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1. Introduction

The Halifax Harbour Solutions Project has identified four general areas for the siting of marine
dischargesfrom treatment facilitieslocated in Halifax (2 sites), Dartmouth and Herring Cove (Figure
1.1). This study presents an oceanographic assessment of effluent dilution and dispersion in each of
these areas due to natural processes and the initial turbulent mixing associated with discharge from
amarinediffuser. The objective of thestudy istoidentify appropriate siting and configuration options
for regulatory review as described in NSDOE Guidelines (NSDOE 1992) and in other reference
materials.

Thereport presentstheresultsof analysesof key water quality parametersincluding: effluent dilution;
bacteria levels (fecal coliform (FC)); biochemical oxygen demand and oxygen debt (BOD/DO);
suspended solids (SS), metalsand nutrient levels. Physical aspectsof diffuser configuration including
orientation and length are also considered in terms of representative site within each discharge area.
The study methodology isvery similar to that used in previous assessments (ASA 1991, HHTF 1990,
ASA 1995, IWEL 1992) and includesthefollowing steps: 1) assessment of the bulk flushing through
potential discharge areasin the Harbour; 2) consideration of tidal and estuarineflow patterns near the
proposed discharge areas based on atwo-layer hydrodynamic model of the harbour; 3) consideration
of diffuser requirementsfor initial mixing in the proposed discharge areas; and, 4) prediction of the
overal patterns of dilution and bacteria levels corresponding to discharge from marine diffuser at
representative sites within each of the four proposed areas. The effects on other water quality
parametersincluding dissolved oxygen, suspended sediments and nutrients can beinferred from these
simulations.

1.1 Effluent Quality and Receiving Water Objectives

Halifax Harbour is a “coastal inlet” subject to flushing from tides, oceanographic turbulence and
layered flows including an estuarine component and a coastal (upwelling/downwelling) component
(ASA 1990). Therefore, the appropriate designation for this system under the NSDOE Guidelinesis
“open coastal”. The guidelines suggest that effluent quality for these systems be 5000/30/30 for
bacteria (fecal coliform per 100 mL)/suspended solids (SS in mg/L)/biochemical oxygen demand
(BOD inmg/L). Variancefrom theselevelsis permitted if warranted based on the results of adetailed
receiving water study which providesinformation on dilution zones based on a site specific analyses
of oceanographic processes. Some zone of influence is normally acceptable even if no variance from
theguidelineisnecessary. For example, fisheriesguidelines (DFO 1994) identify amaximum bacteria
(FC) concentration of 1000#/100 mL immediately over awell designed sewage outfall. Thisimplies
aminimuminitial dilution of 5:1 along the centerline of amarinediffuser. The zoneinwhichdilution
and die-off further reduce bacterialevelsto water use objectives (i.e. 200 #/100 mL for swimming or
14 #/100 mL for shellfishing) would then constitute the bacterial zone of influence of the diffuser.
Thus, a balance between effluent quality and assimilation in the receiving water is implied. Other
water quality parameters and guidelines can be treated similarly.

The anticipated effluent quality from advanced primary treatment plants proposed by the Halifax
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Harbour Solution Project is 5000/40/50 for FC/SS/BOD (Krgger, 1999). Thus, bacteria will meet
NSDOE guidelines while the SS and BOD levels will exceed the guidelines within a dilution zone.
This study will show that the areain which BOD levels are elevated is extremely small and that no
build-up of oxygen debt will occur due to the direct effects of sewage. Natural oxygen depleting
processesincluding bloom production and detritial decay will continueto affect therelatively stagnant
deep water in Bedford Basin, of course, but the effect of sewage on these processeswill be minimized
by treatment.

Other potential water quality guidelinesareidentifiedin an extensivereview conducted by the Halifax
Harbour Task Force (HHTF 1990). These applied to dissolved oxygen, bacteria (FC), suspended
solids, metals and organic chemicals. The Task Force approached the problem of setting objectives
by first assigning classificationsto broad zones or boxeswithinthe harbour. Thelowest classification,
SC, was assigned to the area of the Inner Harbour and the Narrows which are dominated by
commercia usage. While providing for industrial usage and some oxygen depletion, water quality
criteria for the SC zone is intended to provide for safe boating and other secondary recreational
activities, good fish and wildlife habitat and aesthetic values. A SB classification was assigned in the
areaof the Middle Harbour to aline just south of McNabs Island. Bacterialevelsin thisareawere to
meet swimming guidelines (200#/100 mL ). Waters south of thisareawereto be maintained relatively
pristine with a SA classification. This classification and the overall water quality objectives put
forward by the Task Force have been endorsed at a symposium on finding solutions to the Halifax
Harbour pollution problem sponsored by Halifax Regional Municipality in 1996 and again, with
minor modifications, inareport by the Sol utions Advisory Committee stemming from the symposium
(SAC 1998).

In terms of the Task Force guidelines the proposed BOD level and metals levelsin the effluent will
need to be diluted by about 20:1. Thisis well below their recommended diffuser dilution of 50:1
ensuring that the guidelines would be met in the immediate vicinity of the diffuser so long as
background contributions and build-up areinsignificant. The present study showsthat thisisthe case
for all parameters except possibly suspended solids. Thisisdueto thelow levels of suspended solids
inthe harbour and the criterion adopted for suspended solidsby the Task Force. Thecriterion wasthat
SS should not exceed 10% of background levels. Aswill be seen, depending on the low background
level assumed, this criterion can lead to a SS zone of influence determined by the 200:1 dilution
contour around each diffuser.

1.2 Study M ethodology
The water quality modelling analyses and results are presented in the following order:

. A bulk mixing (box) model of the Halifax Harbour isconsidered. Theobjectiveof thisanalysis
istoidentify any limitation to dilution due to background exchange rate.

. Observations of layered flushing rates and predicted tides during a 28 day deployment of an
Acoustic Doppler Current Profiler (ADCP) deployment period in summer 1989 are used to
determine flows in a two layer gridded model of Halifax Harbour. The pattern of flow is

2
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assessed intermsof the mean and variance (energy) occurring at representative siteswithinthe
proposed discharge areas.

. The results of the gridded hydrodynamic model are input to a plume model of mixing from a
marine diffuser. An analysis identifies the length/depth/orientation requirements of marine
diffuser which provide suitableinitial mixing of the effluent asafunction of current variance,
vertical density stratification. The objective of the plume model is to identify the overall
dimensions required for a marine diffuser and provide verification of the spatial resolution
required to model detailed dilution patterns near the discharge site and in the surrounding
region.

. Findly, a gridded advection/diffusion model is used to simulate effluent dilution for severa
possible discharge locations. The model was used to smulate overall dilution plus the
expected patterns of fecal coliform (FC) indicator bacteriaresulting from dilution and natural
die-off in the marine environment. Other water quality parameters including sediment
deposition patterns and dissolved oxygen debt are considered heuristically based on these
model results.
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2. Bulk Flushing Rates

A box modelling of overall exchange was implemented as part of the Halifax Harbour Task Force
study (Petrie and Y eats, 1990 and Petrie, 1990 a,b). Since their analysis, there has been a further
refinement in the definition of effluent quantities and quality and the present four plant scenario has
evolved. In addition, the lines defining the “boxes’ of the model have changed so as to place
Northwest ArminBox D “MiddleHarbour” with proposed water quality classification SB (swimming
allowed). The boxes and proposed water quality objectives identified in that study are presented in
Figure 2.1. The purpose of this exercise is to assess the effect of new information on the previous
analysig/conclusionsand to analysethewater quality implicationsof the currently proposed four plant
treatment scenario in a manner consistent with the previous exercise.

2.1 Box Model

Box models infer exchanges of water (fluxes) across broad areas ("boxes") of the harbour based on
observation of salinity inthe harbour, estimates of freshwater input and the principles of conservation
of water mass and salt. Theinferred water fluxes, combined with estimates of effluent loads, are then
used to estimate the transport and hence concentrations of tracers associated with sewage discharges.
In 1990, the box model was used to reconcile existing conditionsin the harbour for SS, nutrientsand
arange of metals, as an exercise to verify the model and to enhance the understanding of existing
conditionsin the harbour and the role of sewage in observed water quality parametersin the harbour.

The verified model was then used to assess the impact of sewage treatment options on the water
quality parameters. Copper was chosen asthe key metal tracer asit wasthe onewhich had the highest
concentration in the effluent compared to the water quality guidelines proposed by the Harbour Task
Force (HHTF,1990). The present exercise shows that despite changes in loading rates, copper
continues to be the critical metal requiring the most overall dilution in the harbour.

In thefollowing sectionswereview the model in light of new information and then apply it to the new
distribution of loads representing the four plant scenario.
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2.1.1 Reassessment of the 1990 Box M odel Fluxes

Thefluxesinthebox model are determined by the assumed/measured background salinity distribution
and the freshwater inflow. While there has been a significant amount of salinity and temperature data
obtained in the harbour over the years, most has been localized and/or short term and is not as
appropriate for model purposes. The two year synoptic data collected by Jordan (1972) was used by
Petrie and Y eats (1990) remains the best data set available.

Freshwater inflows to the harbour include: the Sackville River, other streams/runoff, direct rainfall
and sewage. Fresh water inputs from natural sources have been previously estimated for the period
of Jordan’ ssalinity dataand are assumed unchanged. However, somerefinement in the understanding
of the sewageflowsinto the harbour hasoccurred over recent years. Petrieand Y eats (1990) assumed
an averaged sewageflow rate of 2.1 m*/s. This appearsto have been based on asewage/water balance
model developed by Waller (1985) which wasthefirst detailed quantification of sewage inputsto the
Harbour. This flow includes the effect of periodic storm water flows averaged over the year and so
might be expected to be higher than the combined design Average Dry Weather Flow (ADWF) of the
sawage treatment plants. The sewage input represents only approximately 15% of the annual average
freshwater, however, so small errors in this value will not have a mgor effect on the overall water
balance in the harbour.

The design flows for the proposed treatment plants have recently been compiled for 1991, 2011 and
2041 (Table 2.1). Based on 1991 flows, the estimated total average dry weather flow (ADWF) for
the four plantsis 1.1 m%s. In addition, the Mill Cove and Eastern Passage sewage treatment plants
currently contribute an estimated 0.39 m*/s and 0.20 m*/s, respectively (JWEL 1998). Thisresultsin
an estimated 1.7 m%s ADWF, which is approximately 20% lessthan the above estimate of the annual
mean flow. Therefore, the sewage flows assumed in the task force modelling are consistent, to the
genera level of accuracy of the analysis, with the current understanding of sewage flows. Hence, the
box fluxes derived in 1990 remain valid to investigate the proposed treatment scenarios.
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Table 2.1 Design Sewage Treatment Plant Flows (HRM, 1999)

1991 2011 2041
ADWF | PWWF | % ADWF | PWWF | % ADWF | PWWF | %
(m/s) (m/s) (m/s) (m/s) (m/s) (m/s)

Halifax 0.410 1.640 37% 0.647 2.588 42% 0.716 2.864 33%

North

Dartmouth 0.352 1.408 32% 0.489 1.956 32% 0.668 2,672 31%

Halifax 0.267 1.068 24% 0.281 1.124 18% 0.365 1.460 17%
South
Herring 0.082 0.328 7% 0.127 0.508 8% 0.409 1.636 19%
Cove
TOTAL 1.111 4.444 100% 1.544 6.176 100% 2.158 8.632 100%

2.1.2 Contaminant Loads

The most recent data collected on effluent flows and quality has been collected for the Halifax
Harbour Solutions Project (SNC-Lavalin, 1999). This study combined month long (June 1999)
continuous flow monitoring with spot quality sampling at eight key sites, which capture most of the
flow in the system. Each site was sampled for water quality on three consecutive days with twenty
four hourly samples combined to form a daily composite sample. All three daily samples were
anaysed for pH, Carbonaceous BOD, Total Suspended Solids, and Volatile Suspended Solids. One
of the sampleswas analysed for total oil and grease and metals (astandard IPC scan of 22 metalsplus
mercury and silver). These eight metal samples compare with the fifteen used by Petrie and Y eats
(1990). However the eight sample siteswere strategically selected to represent the largest volume of
effluent possible. The total flow at the sites during the metals sampling was 0.84 m®/s compared to
the estimated total ADWF in the system of 1.1 m%s. The entire monitoring period wasrelatively dry,
having only four dayswith rainfall greater than or equal to 4 mm and atotal rainfall for the month of
47.3 mm compared to the Shearwater Normal for the month of 104.1 mm. The flow at most sites
when the metal sample was obtained, islessthan or equal to the average over the monitoring period
with one exception at the Smith St. station which was 4% over the average flow. The metals
concentrations therefore can be considered to reasonably represent ADWF conditions and the
observations represent approximately 75% of the currently untreated sewage load. Thus, the data
provides agood basis, despite the limited number of samples, of the rate of contaminant input to the
harbour.
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2.1.3 Suspended Solids

The 1990 box modelling effort for suspended solids did not attempt to isolate the concentration of
sewage solids, rather it attempted to reconcile the suspended solids budget of the harbour including
natural sources. The sources of suspended solidsinclude primary production of phytoplankton, river
flow/runoff and sewage. Thelargest source of suspended solidsin the harbour isprimary production,
which varieswith season. Productivity islow during the winter and exhibitsamaximum in March due
to increases in sunlight. From April to November the productivity is relatively constant and is the
focus of the modelling study. Estimates of the relative contribution of these sources from Petrie and
Y eats (1990) are given in Table 2.2.

Table 2.2 Rate of suspended solids input to Halifax Harbour

Source Rate (kg/s)
Primary Productivity 2.7
Sackville River 0.05
Sewage 0.44
Total 3.19

The recent sewage monitoring study (SNC Lavalin, 1999) resulted in estimates of Suspended Solids
(SS) of approximately 90 mg/l. This value was very consistent between sites and over time with a
standard deviation of just 24 mg/l and a maximum observation of 135 mg/l. In addition to untreated
effluent, the sewage load estimate includes the assumption that Eastern Passage STP and Mill Cove
STP operate at typical effluent values for Primary and Secondary STPs respectively. The sum of
these numbersis 0.12 kg/s which is amost a factor of four lower than the previous estimate of 0.44
kg/s.

Theload estimate used by Petrieand Y eats (1990) was devel oped on aper capitabasis (Waller 1985,
CBCL 1987) and would be expected to be fairly robust on a long term average basis. The load
representsan annual averageincluding storm effectsand the associated first flush of solidswhich have
collected in sewer pipesduring dry weather. The recent results more closely represents Average Dry
Wesather Flow (ADWF). There was only one significant rainfall event during the monitoring period,
which resulted in high flows at most monitoring sites, however no water quality sampling
corresponded to this event. It islikely that at least part of this discrepancy is due to this difference
between dry weather conditions and annual average conditions.
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The effect of this change in loads on model results is shown in Figure 2.2. The shape of the curve
changes, arguably to a shape closer to the observations. As expected, the values are lower and the
fit could be improved by areduction in the assumed settling rate. But given the uncertainty, both in
the present day loading assumptions and the loading conditions coinciding with acquisition of the
harbour data, and in the interest of comparing with previous results, the settling rate will not be
adjusted.

2.1.4 Metals

The values obtained for the eight metals for which environmental guidelines exist are givenin Table
2.3. Inthistable“nd” indicates that the metal was not detected at the threshold level of the analysis.
In some cases, dueto analytical difficulties, the detection threshold can vary. In this case the elevated
threshold value is indicated by parentheses. With only one measurement per site it is impossible to
comment on the variability to be expected at agiven sSite, as compared with variability between sites.
However, some independent observations are consistent with the results in the table. For example,
the Tufts Cove outfall, which includesthe effluent from Burnside Industrial Park, the metal levelsare
generaly above average. For copper, lead and zinc, they are the highest observed. In addition, the
TuftsCovevaluesfor copper and lead arethe only valuesthat are greater than two timesthe standard
deviation from the mean. This would seem to be consistent with the more industrial nature of the
sawershed.

Theorigina modelling exercisewas based on metalsmonitoring from three effluent sources, the Point
Pleasant Park (Chain Rock) Outfall, the Herring Cove Outfall and Eastern Passage STPinfluent. The
data consists of samples taken on a half hour interval over atwenty four hour period. These were
combined into a composite sample which was analysed for metals concentration. In all 15 samples
were analysed for copper, zinc and manganese. Eleven samples were analysed for mercury. The
sampleswere also analysed for lead, however, only one had aconcentration in excess of the detection
limit of 20 ng/. These data are compared with the more recent datain Table 2.4.

Table 2.4 includes all existing metals for which box modelling was conducted in 1990. The table
shows that the concentrations for copper is the most consistent between studies with both the
variation in the mean and standard deviations being smilar. The mean values for zinc are essentially
the same though the variability islessin the later study. The lead values are consistent with previous
observations and benefit from an improvement in analytical sengitivity. Inthe earlier work al samples
but one were below the detection limit of 20, in the more recent work the maximum concentration
is14 with amean of 5.4. Both manganese and mercury concentrations are about half the previoudy
reported valuesand similarly havemuch lower variability between samples. Thereareno observations
in the recent study as high as the means in the earlier study.
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Figure 2.2 Suspended solids data comparison.
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Table 2.3 Measured metals concentration at eight sites in the Halifax Regional Municipality, nd
indicates non-detectable”, parenthesesindicate an el evated detection limit dueto analytical problems
and bold numbers indicate maximum observed concentration. (Source: SNC Lavalin 1999)

Daily | Cd Cr Cu Hg Pb Mn Ni Zn
Flow [ (ug/l) [ (g/l) | (ug/l) [ (o) | (ua/l) | (ug/l) | (o) | (uall)
(m3/s)
Detection 0.3(1) | 2(20) 2 0.05 0.5 2| 2(20) 2
Limit
Roaches 0.075 0.2 nd 35 nd 2 130 2 54
Pond
PP Park 0.146 .02 nd 31 0.18 41 190 6 60
Smith St. 0.107 15 nd 44 0.19 55 120 4 130
Bdl Road 0.066 0.2 13 37 0.1 7.7 120 5 79
Tufts Cove 0.060 (nd) (nd) 120 | 0.12 14 170 (nd) 150
Jamieson St. 0.026 0.4 nd 41 0.06 2.2 220 4 56
Chamber #1 0.185 0.4 3 42 0.08 2.5 95 3 67
Dartmouth 0.155 (nd) (nd) 53 0.19 5 260 (nd) 100
Cove
Total Flow 0.844
Mean (ug/l) 0.61 8.0 50 0.12 54 163 8.0 87
Standard 0.49 8.3 29 0.06 4.0 57 7.5 36
Deviation
(na/l)
Guideline 9.3 50 29| 0.025 5.6 100 8.3 86
(na/l)
Ratio 0.07 0.16 | 16.36 5.32 0.87 1.6 1.0 1.0

12
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Table2.4 Comparisons of metals concentrations between Petrie and Y eats (1990) and SNC-Lavalin
(1999)

Petrie and Y eats SNC-Lavalin
(1990) (1999)
M etal Mean Standard Mean Standard
Concentration Deviation Concentration Deviation
Mg/l Mg/l Mg/l Mg/l
Cu 40 30 50 29
Hg 0.27 0.24 0.12 0.06
Pb nd(<20) 54 4.0
Mn 310 90 163 57
Zn 84 95 87 36

The data presented in Table 2.4 is used to assess the accuracy of the box model fluxesasfollows. For
copper and zinc the comparison with datais unchanged and is good. For both lead and mercury using
the new loads improves the model fit to data dramatically, bringing the predictions for both tracers
within the range of observations where previoudy they were quite high. The analysis of manganese
is problematic. The geochemical dynamics of manganese are more complex, with both transfer from
the sediments in Bedford Basin and modification due to oxidation expected to be important. The
original model including these effects under-predicted the observed concentrations. This under
prediction is exacerbated by the reduction in manganese source strength. Given the reasonable
agreement for other tracersit is likely that this error is primarily due to errors in the representation
of the tracer dynamics.

13
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2.1.5 Modelled Scenarios and Results

Simulations have been performed for the four plant scenario for copper and suspended solids. The
proposed four plant scenario resultsin treated sewage being discharged into Box B from the Halifax
North treatment plant, into Box C from the Dartmouth and Halifax South treatment plants, and, into
Box D from the Herring Cove treatment plant. The treatment level proposed is advanced primary
which is expected to result in an effluent with 40 mg/l suspended solids. Treatment efficiencies for
metal aretraditionally more difficult to determine. Metalsin effluent occur in both solid and dissolved
phases, with the dissolved phase typically accounting for 70% (Metcalf and Eddy 1979). Sewage
treatment generally only affects the solid phase which is removed with efficiencies similar to the
suspended solids. Hence, typical removal rates are estimated to be 25%, though this value varies
greatly with the particular effluent stream and metal. In an attempt to bracket the truth, we run the
following scenarios with no removal and with a 25% reduction. The assumed loads based on the
design flows and the above discussed, are presented in Table 2.5.

Table 2.5 Assumed Copper and Suspended Solids Loads (kg/s) for Sewage Treatment Scenarios

Box A - Box B - Box C - Box D - Box E - Shelf
Bedford Narrows Downtown | McNabs | Outer
Basin |sdand Har bour

Copper - based on no removal during treatment (kg/s)
Year 2011 2.26e-05| 3.26e-05 3.88e-05 | 8.06e-06 6.40e-06 | 9.50e-05
Year 2041 297e-05| 3.61e-05 520e-05| 1.01e05| 206e-05| 9.50e-05

Copper - based on 25% removal during treatment (kg/s)

Year 2011 1.07e-05 | 2.44e-05 291e-05 | 6.05e-06 | 4.80e-06 | 9.50e-05
Year 2041 2.22e-05| 2.71e-05 3.90e-05 | 7.56e-06 1.54e05 [ 9.50e-05
Suspended Solids - based on 40 mg/l effluent

Year 2011 0.578 0.089 0.340 0.408 1.417 0.047
Year 2041 0.582 0.091 0.350 0411 1.428 0.047
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The results for the suspended solids scenario are presented in Figure 2.3. For the purposes of
amplicity only the surface values are presented. The results for the bottom layer are smilar. The
resultsindicate that the four plant scenario will result in lower suspended solids values both for 2011
and 2041 than the presently measured values and the values are similar to those expected for the
single plant scenario assessed in 1990. The distribution for the four plant scenario is dlightly more
uniform than the single plant scenario as the single plant scenario hasaminor peak in Box C box due
to the singlelarge outfall in that box. The relatively small change with time and between scenariosis
due to the fact that on average the sediment budget in the harbour is dominated by primary
productivity.

The results for the copper smulations are presented in Figures 2.4 and 2.5. The analysis compares
the four plant scenario in 2011 and 2041 with the 1990 single plant scenario and the assumed future
conditions in the 1990 analysis with no treatment. Figure 2.4 assumes no removal of copper in the
treatment process. All scenarios are similar with all concentrations less than 1..g/l. The differences
are due primarily to aredistribution of the location of the sources and secondarily to aredefinition
of the magnitude of the load. All scenarios which assume no treatment removal result in copper
concentrationsgreater than experienced today but still low compared withtheenvironmental guideline
of 2.9 ng/l, proposed by the Harbour Task Force. As stated previously advanced primary treatment
will reduce the metals concentration by some amount, with 25% removal being typical. Figure 2.5
indicatesthe effect of 25% removal efficiency on the predicted metals concentrations. Thisobvioudy
represents an improvement over the no treatment option and resultsin concentrations approximately
the same as observed in the harbour today, at higher future flows.

It should be noted that though the expected water column concentration for the treatment scenarios
are smilar to existing conditions, the conditions with regard to metal concentrationsin the sediment
will improvedramatically. Thetreatment processes sel ectively removesthe more settleable solidsand
associated metals. In addition the present low dilution outfalls creates conditions where floccul ation
and subsequent settling of discharges solids is enhanced, resulting in high concentrations of sewage
solids and therefore metals in the sediments in the vicinity of the outfalls. High dilution diffused
outfallsrapidly diluteeffluent, reducing floccul ation and association of metalswith solids. Therefore,
the balance of metals between that which isretained within the harbour sediments and that which will
be flushed from the harbour will be shifted toward removal. The concentration of these metals upon
leaving the harbour will be diluted to near natural seawater values
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Comparison of Four Plant Scenario
with HHCI Single Plant Scenario

_ T T T _ T

1t —t—
] ] i ]

| i E SRR Sk

| SRR £ SERR & | R (R

$194s

e | _—
T R e - :
! . : i

. ]

I L2,

.............. L&
| - ——

1 iLla o 8

| Fl~— ® ™

| I [ w rm ,.._-Ull
b pat | N £ 0o oA
. “ " | ._W =
[ | I 1 —
_, : e L =)
i | Ll oo &
L | 8 il o NN,
| || i L
TREP G e Do Wi DECRTRD o [l i S
b i i - e - o
0 A 188 8 &+
| i | e ac
{ydt—llo 55 8
. - o £ ] L & & @
| i | | s il el WY
m ] _ + k2 +
r= - - T e —— !
b d I S

I HENEE] JER |

I||I|I“.I|I|||I|_II et

InoqieH 491nQ

— PUE|S| SQENIW

UAMOIUAO(Q

SMOIIEN

— uUISeg pilojpag

= (3] —
=

=

]
co
o]

0.4 |-

(1/6w) s5

0.2 |+
0

Predicted suspended solids - comparison of four plant and older one plant results.

Figure 2.3

16



COA Coastal Ocean Associates Inc.

Comparison of Four Plant Scenario
with HHCI Single Plant Scenario
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Figure 2.4 Predicted Copper levels - comparison of four plant and older one plant results.
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Comparison of Four Plant Scenario
with HHCI Single Plant Scenario
25% Removal Efficiency

1
Environmental glllidelines: 2.9 pg/ |
c
,g 0.75 \
: / =
=
c ~
o=
=g
U S
g
o 0.25 || Future, No Treatment (P+Y, 1990)
S - & HHCl Scenario, 25% removal
— —-2011 25% removal
----- 2041 25% removal
0 | |

Bedford Basin __
Narrows
Downtown

McNabs Island

Outer Harbour

Figure 2.5 Predicted Copper levels with 25% assumed removal.
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3. Current Patternsin Halifax Har bour

A two-layer gridded model of current in Halifax Harbour was implemented and applied to the 28 day
period of ADCP observations. The approach is similar to that implemented previously (ASA 1990)
except that the modelled current patternsare entirely dynamically determined within each layer rather
than being formed aslinear superposition of empirical orthogonal patternsaswasdonein 1990. Faster
computer computation rates makes the dynamical approach more feasible. The model was
implemented over a bathymetric grid based on al soundings on digital versions of Canadian
Hydrographic Service charts 4201, 4202, 4203 and 4237. The model coordinate frame isrotated 45
degrees from north. The sounding were interpolated over a 75 m grid and then averaged to produce
the 150 m grid shown in Figure 3.1.

The numerical agorithm used in the hydrodynamic model is an explicit form of the finite difference
approach using a standard Richardson grid. Total water depth, h, and sea surface elevation, z, are
defined in the middle of each cell. Velocities are defined on theright (u-vel ocity) and top (v-velocity)
sides of each active cell. A four point average of the orthogonal component is used to complement
the u- and v-velocities to make a complete current vector on each side of each model cell. Average
depths are used for computing fluxesin/out of cells at these locations. Thus, the resolution between
modelled current vectorsand depthsis sgrt(150) or approximately 100 m. Themodel solvesthedepth
average hydrodynamic equations within each layer assuming a constant density difference between
the layers of 2 kg/m®. This value was adopted based on areview of relevant hydrographic data sets.

Tideand alow frequency internal oscillation were applied asboundary conditionsat the seaward open
boundary of the model. Layered estuarine flow seaward in the surface layer and landward in alower
layer was ssimulated by including a constant entrainment rate of 1 m/s from the lower to the upper
model layer. Thisreflects typical estuarine flushing rates as observed in ADCP data and also agrees
closely with the average flushing rates used in the box model of the harbour discussed in the previous
section. Variations in the measured estuarine flushing rates, observed in the 1989 ADCP data set
(ASA 1990), have been included in the model as an oscillation of the internal interface between the
mode layersat the open boundary. Theinternal oscillation was based on an estimated interface depth
determined in the earlier study (ibid) at Sandwich Point as shown in Figure 3.2. Some numerical
experimentation was conducted to determine the effect of the assumed interface s ope along the open
boundary. Runs were conducted assuming geostrophicly balanced dopes and assuming smple level
(no slope) conditions at the open boundary. Theresultsindicate that these assumptions have no effect
on currentsin the three discharge areas upstream of Sandwich Point and only adlight effect at thesite
near Herring Cove owing to an internal adjustment which develops within the model near the open
boundary. The results shown here are based on the smple level interface assumption. Input surface
tides at the open boundary were determined from tidal prediction based on constituent data for
Hdifax Harbour archived by Canadian Hydrographic Service. A fraction of the surface tide
determined by the ratio of lower layer thicknessto total water depth was also applied to theinterface.
The surface tides assumed in the model are also shown in Figure 3.2.
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Figure 3.2 Input surface tides and interface level to the layered model.
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3.1 Hydrodynamic M odel Results

Initial testing was conducted by modelling a constant tide (small, medium and large) for 6 cyclesand
then allowing theinterfaceto rise or fall 10 m over the next 6 tidal cycles. The results of one of these
testsis presented in Appendix A. Appendix A shows output from the test run extracted from model
cells corresponding to sites at which field data are available. The field data sites and corresponding
current statistics based on measurements are shown in Figure 3.3. The data show strongest current
in the narrows and near Sandwich Point. Weaker currents occur seaward of Sandwich Point and in
the vicinity of the northern entrance to Eastern Passage. The comparison between the measured
pattern and modelled results was good. Following these tests, the model was applied to the 28 day
period of the ADCP deployment in 1989.

Therecord of modelled surface and interface heights at various | ocations a ong the axis of the model
for the 28 day ADCP run are presented in Figure 3.4. Thefigure showsthe oscillation of theinterface
height due to tides and variations in the estuarine flux rate as modelled by the constant entrainment
and varying interface oscillation. Typica flood and ebb current strength patterns are presented in
Figure 3.5 and 3.6 while the mean estuarine component of the flow is presented in Figure 3.7. These
figures show a current pattern similar to that shown in the observations presented in Figure 3.2.
Halifax North exhibits the strongest currents due to proximity to the Narrows. A large part of the
eastern side of the Dartmouth areais subject to weak currents. Currentsin the Halifax South areaare
strongest to the south of Georges Island as opposed to the west. Currents near Herring Cove are
weak.

Meantidal currents have been extracted from theinitial tidal section of atest run described above and
are present in Figure 3.8 and 3.9 for the areas of interest. Clearly, the tidal mean in the Herring Cove
area is weak with most of the mean flows occurring near Mars Shoal and off Lighthouse Bank. In
the Inner Harbour a mean current to the north along the Dartmouth shore is predicted.

Detailed current statistics have been extracted from the model corresponding to the nine model cells
shown in Figure 3.10. These sites represent the range of depths available within each areaand, to a
degree, represent “different” options within each area. The statistics, which are input to diffuser
models in the next section, include mean flow rate and orientation, current variance and standard
deviation, depth and distance from shore. They are presented in Table 3.1.
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Table 3.1 Physical statistics at potential discharge Sites - see Figure 3.5

Site Depth Distance Layer Mean Orientation | Current Standard
(m) from shore current of current | variance deviation
(approx) speed dlipse (cm?/s%) of current
(m) (cm/s) (° true) (cm/s)

la 23.0 225 surface | 1.04 126 100 10.0
lower 1.24 126 59 1.7

1b 23.7 150 surface | 1.07 117 194 13.9
lower 2.93 116 155 124

2a 19.3 300 surface | 0.47 147 35 59
lower 0.37 149 28 5.3

2b 14.3 150 surface | 0.36 145 9 3.0
lower 0.08 148 4 2.0

3a 20.0 75 surface | 0.61 135 41 6.4
lower 0.33 135 19 4.4

3b 15.0 75 surface | 1.54 045 22 4.7
lower 1.62 045 10 3.2

4a 34.0 500 surface | 0.16 005 5 2.2
lower 0.19 012 4 2.0

4b 17.3 100 surface | 0.12 003 3 1.7
lower 0.22 021 2 12

4c 28.6 300 surface | 0.17 028 3 1.7
lower 0.12 021 1 1.0
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4. Diffuser Modelling

A freshwater outfall discharging into marine waters can achieve a high degree of dilution due to the
dengity difference of the effluent and the receiving water. The buoyancy of the effluent, and to alesser
degree it'smomentum, creates a turbulent plume which entrains seawater asit rises through the water
column. To afirst order, theinitial dilution attained is proportional to the height of rise of the plume.
In a uniform receiving water (density uniform from top to bottom) the plume continues to rise until
it reaches the surface. Therefore, in cases where the plume surfaces, the deeper the outfall the greater
thedilution. In adengity stratified environment, which iscommon in the coastal ocean, the plume may
entrain sufficient higher density water near the bottom to cause it to cease its rise before reaching the
surface. In this case, the advantage of going to deeper water may not be as great. This adds an
additional dimension to the design of an outfall, as the potential for a submerged plume has both
positive and negative implications. The reduced height of rise limits the potentia for dilution but also
raises the potential for designing the outfall to keep the plume submerged, which can have aesthetic
and/or environmental advantages.

Thedilutionin adischarge plumeisaso aninversefunction of the effluent flow rate. The mixing which
can be obtained from a given flow of effluent can be enhanced by discharging the effluent through a
multi-port diffuser, which isamanifold pipe with discharge ports distributed along its length. Since a
fraction of thetotal flow exits each port, the overall dilution isincreased. Within limits, the more ports
the higher the dilution. An optimum diffuser design, which provides the maximum dilution for agiven
length, has ports spaced so that theindividua plumes merge before the maximum rise height isreached.
This situation is analogous to a “line” plume of the same length as the diffuser. In a stratified
environment the beneficia effect of diffuser length is balanced somewhat by alower height of rise of
the plume caused by the enhanced mixing. However, to a large extent, diffuser length and discharge
depth can be traded off to achieve a required effluent dilution. Aside from other factors affecting
outfall siting, the balance depends on the length of pipe required to achieve a given water depth and
the relative cost of straight pipe vs. the diffuser.

Aside from the effect of density on plume rise and entrainment the receiving water affects the diffuser
performance in two major ways. First, when a plume stopsitsrise in the water column, and buoyancy
induced turbulent mixing ceases, alayer of diluted wastewater devel ops bel ow the maximum height of
rise. The thickness of this layer or "wastewater field" depends on the magnitude of the local current.
High current transports the effluent away more quickly resulting in athinner wastewater field. Thisis
important as it serves to reduce the effective dilution achieved by the outfall. Within the wastewater
field, the rising plume entrains diluted effluent and no further decrease in concentration occurs. The
thickness of the wastewater field is typically 30% of the water depth.

A second factor acts on alonger time and space scale when the overall water exchange (flushing rate)
inaninlet resultsin abuild up of effluent limiting the maximum dilution obtainable. Of interest hereis
the average exchangerate of water in the regions of the harbour containing proposed outfall sites. The
box model presented in Section 2 indicates that these areas of the harbour are estimated to have
average flushing rates between approximately 200-400 times the total 2041 ADWF of 2.1 m¥/s. This
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impliesthat the maximum attainable dilution in these regionsis between 200 and 400:1. In generdl, this
only becomes a factor for conservative (non-reacting or slowly reacting) substances, when dilutions
approaching the background value (>50%) are required. Based on adilution target of 50:1 proposed
by the Harbour Task Force (1990), the background flushing can beignored. Thislevel of initia dilution
would guarantee that metals or other contaminants can be diluted to acceptable levels. However, for
short periods the flushing in the vicinity of the outfalls may be lower than the mean resulting in higher
concentrations. This possbility is addressed further in the advection/diffusion modelling section
(Section 5) where the potential for re-circulation of the effluent plumesis considered explicitly.

4.1 Model Specification

Theanalysis presented here accountsfor the relevant environmental and outfall characteristicswithout
requiring detailed engineeringinformation. Itisappropriateto provideanindication of expected outfall
performancefor purposes of site comparison and environmental review, aswell asto providean upper
bound for required diffuser length. Asdiscussed above, the performance of amulti-port outfall diffuser
is a function of many variables, the most important being effluent flow rate, water depth, ambient
stratification and the local current, diffuser length, port size and spacing. For preliminary design
purposesit ishelpful to simplify the problem somewhat by assuming that adiffuser can be represented
as a uniform line source (a reasonable approximation for an optimum diffuser, discussed above)
discharging horizontally and that the density stratification is linear, that is, it varies uniformly from
bottom to surface. The latter assumption resultsin the plume halting its rise sooner than in atwo layer
system, and is therefore conservative, as the dilutions predicted, if anything, will be lower than if the
stratificationisnot linear. A discussion of theanaysisfor thiscase can befound in Fischer et. d, (1979)
In general, the approach is quite conservative as it neglects the effect of currents on entrainment in the
rising plume, considering the effect of currents only in wastewater field generation. Additionally, it
neglects possible optimizing effects of diffuser design, e.g. ports on opposite side of diffuser pipe and
optimization of port design, size and spacing to optimize momentum transfer. It is probable that
diffusers can be designed which have better performancethanindicated here. Thetoolsto performthis
analysis are readily available but will require more detailed engineering analysis (pipe size, available
head, etc).

The range of design flows for each proposed treatment plant (Table 2.1) have been developed by the
Harbour Solutions Project. The flows for 2011 and 2041 are assumed to represent the range of flows
experienced by the plantsduring their design life. Theflowsfor thefirst three plantsincrease modestly
over thelife of the plant (approx. 10-36%) representing their relatively well developed drainage area.
However the ADWF of the Herring Cove plant is projected to increase by more than afactor of three
over thisperiod, reflecting that the drainage area is currently relatively undevel oped.

Representative sitesfor outfall location have been previoudy identified in Figure 3.1 with the relevant
orientation, current and depth statistics presented in Table 3.1. In addition, a stratification must be
adopted for theanaysis. The most comprehensive multi-season hydrographic surveysarethe monthly
surveys conducted over a two year period (Jordan, 1972). Review of this data has resulted in the
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following estimated linear density gradients.

Table 4.1 Assumed linear density stratification (kg/m*) at candidate sites

Site max typica summer typical winter min
1,2,3 10.233 0.109 0.094 0.005
4 0.153 0.044 0.021 0.004

For the inner harbour sitesl, 2 and 3, data from two transects on either side of the sites were used to
obtain these gradients. For Herring Cove the single site nearest to the proposed outfall site was used.
The stratification in the harbour is influenced primarily by variations in rainfall both seasonal and
shorter term events. While there are statistical variations in dtratification over seasons, the
maxi mum/minimum stratification can occur at most any timeof theyear. The summer and winter values
are chosen more to reflect harbour usage than seasonal variation. The aesthetics of a surfacing plume
from a STP outfall may be more of a concern in the summer when the recreational/tourist use of the
harbour is greatest. In general, as would be expected, the stratification further out the harbour at
Herring Coveisless than at the Inner Harbour sites.

For each of the identified discharge areas, two sites, representing the range of water depths, were
anaysed. Site specific estimatesof current magnitude are obtained from the hydrodynamic model and
areshowninTable3.1. Thevarianceof the current time serieswas computed for both the surface and
bottom layers at these sites and then averaged in the diffuser model.

For each of the eight sites, four diffusers are considered with lengths 20, 50 100 and 150 m. For
purposes of discussion adilution of 50:1, as recommended by the Harbour Task Force (HHTF 1990)
will beused. Diffuser performance variesgreatly with effluent flow and environmental conditions. The
plots presented show the predicted performance over the whole range of expected conditions.
However, for discussion purposes it is assumed that the target dilution should apply to “typical
conditions’, i.e. Average Dry Wesather Flow and typical stratification values.
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4.2 Diffuser Model Results

Figures 4.1 and 4.2 represent the results for the Halifax North plant, Sites 1aand 1b, respectively. The
plots represent the depth of submergence (from the surface) of the top off the wastewater field and the
acrossplumeaveraged dilution at thispoint, for the expected range of flow and stratification conditions.
Theareawithinthe curvesrepresent the performance"domain” for adiffuser of that length at that depth.
Variation of flows and stratification would result in values within the curves. These plotsindicate that
to attain a target dilution of 50:1 in this area, under average dry weather flow (ADWF) and typical
stratification conditions, would require adiffuser of between 100 and 150 metreslong. This holdsfor
either 2011 or 2041 flows, as the expected change is not that great. The shorter diffuser length is
indicated at the deeper higher energy areas within the region represented by Site 1b.

Inaddition, the analysisindicatesthat the plumewould be expected to remain submerged under typical
stratification conditionsat all flows, but that the plume could reach the surface under al flow conditions
during periodsof low stratification. A surfacing plume isparticularly likely during rainfall eventswhen
flowsare high. Thereisarelationship between rainfall and high stratification so high flows under low
stratification conditions may not be that common. The dilution would be expected to be less during
highly stratified conditions and/or flows greater than ADWF. For example, at Sitelb witha100 mlong
diffuser, under maximum stratification and maximum flows the dilution would be reduced to
approximately 15:1, however this situation would occur relatively deep (13 m) in the water column.

Another consideration is the dilution attained at the surface. For high flows and low stratification the
probability that the plumewill surfaceisincreased. Shorter diffusersresultinthe plume stoppingitsrise
higher in the water column under all conditions and thereforeincrease the probability of a visible boil
at the surface during higher flow, lower stratification events. For the diffusers which attain the target
50:1 dilution under typical conditions the dilution under high flow, surfacing conditionsis still quite
high, typically at least 40-50:1. For shorter diffusers(e.g. 20 minFig 4.2) the minimum dilution at the
surface is much lower (approximately half) than the dilution under typical conditions.

The 2011 ADWEF is somewhat lower for the Dartmouth plant (Site 2) than for the Halifax North plant
(Site 1). However, the 2041 ADWF is very similar for both plants. The water depths and currents are
both lower at Site 2 than at Site 1, so it would be expected that the predicted dilutionswould be lower.
Thisisreflected in Figures 4.3 and 4.4, which indicate that at Site 2a, adiffuser of 150 min lengthis
required to attain predicted dilutions greater than 50:1 for typical conditions. At Site 2b the same
diffuser resultsin estimated dilutions of approximately 30- 35:1 for ADWF for typical conditions. At
this shallower site, alonger diffuser would be required to attain atarget dilution of 50:1.

The Halifax South plant (Site3) hasalower design flow rate than the other two inner harbour sites, and
has current magnitudes similar to Site 2. At Site 3a(Fig 4.5), a100 m long diffuser isindicated to attain
the target dilution. A longer diffuser (100-150m) is indicated at the shallower Site 3b (Fig. 4.6).
Notably, at Site 2b there is some uncertainty in the orientation of the current ellipse (and hence the
perpendicular direction along which a diffuser would be orientated) as the site is located “behind”
Georges Island where the direction of the currentsis spatially variable.
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Sitel, Depth = 20 m, u = 0.088 m/s
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Site 2, Depth = 15, u = 0.025 m/s
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Site 3, Depth =22 m, u = 0.054 m/s
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Site 3, Depth = 20 m, u = 0.039 m/s
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The Herring Cove Plant is unique in that the flows over the design life of the plant are projected to
increase very significantly (over 200%). The plumestend to risefurther inthewater columninthisarea
dueto alessintense stratification, however, the current in this areatendsto below. Therelatively low
flows for 2011 result in high dilutions with relatively short diffusers. At either Site 4a or 4b, a 50 m
diffuser ispredicted to attain adilution of approximately 50:1 for typical summer stratification (Figures
4.7 and 4.8). Thedilution at Site 4aisdlightly greater (Figure 4.9). Under less stratified conditions the
ADWEF dilution becomes quite high >200:1 and the plume is predicted to remain submerged (in 36 m
of water) during all stratification conditions. With the projected increasein 2041 ADWF the predicted
dilution under typical summer stratification conditions drops to approximately lessthan 30:1. Under
these conditionsa 150m diffuser resultsin apredicted dilution of approximately 55:1 at Site4aand 45:1
at Site 4b.

4.3 Summary of Diffuser Requirements

Within the designated discharge areasfor the Halifax North (Site 1) and Halifax South (Site 3) sitesthe
analysis indicates that a target dilution of 50:1, for ADWF (2011 or 2041) and typical stratification
conditionswill requirediffusersfrom 100 to 150 mlong. Thelower value representsthe optimum site
in terms of water depth and currents within the designated areas and the higher number representsthe
least desirable site. However, aworkable solution providing 50:1 dilution can be designed at all the
representative sites considered.

The Dartmouth discharge area (Site 2) tendsto be shallower, with lower currentsand so is predicted to
require adiffuser of approximately 150 m at the optimum site and somewhat greater elsewhere.

Thedesign ADWFfor theHalifax North, Dartmouth and Halifax South plantsdoesnot vary greatly over
the thirty year period 2011 to 2041 (10-36%) and it is likely that an outfall could be designed to
accommodate the entire design life of the plant. A phased outfall development could be considered at
Herring Cove. Within the Herring Cove discharge area a 50:1 dilution is predicted for a diffuser
approximately 50 minlength for 2011 ADWF whileadiffuser of approximately 150 minlength would
be required for ADWF in 2041. Initially, a shorter and/or shallower outfall could be designed to
accommodate the 2011 flows. The outfall could be upgraded as the development results in increased
flows.

In all cases these outfalls would result in a submerged plume during typically stratified conditions In
most casesthe plumewill surface during low stratification. The only exceptionto thisisthe deepest site
in the Herring Cove area, where the plumeis predicted to remain submerged for 2041 ADWF even
during minimum stratification conditions.

Within each designated discharge area there are variations in depth and current values which lead to
variationsin outfall performance. Thisdifferenceisgreatest at Site2 and at Site 4. Generally, the deeper
sites are more exposed and also have higher currents and are better for outfall siting. Since these sites
also tend to be further offshore they would result in more expensive outfalls. In all cases, diffuser
orientation should be as close as possible to the orientation of the current ellipses given in Table 3.1.
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Site 4, Depth = 36 m, u = 0.021 m/s
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Site 4, Depth =25 m, u = 0.016 m/s
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5. Advection/Diffusion Simulations

Advectionand diffusion simul ationswere conducted over the 28 day ADCP observation period. Ineach
run, effluent from one of the nine representative sitesindicated in Figure 3.10 was introduced into the
upper or lower layer of the model. Effluent introduced into the lower layer was advected and diffused
and was also allowed to entrain into the upper layer at a rate determined by the depth and the mean
entrainment rateof 1 m/day. Inall cases, effluent was discharged at rates given by the2041 AWDF rates
presented in Table 2.1.

5.1 Simulation Results - Effluent Dilution

The net effluent volume accumul ating in the surface layer for dischargefrom Site 1a, 2a, 3aand 4aare
presented in Figure 5.1. The figure shows a build-up of effluent over about the first 10 days of the
simulation. This period is the residence time of effluent from these sites. In all cases the amount of
effluent peaksjust prior to astrong increasein estuarine flux rate as shown by athinning of the surface
layer in Figure 3.4. Figures 5.2 to 5.6 show the concentration patterns from discharge at each site at
thistime and a so, in the second panel of Figure 5.6, the net effluent concentration pattern from all of
the“a’ sitessimultaneously. In no case does the net concentration exceed about 0.6 % indicating that
aminimum dilution of 170:1 has been achieved. In addition, the results show that, to alarge extent, the
effect of each discharge is separate from al the others. That is, this distribution of discharge sites
provides enough spatial separation that individual site patternsdo not encroach on neighbouring sites.
The possible exception being near Pleasant and Ives Knoll shoals where some build-up occurs as a
result of weaker current there. Theflushing effect of themean estuarine surfaceflux isevidentin Figure
5.6 asit waftsthe diluted effluent seaward and out of the harbour. Thisismore clearly evident asthese
and the other model simulations are viewed as animations on a PC.

The patternsfor dischargeinto thelower layer are similar to those obtained for the surfacelayer except
that the area of highest concentrations occurs in the lower layer. Thereafter, the estuarine flux in the
lower layer tends to advect the material upstream until it is entrained into the upper layer whereupon
it is advected seaward as was the case for effluent introduced directly into the upper layer.

5.2 Simulation Results - FC Bacteria Dilution/Die-Off

Bacteria simulations with die-off show qualitatively different results than the conservative effluent
volumeruns. Figure 5.7 showsthe build-up of effluent. Inthis case, the build-up of live bacteriaoccurs
on atime scale much shorter than the flushing time scale. Asaresult the bacteria patternsare primarily
affected by the tide.

The spatial scale of the bacteria patterns are also limited. Figure 5.8 to 5.12 show the highest bacteria
concentrations observed in each model cell (not necessarily simultaneously) during the 28 day model
run. The pattens indicate the maximum bacteria counts will be about 30 #100 mL - a safe level for
recreational activities. In most of the harbour thelevelswill be below the shellfishing limit of 14 #/100
mL.
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Figure 5.2 Surface effluent volume pattern from Sites 1a and 1b.
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Figure 5.3 Surface effluent volume pattern from Sites 2a and 2b.
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Figure5.4 Surface effluent volume pattern from Sites 3a and 3b.

49



COA Coastal Ocean Associates Inc.

¥ 10° Site 4a % Effluent
3.182 0.4
318 0.35
3178
F =03
3176
_ - 40.25
© 3174
°©
E 0.2
23172 '
=
=
[+
=
317 F =015

3.168
0.1

3.166

3.164 §

3.81 3.815 3.862
Easting (metres) % 10°

Northing (metres)

x10° Site 4b % Effluent
3.182 O:s
3.18 0.35
3.178
403
3.176
F 40.25
3.174
- 402
3172
317 - 4015

3.168
0.1

3.166
0.05

3.164

3.81 3.815 3.62
Easting (metres) v 10°

Figure 5.5 Surface effluent volume pattern from Sites 4a and 4b.

50



COA Coastal Ocean Associates Inc.

¥ 10° Site 4c % Effluent yv10® Sites 1a+2a+3a+da % Effluent
3.182 Out 3.182 0.8
3.18 0.35 3.18
0.5
3.178 3.178
F 403
3176 3.176 L loa
. - =025 _
£ 3.174 83174
G ©
£ 0.2 £ 0.3
23172 23172 '
iy =
€ =
[e] [=]
= =
317 F 40.15 317
g 0.2
3.168 3.168
0.1
3.166 3.166 0.1
0.05
3164 § 3.164
‘ 0
3.81 3.815 3.82 3.81 3.815 3.82
Easting (metres) % 10° Easting (metres) v 10°

Figure 5.6 Surface effluent volume pattern from Sites 4c and total from 1a, 2a, 3aand 4a.
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5.3 Application of the Simulation Resultsto Other Key Water Quality Parameters

The detailed model simulations of effluent dilution and bacteria die-off and dilution provide sufficient
basis for evaluating other key water quality parameters below.

5.3.1 Oxygen

Except for natural fjordal depletion of oxygen in the deep waters of Bedford Basin and occasional
reduction of oxygen dueto algal blooms (discussed later with respect to nutrients), the harbour does
not normally suffer low oxygen levels (HHTF 1990) and no detailed modelling of biochemical oxygen
demand and oxygen debt was conducted in earlier studies. The present results show that effluent
concentrations over the outfalls will exceed 50:1. Thus, the end-of-pipe BOD level of 50 mg/L will
be reduced to about 1 mg/L immediately on entering the marine environment. This compares with a
background dissolved oxygen level of about 10 mg/L. Even if the entire BOD load was to be
instantaneous converted only about 10% of the background oxygen would be consumed. Given that
the BOD isafive day demand, therea potential is much smaller. Consideration of the total FC inputs
relative to the remaining FC after die-off, which is a conservative surrogate for BOD (i.e. FC die-off
rateof 0.5day™isbetween instantaneousand the actual five day rate), suggeststhat the actual oxygen
depletion levels will be of the order of 0.1 mg/L. These results suggest that more detailed modelling
of biochemical oxygen demand and oxygen debt are not necessary given that receiving water objectives
allow for a2 mg/L reduction in oxygen in the Inner Harbour (SC classification) and 1 mg/L in the
Middle Harbour (SB classification).

5.3.2 Suspended Solids

In terms of their impact on receiving waters, a conservative approach to assessing suspended solids
isto assume no settling (i.e. all SSremainsin the water column). In this case, the dilutions results can
be directly scaled to produce SS concentration maps. Our model results show that maximum effleunt
levels of about 1% can be expected over the outfall with typical levels being less than 0.5 % at a
distance of a few hundred metres. Assuming an end-of-pipe SS level of 40 mg/L, these dilutions
indicate levels of about 0.4 to 0.2 mg/L in the vicinity of the outfalls. Though these levels appear to
below, aconcern arrisesin relation to the HHTF objective. Their suggested objectiveisto reduce SS
to 10% of background levels. A problem arrises because background waters in Halifax Harbour are
low in SSwith typical levelsof about 1 mg/L (ASA 1991). The reasoning behind thisobjectiveisclear
- if SSismaintained low relative to background then any deposition of SSwill result in contaminants
being “diluted” by background by at least 10:1. No actua impact due to the suspended sediments
themselvesis anticipated at these low levels.

Assuming that the objective isto reach a SS level of 0.1 mg/L, our model results indicate that a SS
zone of influence will extend for several hundreds on metres around each outfall. The actual limits of
thispredicted zone are difficult to determine and may vary significantly depending on small differences
inthe present and past models and assumptions. To be conservative, one hasto accept that it may not
be possible to meet the HHTF SS objective over much of the harbour depending on which model
results are used and which field data are used to determine background levels. But, importantly, both
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previous model results (ASA 1990) and the model results presented here indicate that the SSwill not
be much greater than the objective in an absolute sense.

Deposition areas are smilarly difficult to predict with confidence. A typica conservative estimate of
settling rate is about 2 m/d (HHTF 1990). Giver this, and the height of the wastewater field from
plume modelling, we estimate that material that does eventually settle, will do so over a period of
minutes to days after discharge. A substantial fraction of this material will be advected out of the
harbour before it settles. In addition, the possibility of resuspension complicated the direct prediction
of deposition location. However, an indirect analysis suggests in addition to the area immediately
around the outfall, some fraction of the material will collect in presently established deposition areas
throughout the harbour. These areas have been mapped (HHTF 1990) and could provide a site for
monitoring in the future.

5.3.3 Nutrients

Themain nutrient load to Halifax Harbour is advected along with saline shelf waters into the harbour
by the esturaine component of the flow. This has been estimated to be about 73,000 kg/wk but will
vary with the strength of the estuarine circulation which, as shown by the 1989 ADCP data set, can
be highly variable. Raw sewage is estimated to provide a more or less constant load of about 25,000
kg/wk. Thus, at times, the sewage |oad may control productivity rates in sections of the harbour and
affect the duration and severity of natural alga blooms. Sever blooms are becoming more
commonplace in the eastern Atlantic region (in fact globally) and severa reports have been made of
significant blooms in the harbour especially in Bedford Basin where they have been associated with
temporary reductionsin oxygen levels. As aresult, although not recognised as anissueinthe HHTF
report, thereis concern that the Solutions Plan not lead to an increase in this problem. Several aspects
of the planwill help ensure that thisisthe case. 1) Advanced primary treatment is expected to remove
up to about 20% of sewage nutrients. Thiswill reduce the contribution of sewageto nutrient loadsand
diminish the impact on blooms. 2) Discharge of the effluent from a marine diffuser will distribute the
nutrient load over alarger part of the water column than isthe case at present (presently new sewage
nutrients are expected to be confined primarily to athin surfacelayer near the shoreline). Thiswill help
avoid creation of areas of high nutrient concentrations. 3) The spatia distribution of the discharge
represents a significant shift south from the present distribution and avoids the area of the Narrows.
Thiswill result in areduction of the nutrient loads entering the critical Bedford Basin area.
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6. Summary

Box modelling, plume modelling and detailed gridded modelling show that dilutions of greater than
50:1 are attainable at all sites within the four proposed discharge areas with the use of a marine
diffuser. Diffuser requirementsincluding length and orientation have been identified for representative
sites. The estimates of minimum diffuser lengths are conservative because of the nature of the model
and might be reduced significantly after detailed design options have been identified.

Receiving water quality will be acceptable even though levels of SS exceed certain water quality
guidelines. Except for SS, al zones of influence, outside of which the objectiveswill be met, are small
being of the order afew hundred metres at most. Although not shown here, past experience with the
single plant option shows that the four plant option clearly resultsin greater distribution of loads and
relatively smaller zonesof influence. In particular, apast concern rel ated to bacterialevel sat swimming
areas in the harbour is not a concern with the proposed plan.

A summary of specific results in each of the areas of the study is presented below:
Box Modelling

. The hydrodynamic fluxes developed in support of the Harbour Task Forcearestill validinlight
of new effluent flow data.

. The original model has been verified in light of updated sewage loads.

. Copper and suspended solids remain the key tracers based on ratios of effluent quality and
environmental guidelines.

. The modelling exercise indicates that the proposed four plant scenario will result in
significantly lower suspended sediment concentrations in the harbour. The reductions are
similar though dightly greater than expected for the 1990 single plant scenario. Thisisduein
part to reductionsin load and in part to the redistribution of the load further out the harbour.

. The predicted copper concentrations for the four plant scenario are similar to, though slightly
lower than, those for the 1990 single plant scenario. Both scenarios reduce copper levels
relative to the no treatment scenario. Thisis due solely to changes in load assumptions and
distribution as no removal of metals is assumed.

. The maximum predicted copper concentrations are less than 1 pg/l while the environmental

guideline is 2.9 pg/l. In fact, the actual values will be lower as treatment removes an
undetermined proportion of the particulate phase of the metals.

Diffuser Analysis
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At Inner Harbour sites (Sites 1 and 2) diffusers of approximately 150 m will be required to
attain a50:1 dilution for ADWF and typical stratification conditions.

Site 3, which haslower discharge flows, attains similar performance with adiffuser somewhat
less than 100 m in length.

At Site 4 a50:1 dilution is predicted for a diffuser less than 50 m in length for 2011 ADWF
while adiffuser of approximately 100 m in length would be required for ADWF in 2041. This
variation is associated with the projected growth in the sewershed.

Inall casesthese outfallswill result in asubmerged plumeduring typically stratified conditions.
In most cases the plume will surface during low stratification conditions. The only exception
to thisisthe deepest water area of Site 4, where the plumeis predicted to remain submerged
for 2041 ADWF even during minimum stratification conditions.

The design ADWF for sites 1-3 does not vary greatly over thethirty year period 2011 to 2041
(10-36%) and it is likely that an outfall could be designed to accommodate the entire design
life of the plant. If thereis potential for phased outfall development it is at Herring Cove,
where a shorter and/or shallower outfall will suffice until the sewershed popul ation increases.

Gridded Modélling

The kinematic approach to layered flows used in 1989 and 1992 has been replaced by a
dynamical 2-layer approach.

The model was verified based on archived current data statistics.

Physical criteria for diffuser site selection included: bathymetry; ebb and flood current
magnitudes; and, mean current. Based on these criteria all nine representative discharge sites
within the 4 discharge zones produced ample dilution and dispersion.

Bacteriaand effluent dilution model results show that the cumulative effect of 4 dischargesis

small with each discharge plume being relative isolated from the other. By inference, the
cumulative effect of other water quality parametersis acceptably low.
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Appendix A Sample Test Model Run Results

(Appendix A isavailablein hard copy version).
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