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3.1.1.2 Lyons Creek

Table 8 shows the parameters associated with the monthly log-normal distributions developed to characterize the
flow in Lyons Creek in GoldSim. Figure 6 and Figure 7 show the probability distribution of monthly flows.

Table 8: Summary of Monthly Flow Statistics for Lyons Creek

Parameter Mean Flow Standard deviation Maximum Flow Minimum Flow

(m3/s) (m3/s) (m3/s) (m3/s)
January 1.21 2.30 22.95 0.14
February 1.55 3.20 32.27 0.14
March 2.76 3.73 38.20 0.14
April 2.05 2.99 31.51 0.31
May 0.95 1.82 17.28 0.28
June 0.54 0.97 17.08 0.28
July 0.42 0.49 7.95 0.28
August 0.42 0.43 7.12 0.28
September 0.52 0.84 16.29 0.28
October 0.70 1.21 22.61 0.28
November 1.17 2.04 21.27 0.28
December 1.47 2.74 32.75 0.14
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3.3.6 Sensitivity Analysis

This section provides a sensitivity analysis of the modelling results to effluent flow rate and flow in Chippewa
Creek.

Effluent Flow Rate Variations

A sensitivity analysis was performed for the effluent flow rate for the months of January and July by considering

effluent flow rates of 20 MLD and 120 MLD. The effects of variations in effluent flow rate are shown on Figure 19.

In January (plume tends to float), the dilution increased for the reduced effluent flow rate and decreased for the
elevated effluent flow rate. This suggests that the increased exit velocity at higher flow rates produced a longer
and thinner plume when compared to the design flow.

In July (plume tends to sink) there was a small increase in the far-field dilution when the effluent flow rate
decreased. However, when the effluent flow rate increased, the near-field dilution increases. This suggests that
the increased exit velocity counteracts some of the negative buoyancy of the effluent in July.

In all cases except the high flow January scenario, the plume dilution reaches 200:1 in a distance of less than
350 m. However, because the high flow cases are expected to have a duration of a few hours at most, there are
no adverse affects expected from the low effluent dilution expected.

1,200
] 3-Duckbill Port July (30 MLD)
3-Duckbill Port July (20MLD)
] 3-Duckbill Port July (120MLD)
1,000 T

3-Duckbill Port Jan (30 MLD)

= = = 3-Duckbill Port Jan (20 MLD)
= = =3-Duckbil Port Jan(120MLD) | ===

800 T

600 T
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Distance From Outfall (m)

Figure 19: Distance-Dilution Plots for Effluent Flow Rate Variation Sensitivity Analysis
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Ambient Flow Rate Variations

Changes in the flow in Chippewa Creek will change the current speed in the area of the outfall and can potentially
affect the performance of the outfall. A sensitivity analysis was performed that compared the outfall performance
for selected maximum flows from Table 18. July was selected as the highest Chippewa Creek flow (472 m3/s)
when the effluent plume is expected to have a tendency to sink and December was selected as the highest
Chippewa Creek flow (468 m3/s) when the effluent plume is expected to have a tendency to float.

In July and November, the ambient current speeds are expected to increase to 0.49 m/s when the high flow
conditions in Chippewa Creek are considered.

The sensitivity analysis for the ambient flow rate variation showed that an increase in the ambient current velocity
enhanced the mixing of the effluent, increasing by approximately 30% for December (plume tends to float) in both
the near-filed and far-field as shown on Figure 20. However, in July (plume tends to sink) the increased current
speeds had no effect in the near field and only a small decrease (10%) of the effluent dilution in the far-field.

The sensitivity analysis suggests that there are no concerns related to outfall performance during high flow
conditions in Chippewa Creek. In both cases, the effluent dilution reaches 200:1 at distances similar to the
corresponding primary scenarios.

" = = = High Flow3-Duckbill Port December (30 MLD )

200 A Low Flow 3-Duckbill Port Movember (30 MLD}
High Flow3-Duckbill Port Juby (30 MLD)

700 - = = = Low Flow 3-Duckbill Port July (30 MLD)

0 al 100 150 200 250 300 350 400 450 200
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Figure 20: Distance-Dilution Plots for Ambient Flow Rate Variation Sensitivity Analysis
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3.3.7 Mixing Zone Assessment Summary

The results of the mixing zone assessment are summarized in the following points;

The conceptual outfall design that includes duckbill valves provides reasonable performance for most of the
scenarios modelled. The only exception is during high effluent flow rates (120 MLD) during the summer
when plume dilution does not reach 200:1 within 1,000 m. However, high effluent flow rates are expected to
occur infrequently and have a duration of a few hours or less.

In periods when the plume has a tendency to float (October to May), a 20:1 dilution is expected within 1 m of
the outfall.

In periods when the plume has a tendency to sink (June to September), the sinking jets produce lower
dilution factors closer to outfall and the distance to a 20:1 dilution is approximately 13 m

In periods when the plume has a tendency to sink (June to September), the sinking jets produce lower
dilution factors closer to outfall and the distance to a 200:1 dilution is approximately 350 m

In periods when the plume has a tendency to float (October to May), a 200:1 dilution is expected within 5 m
of the outfall.

Variations in the Chippewa Creek flow are not expected to noticeably affect the performance of the outfall
design.

In general, variations in the effluent flow rate are not expected to adversely affect the performance of the
outfall design.

9o
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4.0 DERIVATION OF RECOMMENDED EFFLUENT LIMITS

The following sections outline the development of the recommended effluent objectives and limits based on the
ACS and include the following details:

m the applicable water quality assessment points;
m if specific parameters meet or exceed relevant criteria and whether a Policy 2 Condition applies;
m the critical months for each parameter; and

m an appropriate treatment technology.

The available assimilative capacity is first considered without the effluent inputs from the new WWTP to determine
if there is any capacity in the system for each of the parameters at the local compliance point. In cases where
there was assimilative capacity to assimilate effluent, a treatment technology was selected that could meet the
maximum allowable effluent concentrations for each parameter. In cases were there was no available assimilative
capacity (e.g., Policy 2), the effluent quality was selected such that the effluent concentration would be equal or
less than the existing background conditions.

The typical effluent quality for the available treatment technologies considered in this study, based on information
available from the MECP (MECP 2019), are summarized in Table 21.

Table 21:  Typical Effluent Quality for Various Treatment Processes

Effluent Parameter!?

Total Total Total

Phosphorus Ammonia
(mg/L) (mg/L as N)3

Process CBODs Suspended
(mg/L) Solids
(mg/L)

Conventional Activated Sludge System

Without Phosphorus Removal 25 25 35 15to 20
With Phosphorus Removal 25 25 <1.0 15to 20
With Phosphorus Removal and Filtration 10 10 0.3 15to 20
With Nitrification and Phosphorus Removal 25 25 <1.0 <3
Membrane Bioreactor

Without Phosphorus Removal 2 1 3.0 15-20
With Phosphorus Removal 2 1 0.1 15-20
With Phosphorus Removal and Filtration 2 1 0.1 0.3
Notes:

L Taken from “Design Considerations for Sewage Treatment Plants” (MECP 2019)

2 The above values are based on raw sewage with CBODs= 150-200 mg/L, Soluble CBODs = 50% of CBODs, TSS = 150-200 mg/L, TP =
6-8 mg/L, TKN = 30-40 mg/L, TAN = 20-25 mg/L.

% TAN (total ammonia nitrogen) concentrations may be lower during warm weather conditions if nitrification occurs.
With regard to parameters not listed in Table 21, the following assumptions have been used:

m any treatment plant with disinfection can expect to have an E. coli concentration objective of less than
200 cfu/100 mL;

°GOLDER 55
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m if needed, aeration of the dissolved oxygen concentration in the final effluent can be provided to at least 80%
of the saturation concentration; and

m The expected effluent nitrate concentration from an activated sludge system without denitrification was
assumed to be 20 mg/L.

Other Considerations

In addition, the development on the effluent limits and objectives also considered the following;

m Section 6(1) of Wastewater Systems Effluent Regulations states that to be in accordance with the Fisheries
Act (Canada, 2020);

a) the average CBOD demand due to the organic matter in the effluent does not exceed 25 mg/L;
b) the average concentration of suspended solids in the effluent does not exceed 25 mg/L;

c) the average concentration of total residual chlorine in the effluent does not exceed 0.02 mg/L, if
chlorine, or one of its compounds, was used in the treatment of wastewater; and

d) the maximum concentration of unionized ammonia in the effluent is less than 1.25 mg/L, expressed as
nitrogen (N), at 15°C £ 1°C.

m  The common pH effluent objective and limit ranges specified in ECAs are 6.5 to 8.5 (PWQO) and 6.0 to 9.0,
respectively.

m  Where chlorination is used for disinfection, the common effluent objective for total residual chlorine is non-
detectable while the common effluent limit is 0.02 mg/L as specified in the Fisheries Act.

The preferred discharge location will release effluent to the Chippewa Creek between Lyons Creek and

Triangle Island. The existing water quality in Chippewa Creek is dominated by the water quality in the

Niagara River. Under normal conditions, the effluent will travel downstream into the HEPC and eventually enter
the Niagara River at the Sir Adam Beck GS. The local compliance point (A3) is in Chippewa Creek just upstream
of Triangle Island and the system compliance point (A5) is in the HEPC below the existing Niagara Falls WWTP,
so that the combined effects of both plants are considered in the ACS. The preferred discharge location is not
expected to affect water quality in Welland River East or in the Niagara River upstream of the Sir Adam Beck GS.

In typical assimilative capacity assessments, it is expected that the low-flow conditions (e.g., worst case
conditions) will result in the most restrictive conditions and the results from GoldSim and the mass balance
modelling should be similar. In this assessment there are many cases where GoldSim predicts maximum
allowable effluent concentrations that are lower than those predicted by the mass balance modelling. The
differences occur because the flow conditions in the various inflows are independent and low-flow conditions do
not necessarily occur at the same time for the different inflows (e.g., a high flow event after a rainfall event in the
Welland River East at the same time as a low flow occurs in the HEPC due to the operation of the ICD). A review
of the modelling results suggests that high flow events in the Welland River East occurring at the same time as
low HEPC flows can alter the maximum allowable effluent concentrations in two ways:

1) Because the water quality in the Welland River East is degraded, the higher relative contribution of water
into the from the river reduces the assimilative capacity at the system compliance point (below existing
Niagara Falls WWTP).

~> GOLDER 56
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2) Because the flow in Chippewa Creek is assumed to be the difference between the flow in the HEPC and the
flow entering from the Welland River East, a high flow event in the river will cause a decrease in the
Chippewa Creek flow and reduce the amount of water available for dilution.

The following sections outline the rationales for developing the proposed effluent limits based on existing
conditions, results from all the modelling, specific MECP end-of-pipe toxicity limits, and the typical effluent quality
from the available treatment technologies.

4.1 Total Phosphorus

The measured monthly 75t percentile total phosphorus concentrations in Chippewa Creek range from 0.021 mg/L
(July and September) to 0.49 mg/L (December) and are effectively the same as the measured conditions in the
Niagara River. There are additional constraints at the system compliance point caused by the discharge of
effluent into the HEPC from the existing Niagara Falls WWTP and by the mass contribution from the Welland
River East which exceeds objectives year-round.

The calculated maximum allowable effluent concentration for total phosphorus at the local and system compliance
points and regulatory objectives are presented in Table 22.

Table 22:  Maximum Allowable Monthly Total Phosphorus Concentrations for Discharge to Chippewa Creek

GoldSim Modelling* Mass-Balance Modelling?
Local Compliance System Compliance Local Compliance System Compliance

Point Point Point Point

mg/L (mg/L) (mg/L) (mg/L)
January nc nc nc nc
February nc nc nc nc
March 2.7 nc 4.9 nc
April 2.2 nc 3.8 nc
May 3.2 nc 3.8 nc
June 7.6 nc 7.7 0.4
July 9.9 6.5 9.9 6.5
August 8.2 5.4 8.9 6.2
September 8.1 3.9 8.9 6.0
October 3.3 nc 5.3 0.1
November nc nc nc nc
December nc nc nc nc

Notes:

1 Calculated concentrations based on allowable mass capacity based on 5% probability of no exceedance.
2 Calculated based on low flow conditions occurring for all inflows simultaneously.

3 ‘nc’ denotes no assimilative capacity at compliance point.

4 Modelled results exclude effects of CSOs and WWTP bypasses.

The elevated total phosphorus concentrations under baseline conditions result in Policy 2 conditions at the local
compliance point in the November to February. At the local compliance point, Chippewa Creek can accept total
phosphorus concentration of 2.2 mg/L or greater in the effluent in all months except for November to February.
At the system compliance point, elevated phosphorus concentrations under baseline conditions are experienced
from October to June due to inputs from the Welland River East and existing Niagara Falls WWTP.
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An effluent limit for total phosphorus of 0.75 mg/L is recommended based in the following rationale:

m Onan annual basis, there is sufficient capacity to accept an effluent concentration greater than 0.5 mg/L.

m The effluent flow rate represents less than 0.1% of the total flow in Chippewa Creek and as such the
contributions of the proposed discharge will cause negligible increase in the total phosphorus concentrations
within Chippewa Creek and the HEPC.

m The elevated phosphorus concentration in Chippewa Creek are only experienced during October to
February, which is outside the algae growing season. Furthermore, the elevated background phosphorus
concentrations are the result of factors outside the study area (e.g., inflow from the Niagara River and Lyons
Creek).

m Similarly, the effluent flow rate is insignificant when compared to the flow in the Niagara River below the Sir
Adam Beck GS.

The predicted plume centreline concentration for January and July are provided on Figure 21 for an effluent
discharge rate of 30 MLD. In January, while the plume is never expected to meet the PWQO for total phosphorus
(0.03 mg/L) due to elevated background conditions, the plume is expected to be within 0.003 mg/L of the ambient
within 10 m of the outfall. In July, the plume is expected to meet the PWQO at a downstream distance of
approximately 125 m.

Total Phosphorus - January
0.100

Predicted Plume
0.090 T
= = = Water Quality Objective

0.080 T — - — Geometric Mean Background

0.070 T

75th Percentile Background

0.060 T
0.050 ‘L

0.040 T

0030 o e ———— —— — — — —— —— — " —— — —— — —_ — . — ———— —— — _—— — —— ——. —— — ) —— - o—

Concentration (mg/L)

0.020 1

0.010 1

0.000 —tt-tt-- -+ttt
0 50 100 150 200 250 300 350 400 450 500
Distance from Outfall (m)

GOLDER
g

wewsEn oF wse 58



Revl; February 2, 2022 18104462/3000/3002

Total Phosphorus - July
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Figure 21: Predicted Total Phosphorus Concentrations Downstream of Outfall

The predicted effects of the proposed WWTP on the monthly total phosphorus concentrations in the receiving
waters are summarized and compared to the predicted worst—case existing conditions in Table 23. The existing
conditions are predicted using the mass balance model for low-flow conditions and assume that the existing
Niagara Falls WWTP is operating at the rated capacity (68.3 MLD) and discharging effluent with a total
phosphorus concentration equal to the ECA limits (0.75 mg/L).

The total phosphorus concentrations are expected to increase by approximately 0.0007 mg/L (0.7 pg/L) in
Chippewa Creek and the HEPC, an increase of 3.2% or less. In the Niagara River, the increase in total

phosphorous are predicted to be approximately 0.0001 mg/L (0.1 pg/L) which represents an increase of 0.3% or
less.
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Table 23:

Existing

Future

Chippewa Creek at Triangle Island (A3)

Difference

Summary of Predicted Effects of Project on Total Phosphorus Concentrations

HEPC at Montrose Gate (A2)

Existing

Future

Difference

HEPC Above SAB? (A5)

Existing

Future

Difference

Niagara River Below SAB* (A6)

Existing

Future

Difference

(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
January 0.0461 0.0468 0.0007 (1.5%) 0.0489 0.0496 0.0007 (1.3%) 0.0504 0.0511 0.0007 (1.3%) 0.0464 0.0465 0.0001 (0.1%)
February 0.0311 0.0318 0.0007 (2.3%) 0.0335 0.0342 0.0007 (2.0%) 0.0351 0.0358 0.0007 (1.9%) 0.0314 0.0314 0.0001 (0.2%)
March 0.0252 0.0259 0.0007 (2.9%) 0.0313 0.0320 0.0007 (2.2%) 0.0329 0.0336 0.0007 (2.1%) 0.0258 0.0259 0.0001 (0.2%)
April 0.0264 0.0270 0.0007 (2.6%) 0.0308 0.0314 0.0007 (2.2%) 0.0323 0.0329 0.0007 (2.0%) 0.0267 0.0268 0.0001 (0.2%)
May 0.0264 0.0271 0.0007 (2.6%) 0.0290 0.0297 0.0007 (2.3%) 0.0305 0.0312 0.0007 (2.2%) 0.0266 0.0267 0.0001 (0.2%)
June 0.0226 0.0233 0.0007 (3.1%) 0.0281 0.0288 0.0007 (2.4%) 0.0296 0.0303 0.0007 (2.2%) 0.0231 0.0231 0.0001 (0.2%)
July 0.0208 0.0215 0.0007 (3.2%) 0.0228 0.0234 0.0006 (2.8%) 0.0243 0.0249 0.0006 (2.7%) 0.0210 0.0211 0.0001 (0.3%)
August 0.0217 0.0224 0.0007 (3.1%) 0.0230 0.0236 0.0007 (2.9%) 0.0245 0.0251 0.0007 (2.7%) 0.0219 0.0219 0.0001 (0.2%)
September 0.0215 0.0222 0.0007 (3.2%) 0.0230 0.0237 0.0007 (2.9%) 0.0246 0.0252 0.0007 (2.7%) 0.0217 0.0218 0.0001 (0.3%)
October 0.0249 0.0256 0.0007 (2.8%) 0.0284 0.0291 0.0007 (2.4%) 0.0300 0.0307 0.0007 (2.3%) 0.0252 0.0253 0.0001 (0.2%)
November 0.0333 0.0340 0.0007 (2.2%) 0.0372 0.0378 0.0007 (1.9%) 0.0387 0.0394 0.0007 (1.8%) 0.0337 0.0337 0.0001 (0.2%)
December 0.0492 0.0499 0.0007 (1.4%) 0.0526 0.0533 0.0007 (1.3%) 0.0542 0.0548 0.0007 (1.2%) 0.0496 0.0497 0.0001 (0.1%)
Annual 0.0290 0.0297 0.0007 (2.4%) 0.0322 0.0329 0.0007 (2.1%) 0.0338 0.0344 0.0007 (2.0%) 0.0291 0.0292 0.0001 (0.2%)

Notes:

L SAB — Sir Adam Beck GS
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4.2 Nitrate

The measured 75™ percentile nitrate concentrations in Chippewa Creek range from 0.16 mg/L (September) to
0.54 mg/L (February) and are effectively the same as the measured conditions in the Niagara River. The
modelled baseline concentrations and calculated maximum allowable effluent concentration for nitrate at the local
and system compliance points and regulatory objectives are presented in Table 24.

At the local and system compliance points, nitrate concentrations are below the regulatory objectives for each
month. In general, the local compliance point provides the most restrictive conditions. Based on the modelling
results, both the local and system compliance points can accept effluent nitrate concentrations in excess of
2,500 mg/L.

Based on the assumptions in Section 4.0, a conventional activated sludge system without denitrification is
expected to provide effluent nitrate concentrations of 20 mg/L. As a result, nitrate limits would not be required for
the proposed discharge location to Chippewa Creek.

Table 24:  Maximum Allowable Monthly Nitrate Concentrations for Discharge to Chippewa Creek

GoldSim Modelling?*
Local Compliance

System Compliance

Mass-Balance Modelling?

Local Compliance

System Compliance

Point Point Point Point
(mg/L) (mg/L) (mg/L) (mg/L)
January 2,530 2,594 2,772 2,777
February 2,186 2,302 2,744 2,751
March 2,457 2,687 2,716 2,762
April 2,670 2,816 2,825 2,887
May 2,725 2,851 2,799 2,863
June 2,910 2,965 2,785 2,828
July 3,025 3,139 2,997 3,091
August 2,933 3,077 3,024 3,122
September 2,837 3,010 2,974 3,064
October 2,702 2,840 2,890 2,939
November 2,553 2,704 2,752 2,791
December 2,484 2,602 2,661 2,687
Notes:

1 Calculated concentrations based on allowable mass capacity based on 5% probability of no exceedance.
2 Calculated based on low flow conditions occurring for all inflows simultaneously.

3 Modelled results exclude effects of CSOs and WWTP bypasses.

The predicted plume centreline concentration for January and July are provided on Figure 22 for an effluent
discharge rate of 30 MLD. In January and July, the plume is expected to meet the CCME guideline (3 mg/L) within
a downstream distance of approximately 10 m.
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Figure 22: Predicted Nitrate Concentrations Downstream of Outfall

The predicted effects of the Project on the monthly nitrate concentrations in the study are summarized and
compared to the predicted worst-case existing conditions in Table 25. The existing conditions are predicted using
the mass balance model for low-flow conditions and assume that the existing Niagara Falls WWTP is operating at
the rated capacity (68.3 MLD) and discharging effluent with a nitrate concentration equal to the monthly

75t percentile of the measured effluent data (8.41 to 9.71 mg/L).

The nitrate concentrations are expected to increase by approximately 0.02 mg/L in Chippewa Creek and the
HEPC, an increase of 11.5% or less. In the Niagara River, the increases in nitrate concentrations are predicted to
be less than 0.002 mg/L which represents an increase of 0.9% or less.
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Table 25:  Summary of Predicted Effects of Project on Nitrate Concentrations

Chippewa Creek at Triangle Island (A3) HEPC at Montrose Gate (A2) HEPC Above SAB (A5) Niagara River Below SAB (A6)
Existing Future Difference Existing Future Difference Existing Future Difference Existing Future Difference

(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
January 0.317 0.336 0.019 (6.0%) 0.387 0.405 0.018 (4.7%) 0.407 0.425 0.018 (4.5%) 0.325 0.327 0.002 (0.5%)
February 0.305 0.325 0.019 (6.3%) 0.370 0.388 0.019 (5.1%) 0.388 0.407 0.019 (4.8%) 0.313 0.315 0.002 (0.6%)
March 0.290 0.310 0.020 (6.8%) 0.330 0.349 0.019 (5.7%) 0.348 0.367 0.019 (5.4%) 0.295 0.297 0.002 (0.6%)
April 0.297 0.316 0.019 (6.4%) 0.331 0.349 0.018 (5.5%) 0.348 0.366 0.018 (5.2%) 0.301 0.302 0.001 (0.5%)
May 0.324 0.343 0.019 (5.8%) 0.344 0.362 0.018 (5.3%) 0.363 0.381 0.018 (5.0%) 0.327 0.329 0.001 (0.4%)
June 0.323 0.342 0.019 (5.9%) 0.376 0.394 0.018 (4.8%) 0.390 0.409 0.018 (4.6%) 0.328 0.329 0.001 (0.4%)
July 0.229 0.248 0.018 (8.0%) 0.239 0.257 0.018 (7.4%) 0.254 0.271 0.018 (6.9%) 0.231 0.233 0.001 (0.6%)
August 0.168 0.186 0.019 (11.1%) 0.174 0.191 0.018 (10.3%) 0.189 0.207 0.018 (9.4%) 0.169 0.171 0.001 (0.9%)
September 0.164 0.183 0.019 (11.5%) 0.176 0.194 0.018 (10.4%) 0.192 0.211 0.018 (9.4%) 0.166 0.168 0.002 (0.9%)
October 0.179 0.198 0.019 (10.8%) 0.230 0.249 0.019 (8.1%) 0.246 0.264 0.019 (7.5%) 0.184 0.186 0.002 (0.8%)
November 0.221 0.241 0.020 (9.0%) 0.285 0.304 0.019 (6.7%) 0.302 0.321 0.019 (6.3%) 0.228 0.229 0.002 (0.7%)
December 0.296 0.316 0.020 (6.8%) 0.369 0.388 0.019 (5.2%) 0.390 0.409 0.019 (4.9%) 0.304 0.305 0.002 (0.5%)
Annual 0.259 0.278 0.019 (7.4%) 0.299 0.318 0.018 (6.1%) 0.317 0.335 0.018 (5.8%) 0.263 0.265 0.002 (0.6%)

Notes:
L SAB — Sir Adam Beck GS
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4.3 Ammonia

The effluent limits are typically expressed as total ammonia but are based on the regulatory limit for un-ionized
ammonia (chronic toxicity limit of 0.0164 mg/L as N). The fraction of the total ammonia that is unionized is directly
related to the water temperature and pH. As such, water temperature and pH for the Niagara River are also
described in this section.

The measured 75 percentile ammonia concentrations in Chippewa Creek ranged from 0.012 mg/L (February)

to 0.058 mg/L (April) and are effectively the same as the measured conditions in the Niagara River. In the Niagara
River, the measured 75" percentile water temperatures ranged from 0.3°C (February) to 24.5°C (July) and the
measured pH 75 percentile values ranged from 8.10 to 8.40 (no pattern observed). The observed ammonia
concentrations and calculated unionized ammonia for the Niagara River are summarized in Table 26.

Table 26:  Monthly Observed 75t Percentile Values for Water Temperature, pH, Total Ammonia, and Calculated
Unionized Ammonia for Niagara River

Water Unionized Total Unionized
Temperature? Ammonia Ammonial Ammonia?
(°C) Fraction (mg/L) (mg/L)
January 0.7 8.1 1.1% 0.014 0.00015
February 0.3 8.1 1.0% 0.012 0.00013
March 2.5 8.1 1.3% 0.023 0.00029
April 7.8 8.1 1.9% 0.058 0.00112
May 14.1 8.2 3.9% 0.049 0.00190
June 20.3 8.3 7.5% 0.049 0.00366
July 24.5 8.4 12.0% 0.043 0.00512
August 24.4 84 12.0% 0.044 0.00529
September 225 8.3 8.7% 0.041 0.00355
October 17.5 8.3 6.2% 0.035 0.00216
November 10.1 8.2 2.9% 0.023 0.00067
December 5.2 8.1 1.6% 0.016 0.00025
Notes:
L values presented represent 75" percentile value of measured data.

2 estimated using equations presented in MOEE (1994).

The monthly maximum allowable effluent concentrations for total ammonia were calculated from the monthly
allowable concentrations of unionized ammonia using the monthly measured 75" percentiles of water
temperature and pH. The modelled baseline concentrations and calculated maximum allowable effluent
concentration for ammonia at the local and system compliance points and estimated monthly regulatory limits are
presented in Table 27.

In addition to the maximum allowable effluent concentrations for total ammonia based on assimilative capacity,
Table 28 provides the estimated monthly effluent limit based on the end-of-pipe acute toxicity limit of 0.1 mg/L for
unionized ammonia and the measured 75" percentile effluent temperatures and pH from the existing Niagara
Falls WWTP.

O SornER 64



Rev1; February 2, 2022 18104462/3000/3002

Table 27:  Maximum Allowable Monthly Total Ammonia Concentrations for Discharge to Chippewa Creek Based on
Water Quality Modelling

GoldSim Modelling? Mass-Balance Modelling?

Local Compliance System Local Compliance System

Point Compliance Point Point Compliance Point

(mg/L) (mg/L) (mg/L) (mg/L)

January 1,467 1,554 1,510 1,518

February 855 919 1,542 1,564
March 617 546 931 913
April 361 361 658 663
May 174 154 381 370
June 95 66 172 155
July 102 80 98 78
August 151 135 95 81
September 225 213 151 133
October 512 529 230 216
November 940 1,016 528 525
December 947 1,002 990 997

Notes:

1.
2.

Calculated concentrations based on allowable mass capacity based on 5% probability of no exceedance.
Calculated based on low flow conditions occurring for all inflows simultaneously.
3 Modelled results exclude effects of CSOs and WWTP bypasses.

Table 28:  Maximum Allowable Monthly Total Ammonia Concentrations for Discharge to Chippewa Creek Based on
Acute Toxicity of Unionized Ammonia

) pH (mg/L)
January 10.9 7.38 21.1
February 10.9 7.33 23.6
March 11.0 7.38 20.8
April 12.8 7.47 14.9
May 16.6 7.40 13.0
June 195 7.40 10.5
July 22.0 7.40 8.80
August 22.7 7.30 10.5
September 22.3 7.34 9.95
October 19.2 7.30 13.5
November 15.5 7.32 16.9
December 13.7 7.35 18.2
Notes:

1 Based on measured effluent temperatures and pH from the existing Niagara Falls WWTP (2015 to 2018).
2 Estimated using equations presented in MOEE (1994).
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The predicted maximum allowable total ammonia concentrations based on the assimilative capacity are
consistently greater than the values based on the acute toxicity guideline for unionized ammonia. As such, it is
recommended that the effluent objectives for total ammonia be based on meeting the acute toxicity limit for
unionized ammonia at end-of-pipe and monthly water temperature and pH. Based on the resulting values
presented in Table 28, the recommended total ammonia objectives are recommended to be 8.8 mg/L from May to
October and 15.0 mg/L from November to April.

The predicted plume centreline concentrations for January and July are provided on Figure 23 for an effluent
discharge rate of 30 MLD. The total ammonia guidelines for January and July are 1.51 mg/L and 0.14 mg/L
respectively based on monthly water temperatures and pH. The guideline for total ammonia for January is not
shown on Figure 23 since it is greater than the predicted and measured concentrations shown on the figure. In
January and July, the plume is expected to meet the monthly PWQO guideline within a downstream distance of
approximately 130 m.
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Figure 23: Predicted Total Ammonia Concentrations Downstream of Outfall

The predicted effects of the Project on the monthly total ammonia concentrations in the study are summarized
and compared to the predicted worst-case existing conditions in Table 29. The existing conditions are predicted
using the mass balance model for low-flow conditions and assume that the existing Niagara Falls WWTP is
operating at the rated capacity (68.3 MLD) and discharging effluent with a total ammonia concentration equal to
the monthly 75% percentile of the measured effluent data (6.23 to 10.0 mg/L).

The total ammonia concentrations are expected to increase by approximately 0.05 mg/L in Chippewa Creek and
the HEPC. In the Niagara River, the increases in total ammonia concentrations are predicted to be approximately
0.001 mg/L which represents an increase of 9% or less.
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Table 29:  Summary of Predicted Effects of Project on Total Ammonia Concentrations

Chippewa Creek at Triangle Island (A3) HEPC at Montrose Gate (A2) HEPC Above SAB (A5) Niagara River Below SAB (A6)
Existing Future Difference Existing Future Difference Existing Future Difference Existing Future Difference

(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
January 0.014 0.029 0.015 (103.5%) 0.036 0.050 0.014 (39.0%) 0.057 0.071 0.014 (24.4%) 0.018 0.019 0.001 (7.2%)
February 0.012 0.027 0.015 (119.4%) 0.022 0.036 0.014 (64.9%) 0.043 0.057 0.014 (33.3%) 0.015 0.016 0.001 (8.8%)
March 0.023 0.038 0.015 (63.9%) 0.056 0.071 0.014 (25.5%) 0.075 0.090 0.014 (19.0%) 0.028 0.029 0.001 (4.5%)
April 0.058 0.072 0.014 (24.6%) 0.066 0.080 0.014 (20.8%) 0.079 0.093 0.014 (17.3%) 0.060 0.061 0.001 (1.9%)
May 0.049 0.057 0.008 (17.1%) 0.057 0.065 0.008 (14.1%) 0.072 0.080 0.008 (11.1%) 0.051 0.051 0.001 (1.3%)
June 0.049 0.057 0.008 (17.2%) 0.054 0.062 0.008 (15.0%) 0.071 0.079 0.008 (11.3%) 0.051 0.051 0.001 (1.2%)
July 0.043 0.051 0.008 (19.0%) 0.044 0.052 0.008 (17.5%) 0.063 0.071 0.008 (12.3%) 0.044 0.045 0.001 (1.4%)
August 0.044 0.052 0.008 (18.6%) 0.045 0.053 0.008 (17.6%) 0.060 0.068 0.008 (13.1%) 0.045 0.046 0.001 (1.4%)
September 0.041 0.049 0.008 (20.4%) 0.047 0.055 0.008 (17.1%) 0.063 0.071 0.008 (12.6%) 0.043 0.044 0.001 (1.6%)
October 0.035 0.044 0.009 (24.4%) 0.039 0.048 0.008 (20.9%) 0.058 0.066 0.008 (14.2%) 0.037 0.038 0.001 (1.8%)
November 0.023 0.038 0.015 (64.9%) 0.032 0.046 0.015 (45.7%) 0.049 0.063 0.014 (29.6%) 0.025 0.027 0.001 (4.7%)
December 0.016 0.031 0.015 (95.0%) 0.034 0.049 0.015 (42.4%) 0.053 0.068 0.015 (27.3%) 0.019 0.020 0.001 (6.2%)
Annual 0.034 0.046 0.011 (33.4%) 0.045 0.056 0.011 (24.7%) 0.062 0.073 0.011 (17.7%) 0.037 0.038 0.001 (2.5%)

Notes:
L SAB — Sir Adam Beck GS
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4.4 E. coli

The measured 75" percentile E. coli concentrations in the Niagara River at the drinking water intake range from

3 cfu/100ml (May) to 11 cfu/100ml (January). There are constraints at the system compliance point caused by the
discharge of effluent into the HEPC from the existing Niagara Falls WWTP and by the contribution from the
Welland River East which exceeds objectives year-round. The calculated maximum allowable effluent
concentration for total phosphorus at the local and system compliance points and regulatory objectives are
presented in Table 30.

There are limitations on the discharge at the system compliance point from November to March and in September
due to contributions from Welland River East. As such, the effluent concentration is not to exceed background
conditions in the HEPC. The measured E. coli concentrations in the HEPC range from 5 to over 16,000 cfu/

100 mL with an average of over 1,600 cfu/100 mL.

An effluent limit for E. coli of 200 cfu/100 mL is recommended and is consistent with other treatment plants in the
area and recognizes that the HEPC is not used for body-contact recreation. This value is also well below the
measured E. coli concentrations in the HEPC.

Table 30:  Maximum Allowable Monthly E. coli Concentrations for Discharge to Chippewa Creek

GoldSim Modelling* Mass-Balance Modelling?

Local Compliance System Compliance Local Compliance System Compliance

Point Point Point Point
(cfu/100 mL) (cfu/100 mL) (cfu/100 mL) (cfu/100 mL)
January 79,518 nc 91,711 nc
February 75,315 nc 91,467 72,188
March 86,722 nc 95,937 822
April 92,226 67,543 97,791 89,654
May 98,596 97,296 101,149 100,264
June 103,967 97,529 99,801 94,869
July 104,734 102,999 103,824 102,346
August 98,330 95,695 101,943 100,079
September 90,825 nc 95,634 31,610
October 85,688 10,447 92,334 71,848
November 85,288 nc 92,034 2,717
December 84,521 nc 90,788 nc
Notes:

1.
2.

% Modelled results exclude effects of CSOs and WWTP bypasses.

Calculated concentrations based on allowable mass capacity based on 5% probability of no exceedance.
Calculated based on low flow conditions occurring for all inflows simultaneously.

The predicted plume centreline concentrations for January and July are provided on Figure 24 for an effluent
discharge rate of 30 MLD. In January and July, the plume is expected to meet the PWQO (100 cfu/100 mL) within
a downstream distance of approximately 10 m. The PWQO is not shown on Figure 24 since the measured and
predicted concentrations near the outfall are well below the PWQO.
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Figure 24: Predicted E. coli Concentrations Downstream of Outfall

The predicted effects of the Project on the monthly E coli concentrations in the study are summarized and
compared to the predicted worst-case existing conditions in Table 30. The existing conditions are predicted using
the mass balance model for low-flow conditions and assume that the existing Niagara Falls WWTP is operating at
the rated capacity (68.3 MLD) and discharging effluent with an E. coli concentration equal to the ECA limits

(200 cfu/100 mL).

The E. coli concentrations are expected to increase by approximately 0.2 cfu/100 mL in Chippewa Creek and the
HEPC, an increase of 6% or less. In the Niagara River, the increases in E. coli concentrations are predicted to be
less than 0.01 cfu/100 mL which represents an increase of 0.4% or less.
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Table 31:  Summary of Predicted Effects of Project on E. coli Concentrations

Chippewa Creek at Triangle Island (A3)
(cfu/100 mL)

HEPC at Montrose Gate (A2)
(cfu/100 mL)

HEPC Above SAB (A5)
(cfu/100 mL)

Niagara River Below SAB (A6)
(cfu/100 mL)

Existing Future Difference Difference Existing Future Difference Existing Future Difference

‘ Existing Future

January 11.2 11.4 0.18 (1.6%) 306.5 306.4 -0.10 (0.0%) 306.3 306.2 -0.10 (0.0%) 38.2 38.2 0.01 (0.0%)
February 10.2 10.3 0.19 (1.8%) 31.1 31.3 0.16 (0.5%) 315 31.6 0.16 (0.5%) 12.0 12.0 0.02 (0.1%)
March 43 45 0.20 (4.5%) 99.1 99.2 0.10 (0.1%) 99.3 99.4 0.10 (0.1%) 12.5 12.6 0.02 (0.1%)
April 6.4 6.6 0.19 (2.9%) 17.3 17.4 0.17 (1.0%) 17.6 17.8 0.17 (0.9%) 7.2 7.2 0.01 (0.2%)
May 3.3 3.5 0.19 (5.7%) 7.3 7.4 0.18 (2.5%) 7.7 7.8 0.18 (2.3%) 3.6 3.6 0.01 (0.4%)
June 4.1 4.3 0.19 (4.6%) 12.1 12.2 0.17 (1.4%) 12.5 12.6 0.17 (1.4%) 4.6 4.6 0.01 (0.3%)
July 4.0 4.2 0.18 (4.5%) 8.7 8.9 0.17 (2.0%) 9.1 9.3 0.17 (1.9%) 4.4 4.4 0.01 (0.3%)
August 45 4.7 0.18 (4.0%) 9.5 9.7 0.17 (1.8%) 9.9 10.1 0.17 (1.7%) 4.9 5.0 0.01 (0.3%)
September 8.8 9.0 0.18 (2.1%) 70.8 70.9 0.12 (0.2%) 71.1 71.2 0.12 (0.2%) 14.0 14.0 0.01 (0.1%)
October 9.9 10.0 0.19 (1.9%) 32.3 32.5 0.16 (0.5%) 32.7 32.8 0.16 (0.5%) 11.6 11.7 0.01 (0.1%)
November 7.1 7.3 0.19 (2.8%) 97.2 97.3 0.10 (0.1%) 97.5 97.6 0.10 (0.1%) 14.4 14.4 0.01 (0.1%)
December 7.8 7.9 0.20 (2.5%) 241.8 241.8 -0.04 (0.0%) 241.7 241.7 -0.04 (0.0%) 26.8 26.8 0.01 (0.1%)
Annual 6.7 6.9 0.19 (2.8%) 77.2 77.3 0.11 (0.1%) 77.4 775 0.11 (0.1%) 12.4 125 0.01 (0.1%)
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4.5 Biochemical Oxygen Demand (CBODs) and Dissolved Oxygen

The mass balance modelling suggests that the dissolved oxygen concentrations downstream of the discharge
are not sensitive to the effluent dissolved oxygen concentrations. As such, effluent dissolved oxygen
concentrations equal to 50% of the saturation concentration are recommended as the effluent limit

The recommended annual maximum allowable CBODs concentration for effluent is based on the minimum value
of 5,876 mg/L (fall) from Table 32. This value is well above the minimum secondary effluent standard compliance
limit of 25 mg/L (Table 21). As such, the recommended effluent compliance limit for CBODs is 25 mg/L.

Table 32:  Maximum Allowable Monthly CBODs Concentrations for Discharge to Chippewa Creek

Maximum Allowable Effluent Concentration

Season ‘ (mg/L)*
January 12,253
February 12,863
March 13,835
April 14,359
May 12,954
June 9,304
July 7,098
August 5,876
September 5,883
October 7,030
November 7,960
December 8,969
Notes:

1 Based on effluent dissolved oxygen concentration equal to 50% of saturation.

The predicted effects of the Project on the monthly CBODs concentrations in the study are summarized and
compared to the predicted worst-case existing conditions in Table 33. The existing conditions are predicted using
the mass balance model for low-flow conditions and assume that the existing Niagara Falls WWTP is operating at
the rated capacity (68.3 MLD) and discharging effluent with an CBODs concentration equal to the monthly

75t percentile of the measured effluent data (5.3 to 11.4 mg/L).

The CBODs concentrations are expected to increase by approximately 0.02 mg/L in Chippewa Creek and the
HEPC, an increase of 1.2% or less. In the Niagara River, the increases in CBODs concentrations are predicted to
be less than 0.02 mg/L which represents an increase of 0.1% or less.
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