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1. INTRODUCTION

The Canada-wide Strategy for the Management of Municipal Wastewater Effluent was

released by the Canadian Council of Ministers of the Environment (CCME) in 2009 to

improve the protection of human health and the environment, and to provide better clarity

in the way municipal wastewater effluent is managed across the country.  The strategy is

based on preparing a site-specific Environmental Risk Assessment (ERA) for each

municipal wastewater treatment plant.  The Province of New Brunswick is a signatory to

the strategy and has requested that the City of Saint John complete an ERA for the Morna

Heights Wastewater Treatment Plant (WWTP).  NATECH Environmental Services Inc. was

asked by the City  to carry out the study.

The objective of this ERA is to assist the New Brunswick Department of Environment and

Local Government (NBDELG) with developing Effluent Discharge Objectives for the Morna

Heights WWTP, based on the assimilative capacity of the local receiving environment (the

Saint John River). 

Figure 1-1 shows the location of the WWTP, and Table 1.1 summarizes the WWTP’s

characteristics. 



S
c
a

le
:

D
a

te
:

D
a

te
:

E
c
h

e
lle

:

P
ro

je
c
t 

N
o

.:

S
h

e
e

t 
N

o
.:

N
  

d
e

 l
a

 f
e

u
ill

e
:

N
  

d
u

 p
ro

je
t

2
4

9
2
 R

o
u

te
 6

4
0

.,
 H

a
n

w
e

ll,
 N

.B
.

P
h

: 
(5

0
6

) 
4

5
5
-1

0
8

5
  

 F
a

x
: 

(5
0
6

) 
4

5
5

-1
0

8
8

A
S

 S
H

O
W

N
F

IG
U

R
E

 1
-1

O
u

tf
a
ll
 L

o
c
a
ti

o
n

E
n
v
ir
o
n
m

e
n
ta

l 
R

is
k
 A

s
s
e
s
s
m

e
n

t

S
a
in

t 
J
o
h
n

 -
 M

o
rn

a
 H

e
ig

h
ts

 W
W

T
P

L
o
c
a
ti
o
n
 M

a
p

M
u

n
ic

ip
a
l

W
a
s
te

w
a
te

r
T

re
a
tm

e
n

t 
P

la
n

t

C
h

a
lm

e
rs

W
oodsi

de

B
a
y
 C

re
s
c
e

n
t

M
o

rn
a

 H
e

ig
h

ts

S
JW

-1
6
-0

1
2
0
1

7
/0

1
/3

1

0
5
0

1
0

0
1
5
0
  

m
e
tr

e
s

5
0

1
0
0

S
a

in
t 

J
o

h
n

 R
iv

e
r



           Interim Report - Environmental Risk Assessment - City of Saint John - Morna Heights  WWTP        

                                                                                                                                                                                            

       NATECH Environmental Services Inc. - 3 -

Table 1.1  Morna Heights  WWTP Characteristics

Item Description

Treatment

processes

CBOD5 Trickling filter

Settling
TSS removal

Pathogens removal No disinfection system installed

Outfall

Receiving water body Saint John River

Description
The end of the outfall pipe is located on

the bank, above the average river level

Coordinates 

(NB Stereographic)

E 2,526,328 m,

N 7,365,766 m
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The methodology used to carry out this investigation is in accordance with the ERA

framework outlined in the technical supplements of the CCME Strategy:

‘ A one year characterisation of the effluent was carried out by the municipality,

including effluent flow and effluent quality monitoring.

‘ Environmental Quality Objectives (EQOs) were determined based on a review of

applicable guidelines.  EQOs are concentrations of contaminants in the environment

that are low enough to be considered safe for human and ecosystem component

exposure.

‘ An allocated mixing zone (MZ) in the receiving water body was determined: the MZ

is the extent of the water body around the outfall where the effluent is initially

diluted, and where contaminant concentrations greater than the EQOs are

authorized by the regulators. 

‘ The target Effluent Discharge Objectives (EDOs) were calculated.  The EDOs are

maximum  acceptable concentrations in the effluent from the WWTP.  They are

calculated based on worst-case conditions to ensure that EQOs are met at all times

at the edge of the MZ. 

‘ Compliance monitoring requirements were determined.  The effluent quality

parameters that should be analysed after the completion of the one-year

characterization period are identified, as well as the sampling frequency.

The process of determining EDOs involved a combination of documentation review,

consultation with stakeholders, field investigations, and mathematical modeling.  
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2. SUBSTANCES OF POTENTIAL CONCERN

2.1 Facility size categorization

The effluent flows measured at the WWTP from October of 2016 (since a flow meter was

installed) to January of 2017 are plotted on Figure 2-1 and summarized in Table 2.1.  

Table 2.1 Effluent flow characteristics at the Morna Heights  WWTP

Item Value Description

Theoretical flow 58 m3/day (0.67 L/s)

Assumptions: 

- 50 homes, 1 m3/day/home

- Elementary School (125

students, 20 staff), 8 m3/day

Flow measurements

40 m3/day (0.46 L/s)
Average daily flow from Oct.7,

2016 to January 31, 2017

220 m3/day (2.5 L/s)
Peak daily flow (Jan. 27, 2017)

over the same period

Inflow & infiltration Yes

Facility size category Very small

Average wastewater flow between

500 and 2,500 m3/day 

(CCME, 2009)
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2.2 Substances of potential concern

The CCME Strategy provides a listing of potential parameters of concern, that must be

identified and quantified through testing.  The effluent constituents of potential concern to

the receiving environment for a “very small” size facility such as the Morna Heights  WWTP

are: 

- Carbonaceous biological oxygen demand (CBOD5)

- Total suspended solids (TSS)

- Unionized ammonia-nitrogen (NH3-N unionized)

- Total ammonia-nitrogen (NH3-N total)

- Total Kjeldahl nitrogen (TKN)

- Total phosphorus (TP)

- pH, and temperature

- Pathogens (E. Coli)

2.3 Additional substances associated with industrial discharges

No additional substances from industrial discharges were identified.
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3. INITIAL EFFLUENT CHARACTERIZATION PROGRAM - METHODOLOGY

Table 3.1 lists at which frequency the substances of potential concern are to be measured

in the effluent, during a one year characterization period.

Table 3.1 Monitoring requirements for the Morna Heights  WWTP

Parameter
Sampling

frequency
Procedure

Flow Daily
Measured by operator 

(flow meter)

CBOD5

Monthly

Sampled by operator, analyzed by

laboratory

TSS

NH3-N Unionized

NH3-N Total

TKN

TP

E. Coli

pH

Measured by operator

Temperature
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4. RECEIVING WATER BODY CHARACTERIZATION

4.1 Physical characteristics 

The outfall pipe is currently located on the bank of the Saint John River (see Figure 4-1),

above the average river level.  

 

Table 4.1 summarizes the hydraulic characteristics of the Saint John River and its main

tributaries (downstream of the Mactaquac dam) at the outfall location.  The drainage area

of the river upstream of the Morna Heights area is approximately 52,640 km2.  The average

river  flow in the Morna Heights area is calculated to be 1,090 m3/s, and the seven day

duration - ten year return (7DQ10) low flow is approximately 83.3 m3/s.  These flows are

calculated as follows:

‘ Average flow: the average flow at the Mactaquac dam plus the average flow

contributed by tributaries between the Mactaquac dam and the Morna Heights area.

‘ Low flow: the minimum maintenance flow at the Mactaquac dam plus the 7DQ10

low flow contributed by tributaries between the Mactaquac dam and the Morna

Heights area.

Figure 4-2 illustrates monthly river flow statistics. 

Figure 4-3 displays a hydrographic chart of the Saint John River in the outfall area.
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 Table 4.1. Hydrological characteristics of Saint John River in the Morna Heights area

River Saint John Nashwaak
North

Oromocto
Salmon Canaan Saint John

Station Unit 01AK004 01AL002 01AM001 01AN002 01AP002 at Morna

(Location)
Macta-

quac

Durham

Bridge
Tracy Castaway

East

Canaan

 Heights

outfall

Drainage

area 

(at station)

km2 39,900 1,450 557 1,050 668 52,640

Flow

regime
regulated natural natural natural natural regulated

Average

flow

m3/s 813(1) 36 12 22 14 1,090

L/s/

km2 20 25 22 21 20 21

7DQ10 low

flow

m3/s
50.1 (2)

70.8 (3) 2.90 0.06 1.31 0.17
62.6 (2)

83.3(3)

L/s/

km2

1.3 (2)

1.8 (3) 2.0 0.1 1.2 0.3
1.2 (2)

1.6 (3)

(1) Based on data from 1970 to 2010, from Environment Canada.

(2) Calculated flow based on data for non-regulated rivers in NW New Brunswick from Caissie et al. (2011).

(3) Based on minimum maintenance flow at Mactaquac hydroelectric station (from NB Power).



 
Environmental Risk Assessment

Saint John - Morna Heights WWTP

River flow statistics SCALE: Not to scale FIGURE: 4-2

FILE: SJW-16-01DATE: 2017/01/30Environmental Services Inc.

2492 Route 640, Hanwell, NB, E3E 2C2

Phone: (506) 455-1085   Fax: (506) 455-1088

Monthly flow statistics - Saint John River upstream of Morna Heights (drainage area: 52,640 km
2
) 

(calculated based on data from Environment Canada) 

1,735

1,603 1,597

1,247

2,494

1,935

528

3,245

2,789

965

551
502 472

801

970949

584

1,521

3,102

5,672

5,290

2,449 2,315

559

837

852

214
201 222

310

149 121 98
159

262
212

0

1,000

2,000

3,000

4,000

5,000

6,000

January February March April May June July August September October November December

F
lo

w
 (

m
3
/s

)

Maximum monthly flow

Average monthly flow

Lowest monthly flow



FILE:

FIGURE:

DATE:

SCALE: 

Environmental Risk Assessment

Saint John – Morna Heights WWTP 

Hydrographic Chart

2017/01/31
Environmental Services Inc.
2492 Route 640, Hanwell, N.B., E3E 2C2

Ph: (506) 455-1085   Fax: (506) 455-1088 4-3

SJW-16-01

Morna Heights

WWTP

Depths in metres, 
smaller  black digits are

decimals (155=15.5m)

0500 500 1000 metres

Outfall



           Interim Report - Environmental Risk Assessment - City of Saint John - Morna Heights  WWTP        

                                                                                                                                                                                            

       NATECH Environmental Services Inc. - 14 -

4.2 Resource usage downstream

The Saint John River is used predominantly for recreation in the Morna Heights area.

Boating and fishing appear to be the most common form of recreation.  It cannot be

precluded that swimming may occur in the vicinity of the outfall, since there are residences

located along the shore (Woodside Drive, Bay Crescent Drive) on each side of the outfall.

To assess the potential environmental protection components, the Canadian Water Quality

Guidelines for the Protection of Aquatic Life (CCME, 2016), and the Guidelines for

Canadian Recreational Water Quality (Health Canada, 2012) were consulted.

4.3 Background river water quality

Historical water quality information for the Saint John River was obtained from the NB

Department of Environment for the closest monitoring station upstream of the Morna

Heights area. (Evandale,  located 35 km away).  The data are summarized in Table 4.2.

Table 4.2. Historical Saint John River water quality in Evandale

Parameter Unit Min. Max. Average
Number of

data

DO mg/L 7.1 13.9 9.6 25

pH units 7.0 8.0 7.5 19

Temperature °C 0.4 24.5 17.0 19

TSS mg/L <10 <10 <10 10

NH3-N Total mg/L <0.01 0.07 0.02 39

TN mg/L 0.30 0.70 0.36 39

TP mg/L <0.005 0.030 0.014 39

E. Coli MPN/100mL <10 100 <18 32

Note: Data from 2008 to 2014 (Source: NBDELG)
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4.4 Field reconnaissance

The following conditions were observed during field work carried out on August 10, 2016.

‘ The effluent flow was 0.35 L/s at 10:30 am, which corresponds to 30 m3/day.  

‘ The water level variations of the Saint John River measured in the outfall area are

shown on Figure 4-4, and compared to water level variations in Oak Point (30 km

upstream) and the Indiantown area in Saint John (6 km downstream, just above the

Reversing Falls).  The tidal amplitude was 0.4 m during the rising tide on August 10.

‘ The bathymetry measured in the outfall area is plotted on Figure 4-5, and a cross-

section perpendicular to the shore is displayed on Figure 4-6. 

‘ Figure 4-7 illustrates where current velocities were recorded in the Saint John River

in the outfall area. Drogues equipped with GPS devices were used to carry out the

measurements. The measured current speeds varied from 0.02 m/s close to shore

to 0.24 m/s 250 m offshore.  The current direction appeared to be mainly driven by

the tide on that day, as the drogues floated in the opposite direction of the normal

river flow during the rising tide.



Water Level Variations on August 10-11, 2016

0.7

0.8

0.9

1.0

1.1

1.2

1.3

1.4

Aug 10  00:00 Aug 10  06:00 Aug 10  12:00 Aug 10  18:00 Aug 11  00:00 Aug 11  06:00 Aug 11  12:00 Aug 11  18:00 Aug 12  00:00

W
a

te
r 

le
v

e
l 
(i

n
 m

 g
e

o
d

e
ti

c
)

Water level measured in Morna Heights

Water level recorded at Oak Point (from E.C.)

Water level recorded in Indiantown (from E.C.)

Water Level Variations from October of 2015 to September of 2016

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

Nov 1 Dec 2 Jan 1 Feb 1 Mar 3 Apr 2 May 3 Jun 2 Jul 3 Aug 2 Sep 2 Oct 2

W
a

te
r 

le
v

e
l 
(m

 g
e

o
d

e
ti

c
)

Recorded water level in Indiantown (Source: Environment Canada)

Water level measurements in Morna Heights on August 10-11, 2016

Environmental Risk Assessment

Saint John - Morna Heights WWTP

Water Level Variations
SCALE: As shown FIGURE: 4-4

FILE: SJW-16-01DATE: 2017/01/31Environmental Services Inc.

2492 Route 640, Hanwell, NB, E3E 2C2

Phone: (506) 455-1085   Fax: (506) 455-1088



-5

-4
.5

-4.5

-4
.5

-4

-4

-4

-4

-4

-3
.5

-3.5

-3
.5

-3

-3

-3

-2.5

-2.5

-2

-2

-2

-1.5

-1.5

-1.5

-1

-1

-0.5

-0.5

0

0

0.5

0.5

1

1

2525900 2526000 2526100 2526200 2526300 2526400 2526500 2526600 2526700 2526800 2526900

7365400

7365500

7365600

7365700

7365800

7365900

7366000

7366100

-5.5

-5

-4.5

-4

-3.5

-3

-2.5

-2

-1.5

-1

-0.5

0

0.5

1



Scale:

Date: Date:

Echelle:

AS SHOWN

File:

Figure:2492 Route 640, Hanwell, N.B., E3E 2C2

Ph: (506) 455-1085   Fax: (506) 455-1088

Distance in Metres

CROSS SECTION A-A' AT OUTFALL LOCATION

0+000

4-6

End of Outfall Pipe
(Approximate Location)

2017/02/08

0+010 0+020 0+030 0+040 0+050 0+060 0+070 0+080 0+090 0+100 0+110

E
le

v
a

ti
o

n
 (

m
)

2

0

1

3

-1

-2

-3

-4

-5

SJW-16-01
Environmental Risk Assessment

Saint John - Morna Heights WWTP

Cross Section of River Bottom Perpendicular to Shoreline

Surveyed on August 10, 2016

LOWEST WATER LEVEL IN 2016 =  0.60 m

AVERAGE WATER LEVEL IN 2016 =  1.65 m



Drogue Start Time

12:20
3:30
4:11
4:31
4:44

12:22
3:30

3:46
4:11
4:44

12:23
4:12
4:43

Stop Time

12:40
4:02

4:23
4:41
5:19

12:38
3:46
4:09
4:27
5:20

12:54

4:32
5:19

Duration (s)

1170
1950

720
600

2100
960
960

1380
930

2190
1890

1170
2190

Distance (m)

279
238

23
28

138
214
125

32
38

246
400

47
255

Speed (m/s)

0.24
0.12

0.03
0.05

0.07
0.22
0.13
0.02
0.04
0.11
0.21
0.04
0.12

R250m

Scale:

Date: Date:

Echelle:

Project No.:

Sheet No.: N  de la feuille:

N  du projet

2492 Route 640., Hanwell, N.B.

Ph: (506) 455-1085   Fax: (506) 455-1088

AS SHOWN

0 120  metres804080 40

FIGURE 4-7

Environmental Risk Assessment

Saint John - Morna Heights WWTP

Measured Current Velocities on August 10, 2016

2017/02/08 SJW-16-01

Morna Heights

Chalmers

W
ood

si
de

Bay Crescent

Saint John River

Outfall Location



           Interim Report - Environmental Risk Assessment - City of Saint John - Morna Heights  WWTP        

                                                                                                                                                                                            

       NATECH Environmental Services Inc. - 20 -

‘ A dye tracer (Rhodamine WT) was released into the effluent flow at the outlet

manhole from 10:30 until 17:00 on August 10, 2016 at a controlled rate.  The  plume

of effluent mixed with dye remained at the surface, and attached to the shoreline

until the edges of the rocky point where the WWTP is located (see Figures 4-8 and

4-9).  The plume floated toward the East (downstream) during the falling tide, and

toward the West during the rising tide (upstream) (see pictures in Appendix A).

Beyond 50 m from the point where the effluent is discharged on the shore, the

effluent dilution was observed to be more than one hundred times, both at the end

of the falling tide and during the rising tide.

‘ Water quality measurements were taken in the effluent stream, in  the Saint John

River upstream of the outfall, and in the river 250 m downstream of the outfall

(precise locations are shown Figure 4-1). Samples were also collected and sent to

an independent laboratory for additional testing.  The results of the water quality

testing are listed in Table 4.3.
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Table 4.3.  Water quality measurements on August 10, 2016.

Parameter Unit

Saint John

River

upstream

WWTP

Effluent

Saint John River

250 m downstream

at surface

at 12:30

at outlet

at 10:20

at surface

at 12:50

at bottom

(4 m deep)

Field measurements

DO mg/L 9.1 3.7 9.2 8.1

pH units 8.0 6.6 8.1 7.9

Temperature °C 21.6 19.0 21.4 18.7

Conductivity mS/cm/C 12.3 1.1 12.8 22.6

Salinity ppt 7.1 0.6 7.4 13.8

Laboratory analyses

CBOD5 mg/L <6 21 <6 ND

TSS mg/L 6 27 8 ND

NH3-N Unionized at

15 °C
mg/L <0.001 0.014 <0.001 ND

NH3-N Total mg/L <0.05 9.9 <0.05 ND

TKN mg/L 0.7 13.1 0.9 ND

TP mg/L 0.012 7.65 0.012 ND

E. Coli
MPN/ 

100 mL
2 >10,000 2 ND

ND = not determined
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5. INITIAL EFFLUENT CHARACTERIZATION PROGRAM - RESULTS

The initial effluent characterization program was started in September of 2016 and is

ongoing.  The results available so far are summarized in Table 5.1 and plotted on Figures

5-1 and 5-2.  

Table 5.1. Effluent quality at the Morna Heights WWTP in 2016 - 2017

Parameter Unit Minimum Maximum Average
Number of

data

WWTP measurements

Dissolved oxygen mg/L 0.5 11.4 5.0 45

Temperature °C 4 20 12 45

pH units 6.7 8.0 7.2 45

Laboratory analyses

CBOD5 mg/L 12 119 44 5

TSS mg/L 22 45 33 5

NH3-N unionized mg/L <0.05 0.38 0.16 5

NH3-N Total mg/L 7 52 25 5

TKN mg/L 9 63 32 5

TP mg/L 5.1 7.6 6.6 5

E. Coli (all data)
CFU/ 

100 mL
64,000 1,250,000 525,800 5

E. Coli (May-October

only)

CFU/ 

100 mL
64,000 374,000 219,000 2

Faecal Coliforms
CFU/ 

100 mL
94,000 1,450,000 607,000 5
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6. DETERMINATION OF EFFLUENT DISCHARGE OBJECTIVES

6.1 Determination of Environmental Quality Objectives (EQOs)

Guideline values for relevant water quality parameters were obtained from the Canadian

Water Quality Guidelines for the Protection of Aquatic Life (CCME, 2016), and the

Guidelines for Canadian Recreational Water Quality (Health Canada, 2012).  The values

are summarized in Table 6.1.

Table 6.1 Environmental Quality Objectives for the Saint John River

Parameter Unit
EQOs based on the Canadian Water Quality

Guidelines (fresh water)

DO (related to 

CBOD5)
mg/L

Dissolved oxygen (DO) concentration in

receiving water body:       >6.5 (1)

TSS mg/L <5 to <25 above background (2)

NH3-N unionized mg/L <0.019 (3) 

NH3-N total mg/L
<0.29 (June-September) (3) 

< 2.7 (otherwise)  

TKN mg/L <0.5 (4) (May-October)

TP mg/L <0.035 (5) (May-October)

pH units 6.5 - 9.0

E. Coli MPN/100 mL <200 (6) (May-October)

(1) Dissolved oxygen: 6.5 mg/L was chosen as a minimum for cold water fish species in freshwater

Freshwater guideline: “The concentration of dissolved oxygen for early life stages of cold water species

shall be equal to or greater than 9.5 ppm and for other life stages shall be equal to or greater than 6.5

ppm; the concentration of dissolved oxygen for early life stages of warm water species shall be equal to or

greater than 6.0 ppm and for other life stages shall be equal to or greater than 5.0 ppm.” (New Brunswick

Water Classification Regulation, 2002).  The Canadian Water Quality Guidelines for the Protection of

Aquatic Life (2016) are similar except for  warm water species- other life stages where the lowest

acceptable dissolved oxygen concentration “shall be equal to or greater than 5.5 ppm”. 
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(2) Suspended sediments:

“clear flow : Maximum increase of 25 mg/L from background levels for any short-term exposure (e.g., 24-h

period). Maximum average increase of 5 mg/L from background levels for longer term exposures (e.g., inputs

lasting between 24 h and 30 d).

high flow: Maximum increase of 25 mg/L from background levels at any time when background levels are

between 25 and 250 mg/L. Should not increase more than 10% of background levels when background is

>250 mg/L.  “

From Canadian Water Quality Guidelines for the Protection of Aquatic Life (CCME, 2016).

(3) Ammonia:

Freshwater: The guideline for NH3 (unionized) is a maximum of 0.019 mg/L (CCME, 2016).  The

corresponding NH3-N (Total) concentration is given by the following equation:

NH3-N unionized = (NH3-N total/0.8224) / (1 + 10 0.0901821+2729.92/(T+273.15)-pH)

with T the ambient water temperature in deg. C

- Here in the worst-case of a pH of 8.0 and a water temperature of 25°C in the river, NH3-N total should be less

than 0.29 mg/L (in the summer, from June to September).  

- For an average case of a pH of 7.5 and a temperature of 10°C in the river,  NH3-N total should be less than

2.7 mg/L.

(4) Total Kjeldahl nitrogen:

 0.5 mg/L was chosen based on the “moderately impaired” criteria  for the Saint John River proposed by the

Canadian Rivers Institute (2011).  No criteria  is given in the Canadian Water Quality Guidelines for the

Protection of Aquatic Life (CCME, 2016).

(5) Total Phosphorus: 

Freshwater: 0.035 mg/L was chosen based to remain in the meso-eutrophic trigger range. 

The trigger ranges are:     Ultra-oligotrophic: <0.004 mg/L

        Oligotrophic: 0.004 to 0.010 mg/L

        Mesotrophic: 0.010 to 0.020 mg/L, 

        Meso-eutrophic: 0.020 to 0.035 mg/L,

        Eutrophic range: 0.035 to 0.100 mg/l

(From Canadian Water Quality Guidelines for the Protection of Aquatic Life (CCME, 2016)).

(6) E. coli: less than 200 MPN/100mL for primary contact recreation (swimming). Source: Guidelines for

Canadian Recreational Water Quality (Health Canada, 2012).
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6.2 Determination of the mixing zone and assessment of dilution

6.2.1 Assessment of average and worst-case scenarios

The following conditions were used to assess the average-case scenario:

‘ An average water level of 1.65 m, and an average flow of 1,090 m3/s in the Saint

John River.

‘ An average effluent discharge of 0.46 L/s (40 m3/day).

The following conditions were used to assess the worst-case scenario:

‘ A low water level of 0.6 m and a seven day - ten year low flow of 83.3 m3/s

(83,300 L/s) in the Saint John River.

‘ An average effluent discharge of 0.46 L/s (40 m3/day).

6.2.2 Mixing zone modeling 

The main assumptions used and the CORMIX model results are summarized in Table 6.2.

A dilution greater than 200 times is predicted 250 m downstream of the outfall under all

scenarios simulated, which is consistent with the field observations.
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Table 6.2. Cormix assumptions and results for various discharge scenarios

Parameter Unit
Field

observations
Field case

Average

case
Worst case

CORMIX assumptions                                     

Receiving water:

River level m 0.78 to 1.18 1.00 1.65 0.60

Current speed near shore

(influenced by tides)
m/s

0.03 near

shore to 0.24

250 m offshore 

0.03 0.15 0.03

Temperature BC 19 (bottom) to 22 (surface) 10 25

Salinity ppt 14 (bottom) to 7 (surface)

Outfall:

Total effluent flow L/s 0.35 0.35 0.46 0.46

Temperature BC 19.0 19.0 10 25

Salinity ppt 0.3 0.6 0.3 0.6

CORMIX predictions

Distance to 1 in 10 m 5 to 10 20 2 15

Distance to 1 in 50 m 15 to 35 40 15 45

Distance to 1 in 100 m 25 to 50 55 20 65

Distance to 1 in 200 m 40 to 60 80 60 90

Characteristics 250 m downstream:

Dilution 1 in >200 >200 >200 >200

ND=Not determined
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6.2.3 Allocated mixing zone

In the case of a receiving watercourse like the Saint John River, three conditions limit the

size of the mixing zone that can be allocated for the purpose of calculating effluent

discharge objectives (CCME, 2009):

‘ A mixing zone should not occupy more than 25% of the cross-sectional area or

volume of flow of a receiving watercourse, during 7 day - 10 year low flow conditions

(Schedule B of Regulation 2002-13 under the NB Clean Water Act).

‘ The mixing zone cannot extend past 250 m of the outfall in any direction (NBDELG,

2012).

‘ A maximum dilution factor of 1 in 100 is allowed at the edge of the mixing zone

(NBDELG, 2011).

The dilution of the effluent flow, after mixing into 25% of the Saint John River flow, would

be 1 in 600,000 under the average scenario, and 1 in 45,000 under the worst-case

scenario.  The modeling results indicate that the dilution 250 m downstream of the outfall

is always more than 1 in 100 under all scenarios.  Therefore the 1 in 100 dilution is the

most limiting condition to define the extent of the allocated mixing zone, and this contour

is predicted to extend less than 70 m downstream of the outfall.
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6.3 Determination of EDOs

Table 6.3 lists future effluent discharge objectives (EDOs), or effluent quality targets.  A

distinction is made between three types of targets: National Performance Standard (NPS),

Regular Effluent Discharge Objectives (REDOs), and Theoretical Effluent Discharge

Objectives (TEDOs):

‘ National Performance Standards (“end of pipe” requirements) are set in the federal

Wastewater Systems Effluent Regulations (2012), and apply to CBOD5 (<25 mg/L),

TSS (<25 mg/L) and unionized ammonia (<1.25 mg/L).  

‘ Regular EDOs are effluent quality objectives that should be met in the future.  EDOs

are calculated based on the Environmental Quality Objectives (EQOs) from Table

6.1, the dilution available at the edge of the allocated mixing zone under the worst-

case scenario (1 in 100), and measured background concentrations in the receiving

water body (from Tables 4.2 and 4.3).  

‘ Theoretical EDOs are given for parameters for which a Regular EDO cannot be

established due to limited mixing in the receiving environment.

It should be noted that:

‘  The NPS of less than 25 mg/L for CBOD5 and TSS was not always met between

September of 2016 and January of 2017.

‘ The Regular EDO for E. Coli (200 MPN/100mL from May to October) is strict,

because no dilution can be used for the calculations (end-of-pipe standard).  The

average E. Coli concentration in the effluent exceeded the Regular EDO value

significantly in 2016-2017.
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‘ The Theoretical EDOs calculated are strict for TKN and TP due to the low guideline

values for the river for these parameters (EQOs) and the maximum 1 in 100 dilution

ratio allowed for the calculations.  The concentrations of TKN and TP in the effluent

exceeded the Theoretical EDOs in 2016-2017.

Table 6.3. Proposed EDOs for the Morna Heights WWTP 

Parameter Unit
Assumed 

background  
(1)

EQO (2) Calculated EDO

for effluent

Average effluent

quality (3)

CBOD5 mg/L 0 DO > 6.5 < 25 (NPS) 44

TSS mg/L 5
< 5 or < 25

above
background

< 25 (NPS) 33

NH3-N
Unionized

mg/L 0 < 0.019 < 1.25  (NPS) 0.16

NH3-N
Total 

mg/L 0.02
< 0.29

(Jun-Sep.)
< 27  (REDO)

(Jun-Sep.)
25

TKN mg/L 0.36
< 0.50

(May-Oct.)
< 14 (TEDO)

(May-Oct.)
32

TP mg/L 0.014
< 0.035

(May-Oct.)
< 2.1 (TEDO)

(May-Oct.)
6.6

pH mg/L 7.0 - 8.0 6.5 - 9.0
4.7 - 11.0

 (REDO) 6.6 - 7.5

E. Coli
MPN/ 

100 mL
20 < 200

(May-Oct.)
<200 (REDO)

(May-Oct.)
219,000

(1) From Tables 4.2 and 4.3                                           

(2) From Table 6.1                                                               

(3) Effluent quality from September of 2016 to January of 2017 from Table 5.1

NPS = National Performance Standard

REDO = Regular Effluent Discharge Objective

TEDO = Theoretical Effluent Discharge Objective
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7. SELECTION OF SUBSTANCES FOR COMPLIANCE MONITORING

7.1 Selection of substances

The substances that should be monitored in the effluent after the one-year characterization

period is finished, include:

‘ The daily effluent flow.

‘ CBOD5 and TSS, which must be monitored regardless of the initial characterization

results. 

‘ In this case, TKN, TP and E. Coli should be monitored also.

7.2 Monitoring frequencies

Table 7.1 lists the recommended effluent monitoring frequencies for the above substances

for the Morna Heights  WWTP, based on the requirements from the Wastewater Systems

Effluent Regulations (2012) and the CCME Strategy (2009).

Table 7.1. Compliance monitoring requirements - Morna Heights  WWTP

Parameter Sampling frequency

CBOD5

Quarterly

TSS

TKN

Monthly from May to OctoberTP

E. Coli
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8. CONCLUSIONS AND RECOMMENDATIONS

The effluent from the Morna Heights wastewater treatment plant (WWTP) is discharged

on the shore of the Saint John River.  Residential properties are located upstream and

downstream of the outfall area.

From October of 2016 to January of 2017, the average effluent flow was 40 m3/day (0.46

L/s).  The peak flow reached 220 m3/day (2.5 L/s) on January 27, 2017.  There appears to

be significant inflow and/or infiltration into the sewer system.  The sources of

inflow/infiltration should be identified and remediated.

From September of 2016 to January of 2017, the average concentrations of CBOD5 and,

TSS were above 25 mg/L (the value of the National Performance Standard for both

substances).  The WWTP should be upgraded to meet the Standards for CBOD5  and TSS.

The calculated effluent discharge objective (EDO) for E. Coli is strict (<200 MPN/100 mL

from May to October), because no dilution can be considered in the EDO calculations when

the outfall is close to areas were bodily contact may occur.  In the future, E. Coli

concentrations should be  monitored during the summer months (May-October). If E. Coli

concentrations are elevated during the summer, it is recommended to install a disinfection

system to remove pathogens.  A UV system would be preferable to chlorination.  If

chlorination was used, dechlorination would have to be provided, and residual chlorine in

the effluent would have to be monitored daily to ensure levels below the National

Performance Standard of less than 0.02 mg/L.  

The theoretical EDOs calculated are strict for nitrogen and  phosphorus, due to the

relatively low guideline values for the receiving environment for these parameters.  The

WWTP should be upgraded to reduce nitrogen and phosphorus concentrations in the

effluent. Until upgrades are in place, these parameters should be monitored monthly from

May to October.  

The outfall should be extended so that it is submerged at all times.  The outfall pipe should

terminate deep enough underwater to not be damaged by ice. 
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10. GLOSSARY

A

Acutely Lethal (Létal aigu)

At 100 percent concentration of effluent, more than 50 percent of the test species

subjected to it over the test period are killed when tested in accordance with the acute

lethality test set out in the appropriate method. For rainbow trout this is Reference Method

EPS 1/RM/13.

Allocated Mixing Zone (Zone de mélange allouée): see mixing zone

Ammonia (Ammoniac)

Total ammonia expressed as nitrogen. Total ammonia means the sum of the unionized

ammonia (NH3) and ionized ammonia (NH4+) species which exist in equilibrium in water.

Analytical methods measure and typically report on ammonia nitrogen as opposed to total

ammonia.  The unionized ammonia (NH3) is toxic to fish in low concentrations.  The amount

of NH3 is calculated as a fraction of the total nitrogen, based on temperature and pH.

C

Canadian Environmental Quality Guidelines (Recommandations canadiennes pour la

qualité de l’environnement)

Nationally endorsed, science-based goals for the quality of atmospheric, aquatic, and

terrestrial ecosystems. Environmental quality guidelines are defined as numerical

concentrations or narrative statements that are recommended as levels that should result

in negligible risk to biota, their functions, or any interactions that are integral to sustaining

the health of ecosystems and the designated resource uses they support. Developed by

CCME.
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Carbonaceous Biochemical Oxygen Demand (CBOD5, 5-day) (Demande biochimique

en oxygène des matières carbonées [DBO5C, 5 jours])

A measure of the quantity of oxygen used in the biochemical oxidation of organic matter

in 5 days, at a specific temperature, and under specified conditions. The method of

analyzis is defined by Method 5210 in Standard Methods.  The CBOD is a fraction of the

total BOD.  This fraction is specific to each effluent.

Chronic Toxicity (Toxicité chronique)

The ability of a substance or mixture of substances to cause harmful effects over an

extended period, usually upon repeated or continuous exposure sometimes lasting for the

entire life of the exposed organism. Chronic toxicity results in reduced reproductive

capacity or reduced growth of young, in fish or invertebrate populations.

Combined Sewer (Égout unitaire)

A sewer intended to receive both sanitary waste and storm water.

Combined Sewer Overflow (CSO) (Débordement d’égout unitaire [DEU])

A discharge to the environment from a combined sewer system that occurs when the

hydraulic capacity of the combined sewer system has been exceeded, usually as a result

of rainfall and/or snow melt events.

D

Designated Area (Zone désignée)

Sensitive areas as identified by the regulator and that may be affected by municipal

wastewater discharges, such as fish spawning sites, beaches, drinking water intakes, etc.
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E

Effluent Discharge Objective (EDO) (Objectif environnemental de rejet [OER])

Concentration, load or toxicity units that should be met at the municipal wastewater effluent

discharge to adequately protect all water uses in the receiving environment. Effluent

discharge objectives are obtained through an environmental risk assessment methodology

using the principles of assimilative capacity and mixing zone, in conjunction with

environmental quality.

Environmental Quality Objective (EQO) (Objectif de qualité de l’environnement [OQE])

Concentration of a substance considered safe for aquatic life and for the human uses that

exist or should exist outside of a determined mixing zone. The Canadian Environmental

Quality Guidelines (CEQG) are generic EQOs often used in Canada. The numerical

concentrations or narrative statements that establish the conditions necessary to support

and protect the most sensitive designated use of water at a specified site (CCME, 1987)

Environmental Risk Assessment (ERA) (Évaluation des risques environnementaux

[ERE])

A procedure that will enable the establishment of effluent discharge objectives for

substances of concern. This process will take into account the characteristics of the effluent

and of the site-specific receiving environment. The environmental risk assessment includes

a one-year period where a facility will characterize its effluent (initial characterization).

Eutrophication: Excessive growth of aquatic vegetation in response to elevated

concentrations  of nutrients (often associated with wastewater discharges).
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M

Mixing Zone (Zone de mélange)

Also called the initial dilution zone. The area contiguous with a point source (effluent

discharge site) or a delimited non-point source where the discharge mixes with ambient

water and where concentrations of some substances may not comply with water quality

guidelines or objectives. For the purpose of the Strategy, “mixing zone” means the

“allocated mixing zone” at the edge of which environmental quality objectives should be

met.

N

Near-Field Mixing Zone  The volume of water between the end of the discharge pipe or

the diffuser nozzle, and the point where the energy (mainly momentum and buoyancy) of

the effluent has dissipated.  Beyond this point - in the far-field - river or coastal current

transport takes over.

Nutrient (Élément nutritif)

Any substance that is assimilated by organisms and promotes growth; generally applied

to nitrogen and phosphorus in wastewater, but also to other essential and trace elements.

R

Receiving Environment (Milieu récepteur)

The water body into which effluent is discharged.

S

Streeter Phelps algorithm: A method of predicting oxygen depletion in a receiving water

body as a function of organic loadings and existing background condition.
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March 27, 2017

 

 

Kevin O’Brien, P. Eng 

Transportation and Environment Services 

City of Saint John 

P.O Box 1971 

Saint John, NB 

E2L 4L1 

 

 

E-mailed: Kevin.O'Brien@saintjohn.ca 

 

Dear Mr. O’Brien: 

 

Subject: Zoning Inquiry 

 139 Bay Crescent Drive  

 

This is in reply to your inquiry concerning the above-mentioned property, also identified as PID 

number 00024364. It is my understanding that you are intending to construct a new wastewater 

treatment facility to replace the existing one on the subject property.  

 

The site is split between the Rural Settlement Area designation and Park and Natural Area 

designation on Schedule B of the City’s Municipal Plan. The Rural Settlement designation 

contemplates development of low density housing with private on-site water and wastewater 

systems. Considering the role of this use provided, the facility is appropriate within the Rural 

Settlement area and The Parks and Natural Area designations.  

 

Our records show that this property is located in the Utility Service (US) zone. A wastewater 

treatment facility is a permitted use in this zone.  

 

Therefore, the proposed construction of a wastewater facility would be in compliance 

with the Zoning By-law and Municipal Plan.  

 

Should you have any zoning related questions please contact me at (506) 658-4446 or by e-

mail at katelyn.davis@saintjohn.ca. 

 



Kevin O'Brien 139 Bay Crescent Drive March 27, 2017 
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Sincerely, 

 
Katelyn Davis, EIT 

Development and Research Coordinator 
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