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Disclaimer
This report is intended for the sole use of the ACFN and the MCFN. Aqua Environmental
Associates does not accept any responsibility for the accuracy of any of the observations,
the analysis or the recommendations contained or referenced in the report when the report
is used or relied upon for any other purpose other than the Site C Environmental
Assessment process. Any such unauthorized use of this report is at the sole risk of the
user.
This report remains the sole property of the Athabasca Chipewyan First Nation (ACFN) and
the Mikisew Cree First Nation (MCFN). Citation, quotation, reproduction, and usage of the
information contained herein, other than for the environmental assessment of the Site C
Clean Energy Project, are permissible only with the explicit written consent of the
Athabasca Chipewyan First Nation and the Mikisew Cree First Nation.
While the author has endeavored to state factual and relevant information (within the
scope of the study), nothing in this report should be constituted as a definitive list of
concerns, impacts, needs, rights, and uses nor should it be taken as a limitation on the
uses or rights of any of the First Nations.
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EXECUTIVE SUMMARY
The Peace-Athabasca Delta (PAD) in northern Alberta is one of the world's largest inland
freshwater deltas. A Ramsar Wetland of international significance and a UNESCO world
heritage site, it is home to some of the largest undisturbed grass and sedge meadows in
North America, and provides habitat for large populations of waterfowl, muskrat, beaver
and free-ranging wood bison. The PAD is a complex geomorphic feature that provides
habitat in response to the seasonal rhythms of the Peace, Athabasca, and Birch Rivers, as
well as a collection of smaller inflows, that collectively determine its annual recharge. The
three deltas coalesce, forming several large, shallow internal lakes that today cover almost
one third of the total areal extent of the PAD. In addition, the three deltas contain more
than 1,000 small lakes and wetlands with varying degrees of connection to the main flow
system depending on location and elevation. Topographic relief within the PAD is low and
reconnection of abandoned channels and overland flow to perched basins occurs during
floods of varying size.
The PAD is an inherently variable and complex system subject to progressively-increasing
human activity. It is flooding in the PAD that spurs its high biological productivity and as a
result, proposals to dam or divert water from the sources which create the PAD need to be
carefully studied. Three mechanisms are central to the PAD’s hydrologic recharge:


the Peace River blocks PAD inflows and Lake Athabasca (including Athabasca River),
creating hydraulic damming, when the Peace River water levels are higher in
elevation which causes PAD inflows to disperse into the PAD rather than drain
directly out;



high-magnitude sustained Peace River freshets result in flow reversals of the PAD
outflow channels and bring Peace River water directly into the PAD, increasing water
levels in the PAD; and



ice jamming creates an ice-rubble blockage of the lower Peace River during
mechanical break-up of its ice cover and can cause highly elevated flooding able to
access the highest perched basins within the PAD that would otherwise receive no
recharge from floodwaters.

A variety of natural and human factors controls the efficacy of these mechanisms with
respect to hydrologic recharge of the PAD. In turn, the mechanisms control the recharge
flooding made possible in terms of its extent and elevation within the PAD complex. In
recent decades, several prolonged dry periods have turned some basins in the PAD from
aquatic into terrestrial ecosystems due to lack of flooding.
This report examines human-caused (anthropogenic) stressors on these mechanisms with
an emphasis on Peace River regulation and climate change. Regulation has radically
changed the Peace River hydrograph since December 1967 when construction of the
Bennett Dam began with a range of consequences for the PAD recharge mechanisms. The
smaller summer freshet and higher winter base flow, which result from the seasonal
fluctuations in demand for production of electricity from the Bennett and Peace Canyon
Dams, have placed pressure on the PAD recharge mechanisms and have been accompanied
by declines in ice-jam efficacy and demonstrated reductions in flow reversals (and hydraulic
damming). Changes in climate have occurred concurrently with these regulation-induced
effects resulting in further reductions in ice extent and competence and declines in the
strength of the freshets from the lower tributaries which are understood to play a central
Site C Downstream Impacts – Submission to JRP, Nov 25, 2013
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role in triggering ice jams. (Ice competence can be defined as the strength of the ice to
remain intact while under an applied stress.) In general, it is understood that the effects of
regulation have been amplified by a warming climate. Other pressures are present from
oilsands withdrawals from the Athabasca River and other land-use pressures and
interventions within the PAD.
BC Hydro has proposed to construct Site C (the Project), a 1,100-MW dam on the Peace
River, 85 km downstream of the Peace Canyon Dam. It has provided a number of
assessments as part of its (amended) Environmental Impact Statement (EIS) including
assessments related to the surface flow regime, downstream-ice regime, reservoir
temperature/ice regime, fluvial geomorphology/sediment transport regime, and climate
change. These assessments assert that the assessed downstream changes will not result in
an effect or change to the PAD’s recharge mechanisms. In conducting these assessments,
BC Hydro has used wide-ranging simplifications and subjectivities that render the outcomes
scientifically untrustworthy given the complexity of the PAD system. Concerns about BC
Hydro’s assessments include:


Absence of an effects assessment, including a cumulative effects assessment, of the
Project on the PAD when the outcome of leading authoritative research suggest it is
needed.



Inadequate spatial scoping that results in the exclusion of appropriate assessments in
the EIS.



Simplified ice-jam assessment focusing only on the presence/absence of ice and,
additionally, underestimating the potential changes in downstream ice due to modeling
assumptions and application of a simplified understanding of cause and effect.



Fragmented and simplified physical assessments of surface flow, downstream ice, and
fluvial geomorphology and sediment transport, the results of which are not integrated
into or considered in conjunction with other related assessments –as a result, the
potential aggregate impacts are understated in the EIS.



Underestimates of climate change and its application that underplay potential projected
changes in the physical assessments in the EIS.



Use of subjective interpretations that dismiss inappropriately the importance of
measured effects and altogether avoid the determination of other relevant effects.



Inadequate assessment of uncertainty particularly in reference to nested models, model
simplifications, and simulations under future climates.

A different approach is needed in the assessment to allow potential Project effects to be
properly considered:


The EIS needs to reflect a fuller understanding of the known complexities of this
stressed system within the PAD.



The spatial scope of the assessment should be increased to include the PAD and to allow
adequate consideration of potential Project effects to PAD recharge.



A pre-regulation baseline should be evaluated to identify the current status of PAD
recharge in comparison with pre-regulation conditions, to improve the understanding of
cumulative effects.

Site C Downstream Impacts – Submission to JRP, Nov 25, 2013

7/89

Aqua Environmental Assoc.



Modeling improvements are needed to avoid undue simplifications which dismiss
potential effects a priori, especially in light of authoritative peer-reviewed research
suggesting plausible ground/concern for potential effects.



Quantitative uncertainty assessments are needed to better inform the Panel as to the
reliability of model and assessment outcomes, particularly in those situations where
nested models are used, and outputs from models become inputs for subsequent
models, amplifying EIS uncertainties. This is particularly important in those assessment
domains where scientific knowledge is insufficient to assess Project effects confidently
(eg, changes to the ice-jam mechanism and implications of climate change).



Lastly, steps should be taken to avoid subjective science where objectivity is available.
Examples of BC Hydro’s inappropriate use of subjectivity include the favouring of some
science over others, the interpretation of model results without reference to their
uncertainty and ecological context, and the dismissal of effects importance with
inadequate justification.

Once a pristine resilient system, the PAD is now a vulnerable system due to prolonged and
rising negative pressure on the recharge of its wetlands and lakes. Decades of persistent
and rising human impacts have compromised its ecological condition due to a reduction in
the efficacy of the basic mechanisms that bring hydrologic recharge to the PAD. Any
assessment of future development must take into account this current condition because it
suggests a reduced ability to withstand incremental rising pressure.
This report has reviewed the body of scientific literature relating to ice-jamming on the
Peace River (much of which is ignored unscientifically by BC Hydro) and has concluded that
the changes that are likely to occur as a result of Site C have the potential to affect the icejam mechanism, which is responsible for the recharge of areas of the PAD that will not
otherwise be recharged. Although by no means is this mechanism completely understood,
leading scientific research indicates that the ice and flow factors governing its occurrence
may be negatively affected by Site C. Ice extent will decline and may affect the source ice
required for the ice-jam, particularly with advanced climate change. Changes in flow
patterns may contribute further interactions, yielding changes in the mechanism that
cannot be adequately understood given the assessments provided in the EIS.
In light of this critical analysis of BC Hydro’s assessment of Site C’s potential effects on the
PAD’s hydrologic recharge mechanisms, section 4.3 of this report concludes that:
1) Site C has the potential to further impair the recharge mechanisms.
2) Site C EIS science contains unacceptable gaps in its effects assessment of
PAD hydrologic recharge.
3) Cumulative effects to PAD hydrologic recharge have not been properly
assessed.
4) The dams provide an opportunity to mitigate their impacts to PAD
recharge.
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1.0 INTRODUCTION
The British Columbia Hydro Power and Authority (BC Hydro; the Proponent) proposes to
build a 1,100-MW dam on the Peace River, 85 km downstream of the Peace Canyon Dam.
The Mikisew Cree First Nation (MCFN) and the Athabasca Cree First Nation (ACFN) are
concerned that the proposed Site C hydroelectric facility, in conjunction with existing
impacts, will lead to further detrimental changes in the condition of the Peace-Athabasca
Delta (PAD). As part of the Environmental Assessment (EA) process, the ACFN and MCFN
have retained Aqua Environmental Associates (AEA) to carry out a review of the potential
hydrologic and geomorphic downstream impacts of this proposed Site C dam on the PAD.

1.1 Objectives
The present review focuses on understanding the potential impacts of Site C on the
hydrologic recharge of the PAD which is part of the traditional territories of the ACFN and
MCFN. To better understand these potential impacts, the present review places the
assessed impacts in context within the larger Peace-Athabasca system. Specifically, the
present review has three objectives:
1) To describe the mechanisms for hydrologic recharge of the PAD and the role of human
impact in modifying their efficacy.
2) To assess and analyse BC Hydro’s Site C Environmental Impact Statement (EIS) and
related information to identify downstream changes expected to come about with Site C,
focusing on those that may create incremental impacts to the hydrologic recharge of the
PAD.
3) To identify deficiencies in the EIS and suggest actions to address identified gaps.

1.2 Approach and Limitations
To complete this present review, AEA has been asked to focus on the EIS (as amended)
submitted by BC Hydro for the Site C project, in light of the Canadian Environmental
Assessment Agency’s (CEAA) and the British Columbia Environmental Assessment Office’s
(BC EAO’s) Environmental Impact Statement Guidelines (BC EAO 2012), bringing in
additional related and supplementary information needed to understand potential impacts,
and with an overall focus on the peer-reviewed scientific research literature. The following
provides a chronology of the documents and explanation of terminology used in this
present report.
In May 2012, BC Hydro released its report on the potential downstream changes due to
Site C (BC Hydro 2012a, here referred to as “Downstream Impacts Report”). Carver (2012)
provided a response to that report, here referred to as the “Carver 2012 Report”.
Subsequently, BC Hydro filed its Environmental Impact Statement (EIS) in January 2013
which contained the following components that are referred to in this report as follows:


BC Hydro (2013a) EIS Section 11 Environmental Background – “EIS Section 11”



BC Hydro (2013b) EIS Downstream Ice Regime Technical Data Report – “EIS
Downstream-Ice Report”

Site C Downstream Impacts – Submission to JRP, Nov 25, 2013

9/89

Aqua Environmental Assoc.



BC Hydro (2013c) EIS Downstream Reservoir Water Temperature and Ice Regime
Technical Data Report – “EIS Reservoir Water/Ice Report”



BC Hydro (2013d) EIS Downstream Fluvial Geomorphology and Sediment Transport
Technical Data Report – “EIS Geomorphology/Sediment Report”



BC Hydro (2013e) EIS Technical Data Report: Climate Change Summary Report – “EIS
Climate Change Report”



BC Hydro (2013n) EIS Surface Water Regime Technical Memo Part 1 – “EIS Surface
Water Report”

After the EIS was filed, BC Hydro released a trio of technical memoranda in support of its
EIS:


BC Hydro 2013f Technical Memo Peace-Athabasca Delta May 8, 2013 – “PAD Technical
Memo”



BC Hydro 2013g Technical Memo Cumulative Effects Assessment May 8, 2013 – “CEA
Technical Memo”



BC Hydro 2013h Technical Memo Spatial Boundary Selection – “Spatial Boundary
Technical Memo”

Additionally a few supplemental information requests were reviewed. These are identified in
the report in their appropriate sections as they arise.
Later, BC Hydro (2013i) submitted a response to Carver (2012), here referred to as the
“BC Hydro Response Report” (BC Hydro 2013i). As part of the pre-Panel Working Group
stage, the BC Hydro Response Report was submitted late in the process and indicated that
its Downstream Impacts Report “was based on a review of preliminary findings” and that
“BC Hydro has reviewed the comments and Dr. Carver’s report [Carver 2012], however the
final analysis contained in the EIS, which supersedes the preliminary findings in the BC
Hydro 2012 report [Downstream Impacts Report], is accurate.” With this response, BC
Hydro has created confusion as to which parts of its Downstream Impacts Report are no
longer valid. The EIS Section 11 references the Downstream Impacts Report in setting the
spatial scope for the downstream study boundary and does not indicate that it has been
superseded. Further, it is unclear from BC Hydro’s Response Report how the EIS
contradicts Carver (2012).
A response from AEA was subsequently provided to the BC Hydro Response Report,
referred to here as the “Carver Response Report” (Carver 2013a). In August of 2013, BC
Hydro amended its EIS. The one component of this EIS amendment (BC Hydro 2013j) that
is mentioned in the present report is referred to here as the “EIS Amendment” and is only
cited in instances where material cited in the original EIS that was changed in the EIS
Amendment. Lastly, BC Hydro submitted an excerpt from its Integrated Resource Plan in
September of 2013. Appendix 2c of that IRP submission (BC Hydro 2013k) is here referred
to as the “Hydrologic Impacts of Climate Change Report”.
On October 3, 2013, AEA provided a preliminary summary of this report to the Joint Review
Panel (Carver 2013b). The present report expands upon Carver (2013b) and includes
additional analyses undertaken to address gaps from the above-noted BC Hydro sources in
the context of this present report’s objectives and subject to a limited budget.
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2.0 HYDROLOGIC RECHARGE OF A COMPLEX DELTAIC
SYSTEM
The PAD is an inherently variable and complex system that is now subject to progressivelyincreasing human activity, i.e. “multiple anthropogenic stressors”. In addition, many of the
characteristics of these stressors cause similar outcomes with respect to the PAD’s
hydrologic recharge. This confounding and overlapping of effect amidst a background of
variability has contributed to confusion and debate when ascertaining attribution for the
hydrologic changes observed in the PAD.
To understand the potential incremental impact of Site C on the PAD’s hydrologic recharge
(see section 3 of the present report), it is necessary to first describe how hydrologic
recharge comes about in this system and in context of the background variability and the
various existing system stressors. This section provides this basic description, making
reference to the peer-reviewed scientific literature and to available hydrologic data. This
section also discusses the extent to which the existing stressors have compromised the
efficacy of these mechanisms and thus the overall performance of the system’s hydrologic
recharge.

2.1 Controls on Hydrologic Recharge of the PAD
Peters (2003) describes the evolution of the PAD. Subsequent to the retreat of the
Laurentide ice sheet, and continued isostatic rebound (raising of the land surface with the
removal of the weight of the glaciers), three modern deltas were formed at the western
end of Lake Athabasca. The Peace, Athabasca, and Birch River deltas contain more than
1,000 small lakes and wetlands that have varying degrees of connection to the main flow
system depending on location and elevation. “Topographic relief within the delta is low and
reconnection of abandoned channels and overland flow to inland (perched) basins occurs
during over-topping of perimeter delta channel levees as a result of ice jams and/or large
runoff and the expansion of the central delta lakes beyond their main shoreline” (Peters
2003). Evaporation exceeds precipitation in these perched (elevated) basins and thus
floodwaters are essential for their proper function, and this requirement is expected to
increase with climate change.
The location and layout of the modern PAD is illustrated in Figure 1 and described by Peters
(2003):
“The deltas coalesced and formed a number of large, shallow internal lakes that
today cover almost one third of the total areal extent of the PAD (6,000 km2).
The centrally located Lakes Claire and Mamawi are linked to Lake Athabasca by
the Prairie River and Chenal des Quatre Fourches and drain into the Peace and
Slave Rivers by the Riviere des Rochers, Revillon Coup and Chenal des Quatre
Fourches. The direction of flow in the channels and lakes depends on relative
water levels… Flow in the drainage channels is normally northward, but it can
reverse when the Peace River is higher than the level of the central lakes,
typically during spring break-up and summer high flows. This reverse flow
contribution is essential to raising the lakes to flood levels. The reversing flow
concept also holds true between the connected lakes. The complex water flows
and associated backwater flooding influence the ecology of the PAD.”
Site C Downstream Impacts – Submission to JRP, Nov 25, 2013
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Figure 1. a) The Peace-Athabasca Delta situated in northern Alberta at the confluence of
the Peace and Athabasca Rivers. b) Makeup of the PAD showing its extent and illustrating
its main constituent lakes and rivers.
Figures taken from the PAD Technical Memo.

Site C Downstream Impacts – Submission to JRP, Nov 25, 2013

12/89

Aqua Environmental Assoc.

The question “What controls the hydrologic recharge of the PAD?” cannot be answered
without first describing how recharge comes about. With the mechanisms for recharge
clarified, it can then become possible to discuss the more complex question: “What natural
and anthropogenic factors influence the efficacy of the recharge mechanisms?”

2.1.1 Recharge Mechanisms and Flood Zones
BC Hydro (PAD Technical Memo) and others (e.g., Peters & Prowse 2006) recognize three
key mechanisms connecting the hydrology of the Peace River to hydrologic recharge of the
PAD:


Hydraulic Damming: blockage of PAD outflows (from Lake Athabasca and other
outflows – includes the Athabasca River) when the Peace River is higher in elevation.
This phenomenon is also called obstructed flow and leads to higher water levels on Lake
Athabasca and supports increases in water levels in the central lakes area.



Flow Reversal: reversal of the flow in the rivers connecting the Peace River to Lake
Athabasca and major PAD lakes. River (and other tributaries to the PAD) by the Peace
River when the Peace River is higher in elevation. This phenomenon occurs when the
Peace River is at a higher relative elevation causing flow to move from the Peace River
to the PAD and Lake Athabasca rather than its normal south-to-north direction. The
channels involved are the Riviere des Rochers (Lake Athabasca), Chenal de Quatre
Fourches (Lake Athabasca), Baril River (Baril Lake), and the Claire River (Claire Lake).
Although most commonly brought about by high open-water on the Peace River (i.e.,
the annual freshet), it may also come about for shorter periods due to ice-jams.



Ice-Jamming: blockage of the lower Peace River by ice rubble during
dynamic/mechanical break-up of its ice cover in the Delta reach, typically in late April
and early May. Under favourable conditions, ice jams can cause highly elevated flooding
able to access the highest perched basins within the PAD that would otherwise receive
no recharge from floodwaters. (The “Delta reach” is the section of the Peace River that
flows through the PAD. It comprises the lowest 50 km of the river, starting about 15 km
above Carlson’s Landing and ending at the mouth of Peace River (Beltaos 2007).

Open-water flooding into areas directly adjacent to the Peace River can also contribute
water to those PAD portions nearby the channel. However because this type of flooding is
limited to zones of the PAD generally local to the Peace River, and is far less effective than
the three mechanisms introduced above, it is not discussed further in the present review.
(Simulations by Peters and Prowse (2006) suggest that even without the influence of flow
regulation, overflow of the lower Peace River would have been a rare occurrence during icefree conditions.) The focus is placed on flow reversals, hydraulic damming and the ice-jam
mechanism. For simplicity, the hydraulic-damming and flow-reversal mechanisms are
hereafter collectively referred to in the present report as the “open-water recharge
mechanisms” because they could be expected to occur together (though to differing
degrees).
The activation of the open-water recharge mechanisms hinges on the relative elevation of
the Peace River compared with that of the central PAD lakes (Mamawi, Claire and Baril
Lakes) and the Athabasca River. The Peace River can be higher due simply to its normal
open-water freshet, or, the Peace River can be higher still due to effective ice-jamming
occurring in the Delta reach, i.e. within the PAD. Ice jamming is generally limited to the
period during late April and early May whereas open-water hydraulic damming and flow
Site C Downstream Impacts – Submission to JRP, Nov 25, 2013
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reversals can occur at any time, depending only on the relative elevations of the water
bodies. Whereas these open-water recharge mechanisms yield substantial PAD recharge,
and this amount tends to be more regular and distributed throughout the open-water
season, it is only the ice-jam mechanism that can reach many of the perched basins,
situated beyond the reach of the interactive and dynamic open-water flooding behaviour.
As Peters et al. (2006) explain: “Water level fluctuation of perched basins is independent of
the main flow system except during episodic floods.”
As introduced above, the PAD can be zoned on the basis of the origin and type of
floodwaters that reach it. Peters (2003) recognizes three distinct zones of floodwater origin
within the PAD on the basis of dominant hydrology and topography:
1) perimeter Peace delta;
2) perimeter Athabasca delta; and
3) central delta lakes.
They found high water to vary both spatially and seasonally within the PAD complex.
Overbanking of channel water onto both perimeter delta areas is most likely to occur during
ice break-up due to ice-jam mechanism and/or open-water periods due to hydraulic
damming (and open-water flooding) mechanism depending on location and with different
durations. The expansion of the central PAD lakes into contiguous wetlands is most
probable during mid-summer. The perched basins rely largely on floodwater input to
maintain ponded water. Other inflows are unavailable in these areas (other than
precipitation) and thus, the perched basins are generally considered the most threatened
by diminished hydrologic recharge. Because drawdown of these perched basins occurs from
only evaporation, higher evaporation rates with higher temperatures (due to climate
change) imply the need for more frequent floodwaters to keep them viable (Peters and
Prowse).
Peters and Prowse (2006) examined the observed water levels by ice-jam versus openwater flooding inside the PAD, as well as the spatial influence of each flood type. Both types
were found to recharge perched basins in the Athabasca delta zone of the PAD. Ice
jamming was determined to be the most effective mechanism for producing extremely high
backwaters capable of recharging perched basins in general, and particularly for the more
northerly perched basins. The lateral expansion of the central PAD lakes (i.e., flow
migration outward from the lakes, with modest increase in elevation) into inland areas was
found to be a notable route for replenishing the low-to-medium elevation contiguous
wetlands. This hydrologic behaviour is enabled by the hydraulic damming mechanism. Their
conclusion reconfirms that of Prowse and Lalonde (1996): ice-jamming is the most effective
mechanism for recharging perched basins, in particular the elevated region of the Peace
delta where productive wetlands are found. High open-water flow events generated by the
Peace River basin, although important for the recharge of low-to-medium elevation
wetlands (and possibly for some perched basins), are insufficient to cause greater than
bankfull conditions within the Peace delta, and are considered by their analysis to be unable
to do so. (Bankfull refers to the normal high-water mark along a river bank suggestive of
water levels that are reached most years and often indicated by a distinctive change in
vegetation.)
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2.1.2 Controls: Integrated Factors that Enable the Mechanisms
The occurrence and effectiveness of these mechanisms is governed by a complex of
interacting seasonal and annual factors that shape prevailing hydrologic conditions. These
dynamic and interacting controls determine the likelihood of occurrence of hydrologic
recharge of the PAD. Although there are many approaches to expressing and formulating
the controls, the following four groups of factors can be recognized as important in shaping
the strength of these controls:
1) Conditions that promote major ice-jams in the vicinity of the PAD including:
 winter flow and weather conditions that create competent river ice (ice competence
can be defined as the strength of the ice to remain intact while under an applied
stress) at an appropriate stage (i.e., elevation of river surface) and of sufficient
upstream extent; and
 spring-time flow dynamics, particularly the magnitude and timing of the freshets of
the lower Peace River tributaries.
These conditions require a complex of sub-factors to be in a favourable condition such
that major effective ice jams can occur, able to extensively recharge the PAD.
2) High-magnitude and sustained freshet peak flow and summer flows in the Peace
River near Peace Point to promote flow reversals, and leading to the expansion of the
central PAD lakes.
3) Appropriate timing of the Peace River freshet in relation to that of the Athabasca
River (and other PAD inflows) to promote the hydraulic damming of Lake Athabasca
(and thus of the Athabasca River).
4) Successive years of effective hydrologic recharge to increase, in a step-wise manner,
the PAD water content so that subsequent annual recharge can be more effective.
The understanding of these mechanisms has emerged from over twenty years of scientific
study largely undertaken within the context of anthropogenic stress that has been imposed
on the PAD. Specifically, these stressors are flow regulation for generation of
hydroelectric power, anthropogenic climate change due to emissions of greenhouse
gases, and water withdrawals from the Athabasca River in support of oil sands mining.
The next section provides a synthesis of relevant research of the effects of these stressors
on the PAD’s hydrologic recharge. The discussion emphasises regulation and climate
change. (See also Prowse and Conly, 2000.) Of course, these factors are ultimately shaped
by climate, hydrology, channel morphology, etc. and other fundamental landscape
characteristics, however, it is beyond the scope of this document to examine the full
interplay of these fundamental factors with human stressors.

2.2 Effects of Existing Stressors on PAD Recharge
The altered behaviour of the Peace River under flow regulation and observed declines in the
frequency of hydrologic recharge of major sections of the PAD have spawned over two
decades of research to better understand flooding mechanisms and related hydrologic
behaviour of the PAD, particularly in relation to the relative hydrologic influences of
stressors active in the system. This section brings together findings emphasizing the
hydrologic effects of the dominant stressors on this system: regulation and climate change.
The role of oilsands water withdrawals is introduced. The reader is referred elsewhere (eg,
Timoney 2013) for a listing of additional stressors.
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2.2.1 Flow Regulation
In December 1967, the flow regime of the Peace River became regulated with the
completion of construction of the Bennett Dam and the beginning of several years of
reservoir filling. The Williston Reservoir has a 74.3-km3 capacity making it the world’s
seventh largest by volume. Its GM Shrum generating plant provides hydroelectric power
generation and downstream flood control. It has an average water residence time of 19-26
months, reaching maximum and minimum elevations once a year (Peace Water Use Plan
Committee 2003). Peak power generation occurs during the winter months, with minimum
reservoir levels reached by April-May. The normal operating range of the reservoir for
power generation is between 672.08 m and 655.32 m, but can go lower with the approval
of the Water Comptroller.
In 1980, a second dam was completed and closed on the Peace River, the Peace Canyon
Dam, at a location 23 km downstream of the Bennett dam near the town of Hudson’s Hope
and placing the Dinosaur Reservoir in the path of the Peace River. Dinosaur Lake is a long
and narrow reservoir with a maximum surface area of 8.05 km2, and confined for much of
its length to steep-sided valley walls. The mean water retention time is 3.8 days. Water
spilled from the Bennett dam flows directly into the Dinosaur Reservoir. The Dinosaur
Reservoir has a normal operating range of 3 m in stage, much smaller than Williston’s
range of 30 m in normal maximum and minimum operating levels (BC Hydro 2012) From
Peace Canyon Dam, the river flows 1220 km to the PAD.
During the four-year filling period of the Williston Reservoir, little flow was released to the
downstream Peace River. In 1972, a more consistent regulated hydrograph commenced.
During the filling period, BC Hydro almost completely cut off flow from the Williston
Reservoir in early 1968. From a low of 52 m3/s on October 4, 1968, BC Hydro gradually
increased this discharge over a four-year period, though it additionally depressed the
discharge further during each of these four “filling-period freshets”.
As described in BC Hydro’s Downstream Impacts Report, flows downstream of these
facilities vary within water license limits and additional safety, environmental, and
operating constraints. The operation of these facilities is coordinated with the rest of the BC
Hydro generation assets to optimize electricity generation in relation to demand. Typically,
flows are higher during the daytime (when demand for electricity is higher) and lower at
night; similarly flows are higher in the wintertime and lower at other times of the year. This
flow regulation is most noticeable directly downstream of the Peace Canyon Dam. Further
downstream, these flow changes are dampened by the addition of water from tributaries
and by natural hydraulic attenuation. At the Water Survey of Canada (WSC) hydrometric
station Peace River at Peace Point (#07KC001), a distal location (i.e., one that is far
downstream) on the Peace River, the regulated mean annual peak flow is 5770 m3/s
(Church 2012a), only 60% of its pre-regulation value. (The annual peak flow is a
descriptive statistic about a river’s hydrograph indicating the highest flow occurring in a
given year; in this case, the regulated mean (annual) peak flow refers to the long-term
average peak flow since regulation began.) As a result, the hydrograph of the Peace River
today shows little resemblance to that of the historic pre-development hydrograph. Figure
2 contrasts the wild river’s hydrograph (1960-1966) at Hudson’s Hope and Peace Point with
the average regulated hydrograph based on 1992-2010 data. At Hudson’s Hope, the flow is
inverted from its natural shape (and at Taylor, it is relatively flat through the year.) At
Peace Point, although a modest freshet is evident, by and large there is no longer a strong
early summer peak flow.
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Figure 2. Monthly mean (both regulated and unregulated) flows during 1960-1966 (wild)
and 1992-2010 (regulated) for a) Hudson’s Hope, BC and b) Peace Point, AB.

Large dams are known for creating significant direct changes to river hydrology (Magilligan
and Nislow 2005) with consequent changes to river geomorphology and associated
ecological effects (Graf 2005). The direct changes in the Peace River hydrograph brought
about through regulation have had consequences downstream at various spatial and
temporal scales, with attendant ecological effects. Due to the geology of the basin, most
sediment input to the Peace River system comes in below the regulated sections (Church
2012a). As a result, flow regulation has had a much stronger effect on the annual
hydrograph (i.e., the pattern of river flow throughout the year) and on the ice regime than
it has had on the river’s sediment dynamics. Consequently, hydrologic and downstream-ice
changes are emphasized in this discussion.
2.2.1.1 Regulated Hydrograph
Peters and Prowse (2001) have examined the changes in downstream hydrographs
resulting from the regulation of Peace River at the Bennett dam. They found that even
some 1100 km downstream (just upstream of the Delta reach), there have been significant
changes to the hydrograph. To facilitate the comparison, a naturalized flow regime was
generated using a combination of hydrologic and hydraulic flow models. (Hydrologic models
examine the movement of water in relation to surface, sub-surface and atmospheric
characteristics; hydraulic models focus on the engineering behavior of water in rivers and
other waterbodies through the application of water’s mechanical properties.) Average
regulated winter flows were found to be 250% higher, annual peaks 35-39% lower, and
overall variability in daily flows decreased in comparison with the former wild hydrograph.
The far downstream hydrograph has retained some semblance of the pre-regulation
hydrograph, partly due to the influence of tributary inflows below the point of regulation.
Church (2012a) compares the regulated hydrology with the behaviour of the wild river:
“Consequently, although pre-regulation floods are not likely to occur in the upper
river in the regulated regime, flood levels beyond the Smoky confluence simply
become less common… For example, the former mean annual flood at TPR [Town
of Peace River] is now a 20-year event, while the 1990 flood of record, reckoned
Site C Downstream Impacts – Submission to JRP, Nov 25, 2013

17/89

Aqua Environmental Assoc.

to be a 100 year flood in the pre-regulation regime appears, in the regulated
regime, to have a nominal recurrence interval of about 800 years at TPR.”
In practical terms, this means the magnitude of the high flows have declined and the
magnitude of the low flows and have increased with consequences for ice and sediment
dynamics and ultimately further outcomes in the behavior and efficacy of the PAD recharge
mechanisms.
Regulation has altered the Peace River hydrograph and impaired the mechanisms
responsible for linking Peace River hydrology to PAD recharge (PADTS 1996; Prowse and
Conly 1998). As introduced in Figure 3, the Peace River hydrograph has been reshaped by
regulation to optimize river flows to produce electricity in the winter when power is of
greater value. To do this, the Bennett Dam stores spring freshet runoff in the Williston
Reservoir and releases it during subsequent winter months, raising the mean winter flow
and lowering the mean freshet flow (Peace Water Use Plan 2007).
Figure 3. Mean
regulated
hydrograph at
Hudson’s Hope,
Taylor, Town of
Peace River, and
Peace Point (19922012) contrasted
with the mean
unregulated
hydrograph (19601966) and
highlighting the
seasonal
hydrograph
changes.
In the early 1990s, a collection of authoritative assessments was carried out under the
Northern River Basins Study (NRBS, see Prowse and Conly 2002 for a review) and the
Peace-Athabasca Delta Technical Studies (PADTS 1996) largely in response to concerns
that regulation was responsible for deep declines in hydrologic recharge of the PAD. These
studies demonstrated that open-water floods from the Peace River are unlikely to flood the
ecologically sensitive perched basins within the PAD. They showed that most large-scale
overbank flooding has resulted from ice-jams formed during spring break-up.
Increases in height of ice at freeze-up which comes about as a result of the enhanced
winter flows from the reservoir and a decrease in spring snowmelt runoff from downstream
tributaries was determined to be responsible for a decline in the frequency and severity of
ice-jam floods. In one NRBS modelling study, Aitken and Sapach (1994) isolated
components of the Peace River system and their effects on flooding in comparison with a
naturalized river. Their results demonstrate that the presence of flow regulation has caused
water levels to be lower in the PAD than they would have been without regulation. The
effect was shown to be greatest near the Peace River itself but still significant at locations
farther from the Peace River but still within the PAD. These and other studies from this
period have been followed by almost two decades of research to clarify these early findings.
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This research has included a) examination of the role of the elevated ice cover in reducing
the likelihood of major ice-jam flooding and b) reductions in flow reversals under
regulation. In addition to this (and other) subsequent Peace-Athabasca research, other
scientific studies of ice competence (and ice behavior – see section 2.2.1.3) provide further
insights into the effects of regulation on PAD recharge. The following sections review the
science behind these expected impacts of regulation.
2.2.1.2 Flow Reversals
For illustration, the pattern of change in the flow reversals (before and after regulation) is
here estimated by comparing primary discharge measurements at two WSC stations that
“bracket” the reversible channels connecting the Peace River to the PAD. While flow
reversals record the water volume from the Peace River flowing into the PAD, they can also
act as a proxy for the PAD inflows that are retained due to the hydraulic damming
mechanism. This calculation has been carried out for this study by subtracting the flow at
Peace River at Peace Point (#07KC001) from that of Slave River at Fitzgerald (#07NB001),
allowing suitable river travel time. The results are shown in Figure 4, expressed in terms of
the annual total volume of flow reversals. The figure shows that flow reversals were
abundant in the years prior to the closing of the Bennett Dam (an equivalent mean flow
throughout the year of 121 m3/s), all but halted during the filling period (3.1 m3/s), and
then resumed at a much reduced rate (21 m3/s) and until the present day, once the routine
regulated hydrograph was established. During the regulated period, flow reversals have
been 83% below what they had been during the monitored pre-regulated period.

Annual Volume Flow Reversal (109 m3)

Figure 4. Effect of Peace River on the PAD’s flow-reversal recharge mechanism. Plot
illustrates the annual volume of reversed flow, highlighting the sharp drop in flow reversals
with regulation and the sharper decline during the reservoir-filling period.
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The work of Peters and Buttle (2009) provides a complementary analysis which verify these
observations. To confirm the role of regulation (versus climate variability) in reducing flow
reversals, they undertook an examination of changes in the flow-reversal mechanism under
regulation by simulating (using a hydrologic model) “naturalized flows” for the 1976-1996
regulated period (using a hydrologic model) and comparing the degree of flow reversals
with and without regulation. They conclude:
“The [Peace] river obstructed outflow and contributed reverse flow to the LAPAD [Lake Athabasca – Peace Athabasca Delta complex] in each year prior to
1968. Following regulation, however, more than half the years did not experience
any open-water obstruction and/or reversal, and those that did were
characterized by smaller events. The average estimated duration of obstruction
was more than two weeks shorter and reverse flow volume was reduced by 90%
under a regulated regime compared to a simulated naturalized flow regime. This
implied a lowered potential for lateral lake expansion into the delta floodplain in
some years. The regulated hydrology could produce large stormflow and high
lake levels, but only under extreme climatic events in areas below the dam
and/or human-induced alterations to normal reservoir operation.” (emphasis
added)
This quantitative modeling work confirms the dramatic decrease in the flow of water
passing from the Peace River into the PAD due to flow reversals. When the flow reversals
occur, the Peace River is also acting as a hydraulic dam and hence when the hydraulic-dam
effect becomes less frequent (due to regulation), the other inflows to the PAD (in addition
to Lake Athabasca itself) more often drain directly to the Peace River, rather than “backing
up” and being stored in the PAD’s wetlands and lakes.
A water balance is a hydrologic method that determines the annual (or seasonal) inflows,
outflows, and storage of water in an area, such as the PAD, to better clarify its behavior
and help understand the causes of observed effects. Although BC Hydro has conducted its
own water balance of the PAD and provided the outcome in Timoney (2013, p 177), it has
limited that presentation to the regulated period (1976-2005) and has provided the
corresponding results for the pre-regulated period neither in the EIS nor to this author
when requested (flow data are available since 1960 and those that are not available could
be modeled using available and/or modeled climate data). The studies and findings
presented above indicate that the results of BC Hydro’s water balance for the pre-regulated
period would be sharply different than those for the regulated period.
Kellerhals provided an early water balance contrasting the pre-regulation years 1960-1967
with the reservoir-filling years 1968-1970. He found the four-to-five foot decline in level of
Athabasca Lake (between 1968 and 1970) was attributed evenly between regulation and a
change in climate. According to Amy Pryse-Phillips, Hydrotechnical Engineer with BC Hydro,
BC Hydro limited its water-balance analysis to the period since 1976 (personal
communication November 22, 2103). Accordingly, BC Hydro has disregarded the
understanding that it could gain by comparing the water balance of the regulated period
with that of the filling and pre-regulated periods.
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2.2.1.3 Downstream Ice
River environments with annual ice cover are shaped by the extent and character of the
river-ice regime. According to Uunila and Church (2012b), the wild Peace River carried an
ice cover for roughly four (upper river – above Smoky River confluence) to five (lower river
– below Tompkins Landing) months of the year. They explain:
“Because it is a northward flowing river, ice forms earlier and remains longer as
one proceeds downstream. Typically, freeze-up [of the river surface] progresses
upstream while break-up proceeds downstream. As a result, there is a high
likelihood for floating ice to develop jams during both freeze-up and break-up
periods. Ice jams, and the ice runs that occur when a jam breaks, create high
water levels and may pile ice up to several meters above the water surface. On
the Peace River, ice-induced water stages may increase rapidly and may
substantially exceed levels reached by open-water floods.”
Detailed observations of the ice regime on the river have been made only since 1972, in
response to observations of the ice jams resulting from sudden flow changes caused by
dam operations. According to Uunila and Church (2012), comparisons with the former
natural ice regime are thus limited to inferences made from morphological evidence still
available from the pre-1967 period and to partial records and anecdotal reports, largely
from the Town of Peace River and Fort Vermilion. Estimates of historic ice extent can be
estimated using current simulation models calibrated and validated for the Peace River.
Climate data (1900s) can be modeled using Climate Western North America.1 Whereas
there may be significant uncertainty in examining specific years, means over longer periods
should be reliable, depending on the calibration data available during the target dates of
the simulations. Traditional Ecological Knowledge provides additional understanding of the
pre-1967 ice and flood behaviour (Candler 2013a, 2013b, 2013c). Others, including
Timoney (2009) and Peters (2003), have assembled historic flood and ice-jam records and
related information.
According to Uunila and Church (2012), since regulation, the warmer reservoir releases
have eliminated winter ice from most of the river in British Columbia. The mean date of
freeze-up, i.e. the date when river ice develops and stays for the winter, is now later all
along the river and by as much as five weeks at the Town of Peace River. Break up occurs
about a week earlier, and this may be due in whole or in part by the warmer winters that
have occurred during this period (see discussion below). Below the Town of Peace River,
decreasing channel gradient, sustained sinuosity, early Smoky River break-up, and the
higher latitude combine to create characteristically dynamic break-ups with major jams and
ice runs. They point out that significant morphological effects (i.e., changes to river shape)
and riparian damage may be expected in this reach.
“De Rham et al. (2008) report a systematic analysis of gauging stations in the
Peace-Mackenzie system to determine whether ice-induced stage [ice-jam flood]
or open water floods produce the highest water levels. They found that the
highest water levels at all stations on the mainstem river from TPR [Town of
Peace River] down were caused by ice. While the Upper Peace River would
formerly have been dominated by open-water floods, as are the southern and
western tributaries that carry snowmelt runoff from the mountains, the result of
regulation is to have created a regime of mixed high water levels.” (reported in
Uunila and Church 2012).
1

www.climatewna.com
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As noted earlier in this present report, ice jams are known to cause much higher water
levels than open water floods and are particularly effective in replenishing the higher
elevation, perched basins of the PAD. Prowse et al. (1996) carried out a study under the
NRBS. They examined the hydrometeorological conditions controlling ice-jam and openwater floods associated with the Peace River and determined that the open-water floods
are ineffective at flooding the perched basins and that it is breakup backwater due to icejamming in the lower Peace River that is effective. They found the downstream tributaries
to play a key role in leading to these ice jams however this effect has declined due to
regulation (higher freeze-up levels – see previous section- and reduced flow due to climate
change – see subsequent section).
Beltaos et al. (2006a) identify three conditions for the occurrence of ice-jam flooding
sufficient to inundate the perched basins. One, a mechanical (not thermal) ice break-up is
required. (The distinction between mechanical and thermal break-up is given immediately
below.) Two, the river flow must be at least 4000 m3/s (see also Beltaos 2003). Three, an
ice jam must form within the last 50km of the Peace River (“the Delta reach”). Regulation
and climate change contribute and interact in determining the likelihood that these
conditions will be met.
Ice availability is obviously a prerequisite for ice jamming to occur. There has been a
marked reduction in ice cover in conjunction with regulation. There is no longer ice cover at
Hudson’s Hope. Conly & Prowse (1998) determined a difference in the duration of solid ice
cover as far away as Peace Point (at approximately the 90% significance level) when
comparing pre-Williston and post-Williston data (and excluding data from the 1968-1972
filling period). They have also determined a significant difference in pre- and postregulation breakup dates farther downstream on the Slave River (Fitzgerald) however the
reasons were unclear. The ice-front simulations provided in Appendix C of the EIS
Downstream-Ice Report show reductions in ice attributable to Site C at all modeled distal
downstream locations.
In addition to its extent, ice competence plays a key role in determining whether spring
breakup proceeds thermally or dynamically. Ice competence refers to the strength of ice to
withstand stresses imposed on it. More competent river ice is more likely to break up
dynamically (as opposed to thermally) and dynamic break-up is a pre-requisite for ice
jamming (recall Beltaos et al. 2006a above). Dynamic break-up is characterized by
mechanical fracture processes yielding pile-ups of ice rubble able to block the river’s flow
and cause rapid and large rises in stage. Alternatively, under different ice and atmospheric
conditions, the ice can remain stationary and gradually disintegrate under the action of the
sun and the increasing water temperature. As Beltaos (1997) describes, “(t)his is a benign
event, sometimes called thermal breakup though very little ice breaking actually takes
place.”
Beltaos (2003) defines ice competence as the “product of flexural strength and thickness.”
Because this is a difficult property to assess, he states that:
“a less rigorous but more practical threshold was derived. The latter is expressed
in terms of the rise above the freeze-up level, and is shown to vary roughly in
proportion to ice thickness.”
He states:
“there is a site-specific rise in water level above the freeze-up elevation, which
delineates mechanical from thermal events. The threshold value is approximately
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proportional to the thickness of the ice cover, and also depends on local river
morphology and hydraulics.”
He examines expected outcomes for break-up based on the relative magnitude of runoff
stage in relation to site-specific stage thresholds separating thermal and dynamic break-up.
Freeze-up level, ice thickness, runoff magnitude, and melt rates are central variable factors
that interact and determine the outcome vis-à-vis break-up type. He further states:
“Such variables as freeze-up level, ice cover thickness, and spring flow, can
change in Canadian rivers and alter the threshold conditions for
mechanical/thermal breakups. In turn, this will result in more frequent, or less
frequent, ice jams and floods, depending on local circumstances. Similar changes
may occur as a result of regulation projects or construction of river structures,
and would have to be evaluated during the environmental impact assessment
phase of the project.”
The increased base flow inherent to Peace River regulation may impair the recharge
mechanisms related to the ice regime, through two potential pathways. First, because the
base flow sets the elevation (or level) of the winter ice, it also increases the magnitude of
the freshet required for dynamic spring ice break-up, a key factor in creating major ice
jams. The increased winter base flow from regulation means the winter ice sits at a higher
elevation, and “the higher a freeze-up cover is stabilized, the greater the flows it can pass
without breaking.” (Prowse and Conly 1998). As a result, this higher flow requirement has
contributed to a decline in the frequency of ice-jam occurrence (Prowse and Conly 1998).
Prowse and Conly (1998) examined the effect of flow regulation (and climate variability) on
the ice-jam mechanism, with reference to the significance of the regulated regime’s
elevated ice cover. They conclude:
“The greatest impact of an elevated ice cover is likely to be on middle order
events: ones that regularly used to flood the delta. For such events, it would
seem reasonable to assume that the effectiveness or potency of tributary flow
would be diminished because of an elevated cover. Although the ultimate
severity of a particular event would depend on a number of the other controlling
factors described above, over the longer term, some reduction in the recurrence
interval of this order of break-up event should occur. This also offers a partial
explanation of why there has been a decrease in the frequency of flood level
break-up events after regulation.”
The importance of the freeze-up level to ice-jam likelihood has long been recognized.
Beltaos (1997) provided a physically-based mathematical argument. He supposed:
“that freeze-up flows are increased due to regulation, and the typical value of YF
(water depth at ice failure, leading to ice jam event) becomes 3 m instead of 2
m. … This will result in more frequent occurrence of thermal breakup events, a
trend compounded by a simultaneous reduction in spring flows, a usual
consequence of regulation.”
He goes on to ask: “how soon and by how much can the flow be increased following freezeup” without jeopardizing the competence of the ice cover? In response, he points to
conditions for which the rate of rise is relatively slow such that it does not significantly
augment the water surface slope over and above the river slope. During dynamic break-up
events, ice can block the river’s passage causing the slope of the water surface to be much
steeper than that of the river itself (and normally represented by the water surface when
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the river is not in flood). For some common dimensions and flow rates, he estimates that
the change in slope should be less than 3x10-5. Surges “produced by the release of an
upstream ice jam may be attended by much higher rates of rise” above this estimated
threshold, leading to shear stresses exceeding the tolerance of the ice sheet. He cautions
that “[s]urges may also result from peaking hydro-plant operations in the winter, and their
effects on the ice cover” will depend on factors that can be numerically modeled.
Prowse and Conly (1998) examined the influence of downstream tributaries in shaping the
occurrence of ice-jam floods (following up from the findings of Prowse and Lalonde 1996
and Prowse et al. 1996) and the interaction with the higher freeze-up levels characteristic
of Peace River regulation. They determined that the downstream tributaries, particularly
the Smoky and the Wabasca Rivers, play an important role in determining whether an icejam flood occurs because their low-elevation basins provide most of the meltwater during
the critical period when breakup normally occurs. However, the regulated flow regime has
raised the level of the ice cover thus requiring higher tributary flows to precipitate the
break up. Coincidentally, since the mid-1970s, there has been a warming during the period
of ice cover, favouring thermal over dynamic break-ups, further reducing the probability of
severe ice-induced flooding. In addition, the warming has reduced the effectiveness of the
spring freshets from these basins. Overall, they identify that regulation in concert with
reduced runoff capable of causing dynamic break-up has led to a decline in the frequency
of the mid-sized floods, explaining why there has been a sharp decline in ice-jam events
since regulation. Further, it can be concluded that regulation has led directly to a decline in
ice-jam floods and this decline has been exacerbated by the warming climate. (See climate
change section below, for further discussion.)
Variations in flow during the winter period have a role in changing ice competence in
conjunction with other confounding factors such as climate change. For example, midwinter thaws in more southerly rivers, can lead to a decline in ice competence. According to
Beltaos (1997): “Since thermal breakups are unlikely to happen during mid-winter thaws
[in Peace River], the applicable thickness is that which is attained at the end of winter, just
before the start of thermal decay.” Figure 5 illustrates the changes in winter flows at Peace
Point from pre-regulation to regulation. The pattern shown for years 1969-1979 is similar
to the behaviour in all subsequent years. In some years, the flows change abruptly at
Hudson’s Hope. Figure 6 illustrates how changes in flow at Hudson’s Hope (Dinosaur
Reservoir discharges) translate into the variable flows monitored at Peace Point. These are
sharply contrasting with the pre-regulation behaviour (example shown from 1961-1962). It
is unclear the extent to which BC Hydro has assessed the changes in ice competence in the
Delta reach resulting from its pattern of winter regulation.
In conclusion, regulation can cause changes in downstream ice with consequences for PAD
recharge. The presence/absence, competence, freeze-up conditions, and break-up
conditions of river ice contribute to the likelihood and efficacy of ice jamming throughout
the river’s length, including in the Delta reach. Although there remain many questions, the
body of scientific analysis is clear that ice jamming is a complex process with many
interacting factors that is not amenable to simplistic characterization. Consideration of this
issue is resumed in section 3 in relation to the assessment of potential impacts of Site C.
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Figure 5. Winter flow of Peace River at Peace Point, contrasting consistent pre-regulation
flow (1966) against fluctuating regulated winter hydrographs (1969-1979).
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Figure 6. Winter-flow comparison of Peace River at Hudson’s Hope versus Peace Point
illustrating downstream influence of variations in discharge from Dinosaur reservoir.
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2.2.1.4 Geomorphology and Sediment Transport
Above the point of current regulation, the headwaters of the Peace River lie in dominantly
limestone ranges of the northern Rocky Mountains and in the metamorphic Omineca
Mountains. Sediment yield from these areas to the Williston Reservoir is generally low
(Church 2012b). East of the Rocky Mountains, the Peace River flows in a valley cut several
hundred metres into the Alberta Plateau (Church 1995). River erosion of weak bedrock and
sediment banks has resulted in frequent landslides along the river. Tributaries deliver sand,
gravel, and cobbles to the mainstem river. At points further downstream, bed materials
become finer and the confined width of the river course increases with increasing sinuosity.
Beyond Carcajou, the river is a sand-bed river with a significant gravel component all the
way to the Vermilion Chutes.
Characteristic changes to river capacity and geometry occur downstream of reservoirs
associated with major dams (Gregory and Park 1974). The Peace River below the existing
reservoirs has been described in some detail (e.g., Church 2012b, Church 1995, and Ayles
2001). The dam and reservoir do not yield direct substantial changes to the sediment
sources/supply to the river below the dam due to the nature of the change in geology with
respect to inputs from locations upstream and downstream of the dam. Instead, changes
are happening indirectly due to the dramatic and abrupt revisions to the flow regime (i.e., a
new distribution of magnitude and frequency of peak discharge) that have changed the
ability (“competence”) of the river to transport material and bed elements of different sizes,
ultimately leading also to a reorganization of the river’s main sediment sources. This
process takes a long time hence the river-wide changes in river behaviour and morphology
brought about by flow regulation will continue to work themselves out in the sediment
transport and geomorphology of the river, probably over centuries (Church 2012a).
One important outcome of regulation lies in understanding the role of the tributaries in
shaping the sediment load of the main river and in changes that begin at their confluences.
The tributaries have higher sediment concentrations than the Peace River and their
concentrations in the Peace River become diluted by the large clear water contributions
from the reservoirs (Church 2012a). At tributary mouths, fans develop that eventually push
the mainstem to the distal bank, encouraging new sediment supply through bank erosion.
The Smoky and Pine Rivers, both with mountain headwaters, are the most important
tributaries shaping the sediment load and geomorphology of the Peace River.
Three examples of changes in Peace River geomorphology that have come to pass due to
the flow regulation are mentioned here. First, the river is no longer able to move all the
sediment delivered to it by the tributaries and, as a result, a steepened reach is developing
on the downstream side of tributary deposits (Church 1995). For example, there appears
now to be no appreciable bedload movement upstream of the Pine River (Church 2012b).
Over a period of many decades, the Peace River is developing a stepped profile between
successive tributary fans. Second, channel narrowing is occurring particularly in the Alberta
reaches of the river as side channels are abandoned and sand and gravel bars become
colonized by vegetation (Church et al. 1997). Three, where adjustments have occurred,
they have been achieved by riparian vegetation succession onto abandoned bartops and
into abandoned side channels. “Hence the adjustment process thus far has largely been
passive and has depended in a significant way upon riparian succession. The dominant
pattern of riparian succession has been the establishment of scattered shrubs and grasses
on the upstream gravel bar surfaces but, once sand becomes trapped on the bartop a
continuous shrub cover develops. Downstream, banded galleries of shrubs have
established on bar surfaces surrounding old island cores. The changes are most extensive
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in areas with substantial island development where the river always has been least stable.”
(Church et al. 1997)
The Downstream Impacts Report (p37) acknowledges the contribution of BC Hydro’s flow
regulation to these changes observed in Peace River geomorphology:
“channel erosion or deposition patterns downstream, which are either natural
(i.e. valley wall erosion and landslides along the river), or are driven by the
ongoing response of the river channel to upstream flow regulation that started in
1967 (aggradation below tributary confluences, local bank erosion opposite from
tributary confluences, vegetative encroachment onto gravel bars and into
secondary channels)” (emphasis added).
A key concern associated with these changes is the reduced capacity of the river to
transport the sediment load delivered to it by the tributaries and the valley sidewalls. This
diminished competence is expected to aggrade the channel and limit its ability to transport
its bed material. Over long periods, Peace River is developing a new morphology (Church
2013b), in shorter time it will tend toward shallower distal channels, eventually in the
shallower Delta reach, making the ice-jam mechanism less likely through time (see section
3.2.2 for further discussion). The enhanced sediment inputs expected with climate change
will only exacerbate this regulation-induced effect.
2.2.1.5 Integration
These studies show that regulation reduces the effectiveness of the hydrologic recharge
mechanisms and that the magnitude of this reduction varies with climate. Peters (2003)
and others emphasise that while all three mechanisms (ice-jams, flow reversals, and
hydraulic damming) recharge the PAD, “(o)verall, ice-induced backwater was a more
effective mechanism for inundating perched basins because less flow was required to
produce extreme water levels and more extensive areas were affected as compared to
open-water conditions.” This finding is reflected in Figure 7 which shows the annual flow
reversal volume during the monitored period (since 1959) in relation to the cumulative
ranking of the Peace River freshets scored in terms of the controls that govern recharge. To
create this plot, each annual Peace River freshet has been scored and ranked according to
key characteristics which influence PAD recharge. Specifically, three hydrograph
characteristics have been quantified and ranked:


The magnitude of the annual Peace River peak flow



The duration of annual Peace River high flow, expressed in terms of the time during
which the freshet remains at 80% of its peak flow



The extent of advance of the Peace River peak flow, expressed in terms of the timing of
the Peak River peak flow relative to that of the Athabasca River peak.

Each of these metrics is calculated and ranked (1-highest; 53-lowest) and the sum of the
ranks yields an overall Freshet Recharge Score that is plotted in Figure 7. Use of these
straightforward metrics helps clarify the influence of the controls introduced in section
2.1.2. Using flow reversals as a surrogate for the overall strength of the recharge
mechanisms, Figure 7 illustrates the behaviour of hydrologic recharge in this system:
 As the recharge controls rise in strength (higher scores), recharge generally increases in
magnitude, above a score of about 75;
 All the pre-regulated freshets had high scores sufficient to generate significant recharge;
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Most regulated freshets have low (or moderate) scores that are generally weak in
generating recharge. This reflects their freshet characteristics that are weak for
generating recharge (and because few ice jams have occurred under regulation); and
The occurrence of major ice jams (the shrouded points), result in increased reversals
regardless of the characteristics of the freshet, consistent with scientific understanding
discussed above that it is ice jams that are the most powerful agent of PAD recharge;
About half of the high-recharge regulated freshets include ice jams whereas the highrecharge pre-regulated freshets appear to deliver high recharge due to the freshet
characteristics, regardless of whether an ice jam occurs - this suggests that the quality
of the freshets in the pre-regulated period (in conjunction with the prevailing conditions
of the time) were such that the hydraulic damming mechanism was more effective
before regulation than it is under regulation;
The interventions undertaken by BC Hydro in 1996 (see section 3.2.7) to enhance ice
jamming in the Delta reach and the subsequent summer drawdown that enhanced flow
reversals created a 1996 freshet that emulated those of the pre-regulated period, unlike
any of the other regulated freshets.

This straightforward analysis provides a reflection of the changes in the controls that have
come with regulation. It can be interpreted as a preliminary analysis to support discussion
of the relative influence of the controls. With adequate time and resources, a more in-depth
assessment could be undertaken, building on this analysis. In addition, this preliminary
understanding can support assessment of the incremental impacts of Site C on these
controls (and thus on PAD recharge) as discussed in section 3.
Figure 7. Volume of annual Peace River flow reversals (1959-2012) illustrating the relative
importance of recharge controls. Flow reversals occur when the Peace River is hydraulically
damming the PAD – they may be augmented in a given year by relative brief periods
affected by ice-jams (the shrouded points in the figure). Flow reversals are shown in
relation to the freshet recharge score which is a scoring of the strength of the freshet to
promote open-water recharge mechanisms, and expressed in relation to three dominant
freshet characteristics. The plot distinguishes those years that are also affected by
significant ice jams highlighting the importance of ice jamming in promoting recharge.
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In a preliminary manner, the lesson learned from this plot is the importance of the
characteristics of the freshet hydrograph (peak, timing, duration etc) in contributing as an
effective recharge control (s. 2.1.1) and the superimposed role of ice-jamming as a
separate recharge control. Additionally, the plot emphasizes the changes in recharge
performance associated with regulation and pre-regulation. A companion climate analysis
and more detailed assessment of the factors affecting the ice-jam mechanism could help
clarify these preliminary characterizations.
In summary, regulation has introduced a suite of changes in the hydrograph and ice cover
of the Peace River. These changes have put recharge of the PAD, and in particular, the
perched basins, at greater risk by reducing the likelihood and effectiveness of their
occurrence. Due to the differences in elevation of PAD lakes and their proximity to the
source of recharge water, this heightened regulation-induced risk level translates into
differential risk levels across the PAD (e.g., perched basins versus central lakes area).
Further, this higher risk level means that additional modest reductions in mechanism
efficacy become much more detrimental to PAD recharge than they would be if the system
were not being subject to the stresses of regulation. As is discussed in the following
section, climate change is creating additional stress on the PAD’s recharge mechanisms. BC
Hydro’s regulation activities are exacerbating the effects of climate change, making climate
change more damaging to the PAD’s hydrologic recharge than it would be in the absence of
regulation. Additional downstream regulation that negatively affects the mechanisms will
only drive these risks higher, unless accompanying mitigative steps were pursued.

2.2.2 Climate Variability and Climate Change
It has long been recognized that climate has a role in the hydrologic recharge of the PAD
(e.g., NRBS discussion paper by Cohen 1995). Given the specific topography of any
snowmelt-driven mountainous region, climate is generally the dominant natural factor that
generates the size and shape of each year’s annual freshet. Total precipitation varies from
winter to winter and temperature shapes the proportion of this precipitation that falls as
snow. The resulting depth of springtime snowpack is then acted upon by the vagaries of
climate during the spring and early summer leading to variable freshet behaviours and a
range of freshet hydrograph shapes. In general, larger snowpacks, intense springtime
heating, and melt synchronization generate higher open-water peak flows. Additional
factors are present in this northern setting due to the significant role of ice in shaping flood
dynamics. Climate also plays an important role in determining the development and demise
of the winter ice cover which collectively generates a range of flood sizes, depending on the
ice and melt characteristics. Lastly, the large size and northern setting of the Peace and
Athabasca River basins means that there are additional complexities associated with the
relative timing and intensity of melt in relation to other hydrometerological factors (e.g.,
snowpack size and ice competence).
In their temporal analysis of hydrometeorological factors (i.e., those factors related to the
atmosphere and the surface hydrology) and affecting ice break-up in the Peace River,
Prowse and Conly (1998) “detected a weak climate signal suggesting that since
approximately the mid-1970s the period of ice cover may have become slightly warmer and
the pre-breakup melt period may have become more intense and/or more protracted.”
They suspected that climate factors may “favour the development of thermal over dynamic
breakups and hence reduce the probability of severe ice-induced flooding.” They also
identified climate’s influence in reducing snowpack size in downstream tributaries, notably
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the Smoky River, which are known to play an important role in “triggering” the
development of ice-jam floods. Prowse and Conly (2002) concluded: “the absence of a
high-order event between 1974 and 1992 seems to be related to a combined effect of flow
regulation and the vagaries of climate.” A later study by Prowse et al. (2006) reinforced
earlier conclusions and set the PAD flooding issue within the larger context of climate (and
other) change within the Slave basin. They concluded by recommending a collection of
analyses related to climate controls on ice-jam flooding. Peters and Prowse (2006)
examined the role of downstream “trigger” tributaries that are responsible for initiating
dynamic breakup, a pre-requisite for enhanced ice-jam flooding. They found that the
“(s)torage of alpine headwater runoff in the Peace Basin places an increased dependence
on downstream tributaries in the system, such as the Smoky River, to produce extreme
flows” capable of flooding perched basins. Their study highlights an important interaction
between regulation and climate variability: regulation narrows the range of meteorological
variables suitable for the occurrence of hydrologic recharge of the PAD, thereby lowering
the likelihood of PAD hydrologic recharge.
The importance of climate variability in influencing the degree of PAD hydrologic recharge
has led to a number of studies modeling the associated effects of projected climate change.
Beltaos et al. (2006b) modeled the frequency of ice-jam floods in the 2080s (2070-2099) in
comparison with a 1961-1990 baseline using outputs from Global Climate Models (GCMs).
They estimated that the ice season will be reduced by 2-4 weeks caused mainly by earlier
breakup (1-3 weeks) and secondarily later freeze up (a few days). They also concluded that
future ice cover will be slightly thinner than at present by up to 20%. They stress, however,
that the most significant effect of climate change on the ice regime is actually associated
with a projected dramatic increase in the frequency, intensity, and duration of mid-winter
thaws in the southern portion of the Peace River, “exacerbating the PAD drying trend that
is already in progress.” They suggest that “To alleviate associated ecological and socioeconomic impacts, potential mitigation measures and adaptation strategies should be
carefully considered.” (See section 3.2.7 for further discussion.)
A trio of studies was published in 2006 examining the application of GCM data (to 2050s) to
hydrologic and hydraulic models to ascertain the scope of impact of climate change to the
Peace and Athabasca catchment and PAD. Application of the hydrologic model (Toth et al.
2006) demonstrated a shift toward an earlier melt season and elevated winter flows for
both major rivers. They found that the higher elevations of the Peace River system may
experience increased evaporation which will compensate for higher precipitation resulting in
only slightly increased streamflow. They also stress the projection uncertainty associated
with climate change. Leconte et al. (2006) performed a winter severity sensitivity analysis
to better understand the interactions between ice cover and hydrologic behaviour. They
found a reduction in winter severity lowered the PAD’s lake levels and river flows:
“While the winter severity effect is of relatively short duration in the rivers, the
subsequent reduction in lake levels extends over the summer months. High river
flows predispose flow reversal conditions, and water enters the lakes at the
outlet as the water levels in the rivers feeding the PAD increase significantly over
a short period of time. This flow reversal effect is suppressed during milder
winters.”
In their study, lake levels dropped almost 10 cm below baseline, emphasizing the
consequence of milder winters (under climate change) to open-water flooding potential of
major PAD lakes. Pietroniro et al. (2006) applied (2050s) GCM projections to a hydrologic
and hydraulic model to evaluate changes in hydrologic regimes of major PAD lakes and
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Peace and Athabasca Rivers. They found lake levels to peak 40-50 days earlier and spring
freshets to occur 20-30 days earlier. Peace River summer water levels showed declines
averaging 0.5 m and suggested concern to them for navigation and other river uses that
depend on adequate river levels.
A recent assessment (Schnorbus et al. 2011) with funding from BC Hydro (through the
Pacific Climate Impacts Consortium) used 2050s GCM data and the Variable Infiltration
Capacity hydrologic model to project changes to the hydrology of the Upper Peace River
and its basin. The highest increases in temperature were associated with the winter season
and tended to exacerbate limitations to river-ice formation. Precipitation was projected to
increase in all GCMs used with the increases averaging over 10% from the 1961-1990
baseline. Monthly discharge for the Peace River showed a consistent response of increases
during fall and winter, an earlier onset of spring freshet, and reduced discharge during late
summer and early fall. These changes, combined with the companion declines in winter
snowpack in the basins of the downstream tributaries, point to significant declines in the
effectiveness and frequency of the ice-jam mechanism in causing flooding in the perched
basins of the PAD and similar declines in flow reversals due to the demise of the hydraulic
damming effect of the Peace River. Their results were robust to climate-change projection
methodology suggesting confidence in the findings.
Figure 8 presents data provided by BC Hydro to illustrate the changes in ice-front
development from 1973-2012. It appears that on average, the maximum ice front has been
progressing downstream about 2 km/yr. (It is expected that climate change is an important
contributing cause of this retreat however there could be other contributing causes given
the suite of changes that are underway in the system, including regulation and its
contributing interacting effects.) This pattern of change highlights the rising vulnerability of
the ice-jam mechanism to regulation as the Peace River ice cover is showing a steady
decadal decline. Thus, “all things being equal”, as time passes, it appears that the negative
implications of hydrograph and ice changes brought on by regulation will only be more
hazardous to the ice-jam mechanism as climate and other factors also threaten the controls
which govern the initiation of ice jams in the Delta reach.
Figure 8. Maximum annual extent of upstream ice-front progression (km downstream of
Bennett Dam) from 1973 through 2011 (extracted from data provided by BC Hydro).
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2.2.3 Oilsands Water Withdrawals
The lower Athabasca River (LAR) has seen continued growth in the oilsands industry,
particularly during the past decade. Beginning in about 2002, licensed allocations went up
sharply and, on an equivalent daily basis began, for example, to exceed 5% of daily LAR
flows during many low-flow periods. Table 1 provides the licensed water withdrawals for
the LAR to January 20, 2012. Since then, AENV additional authorizations have been
provided pushing this total higher. Because of the restrictive management often associated
with them, low flows can be used as a conservative indicator of withdrawal intensity.
For example, in 2002, the equivalent licensed daily withdrawals exceeded 5% of the daily
Athabasca River flow from January 27 through April 19. This daily demand is sufficiently
sustained that it is also revealed in the monthly values. During each of the winters of
2005/6, 2006/7, and 2007/8, there were three to four continuous months (low-flow
periods) in which the equivalent total licensed withdrawal from the LAR was between 4-6%
of the monthly LAR flow. Other examples over different time periods can be given and
overall illustrate the sustained proportional level of withdrawals that have already been
occurring. In order to help oilsands operators meet more restrictive low-flow conditions, the
permitted withdrawals during other seasons, and particularly during the annual freshet, are
permissive to enable storage reservoirs to be re-filled. Under the Phase One Water
Management Framework, total withdrawal can be up to 15% of the instantaneous flow
(AENV & DFO 2007). These sustained licensed withdrawals, growing each year, are
resulting in reduced Athabasca River freshet flows which, in a manner similar to flood
dynamics in the Peace River, reduce the potency of ice-jam floods and open-water flooding.
Table 1. Water licensing data received from Alberta Environment and Water (Jan 20, 2012).

Priority
Allocation Owner
Number
LAFARGE CANADA INC. |
19740613001
H. WILSON INDUSTRIES LTD. |
19940421001
SOLV-EX CORPORATION |
19950612001
SHELL CANADA LIMITED |
19971223005
FORT HILLS ENERGY CORPORATION |
20010629003
CANADIAN NATURAL RESOURCES LIMITED |
20020628005
TOTAL E&P CANADA LTD. |
20030710002
IMPERIAL OIL LIMITED |
20050712001
PTI GROUP INC. |
20090804002
NORTH AMERICAN CONSTRUCTION GROUP INC.19911121001
|
SYNCRUDE CANADA LTD |
19931123001
MACDONALD ISLAND PARK CORPORATION |
19860602001
VISTA RIDGE RECREATIONAL ASSOCIATION | 19960205002
DUNVEGAN GARDENS (AB) LTD. |
20090320001
SILVERBIRCH ENERGY CORPORATION |
20090416002
NORTHERN ALBERTA RAILWAY |
19750604001
QUARRY RIDGE GOLF CENTRE LTD. |
19970320007
R. ANGUS ALBERTA LIMITED |
19760316002
ENERPLUS CORPORATION |
19810402009
SUNCOR ENERGY INC. |
20000510002
ATOMIC ENERGY OF CANADA LTD |
19930721002
ESSO RESOURCES CANADA LTD |
19720908003
ALBERTA INFRASTRUCTURE, CALGARY |
19740418003
ENERSUL INC. |
19800326007
TRANSPORT CANADA |
19831109002
DEMCHUK, LEONARD |
19910901001
HAMMERSTONE CORPORATION |
20040322002
GRAYMONT WESTERN CANADA INC. |
20070122001
E-T ENERGY LTD. |
20110429001
STERLING PROPERTIES |
19980304002

Approximate
Start date
based on
Effective
Priority
Date
Expiry Date
1974
27/09/1982
1994
02/07/1996
1995
21/08/1995
1997
11/09/2008
01/11/2017
2001
30/12/2002
29/12/2012
2002
06/04/2004
05/02/2014
2003
15/07/2004
30/04/2012
2005
19/12/2007
01/11/2017
2009
05/08/2011
31/07/2021
1991
21/04/1998
1993
30/06/1994
1986
19/10/1995
1996
21/09/2001
2009
01/05/2009
31/10/2033
2009
09/12/2009
08/12/2019
1975
25/10/1976
1997
18/05/2004
31/03/2031
1976
30/07/1984
1981
25/01/1991
2000
08/01/2002
08/07/2012
1993
23/07/1993
1972
14/01/1991
1974
17/07/1981
1980
30/07/1990
1983
14/07/1987
1991
10/10/2001
2004
21/07/2005
20/07/2015
2007
20/07/2007
20/07/2017
2011
19/09/2011
18/09/2021
1998
04/08/1998
04/08/1999

Max Annual
Source
Use m 3
Athabasca River
37000
Athabasca River
1230
Athabasca River
0
Athabasca River
55100000
Athabasca River
39270000
Athabasca River
79320000
Athabasca River
176625
Athabasca River
80000000
Athabasca River
2100001
Beaver Creek
8630
Beaver River
0
Clearwater River (089-09-W4)
140610
Clearwater River (089-09-W4)
35786
Clearwater River (089-09-W4)
58320
Cranberry Lake
5000
Deep Creek
0
Hangingstone River
80200
Mildred Lake
2470
Muskeg River
370050
North Steepbank River
95000
Prairie Creek (088-09-W4)
0
Saline Creek
22200
Saline Creek
0
Saprae Creek
6170
Saprae Creek
0
Surface Runoff
217
Surface Runoff
10500
Surface Runoff
259200
Surface Runoff
12300
Unnamed Stream - Unclassified
0

TOTAL ALLOCATION (2012)
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During this period of increase in licensed oilsands water withdrawals, trends in hydrometric
data from the lower Athabasca River (LAR; Burn 2009, Gill and Rood 2009) and projections
based on climate change both indicate that LAR peak flows will continue to decline (Lebel et
al. 2009). [Note: See Carver (2010) for details on how errors, acknowledged by Alberta
Environment, in the computations within Lebel et al (2009) mean that LAR low flows
projections are significantly lower than those provided in Lebel et al (2009).]
Two reports commissioned by the Phase Two Framework Committee (P2FC) on trends in
flow based on data from the past 50 years of flow records indicate a trend of decreasing
flows over time. Gill and Rood (2009) have calculated a decreasing trend of about 0.4% per
year in winter flows and a decreasing trend of 0.5% for mean annual discharge. The other
P2FC-commissioned trend analysis (Burn 2009) shows similar trend results when the full
50-year stream flow records are taken into account. Burn (2009) also computed trends for
the most recent 30-year period and found that when the analysis is restricted to this more
recent period, the trend in decreasing flows is much steeper: the 30-year trend for annual
flow is decreasing at 1.1% per year, and winter flows at 1.3% per year.
These declining trends in annual peak flows due to climate change and oilsands water
withdrawals interplay with changes occurring in the Peace River due to regulation and
climate change. A consequence of this reduced inflow is a general decline in the amount of
recharge for a given hydraulic damming event by the Peace River. Put another way, “all
things being equal, the efficacy of the open-water recharge mechanisms are incrementally
less effective (“more sensitive”) while the oilsands withdrawals remain in place.

2.3 Discussion
The inherent complexity of the Peace-Athabasca system is made only more complex by the
imposition of human stressors, notably flow regulation, climate change, and water
withdrawals. The science reviewed in the previous section highlights the complex nature of
the system as these stressors interact with natural system variability. Any sound scientific
conclusion concerning the effect of existing regulation and proposed additional regulation
on the PAD’s hydrologic recharge must take into account and be consistent with the range
of insights available from relevant scientific work, now spanning decades, and the enduring
first-hand experience of this system held by the associated First Nations.
Inferences reached on the basis of one particular “favoured” body of evidence should be
suspect; this system is too complex to be understood in that way. Neither is it sufficient to
dismiss the significance of primary stressors with general reference to “natural variability”.
See further discussion in section 3.2.1. Assessment needs to be scientific and objective.
The science and data synthesized in this section reveals the significant role that regulation
plays in modifying recharge.
A challenge in partitioning the causes and effects of these existing stressors on hydrologic
recharge arises because many of the stressors create changes that drive toward the same
outcome vis-à-vis hydrologic recharge. For example, reduced snowpacks from a warmer
climate lessen the potency of the spring freshet which is also one of the results of
regulation. In addition, water withdrawals from the lower Athabasca River also lessen the
size of that river’s spring freshet. A warmer climate leads to reduced ice cover and a
reduced likelihood of dynamic ice breakup which, again, is what regulation promotes.
Further, the degree of change occurring in a wide range of system variables means that
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sophisticated modeling and statistical analyses are needed to uncover and partition cause
and effect; see, for example, Leconte et al. 2006.
In section 3, it is shown that the EIS does not address this significant scientific concern and
instead, repeatedly, subjectively dismissing the importance of regulation in impairing the
PAD’s hydrologic recharge mechanisms. A carefully constructed multifactorial statistical
analysis may be able to uncover the relative influence of these various factors, as discussed
further in section 3.2.7. The variability in the system, and the number of factors at play,
hinder the ability to discern these effects unless those factors are identified explicitly,
defined quantitatively, and analyzed statistically.
Because such an analysis is beyond the budget and scope of the present report, and is
properly the responsibility of the Proponent in the circumstances of the Site C proposal,
Table 2 (next page) provides an alternative summary of the various controls on hydrologic
recharge that are attributable to regulation, indicating qualitatively how Site C would be
expected to affect the components of each pressure grouping. These connections are
discussed further in sections 3 and 4 of the present report.
One indication of this added degree of impact to the PAD from regulation may be provided
by an examination of changes in regional lake levels. To some degree, regional
lake/reservoir levels go up and down together reflecting year-to-year climate variability and
climate change. Differences in these trends can occur reflecting other influences, for
example human stressors such as regulation. Figure 9 shows the variation in levels of
monitored lakes and reservoirs in the northern PAD region. The lines are derived from
simple linear regression fit to the monitored data. While it is generally true that there has
been a decline in lake/reservoir levels, perhaps indicative of climate change during the
period, it is also suggested from this plot that Lake Athabasca has experienced an
accelerated decline, beyond that of the other monitored water bodies. A possible
explanation for this, consistent with the understanding of how human pressures are
affecting the recharge of the PAD (summarized in section 2 above), is that Lake Athabasca
is subject to extraordinary pressures above and beyond the other water bodies (i.e.,
regulation and oilsands water withdrawals). As a result, its decline is steeper. This
comparison may help shed light on partitioning the impact from regulation, in the face of
climate change, however a more rigorous analysis is recommended.
Figure 9. Changes in lake levels illustrating general regional declines and the accelerated
decline of Lake Athabasca, suggestive of regulation effects.
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Table 2. Qualitative partitioning of the pressure of regulation, climate change, and oilsands
withdrawals on the PAD’s hydrologic recharge.
Pressure
Grouping
Regulation

Climate
change

Oilsands
Withdrawals

1

Component
Hydrologic
Outcome

Linkage
Mechanism

History and
Current Status

Expected
Incremental
Effect of Site C

Lower peak flow

Reduction in flow
reversals

Persistent since Apr1972 (severe effect
during filling period:
Dec-1967 to Apr1972)

Increased downward
pressure due to
increased reservoir
storage capacity. See
section 3.1.1.

Higher base flow

Reduction in icejam likelihood

Persistent since Apr1972 (severe effect
during filling period:
Dec-1967 to Apr1972)

Potential further
reduction due to
possible increase in
freeze-up level with
new surface flow
regime. See section
3.1.1.

Decline in downstream
ice extent

Reduction in icejam likelihood

Accelerated in 1980
with creation of the
Dinosaur Reservoir

Accelerated (loss of
up to 100 km in
downstream ice,
depending on winter
severity). See section
3.1.2.

Change in river
morphology

Reduction in icejam likelihood

Adjustments in
channel form and
sediment dynamics
since 1968

Further reduction in
Peace River peak
flows and sediment
transport potentially
further simplifying
and/or aggrading
channel. See section
3.1.3.

Decline in ice
competence (milder
winters)

Reduction in icejam likelihood

Decline in ice extent
(milder winters)

Reduction in icejam likelihood

Lower peak flow of
freshet of lower
tributaries
(due to smaller
snowpack)

Reduction in ice
jam likelihood

Climate change has
resulted in warming
in the Peace region
since 1970 which is
understood to have
resulted in changes in
peak flows, advanced
timing of spring
freshets, and declines
in ice extent.

Lower peak flow in the
Athabasca River

Reduction in
freshet size in
Athabasca River

n/a

Accelerated since
~2000

Maximum upstream extent of ice front (Fig 4) retreated ~50km in recent decades due to all causes including climate change.
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3.0 SITE C: INCREMENTAL PRESSURE ON A STRESSED
DELTA
Section 2 has provided the elements of a framework explaining how the PAD is
hydrologically recharged. It describes how the mechanisms that deliver this recharge are
shaped by their controls and have been impaired by various human activities. The
characterization provided is built on decades of independent peer-reviewed scientific
research. Given the system’s complexity, this understanding is a necessary first step in
estimating incremental impacts from additional proposed development, such as Site C. The
three basic mechanisms shaping the PAD’s recharge are ice-jamming, hydraulic damming,
and flow reversals. Inherently variable, these mechanisms have been impaired by
regulation, climate change, and other factors. This reduction in effectiveness has led to a
decline in the PAD’s recharge leading to ecological impacts.
BC Hydro’s proposal to add additional regulation to the Peace River through the
construction and operation of Site C must be assessed in this context. Adding additional
stress to an already stressed ecological system requires careful analysis. The complexity of
the hydrologic systems which influence the recharge of the PAD requires an analysis that
engages with that complexity, and which acknowledges uncertainty where that complexity
complicates the analysis.
The findings provided by BC Hydro in its EIS materials provide a perspective on how the
system functions that is simplified to such an extent that it is not reliable for decision
making in this complex and stressed system. In addition, the assessments contain gaps
and assumptions that lead the models to systematically underestimate potential recharge
impacts. Given the system complexity and its inherent variability, the EIS does not provide
what is needed to understand likely impacts due to Site C.
This section builds on the findings of section 2 to examine the potential incremental
recharge impacts due to Site C. Section 3.1 reviews BC Hydro’s Site C EIS to describe its
methodology and conclusions (while noting deficiencies and gaps in the assessments).
Section 3.2 provides an integrated critique of the assessment of the potential downstream
hydrologic impacts of Site C.

3.1 Site C EIS
The Site C dam is proposed to be built at a location 85 km downstream of the current
Peace Canyon Dam, and about 5 km from the town of Fort St John. The EIS Section 11 is
the central document providing integration of the assessments and interpretation of the
potential effects of Site C on hydrologic recharge of the PAD. It is supported with the
following documents:


EIS Downstream-Ice Report



EIS Reservoir Water/Ice Report



EIS Geomorphology/Sediment Report



EIS Climate Change Report



EIS Surface Flow Report
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In addition, the following documents have been provided by BC Hydro in support of its EIS:


PAD Technical Memo



Spatial Boundary Technical Memo



Cumulative Effects Technical Memo



Downstream Impacts Report



Document entitled: “Uncertainty and Precaution Technical Memo” (BC Hydro 2013l)



Report entitled: “Hydrologic Impacts of Climate Change” (BC Hydro 2013k)



BC Hydro (2012b) – a supplemental information request provided to the ACFN and
MCFN on July 20, 2012



BC Hydro (2012d) – a supplemental information request provided to the ACFN and
MCFN on July 20, 2012

These documents have largely been introduced earlier in section 1 of the present report.
They have been reviewed for this section with respect to BC Hydro’s assessment of the
impacts of Site C on the hydrologic recharge of the PAD. BC Hydro’s view is presented in
this section in five parts. The first describes BC Hydro’s explicit and implicit perspectives
and findings on the recharge mechanisms. The subsequent three sections provide an
accounting of BC Hydro’s EIS in the areas of the surface flow regime, the downstream-ice
regime, and the fluvial geomorphology / sediment transport regime. BC Hydro has greatly
simplified the complex system described in section 2 to reach its EIS conclusions and to
confirm its choice of spatial boundaries, as reviewed in section 3.1.5. The overall focus of
this section is on describing the EIS conclusions and the basis provided for them, to lay the
ground for the critique offered in section 3.2.

3.1.1 Hydrologic Recharge Mechanisms
Given the central importance of the recharge mechanisms to this review, BC Hydro’s
perspectives on these mechanisms is identified here before proceeding with an accounting
of the EIS assessment effects. These mechanisms were not clearly recognized in the EIS,
and instead BC Hydro issued its PAD Technical Memorandum in May 2013 to clarify them
with additional context and information. This section brings this information and links it
with related comments in the EIS. We see that although BC Hydro makes a clear statement
of the mechanisms, the supporting information provided is variously unsupported,
unreferenced, unclear, and misleading. This unscientific presentation does little to help
resolve the question of impact of Site C on PAD hydrologic recharge and continues the
display of unsuitable subjectivity discussed in section 3.2.5.
The PAD Technical Memo recognizes four mechanisms whereby the Peace River is involved
in hydrologically recharging the PAD:
1. During sustained high water levels on the Peace River, the Peace River flows cause
hydraulic damming of outflows from Lake Athabasca thereby leading to higher water
levels on Lake Athabasca
2. When the Peace River flow is high and the levels of Lake Athabasca are relatively lower,
the Peace River can cause a “flow reversal” on Riviere des Rochers and the Quatre
Fouche connecting the Peace River to Lake Athabasca
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3. When the Peace River flow is high, the Peace River can cause the Baril and Claire Rivers
to reverse flow, which may allow Peace River water to enter lakes Baril and Claire,
respectively
4. The Peace can contribute water to the northern portions of the PAD through overbank
flooding when ice jams of sufficient size and duration form on the Peace River during
spring breakup
These are equivalent to the three mechanisms presented in section 2 of the present report,
with items 2 and 3 grouped in the present report as “flow reversals.”
The PAD Technical Memo misrepresents the significant role of Peace River in determining
the total inflows into the PAD:
“The ecology of the PAD is linked to seasonal water levels. The Athabasca
River flows north into the PAD complex and is the single largest contributor of
water to the PAD. Athabasca River flows are distributed across its delta
through a series or rivers (i.e. Embarras River/Mamawi Creek) and smaller
distributary channels into Lake Athabasca and other central basin lakes. The
pattern of water flow and water levels through the PAD is complex and
depends on the elevation of Lake Athabasca, the flow of the Athabasca River,
and the inflows from other rivers (such as the Birch River) that supply water
to the PAD complex. Water typically flows from the Athabasca River and other
rivers into the central lakes (predominantly into Lake Athabasca), which
empties the PAD mainly through the Riviere des Rochers which joins the Peace
River to form the Slave River.” (emphasis added)
This excerpt from the PAD Technical memo disregards the role of the Peace River by not
mentioning its influence in the italicized sentence noted above. The pattern of water flow
and water levels through the PAD strongly depends on the Peace River; a scientific
summary of water dynamics in the PAD that omits mention of this fact is called into
question scientifically.
Section 2 of the present report reviews the key factors controlling the occurrence of ice
jams. That discussion identified the non-linear nature of this process and introduced the
suite of factors responsible for its occurrence. In its EIS Downstream-Ice Report and
supporting documents (e.g., the PAD Technical Memo), BC Hydro appears to assert that
there is “no effect” of Site C on the efficacy of the ice-jam mechanism in the Delta reach:
“In the absence of one of these mechanisms, the Peace River does not influence
water levels on the PAD, and does not thereby affect the PAD. The predicted
changes to the surface water regime attributable to the Project will not result in a
change in the likelihood or magnitude of any of the four mechanisms, and
accordingly will have no effect on the hydrology of the PAD.”
By this conclusion, BC Hydro has asserted that changes to the surface flow regime won’t
change the downstream-ice regime (the fourth mechanism it lists in the PAD Technical
Memo that brings about PAD hydrologic recharge). This is difficult to accept scientifically.
Section 2 has pointed out the potential relation between the flow regime and the
downstream ice regime and in particular the ice-jam mechanism due to a range of ice
factors. BC Hydro has excluded from its downstream-ice assessment consideration of
changes it proposes to the flow regime so how can it dismiss these effects out of hand?
Section 2 of this report has demonstrated that this system is more complicated than BC
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Hydro recognizes in its EIS and hence, BC Hydro is not in a position to answer this question
given the scientific limitations of its EIS and supporting materials.
The PAD Technical Memo provides states:
“Further, the flood of record on the Peace River occurred in 1990 and it was
observed that it failed to cause flooding in the PAD. This observation triggered a
review of existing knowledge, and highlighted that the change in the hydrograph
to lower summer peak flows did not affect the hydrology of the PAD but that
spring ice jam flooding from the Athabasca and Peace Rivers and precipitation
were the primary mechanisms to supply water to the ecologically important
restricted and perched basins habitats.”
This technical memorandum does not reference who conducted this review or what the
findings of this review were. This places the present Panel in a difficult position because
there are other explanations available with respect to the 1990 event (other than
dismissing altogether the importance for recharge of the freshet magnitude and other
characteristics). For example, although 1990 was the flood of record, it was short-lived and
came after the peak flow of the Athabasca River had passed. These complementary factors
may have affected its recharge ability and may have been related to regulation decisions.
Regardless, the EIS should provide transparent references to reliable scientific research
that can be objectively verified. Without such references, the EIS is unreliable.
The PAD Technical Memo introduces the concept of water balance for understanding the
PAD’s hydrologic dynamics. As introduced in section 2.2.1.2, a water balance provides an
accounting of the inflows, outflows, and storage volumes of water in the PAD. BC Hydro
introduces a 42-year-old publication (Kellerhals 1971) that provides a water balance for the
PAD, based largely on pre-regulation data. BC Hydro describes the direct contribution of the
Peace River to the PAD recharge: “This contribution prior to flow regulation has been
calculated to be approximately 3% of the total annual water budget of the PAD” and in
that, BC Hydro fails to mention the broader conclusion of that early study:
“During the period of 1968 to 1970 the summer water levels of Lake Athabasca
were four to five feet lower than they had been during the preceding eight years,
1960 to 1967. Approximately half of this reduction is attributable to
impoundment and regulation of the Peace River by BC Hydro’s Bennett Dam,
which started to affect the river flows in December 1967. The other half is the
result of a change from a period of high natural runoff (1968-1970). The summer
peak lake levels are the lowest on record.”
That is to say, that 3% is very influential in maintaining water levels in the PAD. It is
influential because it acts like a lever amplifying the contributions of other sources. Hence,
it is misleading to the Panel to limit the communication of the role of the Peace River as
one of providing direct contributions. Again, this system is more complicated than BC Hydro
portrays to the Panel.
BC Hydro has more recently undertaken to update the water balance of the PAD and has
provided the outcomes for publication in Timoney (2013). Timoney does not provide any
details as to how that water balance was developed and when asked for the background
scientific information, he has indicated that he published these numbers without having any
other information about the BC Hydro methods and interpretation of them at his disposal
(Kevin Timoney, personal communication). This same information was requested of BC
Hydro which has refused to provide the detailed methods for independent scientific review.
The water balance results are provided without reference to differences with and without
regulation.
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In fact, as shown in section 2.2.1.2, WSC flow data reveal substantial declines in flow
reversals from pre-regulation to regulation (including deeper declines during the filling
period). As mentioned in the previous paragraph, BC Hydro again does not disclose the role
of the Peace River in shaping and amplifying the magnitude of contributions from other
inflows (notably the Athabasca River) for retention in the PAD. This is misleading as it tends
to downplay the significance of the Peace River in shaping the total water inflows into the
PAD, particularly as a hydraulic dam that encourages other inflows to expand into the
central PAD lakes. BC Hydro is aware of these mechanisms (see opening of this section),
but chooses to minimize its characterization of the role of the Peace River in recharging the
PAD’s water regime. Instead of being clear about the role of the Peace River in the
recharge of water in the PAD through hydraulic damming, the PAD Technical Memo
minimizes its role by stating only the total percentage of water that it contributes (and prior
to regulation).
For all of these reasons, BC Hydro’s PAD Technical Memo is not reliable in the context of
assessing potential effects of Site C to the PAD hydrologic recharge mechanisms.

3.1.2 Flow Regime
BC Hydro has acknowledged the Peace River mechanisms that bring hydrologic recharge to
the PAD (previous section; PAD Technical Memo). It has simulated the expected changes in
flow regime with Site C and provided those results in the EIS Section 11 (p11-82) in a
“summary of expected changes”. In the Amended EIS (p 11-82), it judges these changes to
be negligible downstream beyond the Town of Peace River (398 km downstream of the
Bennett Dam). Thus, BC Hydro believes that the changes in flow regime will have negligible
effect on the PAD hydrologic recharge. This section provides an additional viewpoint that
places in doubt this conclusion held by BC Hydro.
The regulated Peace River flow pattern is based largely on the needs of power generation.
The wild (unregulated) flow (Figure 10) was snowmelt-driven with a pronounced annual
maximum generally occurring in late May or in June. Downstream of the Peace Canyon dam
under the regulated regime, the flow is attenuated as wild tributary inflows direct the main
Peace River back to a semblance of its unregulated shape, increasing in effect at points
further downstream. This is illustrated in Figure 10b, but note the considerably reduced yaxis. Locations closer to the dam demonstrate mean open-water hydrographs more similar
to the general shape of the regulated hydrograph and the similarity decreases with
downstream distance. With Site C in place, these relative changes in flow begin further
downstream and gradually attenuate in a downstream direction in both cases (i.e., with and
without Site C).

8,000

Peace Point, AB

7,000

Town of Peace River, AB

(a)

6,000

Monthly Average Flow (cubic metres/second)

Monthly Average Flow (cubic metres/second)

Figure 10. Monthly mean (unregulated) flows for Peace River locations from Hudson’s Hope
to Peace Point during a) 1960-1966 and b) 1992-2010. (Note different y-axis magnitudes.)
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The addition of Site C on the Peace River shifts the point of flow regulation to a point 85 km
downstream from Peace Canyon Dam. As is the case today downstream of Peace Canyon
Dam, changes in downstream flows and water levels with Site C would be most evident
near the dam’s tailrace, generally declining with distance downstream. The changes are
more frequent at sites proximal to the tailrace, such as Taylor, Alces and Dunvegan and, in
BC Hydro’s view, will be “largely attenuated” at the Town of Peace River and beyond (EIS
Section 11, p 11-79). Changes downstream are expected primarily due to the shift in the
point of regulation but also due to “expected operational differences and changes in turbine
characteristics” (Downstream Impacts Report). BC Hydro intends to have a larger
maximum discharge at Site C than is currently occurring at Peace Canyon dam and
indicates that the additional system capacity may lead BC Hydro to make different choices
around power generation.
EIS Section 11 (p11-80) states that “the frequency of high and low flows would be
expected to increase with the Project.” That is to say, at the high end of these curves,
higher flows will be experienced more often and at the low end of these curves, lower flows
would be experienced more often. It proposes to widen the range of permitted operational
releases from Site C to 390-2520 m3/s, up from the present range of 283-1982 m3/s at the
Peace Canyon Dam. This wider range “would lead to more rapid fluctuations in flows and
water levels immediately downstream of the Site C dam at times when releases were
varied from minimum to maximum or vice versa.” (EIS Section 11, p11-78). EIS Section 11
(Figure 11.4.17) provides flow duration curves that illustrate the distribution of flows from
their lowest to their highest that would occur downstream of Site C and contrasts that
distribution with the present one in the same location. These flow duration curves for the
“typical winter operations period” (Nov 15-Feb 15) show that the flows at the location of
the Site C tailrace are projected to be more frequently higher and more frequently lower
than their current pattern. Specifically, flows would be under 1000 m3/s about 5% of the
time, up 150% from the current 2% of the time, including a lower minimum low flow than
is currently experienced with only the two existing dams in place. And whereas flows
currently do not exceed 2,000 m3/s at the location of the Site C tailrace, they would exceed
that value 5% of the time.
EIS Section 11 (p 11-80/81) describes the changes in flow at Peace Point projected to be
associated with the Project:
“Further analysis shows that with the Project, the frequency of low releases
was predicted to be greater during the months of October and November, and
a corresponding increase in the frequency of relatively higher flows was
predicted for the months of August and September. The predicted changes are
small relative to the range and natural variability of flows at Peace Point and
would not have any influence on the hydrology of the Peace Athabasca Delta
in the open water period.” (emphasis added)
In the Amended EIS (p11-82, Figure 11.4.5.2.7), BC Hydro indicates what it means by
“small”. In that source, it identifies various changes in the flow regime of up to several
percent as being negligible suggesting its definition of small. BC Hydro does not explain
why a change of that amount is minor to this stressed system (due to regulation) and why
it will remain minor in the coming decades of climate change. When a proponent dismisses
the importance of an incremental effect, it should provide a scientific rationale, particularly
when there are considerable uncertainties and simplifications associated with the effect
determination, and it comes on top of other cumulative impacts with demonstrated signs of
ecological stress. BC Hydro confines its above comments to the open-water period
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suggesting that it does not consider the changes to be small during the ice-covered period:
thus according to the EIS, these effects remain potentially influential to the ice-jam
mechanism which is critical to PAD hydrologic recharge. BC Hydro does not provide an
analysis of the “natural variability” of the flows at Peace Point and it does not explain how it
defines natural variability for a flow regime that is so highly regulated. See section 3.2.1 for
a further discussion of natural variability.
Presumably, one reason BC Hydro restricts its dismissal to the open-water period is due to
the flow attenuation that occurs during the freshet period. Flood/flow attenuation involves
the downstream dissipation of the magnitude of an upstream effect due to the mixing of
upstream waters with unaffected downstream waters. The mixing has the effect of
obscuring the expression of the upstream change by reducing its proportional influence in
flows far downstream. Whereas regulation effects on Peace River (spring/summer) peak
flows can be attenuated to some extent by significant flood inputs from downstream
tributaries, the same degree of attenuation is unavailable in relation to winter regulation
flow effects. During the winter, the downstream tributaries are in their natural low flow
period, adding little flow to attenuate the augmented base flow released by the most
downstream dam. As a result, higher high flows and lower low flows in this winter period
can be expected to translate to Peace Point more clearly than they would in the freshet
period when attenuation is prominent. The EIS is silent on this distinction.
Lastly, EIS Section 11 (p 11-83) discusses the results of the Climate Change Report on the
surface flow regime:
“The median projected change in annual streamflow for the 2050s and 2080s
periods is within the variability observed in the historical 60-year inflow record
used in operations modelling. Therefore, the operation of BC Hydro’s
generating facilities on the Peace River under a future climate with higher
inflows could be inferred from the simulation of operations in years with higher
inflows. No requirement for changes to the existing water licences would be
expected as a result of climate change.” (emphasis added)
Reference to the median change is confusing and suggests that up to almost half of the
projected hydrographs may fall outside the range noted. It is difficult to objectively
evaluate these comments without the simulation results being provided in the EIS. Vague
reference to being “(w)ithin the variability observed in the 60-year inflow record” and a
statement that no licensing changes “would be expected” do not give assurance in
objective science that the results are sound. The assumptions and simplifications
incorporated into these simulations and the full set of results are not provided in the EIS
and thus remain unsupported. In addition, as discussed in section 3.2.4, the EIS’ Climate
Change Report underestimates climate change and thus the changes to the flow regime are
also underestimated.
For all of the above reasons, the conclusions presented in the EIS about potential effects of
flow regime changes to recharge mechanisms in the PAD are not reliable.

3.1.3 Downstream Ice Regime
As introduced in section 2, regulation has removed winter ice cover from long sections of
the Peace River due to ice capture and increased water temperatures resulting from
reservoirs and dams. The EIS Section 11 describes two changes that will come about with
the new reservoir and that these changes will lead to a reduction in downstream ice. First,
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the reservoir will act as a physical barrier to the transport of ice downstream thereby
reducing the total volume of ice available to contribute to ice cover progression
downstream. Second, the reservoir acts as a heat sink through thermal stratification – i.e.,
energy accumulation in the reservoir. As a result, outflow temperatures are cooler in the
spring and warmer in the winter than they would be without the reservoir in place,
resulting in a reduction in the period and extent of downstream ice cover.
The regulated flow regime can affect ice freeze-up, break-up, and competence, and these
changes can be amplified by climate change. In addition to the EIS Downstream-Ice Report
and the EIS Reservoir Water/Ice Report, further comments are provided in the EIS Section
11 (p11-81) in the EIS Surface Water Regime overview. The discussion below focuses on
the parts of the EIS that relate to the potential of Site C to affect the hydrologic recharge of
the PAD through the ice-jam mechanism. The construction period is discussed briefly then
the operations period is emphasized with a focus on the downstream ice-front simulations,
the climate change simulations, various limitations and BC Hydro interpretations.
The EIS examines changes in winter ice using three nested models to determine changes in
thermal and ice regimes in the reservoir and downstream of the Site C dam, EIS Section 11
projects changes in ice conditions of the Peace River due to Site C during construction and
operations phases. Scenarios are given that contrast the following scenarios:
 Existing condition
 Existing condition + Site C
 Existing condition + Site C + Dunvegan2
Additional simulations are shown contrasting climate change in 2050s and 2080s in
conjunction with the above scenarios for two selected ice seasons. (These are run for 60
seasons but those plots are not provided in the EIS.)
Construction consists of channelization and diversion stages, each lasting up to three
winters. During the channelization stage, BC Hydro’s modeling suggests that the river
would move quickly enough past the constriction that the thermal exchange would be
“negligible.” During the diversion stage, the upstream extent of ice cover would be
“somewhat downstream” of the baseline condition, so that the “ice regime downstream of
the Stage 2 diversion would be somewhere in-between the existing conditions and those
with the Site C dam in place.” At high water levels, the headpond during the diversion
stage would be about half the depth of the Dinosaur reservoir and would be three-quarters
of the length. BC Hydro indicates that ice-related issues in the tunnels and headpond can
be addressed by maintaining higher discharges out of Peace Canyon.
Using simulations based on meteorological data taken from 1995-2011, the EIS Section 11
states:
“(r)esults suggested that on average, over the 16 winters simulated, no changes
would be expected at Carcajou, which is approximately 550 km downstream of
the Site C dam. These results indicate that the Fort Vermillion downstream
boundary of the ice models was far enough downstream to capture the entire
extent of the Project’s influence.” (emphasis added).

2

The Dunvegan Project is approved for construction about 300 km below the Bennett Dam and will cause a decline in
downstream ice cover.
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Whereas the EIS reports an average outcome, examination of the downstream ice fronts
for all 16 simulated winters (provided in Appendix C of the EIS Downstream-Ice Report)
shows that for some winters, the extent of the effect on ice-front development attributable
to Project extends much further downstream beyond the limits of what is shown on the plot
at Carcajou (i.e., beyond 653 km downstream of the Bennett dam). In at least one
instance, differences are evident at locations at (and beyond) the limit of the modeled
downstream section of the Peace River, i.e., well beyond the spatial boundary. Although BC
Hydro claims an average performance that lies within its spatial boundary, model
simulations identifying changes in downstream ice go beyond the spatial boundary, without
consideration of climate change. The departures from the behaviour without Site C can be
significant, particularly during warmer winters. With climate change, warmer winters are
expected to become increasingly common, directly reducing the ice coverage in the river
reaches that play a role in the ice-jam mechanisms vis-à-vis PAD recharge. With climate
change considered in these simulations, the effects would include changes situated well
beyond the spatial boundary limit, despite the underestimates involved in these
simulations. Only two simulations with climate change are illustrated separately in the EIS.
Although not provided in the EIS, the simulations from 2006 onward for Site C + 2080s
climate involve Project effects that go well outside the spatial boundary. (BC Hydro 2012d).
Given that Project effects occur outside the Spatial Boundary, this points further to the
inadequacy of this boundary for the EIS (see section 3.1.5 for further discussion).
Although the EIS Section 11 claims to have simulated ice conditions under future climates,
model factors expected to change with climate change that could affect downstream ice are
not incorporated into the model. These changes include elevated reservoir temperatures,
occurrences of mid-winter thaws and break-up, and hydrograph changes, in addition to the
consequent changes in management response (e.g., further changes in the regulated flow
regime). Instead, the downstream-ice climate-change simulations provided for the 2050s
and 2080s change only one variable: surface air temperature. The world is more
complicated than BC Hydro assumes. Climate change has created a changing hydrologic
environment. (This is called non-stationarity and is described by Milly et al., 2008, and as a
result, norms in the past are no longer valid indications of expected future conditions.) The
hydroclimatological environment is less predictable than it used to be: a range of primary
and secondary changes accompany climate change as the energy in the atmosphere rises.
For example, the temperature of Williston Reservoir and the Dinosaur and Site C Reservoirs
will go up with air temperature and although the EIS recognizes this (p 11-119), it opts to
disregard it in its climate change simulation modeling. As a result of this and other
simplifications and underestimates (see section 3.2.3), the outcomes simulated in Appendix
C of the EIS Downstream-Ice Report understate the maximum ice-front locations under
future climates. In a similar manner, the EIS does not provide a detailed quantitative
assessment explaining how stream morphology will change with climate change and how
this may affect downstream ice dynamics, particularly in shallower reaches such as the
Delta reach.
BC Hydro uses the CRISSP model to simulate upstream ice-front progression in
consideration of reservoir temperatures and climate variables. It requires inputs from two
other nested models which means outputs of one become inputs of the next. In
development since 2005 (BC Hydro 2012b), CRISSP provides a simulation of presence or
absence of river ice and has no ability to model downstream ice-jam occurrence or
likelihood. Simplistically, BC Hydro makes the assumption that ice presence/absence is a
sufficient indicator of ice-jam likelihood and excludes processes important to ice-jam
occurrence – for example, secondary consolidations, known to be important to ice-jam
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development. CRISSP is also unable to simulate dynamic break-up events required for icejams. With the outputs of the CRISSP modeling, BC Hydro concludes that there is no effect
of Site C past 650 km downstream of Bennett Dam (EIS Section 11, p11-119). BC Hydro
uses this (underestimated) finding to conclude that there will be no effect on the ice-jam
mechanism, though the discussion that justifies this is disconnected within the EIS and
hence somewhat unclear.
The EIS Downstream-Ice Report has not taken into consideration that the surface flow
regime will be substantially different under Site C (see section 3.1.2 for a description of
these changes). The EIS Spatial Boundary Technical Memo widens the assessment gap by
restating the unsupported EIS conclusion that the Project will “not influence the frequency
of ice-jam flooding in the lower reaches of the Peace River” despite this deficiency in model
inputs. The Spatial Boundary Technical Memo acknowledges that the EIS Downstream-Ice
Report “did not consider the changes in flow regime which were predicted as part of the
surface water regime.” Its only defense of this assumption is its own subjective view that
this “was an appropriate assumption.” This circular thinking avoids dealing with complexity
by assuming it doesn’t exist. No justification is offered in the EIS for this important
assumption. Despite these modeling assumptions, EIS Section 11 (p11-81) goes on to
speculate about Project effects (due to changes in the surface flow regime) on the ice-jam
mechanism:
“However, the hydrology of the Peace Athabasca Delta is influenced by the
frequency of ice-jams in the lower reaches of the Peace River. Freeze-up in
the lower Peace River typically occurs in November. The possibility of a
relationship between the freeze-up stage (water level) and the probability of
dynamic break-up and ice-jams in the spring has been researched (Ashton
2003; Beltaos et al. 2006). It is unlikely that the probability of ice jamming
would be influenced by the relatively lower flows that are predicted to occur
periodically in October and November with the Project. Ice cover set in at a
low level during a period of relatively low flow in November would re-freeze at
a higher level as flows increase in December. This is because with increasing
flows, the floating portion of the ice cover in the main channel would release
from the border ice attached to the banks, float up to accommodate a higher
flow beneath it, and re-freeze to the banks at a new, higher freeze-in level.
This phenomenon is described by Beltaos et al. (2006). Consequently, low
flows in November would not influence the freeze-in level that may be related
to the frequency of ice-jams in the lower reaches of the Peace River. The small
predicted changes do not justify extension of the spatial boundary.” (emphasis
added)
On the one hand, BC Hydro maintains that there is no effect on downstream ice from its
proposed changes to the surface flow regime, yet on the other hand, it provides its
speculation as to effects on the likelihood of the probability of ice jamming. The effects on
ice-jam likelihood particularly in light of freeze-up levels and winter flow variations (due to
regulation) remains an active area of research (eg, Beltaos et al. 2006a). The EIS would be
better served with less subjectivity and more clarity about the assumptions made, the
source of the scientific knowledge, and the implications for uncertainty in the conclusions
reached.
Further, the lack of a pre-regulation baseline in the analysis (see section 3.1.5) precludes
any opportunity to assess suitably how incremental Site C changes will build on the existing
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regulation impacts - be they due to changes in the flow regime, ice-cover extent, changes
in ice competence, or changes in freshet characteristics.
The calibration and validation of the CRISSP model do not encompass the range of true
conditions expected in the coming decades. Physically-based models such as CRISSP need
real-life data to calibrate its many parameters. Once a model is calibrated, it needs
additional independent data sets to validate the model’s performance. It is important that a
model be calibrated for the range of conditions for which it will be used. Site C is expected
to remain in place indefinitely and thus future climates become critical to an assessment of
impacts.
How has the CRISSP model been calibrated and validated in relation to the potential scope
of future climates? The model is calibrated using Dinosaur Reservoir data from four winters
then validated against data from the other 12 winters (all taken from the 1995-2011
period). In evaluating the validation results, the EIS Section 11 states that the model is
“reasonably accurate” in predicting ice fronts (varying from -27% to +9% of the maximum
ice-front extent). Based on this validation the model is then applied to the 2050s and
2080s scenarios which takes it outside the range of the calibration and validation data.
Further, the underestimates and simplifications associated with the climate change
assessment and the downstream-ice model indicate that real conditions will further outstrip
the range available for model validation. Given current emissions trajectories, and in light
of the lag periods associated with the response of the climate system to increased
greenhouse gases, climate change will continue to advance past the 2080s. Given these
underestimates and unreliable simplifications, it can be expected that the downstream
penetration of Site C effects could go well beyond what has been modeled. As a result, the
model simulations are unreliable.
Lastly, BC Hydro does not reveal these errors to the Panel because it offers no assessment
of the aggregate uncertainty associated with the many simplifications and shortcomings of
its downstream-ice model. (See section 3.2.6 for further discussion of uncertainty.) BC
Hydro is silent on these modeling limitations and instead relies on its own positive view of
an inadequate validation exercise using past climates.

3.1.4 Fluvial Geomorphology and Sediment Transport
As introduced in section 2 of the present report, regulation creates changes to the
characteristics of the downstream river and the nature of the sediment that it carries.
These changes have been introduced in section 2.2.1.4 with respect to the existing
regulation and point to shallower distal channels and in the Delta reach, and an overall
decline in the ability of the river to erode its bed and banks and carry its sediment load,
leading to a simplified and aggraded river. These changes will take centuries and longer to
work themselves out (Church 2013b). The enhanced sediment inputs expected with
progressing climate change will only exacerbate this regulation-induced effect. These
shallower distal channels, and eventually in the shallower Delta reach, make the ice-jam
mechanism less likely through time. This aggradation can be expected to accelerate with
climate change due to an increased rate of sedimentation below the dams.
The addition of Site C is expected to enhance the pattern of aggradation that is already in
place with existing regulation, causing further declines in the likelihood of the ice-jam
mechanism and thus PAD hydrologic recharge. Site C would impose a small increase in rate
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of aggradation because the peak flow would be slightly smaller with Site C in place (EIS
Section 11): “there would be the potential for the Site C reservoir to store some of the
inflows, thereby reducing the peak flow experienced downstream” (EIS Section 11, p 1178). With that reduction in peak flow comes a further increase in aggradation in the Delta
reach. The ice-jam mechanism efficacy is already vulnerable in shallow river gradients (see
section 3.2.2 for discussion) and any further aggradation could be problematic, particularly
in conjunction with other Site C impacts. This potential has not been assessed in the EIS in
conjunction with the other downstream impacts. In addition, the climate change
assessment within the EIS Geomorphology/Sediment Report is provided as a professional
opinion based on limited input information and point to the increased sediment input into
the lower river, thus potentially increasing aggradation.
The net result of these changes can be expected to bring about an aggraded channel in the
Delta reach as a consequence of a reduced transport capability. As discussed later in
section 3.2.2, this gradual shift to a shallower channel in the Delta may further compromise
the efficacy of the ice-jam mechanism and has not been considered in the EIS.

3.1.5 Cumulative Effects
The three major assessment themes reviewed here take the present condition as the
baseline, thus comparing the status quo with the situation if Site C proceeds. Because
Project effects are not compared to a pre-regulation baseline, it is not possible from the
information provided to know the cumulative effect of all the existing and proposed
hydroelectric development on the PAD’s hydrologic recharge. Although it recognizes that
(anthropogenic) climate change is underway and implicitly acknowledges the consequences
in terms of a non-stationary hydrologic context, BC Hydro proceeds with its assessments as
if this were not true. In addition, the degree of climate change portrayed in its assessments
is likely underestimated (see section 3.2.4). These shortcomings in assessing cumulative
effects and the context of incremental effects place major restrictions on the EIS’ ability to
understand not just environmental effects, but also effects on current uses for traditional
purposes and on aboriginal and Treaty rights.
The three major assessment areas reviewed in this section each limit the assessments’
spatial boundary to a location upstream of the PAD. The spatial boundary limitation means
that assessment effects on the PAD have not been determined, even though they are nonzero, and even though Project effects (e.g., the downstream-ice regime, see section 3.1.3)
extend beyond the spatial boundary used in the EIS, notably with climate change. As a
consequence of the limitation of the spatial boundary, oilsands withdrawals are not
considered in BC Hydro’s EIS yet should form part of a cumulative effects assessment on
the hydrologic recharge of the PAD, highlighting yet further deficiencies consequent with
the restricted and inadequate spatial boundaries.
Whereas these issues are significant on their own, there are additional nested scientific
issues that inflate the concern over the lack of a cumulative effects assessment on the
hydrologic recharge of the PAD. At the assessment level, each assessment area proceeds in
a fragmented manner in which one part of the assessment modifies one aspect while
keeping all other parts equal and hence does not fully recognize the impact of these
individual changes on the system regime under scrutiny due to interactions from other
changes. Within each entire assessment area, the EIS does not roll up the aggregate
changes that will come about within it (e.g., within the downstream ice regime, or within
the surface water regime) before reaching its conclusions of “no effect” on PAD recharge.
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BC Hydro avoids assessing these outcomes by structuring the assessments in a fragmented
and subjective manner.

3.2 Deficiencies in the EIS Assessment
The Carver 2012 Report, the Carver Response Report, and the Preliminary Panel Report
have previously described deficiencies related to BC Hydro’s EIS assessments and
interpretations. These noted deficiencies indicate that BC Hydro’s conclusion that Site C will
have no effect on the hydrologic recharge of the PAD is unreliable:
 Fragmented and incomplete physical assessments with assumptions and simplifications
that render the conclusions invalid or excessively uncertain.
 Limitations and flawed logic associated with the downstream-ice assessment that render
EIS conclusions invalid vis-à-vis distal ice-jams and related potential effects on
hydrologic recharge of the PAD.
 Understated projections of climate change that underestimate potential projected
changes and create attendant underestimates in component physical assessments.
 Aggregate uncertainty (including key component uncertainties) that remains
unquantified by the EIS and potentially of concern to the Joint Review Panel because it
puts in doubt the reliability of the EIS conclusions.
 The use of unsuitable subjective interpretations that a) dismiss the importance of
measured effects without adequate justification and b) avoid altogether the
determination of certain effects.
 Inappropriate spatial boundaries that preclude assessment of effects on PAD recharge.
 Absence of a cumulative effects assessment of the Project on the PAD on the basis of a
combination of BC Hydro’s subjective interpretations dismissing importance of effects
(quantified and not), various assessment deficiencies, and lack of recognition of leading
peer-reviewed science that does not support BC Hydro’s science selection and
conclusions regarding hydrologic recharge of the PAD.
 Inadequate consideration of using eh existing and/or proposed dams to mitigate the
incremental impacts of Site C on this highly stressed system.
These EIS deficiencies highlight the need for a more detailed and integrated examination of
the behaviour of the regulated system if it is to be understood in relation to PAD recharge.
This is unavailable in the EIS because the PAD system is too complex to be addressed by
the EIS approaches undertaken by BC Hydro. Important effects are considered in scientific
silos with unsuitable simplifications relating to cause and effect. This fragmentation of the
system under study presents a methodological dilemma to the Panel.The outcome is an EIS
approach that doesn’t adequately recognize and consider this system’s complexity and the
way in which it may be impacted by Site C.
Section 3.2 delves more deeply into some key concerns with the EIS. In examining in detail
why these deficiencies are of concern, this section offers scientific insight to clarify the
magnitude of the gap. Ultimately, the objective of this section is to ground the criticisms of
the EIS in the most current science thereby providing direction for the additional analysis
and assessments required to assess the potential for Site C to cause effects to the recharge
mechanisms (also see section 4.2).
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3.2.1 BC Hydro’s Impact Narrative
In its assessment materials, BC Hydro assembles a collection of science related to the
assessment of impact due to regulation that forms a “narrative” in support of its
conclusions and leading to its choice of spatial boundaries. The science includes selected
findings from the peer-reviewed and grey research literature, assessment results from its
EIS, and various BC Hydro opinions. Closer examination of these components reveals
weaknesses in each element of the narrative: modeling gaps, unsupported interpretations,
inappropriate subjectivity, etc. This section briefly lays out the core elements of the
narrative identifying, for each, its scientific shortcomings. Implications for the EIS are
suggested with respect to conclusions reached based on the string of linked (faulty)
premises within the narrative.
The narrative included in the EIS and its supporting materials are presented in Table 3 and
begins with perspectives that go beyond the Site C EIS. The narrative begins with
acknowledgment of the recharge mechanisms (ice-jamming, hydraulic damming, flow
reversals) as laid out in the PAD Technical Memo and discussed in the present report in
section 3.1.1. The second element emphasises that the “overall contribution of
hydroelectric development to observed hydrological changes in the PAD” remains unclear
because it is subject to ongoing debate (EIS Section 11, p11-2). The third element puts
forth interpretations of Wolfe et al (2012) based on a collection of work that uses isotopes
and other paleo-techniques to reconstruct past environments in the PAD. This research
determines historic climate variability of the PAD and uses these findings to infer the role of
regulation through time, as further indication of the debate. The fourth element focuses on
the inherent variability of the PAD and the larger Peace-Athabasca system: “Since flow
regulation, observed changes within the PAD lie within the range of natural variation in the
system (Timoney 2006).” (EIS Section 11, p11-4). The work of Wolfe et al (2012) and his
colleagues also reinforces this fourth element.
The last three elements pertain to the Site C EIS. In the fifth element, established models
are calibrated and validated using data from the Peace River. Outputs from Global Climate
Models are applied to the models to generate outputs that address simulations to the
2080s. In the next element, these simulations are evaluated in relation to their ability to
modify the recharge mechanisms introduced in the first element. Using a collection of
simplifying assumptions, these effects are interpreted to be negligible. Finally, because the
effects on recharge mechanisms are determined to be negligible upstream of the spatial
boundaries for the assessments, the spatial boundary is confirmed and the absence of
cumulative effects assessment and a disregard for mitigation for the PAD are supported
because the effects are negligible.
The narrative elements have scientific shortcomings evident in them which render most
invalid. These central perspectives, summarized in Table 4, are derived from a variety of
sources and presented below.
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Table 3. Seven elements put forth in a faulty narrative and constructed from BC Hydro’s
EIS and supplementary documents, concerning the effects of regulation/climate
and the potential effects of Site C on the hydrologic recharge of the PAD.
No.

Narrative
Element

1

Recharge
Mechanisms

Mechanisms exist that link
the Peace R. to hydrologic
recharge of the PAD

PAD Technical
Memo

Ashton 2003
Beltaos 2006a

2

Role of
Regulation

There are contrasting views
and a scientific debate
underway as to the role of
regulation in affecting
hydrologic recharge of the
PAD

EIS Section 11

Beltaos et al. 2006a
Church 1995
Church et al. 1997
Kellerhals 1971
Peters & Buttle
2009
Timoney 2002
Wolfe et al. 2012

3

Role of
Climate

As climate varies, the
hydrologic recharge of the
PAD goes up and down

Hall et al (2004)1

Wolfe et al. 2012

4

Range of
Natural
Variability

The PAD system is highly
variable and changes
observed in recent decades
are within the range of
variability seen over longer
timeframes. It is misleading
to focus on recent climate

EIS Section 11

Timoney 2006
Wolfe et al 2012

5

EIS Models

EIS models are well
constructed and generate
valid outcomes including
valid climate change
simulations
EIS simulations (collectively)
show negligible impacts of
Site C downstream of Ft
Vermilion

EIS Section 11

1

6

EIS
Simulations

7

Spatial
Boundary

Premise/Logic of the
Component Step

EIS selection of spatial
boundary is confirmed: all Site
C downstream physical impacts
are negligible at locations well
upstream of Fort Vermilion. As a
result, a PAD CEA is not needed
and mitigation is inappropriate
because there is no Site C
impacts to be mitigated

Internal
References

External References

EIS Assessments

Spatial Boundary
Technical Memo
PAD Technical
Memo

The initial paleolimnological research was funded by BC Hydro.
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Table 4. Scientific shortcomings evident in elements of BC Hydro’s narrative of effects of
regulation on the hydrologic recharge of the PAD.
No.
1

Narrative
Element

Alternative Information
Disregarded By BC Hydro

Recharge
Mechanisms

Mechanisms

2

Role of
Regulation

Research has confirmed that regulation
continues to exert a significant effect on
PAD hydrologic recharge. Under
discussion is the scope of this impact as
climate changes.

3

Role of Climate

Climate influences recharge and can
magnify the effects of regulation

4

Range of
Natural
Variability

Sample of
References

Regulation has been responsible for a
component of the decline in recharge.
Additionally, regulation contributes to
declines in hydrologic recharge according
to:
a) a direct and measurable open-water
portion (supported by suitable modeling)
b) contributor to the ice-jam portion
though determining the amount remains
a research objective
Site C has the potential to contribute
further to these declines and this
contribution may grow greater with
advanced climate change

5

EIS Models

BC Hydro’s models are not constructed to
model the recharge mechanisms and the
factors that control recharge. They
exclude key parameters important to
determining effect on recharge.

6

EIS Simulations

BC Hydro model simulations generally
underestimate their model outputs due to
assumptions related to hydrologic
recharge and underestimates of inputs

7

Spatial
Boundary

The spatial boundary excludes
consideration of effects that the EIS has
a responsibility to consider, assess, and
communicate appropriately.
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De Rham et al. 2008
Peters 2003
Peters & Buttle 2009
Peters & Prowse 2006
Prowse & Lalonde 1996
Prowse et al. 1996
Role of Regulation
Aitken & Sapach 1994
Ayles 2001
Beltaos 1997
Church 1995
Church 2012a,b
Conly & Prowse 1998
PADTS 1996
Peters & Prowse 2001
Prowse & Conly
1998,2000
Prowse et al. 2006
Uunila & Church 2012
Influence of Climate
Beltaos 2007
Beltaos et al. 2006a
Beltaos et al. 2006b
Beltaos 2003
Cohen 1995
Leconte et al. 2006
Pietroniro et al. 2006
Prowse & Conly 2002
Toth et al. 2006
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1. Recharge Mechanisms
Although the mechanisms are described at the outset of the PAD Technical Memo, other
parts of the same memo de-emphasise the role of the Peace River in shaping the extent of
PAD recharge. Examples of this are provided in section 3.1.1 of the present report. In the
memo, BC Hydro does not present a balanced view in its consideration of the mechanisms.
Only one publication, provided in footnote 10 of the PAD Technical Memo, is mentioned in
this memo from the extensive work reviewed in section 2 of the present report. If
established peer-reviewed science is to be rejected in support of an EIA, then a sound
rationale with supporting data must be provided.
2. Role of Regulation
The “debate” as to the contemporary role of regulation effect is a misplaced
characterisation. Section 2 of the present document shows that regulation continues to
have a negative effect on the mechanisms that shape PAD hydrologic recharge. The
scientific literature delves into considerable detail using hydrologic models to demonstrate
and quantify cause and effect. In that work, the extent of recharge due to reversed flow is
quantified by naturalizing the regulated flow regime, explicitly demonstrating an important
component of the effect associated with regulation. The evolving understanding of the icejam process and its role as a mechanism for PAD hydrologic recharge is becoming clearer,
particularly from the work of senior researchers focused on the behavior of northern rivers
(e.g., Spyros Beltaos, Terry Prowse, Macolm Conly, and Daniel Peters). Additional work
(see section 2.2.2) is helping to clarify the significance of climate variability and climate
change in the decline of the efficacy of these recharge mechanisms. Traditional Ecological
Knowledge corroborates the findings of western science (Candler 2013a, 2013b, 2013c).
The situation remains complex due to interactions and amplifications between regulation
and climate change but the preponderance of the scientific literature indicates that
regulation of the Peace River has affected the mechanisms which provide hydrologic
recharge to the PAD.
BC Hydro dismisses the effects of regulation through an emphasis on the paleolimnological
work of Dr. Brent Wolfe and his colleagues. This work does not directly test causality,
instead it infers causality based on interpretations built on association and inference. That
research is focused on historic climate, not on regulation which is relatively recent.
Contemporary regulation hypotheses can be tested using contemporary data which is what
other active research by Dr. Spyros Beltaos and others have been doing for decades.
1. Broadly-based peer-reviewed scientific publications demonstrate effect from regulation
and work to express the magnitude of this effect within the context of other drivers of
change, and notably climate variability and climate change; and
2. Independent long-term experience derived from Traditional Ecological Knowledge
indicates that tangible on-the-ground changes have come about in-step with regulation
(Candler 2012, 2013a, 2013b);
3. Analyses prepared for this study show that existing hydroelectric development and its
pattern of regulation is associated with reductions in the efficacy of the recharge
mechanisms.
Perhaps when the EIS Section 11 (p 11-2) states that the narrative will describe “the
environmental changes that are understood to be caused by these hydroelectric
developments”, it should more clearly indicate that this is BC Hydro’s own understanding
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and it is not broadly shared by the research literature examining cause-and-effect
mechanisms in contemporary impact assessment.
3. Role of Climate
BC Hydro also puts forth Wolfe et al (2012) as further indication of a “debate” about
whether regulation has affected the recharge mechanisms. That paper reports on a
collection of work, originally funded by BC Hydro, that uses isotopes and other paleotechniques to reconstruct past environments in the PAD, and to discuss historic climate
variability. The paleo-limnological work looks at longer timescales in the PAD to identify
periods of drying in the past and suggests that because the current period of drying is
similar to or less than what has happened at some point in the past, that this elevates the
role of climate in shaping the PAD well above that of regulation. In fact, this interpretation
is spurious because acknowledging and measuring the profound contemporary impact of
human activities on this system does not take away from the importance of climate in PAD
hydrologic recharge. These viewpoints are not at odds with each other. Because the paleolimnological conclusions are reached by inference, it does little to elucidate the role of
regulation occurring in recent decades. The paleo-approach as applied in the PAD doesn’t
critically examine cause and effect and yet makes inferences about it based on its
reconstructions, contradicting other science without explaining how the competing methods
and findings would be in error.
4. Range of Natural Variability
The EIS Section 11 (p 11-4 to 11-6) makes reference to effects being within the range of
natural or historic variability in a manner that misleads the reader. A system like the
Peace-Athabasca is inherently variable. Sources of variability such as climate variability can
mask the effect of underlying stressors, particularly when the magnitude of the effect is
modest and the year-to-year system variability is generally high. When considering the
importance of an effect under examination, for instance one due to regulation, it is
necessary to assess the nature of the effect in terms of its magnitude and variation and its
direction of change. In situations where the system variability is greater than the effect
under consideration, it can be tempting to conclude that the effect is unimportant.
However, such a conclusion may be an artifact of the challenge of detection and attribution
rather than one of lack of significance, particularly when the effect is persistent in direction
and grows incrementally with time, as are true in the present situation. In fact, in the
present situation, a conclusion of no effect is non-scientific and speaks more to inadequate
analysis rather than lack of effect.
BC Hydro makes reference to Wolfe et al. (2012) and Timoney (2002) as evidence of
investigations by other authors that demonstrate that a host of other factors “have acted
concurrently with the hydroelectric facilities, and have confounded the assessment of
hydrologic changes that have been observed on the PAD since construction of the WAC
Bennett Dam” fuelling the debate about the extent of contribution from regulation to the
decline in recharge. However, these statements mislead because they take observations of
the role of climate over centuries (and longer) out of context and not acknowledge the
demonstrated proven influence of regulation on PAD recharge in recent decades. Further,
they do not recognize that regulation, climate change, and oilsands withdrawals, are
placing pressure on the system all in the same direction and that their influence has been
growing larger through time and that trajectory shows no sign of abating. Ultimately,
causal inferences put forth based on the paleo-work must be reconciled with other broadlySite C Downstream Impacts – Submission to JRP, Nov 25, 2013
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based hypothesis-driven work that has directly addressed key questions of cause and
effect. Alternatively, or additionally, it must provide analysis as to why existing work is
flawed, particularly when there is such a large integrated body of accepted existing
findings. Perhaps it is BC Hydro’s reference to its choice of baseline that justifies its
“negligible” evaluation of its effects. It can’t have it both ways: on the one hand referring
to historic variability to minimize the relative magnitude of its proposed effects while, on
the other hand, using a baseline for its assessments as the present condition. Such cherry
picking is unscientific and renders its interpretations conclusions deeply suspect.
In its EIS and supporting documents, BC Hydro makes reference to Timoney (2006) and
Timoney (2009) as support for its assertion that its effects are within the range of natural
variability. Those publications do not actually place the known changes of regulation within
an applicable quantitative context of natural hydrologic variability even though that is the
implication in making the citation. Instead, they describe a collection of anecdotal
variabilities with no quantitative framework in which to evaluate the known and projected
patterns of change associated with Peace River regulation (and other effects). As such, they
are of little value in the present context. Neither Timoney (2006) nor Timoney (2009) is
taken from a hydrology journal (Timoney 2006 was published in a wetlands journal) hence
reviewers may be only marginally aware of issues related to hydrologic variability and
hydrologic non-stationarity (Milly et al. 2008). In fact, Timoney (2006) does not define
natural variability nor does he provide evidence to link his descriptive quantitative work of
wetland change with the causes therein, other than his unsupported opinions.
If the effects of regulation and climate change are to be interpreted within the context of
natural hydrologic and climatic variability as BC Hydro wishes to do, it is important –
perhaps essential – to also assess causality and the mechanisms translating stress into
effect. Timoney (2006, 2009) does not do this, yet makes assertions that regulation is
relatively unimportant within historic variability. Because these inferences and conclusions
are unjustified by the analyses provided, BC Hydro has not provided a suitable justification
for dismissing its own regulation impacts, be they present or proposed, as being
insignificant within the range of natural variability.
An additional concern lies with the application of the concept of natural variability in such a
regulated system. In some parts of the Peace River system, the natural component of flow
variability is all but gone, subject now to intense regulation and other impacts (depending
on location). As a result, what is BC Hydro referring to when it introduces “natural
variability” into its discussion and how has that enabled BC Hydro to dismiss the
significance of its activities on PAD recharge? It provides no answers to these critical
questions.
5. EIS Models
In other sections of this present report, it is explained how the simulation models used by
BC Hydro are not constructed such that they are able to simulate the occurrence of the
recharge mechanisms. Instead, BC Hydro makes conceptual simplifications to justify using
surrogate metrics to reflect the mechanisms. However, these simplifications are
unreasonable (e.g., ice-jam mechanism), according to the authoritative scientific literature.
As a result, the models and their application are unsuited to the questions that need to be
asked in order to assess the effects due to Site C on PAD recharge.
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6. EIS Simulations
Notwithstanding the unsuitable model construction, the model outputs, as generated and
interpreted by BC Hydro, also underestimate the simulated conditions. For example, with
respect to the climate change scenarios and their application to the downstream-ice model,
assumptions are pursued that consistently underestimate the effects. In addition, the
interpretation of the future upstream ice extent is minimized through reference to the
average outcome rather than the range of outcomes (some of which go outside the spatial
boundary and indeed the limits of the assessment). All the while, BC Hydro maintains that
these are “conservative” simulations.
7. Spatial Boundary
In the final stage of this narrative, BC Hydro concludes inappropriately in the EIS that Site
C will not have an effect on the hydrologic recharge of the PAD and that the spatial
boundary is thus confirmed (PAD Technical Memo):
“The surface water, fluvial geomorphology and sediment transport and thermal
and ice regime studies concluded that the Project would not influence the
hydrological conditions of the PAD. Therefore, there is no technically valid reason
to alter the spatial boundary of any of the background environment studies, nor
of the assessment of the Valued Components, to include the PAD.”
BC Hydro uses its unsupported conclusions to justify the spatial boundary of its
assessments. In fact, these conclusions are unscientific because they are built on a string
of inappropriate modeling simplifications, weak interpretations, and misleading subjectivity.
In essence, with respect to the spatial boundary used for the EIS, BC Hydro has created a
circular scientific case held together by poor science and unsuitable assumptions and
interpretations.

3.2.2 Ice-Jam Recharge Mechanism
This section expands on the preliminary critique provided in section 3.1.3, looking at some
of those concerns in detail. BC Hydro has concluded that Site C will reduce the extent of
downstream ice but that consequences of this decline will be limited spatially to the Spatial
Boundary it has chosen, implying no relation to the ice-jam mechanism. It is in the Surface
Flow Regime discussion (Eis Section 11, p 11-81) reviewed in section 3.1.3 above where BC
Hydro subjectively asserts that the change in freeze-up level will be “small” and thus it is
unnecessary to assess the potential effect on the ice-jam mechanism in the Delta reach.
Section 3.1.3 also identified that the downstream-ice model is not equipped to assess such
impacts to the ice-jam mechanism, the drivers of change (inputs) are overly simplified and
underestimated and the outputs are subjectively dismissed as unimportant when they
(despite being underestimates) project changes beyond the spatial boundary. Although the
model can assess changes in ice thickness, such changes (important to the ice-jam
mechanism) were not assessed for the EIS.
A closer look at the relevant science examining how ice jams form sheds further light on
the scope of the EIS’ lack of scientific trustworthiness. Based on this analysis, Site C has
the potential to yield effects capable of compromising the ice-jam mechanism,
compounding the current impacts. These linkages result from less downstream ice (at distal
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locations, including some beyond the spatial boundary) and changes to base flow regime
with uncertain implications.
Land users’ direct experience describes an abrupt decline in ice-jam frequency at the
beginning of filling of the Williston Reservoir. Prior to December 1967 (the start of reservoir
filling), ice-jam occurrences were frequent. Since then, major ice-jams have been observed
to occur only very infrequently. According to Beltaos and Carter (2009): “all of the major
flood events of recent decades (1963, 1965, 1972, 1974, 1996 and 1997) were caused by
ice jams. The same applies to a minor (1994) and a moderate (2007) flood.” In the mid1990s, ice jams and persistent summer flow reversals were precipitated by interventions
undertaken by BC Hydro – see section 3.2.7.
The ice-jam phenomenon is a vulnerable process in the lower Peace River due to the
generally shallow nature of the river where it passes through the PAD. Ice jams are
dynamic events that occur when a high energy flood breaks up a strong ice sheet. As
Beltaos (2007) explains about the Peace River near the PAD:
“Because of the unusually low river slope, the forces acting on the ice cover
during the spring runoff period are ordinarily too low to dislodge and set it in
motion. This is a necessary condition for further breakdown into blocks that
eventually accumulate to form ice jams. Instead, the ice cover decays in place
and any jamming that may occur is inconsequential. On the other hand, steep
waves that are generated when upstream jams release have the potential to
augment hydrodynamic forces and thence trigger dynamic breakup events and
major ice jams.”
Shallow reaches do not as easily provide the high energy conditions needed to precipitate
an ice jam. Javes upstream in higher energy environments can jam and release bringing
greater energy into the shallow Delta reach where an ice jam must be situated if strong
PAD recharge is to occur. Thus, jams in the Delta reach are “fuelled” by the formation of
ice-jams upstream of the Delta reach. Ice-jam events further up the river translate
downstream in surges called “javes”, jamming and releasing in steeper sections before
delivering their ice load to the shallow Delta reach.
As a result, factors that affect upstream jams can become factors that affect the
likelihood of more downstream jams. Beltaos (2007) describes in detail his and
others’ observations of the 2003 ice jamming on the lower Peace River. These
“revealed a downstream sequential advance, powered by successive jam formation
and release. The initial jamming had occurred very far upstream, where the river is
much steeper than in the delta area.” (emphasis added). He has provided
clarification of this very far upstream location as “somewhere upstream of Carcajou”.
(Spyros Beltaos 2013, personal communication) and bases that on information
provided to him by BC Hydro and Alberta Environment. He further clarified that the
actual slope break in the vicinity of Carcajou is not well defined and likely involves a
transitional stretch of some length. Regardless, this leading researcher with 40 years
experience studying river-ice dynamics and in the Peace River maintains that the ice
cover upstream of Carcajou is implicated in initiating the jam-and-release sequences
that may culminate in ice jams in the shallower Delta reach. The EIS projects that
Site C will cause changes in ice cover with Site C in this source section of the river.
These changes, combined with subtle changes in freeze-up level and the winter flow
regime may together, exacerbated by the effect of warmer climates on ice thickness
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and ice competence, contribute to a downward pressure on the likelihood of ice-jam
occurrence. This potential combined effect is not considered by the EIS.
Beltaos (2007) further states:
“The normal river slope is so small that, unless the freezeup stage is unusually
low, the tractive forces that are applied on the ice cover during spring runoff
are not sufficient to dislodge it before it sustains severe thermal decay. This
situation is exacerbated by the relatively steep river banks (Figure 2)…
Therefore, ice-jam flooding of the PAD is most likely to occur when the ice
cover is relatively thin, the spring runoff is high, and the freezeup stage is
low.”
This passage, and the science review in section 2.2.1.3, indicate that the EIS focus on
presence/absence of downstream ice (relative to an arbitrary spatial boundary) is
insufficient to represent the likelihood of changes in ice-jamming to regulation. Research
has found: a stressor can reduce the ice-jam mechanism efficacy in the Delta reach if it
reduces ice thickness (competence), reduces spring freshet size, raises the freeze-up stage,
and/or modifies incoming ice-wave frequencies (javes). Current BC Hydro regulation is
known to contribute to all of these changes. BC Hydro has opted to avoid assessment of
these factors in the Site C EIS, instead making subjective dismissals of the importance of
their potential effects despite the available evidence that indicates that Site C will
exacerbate these existing effects of regulation.
As the ice extent in these source areas diminishes, it is of interest to ask whether the
amplitude and wave frequency would change, thus affecting the ice-jam mechanism.
Nzokou et al. (2009) have examined the break up of an ice sheet in response to incoming
water waves of varying frequency. Their “analyses show the importance of non-linear ice
sheet response to increasing wave amplitudes and/or water surface slopes as a function of
ice sheet thickness.” Although their research left many questions unanswered, they were
able to conclude “that short waves may be less effective than the previous linear analyses
might suggest.” To what extent will the changes in downstream ice extent expected with
Site C bring about changes to the wave amplitudes as the ice waves migrate downstream?
This type of research demonstrates that simplistic approaches to modeling ice breakup
(e.g., the EIS Downstream-Ice Report) are replete with unknown uncertainties and should
be pursued with caution.
It is obvious that it is extremely difficult to model ice-jam occurrences deterministically.
White (2003) reviews modeling approaches for the prediction of break-up ice jams. She
states:
“…breakup ice jams result from a complex series of physical processes that
cannot currently be described with analytical or deterministic models, hindering
the development of prediction methods. Those which do exist are highly site
specific and range from simple empirical models to an artificial intelligence
formulation.”
Shen (2010) updates this by detailing the many modeling requirements involved in
simulating the river-ice processes:
“River ice phenomena include formation, evolution, transport, accumulation,
dissipation, and deterioration of various forms of ice. These phenomena involve
complex interactions between hydrodynamic, mechanical, and thermal
processes, under the influence of meteorological and hydrological conditions as
well as the operations of hydraulic engineering projects.”
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He points out that there is a “relatively small number of researchers” involved in river-ice
research compared with “the large river hydraulics community.” The simulation of ice-jam
occurrence so that ice-jam likelihoods can be estimated is a difficult undertaking. BC Hydro
has opted to greatly simplify its characterization of the controls on ice-jam occurrence,
presumably because of the difficulty in creating a suitable model, at a scientific frontier. As
a result, BC Hydro is modeling ice presence/absence and identifying mean changes in
presence/absence within the spatial boundary, in conjunction with a subjective dismissal of
other factors, as an acceptable criterion for determining “no effect.” Conclusions following
this approach are unreliable.
The penetrations of effect far downstream highlight the complexity of these processes as
they vary with many controls, including winter severity (see also LeConte et al. 2006). This
type of simplification of a complex phenomenon is referred to by White (2003):
“In addition, the lack of an analytical model of breakup jam often results in the
arbitrary selection of model variables.”
In concluding her review of prediction methods for ice-jam breakup, White (2003)
emphasizes that:
“(i)n any prediction method, the risk of prediction error should be quantified by
some method so that the user can assess the likelihood of false-negative and
false-positive predictions.”
Despite creating a model that does not incorporate the factors relevant to ice-jam breakup
and that are relevant to the present assessment, BC Hydro does not provide an accounting
of the errors and uncertainty associated with its simplistic modeling characterisation. As a
result, decision-making based on such uncertain and misleading model outputs should be
done with extreme caution, particularly when the model further underestimates the
assessed effect through possible confirmation bias. In Beltaos’ (2008) update of an earlier
state-of-the-art review of ice-jam understanding, he concludes: “Despite the progress,
there are still major unknowns, particularly related to the conditions of formation and
release of ice jams.” (emphasis added). Modeling in this field is far from reliable and as
such any EA ice-jam modeling should be interpreted with great caution, particularly if a
highly simplified conceptual understanding is used as the basis for the modeling that then
concludes “negligible effect”.
BC Hydro’s ice projections rely on three modeling exercises, which feed one into the other,
in turn amplifying the errors present in each model. BC Hydro has not determined the
outcome error/reliability associated with this growing error. In addition, BC Hydro puts
forth a collection of significant simplifying assumptions in order to complete the modeling
exercise. These assumptions about the pre-conditions leading to dynamic break-up events
are unsupported in the scientific literature. BC Hydro’s claim that ice cover is the only
significant determinant of ice jamming lacks credibility. Yet, relying on this critical
subjectivity, BC Hydro builds a series of models to simulate downstream ice cover with and
without Site C.
As a proponent in an EA process, BC Hydro is obliged to use appropriate models to assess
the effects on the environment of the Project. Its Project proposal involves determining
effects some of which are very hard to determine but are non-zero and may be important
to the PAD given its weakened condition. Rather than face this uncertainty head on, BC
Hydro has chosen to instead dismiss relevant physical phenomena that it is not in a
position to dismiss. It acknowledges that the models (especially CRISSP):
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“cannot accurately simulate secondary consolidations at freeze-up and thus
cannot predict extreme high water levels resulting from these events. The model
is also unable to simulate a dynamic breakup of the Peace River triggered by
breakup of the Smoky River, and thus cannot predict extreme high water levels
resulting from these events.” (EIS Section 11, p 11-112)
It further acknowledges that it is using a model to predict changes to the downstream ice
regime that is unable to predict changes to ice-jam frequency, as this model “cannot
predict dynamic break-up events.” The EIS Section 11 argues that because it identifies “the
presence or absence of an ice cover” as the only requirement for dynamic breakup events,
the modeling is thus such that it “is able to simulate the necessary conditions for these
[dynamic and extreme ice-breakup events including those triggered by the Smoky River
freshet] to occur.” As discussed in sections 2 and in 3.1.3, above, this is an incorrect
characterization of the factors that lead to ice jamming and as a result, BC Hydro is using a
model unsuited to the assessment. Ice cover is a necessary condition for ice-jam events,
but it is not a sufficient condition. Further, the required location of the ice cover is a
question requiring further research so it is difficult to accept BC Hydro’s interpretation of its
own simulations of changes of downstream ice. As a result, the conclusions it claims to
reach are unsupported. BC Hydro stretches further the applicability of this model in the face
of these modeling limitations which it says are “not an impediment for assessing the
influence of the Site C dam on the frequency of secondary consolidations and dynamic
breakup events triggered by the Smoky River.” (EIS Section 11, p11-112).
The downstream-ice assessment has also not considered the proposed changes to the
surface flow regime (see section 3.1). BC Hydro has acknowledged that the ice-regime
study “did not consider the changes in flow regime which were predicted as part of the
surface water regime” but re-asserts its assumption that this is appropriate (see the Spatial
Boundary Technical). It provides no defense of this assumption only its own subjective view
that this “was an appropriate assumption.” Clearly, an assessment on the ice regime of
effects due to changes in the flow regime will have a null result vis-à-vis the role of the flow
regime if these changes are simply excluded from the assessment at the outset. The
assumption is not justified given that higher high flows and lower low flows may alter
freeze-up levels and ice thickness/competence at break-up.
Flow variations are unattenuated in the winter and thus any changes to the winter flow
regime should be assessed carefully for impacts to the downstream ice competence and
effects on spring break-up. The EIS does not assess the effect of winter flow variations on
ice competence so that the consequences of winter flow regulation can be understood in
terms of its potential impact on ice-jam efficacy, particularly during warmer winters. In a
similar manner, the EIS does not assess how further changes in these winter flows
proposed with Site C (see section 2.2.1.3) could further jeopardize ice competence.
The issue of freeze-up level is of concern because existing regulation already places the icejam mechanism in jeopardy due to elevated freeze-up levels. Additional Site C regulation
may change that level resulting in changes to the ice-jam likelihood. The EIS Section 11
(p11-105) offers the following qualitative defense of its lack of assessment of changes in
ice-jam likelihood:
“River stage, or water level, can also gradually decrease over time due to ice
transport processes. Once freeze-up occurs at a specific location, the frazil slush
underneath the cover is eroded from fast-moving areas and deposited in slowermoving areas. This process increases the channel conveyance capacity and
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causes the river level to gradually decrease after freeze-up even if discharges
remain constant or increase. Water levels can slowly decrease by 0.5 m to 1.5 m
over several months due to this mechanism. This phenomenon allows for
increasing generation and outflows from the BC Hydro hydroelectric facilities
later in the winter once the ice cover has sufficiently solidified.”
In essence, BC Hydro is saying that the mobile (frazil) ice under the ice cover reorganizes
during the winter creating room for BC Hydro to fluctuate its winter discharges without
compromising ice competence and thus not affecting the ice-jam mechanism. However, it is
not at all evident in the winter hydrographs shown earlier in Figure 4 that BC Hydro is
gradually increasing flow as winter capacity increases. In fact, changes in many winters
appear abrupt and beg the question of how these flow variations may be affecting ice
competence. This topic remains unevaluated in the EIS yet is another component in
understanding the potential for Site C to affect the ice-jam mechanism.
In summary, a review of BC Hydro’s modeling approach in light of the research synthesized
in Chapter 2 does not support BC Hydro’s conclusion of “no effect.” The scientific analysis
provided by BC Hydro contains weak assumptions, excessive simplifications, and subjective
interpretations that do not assist in reliably assessing whether Site C will affect the ice
regime and the ice-jam mechanism. These simplifications underestimate the potential for
effect and hence are unreliable to the Panel. In fact, ice-jamming represents “complex nonlinear cause-effect relationships” (Beltaos 2008) that remain poorly understood. BC Hydro
is unjustified in its confidence that the Site C proposal will have no effect on the ice-jam
mechanism. In fact, the model structure and assumptions suggest the need for an analysis
of cumulative error, rather than a limited validation exercise outside the range of projected
climates.
Beyond the modeling deficiencies identified above, the downstream-ice assessment raises a
collection of additional concerns which should also be taken into account:


The downstream-ice assessment is completely silent on the implications of mid-winter
thaws in its climate change analysis. When will these events be expected to start to
occur and what are their implications for downstream ice competence? Which of the
range of climate change scenarios implied by Figures 25 & 26 of the EIS DownstreamIce Report would also be accompanied by the potential for mid-winter thaws? As Beltaos
(2002) states: “Current knowledge of ice breakup processes in rivers indicates that
winter break-up events can have the most serious impacts, via major ice jams forming
against strong ice-cover segments. The incidence of such events in Canada is expected
to increase under a warmer climate, as a result of more frequent winter thaws.”
(emphasis added)



The lack of a pre-regulation baseline in the analysis (see section 3.2.1) will preempt any
ability to understand how incremental changes will build on existing impacts. Its existing
reservoirs have already removed considerable ice cover from the Peace River with
unassessed direct and indirect implications for breakup behaviour. Although BC Hydro
recognizes these effects, it does not consider them in a cumulative effects assessment
on the downstream-ice regime. This lack of an appropriate baseline for the EA should be
corrected so that a cumulative effects assessment on the hydrologic recharge of the PAD
can be carried out.
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Only a subjective justification is provided (EIS Section 11, p 11-107) for the assertion
that the construction period and filling activities will have no effect on ice transport
downstream. Actual construction of Site C would require about seven years to complete.
During this time, BC Hydro will alter the flows within the existing water license
requirements due to the needs of critical construction windows and phases of the
channelization and diversion phases. Once constructed, the water level in the reservoir
would be increased to the normal operating level over a period of about two months.
During the filling period, BC Hydro projects that downstream flows would be reduced but
would remain within the licensed flow range of the Peace Canyon dam. These claims
should be supported by objective science.



BC Hydro (2013m) recognizes that it is widely accepted through modeling that
additional winter flow will be available in its Williston Reservoir as climate change
progresses. BC Hydro does not discuss in the EIS when it plans to put this additional
warmer water through its turbines for discharge downstream. If it is in the winter (when
power is more valuable), it may lead to higher freeze-up levels and/or disruptive
variations in winter flow (including subtle reductions in ice thickness due to the added
friction). These potential changes due to climate change should be addressed by BC
Hydro in its EIS as they relate to the ice-jam mechanism.



BC Hydro shows disregard for peer-reviewed research knowledge in favour of a selective
reference to scientific defense. Spyros Beltaos has published extensively on factors
which govern the ice-jam mechanism (e.g., Beltaos 1997, 2003, 2007), and Terry
Prowse, Michael Conly, and Daniel Peters have published extensively on the various
controls governing recharge of the PAD (e.g., Prowse & Conly 1998; Prowse & Conly
2000; Prowse & Conly 2003; Prowse et al 1996; Peters & Prowse 2001). Additional
authoritative publications not referred to by BC Hydro are listed in section 5 of the
present report. In fact only a few publications mentioned in the present review (e.g.,
section 2) have been referred to by BC Hydro in the EIS and supporting documents.



It is difficult to accept that a science-based organization such as BC Hydro could be
unaware of these authoritative peer-reviewed publications. If it is unaware of them,
then it is not in a position to complete the EIS. If it is aware of them, then it is being
highly subjective in avoiding the science that disputes its perspectives.

A plausible explanation for the decline in the PAD’s hydrologic recharge is that there is a
series of factors collectively reducing the efficacy of the ice-jam mechanism including both
regulation and climate change. Regulation effects include the many factors reviewed in
section 2: higher freeze-up level, changes to downstream ice cover, declines in
downstream ice competence, and aggradation of the Delta reach due to declines in flow
competence. Climate change factors may include: declines in freshet size of the lower
tributaries and warmer winters leading to reduced ice extent and competence. There is no
scientific basis for attributing all the existing change since regulation to climate change nor
is there any basis, given the inadequate information provided in the EIS, for claiming that
there will be no effect from Site C on the recharge mechanisms. The simplifying
assumptions, incomplete assessments, and subjective interpretations occur to such an
extent in the EIS that its findings with respect to the impacts to the PAD’ hydrologic
recharge are unscientific and untrustworthy.
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3.2.3 Open-Water Recharge Mechanisms
As reviewed in section 3.1.2, the EIS Section 11 quantifies the changes in the Peace River
hydrograph and subsequently dismisses these as negligible to downstream locations
beyond the Town of Peace River. However, as discussed in section 3.2.5, BC Hydro has
dismissed the importance of these changes without any consideration of the downstream
context in which they come about. BC Hydro proposes to add a third reservoir to its
facilities on the Peace River, thereby increasing the control it will have over the hydrograph
as a result of the increased storage. It is the Proponent’s responsibility to evaluate effects
of its Project. However, in the absence of that assessment, the following is provided to
begin to identify potential impacts to downstream values, and in this case, PAD hydrologic
recharge.
Table 5 compares the drainage area, mean annual flow, and reservoir storage volumes of
the three reservoirs that will exist on the Peace River if Site C is built. The proposed Site C
reservoir would capture inflows from tributaries that currently run wild. An increase in the
amount of Peace River flow that is held in a storage reservoir increases the degree to which
the hydrograph can be regulated. In this case, the additional reservoir would increase by
12.5% the input of mean annual flow that would be captured in the Peace River behind a
dam, and thus subject to storage and regulation. The EIS Section 11 (p11-78) summarises
this effect:
“During the spring, when natural inflows are typically high in the tributaries
between Peace Canyon and the Site C dam site (including flows from the Halfway
and Moberly Rivers), there would be the potential for the Site C reservoir to store
some of the inflows, thereby reducing the peak flow experienced downstream.”
(emphasis added)
As discussed in section 2, reductions in downstream peak flow impair recharge
effectiveness. Table 5 quantifies the effect by considering these reservoirs’ available active
volume in relation to a range of flow rates (400-1000 m3/s). This calculation indicates that
the proposed Site C reservoir would enable BC Hydro to delay by 2-5 days the arrival of
400-1000 m3/s to the downstream river.
The relative importance of this available “hold back” can be considered in reference to the
dynamic timing and magnitude of the Peace and Athabasca freshets and in light of the
controls summarized in section 2 above. A few days of diminished flow in the Peace River
can lead to declines in reversed flow into the PAD. BC Hydro has opted to disregard such
types of analyses in favour of a subjective opinion that the effect is negligible, However,
that interpretation, rather than being supported by scientific analysis is instead supported
by only its own opinion. In fact, the importance of this degree of storage should be
assessed thoroughly and considered in light of the range of effects that are projected to
come about with Site C.
The significance of being able to further delay the freshet by this amount, and lower the
peak flow by a corresponding amount can be further investigated by referring back to
Figure 7 in section 2.2.1.5. That figure implies consequences on recharge of poorer freshet
characteristics in relation to recharge potential. The added reservoir would enable BC Hydro
to incrementally reduce the quality of a given freshet with respect to its recharge score
which would reduce the likelihood of recharge, that is to say, hydraulic damming and flow
reversals would be slightly lower, with costs to the PAD. This analysis is a qualitative one
only due to limited available time and resources. With additional resources, these costs
could be quantitatively and probabilistically evaluated in relation to data archive of 53
freshets with measured flow reversals.
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Table 5. Drainage areas of BC Hydro’s existing and proposed Peace River dams and storage capacities of associated
reservoirs.
Dam

Drainage Area (km2)

(Reservoir)

Incremental Mean Annual
Flow Input (m3/s)

Reservoir12 (m3)

Time Period During which
Reservoir is Capable of
Holding Back Flow
Determined for Three Flow
Rates Expressed in m3/s
(# days)

Increment

Total

Increment
(and %)

Total

Total
Volume1

Active
Volume2

400

700

1,000

69,930

69,930

1,135 (56)

1,135

74,000 x 106

39,500 x 106

1,143

653

457

Peace
Canyon
(Dinosaur)

3,070

73,000

41 (2)

1,176

216 x 106

49 x 106

1.4

0.81

0.57

Site C

14,314

87,314

1003 (5)

1,276

2,310 x 106

165 x 106

4.8

2.7

1.9

Site C to
Peace Pt

205,686

293,000

756 (37)

2,032

GM Shrum
(Williston)

N/A

1 – the total reservoir volume at maximum licensed pool
2 – the difference in reservoir volume between maximum and minimum licensed pools
3 – Moberley 10 m3/s; Halfway 75 m3/s; Cache/Farrell/Lynx 15 m3/s
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Figure 11 offers additional insights to understand the opportunities and costs associated
with Site C. To create the plot in Figure 11, two leading indicators of hydrologic recharge
are plotted in relation to the leading human threat to open-water recharge (an indicator
reflective of ice-jam recharge is not readily available), namely, the delay in release of the
freshet from the Williston Reservoir. It is attractive to BC Hydro to delay the release of the
annual freshet so that more water will be available for the subsequent winter when
electrical power is more valuable. The plots show a trend illustrating that the longer that
the water is held back, the lower is the degree of recharge that results. There is
considerable scatter because of the many other controls on recharge. Due to limited time
and resources, it was not possible to conduct a detailed statistical analysis to more
thoroughly resolve the extent to which this control governs open-water recharge. The preregulated freshets are also shown on the plot for comparison with the regulated freshets.
The drawdown start date of the pre-regulated freshets was chosen as the peak flow date
because that represents the date at which the falling limb of the hydrograph begins (a
parallel to the Williston drawdown curve). The pre-regulated years are associated with high
recharge and this plot suggests that the date of the delay in the peak is an important factor
in shaping recharge.
This approach could be used to further assist the Panel in determining the actual
environmental costs associated with the incremental increase in hydrograph control
provided by Site C. Additional data and analyses would be needed to complete the
assessment. It could be used to identify the costs and opportunities of the new reservoir.
On the one hand, another reservoir offers BC Hydro opportunities to store water to differing
degrees and generate electricity accordingly. On the other hand, the open-water recharge
costs of the increased degree of control can be better assessed so that appropriate
mitigation can be evaluated by the Panel (see section 3.2.7).

3.2.4 Climate Change
The conservative (i.e., underestimating) nature of Global Climate Models (GCMs) combined
with the accelerated pace of emissions of global greenhouse gases means that climate
change introduces both large uncertainties into the assessment outcomes generated by BC
Hydro in its EIS in addition to expected underestimates of the extent of change. Climate
has a strong effect on the magnitude and nature of downstream physical changes
associated with Peace River regulation. BC Hydro recognizes this by considering 2050s and
2080s climate scenarios in its physical assessments of Site C effects. The (indefinite)
temporal scoping of the project points to the need to examine long-term changes in climate
and be conservative now in emissions assumptions (i.e., higher emissions) when evaluating
climate impacts. This section reviews BC Hydro’s approach to determining and applying
climate change scenarios in the Site C EIS and identifies shortcomings in its approach.
BC Hydro develops two climate change scenarios (2050s, 2080s) based on average
modeling provided by the Pacific Climate Impacts Consortium (Schnorbus et al. 2011).
These scenarios are determined as averages from a collection of projections from GCMs.
They result in increased temperatures in the 2050s and 2080s and corresponding increases
in precipitation. However, these estimated changes in climate parameters are
underestimated as explained below, and should be relied upon with caution.
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Figure 11. Decline in a) annual flow reversals and b) the annual maximum level of Lake
Athabasca in relation to the effective annual start date of drawdown of the Williston
Reservoir (expressed as Julian Day: 150 = May 20; 300 = Oct 17).

Site C Downstream Impacts – Submission to JRP, November 2013

65/89

Aqua Environmental Assoc.

It is increasingly recognized that the GCM projections are underestimating the climate
changes that are most likely to occur due to the exclusion from the GCMs of many feedback
inputs important to the climate system. GCMs currently include a wide range in climate
feedbacks, called fast feedbacks, which include Plank response, changes in atmospheric
lapse rate, water vapour, clouds, sea ice, snow cover, and natural (i.e. non-anthropogenic)
aerosols (AR5, Ch9, p 9-133). According to Previdi et al. (2013), there is mounting
evidence to suggest that additional feedbacks should be included” in the models. Feedbacks
that are underrepresented or not represented in the current models include permafrost
melt (MacDougall et al 2012), ocean pH (Six et al 2013), ice sheet/vegetation albedo
(Previdi et al 2013), forest combustion (Bowman et al 2009), methane hydrates (Previdi et
al 2013), and microbial processes in global soil carbon (Wieder et al 2013). Evidence of
these excluded feedbacks is provided from many sources:


hind-casted model projections (Sluijs et al. 2006; Torn and Harte 2006)



arctic sea ice data (Greene et al. 2013; Overland & Wand 2013; Rampal et al. 2011;
Stroeve et al. 2013)



sea level rise data (Allison et al. 2009; Shepherd et al. 2012; Wouters et al. 2013)



ocean temperature data (Balmaseda et al. 2013)

Torn and Harte (2006) looked at temperature and atmospheric changes during the past
400,000 years and found evidence for, as yet, unaccounted-for increases in both CO2 and
methane (CH4) levels as temperatures rise. They conclude that if all missing feedbacks
were correctly accounted for in current climate models, then “we would be predicting a
significantly greater increase in global warming than is currently forecast over the next
century and beyond” and that “there is evidence that many of these processes could
operate on the century time scale.”
While the underestimates provided by GCMs are shaped by their conservative make-up,
they are also shaped by the emissions scenarios that are used as inputs. Current global
rate of emissions is increasing by over 3%/year, higher than all the IPCC emissions
scenarios input into the GCMs. As shown in Figure 12, emissions are tracking the worstcase scenario and there is no sign of it abating. (See Peters et al. 2013.) At current rates,
atmospheric concentrations of CO2 will reach almost 1000 ppm by the end of the century,
far outstripping the assumptions followed by projections such as the more moderate
scenarios used in BC Hydro’s EIS for the Site C project:
“Future projections in this report are based on three emission scenarios: A1B,
A2, and B1. The A1B scenario, often seen as the most realistic scenario, belongs
to the A1 family of scenarios with a balanced use of different energy sources,
where balanced is defined as not relying too heavily on one particular energy
source. The A2 storyline and scenario family describes a heterogeneous world
with regional economic development and fragmented technological change. The
emissions trajectories for A2 and A1B are such that the projected climate
response to A1B is generally larger compared to A2 by the mid-21st century, but
reversed for the end of the 21st century.”
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Figure 12. Global CO2 emissions since 1980 compared with emission scenarios used in IPCC
models.

These (underestimated) changes in climate are considered by each component assessment
reviewed in section 3.1. Unfortunately, the approach followed by BC Hydro to model and
interpret the potential effect of climate change on its assessment outcomes additionally
underestimates likely changes that will come about by 2050s and 2080s. For example, in
the EIS Downstream-Ice Report, only the surface air temperature is changed, all other
variables remain the same. As discussed in section 3.1.3, other hydroclimatological
changes and management responses will emerge with climate change. For example, with
respect to downstream ice, mid-winter thaws will occur potentially destabilising and
releasing river-ice cover long before the spring freshet. In the EIS
Geomorphology/Sediment Report, only professional opinion is provided as to the climate
change implications for the assessment under the two scenarios and it appears to have
been limited by an absence of required relevant data (section 3.1.4). These climate change
simulations are simplistic and avoid consideration of even basic companion changes as
discussed in the noted sections. In addition, however, a wide range in related hydrogeomorphic changes will come about with climate change and these are disregarded by BC
Hydro in its climate change simulations.
These shortcomings in how the EIS characterizes climate change ripple through the
assessments and consistently underplay quantitative implications on the ground. Most
notably, this has implications for the downstream-ice assessment though all the basic
physical assessments are affected. Notably, the effects of Site C can be expected to
penetrate farther downstream under the 2050s and 2080s scenarios than is portrayed by
the EIS, casting further doubt on the validity of EIS spatial boundaries. BC Hydro does not
inform the Panel of the unreliable nature of its climate change projections and the
implications for underestimating associated impacts throughout the EIS.

3.2.5 Subjectivity
Subjectivity in EIA decision-making occurs when there is an emphasis on personal
experience, opinions and/or beliefs. When present, it often draws on the assumptions,
values or prejudices of those involved in the process. Subjectivity in scientific work may
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lead to results that cannot be consistently replicated and universally accepted and thus
may be unsuitable for EIA decision-making (adapted from Mostert 1996 and Tennoy 2008).
Hicks (2011) describes the attributes of an effect in an EIA that are required to be
evaluated, according to BC’s Environmental Assessment Office (EAO). These factors are
described in EAO (2011, p 12-13) and follow the guidance provided by the Canadian
Environmental Assessment Agency’s guide to carrying out impact significance
determinations (FEARO 1994). These significance factors provide a list of characteristics of
an effect that may need to be determined in order for the effect’s significance to be
assessed. Unfortunately, although the EAO considers factors of magnitude, probability,
geographic extent, duration, frequency, reversibility and context to arrive at a significance
determination, it does not provide guidance on how these factors are to be considered.
There is a gap evident in the consideration given by BC Hydro in its evaluation of changes
as determined by its models. Although its models determine quantitative changes in some
key system characteristics, at times BC Hydro expresses its view of the importance of these
changes without giving its rationale (see below for examples). In the terms of the EAO
guidance introduced in the previous paragraph, understanding the context of effects is
critical to providing a rationale for rating an effect’s importance. BC Hydro demonstrates a
lack of consideration of the context within which changes will occur in relation to Site C.
Context is one of the EAO’s significance factors, and is defined by the EAO as “the ability of
the environment to accept change.” Hicks (2011) suggests: “For example, the effects of a
project may have an impact if they occur in areas that are ecologically sensitive, with little
resilience to imposed stresses.” How contextual factors have been considered and weighted
would thus be of importance to the EAO and, presumably, to the Panel. This is of greatest
concern in the EIS when BC Hydro provides only its own subjective view to dismiss the
importance of a change indicated by a modeled output. Situations where a modeled change
is deemed unimportant demand an objective and strong rationale following criteria similar
to those required by the EAO and CEAA in reaching significance evaluations, and
particularly in situations where the context is of a sensitive and valuable ecosystem
component, such as the PAD’s perched basins, already degraded by existing stress.
An EIS must avoid the excessive use of subjectivity to avoid the potential for it to lead to
bias. Of particular concern are instances of weak and inappropriate subjectivity forming a
systematic trend leading to a preferred outcome, perhaps due to a string of beliefs and bad
assumptions, rather than due to transparent reliance on facts and other defensible
elements. (Adapted from Huessemann 2002 with Tennoy et al. 2006). Bias is a systematic
trend in subjective considerations that leads to a preferred outcome and can be intentional
or unintentional. High uncertainty in assessment outcomes can increase bias vulnerability,
particularly when uncertainty is poorly assessed or communicated. (See next section for
further discussion on uncertainty.) The more varied perspectives that can be brought to the
analysis, from a range of scientific peers, from a broader diversity of stakeholders, and if
possible from other cultures, the more likely the outcome will not be detrimentally
influenced by bias (Beder 1993; Huesmann 2002). The remainder of this section
summarises some groupings of subjectivity demonstrated by BC Hydro in its EIS and
supporting documents, providing a few examples of each type of inappropriate subjectivity.
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1. Subjective Interpretation with No or Weak Reference to Context
a) BC Hydro avoids conducting a cumulative effects assessment looking at the hydrologic
recharge of vulnerable and valuable PAD perched basins in reference to a pre-regulation
baseline.
b) Although the EIS refers to natural variability (PAD Technical Memo; EIS Section 11), it is
not explained how it is determined when a measured effect is rendered unimportant in
relation to a system’s variability (past and present). Neither does BC Hydro explain the
meaning of natural variability in a managed flow regime. See section 3.2.1 for a further
discussion of the flaws in BC Hydro’s understanding of the context of the range of
natural variability.
c) Evaluation of an effect as “negligible” (Amended EIS Section 11, p 11-82) with no
regard for interpreting the measured level of effect in terms of its importance to the
affected ecosystem components is unreliable. This is of particular concern when the
affected component is already highly stressed. The importance of the level of change
cannot be dismissed a priori without thoughtful consideration of the functions that might
be compromised. Of particular concern in the present case are PAD’s hydrologic
recharge mechanisms and the hydrologic condition of the PAD and its perched basins.
d) In the EIS Downstream-Ice Report, simulated changes in downstream ice (with and
without climate change) are not interpreted within the context of hydrologic recharge
which depends on downstream ice.
2. Undefined or Weakly Defined Subjective Terms
a) BC Hydro uses a variety of diminutive expressions to describe small changes either in
terms of effects assessment where the differences are treated in two ways:


The differences are minimized as in model calibration/validation exercises where the
comparisons are deemed “reasonably accurate”, (EIS Downstream-Ice Report) and
when there is “no appreciable influence” (Downstream Impacts Report).



Differences are evaluated as unimportant with diminutive terms such as “negligible”
and “small” (EIS Section 11).

b) BC Hydro uses the expression “natural variability” but does not define the term. (EIS
Section 11; PAD Technical Memo)
3. Opinions with a Weak or Highly-Contested Scientific Basis
a) The EIS Section 11 and the PAD Technical Memo provide summaries of science related
to the mechanisms that connect the Peace River to the hydrologic recharge of the PAD.
BC Hydro’s choice in recalling scientific work is highly selective, suggesting opinion
rather than a balanced objective viewpoint. The content of the science review provided
in section 2 of this present document has largely been disregarded by BC Hydro in
favour of a narrow framing of the science that supports an objective consistent with
minimizing the potential effects of Site C. This implied subjectivity is unfortunate
because this critical science gap now stands in the way of understanding the Project’s
potential impacts. Its own finding that dismisses the role of regulation is highlySite C Downstream Impacts – Submission to JRP, November 2013
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contested and actually has little basis in the scientific literature most of which has been
disregarded by BC Hydro.
b) BC Hydro provides a discussion of the potential for its flow regime changes to cause
changes in the ice-jam mechanism (EIS Section 11). It concludes subjectively that it is
“unlikely” that the probability of ice jamming would be changed however it provides only
a vague and speculative commentary on a re-freezing process. Given the critical
importance of ice-jamming to PAD recharge, this weak opinion is insufficient in the EIS.
c) BC Hydro equates the potential for Site C to affect the ice jam mechanism with the
potential for Site C to change the presence/absence far downstream (EIS Section 11). It
models presence/absence of ice, then, rather than modeling ice-jam likelihood. This
approach has critical implications in the EIS and weak defense in the relevant scientific
research. If it is to be pursued in an EIS, it should be strongly defended in the relevant
scientific literature.
4. Dismissal of Importance Reached with Limited Defense/Justification
a) On a number of occasions, BC Hydro identifies graphically or qualitatively an amount of
downstream change then subjectively describes it as “negligible” thus discontinuing
further analysis of its importance. It has provided some explicit percentages associated
with these numerous subjective assessments of “negligible” - see s.11.4.5.2.7 of the
amended EIS. BC Hydro bases this analysis on a study of changes to the magnitude of
peak flows, frequency of high and low flows, and on the increase in the daily range of
water levels. However, BC Hydro continues to avoid objective science-based
interpretation of the meaning of these modest changes for the downstream ecosystems
impacted. The context in which Site C is proposed (see item #1 above) and the wide
range in assumptions and simplifications that are evident in the EIS science make it
implausible to accept these subjective determinations on face value. Consistent with the
EAO’s guidance document discussed above, these situations demand that greater
rationale be provided so as to be able to know whether the judgments are scientifically
sound.
b) The dismissals of effects importance associated with the construction period appear to
lack evidence in the EIS. (EIS Section 11). The expression “expected to” (p 11-108) is
vague and does not provide evidence of the outcome nor indicate the likelihood of it
coming to pass.
c) The PAD Technical Memo downplays the contribution of the Peace River to recharge of
the PAD: “The Peace River provides a small contribution to the inflows to the PAD. This
contribution prior to flow regulation has been calculated to be approximately 3% of the
total annual water budget of the PAD”. BC Hydro avoids mentioning that a large portion
of the PAD’s water budget (from other sources) is retained in the PAD because of the
hydraulic damming of the Peace River. It depends on characteristics of the Peace River
which support hydraulic damming. The PAD Technical Memo avoids informing that the
same study that determined the 3% contribution from the Peace River also found that
half of the decline in PAD recharge during filling was found to be due to regulation.
Subjectivity in EIA analyses, such as the types presented above from BC Hydro, may lead
to results that cannot be consistently replicated and universally accepted and thus may be
unsuitable for decision-making. Mostert (1996) provides a set of recommendations to deal
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with issues associated with subjectivity in environmental impacts assessments (EIAs). He
suggests that subjectivity (and uncertainty) will always be a part of EIAs, to some degree,
and that it is most important to recognize it where it exists so that it can be understood
and addressed. Individual and occasional subjectivity occurrences may be acceptable
because when they are balanced by suitable objectivity. When in greater number, and
when they link together to a specific outcome, extensive subjectivity may be problematic to
the Panel in developing an informed science-based decision, particularly when the
subjectivity is consistently favourable to the Proponent.

3.2.6 Uncertainty
Uncertainty can be defined as the inability to determine the true magnitude or form of
certain variables or characteristics of a system (adapted from Liu et al. 2008). High
uncertainty in assessment outcomes can increase bias vulnerability, particularly when
uncertainty is poorly assessed or communicated. Uncertainty in impact assessment,
particularly if it involves consideration of impacts decades out, presents challenges to
scientists and decision makers. Uncertainty analysis involves propagating error throughout
an entire assessment and facilitates an improved understanding of impacts (Geneletti et al.
2003). Scenario development can improve the utility of EIA outputs (Duinker and Greig
2007) by allowing decision makers to explore a range of risks and sensitivities and has
become a well accepted approach to explaining uncertainty by focusing on characterising
plausible types of future situations and their associated risk levels.
In contrast with the above “best practices” in describing uncertainty, the EIS Section 11
does not provide plausible quantitative estimates of the reliability of its assessment
outcomes. In response to the First Nations’ request for more information as to the
uncertainty of model outcomes, BC Hydro (2012b) provided a summary of information
about the simulation models used in the assessment of Site C’s downstream impacts. The
summary provided is largely a description of the models (i.e., general description, the
developer, year of development, etc) and does not provide estimates of reliability of the
model outcomes. It does indicate that for several of the models (HYSIM, GOM, SWAN),
calibration and validation are not possible nor carried out. (No alternative presentation of
uncertainty was indicated for these.) For other models, a website was provided for further
general information about the models but with no indication as to the uncertainty
associated with the model outcomes provided in the Downstream Impacts Report.
There is frequent unquantified and uncommunicated uncertainty in the EIS Section 11
provided by BC Hydro. The ambiguity that results puts decision-making in jeopardy
because it is difficult for the Panel to understand the reliability of statements made and
conclusions reached in technical assessments, yet this reliability should inform the Panel’s
decisions.
A review of one of the detailed assessments (EIS Downstream-Ice Report) suggests that
the errors and uncertainties associated with climate change, nested models, and multiple
dynamic baselines are not adequately considered. For example, as discussed in section 2,
Site C accelerates the documented decline in the period and/or extent (depending on
location) of ice cover on the Peace River yet the EIS Section 11 does not discuss this rolling
temporal risk and its associated future uncertainty.
Some specific suggestions to improve BC Hydro’s treatment of uncertainty include: a) be
quantitative, explicit, and upfront in expressing the confidence in assessment estimates, b)
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describe and rank the main sources of uncertainty in each assessment, c) quantify the
overall confidence in the outputs using error propagation (where feasible), and d) where
qualitative (or subjective) descriptions of uncertainty are provided, define the terms used.
It is also suggested that BC Hydro provide an integrated assessment of uncertainty
associated with its models including compounded and interacting errors resulting from its
nested models.
Uncertainty should be determined, acknowledged without bias and communicated
effectively. For example, when communicating the uncertainty associated with climate
change, it should be acknowledged that the GCMs are expected to yield underestimated
projections because there are feedback mechanisms that are not included in the models.
Scenario analyses are put forth as an effective strategy for communicating effects
outcomes and their uncertainties (e.g., Duinker and Greig 2007). According to Abaza et al.
(2004), “Rather than relying on predictions, scenarios enable a creative and flexible
approach to preparing for an uncertain future…Most studies develop three to five scenarios
that are subsequently analysed in detail.” BC Hydro’s use of scenarios for communicating
uncertainty is highly limited.
At a minimum, the EIA should be following reasonable principles of best practice. Abaza et
al (2004, Chapter 3) provide a chapter on Principles and Elements of EIA Good Practice. In
their discussion of evaluating impact significance and coping with uncertainty in the EIA,
they point out that uncertainty does not invalidate the predictive approach, but rather an
explicit attempt must be made to cope with uncertainty. They emphasise that where
uncertainty is high, the confidence limit and margin of error of EIA predictions should be
indicated and emphasis given to necessary follow-up actions.
BCH has indicated that the examples it has provided in its downstream impacts report (BC
Hydro 2012a) are the most probable. It appears that the same assumption is to be applied
to the EIS. However: 1) BC Hydro doesn’t indicate this fact to the reader, 2) BC Hydro
doesn’t share the probability of the outcomes, and 3) BC Hydro doesn’t provide information
on other plausible scenarios, particularly ones that might tell a contrasting story or
outcomes that are less favourable to those downstream.
BC Hydro should provide an addendum to its EIS to acknowledge quantitatively and
qualitatively the extent of uncertainty in its assessment outcomes and their potential
implications for estimating and interpreting the future scope of downstream impacts.
Sensitivity analyses of selected factors is not equivalent to an uncertainty assessment.
Climate Change
In an October-2012 meeting with BC Hydro, modellers with BC Hydro indicated that, in
general terms, the models themselves are well developed and accurate and that output
uncertainty is largely controlled by the input uncertainty, and in particular the climate, and
hence by climate change. However, the degree of uncertainty expressed by BC Hydro’s
modeling team is not well communicated in its EIS. It is suggested that the EIS should
address the quantification and communication of uncertainty in a more rigorous and
transparent manner than is provided. Such an approach would signal to decision makers
and others affected by the proposal the degree to which a) resilience should be built into
the mitigation strategies and b) precaution should be embodied in the decision.
The EIS Climate Change Report (p19) states:
Site C Downstream Impacts – Submission to JRP, November 2013

72/89

Aqua Environmental Assoc.

“Up until the 2050s, global climate models are found to contribute more to
overall uncertainty than the different greenhouse gas emission scenarios. Beyond
the 2050s, emission scenarios become more important and emerge from all
other uncertainties. The standard approach in climate change modelling is to
address these uncertainties by simulating an ensemble of future scenarios using
a range of emission scenarios and a range of global climate models. All studies
that form the base of this report addressed uncertainties by following this
approach.”
It should be obvious from the preceding discussion that this approach can be expected to
significantly underestimate the magnitude of climate change that is likely to come about, in
addition to underestimating the extent of uncertainty associated with it. However, again,
the scope of uncertainty has not been communicated to the Panel in the EIS and its
supporting documents.
The Hydrologic Impacts of Climate Change Report (BC Hydro 2013k, p2) states:
“When working with climate change scenarios, it is important to realize that the
goal of working with the scenarios is not to predict the future, but to better
understand uncertainties in order to reach decisions that are robust under a wide
range of future scenarios.”
The approach followed in the EIS and described in the EIS Climate Change Report does not
accomplish this objective. Uncertainties will be underrepresented and the mean projected
response will also be underestimated. This will have consequences for all the EIS
assessment components that depend on this climate change methodology. Given that our
recent past and present emissions are exceeding all scenarios run by previous IPCC
modeling, more emphasis should be placed on the higher emission scenarios. More
emphasis should likely be placed on the A2 and A1Fi scenarios where there is an
assumption of continued dependence on fossil fuels, and continuing high emissions. The A1
scenario, which assumes a rapid increase in low carbon energy use, could be considered a
moderate probability lower limit. The B2 scenario, which assumes we make drastic cuts in
emissions in the near future, should be considered as a very low probability lower limit.
Consideration should be given for the important feedbacks that are not included in the
GCMs.

3.2.7 Precautionary Risk-Based Mitigation
Both regulation and climate variability contribute to declines in the hydrologic recharge of
the PAD. The sections above have identified the gaps in the EIS assessments and shown
how Site C could have incremental effects on PAD recharge. In light of this, it is appropriate
to consider potential mitigation measures. Most interestingly, embedded in hydroelectric
regulation is the potential to mitigate or correct for some of the problems that it creates. In
the face of deepening climate change, there is a growing need to develop resilience3.
Resilience theory provides a way of looking at ecological (and social) systems that
acknowledges their changing nature. A resilient system can bounce back and function after
it is disturbed and, if necessary, may evolve more successfully to a new state. This section
provides a review of informed perspectives on mitigation measures that the Panel could
turn toward in these circumstances to address Site C’s incremental impacts on the PAD and
simultaneously enhance the resilience of the PAD in the face of climate change.
3

www.resiliencealliance.org
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As the climate warms with anthropogenic climate change, the impacts of regulation can be
expected to increase, particularly as (unknown) thresholds are crossed in ice competence
and mid-winter melt begin to occur. Rather than let the situation grow increasingly
negative for the PAD, the potential exists to use the dams for mitigation. This objective is
supported by BC EAO (2012). Such a mitigation attempt was successfully tested by BC
Hydro in 1996 with a springtime release to enhance the likelihood of ice jamming near the
PAD when downstream hydrometeorological conditions appeared conducive to ice-jam
formation. In the spring of 1996, a natural ice jam began to develop. As reported by
Prowse et al (2002), regulated flows were increased to assist successfully in potential
flooding and as a result, the PAD experienced its first major flood in over 20 years. This
springtime intervention, perhaps in conjunction with a subsequent 1996 summertime
drawdown of the Williston Reservoir to address concern over a sinkhole, provided the preconditions that led to a further major 1997 recharge event. BC Hydro view of this event is
as follows (BC Hydro Response Report):
“In April 1996, an ice jam on the Peace River caused overland flooding in the
PAD, which recharged a number of perched basins in the region. During the ice
jam, BC Hydro, in consultation with Alberta Environment, released additional
flows in an attempt to augment and magnify the ice jam flood in the vicinity of
the PAD. However, these additional flows arrived too late to meaningfully
influence water levels in the PAD. This attempt demonstrated the difficulty
coordinating the timing of a flow augmentation with the various other conditions
necessary to cause a mechanical break up and ice jam.”
Curiously, this view is contrary to the hydrologic data analysis reviewed in the present
report (see section 2.2.1.5 and the discussion provided below in this section) and the
following perspectives and analyses of senior researchers in this field.
Since the 1996 effort, various scientific studies have been completed that now offer greater
insight into the nature of intentional releases that would generate the conditions for major
ice-jamming in the Delta reach of the Peace River. Beltaos (2003) examined three known
distal ice-jam locations and determined that a threshold value of 4000 m3/s is needed at
these sites. “The model was also used to assess the effectiveness of extra flow releases at
the Bennett Dam in enhancing the flooding potential of ice jams occurring in the Delta
reach of Peace River. It was shown that the 1996 release would have increased local water
levels by at most 0.27 m. This applies to conditions on 3 May 1996, and corresponds to a
flow enhancement of about 300 m3/s. Greater increases are possible, depending on the
magnitude and timing of the release.” This modeling demonstrates that enough is known of
the ice-jam mechanism in this site and in relation to intentional mitigative springtime
Bennett releases that the ice-jam mechanism could be enhanced if the regulators were
interested. Subsequent work by LeConte et al (2001), Beltaos et al (2006a), Prowse et al
(2006), and Beltaos et al (2006b) has reinforced these findings about mitigation:


Prowse et al. (2006): “Analysis showed that augmenting flow during the spring breakup
period through an enhanced flow release substantially contributed to recharge flooding
of the PAD in the spring of 1996. This raises further hope that similar strategies might
be used in the future to combat the negative effects of climate change on this aquatic
system.”



Beltaos et al. (2006a): “Using archived hydrometric data and in situ observations, the
ice regime of the lower Peace is described and quantified, setting the stage for
identification of the conditions that lead to ice-jam flooding and replenishment of Delta
habitat.”
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Beltaos et al. (2006b): “Modified regulation procedures that reduce freeze-up stages
and increase spring flows can enhance the probability of ice-jam flooding.”



Leconte et al.’s (2001) examination of BC Hydro’s 1996 releases, “(m)odelling results
indicated that the effect of the [freshet] spill on the flow regime of the LA-PAD [Lake
Athabasca – Peace Athabasca Delta complex] was approximately equivalent in
magnitude, i.e. maximum water levels and flows, although different in timing, to that
which would have occurred from the prevailing hydroclimatic conditions in an
unregulated system. However, the hydrodynamic regime observed at the end of the
summer 1996 was very similar to that modelled under unregulated flow conditions,
suggesting that flow regulation could be used to alter the hydrodynamic regime of a
large delta to at least partially restore natural conditions.”

Changes in the pattern of Peace River flow regulation clearly offer an opportunity to
compensate for ongoing regulation-induced declines in ice-jam flooding and consequent
loss of hydrologic recharge.
Equivalently, a risk-based system for ice-jam conditions could be developed.
The insights of Leconte et al (2001) and others are reinforced in Figure 11 provided earlier
in section 3.2.3. In that figure, the volume of flow reversals and maximum level of Lake
Athabasca (recharge indicators) are plotted in relation to the effective start date of the
annual Williston drawdown. The pre-regulated and regulated points form independent
clusters with the pre-regulated outcomes delivering far stronger recharge than the
regulated behavior. The 1996 event stands out as the only point from the regulated period
that plots within the pre-regulated cluster of points. This graphically illustrates how the
interventions of the summer of 1996 simulated a pre-regulated hydrograph with respect to
PAD recharge. Consistent with Traditional Ecological Knowledge, the effect persisted into
1997 which was also a strong year for recharge despite the resumption of standard timing
of Williston drawdown (this is consistent with the fourth recharge control introduced in
section 2.1.2.)
The opportunity for using the Peace River dams to mitigate their damage to the PAD
appears to be greater than it ever has been before. The 1996 initiative has given valuable
information for guiding future attempts. Subsequent scientific work has clarified the
minimum conditions required for success and helped resolve many of the process issues
associated with intentionally creating distal ice-jams in the Delta reach. As climate change
deepens, the EIS Climate Change Report (also: Schnoorbus et al 2011; BC Hydro 2012c)
recognize that a greater volume of water is expected to be available to put through the
generating stations. This increased runoff availability can help offset the mitigation costs
associated with lost power opportunities. Of course, with Site C also on line, the increased
revenue generation can help to offset the (opportunity-loss) costs of mitigating the
negative impacts of the proposed hydroelectric facilities on the hydrologic recharge of the
PAD. In its supplemental information request #76 to BC Hydro, BC Hydro (2013m) has
responded that even though the latest IPCC5 (Intergovernmental Panel on Climate Change)
results show ever increasing confidence in the model projections of higher precipitation for
the Williston Reservoir, it remains uninterested in managing its facilities in anticipation of
this increased power opportunity. Regardless of BC Hydro’s conservative approach to its
revenues, all sources recognize the same opportunity in the coming years: more water will
be available to use beneficially, including for mitigation as outlined above.
As an example of a relevant regional decision-support system, Mahabir et al (2006a)
successfully demonstrate the use of multiple linear regression for estimating maximum
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water level in the lower Athabasca River during spring breakup using 106 input variables.
This same sort of approach could be used to investigate the break up of the Peace River at
Peace Point including the role of regulation in this behaviour. In Mahabir et al (2006b):
“A neuro-fuzzy model was able to simulate water levels with an R2 of 0.88,
performing equally in comparison to a multiple linear regression model based on
twice as many input variables, some with much less lead time. The performance
of this neuro-fuzzy model with relatively few input variables holds promise for
modeling sites where the volume of available data is limited.”
This and other decision-support models can be adapted to the Peace River situation to
identify the conditions including (regulation-related variables) required for triggering
changes in ice-jam size and frequency in the Delta reach.
BC Hydro routinely demonstrates application of this type of decision-support in its annual
attention to the prevention of ice jams in the Town of Peace River under its Water Use Plan
for the Peace River (BC Hydro 2007). BC Hydro goes to considerable efforts to create
specific downstream ice conditions that prevent dynamic breakup events in the vicinity of
the Town of Peace River (Jasek 2006; Alberta-British Columbia Joint Task Force on Peace
River Ice 2010) while enabling the maximum extent of power production. Jasek et al.
(2007) describes in detail the progression of flow adjustments implemented by BC Hydro in
the 2006/2007 winter to manage the ice front in relation to the Town of Peace River. This
description highlights the active role BC Hydro plays in modifying the Peace River
hydrograph for relatively proximal objectives set by the Water Use Plan. There exists the
opportunity for BC Hydro to include companion distal objectives in its efforts to increase
ice-jam likelihood in the Delta reach. It appears that except for its efforts in the spring of
1996, BC Hydro has not made downstream ice-jam generation a focus instead emphasizing
the lack of connection between its activities and the occurrence of ice jamming in the Delta
reach (see section 3.2.1).
Management strategies can be developed and tested to create system conditions that
enhance resilience rather than diminish it. As climate change advances and takes the
Peace-Athabasca system across spatially and temporally diverse functional thresholds, its
ecological health will be strongly dependent on today’s (and the past’s) management
choices and their effectiveness in generating resilience throughout the system. For
example, which operating regimes of the existing dams could generate resilience in system
components such as the PAD perched basins? The absence of adequate flooding in the PAD
has knock-on effects for the ecosystem and the human communities that depend on an
intact and healthy ecosystem. For example, it is suspected that the reduction in PAD
flooding may be leading to a build-up of contaminants in the PAD. These consequences
highlight opportunities to build resilience into approval decisions, in the face of climate
change and myriad uncertainties.
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4.0 INTEGRATION AND CONCLUSION
The technical findings discussed in sections 2 and 3 are brought together in this section in
order to consider the implications of this report in an integrated summary.
The PAD is a complex system under stress and pressures continue to increase due to
human activities. The Site C proposal would further increase this pressure, at a time when
additional resilience is needed in the face of climate change. Key implications of the present
review are summarized including suggestions for addressing EIS deficiencies. The potential
for mitigative steps are discussed to address added pressure due to Site C.

4.1 A Complex System Under Increasing Stress
The year 1968 ushered in a period of extreme stress on the hydrologic recharge of the PAD
with the filling period of the Williston Reservoir. In 1972, this transitioned to an ongoing
impact consistent with an operational regulated hydrograph that has been in place ever
since. In recent decades, a combination of climate change and climate variability has
resulted in episodes of warmer winters that have amplified the effects of regulation.
Although it is difficult to scientifically assess given the lack of information provided in the
EIS, water withdrawals for oilsands mines have also exacerbated recharge challenges by
reducing the size of the Athabasca River freshet. Of course, in addition to these dominant
stressors, a host of other impacts have been underway to differing degrees over recent
decades (eg, dredging, weirs, land use changes) further aggravating the primary stresses
associated with regulation and climate.
Regulation impacts are associated with an ability to control the river’s hydrograph and store
the water over varying durations. With this control also comes changes in the extent and
competence of downstream ice with consequences for higher flood levels able to reach the
remote “perched” basins that otherwise dry out. The simultaneous occurrence of climate
change is modifying spring freshet flows and, in general, further lessening the extent and
competence of river ice, thereby accelerating and amplifying the impacts of regulation on
PAD recharge. The Site C reservoir is of a size and location that its effects can only
exacerbate those already present from existing regulation.
Given the shortcomings of the EIS with respect to assessing the potential effect of Site C on
the PAD’s hydrologic recharge, it is not possible to rely on the EIS to fully describe Site C’s
incremental impacts. BC Hydro’s analysis of Site C’s potential effects on hydrologic
recharge is scientifically unreliable and underestimates those potential effects. As an
alternative, the present report provides a partial understanding of the effects by
considering the ways in which Site C is projected to change the factors that control PAD
hydrologic recharge as described in section 2 above. These insights have been
supplemented by an interpretation of the (understated) EIS assessment results. However,
until these recharge-related factors have been properly assessed, it will not be possible for
the Panel to reach an informed determination about the potential effects of Site C on the
PAD’s hydrologic recharge.
If these incremental changes were occurring within a wild Peace River, the PeaceAthabasca system may be sufficiently resilient to withstand the pressures and continue to
deliver recharge events able to support the hydrologic recharge of the PAD. However,
because these changes come on top of many existing impacts, and in conjunction with a
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compromised recharge, this increment is an important part of creating the “straw that
breaks the camel’s back” particularly during episodes when the various recharge controls
conspire unfavourably. Given the rising pressures of climate change, the Site C proposal
would accelerate the timing of occurrence of unusual or threshold-crossing events involving
river ice that are problematic to recharge and may be associated with a new emerging
hydro-climatology in the Peace River (eg, mid-winter thaws).
Without mitigation, Site C can only deepen the impacts that have been caused by the two
dams already existing on the Peace River. Figure 4 (section 2.2.1.2) illustrated the
immediate decline in flow reversals that came with regulation (during the reservoir-filling
period). As discussed in section 2, the changes in the Peace River’s hydrograph brought
about by the existing dams have had an effect on the flooding dynamics within the PAD,
largely through changes in the ice-jam flooding mechanism and changes in flow reversals.
Figure 7 (section 2.2.1.5) illustrated the way in which the Peace River’s freshet
characteristics (analysed in the context of the larger Peace-Athabasca system) shape the
extent of flow reversals (and hydraulic damming) with and without regulation and
highlighted the pronounced influence of effective ice-jam events on recharge. Figure 11
(section 3.2.3) provided further illustration of how changes in the regulated hydrograph
could be made to improve recharge. For example, a) earlier drawdown of the Williston
reservoir to enhance hydraulic damming and flow reversals, and b) targeted time-sensitive
flow releases to increase the likelihood of major ice-jam events in the Delta reach during
favourable freshets.
Once a pristine resilient system, the PAD is now a vulnerable system due to prolonged and
rising negative pressure on the recharge of its wetlands and lakes. Decades of persistent
and rising human impacts have compromised its ecological condition due to a reduction in
the efficacy of the basic mechanisms that bring hydrologic recharge to the PAD. Any
assessment of future development must take into account this current condition because it
suggests a reduced ability to withstand incremental rising pressure. Although climate
change is caused by humans, it is not amenable to being halted or mitigated as is a focused
optional proposal such as Site C. If no further development occurs, the risk to hydrologic
recharge will continue to rise as a result of climate change. Proponents of incremental
development have to recognize this because their impacts will be amplified as a result.
Thus, what might appear to be a relatively small increment in regulation, may be of more
significance than it seems, given the likely effects of climate change. Put another way, the
sensitivity of the system to regulation is higher now, given the status of the various
controls and their trajectory of change. The heightened risk levels place a higher focus on
the role of mitigation, especially in light of the dams being proposed for indefinite
operation.

4.2 Addressing EIS Gaps in Assessment and Interpretation
The EIS does not address the complexity that this system embodies and yet it must if the
EIS is to be trusted as a reliable tool for assessment regarding the PAD’s hydrologic
recharge. It is evident from the reviewed science literature that regulation is suppressing
the effectiveness of the mechanisms. Site C presents additional incremental regulation
effects on PAD recharge effectiveness. Given that the major reorganization of the
hydrograph is now in place (by Bennett Dam), the incremental impact from Site C would be
expected to be modest in comparison with that of Bennett Dam. However, this incremental
impact is not zero, the increment is imposed on a highly stressed system, the stress level is
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known to be rising, and the incremental impact assessed in the EIS is unreliable. In light of
the impaired hydrologic recharge that has been in place for some time due to existing
factors, and the challenges faced in the PAD, there is reasonable and plausible concern that
the proposed Site C will only add to this impairment and yet this potential has not been
assessed in the EIS.
The EIS does not provide the Panel with the information it needs to make an informed
judgment about the Project effects and the cumulative effects on the PAD’s hydrologic
recharge. Considerable work is needed to correct the situation. Major sections of the EIS
need to be redone, preferably with the input of independent scientists able to impartially
assess the effects of the Project. Some of the elements that need to be redone include:


Existing impacts should be assessed based on the best risk-based scientific
understanding including consideration of causality and probability (risk).



An ice-jam vulnerability assessment (for the Delta reach) should be developed based on
a thorough consideration of all related controls.



The spatial boundaries of the assessment should be extended to include the PAD.



The baseline should be revised to include a pre-regulation scenario.



Gaps and unsuitable simplifications in the assessments should be addressed.



Underestimates in climate change should be addressed.



Subjective evaluations (and dismissals) of effect should be replaced with objective
measures put in their appropriate context – in this case, a highly stressed system, and
experiencing rising pressures.



Uncertainty should be aggregated and quantified and should be communicated
transparently to the Panel.



Mitigation opportunities using the dams should be fully explored, consistent with the
published guidance provided by senior researchers with Environment Canada who have
spent careers studying the effects of regulation and climate variability in this system.

Until the above steps have been completed, the EIS will not provide the Panel with the
information needed to make an informed decision about the potential effects of Site C on
PAD hydrologic recharge.

4.3 Implications
Four major implications arise from the findings of the present review.
1) Site C has the potential to further impair the recharge mechanisms.
The peer-reviewed scientific literature provides extensive authoritative analyses examining
the depth of impact of regulation on the PAD’s hydrologic recharge and put in the context
of other factors also affecting recharge. The effect of regulation has been demonstrated
through the application of hydrologic models that naturalise actual past events, and
compare the actual outcomes of metrics directly reflecting PAD recharge. Growing scientific
understanding of river-ice behavior provides the core intelligence needed for a decisionsupport system to guide the stewardship of PAD recharge in step with hydropower
development. This unequivocally points to the importance of regulation in reducing the
extent of recharge. Although these definitive studies are largely undiscussed in the EIS,
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they explain how the Project would only increase the ability of BC Hydro to control Peace
River flows thus further jeopardizing the recharge mechanisms. The Site C proposal has the
potential to intensify the magnitude of the existing impacts to the PAD, and in no way
alleviates them.
2) Site C EIS science contains unacceptable gaps in its effects assessment of PAD
hydrologic recharge.
The science provided in the EIS includes deficiencies that render key conclusions
unsupported. Its deficiencies centre on two areas. The first involves assessment gaps and
errors that lead to incomplete assessments. Deterministic models are mixed with
inappropriately simplifying assumptions that render model outputs unable to evaluate Site
C effects on recharge, and in fact are misleading because these outputs are also interpreted
inappropriately.
The second area of insufficiency concerns unscientific and unsupported interpretations
including undue subjectivity put forth by BC Hydro in its assessments. Key interpretations
are scientifically unreliable due to inadequacies in how results have been assessed and
portrayed within the EIS.
Together, these concerns make unreliable the EIS’ statements of no effect from Site C in
incrementally affecting the PAD’s hydrologic recharge. Of particular note is the
inappropriate spatial boundary. It is expected that were the EIS gaps and errors to be
corrected, they would lead to a new conclusion of effects on the PAD’s hydrologic recharge
that may need to be mitigated.
3) Cumulative effects to PAD hydrologic recharge have not been properly
assessed.
There are ongoing impacts to the PAD associated with the existing hydroelectric facilities on
the Peace River. In this regard, peer-reviewed science and additional analysis from the
present review provide insights that have not been addressed in the EIS. As a result,
impacts to the PAD from the existing hydroelectric facilities are not adequately assessed
within the EIS, as part of the cumulative effects assessment for Site C.
4) The dams provide an opportunity to mitigate their impacts to PAD recharge.
It is suggested that if Site C were approved, its approval could be predicated on the
development of a decision-support system to guide the use of the dams to augment
hydrologic recharge of the PAD. Approaches have been discussed in 3.2.6 mitigation.
Although BC Hydro has suggested that the relatively smaller reservoir (compared to
Williston) proposed for Site C may only have relatively benign effects on the downstream
flow regime, this study has shown that this cannot be stated based on the information
provided and that the Project will have incremental detrimental effect on the efficacy of the
recharge mechanisms. The Bennett Dam put in place the major impacts of regulation and
the Site C dam would add an increment to an already regulation-stressed system. What
remains unknown due to the deficiencies in the EIS is the degree of change that will come
about with Site C and how best to mitigate these changes. BC Hydro explicitly declines the
proposal that the hydrograph control that its dams provide be used to mitigate the impacts
of its developments on the PAD’s hydrologic recharge, instead concluding erroneously that
its dams do not impair the PAD’s hydrologic recharge.
Site C Downstream Impacts – Submission to JRP, November 2013

80/89

Aqua Environmental Assoc.

4.4 Conclusion
This present review has explained how the Peace River affects the hydrologic recharge of
the PAD. Regulation affects this role through three pathways: 1) effects on the ice-jams in
the Delta reach, 2) changes to the summer freshet leading to reductions in the flow
reversals, and 3) changes to the summer freshet leading to reductions in the hydraulic
damming of Lake Athabasca and PAD inflows. These areas have not been studied
adequately in BC Hydro’s Site C EIS and until these assessments have been made
available, it will not be possible to assess, in a reliable manner, the potential impacts of
Site C to hydrologic recharge of the PAD.
In the absence of suitable direct and targeted assessments, this report has brought
together relevant information to shed light on the extent of potential impact to recharge
mechanisms that could occur as a result of Site C. The compilation and analysis make it
clear that the effects of Site C on hydrologic recharge are of concern and thus warrant a
more suitable assessment than what BC Hydro has provided. The many EIS gaps in the
determination of effects jeopardize the Joint Review Panel’s ability to be confident of its
own effects assessment.
Undue subjectivity and unquantified/unexpressed uncertainty are prominent in the EIS.
These occurrences cast doubt on the value of the effects assessments and their
conclusions. Improved attention to EA best practices and other ways to address the
potential effects should be implemented throughout the EA. If the EIS is expected to be
based in science, then it should be scientific which means a focus on transparency and
objectivity in data, methods, interpretations and conclusions. Until these occurrences of
subjectivity are addressed in BC Hydro’s EIS, legitimate doubt will persist in relation to
whether the EIS’s conclusions are supported by its assessments and whether the EIS is free
of bias.
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