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Executive Summary 
This report summarizes baseline water quality conditions in the Saint John River (SJR) and 

Mactaquac Generating Station headpond over a four year period (2014-2017). In order to 

characterize baseline water quality conditions, several parameters were assessed through 

monitoring programs undertaken from the SJR headwaters to downstream of Evandale. 

Surface water quality monitoring results for main stem SJR stations in the contemporary 

period (2014-2017) show interannual variability, but fall within previously reported 

ranges. Mean annual total nitrogen is variable and continues to exceed proposed healthy 

river thresholds at most main stem monitoring stations, as does mean annual total 

phosphorous between St. Basile and Grand Falls, and between Lincoln and Burton stations. 

Mean annual E.coli bacteria counts (MPN per 100 ml) are below recreational water quality 

guidelines for most stations, except at St. Basile, Hartland, Northampton, Lincoln, and 

Burton stations where guidelines were exceeded in one to three years between 2014 and 

2017. Dissolved oxygen concentrations at main stem SJR stations are sufficient to support 

aquatic life (mean annual field measurements > 6.5mg/L). Concentrations of assessed 

metals were either below detectable limits across years and stations (lead, copper, zinc), or 

persistent at low levels typically below water quality guidelines (aluminum, iron, 

manganese). Vertical temperature profiles at sites in the headpond in 2014 (N=10) and 

2015 (N=8) reveal a weak mid-August thermocline and the presence of a double 

thermocline at most sites. Dissolved oxygen concentrations in the headpond in August are 

typically below 5.0 mg/L at all sites when depths are greater than 20 m; however, two sites 

(HP1 and HP 6) fell below 5.0 mg/L at much shallower depths (~ 8 and 13 m, respectively). 

Main stem SJR bottom transect profiles (dissolved oxygen, temperature, and secchi depth) 

were compared between two sampling periods, June and July in 2014 and 2016. Transect 

profiles responded inconsistently among sampling periods; for example, river bottom 

dissolved oxygen decreased from June to July between Eqpahak Island and Jewett Island, 

but increased over the same time period at transects downstream of Sunset Acres in 2016. 

To facilitate a complete synthesis of water quality conditions in the SJR and headpond, 

previously reported results regarding stream metabolism, river temperature, total 

suspended sediment, sediment thickness, and sediment chemistry are also discussed.  This 

report provides a synthesis of baseline water quality conditions in the SJR in the 

contemporary period to inform future monitoring and the development of testable and 

relevant ecological water quality indicators. 
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1. Introduction 

In 2014, the Canadian Rivers Institute (CRI) and New Brunswick Power (NBP) initiated a 

collaboration to evaluate the potential impacts on the Saint John River (SJR) from four 

future development options of the Mactaquac Generating Stations (MGS). Subsequently, 

CRI established the Mactaquac Aquatic Ecosystem Study (MAES) which is a phased, multi-

year observational and manipulative study to develop indicators and predict impacts on 

the SJR under each development option. 

In order to define ecologically relevant indicators, MAES monitored several components of 

the aquatic ecosystem. Ideally, indicators will be those that are responsive to change, for 

which change can be attributed to development (i.e., and not due to regional climatic 

changes), and are ecologically relevant (Kilgour et al. 2007, Arciszewski and Munkittrick 

2015). Indicators can then be monitored through time and compared against baseline 

“norms”, or expected outcomes, to evaluate the magnitude of change and determine if 

management actions are required (Arciszewski and Munkittrick 2015).   

 

The purpose of this report is to provide an overview of the baseline water quality 

conditions in the SJR and MGS headpond during the contemporary period (2014-2017). 

This report is intended to be used as background material to support the development and 

application of ecologically relevant water quality indicators for the SJR. 

 

2. Methods 

 
2.1. Surface Water Quality Monitoring 

 

Surface water quality in the main stem of the SJR was assessed by evaluating water 

chemistry, nutrient, and metal concentrations found in water samples collected from 18 

monitoring stations from 2014 to 2017. Monitoring stations are found from the headwaters 

of the SJR (~15 km upstream of Clair) to downstream of Evandale (Figure 1).  

 

MAES Field Collection 

Surface water quality samples were collected from three stations along the Bill Thorpe 

Walking Bridge in Fredericton (Table 1). Samples were collected at each station once or 

twice per month between April and November. See Wallace (2015) for detailed collection 

methods. In 2014 and 2015, water chemistry analysis was provided by the Department of 

Environment (now DELG) Analytical Services Laboratory. In 2016 and 2017, water 

chemistry analysis was provided by RPC in Fredericton. 
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In 2016, twenty-two additional water quality stations were sampled throughout the SJR 

watershed. Six of these stations were included in the present analysis because they are 

located along the main stem of the SJR (Figure 1). These stations were sampled once in 

September, except for station MAES 003 which was sampled in August.  A 4 m pole with an 

attached sampling container was used to collect water samples from river edge locations to 

avoid nearshore contamination, whereas a sampling iron was used when collecting water 

samples from bridges. At each site the following were collected: one 500 ml bottle for 

nutrient and chemistry analysis, one 200 ml bottle for E.coli analysis, and one 125 ml bottle 

for analysis of metals. Each bottle was stored on ice in a cooler after collection until 

delivered to RPC for analysis.   

 

 
 

Figure 1: Surface water quality monitoring station location along the main stem of the Saint 

John River from 2014 to 2017. MAES collection stations are represented by triangle (  ) and 

DELG are represented by solid circles (  ).  

 

pH at the Bill Thorpe Walking Bridge monitoring station and the six additional stations 

sampled in 2016 are derived from laboratory tests and not field measurements. Dissolved 

oxygen was not measured in the field at the walking bridge or other MAES water quality 

stations and therefore no data for this parameter are available.   
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Table 1: MAES water quality sampling locations. The Bill Thorpe Walking Bridge locations 

were sampled from 2014 to 2017, whereas MAES samples were collected only in 2016 

(only the 6 sites included in the analysis are presented here). Contact DELG for location and 

site descriptions for provincial water quality monitoring stations.  

SiteID Latitude Longitude Site Description 

Bill Thorpe Bridge North 45.95748 -66.62732 North side of Bill Thorpe Walking Bridge 

Bill Thorpe Bridge Centre 45.95700 -66.62952 Centre of Bill Thorpe Walking Bridge 

Bill Thorpe Bridge South 45.95677 -66.63105 South side of Bill Thorpe Walking Bridge 

MAES002 47.22490 -68.78058 Saint John River at Connors 

MAES003 47.25285 -68.60237 Saint John River Mouth 

MAES011 46.69405 -67.71989 Saint John River Lower Perth 

MAES019 45.71879 -66.07535 Washademoak MacDonalds Wharf 

MAES020 45.64426 -66.07535 Saint John River Wickham Wharf 

MAES021 45.57683 -65.97472 Bellisle Bay Opp Ghost Island 

 

DELG Field Collection 

The New Brunswick Department of Environment and Local Government (DELG) collects 

surface water quality information throughout the province in support of regular water 

quality monitoring programs. Herein, water chemistry results are analyzed for 11 

monitoring stations found on the main stem of the SJR. Data for this analysis was provided 

by the DELG (Erin Douthwright, DELG, 2018). The stations are located between St. Basile 

and Evandale (Figure 1). Each station was sampled between three and 10 times within 

each year, typically between May and November. However, a few sites were also 

intermittently sampled between December and February. A total of 225 water quality 

records were assessed in this report.  In 2014, 2015, and up until July of 2016, water 

chemistry analysis was provided by the Department of Environment (now DELG) 

Analytical Services Laboratory. Beginning in the fall of 2016 and in 2017, water chemistry 

analysis was provided by RPC in Fredericton. 

 

pH and dissolved oxygen parameters were collected in the field. Samples were presumably 

taken when water samples were collected from the monitoring stations. 

 

Analysis and Interpretation 

 

Analytical chemistry, nutrient, and metal analyses were conducted following published 

standards (e.g., trace metals - EPA 200.8/EPA 200.7)(P. Crowhurst, RPC, 2018). Detailed 

information on standards and methods can be requested from DELG and RPC. 
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The data is summarized by station and pooled within each year to yield mean annual 

concentrations and standard deviations. Where a station was sampled only once within a 

year the total concentration for each relevant parameter is reported. Many parameters 

assessed returned results below analytical detection limits. In such cases, half the detection 

value (or reporting limit) replaced the unknown concentration. Over the course of the 

sampling period (2014-2017) two different laboratories (Department of Environment and 

RPC) were employed to undertake the analytical analyses of the samples.  The laboratories 

utilized different detection limits for certain parameters which resulted in step-wise 

increases or decreases in mean annual concentration for certain parameters between 

years. Where applicable, such discrepancies are highlighted in the results. All analyses and 

visualization was completed in R (R Core Team, 2018). 

 

2.2. Headpond Temperature and Dissolved Oxygen Profiles 

Chateauvert (2015) outlines the methods used to collect physical limnological data including 

vertical profiles of dissolved oxygen, temperature, conductivity and pH from the headpond in 

2014. The same methods were employed in 2015. Figure 2 illustrates headpond sampling 

locations and Table 2 provides their geographic coordinates. Data in both years were collected 

in August. At each site, three samples were taken along a cross-reservoir transect 

encompassing the left and right banks and centre channel. In this report, only the centre data 

channel is evaluated.  

 

Figure 2: Temperature and dissolved oxygen profile sampling locations in the Mactaquac 

headpond. Profiles were collected in August of 2014 and 2015. Black bar represents location of 

Mactaquac Generating Station. Note: not all sites were sampled in both years, see Table 2 for 

more details. 
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Temperature-depth profiles, among sites and years, were evaluated using the R package 

rLakeAnalyzer (Winslow et al., 2018) to determine the position of the thermocline, its 

stability, and define the upper and lower boundaries of the metalimnion. Both raw 

temperature profiles and average temperature per depth interval (0.5 m interval) were 

evaluated at each site. To reduce variability, the average temperature by depth interval 

profiles were used in subsequent analyses. Schmidt’s Stability Index (SI) was used to 

calculate the stability of the aggregated headpond thermocline (Winslow et al., 2018) 

between years.  Inputs into the SI model included average temperature per depth stratum 

(all sites per year pooled by 0.5 m intervals), and the 2D (m2) surface area of each 1 m 

depth stratum. Surface area calculations were obtained using the 3D Analyst extension of 

ArcGIS using the MAES headpond bathymetric map as the base analysis layer. Dissolved 

oxygen vertical depth profiles were evaluated qualitatively to determine the sites with the 

lowest late summer dissolved oxygen concentration and depth at which that occurred. 

Table 2: Temperature and dissolved oxygen vertical profile sampling locations in the 

Mactaquac headpond in 2014 and 2015.  

Site Latitude Longitude Years sampled 

HP1 46.00012 -66.9173 2014, 2015 

HP3 45.95951 -66.87997 2015 

HP4 45.94717 -66.8739 2014, 2015 

HP5 45.91996 -66.8904 2014 

HP6 45.87588 -66.8992 2014 

HP7 45.88094 -66.9211 2014, 2015 

HP8 45.86466 -66.9132 2014, 2015 

HP10 45.90372 -67.0154 2014 

HP11 45.94509 -67.1053 2014, 2015 

HP12 45.98052 -67.1975 2014, 2015 

HP13 45.95523 -67.2883 2014, 2015 

 

2.3. River Transect Profiles 

Gautreau et al. (2015) reports the methods used to sample physical river attributes along 

transects beginning ~1 km downstream of MGS to ~300 m upstream of the Princess Margaret 

Bridge in Fredericton. River transects consisted of three samples taken along a linear path from 

the left, looking downstream, to the right bank. The program collected bottom water 

temperature, dissolved oxygen, velocity, dominant sediment type, pH, conductivity, 

macrophyte presence, and secchi disk depth from transects in 2014 (N=60), 2015 (N=38), and 

2016 (N=48). See Gautreau et al. (2015; Figure 1) for site locations. Appendix 3 provides a list 

of transect sampling site and date. All parameters were collected in each year, except for 2016 

for which velocity data is not available. 
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This report summarizes the temporal change in bottom water temperature, dissolved oxygen, 

and secchi disk depth between two sampling periods in 2014 and in 2016. Only transects that 

were sampled in June and July (repeat samples) in each year were included in the spatial 

analysis. ArcGIS was used to visualize the value difference (+/-) between a parameter 

measured in July compared to June at paired transects sites within a year. In 2015, transects 

were sampled only once in August and thus characterize the physical habitat of river transects 

at one point in time. Data and spatial visualization of physical river habitat from 2015 is not 

presented in this report.  

3. Results and Discussion 

 
3.1. Surface Water Quality 

Surface water quality monitoring results (analytical assessment of chemistry, nutrient, and 

metals) for main stem SJR stations in the contemporary period (2014-2017) demonstrate  

interannual variability (Figures 3 - 8) among sites and years, but fall within previously 

reported ranges (Curry et al., 2011; Culp et al., 2011). Appendix 1 provides information on 

water quality sample collection by station, year, and parameter. Parameters for which 

there is sufficient data are discussed in detail below.  

Phosphorous and nitrogen are nutrients naturally found in water and are the building 

blocks that sustain aquatic life. Development and anthropogenic change in a watershed 

typically leads to an increase in available phosphorous and nitrogen in the water, which 

can lead to increased algal growth, decreased oxygen availability, and harmful algal blooms 

(Culp et al., 2011). Culp et al. (2011) proposed phosphorous and nitrogen nutrient 

concentration criteria for the SJR that allow water quality results to be classified as ideal, 

moderately impaired, or of concern; these categories are used here to evaluate 

contemporary SJR water quality results. Mean annual total phosphorous concentrations in 

the headwaters of the SJR are low (<0.01 mg/L, upstream of St. Basile). However, from St. 

Basile to downstream of Evandale, all stations fell within the proposed moderately 

impaired classification (TP > 0.008-0.03 mg/L), in all years. Five stations also consistently 

exceeded the threshold for concern: St. Basile and Grand Falls, Florenceville, and Lincoln 

and Burton monitoring stations (Figure 3; TP >0.030 mg/L as per Culp et al., 2011). Mean 

annual total nitrogen throughout the watershed was variable among sites and years, but 

concentrations remained high and nearly always exceeded ideal conditions (Figure 4, TN > 

0.31 mg/L). Similar to the results reported by Culp et al. (2011), the Florenceville station 

was found to have the highest consistent concentrations of total nitrogen and was classified 

as of concern in all years (TN > 0.5 mg/L). However, MAES 002 monitoring station 

upstream of Clair, NB in 2016 reported the highest single measurement of TN in the 

watershed. The reporting limit for TN throughout the contemporary period was 0.3 and 0.5 

mg/L for the DELG and RPC labs, respectively, which falls within the proposed moderately 
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impaired classification for TN. However, it is unlikely that the inclusion of “half the 

reporting limit” values would result in an overestimate the mean annual station TN 

because only 12.5% (24 of 228) of provincial water quality monitoring samples were below 

TN reporting limits.  It is likely that mean annual TN for the Bill Thorpe Bridge station 

(Fredericton, NB) was influenced in both 2016 and 2017 where 63% and 73% of samples 

were below TN detection limit and thus non detection samples were replaced with 0.25 

mg/L. 

 

Figure 3: Mean annual total phosphorous (TP) concentrations from 2014 to 2017 collected 

from surface water quality monitoring stations along the main stem of the Saint John River. 

Stations are ordered from upstream headwater locations to downstream of Evandale near 

the mouth of the river. Error bars represent the annual mean +/- one standard deviation. 

Dashed horizontal lines represent the upper limit of the ideal (0.008 mg/L) and moderately 

impaired (0.03 mg/L) criteria for total phosphorous as per Culp et al. (2011). 
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Figure 4: Mean annual total nitrogen (TN) concentrations from 2014 to 2017 collected 

from surface water quality monitoring stations along the main stem of the Saint John River. 

Stations are ordered from upstream headwater locations to downstream of Evandale near 

the mouth of the river. Error bars represent the annual mean +/- one standard deviation. 

Dashed horizontal lines represent the upper limit of the ideal (0.31 mg/L) and moderately 

impaired (0.5 mg/L) criteria for total nitrogen as per Culp et al. (2011). 

The concentration of the fecal bacteria Escherichia coli (E.coli) in water is a common 

measure to determine the magnitude of contamination by human or animal waste. Mean 

annual E.coli bacteria levels in the SJR are typically low (< 100 MPN / 100 ml; Figure 4).  

However, several stations vastly exceeded the Canadian Council of Ministers of the 

Environment (CCME) recreation guidelines for E.coli (>200 MPN / 100 ml; CCME, 1999) in 

one or more years: St. Basile (2014 & 2016), Hartland (2016), Northampton (2017), and 

Lincoln (2016 & 2017) stations (Figure 5). The detection limit for E.coli was 10 MPN / 100 

ml during tests conducted by the Department of Environment (now DELG) Analytical 

Services Laboratory, and 1 MPN / 100 ml during tests performed by RPC. Therefore all 

stations report > 0 MPN / 100 ml E.coli concentrations and exceed drinking water quality 

guidelines; however, true zero counts are not represented in the data.  
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Figure 5: Mean annual number of Escherichia coli (E.coli) (MPN / 100 ml) observed at 

surface water quality monitoring stations along the main stem of the Saint John River from 

2014 to 2017. Stations are ordered from upstream headwater locations to downstream of 

Evandale near the mouth of the river. Error bars represent the annual mean +/- one 

standard deviation. The dashed line represents the Canadian Council of Ministers of the 

Environment (CCME) recreation guidelines for E.coli (200 MPN / 100 ml). For clarity in the 

figure, the mean annual count of E.coli at the Northampton station in 2017 is not shown 

(mean > 800 MPN/100 ml). 

pH, the acidity of water, is a measure of  the concentration of hydrogen ions  in solution. A 

low pH indicates acidic water, while higher pH values indicate alkaline conditions. 

Depending on the local geology and level of pollution, a natural river will have a pH range 

between six and nine. CCME water quality guidelines for the protection of aquatic life 

(CCME, 2007) propose an upper pH limit of nine, and a lower limit of six and a half to 

maintain aquatic life. Mean annual pH along the main stem of the SJR in the contemporary 

period was variable both within and among stations and years, but all stations fell within 

the normal range (Figure 6). Similar to the findings of Curry et al. (2011), pH along the 

main stem of the SJR was observed to be slightly alkaline.  
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Figure 6: Mean annual pH of surface water quality monitoring stations along the main stem 

of the Saint John River from 2014 to 2017. Stations are ordered from upstream headwater 

locations to downstream of Evandale near the mouth of the river. Error bars represent the 

annual mean +/- one standard deviation. The dashed line represents the Canadian Council 

of Ministers of the Environment (CCME) recommended upper and lower pH thresholds for 

the protection of aquatic life (CCME, 2007). 

Total organic carbon (TOC) in surface water is a measure of dissolved and particulate 

organic carbon in a sample and is often used as an indicator of the degree of pollution at a 

site (Moore, 1998). Mean annual TOC in the SJR from 2014 to 2017 shows both intra and 

interannual variability, but appears to be consistently higher (>8 mg/L) upstream of 

Limestone station. Downstream of Limestone station, mean annual TOC is generally low 

and infrequently exceeds 8 mg/L (Figure 7).  
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Figure 7: Mean annual total organic carbon of surface water quality monitoring stations 

along the mainstem of the Saint John River from 2014 to 2017. Stations are ordered from 

upstream headwater locations to downstream of Evandale near the mouth of the river. 

Error bars represent the annual mean +/- one standard deviation.  

Dissolved oxygen (DO) is the amount of oxygen available in water for organisms to carry 

out respiration and metabolism. The concentration of DO in flowing water is influenced by 

a variety of variables: temperature, velocity, micro-organism metabolism, etc. Extremely 

low levels of DO can lead to impaired water quality and eventually the development of 

anoxic (no available oxygen) zones which may result in the reduction of habitat suitability 

for organisms such as fish. Throughout the SJR from St. Balise to Evandale mean annual DO 

remains well above the CCME guideline for the protection of aquatic life (6.5 mg/L; Figure 

8); however, all stations show wide intra-annual variability. 
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Figure 8: Mean annual dissolved oxygen measured in situ at surface water quality 

monitoring stations along the main stem of the Saint John River from 2014 to 2017. 

Stations are ordered from upstream headwater locations to downstream of Evandale near 

the mouth of the river. Error bars represent the annual mean +/- one standard deviation. 

The dashed line represents the Canadian Council of Ministers of the Environment (CCME) 

recommended upper and lower dissolved oxygen thresholds for the protection of aquatic 

life (CCME, 2007). 

Concentrations of assessed metals were either below detectable limits across years and 

stations (lead, copper, zinc), or persistent at low levels typically below water quality 

guidelines (aluminum <0.1 mg/L; iron <0.3 mg/L; manganese – no guideline; zinc < 0.03 

mg/L). However, in 2016 mean annual concentrations of assessed metals (except zinc) 

were found to exceed water quality guidelines at 3 stations (Grand Falls, Lincoln, and 

Burton). The observed spikes were not consistently associated with periods of high 

seasonal discharge. Aluminum exceeded drinking water guidelines in 17% of all samples 

which is consistent with observed levels reported by Curry et al. (2011). Apparent 

differences between years in annual concentrations of lead are due to the difference in the 

detectable limit between labs and years in the analysis (see methods). Additionally, lead 

was found to exceed water quality guidelines (0.001 mg/L) in only 9 of 342 (2.6%) samples 

between 2014 and 2017. Similar to results reported in Curry et al. (2011), arsenic and 

nickel were detected at some SJR stations, but always fell below water quality guidelines 

and more frequently below detectable limits. Copper levels at most stations are below 

CCME guidelines (0.002 mg/L) in all years, and where exceedances were observed they 

occurred in 1 to 3 samples from each site (12-25%).  
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Finally, the overall mean (2014 to 2017) and standard deviation of surface water quality 

monitoring results from the Bill Thorpe Bridge are presented in Appendix 2.  

3.2. Headpond Temperature and Dissolved Oxygen Profiles 

The construction of the MGS resulted in a reservoir, known as the Mactaquac headpond, 

which is approximately 97 km long and covers 83 km2. The headpond extends from the 

MGS upstream to the town of Woodstock and is found in an area of gentle relief (slopes 

from 0 to 10o; O’Sullivan et al., 2016). The headpond exhibits varying degrees of lake 

hydrophysical and biological characteristics such as: seasonal thermal stratification, 

seasonally reduced dissolved oxygen bottom conditions, reduced velocity, and the presence 

of lake-type species. Thermal stratification is the result of a temperature-depth gradient in 

the headpond where warmer water near the surface is separated from the cooler bottom 

waters by a thermocline (thermal mixing barrier). The timing, duration, and strength of 

thermal stratification influences the movement of dissolved and particulate matter 

throughout the water column (Read et al., 2011) and thus influences the headpond’s water 

chemistry, biological activity, and habitat suitability for species. In August of 2014 and 

2015, temperature-depth profiles were recorded from sites distributed across the 

headpond (N=10 in 2014 and N = 8 in 2015). The temperature profiles revealed the 

presence of a double, weak thermocline at the majority of sites sampled in both years 

(Figures 9 & 10). Additionally, estimated thermocline depth displayed moderate 

consistency among years (Table 3) at some sites, notably HP1, HP7 and HP11.  

 

Figure 9:  Temperature-depth profiles of sites in the Mactaquac headpond in August 2014.  
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Figure 10:  Temperature-depth profiles of sites in the Mactaquac headpond in August 2015.  

A double thermocline is described as the presence of a near surface, and likely transient, 

thermocline and an additional deeper, more stable thermocline (Read et al. 2011). The 

“seasonal” feature in rLakeAnalyzer’s thermo.depth application removes the influence of 

near surface thermoclines (maximum density gradient) and reports the thermocline depth 

at the deepest density gradient. Ignoring the near surface thermocline, the temperature 

profiles suggest that the permanent thermocline is found near the maximum depth of most 

sites (Table 3) suggesting weak stratification. Schmidt’s Stability Index (SI) is a measure of 

the difference between water density at a given depth and the mean density of the water 

column (Stainsby et al. 2011). Well mixed lakes demonstrate a small SI value (density of 

water at depth is similar to entire water column) whereas highly stratified lakes yield a 

greater SI value. The SI results for the headpond suggests that thermocline was more stable 

(i.e., greater stratification) in 2015 (634.7 J/m2) than in 2014 (482.4 J/m2); however, in 

2015 fewer sites were sampled for temperature-depth profiles which resulted in different 

areas of the headpond being included in the SI analysis compared to 2014. These spatial 

differences may have influenced the mean estimate of water column density between 

years, thus limiting our confidence of between year comparisons.  Additionally, it is unclear 

how the presence of a double thermocline influences the estimate of stability and therefore 

this result should be interpreted with caution. Furthermore, the thermocline depth and 

stability calculations used herein assume lake-like conditions of low flow and thermal 

mixing reliant largely on wind turbulence (Read et al., 2011) and it is possible that 

objective descriptions of the thermocline may be more informative (Fiedler, 2010) for sites 

in the headpond where riverine flow conditions are present (e.g., increased turbulent 

mixing driven by velocity rather than wind).  Finally, the assessment of thermocline depth 
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and stability in this report are based on single temporal sampling events at each site and it 

is likely that daily or monthly temperature-depth profiles would greatly increase 

confidence in the evaluation of thermocline depth, strength and stability, and allow for 

informative comparisons across sites and years. 

Table 3: Estimated thermocline depth in August of 2014 and 2015 for sites in the 

Mactaquac headpond. Results are based on average temperature per 0.5 m depth intervals. 

A) The logical parameter “seasonal = FALSE ” indicates the maximum density gradient is 

the starting point to determine the thermocline. B) The logical parameter “seasonal = 

TRUE” indicates the deepest density gradient found in the profile is reported. Meta Top = 

upper depth of the estimated metalimnion. Meta Bottom = lower depth of the estimated 

metalimnion. 

A) Seasonal = FALSE 
   B) Seasonal = TRUE   

Site Year 
Thermoclin

e 
Meta 
Top 

Meta 
Bottom  Site Year 

Thermoclin
e 

Meta 
Top 

Meta 
Bottom 

HP1 
201

4 7.50 7.11 7.88  HP1 
201

4 10.51 9.43 12.15 

HP1 
201

5 7.91 6.91 9.71  HP1 
201

5 13.06 12.69 14.25 

HP3 
201

5 22.07 20.42 24.48  HP3 
201

5 23.91 20.42 24.50 

HP4 
201

4 29.43 28.93 30.51  HP4 
201

4 29.43 28.93 30.51 

HP4 
201

5 14.36 13.66 15.15  HP4 
201

5 23.81 21.51 23.96 

HP5 
201

4 0.50 0.25 1.10  HP5 
201

4 22.34 22.21 22.40 

HP6 
201

4 2.37 1.43 3.72  HP6 
201

4 15.44 14.86 15.88 

HP7 
201

4 19.99 19.71 20.25  HP7 
201

4 21.08 20.80 21.72 

HP7 
201

5 21.10 20.48 22.16  HP7 
201

5 21.10 20.48 22.16 

HP8 
201

4 19.92 18.64 20.27  HP8 
201

4 22.16 21.77 22.48 

HP8 
201

5 1.90 1.25 2.30  HP8 
201

5 21.82 21.48 21.94 
HP1

0 
201

4 20.55 20.20 21.39  

HP1
0 

201
4 21.87 21.21 22.43 

HP1
1 

201
4 16.39 15.52 20.30  

HP1
1 

201
4 16.39 15.52 20.30 

HP1
1 

201
5 19.97 19.24 20.57  

HP1
1 

201
5 19.97 19.24 20.57 

HP1
2 

201
4 7.65 7.57 7.72  

HP1
2 

201
4 7.65 7.57 7.72 

HP1
2 

201
5 3.95 3.39 4.34  

HP1
2 

201
5 3.95 3.39 4.34 

HP1
3 

201
4 7.93 7.55 8.33  

HP1
3 

201
4 20.14 20.14 20.14 

HP1
3 

201
5 3.09 2.53 4.45  

HP1
3 

201
5 20.78 18.39 21.02 
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Dissolved oxygen concentrations in August decreased with depth at all sites in the 

headpond and were typically below 5.0 mg/L at depths greater than 20 m (Figure 11) in 

both years. However, dissolved oxygen at two sites (HP1 and HP 6) fell below 5.0 mg/L at 

much shallower depths (~ 8 and 13 m, respectively) in 2014 and 2015 (HP1 only). At 

maximum sampling depth, dissolved oxygen was below 2.5 mg/L at six sites in 2014, 

compared to four sites in 2015 (Figure 12). Late summer season bottom dissolved oxygen 

concentrations observed in the headpond may be a barrier to coldwater migratory species 

and force those species to use less suitable, warm shallow water as they pass through the 

headpond. 

 

Figure 11: Dissolved oxygen-depth profiles of sites in the Mactaquac headpond in August 

2014.  
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Figure 12: Dissolved oxygen-depth profiles of sites in the Mactaquac headpond in August 

2015.  

3.3. River Transect Profiles 

Main stem SJR transect profiles (dissolved oxygen, temperature, and secchi depth) 

downstream of MGS were evaluated as the value difference between paired sites among 

two sampling periods (June and July) in each of 2014 and 2016. In 2016, transect profile 

responses to season were spatially inconsistent.  For example, river bottom dissolved 

oxygen decreased from June to July between Eqpahak Island and Jewett Island, but 

increased over the same time period at transects downstream of Sunset Acres (Figure 13a). 

Not surprisingly, bottom temperature increased at all transects between the sampling 

periods (Figure 13b) in 2016, whereas secchi disk depth increased by up to 2 m near the 

MGS and Fredericton, but decreased between Sugar and Jewett Islands between sampling 

periods (Figure 13c).  
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Figure 13: Visualization of the value difference between June and July samples of A) 

dissolved oxygen (mg/L), B) temperature (oC), and C) secchi disc depth (m) along transects 

in the Saint John River in 2014. Value difference calculated as the difference between July 

minus June values at paired sites along each transect. Dots represent sampling points along 

each transect.  
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In 2014, fewer transects were sampled in both June and July which resulted in larger areas 

of spatial interpolation (Figures 14 a, b, c). However, similar spatial changes in temperature 

and dissolved oxygen were observed among transects between seasons, as seen in 2016. 

The magnitude of seasonal change in temperature, dissolved oxygen and secchi disk depth 

in 2014 are less pronounced than in 2016, but this a sampling artifact. In 2014 transects 

were surveyed in mid-June, and again in early July (roughly two weeks between samples), 

whereas 2016 surveys were conducted in mid-June and late July (roughly four weeks 

between samples).  



MAES Report Series 2018-054 

23 | P a g e  
 

 

Figure 14: Visualization of the value difference between June and July samples of A) 

dissolved oxygen (mg/L), B) temperature (oC), and C) secchi disc depth (m) along transects 

in the Saint John River in 2014. Value difference calculated as the difference between July 

minus June values at paired sites along each transect. Dots represent sampling points along 

each transect.  
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Undoubtedly, river flow and discharge from the MGS influenced the results of transect 

profile surveys for dissolved oxygen, temperature, and secchi disc depth, and therefore 

between year comparisons should consider flow as one of the primary driver of 

differences. 

3.4. River Temperature Profile 

Change or removal of MGS structural components under any one of the four future options 

will result in changes to the thermal regime of the SJR, both during and after the 

construction period. To support predictions regarding the potential magnitude and 

duration of changes to the SJR thermal regime, Dugdale et al. (2016) utilized the CEQUEAU 

deterministic model to simulate river temperature in the SJR under past and future flow 

scenarios. The model relied on temperature data collected using loggers deployed in the 

SJR as described in Dugdale and St-Hilaire (2015). Temperature logger site locations can be 

found in Dugdale and St-Hilaire (2015; Appendix 3). Following model validation, Dugdale 

et al. (2016) simulated historical water temperatures for a site near Fredericton, to provide 

a baseline that can then be monitored through time and compared against future scenarios 

and expected outcomes.  The model does not include the headpond and instead predicts 

temperature scenarios downstream of the MGS. 

Dugdale et al. (2016) utilized meteorological data and the CEQUEA temperature model to 

hindcast daily mean temperature for the SJR upstream of Fredericton and downstream of 

the MGS from 1969 to 2014. The data from 2010 to 2014 was chosen as the best 

representative of the current baseline thermal regime in the SJR downstream of MGS. Mean 

daily temperatures were used to develop and evaluate representative metrics (e.g., annual 

mean, max, deviation; count of days above or below temperature thresholds; seasonal min, 

max, and means; and, temperature metrics for three sensitive species including the number 

of days in optimal or threshold temperature range) of the thermal regime. 

The model estimates that between 2010 and 2014 the mean daily temperature in the SJR 

from MGS to Fredericton was 10.9oC, with a maximum of 22.8oC, and a mean daily average 

temperature of 20.1oC between July and August (Dugdale et al. 2016; Table 6.1). The model 

also predicted that temperature exceeded the critical threshold for Atlantic Salmon (23oC) 

only once in the four year period and that in all years the onset of Stripped Bass spawning 

thermal trigger (16oC) was reached by May 30th (Dugdale et al. 2016; Table 6.2). However, 

the authors note that the results of the model output are the influenced by the thermal 

regime and outflow from the headpond. That is, if the headpond were to be altered or 

removed during construction or removal of the MGS, then it is likely that the downstream 

temperature regime of the SJR would change. This would occur because the headpond 

serves to dampen the response of waters downstream to of MGS to changes in ambient air 

temperature.  
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Dugdale et al. (2016) also present the predicted thermal regime of the SJR downstream of 

MGS for the scenario of a headpond drawdown to natural SJR levels. However, an analysis 

of scenarios is beyond the scope of this report and is not summarized here.  

3.5. Stream Metabolism 

In the summer of 2016, benthic stream metabolism was measured among substrates 

(cobble vs sand) and channel location (main vs side channel) downstream of MGS in the 

SJR in order to characterize spatial-temporal patterns and variability (Irwin 2017). To 

understand the influence of flow regulation on stream metabolism, a site upstream of MGS 

was compared to the downstream reach. See Irwin (2017) for a full description of site 

location and methods. Stream metabolism is estimated as the difference between carbon 

fixation as a result of primary production and community respiration. Stream metabolism 

can ultimately be used to understand where the primary source of carbon in a food web 

originates, from either carbon fixation (autochthonous) or an external source(s) 

(allochthonous). Irwin (2017) demonstrated that gross primary production (GPP) 

increased throughout the summer season (June to August) in both cobble and sand 

substrates (see Irwin 2017; Figure 4.1A). Additionally, GPP in cobble substrate was 

consistently greater than in sand substrates, and cobble displayed significantly greater net 

daily metabolism than sand substrates in all months (see Irwin 2017, Figure 4.1A). Stream 

metabolism was not consistently different between side and main channel sites (Irwin, 

2017; Figure 4.2). Community respiration (CR) demonstrated the least variability between 

months (June, July, August), substrate types (cobble, sand), location (side, main channel) 

and between flow regulation sites (upstream MGS, downstream MGS) (Irwin, 2017; Figure 

4.1-4.3, Table 5.1). Overall, spatial-temporal patterns in stream metabolism in the SJR are 

influenced substrate type, flow regulation, physical habitat characteristics, and seasonal 

variables (e.g., temperature).  

3.6. Total Suspended Sediments  

Yamazaki et al. (2017) describes the methods used to estimate the range of maximum total 

suspended sediment (TSS) in the SJR between 2015 and 2017. TSS levels observed during 

the spring freshet of 2015 in mid-April were approximately 30 mg/L at both MGS and 

Fredericton sampling locations. Average TSS values quickly declined to historical summer 

average levels by the start of May (Yamazaki et al. 2017). The authors noted that even 

though TSS declined rapidly, water level was relatively similar between mid-April and early 

May and thus suggested water level was not a strong predictor of expected TSS levels. 

Other than immediately downstream Florenceville where TSS contained high organic 

content, TSS in the SJR consists largely of inorganic solids. Water samples collected from 

the Bill Thorpe Walking Bridge in Fredericton in 2017 during the spring freshet and during 

a large rain event (75 mm rain over three days), revealed largely inorganic content TSS 
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with levels from 10-30 mg/L (Yamazaki et al. 2017). The authors suggest that while the 

bulk of the fine sediment known to enter the SJR near Little River is washed downstream 

with little retention, bulk sediment transport may be interrupted by the Beechwood 

Generating Station (~135km upstream of MGS) reservoir and/or the MGS headpond.  This 

suggests that areas downstream of MGS may be sediment starved (Yamazaki et al. 2017). 

Two mechanisms are proposed to explain downstream sediment starvation and are 

currently being evaluated: 1) bedload retention in the Beechwood reservoir and MGS 

headpond, or 2) TSS retention within the MGS headpond. Finally, the authors note that TSS 

and field turbidity measurements demonstrated a strong relationship in the main stem of 

the SJR. Therefore field turbidity measurements may serve as an inexpensive and efficient 

method to monitor SJR TSS levels during and after MGS refurbishment or removal. 

3.7. Sediment thickness 

In 2015, a high resolution, towed Seistec sediment profiler was used to assess sediment 

thickness of the MGS headpond (Grace and Butler, 2016) during late summer. The system 

was capable of imaging sediment thickness greater than 12 cm. The survey was undertaken 

to estimate the amount of sediment that has accumulated in the headpond over the last 47 

years as a result of the MGS emplacement. Understanding the distribution of sediment in 

the headpond can inform predictions regarding how and where sediment will move during 

and after dam refurbishment or removal.  The sediment thickness between MGS and Bear 

Island averaged 26 cm, with areas of up to 50 cm (e.g., west side of Snowshoe Island; Figure 

6 in Grace and Butler, 2016). Areas of increased accumulation were associated with 

submerged islands (Grace and Bulter, 2016). However, upstream of Bear Island to 

Nackawick gas was detected at the sediment-water interface which renders the Siestec 

sediment profile invalid and no estimates of sediment thickness are available for this area. 

Ground penetrating radar with accompanying core samples would be required to resolve 

the sediment thickness of the headpond in the gas charged sediments. Upstream of 

Nackawick to Woodstock no areas of sediment >12 cm thick were detected (Grace and 

Bulter, 2016). However, Grace and Bulter (2016) caution that areas of sediment up to 12 

cm may be present in the headpond, but are below the detection limit of the device and that 

all thickness estimates are based on the assumption that post-inundation sediment is softer 

than the underlying substrate.  

3.8. Sediment chemistry 

 

In 2015, surface sediments from nine sites in the headpond and two sites downstream 

were assessed to determine the concentration of contaminants and nutrients. Similarly, 

sediment cores from six sites in the headpond were assessed for the same variables in 

2016. The results are compared to reference lakes (N=4 in 2015) and to sediment and soil 

guidelines when available: the results are presented in Kidd et al. (2016). A map of the 
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sampling locations is presented also presented Kidd et al. (2016) Figure 1 & 2. The focus of 

the assessment was to determine if contamination hot spots exist in the headpond or 

downstream sites and if any of the observed contaminants exceeded sediment quality 

guidelines. The authors found that there appear to be few natural sources of mercury in the 

SJR and remnant concentrations are the result of historical human activities. Additionally, 

mercury had the lowest concentration of all contaminants measured (above detection 

limits) at all sites (12.9 to 154 ug/kg-dw) and did not exceed guidelines. Kidd et al. (2016) 

also suggest that the similar concentrations of metals (aluminum, iron, copper, lead, and 

zinc) observed across sites and years suggests natural sources in the SJR. At all sites iron 

and aluminum had the highest average concentrations in sediments (18700-41900 mg/kg-

dw and 11900-40500 mg/kg-dw respectively). In some cases, metals (Al, Ni) were above 

guidelines in the headpond, in reference lakes, and downstream of MGS which suggests 

high natural occurrence. However, elevated arsenic and chromium levels were often found 

only in the headpond and were often above guidelines. Polychlorinated biphenyls (PCBs) in 

the headpond and downstream surface sediments were low and often below detection 

limits, and headpond sediment core PCBs were assessed as below guidelines. However, 

three reference sites did report lower concentrations of PCBs in comparison to headpond 

sites (Kidd et al. 2016). Chlorinated pesticides were found in similar concentration in 

surface sediments in both headpond and reference sites, whereas total organic carbon (%) 

was lower in headpond surface sediments than in reference lakes. Nitrogen was variable in 

surface sediments both in the headpond and downstream (Kidd et al. 2016; Table 18). 

Importantly, DDT and its variants (DDE, DDD) were often exceeded guidelines in sediment 

core samples taken from the headpond (Kidd et al. 2016). Individual polycyclic aromatic 

hydrocarbons (PHAs) sometimes exceeded guidelines in headpond sediment samples, but 

total PHA concentrations never did.  

 

4. Conclusion 

The report provides an overview of the baseline water quality conditions in the SJR and 

MGS headpond during the contemporary period (2014-2017). This report is intended to be 

used as background material to support the development and application of ecologically 

relevant water quality indicators for the SJR. 

 

Analytical water chemistry and nutrient analyses presented here demonstrate results for 

the contemporary period 2014-2017 which area relatively consistent with previously 

reported results (e.g., Curry et al. 2011, Culp et al. 2011). This suggests that surface water 

quality parameters may offer an effective and efficient indicator to assess potential change 

to main stem SJR conditions during construction and post-construction phases of any 

future MGS option. 
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Similarly, the presence, strength, and stability of a thermocline at sites in the headpond 

may be a valuable indicator to describe changes to seasonal habitat suitability in the 

headpond during and after MGS refurbishment or removal. However, increased temporal 

sampling (e.g., year round temperature logger strings) would be required to improve the 

reliability, consistency, and inferences made from the results.  

Physical river transect profiles are useful to spatially discern areas of low bottom DO, 

seasonal changes in temperature (including identifying cool water refuges), as well as 

changes in secchi disc depth. This report does not suggest an individual indicator that can 

be drawn from the physical river transect dataset, but recommends exploring the 

possibility of paired re-sampling of transects across multiple seasons to inform seasonal 

shifts in habitat characteristics that can be monitored during pre and post-construction 

phases of future MGS options.  

 

Community respiration demonstrated limited variability between months (June, July, 

August), substrate types (cobble, sand), location (side, main channel) and between flow 

regulation sites. Therefore, community respiration is recommended as a potential indicator 

to monitor for change in the SJR.  

 

Changes to the distribution and amount of sediment thickness in the headpond is likely to 

occur as a result of MGS refurbishment of removal, especially in areas of the headpond near 

submerged islands. However, given the transient and limited concentration of TSS in the 

main stem SJR, it may be difficult to accurately predict any medium or long-term 

consequences as a result of changes to the MGS. Therefore, TSS level may best be 

considered an indicator of acute stress downstream of the MGS in the SJR. 

 

Finally, the sediment chemistry of sites in the headpond and SJR mainstem were observed 

to be relatively consistent with reference sites. It is unlikely that, with the implementation 

of best practices during construction, large increases in sediment contamination would be 

observed due to changes to the MGS. However, evaluating sediment chemistry post-

construction may inform the efficacy of best practices.  
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Appendix 1 – Surface Water Quality Parameter Sampling by Years and Stations 

Parameter MAES Stations* DELG Stations  Parameter MAES Stations* DELG Stations 

Al_mgL 2014-2017 2014-2017  Mn_mgL 2014-2017 2014-2017 

ALK_T_mgL 2014-2017 2014-2017  Mo_mgL   mid-2016, 2017 

As_mgL 2014-2017 2014-2017  Na_mgL 2014-2017 2014-2017 

B_mgL   mid-2016, 2017  NH3_mgL   mid-2016, 2017 

Ba_mgL   mid-2016, 2017  NH3T_mgL 2014-2017 2014-2017 

BE-X_mgL   mid-2016, 2017  Ni_mgL 2014-2017 2014-2017 

BR2_mgL   mid-2016, 2017  NO3_mgL 2014-2017 2014-2017 

C03_mgL   mid-2016, 2017  NOX_mgL 2014-2015 2014-2017 

Ca_mgL 2014-2017 2014-2017  Pb_mgL 2014-2017 2014-2017 

Cd_mgL 2014-2017 2014-2017  pH 2014-2017* 2014-2017* 

Cl_mgL 2014-2017 2014-2017  RbmgL   mid-2016, 2017 

CLRA_ACU 2014-mid 2015 2014-mid 2016  Sb_mgL 2014-2017 2014-2017 

CLRT_TCU mid-2015, 2017 mid-2016, 2017  Sn_mgL   mid-2016, 2017 

Co_mgL   2014-2017  SO4_mgL 2014-2017 2014-2017 

COND (µSIE/cm)  2014-2017 2014-2017  Sr_mgL   mid-2016, 2017 

Cr_mgL 2014-2017 2014-2017  TC-MPN_100ml   2016 only  

Cu_mgL 2014-2017 2014-2017  Temp   2014-2017 

DO_mgL_fld   2014-2017  TKN_mgL 2016-2017 mid-2016, 2017 

DOC_mgL   mid-2016, 2017  TN_mgL 2016-2017 2014-2017 

E_coli_MPN_100ml 2014-2017 2014-2017  TOC_mgL 2014-2017 2014-2017 

F_mgL 2014-2017 2014-2017  TP-L_mgL 2014-2017 2014-2017 

Fe_mgL 2014-2017 2014-2017  TURB_NTU 2014-2017 2014-2017 

HARD_mgL 2014-2017 2014-2017  U_mgL   mid-2016, 2017 

HCO3_mgL   mid-2016, 2017  V_mgL   mid-2016, 2017 

K_mgL 2014-2017 2014-2017  Zn_mgL 2014-2017 2014-2017 

*MAES stations other than walking bridge sampled only in 2016  
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Appendix 1 – Surface water quality monitoring results from the Bill Thorpe Walking 

Bridge. The mean was calculated as the average parameter value across all years 

(2014-2017).  Units are mg/L unless specified. 

Parameter Mean Standard  Deviation 

Alkalinity total 40.94 6.49 

Aluminum 0.06 0.04 

Ammonia Total 0.04 0.05 

Antimony 0.0003 0.0002 

Arsenic 0.0005 0.00 

Cadmium 0.0000 0.00 

Calcium 15.34 2.63 

Chloride 3.66 0.73 

Chromium 0.00 0.00 

Colour ACU 51.50 10.48 

Colour TCU 33.72 12.56 

Conductivity (µSIE/cm)  106.32 17.43 

Copper 0.0010 0.0011 

E.coli MPN / 100ml 33.19 45.94 

Fluoride 0.07 0.05 

Hardness 45.94 7.88 

Iron 0.10 0.05 

Lead 0.0004 0.0003 

Magnesium 1.88 0.34 

Manganease 0.02 0.01 

Nickle 0.0015 0.0010 

Nitrate 0.22 0.08 

Nox 0.20 0.05 

pH 7.76 0.16 

Potassium 0.56 0.10 

Sodium 3.22 0.74 

Sulphate 3.72 3.05 

Total Coliform MNP/100ml 346.93 559.52 

Total Kjeldahl Nitrogen 0.23 0.13 

Total Nitrogen 0.40 0.16 

Total Organic Carbon 6.80 1.58 

Total Phosphorous 0.02 0.02 

Turbidity NTU 2.37 4.47 

Zinc 0.06 0.57 
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Appendix 3 – Physical River Transect 

Site Sampling Schedule 

  2014 2015 2016 

 RDS1   

RDS10      
RDS11    

RDS12      
RDS13   

RDS15    

RDS16      
RDS17    

RDS18      
RDS19    

RDS2      
RDS20      
RDS21    

RDS23   

RDS24      
RDS25    

RDS27   

RDS28      
RDS29   

RDS-3    

RDS30      
RDS31   

RDS32      
RDS33    

RDS34      
RDS35   

RDS36      
RDS37    

RDS38      
RDS39   

RDS4      
RDS40      
RDS41   

RDS42      
RDS43   

RDS44      
RDS45    

RDS46      
RDS47    

RDS48      
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