict initial dilutions for

various diffuser configurations at a depth of 65 metres. Using a design

which achieved a realistic initial dilution in the order of 100:1, secondary

dispersion effects were then manually computed to forecast effluent dilution

at the shore under "worst-casel! conditi ons.

Factors such as pumping requirements, bank stability, and other details
of the diffuser design have not been incorporated into the assessment.

However, the preliminary data generated should serve as a useful guide
towards any final diffuser design.
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2. THE MODEL

The DKHPLM computer model was developed by the U.S. Environmental

Protection Agency (EPA). The program calculates the initial dilution and

describes the zone of initial dilution around a discharge site. An EPA

report which evaluated the model, described it as "reliable and well suited

for evaluating impacts of municipal ocean discharges. lI (l) A recent

paper which evaluated the DKHPLM and five other models indicated that

predicted values had tended to be conservative for two actual field measure

ments(2). No intensive testing of the model has been done to date in

British Columbia.

The model takes into account the fact that wastewater di scharged into

the ocean has buoyancy and momentum. The wastewater forms a plume which

rises and entrains ambient water, causing dilution of the wastewater in the

pl ume. When the buoyancy and momentum reach equal ity with ambi ent condi

tions, the plume ceases to rise. If the plume does not reach the surface it

is said to be trapped.

The DKHPLM model is specifically designed to examine multi port diffuser

discharges to uniform or stratified environments under stagnant or flowing

conditions. The following parameters are input variables into the program.

They are discussed below:

2.1 Discharge Velocity: This variable depends upon the hydraulic

head, the number of ports, and the diameter of the ports. The

di scharge velocity used was determi ned by cal cul ati ng the rate of

discharge through one port for a given situation and dividing by

the area of the port. Although hydraulically this velocity is not

strictly correct, it is sufficiently accurate for the purpose of

this assessment.

Figure 1 illustrates how higher discharge velocities associated

with fewer ports for wet weather flows reduce the initial dilution

.- ratio. Thus, the discharge velocity is important in determining

trapping height and initial dilution ratios.
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....;.C..;;.u;,..;rr.....;e;.;.;n....;.t~V..;;.e.;..lo;,..;c;...;.i....;.ty,,-: The faster the current velocity, the greater

will be the initial dilution ratio and the lower the trapping

height. This is evident when comparing curves for currents of

0.01 mjs and 0.0795 mjs in Figure 1.

This factor is significant in determining trapping height and

initial dilution ratios.

2.3 Number of Ports: This is one factor in determining discharge

velocity (See (2.1) above) and is therefore of similar importance.

2.4 Wastewater Temperature: The warmer the wastewater compared to the

ambient temperature, the greater the initial dilution ratio tends

to be. This is illustrated in Figure 2a.

This factor is of minor significance for the range of data

applied.

2.5 Wastewater Salinity: A lower effluent salinity causes a slight

increase in the initial dilution ratio for a fixed ambient

salinity. This is illustrated in Figure 2b.

2.6 Ambient Salinity: The lower the ambient salinity, the lower the

initial dilution ratio for a fixed wastewater salinity (Figure

2c) • The effect on di 1ut ion is a change in di 1ut i on rat i 0 of

approximately 5:1 for every 1 ppt change in salinity. The ambient

salinity at a depth of 65 metres would not be expected to vary

si gnifi cantly.

2.7 Ambient Temperature: The lower the ambient temperature compared

to the wastewater temperature, the greater will be the initial

dilution ratio (Figure 2d). However, the effect on dilution is

minimal. This is consistent with (2.4) above.
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2.8 Temperature Gradient: The larger the increase in ambient temper

ature per metre of depth above the outfall, the lower will be the
trapping height and the initial dilution. Decreasing temperatur~

gradients on the other hand increase the initial dilution (Figure

2e) •

This factor can be significant in determining dilution ratios.

2.9 Salinity Gradient: The larger the decrease in ambient salinity

per metre of rise above the outfall, the lower will be the initial

dilution ratio and the trapping height (see Figure 2f).

This is a significant factor in the determination of initial dilu

tion ratios.

2.10 Port Diameter: The smaller the port diameter, the larger the exit

velocity (see 2.1 above). Figure 3 illustrates the effect of port

diameter on the initial dilution ratios. Although it may be a

critical consideration for hydraulic design, port diameter in the

range from 0.1016 to 0.2032 metres (4 to 8 inches) has little

effect on initial dilutions.

2.11 Port Spacing: The greater the spacing of ports, the greater is

the amount of water available for dilution, hence the greater the

dilution ratio. This is illustrated in Figure 1.

Port spacing is a significant factor in determining initial dilu

tion ratios.

2.12 Angle of Port from Horizontal: This angle was varied from 0° to
90°. With the angle set at 0°, a lower level of trapping and a

higher dil ution ratio is obtained than at the 90° setting. The
difference in dilution ratio is about 2 percent, and is therefore
not significant (see Figure 2g).
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2.13 Angl e of Current to Pl ume: The EPA recommends that thi s angl e
range from 70° to 110°. Wi thi n thi s range the program makes no
distinction but computes an effect equivalent to a common angle of
90°.

Although this factor is not considered significant within the·
recommended range, the initial dilution ratio is affected apprec
iably beyond the range of ±45° since a stagnant environment is
then assumed. This situation produces considerably less dilution.
These relationships are presented more fully in Section 4.4 and

4.5.
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3. DATA BASE EXAMINED

3.1 AMBIENT CONDITIONS

Data on ambient conditions near the proposed location for the outfall

had been collected by Tabata (3) Tabata and Strickland (4) and

Tabata et !!.(5) in the late 1960's. Temperature and current data were

coll ected between April 16, 1969 and July 28, 1970 at a depth of 50 metres

at stati on H-26 located off Sturgeon Bank. Cumul ative percent frequency

graphs for over 58 000 individual measurements of each of these parameters

are included in Figures 4 and 5. Station H-26 was located 5.8 kilometres

southwest of the Iona I sl and jetty and approximately 2.9 kilometres south

west of the assumed outfall location as shown in Figure 6.

To calculate salinity and temperature gradients, data were needed at

different depths from the surface to the outfall depth. Sal i nity and

temperature measurements were made at several depths at a nearby station, H

23N (Figure 6) between March 13 and March 15, 1968. Only 42 measurements

were made at each depth. Gradients were cal cul ated between the 50 and 10

metre depths, 50 and 20 metre depths, 50 and 30 metre depths, and 50 and 40

metre depths. Gradients were not calculated between the 50 metre depth and

the surface, since the Fraser River severely influences data for the top 10

metres. Station H-23N was located approximately 7.2 kilometres southwest of

the Iona Island jetty and 3.3 kilometres southwest of the assumed outfall

location (see Figure 6). The gradient distributions are presented in

Figures 7a and 7b for salinity and temperature respectively. Although data

were not available between 50 metres and the assumed diffuser depth of 65

metres, fairly stable ambient conditions could be expected in this zone so

that any deviations produced by this information gap should be tolerable.

3.2 EFFLUENT CONDITIONS

The Greater Vancouver Sewerage and Drainage District (GVS &DO) monitors

i nfl uent and effl uent qual i ty at its sewage treatment pl ants on a regul ar
basis. A summary of effluent quality is included in Table 2. Analyses
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carried out on a monthly basis include metals, phosphorus, nitrogen, phen

olics, sulphur compounds, oil and grease, M.B.A.S., cyanide, and TLM96 •

More frequent analyses are performed for: B005 , once every 3 days;

suspended solids, daily; and pH, dissolved oxygen, chlorine residual, and

fecal coliform, two out of three days. The frequency of analysis depends

upon the need for such analyses as well as limitations associated with any

particular analysis.
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4. DISCUSSION OF DIFFUSER DESIGN

An initial dilution ratio in the order of 100:1 was selected for design

of the diffuser as it is a value recommended in several literature reviews.

It is known that slicks will occur with initial dilution ratios below about

100:1(6). The fundamental design target of 100:1 for initial dilution

and the use of two outfall pipes [2.03 metre (80 inch) diameter] formed the

basis for the computer design of the diffuser. Possible design options were

examined for both "worst-case" and "average" conditions, with the former

being applied in making a final selection. Although a "wors t-case" situa

tion would normally be very unlikely to occur (see Section 4.1), an initial

ratio of about 100:1 would be beneficial for circumstances when optimum

conditions did not prevail at the outfall. Such circumstances would include

current directions relative to the diffuser which cause a lowering of the

initial dilution ratio, upsets within the trea'tment plant which altered

wastewater quality, and flow rate increases due to rainfall or to greater

user loads. In addition a general safety factor for other circumstances not

specifically noted is required.

4.1 "WORST-CASE" SITUATION

The ul timate "worst-case" conditions occur under a wet weather fl ow of

17.7 m3/s (625 cfs). This produces the greatest flow through each port,

and yields the lowest initial dilution ratio. Although such flows can occur

at any time due to the fact that combi ned sewers serve most of the Iona

Island sewerage area, flows of this magnitude are more likely to occur in

the winter. For this reason, a representative sewage temperature of 12°C

was chosen for the effluent, a temperature which is expected during winter

and which would produce a lower initial dilution than would a higher

temperature.

An ambient temperature of 7.95°C was chosen for the ocean. This was

the 5th percentile temperature between March 25 and April 27,1970. Figure

5 indicates that this value could occur from January to April and is there
fore consistent with winter conditions. An ambient salinity of 29 parts per
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thousand (ppt) was chosen for a discharge depth of 65 metres, based upon

extrapolation of the linear salinity gradient from 50 to 40 metre depths

to yield a salinity for the 65 metre depth. The angle of discharge from the

horizontal and the discharge angle relative to the current were each assumed

to be 90°. A 5th percentile low current velocity of 0.01 m/s was also used

to reflect the IIworst-casell conditions.

Since data were available to define both temperature and salinity grad

ients on a linear basis between the 50 metre depth and several lesser

depths, an iterati ve process had to be undertaken so that the gradi ents

chosen were applicable at the approximate depth at which trapping of the

plume would occur. The range of salinity and temperature gradients used are

indicated in Figure 7(a) and 7(b). This iterative process yielded a

salinity gradient of -0.024 ppt/m, and a temperature gradient of 0.024°C/m

for the IIworst-casell situation. Trapping heights ranged from 35 metres to

40 metres below the water surface, depending upon port diameter and spacing.

Temperature g~adients of 0.024°C/m have been recorded during months when the

ambient temperature was 7.95°C. Similarly, a salinity gradient of -0.024

ppt/m could occur at the same times.

Initial dilution ratios and trapping heights were calculated from the

model for 180, 360, and 455 ports using 0.1016 metre (4 inch) diameter

ports. Ports up to 0.2032 metre (8 inch) in diameter did not significantly

alter the initial dilutions obtained. The use of 360 or 455 ports is in

line with the number of ports used at existing long sea outfalls. The dis

charge rate in dry weather would be 0.013 m3/s/port for 360 ports,

increasing to 0.049 m3/s/port under wet weather flow rates. The Clover

Point outfall, off Victoria, is designed for a peak discharge of 0.017

m3/s/port in 1981 and 0.039 m3/s/port, ultimately(9). This there

fore suggests that as many as 455 ports coul d be considered for the lona

Island outfall to obtain the same discharge rate per port as provided at

Clover Point.

To obtain an initial dilution ratio of 100:1, the model indicated that

a spacing of 3.75 metres is required for 180 ports, a s~acing of 2.5 metres



10

is required with 360 ports, and a spacing of 2.0 metres with 455 ports. The

case of 360 ports at a 3 metre spacing was chosen, which yields an initial

dilution ratio of about 110:1 and a trapping height of 33 metres above the

ports. Comparable trapping heights were obtained for each of three cases

where di fferent numbers of ports were used (see Fi gure 1 ). The use of 180

ports would require 0.2032 metre diameter ports to avoid excessive velo

cities at high flows. However the area of ports to area of pipe factor for

this case would be 0.90, which is outside the usual 0.33 to 0.67

range(7). The use of 360 ports gave excellent correlation of design

factors with values in Table 3 for the existing Honolulu (Sand Island) out

fall. Data in Table 3 indicate that ranges exi st in design factors for

actual operating outfall s, therefore all owi ng other di ffuser designs to be

chosen which would also take further engineering considerations into

account. This is illustrated for the case of 455 ports which would have a

diffuser section of approximately the same length as for 360 ports and a

100:1 dilution, but which would produce different, yet valid, discharge rate

per unit length (Q/L) and area of port to area of pipe factors (see Table

3) •

It should be noted that a 100:1 initial dilution ratio will not be

available when the angle of the current to the diffuser section is not

within 45° of perpendicular. However, with proper alignment of the

.diffuser section, the occurrence of this type of situation can be mini

mi zed.

As well, information incl uded in Al urn et ~. indicates that under

certain situations, DKHPLM initial dil ution ratios were between 50 and 90

percent of those actually measured in the fiel d. Trapping heights were

always found to be conservative, and were between 30 and 35 percent of those

measured in the field(2).

4.2 AVERAGE SITUATION

Figure 1 indicates improved initial dilution ratios over "wors t-case"
when a mean fiftieth percentile (the mean of several fiftieth percentiles)
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current of 0.0795 m/s was used for both wet and dry weather flows. For the

case of 360 ports of 0.1016 metre diameter 3 metres apart, the initial dilu

tion ratio of 109:1 at low current speed (0.01 m/s) and wet weather

increases to 180:1 wi th low current speed and average dry weather fl ow con

di ti ons, and to 340:1 wi th average currents under average dry weather fl ow

conditions. Trapping occurs at about the 20 and 10 metre heights above the

diffuser, respectively.

Figure 3 presents information obtained for 360-0.1016 m, 0.1524 m, and

0.2032 m di ameter ports when the average recorded flow of 5.7 m3/ s (200

cfs) is used, and all other "worst-case" conditions are maintained. In such

a situation, the initial dilution ratio is increased from 109:1 to 165:1,

and the trappi ng hei ght above the di ffuser is decreased from 33 metres to 23

metres compared to the case of wet weather flow (625 cfs) through 360-0.1016 m

ports.

4.3 CURRENT DIRECTIONS

The current direction is of interest in attempting to predict the final

location of the trapped or surfaced effl uent. Long term records were only

available for station H-26 (Figure 6) at a depth of 50 metres. These data

were taken from Tabata and Strickland(4), and are summarized in Figure

8.

It is not known what effect extrapolation of these data between depths

will have on their application, nor the effect of extrapolation between

station H-26 and the assumed outfall location, some 2.9 kilometres further

east.

4.4 DIFFUSER ORIENTATION

The DKHPLM computer model assumes that currents will be perpendicul ar

to the diffuser section, or within a range of 20° on either side of the

perpendicular direction (see Section 2.13). However, for currents below a

relative angle of 45°, predictions can be made on the basis of stagnant

environmental conditions(l).
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Obvi ous1y, not all currents wi 11 be withi n the range prescri bed by the

DKHPLM model, however the diffuser can be oriented to capture the majority

of currents within the 90° ± 20° range, or in the extreme, within the 90° ±

45° range.

Over 58 000 current di recti ons and speeds were measured by Tabata and

Strickland for the 50 metre depth at station H-26 between April 16, 1969 and

July 28,1970(4). Data were not collected between January 23,1970 and

February 19, 1970. The direction histograms plotted by Tabata and

Strick1and(4) were put on one common scale, added graphically, and

plotted as Figure 8. The data indicate that approximately 55 percent of

currents flow in a true north/south direction ± 20°, while over 75 percent

of currents flow in a true north/ south direction ± 40°. It is obvious from

Fi gu re 8 that any di rect i on vector other than the true north/south vector

wou1 d capture fewer data poi nts. Thi sill ustrates that for di rect app1 i ca

tion of the data obtained from the model, the diffuser should be oriented in

a true east-west direction.

Therefore, in order that as many currents as possible flow perpendi

cular to the diffuser, a true east/west alignment of the diffuser sections

may be preferable. However, the concept of a lIy" type diffuser may be valid

when secondary dispersion effects are taken into account. This concept will

not be evaluated in detail here, since other factors such as bottom stab

ility would ultimately determine any diffuser alignment, and the diffuser

section would then have to be designed accordingly.

For flows outside the range of ±45° from true north/south, stagnant

conditions apply. These east/west currents will be considered in ca1cu1 a

tions of secondary dispersion and dilution in Section 4.5.

Ca1cu1 at ions have assumed that two pi pes wi 11 transport the sewage to

two diffuser secti ons. To achi eve proper spaci ng between the two diffusers

so that adequate di 1ut i on occurs, the wi dth of the eff1 uent p1 ume under

IIworst-casell conditi ons was consi dered. Thi s width, whi ch is approximately

135 metres at the highest point of rise, is the distance which should exist
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between the two diffusers. This spacing has also been used in calculations

for secondary dispersion.

If two parallel diffusers were laid 135 metres apart in a true east

west alignment, it is conceivable that north/south currents could cause the

plume from one diffuser section to overlap the plume from the other section.

The calculated initial dilution ratios would not likely be greatly affected

since the initial dilution ratios have been calculated for the centreline of

the plume and only the outer edges of the plume, at initial dilution ratios

higher than calculated for the centreline of the plume, would overlap. The

DKHPLM model takes into account the infl uence of adjacent ports on val ues

determined for any individual port. Therefore any overlap effects of the

separate plumes, should they develop, would likely only slightly reduce the

initial dilution ratio.

As an example, the effect on initial dilution ratio of overlapping

edges of the pl urnes mi ght be vi sua1i zed as a case where the effective port

spacing is reduced. Since the actual initial dilution would be less than

the initial dilution at a 3 metre spacing, the effect of overlap might

approximate the average of this initial dil ution and that obtained with a

doubled flow/ port/metre ratio. The use of this latter reduced port spacing

but with the same port exit velocity approximates a case where all the

sewage is discharged from only one diffuser. Initial dil ution ratios of

109:1 and 82:1 were obtained for 3 metre and 1.5 metre spacings respec

tively, with an exit velocity of 17.7 m3/s. This procedure of averaging

yields an average initial dilution ratio of 96:1, very close to the desired

100:1 dilution.

A 50th percentile current of 0.08 m/s decreases the field width from

135 metres to 30 metres, while a 95th percentile high current of 0.20 m/s

reduces the field width to 21 metres. In these cases, the field from one

diffuser would be minimally increased in terms of dilution prior to coming

into contact with the field from the second diffuser, and the aforementioned

example would not have to be considered. The data for a specific mass

bal ance cal cul ati on however were not developed and the exact infl uence of

overlapping plumes was not therefore defined.
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4.5 SECONDARY DISPERSION AND DILUTION

The discharged effluent is subject to further dispersion and dilution

after initial mixing. The.se processes are of importance in determining

whether an effluent will be detrimental to a particular area such as a

bathing beach. The sewage field moves with the prevailing currents,

entraining seawater in the outer edges of the plume. Fischer et ~.(7)

cited the \'K)rk of Brooks, as do many other authors, to predi ct the subse

quent dilution. Dilution due to dispersion is calculated from:

D =
2

erf 1.5

(1 + 2/3 8 ~) 3 

b

1

2

-1

CGS units

where: D2 = dilution due to dispersion

b = width of field

x = distance from diffuser

a = 12 e:O

Vb

V = current speed

e:O = 0.01 (b)4/3

erf = standard error function

Similarly, the width of the field (Z) at any point can be calculated

from:

Z = b (1 + 1 a ~ )1.5
3 b
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4.5.1 CURRENTS PARALLEL TO THE DIFFUSER AND WITHIN A ±40 0 RANGE

If two diffuser sections are laid in the true east/west direction,

separated by 135 metres, the dimensi on "b" wi 11 differ for two vari ati ons of

the "worst-case".

VARIATION 1: In this situation, currents flow in a direction parallel to

the diffuser sections. In such a case, the effective width of

the field is the distance between the diffuser plus an addi

tional half field width on each side of either diffuser, or

in the study situation, a distance of 270 metres.

0.1010 metre in diameter and at a

of field becomes:

VARIATION 2:

The former is essentially the case of

the direct transport of the plume to

Iona Beach. For the case of 180 ports,

3 metre spacing, the longitudinal length

For all currents within about 40 0 from the diffuser line,

except. for sltuations governed by variation 1, the effective

width of the field is ·calculated as the

perpendi cul ar di stance (PD) between two

parallel current lines which touch the

ext reme outer edges of the fi e1d. The

length of the field (d) is calculated by

addi ng the half wi dth of the establ i shed

field to each of the diffuser sections

in addition to addi ng the 1ength of the

diffuser section itself. When the

current angle is parallel to the

diffuser sections, the distance PD

becomes 270 m, as in variation 1./
/

/

//'"~ Parallel Current
/ <?() Lines

// d ~/
//E

/ ~
C\J
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d = (n - 1) s + 2 b/2
where: d = 1ength of field

n = number of ports in each section
s = spacing of ports

b/2 = half width of field
The length, d becomes 672 metres for all currents within about 40° from the
diffuser.

With relation to the above diagram, further relevant calculations are:
Hyp2 = 2702 + 6722

:. Hyp = 724 m

sin a = 270 = 0.37
724

:. a = 21.85°
If 40° is an extreme case:

PO = Hyp (sin a + 40°)
PO = 638 m

Table 1 provides data for both variation 1 and variation 2, while the
results have been plotted in Figure 9 for the situation where the 95 percen
tile high current (independent of actual duration) was used as the prevail
ing current. This current was used since cumulative percent frequencies
could be readily calculated. For one period of record (January 9 to January
23, 1970) where direction and magnitude data were manually sorted, the 95th
percentile which has been used, overestimated the magnitude of the actual
95th percentile by about 50 percent. However, this would provide an addi
tional margin of safety since the travel times to areas of concern would be
less than predicted by the calculations.

The computer model requires that for currents outside the range of ±40°
from the perpendicular direction to the diffuser, stagnant conditions be
appl ied. These conditions were appl ied for both variation 1 and variation
2.
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The initial dilution factor for stagnant conditions was 82:1 for the

"worst-case" situation where 360 ports, 0.1016 metre in di ameter, were

spaced at 3 metres. To obtain an initial dilution ratio of 100:1 under

these conditions, a port spacing of 4.5 metres would be required. This

dilution increased three to six times under additional "worst-case" condi

tions of a 95th percentile high current velocity causing secondary disper

sion.

4.5.2 CURRENTS PERPENDICULAR TO THE DIFFUSER AND WITHIN A ±40° RANGE

The secondary dispersion and dilution associated with the predominant

north/south currents are indicated in Figure 9, and are represented as vari

ation 3 and variation 4 in Table 1. Secondary dilution effects raise the

total dilution off Wreck Beach to approximately 375:1, and near the entry to

Burrard Inlet and English Bay to 490:1. These dilutions would increase with

decreased current velocities, or increased initial dilution ratios.

4.6 EFFECTS ON LOCAL BEACHES

It is not anticipated that under "worst-case" and high current condi

tions, contaminants contained in the sewage column would be detected at

beach areas, except possibly for coliforms. For example, a total dilution

of 219:1 would reduce the maximum effluent BOD5 from 190 mg/L to 0.9 mg/L

and total iron, the most concent rated heavy meta1, from 1.4 mg/L to 0.006

mg/L, assuming dilution with uncontaminated water. However, of primary

concern for contact recreation must be the bacteriological quality at the

nearest beach to the outfall.

The closest beach to the outfall lies along the North Arm jetty of Iona

Island. It is estimated that the shortest time of travel from the proposed

outfall to the beach would be 7.6 hours (0.32 days). The bacteriological

quality of the plume reaching the beach would be affected by initial"dilu

tion, secondary dilution, bacteriological "die-off" during the time of

travel to the beach, as well as the initial bacteriological quality.
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The effluent from the lona STP has traditionally been chlorinated from

May through September. The data in Table 2 indicate that the 90th percen

tile fecal coliform value recorded during the May to September period was

1030 MPN/100mL. The T90 values (time to obtain 90% die off) tend to

increase at more northern latitudes since solar radiation is less intense

and more variable. CH2M Hill Canada Ltd.(9), in their evaluation of

the Clove r Poi nt Out fa 11, i ndi cated that fo r an Eng 1ish out fa 11 located at

51°N latitude, the T90 ranged from a 10th percentile value of 1.1 hours

to a 90th percentile value of 7.5 hours (median 3.1 hours). These values

are assumed to be representative during the daytime of conditions at the

proposed lona outfall which would be located at approximately 50 0 N

latitude.

Dilution due to bacteriological die-off (D3)is found from:
2.3 x.
T90 (Vx)

03 = e

where: x = distance

Vx = velocity over distance

For lona Beach, this becomes:

(2.,3)(6365 m)

o = e(7.5)(720 m/hr)

3 = 15

2.7110185= e

Therefore, the residual bacteriological effect on lona Beach due to the

disinfected effluent during daylight would be an increase in fecal coliform

of:

. , , 10,30. , . MPN = <1 MPN/I00 mL.

(219:1)(15:1)
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TO is in hours

. 0 is temperature in °C.

of 7.95°C, the value for To is

"Sedimentation plays an important role in the process of die-away",

according to B. Sterregaard(11}. As well, the effect of darkness on

bacteriological die-off must be considered. Gameson and Gould(l2}

noted that the T90 value during darkness(TO} decreased with

increasing temperature, and that the applicable regression equation was:

log TO = 2.292 - 0.0295 0

where:

When seawater has an ambi ent temperature

114 hours.

These same authors al so noted that there is "no di e-off duri ng the

first three hours after dawn, but a rapid die-off thereafter"(12}.

They slbTImarize their findings by stating that "In situ studies, although

showing that mortality rates are ITUch higher during the day than at night,

have failed to demonstrate a consistent quantitative relation between

mortality rate and incident solar radiation"(12}.

During darkness the value for 03 would be only 1.2. The fecal

col iform at Iona Beach woul d increase from <1 MPN/100 mL to 4 MPN/100 mL.

This value would become 5 MPN/lOO mL with no "die-off" assumed.

It was found in 1980 that the 90th percentile fecal coliform concen

tration in the effl uent was 7 700 000 MPN/IOO mL when the effl uent was not

disinfected. This effluent quality would increase the count during daylight

at Iona Beach by about 2400 MPN/100 mL. Ouri ng peri ods of darkness, the

count would increase by about 30 000 MPN/lOO mL. This value would rise to

35 000 MPN/100 mL with no "die-off" assumed. These figures indicate that

disinfection of the effluent should continue during the summer months in

order to mi nimi ze impact on bathi ng beaches. It is recogni zed however that

the approach used in this determination is conservative. No account was

taken of such environmental factors as sedimentation, chelation, osmotic
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pressure differential, pH, salinity, nutrient levels, protozoa grazing, etc.

and the calculations have assumed a prolonged current vector transporting

bacteria directly to the beach. As well, the analysis has utilized an

uncommon situation where initial dilutions were established based upon a 5

percentile low currrent, while secondary dilution effects were then based

upon this initial dilution and a 5 percentile high current.

This is essentially the case for which the 135 metre diffuser separa

t i on was recommended, si nee the most di rect transport of the pl ume to any

sensitive shoreline would be parallel to the diffuser orientation, onto Iona

Beach.

4.7 PROBABILITY OF OCCURRENCE

liThe probabi 1ity of a simul taneous occurrence of a number of i ndepen

dent events is the product of the separate probabilitiesll(IO). This

rule was used in the following ·section to determine the probabil ity of a

II worst case ll situation occurring.

The IIworst-casell situation for the calculation of the initial dilution

ratio used the three significant factors of temperature gradient, salinity

gradient, and current velocity. The values chosen for these factors were

based upon percentile values and cumulative percentiles, each at the 5

percent level. The probability of occurrence of wet weather flows of

17.7 m3/s was about one day in 365 during 1981. The probability of simul

taneous occurrence of all of these is:

Pid = (0.05)(0.05)(0.05)(0.0027)

= 0.0000003

Thus theprobabil ity of all of these conditions occurring simultaneously

would be less than 0.00005%, representing an occurrence of once every 2

million days.
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Calculated secondary dispersion effects have the same inherent cumula
tive probability as the case of initial dilution ratios. As well, secondary
dispersion requires that persistent currents occur over several hours in one
direction at abnormally high speeds. The 5 percentile cumulative velocity
was used for these calculations, requlrlng that the probability of
simultaneous occurrence calculated for the initial dilution be modified so
that:

PSD = (Pid )(O.05)
= 0.000000015

This calculated statistical occurrence is representative of the event occur
ring once every 40 million days.

When maximum effluent concentrations are taken

further probabil ity factor of 0.01 must be considered.
then be used to further modify the PSD value.

into account, the

Thi s figure woul d

The entire analysis has shown that the IIworst-casell conditions for
secondary dispersion and initial dilution are unlikely to occur simulta
neously. However, since bacteriological quality was shown to be severely
degraded in the earlier analysis, without effluent disinfection, there is
decidedly a need for a major safety factor for beach protection. The degree

of conservatism inherent in this approach could conceivably relieve the need
for summer-time disinfection, depending upon the order of lIacceptable risk ll

applied.

4.8 DES1~N. CHECKS

4.8.1 MINIMUM VELOCITY CHECK (PIPE)

MINIMUM VELOCITY IN PIPE: must be maintained > 0.3 mjs to prevent
deposition of sewage solids.
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At ADWF: each 2.032 m pipe carries 2.31 m3js

each pipe (flowing full) has area of:
~ (1.016 m)2 = 3.24 m2

Velocity = 2.31 = 0.71 mjs

3.24

At minimum recorded flow since 1975 (160 000 m3jd):

Velocity in each pipe = (80 000 m3jd) = 0.29 mjs

(24)(3600)(3.24m2)

4.8.2 COMPARISON WITH OTHER EXISTING OUTFALLS

Campa ri sons between the lana des i gn and other long sea outfa 11 sin

Table 3 highlight the following:

(1) The 1ength of diffuser proposed is almost identi cal to that in
Honolulu (Sand Island) for the same design average flow.

(2) Port di ameters proposed at Iona Isl and have not been cal cul ated
precisely taking into account pressure differentials etc., but are
in the same range as those in Honolulu (Sand Island).

(3) Port spacing proposed at Iona Island is closer than used at Hono

lulu (Sand Island).

(4) Discharge velocity for average flows \'«>uld be less than at all
other outfalls.

(5) The discharge per unit length ratio proposed for lana Island is
nearly identical to the Honolulu (Sand Island) outfall.

(6) The port to pipe area factor is nearly identical to factors for
three other outfalls. (City of Los Angeles at Hyperion, sanita-
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tion Districts of Orange County, Calif., and Honolulu, sand

Island.)

(7) It was also noted that the. most favourable comparisons were
obtained with the more modern outfalls, and with Honolulu in

particular.
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5. REVIEW OF OTHER DIFFUSER OPTIONS

As part of the study, an assessment was made of a di scharge through a

shorter outfall to an intennediate water depth. For this purpose, a

diffuser location towards the edge of the tidal platfonn of the Bank in

about 9 metres of water was considered.

5.1 TECHNICAL FEASIBILITY

The main design factors affecting the feasibility of an outfall on the

Bank are identified in Chapters 2 and 3.

In brief, a total length of 6 797 metres of outfall, inclusive of twin

diffuser sections each 548 metres long, would be required to relocate the

discharge from the present location to intennediate water depths. Depending

on the selected orientation, the diffusers would discharge to a maximum of

10 metres of water or to a range of depths varyi ng from 3 to 10 metres. The

Iona jetty would provide a convenient foundation for the works to a distance

of 4 725 metres from shore.

The tidal flat~ are relatively smooth with an average slope in the

order of 0.1% and characteri zed by sand-si ze sediments. Surface currents,

which might be expected to exert a major control in the dispersion of the

effluent plume, are commonly in the range of 0.2 to 0.5 metres per second.

Water movement south of the jetty is generally seawa rd on ebb tides and

landward in flood tides, with disruptions. in this overall pattern occurring

randomly as a result of local and seasonal influences. Low wind speeds can

significantly affect surface layer conditions. In calm weather, a thin

brackish layer of surface water can persist in the shallows, south of the

Iona jetty.

As indicated previously, there is little indication from the present

geo1ogi c and oceanographi c data that any si gnifi cant impediment exi sts to

the construction of a shallow outfall across the Bank. As far as
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hydraulic equalization and pipeline construction are concerned, there are

definite advantages over deep-sea design. There are, however, concerns that

exaggerated sand-bed movement over the fl ats woul d compl i cate pi pe beddi ng

and pipeline stability in general. This effect would be expected to be most

pronounced at the shoulder of the foreshore drop-off. As a secondary conse

quence of a shifting sand bed, maintenance of the discharge ports may need

to be more frequent to ensure unobstructed, uniform effluent flow and

distribution.

5.2 PRELIMINARY DIFFUSER DESIGN

As in the deep-sea diffuser concept, the DKHPLM computer model was

utilized for the intermediate depth diffuser. Because of the possible

variations in diffuser alignment, two distinct analyses were undertaken for

the prediction of "worst-case" conditions. For one situation the diffuser

was assumed to lie in a north-south alignment, uniformly submerged in

approximately 10 metres of water. The second case related to an east-west

diffuser at an average depth of about 7 metres.

For both cases new sal i nity and temperature gradi ents were developed

using data from station H-23N (Figure 6).

5.2.1 INITIAL DILUTION

At the 10 metre depth, the mean ambient temperature was 7.49°C (n=42)

and the mean salinity was 27.33 ppt (n=42). Linear gradients for each of

these parameters, at the 95th percentile limit, were -0.0128°Cjm and -1.43

pptjm, respectively. Although surface currents are commonly faster than

those at depth, a velocity of 0.01 metres per second was used, as in the

earl ier deep-sea analysis, to enable comparison and accentuate the "worst

case". Using twin diffusers at a depth of 10 metres, with identical con

figuration as with the deep-sea outfall but in the north-south alignment~ an

initial dilution of 27:1 was predicted with trapping of the plume occurring

about 4 metres below the surface. Increasing port spacings from 3 metres to

9 metres increased the initial dilution to only 31:1.
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Modifying the design to accord with available measurements for an

average 7 metre diffuser submergence in an east-west al ignment, a "worst
case" condition was simulated by assuming complete mixing of the plume with
the receiving seawater over at least a portion of the discharge zone. This

resulted on the use of a mean salinity value of 22.23 ppt and an ambient
temperature of 6.72°C throughout the 7 metre depth of water. Zero salinity
and temperature gradients were assumed. On this basis, an initial dilution
of 40:1 was demonstrated with the plume reaching the surface. It should be
noted that these values were calculated using an ambient current velocity
increased from 0.01 mjs to 0.02 mjs. This procedural modification was

required to overcome precision errors which caused rounding off of values to

zero, features inherent in the computer model for this situation.

5.2.2 SECONDARY DISPERSION

A "worst-case", hi gh current velocity was extrapol ated from survey
information to provide an appropriate surface velocity of- 0.4 metres per

second. This current speed was applied in both cases of intermediate
diffuser depths. The differences in secondary dilutions resulted essenti

ally from the variation in the initial plume dilutions at each location and

the di stance from the sel ected 1andmarks. The secondary di 1ut ions deri ved

are shown below, together with the associated travel time, and the compara
tive results from the deep-sea outfall computations.

--
Diffuser at 10 Diffuser at 7 metres Diffuser at

metres, North-South average, East-West 65 metres depth
Location

Dilution Travel Time Dilution Travel Time Dilution Travel Time

Iona Beach 45:1 3.6 hrs. 60:1 3.4 hrs. 220:1 9.0 hrs.
Sea Island 75:1 4.6 hrs. 106:1 4.3 hrs. 475:1 9.5 hrs.
Wreck Beach 50:1 5.3 hrs. 76:1 5.3 hrs. 370:1 11.0 hrs.
Burrard Inlet 65:1 7.0 hrs. 94:1 7.0 hrs. 490:1 14.0 hrs.
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5.3 DISCUSSION

As discussed in Section 4.7, the dilution ratios presented above have a

low probability of occurrence, primarily due to the prolonged current

vectors used. The ratios therefore may be conservative in absolute terms

but are nevertheless valuable for comparison.

The purpose of examlnlng the diffuser under the two sets of conditions

is to assess the varying conditions which exist in the shallow waters. One

can expect a stratified environment to be better maintained at the deeper,

10 metre depth, resulting in the plume being trapped below the surface, but

with less initial dilution. However, the mixing action of internal waves

and the natural oscillation of the density gradients themselves are likely

at times to create non-stratified conditions causing the pl ume to surface,

as demonstrated in the east-west diffuser design. Average conditions there

fore, for either diffuser orientation might be reasonably represented by a

combination of the two cases, depending on the controlling environmental

factors present. There is no significant distinction in potential effects

between the two diffuser orientations in the shallow waters over Sturgeon

Bank.
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6. RECOMMENDATIONS

1. An initial dilution ratio of 100:1 under most conditions should form

the design target to obtain adequate dilution and dispersion of

effluent.

2. To obtain an initial dilution of 100:1 under most conditions, the

design will probably need 360 ports of 0.1016 metre (4 inch) diameter

(or equivalent port area) at a spacing of 3 metres with a diffuser

alignment in a true east-west direction.

3. The concept of a "y" diffuser shoul d be considered when factors of

secondary dispersion effects and bank stability are taken into account.

4. The need for summertime effl uent di s infect ion shoul d depend upon the

degree of "acceptable risk" associated with bacteriological contamina

tion of beach areas. A continuation of the present disinfection prac

tice will provide a major safety factor under most conditions and a

sufficient safety factor under "worst-case" conditions, for the protec

tion of beaches closest to the outfall.

5. A thorough engineering study and environmental impact study of any long

sea outfall considered must be undertaken prior to a final decision

being made on construction.
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7.0 SUMMARY

A prel iminary assessment was carried out in order to gain some under

standing of factors influencing a design of a long sea outfall and the

potential' impact on the environment from such an installation. The DKHPLM

computer model was used to predict initial dilutions for various diffuser

configurations while secondary dispersion effects were' computed manually.

It is believed that the DKHPLM model will provide predicted dilutions and

trapping heights which are conservative, relative to those actually measured

under field conditions.

It was determined that initial dilution ratios were strongly influenced

by discharge velocity, current velocity, ambient temperature and salinity

gradients, port diameter, and port spacing.

Over 58 000 measurements which had been taken within about three

kilometres (two miles) from the assumed location of the outfall at a depth

of 50 metres were used to estimate ambient temperatures, ambient currents,

and ambient current di recti ons • Forty-two measurements which had been

obta i ned at fi ve depths down to 50 met res at a second stat ion in the same

general vicinity were used to estimate linear salinity and temperature

gradi ents. A data summary for the lona STP effl uent qual ity was used. It

included values which had been determined daily, monthly, once in every

three days, or twi ce in every three days, dependi ng upon the need for and

limitations of the particular analysis.

An initial dilution ratio of about 100:1 for most conditions was used

as the basis for diffuser design. As well, it was assumed that the sewage

would be transported through two pipes, -2.03 metre (80 inch) diameter, in a

strai ght east-west 1i ne extendi ng from the present lona Isl and jetty to an

average depth of 65 metres. A IIworst-casell situation was defined as sewage

with a temperature of 12°C and salinity of 0.3 ppt, being discharged at a

flow of 17.7 m3/s into seawater with a low current speed of 0.01 mis, at a
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temperature of 7.95°C, a salinity of 29 ppt, and having associated tempera

ture and salinity gradients of 0.024°C/m and -0.024 ppt/m respectively.

Using this "worst-case" it was determined that a 100:1 dilution could be

attained using 360 ports, -0.1016 metre (4 inch) diameter, at a 3 metre

spacing, or 455 ports, -0.1016 metre (4 inch) diameter, at a 2 metre

spacing. The plume was trapped 33 metres above the ports. The former

spacing was recommended since it gave excellent correlation with an

operating outfall •.

Initial dilution ratios were dramatically improved if effluent flow

rates were reduced, or current speeds increased relative to the "worst

case". When both of these conditions occurred simultaneously, the initial

dilution ratio increased to about 340:1.

Currents occurred predominantly in a north-south direction, with about

55 percent of the currents flowing within 20° of either side of true north

south, and over 75 percent within 40° of either side of tr.ue north-south.

This indicated that the diffuser orientation should be east-west to take

advantage of currents perpendi cul ar to the diffuser that gi ve the best

initial dilution ratio. However, the concept of "y" diffuser sections may

yet be valid when secondary dispersion effects are taken into account.

Diffuser orientation will al so depend upon other design factors such as

bottom foreshore stability.

Secondary di spersi on effects were estimated usi ng "worst-case" i niti al

dilution subjected to a 95th percentile high velocity current, thereby

giving "worst-case" conditions for the secondary dilution effects. This

resulted in overall dilutions of 219:1 at Iona Beach, 475:1 at Sea Island,

375:1 at Wreck Beach, and 490:1 entering Burrard Inlet. Oilutions of 219:1

would reduce the maximum effluent BODS from 190 mg/L to 0.9 mg/L, and the

total iron, the most concentrated heavy metal, from 1.4 mg/L to 0.006 mg/L.

With disinfection of the effluent, the fecal coliform level at Iona Beach

would increase by about 5 MPN/100 mL over background assuming no bacterio

logical "die-off" during transport. Without disinfection of the effluent,

this value would rise to about 35 000 MPN/100 mL.
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The statistical probability of the "worst-case" condition for initial

dilution is about one in 2 million~ based upon the frequency of maximum wet

weather flow recorded duri ng 1980. The probabi 1i ty was decreased by a

factor of twenty to al so allow for "worst-case" secondary di spersi on effects

occurring simultaneously~ a situation totally unlikely to occur.

The suggested design for the deep-sea outfall for the Iona Isl and STP

was similar in many respects to the existing Honolulu (Sand Island) deep-sea

outfall.

A review of other possible options for the diffuser revealed that. for

discharges at a depth of 10 metres~ an initial dilution of 27:1 would be

obtained with the effluent trapping 4 metres below the surface. Secondary

dispersion effects would increase the dilution to 75:1 at Sea Island or 65:1

at Burrard Inlet. Increased port spacing from 3 to 9 metres marginally

increased the initial dilution ratio from 27:1 to 31:1.

The pl acement of the diffuser in 7 metres of water with zero sal i nity

and temperature gradients caused the effluent to surface at an initial

dilution ratio of 40:1. Secondary dispersion effects caused the dilution to

increase to 106:1 at Sea Island and 94:1 at Burrard Inlet.
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CURRENT VELOCITY: 0.01 m/S UNLESS OTHERWISE INDICATED

FIGURE I INITIAL DILUTION RATIOS AT WET AND DRY WEATHER
FLOWS
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FIGURE 2 (Cont'd) . EFFECT ON INITIAL DILUTION RATIO OF VARYING PARAMETERS
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FIGURE 2 (Cont'd) . EFFECT ON INITIAL DILUTION RATIO OF VARYING PARAMETERS
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A DEPTH OF 50 METRES

BETWEEN
H- 26 AT
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TABLE 1: SECONDARY DISPERSION AND DILUTION FOR 95th PERCENTILE CURRENT

(0.20 m/s) AT STATION H-26 (50 METRES)

Variation 1 - True Easterly or Westerly Current
-----

t (hrs) x (m) (1 + 2/3 8 x/b) Z (m) C/Co O2 = Co/C Total Oi 1uti on
o • O2

1 720 1.32 409 0.871 1.15 94:1
3 2160 1.96 741 0.501 2.00 163:1
5 3600 2.60 1132 0.329 3.04 249:1
7 5040 3.24 1575 0.244 4.10 335:1
9.58 6900 4.07 2217 0.172 5.81 475:1

where: b = 270 m = 27 000 cm;
eO = 0.01 (27 000)4/3 = 8100;

U = 0.20 m/s = 20 cm/s;

and 8 = 12 eO = (12)(8100) = 0.18
Ub (20)(27 000)

Variation 2 - Range of Current Direction True East/West ± 40°
!

X (m) 1(1 + 2/3 8 x/b)I t (hrs) Z (m) C/Co 02 = Co/C Tota1 Oil ut ion

i I D • 02

I 1 720 I 1.18 818 0.968 1.03 84:1

I 3 2160 1. 54 1221 0.711 1.41 115:1
5 3600 1.90 1675 0.525 1.90 156:1
7 5040 2.26 2173 0.405 2.47 202:1
7.6 5500 2.39 2357 0.373 2.68 219:1

where: b = 638 m = 63 800 cm;
eO = 0.01 (63 800)4/3 = 25 493.38;

U = 0.20 m/s = 20 cm/s;
and 8 = 12 eO = (12)(25 493.38) = 0.24

Ub (20)(63 800)
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TABLE 1 (Continued)

Variation 3 - True North South

t (hrs) x (m) (1 + 2/3 8 x/b) Z (m) C/Co D2 = Co/C Total Di 1uti on
D • D2

6.9 5000 2.21 2208 0.42 2.38 259:1
10.5 7500 2.82 3190 0.291 3.44 375:1

where: b = 672 m = 67 200 em;
eO = 0.01 (67 200)4/3 = 27 320;

U = 0.20 m/s = 20 em/s;

and 8 = 12 eO = (12)(27 320) = 0.244

Ub (20)(67 200)

Variation 4 - Range of Current Direction: True North/South > 40°

t (hrs) x (m) (l + 2/3 8 x/b) Z (m) C/Co D2 = Co/C Total Di 1uti on I
D • D2 I

I

6.9 5000 2.19 2233 0.425 2.35 255:1 I
10.5 7500 2.80 3223 0.294 3.40 371 :1
14.0 10000 3.40 4305 0.223 4.48 489:1

where: b = 688 m = 68 800 em;
eO = 0.01 (68 800)4/3 = 28 191;

U = 0.20 m/s = 20 em/s;
and 8 = 12 eO = (12)(28 191) = 0.246

Ub (20)(68 800)
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TABLE 2: IONA ISLANO S.T.P. EFFLUENT QUALITY

90th50th10th
RangeParameter (2)

r--------lr--,----------- _. -- - - --- ---------......-----:-:--r-r---:---,
Type Period Covered Number Percentile Distribution

Sample by Data of
(1) Samples

140
70
7.3
7.3
1.9

1030

40
0.04

<0.06
89.7
22.0
13.6
<2
2.6
3.6
0.02
1.5
1.2

<0.02
<0.05
0.28
0.0028
0.06

<0.05
0.15
0.10
0.97
0.58
0.074
0.06
0.0005

<0.03
0.05

<0.05
<0.025
0.02
<1.0
0.15

97
50
6.9
4.5
1.1
110

19.5
0.02

<0.06
>100
16.0
8.7

<2
1.8
2.7

<0.02
1.0
O.A

<0.02
<0.05
0.16
0.0013

<0.05
<0.05
0.11
0.05
0.76
0.36
0.032
0.05

<0.0005
<0.03
<0.05
<0.05
<0.025
<0.02
<1.0
0.10

62
27
6.5
2.9
0.3

<30

30 - 190
1A - 180

5.8 - 9.5
0.6 - 9.8
0.1 - 3.9
<30 - 460 000

9300 - 46 x 10 6 230 000 1 180 000 7 700 000

5 - 73 8.5
<0.01 - 0.32 <0.01

ALL <0.06 <0.06
80.6 - >100 >100

5.0 - 29.0 8.5
1.5 - 17.0 ~.8

All <2 <2
0.3 - 3.0 0.6
1.0 - 4.0 1.3

<0.02 - 0.11 <0.02
0.1 - 2.0 0.3
0.2 - 2.0 0.3

ALL <0.02 <0.02
ALL <0.05 <0.05

0.03 - 0.34 0.09
<0.0005 - 0.0036 <0.0005
<0.05 - 0.09 <0.05

All <0.05 <0.05
<0.04 - 0.41 0.06
<0.04 - 0.25 <0.04
0.56 - 1.40 0.62
0.10 - 0.70 0.19

0.007 - 0.12 0.012
0.01 - 0.08 0.03

<0.0005 - 0.0018 <0.0005
ALL <0.03 <0.03

<0.05 - 0.19 <0.05
<0.05 - 0.10 <0.05

All <0.025 <0.025
<0.02 - 0.03 <0.02

All <1.0 <1.0
0.04 - 0.72 0.05

52
54
32
34
53
52
43
51
51
53
52
51
46
45
41
45
53
52
39
53
39
50
53
51
53
51
39
52
43
52
51
53

450
1302
909
240
216
64

71

Jan 77 - Dec 80
Jan 77 - Dec 80
Jan 77 - Oec 80
Jan - Dec 80
Apr 18 - Oct 7/80
Apr 18 - Oct 7/80

Jan 1 - Apr 17,
Oct 8 - Dec 31/80
Mar 77 - Oct 81
Mar 77 - Oct 81
Sep 77 - Oct 81
Jan 79 - Oct 81
Mar 77 - Oct 81
Mar 77 - Oct 81
Jan 78 - Oct 81
Mar 77 - Oct 81
Mar 77 - Oct 81
Mar 77 - Oct Al
Mar 77 - Oct 81
Mar 77 - Oct Al
Apr 77 - Oct Al
May 77 - Oct 81
May 77 - Oct 81
Mar 77 - Oct 81
Mar 77 - Oct 81
Mar 77 - Oct 81
Apr 78 - Jan 79
Mar 77 - Oct 81
Apr 78 - Jan 79
June 77 - Oct Al
Mar 77 - Oct 81
May 77 - Oct 81
Mar 77 - Oct 81
May 77 - Oct 81
Apr 78 - Jan 79
Mar 77 - Oct 81
Jan 78 - Oct 81
Apr 77 - Oct Al
May 77 - Oct 81
Mar 77 - Oct 81

C
C
G
G
G
G

G

G
G
G
G
C
C
C
C
C
G
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

B.O.O.
Suspended Solids
pH
Dissolved Oxygen
Chlorine Residual
Fecal Coliforms

MPN/lOO mL
Fecal Col Harms

MPN/lOO ml
Oi 1 and Grea se
Phenolics
Oi ssol ved Sul phi des
TLM 96%
Kjeldahl ~trogen N
Ammonia Nitrogen N
Nitrate and Nitrite N
Dissolved Phosphorus
Total Phosphorus
Total Cyanide
M.B.A.S.
Total Aluminum
Total Arsenic
Oissolved Barium
Oissolved Boron
Di ssol ved Cadmi um
Tota1 Ch rami um
Dissolved Cobalt
Tota1 ..Copper
Oi ssoryed Copper
Total iron
Dissolved Iron
Tota1 lead
Di~solved Manganese
Total Mercury
Total Molybdenum
Total Nickel
Dissolved Nickel
Tota1 Se1eni um
Total S11 ver
Total Ti n
Total Zinc'---- .__--J --'- -'- ----'-----!.-__--J

(1) C - composite, G - grab
(2) All units are mg/l except where shown otherwise.

Prepared by GVS & DO.



TABLE 3: COMPARISON WITH CHARACTERISTICS OF MAJOR PACIFIC OCEAN OUTFALLS*

Length
of Ma in Velocity Area

Pipe Outfall Depth of Design Port of Disch. Factor
Year Diameter (excl. Length of Di scharge Average Port Spacing (nomi nal) O/L (total

Operation (inside) diff. ) Di ffuser, (nominal) Fl~w, 0 Diametersa (average )b for av. port areal
Began (i nches) (ft) L (ft) (ft) (ft /sec) (i nches) (ft) Flow (fps) (ft 2/sec) pipe area)

Sanitat~on Districts of
Los Angel es County,
Whi te Poi nt No. 3 1956 qO 7,900 2,400 200-210 232 6.5-7.5 24 8 0.097 0.63

City of Los Angel es at
Hyp'eri on 1960 144 27,525 7,920 195 651 6.75-8.13 48 13 0.082 0.44

San Oi ego 1963 108 11 ,500 2,688 200-210 363 8.0-9.0c 48 15 0.135 0.39

Sanitation Qistricts of
Los Angeles County,
White Point No. 4 1965 120 7,440 4,440 165-190 341 2.0-3.6 6 9 0.077 0.51

i Metro. Seattle (West
Poi nt ) 1965 96 3,050 600 210-240 194 4.5-5.75 3 6 0.323 0.60

Sanitation Districts of
Orange County, Cd 1if. 1971 120 21,400 6,000 175-195 450 2.96-4.13 12 13 0.075 0.45

Honol ulu (Sand Island) 1975 84 9,120 3,384 220-235 164 3.00-3.53 12 10 0.048 0.44

lana (Vancouver) - 2-80 23,200 3,525 200-320 163 4.0 10 5 0.046 0.45

a = Exclusive of end ports, which are usually somewhat larger.
b = Length of diffuser divided by number of ports; real spacings on each side of the pipe are twice the values indicated.
c = Blocked by orifice plates with openings of 6.5-7 in. for early years' low flow.
* = ,A;nerican references in table are from Reference 7.
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