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1. INTRODUCTION

Crandall Engineering Ltd. requested that NATECH Environmental Services Inc. conduct
a Receiving Water Characterization Study in the vicinity of a potential future outfall from
the Wastewater Treatment Plant (WWTP) in Burnt Church. The outfall would be located
in Miramichi Inner Bay, east of the mouth of the Burnt Church River. Figures 1-1 and 1-2
show the potential outfall area. The hydrographic chart of Bay near Burnt Church (No.

4911) is provided on Figure 1-3 for reference.

The objective of the investigation is to provide the information necessary to select a
suitable discharge point for a possible new outfall. Other pertinent information regarding
the outfall design is provided as well, such as the effect of depth and diffuser configuration.

NATECH Environmental Services Inc. -1-
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2. METHODOLOGY

2.1 Preparation for field investigation

2.1.1 Background information

Available documented information, including hydrographic mapping, aerial photography,
design information, and our in-house files were reviewed.

2.1.2 Preliminary modeling

A preliminary evaluation into the dilution potential at the site was carried out using the
Cormix model. A range of different depths and current velocities were assumed. The
hydrographic chart for the area is not very detailed but indicates shallow depths (less than
two metres several hundreds of metres from the shore). The option of using a diffuser was
examined, and the associated improvement in dilution was documented in relation to the

possible reductions in outfall length.

Design criteria: the outfall should achieve at least a 1 in 100 dilution within 250 m of the

outfall at all times, based on the New Brunswick mixing zone limits (this approach will result
in the highest possible Effluent Discharge Objectives (EDOs) for the effluent).

Five potential outfall locations were identified before carrying out the field measurements.

NATECH Environmental Services Inc. -5-
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2.2 Field investigation

2.2.1 Water Level Variations

Two water level sensors were installed to automatically monitor the tidal water level
variations. The locations were at the wharf on the southern shore of the community and
downstream of the MicMac Road bridge. The water level was tied to three geodetic
benchmarks using a total station:

- Top of nut on fire hydrant: 4.53 m

- Top of water valve on fire hydrant: 3.88 m

- Top of sanitary manhole beside lift station: 3.35 m

2.2.2 Bathymetry

The bathymetry of the estuary in the outfall area was surveyed using two boats equipped
with GPS and echo sounder technology. The depths were originally recorded relative to the
water surface and then converted to geodetic elevations, taking into account the measured
tidal changes in the water level.

2.2.3 Current Direction and Speed

The local ocean currents were measured using six drogues equipped with GPS tracking

devices that drifted with the currents. Three were surface drogues, and three were set
underwater at a 1.00 m depth.

NATECH Environmental Services Inc. -6-
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2.2.4 Water Quality

The water quality was measured in the field at four locations (three outfall locations plus the
river under the bridge) using a YSI multi-parameter water quality probe. The parameters
recorded included pH, Temperature, DO, TDS, conductivity, and salinity. In addition, water
samples were taken at the same locations, and analysed at the RPC laboratory in
Fredericton. The samples were analysed for CBOD,, TSS, unionized ammonia, total
ammonia, TKN, TP, E. Coli, Faecal Coliforms

Salinity and temperature were also measured over the depth of the water column in a few
locations to determine whether stratification occurs. The recorders were left in place for the
duration of the field work

2.2.5 Mixing Regime

The mixing regime in the receiving environment was measured by injecting Rhodamine WT
dye as a tracer at several locations into Inner Miramichi Bay. The dye was released at the
surface as the WWTP effluentis anticipated to be buoyant. Dye sensor readings along with
corresponding GPS position and time were documented. Visual observations were sketched
and the plume boundary shape was traced in the field using GPS tracking.

The purpose of the dye release was to simulate the release of effluent, and to verify dilution
rates predicted by the mixing model. The dye studies were spread over two days to avoid
interference between the different dye plumes. The dye was released several times during
the tidal cycle (mid falling tide, slack low tide, and mid rising tide). The dye was monitored
downstream of the discharge using a fluorometer, coupled with a GPS.

NATECH Environmental Services Inc. -7 -
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3. RESULTS

3.1 Preliminary Modeling

Model runs were carried out with the Cormix model assuming depths ranging from 0.5 m
to 2.0 m and worst-case low velocities from 0.01 m/s to 0.1 m/s. At 0.01 m/s the model
results are felt not be reliable. No temperature or salinity stratification was assumed. Also,
the outfall was assumed to be an open-ended pipe with a diameter of 0.08 m, to provide an
exit velocity of 2 m/s for the effluent peak future flow of 10.23 L/s (887 m*/day).

The results in shallow water suggest that current speed has a greater influence on dilution
than depth. This is due to the fact that regardless of the depth at discharge, the effluent is
buoyant and tends to rise quickly before spreading in a thin layer at the surface of the
ocean. Consequently when choosing a potential outfall location. Priority should be given
to areas with the greatest ambient current velocities. According to the simulations, a current
speed above 0.05 m/s appears sufficient to provide a dilution greater than 1 in 100 within
250 m from the outfall, provided that the outfall is at least 100 m away from the shore to
avoid shoreline attachment of the plume.

Additional model runs were carried out to simulate several diffuser options: diffuser lengths
of 10, 20 and 50 m, and various numbers of nozzles (with varying diameters to always
provide an exit velocity of 2 m/s). The simulations suggests that the length of the diffuser
(from the first to the last nozzle) matters more than the number of nozzles, to provide a

significant improvement in dilution.

NATECH Environmental Services Inc. -8-
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Table 3.1 Cormix preliminary simulations (various depths and current velocities)

Results of simulations
Assumptions
Distance to 1 in 100 dilution Plume at 250 m
D - |L h of
current | b epth Upstream | 2OW™  |Length o Dilution | Thickness | Width
speed ) lm) stream |plume under (11in) L i
(m/s) (m) 1:100 dilution
6 US, 2 US,
0.5 220 200 420 130 DS 18 DS 800
9 US, 4 US,
1 300 100 400 510 DS 53 DS 900
0.01 10 US 8 US
1.5 360 80 440 280 DS o8 DS 1000
11 US, 14 US,
2 420 75 495 380 DS 35 DS 1100
0.5 62 300 362 70 10 370
1 64 300 364 75 10 370
0.02
1.5 66 290 356 80 11 380
2 68 290 358 85 11 390
0.5 5 200 205 150 20 160
1 5 220 225 120 15 160
0.05
1.5 5 230 235 115 14 160
2 5 240 245 110 14 160
0.5 - 110 110 385 50 80
1 - 120 120 440 54 80
0.1
1.5 - 120 120 390 46 80
2 - 110 110 350 43 80

Notes: “US” means upstream, “DS” means downstream

Other assumptions:

- No salinity or temperature stratification, salinity = 30 ppt

- Effluent peak future flow =10.23 L/s (887m3/day), effluent velocity = 2 m/s

NATECH Environmental Services Inc.
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Table 3.2 Cormix preliminary simulations (at 0.5 m depth, for various current velocities)

Results of simulations
Assumptions . . L
Distance to 1 in 100 dilution Plume at 250 m
Current Down- Length of Thick-
Upstream Dilution Width
speed | Nozzles stream | plume under : ness
(m) _— (1in) (m)
(m/s) (m) 1:100dilution (cm)
6 US, 2 US,
1* 220 200 420 370
130 DS 18 DS
11@1m
0.01 , 140 200 340 130 18 370
spacing
21@1m 145 170 315 150 20 390
51@1m 130 80 210 200 25 410
1* 62 300 362 70 10 370
11@1m 23 260 283 85 13 400
3@5m same same same same same same
21@1m 22 215 237 110 16 380
0.02
51@1m 19 100 119 170 22 400
21@2.5m Same Same Same Same Same Same
11@5m Same Same Same Same Same Same
3@25m Same Same Same Same Same Same
0.05 1* 5 200 205 150 20 380
0.1 1* - 110 110 385 50 390

Notes: “US” means upstream, “DS” means downstream
* Open-ended pipe results from Table 3.1

Other assumptions:

- No salinity or temperature stratification, salinity = 30 ppt

- Effluent peak future flow =10.23 L/s (887m3/day), effluent velocity = 2 m/s

NATECH Environmental Services Inc. -10 -
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3.2 Field Measurements

The field investigations were carried out from May 12 to May 14, 2014. The weather
conditions during the investigation consisted of cool temperatures with a slight wind, blowing
toward the NW on May 12 and 13, and toward the NE on May 14.

3.2.1 Water Level Variations

The water level records during the survey are displayed on Figure 3-1, as well as tidal
predictions for the area from the Canadian Hydrographic Service. Table 3.2 shows the

typical water levels expected in Burnt Church obtained from the local hydrographic chart.

Table 3.2 Characteristics of tidal water levels in Burnt Church (from Nautical Chart No. 4911

partially shown on Figure 1-3), relative to chart datum (CD):

Parameter Large tides Mean tides
Low water level (m) 0.2 0.3
High water level (m) 1.6 1.3
Range (m) 1.4 1.0

Notes The mean water level is at 0.7 m above CD. According to the chart’s legend, the high and low water

level elevations above CD can be converted to geodetic elevations by substracting 0.6 m.

3.2.2 Bathymetry

Figures 3-2 and 3-3 depict the surveyed bathymetry in the outfall area. Figure 3-2isa 3D
perspective, rotated to better show the river channel. Figure 3-3 is a plan view (or looking
straight down with the Y-axis pointing North). A cross-section of inner Miramichi Bay along

the anticipated outfall pipeline is presented on Figure 3-4.

NATECH Environmental Services Inc. -11 -
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3.2.3 Current Direction and Speed

Figures 3-5 to 3-8 illustrate the current speed and direction measurements. The observed
velocities were higher than anticipated. The velocities of the drogues varied from 0.04 m/s
to 0.37 m/s, and the directions were different at every stage of the tide, with the most
variability at high tide. The underwater drogues (1 m deep) behaved similarly to the
drogues that were floating at the surface. The drogues did not appear to be significantly
affected by the wind. Table 3.3 summarizes the range of velocities measured for different

stages of the tide.

Table 3.3 Summary of current velocity measurements on May 12 to 14, 2014

Tidal stage Minimum current Maximum current Current direction
speed (m/s) speed (m/s) (toward)
Falling 0.06 0.36 SSE to ENE
Low 0.05 0.37 SE to SW
Rising 0.04 0.34 SW to NW
High 0.11 0.21 Very variable

The observed drogue tracks indicate that currents are variable in speed and direction and
that gyres may be forming in the area. The frequency and magnitude of the gyres may be
affected by tidal stages (rising, falling), tidal period (neap or spring), wind, and freshwater

flows.

NATECH Environmental Services Inc. -16 -
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3.2.4 Water Quality

The water quality testing locations are shown on Figure 1-2. Table 3.4 lists the water
quality measurements carried out in the field, and the laboratory analyses. The laboratory
reports are attached in Appendix B. Figures 3-9 to 3-11 detail temperature/salinity/density
profiles. Figures 3-12 to 3-15 show variations in temperature and conductivity over time
and depth.

Table 3.4. Measured Water Quality in Burnt Church on May 14, 2014

Parameter Unit At bridge At O1 At O5 At O6
Time hours 12h00 11h18 10h48 10h58
Time before low tide hours 0h30 1h12 1h42 1h32
Field measurements

Temperature °C 14.5 9.1 8.1 7.2
pH units 7.5 7.5 8.3 8.3
Conductivity mS/cm 6.2 2.2 27.8 28.4
Salinity ppt 4.0 1.2 17.6 17.2
TDS mg/L 3.4 1.5 18.1 18.4
Dissolved oxygen Yo 109 97 110 106
Dissolved oxygen mg/L 10.9 11.1 11.7 11.5
Laboratory analyses

CBOD5 mg/L <6 <6 <6 <6
TSS mg/L 23 34 8 18
Total ammonia mg/L <0.05 <0.05 <0.05 <0.05
Unionized ammonia mg/L <0.001 <0.001 <0.001 <0.001
TKN mg/L 0.3 0.4 <0.25 <0.25
TP mg/L 0.065 0.080 0.035 0.046
E. Coli MPN/100mL 28 20 32 40
Faecal Coliforms MPN/100mL || 48 40 32 48 |

NATECH Environmental Services Inc.
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3.2.5 Mixing Regime

Initially, Rhodamine WT dye was injected at location O1. O1 is the closest location from
the shore along the anticipated future outfall pipeline route. The drogues simultaneously
released at O1, O2 and O3 were carried under the bridge during the rising tide and these
locations are notideal for an effluent release. Subsequently, dye was released at locations
O5 and 0O6.

Figures 3-16 and 3-17 show the measured dilution contours. Table 3.6 summarises the
plume characteristics at different stages of the tide. Table 3.7 lists the coordinates of
locations O1 to O6.

The orientation of the plumes were found to vary significantly depending on the tidal stage
and the location. The observations confirm that there may be gyres forming at times
during the rising tide and rotating in a counterclockwise direction between O5 and the

mouth of the river.
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Table 3.6. Characteristics of the dye plumes at several potential outfall location

Location Tidal stage Distance to 1 in 100 Dilution at 250 m
dilution (m)

O1 Falling 675 1in 25
Low 400 1in 20
Rising 290 1in 50

05 Falling 180 >1in 100
Low 150 >1in 100
Rising 120 >1in 100

06 Falling 510 1in15
Low >350 1in 30
Rising 200 1in 500

Table 3.7. Potential outfall locations studied (NB Stereographic coordinates)

Location Easting (m) Northing (m)
O1 2,605,185 7,579,948
02 2,605,036 7,579,911
03 2,605,346 7,580,066
04 2,605,550 7,580,100
05 2,605,273 7,579,827
06 2,605,359 7,579,706

NATECH Environmental Services Inc.
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4. CONCLUSIONS AND RECOMMENDATIONS

Outfall Design Considerations:

J

Current related sediment transport can be expected in the future outfall area. Also
ice rafting along the bay side of the causeway beach is experienced most years,
particularly during the spring ice break up. Slabs 1.0 to 1.5 m thick sometimes pile
up on the shore and into the Bay. An outfall pipe would have to be buried deeply
into the ground.

A minimum water depth of 2.0 m at low tide is desired for the termination point of
the outfall. Such depths are observed at locations O5 (500 m from the shore) and
O6 (300 m from the shore).

Currents in the study area are very variable in direction and magnitude. A strong
landward current can be expected during rising tides. Should more information on
the variability of currents be desired, the application of a two dimensional hydraulic
model is recommended.

The vicinity of Point O6 appears to be best suited for an outfall in terms of distance
from shore, water depth and current directions.

An alternative to building a long outfall pipe would be to install a discharge next to
the Micmac Rd. bridge. This, coupled with a new reservoir that contains the effluent
for four to six hours during a rising tide would ensure that the effluent is directed
toward the ocean only (during ebbing tides).

Growth of sea eel grass is an ongoing phenomenon observed in the area. Any
outfall should not direct nutrient rich water into the near-shore area. Additional
nutrient removal may be required, should a near shore outfall be considered.

NATECH Environmental Services Inc. -33-
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APPENDIX A - SITE PHOTOGRAPHS
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Northern shoreline near low tide (May 14, 2014 at 11:26)
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Inner Miramichi Bay near low tide (May 13, 2014 at 11:31)
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Inner Miramichi Bay near low tide (May 14, 2014 at 12:45)
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APPENDIX B - LABORATORY ANALYSES
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Report ID: 170664-1AS CERTIFICATE OF ANALYSIS | ‘D( =
Report Date: 29-May-14 for
Date Received: 15-May-14 Natech Environmental Services

Attention: Jochen Schroer
Project #: Not Available
Location: Burnt Church
Analysis of Water

2492 Route 640

Hanwell, NB E3E 2C2

921 College Hill Rd
Fredericton NB
Canada E3B 629
Tel:  506.452.1212
Fax: 506.452.0594
www.rpc.ca

RPC Sample ID: 170664-1 170664-2 170664-3 170664-4
Client Sample ID: B.C. - River B.C. - OF1 B.C. - OF5 B.C. - OF6
Date Sampled: 14-May-14 14-May-14 14-May-14 14-May-14
Analytes Units RL
Ammonia (as N) mg/L 0.05 <0.05 <0.05 <0.05 <0.05
Un-ionized @ 5°C mg/L - <0.001 <0.001 <0.001 <0.001
Un-ionized @ 15°C mg/L - <0.001 < 0.001 <0.001 <0.001
Un-ionized @ 20°C mg/L - <0.001 <0.001 <0.001 <0.001
Kjeldahl Nitrogen mg/L 0.25 0.3 0.4 <0.25 <0.25
pH units - 7.3 7.1 7.1 7.2
Phosphorus - Total mg/L 0.002 0.065 0.080 0.035 0.046
CBOD mg/L 6 <6 <6 <6 <6
Solids - Total Suspended mg/L 5 23 34 8 18

This report relates only to the sample(s) and information provided to the laboratory.
RL = Reporting Limit

kO

=

Rosp Koo

A. Ross Kean, M.Sc.
Department Head
Inorganic Analytical Chemistry

Peter Crowhurst, B.Sc., C.Chem
Analytical Chemist
Inorganic Analytical Chemistry

WATER CHEMISTRY
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Report ID: 170664-IAS CERTIFICATE OF ANALYSIS PD C

Report Date: 29-May-14 for
Date Received: 15-May-14 i i
v y Natech Environmental Services 921 College Hill Rd
2492 Route 640 Fredericton NB
Hanwell, NB E3E 2C2 Canada E3B 679

Tel:  506.452.1212
Fax: 506.452.0594
www.rpc.ca

Methods

Analyte RPC SOP # Method Reference Method Principle

Ammonia 4.M47 APHA 4500-NH; G "Phenate" Colourimetry
Kjeldahl Nitrogen 4.M16 APHA 4500-NORG Digestion, phenate colorimetry
pH 4.M03 APHA 4500-H" B pH Electrode - Electrometric
Phosphorus - Total 4.M17 APHA 4500-P E Digestion, Manual Colourimetry
Solids - Total Suspended 4.M05 APHA 2540 D Filtration, Gravimetry

WATER METHODS
Page 2 of 2



Report ID: 170664-ML-W1
Report Date: 20-May-14
Date Received: 15-May-14

CERTIFICATE OF ANALYSIS

for

Natech Environmental Services
2492 Route 640

Hanwell, NB E3E 2C2

rpc

921 College Hill Rd
Fredericton NB
Canada E3B 629
Tel: 506.452.1368
Fax: 506.452.1395

WWW.rpc.ca
Attention: Jochen Schroer / Cody Sipkema
Client Location: Burnt Church
Microbiological Examination of Water
RPC Sample ID: 170664-1 170664-2 170664-3 170664-4
Client Sample ID: B.C. - River B.C.- OF1 B.C. - OF5 B.C.- OF6
Date Sampled: 14-May-14 14-May-14 14-May-14 14-May-14
Time Sampled: 2:00:00 PM 2:00:00 PM 2:00:00 PM 2:00:00 PM
Analytes Method ID Date Analyzed Units
Total Coliforms FFAO1 15-May-14 MPN/100mL 236 244 212 196
E. coli FFAO1 15-May-14 MPN/100mL 28 20 32 40
Faecal Coliforms FFAO1 15-May-14 MPN/100mL 48 40 32 48

This report relates only to the sample(s) and information provided to the laboratory.

Tests were performed according to the corresponding Compendium of Analytical Methods, Health Protection

Branch and/or AOAC Official Methods.

/2%—;7 Ty
7~

Cathy Hay
Micro Supervisor
Food, Fisheries & Aquaculture

MICRO WATER
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Gillian Hodges
Micro Technician

Food, Fisheries & Aquaculture
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APPENDIX C - HISTORICAL AERIAL PHOTOGRAPHS
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