
 

  Page 1 

Mactaquac Aquatic Ecosystem Study  
Report Series 2016-036 
 
 

Historical and Observed Suspended 
Sediment Characteristics of the  
Saint John River  
 
 
 
 
Gordon Yamazaki, Laura Wishart, Katy 
Haralampides, and Mana Ahmady 
 
 
 
04 August 2017 
 
 
 
 
 
                       



  MAES Report Series 2016-036 
 

  Page i 

Correct citation for this publication: 
 
Yamazaki, G., Wishart, L, Haralampides, H., and Mana Ahmady.  2017.  Historical and Observed 
Suspended Sediment Characteristics of the Saint John River.  Mactaquac Aquatic Ecosystem Study 
Report Series 2016-036.  Canadian Rivers Institute, University of New Brunswick, 26p. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
DISCLAIMER 
 
Intended use and technical limitations of the report, “Observed Suspended Sediment Characteristics of 
the Saint John River (2015-2017)”.  This report presents suspended sediment data collected in support 
of the Mactaquac Aquatic Ecosystem Study and is not intended as a stand-alone interpretation of 
existing conditions. This report is not intended to directly support the Life Achievement Option 
construction process; it was intended as input into the hydrodynamic model scenarios considered for 
Options 1-3.  The results contained herein were collected over a three-year period under high flow 
conditions to provide a general understanding of the range of maximum suspended sediment 
characteristics at discrete locations.  The historical review was limited to publically available sources.  
No attempt has been made to statistically link these observations with other physical or climatological 
parameters or processes of influence.  The CRI does not assume liability for any use of the included 
data or analyses outside the stated scope.    
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1 Introduction	
 
‘Suspended sediment’ is the suspension of sediment particles within water.  The size and quantity of 
suspended sediment is limited by the sediment source – which is typically a combination of bottom 
sediments resuspended and mixed with sediment input from terrestrial sources – and the energy 
available within the water column.  Although particles of nearly any size may be suspended by water, it 
is the suspension and transport of fine particles that is of most interest to the aquatic ecosystem, 
specifically: silt, clay, fine particles of organic and inorganic matter, soluble organic compounds, 
plankton, and other microscopic organisms (Canadian Council of Ministers of Environment ‘CCME’ 
1999, updated 2002).   
 
From an aquatic ecosystem perspective, suspended sediment is of interest because it can lead to 
respiratory distress in fish or may be transported and deposited in areas of fish habitat causing 
degradation of the habitat in a process known as ‘sedimentation’.  From a geomorphological 
perspective, suspended sediment is one of the primary means by which sediment is transported from 
the land to a down-gradient destination within moving water.  The natural transport of sediment within 
a river system is an essential component to the physical conditions of fish habitat, such as: water 
quality, river bottom substrate type and form, islands, and wetlands.  It follows that a change in the 
natural sediment transport conditions of a river may have undesirable consequences on its aquatic 
ecosystem.  Changes in sediment transport conditions may occur due to changes on land that lead to 
increased sediment input, climatological changes that change the available water volume and energy, 
and changes in flow conditions such as the construction of a dam. 
 
For this report and others in the MAES series it should be noted that ‘suspended sediment 
characteristics’ include the measurable parameters total suspended solids (TSS) and turbidity.  
Complicating the nomenclature is the usage of the term ‘total suspended sediment’ in the Federal 
guideline to refer to the results obtained from the total suspended solids filter analysis with the 
inclusion of biotic particles (CCME 1999, updated 2002).  Thus, the terms ‘suspended sediment’ and 
‘total suspended sediment’ will be used interchangeably herein as described by CCME except when 
referring specifically to the description of methods for total suspended solids. 
 
The Canadian Rivers Institute (CRI), in collaboration with New Brunswick Power (NB Power), is 
working to understand the potential implications on the aquatic ecosystem of four options being 
considered for the future of the Mactaquac Generating Station (MGS).  In this regard, the CRI 
established the Mactaquac Aquatic Ecosystem Study (MAES) and, in its first phase, seeks to establish 
the baseline conditions of the aquatic ecosystem and to develop models for predicting the potential 
changes to the aquatic ecosystem under the four options.  During the early stages of the MAES study 
design it was hypothesized that the presence of the MGS and its associated Mactaquac Headpond acted 
to trap suspended sediment in its low energy lake-like environment.  Several studies were designed 
with the intent of determining the location, volume, and physical and chemical characteristics of these 
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entrapped sediments.  Using these data and others, a hydrodynamic and sediment transport model was 
developed of a portion of the Saint John River (SJR) extending from upstream of the Mactaquac 
Headpond to the Reversing Falls in Saint John.  The collection of actual suspended sediment data is 
required to verify the model predictions to better understand the fate of suspended sediment under all 
options, and the baseline conditions of those options where a barrier remains in place as these options 
will not alter the flow conditions substantively from the present.  It is also important to establish a 
range of maximum TSS values for the purpose of evaluating water and sediment releases on 
downstream environments under the dam removal option.    
 
To establish baseline conditions, a combined approach of historical data review and field data 
collection was applied.   

2 Historical	Conditions	
To establish the historical conditions, existing water quality data for stations along the SJR and its 
tributaries were obtained from the New Brunswick Department of Environment and Local Government 
(NBDELG) to identify typical values and understand how suspended sediment moves through the 
River in time and space. Two historical data sets were provided: SJR Stations 1994-1998 and SJR and 
Tributary Stations 2003-2014.  

2.1 Methods	

To understand typical turbidity and suspended sediment values at stations located on or near the Saint 
John River, the data were organized to demonstrate spring freshet averages, spring freshet peaks, fall 
storm peaks as well as summer, fall, and spring averages.  
 
The data provided by NBDELG had a limit of quantitation, also known as a detection limit, associated 
with the testing. Before the year 2005, testing that returned a value less than 15 mg L-1 was to be 
recorded as 15 mg L-1 with a flag to indicate that the true value was below the detection limit. During 
2005, the detection limit changed to 10 mg L-1. Again, a test that returned a value of less than 10 mg L-1 

would be recorded as 10 mg L-1 with a flag next to the value indicating that the true value was below 
the detection limit.  Many suspended sediment tests returned values that were below the detection limit. 
As a result of this limitation, the analysis does not include suspended sediment averages unless the 
majority of the station’s data are above the detection limit. Values that are recorded as above the 
detection limit typically occur during the spring freshet or after a storm.  The limit of quantitation for 
turbidity was consistently 0.200 NTU. 

2.1.1 Historical Data Analysis for the Saint John River Stations 1994-1998 

If there were two or more tests obtained at one station on the same day, an average was taken across 
that day. Multiple testing sites located on the same bridge (ex: north, middle and south) were 
considered as one station. A daily average was taken across the multiple testing sites as to not give a 
bridge with three testing sites more weight than a location with one test site. The daily averages were 
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used in the larger, season-wide average to give all testing days and all testing stations an equal 
weighting.  
 
After daily averages were recorded, season-wide averages and maximums were obtained from the 
database in the following categories: Spring Freshet Average, Spring Freshet Peak, Spring Average, 
Summer Average, Fall Storm Peak, and Fall Average Excluding Storms.  For all categories, averages or 
peaks were only taken if sufficient data were present.  
 

• A Spring Freshet Average was generated across the dates with elevated levels of turbidity and 
suspended sediment in the spring season. The duration of the spring freshet at each station is subject to 
interpretation.  The interested reader is referred to Appendix A (Notes for Individual Stations) for 
specifics regarding the date range used in each Spring Freshet Average.  

• The Spring Freshet Peak was the maximum suspended solids and maximum turbidity recorded during 
the testing period. The maximum suspended solids and turbidity values did not necessarily occur on the 
same day.  

• The Spring Average included all testing dates that were within the definition of the spring season, 
which, for this report, is late March to the end of May.  

• The Summer Average included all dates from the beginning of June to the end of August.  
• A Fall Storm Peak was recorded if there was an elevated level of suspended solids and turbidity on a 

testing date, as compared to other values during the fall season. This category was intended to allow the 
user to understand typical suspended sediment and turbidity values that follow a storm. The fall season 
is defined as the beginning of September to the end of December.  

• The Fall Average Excluding Storms category was an average of all dates that were within the fall 
season, with the exception of dates that had elevated levels of suspended sediment and turbidity due to 
storms. It is of note that if a date was affected by a storm, but did not have maximum suspended solids 
and turbidity values for that year, then that date’s values would not be included in either the Fall Storm 
Peak or the Fall Average Excluding Storms categories.   

2.1.2 Historical Data Analysis for the Saint John River and Tributary Stations 2003-2014 

Each station in this dataset was usually tested four times a year from 2003 to 2014. As each station 
normally only had one or two data points per season, it was decided that averages would be taken 
across multiple years to gain a better understanding of typical values.  NBDELG did not do testing in 
the spring of 2005 for some stations. For these stations, an average was taken without the 2005 value 
and no nomenclature was changed. Suspended sediment testing was stopped in 2010 as the vast 
majority of TSS levels were below the detection limit. After daily averages were recorded, season wide 
averages and maximums were obtained from the database using the same categories defined for the 
other data set.  

2.2 Results of Historical Data Analysis 
 
The analysis of the historical data (Table 1) shows that the amount of suspended sediment in the Saint 
John River is typically very low, especially in the summer and fall, rising during the freshet and during 
fall peak storms.  The stations are listed in the table starting at the most upstream site, proceeding 
downstream.  
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Table 1: Seasonal Averages of TSS (mg L-1) and Turbidity (NTU) in the Saint John River  

Station Dates 
Spring Freshet 

Average 
Spring Freshet 

Peak 
Spring 

Average 
Summer 
Average 

Fall Storms 
Peak 

Fall Average 
Excluding 

Storms 

  
TSS TURB TSS TURB TSS TURB TSS TURB  TSS TURB TSS TURB 

SJR @ Dickey, 
Maine 

1994 14.5 2.4 nd nd 14.5 2.4 nd nd nd nd nd nd 

1996 nd nd nd nd nd nd nd nd 20 3.7 bd 1.23 

1997 24.8 1.9 60.0 2.6 bd 1.5 nd nd bd na bd 0.6 

1998 33.1 1.8 240.0 4.8 bd 1.0 nd nd nd nd nd nd 

SJR @ Clair 
Bridge 

1994 21.5 3.5 30.0 4.2 bd 2.6 nd nd nd nd nd nd 

1996 nd nd nd nd nd nd nd nd 50.0 4.2 bd 0.9 

1997 27.3 2.6 70.0 4.5 bd 1.8 nd nd na na bd bd 

1998 38.1 1.6 110.0 3.2 bd 1.4 nd nd nd nd nd nd 

SJR @ 
Edmunston 

Bridge 

1994 31.8 2.6 60.0 3.4 31.8 2.6 nd nd nd nd nd nd 

1996 nd nd nd nd nd nd nd nd 50.0 5.7 bd 1.0 

1997 28.0 2.4 80.0 4.5 bd 2.1 nd nd na na bd 0.4 

1998 30.6 1.4 60.0 2.5 24.7 1.2 nd nd nd nd nd nd 

SJR Below St. 
Basile 

2003-2009 bd na bd na bd 2.4 bd 2.6 bd na bd 2.0 

2010-2014 nd na nd na nd 1.4 nd 1.7 nd na nd 1.6 

2003-2014 nd na nd na nd 2.0 nd 2.0 nd na nd 1.8 

SJR @ St. Lnrd-
van Buren 

1996 nd nd nd nd nd nd nd nd 40.0 7.8 bd 1.2 

1997 21.8 3.6 30.0 4.5 bd 2.9 nd nd nd nd nd nd 

1998 26.9 1.0 40.0 1.8 bd 0.9 nd nd nd nd nd nd 

Grand Falls 
Headpond 

1995 nd nd nd nd nd nd bd 0.6 nd nd nd nd 

2003-2009 bd na bd na bd 2.0 bd 2.6 bd na bd 2.1 

2010-2014 nd na nd na nd 2.1 nd 1.5 nd na nd 2.0 

2003-2014 nd na nd na nd 2.1 nd 2.1 nd na nd 2.0 

SJR Limestone 
above Bridge 

1997 38.8 1.7 90.0 2.5 38.8 1.7 nd nd nd nd nd nd 

2003-2009 bd na bd na bd 3.4 bd 3.6 12.0 8.6 bd 1.7 

2010-2014 nd na nd na nd 2.2 nd 1.7 nd na nd 2.1 

2003-2014 nd na nd na nd 2.9 nd 2.8 nd na nd 1.9 

SJR @ Perth-
Andover Bridge 

1995 nd nd nd nd nd nd bd 0.5 nd nd nd nd 

1997 28.3 1.8 70.0 3.5 28.3 1.8 nd nd nd nd nd nd 

SJR below 
Florenceville 

2003-2009 bd na bd na bd 2.9 bd 2.1 12.0 7.9 bd 2.0 

2010-2014 nd na nd na nd 2.0 nd 1.2 nd na nd 1.5 

2003-2014 nd na nd na nd 2.5 nd 1.7 nd na nd 1.8 

SJR below 
Hartland 

2003-2009 bd na 30.0 3.5 bd 2.3 bd 2.9 29.0 8.4 bd 1.7 

2010-2014 nd na nd na nd 2.7 nd 1.0 nd na nd 1.7 

2003-2014 nd na nd na nd 2.5 nd 2.1 nd na nd 1.7 

SJR near 
Northampton 

2003-2009 bd na 14.0 7.9 bd 4.0 12.0 3.9 77.5 3.8 bd 2.9 

2010-2014 nd na nd na nd 2.2 nd 1.5 nd na nd 1.9 

2003-2014 nd na nd na nd 3.2 nd 2.9 nd na nd 2.4 

SJR below Upper 
Queensbury 

2003-2009 bd na 50.0 16.8 bd 4.6 bd 2.2 410. 441.0 bd 2.4 

2010-2014 nd na nd na nd 2.7 nd 2.1 nd na nd 1.7 

2003-2014 nd na nd na nd 3.7 nd 2.2 nd na nd 2.0 
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Station Dates 
Spring Freshet 

Average 
Spring Freshet 

Peak 
Spring 

Average 
Summer 
Average 

Fall Storms 
Peak 

Fall Average 
Excluding 

Storms 

  TSS TURB TSS TURB TSS TURB TSS TURB  TSS TURB TSS TURB 

SJR below 
Mactaquac Dam 

2003-2009 bd na bd na bd 1.6 bd 2.3 bd na bd 2.5 

2010-2014 nd na nd na nd 2.1 nd 1.4 nd na nd 1.6 

2003-2014 nd na nd na nd 1.8 nd 1.9 nd na nd 2.2 
SJR @ 

Westmorland Bridge 
1997 bd bd bd bd bd 3.8 nd nd nd nd nd nd 

SJR Lower 
Lincoln 

2003-2009 bd na 27.0 15.0 bd 4.9 14.0 2.8 34.0 52.8 bd 3.0 

2010-2014 nd na nd na nd 2.3 nd 1.9 nd na nd 2.4 

2003-2014 nd na nd na nd 3.7 nd 2.4 nd na nd 2.7 

SJR Lower Burton 

2003-2009 bd na 25.0 11.0 bd 3.8 16.0 4.1 13.0 20.6 bd 2.0 

2010-2014 nd na nd na nd 2.5 nd 1.6 nd na nd 2.5 

2003-2014 nd na nd na nd 3.3 nd 3.0 nd na nd 2.3 

SJR @ Evandale 

1995 nd nd nd nd nd nd bd 0.4 nd nd nd nd 

2003-2009 bd na bd na bd 1.8 bd 1.5 bd 14.9 bd 2.7 

2010-2014 nd na nd na nd 1.5 nd 1.2 nd na nd 1.9 

2003-2014 nd na nd na nd 1.6 nd 1.3 nd na nd 2.2 
SJR @ Westfield 

Ferry 1995 nd nd nd nd nd nd bd 0.5 nd nd nd nd 

SJR @ Pokiok 
Wharf 

1995 nd nd nd nd nd nd bd 0.7 nd nd nd nd 

Raw	sample	data	provided	by	NBDELG	[bd 	=	data	present,	but	below	detection	 l imit;	nd 	=	no	data	given	
for	date/location;	na 	=	data	present,	but	not	applicable	for	the	column].	

 

3 Field	Data	Collection	2015-2017	
 
The collection of field data focused on establishing a range of maximum TSS levels.  Given the 
positive relationship between water velocity and TSS, data collection was attempted during periods of 
high river flow conditions.  It was reasonably assumed that such conditions occur during periods when: 
1) discharge is high and/or 2) water level is high.  These parameters were selected because they are 
regularly monitored at various locations within the Saint John River.  Although not reported herein, the 
general relationship between discharge and water level and flow velocity is well understood.  The other 
primary cause of suspended sediment is the overland flow of water caused by precipitation events or 
snow melt.  Given the very large size of the Saint John River catchment area, correlating such events 
with suspended sediment levels in the river proved challenging due to the limited distribution of rain 
events and the variable snow-pack melt rates which are delayed and slower in the northern part of the 
basin as compared to the area of interest.  Nonetheless, when possible attempts were made to measure 
TSS during basin-wide obvious events and recent precipitation events are presented in support of the 
results.  No attempt was made to determine snow-pack melt rates. 



  MAES Report Series 2016-036 
 

  Page 6 

4 Methods	 	

4.1 Field	Sampling	Methods	

Surficial (upper 1m) 1L water samples were collected from the Saint John River using a 2.2L Van Dorn 
Beta horizontal water sampler (www.wildco.com).  Sample bottles were kept chilled.  Although sample 
site location is typically disclosed within a discussion of methods, they are instead reported within the 
Results section below specific to each year of study for the convenience of the reader. 

4.2 Laboratory	Analysis	

Samples were analyzed in the Environmental Lab, Department of Civil Engineering, University of New 
Brunswick, Fredericton.  Total Suspended Solids analysis was conducted using a vacuum filtration 
method following the Standard Method 2540 D Total Suspended Solids Dried at 103-105°C procedure 
(APHA 1998), outlined below.  Turbidity was measured with a Hach 2100N Turbidimeter in the lab.  
For the purpose of comparing the results against the Federal guidelines for suspended sediments 
(CCME 1999), no attempt was made to remove non-filterable biotic particles.  
 
Standard Method for Examining the Total Suspended Solids in Water Samples (from APHA 1998): 

• Dry a fiber-glass filter in an aluminum pan in a 105 ˚C oven. 
• Weigh the filter and aluminum pan.  [W1] 
• Apply the suction to the dried filter in filtering apparatus. Stir the sample and filter the sample. Wait 

until the sample completely drains out.  
• Remove the filter and put in aluminium pan. Place the filter in oven with temperature of 105 ˚C for 1 

hour and weigh. The cycle of drying and weighing must be repeated until the weight change is less than 
4% or 0.5 mg (whichever is lower).  [W2] 

• To measure the volatile suspended solids (VSS), further dry the filter in a 550 ˚C furnace for half an 
hour. Weigh the filter and repeat the cycle until the weight change is less than 4% or 0.5 mg).  [W3] 

• Total Suspended Solids Calculation: 

𝑇𝑆𝑆 𝑚𝑔 𝐿!! =
(𝑊! −𝑊!)×1000

𝑆𝑎𝑚𝑝𝑙𝑒 𝑉𝑜𝑙𝑢𝑚𝑒 (𝑚𝑙)
 

• Volatile Suspended Solids Calculation: 

𝑉𝑆𝑆 𝑚𝑔 𝐿!! =
(𝑊! −𝑊!)×1000

𝑆𝑎𝑚𝑝𝑙𝑒 𝑉𝑜𝑙𝑢𝑚𝑒 (𝑚𝑙)
 

5 Results	

5.1 Total	Suspended	Sediments	Results	2015	

Water samples were collected from bridges over the Saint John River at the Mactaquac Causeway, the 
Mactaquac Dam, and the Bill Thorpe Walking Bridge in Fredericton during the height of the spring 
freshet in 2015.  When the water level slightly dropped one week later, water samples were collected 
from Hartland to Saint John from the SJR and its major tributaries.  Figure 1 shows the water levels in 
the SJR at Fredericton, the sampling days, and the daily total precipitation measured at the Fredericton 
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Airport.  Some samples were taken from a boat, some from a bridge, and some from the shoreline. 
Sampling was staggered over three days, working in a downstream direction in order to sample from 
the same bulk flow and minimize a possible temporal bias (Figure 2).  Coordinates for field sites are 
given in Appendix B.  It should be noted that although Figure 1 includes some sample locations in 
major tributaries and bays, these values are not included within this report in keeping with the focus on 
the main channel of the Saint John River as it relates to the Mactaquac Project. 
 
Figure 1: Daily average water level (m) of the Saint John River at the Fredericton Station 01AK003 
During the 2015 Sampling Program 

 
Source:	 https://wateroffice.ec.gc.ca/report/real_time_e.html?stn=01AK003)	 in	 2015	 shown	 as	 black	
solid	 l ine.	 	TSS	sampling	dates	are	shown	as	circles.	 	Total	Daily	Precipitation	 (mm)	given	as	columns	on	
secondary	y-axis	(source:	http://climate.weather.gc.ca/climate_data/).	
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Figure 2: Locations where Total Suspended Solids were sampled on the Saint John River over three days 
in 2015 

  
 
The 2015 sampling program was not successful at capturing the spring freshet throughout the river 
reach of interest; however some data were obtained during the peak and post periods (Figure 3).  
During the height of the freshet (23-25 April 2015), the observed TSS values in the Saint John River at 
Mactaquac and Fredericton were approximately 30 mg L-1 which is consistent with the historical 
records.  After the spring water level dropped (29 April – 1 May 2015), TSS average values dropped 
quickly towards their historical ‘summer average’ levels suggesting that elevated TSS events are short 
in duration.  Also, the rapid reduction despite relatively similar water levels (both at or above flood 
stage) suggest that water level is not by itself a strong indicator of expected TSS levels but rather that 
the majority of available sediment is moved early in the event as the result of overland flow 
introduction of fine sediments.     
 
Turbidity was also measured during the 2015 sampling program and although the data are not included 
here, they were used to develop a turbidity-TSS relationship which is included in Appendix A. 
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Figure 3: Total Suspended Sediments Measured in the Saint John River (23 April to 01 May 2015) 

 
 

5.2 Total	Suspended	Sediments	Results	2016	

Water samples were collected from bridges over the Saint John River in Fredericton (8 April 2016), 
and in Nackawic and Perth Andover (14 April 2016) during the height of the spring freshet.  Samples 
were then collected from Clair to Fredericton from 19-21 April 2016. Figure 4 shows the water levels 
in the Saint John River at Fredericton, the sampling days, and the daily total precipitation measured at 
the Fredericton Airport, and Figure 5 shows the sites for sample collection.  Coordinates for field sites 
are given in Appendix B. 
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Figure 4: Daily Average Water Level of the Saint John River at the Fredericton Station 01AK003 During 
the 2016 Sampling Program 

 
Source : 	 https://wateroffice.ec.gc.ca/report/real_time_e.html?stn=01AK003)	 in	 2016	 shown	 as	 black	
solid	 l ine.	 	 TSS	 sampling	dates	are	 shown	as	 circles.	 Total	Daily	Precipitation	 (mm)	given	as	 columns	on	
secondary	y-axis	(source:	http://climate.weather.gc.ca/climate_data/).	
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Figure 5: Locations where Total Suspended Solids were Sampled on the Saint John River over Three 
Days in 2016 

 
 
The results given in Figure 6, presented from upstream (Clair, NB) to downstream (McKinley Ferry 
launch, just below the Mactaquac Generating Station in Fredericton), show TSS values ranging from 
8.6 – 75.9 mg L-1 during the spring freshet. The reservoirs associated with Beechwood Dam and 
Mactaquac Dam appear to be acting as sediment sinks, as solids settle to the bottom when encountering 
slower flow in those areas.  This trend is not apparent in the Grand Falls reservoir though this may be 
due to insufficient distribution of sample site locations in the reach from St. Leonard to Grand Falls and 
the input of sediment from forestry activities in the Green River catchment area which enters the Saint 
John River between Edmunston and St. Leonard. 
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Figure 6: Total Suspended Solids (Inorganic + Organic) Measured in the Saint John River (19-21 April 
2016) 

 
Hydroelectric	dams	are	represented	by	vertical	blue	 l ines	and	from	upstream	to	downstream	are:	Grand	
Falls, 	Beechwood,	and	Mactaquac.	

 
 
Samples of suspended solids can be further analyzed to separate the organic component from the 
inorganic (sediment) component.  This analysis revealed that the high TSS value observed in 
Florenceville, NB contained a high (~36%) organic fraction (Figure 7), where the Saint John River 
receives organic waste and nutrients from a food processing plant.  The plant has been in operation 
since 1957, and introduced a tertiary waste treatment system with an aerobic digester in 1996 (Luiker et 
al. 2004; Jacques Whitford Environment Limited 1996). 
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Figure 7: Total Suspended Solids (Inorganic + Organic) Measured in the Saint John River (19-21 April 
2016) 

 
 

5.3 Total	Suspended	Sediments	Results	2017	

Water samples were collected from the Bill Thorpe Walking Bridge in Fredericton during the spring 
freshet (12-19 April 2017), and again during a spring storm event in which Fredericton received over 
75 mm of rain in three days in early May (8-10 May 2017).  TSS values ranged from 10-30 mg L-1, 
consisting mainly of inorganic sediment.  
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Figure 8: Daily Average Water Level of the Saint John River at the Fredericton Station 01AK003 during 
the 2017 Sampling Program 

 
Source:	 https://wateroffice.ec.gc.ca/report/real_time_e.html?stn=01AK003)	 in	 2017	 shown	 as	 black	
solid	 l ine.	 	TSS	sampling	dates	are	shown	as	circles.	 	Total	Daily	Precipitation	 (mm)	given	as	columns	on	
secondary	y-axis	(source:	http://climate.weather.gc.ca/climate_data/).	
 
Figure 9: Total Suspended Solids (Inorganic + Organic) Measured in the Saint John River during the 
Spring Freshet (12-19 April 2017) and Spring Storm Event (7-11 May 2017) from the Walking Bridge  
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Immediately after the spring storm event, water samples were collected on 07-11 May 2017 from Clair 
to Fredericton as shown in Figure 10.  Coordinates for field sites are given in Appendix B.   
 
Figure 10: Locations where Total Suspended Solids were Sampled on the Saint John River (07-11 May 
2017) 

 
 
 
The results of observed TSS levels in 2017 from Clair to Jemseg are presented Figure 11.  The average 
of the measured values is 11.8 mg L-1.   The results are lower than are typically observed at the peak of 
a spring freshet even though the water levels are similar (Figure 8).  This suggests that the bulk of 
sediment available to be moved from overland flow occurs during the snow-melt, although it is also 
possible that the large rain event observed in Fredericton did not extend into the upper reaches of the 
SJR watershed. 
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Figure 11: Total Suspended Solids (Inorganic + Organic) Measured in the Saint John River (7-11 May 
2017) from Clair to Jemseg 
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6 Discussion	
Hydrological, meteorological and physiographic factors contribute to controlling the amount of 
suspended sediment in a system (Ouellet-Proulx et al. 2016, Onderka et al. 2012).  The Mactaquac, 
Beechwood and Grand Falls dams (plus three dams in the Tobique River watershed and the Lake 
Témiscouata Dam on the Madawaska River) alter the natural flow of the Saint John River.  Figure 12 
shows that the reservoir gradients behind the three main channel dams are very low.  For example, the 
Mactaquac headpond has a gradient of approximately 0.001%, which is considered a low-energy 
environment.  The Grand Falls headpond is comparatively steeper which may in part account for the 
lack of an observed sediment sink in this reach.  The Beechwood headpond has more gradient in its 
upper half but becomes very flat in the lower half which is consistent with the sediment sink behavior 
observed in the TSS levels.  Although the post-inundation sediment layer thickness has not yet been 
determined in the Beechwood headpond, it is reasonable to assume based on the elevational profile that 
the layer of fine sediments will increase in thickness downstream of Becaguimec Stream. 
 



  MAES Report Series 2016-036 
 

  Page 17 

Figure 12: Elevational Profile of the Saint John River from the Headwaters to the River Mouth 

 
Arrows	 indicate	 location	 of	 major	 tributaries;	 squares	 represent	 location	 of	 main	 stem	 hydroelectric	
dams.	Vertical	dashed	l ines	show	divisions	between	the	four	study	reaches.	(Kidd	et	al. 	2011)	

 
O’Sullivan et al. (2016) suggest that ‘the sediment yield supplied to the headpond is likely to have been 
relatively low even when erosion from weathering and anthropogenic forcing is considered (soil 
erosion is a function of relief, surficial geology/soil erodibility, rainfall intensity, and land use)’.  The 
watershed is 83% forest, 6% agricultural lands, and 2% urban areas.  According to Kidd et al. (2011), 
the region between Little River and the Aroostook River is known to be an important source of 
sediment due to intensive potato farming.  It is likely that fine sediment is washed downstream without 
much residence time in the river, while some of the coarser component is trapped as bedload behind 
Beechwood Dam.  Consequently, downstream of the Mactaquac Dam, the river may be sediment 
starved as indicated by the high bank erosion rates that have been observed on the islands between the 
Mactaquac Dam and Fredericton (Kidd et al. 2011).   
 
The historical review and the 2015-2017 monitoring results are consistent with the above-stated 
theories regarding expected TSS levels in the Saint John River.  Overall it can be said that the Saint 
John River TSS levels are low and representative of a naturally sediment starved river system.  During 
the spring freshet and directly following some major rain events the TSS levels are observed peaking 
between 30-80 mg/L and rapidly lowering back to pre-event conditions within a matter of days.  The 
historical record clearly shows that TSS levels never exceed 20 mg/L during prolonged low flow 
conditions (i.e., the Summer Average) and only exceed this level during the spring freshet and 
following large precipitation events.  The 2015-2017 study results are generally consistent with the 
historical record with the exception of a few outliers in the high range that cannot be verified or 
explained and the lack of comparability between the non-detect historical records prevents strong 
conclusions about the ‘summer average’ period beyond noting that TSS levels are very low.   
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The two major headponds (i.e., Beechwood and Mactaquac) are apparently behaving as sediment sinks 
for some suspended sediments.  However, given the generally low TSS concentrations and the limited 
duration of elevated TSS events, it is not expected that significant quantities of fine sediments will have 
accrued in these headponds over their current lifespans and this theory is supported by concurrent and 
ongoing MAES studies focused on bottom sediment layer thicknesses (see MAES Report 2016-040).  
The potential role of these headponds as sediment sinks will be further examined, in consideration of 
these TSS data and the results of the sediment layer thickness studies, within a MAES sediment 
program summary report following the completion of MAES Phase I (December 2017). 

7 Recommended	Further	Studies	
Higher levels of suspended sediment in the Saint John River have been observed during the fall storms 
when agricultural fields (particularly potatoes) have been recently disturbed and are more vulnerable to 
erosion.  It is recommended that future sampling effort is warranted to observe TSS conditions during 
these events.  In the absence of such studies, the historical records provide an indication that major fall 
events have similar TSS concentrations to the spring freshet and are likely very short in duration and 
cover a smaller portion of the watershed.   
 
The comparison of TSS and turbidity 2015 data established a strong relationship (R2=0.84) for the 
main channel of the SJR.  This relationship allows for the field measurement of turbidity during the 
construction period as an inexpensive and rapid means of accurately estimating TSS onsite and in 
potential receiving areas (e.g. Fredericton) to improve compliance and response.  However, for the 
purpose of supporting the Life Achievement implementation, it is recommended that additional data 
specific to the MGS and Fredericton sites are obtained over a range of conditions to establish a more 
accurate TSS range and TSS/turbidity relationship at these sites. 
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Appendix A: TSS-Turbidity Relationship 
 

 
Based	on	2015	field-collected	data.	
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Appendix B: Locations of Total Suspended Sediment Sampling Sites 
 

 
Sample Location Latitude Longitude Date 

2015 
Hartland 45.28722 -66.13049 29-Apr-15 
Woodstock 45.47637 -65.94061 29-Apr-15 
Mactaquac Causeway 45.99417 -66.83200 30-Apr-15 
Mactaquac Dam 46.00394 -67.24212 30-Apr-15 
Fredericton Train Bridge 46.29674 -67.52990 30-Apr-15 
SJR Gagetown 45.99585 -67.49277 30-Apr-15 
Grand Bay/Westfield 45.76642 -66.13734 1-May-15 
Millidgeville 45.95509 -66.87138 1-May-15 

2016 
Clair 47.2497 -68.60429 19-Apr-16 
Edmunston 47.36024 -68.32866 19-Apr-16 
St. Leonard 47.15965 -67.93059 19-Apr-16 
Above Beechwood Dam 46.54879 -67.68098 20-Apr-16 
Florenceville Covered Bridge 46.44157 -67.62083 20-Apr-16 
Hartland covered bridge 46.2968 -67.52966 20-Apr-16 
Above Meduxnekeag River 46.14643 -67.5698 20-Apr-16 
Below Meduxnekeag River 46.14317 -67.5715 20-Apr-16 
Nackawic 46.00 -67.24 21-Apr-16 
McKinley Ferry 45.96 -66.83 21-Apr-16 

2017 
Clair 47.2497 -68.60429 08-May-17 
Edmunston 47.36024 -68.32866 08-May-17 
St. Leonard 47.15965 -67.93059 08-May-17 
Perth Andover 46.7377 -67.7047 08-May-17 
Above Beechwood 46.54879 -67.68098 08-May-17 
Florenceville 46.44157 -67.62083 08-May-17 
Hartland 46.2968 -67.52966 09-May-17 
Woodstock Bridge 46.16543 -67.56887 09-May-17 
Meduxnekeag Bridge 46.14906 -67.5742 09-May-17 
Nackawic 45.95963 -67.24926 09-May-17 
Mactaquac Boat Launch 45.96075 -66.87562 10-May-17 
Walking Bridge Fredericton 45.957 -66.62952 10-May-17 
Oromocto 45.86565 -66.46014 10-May-17 
Jemseg Ferry 45.78001 -66.10203 10-May-17 
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Appendix C: Notes from Historical Methods 
 

The following records are specific notes of the averaging process for individual stations. These notes 
may provide insight regarding how a specific station was handled, which dates were used for the spring 
freshet averages, etc.  However, the overall method to average each station follows the guidelines 
described in the report.  
 
Saint John River at Dickey, Maine 

• Treated Middle, North, and South sampling sites as one station. 
• 1994 à Testing done on two days in the spring. 

o Could not determine whether these points represented a freshet period or otherwise. 
o Averaged the two points (SS and turbidity) to both “Spring Freshet Average” column 

and the “Spring Average” column. 
• 1996 à Testing done in the fall. 

o Averaged the days that had more than one test associated with it.  
o The tests on 12/04 followed heavy rain. Edmundston was the closest historical weather 

data station to Dickey, Maine. On 12/01, Edmundston received 29.0mm of rain and on 
12/02, Edmundston received 13.7mm of rain (Daily Data Report for December 1996 
Edmundston, nd).  

o Rain resulted in elevated levels of SS and turbidity on 12/04. 
o Used 12/04 values as the Fall Storm Peak.  
o 12/04 values were excluded from the “Fall Average Excluding Storms” column.  

• 1997à Testing done in the spring, during spring freshet, and fall.  
o Spring Freshet Average: averaged the dates from 04/23 to 04/30. 
o Used the maximum values for SS and turbidity under “Spring Freshet Peak.” Maximum 

values not taken on the same day.  
o Averaged all spring values under “Spring Average”.  
o Fall: SS and turbidity levels remained low for all of the testing dates, indicating that 

there were no post-storm levels.  
o Daily average was taken if multiple tests occurred, then all dates were averaged together 

under “Fall Average Excluding storms”. 
• 1998 à Testing done during the spring and the spring freshet. 

o “Spring Freshet Average” was taken from 03/28 to 04/04 for both turbidity and SS. 
o Averaged all spring dates under “Spring Average”. 
o “Spring Freshet Peak” was the maximum SS and turbidity, not necessarily the same 

date.  
 
Saint John River at Nadeau 

• 1 day of data for four locations near The Nadeau Poultry plant.  
• Did not use on averages table. 
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Saint John River at Clair Bridge 
• 1994 à Averaged the few dates into both “Spring Freshet Average” and “Spring Average”. 
• 1996 à Fall data  

o Storm affected 12/03 and 12/04 testing date values (Daily Data Report for December 
1996 Edmundston, nd). 12/03 had the highest SS and turbidity values. Recorded as “Fall 
Storm Peak”.  

o 12/03 and 12/04 tests excluded from “Fall Average Excluding Storms”. 
• 1997 à Excluded January points.  

o Took “Spring Freshet Average” from 04/22 to 05/05. 
• 1998 à “Spring Freshet Average” taken from 03/31 to 04/20. 

 
Fish River at Fort Kent, Maine 

• 1994 à Averaged the same way as Clair Bridge and Dickey, ME. 
• 1996 à Fall data 

o 12/03 was affected by the same storm as Clair & Dickey stations, had the highest SS and 
turbidity. Those values were placed in the Fall Storm Peak column.  

o Fall Average Excluding Storms excluded the 12/03 values but included the 12/04 
values. 

• 1997 à Spring, Spring Freshet and Fall data. 
o Excluded January Data points.  
o Spring: Spring Freshet Average taken from 04/24 to 05/05. This is similar to Clair 

Bridge points as there was no clear indication in data of the freshet. 
o Fall: No storms during testing period, averaged all points into “Fall Average Excluding 

Storms”. 
• 1998 à Took Spring Freshet Average using same dates as the Clair Bridge 1998 Freshet as 

there was no clear indication in the data.  
 
Baker Brook 

• 1994 à Averaged the two dates into both “Spring Average” and “Spring Freshet Average” 
columns (same as with previous stations). 

• 1996 à Fall data 
o 12/03 had post storm levels (Daily Data Report for December 1996 Edmundston, nd), 

entered as Fall Storm Peak.  
o Excluded 12/03 and 12/04 points from the “Fall Average Excluding Storms” category.  

• 1997 à Excluded January data points 
o “Spring Freshet Average” included all dates. 
o Fall: No storms indicated in the data so only Average taken was for the “Fall Average 

Excluding Storms” and included all dates. 
• 1998 à Missing the end of the freshet. 

o Took Spring Freshet Average from 04/01 to 04/14. 
o Used the maximum value of SS and turbidity found in that range of dates as the “Spring 

Freshet Peak.” 
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o Averaged all dates for “Spring Average”. 
 
Saint John River at Edmundston Bridge 

• 1994 à Same as previous stations. 
• 1996 à Fall data. 

o 12/04 had highest SS reading. 12/03 had highest turbidity reading. 
o Excluded 12/03 and 12/04 from “Fall Average Excluding Storms”. 

• 1997 à Took the “Spring Freshet Average” from 04/19 to 05/05. 
o No fall storm, all dates included in Fall Average Excluding Storms. 

• 1998 àTook the “Spring Freshet Average” from 03/30 to 04/20. 
 
Saint John River at St. Lnrd-van Buren 

• 1996 à Fall data. 
o 12/03 had max turbidity. 12/04 had max SS.  
o Excluded 12/03 and 12/04 from “Fall Average Excluding Storms”. 

• 1997 à Did not include January data point. 
o Took spring freshet average from 04/30 to 05/05. 

• 1998 à Took spring freshet average from 04/04 to 04/20. 
 
Grand Falls Headpond 

• Excluded 1995 data from the Grand Fall Headpond as there were only two days of testing. 
 
Saint John River near Limestone above bridge 

• 1997 à Took spring freshet average using all dates provided (Spring Freshet Average is the 
same as Spring Average in this case). 

 
Tobique River below Bridge at Dam  

• 1995 à Summer data from three different months. 
o Averaged into table under “Summer Average”. 

 
Saint John River at Perth-Andover Bridge 

• 1995 à Summer data over three months. Averaged into table under “Summer Average”. 
• 1997 à Spring Freshet Average same as Spring Average in this case (04/02 – 05/13).  

 
Saint John River @ McCain’s  

• Data not included in table as there were only two days of testing. 
 
Fredericton Stations 

• Data not included in table as there was only one day of testing. 
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Saint John River at Westmorland Bridge 
• 1997 à Freshet not as apparent. Did not take a freshet Average, only “Spring Average”. 

o Almost all SS data under detection level.  
 
Evandale 

• 1995 à Summer data Averaged into “Summer Average”. 
 
Westfield Ferry 

• 1995 à Summer data Averaged into “Summer Average”. 
 
Pokiok Wharf 

• 1995 à Summer data Averaged into “Summer Average”. 
 


