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From: on behalf of Panel Registry [CEAA] CIMFP Exhibit P-00352 - Tab 19 Page 1
Subject: FW: Lower Churchill project

Attachments: SUSTAINABILITY EIS cmments.doc; protectingfishhabitatparl_cesd_200905_01_¢e[1].
pdf; Rosenberg et al. (1995).pdf; Rosenberg et al. (1997).pdf; Quigley no net loss.doc

From: Roberta Frampton Benefiel <email address removed>
Sent: May 23, 2009 2:45 AM

To: Lower Churchill Review [CEAA]; Tom Graham

Subject: Lower Churchill EIS comments

Hello Tom and Maryse:

Please find attached Grand Riverkeeper Labrador's comments on the Environmental Impact Statement
for the Lower Churchill Hydroelectric Project along with various referenced documents. Please advise
if there are any problems with the attachments and thank you for forwarding this on to the Panel.

Please expect one more message with attachments. My Yahoo account only allows 5 attachments per
message.

Roberta Frampton Benefiel
Grand Riverkeeper Labrador, Inc.

709 JJ 64 or D08

Looking for the perfect gift? Give the gift of Flickr!
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GRAND RIVERKEEPER LABRADOR, INC.

PHONE: 70’008
FAX: 709 008
Comments on the Lower Churchill Hydroelectric Generation Project

Environmental Impact Statement
Registry number 07-05-26178

Attention:

Maryse Pineau, Panel Co-Manager

Canadian Environmental Assessment Agency
160 Elgin Street, Ottawa ON K1A 0H3

Tel: 1-866-582-1884/613-948-1364

Fax: 613-582-1884

Lowerchurchill. review(@ceaa-acee.gc.ca

Tom Graham, Panel CO-Manager

Lower Churchill Joint Review Panel Secretariat
33 Pippy Place, St. John’s, NL A1B 4J6

Tel: 709-729-7720

Fax: 709-729-5693

comments@lcsec.nl.ca

To: Panel co-chair’s Leslie Griffiths and Herbert Clark, panel members Jim
Igloliorte, Meinhard Doelle and Keith Chaulk:

Submission of Grand Riverkeeper Labrador Inc. (GRKL) on the adequacy of
the Environmental Impact Statement for the Lower Churchill Hydroelectric
Project:

May 22, 2009

ENVIRONMENTAL ASSESSMENT IS RECOGNIZED IN MANY SOCIETIES AS
ONE OF THE MOST IMPORTANT TOOLS WE CAN USE IN OUR EFFORTS TO
ACHIEVE SUSTAINABILITY BY INTEGRATING ENVIRONMENTAL AND
ECONOMIC FACTORS INTO OUR DEVELOPMENT DECISIONS. The importance
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of public participation in those decisions has also been recognized for some time; in fact,
the assumption that effective public participation is an important tool to ensure we make
decisions on projects that result in sustainability is now consistent with the stated purpose
of most environmental assessment processes! As well, the adjacency principal is accepted
in this Country and this Province as meaning; when development of natural resources
occurs, those closest to the proposed development must derive the most benefits!

How does the Lower Churchill Hydroelectric Generation Project EIS and the entire
EA process surrounding this project facilitate an outcome that produces a sustainable
project that adheres to the adjacency principle and produces “meaningful” public
participation?

It is the opinion of Grand Riverkeeper Labrador, Inc, that neither of these fundamental
outcomes is being met and that various other issues and concerns need more attention.

These and various other issues are covered in GRKL’s critique of the Environmental
Impact Statement for the Lower Churchill Hydroelectric Project. A descriptive heading
begins each separate issue.

We appreciate your consideration of these comments.

ADJACENCY PRINCIPLE

The Adjacency Principle is a policy that has been adopted by various governments in an
effort to ensure that citizens living closest to development projects are the PRIMARY
beneficiaries of any economic benefits accruing from those projects.

The communities closest to the Lower Churchill Hydroelectric project may experience a
few jobs during the construction phase of the project and one or two particular groups
may find themselves with some extra cash for a short period of time after the project is
built, but the bulk of any speculated profits will go to an off shore government whose
future political aspirations will determine how much or indeed if any funds will trickle
down to the affected communities! With only 29,000 souls in Labrador versus over
500,000 on the Island portion of this Province, it is a well-documented fact that
politicians make promises to the minorities in Labrador in order to glean as many votes
as possible, but when limited funds are allocated, it’s the area of the province where the
most votes are garnered that usually gets their wheels greased!

Studies on past hydro projects in northern communities in Canada bare these statements
out! For example, James B Waldran, in his book “As Long as the Rivers Run
Hydroelectric Development and Native Communities in Western Canada” p179, states
the following:
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The hydro potential of Canadian rivers is viewed as a common property resource
to be developed for the benefit of all provincial residents, and in a wider context,
all Canadians...Indeed,.the “common good” ideology has been an important
feature of most hydroelectric developments in Canada. But a closer look at
these developments would likely reveal that they were proposed and
constructed for reasons other than simply the production of cheap power for
domestic consumption. Politics, and the machinations of politicians, have
[frequently become so intertwined with hydroelectric power projects that the
improvement of political fortunes, rather than the production of power for the
“common good”, has been the real goal of provincial governments. The
“common good” more and more looks like “the good of the party” in
power”.

In order to ensure that the communities affected would be the primary beneficiaries of the
project, GRKL recommends that there must be an Impact Benefits Agreement signed
between ALL residents of Labrador, the Provincial Government and Nalcor Energy!

This is the only way that the most affected and adjacent communities can ever hope to be
the “primary” beneficiaries of this project!

However, instead of making certain that these communities are the “primary”
beneficiaries, it appears Nalcor and the NL Government are ensuring exactly the
opposite: i.e. the recently registered Labrador-Island Transmission Link project
specifically by-passes Labrador’s coastal communities for power from the Lower
Churchill project even though those communities pay the highest rates for home heating
in the Province! As well, this proposed 800mw transmission line by-passes Labrador
completely. That’s correct! Not one megawatt is slated for Labrador’s use! Oh, but
Nalcor says if the need arises for more power in Labrador they will make sure some of
the re-call power is available! But Labradorians wonder which needs to come first, the
industry that needs the power or the availability of the power? It would seem that
industries planning to locate in Labrador would need to KNOW first that the power they
need is available! One of the biggest problems with Nalcor’s statement that if Labrador
needs more power for a specific industry that it will be made available is that the current
transmission lines from Churchill Falls to Happy Valley-Goose Bay are at capacity so
any new power needs would necessitate the building or upgrading of new power lines.
Not exactly something that can be accomplished overnight, and not necessarily even in
any one year, given our short construction season. So the question is: How long would a
new business/industry be willing to wait?

Also, Nalcor is signing an Impact Benefits Agreement with the Innu, which they should.
However this effectively leaves the Inuit, the Metis and the non-native residents of the
communities in Labrador at the mercy of whatever political decisions of the day abound
when distribution of resources are decided!

On page 3-26 of Volume 111, the Socio-Economic Assessment, (last paragraph) Nalcor
states “Facilitating the participation of Aboriginal people in the Project is an important
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goal.” Then goes on to discuss their possible IBA with the Innu Nation as though no
other Aboriginal group exists in the territory of Labrador! Not so! Inuit of Labrador
number approximately 6900 and approximately 2310 of those people live directly
adjacent to the Project. As well, the Labrador Metis Nation, although they do not yet
have a recognized land claims agreement, number around 6000 members, a third or
approximately 2000, of whom live adjacent to the project area! The Labrador Metis
Nation has been recognized time and time again by both the Provincial and Federal
Governments through specific programs, specific consultation, and other forms of
recognition. However, it seems this Proponent chooses to treat these Aboroginal people
as non-aboriginal!

It is incumbent on Nalcor and the Governments of NL and Canada to consult directly
with Aboriginal communities affected by the Project. However, the consultation
described in the EIS does not adequately address this need to consult, except in the case
of one of the regions Aboriginal groups, the Innu Nation! Grand Riverkeeper Labrador
recommends that the Proponent be instructed to re-visit the consultation process of the
EIS and include meaningful consultation with the Nunatsiaviut Government and the
Labrador Metis Nation.

On Page 2-3 of Volume 1, Part A, section 2.4.2.3, the Proponent states the following;:
“Employment opportunities and business activity resulting from the construction
and operation of the Project are the primary direct benefits.” and “A substantial
portion of the secondary employment and business opportunities will occur
naturally in Labrador. Nalcor Energy will focus its efforts on maximizing
benefits to Labrador through training and supplier development and will require
that qualified Labrador residents have first consideration for employment on the
Project.”

In a survey of local businesses and the local College of the North Atlantic, as of this

writing, Nalcor Energy has made very limited contact with businesses who might benefit

from purchasing agreements in connection with the Project, with the possible exception
of businesses which are partnered with Innu Development and while there was a meeting
with the college in March of 2008 to outline some of the particular kinds of jobs that
would be available, they have not been contacted yet regarding the specific training needs
for the Project! With only a year or possibly less until Nalcor Energy predicts this project
will begin construction , it would seem that if the proponent was truly dedicated to the

Adjacency Principle, activity would be under way to ensure that anyone living in

Labrador who wants a job on this project would be evaluated and some form of specific

training opportunities would be either already underway or at least planned. That does

not appear to be the case! Nor does it appear that local businesses will benefit from
supply contracts since by Nalcor’s own statement in section 2.3 of the Executive

Summary; “Newfoundland and Labrador businesses will have full and fair

opportunities to participate in the Project, understanding that price, quality and

delivery will be evaluated on a competitive basis.”, This statement immediately throws
up red flags, first because it states Newfoundland and Labrador,and does not state

Labrador first with Island businesses benefiting next and also because it is common

knowledge that goods supplied by Labrador businesses are almost always going to be
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more expensive due to the high cost of shipping over 1200 km of gravel roads where
tractor trailers have full loads in but empty loads out of the territory and therefore have to
charge local businesses the full round trip price for shipping!

Also by Nalcor’s own admittance, “From a local economy perspective, one of the
implications of a commute workforce living in construction camps is that workers have
limited need or ability to spend locally........ businesses in the region where the project is
located may capture relatively little of that income.” ((Volume 111-Section 3.2.3, Page
3.5) and “Unless addressed explicitly, expenditures by the project proponent on
materials, goods, equipment and services may also flow to communities outside the work
region. Proponents may prefer to access known suppliers in non-local centers to bring in
the required items. The result is a loss of potential benefits to the project area through
fly-over effects (Storey 2001).”

Nalcor then refers us to sections 3.6.5 and 3.7.5 to allay the fears that the above two
statements instill. However, those sections of the EIS simply give statistics on the
GENERAL number of workers that will be needed during the construction and
maintenance phases of the Project and without a specific IBA or specific legal agreement
with Labradorians as a whole, it is again questionable whether Labrador and
Labradorians will be the “primary” beneficiaries of this development!

Grand Riverkeeper Labrador Inc. recommends that the Government of Newfoundland
and Labrador be required to follow its own policies on adjacency and require Nalcor
Energy to consult with all affected groups in Labrador and that an Impact Benefits
Agreement be negotiated that would guarantee specific benefits to all residents of the
territory both during the construction phase of the Project and for something similar to an
infrastructure fund which would come from the profits from the sale of the power once
the project was up and running! Otherwise Labrador residents will again feel, as with
many past developments, that the bulk of jobs and spin off benefits will go to companies
and workers from the Island portion of the province and other areas of Canada! At the
very least, in order to fulfill the Adjacency Policy, Nalcor and the Newfoundland and
Labrador Government should be expected to negotiate a financial agreement covering the
future profits from the project!

How can such a huge project, in a territory of such diverse and few peoples, proceed
without meaningful consultation and Impacts Benefits Agreements with all affected
communities? We, in Labrador, live in a Colonial Territory, in as true a sense of those
words as any Colonial Territory anywhere in the world was ever described! In other parts
of the world colonially owned and controlled territories have won their freedom and the
right to self government! Not so in Labrador! It is imperative that our resources be
developed to benefit Labradorians first and foremost and our only hope of that ever
happening is if we have legally binding documents between all Labradorians and our off
-shore Government that gives us some legal recourse! Expecting that benefits which
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accrue to the Provincial coffers will automatically trickle down to a minority population
is not realistic!

SUSTAINABLE DEVELOPMENT and THE PRECAUTIONARY PRINCIPLE:

Following are two of the stated purposes of the Canadian Environmental Assessment Act,
Section 4 (1) states: The purposes of this Act are
(a) to ensure that projects are considered in a careful and precautionary
(emphases added) manner before federal authorities take action in connection
with them, in order to ensure that such projects do not cause significant
adverse environmental effects; and
(b) to encourage responsible authorities to take actions that promote sustainable
development and thereby achieve or maintain a healthy environment and a
healthy economys; etc. etc.
Also: The Rio Declaration on Environment and Development defines the “Precautionary
Principle” as follows: “In order to protect the environment, the precautionary approach
shall be widely applied by States according to their capabilities. Where there are threats
of serious or irreversible damage, lack of full scientific certainty shall not be used as a
reason for postponing cost-effective measures to “prevent” (emphases added)
environmental degradation.” (Principle 15)

The Proponent, on the Executive Summary on page 56, uses the meaning of the
Precautionary Principle wrongly and twists the words to suit their ends! For example, in
Nalcor’s example of the loss of habitat for Wetland Sparrows they state unequivocally
that habitat for Wetland Sparrows will be inundated and that although they believe
enough habitat will remain above the reservoir to assure sustainability of the affected
populations, they nevertheless intend to create riparian marsh wetland habitat preferred
by these birds even though there is no scientific knowledge or certainty that it will work,
and are quoting this as an example of how well they are adhering to the precautionary
principle.

It is the opinion of Grand Riverkeeper Labrador that this is a very poor example of
adherence to the precautionary principal and that in fact, Nalcor has totally ignored the
precautionary principal and blatantly forged ahead knowing there will be destruction of
habitat, not only for Wetland Sparrows but for many other wildlife species and fish and
what they should be considering where they unequivocally know this project is going to
cause habitat loss is other “alternatives to the project” or as the Precautionary Principle
states, PREVENTION of the loss of habitat rather than MANAGEMENT of the losses!

Alternatives to the project are covered in greater depth elsewhere, but here is a particular
area where proper consideration of other alternatives could PREVENT the loss of habitat
for the Wetland Sparrow, but Nalcor has refused to see beyond this one project as a
means for energy creation!

Under section 2, page 2-1, of Volume 1, Part A, of the EIS, the need, purpose,
alternatives to and rationale for the project are listed.
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The needs include future demand for electricity, provision of electric energy for sale to
third parties and the development of the Province’s natural resource assets for the benefit
of the Province.

The main “purpose” of the project as stated in the first two sentences of section 2.3 is two
fold; first, “to develop the hydroelectric potential of the lower Churchill River” and
second, “In achieving this purpose, the Project will generate revenue for the Province,
reduce fossil fuel use and contribute to security of energy supply for the Province and
Canada”

With this stated purpose in mind the Project, as registered, therefore cannot be considered
sustainable because, technically, this entire “partial” project is registered and being
assessed as a construction project only, without a market or a transmission route to get
the power to that market, and therefore there is no possibility to accomplish what the
Proponent states is the justification/rationale/purpose for the project!

When the Bruntland report, Our Common Future was published in 1987, the stated
purpose of “sustainable development” was development that could meet the needs of the
present without compromising the ability of future generations to meet their own needs!

While on the face this Project might appear to be satisfying that statement, if one believes
that future generations of Labradorians will only want the bit of trickle down money that
comes from the off-shore government in Newfoundland. However, if ,on the other hand,
we give future Labradorians a bit more credit then we can see that they may be a bit
angry at those of us who squandered the natural capitol of the region for short-term
monetary benefits!

Sustainable development can be described in terms of several types of capitol; natural,
physical, economic, human, social and cultural to name a few! Global resource depletion
and pollution are forcing us to recognize that existing patterns of development and
resource use are not sustainable. We are now, (at lease many of us), realizing that
destroying our natural capitol cannot continue on the path it has been on in the last 100
years. The finite capacity of natural systems like Grand River to produce true
“renewable resources” such as forestry products, water supplies, fish, wildlife, flushing
and sediment movement, etc. cannot continue if the natural system from which these
“renewable resources” are drawn are over-exploited.

Large dam projects like the Lower Churchill Project over-exploits the natural system of
rivers; too much habitat is destroyed, too many fish are poisoned or chewed to bits in the
turbines or die of bubble disease, the old-growth high-yield fiber forests will be cut
unsustainably leaving too many to rot in the reservoirs or beside them as does the wood
from the clearing for the third phase of the Trans Labrador Highway still today! None of
these actions can be considered sustainable when you consider them in the context of
natural capitol!
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This kind of natural capitol, the river, flowing freely, supplying the life force needed for
the animals, fish and plants it supports is a rare commodity in this world these days! If we
destroy even one significant natural asset like this river it can be likened to the
destruction of one single body organ or system. How many of these organs or systems
can we change or destroy until the entire system fails? This is a question to which the
answer is not known exactly by scientists! However, they are today warning us that we
may have already reached the point of no return. Now here is a true example of where
the Precautionary Principle should come into play!

Considering the number of rivers in the world today that have been damaged by large
dams, (some 45,000), and considering the number just on the Quebec/Labrador Peninsula
alone and the range of extensive impacts those dams have had on rivers, watersheds and
ecosystems where, according to the World Commission on Dams report, “these impacts
are more negative than positive and, in many cases, have led to irreversible loss of
species and ecosystems.”, and considering that “Efforts to date to counter the ecosystem
impacts of large dams have met with limited success owing to the lack of attention to
anticipating impacts, the poor quality and uncertainty of predictions, the difficulty of
coping with all impacts, and the only partial implementation and success of mitigation
measures.” (ppxxxi), there is no way that this Project can be considered sustainable!
(The subject of mitigation and the only marginal possibility of the proposed mitigation
measures for lost fish habitat ever being successful in this Project is covered extensively
in another section of this submission called FISH HABITAT MITIGATION.)

It is the opinion of Grand Riverkeeper Labrador, Inc. that this “partial” Project must be
struck from the CEAA registry and re-registered for a proper assessment once
transmission routes for the entire 3074 MW are identified and once potential markets for
this power have been established, or, the Proponent must be instructed to register its plans
to transmit the balance of power over and above the 800 megawatts in the Labrador-
Island Transmission Link registration so that concerned citizens, the Joint Panel and other
stakeholders have an opportunity to review these projects that are so closely related that
they can and should be considered as one project for the purpose of the assessment! It
must also be noted that even though the decision to combine such projects is, in the case
of Joint Panel reviews, at the discretion of the Minister, as per Section 15(2) of the CEA
Act, it could be concluded that based on Subsection 16 (3) of the Act, the Minister may
only be able to exclude or eliminate issues from the scope of the assessment if those
issues are not relevant for the final determination of whether the Project is likely to cause
significant adverse environmental effects. Based on the statements in the EIS guidelines
and the terms of reference for the Panel regarding cumulative effects, it is the opinion of
Grand Riverkeeper Labrador that the Ministers made every effort to ensure that any and
all cumulative environmental effects from “any past or reasonably foreseeable projects or
activities” be considered in this assessment and that transmission lines to take the “for
sale” electricity to market represents many adverse environmental effects like
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deforestation, river crossings, road building, fish and wildlife habitat destruction,
radiation from power lines and transformers etc. and that these adverse environmental
effects must be considered along with the environmental effects of building the dams!
Otherwise, the environmental assessment is being done piece-mill where neither the full
range of cumulative effects on the environment nor economic benefits or costs can be
properly assessed!

In truth, this “partial Project” can be and is, viewed by many as being in contravention of
sections of the Canadian Environmental Assessment Act, specifically: section 15 (2)” For
the purposes of conducting an environmental assessment in respect of two or more
projects, (a)the responsible authority, or (b) where at least one of the projects is referred
to a mediator or review panel, ” {which this project is} “the Minister, after consulting
with the responsible authority, may determine that the projects are so closely related that
they can be considered to form a single project.” Or section 15 (3) “Where a project is
in relation to a physical work, an environmental assessment shall be conducted in respect
of every construction, operation, modification, decommissioning, abandonment or other
undertaking in relation to that physical work that is proposed by the proponent or that is,
in the opinion of (a) the responsible authority, or (b) where the project is referred to a
mediator or a review panel, the Minister, after consulting with the responsible
authority.”

To assess this project, as it was registered, flies in the face of good Environmental
Assessment practices and has the effect of decreasing the public’s faith in the entire
process!

Along with assessing the cumulative effects of the necessary transmission lines to take
this power to market, it is recommended that the proponent do a proper job of laying out
the “alternatives to this project” in a way that citizens can properly determine the costs of
the alternatives, both economically and ecologically and make an informed decision as to
whether they prefer this Project or one of the possible alternatives such as true run-of-
river hydro, wind supplemented by the current Churchill Falls Project, or other various
scenarios/possibilities of energy creation including the scenario of “do-nothing”. (The
issue of Alternatives to the Project is covered more extensively in another section of this
submission.)

HYDRO AS GREEN ENERGY:

Refer to section 2.4, Volume 1, Part A, Project Rationale:

The proponent makes the following statement: “The value of the Project lies not only in
financial benefits from the development itself, but also in the beneficial environmental
effect it will have by displacing a large amount of GHG emissions. The displacement of
emissions in eastern Canada will help the federal government meet its international
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commitments to GHG reductions. The Project will be in an optimal position to make a
substantive contribution to meeting the targets established by the federal regulatory
framework.”, and, “As a source of clean, renewable power, the Project expects to benefit
economically from opportunities associated with the various compliance mechanisms
outlined in the framework.”

The federal regulatory framework for managing greenhouse gas emissions in Canada was
released in April 2007 and included as a key element regulated emissions intensity targets
for industry as well as a number of flexibility mechanisms that can be used to meet those
targets. In March 2008 the government elaborated on its plan with additional details on
targets for new units and on the application of flexibility mechanisms. The framework
includes an overall national target to reduce GHG emissions to 20% below 2006 levels by
2020 and 60-70% below 2006 levels by 2050 with one of the key elements of the
framework being the emissions targets for industrial emitters and their associated
flexibility mechanisms. As stated by the Toxics Watch Society of Alberta (TWSA) “The
federal framework includes targets that are out of step with climate change science as
well as many potential loopholes that threaten to erode the environmental integrity of the
system.”’ Also the TWSA states this intensity based system would allow emissions to
continue to grow rather than decrease GHGs and recommends a true cap-and-trade
system which mirrors that of the European Union’s trading system.

Obviously the Proponent has based its statement above on these intensity targets rather
than the absolute emissions which a cap-and-trade system would demand. However in
the last Speech from the Throne the federal government committed to a North American
cap-and-trade system. Reuters reporter David Ljunggren reported on Nov.19, 2008
”Canada’s Conservative government shifting positions in the wake of Barack Obama’s
election as U.S. president, said on Wednsday that it will work to develop a North
America-wide cap-and-trade system to limit emissions of greenhouse gases.”” And, just a
few weeks ago, on April 2™ 2009 an important bill that would set national climate
change targets and commit Canada to a responsible international role in dealing with
climate change received second reading in the House and is expected to go to third
reading sometime in mid June, The Climate Change Accountability Act (BillC-311) will
commit Canada to cut GHGs by 25% of 1990 levels by 2020 and 80% below 1990 levels
by 2050.

A 2002 article in the journal World Resource Review by a team led by Eric Duchemin of
the University of Quebec shows the upper limit of gross emissions from Churchill Falls
hydro scheme in Labrador to be 70 kt CO,e/TWh.? Also, the Proponent estimates the
emissions for the reservoirs will be 1,160,000 tonnes C/yr during the first five years and
125,000 tonnes C/yr in perpetuity. (GHG Emissions study P8-4) This estimate does not
include the emissions for the transmission route nor the emissions of nitrous oxide, nor

! http://www.toxwatch.ca/node/69

2 http://www.reuters.com/article/environmentNews/idUSTREK A170120081119
* Duchemin et al . (2002).
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does it include emissions from the construction and decommissioning of the dam sites
nor the cumulative effects on the region of the construction of the Labrador-Island
Transmission link and future construction of whatever method of delivery for the balance
of the power is finally decided on!

To the knowledge of GRKL there is no certification scheme and no international carbon
trading organization to date that will agree that “mega” hydro projects can qualify for
carbon credits or green certification. The jury is still out even on the Kyoto Clean
Development Mechanism. It is therefore incumbent upon the Proponent to provide
specific information as to which carbon —trading scheme or certification organization this
project will qualify for and provide a copy of the application for certification based on the
project description and the final decision made by the qualifying organization. Otherwise
claims such as those made in the above referenced section of the EIS should be stricken
from the record because they are mere speculation!

Also, since it appears the current government is set to adopt new legislation that will
require absolute cuts in GHG emissions rather than the weak intensity based system, it is
incumbent on the Proponent to consider “alternatives to this Project” with an emphasis
not only on environmental, social and economic sustainability but also with respect to
greenhouse gas emissions. GRKL calls for “explicit assessment of future net greenhouse
gas emissions of the Project”, “through full Life Cycle Assessments to compare available
options.”*, for this Project and all alternatives to this Project that the Proponent is
required to, but has not yet properly presented.

A statement by Philip Raphals of the Helios Centre in the executive summary of his book
“Restructured Rivers”, Page xiii- under the heading Green power market certification
follows:

“Restructuring” (of the electricity sector) “is radically transforming the electric
power industry. Should the process reach its logical conclusion, electric supplies
will be chosen by consumers, not utilities, and decisions about future resources
will be made not by a regulatory planning process, but rather-like other
competitive industries-by private companies making at-risk investments, based on
their own estimations of future consumer demand and preferences.

The arrival of competitive markets and subsequent market fragmentation allows
environmentally-consious consumers to “vote with their pocketbooks” by
choosing to avoid certain energy sources or to support others.””

4 WCD Press Releases and Announcements www.dams.org/news_events/press357.htm

3 Restructured Rivers Hydropower in the Era of Competitive Markets, A report prepared by Philip Raphals
of the Helios Center and published by International Rivers Network, 2001, E-mail: sec@helioscentre.org
Web: http://www.helioscentre.org
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The Proponent also states “As a source of clean, renewable power, the Project expects to
benefit economically from opportunities associated with the various compliance
mechanisms outlined in the framework.”

Here again the Proponent is making claims that this Project will qualify to be sold as
certified green energy. GRKL has researched the criteria that would need to be met in
the United States under the Low Impact Hydropower Institute’s certification program®
and others and the criteria /guidelines for certification under Environment Canada’s Eco
Logo certification program and based on their criteria this Project would not qualify as
Green Energy and would therefore not benefit from being sold to environmentally-
conscious consumers as Clean/Green energy. In fact it is likely that cheaper coal-
produced electricity would displace this more expensive “renewable” energy!

Again, the Proponent must show exactly which certification program it has applied to or
intends to apply to for certification as green energy and prove that this Project will fulfill
the criteria for certification before they can make sweeping statements about being a
source of clean, renewable power and they must re-assess benefiting economically from
opportunities associated with various compliance mechanisms in the wake of highly
likely policy and legislative changes on greenhouse gas emissions.

ALTERNATIVES TO THE PROJECT

A very short and sweet section on alternatives to the project is supposed to satisfy the
reader that the Proponent has made every effort to determine whether the best use of 12
to 15 billion dollars of tax payers money is for this proposed project rather than another

Low Impact Hydropower Institute. Portland, Maine, www.lowimpacthydro.org
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type of project or combination of projects. There simply isn’t enough information to
even make an assumption. As stated by Lutterman ’

“Although development of the Lower Churchill has been considered for decades,
it has not been evaluated openly, relative to alternative societal level objectives
and specific courses of action. These may be various possible uses of the land,
methods of producing and using energy, economic opportunities, lifestyles, etc. If
alternatives are not thoroughly scoped at the initial planning stages, launching into
a detailed study of one proposed project may create unnecessary expenditure and
effort if that project is not ultimately carried out.

The first step in a planning procedure, before considering a detailed EIA for such
a large energy production project affecting public lands and using public funds
should be a process of consensus seeking involving the investigation of the

pros and cons of various possible competing alternatives (Oud and Muir 1997).
This must have full participation of the interested parties, particularly those most
directly affected by the proposed project.

Issues to be considered would include the various social, environmental,
economic. Technical, financial, institutional and political benefits and risk factors
involved in different development scenarios, with and without mega-projects.

It is essentially a policy and planning review of the energy sector with well I
nformed public participation. Scenarios which focus on demand-side
management (DSM) must be included, with recognition that in the long term,
continued human population and economic growth, fuelled by massive energy
consumption, may not be sustainable or desirable.”

These are the criteria which must be followed if the Proponent is to truly adhere to
section 16 (1) () The Panel should instruct the Proponent to go back to the drawing
board and do their homework. There are many and varied other ways to create energy
that is less damaging to the environment and likely less expensive and there are many and
varied ways to spend 12 to 15 billion dollars that could enhance the lives of
Newfoundlanders and Labradorians beyond what this proposed Hydro project can.

RED WINE CARIBOU HERD

As the river valley floods, moose and wolves currently living in the riparian zone will
necessarily have to move up the side of the river valley and onto the plateau above. This
area is the traditional foraging grounds for the Red Wine herd. The Proponent has not
made it clear what effect the appearance of more wolves will have on the herd. What

77 Lutterman A “Assessing Further Hydroelectric Development on the Lower Churchill River, Labrador:
What can we hope to achieve? Assessment and Impacts of Mega Projects Proceedings of the 38" Annual
Meeting of the Canadian Society of Environmental Biologists in collaboration with the Newfoundland and
Labrador Environment Network, St. John’s Nfld. Canada, October 1-3, 1998
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Nalcor does say is that other factors are already greatly affecting the survival of the heard
and that it may disappear anyway, whether the hydro project is built or not. This should
be no reason for Nalcor to neglect its duty to fully protect this endangered herd. Two
wrongs do not a right make! Please ask the Proponent to do the studies necessary to
ensure the Red Wine Herd is fully protected.

CUMULATIVE EFFECTS:

To introduce this section we quote a couple of important paragraphs from Chagter 3,
Page 88 of the World Commission on Dams report “Dams and Development” “(copy
attached) Section heading:

Cumulative Impacts

“Many of the major catchment areas in the world now contain multiple dams.
Within a basin, the greater the number of dams, the greater the fragmentation of
river ecosystems. An estimated 60% of the world’s large river basins are highly
or moderately fragmented by dams(see figure 3.6). The magnitude of river
fragmentation can be very high. In Sweden, for example, only three major rivers
longer than 150 km and six minor rivers have not been affected by dams. *

Although seldom analyzed, cumulative impacts occur when several dams are built
on a single river. They affect both the physical (first-order) variables, such as
flow regime and water quality, and the productivity and species composition of
different rivers. The problems may be magnified as more large dams are added to
a river system, resulting in an increased and cumulative loss of natural resources,
habitat quality, environmental sustainability and ecosystem integrity.

We also quote from Schedule 1- Terms of Reference for the Panel: Under Part 11-Scope
of the Environmental Assessment:

“The Panel shall consider th e following factors in the EA of the
Project/Undertaking as outlined in Sections 16 (1) and 16 (2) of the CEAA and Sections
57 and 69 of the EPA:” Item # 10 in the Terms of Reference for the Panel, “ Any
cumulative Environmental Effects that are likely to result from the Project/Undertaking,
in combination with other projects or activities that have been or will be carried out;”

As well, section 4.5.3, Cumulative Effects on page 35 of the Environmental Impact
Statement Guidelines states as follows:

“The Proponent shall identify and assess the Project’s cumulative environmental
effects. Cumulative environmental effects are defined as changes to the
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environment due to the Project where those overlap, combine or interact with the
environmental effects of other existing, past or reasonably foreseeable projects or
activities. In the cumulative effects assessment, the Proponent shall consider
guidance provided by the Canadian Environmental Assessment Agency in its
Cumulative Effects Assessment Practioners Guide (1999) and other literature and
experience with environmental assessment in Canada or elsewhere that it finds
helpful in framing the cumulative environmental effects analysis.”

(copy of the 1999 Cumulative Effects Assessment Practioners Guide is attached)

In interpreting the above statements, the effects of the existing Upper Churchill project
must be considered when determining “significant adverse environmental effects”. This
“existing” “past” project’s effects on the land, the water, the fish and wildlife, and all
other Valued Ecosystem Components also must be considered under cumulative effects!
The understanding of these statements is also that the environmental effects of the
“reasonably foreseeable” Labrador-Island Transmission Route must be considered along
with whatever other means of transmission the Proponent eventually uses to transport all
of this power to markets. GRKL sees no other possible interpretation of these
statements!

Currently the Proponent devotes only a few short paragraphs in the Biophysical
Assessment, Volume 11 Part A and Volume 11 Part B to cumulative effects and
discusses only the Trans Labrador Highway, Cultural and Recreational Land Use, the
NATO Special Forces Training, Commercial forestry, and the additional Transmission
lines between the proposed dams and Churchill Falls. “The Churchill River watershed
has already undergone substantial alterations with the construction of the hydroelectric
complex on the upper river system in the early 1970’s. The environmental and
socioeconomic effects of this project have yet to be fully assessed to the best of our
abilities. This fact seriously weakens the potential for cumulative assessment within the
watershed and the broader landscape. A broad, eco-regional planning approach is
necessary to begin to gain an integrated understanding of the changes created by the
totality of human activities on this landscape.’The Proponent is working within a narrow
conceptual framework that considers cumulative effects to mean only those project
effects that directly overlap spatially. In the past, Innu and Metis have repeatedly
emphasized the importance of thoroughly considering the environmental degradation that
has already occurred as a result of the Churchill Falls project prior to and in concert with
evaluating the effects of new hydroelectric facilities in the region. They want to see that
cumulative effects assessment is conducted using a broad spatial and temporal scope that
at the very least includes other developments within the water shed. '° This restrictive

? Lutterman, A, “Assessing Further Hydroelectric Development on the Lower Churchill River, Labrador:
What Can We Hope to Achieve? Assessment And Impacts of Megaprojects, Proceedingsof the 38™ Annual
Meeting of the Canadian Society of Environmental Biologists in collaboration with the Newfoundland and
Labrador Environment Network, St. John’s, Nfld. Canada, October 1-3, 1998 - p87

19 L uttermann, A, 2007 Historical Changes in Riparian Habitats of Labrador’s Chirchill River Due to Flow
Regulation; The Imperative of Cumulative Effects Assessment. Submitted in partial fulfillment of the
reqirements for the degree of Doctor of Philosophy at Dalhousie University, Halifax, Nova Scotia July
2007
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way of dealing with cumulative impacts does not conform to the understanding of the
wording in the Act, the Terms of Reference for the Panel nor in the EIS Guidelines!

RESERVOIRS AND FLOODING:

In table 1B-1-, Environmental Impact Statement Issues Concordance-Public
Consultation, Volume 1, Part B, the Proponent lists chapters in the EIS where specific
concerns of the public have been addressed: One of those questions reportedly asked by
Grand Riverkeeper is listed as follows:

“EIS should include an analysis of the “true” amount of land that would be
flooded by the project-not just the area “looking straight down” (85km?),
but the total area taking into consideration the topography and slope of
land. Could the project cause flooding of Mudlake”

The question, as reported by Nalcor above does not accurately quote what Grand
Riverkeeper asked about the reservoir flooding. We might add, we have asked that this
information be provided not on just one occasion, but on at least 3 occasions in various
meetings with NL Hydro and with Nalcor and finally in our submission/comments on the
draft EIS Guidelines.

In our submission/comments on the draft Guidelines, under SECTION 1-Background,
Purpose of the Guidelines, Proposed Project, we make it as clear as we know how that
what we want the Proponent to do is not to simply show us maps of what the river will
look like once the inundation takes place, but explain to us what analytical methods they
used to come to those inundation amounts. We quote here exactly what we stated in our
submission/comments on the guidelines, which can be found on the CEAA web site:

“Regarding total area of inundation for the Gull Island and Muskrat reservoirs:
Newfoundland and Labrador Hydro has been asked to provide information on the
calculation methods used to determine the area of land that will be inundated.
Thus far we have not received a response. We recommend the guidelines ask that
NL Hydro provide, in layman’s terms, a complete and transparent report on
exactly how the inundation figures were determined, what methods were used and
what the percentage of error is for those methods.”

Again, Grand Riverkeeper Labrador asks that the Proponent provide the “math” or the
“methods” or whatever model, assumptions, calculations etc. were used to determine the
amount of km? of “land” that will be inundated! We continue to ask for this information
because we feel there are significant errors in the calculations. However, unless we know
the methods used by Nalcor to calculate the inundation it is impossible for us to have our
GIS expert re-create the inundation! What Nalcor has done in answer to our repeated
questions on this matter is to simply refer us back to their maps of the inundation. We
repeat, we feel there may be errors in their calculations but unless we know what methods
they used to calculate, then we have no way of verifying whether they are right or wrong!
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OLD GROWTH FORESTS OF THE GRAND (A.K.A.CHURCHILL)
RIVER VALLEY NOT CONSIDERED AS A VALUED
ECOSYSTEM COMPONENT

According to the Canadian Environmental Assessment Agency, a widely recognized
approach to identify Valued Ecosystem Components (VECs) is:

Any part of the environment that is considered important by the proponent,
public, scientists and government involved in the assessment process. Importance
may be determined on the basis of cultural values or scientific concern (CEAA,
1999)
OR: Valued Ecosystem Components (VECs) are features of the environment selected to
be a focus of the EA study because of their ecological, social, cultural and economic
value, and their potential vulnerability to the effects of a project.

While it is not practicable to assess every potential effect on every component,
assessment must therefore focus on the components that have the greatest relevance in
terms of value and sensitivity to the particular circumstances of the development under
review! It can be shown that in most submissions/comments about the potential adverse
environmental effects of the Lower Churchill Hydroelectric project, the old growth boreal
forests of the Grand River valley have been mentioned time and time again. It is
therefore surprising and disappointing that these forests were not considered as a valued
ecosystem component except in the context of how or if they were to be cut.

The CEAA states, “To be considered a VEC the component must be known to occur in
the project study area, and there must be reasonable likelihood that it would be affected
by or have an influence on the project.” The old-growth forests in the river valley surely
qualify on both counts!

We have lost nearly half--almost three billion hectares--of the forests that once blanketed
the earth. In the past five decades alone, nearly a fifth of the earth's forested areas have
been cleared. Industrial logging, a major factor in the loss of forests, has doubled since
1950. Seventy-six countries have lost all of their frontier forest (large tracts of relatively
undisturbed original forest). The numbers don't lie--our forests are disappearing.

Forests are vital to the health of the planet. Old-growth forests in particular play a critical
role in storing water and carbon, filtering air, moderating the climate, conserving soil and
providing habitat for wildlife. Yet according to the U.N., we are losing over 16 million
hectares of forest each year. The consequences of this loss for biodiversity, global
warming and indigenous cultures has caused great concern for members of Grand
Riverkeeper and, not surprisingly, some of us have doubled as members of the local
concerned citizen’s forestry group!
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As stated above, the forests of the Grand (a.k.a. Churchill) River valley are old-growth
boreal forest, considered so important that for years this area was completely removed
from the Annual allowable cut of the District 19A forestry plan and considered “pristine”

forest! Why now then is it first; OK not only to cut this forest at an alarming rate, i.e.
around 200,000 m’ per year for the next 8 to 9 years, (an amount equal to the AAC for the
entire District 19A’s forestry plan,) but also, there appears to be no specific plan to utilize
the fibre from those trees and, this valuable ecosystem doesn’t even rate its own VEC
studies within this environmental assessment!

Grand Riverkeeper Labrador recommends that the Proponent be required to assess the
potential of these old growth forests both in the context of economic benefit to local
harvesters over the next 9 years should that option become available to them (and we
understand from local foresters that the wood in the river valley is mostly high dollar
fibre) and also in the context of the forests services as carbon sinks, air filtering, soil
conservation, wildlife habitat and climate moderation if the forests were left alone to
continue to produce!

PUBLIC PARTICIPATION/CONSULTATION

Nalcor “consulted’ with the people, but it was not a totally effective process for several
reasons. One fault is that is was not a real consultation process, but rather a presentation
of what they planned to do and at the end they listed the concerns that were brought up.
As well, there were practical and technical issues to do with meetings and presentations.

In Nalcor’s Executive Summary, P.25, they state that they rely “on a program of
consultation whereby the interested public learns of the Project and documents areas of
concern...” In Vol. 1 Part A, 7.3, methods used are listed, including Website,
Newsletter, Information Sheets, Posters, Exit surveys, Open House, Technical
Workshops. In Vol. 1, Part A, 7.4.2, “a second energy alternatives workshop is planned
for Happy valley-Goose Bay, as a number of interested parties were unable to participate
in the first workshop.”

With regards to the statement “consulted with the people”. While Nalcor did carefully
present what it had planned and heard people’s questions and yes, documented them, it
was not an effective process because there was no dialogue and consensus encouraged.
(This is in contrast to the Forest Management Plan of District 19A which did engage in
an effective process where the diverging parties were able to work out acceptable
solutions).

The technical workshops lacked an agenda, did not provide background information

before the workshop, were not open to the public (but instead Nalcor selected who they
judged might be interested). In the case of the Alternatives Workshop for Happy Valley-
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Goose Bay, only three days notice was given, (so many could not attend) and, although
another has been promised, it has not happened.

As an added note, the EIS materials may have been available on CD from the internet,
but Mac users were not able to open them, even though they were PDF files.

However, most importantly, the process that Nalcor chose for some of their
“consultations” does not accomplish a consensus of approval by the people of Labrador
who are most affected by this project. It leaves the potential for even greater political rift
between the Island of Newfoundland and Labradorians.

GRKL recommends that Nalcor now proceed with the effort of consensus-building on
this Project and adopt newer ways of relating to the people of Labrador. It resembles
‘going back to the drawing board’ bit it is only in this manner that the Project in a newer
form may be accepted by the people of Labrador. Nalcor also needs to question its
assumptions that a Labrador economy of aluminium smelters and uranium mines after the
destruction of the Lower Grand (Churchill) River is the best use of the money required
for the project. Nalcor representatives who are involved in consultation in Labrador need
to learn best principles for consultation like that practised by the Forestry Officials. Also,
many groups who are working on the review of the environmental assessment of this
project are doing so at their own personal cost while Nalcor employees are well paid for
their input. Yet, volunteer groups are often expected to attend meetings during working
hours or evenings after work. Nalcor could consider minimal support for these groups,
such as milage and meeting preparation costs (e.g. photocopying).

EMERGENCY PREPAREDNESS PLAN

In Volume 1, Part A, 4.11.3.2 states: When addressing Countermeasures/Prevention of
Dam Failure, that “an Emergency Preparedness Plan (EPP) will be prepared and in place
for the full cycle of the Project, including the construction phase”. The components of the
Emergency Preparedness Plan are outlined.

In order to understand the Project and the risks, (even though they might be unlikely-if
they were to happen they would be catastrophic),the comprehensive details of the EPP
need to be part of the EIS. The community needs to know the specific areas that might
be affected in dam failure and the explicit plans for their rescue need to be spelled out.
Rather than saying an EPP “will” be prepared (presumably at some point in the process),
there is sufficient information to allow the EPP to be prepared now.

As described in Vol. 1, Part A, 3.4.1.3, Nalcor’s SHERP would contain the plans of
responding authorities. E.g. Emergency Measures Organization.
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As an added note, a SHERP “was developed and implemented during the engineering and
environmental field program”. But, this does not explain why a tug boat now rests at the
bottom of Grizzle Rapids! More care must be taken.

ICE DNAMICS/MUDLAKE

The Hydrology study, Component Studies Aquatic Environment (2) report 4 of 8, Ice
Dynamics of the Lower Churchill River page 7-2 makes the following statement:

“Mud Lake: Based on the results presented above, it is expected that there will be
a delay of approximately two weeks for an ice road between Mud Lake and Happy
Valley to become usable. The warm up period is expected to be delayed by about
one week, hence the overall duration of usage will be reduced by about one
week.”’

This statement must now be re-considered and new studies done in light of traditional
knowledge of the river crossing provided by residents of Mud Lake and agreed to by
members of Nalcor.

Other ice problems must also be considered: Example: Rosenberg et al state:

“similar access disruptions have occurred in Northern Manitoba Reservoir
management for variable power requirements has destabilized the winter ice
regime, rendering river travel in winter hazardous. Sudden water withdrawals
leave hanging ice upstream, and “slush” “waterlogged snow above the ice cover”
downstream. Extensive erosion has not only resulted in inaccessible shorelines
and reselrlvoirs containing hazardous debris, but also the fouling of fish nets by
debris.”

The project is very likely to create such “hanging ice” making winter travel hazardous
and mitigation measures must be put in place to warn people where these places might
exist. If mitigation is not possible then compensation must be considered for those
hunters/trappers and wood harvesters who currently use the river for travel during the
winter.

i Rosenberg, D M, Environmental and social impacts of large scale hydroelectric development: who is
listening? Glbal Environmental Change Vol.5 no.2, p 127-1481995
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FISH HABITAT CREATION AND COMPENSATION

Vol.11 Part A, section 4.10.2 states: “While it is likely that the dominant change
resulting from the Project will be an increase in the available quantity of fish habitat and

an overall gain in productive capacity, some Project features or conditions will result in a
HADD.”

This statement is suspect! For example, P M Ryan of Ryan Environmental, Mobile,
Newfoundland, retired Fisheries and Oceans Scientist states in an article entitled A
Model For Freshwater Habitat Compensation Agreements based on relative salmonid
production potential of lakes and rivers in insular Newfoundland, Canada '* (article
attached)

“In this paper, estimated average values of Atlantic salmon (Salmo salar) smolt
production in Newfoundland lakes and rivers are used in a calculation of the
relative production potential of the two habitat types. The calculated relationship
suggests that appropriate compensation for a hectare of lake habitat which is to be
harmed, altered, disrupted or destroyed might be the creation of, or making
available for use, 0.023 hectare of river suitable for salmonid habitat.
Alternatively, appropriate compensation for a hectare of river habitat which is to
be harmed, altered, disrupted, or destroyed might be the creation of, or making
available for use, 42.857 hectares of lake suitable for salmonid habitat.”

While Ryan admits there might be special circumstances such as trophy fish stocks and
particular habitats like very popular fishing areas or critical spawning areas that might
influence these figures somewhat, generally the correspondence of potential salmonid
production between the two habitat types may serve as a model for use in the preparation
of freshwater habitat compensation agreements.

The Proponent appears to be using a one-for-one ratio of compensation for lost
riverine habitat which is not acceptable. GRKL recommends the Proponent be required
to adjust the number of hectares of lake (reservoir) habitat that must be created to

12 Ryan, P M, “A Model for Freshwater Habitat Compensation Agreements Based on Relative Salmonid
Production Potential of Lakes and Rivers in Insular Newfoundland, Canada, Assessment and Impacts of
Megaprojects, Proceedings of the 38™ Annual Meeting of the Canadian Society of Environmental
Biologists in collaboration with the Newfoundland and Labrador Environment Network, St. John’s, Nfld,
Canada, October 1-3, 1998, Edited by Patrick M. Ryan
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compensate for the lost riverine habitat using the production potential model set out by
former DFO Scientist Patrick Ryan.

GRKL is also concerned that any compensation package proposed by the Proponent and
agreed upon by DFO would not be worth the paper it was written on and we base our
opinion on studies done by current DFO scientists Jason Quigley and others. (copy
attached) In the abstract of Quigley’s article he states the following:

Published online: 2 February 2006

Abstract Fish habitat loss has been prevalent over the last century in Canada. To prevent
further erosion of the resource base and ensure sustainable development, Fisheries and
Oceans Canada enacted the habitat provisions of the Fisheries Act in 1976. In 1986, this
was articulated by a policy that a “harmful alteration, disruption, or destruction to fish
habitat” (HADD) cannot occur unless authorised with legally binding compensatory
habitat to offset the HADD. Despite Canada’s progressive conservation policies, the
effectiveness of compensation habitat in replicating ecosystem function has never been
tested on a national scale. The effectiveness of habitat compensation projects in achieving
no net loss of habitat productivity (NNL) was evaluated at 16 sites across Canada.
Periphyton biomass, invertebrate density, fish biomass, and riparian vegetation density
were used as indicators of habitat productivity. Approximately 63% of projects resulted
in net losses in habitat productivity. These projects were characterised by mean
compensation ratios (area gain:area loss) of 0.7:1. Twenty-five percent of projects
achieved NNL and 12% of projects achieved a net gain in habitat productivity. These
projects were characterised by mean ratios of 1.1:1 and 4.8:1, respectively. We
demonstrated that artificially increasing ratios to 2:1 was not sufficient to achieve NNL
for all projects. The ability to replicate ecosystem function is clearly limited.
Improvements in both compensation science and institutional approaches are
recommended to achieve Canada’s conservation goal.

As well a just recently released report of the Commissioner of the Environment and
Sustainable Development-Spring 2009 called Protecting Fish Habitat: below is an excerpt
from pages 12 & 13. The complete article is attached.

“What we found . Fisheries and Oceans Canada and Environment Canada
cannotdemonstrate that fish habitat is being adequately protected as the
Fisheries Act requires. In the 23 years since the Habitat Policy was
adopted, many parts of the Policy have been implemented only
partially by Fisheries and Oceans Canada or not at all. The
Department does not measure habitat loss or gain. It has limited
information on the state of fish habitat across Canada—that is, on
fish stocks, the amount and quality of fish habitat, contaminants in
fish, and overall water quality. Fisheries and Oceans Canada still
cannot determine the extent to which it is progressing toward the
Policy’s long-term objective of a net gain in fish habitat. There has
been little progress since 2001, when we last reported on this matter.
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- Fisheries and Oceans Canada has made progress in implementing the
Environmental Process Modernization Plan (EPMP) so that it can
better manage risks that various projects pose to fish habitat. Under
the Plan, the Department does not require that proposals for low-risk
projects be submitted to it for review, relying instead on project
proponents to voluntarily comply with habitat protection measures
and conditions. This streamlining of the review process was intended
to free up departmental resources for review of projects that pose a
higher risk to habitat. For those projects that it has reviewed,
however, the Department has little documentation to show that it
monitored the actual habitat loss that occurred, whether habitat was
protected by mitigation measures required as a condition for project
approval, or the extent to which project proponents compensated for
any habitat loss. Moreover, the Department reduced enforcement
activity by half and at the time of our audit had not yet hired habitat
monitors to offset this reduction.

» Environment Canada has not clearly identified what it has to do to
fulfill its responsibility for the Fisheries Act provisions that prohibit
the deposit of substances harmful to fish in waters they frequent. It
has not established clear priorities or expected results for its administration of the
prohibition. Since 2005, departmental

initiatives have identified the need for national guidance and
coordination in administering the Act’s provisions. However, the
Department’s activities have been largely reactive and inconsistent
across the country.

» Environment Canada does not have a systematic approach to
addressing risks of non-compliance with the Act that allows it to
focus its resources where significant harm to fish habitat is most
likely to occur. Further, it has not determined whether the stringent
pollution prohibition of the Fisheries Act is being satisfied by the
combination of the results achieved from its own activities under
both the Fisheries Act and the Canadian Environmental Protection
Act, 1999, and those achieved by other levels of government.

» Many of the issues raised in this report are long-standing and have
been identified in previous audits that we have carried out. For
example, we have previously observed that Fisheries and Oceans
Canada had not implemented aspects of the Habitat Policy; that it
did not know whether it was progressing toward the ultimate
objective of a net gain in fish habitat; and that it needed to devote
more time and effort to monitoring compliance with the habitat
protection provisions of the Fisheries Act.

The departments have responded. Fisheries and Oceans Canada and
Environment Canada agree with our recommendations. Their detailed

responses follow each recommendation throughout the chapter.”
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And this is the Department of Government that the people of Labrador are asked to
trust when they tell us they will review the Proponents habitat compensation
package and monitor to ensure that the compensation works and there is no net loss
of fish habitat and production! We at GRKL do not accept any compensation
package from the Proponent and agreed upon by DFO, until the entire package has
been peer reviewed by an independent organization and we find it extremely difficult
to believe that anyone else in the territory or in the country for that matter would
accept it either.

The Proponent must accept that this project will result in harmful alteration,
disruption and destruction of fish habitat causing significant adverse environmental
effects and take their chances with the environmental assessment. Mitigation is not
possible based on the figures quoted by Ryan and even if there were enough lake
habitat to replace the river habitat that will be lost, we cannot imagine who would
take the risk that DFO would properly assess the Proponents mitigation measures
and do the follow-up necessary to ensure that there is no net loss of habitat!

DOWNSTREAM EFFECTS OF THE PROJECT

Throughout the entire Environmental Impact Statement, the Proponent assures us that
there will be no environmental effects from this Project felt out past the mouth of the
River. They even go so far as to explain that any flooding from a dam failure would
peak at Happy Valley at approximately 6.7 M but then go on to say that no flooding
would extend past the mouth of the river which is just a short distance further!

We believe the Proponent is careful to insist that everything stops at the mouth of the
river because to admit otherwise means many other studies would have to be done on
Lake Melville. We question the Proponents assumptions based on information from a
report they have used themselves in some of the component studies; namely, Rosenberg
et al, Large Scale Impacts of Hydroelectric development'®. Rosenberg states the
following:

“Ironically, changes in the natural hydrological cycle as a result of water storage
for power production and interbasin water diversion ultimately cause downstream
freshwater and marine resources to be wasted. This impact can operate at the

131313 Rosenberg, D M, Environmental and social impacts of large scale hydroelectric development: who is
listening? Glbal Environmental Change Vol.5 no.2, p 127-1481995
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scale of thousands of kilometres from the source of the problem, although some
predicted effects on marine currents and changes in climate expand the spatial
scale even more. Temporally changes to downstream areas can be regarded as
very long term, unless some effort is made to operate upstream facilities in a way
that mimics natural hydrological flows.”

GRKL recommends the Proponent re-assess their insistence that no effects will pass the
mouth of the river and do the appropriate studies to reflect this.

Thank you for considering our comments and should you need clarification or copies
of referenced work please do not hesitate to get in touch with either Roberta
Frampton Benefiel at <email address removed> or Clarice Blake Rudkowski at
<email address removed>

or telephone <contact information removed>
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Chapter

Protecting Fish Habitat
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Protecting Fish Habitat

Main Points

What we examined  Healthy habitat—places where fish can spawn, feed, grow, and live—is
a fundamental requirement for sustaining fish. Fisheries and Oceans
Canada is responsible for administering and enforcing the fish habitat
protection provisions of the Fisheries Act. This includes reviewing
proposed development projects in or neat water to ensure that they do
not damage fish habitat—or, if habitat loss is unavoidable, that habitat
is created elsewhere to compensate. This is the “no net loss” principle of
the Habitat Policy. In the 200607 fiscal year, Fisheries and Oceans
Canada spent $70 million on activities related to protecting fish habitat.

The pollution prevention provisions of the Fisheries Act prohibit the
deposit of substances that can harm fish; they can enter habitat in
several ways, for example, in municipal wastewater and industrial
effluent. These provisions of the Act have been Environment Canada’s
responsibility since 1978. For the 2008-09 fiscal year, Environment
Canada planned to spend $5.5 million to administer the pollution
prevention provisions.

Our audit examined how both departments carry out their respective
responsibilities for fish habitat protection and pollution prevention
under the Fisheries Act. We also looked at their arrangements with
others, such as provinces and stakeholders, that support the
administration and enforcement of these provisions. In addition, we
looked at Fisheries and Oceans Canada’s Environmental Process

Modernization Plan (EPMP), its continuous improvement plan
introduced in 2004.

Our audit work focused mainly on fish habitat in fresh water and
estuaries rather than the marine environment.

Why it’s important  Fish habitat represents national assets that provide food and shelter for
aquatic and terrestrial wildlife and water for human consumption and
other uses. For Canada, with over one million lakes and the world’s
longest coastline, protecting fish habitat is a challenge, given the
impact of economic activity and the number of jurisdictions where
inland waters and fish habitat are found. The fish habitat protection
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What we found

and pollution prevention provisions of the Fisheries Act are among the
federal government’s important pieces of environmental legislation,
especially as it relates to aquatic ecosystems.

The state of fish habitat is of concern to Canadians who make their
living from commercial fishing or who enjoy recreational fishing—
industries that together contribute billions of dollars to Canada’s
economy.

About one quarter of all petitions sent to our Office by Canadians
relate to fish habitat issues.

» Fisheries and Oceans Canada and Environment Canada cannot
demonstrate that fish habitat is being adequately protected as the
Fisheries Act requires. In the 23 years since the Habitat Policy was
adopted, many parts of the Policy have been implemented only
partially by Fisheries and Oceans Canada or not at all. The
Department does not measure habitat loss or gain. It has limited
information on the state of fish habitat across Canada—that is, on
fish stocks, the amount and quality of fish habitat, contaminants in
fish, and overall water quality. Fisheries and Oceans Canada still
cannot determine the extent to which it is progressing toward the
Policy’s long-term objective of a net gain in fish habitat. There has
been little progress since 2001, when we last reported on this matter.

» Fisheries and Oceans Canada has made progress in implementing the
Environmental Process Modernization Plan (EPMP) so that it can
better manage risks that various projects pose to fish habitat. Under
the Plan, the Department does not require that proposals for low-risk
projects be submitted to it for review, relying instead on project
proponents to voluntarily comply with habitat protection measures
and conditions. This streamlining of the review process was intended
to free up departmental resources for review of projects that pose a
higher risk to habitat. For those projects that it has reviewed,
however, the Department has little documentation to show that it
monitored the actual habitat loss that occurred, whether habitat was
protected by mitigation measures required as a condition for project
approval, or the extent to which project proponents compensated for
any habitat loss. Moreover, the Department reduced enforcement
activity by half and at the time of our audit had not yet hired habitat
monitors to offset this reduction.

+ Environment Canada has not clearly identified what it has to do to
fulfill its responsibility for the Fisheries Act provisions that prohibit
the deposit of substances harmful to fish in waters they frequent. It
has not established clear priorities or expected results for its

12
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administration of the prohibition. Since 2005, departmental
initiatives have identified the need for national guidance and
coordination in administering the Act’s provisions. However, the
Department’s activities have been largely reactive and inconsistent
across the country.

Environment Canada does not have a systematic approach to
addressing risks of non-compliance with the Act that allows it to
focus its resources where significant harm to fish habitat is most
likely to occur. Further, it has not determined whether the stringent
pollution prohibition of the Fisheries Act is being satisfied by the
combination of the results achieved from its own activities under
both the Fisheries Act and the Canadian Environmental Protection
Act, 1999, and those achieved by other levels of government.

Many of the issues raised in this report are long-standing and have
been identified in previous audits that we have carried out. For
example, we have previously observed that Fisheries and Oceans
Canada had not implemented aspects of the Habitat Policy; that it
did not know whether it was progressing toward the ultimate
objective of a net gain in fish habitat; and that it needed to devote
more time and effort to monitoring compliance with the habitat
protection provisions of the Fisheries Act.

The departments have responded. Fisheries and Oceans Canada and
Environment Canada agree with our recommendations. Their detailed
responses follow each recommendation throughout the chapter.
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Introduction

Importance of fish and fish habitat

11  Fish are an important renewable marine and freshwater resource
for Canada. For First Nations, fish are a central part of their culture
and a vital food source. For other communities throughout Canada,
fish have an economic significance for both commercial and
recreational purposes. For example, in 2005

* the total value of commercial fish landed was $2.1 billion;
52,805 people were employed in fishing and 29,342 in fish

processing; and

e more than 3.2 million adult anglers participated in recreational
fishing, which contributed $7.5 billion to the Canadian economy.

12  Fish habitat represents assets that are important not only for fish,
but also for human health and recreational use. Healthy habitat—places
where fish can spawn, feed, grow, and live—is a fundamental
requirement for sustaining fish, providing food and shelter for aquatic
and terrestrial wildlife, and contributing to water quality for human
consumption and other uses. Canada has more than one million lakes,
and nine percent of the country’s surface is covered by fresh water. It
also has the world’s longest coastline, and there are interjurisdictional
issues with provinces. Fish habitat is under constant pressure from
population growth and urban expansion. Many studies have indicated
that damage to habitat is one of the key factors in threats to fish stocks.

The federal role in protecting fish habitat

13  The federal government is responsible for sea-coast and inland
fisheries under the Constitution Act, 1867. The Fisheries Act contains
provisions directed at protecting fish and fish habitat from certain human
activity. The two principal sections of the Act examined in this audit are

¢ the fish habitat protection provisions that prohibit the harmful
alteration, disruption, or destruction of fish habitat; and

* the pollution prevention provisions that prohibit the deposit of
deleterious or harmful substances into waters frequented by fish.

14  The Minister of Fisheries and Oceans is responsible for the
administration and enforcement of the Fisheries Act. However, in 1978,
the Prime Minister assigned responsibility for the administration of the
pollution prevention provisions to the Minister of the Environment.
The Minister of the Environment was to introduce new environmental
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protection legislation that included water pollution protection, and
repeal aspects of the Fisheries Act pollution prevention provisions.
While the Canadian Environmental Protection Act, 1999 provides
protection against water pollution, the Fisheries Act pollution
protection provisions were not repealed.

15 The 1986 Policy for the Management of Fish Habitat (Habitat
Policy) remains the current policy for the protection of fish habitat.
The Policy established a long-term objective of a net gain of habitat for
Canada’s fisheries resources. It also set out policy goals and strategies
for the management of fish habitat supporting freshwater and marine
fisheries. Environment Canada’s administration of the Act’s pollution
prevention provisions is covered by the Habitat Policy, but it primarily
focuses on Fisheries and Oceans Canada.

16 The 2001 Compliance and Enforcement Policy for the Habitat
Protection and Pollution Prevention Provisions of the Fisheries Act
(Compliance and Enforcement Policy) applies to both departments.
It sets out the general principles for promoting, monitoring, and
enforcing the Fisheries Act and explains the role of regulatory officials
in enforcing the Act.

Habitat Management Program

17  Under the Fisheries Act, the Minister of Fisheries and Oceans has
exclusive responsibility for decision-making authority related to habitat
management. Within Fisheries and Oceans Canada, the Habitat
Management Program has the primary responsibility for habitat.

The Program is a major federal regulator for development projects
occurring in, around, or with fresh and marine fish-bearing waters
across Canada. It collaborates and works with the Fisheries and
Aquaculture Management Sector’s Conservation and Protection
Program that carries out enforcement and the Science Sector’s
programs that provide research, scientific advice, monitoring, data
management, and products.

18  The Habitat Management Program also works with other federal
departments and agencies and with provinces, territories,
municipalities, industry, and conservation groups, as well as consulting
with First Nations, on the following objectives:

* to protect and conserve fish habitat in support of Canada’s coastal
and inland fisheries resources;

* to ensure that environmental assessments are conducted under
the Canadian Environmental Assessment Act, or other
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environmental assessment regime, before Fisheries and Oceans
Canada makes a regulatory decision under the habitat provisions

of the Fisheries Act; and

* to ensure that the requirements of the Species at Risk Act are met.

19 The Habitat Management Program is delivered across 6 regions
in about 65 offices. From 2004 to 2008, the total number of full-time
equivalents decreased from 460 to 430. In the 200607 fiscal year,
Fisheries and Oceans Canada spent $70 million on activities related to
protecting fish habitat.

Pollution prevention provisions

110 Environment Canada administers the pollution prevention
provisions of the Fisheries Act within its existing organizational
structure that also supports its other legislative responsibilities, such as
the Canadian Environmental Protection Act, 1999. It does not have a
separate Fisheries Act program. The Department’s Environmental
Stewardship Branch administers the Pulp and Paper Effluent Regulations
and the Metal Mining Effluent Regulations under the Fisheries Act’s
pollution prevention provisions and is developing regulations for
wastewater effluent.

111 For the 2008-09 fiscal year, Environment Canada planned to
spend $5.5 million and employ about 55 employees to administer the
pollution prevention provisions.

112 Environment Canada’s 2008-09 planned spending for the
Department’s enforcement activities was $43.1 million, including
spending on enforcement activities related to the Fisheries Act. As of
October 2008, the Department’s Enforcement Branch employed

198 enforcement officers. These officers are designated as inspectors
under the Fisheries Act and are therefore responsible for enforcing the
pollution prevention provisions, among other duties related to

other legislation.

Previous audits

113  Our Office has included fish habitat in the scope of previous
audits in the following reports:

* December 1997 Auditor General’s Report, Chapter 28,
Fisheries and Oceans Canada—Pacific Salmon: Sustainability
of the Resource Base
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e May 1999 Report of the Commissioner of the Environment
and Sustainable Development, Chapter 5, Streamlining
Environmental Protection Through Federal-Provincial
Agreements: Are They Working?

* October 2001 Report of the Commissioner of the Environment
and Sustainable Development, Chapter 1, A Legacy Worth
Protecting: Charting a Sustainable Course in the Great Lakes
and St. Lawrence River Basin

» October 2004 Report of the Commissioner of the Environment
and Sustainable Development, Chapter 5, Fisheries and Oceans
Canada—Salmon Stocks, Habitat, and Aquaculture

Focus of the audit

114 The audit focused on the administration and enforcement of
the fish habitat protection and pollution prevention provisions of the
Fisheries Act and the two policies (Habitat Policy and Compliance and
Enforcement Policy) that set out the government’s intentions related
to these provisions. The audit included the policies, programs, and
activities of Fisheries and Oceans Canada and Environment Canada,
and the arrangements with provinces and stakeholders that support
the administration and enforcement of these provisions. The audit
largely focused on the protection of fish habitat in fresh water and
estuaries rather than the marine environment.

115 More details on the audit objective, scope, approach, and criteria
are in About the Audit at the end of this chapter.

Observations and Recommendations

116 Fisheries and Oceans Canada’s principal activity in the
protection of fish habitat involves the review of proposals for projects,
in or near water, that are sent to the Department by those carrying out
the projects. These reviews are intended to determine whether the
projects will result in damage to fish habitat and, if so, whether the
projects can be amended to avoid the damage. The Department
conducts project reviews under the 1986 Habitat Policy’s “no net loss”
guiding principle, striving to balance unavoidable habitat losses with

habitat replacement, on a project-by-project basis.

117  We looked at how Fisheries and Oceans Canada reviews these
projects and monitors compliance with the project approval terms.

18
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Project proponent—A person or organization
planning a project that may affect fish habitat.

Environmental assessment—An assessment
that, under the Canadian Environmental
Assessment Act, may be one of four different
types—a screening, a comprehensive study,
mediation, or a panel review; the type of
assessment varies depending on the project’s
size, complexity, and environmental impacts.

PROTECTING FISH HABITAT

We also reviewed how the Department enforces the habitat protection
provisions of the Fisheries Act. We reviewed the Department’s
implementation of the Environmental Process Modernization Plan,

a continuous improvement plan aimed at improving efficiency,
effectiveness, transparency, timeliness, and consistency of delivery of
the Habitat Management Program. We also looked at the Department’s
collaboration with provinces, industry, and conservation groups.

118 The Habitat Policy provides direction, mainly to Fisheries and
Oceans Canada, on how to administer and enforce the fish habitat
protection provisions (section 35) of the Fisheries Act. We looked at
whether the Department could demonstrate that it is making progress
toward the Habitat Policy’s long-term objective of an overall net gain
in habitat. Finally, we reviewed the Department’s overall progress in
implementing the Habitat Policy.

Fisheries and Oceans Canada needs to improve its quality assurance system for
project referrals

119 The Habitat Policy provides guidance in dealing with project
proposals that are referred to Fisheries and Oceans Canada for review
to determine whether changes to fish habitat are likely to occur if a
project proceeds as proposed. Department staff reviewing proposals
may make recommendations to alter project designs to mitigate
potential impacts to habitat by issuing a Letter of Advice to project
proponents. The proponent is responsible for redesigning or relocating
the project so that the mitigation objective is met.

120 Based on departmental experience, about 10 percent of projects
assessed by the Habitat Management Program will have harmful effects
on fish habitat. If damage to fish habitat cannot be avoided, a Fisheries
Act authorization—a ministerial permission to harm habitat—may be
issued. This allows the project to proceed but triggers an environmental
assessment, which ultimately results in a report and a recommendation
on whether or not the project should proceed, with a proposed
mitigation and follow-up program.

121  We expected to find evidence in the project files that project
reviews are conducted, documented, and reviewed for quality assurance
to ensure that project risks were being assessed and that decisions made
by departmental staff on project referrals were consistent and
predictable. Without good-quality assurance controls, there is a risk that
projects could be approved that may cause more harm to habitat than
authorized, mitigation measures may be inadequate, and compensation
for damaged habitat may be insufficient.
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122 We examined the Department’s project referral processes by
randomly selecting a sample of 16 ministerial authorizations and
30 projects in which letters of advice were issued. The sample was
chosen in the 2007-08 fiscal year from a total population of

267 ministerial authorizations and 4,514 projects that resulted in a
Letter of Advice. We found weaknesses in the Department’s
documentation and review of projects.

123 Required review processes. Our review of ministerial
authorizations indicated that while there was much project-related
information in the files, documentation required by departmental
policies was often not found, such as

» identification of the project’s potential impact on fish habitat;

e risk assessments of the impacts on habitat to determine their
significance (for example, only 25 percent of the files we reviewed
contained documentation on risk assessment);

* the Department’s assessment of a proponent’s analysis of
habitat impacts;

* reasons why the Department required additional mitigation
measures; and

* monitoring plans on mitigation measures and documentation
of compensatory work prepared by the proponents.

124 For the 30 projects we reviewed that received letters of advice,
we found that required steps were not followed consistently. None of
the project files we reviewed contained all of the information that the
Department requires to assess a project. For example, there was no
documentation of how mitigation measures were arrived at in 27

(90 percent) of the project files.

125 Compensation plans. All authorizations we reviewed required
habitat compensation (enhancement or creation of habitat to offset
damage to existing habitat). Compensation is required to result in no
net loss of habitat under the Habitat Policy. Proponents are required
to provide the Department with the compensation plans that result
from the review under the Canadian Environmental Assessment Act.
Department staff must review the plan and include it in the project
file before issuing a ministerial authorization. In our review of

16 authorizations, we found that 4 projects were issued ministerial
authorizations without the required compensation plans on file.

126 For the 12 authorizations with compensation plans on file,
3 of the proponents’ compensation plans had not been developed at
the time the authorization was issued. For the other 9 authorizations
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Operational statements—Guidelines that
describe the conditions and measures to be
incorporated by a proponent into a lower-risk
project in order to avoid negative impacts to fish
and fish habitat, thereby allowing the project to
proceed without a review by department staff.
Examples of lower-risk projects range from dock
construction in fresh water to routine
maintenance dredging in marine waters.
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with compensation plans on file, 4 of these plans did not include the
required detailed measures to compensate for habitat loss. Without
these measures, the Department cannot properly evaluate whether the
compensation was appropriate.

121 As mentioned earlier, the Habitat Management Program has the
primary responsibility for habitat. The Program reviews major natural
resource and industrial development projects, such as mines,
hydroelectric, and infrastructure projects. The Minister may authorize
a major project, even if there are large-scale losses of fish habitat, if it is
believed that the project is in the best interests of Canadians because
of socio-economic implications. The Department advised us that it is
currently developing a policy that addresses large-scale habitat loss.
This policy would clarify the approach for projects that are unlikely to
achieve no net loss and would help to ensure transparency and
consistency in decision making.

128 Key aspects of quality assurance. We looked at the guidance
the Department provides to its staff. The Fisheries Act, the Habitat
Policy, the Department’s Risk Management Framework, and the
project referral system all establish controls for the review and approval
of projects, with the goal of no net loss to fish habitat. Staff use the
Risk Management Framework to review the information and assess the
project’s risk, mitigation measures, and compensation plans for
addressing unavoidable habitat damage.

129 Other than operational statements, which are used for the
lowest-risk projects, we found that the Department does not have
detailed guidance to help staff assess the proposed mitigation measures
and make consistent decisions for similar projects. This guidance,
together with random file reviews to ensure that guidance is being
followed, would be a key element of a quality assurance system.

130 We also found that there is no national guidance on what
compensation ratio to use under various habitat conditions or how to
calculate habitat negatively affected. A compensation ratio is intended
to make up for habitat that will be damaged during a project by having
a proponent build or create compensatory habitat on a particular ratio,
such as one-for-one or greater.

131 We found that the regions use different methods and elements to
calculate the impact and determine the compensation ratio. For
example, one region uses a simple calculation of the area affected,
another uses a percentage of area deemed to be high-quality habitat,
and another uses an estimate of affected habitat’s productivity based
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on the pounds of fish per unit of habitat. Similarly, the compensation
ratios vary. The Maritimes Region uses a compensation ratio of 3 to 1,
while other regions use a 1-to-1 ratio. In some cases, it was not possible
to determine the ratio used.

132 Lack of guidance and file reviews. Our review of project files
found a lack of documentation, a lack of compliance with
departmental controls, and varying approaches by the regions. The
Department has several elements of a quality assurance system for
project referrals—the Habitat Policy, a Risk Management Framework,
and standard operating policies that consist largely of practitioners’
guides and operational statements. However, it also needs to develop
more guidance and carry out periodic reviews of project files to ensure
that documentation is in place and controls are being applied.

133 Recommendation. In order to make consistent decisions on
project referrals, in accordance with departmental expectations,
Fisheries and Oceans Canada should ensure that an appropriate
risk-based quality assurance system is in place for the review of
these decisions.

Fisheries and Oceans Canada’s response. The Department accepts
this recommendation. Over the past number of years, Fisheries and
Oceans Canada has made efforts to improve the quality, consistency,
and transparency of its decision making by implementing the Risk
Management Framework. Although much progress has been made,
the Department recognizes that there is still much work to be done
with respect to documentation standards. With that in mind,

by 31 March 2010, Fisheries and Oceans Canada will implement a
risk-based quality assurance system to verify that documentation
standards are being applied consistently by staff.

There is little monitoring of compliance and evaluation of effectiveness

134 The Habitat Policy states that proponents may be required to
carry out follow-up monitoring on the effectiveness of habitat
mitigation and compensation activities established as a condition of
project approval by Fisheries and Oceans Canada.

135 To ensure that proponents meet the requirements of the Habitat
Policy, the Habitat Management Program has two ways for the
Department to evaluate proponents’ activities and its decisions
(ministerial authorizations and letters of advice):

* monitoring of the proponent’s compliance with terms and
conditions attached to the approval to proceed (including
monitoring mitigation and compensation work); and
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* follow-up monitoring at a later date to assess the effectiveness in
achieving no net loss of fish habitat.

136 We reviewed the Department’s monitoring efforts and expected
it to use a risk-based approach to monitor projects. In our past audits,
we identified a number of problems with monitoring activities and
made recommendations for improvements.

137 In our review of 30 project referral files involving letters of
advice, we found little or no evidence of compliance monitoring, as
required by departmental guidance. We also found little
documentation to show that the Department is assessing

 what habitat was lost in development projects,
» whether required mitigation measures protected habitat, and

 whether project proponents are compensating for lost habitat by
developing new habitat.

138 Proponents are normally required to carry out project monitoring
activities, and the Department may monitor projects directly or rely on
monitoring by the proponent. We found that the Department does not
have a risk-based approach to monitoring proponents’ compliance with
the terms and conditions of ministerial authorizations and letters of
advice. For example, we found that proponents had carried out the
required monitoring in only 6 of 16 (38 percent) sample items
involving ministerial authorizations and 1 of 30 sample items involving
letters of advice. Further, the Department directly monitored the
proponent’s compliance in only one of the cases we reviewed. We
found no documentation to show that the Department had followed
up or evaluated the effectiveness of its decisions—that is, whether
implementing the conditions of the ministerial authorizations or letters
of advice had resulted in no net loss of habitat.

139 At the time of our audit, the Habitat Management Program was
implementing a Habitat Compliance Decision Framework to provide a
nationally consistent approach to monitoring projects. The regions
were at various stages of implementation, and none had fully
implemented the Framework.

140 The Department does not have a systematic approach to
monitoring proponents’ compliance with the conditions of its project
approvals. Nor does it evaluate whether its decisions on mitigating
measures and compensation are effective in meeting the no net loss
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principle. As a result, projects may be causing damage to habitat
beyond the amount authorized, and mitigating measures and
compensation may not be effective (see the case study below).

Fraser River Gravel Removal Plan Agreement

Project proposal. Fisheries and Oceans Canada, the Province of British Columbia, local
governments, and First Nations agreed to gravel removal from the Fraser River, largely
for flood and erosion management. Gravel deposits and the shifting flow of the Fraser
River create bars, islands, and secondary channels between Hope and Mission, British
Columbia. This area has high-quality habitat for at least 28 species of fish. The
Department determined that gravel removal was harmful to fish habitat.

In 2004, the Department signed a Letter of Agreement with the Province of British
Columbia to develop a five-year Gravel Removal Plan. Numerous project proponents
(companies interested in removing gravel and selling it) submitted proposals to the
Department. A number of ministerial authorizations have been issued and continue to
be issued.

The following information provides examples of the Department’s approach to
approving and monitoring these proposals and highlights some of the challenges it
faces in implementing the Habitat Policy.

Flood control. Engineering and scientific studies at different sites, some commissioned
by the Department, concluded there was no reduction in the flood profile after gravel
removal. These studies stated that changes in the flood profile were minimal in the
removal area and were local to the removal site. Thus, gravel removal would not
significantly affect the potential for flooding.

Damage to sensitive habitat. Projects in areas that are sensitive habitat for both
salmon and sturgeon are high risk, but adequate information on fish stocks to assess
project impacts was lacking for a number of the ministerial authorizations for gravel
removal. In 2006, improper construction of a causeway for accessing one gravel
removal site resulted in a side channel downstream drying up, exposing salmon nests
and resulting in the loss of up to 2.25 million pink salmon.

Lack of compensation plans. The ministerial authorizations did not include
compensation plans. The Department believes that compensation plans are not
required on the assumption that new gravel will replace gravel removed over one to
three spring runoffs. We found no documentation in the project files to support this
position for large gravel removals, although there is evidence to the contrary. For
example, 300,000 tonnes of gravel were mined from Foster Bar in 1995, but it has
not been replaced to date. The Department advises us that the requirement for habitat
compensation will be reviewed as part of the renegotiation of the 2004 Letter of
Agreement, using the results of post-construction monitoring studies, lessons learned
from removals under the 2004 agreement, and contemporary research.

Lack of monitoring. Although proponents are required to submit monitoring plans and
surveys, there were few on file. These documents specify the conditions prior to gravel
removal, during removal, and after removal, as required under the terms of the 2004
Letter of Agreement.

Lack of enforcement. The Department did not take enforcement action after a
proponent failed to comply with the conditions of a ministerial authorization by
exceeding the volume of gravel allowed to be extracted, destroying habitat, and mining
outside the approved area. We could not find documentation to support the
Department’s lack of enforcement action. The Department advised us that it was short
of resources at the time of the proponent’s actions and that it is considered too late to
pursue charges.
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141 Recommendation. Fisheries and Oceans Canada should
accelerate the implementation of its Habitat Compliance Decision
Framework to ensure that there is an adequate risk-based approach
to monitoring projects and providing assurance that proponents are
complying with the Fisheries Act and all terms and conditions of
departmental decisions. The Department should also determine
whether the required mitigation measures and compensation are
effective in meeting the no net loss principle.

Fisheries and Oceans Canada’s response. The Department accepts
this recommendation. Fisheries and Oceans Canada currently applies a
risk-based approach, but recognizes that opportunities for
improvement remain. Once the Habitat Compliance Modernization
initiative is fully implemented, the Department will be able to provide
better assurance that proponents are complying with the terms and
conditions of the Department’s decisions. Considering this, the
Department commits to fully implement the Habitat Compliance
Decision Framework and report on results of project monitoring
activities by 31 March 2010 and annually thereafter.

Fisheries and Oceans Canada will continue to work with proponents

to design and implement follow-up monitoring studies. Between now
and the end of 2011, the Department will review and develop standard
scientific methodologies to examine the effectiveness of compensation in
achieving the no net loss guiding principle so that these methodologies
can be used by proponents when designing monitoring studies.

Enforcement decisions need to be better documented

142 We reviewed the Department’s approach to enforcement to
determine if it could demonstrate that it was inspecting and
investigating those suspected of violating section 35 of the Fisheries
Act. The requirements and general procedures for habitat-related
enforcement are found in the Habitat Policy and its associated
Compliance and Enforcement Policy.

143 We expected enforcement of the habitat protection and
pollution prevention provisions to be carried out in accordance

with the Compliance and Enforcement Policy through inspections,
investigations, issuance of warnings and directions by inspectors, and
court actions. Notably, the Policy does not require documentation of
most of these actions.
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Occurrence—Information or a complaint that is
logged in the Departmental Violation System.
Whether the Fisheries Act has been violated can
only be determined when the complaint or
information is investigated.

144 The Conservation and Protection Program is part of the
Fisheries and Aquaculture Management Sector, and habitat protection
is only one of the Program’s ten areas of activity. As a result, it spends
more time nationwide on fisheries-related compliance issues.

145 We selected a random sample of 15 fish habitat occurrences
recorded in the Departmental Violation System (DVS) in the 2007-08
fiscal year. We reviewed the sample items to determine if they complied
with the Compliance and Enforcement Policy.

146 Lack of documentation. Overall, there was a lack of
documentation in the files we reviewed. For example, for three cases of
possible violations of subsection 35(2) of the Fisheries Act, the
assessment of the violations and the factors considered to achieve the
desired result with the alleged violator were not documented. A verbal
warning was issued for one of the files we reviewed, but there was no
documented acknowledgement by the alleged violator and no
documentation of follow-up monitoring to ensure that corrective
action requested in the warning was actually carried out. In one case,
Habitat Management Program staff recommended that the
Conservation and Protection Program proceed with charges against
the alleged violator. No charges had been laid at the time of our audit,
which was more than one year after the occurrence.

147 Enforcement. Due to the lack of documentation for the DVS
files we reviewed, we could not determine whether the Department is
following the Compliance and Enforcement Policy. We could not find
evidence of what, if any, actions the Department had taken to inspect
or investigate alleged violations or what enforcement actions it had
taken. A quality assurance system for enforcement, including
establishing appropriate procedures, documenting decisions, and
periodically reviewing violation files would allow the Department to
demonstrate that its decisions are made in accordance with
departmental policies and expectations.

148 Recommendation. Fisheries and Oceans Canada should ensure
that its enforcement quality assurance and control processes are
sufficient to demonstrate that its actions have been taken in accordance
with the Compliance and Enforcement Policy. The Department should
provide guidance on the type of complaints that fishery officers should
respond to and take action on, and the Department should specify
minimum documentation requirements for occurrences.

Fisheries and Oceans Canada’s response. The Department accepts
this recommendation and, by 31 August 2010, will establish,
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disseminate, and communicate to regions an operational protocol to
ensure better documentation of enforcement actions and monitoring
of activities to ensure consistency with the Compliance and
Enforcement Policy.

Guidance on the nature of complaints that warrant the attention of
fishery officers has also been identified as a need by the Department.
By 31 March 2011, the Department will examine the process currently
in use and, by 31 March 2012, the Department will examine the
Habitat Compliance Decision Framework to improve its guidance to
staff, clarify documentation protocols, and establish minimum
documentation standards for occurrences.

Modernization of the Habitat Management Program is progressing

149 In 2004, the Department created the Environmental Process
Modernization Plan (EPMP), which was part of a series of continuous
improvement initiatives. The EPMP focused on key elements in
modernizing the Habitat Management Program, including streamlined
reviews of low-risk activities, strengthened partnership arrangements,
and modernization of habitat compliance.

150 We reviewed the Department’s progress in implementing

the EPMP by reviewing departmental policies, procedures, and
documents; analysing referral totals by year; and reviewing project
files. We expected the Department to have fully implemented the
EPMP into the Habitat Management Program and to have adjusted
the EPMP accordingly to reflect implementation experience.

151 The Department has implemented parts of the EPMP but
has made little progress in some areas—in particular, the Habitat
Compliance Modernization initiative, which was introduced in 2005.

152 Streamlining. The Department developed operational statements
to streamline its review of projects so that it could focus its reviews on
higher-risk projects. The statements, available on its Internet site,
outline measures and conditions to avoid harming habitat in order to
comply with subsection 35(1) of the Fisheries Act. Project proponents
who comply with the statements do not have to submit their proposal for
review by the Department. The implementation of the EPMP is one of
the contributing factors that has led to a decrease in referrals

from 13,234 in the 2003-04 fiscal year to 7,333 in 2007-08.

153 Partnering arrangements. In 2005, the Department completed
a formal cooperative Memorandum of Understanding (MOU) with
Nova Scotia. The provinces of British Columbia, Prince Edward Island,
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and Manitoba already had agreements in place. These agreements
outline collaborative work with the provinces to carry out activities
related to protection of fish habitat. The Department has also signed
agreements with industry groups and non-governmental
conservation organizations.

154 Modernization of habitat compliance. The Department
decided to move the focus of the Habitat Management Program from
enforcement, which is largely reactive in responding to complaints, to
compliance promotion, such as communication and publication of
information, public education, consultation with stakeholders, and
technical assistance. The Department advised us that most activity of
the Conservation and Protection Program related to habitat issues is
determined by the level of risk associated with habitat occurrences
that are assessed by habitat managers.

155 As a result of the new direction, the Conservation and
Protection fishery officers have spent significantly less time on
habitat-related enforcement matters—from 78,057 hours in 2003 to
38,249 hours in 2007 (a percentage decrease of total time from

6.4 percent to 3.3 percent). The Department advised us that this
reduction is largely due to the Department’s decision to move to a new
habitat compliance strategy. In 2004, the number of fishery officers in
the Central and Arctic Region was reduced from 56 to 24, and officers
in the Pacific Region were directed to focus more on enforcement of
other matters and less on habitat issues.

156 The Department implemented a National Habitat Compliance
Protocol to clarify the roles, responsibilities, and accountabilities of the
Habitat Management Program and the Conservation and Protection
Program. Habitat monitors, staff who would work in the Habitat
Management Program on both compliance promotion and
enforcement, were to be engaged and carry out much of the work
being done by fishery officers. Although originally planned for 2006,
the hiring of habitat monitors was still in progress during our audit.

157 Compliance promotion. We found that the Department’s
compliance promotion is limited and that it has no overall strategy for
this activity. As a result, it has not realized an improvement in habitat
conservation and protection through increased compliance promotion
and risk-based strategies for monitoring and enforcement.

158 Implementation progress. The Department has made progress
in implementing the EPMP so that it can better manage its risks.
However, we noted that some elements, such as Habitat Compliance
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Modernization, are not yet fully implemented. The Department has
identified future needs for the EPMB, including consultation,
partnering and accountability for agreements, and a formal evaluation
of the EPMP. These initiatives have to be incorporated fully into the
Habitat Management Program before the Department can confirm
that the Program is being risk-managed.

Accountability in agreements is weak

159 The Habitat Policy calls for cooperation by encouraging and
supporting involvement by government agencies, public interest
groups, and the private sector to conserve, restore, and develop fish
habitat. In the delivery of its Habitat Management Program, the
Department relies on the support of and input from a number of
internal and external groups. Without their help, the Department
would need more resources to deliver its mandate.

160 The Department is required, through inter-agency cooperative
agreements, to participate in the provincial project review systems and
in provincial environmental assessment reviews for projects.

161 Jurisdictional responsibilities over water matters are complex as
the provinces have many responsibilities in this area. Provincial water
powers include flow regulation, authorization of water use development,
water supply, pollution control, thermal and hydroelectric power
development, and agriculture and forestry practices.

162 The responsibility for inland fisheries (for example, fishing
licences and limits) has been delegated to the provinces, but the
federal government has retained the responsibility for habitat. Fisheries
and Oceans Canada relies on provincial government programs to
administer some of its fish habitat protection responsibilities. Habitat
agreements are in place with four provinces, but implementation of the
agreements varies considerably by province.

163 As provincial officials are designated as fishery officers by the
Department, we expected an appropriate accountability framework
to be in place that includes the delivery of reports to the federal
government on the status of habitat, enforcement actions taken,
and monitoring carried out.

164 We found that Fisheries and Oceans Canada has made progress in
working with stakeholders to identify development practices that reduce
the potential for impact on fish habitat and promote compliance with
the Fisheries Act. The Department has also worked with environmental
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groups, including those on the Canadian Environmental Network,
to engage them in improving the delivery of its desired results.

165 For example, since 2001, the Department has developed
agreements with 36 conservation authorities in Ontario to help deliver
the habitat program. The authorities do this by, for example, reviewing
project referrals (most of the low-risk files) and issuing letters of advice
on the Department’s behalf.

166 We found that there are weaknesses in the oversight process for
the agreements with Ontario conservation authorities. The
agreements have few accountability mechanisms, such as performance
measures, audit provisions, or formal evaluation requirements. Thus,
there is no formal means for the Department to know if the assigned
activities have been carried out according to its policies and guidelines.
While the agreements state that the Department is responsible for
reviewing the letters of advice prepared by conservation authorities,
we found that the Department did not receive copies of these letters to
review.

167 In our 2001 audit of the Great Lakes Basin, we recommended
that the Department develop suitable accountability arrangements
with its partners—notably the provinces and others it relies on to
achieve the objectives of the Fisheries Act.

168 These issues from seven years ago still remain and they are
relevant to the Habitat Management Program today.

169 Recommendation. Fisheries and Oceans Canada should clarify
the parts of the Habitat Management Program that it will continue to
administer, the extent that it wants others to deliver the program on its
behalf, and the resource implications. The Department should also
assess whether accountability mechanisms in all of its existing
agreements are working effectively enough to report and assess the
results achieved through its collaboration with others. In addition, it
should review the agreements to ensure that they are aligned with its
view of the long-term goals of the Habitat Management Program.

Fisheries and Oceans Canada’s response. The Department accepts
this recommendation and, by 31 March 2011, will have reviewed and
evaluated its memoranda of understanding with provinces and
territories. The Department will continue to work with its partners to
strengthen the governance and accountability mechanisms and ensure
that the partnership arrangements are aligned with the Department’s
goals and its strategic vision.
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Habitat loss or gain is not being measured

170 The approach under the Habitat Policy is to achieve no net loss
of habitat on each project and, together with habitat restoration and
development, achieve a gain in habitat overall. We expected that
Fisheries and Oceans Canada would be collecting and analyzing
habitat data to determine whether it is achieving the Policy’s objective
of a net gain in habitat.

171 Measuring aspects of habitat is a complex process. In our past
audits, we recommended that Fisheries and Oceans Canada collect
and analyze information to provide up-to-date assessments on habitat
conditions. In this current audit, we found no significant improvement
in the quantity and quality of information on fish habitat. The
Department lacks information on fish stocks, quantity and quality of
fish habitat, contaminants in fish, and overall water quality.

172 Provinces and other government agencies, First Nations, and
stewardship groups collect habitat information in discharging their
responsibilities. There continues to be no simple access to current and
complete data, and key technical data for many watersheds is lacking.
As a result, the Department lacks the scientific information needed to
establish a baseline for the state of Canada’s fish habitat. To address
this, the Department has begun a project to access habitat databases
managed by others to more easily gather habitat information. However,
establishing national baseline data for habitat remains a challenge.

173 The Department can also use indicators of habitat quality, such as
water quality, water flow, and fish stock data, to arrive at an assessment
of the quality of habitat in select ecosystems. Ecosystems to be reviewed
could focus on those with significant human activity as the Department
cannot regulate natural changes to habitat. However, the Department has
not made much progress in developing such indicators. The Department’s
ongoing challenges in collecting data and selecting habitat indicators
means that it still does not know whether it is progressing toward the
Habitat Policy’s long-term objective of a net gain in fish habitat.

174 Recommendation. Fisheries and Oceans Canada should develop
habitat indicators to apply in ecosystems with significant human
activity. The Department should use these indicators to assess whether
it is making progress on the Habitat Policy’s long-term objective to
achieve an overall net gain in fish habitat.

Fisheries and Oceans Canada’s response. The Department accepts
and agrees with this recommendation and is committed to moving
toward an ecosystems approach and the increased use of biological
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Ecosystem science approach—An approach
to science that focuses on identifying and
understanding the key relationships in nature
and their links to human needs and actions.

indicators, particularly in areas of significant human activity. However,
this task is far from trivial as it will require significant new scientific
understanding to ensure that the indicators adopted do in fact tell us
what we need to know about the health of the aquatic ecosystem.

The Habitat Policy is not fully implemented after 23 years

175 We expected that Fisheries and Oceans Canada would have
substantially implemented the Habitat Policy. Without such
implementation, unmanaged human activity could result in further
decline of fish habitat, fish stocks, and the benefits derived by
Canadians from both.

176 In our October 2001 Report, we noted that 15 years had passed
since the Habitat Policy was adopted and that it had not been fully
applied. In our current audit, we found that the Department had
implemented parts of the Policy, but progress in some areas did not
advance as expected.

177  For example, the Policy indicates that the Department is to
ensure a uniform and equitable level of compliance with statutes,
regulations, and policies. However, as noted earlier, the Department
cannot demonstrate that projects it reviews have been adequately
assessed on a consistent basis, as required by the Habitat Policy. It
needs to carry out better compliance monitoring and effectiveness
evaluation—other key elements required under the Policy.

178 Research. The Habitat Policy also requires the Department to
conduct scientific research to provide the information and technology
necessary for the conservation, restoration, and development of fish
habitat. In 2001, we reported that the Department lacked scientific
information that it needed to carry out its mandate effectively,
including information on the quality of fish habitat. According to the
Department, implementation of an ecosystem science approach is in
the early stages, and assessment of habitat is not yet possible. It notes
that data does not exist for many aquatic habitat features, or available
information may not be organized in ways that allow staff to access it
efficiently and systematically.

179 To address these gaps, the Department advised us that it has a
five-year research plan to address the impact from human activities.
External to government, there are recently formed Centres of
Expertise that study the impacts of hydro and of oil and gas on habitat,
and a new Centre of Expertise is being created to provide science
support to the Habitat Management Program. In addition, Ecosystem
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Research Initiatives, whose objective is to deploy an ecosystem science
approach, were recently established in seven areas across the country.

180 Recommendation. Fisheries and Oceans Canada should
determine what actions are required to fully implement the

1986 Habitat Policy and confirm whether it intends to implement
all aspects of the Policy.

Fisheries and Oceans Canada’s response. The Department accepts
this recommendation and, by March 2010, will determine what actions
are required to fully implement the Habitat Policy.

181 The pollution prevention provisions of the Fisheries Act prohibit
all deposits of deleterious substances into waters frequented by fish.
This type of prohibition has been a part of the Fisheries Act since its
enactment in 1868. The only exception to this general requirement is
when harmful deposits are authorized by regulations under the Act.

182 Six regulations are currently in force under the Fisheries Act’s
pollution prevention provisions. These regulations allow deposits of
specific harmful substances from the regulated industry within specific
discharge limits.

183 Environment Canada has been responsible for the
administration of the pollution prevention provisions of the Fisheries
Act since 1978. Environment Canada administers the Act within its
existing organizational structure and processes that also support its
other legislative responsibilities, such as the Canadian Environmental
Protection Act, 1999. It does not have a separate Fisheries Act program.

Accountability for addressing Fisheries Act responsibilities is lacking

184 We focused on Environment Canada’s processes for determining
how it fulfills its Fisheries Act responsibilities. We expected to find the
following two conditions:

 Environment Canada has clearly identified what it must do to
meet its Fisheries Act responsibilities, including establishing results
expectations and appropriate accountability arrangements for
delivering those responsibilities.

» Environment Canada has identified and assessed the risks
associated with substances that are harmful to fish, developed
and implemented compliance strategies to manage significant
risks, and regularly updated approaches to mitigate or address
risks.
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The following paragraphs present our findings related to these
expectations:

185 Results expectations. Environment Canada has not established
clear objectives or results expectations for meeting its Fisheries Act
responsibilities.

186 Environment Canada has identified its priorities for
administration of the Fisheries Act in its 2008—-2009 Report on Plans
and Priorities (RPP). Its RPP points to the Pulp and Paper Effluent
Regulations (about 115 mills are subject to these regulations), Metal
Mining Effluent Regulations (about 100 mines are subject to these
regulations), development of new regulations for wastewater effluent,
and enforcement of the Act as its priorities.

187 Environment Canada has not clearly established what it plans to
achieve with its main Fisheries Act responsibility—ensuring compliance
by industries and activities with the Act’s prohibition against the
deposit of harmful substances in water frequented by fish (the
Department estimates that this could apply to hundreds of thousands
of organizations or individuals).

188 Administration of the Act’s prohibition requirement. In 2005,
Environment Canada established a Fisheries Act working group to
develop and implement a national approach for administering the
Act’s prohibition against the deposit of harmful substances in water
frequented by fish. The working group identified nine national
priorities and additional regional priorities (sectors, industries, or
activities) where water pollution issues should be addressed through
administering the Act’s prohibition requirement. The working group
recommended a plan of action to address these priorities. It has not
met since 2006, and no one is clearly assigned the responsibility for
action on the issues identified.

189 Further, the working group observed that Environment Canada’s
focus was on its administration of the Canadian Environmental
Protection Act, 1999 and that the Department no longer had the
management structure to administer the Fisheries Act.

190 In November 2007, Environment Canada officials reviewed the
working group’s findings and did further analysis to identify challenges
with administering the pollution prevention provisions. It identified
specific challenges faced by the Department in ensuring compliance
with the Fisheries Act prohibition requirement, including a lack of
clear priorities, difficulties in determining compliance, and reactive
activities, with inconsistent responses across regions and across sectors.

KL}
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Environmental effects monitoring—Activity
that assesses the aquatic ecosystems

downstream from the site of effluent discharge
to determine the impacts of the effluent on fish

and the aquatic environment over the long term.

PROTECTING FISH HABITAT

191 No further coordinated action was taken on these departmental
initiatives, leaving Environment Canada without a national approach
to provide coordination, focus, and guidance on administration of the
Act’s prohibition requirement.

192 Environment Canada has not clearly identified what it has to
do to meet its Fisheries Act responsibilities, including establishing
results expectations and appropriate accountability arrangements
for delivering those responsibilities.

193 Recommendation. Environment Canada should set out clear
objectives and results expectations for its Fisheries Act responsibilities,
and establish accountability for achieving the desired results, including
providing national coordination and guidance on the administration of

the Act.

Environment Canada’s response. The Department accepts this
recommendation and will put in place a Results-based Management
and Accountability Framework in 2009-10 for Environment Canada’s
Fisheries Act responsibilities. The framework will clearly identify the
objectives, responsibilities, and expected results, including how
national coordination and guidance on Environment Canada’s
administration of the Act will be provided.

194 Compliance strategy. We expected to find that Environment
Canada had developed and implemented a compliance strategy to
address significant Fisheries Act responsibilities. A compliance strategy
would address areas of greatest risk to fish habitat based on integrated
information gathering and the use of scientific knowledge. It would
then set departmental priorities for using tools such as compliance
promotion, education, promotion of technology development, and
targeted enforcement to increase rates of compliance.

195 Environment Canada has a compliance strategy, environmental
effects monitoring, and an enforcement plan in place for each of the
two regulations it actively administers and enforces—the Pulp and
Paper Effluent Regulations and the Metal Mining Effluent Regulations.

196 However, Environment Canada does not have a Fisheries Act
compliance strategy for the industries and activities that must comply
with the Act’s prohibition requirement against the deposit of harmful
substances in water frequented by fish. The Department informed us
that the number of parties potentially subject to the Act’s prohibition
requirement numbers in the hundreds of thousands. The size of this
population represents a challenge in developing a compliance strategy
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and setting priorities for the use of compliance promotion and
enforcement resources.

197 Environment Canada has not instituted an overall risk-based
approach to the Fisheries Act to identify, assess, and address risks of
non-compliance with the Act that could result in significant harm to
fish habitat. The use of risk-based methodologies would allow the
Department to focus its resources on those areas where significant risks
to fish habitat are highest and ensure that they are adequately
addressed in a consistent manner.

198 The absence of a risk-based approach to the Fisheries Act’s
prohibition requirement also hampers the ability of the Department’s
Enforcement Branch to plan its enforcement activities based on
significant risks to fish habitat identified by the Department. The
2008-2009 National Enforcement Plan reflects a largely reactive
approach, based on complaints, to the Act’s prohibition requirement.
However, the Plan does include planned inspections for some cruise
ships, fish plants, and abandoned mines.

199 Identification of substances harmful to fish. We expected to
find that Environment Canada had identified and assessed the risks
associated with substances that are potentially harmful to fish and
incorporated this information into its decision-making processes.
We found that many sources of pollution that are harmful to fish are
known to Environment Canada, but that information is incomplete
and, in the absence of a compliance strategy for the Fisheries Act
prohibition requirement, the Department is not using information
that it does have to its full potential.

1100 There are many substances or combinations of substances that
have the potential to harm fish. Environment Canada has different
means to identify such substances, including scientific and some working
knowledge of sources of pollution and some individual substances that
are harmful to fish and the aquatic environment. For example, during
the late 1990s, the Department’s Science Branch conducted a series of
threat assessments that were summarized in a 2001 report. While this
work is now becoming dated, it identified sources of pollution by
industries and activities, such as municipal wastewater effluent, that
have a significant impact on aquatic ecosystems.

1101 Environment Canada has knowledge about chemical substances
through its scientific assessments under the Canadian Environmental
Protection Act, 1999 and about the sources of some pollution that are
harmful to fish from the Department’s other initiatives, such as the
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processes supporting the 1987 Great Lakes Water Quality Agreement.
However, the Department’s 2006 Science Plan identified the need for
additional information to adequately assess the impacts of substances,
especially the combination of substances entering fish habitat.

1102 In June 2008, Environment Canada reported that “there is no
national network of water quality monitoring sites designed specifically
for the purpose of reporting the state of Canada’s water quality in a fully
representative way at different geographic scales across Canada.” While
such monitoring is not designed to identify individual substances
harmful to fish, Environment Canada has indicated that information
from water quality monitoring in sensitive watersheds could be used to
supplement information about impacts on fish and fish habitat.

Complementary roles of related legislation and other jurisdictions have not
been assessed

1103 As noted earlier, Environment Canada does not have a separate
organizational structure or processes to manage its overall Fisheries Act
responsibilities; it uses the structures and processes that support its
other legislative responsibilities, including the Canadian
Environmental Protection Act, 1999 (CEPA).

1104 Environment Canada has informed us that CEPA can play a
complementary role to reduce the risk of violations of the Fisheries Act
and reduce discharges of CEPA-regulated substances, thereby
protecting fish habitat.

1105 Reliance on CEPA. We expected to find that Environment
Canada had determined the extent that the results achieved from its
administration of CEPA could be relied on to meet its mandate for the
Fisheries Act’s prohibition against the deposit of harmful substances
into waters frequented by fish. The Department could also use such an
assessment to help it determine the resources needed for administering
its Fisheries Act responsibilities. However, Environment Canada has
not completed such an assessment.

1106 The case study (page 38) shows how the Department has used
and proposes to use CEPA and the Fisheries Act to address significant
risks to fish habitat from wastewater effluent.

1107 Reliance on other jurisdictions. We focused on Environment
Canada’s approach to cooperation with other jurisdictions, most
notably provinces. Environment Canada relies on water legislation and
enforcement in other jurisdictions to protect water from the effects of
pollution and complement its Fisheries Act responsibilities. We expected

Report of the Commissioner of the Environment and Sustainable Development—Spring 2009 Chapter 1 | 37



PROTECTING FISH HABITAT

CIMFP Exhibit P-00352 - Tab 19 Page 58

that Environment Canada had determined the extent that it could rely
on the water legislation and enforcement by other jurisdictions to meet
its mandate for the Fisheries Act’s prohibition requirement. We found
that Environment Canada had not done this.

1108 There is a history of cooperation on water pollution prevention
where federal, provincial, and territorial governments have worked
together through the Canadian Council of Ministers of the
Environment (CCME) to address wastewater effluent, water quality
monitoring, and water quality guidelines. Such cooperation is widely
recognized as being important to implementing successful pollution
prevention programs.

1109 The Government of Canada has entered into formal agreements
with Alberta and Saskatchewan to administer aspects of the Fisheries
Act’s pollution prevention provisions. In a 1999 Report, the
Commissioner of the Environment and Sustainable Development
reported that these agreements did not always work as intended and
that many activities that are essential to implementing the agreements
were not working as well as they could.

Efforts to address risks posed by wastewater effluent

Wastewater effluent has long been identified as a major risk to aquatic ecosystems. It
is one of the largest sources of pollution in water by volume and is a significant source
of releases of nitrogen and phosphorus into water, both substances that can be harmful
to fish. The issues that all governments must address to reduce the risks to water
quality from wastewater effluent are complex and costly.

Under the Fisheries Act, wastewater effluent can contain substances harmful to fish.
Environment Canada does not presently have a compliance strategy to ensure that
municipal and other communities’ wastewater facilities comply with the Act's
prohibition requirement. However, Environment Canada’s Enforcement Branch
responds to complaints involving wastewater facilities. Since 1999, several high-risk
substances often found in wastewater effluent have been regulated under the Canadian
Environmental Protection Act, 1999 (CEPA).

In 2003, Environment Canada started working with the Canadian Council of Ministers
of the Environment (CCME) to address wastewater effluent issues. In October 2007,
the CCME released the draft Canada-wide Strategy for the Management of Municipal
Wastewater Effluent (the Strategy) for consultation. At the same time, Environment
Canada consulted on its proposal to develop and use Fisheries Act regulations to
implement the Strategy.

The Strategy is to be implemented over a long time frame, as long as 30 years, with
the high-risk facilities having to meet the proposed regulatory requirement within

10 years. The rationale for this lengthy time frame is the complex nature of the issues
being addressed and the large costs involved to construct or upgrade wastewater
facilities.

The necessary Fisheries Act regulations have yet to be established. However, this is an
example of how CEPA and the Fisheries Act can be used to address significant risks to
fish habitat.

38

Chapter 1

Report of the Commissioner of the Environment and Sustainable Development—Spring 2009



CIMFP Exhibit P-00352 - Tab 19 Page 59

PROTECTING FISH HABITAT

1110 We examined the Canada—Alberta Administrative Agreement
for the Control of Deposits of Deleterious Substances under the
Fisheries Act. We found that the agreement was out of date and not
being fully implemented (see the case study below).

1111 We found that Environment Canada cannot demonstrate that
the agreements with the provinces are active and being implemented,
and it does not know the extent that the legislative frameworks of
other jurisdictions can be relied on to support Environment Canada’s
administration and enforcement of the pollution prevention provisions

of the Fisheries Act.

Canada-Alberta Administrative Agreement for the Control

of Deposits of Deleterious Substances under the Fisheries Act

In 1994, the Governments of Canada and Alberta entered into the Canada-Alberta
Administrative Agreement for the Control of Deposits of Deleterious Substances under
the Fisheries Act (the Agreement). The purpose of the Agreement was to establish
terms and conditions for the cooperative administration of the pollution prevention
provisions of the Fisheries Act and relevant provincial legislation. The rationale behind
this was to streamline and coordinate the regulatory activities of Canada and Alberta
and to reduce duplication. We examined the mechanisms that were in place under the
Agreement to report to Environment Canada on the results achieved for specific
responsibilities administered on its behalf.

We found that the Management Committee that governs the implementation and
administration of the Agreement has not met in over two years. Environment Canada
informed us that it meets regularly at the staff level with Alberta to discuss issues,
including enforcement activity and reported releases of substances. Although
Environment Canada has not formally assessed these working-level arrangements, it
informed us that they are working effectively.

To determine how this collaboration has occurred in practice, we examined the
arrangements for implementation of the Agreement with respect to oil sands
operations. The Pembina Institute, an Alberta-based environmental non-governmental
organization, has reported that oil sands operations are producing about 1.8 billion
litres of tailings per day, storing them in tailing ponds. These tailings contain
substances that are potentially harmful to fish. According to several environmental
impact assessments of oil sands projects, leaching of the substances contained in the
tailing ponds can be expected.

Environment Canada participates in environmental impact assessments and a number
of oil sands working groups and research initiatives. Environment Canada has informed
us that it does not have its own independent monitoring program because Alberta
prohibits the release of tailing pond contents to surface water and monitors for leaching
into local rivers and lakes. Alberta has a process in place to report spills to
Environment Canada, including incidents that potentially fall under the Fisheries Act.

Environment Canada relies on the Agreement and the arrangements with Alberta to
meet its Fisheries Act responsibilities. However, the Agreement’s Management
Committee has not provided its oversight role in over two years and Environment
Canada has not formally assessed the extent that the arrangements with Alberta fulfill
the Department's Fisheries Act responsibilities.
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1112 Recommendation. Environment Canada should develop a risk-
based approach to the Fisheries Act pollution prevention provisions to
identify, assess, and address significant risks associated with non-
compliance with the Act. As part of this approach, Environment
Canada should determine whether there are significant risks to fish
habitat associated with non-compliance with the Fisheries Act that are
not being addressed by the combination of its own administration and
enforcement of the Act, and the administration of other federal and
provincial legislation.

Environment Canada’s response. The Department accepts this
recommendation and has assigned responsibility to the Public and
Resources Sectors Directorate of the Environmental Stewardship
Branch to coordinate risk management and compliance promotion
priorities for subsection 36(3) of the Fisheries Act and associated
regulations.

In 2009-10, Environment Canada will develop a work plan to identify
current risks and risk management activities in non-regulated sectors,
including Fisheries Act compliance promotion activities and other
federal and provincial legislation. In 2010-11, the Department will
complete the review of risks and risk management activities and will
adjust departmental work plans as required.

Some regulations and guidance are outdated

1113 We expected that Environment Canada would actively administer
the Fisheries Act regulations pursuant to the pollution prevention
provisions, and ensure that the regulations, and guidance on compliance
with the Act, are adequate, up-to-date, relevant, and enforceable.

1114 Regulated industries. Of the six Fisheries Act pollution
prevention regulations currently in force, Environment Canada
actively administers two—the Pulp and Paper Effluent Regulations and
the Metal Mining Effluent Regulations. The four remaining regulations
date back to the 1970s and are based on outdated technology and
practices, making them difficult to enforce.

1115 For example, the Petroleum Refinery Liquid Effluent Regulations
contain outdated effluent sampling methods and requirements that are
used to determine whether refineries are complying with the Fisheries
Act. In addition, these regulations only apply to the five refineries that
began operations on or after 1 November 1973 when the regulations
came into force. The 14 refineries that were operating before that
date are not subject to the regulations but are covered by

voluntary guidelines.
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1116 In 1998, the Standing Committee on Environment and
Sustainable Development recommended that the Minister of the
Environment undertake a review of Fisheries Act regulations to ensure
that they were adequate, up-to-date, and enforceable. Further,
regulations that were found to be deficient were to be amended to
ensure their enforceability. The government responded that a review
was not needed at that time. Consequently, the regulations that the
Committee was concerned about 10 years ago have yet to be reviewed
by Environment Canada and have not been updated.

1117 Under the 2007 Cabinet Directive on Streamlining Regulations,
departments are responsible for ensuring that regulations continually
meet their initial policy objectives and for renewing their regulatory
frameworks on an ongoing basis. While Environment Canada officials
have raised concerns about these outdated regulations, the
Department has no plans to address the concerns.

1118 Guidelines and best practice statements. Between 1970

and 1977, the Minister of Fisheries and the Environment issued six
Fisheries Act guidelines to specific industries. These guidelines
recommend voluntary measures that could be applied to control effluent
discharged from operations and thereby demonstrate compliance with
the Act. The guidelines are based on technology and best practices
dating back to the 1960s. Consequently, the guidelines represent an
impediment to Envitonment Canada’s curtent enforcement of the Act’s
prohibition requirement, as industrial practices and technology have
changed significantly in the intervening decades.

1119 Environment Canada has also issued many industry-specific
best practice statements over the years. However, the Department
has no process to review and recall these statements should they
become outdated.

1120 Recommendation. Environment Canada should review existing
Fisheries Act regulations, guidelines, and best management practices to
ensure that they are adequate, up-to-date, relevant, and enforceable.

Environment Canada’s response. The Department accepts this
recommendation. Over the 2009-2012 period, Environment Canada
will undertake a review of the continued relevance of the four
regulations noted below in light of Fisheries Act guidelines, provincial
standards, and industry best management practices, and will take the
necessary steps to update or repeal them as appropriate:

¢ Chlor-Alkali Mercury Liquid Effluent Regulations
¢ Meat and Poultry Products Plant Liquid Effluent Regulations
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e Petroleum Refinery Liquid Effluent Regulations

* Potato Processing Plant Liquid Effluent Regulations

Enforcement quality assurance and control have weaknesses

1121 We focused on Environment Canada’s enforcement activities that
prevent, deter, and detect non-compliance with the pollution
prevention provisions of the Fisheries Act. Enforcement activities include

* inspections to verify compliance;
* investigations of suspected violations; and

* measures to compel compliance, such as written directives
and warnings, and charges under the Act.

1122 We expected that Environment Canada could demonstrate that
its enforcement actions had been taken in accordance with the
Compliance and Enforcement Policy, which states that the Act must
be administered and enforced in a “fair, predictable and consistent
manner” and provides general guidance on how this is to be achieved.

1123 We examined the Enforcement Branch’s quality assurance and
control practices for its enforcement activities. There are a number of
important quality assurance and control practices in place. For
example, Environment Canada has provided reporting independence
to its Enforcement Branch as it now reports directly to the Deputy
Minister, and the Department and Fisheries and Oceans Canada
jointly developed the 2001 Compliance and Enforcement Policy in
response to recommendations from a 1998 Report of the Standing
Committee on the Environment and Sustainable Development.
However, we found the following:

* There is no overall process by which headquarters reviews
regional enforcement activities to assess whether the Policy
was followed and consistently enforced.

 The Enforcement Branch has limited information on the nature
and extent of Fisheries Act compliance issues. The Enforcement
Branch believes that about 40 to 50 percent of the public
complaints it receives arise from Fisheries Act concerns, but it has
not completed an analysis of the nature of these complaints or the
subsequent enforcement activities.

1124 We selected a random sample of 15 enforcement actions—
inspections, investigations, and measures to compel compliance—
taken in the year ended 31 March 2008 to determine whether they

Q2
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were taken in accordance with the Compliance and Enforcement
Policy. We found that the enforcement actions we reviewed
demonstrated compliance with the Policy.

1125 Nevertheless, the weaknesses in the Enforcement Branch’s
quality assurance and control practices limit the Branch’s ability to
demonstrate that its actions have been taken in accordance with the
Compliance and Enforcement Policy.

1126 Recommendation. Environment Canada should ensure that its
enforcement quality assurance and control practices are sufficient to
demonstrate that its actions have been taken in accordance with the
Compliance and Enforcement Policy.

Environment Canada’s response. The Department accepts this
recommendation. The Enforcement Branch is continuing to develop a
framework, standardize processes, and establish accountabilities to
enhance its quality assurance and its quality control. More specifically,
the quality assurance and quality control framework is being both
developed and implemented over the 2009—10 and 2010-11 fiscal
years and maintained thereafter. At the same time, the Enforcement
Branch is establishing a quality assurance unit, as well as a working
group, to oversee and support the quality of enforcement data.
Collectively, their responsibilities will include developing new
procedures for data entry, implementing a systematic data quality and
control monitoring process that will involve both regional
management teams as well as headquarters, conducting periodic
quality assurance analysis of enforcement files, and providing training
to Enforcement Officers.

Interdepartmental cooperation  Cooperation between the two departments is lacking

1127 The Minister of Fisheries and Oceans continues to be legally
responsible to Parliament for all sections of the Fisheries Act, including
administration of the pollution prevention provisions that have been
assigned to Environment Canada. The Habitat Policy and the
Compliance and Enforcement Policy promote the concept of Fisheries
and Oceans Canada and Environment Canada working cooperatively
to achieve the policies’ objectives. We expected to find that the two
departments had formal arrangements to establish the expectations for
administration of the pollution prevention provisions of the Fisheries
Act and that they had implemented the cooperative arrangements
reflected in the policies.
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1128 A 1985 Memorandum of Understanding (MOU) between
Fisheries and Oceans Canada and Environment Canada sets out their
collective responsibilities for administration of the pollution
prevention provisions of the Fisheries Act. It is not being actively
implemented by the two departments. For example, the MOU calls for
regular, at least annual, meetings between senior officials to discuss
operational, regulatory, and national policy considerations. These
meetings are not held.

1129 In response to our 2001 audit, Fisheries and Oceans Canada
noted that the Memorandum of Understanding would be reviewed in
the near future to further clarify the respective roles and expectations
of the two departments in administering the pollution prevention
provisions. This has not been done.

1130 Implementing the policies. We found that Fisheries and Oceans
Canada and Environment Canada have few formal interactions related
to the policies. The Habitat Policy indicates that Fisheries and Oceans
Canada is to work with Environment Canada to establish federal
priorities. The Policy also stipulates that Fisheries and Oceans Canada
is to provide criteria for fisheries protection to Environment Canada to
guide it in its effort to protect fish and fish habitat from pollution.
This has not been done.

1131 The 2001 Compliance and Enforcement Policy called for a joint
review of its implementation by the two departments after five years.
Seven years later, we found that neither department was aware of this
requirement and the joint review has not been done.

1132 While there are many ongoing working-level interactions
between officials of the two departments, we found that this has not
been translated into the specific actions called for under the Habitat
Policy and the Compliance and Enforcement Policy.

1133 Establishing expectations. There are no formal arrangements
by which Fisheries and Oceans Canada and Environment Canada
establish the expectations for administration of the pollution
prevention provisions of the Fisheries Act. Environment Canada’s
administration of the provisions has been left to its discretion.

1134 Recommendation. Fisheries and Oceans Canada, with

the support of Environment Canada, should clearly establish the
expectations for Environment Canada’s administration of the pollution
prevention provisions, including the expected interactions between the
two departments to support the delivery of the 1986 Habitat Policy.

M4
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Environment Canada’s and Fisheries and Oceans Canada’s
response. The departments accept this recommendation and, by

31 March 2011, will review the administration of section 36 of the
Fisheries Act. By 31 March 2012, a renewed Memorandum of
Understanding that better establishes expectations and responsibilities
for Environment Canada will be in place.

Conclusion

1135 Fisheries and Oceans Canada and Environment Canada cannot
demonstrate that they are adequately administering and enforcing the
Fisheries Act, and applying the Habitat Policy and the Compliance and
Enforcement Policy in order to protect fish habitat from the adverse
impacts of human activity.

1136 Habitat Policy. In the 23 years since the Habitat Policy was
adopted, Fisheries and Oceans Canada has not fully implemented

the Policy, and little information exists about the achievement of

the Policy’s overall long-term objective of a net gain in productive

fish habitat. Fisheries and Oceans Canada needs to gather information
on the state of fish habitat and develop habitat indicators to assess
the state of Canada’s fish habitat. Through improved information
about the state of fish habitat, Canadians will be better informed
about whether progress is being made toward the Policy’s long-term
objective.

1137 Environmental Process Modernization Plan (EPMP).
Fisheries and Oceans Canada has made progress in implementing

the EPMP so that it can better manage its risks. The EPMP has
resulted in a reliance on Canadians’ self-compliance with the

Fisheries Act habitat protection provisions for common, low-risk
projects, to allow the Department to use its resources on projects that
represent a greater risk to fish habitat. There are shortcomings in
implementation of the EPMP. We found that the Department does not
have adequate quality assurance and control processes for its new risk-
based decision making. It cannot demonstrate that projects that
represent a risk to fish habitat have been adequately assessed and a
consistent approach has been applied. We found that Fisheries and
Oceans Canada reduced its enforcement by half before implementing
its new compliance approach. Further, the Department rarely monitors
whether project proponents actually comply with the Department’s
conditions of approval or whether proponents’ actions effectively
maintained the expected no net loss in habitat.
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1138 Pollution prevention provisions. Environment Canada has not
clearly identified what it has to do to meet its Fisheries Act
responsibility for the pollution prevention provisions, including
establishing results expectations and appropriate accountability
arrangements that provide national coordination and guidance on the
administration of the Act. Environment Canada does not use a
risk-based approach to the Fisheries Act to identify, assess, and address
risks associated with non-compliance with the Act that could lead to
significant harm to fish habitat. It does not have a Fisheries Act
compliance strategy for the industries and activities that must comply
with the Act’s prohibition against the deposit of harmful substances in
waters frequented by fish. Environment Canada has not determined
whether the results achieved through other legislation (such as the
Canadian Environmental Protection Act, 1999), other levels of
government, and its own enforcement activities meet the Act’s
stringent pollution prohibition requirement.

1139 Review of regulations. Regulations under the pollution
prevention provisions of the Fisheries Act allow regulated industries to
deposit specified substances into waters frequented by fish within
discharge limits. Environment Canada actively administers only two of
the six Fisheries Act regulations for which it has responsibility. The two
regulations cover the pulp and paper industry and metal mines, which
have in the past represented risks to fish. However, the remaining four
regulations, all of which date to the 1970s, are not actively being
administered. The Department considers them to be outdated and
difficult to enforce. By not reviewing these regulations to determine
whether they still meet their initial policy objectives, Environment
Canada is not following the 2007 Cabinet Directive on Streamlining
Regulations.

1140 Continuing issues. Many of the issues raised in this chapter have
been raised before in previous audit reports, especially as they relate to
Fisheries and Oceans Canada. For example, we have previously
observed that Fisheries and Oceans Canada had not implemented
aspects of the Habitat Policy, did not know whether it was progressing
toward the ultimate objective of a net gain in fish habitat, and needed
to devote more time and effort to compliance monitoring.
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About the Audit

All of the audit work in this chapter was conducted in accordance with the standards for assurance
engagements set by The Canadian Institute of Chartered Accountants. While the Office adopts these
standards as the minimum requirement for our audits, we also draw upon the standards and practices of
other disciplines.

Objective

The audit objective was to determine whether Fisheries and Oceans Canada and Environment Canada
can demonstrate that they are adequately administering and enforcing the Fisheries Act, and applying the
Habitat Policy and the Compliance and Enforcement Policy in order to protect fish habitat from the
adverse impacts of human activity.

Scope and approach

The audit included the administration of the fish habitat protection and pollution prevention provisions of
the Fisheries Act and the two policies (the Habitat Policy and the Compliance and Enforcement Policy)
that set out the government’s intentions related to these provisions. The audit included the policies,
programs, and activities of Fisheries and Oceans Canada and Environment Canada, and certain
arrangements with others that support the administration and enforcement of these provisions.

The audit did not focus on the environmental assessments required by the Canadian Environmental
Assessment Act that may be triggered by ministerial authorizations under the provisions of the Fisheries Act.

Our approach included reviewing documents from the headquarters and regional offices, interviewing
management and employees, examining databases, examining a sample of project proposals referred to
Fisheries and Oceans Canada, examining a sample of enforcement actions taken by both departments, and
analyzing procedures. We also reviewed a number of relevant environmental petitions and the related
responses from department ministers.

Criteria

Listed below are the criteria that were used to conduct this audit and their sources.

Criteria

Sources

Fisheries and Oceans Canada and Environment Canada should
administer and enforce the fish habitat protection and pollution
control provisions of the Fisheries Act in a fair, predictable, and
consistent manner so as to achieve the Habitat Policy and the
Compliance and Enforcement Policy.

Department of Fisheries and Oceans, Policy for the
Management of Fish Habitat, 1986

Environment Canada, Compliance and Enforcement Policy for
the Habitat Protection and Pollution Prevention Provisions of
the Fisheries Act, 2001

Cabinet Directive on Streamlining Regulation, 2007
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Criteria

Sources

Fisheries and Oceans Canada and Environment Canada should
work collaboratively with provinces, communities, and
stakeholders to implement the fish habitat protection and
pollution control provisions of the Fisheries Act, and the Habitat
Policy and the Compliance and Enforcement Policy. Where
specific responsibilities are administered by others on behalf of
Fisheries and Oceans Canada and Environment Canada,
mechanisms should be in place to report to Fisheries and
Oceans Canada or Environment Canada on the results achieved
in the conduct of these responsibilities.

Department of Fisheries and Oceans, Policy for the
Management of Fish Habitat, 1986

Environment Canada, Compliance and Enforcement Policy for
the Habitat Protection and Pollution Prevention Provisions of
the Fisheries Act, 2001

CCME, A Canada-wide Accord on Environmental
Harmonization

1999 CESD Report—Streamlining Environmental Protection
Through Federal-Provincial Agreements: Are They Working?

Fisheries and Oceans Canada'’s Environmental Process
Modernization Plan should support the achievement of the
Habitat Policy and the Compliance and Enforcement Policy, and
be implemented fully, adapting its implementation to reflect
expetrience.

Department of Fisheries and Oceans, Policy for the
Management of Fish Habitat, 1986

Environment Canada, Compliance and Enforcement Policy for
the Habitat Protection and Pollution Prevention Provisions of
the Fisheries Act, 2001

DFO Change Agenda
DFO, Environmental Process Modernization Plan, 2004

Cabinet Directive on Streamlining Regulation, 2007

Fisheries and Oceans Canada and Environment Canada should
measure and report on the extent to which their programs and
activities contribute to the achievement of the Habitat Policy
and the Compliance and Enforcement Policy and meet the
reporting requirements under the Fisheries Act.

Department of Fisheries and Oceans, Policy for the
Management of Fish Habitat, 1986

Environment Canada, Compliance and Enforcement Policy for
the Habitat Protection and Pollution Prevention Provisions of
the Fisheries Act, 2001

Results for Canadians: A Management Framework for the
Government of Canada

Audit work completed

Audit work for this chapter was substantially completed on 3 October 2008.

Audit team

Assistant Auditor General: Neil Maxwell
Principals: Eric Hellsten and Kevin Potter
Directors: Lana Dar and John Sokolowski

Erika Boch
Sébastien Bureau
Joanne Butler
Don MacNeill
David Wright

For information, please contact Communications at 613-995-3708 or 1-888-761-5953 (toll-free).
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Appendix List of recommendations

The following is a list of recommendations found in Chapter 1. The number in front of the
recommendation indicates the paragraph number where it appears in the chapter. The numbers in
parentheses indicate the paragraph numbers where the topic is discussed.

Recommendation

Protecting fish habitat

133 In order to make consistent
decisions on project referrals, in
accordance with departmental
expectations, Fisheries and Oceans
Canada should ensure that an
appropriate risk-based quality assurance
system is in place for the review of
these decisions. (1.19-1.32)

141 Fisheries and Oceans Canada
should accelerate the implementation
of its Habitat Compliance Decision
Framework to ensure that there is an
adequate risk-based approach

to monitoring projects and providing
assurance that proponents are
complying with the Fisheries Act and all
terms and conditions of departmental
decisions. The Department should also
determine whether the required
mitigation measures and compensation
are effective in meeting the no net loss

principle. (1.34-1.40)

Response

Fisheries and Oceans Canada’s response. The Department
accepts this recommendation. Over the past number of years,
Fisheries and Oceans Canada has made efforts to improve the
quality, consistency, and transparency of its decision making by
implementing the Risk Management Framework. Although
much progress has been made, the Department recognizes that
there is still much work to be done with respect to
documentation standards. With that in mind,

by 31 March 2010, Fisheries and Oceans Canada will implement
a risk-based quality assurance system to verify that
documentation standards are being applied consistently by staff.

Fisheries and Oceans Canada’s response. The Department
accepts this recommendation. Fisheries and Oceans Canada
currently applies a risk-based approach, but recognizes that
opportunities for improvement remain. Once the Habitat
Compliance Modernization initiative is fully implemented, the
Department will be able to provide better assurance that
proponents are complying with the terms and conditions of the
Department’s decisions. Considering this, the Department
commits to fully implement the Habitat Compliance Decision
Framework and report on results of project monitoring activities
by 31 March 2010 and annually thereafter.

Fisheries and Oceans Canada will continue to work with
proponents to design and implement follow-up monitoring
studies. Between now and the end of 2011, the Department will
review and develop standard scientific methodologies to
examine the effectiveness of compensation in achieving the no
net loss guiding principle so that these methodologies can be
used by proponents when designing monitoring studies.
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Recommendation

148 TFisheries and Oceans Canada
should ensure that its enforcement
quality assurance and control processes
are sufficient to demonstrate that its
actions have been taken in accordance
with the Compliance and Enforcement
Policy. The Department should provide
guidance on the type of complaints that
fishery officers should respond to and
take action on, and the Department
should specify minimum
documentation requitements for
occurrences. (1.42-1.47)

169 Fisheries and Oceans Canada
should clarify the parts of the Habitat
Management Program that it will
continue to administer, the extent that
it wants others to deliver the program
on its behalf, and the resource
implications. The Department should
also assess whether accountability
mechanisms in all of its existing
agreements are working effectively
enough to report and assess the results
achieved through its collaboration with
others. In addition, it should review the
agreements to ensure that they are
aligned with its view of the long-term
goals of the Habitat Management
Program., (1.49-1.68)

1.74 Fisheries and Oceans Canada
should develop habitat indicators to
apply in ecosystems with significant
human activity. The Department
should use these indicators to assess
whether it is making progress on the
Habitat Policy’s long-term objective to
achieve an overall net gain in fish

habitat. (1.70-1.73)

Response

Fisheries and Oceans Canada’s response. The Department
accepts this recommendation and, by 31 August 2010, will
establish, disseminate, and communicate to regions an
operational protocol to ensure better documentation of
enforcement actions and monitoring of activities to ensure
consistency with the Compliance and Enforcement Policy.

Guidance on the nature of complaints that warrant the attention
of fishery officers has also been identified as a need by the
Department. By 31 March 2011, the Department will examine
the process currently in use and, by 31 March 2012, the
Department will examine the Habitat Compliance Decision
Framework to improve its guidance to staff, clarify
documentation protocols, and establish minimum
documentation standards for occurrences.

Fisheries and Oceans Canada’s response. The Department
accepts this recommendation and, by 31 March 2011, will have
reviewed and evaluated its memoranda of understanding with
provinces and territories. The Department will continue to work
with its partners to strengthen the governance and
accountability mechanisms and ensure that the partnership
arrangements are aligned with the Department’s goals and its
strategic vision.

Fisheries and Oceans Canada’s response. The Department
accepts and agrees with this recommendation and is committed
to moving toward an ecosystems approach and the increased use
of biological indicators, particularly in areas of significant human
activity. However, this task is far from trivial as it will require
significant new scientific understanding to ensure that the
indicators adopted do in fact tell us what we need to know about
the health of the aquatic ecosystem.
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Recommendation

180 Fisheries and Oceans Canada
should determine what actions are
required to fully implement the
1986 Habitat Policy and confirm
whether it intends to implement

all aspects of the Policy. (1.75-1.79)

Response

Fisheries and Oceans Canada’s response. The Department
accepts this recommendation and, by March 2010, will
determine what actions are required to fully implement the
Habitat Policy.

Pollution prevention provisions

193 Environment Canada should set
out clear objectives and results
expectations for its Fisheries Act
responsibilities, and establish
accountability for achieving the desired
results, including providing national

coordination and guidance on the
administration of the Act. (1.81-1.92)

1.112 Environment Canada should
develop a risk-based approach to the
Fisheries Act pollution prevention
provisions to identify, assess, and
address significant risks associated with
non-compliance with the Act. As part
of this approach, Environment Canada
should determine whether there are
significant risks to fish habitat
associated with non-compliance with
the Fisheries Act that are not being
addressed by the combination of its own
administration and enforcement of the
Act, and the administration of other
federal and provincial legislation.
(1.94-1.111)

Environment Canada’s response. The Department accepts this
recommendation and will put in place a Results-based
Management and Accountability Framework in 2009-10 for
Environment Canada’s Fisheries Act responsibilities. The
framework will clearly identify the objectives, responsibilities,
and expected results, including how national coordination and
guidance on Environment Canada’s administration of the Act
will be provided.

Environment Canada’s response. The Department accepts this
recommendation and has assigned responsibility to the Public
and Resources Sectors Directorate of the Environmental
Stewardship Branch to coordinate risk management and
compliance promotion priorities for subsection 36(3) of the
Fisheries Act and associated regulations.

In 2009-10, Environment Canada will develop a work plan to
identify current risks and risk management activities in non-
regulated sectors, including Fisheries Act compliance promotion
activities and other federal and provincial legislation. In
2010-11, the Department will complete the review of risks and
risk management activities and will adjust departmental work
plans as required.
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Recommendation

1120 Environment Canada should
review existing Fisheries Act regulations,
guidelines, and best management
practices to ensure that they are

adequate, up-to-date, relevant, and
enforceable. (1.113-1.119)

1126 Environment Canada should
ensure that its enforcement quality
assurance and control practices are
sufficient to demonstrate that its
actions have been taken in accordance
with the Compliance and Enforcement
Policy. (1.121-1.125)

Response

Environment Canada’s response. The Department accepts this
recommendation. Over the 2009-2012 period, Environment
Canada will undertake a review of the continued relevance of
the four regulations noted below in light of Fisheries Act
guidelines, provincial standards, and industry best management
practices, and will take the necessary steps to update or repeal
them as appropriate:

¢ Chlor-Alkali Mercury Liquid Effluent Regulations

* Meat and Poultry Products Plant Liquid Effluent Regulations
¢ Petroleum Refinery Liquid Effluent Regulations

* Potato Processing Plant Liquid Effluent Regulations

Environment Canada’s response. The Department accepts this
recommendation. The Enforcement Branch is continuing to
develop a framework, standardize processes, and establish
accountabilities to enhance its quality assurance and its quality
control. More specifically, the quality assurance and quality
control framework is being both developed and implemented
over the 2009-10 and 2010-11 fiscal years and maintained
thereafter. At the same time, the Enforcement Branch is
establishing a quality assurance unit, as well as a working group,
to oversee and support the quality of enforcement data.
Collectively, their responsibilities will include developing new
procedures for data entry, implementing a systematic data
quality and control monitoring process that will involve both
regional management teams as well as headquarters, conducting
periodic quality assurance analysis of enforcement files, and
providing training to Enforcement Officers.

Interdepartmental cooperation

1134 Fisheries and Oceans Canada,
with the support of Environment
Canada, should clearly establish the
expectations for Environment Canada’s
administration of the pollution
prevention provisions, including the
expected interactions between the two
departments to support the delivery of
the 1986 Habitat Policy.
(1.127-1.133)

Environment Canada’s and Fisheries and Oceans Canada’s
response. The departments accept this recommendation and, by
31 March 2011, will review the administration of section 36 of
the Fisheries Act. By 31 March 2012, a renewed Memorandum of
Understanding that better establishes expectations and
responsibilities for Environment Canada will be in place.
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The most often heard claims in support
of large scale hydroelectric development
are: (1) hydropower generation is
‘clean’, (2) water flowing freely to the
ocean is ‘wasted’, and (3) local residents
(usually aboriginals) will benefit from
the development. These three claims are
critically examined using case histories
from Canada and elsewhere in the
world. The critique is based mainly on
journal articles and books, material that
is readily available to the public, and
reveals that the three claims cannot be
supported by fact. Nevertheless, large
scale hydroelectric development contin-
ues on a worldwide basis. The public
needs to be well informed about the
environmental and social consequences
of large scale hydroelectric development
in order to narrow the gap between its
wishes for environmental protection and
what is really occurring.
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Environmental and
social impacts of
large scale hydro-
electric development:
who is listening?

D M Rosenberg, R A Bodaly and P J Usher

Proponents of hydropower development claim a number of benefits in support
of their projects. First, they insist that hydropower generation is ‘clean’, that is,
it has fewer environmental consequences than other sources of power genera-
tion.! Secondly, they argue that water flowing unimpeded to the ocean is
‘wasted’.” Thirdly, they assure us that residents — especially aboriginal peoples
— of areas affected by the creation of reservoirs or the diversion of water will
derive social and economic benefits from the project.’ The main objective of
this article is to examine critically these three claims; information from hydro-
electric developments in different countries will be used but the emphasis will
be on Canada. A second objective is to show that considerable amounts of
freely available information exist on the environmental and social impacts of
hydroelectric development, so that each new project need not be regarded as
unique by decision makers:* effects can be predicted in broad outline.

Hydropower is ‘clean’

In an imperfect world, hydroelectric power is a form of energy which has the fewest
imperfections of all. It is virtually non-polluting.’

Contrary to the sentiment expressed in the above quotation, large scale
hydroelectric development produces a broad range of environmental impacts.
Chief among these impacts are landscape destruction, contamination of food
webs by mercury, and possibly the evolution of greenhouse gases. A consid-
eration of these impacts follows.

Landscape destruction

The flooding of vast areas of forest in the formation of reservoirs (Figure [),
desiccation of water bodies because of water diversion for hydropower gener-
ation or irrigation (Figure 2), and shoreline erosion caused by lake
impoundment (Figure 3) or diversion of waters through existing river channels
with insufficient hydraulic capacity are examples of landscape destruction.
For example, =760 m?/sec of Churchill River water was diverted into the
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Continued from page 127
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Kierans, opcit, Ref 1; T Kierans,
‘Recycled run-off from the north’, Journal
of Great Lakes Research, Vol 14, 1988,
pp 255-256; and G F White, ‘The environ-
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Environment, Vol 30, No 7, 1988, p39,
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3For example, Kierans, 1988, op cit, Ref
2; and Hydro-Québec, ‘Grande Baleine
complex’, Bulletin 4, Hydro-Québec,
Montreal, 1991

4The term ‘decision makers' is meant to
include senior government bureaucrats,
senior hydro managers, and politicians
5Bourassa, op cit, Ref 1, pp 125126

®R A Bodaly et al, ‘Ecological effects of
hydroelectric development in northern
Manitoba, Canada: The Churchill-Nelson
River diversion’, in P J Sheehan et al
(eds) Effects of Pollutants at the
Ecosystem Level, John Wiley, New York,
1984, pp 273-309

"Bodaly ef al, op cit, Ref 6; R W Newbury,
G K McCullough, and R E Hecky, ‘The
Southern Indian Lake impoundment and
Churchill River diversion’, Canadian
Journal of Fisheries and Aquatic
Sciences, Vol 41, 1984, pp 548-557

8R W Newbury, ‘Some principles of com-
patible hydroelectric design’, Canadian
Water Resources Journal, Vol 6, 1981, pp
284-294; Bodaly et al, op cit, Ret 6
9System wide changes are described in G
McCullough ‘Flow and level effects of
Lake Winnipeg regulation and Churchill
River diversion on northern Manitoba
rivers’, in P J Usher and M S Weinstein,
‘Towards assessing the effects of Lake
Winnipeg regulation and Churchill River
diversion on resource harvesting in native
communities in northern Manitoba’,
Canadian Technical Report of Fisheries
and Aquatic Sciences, No 1794, 1991, pp
68-69 and Map1; and Environment
Canada and Department of Fisheries and
Oceans, ‘Federal Ecological Monitoring
Program. Final Report Vol 1’, Environ-
ment Canada and Department of
Fisheries and Oceans, Winnipeg, 1992,
pp24t02.15
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Figure 1 The Rat River, route of the Churchill-Nelson River diversion in
northern Manitoba. (a) Before formation of the Notigi Reservoir and start of
diversion flows; (b) After flooding and diversion. Note the large areas of float-
ing peat. Photos: Allen P Wiens.

nearby Nelson River to enhance flows through a series of large dams con-
structed along the lower Nelson in northern Manitoba (Figure 4).® The point
of diversion was Southern Indian Lake (SIL). The natural outlet of the lake
(Missi Falls shown in Figure 4) was blocked by a control structure, the lake
was impounded 3 m above its long term mean level, and the Churchill River
flow was diverted through a newly excavated channel from the southern part
of the lake into the Nelson River catchment. Prior to diversion, the area
between Southern Indian Lake and the Notigi dam (Figure 4) was allowed to
fill to the same level as Southern Indian Lake. The combined Southern
Indian Lake-Notigi Reservoir flooded =750 km? of land to yield a reservoir
of =2800 km? total surface area.” The Rat and Burntwood rivers, into which
the diversion flows were routed, carried <100 m3/sec before diversion but
=880 m¥/sec after.® As a result of the diversion, the lower Churchill was
dewatered (Figure 2), extensive shoreline erosion occurred in Southern
Indian Lake (Figure 3), and flooding and erosion occurred along the diver-
sion route (Figure 1).°
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Figure 1b

The magnitude of landscape destruction caused by the Churchill-Nelson
diversion is best understood by doing an analysis of redirected power.'? The
distribution of potential power throughout the system before and after diver-
sion is summarized in Table 1. Most of the power can be recovered as
hydroelectric plants are built along the Burntwood and lower Nelson rivers.
However, the power not used until these plants are built. and the displaced
power remaining after the last installation is completed. are both available to
rework the landscape.

The extent of damage to the landscape depends on the landforms
involved.!' For example, wave energy redirected at a flooded bedrock cliff
causes no damage; however, flooding permanently frozen backshore zones
composed of unconsolidated materials causes a protracted cycle of melting
and shoreline erosion. Thus, much of the 25 MW of wave energy on
Southern Indian Lake (Table 1) has been directed at the highly erodable
shorelines during the open water season. The 16-38 times greater power of
the diverted flows has begun to reform a new lower Churchill River along
the Rat and Burntwood systems with consequent extensive landscape
destruction. “The redirected natural forces are often too large or too dispersed

19Newbury, op cit, Ref 8 to be overcome or even hastened by further remedial constrgction. As a
"ibid result, the instabilities created in the environment are essentially beyond
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2/pig, p 288

3F Berkes, ‘The intrinsic difficulty of pre-
dicting impacts: lessons from the James
Bay hydro project’, Environmental Impact
Assessment Review, Vol 8, 1988, pp
201-220; D Roy and D Messier, ‘A review
of the effects of water transfers in the La
Grande hydroelectric complex (Québec,

Canada)’, Regulated Rivers: Research
and Management, Vol 4, 1989, pp
299-316
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Figure 2 The lower Churchill River, northern Manitoba. (a) Before diversion;
(b) After diversion. Photos: Allen P Wiens.

control’.!> How long the instability will last under the subarctic conditions of
the area is unknown.

Existing and planned development of the hydropower potential of rivers in
northern Québec dwart the Churchill-Nelson diversion by comparison.
Development of James Bay involves a total of 30 000 MW of power (cf.
=10000 MW in northern Manitoba). Three major river catchments are
involved: (1) La Grande, (2) Great Whale. and (3) Nottaway-Broadback-
Rupert. Phase I of La Grande development has been completed; it involved
the creation of five major reservoirs that have flooded 9675 km?* of boreal
forest, and two major river diversions totalling =1600 m¥/sec, about twice
the flow of water diverted out of the Churchill River.'? In addition, riverbank
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Figure 3 Southern Indian Lake, northern Manitoba. (a) A beach in the southern part of the lake
before impoundment; (b) The same beach after impoundment; (c) Aerial photo of shoreline erosion.
Photos: Allen P Wiens.

4See map in P Gorrie, ‘The James Bay
Power Project’, Canadian Geographic, Vol
110, No 1, 1990, p 25, for locations of the
La Grande Reservoirs

15F Berkes, ‘The James Bay hydroelectric
project’, Afternatives, Vol 17, No 3, 1990,
p20

8For example, creation of the Laforge-1
and Eastmain-1 reservoirs involved addi-
tional river diversions and =2000 km? of
flooding (A Penn, Cree Regional Authority,
Montreal, personal communication)
7Power figures can be found in J-F
Rougerie, ‘James Bay development pro-
ject.  Hydroelectric  development in
northwestern Québec’, Canadian Water
Watch, Vol 3, 1990, pp 56-58; and J |
Linton, ‘The James Bay hydroelectric pro-
ject - Issue of the century’, Arctic, Vol 44,
No 3, 1991, pp iii-iv. The scale of devel-
opment in the Great Whale River project
can be seen in Hydro-Québec, op cit, Ref
3. The Great Whale project was post-
poned in December 1994

8D M Rosenberg et al, 'The environmen-
tal assessment of hydroelectric
impoundments and diversions in Canada,’
in M C Healey and R R Wallace (eds)
‘Canadian Aquatic Resources,” Canadian
Bulletin  of Fisheries and Aquatic
Sciences, Vol 215, 1987, p 98

A R Abernathy and P M Cumbie,
‘Mercury accumulation by largemouth

Continued on page 132

erosion has resulted downstream of the La Grande (LG)2 Reservoir'*

because discharge in the La Grande River increased from 1760 m?/sec to
3400 m¥/sec: furthermore, ‘dead zones™ surround the reservoirs because of
drawdown.!® Development is continuing on the La Grande,'® but attention
has shifted northward to the Great Whale River. Although development there
will produce less power than on the La Grande River, the scale of reservoirs
and river diversions involved will also produce extensive landscape destruc-
tion.!”

Mercury contamination

Despite advances in scientific capability to predict the environmental effects of
hydroelectric developments, a great deal of uncertainty still surrounds this activity . . .
Indeed, even some major impacts resulting from hydroelectric development are still
being identitied. For example. discovery in the last decade of contamination of fish by
mercury in new reservoirs ... challenges the sanguine view that all significant
impacts associated with reservoir formation in temperate regions are known . . .'®

The first indication that mercury may be a by-product of reservoir formation
came from South Carolina in the mid-1970s."” Since then, elevated mercury
levels in tish have been recorded from reservoirs in a variety of locations (eg
boreal zone - northern Manitoba,? northern Québec,?! Labrador,?
Finland;>* temperate areas-southern Saskatchewan,™ [llinois.>® South
Carolina:*® tropical areas-Thailand?’). Fish mercury concentrations have
increased in all reservoirs for which pre- and post-impoundment data have
been collected.

Mercury in fish can attain very high levels in reservoirs. For example, in
the LG2 Reservoir (see above) mercury concentrations in predatory fish
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Continued from page 131
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Environment, Regina, 1980
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Environmental Contamination and
Toxicology, Vol 23, 1979, pp 779783

26A R Abernathy, M E Newman, and W D
Nicholas, ‘Mercury mobilization and bio-
magnification resulting from the filling of a
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(Technical Completion Report G-932-07),
Water Resources Research Institute,
Clemson, 1985

27D Yingcharoen and R A Bodaly,
‘Elevated mercury levels in fish resulting
from reservoir flooding in Thailand’, Asian
Fisheries Science, Vol 6, 1993, pp 73-80

28Bodaly et al, opcit, Ref 20; T A
Johnston, R A Bodaly, and J A Mathias,
‘Predicting fish mercury levels from physi-
cal characteristics of boreal reservoirs,
Canadian Journal of Fisheries and
Aquatic Sciences, Vol 48, 1991, pp
1468-1475

2°R E Hecky et al, ‘Evolution of limnologi-
cal conditions, microbial methylation of
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summary report for Project 2.4 of the
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Canada-Manitoba Mercury Agreement,
Winnipeg, 1987
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Figure 3b

(pike: Esox lucius; walleye: Stizostedion vitreum) reached almost six times the
Canadian marketing limit of 0.5 pg/g (Figure 5). Although mercury in lake
whitefish (Coregonus clupeaformis) in the SIL Reservoir has declined to pre-
impoundment concentrations, levels in lake whitefish in LG2 and in pike and
walleye in both reservoirs remain elevated 9—12 years after impoundment.

Elevated mercury levels in fish are related to the degree of flooding of ter-
restrial areas involved in reservoir creation: the more land flooded
proportional to the size of the reservoir the higher the mercury levels in
fish.”® Mercury levels in all three species shown in Figure 5 increased signifi-
cantly after flooding in both reservoirs but increases were greater in the
extensively flooded LG2 Reservoir than the marginally flooded SIL
Reservoir.

Experimental studies in mesocosms have demonstrated that the
methylmercury accumulating in fish is microbially transformed from ambient
natural mercury sources.”® All organic material tested in these experiments
(moss/peat, spruce boughs, prairie sod) stimulated methylmercury uptake by
yellow perch (Perca fluvescens). In addition, greatly enhanced rates of con-
version of inorganic mercury to methylmercury have been demonstrated in
flooded sediments of new reservoirs.**
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'R Verdon et al, ‘Mercury evolution
(1978-1988) in fishes of the La Grande
hydroelectric complex, Québec, Canada’,
Water, Air, and Soil Pollution, Vol 56,
1991, pp 405-417; Johnston et al, op cit,
Ref 28

%2Canada-Manitoba Mercury Agreement,
‘Summary  report’, Canada-Manitoba
Agreement on the Study and Monitoring
of Mercury in the Churchill River
Diversion, Winnipeg, 1987; Verdon et al,
op cit, Ref 31

Figure 3c

Experience from river systems in northern Manitoba. northern Québec
(James Bay), and Labrador indicates that significant elevations of fish mer-
cury concentrations also can be expected for many kilometers downstream of
reservoirs.’! For example, mercury concentrations in lake whitefish and pike,
in and downstream of reservoirs in the La Grande River development are
shown in Figure 6. Such downstream effects are a result of predation on fish
that have been weakened by passing through turbines and/or downstream
transport of dissolved methylmercury in water or invertebrates (and conse-
quent uptake in the food chain).

Fish mercury levels in boreal reservoirs probably will remain elevated for
decades following impoundment:** for example, after a decade of impound-
ment, mercury levels in pike and walleye in LG2 were still increasing
(Figure 3). Similar predictions cannot be made for reservoirs in warmer areas
because of a lack of data. The removal. burning, or covering of vegetation
and organic soil layers may reduce the severity of the problem because it is
the presence of organic material that tends to stimulate the microbial produc-
tion of methylmercury. However, the degree to which this mitigation is
successful has not been experimentally verified and, at any rate, it would be
impractical to do for the reservoirs that characterize many contemporary
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Figure 4 Hydroelectric development along the Churchill and Nelson rivers, northern Manitoba, indicating altered flow
regime of the rivers. Dark tone indicates relative magnitude of lower Churchill River discharge after diversion; mid-tone
indicates Churchill River diversion at Southern indian Lake; light tone indicates Nelson River discharge.

Source: R W Newbury er alf, op cit, Ref 7. Adapted by permission of the Canadian Journal of Fisheries and Aquatic Sciences.
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aThe analysis is based on mean annual flows
(rivers) and average open water conditions
(Southern Indian Lake). NA = not applicable.
5This represents pre-impoundment wave power
avaifable to act on a new, highly erodable shore-
line.

Source: R W Newbury, op cit, Ref 8.

Figure 5 Mercury concentrations in
the muscle tissue of (a) lake whitefish
(Coregonus clupeaformis), (b) pike
(Esox lucius), and (c) walleye (Stizo-
stedion vitreum) in the Southern
Indian Lake (SIL) Reservoir, northern
Manitoba, and the La Grande (LG)2
Reservoir, northern Québec. Mean
mercury concentrations are standard-
ized for fish length by linear
interpolation.

Sources: SIL — N E Strange, R A Bodaly,
and R J P Fudge, ‘Mercury concentra-
tions in fish in Southern Indian Lake and
issett Lake, Manitoba, 1975~-88: The
effect of lake impoundment and Churchill
River diversion’, Canadian Technical
Report of Fisheries and Aquatic Sciences,
No 1824, 1991, pp 1-61, SIL locations
are shown in figure 1 of R A Bodaly et a/,
op cit, Ref 20; LG2 ~ R Verdon et al, op
cit, Ref 31.

SNewbury et al. op cit, Ref 7

34) W M Rudd et al, ‘Are hydroelectric
reservoirs significant sources of green-
house gases? Ambio, Vol 22, 1993, pp
246-248

35 bid

38 bid

3 Ibid
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Table 1. Changes in power distribution in the Churchill and Nelson River systems as a result
of hydroelectric development.?

Location Pre-diversion{MW) Post-diversion(MW) Change(x)
Lower Churchill River 2462 448 -0.2
Southern Indian Lake 0 25b NA
{(wave power)
Rat River 4 153 +38
Burntwood River 45 716 +16
Lower Nelson River Natural Natural +1194 +1.3
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-
™I

large scale hydroelectric projects. For example, SIL has a post-impoundment
shoreline length of 3788 km.*?

Greenhouse gases

The release of greenhouse gases (CH, and CO,) caused by the flooding of
upland forest and peatland areas, two major land types in parts of northern
Canada where large hydroelectric reservoirs are located, may be the newest
‘surprise’ connected with reservoir creation.>* Under natural conditions,
peatlands are sinks for CO, but they are slight sources of CH, to the atmos-
phere; forests are slight sinks for CH,, but they are neither sources nor sinks
for COZ; therefore, the total ‘greenhouse effect’ is estimated to be about
zero.*> Microbial decomposition caused by the flooding of forest uplands and
peatlands in the course of reservoir creation may upset these natural balances
and increase the flux of greenhouse gases to the atmosphere.’® In fact, the
rate of emission of greenhouse gases to the atmosphere after flooding may be
similar to that of power plants run by fossil fuels (Table 2).

A number of factors may be involved in regulating the duration and inten-
sity of greenhouse gas emissions.*’ An initial period of rapid decomposition
of easily degraded organic material probably will be followed by a period of
slower decomposition of more refractory organic material; the estimates
given in Table 2 are for the latter period. Given certain nutrient conditions,
the slow period could last for decades. After decomposition is essentially
complete, greenhouse gas emission will still be greater than estimated fluxes
for undisturbed terrestrial systems. The ratio of flooded area to energy pro-
duced is another important factor (Table 2). As noted above, the area of
flooding involved in reservoir creation is also an important determinant of
mercury uptake in fish.

The magnitude of the problem is currently being examined in a wetland
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38Rosenberg et al, op cit, Ref 18
3°Rougerie, op cit, Ref 17. These figures
do not include the =2000 km? of flooding
involved in formation of the Laforge-1 and
Eastmain-1 reservoirs in Phase Il of La
Grande development (Penn, opcit, Ref
16)

40Bourassa, op cit, Ref 1, p 4
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flooding experiment being conducted at the Canadian Department of
Fisheries and Oceans’ Experimental Lakes Area (ELA) in northwestern
Ontario. Should the experimental results support the preliminary observa-
tions, the implications are significant: the total surface area of impounded
water in five extant major Canadian hydroelectric developments is >20 000
km? — an area the size of Lake Ontario.’® New reservoirs planned for the
James Bay area of northern Québec will cover another =10 000 km?, involv-
ing =4650 km? of newly flooded land.*

Water flowing unimpeded to the ocean is ‘wasted’

... Quebec is a vast hydroelectric plant in-the-bud, and every day millions of poten-
tial kilowatt-hours flow downhill and out to the sea. What a waste!*?

The attitude that hydrological resources are wasted unless they are
harnessed for industrial and domestic use is commonplace. In the case of
north-temperate rivers, natural seasonal run-off patterns heavily influence the
ecology of downstream deltaic, estuarine, and coastal areas; modification of
this natural run-off by interbasin water diversion and water storage for power
production can have severe environmental impacts. Hydro developments on
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Figure 6 Mercury concentrations in
lake whitefish (Coregonus clu-
peaformis) and pike {Esox lucius) in
and downstream of (a) La Grande
(LG)2 and (b) Opinaca Reservoirs,
northern Québec. Mean mercury
concentrations are standardized for
fish length. Sampling sites (km)
shown in (b): 0 = Opinaca Reservoir
— Opinaca station; 3 = Boyd-Sakami
diversion (BSD) — Coté station; 56 =
BSD — Sakami station; 95 = BSD -
Ladouceur station; 115 = LG2
Reservoir — Coutaceau station.

Source: R Verdon et al, op cit, Ref 31.

“1Discussed by White, op cit, Ref 2, p 38
42Gee D Tolmazin, ‘Black Sea ~ dead
sea? New Scientist, Vol 84, No 1184,
1979, p 768 and S P Volovik, ‘The effects
of environmental changes caused by
human activities on the biological commu-
nities of the River Don (Azov Sea Basin)’,
Water Science and Technology, Vol 29,
1994, pp 43-47, for information on the
Azov and Black seas; and M A Rozengurt
and J W Hedgpeth, ‘The impact of altered
river flow on the ecosystem of the
Caspian Sea’, Reviews in Aquatic
Sciences, Vol 1, 1989, pp 337-362, for
detailed information on the Caspian Sea.
For a discussion of the Aral Sea, see P P
Micklin, ‘Desiccation of the Aral Sea: A
water management disaster in the Soviet
Union’, Science, Vo! 241, 1988, pp
1170-1176; W S Ellis and D C Turnley,
‘The Aral. A Soviet sea lies dying’,
National Geographic, Vol 177, No 2,
1990, pp 70-93; V M Kotlyakov, ‘The Aral
Sea Basin. A critical environmental zone’,
Environment, Vol 33, No 1, 1991, pp 4-9
and 36-38; N Precoda, ‘Requiem for the
Aral Sea’, Ambio, Vol 20, 1991, pp
109-114; M H Gilantz, A Z Rubinstein,
and | Zonn, ‘Tragedy in the Aral Sea.
Looking back to plan ahead? Global
Environmental Change, Vol 3, 1993, pp
174-198; and J Perera, ‘A sea turns to
dust’, New Scientist, Vol 140, No 1896,
1993, pp 24-27. The heroic measures
and costs required for conservation and
restoration of the Aral Sea are outlined in
A Levintanus, ‘Saving the Aral Sea),
Journal of Environmental Management,
Vol 36, 1992, pp 193—-199. For a discus-
sion of the High Dam at Aswan, see A A
Aleem, ‘Effect of river outflow manage-
ment on marine life’, Marine Biology, Vol
15, 1972, pp 200-208; White, op cit, Ref
2; and D J Stanley and A G Warne, ‘Nile
Delta: Recent geological evolution and
human impact', Science, Vol 260, 1993,
pp 628-634
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north-temperate rivers characteristically trap high spring flows for storage in
reservoirs, and release higher flows than normal during winter when the power
is needed. Thus, the normal hydrograph is attenuated in spring and enhanced in
winter. Ironically, because of the alteration of flow patterns in river systems, it
is downstream and coastal resources that eventually are ‘wasted’.

Detailed studies of the effects of hydro megaprojects on downstream
resources are rare for a number of reasons: (1) downstream areas often are out
of the jurisdiction of the agency responsible for doing the upstream water
development project and studying its resultant impacts; (2) a lack of interest
in pursuing post-audits of major projects;* and (3) cumulative impact assess-
ment is highly complex, expensive, and requires good, long term databases
from before and after the project; such databases are seldom available.

Nevertheless, some excellent case history studies of downstream effects are
available to warn us of the adverse ecological consequences of large scale
interruptions of natural seasonal water flows. Perhaps the best known of these
involve the creation of extensive reservoirs for hydroelectric generation
and/or the withdrawal of water for irrigation purposes affecting the four great
inland seas (Black, Azov, Caspian, and Aral) of the southwestern (former)
Soviet Union, and downstream effects of the High Dam at Aswan in Egypt.*?
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2A Manitoba reservoir having a low ratio of
flooded area to energy produced.
%A Manitoba reservoir having a high ratio of
flooded area to energy produced.

Source: Adapted from J W M Rudd et al, op cit,
Ref 34, where details of calculations can be
found.34

434 J A Neu, ‘Man-made storage of water
resources — A liability to the ocean envi-
ronment?' Parts | and 1, Marine Pollution
Bulletin, Vol 13, 1982, pp 7-12 and 4447
44D M Rosenberg, ‘Resources and devel-
opment of the Mackenzie system’, in B R
Davies and K F Walker (eds) The Ecology
of River Systems, Dr W Junk Publishers,
Dordrecht, 1986, pp 517-540; Rosenberg
et al, op cit, Ref 18

“SMackenzie River Basin Committee,
‘Mackenzie River Basin Study report. A
report under the 1978-81 Federal-
Provincial Study Agreement Respecting
the Water and Related Resources of the
Mackenzie River Basin’, Environment
Canada, Regina, 1981

46G H Townsend, ‘Impact of the Bennett
Dam on the Peace-Athabasca Delta’,
Journal of the Fisheries Research Board
of Canada, Vol 32, 1975, pp 171-176

47 Ibid
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Table 2. Possible rates of greenhouse gas produced and power generation

km?/(TWh/yr) Equivalent Tg CO,/TWh
Coal-fired generation - 0.4-1.0
Churchill/Nelson rivers development? 88 0.04-0.06
Grand Rapids (Cedar Lake)® 710 0.3-0.5

Effects of extensive hydro development and water regulation in the catchment
of the St Lawrence River, Canada, on the Atlantic coastal region are more
speculative.*? Here, we will present a Canadian freshwater example, drying of
the Peace-Athabasca Delta, and consider the effects of hydro development in
Manitoba, Ontario, and Québec on Hudson and James bays in Canada.

Peace-Athabasca Delta, Alberta, Canada

The Peace-Athabasca Delta in northern Alberta includes the active delta of
the Athabasca River, which flows from the south into the western end of Lake
Athabasca; the active delta of the much smaller Birch River, which flows in
from the west; and the inactive delta of the Peace River to the north (Figure
7).4 The main outflow from Lake Athabasca is the Riviere des Rochers,
which joins the Peace River to form the Slave River, which flows northward
into Great Slave Lake. The Revillon Coupé and Chenal des Quatre Fourches
are two other major outlets that connect Lake Athabasca to the Peace River.
The Delta covers 3800 km? and is one of the most extensive inland deltas in
the Western Hemisphere. Much of the Delta lies within Wood Buffalo
National Park, which has been designated a World Heritage site.

Under natural conditions, high early summer flows in the Peace River
blocked flows out of Lake Athabasca, which caused Lake Athabasca water to
flood the Delta. In due course, discharge on the Peace River declined, the
major outflows from Lake Athabasca would no longer be blocked, water from
the Lake resumed its northward flow, and the flood waters receded. This sea-
sonal cycle of flooding maintained Delta vegetation in an early
successional stage of high productivity, which in turn led to a diverse and pro-
ductive wildlife community: 215 species of birds, 45 species of mammals,
and 20 species of fish. Flooding also removed accumulated dissolved salts
from Delta lakes and filled perched basins, thus maintaining aquatic commu-
nities and extensive shorelines.

The first large hydro project built in the Mackenzie River catchment was the
W A C Bennett Dam on the upper Peace River in British Columbia.*> The
Bennett Dam was closed in 1967 and Williston Reservoir behind it was filled
with =62 km? of water from 1968 to 1971. During filling, normal Peace River
peak flows of 4000-9000 m?/sec were reduced to 280 m?/sec; flood flows in
the Peace River adjacent to the Delta were reduced by as much as 5600 m*/sec
Water levels in the River dropped 3-3.5 m below normal and Lake Athabasca
waters flowed out of the Delta without causing normal seasonal flooding.*6

The Delta landscape began to change dramatically during the period
1968-71. Perched lake basins suffered a nearly 40% decrease in shorelines
and water surface areas; larger lakes connected to Lake Athabasca or to river
channels in the Delta began drying out: 500 km? of mudflats were exposed.
Numbers of the common muskrat (Ondatra zibethicus) were reduced from
40 000 (autumn 1971) to 17 000 (March 1973) because many marshes were
too shallow for overwintering, and perched basins were abandoned.*’
Vegetational succession continued unchecked, creating new meadow and
willow communities.

Formation of a task force is a common Canadian response to environmental
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Figure 7 The Peace-Athabasca Delta, northern Alberta, Canada.

Source: Mackenzie River Basin Committee, op cit, Ref 45.

48pgace-Athabasca Delta Project Group,
‘The Peace-Athabasca Delta Project. A
report on low water levels in Lake
Athabasca and their effects on the Peace-
Athabasca Delta’, Technical Report,
Environment Ministers of Canada,
Alberta, and Saskatchewan, Edmonton,
1973; Townsend, op cit, Ref 46

disasters and the Peace-Athabasca Delta situation was no exception. The
Peace-Athabasca Delta Project Group was a cooperative study team that
included the governments of Canada, Alberta, and Saskatchewan (part of
Lake Athabasca lies in Saskatchewan) but not the government of British
Columbia despite the fact that one of its Crown (ie government owned) cor-
porations caused the problem.

Long term effects of operating the Bennett Dam, predicted by hydrologi-
cal and wildlife computer simulation models created after problems in the
Delta became obvious, indicated the following fate for the Delta:

(1) amarked departure from past flow patterns of the Peace River and long
term reductions in summer and peak flows; levels in Lake Athabasca
would be insufficient to flood the Delta;

(2) extensive vegetational succession and drying of perched basins
(50-55% decrease in shorelines); greatly accelerated ageing of the
Delta; and

(3) downward trends in duck production (20-25%}); reductions (40-60%)
of autumn populations of muskrat.*®

Fish populations were not included in the simulations (because of a lack of
quantitative data), but other studies indicated reduced spawning success of
walleye. However, goldeye (Hiodon alosoides) and lake trout (Salvelinus
namaycush) would be unaffected. Reductions in muskrat and walleye

Global Environmental Change 1995 Volume 5 Number 2 139



CIMFP Exhibit P-00352 - Tab 19

Page 86

Environmental and social impacts of large scale hydroelectric development: D M Rosenberg, R A Bodaly and P J Usher

49According to G H Townsend, ‘An evalu-
ation of the effectiveness of the Rochers
Weir in restoring water levels in the
Peace-Athabasca  Delta’,  Canadian
Wildlife Service, Edmonton, 1982, the
weirs have raised minimum (winter) levels
of Lake Athabasca without raising maxi-
mum (summer) levels although the
objective was to do the latter. In contrast,
the Peace-Athabasca Delta Impiementa-
tion Committee, ‘Status report for the
period 1974-1983. A report to the
Ministers’, Peace-Athabasca Delta
Implementation Committee, Canada,
Alberta, Saskatchewan, 1983, claimed
that summer lake levels have been posi-
tively affected.

S0P Nichol, ‘Bleak future predicted for
delta’, Fort McMurray Today, 16
December, 1991, p 1

51Neu, op cit, Ref 43, p 11

52| ake Winnipeg, Churchill and Nelson
Rivers Study Board, ‘Summary Report,
Canada-Manitoba Lake Winnipeg,
Churchill and Nelson Rivers Study,
Winnipeg, 1975; R E Hecky et al,
‘Environmental impact prediction and
assessment: The Southern Indian Lake
experience’,  Canadian  Journal  of
Fisheries and Aquatic Sciences, Vol 41,
1984, pp 720-732; Newbury et al, op cit,
Ref 7

530ntario Hydro, ‘Proposal for hydroelec-
tric development. The Moose River
drainage region’, Report No 88826,
Ontario Hydro, Toronto, 1988

54Gorrie, op cit, Ref 14; Rougerie, op cit,
Ref 17

55Gorrie, op cit, Ref 14; Rougerie, op cit,
Ref 17; Hydro-Québec, op cit, Ref 3
56Gorrie, op cit, Ref 14; Hydro-Québec,
‘NBR Complex’, No 1, Hydro-Québec,
Montreal, 1990; Rougerie, op cit, Ref 17
57Bourassa, op cit, Ref 1; Kierans, op cit,
Refs 1 and 2; U S Panu and M
QOosterveld,  ‘Pre-feasibility  technical
investigations of the cost of water transfer
from Lake Superior to United States High
Plains region’, Canadian Water
Resources Journal, Vol 15, 1990,
pp 231-247. For rebuttals to the scheme,
see D J Gamble, ‘The GRAND Canal
scheme: Some observations on research
and policy implications’, in W Nicholaichuk
and F Quinn (eds) Proceedings of the
Symposium on Interbasin Transfer of
Water: Impacts and Research Needs for
Canada, 9—10 November 1987, Environ-
ment Canada, Saskatoon, SK, 1987, pp
71-84; and D J Gamble, ‘The GRAND
Canal scheme’, Journal of Great Lakes
Research, Vol 15, 1989, pp 531-533
58Canadian Arctic Resources Committee,
Environmental Committee of Sanikiluag,
and Rawson Academy of Aquatic
Science, ‘Sustainable development in the
Hudson Bay/James Bay bioregion’,
unpublished research proposal, 1991
5For example, see Department of
Fisheries and Oceans, ‘EIS scoping work-
shop submission  presented to the

Continued on page 141
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populations would exacerbate already serious economic problems in the pre-
dominantly Indian and Métis Delta community of Fort Chipewyan.

In response to these dire predictions, fixed-crest weirs were built on the
Riviere des Rochers and the Revillon Coupé (Figure 7) to recreate the
hydraulic damming effect of the pre-impoundment Peace River and, thereby,
restore circumannual flooding to the Delta. Their efficacy was controversial,*
but a recent Parks Canada study confirmed that the Delta continues to dry out
and that it will disappear in 50 years unless new management approaches are
adopted.”® Satisfactory resolution of the problem is further complicated by
indeterminate plans to develop dams on the Peace River, 62 km from the BC-
Alberta border, and on the Slave River, downstream of the Delta.

Implications of past experience to the future: James and Hudson bays,
Canada

The consequences of drastic alterations in the natural seasonal hydrograph
characteristic of many north-temperate hydro developments are summarized
by Neu in his comments on the St Lawrence River:

Obviously, such a hydrograph is unrelated to and in outright conflict with natural con-
ditions. Runoff is transferred from the biologically active to the biologically inactive
period of the year. This is analogous to stopping the rain during the growing season
and irrigating during the winter, when no growth occurs.!

Yet, we can only wonder why Canada has been so slow to learn from past
experience at home and abroad when it comes to Hudson and James bays,
the downstream focus of major hydro developments in Manitoba, Ontario,
and Québec.

Figure 8 shows the existing and planned major hydroelectric develop-
ments on river systems draining into James and Hudson bays. Location of
the dike across James Bay for the proposed Great Recycling and Northern
Development (GRAND) Canal scheme is also shown. Table 3 summarizes
the salient features of these projects.

The question mark in Figure 8 signifies that little is known about the
cumulative effects of these developments on the Hudson Bay ecosystem,
even though the largest of these developments (the Churchill-Nelson River
diversion in Manitoba and the La Grande River development in Québec) were
completed in the mid-1970s. The problem is one of jurisdiction and unfulfilled
responsibilities. Neither the provincial utilities (all are publicly owned) nor the
provincial governments have addressed the impacts of their projects outside of
provincial borders because they have no mandate or authority to do s0.® The
waters of Hudson and James bays are exclusively a federal responsibility, but
the federal government has been slow to react to the need for downstream
cumulative impact assessment of provincial projects.

The Canadian Department of Fisheries and Oceans has begun to rectify this
situation by including a requirement for cumulative impact assessment in its
environmental impact assessment guidelines for the (now postponed) Great
Whale River project in Québec and the (now postponed) Conawapa Dam on
the lower Nelson River in Manitoba,” and Manitoba Hydro had announced its
willingness to cooperate in this regard. These are welcome positive signs,
although the actual extent of commitment to cumulative impact assessment
remains to be seen.

A number of independent preliminary attempts have been made to predict
the effects of water development projects in the Hudson Bay catchment.% It
is even possible that major changes in Hudson Bay will be felt in ‘down-
stream’ areas such as the Labrador coast.®! However, concerted efforts at
cumulative impact assessment will be severely hampered by the meager
database that exists for Hudson Bay, especially for the very important winter
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Federal-Provincial Environmental Review
Panel for the Conawapa project,
Department of Fisheries and Oceans,
Central and Arctic Region, Winnipeg, 22
May 1992

S0For example, S J Prinsenberg, ‘Man-
made changes in the freshwater input
rates of Hudson and James Bays’,
Canadian Journal of Fisheries and
Agquatic Sciences, Vol 37, 1980, pp

Continued on page 142
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Figure 8 Major hydroelectric developments and water diversions existing and
planned in the Hudson and James Bay catchments, northern Canada. Further
hydroelectric development is planned for already developed river systems.

period.%? Natural cause-and-effect relationships are only poorly understood,
and ranges of natural variability have not been established. The implications
of long term neglect of research in one of the world’s largest inland seas will
become increasingly apparent as the Canadian federal government begins to
fulfil its responsibilities.
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Continued from page 141
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8'Milko, op cit, Ret 60
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Systématique, Vol 109, 1982, pp
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Symposium, 28-30 April 1981, Guelph,
ON. Le Naturaliste Canadien. Revue
d’Ecologie et de Systématique, Vol 109,
1982, pp 301-305

83 etter, Premier Duff Roblin to Chief
Donald Easter, 21 August 1964, cited in J
B Waldram, As Long as the Rivers Run.
Hydroelectric Development and Native
Communities in  Western Canada,
University of Manitoba Press, Winnipeg,
1988, p 97

S4Waldram, op cit, Ref 63

85Kierans, op cit, Ref 2, p 255

86A summary of physical and biological
effects for the whole LWR/CRD system is
given in R F Baker and S Davies,
‘Physical, chemical and biological effects
of the Churchill River diversion and Lake
Winnipeg regulation on aquatic ecosys-
tems', Canadian Technical Report of
Fisheries and Aquatic Sciences, No 18086,
1991, pp 1-53 and Environment Canada
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Summary Report’, Environment Canada
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Winnipeg, 1992. Equivalent references for
LGRD do not exist.
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Table 3. Existing and proposed water development projects in the Hudson Bay catchment.

Project® Description

Churchill-Nelson rivers diversion
and Lake Winnipeg regulation,
Manitoba

Development of ~8000-10 000 MW of power along the lower
Nelson River; Lake Winnipeg regulated within natural maximum
and minimum levels to act as storage reservoir; license allows
850 m¥sec to be diverted from Churchill River into Nelson River
to supply extra flow in lower Nelson52

14 sites to be developed; 6 of the 14 are already developed but
would be enhanced; 2150 MW would be added; development to
occur on the 2 major tributaries (Mattagami and Abitibi rivers),
and on the Moose mainstem; no diversions planned5?

A part of the development of the Québec portion of James Bay;
Phase | involved the creation of 5 reservoirs, 4 river diversions,
and 3 powerhouses yielding =12 400 MW; Phase Il involves the
creation of 4 more reservoirs and 6 or 7 more powerhouses yield-
ing another =3200 MW54

The second part of Québec's development of James Bay;
involves the creation of 4 reservoirs, a number of river diversions
(not yet decided), and 3 powerhouses yielding ~3000 MW (still to
be done)>s

The last part of Québec’s James Bay development; involves the
creation of 7 reservoirs; 2 major river diversions (the Nottaway
and Rupert rivers into the Broadback), and 11 powerhouses yield-
ing =8400 MW (still to be done)%¢

James Bay will be dammed turning it into a freshwater lake by
capturing run-off from surrounding rivers; water will be diverted
through a series of canals into the Great Lakes (where it will sup-
posedly stabilize water levels) and from there to {mid- and
southwest) water-short areas of Canada (the Prairies) and the
USAS?

Moose River, Ontario

La Grande River, Québec

Great Whale River, Québec

Nottaway-Broadback-Rupert
rivers, Québec

Great Recycling and Northern
Development (GRAND)
Canal scheme

aFor development of the Québec part of James Bay, see also Bourassa, op cit, Ref 1. Developments
in the Québec part of James Bay are still being planned, so descriptions are ‘composites’ using ref-
erences cited.

Local residents will benefit from hydroelectric development

... A newly formed economic development committee would ensure that the ‘people
are not hurt by the Forebay Development but will in fact be able to earn as good a liv-

ing as before, and we hope, a better living”.%3

This assurance by the Premier of Manitoba to the Chief of the Chemawawin
Cree with regard to flooding caused by the Grand Rapids Dam in north-cen-
tral Manitoba proved to be groundless.®

And 24 years later, from an article promoting the GRAND Canal scheme:

James Bay’s native people will enjoy long overdue opportunities to live and prosper
in their ancient homeland by creating valuable fresh water at sea level

In reality, what are the effects of major water development projects on local
residents, especially aboriginal peoples? To answer this question, we exam-
ine case history information mostly from Canada, and identify common
trends elsewhere in the world. The Canadian examples reveal a close connec-
tion between biophysical impacts (discussed above) and social impacts.

Lake Winnipeg regulation/Churchill River diversion and La Grande River
development

The impact zones of both Lake Winnipeg regulation and Churchill River
diversion (LWR/CRD) in Manitoba, and La Grande River development
(LGRD) in Québec are located in the subarctic boreal forest region of the
Canadian Shield. Because of relatively low elevations and relief throughout
the region, lowest cost engineering designs require river diversion and flood-
ing to achieve optimum volume and head for project operation. Thus,
LWR/CRD and LGRD are characterized by substantial transformation of
landscapes and hydrological regimes, and this has directly affected local resi-
dents.%

The areas directly affected by LWR/CRD and LGRD are inhabited largely
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87:Sybsistence’ refers to the production of
local renewable resources for non-market
home and community use. In contempo-

rary northern  aboriginal  villages,
subsistence is integrated at the household
level with wage fabour, commercial

resource harvesting, and other economic
activities (see R J Wolfe and R J Walker,
‘Subsistence economies in  Alaska:
Productivity, geography, and development
impacts’, Arctic Anthropology, Vol 24,
1987, pp 56-81; Usher and Weinstein, op
cit, Ref 9)

68F Tough, ‘Native people and the
regional economy of northern Manitoba:
1870-1930s’, PhD  Thesis, York
University, Toronto, 1987

9Berkes, op cit, Ref 13. Examples of relo-
cations in other countries are given in E
Goldsmith and N Hildyard, (eds) ‘The
social and environmental effects of large
dams. A report to the European
Ecological Action Group (ECOPORAY’,
Vol I: Overview, Wadebridge Ecological
Centre, Camelford, 1984, pp 15-48

M Loney, ‘The construction of depen-
dency: The case of the Grand Rapids
hydro project’, Canadian Journal of Native
Studies, Vol 7, 1987, pp 57-78; Waldram,
op cit, Ref 63; G Mills and S Armstrong,
‘Africa tames the town planners', New
Scientist, Vol 138, No 1871, 1993, pp
21-25 make the point ‘That town planners
and architects will not design housing that
people want to live in until they discover
what people themselves produce when
not constrained by town plans — the so-
called informal settlements that the
experts have traditionally dismissed as
chaotic and wholly undesirable’

71J B Waldram, ‘Relocation, consolidation,
and settlement pattern in the Canadian
subarctic’, Human Ecology, Vol 15, 1987,
pp 117-131

72F Berkes, ‘Some environmental and
social impacts of the James Bay hydro-
electric project, Canada’, Journal of
Environmental Management, Vol 12,
1981, pp 157-172. However, there are
claims that the town was moved for the
financial convenience of Hydro-Québec
(see A Dwyer, ‘The trouble at Great
Whale’, Equinox, Vol 11, No 61, 1992, pp
28-41)

73F  Berkes, University of Manitoba,
Winnipeg, personal communication

4 ibid

7Sipid. An anecdotal account of social
stress and social breakdown in Chisasibi
is given in Dwyer, op cit, Ref 72. See also
L Krotz, ‘Dammed and diverted’,
Canadian Geographic, Vol 111, No 1,
1991, pp 36-44, for an anecdotal descrip-
tion of social decay in South Indian Lake.
78) B Waldram, ‘Native employment and
hydroelectric development in northern
Manitoba’, Journal of Canadian Studies,
Vol 22, 1987, pp 62-76
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by Cree Indians. They live in small villages (populations of 500-4000), all of
which are located on major rivers and lakes. These villages are characterized
by mixed, subsistence based economies,?” and each relies on access to the
fish and wildlife resources of customary territories that range in size from
thousands to tens of thousands km? of land and water. Subsistence based
economies are sensitive to industrial development because changes in
resource use and harvesting patterns directly affect established systems of
land tenure and resource management, and the organization of production
and distribution. However, measuring changes in these economies is difficult
because they are remarkably flexible and resilient, although there are finite
limits to their adaptability. These limits can only be established through
improved understanding of the subsistence system.

The Cree have been in contact with European, and later Euro-Canadian
society for a long time, resulting in new and evolving economic and social
relations.® However, prior to hydroelectric development, their villages
remained relatively isolated, the subsistence basis of their economies was
viable (and sometimes even thrived), and their cultural identity remained
intact. Hydroelectric development profoundly affected their existence in a
number of ways:

(1) Relocation — Like most large scale hydroelectric developments,
LWR/CRD and LGRD involved relocation and resettlement of local
populations.®® Governments have used the opportunity provided by
these relocations to ‘modernize’ traditional communities by providing
new houses and new village infrastructure. However, village residents
do not experience these events as positive developments but rather as
adverse effects: disruption of settlement patterns (based on kinship rela-
tions and shoreline access) and added costs of fishing and hunting.™

Both LWR/CRD and LGRD involved stressful community reloca-
tion. For example, the South Indian Lake settlement (Figure 4) was
flooded by impoundment of Southern Indian Lake as part of CRD. In
the old village, the houses were spaced along the shore in small clusters
of kin groups, but at the new location houses were grouped like a subdi-
vision and assigned randomly. The houses were built cheaply and soon
deteriorated, and they were heated by electricity too expensive for most
villagers to afford. The houses did not have running water, but in many
cases were placed so far from the lake shore that hauling water became
a problem, especially for the elderly. The move has been associated
with social disruption and disintegration.”’

In LGRD, increased discharge in the lower La Grande River and the
threat of bank erosion necessitated the relocation of the largest Cree set-
tlement in the area, Ft George, from the estuary of the La Grande to a
more upstream location.”” The move split the community; some fami-
lies stayed at Ft George despite the lack of amenities there.”?

The new town, Chisasibi, was built in a southern style and, unlike Ft
George, does not look out over the River. Soon after its occupation,
attitudes and lifestyles of the residents began to change.’”* People who
were formerly active outdoors became more sedentary. Youth adopted a
southern lifestyle without having a way to support it because of unem-
ployment. The result has been social stress in the community, although
this has not been studied in a quantitative manner.”

Although hydro-induced relocation results in a new physical infrastruc-
ture, it is rarely associated with matching employment benefits. The Crees
in northern Manitoba obtained only low paying, short term jobs, and little
training, and even this was disruptive of their existing economy.’®
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""White, op cit, Ref 2. These figures differ
from those of Goldsmith and Hildyard, op
cit, Ref 69, who claimed that 120 000 peo-
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were Sudanese (p 30)

"8Goldsmith and Hildyard, op cit, Ref 69
"SWhite, opcit, Ref 2. According to
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80Goldsmith and Hildyard, op cit, Ref 69

8 bid, p 32

8In Alaska, per capita harvest levels in
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economic and social impact of mercury
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the library of the Department of Indian
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ruption on the Yukon Delta’, Alaska
Anthropological Association Monograph
Series No 1, Anchorage, 1986; and
G Wenzel, Animal Rights, Human Rights:
Ecology, Economy and Idealogy in the
Canadian Arctic, University of Toronto
Press, Toronto, 1991

84For a preliminary assessment of harvest
disruption resulting from LWR/CRD, see
Usher and Weinstein, opcit, Ref 9; a
schematic representation of cause and
effect is presented on p 13. For LGRD,
see Berkes, op cit, Ref 72
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and J W Patalas, ‘Influences of water
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Journal of Fisheries and Aquatic
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692-700; N E Barnes, ‘Abundance and
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downstream of the Missi Falls control
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MSc Thesis, University of Manitoba,
Winnipeg, 1990

87Usher and Weinstein, op cit, Ref 9

88 A Waldram, ‘The impact of hydro-elec-
tric development upon a northern
Manitoba native community’, Ph D Thesis,
University of Connecticut, Storrs, 1983; M
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Aquatic Sciences, Vol 41, 1984, pp
715-719
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3

Relocation experiences in the Canadian north sound similar to those
reported elsewhere as a result of large scale hydroelectric development.
For example, construction of the High Dam at Aswan, Egypt, resulted
in relocation of 50 000—60 000 Nubians in the Egyptian part of the
Lake Nasser Reservoir and 53 000 Nubians in the Sudanese part.”” The
Egyptian Nubians were moved to new villages 20 km north of Aswan
where serious problems developed with land allocation, soil quality,
irrigation facilities, distances between allocated land and home villages,
the government’s requirement to raise unfamiliar crops (sugar cane),
and the inappropriate, non-traditional housing provided.”® By 15-18
years after the move, although the health of the people overall had
improved and they had developed a handicraft industry, their agricul-
tural production remained modest and many longed to return to their
old home.”

The Sudanese Nubians were resettled in the Kashm el-Girba region
to the southeast. Here, the social structure of many of the old villages
was severely disrupted because they were split up upon resettlement.?¢
Social tensions were exacerbated by settling three different ethnic
groups together: the farmers flooded out by the Aswan development
and two groups of local nomadic pastoralists being ‘sedentarized’ by
the government. Aside from cultural differences, the grazing practises
of the pastoralists were incompatible with the cultivation practised by
the farmers. In addition, like the experience of the resettled Egyptian
Nubians, the design of the housing provided °. . . paid little heed to the
social needs of the uprooted settlers’.’ The parallels between this
example and the Cree of South Indian Lake, Manitoba, and Chisasibi,
Québec, are striking.

Encroachment — Large scale hydroelectric projects necessarily entail
the encroachment by outsiders on the traditional territories of the abo-
riginal population, chiefly through the access provided by new roads
and airfields. The Cree land tenure system is family based, a system that
is formally recognized by governments in both Québec and Manitoba
through trapline registration. Both the tenure system itself, and the
abundance and distribution of fish and wildlife resources, are disrupted
by external encroachment, with consequent adverse social impacts.??

Harvest disruption — Harvest disruption is a serious and often perma-
nent impairment of the economic, social, and cultural life of aboriginal
communities,3 especially where the resource base is largely aquatic
and access to it is mainly by way of rivers and lakes. The physical and
biological effects of both Canadian projects have disrupted harvesting
activities such as hunting, fishing, and trapping.®* For example, fisheries
in northern Manitoba have collapsed because of the deleterious effects
of water level fluctuations on spawning activities,> and because the
emplacement of a water control structure prevented natural seasonal
migration of a fish population.®¢ Available data for five LWR/CRD
communities indicate that substantial declines in per capita harvests of
subsistence fisheries have occurred at Cross Lake and Split Lake (the
two communities for which pre- and post-project data are available).
Commercial fisheries appear to have been affected in all the communi-
ties: production has declined sharply at Cross lake; the catch at Nelson
House has been partially contaminated by mercury; and unit costs of
production have increased at Norway House and, possibly, Split Lake
and York Landing.?” A more detailed analysis of the South Indian Lake
commercial fishery, formerly the largest in northern Manitoba, indi-
cated a substantial decline in economic performance.®® In the case of
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northern Québec, Cree hunters have reported diminished harvests of
species valuable for food and fur from wetland habitats in the lower La
Grande River area since 1979.% Hunters blame reduced feeding areas,
loss of habitat along the river bank, and drowning (especially of
muskrat) in winter for these declines.

Harvest disruption also occurs because access to hunting, fishing, and
trapping areas is rendered more difficult, or even impossible, by debris,
increased discharge, or unstable ice conditions.” In the case of LGRD,
access to the north shore of the La Grande River is important to the
people of Chisasibi because almost half of the person days of land use
(36 000 out of 74 000) occur there. Since L.G2 became operational,
winter flows and water temperatures have been higher than natural so
little or no ice forms on the lower La Grande River and its estuary. This
created winter and spring travel problems across the river to the north
shore; the problems have been solved by building a road to the north
shore over the recently constructed most downstream dam on the sys-
tem (LG1).

Similar access disruptions have occurred in northern Manitoba.

Reservoir management for variable power requirements has destabi-
lized the winter ice regime, rendering river travel in winter hazardous.
Sudden water withdrawals leave hanging ice upstream, and ‘slush’
(waterlogged snow above the ice cover) downstream. Extensive erosion
has not only resulted in inaccessible shorelines and reservoirs contain-
ing hazardous debris,”’ but also the fouling of fish nets by debris.??
Access to well known fishing areas has been impaired, and local
hydrology and fish behaviour have been so changed that traditional
knowledge no longer provides practical guidance for fishing success.
The result has been increased costs and reduced catch per unit of effort
in both subsistence and commercial harvesting activities.”
Mercury contamination — The problem of mercury contamination in
northern communities is particularly serious.’® In northern Québec, lev-
els of up to 3 ppm occurred in piscivorous species of fish (walleye,
northern pike) in LG2 Reservoir (see above). The Cree living in
Chisasibi were seriously affected by subsequent closure of the fishery
because =25% of the community’s wild food harvest usually came
from fishing (=60 kg/yr/person). The problem necessitated a special
mercury compensation agreement, which was signed in 1986.%

In the area of northern Manitoba affected by CRD, mercury levels in
piscivorous species seldom exceeded 2 ppm, but they still remain above
acceptable levels for both commercial production and subsistence con-
sumption.”® Pre-project subsistence consumption rates of fish are poorly
documented for LWR/CRD villages, but the more reliable estimates
indicate a range from 31.2-150.6 kg/yr/person (edible weight).%’
Although no precise measures are available, fish probably constituted
about 50% of the wild food harvest of the LWR/CRD communities.

Mercury contamination of fish and elevated body loadings of mer-
cury in humans have been widely reported in native communities in the
Canadian Shield area of the central subarctic, where both natural and
industrial sources of mercury are high.”® Reservoirs are now recognized
as a leading cause of this contamination (see above). The effects are
compounded for native communities because fish in subarctic fresh
waters grow slowly and are thus prone to accumulating methylmercury,
and because residents routinely catch and eat large quantities of fish
over extended periods of the year.

Medical authorities have tended to view mercury contamination pri-
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marily as a public health issue, so their efforts are directed to: (a) under-
standing the uptake of methylmercury and its dose response
relationship, (b) monitoring the presence of mercury in fish and in
humans, and (c) minimizing health risks by advising avoidance of fish
consumption and substitution with other foods. Unfortunately, only lim-
ited attention has been given to the less direct but more pervasive
effects of mercury contamination on the social and mental well being of
natives and communities at risk. Whether or not individuals are
exposed to, or are actually ingesting, injurious levels of mercury, the
threat alone is the cause of anxiety over many facets of their lives.
Although only a small portion of the population is at risk of physical
harm, and an even smaller portion is affected, the native community
suffers adverse social and psychological effects.”

A public health strategy that advises native people not to eat contam-
inated fish also has the effect of advising them not to fish, which is a
popular activity of great economic and cultural value. Such advice must
be weighed against increasing the reliance of native people on store
bought food, with its associated health problems.!®

Dealing with adverse effects. Both LGRD and LWR/CRD were strongly
resisted by the affected Cree populations.!®! When the development scheme
on the La Grande River was announced, the Cree and Inuit went to court to
protect their title to the land, a title that they had never surrendered.'?? This
action forced Hydro-Québec to negotiate an agreement on remedial action
and compensation (after construction had begun): the James Bay and
Northern Québec Agreement (JBNQA), signed in 1975 for the first phase of
James Bay development. The Québec government now claims that the
JBNQA is valid for further development of the area, whereas the Cree of the
area disagree.'® As a result, there is renewed resistance by the Cree to the
proposed Great Whale River development to the north of LGRD (see above).

In Manitoba, a similar type of agreement, the Northern Flood Agreement
(NFA),'% was signed after major construction was completed, in response to
threats of litigation by the native communities affected by LWR/CRD.!® To
date, its implementation is incomplete. Substitute lands have not been trans-
ferred, remedial action is partial, monitoring and assessment provisions
remain largely unimplemented, and some major compensation claims still
await resolution.!% For both developments, it would have been preferable
that governments recognized that compensation would be required, and the
principles of compensation be agreed upon, before the developments pro-
ceeded.'"” Adequate institutional funding and administrative structures are
also required to ensure the subsequent smooth functioning of the compensa-
tion programmes.'%®

In summary, adverse social impacts created by both Canadian large scale
hydroelectric developments were compounded by a failure of governments
to apply suitable remedies. In fact, a comprehensive evaluation of the envi-
ronmental and social impacts of James Bay development still has not been
done, for a number of reasons.!®” First, the project is huge and complex.
Impacts occur sequentially over time, they may be cumulative, and there is
uncertainty in decision making (eg building schedules). Secondly, the moni-
toring programme established by Hydro-Québec has not taken an ecosystem
approach, so putting the individual variables together is difficult. Thirdly,
Hydro-Québec probably is interested in minimizing the reporting of environ-
mental and social impacts rather than constructing an accurate case history
because more development is to come.''¢

Comprehensive environmental and social impact assessments have been
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completed for parts of LWR/CRD, but not for the whole development.'!!
However, an effective social impact assessment that documents the full
range and extent of the socioeconomic effects of the project and links them
to the physical and biological effects described has never been done because
of improper paradigm selection, insufficient identification of impact hypothe-
ses and indicator data, and inadequate collection of baseline or monitoring
data.''? Such a social impact assessment would provide the basis for a con-
tinuing monitoring programme and just compensation.

Conclusion

This review has shown the adverse environmental and social effects that
result from large scale hydroelectric developments (or other water abstrac-
tion projects) in Canada and elsewhere. There should no longer be any
claims by the proponents of these developments that hydroelectric power
generation is ‘clean’, that water flowing to the ocean unimpeded is ‘wasted’,
or that the local residents will benefit from these kinds of developments.

Yet, two facts are inescapable: (1) all the information presented here exists
in the public domain, most of it is readily accessible, and it is freely available
to decision makers;''* and (2) large hydropower projects and other large
water manipulations continue to be proposed and built (Table 4). It is ger-
mane to ask: ‘Why?” Values are at the base of the answer to this question.!?!
The values of decision makers usually differ from those of people who are
concerned with the environment or with the social effects of environmental
perturbations. In order for large hydroelectric projects to make economic
sense, water resources such as rivers and lakes in their natural state have to
be regarded as having no monetary value.'?? Thus, whatever results from
their ‘development’ has value; it is like turning garbage into gold.

In Canada, most of the best hydroelectric sites in the populated south have
been used; therefore, there has been a steady move northward into sparsely
populated areas, which are generally regarded as empty hinterlands waiting
to be developed.'?? Relatively contained southem project configurations have
given way to uncontained northern project configurations, as exemplified by
the Churchill-Nelson River diversion.!?* These northern developments are
out of sight and out of mind of most Canadians, one factor that has allowed
decision makers to press ahead with such projects.

If energy conservation alternatives are insufficient to meet future power
demands and large scale hydroelectric projects must be built, then agencies
should consider more benign ways of constructing and operating them. For
example, in the case of hydropower development in northern Manitoba, land-
scape destruction and social costs could have been minimized either by
constructing run-of-the-river hydro plants along the lower Churchill River or
by digging a deeper diversion channel and operating Southern Indian Lake
within its natural 2 m range.'> The latter option at least would have avoided

Table 4. Examples of large hydroelectric and water-diversion projects being proposed or
built.

Project Location
GRAND Canal Scheme''4 Canada
Great Whale River''s Canada
Nottaway-Broadback-Rupert Canada
rivers''é

Three Gorges Dam''” China

Tehri Dam!'® India
Ganges and Brahmaputra Bangladesh
rivers flood control''®

Sardar Sarovar Projects’?0 India
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shoreline erosion within the lake and would have decreased flooding in the
Rat River Valley, two of the most destructive elements of the Churchill-
Nelson River diversion. The alternative configurations were estimated to cost
an additional 5-15%!% but were dismissed by Manitoba Hydro.'?’
Aboriginal compensation claims stemming from damages caused by the
Churchill-Nelson River diversion are expected to reach hundreds of millions
of dollars.'?

Current operating regimes of large northern hydro projects need to be
more ecologically realistic. For example, at Kettle Dam on the lower Nelson
River (Figure 4), daily discharge fluctuations over the period 1979-88
exceeded 2000 m3/sec in winter and were =3000 m3/sec in summer, com-
pared to a natural mean river discharge of 2170 m3/sec at that location!!?
This substantial departure from natural flows is tied to weekly patterns of
energy use in Manitoba. Such a generating regime may service Manitoba
Hydro’s customers, and in the process optimize economic benefits to the util-
ity, but it shows little regard for the ecology of the lower Nelson River.!3?
Eventually, decisions will have to be made to endure the extra costs of oper-
ating large northern hydro developments in a more benign fashion if natural
resources are to be preserved.

Public support in developed countries for environmental protection has
never been higher.!3! However, decision makers continue to foster hydro-
electric projects that belong to a bygone era.!3? It is important to narrow the
gap between the public’s wishes and what is really occurring. We hope that
this review will help to do so.
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Ahstract: The substantial size of some hyrdroelectic projects and the extenstee total smface avea cowered by reservoirs
globally reguire that research deterrninang the impacts of these developments be done at ever-incre asing spatial and termporal
seales. Az a consequence of this reseamh, newr views are ernerging sbout the spatial extent and longesity of the
ervirorraental and social npacts of such developraents. Wew findings challenge the rotion of hodroelectic developroent as

a berdzn alte rmative to other forms of power generation. This review examine s the intertained ervdrorraental and social
effects of mettodraeroury bioace wonlation in the food web, emdssion of greerhouse gases from reservoirs, downstrearm
effects of altered flows, and irmpacts onbiodrrersity, each of which operates at its own unigue spatial and teraporal srales.
Ilethydmercury bioace nranlation ocears at the smallest spatial and ternporal scales of the four impacts reviewed, whereas
downstrearn effec ts umally occour at the largest scales. Greenhonse gas emissions, the newest swrprise connected with
large-srale hyrdroelectric developroent, are relatively short terrn bt eventually roay hasee irmportant global-scale
consequences. Limitation of biodne sity by hydroe lectric developraent usually occurs at interraediate spatial and te rmporal
scales. Knowledge developed from working atexpanded spatial and teraporal seales should be an mportant part of foture
decision making for larze-seale hydroelectric developenent.

Eay words: hydroelectric devveloprnent, larze-acale, ervironnental i pacts, social irapacts.

Résumé : La dirernsion coreidérable de certains projets hymdroélectrinues et lesvastes swrfaces totales globalerment comvertes
par les réservoirs nécessitent que la recherche menée pour déterrainer les irmpacts de ces développements soit conduite 4 des
échielles d'espace et de termps de plus en plus grandes. Comene conséguerce de cette recherche, de nowvelles perce ptions
Frenne nt naissanc es concerhant Paraplenr spatiale et la longévité des imparts socianx et ersdronnernentan, suite 4 ces
déweloppernents. De nomvelles constatations rettent en donte la notion gue le développernent bordnoélec trigue 2e rait une
alternattve bénighe par rapport & d’antres forree de production d'énergie. Dans cetle resue, les anteurs examinent les effets
sociany et ervironne mettan intercroisés de la bicaccuralation du rmercure réthylé dans la chaine alime ntaire, de
Uérmission de gaz 4 effet serre & partir des ¥ servoirs, des conséguences en aval des perbwbations des rividres ainsi que des
Impacts sur la biodiversité, lesguels agissent chacun 4 lewrs échelles spatiales et ternporelles. Pareed les quatre impacts
considérés, labioacc mrlation du mereure méthslé survient anx échelles spatiales et tervporelles les plus petites, alors que
les perturhations en aval des cours d'ean swviennent anx échelles les plus grandes. Les émissions de gaz d effet serre, la
dernifre swrprize relide anx développeme nts hydroéle ctrigques sur de grandes surfaces, sont de durée relatmrerment courte mais
pomrraient éventoe lerment avoir des conségquences importantes 4 échielle globale . La livaitation de la biodve rsité par e

déve lopperae nt hydroé lectrique s roardfeste habitoe leraent & des échielles spatiales et ternporelles interrnédiaires. La
cobriaissame e prove nant du travail 4 des échelles spatiales et ferporelles plus vastes devrait jouer un rdle importants dans les
processus futures de prise de décision lors des développemments hodroélectnoues 4 grnde échelle.

Moz elés © développe ment hydroélectigque, grande échelle, mpacts sociaw, impacts ermrronnemme ntar.

[Traduit par la rédaction

introduction

C ortempor ary research on the envir ot ental effects of terdro-
electric development iz pursued at a wvariety of spatial and
temmporal scales. These scales extend from short-term studies
following forthation of single, amall reservors (e, Aggus
1971; Bass 1992; Koskermdemi 1994) to studies of lmge
teservoir and water- dversion complexes drawn from decades

of data (e.2, Plign and Vemel yanova 1989; Rozengut and
Hedgpeth 1929 ; Iarchand 19900, At the very largest scales,
Chao (1991, 1995 reported that worlderide impoundm ent of
water has reduced sea levels by 3 om, and the concertration of
reservoirs bnult in the last 40 years at bigh latitudes has caused
the earth to spin faster!

The global extent of reservoirs, itncluding hydroelectric
faciliies is enormous. There are ~39 000 large dams in the
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Tahle 1. Selected estimates of regional spatial coverage by reservoirs (estimate s may not agree).

Begion Types of reservols Lirea covered (kra?) Ref.
Flobal Hymdroe lectric 600 000 (larger than the Morth Sea) Pearce 1996
L] types and sizes 500000 {~2x the Laurentian Great Lakes) Eellyet al. 1294
Ll types, large (=10° m® of water) Califorria or France Crme sins and Milsson 1994
Canada Hradroe lectric, five, extant, large (21000 LW of  ~20 000 {Lake Ontario) Rosenberg etal. 1987
poweT)
Hydroe lectrie, new, planned for northem CQuébec 10 000 {~ 172 covered by forest) Rougerie 1990
United States  &11 types and sizes (=100 000, 5500 are larze, Hew Harapehire and Yerroont Devine 1995

1e, darns 215 m height)

India L1 types and sizes (=1550 are large; =100 000 are
rnediure and smiall; meaning of size not
specified)

Large, =14 500; rmedinm and stnall, =11 000 Foote et al. 1994

world (World Eegister of Dam s1 922 in Dynesius and Nilsson
1994y, some 5500 of these (215 m height) are in the United
States (Dewine 19957 and 612 (210 w0 are in Canada (Envron-
tent Canada 1990, The usable matemade reservolt capacity
18 8% of the argmial global river nanoff (Dynesius and Milsson
19947, The present storage capacity of large dams atvouts to
5500 km® (Postel et . 1996, OFf this, 3500 km® are activelg
used in regulating river runoff, by 2025 ancther ~1200 km
will have been added to active storage (Postel et al. 19967 It
hasheen estitnated that reservoirs of all types and sizes occupy
500 000 km? globally, an area approxin ately tarice that of the
Lavrertiat Great Lakes (Felly et al. 1994), Table 1 sumim a-
tizes some regonal estim des of the areal extents of reservoirs
and Table 2 presents the extent of local flooding caused by
selected major hydroelectric devel opments.

Projects like La Grande River developtent in Canada
(Betkes 1981, the Sardar Sarovar devel opment in India
(Morse atd Berger 19938, and the Tlree Gorges development
in China (Fearnside 1988 indicate contirming globd irterest
in the constraction of megaprojects that produce sigmficant
atn ounts of power (e, 21000 WMWY, although Postel et al.
(19967 cottend that the average famber of large daty 2215 m)
constructed inthe worldis dropping andwill continne to do so
irto the next centiry (see also Majot 19960, InC anada, hyrdro-
electric developi ent over the past few decades has moved
from relatively contained project configarations in the popu-
lated south of the courtey to rel atively uncontained configra-
tioniz ity the spatsely popndated nosth, which indicates that the
best(ie, mostcost effective) sites have been used (see Devine
1995 for a similar comment aboat the United Stated). Some
large-scale Canadian hydroelectric projects are reviewed in
Rosenberg et al. (1987

FPast and present development of hydroelectric mega-
projects has requited envrit ot enital and social researchers to
work at ever-increasitng spatial and temporal scales. This re-
wiew will deal with these expanded scales rather than with the
smaller scale, in-reservoit and immediately downstream o
cesses (e.g., changes in sedimentation regim e, primary pro-
ductivity, and faunal populations) of moore traditional reviews
(e.g, Baxter 1977 Baxter and Glande 192800, Research at larger
scales has begun to lead to few wiew s about the spatial extent
atd longewty of the ersrirorm ental and social effects of such
projects, and cuwmodative effects on a global basis These find
ings challenge the notion of hydroelectric development as a
relatively benign form of pow er generation andraise questions

about whether hypdroelectric projects can ever be made etoi-
rotun entally sustainable (Goodland et al 1993

Thiz teview will focus on four, large scale impacts attribe
utable to hydroelectric developments, each of which oper-
ates at its own wdgue spatial and temporal scales (Fig 10
() methidmer oay boacoumulaior (70 emissions of green-
house gases; (37) downstream effects; and () limitation of
biodiversity. Each of these impacts have envvivonmental and
gocial effects hoth of which ate considered in this resiew,
although ervdrotumertal effects teceive more anphasizs. We
hawe chosen to interweave the presentaticon of ervvir arm estal
atud social effectsto emphasize the linkages betweeti them . The
material presented concentrates on C anadian expetiences, ot
exaples from elsewhereinthe world are used to dem onstrate
that by oadly applicable prineiples are involved. This review
will not address alternative energy sources to hydroelectric
generation of bydroelectric conservation programs, which are
both sutjects broad enoagh to deserve separate attention.

Methylmercury bioaccumulkation

Mlethylm er vy bicaccuwmdation by fish and the consequent
conmunption of fish by numans is of concernin the creation of
teservoirs, Methodmerouy is an orgardc molecale produced
mainly by bacteria (B ermoan and Bartha 1986 from inorganic
merouy naturally present in materials flooded during the course
of reservoir creation (Bodaly et al. 19840, Hecky et al. 1991,
Elellyet al 1997, Methoydmercury 15 a niewy oboxin to which the
boan an fetus is partiol arly sensitive (e, Weihe ot al. 1996).

Llethylm erciry bioaccumulation is the most spatially re-
stricted of the four envirorum ental impacts being reviewed
(Fig. 1. Methylm erowry problems in fish are confined to the
reservoirs themselves and short (<100 km) distaices down-
gtreatn. Temporally, methylm eroury contamination inreset-
woits caty last 20-30 years or more; for exam ple, moethodmeer oy
levels in predatory fish in boreal reserwoirs of Canada and
Finland can be expected to retirn to background levels 20320
wears after impouwndmm ent (B odaly et al 1997

Enritonmental effecis

The first indication that methylmercury was a problem in new
teservoirs cath e from 3 outh © aroling (A bernatteyy and Cuam bie
1977, Alerted by the American experience, researchers else-
whete began reporting similar ocowrrences (Takle 3. Fesearch
ot notthern reservoirs, especially in Canada and Firdand has
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Tahle 2. Extent of flooding imso beed in selected major hodroelectric developmernts.
Total surface
area of Lirea of newly
irnpounde d flooded land
Projectand location wrater (k) (km?) Corare nds Bef
Camada
Femano, Phase [, B.C. 220 M Includes the Mechako Beseroir Roserberg etal 1987
Williston Fesermoir, B.C. 1645 b Irrrolses Peare Fiver Peace—f&thabasca Delta
Project Gromp 1 972
Churchall-WMelsor, Ivlan. 3200 ~7150 Inchudes Southern Indian Take (SI1), Notigi, Newbury et al. 1934,
and Stephens Lake reserwoirs, Rosenberg etal. 1987,
preiopoundrnent surface area of 511, 1995
1977 kn?
Iufanic 5, e, 2072 B& — B Harris, personal
COTaTIic aton
La Grande, Phass [, Qg 11 345 DAT5 Includes La Grrande (L3 2, 3, and 4, Berkes 1988
Oipinaca, and Candapiscan reservoirs.
Deslavdesetal (1995 report that Phass 1
covers a tofal area of 13 520 km?
La Grande, Phass IT Qmé ~2000 M Includes Laforge-1 and Eastraain-1 reservoirs & Penn, personal
COTaTIic aton
Churchill Falls, Labrador a70s bla Includes Smallvood, Ossolrmanuan, and Bosenberg etal. 1987
Jacopie Lake reservolis
Uniied States
Ivlissoun mathstem f2a0 )Y Includes Lake Ft. Peck (991 kro®), Lake Bosenberg etal 1927
reservoits, Ivlont., Saleakawea (3060 krn®), Lake Francis Case
MW Dak., 5.Dak, Nebr. (420 km®), Lewis and Clark Lake (113 km®),
Lake Cahe (1450 k), and Lake Sharpe
(22 ko reservoirs
Russian Fed eration
Wolga Biver 26010 5069, of Includes 11 reservoirs, 2 in the Volza Bover Bozengurt and Hedgpeth
area catchrent and 3 in the Earna Boeer 1988
inundated was  catchevent. The largest of these are
highly fertile Kuthyshevskaym (6450 kra®) and Rybinskaya
cropland (4550 kin?) reservoirs, both in the Volga
cate hrnent. Poddubrey and Gralat (19957 report
the following total : shallva-water aleas
(kra®) for the four reservoirs of the Upper
Volza Bover: lvankowea, 327:156; Uglich,
24959, Baypinsk, 4450:950; Gorky, 1591368
Erer Don 500 N =130 reservoirs in the catchene nt Wolowvik 1994
Ulkraine
Dimieper Biver ~ 7000 Ha Dimie per regervoir cascade. Exact nunber of Bomanenko and
reservolrs trobed 1z not g tven Vevtishenko 1996
South America
Balkina Reservoir, 23A0-4000 e Exact size is not known becawse of survey’s Fearnside 1520
Amazonas State, Brazil tnargin of exor
3147 3108 Colurans 7 and & of Table III in Fearnside Fearmside 1995
1995
Tucural Reservolr, Par a0 bla — Ilonosowski 1984
State, Braml
2247 1926 Colurans 7 and 8 of Tahle III in Fearnside Feamside 1995
1995
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Total smrface
area of Lirea of newly
Irnponnde d flooded land
Projectand location wrater (k) (km?) Corare nds Bef
2830 MA Tocantine—Araguaia catchiment, the Bibeiro etal 1995
sonthe astervrnost Bnazordan tribotar sy
infegrates the seasonally diy Cerrados with
the hot huraid drvazondan rain fore st
Ttaipny, Brazil and 1350 M — Groldsraith and Hildsmrd
Paraguay 1984
Gl Venemela 3280 M — Groldsraith and Hildsmrd
1984
Africa
Lake Kartha Fessroir, 5364 MA Diare on roaddle part of Zarabes Biver at Balon 1978; Cheng 1981
Firehabnre and Davabia Flariba Gorge; forested and savanmah regions
Wiolta Lake Fesenroir, #2300 O F:Y Dam on Volta Ererat Akosornbo. Beserroir Petr 1971;, Cheng 1977,
Chana oooupies teo clitnatic zones: forest in south 1951
and syvanrah—woodland in north
Lake Kairgi, Migeria 12=0 MA Dar on Mig er Erver at Bussa, forested and Cheng 1921
savarnah regions
High Diarn at Sewar, 3000-4000 MA Diare on Mile BErver. Beservolr 1s knovar as White 1922
Egypt and Sudan Lake Masser (Egyptian part) and Lake Hubia
(Sudane s par)
G276 Reservoir lies in desert region Cheng 1951
Cahora Bassa Dara, 3E00 MA Diar onlower Zawbezi Biver at Cabora Croldsraith and Hildyard
Ilozarabicue Boasga Gorge 1954; Bolton 1984
Mhiddle East
Southeast &natolia 1857 MA Euphrate s Brver developrnent: Keban Dam Hille] 1904
Froject, Turkey (B0 kyn®y, Karakoya Diara (300 kre®), and
Litaturk Diarn (377 k®); other smaller
devveloprnents on Euphrates. Developroents
on Tigris are plarmed
Southeast Asia
Brokopondo, Suarrarae 1500 MA — Croldsreath and Hildymrd
1984
Kahalebo, Surinare 1450 Ma — Groldsraith and Hildyard
1984
China
Three Gorges Feservoir, 1150 632 Ilostly in raountainons ferrain Chan 1995
Tangtze RBiver
Dianjiang ko Heserwolr, T45-1000 MA Largest extant reservoir in China Zhong and Power 19964
Han Brver

Note: Hi, not available.

beet extensive, fewer reports come from temperate atd tropi-
cal reservoirs Howewer, the problem appearsto be less severe
inwarmer areas (¥ ingcharoen and B odaly 19930,

Research in northern Canadian reservoirs has revealed the
following characteristics of methylm ercury in fish,

(11Tt canreachwery high lewels For ex ample predatory fish
(pike: Esox hueius; walleye: SHzosfedion wirewom) inla Grande
(LT 2 Resetwoir in the James Bay reglon of Québec reached
appr cerimmately six titnes background levels or more than seven
titt ez the Canadian matketing limit of 0.5 pgfg(Verdon et al.
1991 Mean concentrations in predatory fish almost always
exceed 1 0 gz innorthern reservoirs(E odaly et al. 1997

(21 Lewelzin poredatory fish usually ¢ e ait elevated for 2-3
decades following im poundi ent, whereas levels in water and
zooplankton remain elevated for 10 and 1015 years, respec-
tively (Bodaly et al. 1997). The difference between fish and
loarer trophic levels is probably the result of a longer halflife
of wetherdm ercury in fish and a slower trnower of fish popu-
latiofs. Dlethorlm erovey lesels in predatory fish from the LG2
Reservoir and from reservoirs in nortthern Manitoba remain
ahovemark etinglevels 1020 yearsafter re serwoir creatl o Strange
et a. 1991; James Bay IMercwry Committee 1995 Bodaly et al.
1097y, Avwerage lewels in LG were still =30 pgfz 13 years
after flooding.
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Tahle 3. Exatnples of elevated methodraercury levels in fish frorm new reservoirs.
Location SpEcies Bef.
Boreal zone

Morthern Ifantoba Sizosdedion vitreum (walleye), Fsox lueius (northern pike), and Coregonus Bodalyretal 1954a

clupeaformis (lake whitefish)
Maorthern Ouéhes Lz for northern Dlavdtoba plus Clbosforus eafosformus (longnose sucker) and Boucher etal. 1983

Salve finus nammay cush (lake tronf)
Labrador Esox lucius, Saleelinus namapeush, and Coregonus olupe gformis Bruce and Spencer 1979
Finland Esox lucius and Coregonus Iavarefus (white fish) Lodenins etal 1983

Temp erate areas

Southern S askate hevean Sizodedion vifreum and Cadodonms commersont {(cormon sucker) Waite etal. 1920
Minois Micropferus salmoids s (larzernonth bass) Coxetal 1979
South Carolina Micropferus salmoids 5, Morong chrpsops (white bass), and Perea flavescens Lhermathyret sl 1925

i yellow perc b

Tropical area

Thailard FPrigolepis fasciahus, Punfioplites prociozysron, Hampala mecrolepidofa, and Yingcharoen and Bodaly 1993

Morufivs chry sophe badion

Fig. 1. Spatial and fermporal scales at which irapacts resulting from
large-scale hydroelectic developmme nt mardfest themselves. 1 =
rre thedrae romrr bicacearanlation, 2 = exdssion of greenhonse
gages; 3 = downstream effects; 4 = limitation of Wiodnersity. (Mote
that axes ate in log acales.)
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(30 Dlethodmer oty catn be elevated in biota downstream of
teservoirs. For example, fish downstream of dams have higher
mettslmercury concertrations than fish in the reservoir up-
streatt, because the downstream fishfeed on fish that are in-
jured passing through the trhines (Brouard et ol 1994 Fish
atul itrrertebrates downstream of resstrvoirs slso can have ele-
wated methylm ercury concentrationgs it the abgence of gen-
eratitig stations (Johnston et al. 1991; Bodaly et al. 1997,
appatrently because of the transport of m ethylm er oy in water
and invertebrates. This second kind of downstream transport
of methydier oury probably extends for <100 Jan bt may be
amore cotmh on occuttence than elevatedlevel s caused by fish
feeding o injured fish

Wy iz m ethodmer oy a by-product of flooding and how
is it bioaccowndated by fish? At the outset, moethylmeroury
elewation in fish iz related to the degree of flooding of terres-
trial areasitrrolved i reservoit creation. A high proportion of
land flooded to the final suface area of the reservoir produces
higher methylmercury level s than when a low proportion
of the sutface areaisfloodedland (Bodaly et 4. 1984, Tohnston
etal 19917 Thisrelati onduip sppe ars to explain why fish methsd-
merouy levels in the LGZ reservoly, which was created by
flooditiz a tiver walley, wete 20 much higher than thoge in
Southern Indian Lake (3I1), Manitoba, an already existing
lake whose water lewvel wasraised 3 m (Verdon et al. 1991 ; of.
Strange et al 1991). Linear models developed by JTohnston
et al. (19917 can be used to predict fish methylm erowry levels
it hioteal reservoits based on the ratios of flooded terrestrial
atea to water volum e of the teservoir itself (within-lake effects)
atnd of flooded terrestrial area to water volume of inflowing
waters (upstream effects). Models developed by Hydro-
Quéhec (19934) also depend on the terrestrial area flooded
bt include data on reservoir volum e and flushing rate, decom-
posable orgard e moatter, and methybm evowry dymamics in fish,

Experit ental studies done in mesocosm s detmonstr abed that
methdmercury acoumulating in fish orignates by microbial
transformation of inorgade merowy naturally presert in the
soil atd vegetationthat are flooded (Hecky et o 1987, 19917,
&l organic materials (moss, spruce boughs, and praive sod)
added to the mesocoams stimulated methylm ercury bio-
accwnulati on by wellow perch (Perea Javescens). Hecky et al.
(19917 alzo dem onstrated greatly enhanced rates of conver sion
from inorgardc mercwy to methidm ercwry in newly flooded
sediments of reservoirs compared with natwr el lale sediments.

M ethrdm ercury production and uptake into the agquatic food
web are being examined by the Experimental Lakes Area
Feservoir Project (ELARF) in notthwestern Ortario (Felly
et al. 1997, Watural wetlands in the notthern boreal ecotone
ate sites of methylm erowry producton and important sogces
of m etherlier oury to downstr ean ecosystem s (3t L ouds et al.
1994 199", Boreal wetlands flooded to form reservoirs he-
cothe even larger sources of methylmercury because of
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increased methylmerowy production in flooded wegetation
and peat. This problem was studied in an experimentally
flooded wetland in which methylmercury production in-
creased 35-fold (to ~6 pgmyear after flooding (Kelly
et al. 1997, Bacteria converted inogandic et oy (present
priot to flooding) to metherlmerowy in the process of decotm-
posing flooded wegetation The system respondedwithin weeks
to the increased methylm ercwry production. C oncentrati ons
of methylm ercury in surface water and peat increased ~10-
fold ito ~1 ngl and 10 ngfz dey weight, respectively); the
proportion of methydm eroury to total merowy in water in-
creased from ~5 to =30%. Methylmerowy concentrati ons dso
increased after flooding in zooplankton (to ~340 nzfz dey
weight (10-fold; M.J. Paterson, personal commwdcation),
predatory shoreline insects (to ~1280 ngfg dry weight (2-fold),
footnote 47, caged floater mussels (Prganodon grandis,
Mlalley et al. 19967%; finescale dace (Fhoxds meogasus; 1o
~030 pafg wet weight (3-fold); Eelly et al. 19977, and
15-day old nestling tree swallows ( Tachycoinefa bicolor;
to ~100 ngfedeyweight (2-fold), V.3t L owis, personal com-
murdcatiom). In addition, an experim ent done in nearby refer-
enice Lake 240 showed that food was the dominant pathoaray
of tnethndm et cury uptae b fish (F meogasus; 5 versus 15%
by passive uptake from watef) at nabeal levels of methsi-
mercury (Hall et al. 19970 It will be important to determine
the duration of elevate d rate s of methylm ercury production
in the experimental reservoir. Methidation rates still rem ain
high 3 years after flooding.

The lirk hetween newly flooded o gand c matter, the stimu-
lation of methylm ercury production, and increased methyyl-
mercury bicacoumation in fish has led to an obvious
recommendation for remediation remowval, batning, o cover-
ing of vegetation and soil orgaric matter hefore flooding to
reduce the sewerity of the mercury problem. Howewver, this
recommendation has not been experimertally verified and, in
atiy case, 18 impractical to carry out in large reservoirs. For
exanple, the 311 reservoir has a shoreline length of 3788 km
(M ewbury et al 1984), Alternatives would be to minimize
the area flooded when creating reservoirs and avoid flooding
natural wetland areas (M elly et al. 1997,

It iz not clear whether concentrati ons of methylmerouny in
predatory fish from reservoirs are sufficiently high to affect
their poplations (Miimi and Eissoon 1994 Wiener and Spry
1296, Howewver, the moain concern has been the effect of cone
sumption of these fish on hman populati ons,

Social effects

Canada has been a focus for the study of socdal impacts of
methsdmercury bicacowndation resulting from hydroelectric
development. The movem et of large-scale hydroelectric de-
welopmient into T anada’s subaretic boreal forest region has pot
atriskresidents of the area who are mainly ahoriginal and live
if1 amall willages that ate usudly located on thajor tivers and
lakes The villages ate characterized by mixed subsistence-
based economies and rely on access to the fish and wildife
tesources of customary territories that range in size from
thousatids to tens of thousands of square kilom etres of land
atd water (Usher and Weinstein 19917 The term subsistence

* BD Hall, DIV Rossrberg, and & F. Wiens. IMethylmerowy in

aguatic insects fromm an experimentsl reservoir. In preparation.

Page 100

Ermiton. Rsy Wol & 1957

tefers to the production of local renewable resources for non-
market hom e and community use. Bubsistence in contem-
porary northern aboriginsl communities is integrated at the
household level with wage labor, commercial resource har-
vesting, and other econotmic activities (Wolfe and Waller 1987,
Usher and Weinstein 1991, Berkes et al. 1994,

Large-scale hydroelectric developmernt in northern Canada
has entailed relocation of some communities away from
floode d zotes, encroachm ent by outsider s on traditi onal terrd-
tories, harvest dismapt on caused by the physical andbiclogics
effects of the projects and methylm ercury contamination
(Fosenberg et al. 1995, Betkes and Fast 19967, All of these
everits affect subsistence-based econmmies in often complex
ways The problem of methylm ercury contamination, and
resultant closed fisheries, in northern communities is par-
ticulaly serious (Bodaly et d. 19244; Boucher et al 1985,
Anonymous 1987, Berkes 1988, although to date no moedi-
cally dooumetted cases are available of merouy poisoning
caused by eating fish from new reservoirs (e.g, Wheatl ey and
FParadiz 1995). In addition, the social impact of elevated
mercury levels 18 difficult to distinguish from impacts of a
ratige of social changes caused by hypdroelectric development
(AWaldram 1985, Niezen 19930,

Research reported in Rosetiberg et al. (19950 and Berkes
and Fast (1996 indicated that approximately one gquarter to
ote third of the wild food harvested by Cree communities
innorthern Manitoba, Ontario, and Québec came from fishing,
residerts of these communities routinely canght and ate large
cuattities of fish ower extended periods of the wear. & puh-
lic hiealth strategy that advised native people not to eat con-
tattinated fish also adwised them not to fish which i3 a
comimon activity of great economic and culbural itnportance
(e g, Wheatley and Paradis 19957 In additi on, the substitution
of natural food with store-bought food posed its own threats
to the health of native populations (Szathemary et al. 1987,
Thouez et al. 19897, Last, the pervasive effects of moethyl-
toer oy contamination on the social and mertal well-being
of natives atnd communities at risk needs to be mentioned.
Whether or not individuals were exposed to or actoally ine
gested injurious levels of methylmercury, the threat alone
caused arpiety and the native communities suffered adwerse
social and peychologica effects (U sher 1992, Wheatl ey and
Paradis 19937,

Greenhouse gases

The release of greenhouse gases (CHy and CO4) caused by the
flooding of organic matter such as in forested pedtlands moay
be the newest surprize connected with reserwoir creati on (Fudd
et al. 1993y The problew is reasonable to expect given the
considerable decomposition of flooded organic material and
frequert oxygen depletion that venally accompary reservoit
creation,

Bacterisl decomposition of flooded organdc material iz ot
the base of both the methrylmercury bioacown Wation problem
dizcugzed above and greenhouse gas ethissions. O a teth potal
scale, greenhouse gas ethissions from northern boreal reser-
woirs showld slow withitim e bt moay last Longer than 100 years
whete peat has been flooded, whereas the process should be
faster it tropical areas because they have no peat tied up as or-
gatic cathon in soils and have bi gher year-rowund tem peratures
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Tahle 4. Possible rates of greerhouse gas produced and energy generated by (1) fossil-fuel generation, and
regervolls having a (37 low and (i) high ratio of flooded ares o erergy produce d*

Ratio of flooded area to
energy produced Fate of gree nhouss
Category of L gas production (equry.
Site umdin estirmation energyze netated [’I'Wh-;rear‘l ] Tz CO, TWHT)

(A) Manitoha (details given in Eudd et al 1993)
Coal-fired generation i — 0.4-10
Churchill-Helson drversion i} 28 0.04-006
Grand Rapids (Cedar Lake) il 710 0.3-05

(B) Brazil (details given in Fearnside 1995)

Ilarans fosedl fuel i — 130
Tueura i} i 0.5%
Balbina reservoir i 1437 26.20

Note: TWh =terawratt houss ; Tz =teragrams, T = 1011

*C amticm shoald be nsed i cornpanng the remlts of Fudd et 2l (19595) ard Feamsdde (1995 becarse of differances in
() calmlating the glob al warming potential of CH, ; (5] comsidering indivect and divect effects of TH, ; and (&) time scales used.
In ad diticn, Feamside (1995) relied on mrodelms, whereas Fudd et al. ( 1955] took divect rmeasimmerts.

(Fig. 1. Spatialy, greenhouse gasz emissions probably repre-
sent the most extensive impact of large-scale hydroelecttic
developrent, asthey may contritute to global dimate change
(see below).

Emritonmental effecis

The net greenhouse effect in natural boreal forests iz sbowt
zero: peatlands are nabural sinks for CO,, but they are slight
sources of CH, to the atmosphere, and forests are dight sinks
for CH,, bt they are newtral for CO4 (Fuodd et al. 19935, The
flooding of forests in the cowse of reservoir creation upsets
these natural balances and results in a flux of greenhouse
gages to the amosphere. E stimates of greenthouse gas emis
sions from northern Canadian and Brazilian reservoirs indi-
cate that some reservoirs with a high ratio of surface area to
etiet @y produced cat approimate (Table 447 or greatly ex-
ceed (T able 4B emissions from power plants vsing fossil fu-
els. Cotrversely, ran-of-the-river installations may be much
less polluting than power plants ran by fossl fuels

The dramatic difference in greenhouse gas emiszsions
betareen Cedar Lake Reservoir in Manitoba and Ballina Res-
etvoit ity the Brazilian Amazon (Table 4715 probablyteal. The
tmuch higher emissions calewlated for Balbina ate a resdt of
tecentflooditigin atropical settinng (see below), Thereisa need
for more of these kinds of geographic compatisons and re-
search to explain the differences.

The following factors may be invoved in regiating the
irtensity and dwration of greenhiouse gas emissions after reger-
woit creation (Felly et al. 1994

(17 The am ount of flooding invalved. Extensive flooding of
terrestrial areas will lead to large releases of gases (e g,
Tahble 41, afactor also important in determining boaccumu-
lation of m ethylm e oy in fish (see abowve).

(271 The age of the reservoir. Decomposition rates appear to
decrease with tim e, as indicated by data on oxygen depletion
(Baxter and Glaude 1980; Schetagne 19897 An initial period
of rapid decomposition of easily degraded organic material
probahly will be foll owred b a period of lower decompogtion of
more refractory orgaic moaterial The slowing of tates means that

the longer the life of a reservoir, the lower will be the average
flux per year of gases. Howewer, even after decomposition of
orgaric i aterialis complete, greenhouse gaz emissions will be
sitnilar tothe rates produced by natural lakes, which are greater
thaty estitn ated flux es for the original, undisturbed, terrestrial
gystem (Fudd et al 19930,

(37 The amourd of plant biomass and soid cathon flooded.
Flant hiomass varies in different ecosystems ez, 0.7 kg C/m?
in grasslands to 20 kg Chm? in tropical ran forests; bored
ecosystems are approvimately midway in this range) and so
does soil carbon (low in the tropics to high in boreal peatlands)
(Foelly etal. 19940, Flooding of peatlands is of specia concern
because the large am ount of cathon stored in them could pro-
duce greenhiouse gases for decades.

(41 The geographic location of areservoir. T e per atiare will
wvaty with location, and tem perature will affect the rate of de-
composition andthe ratio of CHyCO 5 thatisreleased Tropical
teservoirs will have bdgh water temperatares and fast decom-
positior, which tend to produce anoxic conditions and ahigh
proportion of CHy (Fearnside 19937 The global-warming
potential of CH, is 2040 times that of CO. (per gbasis), so
the petcenitage of CHy released is important.

The magritude and extent of the potential greenhouse gas
emmission problem is currertly being examined along with
methylmercury bicacoumdation in the ELARP experiment in
notthw estern COntario (see abowve). Flue of CH, to the atmos-
phere after flooding of the experimental reservoir increased
by about 20-Fold (to 11 g Cam&year T Kelly et al. 1997
Prior to flooding, the wetland was a net sink for CO4 (52 2
Com 2 yearD) hecause of fixation of 0y as organec carbon by
plant photosythesis. After flooding, the wetland became a
large 00, source (2170 g Cm ™ year™ ) These postflooding
changes were caused by the death of vegetation, which elimi-
niated the photogsrothetic ©05 sink and simulated the peodue-
tion of C0y and CHy by decomposiion of plant tissue. The
increaged flux of OHy was also cavsed by an dnereased level of
ancia in the reservoir and decreased CH, oxidation, which
reduced the proportion of CH, that was consum ed by bacteria
before it could escape from the reservoir.
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Postflood fluxes of CO4 from the experimental reservoir
were similar to measwed fluwes of CO; from large hoyrdroelec-
tric reservoirs in notthern Cuébec (Kelly et 2l 1997 Fluxes
of CHy from the experimertal reservoir at the Experimental
Lakes Area (ELAY were faster than from the Quéhec reservoits
bt much slower than the werybd ghorates predicted for tropdcal
teservoirs. Measwed fluxes of greenhioase gases from the ex-
petimental reservoir were similar to rates predicted by Eudd
et al. (19937 and are within a range that is significant in some
types of bydroelectric developm ents. The level of concern is
telated to the ratio of electricity produced per undt of land
flooded; presently available data indicate that greenhouse
gas flues from northern byrdroelectric devel open erds that pro-
duce <1 MW of electricity/km ? of land flooded may be of con-
certin proposal s for new reservoir developrent (T4 Kelly,
utpublished data). The global sigrificance of reserwoits as
soxces of greenhouse gases is related to the total area of all
types of reservoirs and to fhaes from the major types, how-
ever, the global srface area of reservoirs is pootly known and
fhax measurements are available for only a few locdions.

2o for the methdmercwry problem discussed above, poss-
ble remediation would require rem oval of organicm atter from
the areato be flooded, animprobable task given the extent of
forest flooded in today’s large-scale hydroelectric develop-
ments. Minimizingthe areaflooded and avoiding wetlands are
poszible alternatives (see above),

Social effects
The sorcial effects of greethionse gas emissions from reservoits
are entwined in the greaterproblem of global clim e warming,
The social effects of global climate change are complex and,
urtil recettly, sommewhat specdative. For example, everyone
isfamiliar withthe claim that climate warming will eventually
cause rising sea levels, which will imandate low-1wing cities
(e g, Gribbin and Gribhin 1996). Howewver, recent new s stoties
indicate that inmwance compaties wotldwide are concerned
about the increasing incidence of extreme weather events,
thought to be tied to climate wattning (e. g, 3tetling 1994,
Fedekop 19967, The above examples indicate that the social
effects of climate warming will ocowr at much broader spatial
and temporal scales that, say, elewvated methylm erowry levels.
& major problem in public perception is the lack of am eas-
urable link between specific greerhouse gas emissions (greet
heouge gases are produced by a wariety of hoyn an activitied) and
atiy subseguent errvirorm ettal or social dam age. This strongly
cottraste with other local and regiona effects of hyedroelectric
developent for wlich cause and effect are often obwious.
The role played by greenhouse gas emissions from bepdro-
electric development will e difficult to identify. The overall
cotfribation of greenhouse gas emissions from reservoirs to
global clith ate warmingis thought to be stmall when com pat ed
with other major sowces of greenhouse gases, such as the
bwrring of fogsl fuels (0 A Eelly and I.W. L Budd, unpub-
lished datd). Certainly, litle evidence exists in the current
etiergy policy literatwre indicating that reservolr greenhiouse
gas etissions ate deemed to be impottant (e.g., Goodland
199419957 However, Peatce (1998) estimated that CO4
emissions from treservoirs globally amount to 79 of total,
man-made emissions of CO%. Heused atotal global reserwoir
sutface area of 600 000 dam* and Canadian rates of emission
(presumably based on FEudd et al. 1993, Canadian reservoirs
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woald add 12% to total Canadian greenhiouse gas emissions
over the text 50 wears if Budd et al’s (1993) estimates are
cotrect (Pearce 1996). This source of greenhouse gases may
become increasingly importart in time as the barning of fosal
fuels decteases. Detertninati on of the importanice of hyrdroelec-
tric dewvelopments as contributors of greenbouse gases on a
global lewvel is an im portart futare research endeavor,

Greenhouse gas emissions from reservoirs may assume
greater fuhare importance at the local level as nations move
towrard CO, accounting. Decisions can be made at the locd
lesrel; tools are avalable ez, Fuddet d. 1993, Fearnade 1995
to choose among alternative tpdroelectric developrient pos-
siblities to mitdmize greenhouse gas production

Downstream effects

Proponetts of latrge-ged e by celectic developmend often claim
that water flowing freely to the ocean iswasted (&2, Bourassa
1985, White 1988, Irandcally, changes in the natural hsrdeo-
logica cycle as a result of water storage for power production
and interbasin water diversion ultimately cause downstream
freshwrater and marine resources tobe wasted This i pact can
opetate at the scale of thousands of kil o etr e s from the source
of the problem (Fig. 17, although some predicted effects on
thatritie currerts and changes in dimate (see below) expatd the
spatial scale evenmore. Temporally, changes to downsteea
areas can be regarded as very long term, unless some effort is
made to operate upstream facilities in a way that mimics
natural hydrological flows.

Ewritonmental effecis
Matural seasonal muneff patterns influence heawly the ecology
of downstream deltaic, estuarine, and marine coastal areas
(e.g, Heu 19824, 19825, Rozengut and Hedgpeth 1959,
Rozengut and Haydock 1993, These downstream areas are
cradles of bicdlogicd productivity because of the delivery of
rmtrients to thew by fresharater ranoff and be cansze, at least
ins the north-temperate zone, freshwater runoff entering the
oceaty causes mixing and entrainmert of deep, mtrient-rich
ocean water into the swface layer (M eu 19824, Milko 1986,
Rozengart and Haydock 1993, Nearshore Wiologieal peocesses
such as primary productivity and fish feeding, growth, mi-
gration, and spavning are sttuned to these seazsonal dynamics
of flowr. In the case of a large, northern freshoerater delta like
the Peace—ithabasca in Alberta nabwal seasonal cycles of
flooding maintain the delta vegetation in an early successioal
stage of high productivity, which leads to a diverse and pro-
ductive wil dife commumity (Fosenberg 1 9867

Hydroelectric developim ents on northetemperate tivers char-
acteristically trap kigh spring flows for storage in reservoits
atid release W gher-tharenorm d flows in winter when the power
isneeded (Fig 2; see also Fig 3 of Bergstrdm and Carlsson
1994 for the Luledlven River, 3weder). Thus, the normal
hydrograph iz attenuated in spring and enhanced in winter
(e g, Devine 1995, see Dudgeon 1992 for different flow modi-
fication i tropical Asian rivers). Ecologically, runoffis trans-
ferredfrom the biologically active period of the year to the
biologically inactive: it is like watering your garden in the
winter (1 e 19824).

Neu( 19825 neatly expressed the magnitude of the problem
for Canada. All riwvers on earth at any one time contain
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Fig, 2. Effect of flow control on the natural herdrograph of a north-teraperate mver, the Peace at the town of Peace Rier, Alta. (reprinted from

Shelast et al. 1994, 1. 26, with permission of Sentar Consultants Tid.

Columbia (see Roserberg 1926).
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~1300 km® of water, which is approximately the same
atn ount of existing artificiad (i.e, reservoit) storage inCanada,
Canada’s rivers armally discharge ~1300-2000 kw3, a valus
slightly ahove existing artificial storage. If the live storage
ath ots to one guatter to ore third of thiz amount, then
~d00 km® of water is shifted annually from spring to winter,
In other words, before any regulation, the spring and winter
wolun es were 1600 and 400 km?, respectively, after extensive
regulaticny, the volumes became 1200 and 200 km?, respe ctively.

Bergstrim and Carl saon (19940 docwm ente d changes of river
runoff into the northern basing of the Baltic Zea as a result of
hydropower developm ent. S easonally, the Bothrdan B ay and
the Bothedan Sea receive itcreased winter discharge and de-
creased discharge at other times of the year. On a morthly
basis, both of these ateas show evidence of increasing hase-
flowr levvels over time.

FPhyysical/chemical changes to downstream areas resiting

from sigrificant alteration of seasonal flows inelude (1) desie-
cation of wetlands, increased offshore salinity, and wpstream
saltwr ater ivttasion because of reduced flows, (7)) collapse of
fiatural deltaic levees and subsidence of coastal deltaic areas
becanse of reduced sediment irputs; and (70 owerall reduction
of spring ratrient imgputs to estuaties (e, Rozengut and
Hedgpeth 1939 Rozengut and Haydock 19930 Northern
areas are particuarly affected by the loss of buoyancy fhe
provided by freshwrater inputs and the resulting stable layer
that enables high offshore primary productivity. On an even
latger seale, the reduction of fiver inputs of sedim ents to the
gea because of dam constnaction has recduced . the dngut of
tiatural ballasts which are instramental in cathon removal and
preservation. By changing the sedin erd load of tivers we are
changinghiogeochemical cycling of elements in regions where
more than 20% of organic carbon iz beng removed today.
(Tttekkot and Haake 19007,
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EBiological changes involve () lowered spring primary
productivity because of decrease dnutrient inputs and loss of
stratification; (i) lowere d benthic irvertebrate productivity
because of changes in primary productivity and increased
salivity; atd (770 deleterious effects ofthe moost waluable cotm-
mercial fisheries bhecause of changes in fish food o ganisms,
o sery grouds, spritg spawring and migration (Rozengurt
and Hedgpeth 1929; Fozengurt and Haydock 1993, Attrill
et al. 19947,

Changes to ocean currents and climate as a result of large-
scale hydroelectric developm ent (e.g, Meu 19824 and water
diversions (e g, Gribbin 1979, Micklinl 985, Milko 1986 can
alzo be considered downstream effects, dbeit of the largest
poszible extent. Howewer, predictions of such changes and
their ecologica meanings are uncertain o this point, and the
proposed, massive water diversion projects that would cause
thett ate not ywet a reality

Several case histories of downstream effects are available
that dem onstr ate the adverse ecologica consecuences of grossly
altered seasonal water flows, as described abowe (Table 5.
The Aral Zea has not been included because its desiccation
is related to upstream irgation practises rather than hepdro-
electric developm ert. Mevertheless itis an ex cellent example
of the ultimate effect of extreme water abstraction on downe
gtreatn areas (e.g., see hMicklin 1988, Ellis and Turnley 1990,
Eotlyakov 1991; Precodal 991 Levirtarns 1 992 ; Glantz et al.
1993, Pearce 19955). In addition, Ldffler (19930 reviewed
irrigation problem s of lakes in developing countries, Mlirza
atid Ericksen (1996) described the environm ental and social
impacts of flood controlfirrigation projects in Bangladesh,
atnid Michols et al. (19867 described effects of extensive up-
strearn water withdrawal for irngation on the estoary of San
Francizco Bay.

Predicting the cumd dive effects on Hudson and Jam es bays
of large-scale hydroelectric developmernt in their catelem ertsisa
provlem currertly being faced in Canads (Rosenberg et al.
19957, Major developtn ents exist on the Clirchill and Helson
tivers it MWlanitoha, the Moose River in Ontario, andLa Grande
River in Québec, and others have been proposed (see Table 4
of Rogerherg et al. 1995, Concerted efforts at cwmoalative it -
pact assesam erd on Hudson Bay will be hampered by the mea-
get data base available (especidly for the winter period), poor
knowledge of ranges of natural wariability, incomplete wader-
standing of natural processes, and lack of political will to
impowe these deficiencies (Rosenberg et al. 1995,

Social effects

Mumer ous benefits and dishenefits of large-scale hydroelectric
deweloptment on downstrearn uses of water have been docu-
mented. Benefits may include flood control (&g, Fearnside
1928, White 1958, Hillel 1994; Chay 1995; Dudgeon 1995;
Lososet al. 19957, provision of irsgation water (e.g., White
198%; Hillel 1994 Dudgeon 1995, Losos et al. 1995,
Romanenko and ¥ evtushenko 1996 ; Zhong and Power 19967 ;
and provision of urban and industrial water supplies
(e.g, Hillel 1994 Rom anenko and ¥ evtusherko 1996, Zhong
and Power 19980, Disbenefits may include the loss of water
for itrigation and wban needs; loss of soil fertility because of
elimination of norm d flood periods (e.g, White 1988, Hillel
1994 and reduction of productivity of fish and wildlife

Page 104

Ermiton. Rsy Wol & 1957

(e.g., Berkes 1982, Gaboury atid Patalas 1984, Ebel et al.
1989 Hesse et al. 1980, Usher and Weinstein 1991, In genr
eral, any impacts on mangrove areas, floodplaines, wetlands,
atd deltas will also affect human uses that depend on these
productive ecosystems of on ki gh water cuality,

Pethaps the most dramatic social consequence of altering
tuatural flows to downstream areasis the reduction or collapse
of the commercia fisheries in these areas The declines in
comiiercial fish catches from 1950101970 to 1990 in the four
great irland seas of the former Soviet Umon and the eastern
Meditertaniean off the coast of E gypt are shown in Table 6.
Fozengyt and Haydock (1994) attribute these declines to itm-
poutudment of major river systems, but other anthropogerdc
activities such as overfishing and chemicd pollution are al-
most certainly also involved. The enswng hardship on fishers
has been mentioned explicifly for the Azov Bea (Rozengurt
atud Haydock 19937 and the D aroabe Delta(Pringle et al. 1993,
Howewver, similar effects probably resulted from the precipi-
tous decline of commercial fisheries in the Caspian Sea
(Rozengut and Hedgpeth 1929 and the Black Sea(T dlmazin
1979 Construction of the High Dam at Aswan in Egypt has
beenimplicated in the serions decline of the sardine fisheryin
the eastern hiediterratieats it cange- atnd-effect has bheen dif-
ficult to prowve (White 1958).

Several hydroelectric projects i the Canadian north hawve
documented negative impacts on downstream abotriginal
commuities (Rosenberget a. 1995). For example, the Peace—
Athabasca Delta in northern Albertais located 700 km down-
streatn of the Bermett Dam in British Columbia. The Delta,
otie of the largest irdand deltas in the Western Hemisphere,
provided productive muskrat, fish, and watetfowl habitat,
which supported the shorignal economy of Ft. Clipewyan
(F eace—dthabasca Dl elta Project Group 1973). Reduced spring
flooding in the Delta as a result of the upstream dam
(Table 51 negatively affected the harwest of muskrat, and
sotme species of fish and waterfowl, with cose quent ad-
werse effects on the abori ginal community. The damage
was aly partially remedied by mitigative measures(Dirschl
et al. 19937

& subsistence fishery at Chisasibi on La Grande River
dowrnstream of the L2 Feservoir innorthern Québec declined
when the tiver was blocked in 1978 to allow filling of the
Reservoir (Berkes 19820, Howewer, the effect was short lived
atud the fishety recovered orly to be cosed later becaunse of
high methylmer oy levels(Berkes 195880, A mamber of other
problems at the mowth of La Grande remilted from hordroelec-
tric development upstream: () wpstream moverent of saline
water from Jammes Bay, which sffected the local water supply;
(1) debrisin the river, which affected the fishery, and (1)
problems of access to the notth shore of the river becanze of
urpredictable ice conditions resulting from operation of the
LG2 Reservoir (Betkes 1981, 1982, 1985, The last problem
was solved by building a road across the recently completed
LG1 Dam (Anorgrmous 1995 Similar problem s were en-
coutttered by the It of Kougjjuac (Fort Chimo) at the mouth
of the Koksoak River following blockage of the Candapiscan
Fiver in 1982 to fill the Cardapiscan Eeservoir: (1) increased
salinity of the drnking water, (7)) fouling of nets by alzae,
which limited fishing, and (77 difficult access and navigation
because of glacial boulders exposed at low water (Bissonnette
atud Bouchard 1984
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Limitation of biodiversity
“Fiver systerns and their ripanan zones play key roles in the
regulation and rmainte navce of biodiversity in the landscapes ™
(Dyresing and Milason 1994)

“Loss of biodrve raity o promises the stucture and finetion
of ecosysterns, which can in turn comproise the economic
well-being of hurnan populations.” (Coleran 1996)

Biodiversity can be defined as “. the wariety and wariability
ath ong living organdsms and the ecological complexes in
whichthey ocow™ (OTA 1987, in Angermeder and Karr 1994
Mlcte simply pat, bodiversity is ©. the variety of life and its
processes (Hughes and Hoss 1992). These definitions encom-
pass a mumber of different lewvels of biological orgamization,
including genes, species, communities, ecosystems, and land
seapes (Hughes and Noss 1992, Biodiversity Beietice Assess-
ment Team 19940, These defiritions also irprolwe coth potiets
of compogtion, stachare, ad foncti on (Hughes and M oss 19927,

Althoagh the idea of impacts on biodiversity caused by
large-scale by cel ectric developmentis quite new, the hydro-
electric industry in Morth Americahasrecogmized it as a seni-
oug issue (e.g, Mattice et al. 1996). The concern is that these
kitds of developirient smay cause losses of biodiversity well in
ex cess of natural, backgy ound losses(Colemar 19960, For ex-
ample, the reduction or extirpation of native species thoough
alteration of phiysical habitat or introduction of exotic species
is a form of bodiversity loss connected with large- scde hy-
droelectric developmient (Fower et al. 19967

Impacts to biodiversity can ocowr over extensive spatial
scales (several 1000 km? in the case of chains of reservoirs
operated as a single urdt, e g, see Rancourt and Parent 1994
for La Grande River development) and over extended periods
of time (Fig. 10 In fact, species extinctions (see below), an
extreme form of biodiversity limitation, ave permanent.

Emwritonmental effects
The degres of biodiversity loss from 4l anthropogenic causes
i fresh waters iz not Dully known gt must be substardial
becanse of the extert of phoysical impact of moan on stream s and
tivers, especially in developed coundries such as the Urdted
StatesHesse et al 1929 Berke 1900 ; Allan and Flecker 1993,
Diyriesiug and Milsson 1994 Dewine 19937 For example, a
survey of the species listed under the EndangeredZpecies Aot
ity the United States done by Losos et al. (1995 indicated that
water developm ent projects affected higher mimbers of spe-
cies (236 or ~30%) than ary other resource- extract on activity,
Water-flow disuption and water diversion were among the
most disruptive categories of water developm ent. Animals
were affected more than plants, water developments endan-
geted~05% of listed clam andmussel species(see also D evine
19957, and ~E5% of listed fish species (Losos et al. 1995).
Mehlzer et al. (19917 idertified 214 native, natir ally spaw n-
ing stocks of Pacific salmor, steelhead, and sea run cutthroat
(Ccorkprchus sppl) from the Pacific northerest that are en-
dangered (1 stock), are facing high (101 stocks) or moderate
tisk (58 stocks) of extinction, or are of special concern (54
gtocks). Eighteen of the high-risk stocks may already be
extinnct. The chief causes of the plight of these stocks were
(11 habitat loss or dan age, impeded m ovement, and low flow s
(cavsed by hydroelectric development, agriculture, logging,
ety (77 overfishing, and (i) negative interacti ons with other
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species of fishy, including hatchery stocks. 3 eventy-six of these
at-tisk stocks originated from the Colwnbia Fiver catclan e,
which has undergone extensive hydroelectric developmernt (see
below). At least 106 major populations of salmon and steel-
head onthe West Coast are extinet; one of the major reasons
ig dam consttaction (M ehlsen et al. 19917, “With the loss of s0
matyy poplations prior to our knowledge of stock structure,
the Mistoric richness of the salmon and steelhead resource of
the West Coast will never be known, Howewer, it 13 clear that
what has sarvived iz a small proportion of what once existed,
atud what ¢ et aitiz iz substantially of #1557 (W ebdsen et al. 19917,

Slatiey et al. (19967 extendsd the Mehlzen et al. (1991
studyr toBritish Colwnbia andthe Yukon Territory in © anada,
Status classifications were possible for 3491 stocks or 57% of
the stocksidentified. Of these 332 stockswere athigh(11.4%)
ot toderate (1 4% risk of extinction, or were of special cone
certn (42%. An additional 142 stocks (2.6% of those classi-
fled) were driven to extinction in this cenbary mainly hecause
of logging, whanization, and hydroelectric power develop-
ment. Ilajor rivers in British Columbia that support anadro-
mous salm on do not have mainstream dams, but dams on the
Columbia River it the United Stateshave caused the extinction
of watious stocks in the Canadian portion of the Colwnbia
catchim ent (3laney et al. 199681, Hydroelectric development
has dlsoled to stock losses on smaller British Colum ba rivers.
Corflicts betar eery water requirertents for power and fisheries
hawve ledto stock depressions in amanber of British © clumbia
and Vukon T erritory tivers (Slaney et & 1996).

Landscape @d ecospstem levels

Hahitat alteration of destruction affects all lewvels of hiodiver-
sity. The flooding of wast areas of land in the creation of res-
ervoirs, dewatering of water bodies by diversior, and erosion
caused by increased flows have their initial effects on land-
scape and ecosystem levels As mentioned abowe, it has been
estitm ated that reservoirs of all sizes and types now ocoupy
500000 km? globally (ely et al. 1994). Up-to-date data on
the total suface atea occupded by thajor hydroelectric devel-
optn erits in various countries or ecological zones are not easily
avalable, however, large areas of landscape-level habitat
alterati on are involved itnm sjor projects (T able 2.

At the ecosystem level, perhaps the greatest cost of chang-
ing the nature of a river by turning it into chains of reservoirs
ig the interruption of energy flow into the system from
allochthonous and autochthonous sources. Biotic comum -
ties are probably structwed along resource gradients and
dowr st eam communities at least partly depend on upstream
processes (W annote et al. 1980, Jobnson et al 19957 Impouand-
tents along tiver cowrses can interript natural longitudinal
gradients, cavsinglongitadinal shifts in phivsical and chetical
vatiables, whichin tarn canse biotic shifts (Ward and S tanford
19537, This reset mechardam ultimately affects bodiversity
(e.g, Letunkull 1972; Harding 19927, For example, transport
of sedimert and orgaic matter to downstream reachesisin
terrupted bor reservoirs (especially by erosion control meamures
ity them) and this probably affects catbon and sotr ent cyeling
(&g, see Hesze et al. 1989 for the Dissouri River, T3 AY.
Furthermore, intermittent and permanent agquatic habitats out-
side the main channel are also importatt to normal river fane-
tioning: the predictable adwance and retreat of water onto the
floodplain are thought to control adaptations of most .of the

B 1397 MEC Canada



a4

CIMFP Exhibit P-00352 - Tab 19 Page 106

Ermiton. Rsy Wol & 1957

Tahle 5. Selected e xamples of the downstrearn effects of atered flows caused by large-seale bodroelec tric developrment. (Mote this table
reads across facirg pages and cortinnes on the following tero facing pages.)

Area affected

Upstrearn developroent

Fligical effects

Culf of 5t. Lawrence, Canada

Peace—tthabasea Delta, Alfa.

Dianube Delta, Romania and
The kraine

Wolza Delta and Caspian Sea

Hymdroelecttie developrnent in the
St. Lawrence catchine nt

Wi C Bernett Darn and
Williston Feseroir, Peace Frver,
B

Hymdroelectrie deselopenent (=30
darns and other engineering works
along the maiksterm); water
rerooval for drinking, irrization,
ard industrial ocessing,
trarsportation; disposal of
mmicipal and mdnstial wastes

Ilajor water uzers in the Caspian
catchraent: (1) agriculture,
110 hymdroele ciic povaer plants,
(740 industry, (i) roamicipal
government, (V) shipping, and
(w1} corornercial fisheries

Volza—Fama catchmment: 11 large
bodroponaer stations (raost kot
inperiod 1955-1965); 200 small
and large reservioirs inandating
= 26 000 kred of the cate hraent
(=50-69%, of this was kighly
fertile croplard)

=3000 s of spring discharge withheld (-~ 1i4-1/3 of peak discharge)
Twenty i tharty percent e duction in mormal sprivg quantity of nutrients

Williston Reservoir filled with 62 ko of Peace River water
(1962-1971); norral Peace Brver flows (4000-9000 mdfs) reduced
to 280 o’ fz dwring filling, flood flows of Peace Fiver adjacent o
Peare—Lthahasca Delta redur ed by as rauch as 3600 ro’/s, water
lewels in Peace Biver dropped 3-3.5 m below norwal ; Lake
Lthabasra waters flowed out of the Delta without cansing flooding

Forty percent decrease in shorelines and suface areas of perched
basins; 500 kred of rnd flats of larger lakes desiccated , computer
sirrlations nsing operating conditions of the Diarn predicted:
cortinned marked departures from nataral flow patterns (reduced
peak flows), contirued drying of perched basing, and accelerated
ageing of the Delta

Floodplain reduced ke 290 000 ha becanss of hydrologic
modifications o mainstem (e.g., erdbankrne nts); resulting loss of
4.3 ko' of water ®tention capacityso nutients and heavyraetals
are cartied straight to Delta

Severe coastal erosion (upto 17 mbyear) becanse daras and other
byrdrologic changes have reduce d transport of sedirnents

190-200 kyoffyear of water acouranlated to form reservoirs;
frestowater flows to Caspian sigrdficantly reduced

Syring flows reduced as rouch as 37%% (989 of 1558 k¥,
1967-1979%; 1051 ko of spring flows retained over period
19611979 (= &« norrnal anmmal monodt from Volga); regulated
releases showed deviations of 30-50%, below nomral natural rmean
flows (ef. HO-15%, for notrnal, nataral speing flows)

Regulated winter runoff increased to 2.2x normal

Ilean annnal salinities of north basin of Caspian incre ased from 2 fo
11 ppt sinee 1955; estnarine miving zone cormpressed and moved
up Delta; extent of brackish water increased because of excesstve
wate rre moval and dry vears of 19731977

Reduced sedirent load (32—« less than norraal); stability of river
harks and levees affected

Mutrient fluxes increased by 10-35% in winter and decreased by
25-40%. in spring , atemal armount of morganic and organic
phosphorus delrered to Casplan decreased by 1.5-2 0, recluring
priteary production in worth basin of Caspian by 50%:; organis
itrogen (industrial and rounicipal sources) increased =2 5w
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Biological e ffects Comments Ref.
Dirastic decline in fish catches in the late 1960z ard early 1970z The atticle is speculative Heun 1982, 19825

corresponding to a period of ratirally low discharzes and increased
regulation {2000 to 2000 rdls); reid-1970s rec overy corresponding to a
period of increased nataral discharge; quarditative proof diffie ult
because of the marg other variables irvobed

Ivluskrat { Ohdefre zibefhicus) numbers harve sted declined from
144000 {winter 196519667 to <2000 {winter 1971-1972); vege tational
succe ssion contired une hecked (creating new meadoar and willow
cotrrinities); corgniter sitanlations (under operating conditions)
predicted: cortinued wegetational succession, 20-25% reduction in
duck production, and 40-60% redoction of fall ruskrat poplations;
other studies ndicated reduced spawring success of walle v
(.58 2osde diom vitrezsn) bt no effects on golde we (Hodon alosoides)
and lake trout {Seivelinus nawap cush)

Diecline m corarnercial fish catches (1970-1990% from 70002000 1o
4000-5000 torsivear, “. atbibated to the loss of fish habatat and the
gereral deterioration of wate rguality. ™

Increased eutrophication and tubiditr in Delta waters cansed by
increasing ingnt of rutdents, metals, and pesticides in corabination with
changes of surface water flow and sedirent loading ; reductions in
hiodiversity, major shifts of ecosysterm primary produe ity (fror
rooted macrophytes o photoplankton), and large declines in fish elds
canse d bydegradation of water quality

Bird popralatiors ruch reduced over historical levels because of
dezraded habitat, irogpoundrae nts parfly to blarne

Declirdng water qualityofBlack Sea partlybecanse of eutrophication
of the Darobe; valuable fisheries destroyed becanse chemocline has
ascended from 170 to 110 m (zee also Tolmazin 1979

Lirea of nursery grounds of s rdanadroraons fish able o tolerate
salinity flue tnations of 0.2-5 ppt during spawning and upto 3 ppt
during feeding decreased from 25 000 (1959-1971) ta 6200 k!
(1977, optiroun salindty of 2 ppt for revssels (lmportant food for
sernianadrorons fish) rednced to 30%, of historical area, leading to
large declines of rmssels; hiornass of phytoplandon, sooplandtor, and
zoohe nthios in north basin of Caspian decreased byras rauch as 2 5%

Catches of cornrnercially important fish species declined bar alrost an
order of magritnde frora 1930 1o 1972; corenercial fisherybecarne
dorminated by the less valuable speat { Clupeonella delic afula), which
increased 107 betaeen 1930 and 1972 Volga — Morth Caspian
enderaic berming Alose ke aslerd volgensis viriially disappeared
(19131916, 130000-160000 t; 1960z, S000-6000 t, 19691972, 10 ),
sitnilar patterns of reduction in cormercial fishe ry re ported frora other
parts of Casplan catchavent that also suffeed alterations in water flowr;
declines of comrnerciallyvaluable fish attributed to (7) chronic water
shortages ard acute femperature fluctnations in VWolga Delta rrsery
area, which negatreely affec ted spawming, food sapply, and feeding,
and (77) inade guate water supply dwring spring, which hindered
spwning activities and roigration of wrenies

Despite rernedial efforts, the Delta
confitnes to desiceate and will
disappear within 50 years urless
hew management approaches are
adopted

Townsend 1975; Rosenberg
1986, Michol 1991
Roszenberg etal 1995

Canzes of biological effects in the
Deelta are difficult to dise ntangle.
Hydroponrer developene nt is
thought to be at least partly
tesponsible for those listed here

Pringle etal 1993

IWbre than 300 1vers exist in the
Caspian Sea catchroent, bt the
Volza Brver exercises major
cortrol oiver the physical and
chernical oceance phy and
binlogical produe trvity of the Sea,
becanss the Volza's catchenent
represents 40°% of the total
Caspian catchroent and provides
85% of the natural historical
average antnal discharge of
300 ke’ Water lewels of the
Caspian Sea have beet rising since
1977, perhaps becanse of a natiral
increase in the volume of water
dischargedby the Volga Brer
(Willarns 1994}

Riozengurt and Hedgpeth
1989
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Lirea affected Upstrearn developroent

Flisgical effects

Lz Sea, Bussan Federationn O the Fiver Don hydroele ctic
facilities, heawy industry, and
imgation; =130 wsermoirs
contairing 37 km® of water and
oovering 5500 ki

Mile Dielta, Ezypt High Diatr at fawean is the major

problern; built to control floods, to

store water to allow “water
securlty” for year-round
agricultural production, and o
generate herlroelec e power

Lveraze water flow reduced to 21 4 ke fyear or 763 of normal
ipre-1952%; spring flow (Blare be-Day) norrally 70% of anrmal flowr
and nowe 379 flow dwring otler seasons increased 2.5-3 0
flondplain spawming grounds wduced from 950 to 270 kel flaod
period reduced fromw 49 to 11 daye; charges in mineral fhoes in
Eiver Don Dielta {e.g ., total phosphors decreased from 11.3 = 10°
to 2.3 w0 10° tonsiyear, total suspended solids decreased from
3610 to 1.1 = 10" tonslvear, sulphate increased from 1860 =
107 t0 3550 ¢ 10° tonsiyear, chloride increased frarm 970 = 10° to
2650 3 107 tonayear)

Hizh Dam designed to store average flow of 84 kaedlyear a0 1o
excess flow wonld existbeyord needs of 55.5 km?

Dioarstrear torbidity dropged fror 303000 to 1540 g/l and
from claracteristic s asonal peak dwring flood season to regular
lewel throughout the wear; lowest levels at tire of incoraing flood

Total dissolved solids ine reased froza 110-150 to 120-230 gL,
with sirnilar change i seasonal distribution de szybed for torhidity,
saltbrde n increass d; increased volume of water delrered to
perermial irvigation syeterns resulted in lavge retwrn flow throngh
oultrated soil which led to incre ased burden of dissobred salts in
recelving drains and canals, more salt reached the Delta thar be fore
constuction of the Darn, but leas reacted Ik ditermanean Sea; reanlt
Iz average antmal ace mnulation of chlordes and sodinem i the
Dielta soils; potential water quality problerss not anticipated

Widespread coastal evosion becanse of (1) silt de pemeation from
upstrearr, although the vast systern of Trigation canals in the Delta
itself maybe toblare (Stanlesyr 1996700 rraoval of Delta sedirment
by maring waves and currents; and (77) subsidence ard rising sa
lewel crver lowelaying northe rn areas of the Delta; areas of northe m
Dielta threatened by increased salirization of gromndwater and
e nrsion of salt water; Mile water reaching the coast highly polluted
by agricultoral ravoff and industial anicipal waste; Delta
constitutes tweo thirds of Ezypt’s habitable land, so losses are critical

biota (Jolmson et al. 1995, Prevertion of this natural flooding
woald therefore, constitite a distarhance (Bayley 1993 For
example, channel-bed degradation below mainstem dams in
the Missowri River has eliminated many of the backwater
atid subsidiaty chatmels which provided much of the river’s
apochthonous peithoary and secondaty peoduction Loss of these
habitat types has had a moajor impact on energy flow to higher
trophic levels (Hesse et al. 1989 see also Power et al. 1996).
Alienating sections of floodplains ot reducing the frequency
of flood recurrence may seriously affect the substantial stores
of testing-stage ivvertebrate s in diy floodplain sediments, thus
tett oving a potentially importatt food sowce for juvendle fish
(Boulton and Lloyd 19920, Hesse (19957 discusses alternative
platis to restore natural fanct otdng of the Missowi River eco-
system by operating mainstem dam s to approximate the pre
regulati on hydrograph (see below).

Still in the context of function Hydro-Ouébec (19935 has

argued that the replacement of northern boreal forest by large
ex patizes of reservoir resilts in a net gain of productvity (as
the production of fish biomass) over what is provided (as ter-
restrial fauna) by pre-existing forest hatitat. Howewver, this
“more-is-better™ argument does ot account for changes in
biodiversity irvrolved in conversion from a terrestrial to an
auatic system, andignoresthe many natural services prodded
by the boreal forest as a catbon sitd (5 otham 1991 ; Macketzie
1994 Kelly et al. 1997 and az a sowce of food and fur for
aboriginal communities (Charest 1982 Berkes et al. 1994

Commmapnly, species, ad gendic levels

The effects of large-scale hopdroelectric devel optnent on bo-
diversity can also be matifested at community, species, and
getetic levels Hakitat alterations create the main effects, ng
the introduction of non-native biota by water diversions and
stocking activities iz alzo important.
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Biological effects Cormenents Ref.
Terrestrial and aquatic plants: general decrease of native species; Greatest changes in Fiver Doncate hanent Tolrazin 1979,
increased muraber of intoduced species and wee dy plants occurred from the 1930s-1960s with the Volowik 1994

chararteristic of distuthed ersirorenents

Iularoy native mammal, bivd, reptile, fish, and insect species alrost
extinct orendangered

Oy 3 years ot of last 30 have been good for reproduction of fishes

Blue-green alzae ard diatorms ircreased, whereas green alzae declined
in the lower Don; overall phytoplankton biorass increased from
0.45 (1960 to 2.9 gfm® {1980-1990); biomass of zooplandkton
decreased frorn 1.15 gl (pre-1952) to 17-25 mgir® (1980-1991%
Before 19532, =20 corwnercial fish species and catches
= 75 000 tonsiywar in the &zov-Don fishe ry by 1991, 6 coranercial
fish species and catches of 3000-5000 tonslyear

Diowmstrearn phoptoplankion density increased from 160 o 250 mg/L
hecanse of reduced lesvels of silt i the water

Corenercial fishery affe cted: () rowvber of species, rwber of fisk, and
average size declined at two locations in Delta, although rrabers and
size increasedat a thivd; (1) sardine fishery in eastern Mediterrane an

declined probablybecauss of water quality problerns rather than
crverfighing; (00} shrimp catches declived after closure of the Dam,
partlybecanse of orerfishing of rarnature s in north Delta lakes,
(1) demersal fish catches declined after closure, bt then pertly
rehounded probably because of ncrease it motorized boats in
decade after 1970; and () accelerated migration of Fed Sea fish
into the Ilediterrarean that began with the Suez Canal bt that had
bee n prevented by flow of Hile into the Sea

constue tion of large hydroelectric facilities
and darnrang of tvers. The Erer Don
systern iz polluted by oil, metals, and
pesticides, arong others, fiom industries,
agricultore, and roundc ipalities. Wlajor water
regulation schemes have alen affected the
Black Sea and its cornmercial fishery

i Tolmazin 1979

MNile River water hasheen mardpulated
historically. Changes irnmediately
following the cormrmizsioning of the High
Darm included (1) reduction of rottient
conc entrations reaching the Wiediterrarean
Sea; (#) failure of phytoplankion blooms to
demelop; (i1 drop in sardive (Serdinela)
catches; and () decling in fisheres
hrac kish Dielta lakes (for firther details see
Lleern 19720 Authors on the subject of the
effects of the High Dar usually are carefil
to point out the benefits that accrued frorm
the developrent: (2) control over water
supplies that allowed perenrdal azriculture,
(117 flond contral; and (00 contibubion fo
Egypt’s natioral electrical grid. Wy of the
dishere fits are swrrounded by controversy
becanse of a lack of cormprs hensive studsy,
A Whate (1988} corurmented: the Aswan
High Dam “. demonstrates the difficulty on
seientific grounds of making a defivitive
evaluation of the full consequences of a
rnassTve, urdoue intervention n
plysiological biclogical, and huarman
systers”

White 1922, Stanley
and Warne 1993,
Pearce 1994

Habitaf alferafiors : Several kinds of habitat alterations act
together to limit biodiversity. Blockages preventing mi gration,
habdtat simplification, and unnatiral discharge regim es are 4l
characteristic of large-scale hydroelectric development. Exam-
ples of each are givenin Table 7.

The fragmentation of rver system s by the constrocion of
hydroelectric dam s (other blockages such as irrigation o
favigation batrages have the same effect (zee M atarajan 1929,
Reeves and Leatherwood 19947 impedes the free passage of
fauna and itz use of watious kinds of habitat (T able 7). This
caty lead to the diminished abnndatice o even extirpation of
species over wide areas (T able ).

Extinction of species means the loss of a wndcue genetic
basge that has probably evolved over avery long time (Meffe
10867 A more subtle threat is the erosion of genetic diver-
sity that underpins long-term persistence and adaptability

Tahle 6. Corarnercial fisheryeatches in 1950, 1970, and 1990 in
the four great indand seas of the former Soviet Urdon and i the
eastern Mediterranean off the coast of Ezwpt (data from Fiz. 6 of
Fozengurt and Hawdock 1994).

Catches (¢ 107 tons)

Location 1950 1970 1990
Weste 1 Black Sea 200 75 3
Seaof Azov 300 3 2
Caspian Sea 400 100 10
Liral Sea 50 18 o
Llediterranean — Ezypt 40 ] 7
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Tahle 7. Limitation of hiodrersity by habitat alterations resultivg from large-scale homdroelectric development.

Ty of habitat
alteration

Location

Effects

Corataents

Blockage by
darnahabitat

fragmentation

Hahitat
sitaplification

Colurmbia Fiwver,
5.4

Tucurai Dam,
Tocantins B.rer,
Brazil

Upper Volga
Fiver, Bussian
Federation

IvTizzonm Frver,
U5 h

Feduced munbe s of anadromons salimonids
(Ebel et al. 19897, as follows

Salmon and steelhead rums reduced from
105 10° - 16 x 10* fishfyear in the 1280z
(he fore raajor developement in the catchenent)
toan wverage of 2.5« 10° fishivear in the
1980z (Ehbel etal. 1989, Ieffe 19920, by
1990, only 1.2 = 10° salmon and steelhead
returred to the Columbia, of which only 25%,
were wild stocks (Feldman 1993

Snake Biver (a major tributary): =1 510 ¢
spring, surnnet, and fall chinook saltnon
adnlts returme d anemally daring the 1200z,
orly 1800 returned in 1994 (Williarns and
Williars 1995y, sockeye ne athy extivpated
probably past reasonable hoped; steelhiead
murobers decliving fast (Williatas and
Williarns 1995)

Cornpe neation for losses led to extensne
hatcheryereanng programs, these have
nheg attve Iy affec ted wild stocks (Fhel etal.
1989; IEdfe 19070

Interrupted upstrearn, reproductne
migrations of long-distarce raigratory species
ez, large catfishes: Brochy plafysiome
Slavic ans, Brachyplaiy foma filamentosum,
claracing: Prochilodus migricans, Anodus
glongaius); popmlations of these species
neg attve Iy affec ted in lowe r Tocantine,
dowretrearn of darn (Fibeiro etal. 1995

Charges to fish fauna following construction
of fiour major reservols (Poddubrsy and Galat
1995} ruraber of species increased from 44
befiore regulation to 46 after; 7 species
rroainly anadroraons rheophils) disapyeared,
ard 9 species imrnigrated or were introduced,
none of these 9 are reproducing naturally and
will probably dissppear becanse stocking
discontirmed; 3 species currently resident

“Travsforration of the Missoun Brver into a
single charme] has remuled in the elirdnation
of tnost side chanmels, islands, backeater
awas, and sloughs which are o portant
feeding, nursing, resting, and spawning areas
for fish and wildhfe™ {Hesse et al. 19899

“...changes 1 hasin and floodplain
plursiography and chanmel morphology have
rediced corraercial fish harve st by rore
than E0%. and are rnplicated in the dernise of
nattve species” (Hesszetal 10800

Hylropowe r devrelopenent is the mnajor cause,

although other developmernts (e.g., agricultore,
Irrigation, logging, mining, water pollufion) also
helped alter the mver ecosyetern (IvbIntosh et al.
1994; Bhodes 1994, Feldman 1995), Iortalities of
upetrearn and downstrearn raigrants at dars are one
of the main canses of the declines in anadroros
runs (Dewvine 1995, Losos etal. 1995). b rtality of
Jrwerdle fish moving downstrearn in the regulated
Colarobia syetern iz ~ 17267, whereas mortality of
adult fish raoving upstrearn is ~37-51% (Wissmnar
et al. 1994). MWeffe (1992) warred about negative
genetic changes to natural popnalations of Pacific
salmon asa result of major, hate herserearing
progrars reant to replace wild stocks dirinished
by hydroelectric and other itapacts on large mmers.
Fesident (nonanadrorons) fish are also affected
(Geistet al. 1996). Possibilities of operating the
Cohzohia systern in a ot benign way are cwrrently
being exarnined (e.g., Wemstedt and Panlsen 1995,
Geist et al. 1996)

“The irapacts of current basin-wide developraents on

hiodiversity is [sic] difficult to assess for there are
both direct and indivect effects and raonitoring is
notbeing cared ouf” (Ribeiro etal. 1995)

The IvBzzour Brveriz 3768 kyn long; 1233 Jw of the

rnainstern 1 irmpounded, and another 1333 km is
serd-fiee flowing (1e ., wmally downstrearn from
large darns;, Hesse 19950, The thvet has been
charmelized 75 kin downstream from the last large
darn (Cavins Pomnt) for 1202 lan to its confluence
with the Iiasizsippl Brver (Hesse 19950, Effects
described are the result of owve rall fver developroent
and operation, of which hydroelec tic generation is
a part
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Ty of habitat
alteration Location Effects Cormerents
Colurehbia Biver,  Lower vields of white shurgeon (Acipenser Oy ~75 out of ~250 ken of the Colwrabia Bier
[IBC-S fransmonfanus) poplations n reservolrs in between the ocean and the Canadian border rermain
the lower Colunbia Foeer than i lotiz; the remainder havwe been transformed mto
urirnpotided part becanse control of anmal tegervoirs (Devine 995). The resident Acipenser
floods and creation of hormogeneons fransmontanus has been lsted as endangered under
reservoirs reduced habitat diversityand dars the 115 4, Erdangered Species &et (Geist et al. 1996)
Freve kit raorve raent arnong wwary different
e rihe habitats nomnally used (see abone)
(Beamesderfer etal. 19953
Upper Volga Lirnited bioproductivity in reservolrs because  Poddubry and Galat (1995 ) re corenended a ronmber
River, Bussian of conside rable changes in major bictopes of bahitat irmproseerne nts to foster sreater fish
Federation after reservoir construction | Poddubng and production
Galat 19950 “Typical mverine fish
hahitats. rernain ordy in the upper reaches of
tibutaries and in the forewaters of dams and
account for no more than 1% of the fotal water
siface ares”
River Rhine, Irnperve tishenent of be ntbde irerteb rate The Bhine and the Fhine e rs have responded
Lower Bléme species in Brver Blane (Brossliske et al. sirnilarly to regulation and pollution (Froget 1992)
Riwver, Enrope 1991 % and reduced biodiversity of berthic
e rebrates, fish, and water birds i Lower
BEhéme (Froget 19920, parlybecanse of
habitat sitaplification as a result of Hwer
regulation
Unnataral Zolorado Rrver, Elimination of 2 year classes of endermic The operation of Colorado Biver darms has shown
discharge [IBC-S Colorado syuawfish (Pfeie ho cheilus fuelus) litfle regard for the miniranrn flow needs of fish
regimes from its most productive rermaining norsersy fauma (Carlsor and Ivuth 1929)
hahitata in the Green Brer cato hiaent,
pethaps because of extrere flow fluctiations
and alteration of seasonal flow ®givee s (Jones
and Tz 1985, in Carleon and Iviath 1959)
Moose Rrver Low lake sturgeon (Asipenser flrlve scens) Lake sturgeon populations appear to be healthy in the
systerr, Ont. populations in MWattagaral Brver probablsy Frederick House, Lbitibi, and Groundhog rmers

becanse of corarnercial overharvesting and
negatte effects on spawning of wate - level
flue tuations cansed by power generation:

i) Lomar weate r conditions after speaming
expose eggs to vardhle water temperatures,
lowr oxyeen concentrations, and desiccation,
() fiy trapped in shallows pools and exposed
to predation, high terperatwes, and oxygen
depletion (Broussean and Goodehild 1989

(Bromssean and Goodehald 19890, Randorm water
fhae tuations and winter drawdoen of sore lakes for
lona-flonsr angree ntation of power production also
negatteel ¥ irapact fish in the systern (Broussean and
Foodehild 1989

(Wrijerihoek et d. 1985; Iieffe 1986). Habitat fragmentati o,
as occurs when a mumber of dam s are built along a river sys-
tet, has the potertial to subdivide speciesinto small, isclated
local popdations (Huwm pesch 1 992; Diymesius and Nilsson 1994
that may lose genetic variahility through inbreeding and ge-
netic drift. Erosion of genetic wariability may further reduce
fithess and adaptive potential. Among populations, loss of
genetic variability leads to convergence to one type and a nar-
tow range of options for that species.

Hakitat simplification seriogsly threatens the native fish
atnd other fauna of major tiver system s that have had extensive
trrdroelectric devel opm entl e g, Broussean and G oodehild 1929,
Catlaon and Muth 1989 Ehel et al. 1989 Hesse et al. 1989,

MNatarajan 1989, Fruget 1992 Beamesdetfer et al. 1995, Geist
et al. 1996; Table 7). Other kinds of river developm ent are
wepally also involved, bt brdroeectric developmient is a ma-
jor contribngor to the problem.

Utmatoral discharge regimes downstream of major dams
itrrolve both extremie fluctuati ons and alteration of noem & sea-
sond flow regimes (Table 7). Both conditions can severely
affect blodiversity of lotic commurdties (e.g, Blinn et &, 1995)
because these communities have adapted over eons to the
natural pattern of discharge For example, Power et al. (1996
discuss the many ways that natural flushing flows mairtain
tivetrine Mota.

Unfortunately, water releases from dam s generally only
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Tahle &. Selected e xamples of species affected by habitat fragmentation resultivg frorm bordroelec tric development on river systemms.

Species Dieve lopanents Cornents Ref.
E#rer dolphins
FPlafanizia minor (Indus Darns and barrages onthe  MNow exists as a metapopulation of four to fTve artifically Feeves and
dolphin] Indian subcontine nt izolated subpopmlations Leatherwond 1994
Flafanizie pangefica Ol a few subpopulations rernair: (7) confined to upstrearn Reewves and
(Cranges dolphing etrds of Canges trbutavies; (i7) population in lower Ganges Leatberanod 1994
also partitioned; and (377) subpopalation entrapped ina
reservoir on the Karmapnli Biver, Bangladesh
Dolphins were dbundant in the Marayani Bover, Mepal, inthe  Shrestha 1993
past, bt the yware disappearing from the upstrearn parts of
the river; disappearance attributed to a wariety of canses,
meluding blockagze of rigration by (imigation) barages
Linofas vexillifar Dratns and floodgzates that =200 rernain; Theee Corges Dar will forther degrade habitat  Reeves and
(Fangtze dolphin) interrupt flowbe hrreen Leatherarood 1994
the Vargtze Bover and
adjoining lakes
Gezhoba Dam The maraber of dolphins betweer Chichikou and Chenglingi  Thong and Power
declined from rine groupe and 43 indnaduals (1986) to 1994
three groups and 11 indiaduals (1991)
Fish
Hils ilisha Farakka Parraze, Ganges  Brverine fishery upetream of barrage virtually elirinated, Hatarajan 1529
Riwver, Iridia e rerve dial construe ion undikely to restore hilsa fishery
to earlier iportance;, weld of major carp species in lower
Ganges also reduced (30%, of 1964 1evels); the Ganges
suffers from other tnpact, too (z2e also Dmdzeon (1992,
1085} for roltiple impacts in other tropical Bsian mmers)
Macrura regvesiy (Chinese  Darns in lowerreache s Nilizratory pathowaye blocked; the fish wirtnally disappeared  Liso etal 1920
shad), Clupanodon and reservoirs in the frorn the rover by 1970; fiy of Chirness carps (rmany
fhrissa (gizzard shad) upper reaches of the specie s of Cyprinidae, especially Cirebinus molifore i)
East Brver, tributaryto also affected
the Pearl Fiver, China
Macrura reevesii Fuchunjiang and [Chastically reduced and finally elivirva ted frorm the mer; Zhong and Powe r
Hunavzher darns, the nureher of fish species in the region of the Xinanjiang 1006
Diantang Biver, China Beservolr on the Clanting Biver decreased frorw 107 to
66-33 becanse migration was blocked by the Hinarjiangs
Dam
Acipenser anenss Gezhoba Damy, Vangtee  Spmwrdng nuns detained below Daroand these species were Zhong and Power
(Chine se strgeon), River, China etdange ved by overfishing ; many Acipenser anensis were 1996
Myxocyprinus asaficus boart o killed tryivg fo ascend Dara; Aeipenser sinenss and
(Chine e sucker), Mypeocyprinns qsigficus now artificiallybred and released
FPsephurus godius Into riwver each year
(white stargeory),
Corelus puichenofi
Probarbusjullisni (giant  Chenderoh Dara, Perak Declines partly a result of blockage of migration routes by [hidgeon 1992
cyprinid) Biver, Malaveia the Diamn
Alosa spp. (mostly fallaz)  Darns on the lower Crdry 15% of the mainstern remaing accessible; shad catehes Fruget 1992
(shad) Fhéne Frver bive declived frorn 53 tin 1927 (he fore deselopment) to

Pefrompzon marinus (sea
lamprey), Aeipenser
shurio (shurgeon), Alosa
alosa (allis shad), Afosq

Jallax (taraite shad),
Anguilia anpuifla (eel),
ingilidae (rnllets)

Diarns on mnajor 1hvers in

Spaln

~8 t in the early 1970z (cf. shad in the Fiver Bhine, which
hiree completely disappeared)

A1 anadrormons and catadrormons fiste s are considered
“threatened” in 5 parish and Portozuese RedBooks;
range distributions of the species shown have been
reduced by an average of 50-100% along the lerg the
of toajor Spanish Hvers

Hicolaetal 1996
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Spmries Deve lopments Cornents Ref.
Aguatic invertehrates
Zefandobivs (two species,  Dars for herdropower Popnlatinre of stoneflies and crare flies substarntially Harding 1992
stoneflies), Enopterm Ze neration In et reduce d helow rapoundments;, populations of the snail
(two species, crane flies)  systems in Hew Fealand Podamopyr gus anfipodarum sizrificantly enbavnced
Lepfedheria debalacensis,  Hydropower deselopment  Local exfivpation of elarn shrimp habitats 1z cansed by Hédl and Eder 1996
Folepfastheria fcinensis  on the Danube Biver, changes inhydwlogic regimes; operation of new
Tmmadia pepedia (clam Lustria byrdroelectric plants on the Datbe prevents inundation
shrirpes) by the Biver of astatic pools; thess species are
considered to be endangered
Lepfodea fragilis (fragile  Damns on five mver Upstrearn distribution stope at daras, dares ave a bander to Watters 1996, sz e
papershell wussel), systersin the Srmerican  the fish (freshoaater dovwn: Apfodinedus premniens) that alzo Bogan 1993
Potardlus alafus (pink roidwrest hiosts the glochidia of these raussel species; other urdorid
heelsplitter ranssel) species mayalso be lrited by dars in these miver systerns:
Podaplus ofdensis [k papershell), Tuncilla dongejftrng s
iFrwnsfoot), Tunelflz fruncete (deertoe), Chadrala
guadrala (mapleleaf), and Epiohlaana figueira (snnffhox)
Simulivm gaviepe nse Irnponrdraents in the This Sonth &ftican enderde, nonpest specle s appears to be Palrmer and Palmer
ihlack fl Drange River, South affected by reduced tarbidity and peak flows, especially 1995
Lftica becanse the Orange Biver flows thimughand areas, which

nivdrnizes the potental for colonization from tibutaries,
the Orange Brver systemn mavyhe the only rermaining area
i which the species is found

Fig, }. Howlyr roean discharge for the Melson Brver, 1934, The large dayeto-dasyr fluctuations at Kettle Darn do not oo at Eelsey Darn or
the inflowr to Cross Lake (Jenpeg Darm), which ave upstrearn installations (reprinted fromw Ersdronment Canada and Departroent of Fisheries

and Ceeans 1992, p. 2.15).

I
23 Smc &l Ketle Darn ! ;
= '
q
=
3 :Eﬂou
5
g 2000
= ———————— ,z,_ =
2 1000 :
C : at HE!BE'}.-' Dam Irfloney v Cross Lake
[a] = !
mdnight manignt ridnig midn'gh mdnipht mid gk midT ke mdright
Mondey Tusadsy  Wedneaday Thurmedew Friday Saturday SLnday Mdondeyr
addy 4 Juby TS E duy 7 duly Boduy % duly 0y

satisfiy power gereration requirem ents (bt see Olmsted and
Ealin 1996 for a disserting wew). For example, inthe Missour
Fiver, *. water m anagem ent within the reservoirs for fish and
wildlife ocours andy when interference with other prposes
does not exist” (Hesse et d. 1989 In the Columbia River, “It
is apparent from our modeling that existing operati ons (repre-
senited by the base-case alternatives) ate not beneficial to fish
atid wildlife resomyces, tut ate beneficial to power and itriga-
tion interests, This poirts to an increased vrgency to devel op
alterniative ways to operate the Coluntia River hopdroporer
gystem” (Geist et al. 1996).

Very litfle iz known about the ecclogical effects of extreme
fluctuations in daily discharge in the lower Nelson River,
notthern Dlanitoba (Fig. 30, Diaily discharge fluctuations at

Kettle Dam for the period 19791982 amounted to >2000 m® /e
in winter and ~3000 m3 Sz in swnmer, mean natural river dis
charge at that locaticn is 2170 mfs (E rrrivoran ent Canada and
Department of Fisheries and O ceans 19927, The dbnormal pat-
terns of discharge in the hi ghly regulated ]l owrer H el son are tied
toweeldy energy use inbdanitoba, Daly discharge coinideswith
powet demand: itisraized eachm orming during workdays and
lowrered agaitt o i ght Discharge iz lowered over the weekend
atud begins its daly wotkday cycle again o MW onday mootrdng.
Llatyy of the negative impacts of hakitat alteration on the
biodiversity of commwdties, popudations, and genes could be
ameliorated if the operation of hydroelectric facilities more
closely mimicked natural flow regimes (Devine 1995, Feldman
1995; Hesse 1995; Zhong and P ower 19987, For examyple, lake
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st geon spawning activity in the Sturgeon River, Ivlichi zan,
responded positively to a change in operation of the Prickett
brrdroelectric facility to near nan-of-the-river flowr s (Auer 19967,
and Zhong and P owrer (19967 showed that Chinese low-head,
tuti-of- the-tiver projects have lesser inpacts than high-head
dam s onn aguatic enviromm erts, including fish and fisheries.
&n ecologically based, watet-reguation procedure for lakes
affected by bypdroelectric power production has been devel-
oped in Finland (Hellsten et o, 19947,

Mfrodcfion of mon-nafive biofa: Exotic species can be intro-
duced by intercatchimernt water diversions that are part of
hydroelectric developiment or by stocking of Inrdroel ectric res-
ervoirs. Specific examples of the former are difficult to find,
pethaps because of alack of stody. The MeGregor Diversion,
a proposed hydrodectric project in British Columbia, neces-
sitated the mixing of waters from the Peace, an Aretic- draining
tivet, and the Frazet, a Pacific-draining river. The project
was cancelled because of the fear of introducing potential
hatmfd fish parasites from the Pacific into the Arctic drain-
age (Beagel 1987,

The problem of species introductions caused by artificid
interconnections amohg major rivers is app arently wide-
spread in southern Aftica (Broton and wan As 19867, These
wrater diver siois may irsrolve byedroelectric generati on, bt thedr
moain functions are flood control and agricudtural, dom estic,
and industrial water supply (Cambray et d. 19267, For exam-
ple, Cambray and Jubb (1977 docum ented the survival of five
species of fish that passed through the Orange-Fish tunnel in
South Africa, which diverts itrgation water out of the Orange
Fiver system (Atlartic Ocean drainage) into the Great Fish and
Sutdays rivers (Indian Ocean drainage). The moore permatent
flow and increased erosional areas in the Great Fish Fiver led
to a change in the species composition of the macroiverte-
brate fauna, including replacement of the pretransfer dominant
black flies Simulinm adersi and Simulivm »igrifarse by the
pest species Smadiven chudfert (Davies et al. 19930 Intercatch-
ment transfers of water are also common in China, bt little
inform ation appears to exist on the introduction of exotic spe-
cies ag a result (Dudgeon 19957, Most such transfers are done
primoarily to satisfy water-supply problem s rather than for
hydioelectric getieration.

M oruindi genos fish and crustaceans were introduced to the
Llissouri River muam erous tittes to fill new niches and habitats
in it poundim ents, bt the consequence sto native ickthyofauna
were rately anslyzed (Hesse et al. 1980, Btocking activities in
ColoradoRiver re servoir sw ete part of the owverall river- developin ent
agsault (Table 7)1 on the unigque, endemic fish fauna of this
tiver system (Carlson and Duth 19890 &g a resdt of river
developmert, appeoxit ately 100 species of fish are now present,
sotme A7 non-native species have been introduced since the
turn of the centawy and are now predominsnt in most fish
cotmmurities. Seventeen of 34 native species are threatened,
enidatigered, or extinet, atd the abundanice and distribution of
most hawve been drastically recced (Carlson and MWuth 1989,

=0 cial effecis

Limitation of cultural diversity by habitat destroctionhas bheen
ohgerved in a mam ber of comumunities that lay in the path of
maj ot bypdroelectric developr ert. Canadian examplesreveal a
close connection betareen habitat destruction and ne gative so-
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cia impacts in four moajor ways () merouy cordamination
[see ahowe); () relocation, (77) encroacken end;, and (1) harvest
distuption (Rosenber g et al. 1995, Berkes and Fast 19967

Relocafion
Wlajor tepdroelectric development often fecessitates the relo-
cation of large mambers of people (Table 97 and results in
harmtl social effects (Table 100, Much of the irternati onal
literature focuses on inmvoluntary resettlement, not only as
the major social impact of dams but pethaps as the single
tost seriousissue of large-seale hydroelecttic development
(e.g, dcudder 1973, Goodland 199419957, In Canada, relo-
cations caused by hydroelectric developments such as the Ke-
matio it British C olumbia and Grand Fapids in Manitoba (see
below) cortirnae to be a sowrce of grievance and social costs
ever after haf a certury (Fowal Commission on Ahorigina
FPeoples 19960, Studies of northern Canadian dewvel opments,
which involved moving relatively small mambers of people by
international standards (handeeds versus tens of thousands,
see Table ), have provided insi ght s into these impacts.
Relocations allow governmernts to “modernize”™ traditions
aboriginal communities. Howewer, residents of affected wl-
lages do not fecessarily wiew the acquisition of new houses
and willage infrastractare in a positive lght. 3 ettlem ent pat-
terns, which are based onkinship rel atios and aceess to shore-
lites, are distapted and costs are added to hanting and fishins
(L oney 1927 Waldram 1928). Relocation experiences in the
Canadisth north are similar to those reported elsewhere in the
wotld as a result of large-scale hydroelecttic development
([ Takle 107

Encroachment

Large-scale hydroelectric projects in remote areas involwe the
enwcy oachim ent by outsiders into tradiional aboriginad territo-
ties, whether in the Canadian north, the Brazilian Amazon, o
elsewhere. Encroachment iz facilitated by new roads and adr-
fields constructed as part of the infrastacthize needed for such
projects.

In the Canadi an northy, the Cree land ternare system is family
baged, and it is officially recogrized through trapline registrs
tiot. M ewly constructed roads often result in an influx of out-
siders. External encroachment disrupts the termre system ad
the abundance and distribution of fish and wildlife vpon
which the terwre system is based (Berkes 19810, The cotise-
guenice is adverse socid impacts, which moay persist for gen-
etations (Miezen 1993; Preston et al. 19927,

The plight of the Waimin-Atroan tribe in central Amazoma,
Brazil, iz described by Feamnside (19290, Encroachment has
played a large role in reduction of the mmunbers of this tribe
from 6000 at the turn of the century to 3500 by 1973, 1100 by
1979, and 374 by 1986 These effects canmot be attributed to
bydroelectric developmient but nonetheless ex anplify what can
result from infrastructire developmernt of the land associated
with hydtoelectric development (e g, road construction).
Flooding of patt of the Waith iti- Atroati tribe’s reserve by the
Balbina Reservoir added ancther stress connected with mod-
errization of the remote area in which they live,

Hearvest disrupfion
Harwest dismption is a serious and often permanert impair-
ment to the life of aboriginad communities, especially where
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Tahle 2. Selected e xamples of major relocations of people to rnake way for reservolr creation (se also Goodland 1994-1995%,
Lpproximate
romrebe v of pe ople
Project irmeolsed Coraroer s Ref*
Volga Biver, Hussian Federation =300 000 — Ifarchand 1990
Sanrnercia Dar, Vellow Breer, China 300 000 — Pearce 1991
Three Gorges Darn, Vangtze Biver, =1 000000  Project under construction Fearnside 198%; Pearce
China 1995,
1151 800 Belocation by 2008, estirate is conservative becanse of  Chan 1995
illegal irnredzration into the area and high natural rate of
populationincreass!
Lake Kartha, Zambezi Brrer, =50000  Tongansaffected Balon 1978
Zirehaboare and Zarbia
26000 — Cheng 1921
Volta Lake (& kogormbo Darg, Volta 2000 e Cheng 1921
Erer, Ghara
Lake Kami, Brer Higer, Migeria 50000 — Theng 1921
Lesotho Hizhlands Water Project, 20000  Prmmaryaim of project is to export water to Joharmesbrg Horta 1995
Leantho, &fiica and Pretoria, hydroelec trie generation for Lesothn iza
rnito airn; rountain people have been floode d out
rather than resetfled; subsecuent phases of the
developraent will affect even larger nurnbers of people
High Diar at Sswan, Mile River, =100000  Mubiansaffected, ~172 in Egypt and ~ 152 in Sudan Walton 1981, Pearce
Egwpt and Sudan 1994 White 1988
120000 — Cheng 1921
120000 30000 Sndarese Goldsith and Hildsmrd
1584
=50000 Sudares: villagers displaced; Egyptians not mentioned Hillel 1994
Sardar Savorear Dara, Marmada River, =100 000  Additioral 140 000 faroers willbe affected by canal Ilorse and Berger 1992
India and irrization systern; project currendlyb eing builf
Sobradinho Dara, 580 Francisoa Tao0m — Pearce 1992
Erver, Brazl
Ttaparica Darn, 540 Francisco Biver, 40000 — Pearce 1992
Brazil
Southeast natolia Project, Tarke sy 250000  Tigris and Eupheates vers Hille] 1994
Tabga Dar, Lake fssad, Symia ~70000  Euphrates Brver; Bedomns displaced Hille] 1994

* v athors povide ftnmation on socal vpacts.

T ater comservarey projects undertalen in Clina since 1949 have irrralved fhe resettlement of =10 000 000 people (Chan 1995 Tndgean 1995
IThe entive Mamada B asin Development Progtanme is expected to displane =1 000 000 peaple cver the next 40 years (115 . Govenmment Privtine Offine 1990,

inFoote et al. 1996).

the tesource base is largely agquatic (Rosenberg et al. 1995,
The ploysical andbiological effects of Canadian boreal projects
have affected the availability of important species and access
to them (Betkes 1921 ; Usher and Weinstein 19217 For exam-
ple, fisheries in northern Manitoba have been affected by
fluctuating water level s (G aboury and P atalas 1924 and the
Hlockage of fish migration by a water-control stuchae (B odaly
et al 1984h; Barnes and B odaly 19947 Available dataindicate
declines in per-capita, subsistence catches and for comm ercial
catches i some of all of the commwdties affected by the
Chuychill-Melson diversion (U sher and Weinstein 19917,

In the Grand Fapds project area in MManitoba, previousy
gelfireliant aboriginal communities becatte dependent on the
outside. Jocial problems such as crimme and family viclence
escalated. The amowt of food obtained from the surrounding
area declined boy a factor of 10 after damaming and relocation
as compared with before (Loney 1987

In niotthern Quéhes, Cree harters reported dimird shed har-

vests since 1979 of waluable food and fur speciesfrom wetland
habitats its the lower La Grande River (Berkes [9858). Hunters
blattied reduced habitat and feeding areas, loss of riparian pro-
ductivity, and drowring and freezing out of several species in
winter. Alzo, many trappers lost their territories to flooding,
Six major teservoirs built between 1940 and 1972 in the wast
Mottagnais territory east of the Jates Bay catchinent caused
most ntingftrapping aeas to be abandoned by their users
becanse of partial flooding and water-lewvel fluctnations. For
exanple, 47 out of 27 tmntingtrapping areas belonging to the
commurity of Bersimis were affected; of those, 24 did not
procuce atey fur in 197519768 (Charest 19847

Inereased discharge, wnstable ice conditions, or debris re-
sulting from shoreline erosion make accessto resources dffl-
cult or impossible in moany aeas affected by hyedroelectric
devel opent. Operation of upstream teservoirs created winter

and spring travel problems across La Grande River (Betkes
19257, the Moose River (Preston et al. 19957, and in masry
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Tahle 10, Selected exarples of sorial impacts of relocation necessitated by large-seale hordvoelectric developrment.

Dievelopment Relocation

Coratae nts

Drversion of the Churclall
RErverinto the Melson Fier
and the flooding of Southern
Indian Lake, northern
Dlanitoba (Hewhuryet al.
19E4)

La Grande Frrer, northem
Cugbec (Berkes 1981)

The old settle ment of South Indian Lake,
which was flooded by irpoundrnent, was

moved to a new, rodem town built nearhy

Erosion causedb yincreass d river discharge
threateried the town of Ft. George on the

The rmove was associated with social disraption and
disintegration (Waldrara 1987, Krotz 1991} former
kin-group arrangernent of farnilies was not retained in
new housing ; cheaply built new houses soon deteriorated;
electric heat in new houses was too expenstee for most
willag ers; and hauling water frora the Lake wasa
problern, especially for elderly

Ilerve associated with social stress (see Dharver 1992 for an

anecdotal azcount)

estuary of La Grande Brer, so the people
were moved into the new town of Chisasib

upstrearn
Wolta Lake, Ghana (Cheng

High Diatn at Sowan, Egypt
and Sudan (White 1982)

53000 Mubians in the Sudanese part of the
Lake MNasser Feservolr were moved to the
Elashm el-Critha region to the southeast

20000 people frora 700 villages, representing
1931) %% of the popalationof the Volta Biver
catrhment, were floode d ot by crea tion of
Wolta Lake. Ivlost {69 000) were relocated in
52 newr foams speciallybuilt for them

50000 - &0 000 Mabians in the Egyptan part
of the Lake Masse r Feservoir were moved
to newvillages 20 ko north of Aswan

Relocation bronght traurna associated with abandoreaent of
faroaliar lards, ancestral resting places, farms, and horaes;
different social condifionsimeed to presere cultural
1dentities; the need to learn new skalls to survrve , and
expomre to s histosorniasis (Oheng 19213

Sirrdlar difficult relocation described by Balon (1978) for
50000 Torga people displaced b creation of Lake
Kariha, Zimbabwe and Zambia

Serions problems developed becanse of new agrienltural
condifiors and practices, and inappropriate, nontraditinnal
housing provide d (Goldsaith and Hildward 1984)

B 15-1% years after move, the health of people overall
had rnproved, handicraft industry developed, agricaltural
produe tion rervained rnodest, and rany people longed to
return o their old home s {Walton 1981, Whate 19880,
many people did retom (Goldsith and Hildward 1934)

Social stuctare of rany of the old villages was severely
disripted (Goldsmith and Hildyard 1984): three different
ethnic gronpe were settled toge they, and aside from cultoral
differences, ag rienltural prac tice s of pastoralists (grazing)
were incompatible with those of farme rs (eulitvation);
designofhousing . paid little heed to the social needs of
the uprooted settlers™ (Goldsmith and Hildyard 1984)

other northern Canadian rivers affected by hordroelectric de-
welopmert (Berkes and Fast 1996). In northern Dlanitoba,
extensive shoreline erosion resulted in reservoirs cortaining
hazat dous debtisandinaccessible shotrelines; it also caused the
fouling of fish nets (Newbtury and MMeCullough 1984, G K.
LcChulough, personal commudcation. Local kyrdeology and
fish behavior were so changed and access to well-knowrn fish-
ing areas were so impaired that traditional knowledge was no
lotiger a guide for fishing success (Rosenberg et . 19950
Costs increazed and catches per unit of effort decreaszed in
both the subsistence and commercial fisheries (Usher and
Weinstein 19917

Conclusions

“Large darns are among the most awe-nspiring monnents o
modem society” (Pearce 1901

“Few creations of big techmology capture the irmagiration like
glant darns” (Anonyarous 1902

The fazcination of politi cians with bypdeo megaproj ects at least

pattly explains why these projects are built. The politician’s
job iz mostly done after the switch is thrown to start electrica
geterati o 4t amoassive new dam, but the work of the erndron-
thenta and social sciertists responsible for postandits has just
begur Itis regrettable that so little support iz usadly availatle
for the postandit part of a project compared with its pl arning
atud construction phases (White 1 0887, Even given adequate sup-
pott, the tade of di sentangling im pacts of aproject from the nat-
ral vatiability of ecosystem s can be difficult (e g, Gribbin 1979,

Thiz tevew has addressed the need for considering large
spatial and temporal scalesin assessing the cumulative effects
of hydroelectric developm erd, and in so dodng, has revealed
the irtercomnections between envirormental and social im-
pacts. For exam ple, habitat alteration or destruction lies at the
base of the four large-scale i pacts ex amined. Erveiromm ental
chatiges requlting from habitat destraction lead to the social
atid econogic problem s expetienced by communities depend-
ent ofn local natural resources. & holistic wiew is therefore
needed to discern these inter connections,

Weare at an early stage in ow understanding of lar ge- scale
impacts. What needsto be done to farther thiz understanding?
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Lletcuryteseatch recuire s mote spatial andtemporal datafrom
reservoirs that flood differert land types with different vege-
tation, especially in temperate and tropical areas Emphasisis
needed on the time course of microbial production of methyl-
tercury atud its wptake by lower trophde levels It woudd also
beuseful to determine the important factor s inralved in dow n-
streamn transport and bicaccumlation of mettylmercury, and
to establizh the exact spatia extert of this phenomenon, A
thorough understanding of microbial m ethod ation'dem ethyla-
tion processes would, pethaps, enable effective mitigation of
thet oy cottatnination by either weowpling methrrlation or
enhaticing dem ethrlation.

Wlcte comparative data from temperate and tropicd zones
are needed to determine the fobal significance of greenhouse
gas emissions from reservoirs, especidly data on the relative
chr ati ons atd amounts of CHy and GO, emitted in the different
settings. In this context, it iz important to have adequate data
ot the swface area of reservoirs and to know the propottion
of this swrface area that is flooded land. B etter understanding
of greenhouse gas fluxes under different geographi cfelim atic
cotuditi ohs com bined with better estimates of the world’s sur-
face area occupied by reservoirs would enable estim dion of
the contritnation made by reservoirs to gobal climate wariming,
Liathematical models calibrated by data collected in the field
appear to hold the most promise for predicting the generation
of hoth greenhouse gases and methylm ercwry in reservoirs,

Better understandingis needed of the effects of irderference
with freshwater flows to the ocean by upstream reservoir de-
welopmients that irvolve substardial discharge regulation. &
prite exatmple iz Canada’s Hudson B ay, which iz sxrounded
by large-scale bypdroelectric developem et (B osertberg e al. 19957,
Howrewer, Heu (19825 warns, “The protilem is so large and
complex that it would take years, even decades of intensive
studies before some of the elements given in this analysis
could be werified in detail ™ An dimproved understanding of
ploraicalfchemical and geomorphic changes wouldlead to bet-
ter explandtions of changes in the bicta of areas downstream
of lar ge- scale hyrde oelectric developiment.

Research into effects on bodiversity isinitially limited by
poot, general inventories of different levels of biodiversity
(e g, Javage 1995% Buch inventories need to be improved on
awotld wide basis Furtherm ore, few large-scale hydroelectric
dewel optnents have tried to documert, even partidly, stroctaral
and functional changes in Modiversity after completion of a
project. The task is daurting becavse of the mumber of bo-
diversity levels potentially irsrolved and becanse distirbed
ecosystems take along tim e to reachnew equilibria (Diynesius
atd Milsson 1994, Vet, only after such an sccounting is done
catyw e hope to wnder stand biodiversity losses and gaine result-
ing from such developmerts.

Pogaudits of large-scale hyrdroelectric developiments require
more support becanse they peovide a storehouse of inform ation
and experience that may be veefilly applied to future projects.
The need for long-term monitoring is especially important
with respect to social impacts, not only to understand the
techanisms of change bt also for the adaptive management
andmitigation of impacts. Experiences such as withL a Grands
Fiver project in Canada indicate that mary of the combined
encirotunertal and social impacts are wnpredictable and be-
cotme apparent ondy after a ime lag (Betkes 1988). Much can
ke learned from the accumulated literatare of social impact
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agsessm ents (e.g, Soudder 1973, Such assessments can be
improved by the following () more fooged ivestigation of
linked social—errrivotum ertal system s with appropriate atten-
tion to cross scale effectsin both space and time;, (07) 1dentifi-
cation of key ecosystern processes; and (47 development of
testable hypotheses as opposed to the generation of moerely
descriptive social and economic data

Finally, decision makers need a better understanding of
the etrvirorm ental and social problem s surrounding large-
scale hydroel ectric developm ent. Although prevailing political
philosopldes atd vadues of decision makers it developed and
developing countries are not likely to support the necessary
tim e atnd work neededto stady large-scaleimpacts, the contin-
ued effort by errrivotun ertal atd social sciertists in trying to
understand and describe these impacts, as evidenced by the
studies cited in this review, may eventoally contribute to more
etili ghtetied decision-tmaking for hydtoelectric developirent.
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Abstract Fish habitat loss has been prevalent over the last century in Canada. To prevent further
erosion of the resource base and ensure sustainable development, Fisheries and Oceans Canada
enacted the habitat provisions of the Fisheries Act in 1976. In 1986, this was articulated by a
policy that a “harmful alteration, disruption, or destruction to fish habitat” (HADD) cannot occur
unless authorised with legally binding compensatory habitat to offset the HADD. Despite
Canada’s progressive conservation policies, the effectiveness of compensation habitat in
replicating ecosystem function has never been tested on a national scale. The effectiveness of
habitat compensation projects in achieving no net loss of habitat productivity (NNL) was
evaluated at 16 sites across Canada. Periphyton biomass, invertebrate density, fish biomass, and
riparian vegetation density were used as indicators of habitat productivity. Approximately 63%
of projects resulted in net losses in habitat productivity. These projects were characterised by
mean compensation ratios (area gain:area loss) of 0.7:1. Twenty-five percent of projects
achieved NNL and 12% of projects achieved a net gain in habitat productivity. These projects
were characterised by mean ratios of 1.1:1 and 4.8:1, respectively. We demonstrated that
artificially increasing ratios to 2:1 was not sufficient to achieve NNL for all projects. The ability
to replicate ecosystem function is clearly limited. Improvements in both compensation science
and institutional approaches are recommended to achieve Canada’s conservation goal.

Keywords Habitat compensation - Effectiveness - No Net Loss - Field evaluation - Fisheries
Act - Authorisation - Habitat productivity - Policy - Canada
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A Model for Freshwater Habitat Compensation Agreements
Based on Relative Salmonid Production Potential of Lakes and Rivers
in Insular Newfoundland, Canada

by
Patrick M. Ryan

Ryan Environmental, P. O. Box 58, Riverhead Road,
Maobile. Newtoundland, Canada ADA 3A0

Ahstract

Under the Policy for the Management of Fish Habitat and the "no net loss® guiding principle of
the Department of Fisheries and Oceans Canada. no harmful alteration, disruption, or destruction
(HADD) of fish habitat may proceed without an authorization by the Minister under Subsection
35(2) of the Fisherics Act. Authorizations arc not normally to be issued until adequate measures
have been developed to compensate for the habitat which is to be harmed, altered, disrupted, or
destroved. In Newfoundland's lakes and rivers occupied by migratory salmonids, substantial
variation in habitat use occurs both seasonally and annually and fish numbers or biomass measured
over a short term cannot be considered as representative of potential productivity. In this paper,
estimated average values of Atlantic salmon (Salmo salar) smolt production in Newfoundland
lakes and rivers are used in a calculation of the relative praduction potential of the two habitat
types. The calculated relationship suggests that appropriate compensation for a hectare of lake
habitat which is 1o be harmed, altered. disrupted, or destroyed might be the creation of, or making
available for use, 0.023 hectare of river suitable for salmonid habitat. Alternatively, appropriate
compensation for a hectare of river habitat which is to be harmed, altered. disrupted, or destroved
might be the creation of, or making available for use. 42857 hectwle tor salmonid

habitat.
T ———
Introduction

As described in the Directive on the [ssuance of Subsection 35(2) Authorizations (Anon. 1995),
an objective of the Department of Fisheries and Oceans Canada is the maintenance of the
productive capacity of fish habitats supporting Canada's fisheries resources. Under the Policy for
the Management of Fish Habitat and the "no net loss" guiding principle of the Department, no
harmful alteration. disruption. or destruction (HHADD) of fish habitat may proceed without an
authorization by the Minister under Subsection 35(2) of the Fisheries Act. Authorizations are not
normaily to be issued until adequate measures have been developed to compensate for the habitat
which is to be harmed. aitered, disrupted, or destroved.
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In cases where habitat loss will occur in lake (lacustrine, pond, or standing water) or river (fluvial,
riverine, or running water) habitats of river systems and compensation measures are being
developed, it would be advantageous to have a measure of the relative production potential of
these two major habitat types. If _a correspondence existed, lost Jake habitat (ie. in the case of
reservoir creation) _rmgm_b_a_@mpﬂma.tﬁd_Mation of river habitat, provided that the overall
productive capacity of the total fish habitat was maintained. A measure of the correspondence
between the production potentials of the two habitat types would increase the options available
for satisfactory compensation agreements.

in Newfoundland fresh waters occupied by river-spawning salmonids such as Atlantic salmon
(Salmo salar) and brook trout (Salvelinus fontinalis), substantial variation in habitat use Qceurs
both seasonally and annually due to the migrations of the species to and from the available habitat
types (ie. Knoechel and Ryan 1994, Ryan 1993a, Ryan 1994) (kig. 1). )

Figure 1. Variation in salmonid lake habitat use as exemplified by variation in population
sizes of brook trout and Atlantic salmon in two lakes (area = 112.6 ha) of central
Newfoundland. For further details on these lakes and the methods employed in the
calculation of population sizes see Ryan (1993a, 1993b).
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Financial and temporal constraints often apply to environmental assessment processes and fish
numbers or biomass measured over a short term cannot be considered as representative of
potential productivity The following method employs estimated average values of Atlantic
salmon smolt production in Newfoundland lakes and rivers in the calculation of relative
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production potential of the two habitat types. The calculated relationship may be used as an aid in
the calculation of habitat of one type required to replace habitat of the other type which is to be
harmed, altered, disrupted, or destroyed.

Methods

As described by Dempson and O'Connell (1993) and O’Conrell and Dempson (1993), smolt
production figures considered representative of average values of Atlantic salmon smolt
production in lakes and rivers are used in the assessment of target spawning requirements for
salmon stocks in Newfoundland river systems. These estimates factor in the potential contribution
of both fluviat and lacustrine habitats (Fig. 2).

RIVER HABITAT LAKE HABITAT
X 3 Smolts/100 m* X 7 Smolts/ha
SMOLTS SMOLTS
0.0125 0.019
EGGS EGGS

TOTAL EGGS

ADULTS

Figure 2. Representation of the model used to calculate target Atlantic salmon egg
deposition reguirements in Newfoundland river systems. The values 0.0125 and 0.019 are
estimated egg-to-smolt survival rates in the two habitat types. Redrawn from Dempson and
O’ Conncll (1993).

Average production values in the two habitat types have been calculated from data such as
recommended salmon egg deposition rates [or rivers in Atlantic Canada (Elson 1975), relative
amounts of lake and river habitat on different rivers systems, and the use of salmon counting
fences. Smolt production values from each habitat type are converted to egg deposition using
egg-to-smolt survival rates,
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Based upon this model used for salmon stock assessment purposes, salmon production potentials
in lacustrine (or lake) and riverine (or river) habitats can be related as follows:

Since:

-lake production = _7_3__n3_91ts/hectare; and

—river production = 3 smolts/100 square metres or 300 smolts/hectare; then

_one hectare of river potential production = 300/7 = 42.857 hectares potential lake production; or
-one hectare of lake potential production = 7/300 = 0.023 hectare potential river production.

This comparison suggests that appropriate compensation for a hectare of lake habitat which is to
be harmed, altered, disrupted, or destroyed might be the creation of. or making available for use,
0.023 hectare of river suitable for salmonid habitat

Alternatively, the comparison suggests that appropriate compensation for a hectare of river
habitat which is to be harmed, altered, disrupted, or destroyed might be the creation of, or making
available for use, 42 857 hectares of lake suitable for salmonid habitat.

Discussion

Use of the Atlantic salmon stock assessment model does not appear to preclude the application of
a correspondence between the habitat types in the case of other salmonids or species mixes. There
is strong evidence that similar satmonids occur in patterns of reciprocal abundance in waters of
Newfoundland (Ryan 1993b) and elsewhere (Rose 1986). Since the stock assessment model
employs figures representative of average values of Atlantic salmon smolt production. it can be
expected that varying population sizes of similar salmonids would have occurred in the locations
used in the calculation of model parameters.

Application of a correspondence between the habitat types requires consideration of habitats
critical to the survival and well-being of the species in question. For example, the lack of
availability of suitable river spawning areas near newly available lake habitat would obviously be
detrimental to the long-term survival of river-spawning tish. Similarly, the availability of deeper
water habitats for greater overwinter survival would provide for a more optimum use of newly
available river areas.
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Application of the correspondence between habitat types as described above cannot be considere
mandatory or optimal in any given situation due to a variety of circumstances such as the possib
presence of exceptional stocks (ie. trophy fish stocks) and particular habitats (ic. very popul:
fishing areas or critical spawning areas). However, the correspondence of potential salmoni
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production between the two habitat types described above may serve as a model for use in the
preparation of freshwater habitat compensation agreements in many circumstances in insular
Newtoundland.
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