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DISCLAIMER
Intended use and technical limitations of the report, “Assessment of the Mactaquac Headpond
geomorphology and estimated sediment distribution”. This report describes a qualitative analyse of the
geological and geomorphological processes governing sediment supply to the Saint John River and
estimates sediment distribution in the Mactaquac Headpond from an ordinary kriging analysis. The
presented data remain non-validated. The CRI does not assume liability for any use of the included data
or analyses outside the stated scope.
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Introduction
In the event of a dam removal sediment entrainment will occur causing a pulse of sediment to

migrate through the Saint John River, from the Mactaquac Headpond (MH), and eventually find
its way to the river’s estuary. The purpose of this report is to qualitatively analyse the geological

and geomorphological processes governing sediment supply to the Saint John River, and to

estimate sediment distribution in the MH, as well as outline a hypothetical fluvial geomorphic
response paradigm that might ensue following dam removal.

Geo-characteristics
New Brunswick’s modern landscape is a result of tectonic and erosional forces through the

Cretaceous (145-66 Ma) and Tertiary (65 – ≈ 2 Ma) with modifications during the Quaternary (2

Ma – present day) (e.g., Rampton et al. 1984). The surficial geology of the Saint John River Valley
comprises Late Wisconsinan morainal sediments whose constituents are lodgement till, ablation

till and associated sand and gravel deposits with minor reworking by water (e.g., Rampton et al.

1984). The existence of eskers, kames and kame and kettle formations in the Perth-Andover area

suggest an ice-contact zone. The morainal deposits vary from hummocky, ribbed and rolling

ablation moraines (generally ≥ 1.5m thick) to blanket (between 0.5 – 3m thick) and

discontinuous veneer (generally ≤ 0.5m thick) deposits of loamy lodgement till, minor ablation
till, silt, sand, gravel and rubble (after Rampton et al. 1984).

New Brunswick sits in the Canadian Appalachians and consists of a complex belt of folded

mountains comprising highlands, flat topped rolling uplands and gently rolling lowlands (e.g.,
Fahmy et al. 1986). These physiographic units are illustrated in Figure 2. The Saint John River

Valley intersects all physiographic units and divides the highlands into the Miramichi Highlands

to the Northeast and the St. Croix Highlands to the west. The MH lies in an area of gentle relief
with slopes varying from 0-10o (with anomalous relief ≥ 10o). Above the MH, at Beechwood,
proximal relief increases with a raised unit North-Northeast of the Beechwood Dam (see Figure

3).
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Considering the low lying relief within the MH reach and the surrounding surficial geology, it is
likely that soil erosion in the area is relatively low (in contrast to that experienced in other dam

removal cases, such as Elwha and Glines Canyon, Washington State, USA) and thus, sediment
supply to the MH may also be relatively low. However, due to farming practices within the MH
reach and upstream, anthropogenic induced erosion is likely. Additionally, sediment supply to

the MH is a function of soil erosion due to freeze-thaw processes and snowmelt runoff, i.e., during

spring thaw an increase in pore water pressures within the soil mass will lead to a reduction in

soil effective stresses and reduce the soils resistance to erosion. These are seasonal events and
when the relief of the catchment is considered, it is highly likely that sediment supply through

soil erosion does not match those in other dam removal projects, e.g., Elwha and Glines Canyon
where high magnitude landslide events occur with high frequency. This can be attributed to the

transportation energy capacity of the SJR system, i.e., transportation energy capacity is a function
of relief.

Sediment Distribution
Over the course of 2014 sediment samples were taken from the MH. Samples were collected

using an Ekman Grab Sampler, where the device was lowered until bed contact was made. Upon

contact the device was lifted causing its buckets to close trapping sediment inside. Sample grab
sites are shown in Figures 4 and 5.

From these data an ‘Ordinary Kriging Analysis’ was

preformed to estimate spatio-distribution of MH sediments using ArcGIS 10.3.1 (an ESRI
programme); furthermore, optimization was conducted within the model. The usual limitations
of kriging apply to the output.

For example, some probability is associated with these

predictions, i.e., it cannot be expected that exact locations of sediments will be identified in

unmeasured sites. Also, the model is limited by the number of sample sites assigned. Figure 4

displays findings from the ordinary kriging model, while Figure 5 illustrates the spatiodistribution of sediments from Meductic to the Mactaquac Dam using both professional
judgement and the ordinary kriging model results.

Conclusion
Post-analyse of the geological and geomorphological controls operating within the MH reach and
sediment distribution modelling conducted for this report suggest the following:
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•

Sediment deposited within the headpond may not be significant (MAES unpublished data;

or significant in relation to other large dam removals, e.g. Elwha (2011-2014), Glines

Canyon (2011-2014), and processes based experiments, e.g., the Cougar Reservoir
drawdown (2002)). This hypothesis is based on the following findings:

1) The relief surrounding the MH is gently sloping with gradients ranging from 1-10o
(anomalous occurrence of slopes ≥10o are also found; see Figure 3).

2) The proximal surficial geology comprises shallow morainal deposits constituting
various till deposits and sands and gravels.

3) The unpublished data of the MAES assessment of sediment depths and distributions

suggest sustainably less than assumed sediment deposition in the MH (MAES
unpublished data).

4) Synthesising these findings, it can be concluded that the MH lies in a low energy

environment and 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). Alluding to the coarser grains it can be seen that a
high energy event, e.g., heavy rainfall, snow melt runoff, etc., would be required to

•

entrain sediments due to relief alone.

The river will likely return to its pre-dam construction morphology quickly (months

rather than years) as shown in Figure 6. This hypothesis is based on the following:

1) The unconsolidated sediment deposited in the MH will have little to no shear

resistance. This report suggests that the majority of deposited sediment will become
entrained during removal and/or during a high discharge event.

2) Referring to the low energy capacity of the system, we hypothesize with current data
that incision will be relatively low and the geomorphic paradigm post-removal will

involve lateral channel migration until the river finds a state of quasi-equilibrium

(possibly within months). This hypothesis is based on the presence of a relatively low
stream gradient and the hypothetical existence of a shallow unconsolidated sediment

•

deposit underlain by an alluvial substrate (with a high shear strength threshold).

The Beechwood Dam is most probably a site of significant sediment and a nutrient trap.
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o

The headwaters of the Saint John River have significantly more energy to transport

sediment due to topography and stream gradient than lower elevation reaches.

Therefore, it can be suggested sediment supplied by headwater erosion is likely to be
•

held behind the Beechwood Dam in its headpond.

The Saint John River downstream of the Mactaquac Dam may be sediment starved. High

bank erosion rates have been observed on the islands between Mactaquac Dam and
Fredericton (Kidd et al. 2011). This is believed to be a function of the multiple, upstream
dams, e.g., Beechwood, Tobique and the Mactaquac Dam.

Future Analyses
Future studies by the MAES geophysics and coring teams will help identify the quantity and
stratigraphy of deposited sediment. The sediment transportation team will provide further

insight into the mechanics operating within the MH and further downstream. A sediment budget

will be undertaken in 2016/7 to quantify the sediment regime in place within the MH reach; this
analysis might also consider the sediment supply regime upstream of Beechwood Dam.

Additionally, an analysis of the MH’s bedforms could be conducted to identify if a reservoir delta
exists.
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Accompanying Figures

Figure 1: Proximal surficial geology for the Perth-Andover to Grand Lake reach of the Saint John River (modified after Rampton et
al. 1984)
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Figure 2: Physiographic units of New Brunswick (after Bostock 1970).

6|Page

MAES Report Series 2016-029

Figure 3: Saint John River valley topography from the Beechwood Dam to the Mactaquac Dam
7|Page

MAES Report Series 2016-029

Figure 4: Sediment grab sites and resulting ordinary kriging analysis model
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Figure 5: Spatio-distribution of sediments determined from an ordinary kriging analysis and professional judgement for the
Meductic to the Mactaquac Dam reach.
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Figure 6: Hypothesised Saint John River morphology post-dam removal (green) overlaying 2014 river morphology (blue).
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