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1. INTRODUCTION

This report incorporates the Panel’s decisions and recommendations on matters
that fall within the jurisdiction of both the Natural Resources Conservation Board (NRCB) and
the federal Canadian Environmental Assessment Act (CEAA).

1.1 Joint Review Panel

The Natural Resources Conservation Board Act (NRCBA) created a Board

...to provide for an impartial process to review projects that will or may affect the natural resources of
Alberta in order to determine whether, in the Board's opinion, the projects are in the public interest,
having regard to the social and economic effects of the projects and the effect of the projects on the
environment.

The NRCBA defines which types of projects are subject to review. A reviewable project cannot be
commenced unless the NRCB, has granted an approval for the project. The Regulations under the act require a review
of water management projects that involve construction of a dam more than 15 m (49 feet [ft]) high or a canal or
diversion capable of conveying more than 15 cubic metres (m) of water per second (cms) (530 cubic feet per second
[cfs]). The proposed development is reviewable under the act, because the dam heights for the Little Bow River
Reservoir and the expanded Squaw Coulee Reservoir each exceed 15m (49 ft).

The legal requirements for the federal Canadian Environmental Assessment Act (CEAA) apply to
proposals:

undertaken directly by the federal government;

for which the federal government makes a financial commitment;

are located on federally administered land; or,

where the federal government has licencing, permitting or approving authority which enable the
project to be carried out in whole or in part.

The CEAA is to be applied early in the planning process and before irrevocable decisions are taken.
Where adverse environmental effects are potentially significant, or where public concern warrants, the decision-
making department shall refer the proposal to the federal Minister of the Environment for public review by a panel.

Under the CEAA, Fisheries and Oceans Canada assumed the role of Responsible Authority. They also
initiated a comprehensive study of the proposed project. While the comprehensive study was in progress, on January
10, 1997, the Minister of Fisheries and Oceans referred the proposal to the Federal Minister of the Environment for a
public review by an environmental assessment panel pursuant to subsection 21(b) of the CEAA. When making this
request for a panel review, the Minister of Fisheries and Oceans noted concerns about potential environmental effects
and effects on lands and traditional values of First Nations.

The Minister of Fisheries and Oceans further requested that the Minister of the Environment enter into
a joint public review of the project with the NRCB. On March 14, 1997 the Canadian Environmental Assessment

Agency confirmed it would participate in a Joint Federal/Provincial Review.

In May 1997, the NRCB and the Canadian Environmental Assessment Agency (the Agency) entered
into an agreement for the operation of a Joint Review Panel for the Little Bow Project/Highwood Diversion Plan Water
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Management Project. The agreement covers the constitution of the Panel, cost-sharing arrangements and the conduct
of the proceedings, as well as other administrative issues related to the operation of the Panel.

A Joint Review Panel consisting of Ken Smith (Chair), George Kupfer and
Susan Nelson was established to review the Little Bow Project/Highwood Diversion Plan. The
Panel will act as a division of the NRCB under the NRCBA and as a CEAA review panel as
detailed in the Terms of Reference for the Panel (Appendix A) issued under the CEAA. Each
member of the Panel has been appointed both to the division of the NRCB constituted to
consider the application in accordance with the provisions of the NRCBA, and to the review
panel established by the Minister of the Environment in accordance with the Canadian
Environmental Assessment Act.

This report incorporates the Panel’s deliberations on matters within the jurisdiction of both the NRCBA
and the CEAA. On matters that fall within NRCB jurisdiction, an approval, subject to the authorization of the
Lieutenant Governor in Council, is required if the proposed project is to proceed. Any conditions attached to an
NRCB approval are binding. On matters that fall within federal jurisdiction, the Panel will submit any
recommendations to the federal Minister of the Environment and to the responsible authority, Fisheries and Oceans
Canada.

In its examination of the issues, the Panel will take into consideration all aspects of the two distinct
areas of jurisdiction, federal and NRCB, and this will enable the process to be streamlined. For example, if the Panel
concludes, on a preliminary basis, that a certain condition would be a necessary component of any approval issued in
accordance with the NRCBA, the Panel could consider the effects from both an NRCB perspective and a CEAA
perspective, as though the project were to incorporate such a condition. Having stated this, the Panel will not make
continuous distinctions throughout this report between the powers and mandates of each jurisdiction. The Panel will
make reference to its conclusions in a fashion that should be clear to all parties.

1.2 The Little Bow Project/Highwood Diversion Plan

Alberta Public Works, Supply and Services (APWSS or the Applicant) requests approval to construct
a water management project (the Project) to convey and store water diverted from the Highwood River. The Project
consists of four interrelated components, which are shown in Map 1-1.

1.2.1 Little Bow River Reservoir

The Little Bow River Dam and Reservoir would be constructed in the Municipal District of Willow
Creek No. 26 and in the County of Vulcan No. 2, approximately 20 kilometres (km) (12 miles [mi]) west of Champion.
The proposed $38.8 million dam would be 25 m (82 ft) high and create a reservoir that would hold 61,675 cubic
decametres (dam®) (50,000 acre feet [ac-ft]) of water. It would be filled from the natural runoff in the Little Bow River
basin and water diverted from the Highwood River.

1.2.2 Highwood Diversion Works and Canal

A canal and diversion works would be created in the Town of High River and through the Municipal
District of Foothills No. 31. This proposed $6.2 million component would triple the capacity of the existing canal
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from 100 cfs to 300 cfs (2.83 cms to 8.50 cms) to allow more water to be diverted from the Highwood River to the
Little Bow River during peak flows.

1.2.3 Clear Lake Diversion Works and Canal

The proposed $5.1 million Clear Lake diversion and canal would be constructed in the Municipal
District of Willow Creek, about 15 km (9 mi) east of the Town of Stavely. The 10 km (6 mi) long canal would allow
the lake and 12 wetlands along the route to be filled from natural spring runoff when flows in Mosquito Creek are high
or from water diverted from the Highwood River during peak flows.

1.2.4 Expansion of Squaw Coulee Reservoir

The existing Squaw Coulee Reservoir in the Municipal District of Foothills No. 31 would be enlarged
from 361 dam’ (293 ac-ft) to 6283 dam” (5,175 ac-ft) at a cost of $7.1 million by constructing upper and lower dams
and a 0.65 cms (23 cfs) return canal to the Highwood River.

1.25 The Highwood Diversion Plan

The Highwood Diversion Plan is the proposed operating plan for the proposed water management
structures described above, and for the existing Squaw Coulee Diversion. The plan is based on an assessment of the
flows required to service the existing and projected licence demands and other consumptive demands in the Highwood
and Little Bow river basins and to protect the aquatic resources of the Highwood River.

No change is proposed for the Highwood River diversion to the Little Bow Canal of 0.57 cms (20 cfs)
for the winter months (October 15 to April 15). Throughout the rest of the year, the diversions vary from a minimum
0f 0.28 cms (10 cfs) to a maximum of 8.50 cms (300 cfs) subject to meeting the Highwood River Instream Flow Needs
(IFN). Diversions greater than 0.28 cms (10 cfs) would commence with spring runoff on the Highwood River,
normally in early May, and cease by late July.

There would be no diversion from the Highwood River through the Squaw Coulee Diversion from
early October to the end of April. The minimum diversion would be 0.28 cms (10 cfs) throughout the summer. The
maximum diversion would be 1.70 cms (60 cfs) and would be subject to meeting the Highwood IFN. The pattern of
diversion would be similar to that of the Little Bow Canal. Diversion would start in May, and apart from maintenance
of minimum diversions, would generally end in late July.
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Operations of the Little Bow River Reservoir would vary significantly from year to year in response to
flow conditions and water demands. In most years the reservoir would fill by mid-May. The reservoir would remain
full throughout June and levels would gradually start to drop until late September. A succession of dry years could
result in drawdowns of as much as 13.9 m (45.5 ft) and there would be years when the reservoir would not completely
fill.

The Clear Lake Diversion would be operated from mid-April to mid-September when water would be
diverted to bring Clear Lake to its full supply level (FSL) and offset withdrawals and evaporation. Maximum
diversions from Mosquito Creek would be 1.70 cms (60 cfs). Clear Lake would normally fill by late May and remain
full through June and into July. Levels would then drop gradually until mid-September. In approximately 75 per cent
of the years, the drawdown would be less than 1 m (3.3 ft), and would never exceed 2 m (6.6 ft).

The expansion of Squaw Coulee and the construction of a return canal to the Highwood River would
provide the ability to release water back to the Highwood River. Reservoir operations would vary considerably from
year to year depending on river flows and water demands. Normally, filling would start in mid-April with water being
diverted from the Highwood River up to the maximum 1.70 cms (60 cfs), depending on the Highwood River IFN. The
reservoir capacity would reach FSL by early June and would remain constant until late July or early August when
releases would be required to meet licensed demands on Mosquito Creek or the IFN of the Highwood River. Reservoir
levels would normally drop until late September or early October. Some refilling of the reservoir would often occur in
the autumn when consumptive demand decreases. Reservoir levels would remain relatively constant throughout the
winter. Average drawdown of reservoir levels over the summer would be less than 2 m (6.6 ft), but on occasion would
exceed 10 metres (32.8 ft).

The operation of the proposed water management facilities are described in more detail In
Appendix G.

1.3 Review Process

In December 1988, the Alberta Minister of the Environment announced that an environmental impact
assessment (EIA) was required for the Little Bow Project/Highwood Diversion Plan. APWSS filed an application,
which included the EIA, with the Natural Resources Conservation Board in May 1996, to obtain approval under
section 5(1) of the NRCBA.

In addition to applying to the NRCB, APWSS applied to Fisheries and Oceans Canada on May 9,
1996 under section 5(1) of the Navigable Waters Protection Act for approval of three individual water management
components of the Project comprising the proposed Little Bow Project/Highwood Diversion Plan, and the fourth
involving the Squaw Coulee component. On August 19, 1996 the Applicant also applied to Fisheries and Oceans
Canada under section 35(2) of the Fisheries Act for authorization to construct works affecting fish habitat associated
with the Project.

A Pre-Hearing Conference dealing with procedural and preliminary matters was held on June 3 and 4,
1997, in High River, Alberta. On July 8, 1997 the Panel issued a Report of the Pre-Hearing Conference. Copies of
this report are available from the NRCB’s office.

A public hearing commenced on 12 November 1997 and concluded 9 January 1998 in the Town of

Vulcan. During the 19 hearing days, including three sitting days in the Town of High River, the Panel heard the views
of a number of participants and received a total of 378 exhibits.
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Public consultation is a key element in the Joint Panel Review process. Public consultation allows the
public to be informed at an early stage of the existence of the project. The Applicant established public advisory
committees for the Little Bow Project and the Highwood Instream Flow Needs process (part of the Highwood
Diversion Plan). In addition, the Applicant conducted public meetings, group meetings and open houses to discuss
various aspects of the Project/Plan. Newsletters and media releases were also used by the Applicant to inform the
public. With the exception of certain individuals affected by the Squaw Coulee component, the Panel is satisfied that
potentially affected individuals, groups and communities were well informed and had the opportunity to become
involved at the project design stage.

Prior to the Pre-Hearing Conference the Panel initiated an issue-focused
approach to the review of this project. The Panel pursued early disclosure and sharing of
information between participants so time spent at the hearing could focus on those issues that
are critical to the Panel's mandate. In particular the Panel recognized a need to focus on
project-related effects that are likely to be significant. Prior to the Pre-Hearing Conference the
Panel directed the Panel Secretariat to conduct meetings with municipalities and the public to
facilitate effective participation. The issue focused approach was incorporated in the Panel’s
report on the Pre-hearing Conference. One example of this may be found in the Panel taking
notice of the Proponent’s undertaking to ensure that those living in the vicinity of the Squaw
Coulee component of the proposed project were informed about the nature of this project
component.

1.4 Report Framework

In examining the Application, the Panel has had regard for the substantial amount of evidence
tendered by the various participants. In identifying the effects of a complex project such as this, the Panel believes that
it should properly assess a number of matters which relate to the context of the social, economic and environmental
issues of the various project components. Participants in the hearing raised a number of matters related to public policy
and jurisdiction, as well as other preliminary matters related to the adequacy of the evidence tendered during the
hearing. The Panel is of the opinion that it should first consider:

e Policy framework
e Jurisdiction
e Sufficiency of information

The Panel believes that it must then consider, in some detail, the justification or need for the proposed
project, including:

The origins of the proposal

The alternatives to and within the project

The ability of the Applicant to implement the proposed project
The economic viability of the proposed project

The Panel is aware of the need to consider cumulative effects, ecosystem integrity and sustainable
development. This requires that instream flow needs and water management planning must be examined before
proceeding to consider the effects of the project. The Panel will therefore consider:

e The background of water management in the Highwood and Little Bow basins
e The water management policies and diversion plans
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e Baseline conditions at the time of the proposed project
e The Water Management Resources Model
e The proposed diversion plan

In stating its views, the Panel has adopted a sustainable development frame of reference and will focus
on:

e The Project's effects in the context of sustainable development
o The need for water storage in the Highwood basin
o The ability of the operating plan to achieve the basic criteria of a sound water management project

Under the jurisdiction of both the CEAA and the NRCBA, the Panel intends to review all the relevant
environmental effects of the project of interest to both Alberta and Canada. In assessing the social and economic
effects of the project, the Panel will examine those effects primarily in relation to the Alberta public interest. Social
and economic effects that arise from environmental effects of the proposed project will be examined to determine their
relevance to both Alberta and Canada.

The Decision Report will specifically address the following:

Environmental effects including:

e Public concerns about water quality and sources of pollution
e Project effects on aquatic habitat and fish

e Prairie environments including vegetation and wildlife

e Impacts on soils and land capability

Social effects including:

Effects on the Little Bow Hutterian Brethren
Transportation

Municipal, domestic and irrigation water users
Recreational water use

Municipal sewage and wastewater disposal
Navigation

Land use and planning

Public safety issues

Treaty 7 Aboriginal interests and concerns
Public participation

Economic effects:

e Project construction and operating costs
e Irrigation benefits and costs

e Other benefits and costs

e Economic impact

The Applicant made the following specific request with respect to the Board’s public interest
determination:

“The proponent believes that the Little Bow Project is in the public interest and seeks an approval of

the Board in relation to same. APWSS does not currently propose to build the enlarged Squaw Coulee
component but believes that the Expanded Project which includes the Little Bow Project and the
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Squaw Coulee component may be in the public interest. Consequently, APWSS seeks further Board
approval for the Expanded Project. If the Board finds that the Little Bow Project and the Expanded
Project are both in the public interest, the proponent seeks a Board recommendation as to which
project is preferable with reasons.”

TABLE 1.1 Key events in the review process for the Little Bow Project/Highwood Diversion Plan

DATE EVENT

1996

March 7 The NRCB sent the Applicant (APWSS) a response based on a review of the
Environmental Impact Assessment the Applicant circulated for public comment.

May 7 The NRCB received Application #9601. Preliminary Notice of Application issued.

May 27 The NRCB conveyed a Preliminary Request For Supplemental Information to APWSS
with respect to the Application.

July 26 Applicant’s response to the Preliminary Request For Supplemental Information.

October 29 The NRCB conveyed the principal Request for Supplemental Information to APWSS.
Questions were identified through the NRCB’s internal review and the
interdepartmental review of the EIA coordinated by Alberta Environmental Protection.

November 5 Notice of Pre-Hearing Conference issued. Parties were requested to register their
interest in the Pre-Hearing Conference with the NRCB by December 6, 1996.

1997

January 10 Minister of Fisheries and Oceans requests Minister of the Environment to establish a
Joint Review Public Panel for the Little Bow Project/Highwood Diversion Plan.

January 29 Alberta Cabinet Order in Council provides approval for the NRCB to enter into a joint
review with the Canadian Environmental Assessment Agency (CEAA).

March 14 CEAA announces it will participate in a joint federal-provincial review of the
Application.

March 24 The draft Administrative Agreement for the Joint Review Panel, including proposed
Terms of Reference and the Federal Participant Funding Program are advertised.

April 22 APWSS filed completed response to the October 29 Request for Supplemental
Information.

April 25 Letter to Registered Participants announcing a Pre-Hearing Conference to be held on
June 3 & 4, 1997.

May 12 Signing of Administrative Agreement for Joint Review Panel.

May 15 Press release regarding Appointment of Panel by Federal Minister of the Environment.

May 15 Pre-Hearing Information Session held, Highwood Memorial Centre, High River.

May 26 Deadline for Pre-Hearing Conference written submissions.

June 3 & 4 Pre-Hearing Conference held, Highwood Memorial Centre, High River, Alberta.

June 23 Alberta Environmental Protection confirms EIA sufficient to proceed to public review.

November 12 | Public Hearing commences for NRCB/CEAA Joint Review

1998

January 9 Public Hearing concludes in Vulcan, Alberta.
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The Panel will make its decision as to whether the proposed project is in the public
interest based on its conclusions respecting the various effects, including cumulative effects, that would
result. As with any major project, some effects may be beneficial and some may be adverse to the public
interest. The Panel will make any recommendations on the environmental effects of the proposed project
on areas within federal jurisdiction. Should the Panel be prepared to approve the Application, it will also
identify any conditions that it believes are required to ensure that the proposed project is in the Alberta
public interest.
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2. POLICY FRAMEWORK, JURISDICTION AND
PRELIMINARY MATTERS

Diversions of water from the Highwood River to the Little Bow River can be traced back
to an 1898 application submitted by the Government of the North-West Territories under the North-West
Irrigation Act, to augment flows in the Little Bow River for both domestic and stockwatering purposes.
The works for this diversion, which were capable of diverting 1.42 cms (50 cfs), were licensed in 1905.
In 1922 the Little Bow Irrigation District (LBID) submitted an application and received a licence for a
water diversion sufficient to irrigate 1335 hectares (ha) (3300 acres) through the construction of new
works. The LBID entered into an agreement with Alberta in 1922 wherein the LBID’s works would
deliver the 1.42 cms (50 cfs) the Crown was entitled to under the 1905 licence in addition to the quantity
the LBID required to satisfy its irrigation areas.

Following the construction of the works, the LBID experienced financial difficulties and
was dissolved. A 1950 Order-in-Council dissolving the LBID transferred ownership and operation of the
diversion works and specified that the authorizations pertaining to the LBID are transferred to the Crown.
The Order-in-Council recognized the works served to provide water for domestic purposes in addition to
water for irrigation needs. The Crown then assumed operation of the works and, subsequently, attended
to necessary repairs and improvements. The Crown was not bound by the Water Resources Act until
1971.

The works that are currently in place serve the purposes set out in the applications for the
1905 and 1922 authorizations. That is, the Crown operates the current works, consisting of a headworks
diversion structure and canal, to divert water from the Highwood River to augment the natural flows in
the Little Bow River for domestic and irrigation purposes. The current Little Bow Diversion has a
capacity of 2.83 cms (100 cfs) and, according to the Controller of Water Resources, a recognized priority
dating back to 1921.

Construction of the existing diversion works from the Highwood River to Mosquito
Creek was authorized in 1934 with an initial capacity of 0.71 cms (25 cfs). An application was filed in
1949 for the construction of a dam to establish the Squaw Coulee Reservoir. The dam was constructed in
accordance with an interim licence issued in December, 1949. In 1977, the Department of Environment
assumed the operation, maintenance and ownership of the diversion and dam. In 1979 the diversion was
licenced to a total capacity of (1.70 cms) 60 cfs.

The Little Bow Water Users Association was formed in 1979 to promote increased and
more secure water supplies for irrigated agriculture, industry and recreation in the Little Bow watershed.
Presentations were made to the Ministers of Agriculture and Environment on water supply concerns and
future water needs. Alberta Environment (AE, which in 1993 became Alberta Environmental Protection
[AEP]) initiated a planning study in July, 1982 which was conducted in two phases. Phase I included an
analysis of water supply, water demand and water quality, and identified problems and conflicts. Options
for resolving problems and conflicts were identified and reviewed, culminating in the Phase I report (AE
1985). The Executive Summary of the Phase I report gave insight into future water management
measures by stating that:

“Ongoing investigations will be conducted in the short term to confirm the feasibility and cost
of storage in the Little Bow basin to secure a reliable supply for existing needs and to provide
for a modest level of irrigation expansion. The present moratorium on issuing of irrigation
licenses will remain in effect until such time as measures may be taken to improve supply.”
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The Phase II study (AE 1986) investigated the feasibility of storage development at
several locations in the Little Bow River basin. Engineering, economic, environmental and social factors
were considered in this study. The Phase II report concluded that:

“The study confirms that storage development would provide secure water supply to meet
existing irrigation and municipal needs, allow considerable irrigation expansion, and at
the same time, permit higher instream flows along the lower reaches of the Highwood
River to improve fish habitat and water quality conditions over those of recent years.

Site 7B1 on the Little Bow River downstream of the confluence with Mosquito Creek is
the preferred location for storage development considering engineering, economic, social,
and environmental factors. Three sizes of storage development at Site 7B1 were
considered; 30,000 ac-ft, 50,000 ac-ft, and 70,000 ac-ft.

Deliberations on the appropriate size of storage development should consider available
funds, the level of irrigation expansion desired, the minimum flow requirement on the
Highwood River, and the possibility of upsizing the Little Bow Diversion Canal at some
future date.”

On December 16, 1988 the Government of Alberta announced a decision to implement
the Little Bow Project (AE 1988). The principal purpose of this project is to store spring run-off in the
Highwood River and the Little Bow River systems for later use in the Little Bow River basin during low
flow periods. This would provide an opportunity to improve water quality and fish habitat in the
Highwood River by reducing diversions during low flow periods, while still providing a secure water
supply for water users in the Little Bow River basin.

Although general operating concepts had been established at the time the project was
announced, detailed plans for management of the waters in both basins still had to be formulated. Of
particular concern was maintenance of the natural environment of the Highwood River. While planning
studies to establish instream flow needs (IFN) for the Highwood River began in 1983, the comprehensive
program needed to develop the proposed Diversion Plan began in 1989.

The Instream Flow Needs Task Force, an inter-departmental group charged with
developing and implementing a process for determining IFN in the province, formed the Bow River
Working Group (BRWG) to determine the IFN for the Highwood River. At this early stage of IFN
development, the IFN technology and terminology were in an early developmental stage. The BRWG
formed a Highwood River Public Advisory Committee (PAC) in 1990 to facilitate public input to the
determination of [FN. The PAC in turn spawned a smaller group, the Technical Subcommittee (TSC)
consisting of 10 stakeholders with an interest in IFN and an understanding of the IFN process. The
formation of the TSC facilitated public input to the determination of the IFN. This process resulted in the
establishment of an IFN for the Highwood River in 1991, and this formed the cornerstone of the
Highwood River Diversion Plan completed in April 1993.
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2.1 Management of Water Resources in Southern
Alberta

In Alberta, a variety of provincial and federal legislation, regulations, policies and
agreements govern water management. These have some bearing on the proposed project and are
relevant to the Panel’s review of the Application. These include the Water Resources Act (WRA) and new
Water Act, the Prairie Provinces Water Board Apportionment Agreement, the South Saskatchewan River
Basin Policy (SSRB Policy), the South Saskatchewan Basin Water Allocation Regulation (A.R. 307/91),
the Navigable Waters Protection Act and the Fisheries Act. These are each described in the sections
below.

Approvals of the proposed project are required from various regulatory authorities
established under water management and related legislation. The Panel has sufficient understanding of
the regulatory role of these authorities to reach a decision as to the public interest in the proposed project,
while at the same time avoiding any unnecessary fettering of the discretion of those regulatory authorities.
Under other statutes, such as the Water Resources Act or the Fisheries Act, approving authorities could
have regard to the Panel’s decisions and recommendations in making any decision to grant an approval.
When they consider it appropriate to do so under the relevant statute, those authorities may also impose
the same or similar conditions in their approvals as those included in an NRCB approval.

Should the proposed project proceed, the Applicant is obligated to meet the conditions
imposed by all approving authorities. To the extent that the conditions and recommendations to be
imposed by various authorities are based on the same information and have the same effect, the
obligations of the Applicant will be clearly defined. The Panel will have regard for the jurisdiction of
other regulatory authorities and will be mindful of the public interest in avoiding unnecessary duplication
of regulatory conditions and avoiding, if possible, conditions and recommendations that could lead to
conflict with other regulatory requirements.

The Panel also notes the nature of the consideration of the public interest, as required by
its mandate, is to have regard for social, economic and environmental effects. Any conditions the Panel
may impose would be those required to ensure the public interest, should the proposed Project proceed.
The Panel acknowledges that it does not have the ongoing regulatory responsibilities of certain other
authorities. However, the Panel believes that it has the jurisdiction and responsibility to impose any
conditions that are necessary to the public interest. Conditions applied to project approvals may result in
the practical effect of limiting the Applicant’s submissions for approval to other responsible authorities.

2.1.1 Water Resources Act and Regulations and the Water Act

In Alberta, the Water Resources Act governs the management of water resources. Water
diversion is prohibited unless authorized under the act. The WRA sets out the procedure to be followed in
acquiring a right to divert and use water, the conditions under which works for the diversion and use of
water may be constructed, and the responsibilities and rights of those authorized under the act to divert
and use water. The WRA also defines the powers of the Minister charged with the administration of the
act, including the construction of works. The establishment of agreements with other jurisdictions for the
management of water is also provided for within the act.
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The Controller of Water Resources (the Controller) is the regulator who grants the right
to consume or use water for various purposes or to construct works within the beds, banks or shores of
streams and lakes according to the procedures specified in the WRA. The act requires that applications
submitted to the Controller must provide sufficient detail to permit evaluation of the effect of the
proposed works on the source of supply, other water users in the vicinity, and other lands and works.
After public notification and review of the application, the Controller may grant an interim licence
authorizing the construction of the proposed works, with any changes and variations, and subject to any
conditions the Controller considers necessary. After completion of the project, the Controller issues a
permanent licence to the applicant for the diversion and use of the water, subject to any terms and
conditions the Controller prescribes through licences or permits.

The Dam Safety Regulations under the WRA place certain responsibilities on the
owner/operator of water diversion works to ensure public safety. The Controller is also required to
examine an application to divert and use water to determine conformity with this regulation.

Administration of the WRA is shared between the Controller and the Water
Administration Branch, with delegated authority. While applications for licences to divert or use water
are generally made to the Office of the Controller of Water Resources, issues related to the administration
of the water resource and water quality are within the purview of the Water Administration Branch. The
Water Administration Branch is charged with operation of the diversion structures licenced to AEP.
Employees of the Water Administration Branch monitor water quality and engage in water mastering
efforts to facilitate efficient operations within the restrictions imposed by the licenced uses. There has
also been some recent delegation of the authority to grant water licences to individuals within the Water
Administration Branch; however, the Controller remains the licensing authority for all applications made
by the Crown.

APWSS has applied for specific licences or permits for the proposed project to divert and
use water, pursuant to the WRA. They submitted the application and supporting plans for licences for the
Little Bow Project/Highwood Diversion Plan to the Controller on 2 September, 1997. The application
includes information for both the diversion of water from the Highwood River, and the impoundment of
water on the Little Bow River and at Clear Lake. The Controller’s Office is processing the applications
and is awaiting a review and final decision by this Joint Panel before making a final decision with respect
to these licences. In making his decision, the Controller may also consider other provincial water
management policies and regulations, instream flow requirements, and the impact the proposed project
may have on other water users in the Highwood and Little Bow River basins and on other lands and
works.

Under the WRA, no construction of works is allowed until the appropriate authorizations
have been received. In addition, no person may commence a reviewable project unless an approval under
the NRCBA has been granted. The Board may order that no licence may be issued under any other
enactment to any person with respect to a reviewable project, until such time as an approval in respect of
the project has been granted under the NRCBA. In the view of the Panel, the consideration of applications
pursuant to the WRA for licences to divert and use water associated with the proposed Project may be
appropriate following the review.

The Panel is aware that the Province has a new Water Act, which is awaiting
proclamation. This new act is intended to replace the WRA and will provide flexibility in the allocation of
water and provide for transfers and partial transfers of water licences. The Panel has familiarized itself
with the provisions of the new legislation and believes it must have regard for the provisions in the Water
Act even though it is not yet the law in Alberta.
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There are a number of issues that arise in the transition from the existing WRA to the
Water Act. One key issue relating to this project is the status of licence applications submitted prior to the
proclamation of the new act. Section 171 of the new act deals with applications for permits, licences or
other authorities made under the WRA. It specifies that if a complete application was made under the
WRA, and no decision has been finalized prior to proclamation of the new Water Act, the application
continues as an application under the WRA as if it were still in force. The Controller has deemed that the
licence applications submitted by APWSS are complete, and therefore any licences to be issued would be
processed under the provisions of the WRA and the rights granted would be continued under the Water
Act.

The right to divert and use water pursuant to the WRA, although a very important
component of the Project, is only one of many features of the project before the Panel. The Panel has no
jurisdiction to make a decision regarding approval of a licence to divert and use water pursuant to the
WRA. The licensing responsibilities of the Controller as they pertain to the proposed project are
responsibilities the Panel should have regard for in determining whether the proposed project is in the
public interest. During the hearing, the Panel was provided specific evidence concerning the Controller’s
decision-making responsibilities regarding this project.

The Panel believes that its jurisdiction is much broader than some other regulatory
authorities. The Controller’s current jurisdiction appears to be limited to matters pertaining to water
quantity, which may not extend to examination of water quality or other environmental effects, and
apparently does not extend to examining social and economic effects. The Panel will have regard for the
jurisdiction of the Controller of Water Resources and other similar authorities. The Panel has the
jurisdiction to review the construction of the works and the effects of the proposed Diversion Plan.

The Panel views the proposed Diversion Plan as also being an integral part of the
Application for an approval to construct the works outlined in the Application. The Panel heard evidence
regarding the merits of the proposed operation of the facilities. It believes that any consideration of the
public interest in relation to this water management project necessarily includes consideration of the
effects of the Diversion Plan. In the event of an approval, the Panel may recommend or impose
conditions on the Diversion Plan.

At this time the Panel believes it important to make a finding on a matter that arose
during the hearing. It was submitted by one of the participants that the provisions of the Water Resources
Act do not permit the attachment of conditions that would protect instream flow needs on irrigation
licences. APWSS and the Controller took exception with that interpretation. On this matter the Panel
will proceed on the basis that the conditions protecting instream flow needs may be attached to a licence.

2.1.2 Prairie Provinces Water Board Apportionment Agreement

Water management in Alberta takes place in the context of the larger river basins that
originate in or flow through the province. The Little Bow Project/Highwood Diversion Plan project is
located within the broad drainage of the South Saskatchewan River basin. This basin is included within
the interjurisdictional arrangement signed by the three Prairie Provinces and the federal government as set
out in the Prairie Provinces Water Board Apportionment Agreement of 1969. This agreement defines the
apportionment of the flows of rivers crossing provincial boundaries. It is administered by the Prairie
Provinces Water Board, which has membership from each of the governments affected.
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Under the terms of the agreement, Alberta is permitted to use or store one-half of the total
annual natural flows of the rivers in Alberta that comprise the South Saskatchewan River basin. One
condition of the agreement is that Alberta can keep, for its consumption, a minimum of 2,600,000 dam’®
(approximately 2,100,000 ac-ft) annually from the South Saskatchewan River basin. A second condition
is that the instantaneous flow of the river at the border cannot drop below 42.5 cms (1,500 cfs). For
apportionment purposes, the Government of Alberta considers the South Saskatchewan River as a single
basin. On average, the total basin flow is made up as follows: 21 per cent from the Red Deer River, 43
per cent from the Bow River, and 36 per cent from the Oldman River.

2.1.3 South Saskatchewan River Basin Water Management
Policy

This policy was approved in May of 1990. It establishes how the Red Deer, Bow,
Oldman and South Saskatchewan rivers will be managed in concert to ensure that the province's
commitments under the Prairie Provinces Water Board Apportionment Agreement are met, and to best
serve the needs of all water users in the basin and each sub-basin. Water licences and their priorities, as
established by the dates of application, are to be respected under the policy. The policy sets out the basis
for allowing irrigation expansion in the Red Deer, Bow and Oldman basins, based on the water supplies
available. It requires that consideration be given to individuals and communities that withdraw water for
their use. The SSRB Policy also incorporates the principle of multiple use which reflects the Government
of Alberta’s objective of managing water resources to meet diverse needs including domestic, municipal,
agricultural, industrial, fisheries, wildlife, recreation, and aesthetic requirements.

The SSRB Policy also recognizes the importance of retaining water in the river for
instream needs, including recreation, fisheries, wildlife and the maintenance of adequate water quality to
sustain the riverine ecosystem, and contemplates minimum and preferred instream flows. Minimum
flows are to be established for individual reaches of rivers and are to be maintained to protect basic water
quality and instream needs. Preferred instream flows are to be established for individual river reaches to
protect instream needs. During low run-off periods, it is recognized that water shortages will occur and
instream flows will occasionally drop below the preferred level. On regulated streams, projects are to be
managed so that the instream flows drop to minimum levels only for short periods of time under drought
conditions. Under the policy, the province of Alberta will reserve water when a predetermined level of
allocation to licenced users and to instream flow requirements has been reached. A system of preferential
use is to be used to determine further allocations of water.

The SSRB Policy requires that a maximum water allocation for irrigation purposes in the
Red Deer, Bow and Oldman basins be established with consideration for the requirements of all other
uses. Irrigation is the largest consumptive use of water in southern Alberta. The policy recognizes the
need to establish guidelines to limit irrigation expansion in the South Saskatchewan River basin, based on
the water supplies available. The policy provides for irrigation expansion to take place throughout the
South Saskatchewan River basin, including areas served by irrigation districts.

The SSRB Policy also considered the need for additional water storage in the basin.
During the extensive public consultations that preceded the adoption of the policy, the Alberta Water
Resources Commission received submissions regarding the need for additional storage. As a result, the
policy specifically recommended that storage and flow control options and priorities be developed and
implemented for the upper tributaries reaches, including the Highwood and Little Bow sub-basins, the
Willow Creek sub-basin, and other comparable areas. Such storage was required urgently to reduce
current irrigation risks, improve municipal supplies or create opportunities to expand irrigation.
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2.1.4 South Saskatchewan Basin Water Allocation Regulation
(A.R. 307/91)

The Government of Alberta established the South Saskatchewan Basin Water Allocation
Regulation (A.R. 307/91) to establish maximum water allocations for irrigation purposes. Pursuant to
Section 12 of the WRA, this regulation reserves all water in the South Saskatchewan River basin that is
not the subject of an existing licence or other authorization, and it sets out the basis under which it may be
allocated. The regulation establishes a potential allocation for up to 38,445 ha (95,000 acres) of irrigation
expansion in the Bow River basin, and specifically includes 8,090 ha (20,000 acres) for the Little
Bow/Clear Lake project. In the regulation, the Little Bow/Clear Lake project is defined to mean
diversions from all or any of the Little Bow River between the proposed Little Bow River Reservoir and
Travers Reservoir, the proposed Little Bow River Reservoir, and Clear Lake.

The regulation also provides that any licence issued, in accordance with the regulation,
may contain conditions limiting the amount of water that may be diverted and used when it is necessary to
maintain minimum instream flows. Instream needs are the water quantities and quality needed to
maintain aquatic and riparian ecosystems. Depending on circumstances, it may not be possible to fully
satisfy the water requirements for instream needs and meet other current allocations, and it therefore
becomes necessary to set an instream objective.

As part of the SSRB Policy, the Government of Alberta indicated that the irrigation
guidelines described in the regulation will be reviewed in the year 2000. This policy review was referred
to as the Year 2000 Review of Irrigation Expansion Guidelines. APWSS advised the Panel that any of its
recommendations concerning the proposed project that are pertinent to the assessment of the ultimate
limit of irrigation for the South Saskatchewan basin will be considered as part of the Year 2000 Review.
The Year 2000 Review may not have implications for the project based on APWSS’s assessment that the
project would not have significant impacts outside the project area.

The Panel is cognisant of the authority of the Lieutenant Governor-in-Council, pursuant
to Section 12 of the WRA, to reserve water within the Bow River basin and the Oldman River basin and
thereafter to authorize the allocation of water. The Panel agrees with the Applicant and AEP that public
policy in the reservation and allocation of water in the Bow and Oldman River basins has been expressed
in the South Saskatchewan Basin Water Allocation Regulation. The Panel notes in particular the
allocation of water sufficient for the irrigation of an additional 8,090 ha (20,000 acres) of land associated
with Little Bow/Clear Lake project pursuant to Section 5(2) of the regulation.

The Panel adopts the view that the reservation and allocation of water for irrigation
expansion for the Little Bow/Clear Lake components is relevant to the review of the effects of the
proposed project. The Panel's review will have regard for the regulation as expressing public policy in
the current reservation and allocation of water in the Little Bow basin, as a part of the context when
considering the effects of the Applicant’s project. The Panel notes that the regulation sets a limit on the
amount of water that would be available within the Little Bow basin for irrigation purposes.

In reviewing the proposed Project, the Panel will examine the degree to which the
proposed Highwood River IFN meets the broad policy criteria established for the South Saskatchewan
River basin and the generally accepted scientific basis for IFN. The Panel heard evidence on this matter
from a number of parties, including the Applicant, AEP, Fisheries and Oceans Canada, Environment
Canada and various local interveners.
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2.1.5 Navigable Waters Protection Act

The proposed project is subject to the Navigable Waters Protection Act (NWPA), and
must be approved by Coast Guard Canada before it could commence. Under the NWPA, the Coast Guard
is responsible for protecting the public right of navigation. Part I of the act regulates the construction of
works built or placed in, on, over, under, through or across navigable waterways. The Coast Guard
determined that the Little Bow River and Mosquito Creek are navigable, and that sufficient information
must be filed to enable a determination of the application under the act.

The Panel has no jurisdiction to decide on an approval pursuant to the NWPA. The Panel
will have regard for those matters that are relevant to that jurisdiction and may provide recommendations
for consideration by the federal Minister. The Panel believes that its report and recommendations
regarding the proposed Project are to be completed prior to the issuance of any navigable waters
approvals. The NWPA has served as a trigger for the federal process in this case. That process ensures
that all appropriate environmental effects associated with various aspects of federal jurisdiction will be
examined prior to any substantive federal regulatory decisions being made regarding the Project.

2.1.6 Fisheries Act

Under the Fisheries Act, the Department of Fisheries and Oceans (DFO) has a
responsibility to prevent the harmful alteration, disruption or destruction of fish habitat and to prevent the
deposit of deleterious substances. DFO relies on the advice provided by Environment Canada regarding
issues pertaining to water quality. In addition, the federal government has made special arrangements by
which the day-to day management of the inland fisheries of Alberta is administered by Alberta. However,
the Minister of Fisheries and Oceans remains responsible to Parliament for all provisions of the Fisheries
Act, including the conservation and protection of fish and fish habitat.

Of particular relevance to this project is Section 35(1) of the Fisheries Act which states
“no person shall carry on any work or undertaking that results in the harmful alteration, disruption or
destruction of fish habitat”. Subsection 35(2) qualifies that prohibition by explaining that the federal
Minister of Fisheries and Oceans may authorize harmful alteration, disruption or destruction of fish
habitat under prescribed conditions. One important condition is that losses to the productive capacity of
habitat caused by a project must be balanced by gains elsewhere. This requirement is derived from
DFO'’s Policy for the Management of Fish Habitat.

In reviewing project proposals under the Habitat Policy, DFO applies the no net loss
principle, according to which DFO will strive on a project-by-project basis to maintain the productive
capacity of habitats supporting fisheries resources. The habitat policy also places emphasis on integrated
resource planning, public involvement in the decision-making process and in review of project proposals
on an ecosystem basis.

The Panel accepts that implementation of the Project may impact the fisheries resources
in the Highwood and Little Bow basins. The Panel has no jurisdiction pursuant to the Fisheries Act.
However, the Panel will have regard for those matters that are relevant to that jurisdiction and may
provide recommendations for consideration by the federal Minister of Fisheries and Oceans. The Panel
notes that APWSS has sought an approval for the Project pursuant to Section 35(2) of the Fisheries Act.
DFO advised the Panel of its interest and potential regulatory role in establishing an appropriate IFN.
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2.2 Other Relevant Legislative and Policies

A number of public policies not specifically related to water management in southern
Alberta, both federal and provincial, were raised during the review of the Application. The following
provides a brief summary of these other federal and provincial legislation and policies that are relevant to
the Panel’s review of this application.

2.2.1 Constitution Act, Indian Act and Treaty #7

The Panel has been directed by the federal Terms of Reference (Appendix A) to address
issues falling within federal jurisdiction, including the impacts of the project relating to the concerns and
interests of aboriginal people. The Panel is mindful of the fiduciary obligations of the Crown and, where
specific evidence is provided that indicates that this reviewable project affects those obligations, the Panel
will have due regard for those obligations. The Panel is an independent body required to function in a
quasi-judicial manner. The Panel recognizes that there are constitutional and other legal constraints on its
jurisdiction. The Panel believes that through the participation of the Blood Tribe and the Treaty 7
Coalition, represented by the Peigan First Nation, aboriginal interests and concerns were presented as they
relate to the effects of the project and the Panel will have regard for those interests and concerns in
fulfilling its responsibilities within its jurisdiction.

2.2.2 Historical Resources Act

The Historical Resources Act provides for the coordination of the orderly development,
the preservation, the study and interpretation, and the promotion of appreciation of Alberta’s historical
resources. The Minister of Community Development may order any person proposing a development to
conduct an Historical Resources Impact Assessment (HRIA), when the Minister is of the opinion that
proposed activities will or are likely to result in the alteration, damage or destruction of historical
resources. The rights to all archaeological and palacontological resources in Alberta are vested in the
Crown.

The Panel notes that the HRIA completed on all components of the project provided for a
staged mitigation program for the Little Bow and Squaw Coulee reservoirs and that APWSS has agreed to
this program. Alberta Community Development, in conjunction with APWSS, is willing to continue
ongoing communications with any and all First Nations about cultural resources in the Project area.

2.2.3 Expropriation Act

The Expropriation Act provides for a two step process for an expropriation of an interest
in land. The first step requires an assessment by an inquiry officer into whether the intended
expropriation is fair, sound and reasonably necessary in the achievement of the objectives of the
expropriating authority. Section 9 of the Expropriation Act provides “when, in the opinion of the
approving authority, the owner has, pursuant to any other act, had substantially the same opportunity to
object to the expropriation as he would have had on an inquiry under this act, the approving authority by
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direction in writing may dispense with an inquiry.” As a result of this provision, the Minister of Public
Works, Supply and Services could dispense with an inquiry under the Expropriation Act.

The second step in the expropriation process is to determine the appropriate
compensation for the expropriated interest in land. This process may include a review by the Land
Compensation Board or the Court. The appropriate amount of compensation is based on a number of
factors. These include the market value of the land, the damages attributable to disturbance, and the value
to the owner of any element of special economic advantage arising out of, or incidental to, the occupation
of the land to the extent that no other provision is made for its inclusion.

The Panel recognizes that a determination of whether the Project is in the public interest,
as required by the NRCB Act, will necessarily involve an assessment of the social and economic effects
associated with the acquisition, possibly by expropriation, of land required for the project. Assessment of
the compensation payable for land expropriation is determined pursuant to the Expropriation Act.

The Panel accepts that the Applicant has notified all parties that could be subject to
expropriation proceedings. The Panel heard detailed information from the Applicant and interveners
concerning the steps APWSS has taken to advise each party so affected.

2.2.4 Municipal Government Act

The Panel notes the municipalities have jurisdiction over private lands while AEP has
jurisdiction for Crown lands. The Panel believes that it should have regard for the potential effects of the
project on land use in the project area. The Municipal Government Act (MGA) provides that NRCB
approvals may affect any statutory land use authorizations that exist in a municipality. The Panel will
consider effects on municipal land use as they relate to the proposed project.

2.2.5 Alberta Environmental Protection and Enhancement Act

The purpose of the Alberta Environmental Protection and Enhancement Act (AEPEA) is
to support and promote the protection, enhancement and wise use of the environment while recognizing
certain principles. Although the EIA report for this project was directed under the Land Surface
Conservation and Reclamation Act, it is deemed to be an Environmental Impact Assessment Report under
Section 48 of the AEPEA.

The Director of Environmental Assessment has advised the Panel by letter dated June 23,
1997 that, in his opinion, the Environmental Impact Assessment Report is complete pursuant to Section
51 of the AEPEA.

2.2.6 Migratory Birds Convention Act

The Migratory Birds Convention Act, administered by Environment Canada, provides for
the protection of migratory birds and their habitat. The Panel received sufficient evidence from APWSS
and Environment Canada on project effects on migratory birds.
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2.2.7 Wildlife Act

The Alberta Wildlife Act provides for the day to day management of wildlife in Alberta,
and AEP is responsible for their management within the Project area. The Panel received adequate
evidence from APWSS, AEP and Environment Canada concerning project effects on wildlife resources.

2.3 Jurisdiction of the Joint Review Panel in Relation to
Other Jurisdictions

As with most large projects reviewed by the NRCB or a Panel established under the
CEAA, there are other municipal, provincial and federal authorities that have a jurisdictional mandate in
relation to the project. Several of these authorities made submissions to the Panel at the hearing,
describing their mandate and the considerations relevant to their processes.

The Panel directs its review to the environmental, social and economic effects that could
be expected if the project were to proceed. After considering these effects, the Panel will conclude
whether the project is in the public interest and will make recommendations to the federal government. In
some instances, there is an overlap between the consideration of issues by the Panel and by another
authority that will have or has exercised decision-making authority in respect to the project. The Panel
acknowledges that the broad mandate given the Joint Review Panel may lead to the perception that there
is duplication in the regulatory process. This perception is not supported on a closer review of the
respective mandates of each decision-making authority.

The mandates of the various other regulatory authorities require that each of them assess
certain aspects of the project and make decisions about those issues. None of these agencies is directed to
apply as broad a test to their decision-making process as is the Panel. Therefore, it is reasonable to expect
a detailed review of a narrower range of issues from these authorities rather than a broader consideration
of a wide range of issues, as is conducted by the Panel.

In many cases, the role of these agencies is ongoing regulation rather than a one-time
review. Therefore, the relationship between the Panel and these authorities may be complementary. The
Panel appreciates the co-operation and information that it received from the municipal, provincial and
federal agencies involved.

With an appropriate understanding of the mandate and process exercised by other
regulatory authorities, the Panel has several options in fulfilling its mandate, depending on the nature of
these other authorities. If another authority has already exercised, or partially exercised, its mandate with
respect to the proposed project, the Panel is able to benefit from the greater certainty or definition that is
attached to the project. On the other hand, if the other authority has not considered the project, it is
helpful if the Panel has an understanding of the types of considerations that will be given to a project by
the authority. By having regard to the mandate of the other jurisdictions, the Panel is better able to assess
the range of effects that could be expected from a project and how the ongoing regulation of a proposed
project would be managed. Understanding these processes assists the Panel to assess the public interest
of a project and make recommendations. The Panel observes that, within the scope of these authorities,
the public interest is very well protected by the “specialist” nature of these regulatory authorities.
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Conversely, it is possible that the views of the Panel may assist these other authorities
through the attachment of conditions or recommendations in this report or through observations made in
the course of the review.

The Report of the Pre-Hearing Conference clearly indicated the Panel’s intention to
review the Diversion Plan as proposed by APWSS. The Panel views the proposed Diversion Plan as also
being integral to the Application for an approval to construct the works outlined in the Application. Any
consideration of the public interest in relation to this water management project necessarily includes
consideration of the effects of the Diversion Plan. In the event of an approval, the Panel may recommend
or impose conditions on the Diversion Plan.

While the Panel recognizes the ongoing jurisdiction of the Controller of Water Resources
as the licencing authority for the works, the Panel is also aware of its responsibility to determine the
effects that would result from the proposed operations. The Panel has provided more detail concerning the
review of the Diversion Plan in Section 4 of this report.

2.4 Sufficiency of Information and Preliminary Matters

During the hearing, various participants argued that the Panel had inadequate information
on which to base its decision and recommendations. These participants stated the Application, or certain
aspects of the Application, was incomplete either because the Panel had inadequate information about the
potential effects of the proposed project on the South Saskatchewan River basin as a whole, or
alternatively, because information was lacking about specific areas.

Prior to the Pre-Hearing Conference, the Panel decided that an issue-focussed approach
would provide a more effective review process. A number of interested parties identified project-related
issues at the Pre-Hearing Conference and these issues were noted in the Report of the Pre-Hearing
Conference, dated 8 July 1997. Examples of issues that were identified during this scoping exercise
included:

e The need for and role of the proposed expansion and possible further expansion of
the Squaw Coulee Reservoir.

e The policy framework for the management of water resources relevant to the project
including IFN, existing water rights and water management planning.

e The relationship between the jurisdiction of the Joint Review Panel and other
authorities that have a bearing on the construction and operation of the project.

o Effects on existing domestic and agricultural water users along the upper Little Bow
River, lower Highwood River, and Mosquito Creek, including changes in water

availability and water quality.

e The economic and social effects of displacing affected landowners, including any
special effects on the Little Bow Hutterian Brethren Colony.

o The transportation effects related to road relocation, reservoir crossings and their
impact on local communities.
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o The relationship between the potential development of the Little Bow River and
Squaw Coulee reservoirs and municipal planning activities.

e The effects of the proposed project on fish and fish habitat. The adequacy of instream
flows in the Highwood and Little Bow rivers to provide habitat and environmental
conditions to support fish and other aquatic life in these rivers and the lower Bow
River. The need and efficacy of fish screening devices.

e The effects on historical and cultural resources in the region.

e The effects on existing rights, including water rights, property rights, Constitutional
and Treaty rights.

The Panel believes that it is important to address projects in terms of the baseline
ecosystem conditions found within the basins, as well as the additional impacts a project would have on
existing conditions. This is necessary to understand the cumulative effects that could occur as a result of
the project proceeding. Where scientific studies on various indicators of environmental impact are not
available, the Panel undertakes a qualitative analysis.

The Panel believes that the sustainability of ecosystems is the proper frame of reference
when assessing environmental impacts. Sustainable development is recognized as a purpose of the
AEPEA. The Panel believes it appropriate to determine the public interest with the assistance of the
framework of sustainable development. An ideal development would be one that brings long-term social
and economic benefits and has a beneficial or neutral effect on the environment. Developments should be
planned and operated to minimize adverse impacts on the environment. However, where adverse effects
on the environment are likely, the Panel believes social or economic benefits should be weighed, balanced
and evaluated in terms of the environmental effects and risks.

In the case of the project currently under review, the Panel has found it impossible to
consider the overall public interest without considering the overall management of water in the basins,
and in particular, the current state of the riverine environment. The Panel heard that the potential exists
for both continuing economic benefits from the proposed project and long-term social benefits of stable
rural and urban communities in particular, but that this potential would not be realized without effective
management of the water resources in the basins.

The Panel must be satisfied that the basic characteristics of the proposed project meet key
public interest tests that are detailed in other sections of this report. After the hearing process, and during
the preparation of this report, the Panel had the opportunity to review all the information and believes that
it has the information necessary to satisfy its responsibilities under both the CEAA and the NRCBA. As
detailed in Section 4, the Panel is retaining jurisdiction over certain aspects of the project. The
information expectations of the Panel with regard to those aspects have been set out in detail in Section 4.
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3. PROJECT NEED AND JUSTIFICATION

The Panel has considered the purpose, need and justification for the proposed project as
presented by APWSS, specifically the desire of residents of the Highwood River/Little Bow River region
for a reliable supply of water for maintenance and development of agriculture, industry and communities.
In doing so, the Panel will briefly review the history of inadequate water supply during hot and dry
summer months in the Highwood River and Little Bow River basins. The Panel notes the desired rate of
growth in consumption that has provided justification for the project, and describes how the project would
supply more water for consumptive purposes. The Panel will also address the alternatives that the
Applicant has identified with respect to certain components of the project. The Panel will briefly consider
the ability of the Applicant to construct and operate the proposed facilities. The Panel also will briefly
consider the economic viability of the proposed project. The assessment of economic impacts and
benefit/cost considerations are dealt with in Section 7.

3.1 Domestic, Industrial and Agricultural Demands

The proposed project and Diversion Plan would affect both the Highwood and Little Bow
River basins. The Highwood and Little Bow typify prairie rivers. They have large variations in both
annual and seasonal flows. On average, 55 per cent of the annual natural flow of the Highwood River
occurs during May and June.

The two river basins have been physically linked for almost a century by diversions from
the Highwood River to the Little Bow River. These diversions are essential to domestic, municipal and
agricultural water users in the Little Bow River basin. The diversions had little impact on the Highwood
River until the 1970s. The introduction of mechanized irrigation equipment resulted in a sudden, large
increase in irrigated farming in the more arid Little Bow River basin. This increase coincided with a
period of low flows and drought. As demands for irrigation water grew, increased diversions from the
Highwood River were accompanied by events such as incidences of fish kills in the lower Highwood
River.

The problem according to APWSS, is not so much the quantity of water diverted, but the
timing. Historically, diversions have averaged 5 per cent of mean annual flow of the Highwood at the
point of diversion in the Town of High River and 3 per cent of the flow at the mouth where it joins the
Bow River. In the last decade these have increased to 11 per cent and 6 per cent respectively. However,
the irrigation demand period often coincides with the time when Highwood River flows are low and
temperatures are high. Diversions during this period add significantly to the natural stresses on fish and
other aquatic life.

Even with the diversions from the Highwood River, the Applicant believes that the water
supply in the Little Bow River basin is not reliable. Diversions are frequently restricted during periods
when water is most needed. This results in irrigation deficits, water quality problems for municipal and
domestic water users, and stress on the aquatic ecosystem in the Little Bow River basin. Despite an
abundance of irrigable land in the Little Bow River basin, there is a moratorium on further irrigation
expansion, and much of the land that is irrigated produces below capacity due to restricted water supply.
As well, protracted drought and other factors in the late 1970s and early 1980s caused Clear Lake to dry
up, removing a valued recreation and wildlife resource from the region.
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According to APWSS the proposed project and diversion plan addresses all these
problems. In their view, it would:

e reduce diversions from the Highwood River during critical summer periods
improving water quality and instream flows to benefit fish and recreation in the lower
Highwood River;

e secure water supplies for Vulcan, Carmangay, Nanton, Cayley and three rural water
co-operatives;

e give Champion an alternative or second water source which would provide a year
round supply and lower pumping costs;

e reduce turbidity in the raw water supply for Vulcan, Carmangay and three water co-
operatives and reduce water treatment costs;

e improve domestic and stock water supply for users along Mosquito Creek, the Little
Bow River and around Clear Lake;

e secure water supplies for 4,660 ha (11,500 acres) of existing irrigated farming and for
8,090 ha (20,000 acres) of additional irrigation; and,

e restore and stabilize levels in Clear Lake and nearby wetlands for recreation, fish and
wildlife habitat.

The proposed project and diversion plan, according to APWSS, reflects the principles
established by the Alberta Water Resources Commission for water management in the South
Saskatchewan River Basin in 1986. In particular APWSS believes it would:

e use water to stabilize and maximize agricultural economies while sustaining natural

resources;

support the multi-purpose use concept;

secure domestic water supplies;

enhance the use of water resources for fish and wildlife habitat and recreation needs;

allow irrigation development which in turn would help stabilize the agricultural

community and lead to improved economic and social well-being for residents of the

region;

e use water storage and flow regulation to stabilize variable water supplies; and,

e sustain the integrity of the Highwood River ecosystem by improving instream flows
during critical water supply periods.

The Panel will provide a detailed review of water use in the region in Section 4 of this
report.

In the opinion of APWSS there are already serious problems of water shortages in the
basin during low flow events. At these times the competing demands for the available water cannot be
met fully and deficits occur with respect to certain water uses. Current water resource policies require
that minimum flows be maintained for instream flow needs. The Highwood River provides the habitat
necessary to support a world-class sport fishery in the Bow River. Protection of this habitat requires that
instream flow needs be met during low flow periods. In the hot and dry summer months, maintaining
minimum fishery habitat means that all of the available natural flow should be retained in the Highwood
River. This is also the time when licensed water users require water. Water requirements for domestic
and municipal consumption and irrigated agriculture are met from withdrawals and diversions from the
Highwood River. This results in a conflict between consumptive uses and instream flow needs for fish
and fish habitat for the limited water resources that are available during hot and dry periods. Current
demands for water outstrip the available supply.
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In addition to current demand, the area communities expect to be able to accommodate
further population and agricultural growth and development that will inevitably require more water. The
most intensive water use, irrigation, dramatically increased within the basin during the late 1970s and
early 1980s, and there are further plans to expand irrigated agriculture. The SSRB policy provides for
8,100 ha (20,000 acres) of irrigation expansion within the basin. The Application before the Panel is
intended to address the current water resource management problems within the basins and future
demands for growth and expansion that depend on secure water supply. Capturing and storing the spring
freshet to provide water supply security and expanding the capacity for irrigated agriculture are the
concepts underlying the current Application. APWSS believes that the development of storage at Clear
Lake and in the proposed Little Bow River Reservoir would reduce the demands on the Highwood River.

The need to improve water management in the Highwood River and Little Bow River
basins has been recognized for some time. The concepts embodied within the current Application have
been under active discussion within the community since at least the early 1980s. Many people have been
active in developing water management solutions for the problems identified within the basins. Most of
them have had a long-standing recognition that the water demands within the Highwood River and upper
Little Bow River basin during periods of low flow present serious problems that are separate from the
concept of capturing the spring freshet.

The need for supplemental measures within the Highwood basin was clearly identified in
1991 at the end of the public consultation process regarding the Highwood River IFN. Public
expectations in the basin since that time have been based on the recognition that supplemental measures
were required in the Highwood and Little Bow basins. In 1991, the public specifically identified
expansion of the Squaw Coulee Reservoir as the means of supplementing proposed storage to
accommodate water demand. However, some basin residents considered the development of an expanded
Squaw Coulee Reservoir to be separate and distinct from the storage of water captured during the spring
freshet.

3.2 Alternatives to the Proposed Project

As discussed earlier in Section 2, water management alternatives within the Little Bow
River basin have been extensively examined. Twelve potential water storage sites in the Little Bow River
basin were identified by the Prairie Farm Rehabilitation Administration (PFRA) in 1965. After initial
screening, eight were investigated at a conceptual level and four were recommended for more detailed
investigation. These four are identified in Map 3-1. Numerous combinations of canal sizes, and reservoir
sizes and locations were examined. These were evaluated to determine their technical and economic
feasibility and a preliminary assessment of their environmental and social impacts was conducted. The
combination of storage and diversion facilities described in the Application and referred to as the three-
component project was concluded to be the most effective in providing the water management capacity to
meet the needs of both the Highwood and Little Bow river basins.
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In the planning process conducted since 1980, numerous alternative solutions to the water
supply and demand imbalances in the Little Bow and Highwood river basins were identified and
evaluated. Options were examined from both a demand and supply management perspective.

Regarding demand management, the evidence indicates that the existing irrigation in the
Little Bow River basin uses some of the most efficient water application technologies available. Water
licences restrict the periods when irrigators may withdraw water, and water managers ensure diversions
from the Highwood River are closely matched to irrigation demands. A moratorium on further irrigation
expansion has been in effect since 1983. According to APWSS, little opportunity exists, for addressing
the water management problems of the Highwood and Little Bow basins through further demand
management. Currently irrigation practices in the basin are considered to be both modern and efficient.
On a broader basis, the evidence received by the Panel did not indicate an interest in reducing current
demands for water or limiting growth and expansion due to limited water supplies. On the contrary, the
evidence clearly indicates a preference to maintain existing development and to accommodate future
development through improved water management.

APWSS examined a number of alternatives to improve water management within the
river basins. Their assessment of various ways to increase diversions from the Highwood River indicated
that few benefits could be achieved without additional water storage in the Little Bow River basin. A
proposal to supply irrigators in the Little Bow River basin with a water pipeline from Travers Reservoir
was also examined by APWSS, but was rejected because of prohibitive costs.

The planning process used to consider the development of the Clear Lake component and
Little Bow River Reservoir was lengthy and extensive. The public was thoroughly involved in
considering the need for water management solutions, and a wide range of alternatives to meet identified
needs was considered. Throughout the years a number of government officials have indicated support for
these project components. The process used to consider the instream flow needs of the Highwood River
was also extensive and thorough. When the Highwood River IFN Study was completed in 1991, it was
clearly recognized that there was a need for supplemental water management in the Highwood River
basin to meet various demands on the water available during low flow events. As noted earlier, the
expansion of the existing Squaw Coulee Reservoir was identified as a potential solution to improve the
water supply in the Highwood River. However, public examination of this alternative was much less
thorough than the assessment of alternatives to Clear Lake and the Little Bow River Reservoir.

From the evidence before the Panel, the concept of expanding the existing Squaw Coulee
Reservoir to meet water shortages in the Highwood basin was given only preliminary consideration in the
public discussions that occurred in and after 1991. The diversion plans associated with the concept of
expanding the existing Squaw Coulee Reservoir were not well defined or understood by the public. The
evidence suggests that there was confusion about the role that would be played by the water stored in an
expanded Squaw Coulee Reservoir. Some appeared to believe that the water available from storage in
Squaw Coulee Reservoir would be used to meet existing water licenses in the lower Highwood River and
along the upper Little Bow River. Others had the impression that any stored water would be used to
restore and protect the habitat of fish in the Highwood River.

The Application presented by APWSS proposes using water from the Expanded Squaw
Coulee Reservoir to protect fish habitat in the Highwood River. The Application indicates that, with the
storage available through the expansion of the Squaw Coulee Reservoir, the Highwood River IFN would
be met, but some licensed water users would experience deficits. The evidence available to the Panel
indicates that the range of alternatives considered in addressing existing water shortages in the Highwood
River basin was very narrowly conceived by APWSS. APWSS's approach assumed that it would be in
the public interest to make trade-offs between meeting license commitments, conveyance flows, and IFN
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since their proposed project could not completely satisfy all three demands. They assigned highest
priority to meeting the IFN. Consequently the diversion plan associated with the Expanded Squaw
Coulee project component failed to meet basic conveyance needs and licence commitments. This less
comprehensive approach to identifying alternatives needed for storage for the Highwood River basin to
meet the various demands for water during low flow events has serious implications. The Panel will
discuss the implications of this approach in later sections of this report.

3.3 Ability of the Applicant to Implement the Proposed
Project

The proposed project would be constructed by APWSS and would be operated by
AEP. The Panel notes that APWSS is responsible for many projects in Alberta and was responsible for
the design and construction of the Oldman Dam, a project costing much more than the project under
discussion. The Panel also notes that AEP operates the Oldman Dam and many other major water
management projects. APWSS is currently constructing the Pine Coulee Water Management Project.
Given the experience of the two responsible departments, the Panel believes that the Applicant has the
ability to design and construct the proposed project and that the proposed operator would also have the
ability to carry out the operational aspects of the facilities.

The Panel notes as well that the two departments are involved in the design, construction
and operation of the proposed project and act on behalf of Her Majesty the Queen in right of Alberta. For
the Panel's purposes, it will adopt the view that the Government of Alberta will be the entity responsible
for the design, construction and operation of the proposed project. Where convenient, the Panel will refer
to the specific department involved in various phases of the project. Such references are not intended to
imply that the obligations of the Government of Alberta for the Project are divisible nor does the Panel
adopt the view that the commitments of APWSS are binding only on that specific agency. Rather, as
indicated in the hearing, commitments made by APWSS or AEP were made on behalf of the Government
of Alberta.

3.4 Economic Viability

The Panel considers the economic viability of the proposed project as one element in
determining whether it is in the public interest. The Panel believes that its function in this regard is
completely independent of the actual financing of an approved project. The Panel's duty is not to
determine whether the Government of Alberta should invest public money in a project that receives
approval. The Government of Alberta has the authority to make such a determination. If the Panel finds
a project is in the public interest, it does not commit the Government of Alberta to invest public funds in
the project. Nor does an approval of a Panel necessarily pre-empt any further decision by the
Government of Alberta about a project, including decisions regarding its financing. The NRCB Act
makes it clear that the NRCB approval is one of many approval processes.

If the NRCB does not approve a project, the question of the Government of Alberta

financing all or part of that project will never arise. It is open to the NRCB to deny a project that is not in
the public interest because of the adverse economic or other effects.
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The Panel believes that in considering the potential economic effects of reviewable
projects, it should also consider the return on public investment if the issue is relevant and if the proposed
public investment is significant. The Panel notes that the issue of economic viability - the return on
public money from particular projects, particularly in the context of infrastructure support - has been
raised in previous NRCB hearings. The public is concerned about the use of public funds and public
resources. The Panel believes it is appropriate that such concerns be heard and fully considered in its
reviews of proposed projects.

In its previous decisions, the NRCB has considered the matter of the economic viability
of a proposal. Although the current Application differs from private sector applications that would be
financed from a purely private risk perspective, the Panel believes that it should consider the economic
viability of a publicly funded project. During the hearing, the Panel heard that one criterion to be used in
relation to a public investment was whether or not the benefit/cost ratio resulting from an economic
analysis was greater than one; or alternatively, whether the internal rate of return on the investment of
public funds fell between 4 and 10 per cent. There were no disagreements among participants as to the
criteria to be applied to economic decisions associated with a publicly funded project. The Applicant's
benefit/cost analysis yielded a benefit/cost ratio for the proposed project of approximately 0.92 using a
mid-point discount rate. The internal rate of return on this investment is estimated to be 6.2 per cent, net
of inflation.

According to the Applicant, a return of 4 to 10 per cent is generally considered acceptable
for public investments. The Panel believes that there is sufficient evidence for it to consider the matter in
more detail. The Panel recognizes that, regardless of its findings on the economic viability of a particular
publicly funded project, a decision on whether to proceed with the financing of a specific proposal would
have to be weighed by other decision-makers. Others would consider the relationship and priority of the
particular project within broader public investment objectives. The Panel further recognizes that there are
many non-quantifiable, qualitative and non-economic variables associated with determining whether an
application is generally in the public interest. These other variables will be weighed in the Panel’s
decision.

3.5 Panel Views on Project Need and Justification

The Panel has considered the Applicant's reasons for proposing this project as well as the
views of the participants. The Panel accepts that some form of water management action is required for
the Highwood and Little Bow River basins. There is a need to improve the potential for meeting instream
flow needs in the Highwood River, particularly downstream of the proposed diversion works that lead to
the upper Little Bow River, from the perspective of both water quantity and quality. The Panel also
accepts that there is a need to provide increased security of supply for existing municipal, domestic,
livestock and irrigation water users. The Panel also recognizes that the existing moratorium on new rights
in the basin has curtailed irrigation expansion in the basin, and many potential irrigators in the basin have
filed water rights applications.

The Panel has considered the reasonable alternatives to the proposed project. It is
satisfied that the water management options within the Little Bow basin and at Clear Lake have been
appropriately examined through a public planning process that included consideration of both structural
and non-structural alternatives to meet the needs of basin residents. The Panel particularly notes, even
though some basin residents would be adversely affected, that basin residents preferred the proposed
three-component project over other water management options that have been considered. The Panel
notes that alternative locations for the proposed three-component project and a variety of within-project
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options have also been examined through a public process. The Panel is satisfied that the relevant options
have been considered.

Alternatives to the development of the Squaw Coulee component of the project have been
considered in a less thorough manner. The implications of this are discussed in detail in Section 4. The
Panel is not satisfied that the Squaw Coulee component has received adequate attention by the Applicant.
The Panel also has some serious reservations about the proposed operating plan for the Highwood
Diversion Plan. The proposed plans, the alternatives to the plan and the process followed to develop the
Highwood Diversion Plan are also discussed in more detail in the next section.

The Panel acknowledges that the matter of the economic viability of the proposed three-component
project is not a major issue among participants. In fact, a number of interveners felt that the Applicant
understated the economic impact of the proposed project. The Panel has noted that the economic viability
of the proposed three-component project is one of a number of factors for which the Panel believes it
should have regard. It also believes that quantifiable economic analysis must be considered along with
non-quantifiable, qualitative and non-economic variables. The Panel has noted that the decision to
proceed with the financing of a proposed project that might receive an approval from the NRCB, is a
separate and independent decision that would be made by the Government of Alberta.

The Panel does not believe that the ability of the Government of Alberta to design,

construct, and operate the proposed project is an issue for the participants. The Panel is satisfied that the
Applicant has the ability to implement the project.
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4. WATER MANAGEMENT IN THE HIGHWOOD
AND LITTLE BOW BASINS

In considering water management the Panel believes that it must have regard for the
entire Highwood and Little Bow basins and the sustainability of the water resources of those basins,
taking into consideration existing and future use of those and related resources. The concept of
sustainable development has been described as:

"Development that meets the needs of the present without compromising the
ability of future generations to meet their own needs" (World Commission on
Environment and Development - Brundtland Commission, 1987); and

"The principle of sustainable development, which ensures that the use of
resources and the environment today does not impair prospects for their use by
future generations" (AEPEA, s 2(a)).

In applying a sustainable development framework to the project, the Panel must
determine whether a proposed project is in the public interest, having regard for the social, economic, and
environmental effects. Ideally, in sustainable resource development projects, social, economic and
environmental effects complement each other rather than conflict.

In considering the proposed project the Panel is adopting a sustainable development
frame of reference that is based on a few basic principles strongly supported by the residents of the
basins.

First, water management projects must respect existing riparian rights and water licences,
and should not result in the loss or injury to existing water rights;

Second, water management projects must be able to meet basic environmental criteria to
avoid significant adverse effects;

Third, water management projects must be able to meet current and future needs for
water for domestic, riparian, and municipal needs, and other consumptive uses.

These environmental, social, and economic considerations are basic to the determination
of the public interest. A project must be able to meet these three criteria to be worthy of detailed
consideration by the Panel with respect to project effects.

Communities in the basins place a very high priority on meeting current and future
consumptive needs for water, with special priority on meeting the need for a reliable and high quality
supply of potable drinking water. Similarly, basin residents place a very high priority on the social and
economic importance of respecting and maintaining water rights. In using IFN as an environmental
criterion, the Panel recognises that this is only one variable or indicator of riverine ecosystem integrity.
Fish and people both require clean water, and water suitable for cold-water fish is also suitable as a source
of water for domestic, municipal, and other uses. IFN is used as a key indicator because it assumes that
other indicators of environmental quality are intrinsically met within the scope of meeting IFN, and
because it reflects the value placed by basin residents and government policy on having a viable fish
population.
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This section of the report focuses on sustainable water management in the Highwood and
Little Bow basins. The sustainability of the water resources of the basins is considered through a
discussion of: (1) the concept of instream flow needs and its application to the riverine ecology of the
Highwood basin, and (2) the planning and management of water resources for existing and future uses.

The sustainability of the riverine ecological resources of the Highwood basin has been
expressed in the Application using the concept of instream flow needs for the Highwood River, which in
turn are used as a key element in the proposed diversion plan. The Panel believes it would be helpful to
consider both the basis for the proposed diversion plan, and the plan itself, before proceeding to examine
the effects of the proposed project.

4.1 Water Use in the Highwood and Little Bow Basins

The Panel’s assessment of water management in the basins begins by discussing the protection, diversion,
allocation and consumption of water. The focus is primarily on the quantity and quality of water that may
be allocated to consumptive demands, such as irrigation, and the match between supply and demand for
both consumptive and environmental uses. The current water infrastructure and management practices in
the Highwood and Little Bow basins reflect the history of human intervention in the watersheds, and the
resulting over-allocation of water. The Panel will discuss current water use in the Highwood and Little
Bow basins in terms of existing water licence commitments, infrastructure, conveyance flow needs, and
operating guidelines. Existing water quality, quantity, and fisheries conditions in the Highwood and
Little Bow rivers, and Mosquito Creek are also described.

4.1.1 Pre-development Hydrology of the Highwood and Little
Bow Basins

The Highwood River originates in the eastern slopes of the Rocky Mountains and drains
an area of about 4000 square kilometres (km2)(1544 square miles [mi2]) before emptying into the Bow
River. Flows in the Highwood River are typical of east slope rivers and creeks with mountain
headwaters. A large spring freshet caused by snowmelt in the headwater areas dominates the annual
hydrograph. For the Highwood River, flows start to increase in early May (Week 18), peak in mid-June
(Weeks 23 or 24), and then drop back to pre-freshet levels by mid August (Week 32). This flow pattern is
evident in Figure 4.1 which shows estimated natural flows under average, wet and dry conditions.

The natural flow estimates suggest that average peak flows in the Highwood are on the
order of 56.63 cms (2000 cfs) during the spring freshet. Natural flows then drop to less than 14.16 cms
(500 cfs) in mid-August and less than 4.25 cms (150 cfs) by mid-September. The Highwood River basin
discharges an average of about 619,000 dam3 (500,000 ac-ft) of water into the Bow River each year.
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Figure 4.1: Natural Flows on the Highwood River (Reach 32)

The historical records show considerable variation in river flows from year to year,
depending on the winter snow pack and precipitation. Figure 4.1 shows that natural peak flows would
normally (4 out of 10 years) be in the range of 42.48 to 70.79 cms (1500 to 2500 cfs). For 3 of 10 years,
peak flows could be above 70.79 cms (2500 cfs), and could even exceed 99.11 cms (3500 cfs). During
dry years, peak flows of less than 42.48 cms (1500 cfs) could also occur (3 years of 10), and under
extreme conditions peak flows could only reach 14.16 cms (500 cfs).

The Little Bow River drainage occupies 5930 km* (2290 mi®), an area about 50 per cent
larger than the Highwood River basin. Despite draining a larger area, the Little Bow River captures
substantially less water than the Highwood. Only a small portion of the Little Bow River basin is located
in the foothills. The balance is situated in the prairies and receives less annual precipitation. As a result,
flows from the Little Bow River and its major tributary, Mosquito Creek, are equivalent to less than 10
per cent of the flow of the Highwood River. The Little Bow River basin discharges an average of only
39,900 dam’ (32,350 ac-ft) of water into Travers Reservoir each year, and water from there eventually
reaches the Oldman River.

The Little Bow and Highwood river drainage basins appear to overlap. The beginning of
the Little Bow River is less than a kilometre from the Highwood River. During larger flood events on the
Highwood River, some water spills over into the Little Bow basin in the vicinity of the Town of High
River. Some of the evidence also suggests that flows between the two river basins may have occurred
quite regularly prior to the period of record.

4.1.2 Development History

The Panel was made aware of the Aboriginal traditional use of the rivers and the valleys,
including traditional names of the rivers and places. One translation of the aboriginal name for the Little
Bow River by George Dawson, obtained from an elder in 1981, was Naked River. The junction of
Mosquito Creek with the Little Bow River has been referred to as the Foul Water Creek, or the White
Willow Place. Elders spoke of traditional uses in the region, with specific reference to the Squaw Coulee
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and the Old Woman’s Buffalo Jump', and the confluence of the Little Bow River and Mosquito Creek.
Archaeological studies in the vicinity of the proposed project further confirmed traditional uses by
aboriginal cultures over time.

European settlement of the Highwood and Little Bow river basins began in the 1880s.
Attempts to manage water through human intervention have been a consistent theme since then, and
continue to be a focal point of community action today. The current Application and the recent floods at
High River in 1995 are examples of this ongoing focus of attention. The recurring themes of floods and
droughts have been a constant reminder of the basic hydrological and climatic characteristics of the
basins.

Flooding is a regular occurrence in the Highwood basin. Major floods occurred in 1894,
1899, 1902, 1908, 1912, 1923, 1929, 1932, 1942 and 1995. Early floods prompted the construction of
several dikes. In 1908 the Lineham Spillway and Bypass was constructed to divert a portion of the flood
flows from the main Highwood Channel around High River. The Hoeh dike was constructed in 1917 to
prevent water from entering Baker Creek channel and flooding the town. Much of the dike was destroyed
in the 1923 flood and rebuilt in 1924. Subsequent floods caused further damage to the Hoeh dike and to
other dikes developed for flood control, necessitating further repairs and reconstruction. Historical
records show continuous attempts to control flooding of the Highwood River since then. Other flood
protection dikes have been built along the south side of the river in the town (1947) and along a portion of
the Little Bow Canal to protect the north-east part of town (1977). Some new flood control structures are
currently being planned.

Droughts have also been a common occurrence in the basins. The early 1890s were very
dry and this prompted settlers to experiment with various forms of irrigation. Most of these attempts
were small and fell into disrepair when the dry periods ended. However, a major initiative was
undertaken in 1898 to develop a canal to divert water from the Highwood River to the Little Bow River
for stock watering and domestic purposes. This project was initiated by the then Government of the
North-West Territories and called for the construction of a canal with a 1.42 cms (50 cfs) capacity starting
at a location near the Town of High River. Although eventually completed and licenced in 1905, flood
damage to the diversion structure in 1908 and 1912 prevented diversions of water into the Little Bow.
Repairs were short-lived due to further flood damage in 1916.

As previously indicated in Section 2, the Little Bow Irrigation District (LBID) applied for
a licence to construct a separate structure on the Highwood River in 1922 to divert enough water for
1,335 ha (3,300 acres) of irrigation in the Little Bow River basin. This was deemed to be 1.42 cms (50
cfs). The licence was issued and the LBID agreed to divert an additional 1.42 cms (50 cfs) that the Crown
was entitled to under its 1905 licence. When the LBID was later dissolved because of financial
difficulties, the Crown took on the responsibility for operating the structure. The resulting diversions of
water from the Highwood River provided a flow of up to 2.83 cms (100 cfs) of water into the Little Bow
basin. This provided farmers and settlers in the region with a means to withstand the droughts that
occurred in 1929, 1935 to 1937, 1959 to 1961, 1976 to 1977 and 1980 to 1988. In its original form, the
Little Bow Canal was operated to divert about 9,990 dam” (8,100 ac-ft) of water from the Highwood
River. With the expansion of the canal capacity and irrigation demand, these diversions increased to
about 23,440 dam’ (19,000 ac-ft) per year. At the present time about 37,000 to 43,170 dam’ (30,000 to
35,000 ac-ft) of water are being diverted from the Highwood River into the Little Bow River basin.

1 The place names “Squaw Coulee” and “Old Woman” are offensive to aboriginal people but, because of their wide
use in the Application and throughout the hearing, these place names have been used in the report. The Panel
supports an application to rename these places.
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The provincial government developed a second diversion project on the Highwood River
in 1933. A canal with a capacity of 0.71 cms (25 cfs) was constructed at Squaw Coulee to provide water
for domestic use in Nanton and the surrounding area. A small storage dam at Squaw Coulee was
constructed by the Prairie Farm Rehabilitation Administration (PFRA) in 1949. These works were taken
over by the provincial government in 1977. The capacity of the diversion works has since been upgraded
to allow diversion of up to 1.7 cms (60 cfs).

The completion of the Little Bow and Squaw Coulee diversion works made it possible to
divert up to 4.53 cms (160 cfs) of Highwood River water into the Little Bow River basin. The increased
water availability gave farmers the opportunity to invest in irrigation equipment and reduce the risks
associated with drought. Although the number of acres of irrigation in the Little Bow basin was small
prior to the mid-1970s, dry conditions in 1976 and 1977 prompted many farmers to demand water for
irrigation. Many new water licences were issued during this period. However, the provincial government
imposed a moratorium on new irrigation licences in the fall of 1977 due to very low flows in the
Highwood River. Some licences for other purposes, such as municipal and domestic use, continued to be
issued.

The moratorium was lifted in the summer of 1981 after studies showed additional
irrigation development could take place, if diversions were limited to the period from April 15 to July 21.
Some licences were issued to farmers whose applications for water rights had been held in abeyance by
the moratorium, while many other farmers also applied for water rights. The demand for irrigation in the
Little Bow River basin rose rapidly particularly after another period of low water conditions in the
Highwood River in the summer of 1983. The moratorium on irrigation water licences was reinstated in
November of that year.
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Figure 4.2 Historical Trends in Demand For Irrigation in the Little Bow River basin

The moratorium on irrigation licences in the Little Bow River basin remains in place
today. However, many farmers have continued to submit applications for water rights. There are now 71
applications for irrigation water licences on about 6,010 ha (14,850 acres) in the Little Bow River basin
above Travers Reservoir. This is roughly equal to the number of acres currently irrigated in the Little
Bow River basin above Travers Reservoir (See Figure 4.2).

Water demands in the Highwood River basin have also increased steadily since the early

1970s. The total water demand in the Highwood basin is relatively small compared to the Little Bow. A
substantial portion of the demand is for purposes other than irrigation. Two larger licences for industrial
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water demand by the oil industry were issued in 1958 and 1974. Licences have also been issued for
agricultural purposes (feedlots), municipal purposes (High River) and domestic uses. There was a
considerable expansion of irrigation licences after the drought in 1977, much of it downstream of High
River. A moratorium on irrigation expansion was imposed in 1985 due to low flows in the Highwood
River during the mid-1980s. The moratorium did not apply to domestic, agricultural, municipal or
“other” purposes and some such licences were issued, including one that allowed the diversion of up to
2,467 dam® (2,000 ac-ft) per year into Frank Lake. In 1990 the moratorium was also applied to “other”
purposes and it remains in place today. As shown in Figure 4.3, there have been some applications for
irrigation in the Highwood basin since the moratorium was imposed in 1985, but the water demands are
still relatively small compared to other licence commitments.
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Figure 4.3 Historical Trends in Water Demand in the Highwood River basin

Since the early 1920s, Clear Lake has been considered as a potential storage site to
support recreation, wildlife, and irrigated agriculture; it also had been identified as part of a potential
drainage project. The majority of plans proposed for the lake involved the diversion of water from the
Highwood River to Mosquito Creek to Clear Lake. In 1945 Ducks Unlimited proposed to construct a
dam on Mosquito Creek to divert water to stabilize levels in Clear Lake. In 1956 the provincial Water
Resources Branch investigated the potential for draining Clear Lake and surrounding low lands. In 1963
the Stavely Fish and Game Association urged the province to divert water to the lake to ensure sport fish
populations would not be put at risk from dropping water levels. Clear Lake supported a popular northern
pike/perch sport fishery as recently as the late 1970s. Fish kills were recorded in the winter of 1979-80
when the maximum depth had declined from 5 m to 3 m (16 ft to 10 ft). A summer kill occurred in 1981
when evaporation lowered the maximum depth to 2 m (7 ft). By the fall of 1985, the lake was dry and has
basically remained so since then.

Low flows in the Highwood River during the late 1970s and the 1980s resulted in stresses
on instream uses of the river, most notably fisheries, water quality, aesthetics and recreation. Similarly,
municipal, domestic and irrigation users along the Little Bow River were placed at risk during this period
due to limited water availability.

The Government of Alberta has played a central role in the development and
management of the water resources in the two basins. Alberta Environmental Protection (AEP) is the
government department responsible for licensing water diversions. AEP also holds the major water
licences in the basin, and controls the diversions from the Highwood to the Little Bow through the
diversion works into Squaw Coulee and at the Town of High River. Demand for water has increased

4-6




dramatically over the past two decades, primarily as a result of water licences being issued by AEP for the
expansion of irrigation. Water availability during drought conditions has limited irrigation growth and
placed a cap on development in the Little Bow basin. The Highwood and Little Bow basins are among
the few basins in Alberta where a water licence moratorium has been in effect over a long period of time.

4.1.3 Consumptive Demands

A total of 183 licences for water use have been issued in the Highwood and Little Bow
basins for domestic, municipal, agricultural, industrial, irrigation, and other purposes. The largest single
licences authorize AEP to divert up to 4.53 cms (160 cfs) from the Highwood River into the Little Bow
basin. Within the Highwood basin, licences authorizing withdrawals of up to 6.42 cms (226.68 cfs) have
been issued, including the 4.53 cms (160 cfs) licensed to AEP. Within the Little Bow River licenced
authorizations total 6.43 cms (227.24 cfs), of which 6.12 cms (216.09 cfs) are for irrigation purposes.

41.3.1 Highwood River Basin

The EIA indicated that 62 surface water licences have been issued in the Highwood River
basin. However, 22 of these licences are for water use in the Sheep River sub-basin, and these would not
be affected by the proposed project and diversion plan. As shown in Table 4.1, the remaining 40 licences
allow diversion of water from the mainstem of the Highwood River and have been issued for a variety of
purposes.

Water use by the Town of High River is not included in this summary. The Town has a
licence for an annual withdrawal of up to 2,220 dam’ (1,800 ac-ft) of water from wells, with a maximum
diversion rate of 0.18 cms (6.39 cfs). Although this licence has been issued for groundwater, the wells are
located adjacent to the Highwood River and the resulting water withdrawals have been considered as
surface water within the water balance modelling conducted for the EIA.

TABLE 4.1
HIGHWOOD RIVER BASIN
SUMMARY OF SURFACE WATER RIGHTS

Purpose Number Annual Irrigable Maximum
Allocation Acres Diversion
(ac. ft.) Rate (cfs)
AEP Diversions 3 - - 160.00
Irrigation 29 2,906 3,373 55.17
Other — Ducks Unlimited 1 2,000 - 7.00"
Industrial 2 1,340 - 4.20
Agricultural 2 434 - 0.08
Municipal 1 61 - 0.21
Domestic 2 2 - 0.02
TOTAL 40 6,743 3,373 226.68

* This is the maximum rate allowed in the licence for weeks 23 to 26.
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The three licences held by AEP for diversion into the Little Bow River basin represent
the most significant water use within the Highwood basin. As noted earlier, these licences authorize
withdrawals of up to 2.83 cms (100 cfs) into the Little Bow Canal and up to 1.70 cms (60 cfs) into Squaw
Coulee.

Irrigation is the second largest licensed water use in the Highwood basin. Licence
information shows that about 40 per cent of irrigation occurs upstream from the Little Bow diversion
canal. On average, irrigation licences in the Highwood basin were issued for about 267 millimetres (mm)
(10.5 in) of water per acre. This is considerably less than for irrigation licences in the Little Bow basin
because of greater natural precipitation in the Highwood basin.

The third largest licensed water use in the Highwood basin is for "other purposes". This
licence has a priority date of 1988 and was issued to Ducks Unlimited to divert up to 2,467 dam’ (2,000
ac-ft) to stabilize water levels in Frank Lake for wildlife propagation. The Town of High River and the
nearby Cargill Ltd. beef processing plant project are now discharging treated municipal and industrial
effluent into Frank Lake. Between 1991 to 1993, Highwood River water constituted 35 to 40 per cent of
the diversions to Frank Lake; annual quantities diverted ranged between 1,000 and 1,075 (810 and 873 ac-
ft). Diversions of Highwood water into Frank Lake ceased in mid 1993.

Within the Highwood basin there has been a substantial allocation of water for industrial
purposes. The two industrial licences have priority dates of 1958 and 1974. The amounts of surface
water allocated to other purposes like agricultural, municipal and stock watering were for relatively small
amounts of water (7 per cent of the total). If the water requirements of High River are included,
municipal water use in the basin becomes much more significant, with a total allocation of more than
2,220 dam’ (1,800 ac-ft). Based on recent trends in population growth for the region, water consumption
by the Town of High River is expected to increase in the near future. A population projection adopted in
the EIA suggests that by the year 2011, the population of High River will have nearly doubled over 1990
levels. Municipal water demands have been assumed to increase by 91 per cent to accommodate this
growth.

Future water demands for other uses are difficult to determine. Water use forecasts for
the Highwood basin include some small increases in industrial and agricultural demand. As noted
previously, there is considerable demand for additional irrigation in the basin, but there is currently a
moratorium on issuing new licences for irrigation and “other” purposes. These future demands can only
be supplied if additional water can be diverted from the Highwood River.

4.1.3.2 Little Bow River Basin

Irrigation is clearly the most significant type of water use within the Little Bow River
basin. The EIA shows that water licences have been issued for 146 projects in the Little Bow River basin
with a total allocation of 26,056 dam® (21,124 ac-ft) of water. This includes 127 irrigation licences for
24,020 dam’ (19,475 ac-ft) of water on 6,194 ha (15,305 acres) of land. Most of the other licences are for
municipal purposes, although a few licences have been issued for agricultural, domestic and industrial
purposes. Some of these licences are for diversion works downstream of Travers Reservoir so not all of
the 146 licences would be affected by the proposed project or operating plan. (See Table 4.2). A review
of more recent water licence information suggests that 143 water licences are for diversion points
upstream from Travers Reservoir.
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TABLE 4.2
LITTLE BOW RIVER BASIN
TOTAL OF MAINSTEM DIVERSIONS UPSTREAM FROM TRAVERS RESERVOIR

Purpose Number Annual Irrigable Maximum
Allocation Acres Diversion
(ac. ft.) Rate (cfs)
Irrigation 133 18,406 14,395 216.09
- Mosquito Creek 30 2,299 2,055 35.76
- Little Bow 103 16,107 12,340 180.33
Municipal 9 1,103 - 8.48
Industrial 1 140 - 4.20
TOTAL 143 19,649 14,395 227.24

The licence data shows that the vast majority of water use in the Little Bow River basin
upstream from Travers Reservoir is for irrigation purposes. Farmers in this area use sprinkler irrigation,
either centre pivot or wheel move, and are licensed to apply a maximum of about 389 mm (15.3 in) per
acre. As noted earlier, irrigation expansion was allowed in the late 1970s and early 1980s subject to the
seasonal availability of water. As a result, 44 licences for irrigation on 2,601 ha (6,427 acres) of land
have a cut-off date of July 31* and another 13 licences for irrigation on 377 ha (1,673 acres) have a cut-
off date of July 25™. In the last decade, irrigators were cut off in July or early August in 1984, 1985,
1988, 1989, and 1994. In 1990 water was unavailable for fall irrigation. However, extensions have been
granted to licensees with July cut-off dates when sufficient water was available from the Highwood River.

Irrigation water use in the Little Bow basin is currently constrained by the imposition of a
moratorium on irrigation licences in 1983. Although people continue to apply for irrigation licences,
these applications are being held in abeyance pending the decision of whether proposed storage on the
Little Bow River will be developed.

Municipal water licences have been issued to a variety of large and small communities in
the basin. These range from the towns of Nanton and Vulcan to small water co-operatives and Hutterite
Colonies. Existing licences are predicted to be adequate to accommodate expected growth in each of
these communities for the near future. However, the Town of Vulcan has submitted an application for
another 259 dam® (210 ac-ft) of water.

Another water demand in the Little Bow River basin is termed “conveyance flow”.
Technically this is defined as the amount of water that must be diverted from the Highwood River to
maintain the capacity to withdraw water from the Little Bow River and Mosquito Creek during water-
short periods. Conveyance flow is required to ensure that consumptive users can physically withdraw
water (i.e. pump intakes are covered) and to provide for contingencies (i.e. emergencies, unauthorized
withdrawals, miscommunication in the timing of supply and demand). Estimates of conveyance flow
requirements during the spring, summer and fall ranged from 0.14 to 0.43 cms (5 to 15 cfs) for both the
Little Bow River and Mosquito Creek. Conveyance flows are not licensed demands but are provided
through the Crown’s licences to divert water from the Highwood River. During the hearings several
interveners referred to flows in the upper Little Bow River and in Mosquito Creek at rates between 1.13
and 0.85 cms (40 and 30 cfs) respectively as being conveyance flows. Such flows are not really
conveyance flows in the technical sense of the term and the Panel believes they were reflective of the
desired instream flows sought by various water users during low flow events. Stream flow rates between
1.13 and 0.85 cms (40 and 30 cfs) reflect what the Panel would call an instream flow objective or IFO for
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the upper Little Bow River and Mosquito Creek during low flow events. These flows would protect the
riverine ecology and provide conveyance flows.

4.1.4 Diversion Operating Guidelines

Water is vital to the communities within the basins. During low flow events, the stability
of water supply becomes a critical issue to all the individuals and families that depend on the Little Bow
River for their drinking water. Diversions from the Highwood River play a key role in the supply of
water to the Little Bow basin, and have a major influence on the condition of the Highwood River since
diversion during periods of low flows can constitute a major fraction of the available supply.

The policies governing the operation of the diversion works controlled by AEP have been
a focal point for communities that depend upon the water in or from the Highwood River. New
information has emerged about the environmental requirements of the Highwood River, and public
attitudes about sustainable resource management have been changing. At the same time there has been
increasing pressure to accommodate expansion of irrigated agriculture. The following discussion outlines
the development and evolution of the policies governing the operation of the diversion works.

The diversion works from the Highwood River are some of the most intensively managed
diversion facilities in Alberta. The operating guidelines for the diversions have evolved and changed over
the years as circumstances and knowledge changed. However, one compelling fact remains regardless of
the changes that have occurred in the guidelines. Water is in short supply during hot and dry summer
months in some years, and the demands on available supply outstrip the water that is available. Attempts
to manage the scarce resource among competing demands have not and cannot meet all demands. At
times there just is not enough water.

It is important to keep in mind that the licences governing the diversion of water from the
Highwood River to the Little Bow basin place an upper limit on the amount of water that can be diverted
from the Highwood River. AEP, as the operator of the diversion works, has adopted policies to restrict
diversion to amounts less than those legally authorized to protect the Highwood River during low flows,
or to ensure a minimum diversion for consumptive purposes in the Little Bow basin. These policies are
called the Diversion Operating Guidelines.

The Development and Operations Division of AEP operates the Little Bow and Squaw
Coulee diversions. Operational procedures have evolved over a long period of time. From 1974 to 1978,
the Little Bow Canal was generally operated to carry 0.57 to 0.85 cms (20 to 30 cfs) between May and
September. Over the winter (October through April), a flow of 0.28 cms (10 cfs) was maintained. Prior
to 1978 the Squaw Coulee Canal was operated at a maximum rate of 0.57 cms (20 cfs) between May and
September and was closed in winter.

In 1979, the rate of diversion to the Little Bow Canal was increased to a maximum of
2.83 cms (100 cfs) or 10 per cent of the Highwood flow, whichever was less. The diversions were
increased to meet expanded irrigation requirements. Winter operation remained at 0.28 cms (10 cfs). The
Squaw Coulee diversion guideline was also increased in 1979 to a maximum of 1.7 cms (60 cfs) or 10 per
cent of the river flow, whichever was less. No diversions down Squaw Coulee were to occur when the
Highwood River flow was below 2.83 cms (100 cfs).
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In 1982, the operating guideline for the Little Bow Canal was modified to include a
provision for allowing diversion of 2.83 cms (100 cfs), or 30 per cent of the recorded Highwood River
flow at the diversion works, whichever was less, between May and September. Winter diversions
remained at 0.28cms (10 cfs).

In July, 1984, low flows in the Highwood made it physically impossible to divert 2.83
cms (100 cfs) or 30 per cent of the flow down the Little Bow Canal, so a temporary gravel groyne was
constructed in the river to raise the water level at the diversion intake. Similar groynes had been
constructed in 1964, 1965, 1966 and 1977. In fall of 1984, the winter diversion was changed from 0.28
cms (10 cfs) to 0.57 cms (20 cfs) to ensure the Little Bow River would continue to flow year round (i.e.
would not freeze up). The winter guideline has remained at 0.57 cms (20 cfs) since then. The Squaw
Coulee Canal remains in operation only between May and October.

In May, 1985 a new guideline was approved by Alberta Environment. It stated:

"In general, the Squaw Coulee diversion and the Little Bow Canal diversions will
be operated at full capacity during the irrigation season with the following
restrictions:

1. The flow in the Highwood River below the Little Bow Canal diversion
shall not be allowed to become less than 70 cfs (1.98 m?/s) as a result
of diversions from the river.

2. The maximum combined rate of diversion through the Squaw Coulee and
Little Bow diversions shall not exceed sixty (60) percent of the natural flow
in the Highwood River at High River."

In June of 1986 the 1985 guideline was modified for the period from July 1 to August 10
period to reduce the risk of fish kills in the Highwood River during the hottest part of the summer. The
1986 guideline is described in Table 4.3 and states:

"Operation of the Squaw Coulee and the Little Bow Canal diversion can proceed
as in 1985 with the following exception:

If the flow in the Highwood River at High River falls below 360 cfs (10.19 m3/s)
during the period July 1 to August 10, diverted flow will be reduced when either
or both of the following conditions apply:

a) air temperature reaches 30°C
b) water temperature downstream of High River reaches 22.5°C"

Under these conditions the guidelines allowed diversions of 4.53 cms (160 cfs) when
natural flows in the Highwood were 10.19 cms (360 cfs) or greater. The amount of water being diverted
would proportionately decrease to 1.98 cms (70 cfs) when Highwood River flows reached 3.96 cms (140
cfs).
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TABLE 4.3
DIVERSION SCHEDULE FOR 1986 GUIDELINES WHEN
TEMPERATURE CRITERIA ARE REACHED*

Natural Flow Range Minimum Instream Maximum Diversion
cms cfs cms cfs cms cfs
10.19 360 Natural minus Natural minus 4.53 160

4.53 160
7.93 to 10.19 280 to 5.66 200 Natural Natural minus
360 minus 5.66 200
4.53t0 7.93 160 to Natural minus | Natural minus 2.26 80
280 2.26 80
3.96 to 4.53 140 to 50% of 50% of 50% of 50% of
160 Natural Natural Natural Natural
1.98 to 3.96 70 to 140 1.98 70 Natural Natural minus
minus 1.98 70
1.98 70 Natural Natural 0 0

* At High River, air temperature of 30°C or Highwood River water temperature of 22.5°C
Source: AEP 1993. Highwood River Diversion Plan

TABLE 4.4
STANDARD OPERATING PROCEDURES FOR LITTLE BOW AND SQUAW COULEE
DIVERSIONS UNDER 1989 OPERATING GUIDELINES (Irrigation Season)

Natural Flow Upper Limit Minimum Flow
at High River Diverted Flow Below High River
cms cfs cms cfs cms cfs
7.64 270 4.53 160 3.11 110
7.36 260 4.39 155 2.97 105
7.08 250 4.25 150 2.83 100
6.79 240 3.96 140 2.83 100
6.51 230 3.82 135 2.69 95
6.23 220 3.68 130 2.55 90
5.95 210 3.54 125 2.41 85
5.66 200 3.40 120 2.26 80
5.38 190 3.11 110 2.26 80
5.10 180 2.97 105 2.12 75
4.81 170 2.83 100 1.98 70
4.53 160 2.55 90 1.98 70
4.25 150 2.26 80 1.98 70
3.96 140 1.98 70 1.98 70
3.68 130 1.70 60 1.98 70
3.40 120 1.42 50 1.98 70
3.11 110 1.13 40 1.98 70
2.83 100 0.85 30 1.98 70
2.55 90 0.57 20 1.98 70

When natural flow is greater than 7.64 cms (270 cfs), the upper limit for diverted flow is the total canal capacity of 4.53 cms (160
cfs). When natural flow is between 1.13 and 2.66 cms (40 and 90 cfs), the diverted flow will remain at 0.57 cms (20 cfs). When
natural flow is less than 1.13 cms (40 cfs), the diverted flow will be limited to 50 per cent of the natural flow. This table shows
the upper limit of diverted flow. The actual diverted flow may be less depending on demand for water in the Little Bow basin.
Source APWSS EIA
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Current operations reflect the 1989 operating guidelines which are shown in Table 4.4. The specific
procedures for dealing with extreme low flows are now as follows:

“When low flow conditions exist in the Highwood River (i.e. the flow remaining
in the Highwood River, downstream of the Little Bow Canal, is 150 cfs (2.26
m?/s) or less) every attempt will be made to keep the flow in the Highwood
River, downstream from the Little Bow Canal diversion, from falling below 150
cfs (2.26 m?/s) by ensuring that no more water than is absolutely necessary to
meet domestic and licensed municipal, irrigation and industrial uses is diverted
from the Highwood River. In order to assist in achieving this objective, the
following will be undertaken:

1. Irrigation licence extensions will be suspended.

2. User demands, and water quality and flows at Carmangay, will be closely
monitored with the aim of targeting flows into Travers Reservoir at 20 cfs
(0.57 m3/s).

3. To achieve objective #2, diversions at Squaw Coulee and Little Bow
diversions will be reduced.

When the Highwood River is approaching stress (i.e. water temperature
is between 22.5°C and 24°C or dissolved oxygen is between 5 mg/L and 5.5
mg/L), real time monitoring and flow regulation will be implemented to prevent
oxygen or temperature stress to the fish population in the Highwood River as a
result of diversions. Irrigation diversions are temporarily suspended when water
temperature reaches 24°C.”

AEP stated during the hearing that they have changed this procedure,
relying instead on computer model predictions of afternoon temperatures.

Flow conditions in 1994 exemplify the difficulties in managing water in the Highwood
and Little Bow basins and the impacts of low flows on instream needs and water users. Low flows and
high air temperatures resulted in Highwood water temperatures exceeding 24°C for 16 days in the July 20
to August 14 period; flows ranged between 5.66 and 8.50 cms (200 and 300 cfs). Although the dissolved
oxygen concentration did not drop below 6 mg/L, small numbers of dead mountain whitefish were
observed. Irrigation diversions from the Little Bow canal ceased on July 21, affecting 59 irrigation
projects during the hottest time of the year, and flows in the Little Bow Canal were limited to 0.57cms (20
cfs). No water was diverted from the Highwood River into Squaw Coulee Reservoir although 0.71 cms
(25 cfs) was released from the reservoir into Squaw Coulee and Mosquito Creek. Reservoir storage was
depleted by the end of July. Little Bow irrigators were very concerned because their livelihoods were
directly affected. Available water was distributed among irrigators according to licence priorities,
although some general voluntary sharing of water occurred as a result of water mastering. The Village of
Carmangay expressed concerns with the reduced diversion. High temperatures and low flows resulted in
significant algae growth in the Little Bow River. By late August complaints were received from Little
Bow domestic water users regarding the quality of water, and Carmangay officials stated the quality was
so bad the water could not be adequately treated. There were attempts to flush the river at the end of
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August by increasing flows to 1.98 cms (70 cfs) through the Little Bow Canal, followed by two days of
higher releases through Squaw Coulee into Mosquito Creek.

During this period of high temperatures and low flows, an aerial survey of the Little Bow
basin was conducted to identify active irrigators. Irrigators were all notified of the need to reduce
diversion to protect Highwood River instream flow needs. Licensees co-operated, reducing irrigation
demands from 1.56 cms (55 cfs) to between 0.08 and 0.28 cms (3 and 10 cfs).

4.1.5 Baseline Conditions

The Panel heard considerable evidence concerning the many aspects of existing water
quality, quantity, and fisheries conditions in the Highwood and Little Bow Rivers, and Mosquito Creek.
The following discussion provides a summary of the current state of the water resources in the basin, and
the effects that current resource management practices have had on the social, economic, and
environmental characteristics that are present in the basins. Understanding the current status of the water
resource will provide the basis for the subsequent discussion of the complex problems faced in managing
water resources in the face of competing demands.

The Highwood River supports one of the best fisheries in the province of Alberta. The
upper Highwood and Sheep river systems provide an estimated 90 per cent of the available spawning and
rearing areas for Bow River rainbow trout. The presence at the hearing of the Fisheries Coalition, a group
of angling outfitters and non-profit associations with environmental interests, attests to the importance of
the fish resources of the Highwood River. The world-class Bow River trout fishery depends on
maintaining a suitable habitat in these river systems. The Highwood River also supports a healthy
resident population of mountain whitefish, which is a favourite species for local anglers. Further sport
species include bull trout, cutthroat trout, and brook trout, which are known to inhabit primarily the upper
reaches of these rivers.

During the summer months, heavy irrigation demands often deplete the flow in the river
to the point where fish habitat conditions below the town of High River deteriorate to an unacceptable
level. The removal of water from a river to the point that habitat is severely reduced constitutes the
destruction of fish habitat.

The following discussion examines in more detail the evidence before the Panel
regarding the current status of water quality and fisheries in the Highwood River, and the implications of
the current practices of water diversions.

41.5.1 Highwood River Water Quality

The Highwood River is a valuable resource, with excellent water quality attributed to its
mountain headwater origins. Such waters originate primarily from snowmelt and precipitation and thus
undergo a natural distillation/condensation process. Although there is no absolute definition of water
quality because each use has unique constraints, Highwood River water is generally suitable for all
consumptive purposes. For human drinking consumption, Highwood River water requires minimal
treatment beyond disinfection and clarification to remove suspended sediments.
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These baseline conditions for the EIA were initially evaluated in 1990 and 1991 and
further updated during the hearings. The Applicant and general public expressed their views at the
hearings that Highwood River water is considered excellent and that the fish populations of the Highwood
River are valued resources. Water analysis confirmed the historically low levels of nutrients such as
ammonia, nitrates, phosphates; low levels of metals; low levels of algae; and low levels of both natural
and manmade organic compounds that would give rise to objectionable colour, taste, and odour.

Turbidity associated with suspended silt and river sediments varies seasonally, peaking during the annual
spring freshet and to a lesser degree during seasonal rainstorm events.

Water quality problems in the late 1980’s attributed to the Town of High River sewage
effluent were eliminated after 1989 when they commenced discharging their partially treated municipal
waste into Frank Lake wetlands for natural attenuation. This meant that wastes with a high biological
oxygen demand and high nutrient loads were no longer being discharged into the Highwood River for
dilution and assimilation. Hearing evidence confirmed EIA observations that fish kills caused by
depleted oxygen levels and/or elevated ammonia levels have not re-occurred in the Highwood River since
municipal wastes were discharged into Frank Lake. Highwood River water currently being diverted into
Squaw Coulee or into the Little Bow River is classified as oligotrophic, meaning it contains low
populations of aquatic organisms and low levels of organic matter due to the low levels of nutrients.
While the use of Frank Lake to treat sewage has improved water quality conditions in the Highwood,
recent overflows from Frank Lake have caused water quality problems in the Little Bow basin. At the
hearing increased drinking water treatment costs for the Town of Vulcan were attributed to these water
quality problems.

The biological productivity of the Highwood River is also determined by dissolved
oxygen levels in the water and this is partly determined by water temperature since temperature governs
oxygen solubility in water. Water temperature determines dissolved oxygen concentrations only if the
waters are free of other oxygen-consuming wastes or organisms, which is presently true for the Highwood
River. The maximum equilibrium amounts of dissolved oxygen in fresh water over the range of ambient
temperatures and atmospheric pressures are naturally small at about 8 to 10 parts per million (ppm). This
range is sufficient to sustain aquatic life, primarily fish and the plants and organisms on which they feed.
Dissolved oxygen levels do not affect the suitability of water for consumptive uses such as drinking water
or irrigation.

There is an inverse freshwater-solubility relationship between temperature and dissolved
oxygen. Maximum concentrations of dissolved oxygen (about 10 ppm) in freshwater occur at 15° C and
normal atmospheric pressure, but this decreases to about 7.5 ppm as water temperatures reach 30°C.
However dissolved oxygen levels can drop below 5 to 6 ppm (levels that stress coldwater fish) if oxygen-
consuming biodegradable compounds (i.e. municipal sewage, industrial effluent, agricultural runoff,
naturally decaying vegetation) or living organisms (aquatic plants, algae) are present. The latter are
stimulated by the presence of sunlight and dissolved nutrients, worsening oxygen depletion during rapid
summertime growth.

Water quality in the Highwood River can be affected by water diversions from the river.
This is because water quality parameters relevant to sustaining aquatic life also include physical variables
in addition to chemical conditions. These physical variables include:
o Sufficient volume and spatial distribution of calm/turbulent regions to meet diverse
physical habitat needs for various species and life-stages.

e A temperature range within upper and lower limits permitting sufficient biochemical
reaction rates for organisms to feed, grow, reproduce, and overwinter.

e Sufficient dissolved oxygen to support respiration by aerobic organisms such as fish.
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Changing water quantities and flow rates does not intrinsically alter the chemical
composition of dissolved constituents in river water but may cause changes in these physical parameters
with subsequent implications for biological activity and aquatic habitat. For example, if diverting water
out of the Highwood River causes the volume of water overlying aquatic plants to decrease, then oxygen
released via daytime photosynthesis will dissolve in a smaller volume of water. This effectively leads to
an increase in dissolved oxygen concentrations, which could be beneficial for fish. Increased oxygen due
to daytime photosynthesis could be offset by a nightly sag in dissolved oxygen when the same plants
consume oxygen. The effects of daytime photosynthesis may also be offset by a simultaneous decrease in
oxygen solubility due to warmer water temperatures that may occur during summer hot spells. The Panel
observes from hearing evidence that attempts to accurately predict the water quality effect of “fine-
tuning” small changes in the volume of diversions were fraught with difficulties, reflecting the complex
interactions between water quantity, quality, and aquatic habitat.

4.15.2 Highwood River Diversions and Water Quality

Currently, water is diverted from the Highwood River into the Little Bow Canal
throughout the year, but the amounts are greatest during the irrigation season, May through September.
This includes the July-August period when water is most needed in the Highwood River to maintain
physical habitat, temperature and dissolved oxygen levels for fish. Outside of July and August elevated
temperatures are not a concern and dissolved oxygen levels are higher due to seasonally cooler water
temperatures and less prolific plant growth. In spring, temperature and dissolved oxygen are least likely
to be affected by reductions in river flows because of substantially higher freshet volumes.

River water temperature depends on many uncontrollable physical influences. These
include ambient air temperatures, exposure (vs. cloud shading) to direct sunlight, water depth, inflow of
cooler groundwater, inflow of warmer or cooler precipitation, degree of wind or flow mixing, duration of
exposure to the heating or cooling sources, rate of heat transfer, and extent and rate of evaporative
cooling. Because of these many variables, attempts to mathematically correlate historic data of daily
maximum water temperature with only one or two variables such as flow rate and/or river depth showed
great scatter in the plotted data. For flow rates below about 11.33 cms (400 cfs), recorded daily
maximum water temperatures ranged up to +4°C above and -4°C below an average daily maximum
temperature. Thus, it is impossible to accurately estimate a daily maximum water temperature, or to
confidently predict the extent to which water temperatures can be cooled by reducing diversions out of
the Highwood River. Too many other factors are involved. However, in terms of water quality, two
general conclusions can be deduced from the evidence (note: aquatic habitat concerns are different).
First, water diversions out of the Highwood River will definitely not benefit the Highwood River.
Second, the probability of harmful temperature effects increases as river flows decrease especially
during very hot days.

Evidence received at the hearings showed the possible effects of incremental changes in
diversion flows on maximum daily water temperatures in the Highwood River. Based on incremental
increases in flows of 1.0 cms (35.3 cfs), changes in water temperature were found to be small, variable,
and within the range of operating error. The models indicated that, at flows of 0.99 to 1.98 cms (35 to 70
cfs), an additional 1.0 cms (35.3 cfs) would decrease temperatures by a maximum of 1.0°C. At slightly
higher flows (1.98 to 2.83 cms or 70 to 100 cfs) an increase of 1.0 cms (35.3 cfs) would decrease river
temperatures to a lesser extent (a maximum of 0.7° C). And, at even greater flows (3.96 to 4.96 cms or
140 to 175 cfs), an additional 1.0 cms (35.3 cfs) would cause a minor impact reduction in temperatures (a
maximum of 0.4°C). Although these results from data regression and mathematical derivatives were
submitted as exhibits in support of the current operating guidelines, evidence assessing the statistical
significance of the relationship between flow and temperature was deficient.
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During the hearing interveners challenged the fundamental validity of the derived
correlation between temperature and flow rate and its application. There was consensus among intervener
consultants and government experts that more field measurements are required, especially during low
flow events where possible effects are most likely to occur, and that these measurements be statistically
significant and scientifically valid.

The Panel recognizes that AEP diversion operators may have situational experience that
was not reflected in the submissions before the Panel, and that a cautionary policy of restricting flow
diversions is intended to provide some measure of protective risk-management in the Highwood River. In
the Panel’s view this has been a necessary compromise because the widespread social, economic, and
environmental consequences of losing or damaging the Highwood River ecosystem are unacceptable.
Therefore, the Panel observes that the uncertainties in operating diversion flows to manage water
temperatures in the Highwood River are part of the baseline conditions.

Historically, acute high water temperatures (above 24°C) and resulting acute low
dissolved oxygen levels (below 5.0 ppm) have been experienced naturally in the Highwood River. These
conditions occur during July and August when low river discharge coincides with very hot summer air
temperatures (26-30° C and above) and prolific aquatic plant growth. The rapid development of such
physical water quality conditions is detrimental to and, in extreme conditions, may be fatal to fish that
cannot escape to more favourable habitat. The Panel’s assessment of the baseline condition is that this
state is a periodic natural summer occurrence, intensified in drought years, that is further intensified by
human withdrawals for consumptive use.

The Panel believes that sustainable development that preserves Highwood River water
quality is possible by implementing IFN protection. Other protective measures include proactively
managing regional growth and land management practices so that new contaminants do not enter the
Highwood River. The cumulative effects of unabated agricultural, municipal and industrial
contamination of the Highwood River would eventually consume dissolved oxygen below acute levels
even at historically “safe” temperatures, negating the environmental benefits of water management in the
Highwood and Little Bow basins. This is of concern given the magnitude of public investment being
made in this project, and the scope of public interests and resources affected by it.

4.1.5.3 Highwood River Diversions and Fish and Fish Habitat

Fish in the Highwood River are exposed to a high degree of water quality-based stress,
even under natural flow conditions. Fisheries management objectives should, therefore, ensure that
criteria are not exceeded more frequently than under natural flow conditions.

To establish the frequency with which temperature and dissolved oxygen criteria may be
violated without causing irreparable harm to fish populations, consideration must be given to the natural
frequency and severity of such events. Events of limited magnitude and duration are not necessarily fatal
and, if they fall within the frequency and severity to which the species is adapted, there may only be an
additional stress to the population. The population may tolerate even occasional severe disturbances, if
these events are rare enough to allow complete recovery of the population in the interim. Therefore a
management objective for the Highwood River could be to ensure that the frequency of exceedence for
both the acute and chronic criteria for temperature and dissolved oxygen must be equal to, or less than,
the frequency of natural occurrences. This would provide adequate protection for the fishery.
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Fish kills in the Highwood River were reported in 1977, 1979, 1983, 1984, 1985 and
1988. Dates of fish kills in 1977 were not recorded; there were reports of minor kills in late July and
greater kills in early August. The kills were attributed to elevated water temperatures and loss of physical
habitat. Flow in 1977 was the second lowest in 70 years. Low flows and high air temperatures have been
associated with most fish kills. Oxygen concentrations of less than 5 mg/L were measured on numerous
occasions in late July and early August of 1984 and 1985 and in late July of 1988. A combination of low,
early morning oxygen levels and elevated afternoon temperatures, in turn related to reduced flows and
over-abundant plant growth in sections of the river, seem to have been the main causes of fish mortality.
A malfunction of the High River Sewage Treatment Plant caused the release of partially-treated sewage,
resulting in low dissolved oxygen levels and fish kills during the period July 27 to August 9, 1984. Since
July 1989 the treated sewage effluent from High River has been pumped to Frank Lake, significantly
reducing the probability of low oxygen levels in the lower Highwood River.

Fish and Wildlife Division conducted a scientific assessment of the 1984 fish
kill. It did not find substantial mortality upstream of High River, or substantial rainbow trout mortality.
Mountain whitefish adult mortality was estimated at 1840, with juvenile mortality estimated to be equal
to or greater than the adult kill. Sixty dead fish were counted in 1988, including suckers, 28 mountain
whitefish and 2 rainbow trout. The extent of fish kills in other years is unknown, though none appear to
have been as large as those observed in 1984.

The Applicant predicted the number of days in July-August for each year that water
temperature and dissolved oxygen would have exceeded acute and chronic criteria. From 1950 to 1987
there was an apparent cyclical trend in the number of days that the chronic temperature and oxygen
criteria for juvenile/adult rainbow trout were exceeded. Both criteria were also exceeded relatively
frequently from 1981 to 1988. High frequencies of exceedences occurred recently in the years that major
fish kills also were reported; these years were 1979, 1983, 1984 and 1985. The other year, 1977, when a
significant fish kill was reported, had an extremely low July-August discharge. It was evident from this
analysis that there have been periods of poor habitat quality for rainbow trout and mountain whitefish
between 1950 and 1988.

The Applicant quantified the effects of historic water management activities on
microhabitat availability in the Highwood River by making comparisons with estimated habitat
availability under natural flow conditions. These effects were estimated using the Physical Habitat
Simulation System group of models in the instream flow incremental methodology (IFIM), i.e. the
scientific IFN. Changes in habitat in range of the 5 to 9.9 per cent were categorized as minor, those
between 10 and 19.9 per cent were considered moderate, while habitat changes in excess of 20.0 per cent
were categorized as major. Habitat changes were either positive (i.e., increases in habitat) or negative
(i.e., reduction in habitat). Habitat changes of less than 5 per cent were considered to be within the
confidence limits of the computer modelling approach, and thus considered very minor or insignificant.
The analysis of habitat used recorded hydrograph data, which were then compared to the estimated
natural flows, for various reaches of the Highwood River and for various fish species and life stages. The
results are shown in Table 4.5. The effects of the historic water management activities during the open-
water season on the Highwood River were estimated by the Applicant to be minor reductions for rainbow
trout in Reaches 2 and 4 and major reductions in Reach 5. For mountain whitefish, habitat reductions
were concluded to be minor to major in Reach 2 and major in Reaches 4 and 5.
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TABLE 4.5
EFFECTS OF HISTORICAL WATER MANAGEMENT ON RAINBOW TROUT AND
MOUNTAIN WHITEFISH HABITAT IN THE HIGHWOOD RIVER: COMPARISON OF
HISTORICAL AND NATURAL FLOWS

. . Reach
Species Life Stage > 4 5
Fry
Juvenile
Rainbow Cold Water Juvenile
Trout Adult
Spawning
Overall
Fry
. Juvenile
Mon_mtz_;un Adult
Whitefish -
Spawning
Overall

Adapted from Exhibit 58: Technical Fisheries Evaluation of the Highwood River
Diversion Plans, Golder Associates Ltd., 1994.

Shaded areas indicate a decline in habitat.

5-9.9% minor
10-19.9% moderate
> 20% major

Reach 2 Squaw Coulee Diversion to the Little Bow Diversion Canal
Reach 4 Downstream from Highway 2 to Sheep River confluence
Reach 5 Sheep River confluence to Bow River

The removal of water from a river to the point that habitat is severely reduced constitutes
the destruction of fish habitat. The Government of Canada has responsibility for the protection of fish
habitat and has established policies in this regard referred to as the Policy for the Management of Fish
Habitat. Legislative authority for this policy is found in the Fisheries Act (Canada). Specifically, Section
35.(1) states the following: "No person shall carry on any work or undertaking that results in the harmful
alteration, disruption, or destruction of fish habitat."

The Applicant has acknowledged that the historic water management activities during the
open-water season on the Highwood River sometimes have had the effect of causing major habitat
changes in excess of 20 per cent. In the opinion of the Panel, water management practices that lead to
such significant adverse environmental effects are inconsistent with the policy intent of the federal Policy
for the Management of Fish Habitat and the principle of sustainable development. Current water
management practices that enable water withdrawals and diversions under low flow circumstances can
not be considered to be sustainable if they result in major habitat changes that constitute the harmful
alteration, disruption, or destruction of fish habitat. The Panel has serious concerns about the existing
situation regarding the management of fish habitat in the Highwood River, and does not believe it should
be considered acceptable to allow the current practices to be carried forward into the future. In short,
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current water management practices in the Highwood River at times appear to be inconsistent with the
Federal Fisheries Act and the Policy for the Management of Fish Habitat.

4.2 Determination of Environmental Requirements for
Water

In 1990, the Government of Alberta announced the "South Saskatchewan River Basin
Management Policy" in which there is a two-level system for instream flow requirements. Preferred
flows are those required to protect desirable instream uses, and minimum flows are those required to
protect basic water quality. Under this policy, preferred flows are to be met most of the time. Flows can
drop below the preferred and, in times of drought, may drop to minimum levels for short periods. The
Panel notes that, in the context of the Highwood River, minimum instream flow requirements may not be
achieved during low flow events. The policy does not contemplate instream flows dropping below
minimum instream requirements and it provides no guidance in this regard.

Minimum and preferred IFN were developed for the Highwood River in response to this
government policy. The following discussion attempts to outline the development of the criteria for the
protection of the aquatic environment of the Highwood River. The process used to develop the criteria
was called the Highwood IFN Study.

4.2.1 Highwood IFN Study

The Highwood IFN Study was carried out under the auspices of the Highwood River
Public Advisory Committee (HRPAC). At the suggestion of the MLA for Highwood, a smaller
Technical Sub-Committee (TSC) was formed for the purpose of providing advice in the set-up and
testing of IFN scenarios. The TSC consisted of representatives from Trout Unlimited, the Little Bow
Water Users Association, the Lower Highwood Residents' Association, and the Highwood Irrigators.

The TSC was assigned three tasks:

o Establish an IFN for the lower Highwood

e Define "excess" Highwood flows

e Develop an operational plan for diversion of water from the Highwood River to the
Little Bow basin.

The TSC identified and evaluated a number of operations scenarios, and eventually
identified one scenario that might satisfy the interests of all parties. A comprehensive analysis of this
scenario determined that it supported the Little Bow Project and seldom violated the IFN. This scenario
was considered satisfactory by fisheries interests because it was acceptable to the then Alberta
Department of Forestry, Lands and Wildlife.

The major drawback to this scenario was that diversions would be cut off during low
flow periods to protect the Highwood fishery. To resolve this issue, the TSC reviewed several
possibilities, including dugouts and small-scale storage on the upper Little Bow. In the end, the TSC
proposed that measures be taken to reduce water supply deficits to existing licensed users along Mosquito
Creek and the upper Little Bow. These measures included increasing the amount of storage at Squaw
Coulee Reservoir and the development of a Highwood Basin Water Management Plan.

4-20



4.2.2 The Progress Report of 1991

In May, after the IFN Study was completed, the Director of Planning for Alberta Environment
(Bruce MacLock) sent a five-page progress report on the IFN, Diversion Plan and EIA to all people who had
attended previous meetings or expressed an interest in the study. In the opinion of the Panel, the progress report is
central to the understanding of the background leading to the current Application before the Panel and many of the
issues raised during the Hearing. The 1991 MacLock letter from AEP is reproduced in Figure 4.4 for convenience.

The Panel makes the following observations regarding the MacLock letter and related
discussions during the hearings:

1.

The objectives clearly indicate that meeting the IFN and the needs of existing
licensed water uses were considered requirements of acceptance.

It was recognised that, without storage within the Highwood River basin, it would not
be possible to simultaneously meet the IFN in the lower Highwood and the licensed
demands for consumptive uses in the lower Highwood River and the upper Little
Bow River.

One possible solution suggested by the TSC involved development of additional
storage at the existing Squaw Coulee Reservoir. While additional storage was seen
by the various parties as being promising, the small amount of storage being
considered at that time had the capacity to meet only identified IFN requirements but
would be unable to meet existing licensed uses.

A small expansion of the Squaw Coulee Reservoir was not acceptable to all those
involved, since it would not have the capacity to also meet existing licensed uses in
addition to IFN. A larger expansion of this reservoir could have met both IFN and
licenced demands.

Expansion of the Squaw Coulee Reservoir would require supplemental measures to
improve flow and quality conditions in the lower Highwood and reduce the water
supply deficits of existing licensed irrigation uses.

The development and completion of a Highwood water management plan was seen
by many as part of the agreement.

Perhaps most importantly, the precise nature of the supplemental measures required
to make the diversion plan viable were not identified at that time, and were not
brought forward by APWSS in the current Application.

The Panel will return to this last significant observation later in this report.
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Figure 4.4

TEXT RETYPED FROM R. Bruce MacLock letter dated May 2, 1991.
Alberta Environment Planning Division

“May 2, 1991
Dear Participant:

Re: Highwood River Instream Flow Needs (IEN) and Diversion Plan

The purpose of this letter is to bring you up to date on what has been accomplished to
date and review the next stage of this work.

Since May 1989, a number of government agencies under the leadership of Alberta
Environment, have been working with people interested in water management in the Highwood and Little
Bow River Basins to:

1. establish Instream Flow Needs (IFN) for the lower Highwood River, and,
2. develop a plan for the diversion of excess Highwood River flows to the Little Bow Project.

There has been extensive public involvement in this process as follows:

1. six public meetings were held in High River;

2. government agencies have met on nine occasions with a volunteer Public Advisory Committee
(PAC) and on eleven occasions with a Technical Subcommittee (TSC) of the PAC;

3. MLA’s and government staff have attended various informal meetings with individuals and

interest groups.

Instream Flow Needs (IEN)

An IFN for the lower Highwood River (from the Little Bow Diversion Works at High
River to the mouth of the Bow River) was recommended by the Bow Basin Working Group (BWG) to the
interdepartmental IFN Task Force and was approved by the Task Force on April 16, 1991. This
recommended IFN will be forwarded to the Alberta Water Resources Commission.

This IFN, which incorporates the habitat requirements for Rainbow Trout and Mountain
Whitefish and an annual flushing flow to maintain the general health of the river, has been recommended
for application during the period from April 15 to October 15 each year. This is the period during which
information on fish habitat requirements is available; it is also the period during which water will be
diverted from the Highwood to the Little Bow Project.

In developing the recommended IFN, the BWG considered the water quantity and quality
requirements for five identified purposes which are: fish habitat, recreation, streambank vegetation
maintenance, aesthetics and flushing. We were advised by Alberta Recreation and Parks that the IFN for
fish would, in their view, be adequate for recreational use. Data required to establish a relationship
between Highwood River flows and streambank vegetation is not yet available. A streambank vegetation
research and data gathering program is now underway, however results will not be available for a few
years. Planning Division has a survey underway that is expected to yield some information on public
opinion regarding different rates of flow from an aesthetic point of view. This information was not
available to contribute to the development of the IFN but will be available for use in the EIA.
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The flushing flow requirement is based on the results of a review and application of a
number of methodologies for determining flushing flow requirements undertaken by Planning Division.

The fish habitat flow requirements are those recommended by the Fish and Wildlife
Division. These are based on analysis undertaken by the Division as reported in Allan G.H. Locke,
Instream Flow Requirements for Fish in the Highwood River, Alberta Forestry Lands and Wildlife, Fish
and Wildlife Division, 1989 and their review of scientific literature on water quality criteria for fish
species native to the Bow-Highwood system.

The BWG was unable to recommend an IFN for the period October 15 to April 15 as
reliable data and research was unavailable. It was recommended that Alberta Forestry, Lands and
Wildlife, Alberta Environment and other agencies undertake work leading to recommendations on the
flow required to prevent the lower Highwood from freezing to the bottom and to provide habitat for fish
and wildlife during the period October 15 to April 15.

The recommended IFN and a discussion of its development are included as Attachment
No. 1 to this letter.

Highwood Diversion Plan

Since September 1990, a Technical Subcommittee (TSC) of the Highwood IFN Public
Advisory Committee (PAC) has been involved with staff from Alberta Environment, Alberta Agriculture
and Alberta Forestry, Lands and Wildlife in the development and analysis of water use and management
scenarios. The purpose of this scenario analysis was to provide a basis for development of a Diversion
Plan that would satisfy the following objectives:

1. maintenance of sufficient flow in the Highwood River to satisfy the IFN for the Highwood River;

2. diversion of sufficient water from the Highwood River to the Little Bow Basin to support the Little
Bow Project;

3. provision of sufficient water to meet the needs of existing licensed water uses in the Highwood

and Little Bow Basins.

The analysis undertaken by the TSC and government staff indicated that because of the great
variability of Highwood river flows over the course of a year and from one year to another, it is not
possible, with existing management capability, to simultaneously meet the IFN in the lower Highwood
and the demands of consumptive uses licensed to withdraw water from the river. Further analysis, led to
the development of a scenario that would meet both the recommended Highwood IFN and the needs of
irrigators in the Little Bow Basin located below the proposed Little Bow River Reservoir. This
combination would also support the development of the additional 20,000 acres of irrigation allocated to
the Little Bow/Clear Lake area by the government’s Irrigation Expansion Guidelines. It would also
provide for recreational use and increased wildlife habitat at Clear Lake. Management to meet the IFN
would result in higher flows, improved water quality conditions and better fish habitat in the lower
Highwood River.

Management in accordance with this scenario would, however, increase the water supply deficits
to the licensed municipal, domestic and irrigation uses in the Little Bow Basin located above the
proposed Little Bow River Reservoir and to licensed irrigation uses on the Highwood River. These water
supply deficits would occur in low flow years mainly during the months of July and August. To alleviate
these problems the TSC recommended the following supplemental measures:
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1. the implementation of measures to reduce the water supply deficits of existing uses
reliant on the Little Bow River or Mosquito Creek that are located above and thus not
supplied from the proposed Little Bow Reservoir, and,

2. the development of a plan for water management in the Highwood Basin that would seek
means to improve flow and quality conditions in the lower Highwood and reduce the
water supply deficits of existing licensed irrigation uses.

On January 23, 1991 the Minister of Environment, the Hon. Ralph Klein, the Minister of
Municipal Affairs, the Hon. Raymond Speaker and Mr. Don Tannas, the MLA for Highwood, were briefed
on progress toward the finalization of a Highwood River Diversion Plan. The Minister of Environment
agreed to support the inclusion of these supplemental measures noted above in the interests of
maintaining the sustainable development aspects of the Little Bow Water Management Project.

The following members of the TSC indicated their support for a Diversion Plan based on
this scenario and upon ministerial commitment to the supplementary measures:

Will Bilozir Lower Highwood Residents Association

Bob Elliott Highwood River Resident Association

Gary Flitton Little Bow Water Users

Gerry Porter Highwood River Resident Association

Glen Roemmelle Chairman, Public Advisory Committee, Little Bow Basin
David Soltess Trout Unlimited Canada

The recommended Diversion Plan is consistent with the Water Management Policy for
the South Saskatchewan River Basin as it:

1. meets the recommended IFN for the Highwood River to the satisfaction of the criteria set by
Alberta Forestry, Lands and Wildlife, Fish and Wildlife Division, and,

2. supplies sufficient water to the Little Bow Project to support the development of 20,000 new acres
or irrigation in the Little Bow Basin (15,000 below the proposed Little Bow Reservoir; 5,000 at
Clear Lake) to the satisfaction of irrigation performance criteria set by Alberta Agriculture.

Excerpts from the government’s May 1990 Water Management Policy for the South
Saskatchewan River Basin pertinent to the Diversion Plan are included as Attachment No. 2 to this letter.

The Diversion Plan, including the agreed upon supplementary measures, was presented
to the Highwood Public Advisory Committee at an Open House in High River on February 7, 1991. The
response to the plan from the PAC members and others who attended the Open House was favourable.
One group of interests representing some residents along the lower Highwood and the Alberta Fish and
Game Association remains strongly opposed to the Diversion Plan and the Little Bow Project.

A Calgary consulting firm, W-E-R Engineering Ltd., has put forward a conceptual plan
for the enlargement of Squaw Coulee Reservoir and the construction of conveyance works. This is a
promising measure with excellent potential for reducing the water supply deficits of existing licencees on
the Little Bow River and Mosquito Creek upstream from the proposed Little Bow Reservoir. W-E-R
Engineering Ltd. is currently undertaking a more detailed feasibility study of this concept which will be
completed by May 1, 1991. The results of this study will be reviewed with landowners in the area and at
an open house.
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Alberta Environment is preparing terms of reference for the development of a water
management plan for the Highwood River Basin. Staff will be consulting with water users and other
interested groups and individuals to identify issues that will be addressed in the development of the plan.

Submission of the recommended Highwood Diversion Plan for examination in an
Environmental Impact Assessment (EIA) concludes the work in which Alberta Environment and the PAC
have been jointly involved in over the past two years. The IFN and the Highwood Diversion Plan
represent conditions that will be realized in future years when the Little Bow Project has been
implemented. In the meantime we will continue to consult on the management of the Highwood River
keeping in mind all of the interests that must be accommodated. In this context, the guidelines for
operation of the Highwood River will be reviewed on an annual basis.

Environmental Impact Assessment (EIA)

The Little Bow Project and Highwood River Management, including the Highwood
Diversion Plan are being subjected to EIA’s. The two EIA’s will be blended under the joint direction of
Alberta Environment and Alberta Public Works, Supply and Services, into one EIA for submission to the
Natural Resources Conservation Board (NRCB). The blended EIA will be ready for the EIA review
process on October 1, 1991.

The NRCB hearings will provide a further opportunity for public comment on the IFN
and the Highwood Diversion Plan. | encourage you to participate in the EIA process, both during the
preparation stage and after its submission to the NRCB.

An Open House is scheduled for May 16, 1991, 6 p.m. to 9 p.m. at the Highwood
Memorial Centre. The Open House will focus on a review of the Highwood environmental component of
the EIA and will also provide an opportunity to review the proposed Squaw Coulee enlargement concept.
Additional Open Houses for other aspects of the EIA will be scheduled for later this year. | hope you will
be able to attend.

Thank you for your patience and dedicated interest in the process that led to the
recommendation of the Highwood IFN and Diversion Plan. We look forward to your continued
involvement in the EIA process. | look forward to seeing you at the upcoming Open House.

Signed by R. Bruce MacLock
Director”

4.2.3 Highwood River Preliminary IFN

The Highwood River Preliminary IFN is summarized in Table 4.6. The Preliminary IFN
for the Highwood River was calculated for each week from April 15 to October 15 using 39 years of flow
data. The Preliminary IFN is governed by physical fish habitat and water quality. The preferred flow is
that which produces the maximum physical fish habitat. The minimum is based on flows required to
maintain adequate habitat to preserve the fishery over the long term and to protect against severe water
quality deterioration that can lead to fish kills. The minimum is based on natural flow patterns and varies
from week to week and year to year. It provides more habitat when ample water is available and protects
against severe stress to the fish population at low flows. The preferred and minimum instream flows of
the Preliminary IFN form an upper and lower envelope around the scientific IFN. The preferred flows
defined in the Preliminary IFN are essentially impossible to obtain in the Highwood River. The
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Preliminary IFN also calls for an annual flushing flow, a brief period of high flow in the spring that is
required to clean accumulated sediments out of the river.

TABLE 4.6
HIGHWOOD RIVER PRELIMINARY INSTREAM FLOW NEEDS (INTERIM):
APRIL 15 TO OCTOBER 15

Preferred Throughout the period 14.2 cms (500 cfs) or the natural flow,
whichever is less
Minimum High flow periods (natural flows in 14.2 cms (500 cfs) or the natural flow,
20% or less exceedence range for that | whichever is less
week)

Moderate flow periods (natural flows | 70% exceedence fish habitat flow
in 20% to 70% exceedence range for | value or flow required to maintain

that week) water quality* (whichever is greater)
Low flow periods (natural flows in Fish habitat flow value or flow
70% to 100% exceedence range for required to protect water quality
that week) (whichever is greater)
Flushing Flow | Three consecutive days each year The lesser of 28.3 ¢cms (1000 cfs) or

the maximum natural flow

*See Appendix F for a discussion of fish habitat flow values (Fish Rule Curves) and water quality flow
requirements.

A flow of 14.2 cms (500 cfs) provides maximum fish habitat and is the preferred flow at
all times. Whenever the natural flows are less than this, the preferred flow is the natural flow of the river.
Since late summer and fall flows rarely exceed 14.2 cms (500 cfs), any withdrawals during this period
result in a failure to attain preferred flows.

When the natural Highwood River flows are in the highest 20 per cent of the range for a
given week, the minimum and the preferred flow both call for the entire natural flow of the river
whenever flows go below 14.2 cms (500 cfs). Consequently, during some high flow periods, any
withdrawal often results in a failure to attain either minimum or preferred flows.

When natural flows are in the lowest 30 per cent of the range, the minimum flow is
defined as "fish habitat flow or flow to protect water quality (whichever is greater)." Much of the time,
these criteria call for the entire natural flow. Consequently, in this flow range as well, any withdrawal
often results in a failure to meet either the minimum or preferred flows.

During moderate natural flow periods any withdrawal results in a failure to attain
preferred flows, but some water can be withdrawn without violating the minimum flow criteria. During
very low flows, however, water withdrawals can result in not meeting the minimum flow criteria.

The Panel also notes that the Applicant provided no IFN for either of the upper Little
Bow River or Mosquito Creek, although some preliminary work was done in this regard during the EIA.
The residents along both the upper Little Bow River and Mosquito Creek felt that instream needs for
environmental protection were important considerations that had not received appropriate attention. The
failure to provide IFN for these two streams led directly to the confusion observed during the hearing
regarding conveyance flows and the desired instream objectives for the upper Little Bow River and
Mosquito Creek. Based on the evidence produced during the hearing the Panel believes that flow rates of
1.13 and 0.85 cms (40 and 30 cfs) respectively reflect the minimum instream objective desired by
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adjacent landowners during summer months at times when low flow events occur. The 0.28 cms (10 cfs)
conveyance flows specified in the Application by APWSS are far too low to be considered acceptable for
IFN purposes.

During the Hearing, the Panel heard that the description of minimum flows in the EIA
contained an error. The minimum flows for moderate flow periods should have been “flows that would
result in 80 per cent of the fish habitat as defined by the 'scientific' IFN.” (This is described in Appendix
F). APWSS stated that the absence of an established IFN for the winter period was not a limitation in
developing the Highwood Diversion Plan or conducting the EIA because they were not proposing to
change current operations outside the April 15 to October 15 period. Other participants in the hearing
said that there would be little value in conserving fish habitat in summer if current and future winter water
withdrawals limit fish populations in the Highwood River.

4.2.4 Instream Flow Needs and Instream Flow Objectives in the
Highwood River

With respect to the development of the Highwood River IFN, the Panel believes that it
should comment in more detail regarding the concepts of Instream Flow Needs and Instream Flow
Objectives. It is necessary to provide the distinction between these two concepts to more fully understand
the process used to develop the Highwood IFN. In the Panel’s view it is important to be able to put into
perspective the true nature of the IFN used in the Application.

The ultimate purpose of undertaking an instream flow analysis is to answer a practical
question: "What flows must be maintained to achieve a socially and environmentally acceptable level of
protection for instream values?" The answer to this question has scientific, legal and policy aspects,
which are best understood as distinct parts of the overall problem. Each aspect demands a different
approach. The scientific task is to determine how fish populations and other instream values respond to
changes in flow and water quality. The problem, stated in this form, is devoid of value judgement.
Normally, the scientific assessment is undertaken by an agency whose job is to address the legally
mandated protection of instream resources or to comply with regulatory guidelines. The scientific
management problem becomes one of determining what instream flows are needed to meet a management
objective prescribed by a law or regulation that expresses a societal value judgement that instream values
are worthy of protection. The policy problem is to decide whether the protection of instream values
should be compromised to achieve other social values and goals, particularly those tied to consumptive
demands, when there is not enough water to meet both instream and consumptive demands.

In a previous application to the NRCB, APWSS maintained a distinction between the
scientific question of determining instream flows needs and the policy matter of making trade-offs
between instream needs and consumptive uses. The Province adopted this distinction when AEP first
implemented instream flow assessments. The IFN Task Force recommended that the scientific
assessment of instream flow needs be conducted separately from the water management planning process.
Scientific IFN analyses would provide credible and defensible estimates of the flows and water quality
conditions required for protecting instream uses. Allocation decisions and existing or proposed resource
developments should not fetter the scientific determination of IFN. An IFN would serve as a benchmark
against which a proposed water management plan would be measured. If, during the development and
assessment of alternative water management plans, a trade-off between consumptive and instream uses
was adopted, the water management plan might specify an Instream Flow Objective (IFO) lower than the
IFN.
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In this decision report, the Panel will use the words Instream Flow Needs (IFN) to refer
to the scientific assessment of instream flow needs and Instream Flow Objectives (IFO) to refer to flow
targets adopted as a compromise between consumptive demands and instream needs. The phrase
Instream Flow Allocation (IFA) is sometimes used synonymously with Instream Flow Objectives. The
Panel will employ the term Instream Flow Allocation to mean flows licensed for instream use.

The assessment of IFN in the Highwood River began with a scientific assessment of the
conditions needed for full protection of the fishery. Soon afterwards, members of HRPAC and the TSC
began to explore potential diversion plans. The TSC soon discovered that consumptive demands could
not be met if the IFN were fully protected. They approached the government with a request to lower the
standard of protection. What ensued was not a science-based re-examination of the IFN. It was an
attempt to work out a compromise among conflicting requirements for the use of scarce water resources
among the various stakeholders. They had different vested interests and understanding of the significance
of the information before them. The result, dubbed the Preliminary IFN', is not an IFN by our definition.
The result is, in the Panel’s opinion, more appropriately referred to as an Instream Flow Objective or IFO.

The public process adopted by the TSC and HRPAC to develop the IFN attempted to
simultaneously merge the scientific assessment of instream flow needs with the policy oriented water
management planning process, contrary to the recommendations of the IFN Task Force. The result, in the
Panel's view, lends support to the IFN Task Force's recommendation against this practice. The failure to
maintain a distinction between scientific and policy aspects of the problem misled participants about the
appropriate objective of the dialogue between members of the public and government technical staff. In
the Panel's view, the appropriate role for government experts was to help public participants understand
the implications of any trade-offs or compromises in instream objectives or IFO’s they were prepared to
contemplate. Government technical staff would be able to assist in this matter to the extent that the
scientific assessment of instream flow needs illustrated the relationship between flows and instream
values. Instead of attempting to redefine the IFN, an explicit focus could have been placed on identifying
an acceptable IFO. There was no scientific justification for altering the IFN.

The Panel notes that the stakeholders’ impetus to trade off instream values during the
public consultation process was an inevitable consequence of the way the water allocation problem was
framed for the TSC. Highwood instream flow needs and consumptive demands could not be met within
the constraints imposed by the natural flow of the Highwood River. Trade-offs between instream flow
needs and consumptive uses became the focal point of the public consultation process. The Panel
believes that identifying water allocation problems in the context of basin-wide planning, including an
assessment of potential storage, would not have forced the consideration of a trade-off between
fundamental values associated with instream needs and consumptive uses. The Panel's views on this
topic are outlined in Section 4.4.

The Applicant chose to demonstrate the environmental acceptability of its proposed
diversion plans by modelling their compliance with the instream objective (IFO), instead of the science
based IFN. This approach produced less compelling evidence in support of the Applicant's claim of
environmental acceptability, since this [FO itself is a compromise and any failure to meet this objective is
twice removed from the IFN. In the view of the Panel it is important to be able to put into perspective the
true nature of the ‘Preliminary IFN” used in the Application. Some caution should be used when
considering the technical analysis provided by the Applicant that relies upon the IFN as described in the
Application. The Panel also notes that the Applicant could have provided a quantitative assessment of
habitat loss for any proposed operating plan because the scientific IFN describes the relationship between
flows and fish habitat. APWSS did provide a qualitative analysis.
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4.3 The Proposed Diversion Plans

It is clear now, and it has been recognised for some time, that the present licensed use of
water in the Highwood basin is inconsistent with sound resource management practices and is not
protective of fish habitat in a stream that is essential to support a world class sport fishery. The proposed
project and diversion plan have been proposed by APWSS as means of resolving current problems while
allowing additional diversions from the Highwood River to support irrigation expansion in the Little Bow
River basin.

As discussed in Section 3, the Little Bow River Project/Highwood Diversion
Plan was developed to achieve multiple objectives. APWSS also stated that the project reflects the
principles established by the Alberta Water Resources Commission for water management in the South
Saskatchewan River basin in 1986. To accomplish these objectives, specific diversion plans were
prepared for the project, using the Water Resources Management Model (WRMM) and data from the
historical water records. Thirty-nine years of flow data were used in the modelling. An explanation of
WRMM and the assumptions and procedures used to evaluate the diversion plan is provided in Appendix
F.

Natural and Base Case conditions were calculated for comparison. The Natural
condition was a calculation of the flow conditions that would have existed over the period of record if no
water had been diverted or withdrawn for any purpose. The 1986 Base Case was calculated using
existing levels of irrigation development and licensed levels of municipal and industrial water demands.
It represents conditions similar to those that occurred in the 1980s and provides an approximation of
conditions that may be expected to continue if the Project/Plan is not implemented and no other
significant water management initiatives are undertaken. The Base Case is the standard against which
comparisons are made in the impact assessment.

Various rules for the operation of the existing and proposed water management structures
in the study area were tested with the computer model. The rules that were used in the final diversion
plan scenario would form the basis of the operating plans that AEP would employ when operating the
diversion structures if the proposed project is implemented. The general operation of these structures is
described in Appendix G.

4.3.1 The Highwood Diversion Plan/Expanded Diversion Plan

The Highwood Diversion Plan is the operating plan for the proposed three-component
project (which consists of the Highwood diversion works and canal, the Little Bow River Reservoir and
the Clear Lake diversion works and canal), and for the existing Squaw Coulee Diversion. The plan is
based on an assessment of the flows required to protect the aquatic resources of the Highwood River. As
discussed earlier, the Preliminary IFN was determined through an intensive process of scientific analysis
and public consultation and is summarized in Table 4.6.

The Diversion Plan is based on the Preliminary IFN. According to APWSS, the
Highwood Diversion Plan would shift diversions from the late July and August low flow periods to the
high runoff periods of May and early June. Based on the period of analysis, the proposed Project/Plan
would increase average annual diversions from 9.7 per cent of flow under current conditions (the Base
Case — 36,390 dam® or 29,500 ac-ft) to 14.9 per cent (59,210 dam’ or 48,000 ac-ft). The flow changes for
August and low flow years are more indicative of the rationale for Project/Plan implementation. Average
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diversions in August would decrease from 16.5 per cent in the Base Case (4,180 dam” or 3,390 ac-ft) to
7.6 per cent under the Diversion Plan (2,420 dam® or 1,960 ac-ft).

The Expanded Diversion plan was developed as a means of using increased storage in
Squaw Coulee to alleviate the predicted IFN deficits in the lower Highwood River that would occur were
the three-component project and Highwood Diversion Plan to be implemented. The Expanded Diversion
Plan would marginally increase average annual diversions from the Highwood River by 0.1 per cent to
15.0 per cent (60,195 dam’ or 48,800 ac-ft annually). This occurs because of higher diversions during high
flow years and lower diversions during low flow years. The Expanded Diversion Plan would further
decrease August diversions to only 3.3 per cent of Highwood flows (1,480 dam® or 1,200 ac-ft).

A further analysis of the effects of implementing the Diversion Plan and Expanded
Diversion Plan was undertaken using 1984 as an example. For the period of record, 1984 represents an
extremely low flow year in the Highwood River. Implementation of either of the proposed diversion
plans would allow slightly more of the annual Highwood flows to be diverted into the Little Bow basin.
Annual diversions would increase from 19.0 per cent under current conditions to 21.8 per cent under the
Diversion Plan and 19.2 per cent with the Expanded Diversion Plan. However, during critical low flow
periods in August, substantially less water would be withdrawn from the Highwood under either plan.
Currently, about 34.2 percent of August flows would be diverted into the Little Bow but this would
decline to only 11.0 per cent under the Diversion Plan and would cease altogether under the Expanded
Diversion Plan. Thus, the diversion plans were developed to shift diversions from the low flow summer
months to the high run-off periods.

In its 1986 report on water management in the South Saskatchewan River basin, the
Alberta Water Resources Commission recommended that "where withdrawals are taken from relatively
uncontrolled streams during the low flow summer periods, licensing could be limited to as low as 25-30
per cent of the mean annual flow" (pg. 97). Both the proposed Diversion Plan and Expanded Diversion
Plan would be consistent with this recommendation, as would current operations.

In the EIA, APWSS used two general criteria to evaluate the effectiveness of proposed
diversion plans in meeting water demands in the two river basins. One criterion was the size of deficits to
irrigation demands. The second was the ability of the diversion plan to meet instream flow objectives. A
third criterion, namely, deficits for municipal, industrial and agricultural demands, could have been used
but such deficits seldom occurred because of the priority assigned to these demands and their relatively
small size. The ability of the system to provide conveyance flows could also have been used as an
evaluation criterion. However based on the 0.28 cms (10 cfs) conveyance flows assumed in the model
and the high priority assigned to this use, these demands were always met under both the Diversion Plan
and the Expanded Diversion Plan.

43.1.1 Irrigation Deficits

Using the results of the WRMM model, average annual irrigation deficits were calculated
for a base case and the two diversion plans. Comparisons of changes in these average deficits were used
to gauge the impacts of the diversion plans. The EIA employed the 1986 Operating Guidelines as the
Base Case and showed the changes in irrigation deficits for the Diversion Plan and Expanded Diversion
Plan. The analysis presented in Table 4.7 shows a substantial increase in average deficits for existing
irrigators who would not benefit from water storage in the Little Bow River Reservoir, Clear Lake or
Squaw Coulee, in the case of the Expanded Diversion Plan.
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TABLE 4.7
IRRIGATION DEFICITS PREDICTED IN THE EIA

Irrigation Block Base Case | Diversion Expanded
(1986 Plan Diversion Plan
Guidelines)

Highwood River Basin

1. Upstream of the Little Bow Diversion 0.0% 24.5% 22.1%
2. Little Bow Diversion to Aldersyde 0.0% 22.9% 21.1%
3. Aldersyde to Sheep River 0.0% 22.3% 20.0%
4. Downstream from Sheep River 0.0% 0.0% 0.0%
Little Bow River Basin

5. Upstream of Little Bow River Reservoir 1.3% 12.3% 5.7%
6. Downstream of Little Bow River Reservoir 0.7% 2.9% 3.0%
7. Mosquito Creek 0.5% 8.9% 8.6%
8. Clear Lake 2.1% 7.0%

During the hearings a revised assessment of average irrigation deficits was provided by
APWSS. These revisions were based on a number of factors. First, the 1986 Operating Guidelines are no
longer being used and the Base Case was better described in terms of the 1994 Operating Guidelines.
Second, the analysis presented in the EIA included substantial water requirements to meet the dissolved
oxygen and water temperature objectives for the Highwood River. At the hearing, APWSS noted that
dissolved oxygen levels in the river have not been a limiting factor since the Town of High River no
longer discharges treated sewage into the Highwood River so that this water demand can be removed
from the analysis. Irrigation deficits were then recalculated using these different assumptions about the
Base Case and dissolved oxygen requirements. The revised deficits are summarized below in Table 4.8:

TABLE 4.8
REVISED IRRIGATION DEFICITS

Irrigation Block Base Case Diversion | Expanded
(1994 Plan Diversion
Guidelines) Plan
Highwood River Basin
1. Upstream of the Little Bow Diversion 0.2% 21.7% 20.7%
2. Little Bow Diversion to Aldersyde 0.2% 21.4% 20.0%
3. Aldersyde to Sheep River 0.2% 20.6% 19.3%
4. Downstream from Sheep River 0.0% 0.0% 0.0%
Little Bow River Basin
5. Upstream of Little Bow River Reservoir 1.7% 8.5% 4.2%
6. Downstream of Little Bow River Reservoir 1.8% 2.4% 2.7%
7. Mosquito Creek 1.7% 5.4% 7.5%
8. Clear Lake 2.0% 6.5%

The revised estimates show very little difference in terms of irrigation deficits under Base
Case conditions. Although average deficits are shown to be slightly higher under the 1994 Guidelines,
these differences are considered insignificant given that model results are considered to be accurate to
within + 2 per cent. The revised analysis also confirms that implementation of either of the proposed
diversion plan would still cause a substantial increase in deficits for irrigators along the Highwood River.
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Irrigators along the upper Little Bow River and Mosquito Creek would still experience minor increases in
average deficits.

In interpreting these estimates of irrigation deficits, a number of important observations
were made in the EIA and during the hearing. First, APWSS noted that deficits are calculated in terms of
the total amount of water specified in irrigation licences but that this full amount is not required in many
years to achieve target crop yields. Consequently, they conclude that the estimates of average deficits
based on licensed amounts actually overstate the actual deficits that would occur. Second, APWSS
concluded that, under the Diversion Plan, the increases in deficits indicated for irrigators along the
Highwood River and Upper Little Bow River would only have minimal impacts on crop yields. These
impacts would be minor because either the deficits would be small or they would occur in the late
July/August period when water shortages would have a minor impact on crop yields (these are discussed
in more detail in Section 7). Third, AEP indicated that they would initially operate the project in
accordance with the water licence priorities established under the Water Resources Act. Thus, senior
licencees along the Highwood River could continue to divert water as they had prior to implementation of
the project. The deficits predicted by WRMM would then be experienced by other uses, either junior
licencees or the Preliminary IFN. Fourth, APWSS indicated that, based on continuation of AEP’s current
water mastering practices, the predicted deficits would be shared equally among all irrigators in each
block on a voluntary basis, thus reducing impacts on individual irrigators.

In response to questions about how to interpret the assessment of irrigation deficits,
APWSS indicated that deficits would be most critical during dry periods. They suggested that the
significance of these deficits could be determined by examining the model results when Highwood River
flows are at the 90 per cent exceedence level; this is equivalent to the one in 10 year drought. Evidence
presented to the Panel suggests that these conditions have occurred twice during the 39-year simulation
period (1950 to 1988). During the drought of 1977 flows in the Highwood River dropped to the 97.5 per
cent exceedence level (i.e. the one in forty year drought) for an eight week period during peak irrigation
season (Weeks 22 through 29). The second major drought event occurred in 1985. Highwood River
flows were at the 90 per cent exceedence level or worse for seven of nine weeks also during the peak
period for irrigation (Weeks 24 through 32). The resulting irrigation deficits calculated by WRMM for
these years is provided in Table 4.9, along with a description of the frequency with which deficits would
occur were water being diverted from the Highwood River in accordance with the Diversion Plan or
Expanded Diversion Plan:

TABLE 4.9
FREQUENCY OF IRRIGATION DEFICITS
Irrigation Block 1977 1985 Number of Occurrences
Deficit | Deficit | Base | Diversion | Expanded
Case Plan Diversion
Plan
Highwood River Basin
1. Upstream of the Little Bow Diversion 0.0% 8.9% 1/39 38/39 38/39
2. Little Bow Diversion to Aldersyde 0.0% 8.9% 1/39 38/39 38/39
3. Aldersyde to Sheep River 0.0% 6.5% 1/39 38/39 38/39
4. Downstream from Sheep River 0.0% 0.0% - - -
Little Bow River Basin
5. Upstream of Little Bow River Reservoir | 15.7% | 22.5% | 2/39 6/39 2/39
6. Downstream of Little Bow River
Reservoir 8.9% 22.7% | 2/39 4/39 4/39
7. Mosquito Creek 12.1% | 18.8% | 2/39 5/29 6/29
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This analysis shows that the frequency of major deficit events would increase
substantially if the Diversion Plan was implemented. Such deficits would be almost the norm in the
Highwood basin because shortages as severe as those in 1977 and 1985 would be expected to occur in 38
of 39 years. Along the upper Little Bow River, irrigators would experience a three-fold increase in major
drought events if the Diversion Plan were implemented. The incidence of deficits similar to those of 1977
or 1985 would at least double for irrigators in the lower Little Bow and along Mosquito Creek.

4.3.1.2 Environmental Requirements

The Diversion Plan proposed by the Applicant does not meet the Preliminary IFN used in
the evaluation. As shown in Table 4.10, the percentage of time when the minimum IFN is met would
increase as a result of implementing the Diversion Plan. However, the minimum IFN would not be met
100 percent of the time and would be met less than 50 per cent of the time in August through October. If
the evaluation had been based on the scientific IFN criteria alone, instead of the Preliminary IFN, the
results would have been worse. As noted earlier, the Expanded Squaw Coulee was proposed to overcome
these shortfalls in meeting the basic criteria of the minimum Preliminary IFN. The analysis of the
Expanded Diversion Plan indicates that it would be able to meet the minimum IFN criteria successfully,
but it does not meet the preferred criteria nor would it meet the requirements of a science-based IFN.

TABLE 4.10
PERCENT OF TIME WHEN HIGHWOOD RIVER PRELIMINARY IFN IS MET
UNDER BASE CASE, DIVERSION PLAN AND EXPANDED DIVERSION PLAN

Month April' | May | June July | August | Sept. | Oct? | Total
Minimum
Base Case 62% 96% 96% 67% 17% 37% 37% 60%

Diversion Plan 62% 97% 99% 84% 30% 42% 38% 67%
Expanded Plan | 100% | 100% | 100% 100% 100% 100% | 100% | 100%

Preferred
Base Case 22% 76% 91% 47% 8% 4% 4% 40%
Diversion Plan 22% 75% 94% 56% 10% 4% 4% 42%

Expanded Plan 49% 75% 94% 63% 65% 48% 53% 66%

'April 15 to April 30 only.
2October 1 to October 15 only.

431.3 Discussion

Most interveners supported the concept of diverting Highwood River flows during high
flow events for storage and subsequent use during periods of low flow. During high flow events, the
Highwood Diversion Plan meets both consumptive demands and instream flow needs. However, during
low flow events, the proposed Highwood diversion plans do not work. Consequently, none of the
interveners were prepared to provide unconditional support for the proposed Diversion Plan or the
proposed Expanded Diversion Plan, because neither plan would provide all benefits that were sought by
the various interveners and were agreed to in 1991.
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From the interveners’ evidence, the proposed Diversion Plan does not meet the basic
project objectives during low flow events, because license commitments are not met, conveyance flows
are inadequate, and the Preliminary IFN is not met. The proposed Diversion Plan does not respect
existing licence commitments, and if those commitments were fully exercised, most of the water available
during low flow events would be stripped from the Highwood and Little Bow rivers to meet consumptive
uses. Both diversion plans represent an improvement of instream conditions from the currently
unacceptable situation, but the Diversion Plan would fail to meet even the minimum Preliminary IFN
fairly frequently. Irrigation deficits projected under the proposed diversion plans are totally unacceptable
to those affected. The Expanded Diversion Plan with increased storage at Squaw Coulee is an
improvement over the basic project since it meets the minimum Preliminary IFN, but licence
commitments would still not be met and conveyance flows would be inadequate. There is simply no
public support for a diversion plan that makes existing water users worse off. All interveners rejected any
diversion plans that would ignore existing water rights priorities.

Interveners also questioned APWSS’s conclusions that the irrigation deficits predicted
were not serious because deficits were calculated in terms of licenced diversion rates rather than actual
use under water mastering conditions. APWSS also concluded that the irrigation deficits for irrigators on
the upper Little Bow River and the Lower Highwood River were too small to quantify. They also argued
that, with water mastering, shortages would be shared. Evidence from Upper Little Bow irrigators
suggests otherwise. The more senior irrigators indicated that they were not adversely affected by
shortages such as occurred in 1985. However, more junior licensees indicated that, despite having
adapted their operations to reflect seasonal irrigation cut-offs, they are the first to be asked to cease
operations during dry periods and, in dry years like 1985, this had major effects on their agricultural
operations. Any increase in the frequency of large deficits would have very significant impacts for junior
licensees. It appears to the Panel that APWSS's assessment of irrigation risk was incorrect.

Similar observations were made during questioning of the lower Highwood residents, but
they are less concerned because they generally have senior licences and have been told that this will save
them from deficits. However, the model predicts that deficits for this group would increase under either
diversion plan. The question becomes would the anticipated deficits likely occur to irrigators or to the
Preliminary IFN? Because irrigators have licence seniority, the model may be overstating the probability
that the Preliminary IFN would be achieved.

For non-irrigation consumptive demands, the model predicts no deficits. However, this
may be due to priorities used in modelling, not licence priorities. Testimony from Upper Little Bow and
Little Bow water users associations regarding appropriate levels of conveyance flows indicates that
conveyance flows of 0.28 cms (10 cfs) are inadequate to provide good quality water for consumption and
river ecosystem needs in the Little Bow River and Mosquito Creek.

During the hearing, the Panel heard that it was possible to expand irrigation around Clear
Lake and around and downstream from the Little Bow River Reservoir using stored water diverted out of
the Highwood River during high flow events. Some interveners felt that the Diversion Plan with the
three-component project would meet the project objectives during high flow events, and this was
confirmed by evidence from APWSS and AEP. Specifically, the Preliminary IFN would be met, the
irrigators and other licensed water users would be able to withdraw water to the extent authorized by
licence, and there would not be a concern regarding conveyance flows. During high flows, the Expanded
Project is not needed to support the expansion of irrigation or to increase the security of water supplies.
During low flow events, the Diversion Plan would not affect the storage-based expansion of irrigation at
and below the Little Bow River Reservoir. Regardless of whether or not the Little Bow River Reservoir
and the Clear Lake projects are developed, some interveners pointed out that there would remain a
shortage of water in the lower Highwood River and upper Little Bow River.
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Most interveners expressed serious reservations about the proposed interim operating
plan suggested by AEP and adopted by APWSS as a means of moving to the Diversion Plan over time.
Most doubted this plan could actually work because of the difficulties in trying to respect existing water
rights and accommodate new demands at the same time. Most felt that the interim operating plan implied
a recognition that the Diversion Plan, as proposed, could not succeed.

In short, interveners indicated their opinion that the diversion plans do not work and also
do not appear to satisfy the objectives stated by the Applicant.

4.3.2 A Super Expanded Squaw Coulee Reservoir

Due to the inherent limitations associated with the diversion plans proposed by the
Applicant, the Panel was interested in alternative diversion plans predicated on the development of
additional storage for the Highwood basin at the site of the existing Squaw Coulee Reservoir. APWSS
produced model runs that showed that a Super Expanded Squaw Coulee Reservoir with a storage capacity
of 16,235 dam3 (13,140 ac- ft) could be developed and would:

e Eliminate all deficits to current and future irrigation.

e Meet the 100% Fish Rule Curve values at all times.

e Provide a 0.28 cm (10 cfs) conveyance flow down the Little Bow River and Mosquito
Creek at all times.

¢ Significantly augment flows in the Little Bow River and Mosquito Creek much of the
time, but not to reliably supply 0.85 cms (30 cfs) to these streams.

A further model run, based on an IFN that includes the 80% Fish Rule Curve plus flow
reservations for temperature and for flushing, showed that the Super Expanded Squaw Coulee Reservoir
would:

Eliminate all deficits for municipal, industrial and domestic demands.

Meet all existing water licences.

Meet the 80% Fish Rule Curve.

Achieve improved conveyance flows. The model predicts an average shortfall of 0.15
cms (5.2 cfs) to the target flow of 0.85 cms (30 cfs) for the Little Bow River and an
average shortfall of 0.07 cms (2.4 cfs) for the desired conveyance flow of 0.57 cms (20
cfs) in Mosquito Creek.

e Show small deficits in irrigation expansion downstream of the Little Bow River
Reservoir (0.46 per cent) and Clear Lake (2.85 per cent), and not support Highwood
irrigation expansion since deficits would be on average 48.6 per cent.

The Panel's views on these very important model predictions are provided in Section 4.4.3.

While most interveners were uncomfortable with the process used to involve the public in
the development and evaluation of the Super Expanded Squaw Coulee Reservoir, there was a general
concensus at the end of the hearing that additional storage for the Highwood basin was needed. There
was also recognition that the Super Expanded Squaw Coulee Reservoir seemed to have the capacity to
fulfil the basic project objectives that the public had identified in 1991. Interveners acknowledged
sympathy for Baker Creek residents’ concerns regarding the location of the return canal. During the
hearing, APWSS presented alternative return canal routes that would mitigate potential impacts in the

4-35



Baker Creek area, including the option of avoiding the disturbance associated with a surface canal by
replacing it with a buried pipeline. There was an additional concern about the quality of water that would
be returned to the Highwood River after having been stored in the Squaw Coulee Reservoir for some
time. Other concerns about project effects related to the possible loss of archaeological sites and vistas,
loss of native grasslands, disruption to farming operations, transportation disruptions, and environmental
effects in the Baker Creek area. There were also concerns about the lack of appropriate public
consultation and clarity of information regarding the proposed expansion of the Squaw Coulee reservoir,
the time allowed for public review of information, and evaluation of alternatives to storage. The major
drawbacks of the Super Expanded Squaw Coulee Reservoir, as identified by the various interveners, were
that its social and environmental impacts had been inadequately documented, that alternative storage sites
had not been adequately assessed, and that the public consultation process was weak.

All these matters are reviewed in more detail in Section 4.4. where consideration is given
to the matter of additional storage and a revised operating plan.

4.4 Panel Views on Water Management

The role of the Panel is to determine whether the proposal is in the public interest. Thus
far, we have reviewed the proposal in relation to the proponent's objectives. The Panel believes that any
project it approves should be an example of sustainable development.

4.4.1 Development of the Little Bow River Reservoir and the
Clear Lake Project

The Panel makes an important distinction between two basic issues presented during the
hearing:

meeting the expansion plans for irrigation, in the lower Little Bow River basin and around Clear Lake,
through the diversion of water during the spring freshet and times of high flow, and storage of this water;

the resolution of the critical water needs during low flow events in the upper Little Bow River basin, in
the lower Highwood River basin, and in the lower Mosquito Creek basin.

The need for storage for the Highwood basin is independent of the consideration of the
expansion of irrigation at and below the Little Bow River Reservoir and around Clear Lake, as these rely
on water diverted and stored during high flow events In this context, the development of the Highwood
diversion works and canal, the Little Bow River Reservoir and the Clear Lake diversion works and canal
are not completely relevant to the problems of low flows in the lower Highwood River. Regardless of
whether development of the Reservoir and Clear Lake components proceeds, the current situation during
low flows in the lower Highwood, upper Little Bow, and lower Mosquito Creek would still need to be
addressed. This has been recognised since at least 1991.

With respect to the Highwood diversion works and canal, the Little Bow River Reservoir
and the Clear Lake diversion works and canal, the Panel believes that the location and size of the
proposed works have been determined using criteria relevant to their operation during high flow events.
Regardless of the operating plan required to guide diversions during low flows, the same size and type of
works would be required to capture the spring freshet flows.
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The Panel has carefully examined the relationship between the operation of the diversion
works on the Highwood River and the expansion of irrigation near Clear Lake and the proposed Little
Bow River Reservoir. The Panel concludes that consideration can be given to the construction of the
proposed Highwood Diversion works and canal and their operation on the basis that the expanded
capacity of these diversion works will be used to divert and store the spring freshet. At low flows, the
water required for irrigation expansion would be available from storage in the Little Bow River Reservoir.
The Panel notes that the additional diversion capacity required to convey the spring freshet to support
expanded irrigation is not used during low flows. Therefore, the expanded capacity of the diversion works
and canal is not relevant to the capacity and operating guidelines required during periods of low flow.

The Panel adopts a sustainable development frame of reference for the consideration of
the proposed project. This frame of reference is based on basic principles that are strongly supported by
almost all of the residents of the basins. The Panel takes the view that, on a preliminary basis, the
proposed Highwood diversion works and canal, Little Bow River Reservoir, and Clear Lake diversion
works and canal must meet the three previously stated criteria:

First, water management projects must respect existing riparian rights and water licences, and should not
result in the loss or injury to existing water rights;

Second, water management projects must be able to meet basic environmental criteria to avoid significant
adverse effects;

Third, water management projects must be able to meet current and future needs for water for domestic,
riparian, and municipal needs, and other consumptive uses.

These considerations are basic to the determination of the public interest, and a project must be able to
meet these criteria to be worthy of further consideration by the Panel with respect to the more detailed
consideration of associated environmental, social, and economic effects.

The Highwood diversion works and canal, Little Bow River Reservoir and Clear Lake
diversion works and canal appear to respect riparian rights and water licences, to meet basic
environmental criteria, and to meet current and future demands for water. Diverting freshet flows from
the Highwood River and Mosquito Creek does not infringe upon existing water rights and licences since
there is enough water to meet all license requirements. At the time of the freshet, environmental concerns
are minimal, and the diversion of a fraction of the freshet flow is not expected to have significant adverse
environmental effects on the Highwood River. The evidence before the Panel indicates that the diversion
works, canals, and reservoir are based on meeting existing and future needs that are known at this time,
and there is no evidence to suggest that they are not capable of meeting the purposes for which they are
proposed.

The Panel believes it should consider the Highwood diversion works and canal, Little
Bow River Reservoir and Clear Lake diversion works and canal in terms of the multi-purpose objectives
of the Application. The proposed three-component project satisfactorily meets the criteria of increased
security of supply at and below the Little Bow River Reservoir and at Clear Lake for existing and future
irrigation, and for municipal and domestic use, including livestock. The reservoir could improve the
potential for meeting downstream water demands from the perspective of both water quality and quantity,
and it could also provide additional water-based recreational opportunities. The proposed Highwood
diversion works and canal, Little Bow River Reservoir and Clear Lake diversion works and canal also
provide for the expansion of irrigation in the basin. As proposed, the three-component project would also
be consistent with the South Saskatchewan Basin Water Allocation Regulation, which specifies 8,090 ha
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(20,000) acres of irrigation expansion for the Little Bow/Clear Lake project. However, the creation of
storage at Little Bow River Reservoir and Clear Lake would not completely remove the risk of water
shortages during drought conditions.

The Panel believes the Highwood diversion works and canal, Little Bow River Reservoir
and Clear Lake diversion works and canal could serve to advance overall sustainable development and
management of water in the basin. This is based in part on the conclusion that implementation of these
three water management structures could reduce some of the existing irrigation and municipal demands
on the Highwood River during the low flow periods. The Panel finds that the proposed three-component
project in the Little Bow basin and at Clear Lake is consistent the multiple water use principles of the
Government of Alberta.

On a preliminary basis, setting aside the matter of a diversion plan during periods of low
flow, the Panel believes that the Highwood diversion works and canal, Little Bow River Reservoir and
Clear Lake diversion works and canal do meet the three basic sustainability criteria. Therefore, in the
opinion of the Panel, these three components warrant a detailed assessment of their social, economic, and
environmental effects. This assessment is provided in later sections of this report.

The Panel is cognisant of the fact that enlargement of the Highwood diversion works and
canal, and construction of the Little Bow River Reservoir and Clear Lake diversion works and canal will
take some time to complete. Depending on when construction commences, the availability of funds and
other factors, such as weather, project construction may take two or three years to complete, at which time
an operations plan would be required to commission and start operating the works. The Panel believes
that there is sufficient time available to deal with some of the important operational issues previously
identified.

4.4.2 Water Management in the Highwood Basin

In the discussion that follows, the Panel will consider whether the proponent's objectives
and the proposed diversion plans are compatible with sustainable development. The Panel notes that the
management of the water resources in the Highwood and Little Bow basins has proceeded without benefit
of the overall water management plan that was promised in 1991. The Panel also observes that, under
drought conditions, the water resources in the basins are over-allocated to consumptive uses and the need
to remedy this situation has been recognised in the basins for some time. In some cases, the seriousness
of the situation is not understood.

The Panel will examine whether the Applicant’s proposed diversion plans are sustainable
and are capable of remedying the problems that already exist. In the context of sustainable development,
the Panel will comment on the need for storage for the Highwood basin, the options available for storage
in the basin, and the need for a sustainable plan to guide diversions during low flows in the Highwood
River. The Panel will identify the criteria that might be used to decide the merits of any proposed
solution to the current problems and the communities’ desire for further development. The Panel will
comment on the need for and the suitability of the Super Expanded Squaw Coulee Reservoir. Finally, the
Panel will comment on the development of a Highwood River Management Plan.
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44.2.1 The Unsustainable Management of Water Resources in Droughts

The Panel notes that the Highwood River has been the subject of public concern
regarding water allocation and management since at least the early 1980s. Water quality concerns
associated with the Town of High River treated sewage discharge, fish kills, and demands for irrigation
have been central issues. Recently, outflows from Frank Lake into the Little Bow basin have been of
concern to the people living along the upper Little Bow River. The Highwood River has been the subject
of intensive examination and study during much of the past two decades. Unfortunately, these activities
have proceeded without the benefit of an overall management plan, an approved set of management
objectives, or a clear understanding of how current and future demands will be managed. The Panel
believes that the circumstances found within the basins require that a comprehensive and integrative
planning perspective be adopted to achieve sustainable development.

Fortunately, most of the time in the Highwood basin there is an adequate supply of water
and no special water management interventions are required. During most years, and during most times
within a given year, there are sufficient flows to meet consumptive demands and environmental
requirements, and any disruptions are not too great. The Panel believes that it is important to be mindful
of this current key aspect of the basin hydrology when considering sustainable development of the water
resources in the basin.

The Panel also believes it is important to focus upon the circumstances when more
extreme events occur. The Panel is aware that flooding does occur in the basin and it heard evidence
regarding the recent flood on the Highwood River in 1995. In the context of the application before the
Panel, the events that are of particular interest are the low flow events associated with droughts, when
water is in short supply and demands are accentuated for consumptive and environment requirements.
Droughts also have water quality implications that affect domestic and municipal water use.

From an environmental perspective, the Panel is concerned with
low flows because it is under such conditions that certain valued aquatic species, particularly game fish,
are placed under stress. Summer low flows result in lower oxygenation of the water and reduced habitat
for fish. When low flows coincide with high ambient temperatures, water temperatures can also approach
or exceed physiological tolerances. In extreme events, fish and other aquatic life may fail to reproduce or
may die. The impacts of episodes of low dissolved oxygen and high temperature depend on the frequency
and duration of poor water quality conditions. Winter low flows also create water quality difficulties for
aquatic life by reducing the amount of habitat, preventing the movement between pools and freezing
wintering eggs in the gravel.

Since the Highwood River has experienced periods of low flows in both summer and
winter under natural conditions, some have argued the aquatic and riparian biological communities are
adapted to cope with these extremes. The Panel recognises that the natural discharges of the Highwood
River provided less than ideal habitat and water quality for aquatic life at certain times and has adversely
affected domestic use. It is also true that withdrawals and diversions of water for consumptive uses can
only increase the frequency and duration of lower instream flows. The Panel believes it would be unwise
to assume that, just because the aquatic species of the Highwood River are adapted to a certain level of
natural and man-made or human disturbance, they can cope with more in the future.

The Panel has examined the evidence regarding low flow events. Droughts have
occurred in the recent past, with 1977, 1984 and 1986 being noted as dry years. It is not possible to
predict when dry years such as these will reoccur but, statistically, such events can be expected once in 20
to 40 years. The Panel adopts the view that examining conditions during dry events is critical to assessing
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the sustainability of the water management practices in the basins. It is especially serious when dry
periods occur close together. This has occurred in the past and may occur again at any time in the future.

Natural flows in the Highwood River decline more or less steadily after the spring
freshet. Based on the 30-year period of record used by the Applicant, weekly average flows in dry years
decline to about 3.96 cms (140 cfs) by mid August and decline again to about 3.11 cms (110 cfs) by mid
September. This trend is shown in Table 4.11. More extreme lower flows may well have occurred during
the full historical record of recorded flows or in the more distant past. Some daily flows would also be
less than these weekly averages. The Panel believes that flows below 2.83 cms (100 cfs) are possible
during extreme events but, for its purposes, believes that 3.96 cms (140 cfs) represents a typical flow
during August in a very dry year.

TABLE 4.11
LOWEST WEEKLY AVERAGE LATE SUMMER NATURAL FLOWS
IN RECENT DRY YEARS

Julian | Calendar Week Ending Year Natural Flow | Natural Flow

Week (cms) (cfs)
31 August 5 1985 3.99 141
32 August 12 1985 3.99 141
33 August 19 1984 4.28 151
34 August 26 1984 3.68 130
35 September 2 1984 3.40 120
36 September 9 1984 3.06 108
37 September 16 1984 3.26 115
38 September 23 1984 3.03 107
39 September 30 1960 3.17 112

The Panel understands and appreciates that, during low flow events, licence
holders have co-operated with AEP by sharing the available water. However, for the purposes of
examining sustainability in the management of the resource, the Panel does not believe it is reasonable to
assume that such co-operation will always occur, or should be relied upon. The Panel adopts the view
that existing water licences, which are protected in law, will likely be exercised fully during periods of
drought to achieve the purposes for which they were issued.

On the Highwood River, there are licences for the diversion of about 6.43 cms (227 cfs).
The priorities of these licences are determined by their dates of application under the Water Resources
Act. The highest priority within the Highwood basin rests with a private 1893 irrigation licence for
diversion at a maximum rate of 0.50 cms (17.67 cfs) from a location upstream of the Squaw Coulee
diversion works. As reported earlier, AEP holds a 1921 licence divert 2.83 cms (100 cfs) into the Little
Bow River. AEP also holds a 1933 licence to divert 0.71 cms (25 cfs) into Squaw Coulee and a 1979
licence to divert an additional 0.99 cms (35 cfs). The rest of the licensed diversions from the Highwood
River have been issued for a variety of purposes and are held by various parties. The Town of High River
holds a ground water licence that may rely upon the Highwood River for about 0.17 cms (6 cfs).
However, this is not included in the 6.43 cms (227 cfs) of authorised surface water withdrawals from the
Highwood River. Unauthorised but legal riparian uses are also not included in this 6.43 cms (227 cfs).
Clearly, if all these licenses and withdrawals were fully exercised simultaneously when natural flows in
the Highwood River were as low as 3.96 cms (140 cfs), all the water would be withdrawn from the
Highwood and it would be dry.
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As a licence holder, AEP exercises its rights according to policies adopted by the
Minister. The current AEP policy is described as the 1994 Operating Guidelines. These guidelines limit
diversions by AEP to amounts that are below those legally authorised to ensure some flow remains in the
Highwood River. The 1994 Guidelines specify that, at flows of 3.96 cms (140 cfs), 1.98 cms (70 cfs)
would be diverted to the Little Bow and Squaw Coulee, leaving 1.98 cms (70 cfs) in the Highwood River
below High River. Licences authorising diversions below High River and upstream of the confluence of
the Sheep River allow total withdrawals of about 0.60 cms (21.3 cfs). If these rights to the 0.60 cms (21.3
cfs) were to exercised simultaneously, there would only be about 1.39 cms (49 cfs) left in the Highwood
River upstream of the confluence with the Sheep River. Flows from the Sheep River, which contains
treated sewage from Okotoks, would supplement flows in the Lower Highwood. However, the combined
flow at the confluence with the Bow River would only be in the order of 1.84 to 1.98 cms (65 to 70 cfs).

The 1.98 cms (70 cfs) being diverted into the Little Bow basin would also be insufficient
to meet consumptive demands and conveyance flows in that basin. Existing licences authorize maximum
total diversions of 0.70 cms (24.63 cfs) from the upper Little Bow River and 1.19 cms (41.93 cfs) from
Mosquito Creek. This represents a combined demand of 1.89 cms (66.57 cfs). However, current practice
is to leave 0.28 cms (10 cfs) for conveyance flows in each of the Little Bow River and Mosquito Creek,
so that total diversion of 1.98 cms (70 cfs) would only leave about 1.70 cms (50 cfs) available to meet
consumptive demands. Clearly, operating under the 1994 Operating Guidelines during low flow periods
on the Highwood River would provide insufficient water to meet all demands in the Little Bow basin
were they to occur simultaneously.

During low flow events, the Panel concludes that the existing licence commitments
cannot be met. Under the priority system, this means that some irrigators would experience serious
deficits and social and economic hardships. In extreme cases, even domestic and municipal water
requirements could be placed at some risk. This is evident from the deficits predicted by the WRMM
model for low flow years (see Section 4.3.1.1).

If licence commitments were honoured under the current operating guidelines, instream
flows would have to be sacrificed. Under low flow conditions the IFN essentially requires all of the
natural flow. If flows in the Highwood River were 3.96 cms (140 cfs), operating according to current
guidelines would mean that the actual flow in the Highwood above Sheep Creek could be less than 1.42
cms (50 cfs). This would leave a very substantial [FN deficit of 2.55 cms (90 cfs), so that only 36 per
cent of the minimum IFN would be achieved. Thus, major deficits to the IFN during critical low flow
periods would occur even with the protection provided by the 1994 Operating Guidelines. However,
meeting the IFN under these low flow periods technically means that no water would be available for
diversion for any purpose, including human consumption. Meeting basic domestic and human
consumption requirements and other licence obligations makes it impossible to meet the minimum IFN
requirements. The Panel believes failure to meet the IFN is not acceptable in the context of sustainable
development or the Fisheries Act. It also believes that meeting basic human consumption needs is
essential.

Past resource allocations require current resource managers to meet basic human
requirements for drinking water and to honour licensed water and riparian rights, even though this means
knowingly risking the habitat that supports a world class sport fishery. In the view of the Panel, the
imposition of the moratorium on further licences by the Controller in 1977 and again in 1983 reflected a
belated recognition that the resource had been over-allocated. Without the moratorium, the situation
would have become even worse. Without remedial action in the basins, the Panel sees no possibility of
lifting the moratorium. The Panel adopts the view that the existing situation in the event of an extremely
dry year is intolerable and does not reflect sound management of these important resources.
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The need to remediate the existing situation was recognised in 1990 when the Technical
Sub-Committee started its work. In his 1991 letter (see Figure 4.4), MacLock highlighted the situation:

“The analysis undertaken by the TSC and government staff indicated that because of the
great variability of Highwood river flows over the course of a year and from one year to
another, it is not possible, with existing management capability, to simultaneously meet the
IFN in the lower Highwood and the demands of consumptive uses licensed to withdraw water
from the river..... To alleviate these problems the TSC recommended the following
supplemental measures:

1. the implementation of measures to reduce the water supply deficits of existing uses
reliant on the Little Bow River or Mosquito Creek that are located above and thus
not supplied from the proposed Little Bow Reservoir, and,

2. the development of a plan for water management in the Highwood Basin that would
seek means to improve flow and quality conditions in the lower Highwood and
reduce the water supply deficits of existing licensed irrigation uses.”

The Panel believes that the two conditions contained in the MacLock letter were a clear
and accurate expression of public views, and those views were repeated in the hearings held by the Panel
six years later. The Panel believes that these consistently articulated views from the community are the
hallmarks of the basic project that the community expected and still expects to be developed. The Panel
concludes that steps need to be taken to remediate the existing situation, irrespective of the current
Application.

The Panel characterizes the current situation as unsustainable and potentially serious
should the region experience drought conditions that are the same as or worse than those experienced in
the 1980s. In very dry years, when flows of 3.96 cms (140 cfs) or less would be experienced in the
Highwood River during August, the basic criteria of sustainable resource management are not met. The
current circumstances in the Highwood basin stand as an example of what can happen when a resource is
over-allocated.

In the Panel’s opinion, recent attempts to resolve the water shortages by compromising
licenced consumptive uses and instream requirements, were fundamentally flawed. Specifically, the
Panel does not believe that it is appropriate to attempt to trade-off water rights protected in law, domestic
water requirements, and an IFN supported by federal laws and provincial policies.

4.4.2.2 The Proposed Diversion Plan is not Sustainable

As noted earlier, the Panel has adopted a sustainable development frame of reference for
the consideration of the proposed project and diversion plans. This frame of reference is based on three
basic principles (meeting licensing, IFN, and present and future water requirements) that are strongly
supported by the residents of the basin. The Panel takes the view that the proposed water management
project must meet these environmental, social, and economic considerations because they are basic to the
determination of the public interest.

The Panel has examined the diversion plans to determine whether or not they will respect
existing riparian rights and water licences so that there will not be a loss or injury to existing water rights.
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This criterion is particularly important to the Panel since it was fundamental to the consensus reached in
1991 when it was recognised that water rights and licences must be respected, particularly for those
people in the lower Highwood River and along the upper Little Bow rivers. Despite having been
identified as a necessary requirement by the public and subsequently endorsed by the Minister in
consultation with the MLA’s from the area, the basic requirement of respecting existing water rights is
not met by the diversion plans proposed in the Application.

The proposed diversion plans do not respect existing water rights and, as described in
Table 4.8, the modelling predicts increased deficits to licensed water users. According to the Applicant,
these higher irrigation deficits, particularly along the Highwood River, would occur as a result of the
emphasis on [FN in the Diversion Plan. Higher irrigation deficits were also predicted in the Little Bow
basin upstream of the proposed Little Bow River Reservoir. Irrigation deficits were discussed earlier in
section 4.3.1.1. In the Panel’s opinion, creating deficits larger than those experienced before the project
for certain water users, while reducing or eliminating deficits for others and creating opportunities for
irrigation expansion, is inappropriate.

With respect to meeting basic environmental requirements, the Panel has also considered
whether or not this basic requirement of a sustainable water resource management project is met in the
diversion plans proposed in the Application. As noted in Section 4.3.1.2, the Diversion Plan proposed by
the Applicant does not meet the minimum Preliminary IFN used in the evaluation. If the evaluation had
been based on the science-based IFN alone, the results would have been even worse. The Expanded
Squaw Coulee was proposed to overcome these shortfalls in meeting the basic criteria of the Preliminary
IFN. While the Expanded Diversion Plan is able to meet the minimum criteria successfully, it would still
not meet the requirements of a more stringent science-based IFN.

Finally, the Panel has considered whether the proposed diversion plans would be able to
meet current and future needs for water for domestic, riparian, and municipal needs, and other
consumptive uses. By giving these uses highest priority, both the Diversion Plan and the Expanded
Diversion Plan were designed to ensure that municipal/domestic/industrial demands are met.

During periods of low flow, the Diversion Plan allows diversions of water from
the Highwood River to supply the total conveyance flow requirement of 0.57 cms (20 cfs). This
conveyance flow plus the water needed for municipal, domestic, and industrial demands represent a
combined demand of about 0.80 cms (28 cfs). These are considered to be the minimal flows required to
deliver water to the Little Bow River and Mosquito Creek. Under the Diversion Plan, these flows are
expected to occur relatively frequently.

Community reaction to these low flows is negative. Such low flows in the Little
Bow River and Mosquito Creek are not acceptable except on an emergency basis. Even with the
Expanded Diversion Plan and increased storage in Squaw Coulee there would be several weeks when
conveyance flows in the upper Little Bow River could not be provided even with the expanded Squaw
Coulee Reservoir.

In the opinion of the Panel, implementation of the Diversion Plan would result in poor
quality water for domestic and municipal purposes because low flows in the upper Little Bow River and
Mosquito Creek would be maintained over a significant period during the critical late July and August
period. Meeting minimum water quantity criteria without regard to quality of water is inappropriate.
This is of considerable concern in that overflows from Frank Lake represent a significant threat to water
quality in the Little Bow River. The Panel does not view the combined diversion of 0.80 cms (28 cfs)
through Squaw Coulee and down the Little Bow River as meeting the criteria of satisfying domestic and
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municipal demands. The diversion plans also do not take into consideration any contingency for
unforeseen demands. The Panel concludes that any diversion plan that fails in this regard is not prudent.

The Panel's conclusion is that the proposed Diversion Plan fails to remedy the current
problems or meet future needs for water. It does not meet the basic criteria of a sustainable development:
it assumes that existing licence commitments would not be met; it would not meet the minimum
Preliminary IFN requirements; and it would not meet ecosystem and consumptive needs because of the
poor water quality associated with low conveyance flows. The proposed Expanded Diversion Plan would
be superior to the Diversion Plan in that it does meet the minimum Preliminary IFN used in the analysis.
However, it does not meet the other basic criteria of a sustainable development because it would not meet
existing licence commitments, and it would not meet ecosystem and consumptive needs because of poor
water quality associated with low conveyance flows.

In summary, the Panel finds serious problems with the Diversion Plan and the Expanded
Diversion plan and cannot support either of them.

APWSS and AEP recognized some of the problems with the diversion plans. They
proposed using an interim operating plan as a means of moving toward implementation of the diversion
plans. However, the Panel does not intend to examine this interim operating plan since the proposed
diversion plans do not achieve the basic requirements for a sustainable water resource management
project. The Panel simply notes that it agrees with those interveners who indicated that the steps
proposed by APWSS and AEP to ultimately achieve the diversion plans were impractical and could not
be relied upon.

4.4.3 The Need for Storage for the Highwood Basin

Given that the proposed diversion plans would not meet the criteria of sustainable
development, the Panel explored various options for balancing water demand and supply. There are very
limited alternatives to deal effectively with the demand for consumptive uses of water during low flows if
withdrawals are precluded. Possible options include demand management by restricting diversions
during periods of low flow and serving growing demand by creating more water storage.

Restricting all consumptive uses from the Highwood River during low flows would
require the development of short-term storage for human consumption. It would also be necessary to
adopt specific measures to restrict existing consumptive licences during low flow events, especially
licences for irrigation and industrial purposes. There are other issues that would need to be addressed
including the legal capacity to restrict diversions and the costs of any associated facilities and
compensation. The level of public support among those directly affected would be questionable. It
would also be necessary to assess the social, economic, and environmental effects of restrictions on
consumption or withdrawals during low flows, and to compare these effects to those of other alternatives,
such as storage. Cancelling existing licence commitments and paying compensation, and capping future
growth and development in the basin would also be required. Evidence before the Panel suggests there is
little or no support at this time for using restrictions on water consumption or withdrawals as a means of
achieving IFN during periods of low flow in the Highwood River.

The Panel concludes that storage is the preferred approach for resolving currently
unsustainable water management practices in the Highwood basin. The Panel believes that the first
priority for consideration of storage for the basin is to remediate the current over-allocation of water
during low flow events. This implies that natural flows in the Highwood River would be maintained to
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meet IFN requirements, and existing consumptive demands (ignoring any future demands) would be met
from storage. In the view of the Panel, the consumptive demands within the upper Little Bow basin and
in the Squaw Coulee/Mosquito Creek area require summer flows of at least 0.85 and 0.75 cms (30 and 20
cfs) respectively and preferably 1.13 and 0.85 cms (40 and 30 cfs). These flows are required to provide
sufficient conveyance flows, yield good quality water, and meet domestic, municipal and irrigation
licensed demands. The proposed Expanded Squaw Coulee Reservoir project falls far short of having the
capacity to meet these current demands. It can only meet the minimum Preliminary IFN used in the
Application if combined flows in the upper Little Bow and Mosquito Creek are reduced to 0.79 cms (28
cfs) and some licensed water users incur various levels of deficit.

The inherent limitations of the proposed diversion plans created interest in alternative
plans predicated on the development of additional storage for the Highwood basin. Attention focussed on
the existing Squaw Coulee Reservoir, but with an even greater storage capacity than the proposed
Expanded Squaw Coulee Reservoir. In its review of the Application and its Report on the Pre-Hearing
Conference, the Panel directed APWSS to explore alternatives that could be viewed as sustainable
development. Such alternatives would be predicated on compliance with instream flow needs, meeting
licence requirements and conveyance flows, and meeting identified future demands for water.

The Panel has already described in Section 4.3.2 the additional scenarios and modelling
provided by APWSS in response to the Panel's request for supplemental information concerning a
substantial increase in storage at the Squaw Coulee Reservoir. This alternative came to be known as the
“Super Expanded Squaw Coulee Project”. The Panel concludes that the modelling shows that the
development of storage equivalent to the Super Expanded Squaw Coulee Reservoir would likely meet
most current water needs while providing sufficient protection to the environment. The model predicts
that the [FN would be observed, and that flows would reliably be at least 0.71 cms (25 cfs) in the upper
Little Bow River and 0.50 cms (17.6 cfs) in lower Mosquito Creek. This would serve to substantially
correct the current situation where the Panel concludes that the water resource has been over-allocated.

The Panel tentatively concludes that the available modelling shows that, although the
development of storage equivalent to the Super Expanded Squaw Coulee Reservoir would provide
sufficient protection to the environment, this amount of storage would fall short of entirely meeting most
future water need. The Panel believes that, with some further work to optimize the use of stored water,
the model might predict that most currently identified future needs could almost be realized. Some future
expansion of irrigation on the lower Highwood River and along the upper Little Bow River would not be
possible, however.

Since there is not enough water to meet current requirements during low flow events, the
Panel takes the view that low flow events could be managed effectively with additional storage for the
Highwood basin. The Panel has already stated that the need for storage for the Highwood basin is
independent of the consideration of the expansion of irrigation at and below the Little Bow River
Reservoir and around Clear Lake, as these rely on water diverted and stored during high flow events. The
Panel will examine the effects of the works required to facilitate this irrigation expansion in more detail
later in this report. The unsustainable current situation on the Highwood River and upper Little Bow
River stills needs to be addressed regardless of whether or not the three-component project proceeds.

The need to provide for winter IFN has not been considered in the above discussion, nor
has any provision been made for other unforeseen contingencies. This evaluation has also not considered
the effects of an updated IFN that is solely science based. If these additional demands are considered, the
combined requirements for storage might exceed the capacity of the Super Expanded Squaw Coulee
Reservoir.
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The Panel believes that there is a need to consider a continuum of storage and other
options to meet current and future needs for the Highwood basin. In the view of the Panel, the question is
not whether or not the expanded or the Super Expanded project should be built. The more appropriate
question is whether the development of storage such as or equivalent to the Super Expanded Squaw
Coulee plus other storage options will be required to meet the long-term needs in the basin.

4.4.3.1 Storage Options in the Highwood Basin

The Panel received and has considered evidence regarding the opportunities for storage in
the Highwood basin. The following discussion summarizes the evidence concerning storage in the
Highwood basin and was taken from the Application and the supporting reports, and other evidence
presented during the hearing. For the Panel's purposes, the available evidence gives sufficient
information for reaching preliminary conclusions.

The Application includes a review of the effects of increased storage at Squaw Coulee,
including a full Environmental Impact Assessment of the Expanded Project. This assessment was
considered acceptable to the Director of Environmental Assessment for Alberta. The Panel also received
written and oral submissions from area residents regarding the nature of the effects of Squaw Coulee
expansion. The Panel believes that it has sufficient information before it regarding the nature and extent
of those effects to give them appropriate consideration.

The Panel requested and received additional information regarding an alternative to
constructing the enlarged Squaw Coulee Reservoir that involved further expanding the capacity of the
Reservoir from 6,380 dam3 to 16,200 dam3 (5,175 ac-ft. to 13,140 ac-ft). The Super Expanded Squaw
Coulee Reservoir would be located in the same coulee that was examined in some detail in the
Application filed initially with the Panel. It would have the same basic design as the Expanded Squaw
Coulee Reservoir, with a north and south embankment dam. Outlet structures at either end would enable
releases of stored water to either Mosquito Creek or to the Highwood River. Development of the Super
Expanded Squaw Coulee would require flooding more land, increasing the height of the dams, and
increasing the size of the inlet and outlet canals. A comparison of the project data is found in Table 4.12.

APWSS undertook an office feasibility level study of the Super Expanded Squaw Coulee
Reservoir based on the engineering completed for the expanded Squaw Coulee. This feasibility study
examined reservoir topography and storage, design flood selection and hydrology, land requirements,
impacts on roads and utilities, and estimated costs. APWSS also conducted additional environmental
investigations of the Super Expanded Squaw Coulee Reservoir. Specific areas examined included water
quality assessment, fish habitat, soils, vegetation and wildlife. Additional historical resources impact
assessments were completed. An economic analysis of the Super Expanded Squaw Coulee Reservoir was
also prepared.

Limited public consultations on the Expanded and Super Expanded Squaw Coulee
reservoir occurred prior to the commencement of the public hearing conducted by the Panel. Local
residents presented written submissions and oral evidence to the Panel. Much of this evidence described
the potential effects of the Expanded and Super Expanded project on area residents. Panel views on the
adequacy of this public participation are found in Section 6.
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TABLE 4.12

OPTIONS FOR EXPANSION OF STORAGE AT SQUAW COULEE

DESCRIPTION SUPER EXPANDED EXPANDED

1. Reservoir
Full Supply Level (FSL) 1074.0 m (3,523.6 ft) 1073.6 m (3,523 ft)
Total Storage at FSL 16,200 dam’ (13,125 ac ft) 6380 dam’ (5,175 ac ft)
Flooded Area at FSL 210 ha (519 acres) 115 ha (284 acres)
Length 7.3 km (4.5 mi) 4.7 km (2.9 mi)

2. North Embankment
Top of Dam Elevation 1077.0 m (3,533.5 ft) 1075.7 m (3,529,2 ft)
Length 290 m (950 ft.) 280 m (920 ft)
Maximum Height 12 m (40 ft) 10.7 m (35 ft)
Outlet Structure Capacity 2.3 cms (80 cfs) 0.7 cms (23 cfs)

3. South Embankment
Top of Dam Elevation 1077.0 m (3,533.5 ft) 1075.7 m (3,529.2 ft)
Length 500 m (1,640 ft) 450 m (1,475 ft)
Maximum Height 20 m (65 ft) 19 m (62 ft)
Outlet Structure Capacity 1.7 cms (60 cfs) 1.7 cms (60 cfs)

4. Diversion Canal
Length 4.6 km (2.9 mi) 4.6 km (2.9 mi)
Design Capacity 3.4 cms (120 cfs) 1.7 cms (60 cfs)

5. Return Canal
Length 2.8 km (1.7 mi) 2.8 km (1.7 mi)
Design Capacity 2.3 cms (80 cfs) 0.7 cms (23 cfs)

6. Cost Estimate $15.7 million $8.2 million

The Panel recognises that more information would have been forthcoming if additional
time and effort had been devoted to the identification and assessment of project effects, including the
development of mitigation measures with consultation with the local public. Data collected over a longer
period of time would have increased confidence in predictions of the precise nature of project effects.

Based on the evidence currently available, the Panel does not see much difference in the
nature of the environmental effects of the Expanded Squaw Coulee Reservoir, and the Super Expanded
Squaw Coulee Reservoir. Clearly there are differences in the extent and degree of effect since more area
of a similar nature is being affected. For example, additional land would be flooded and the size of the
dams and related works would be changed. Development of a diversion plan that would optimize use of
the additional water stored in the Reservoir could be conducted through additional computer simulations.
However, experts in various areas of environmental effects all indicated that they did not expect to see
any significant differences in the nature of project impacts were the amount of storage in Squaw Coulee
increased from 6,380 dam3 to 16,200 dam3 (5,175 ac-ft. to 13,140 ac-ft). There would be increased
social and economic effects and these were partly identified by local residents and aboriginal interveners
at the hearing.
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Overall, the Panel believes that it has a good understanding of the general nature of the
effects of both the Expanded and the Super Expanded Squaw Coulee reservoirs. The Panel recognises
that there is some possibility that additional information could lead the Panel to reach different
conclusions. However, the Panel believes that, based on community and expert testimony in the hearing,
the probability of receiving significantly different new information is small. The Panel believes a more
comprehensive public consultation process is required to more fully understand the effects of increased
storage in Squaw Coulee (See Appendix C, Article 7). Most parties indicated their willingness to study
this and other water issues.

The Panel has already expressed its opinion that, to accommodate future needs, additional
storage capacity will be needed for the Highwood basin. In the opinion of the Panel, the Super Expanded
Squaw Coulee Reservoir presents a feasible option that appears to meet most project objectives. Further
evidence is needed for a panel to come to a final conclusion regarding whether the Super Expanded
Squaw Coulee Reservoir is the best way of resolving storage needs in the Highwood basin.

The Panel agrees with the residents of the Squaw Coulee and Baker Creek area that alternative sites to the
proposed Super Expanded Squaw Coulee Reservoir require further investigation and consideration. The
Panel also agrees that a more in depth analysis of other water conservation practices also needs to be
done.

4.4.3.2 Alternatives to the Super Expanded Squaw Coulee Reservoir

The examination of potential storage sites in the Highwood basin is not a new idea.
Potential sites for water storage in the Highwood River basin have been previously identified in four
separate reports beginning in 1923:

o Highwood River Irrigation Project (Government of Canada, 1923)

e Highwood River Study (A.G. Underhill, 1964)

o  Structural Options, Pekisko-Stimson Water Management Study (Alberta
Environment, 1987)

e Selection and Evaluation of Potential Dam and Storage Sites, Bull Creek and Tongue
Creek - Highwood River Basin (J.D. Mollard and Associates Ltd. 1991)

Each of these reports contains some information about some potential reservoir sites. No report covers all
potential sites and the amount of information varies from report to report.

The Application, in a section entitled Potential Storage Sites-Highwood River Basin, and
various supporting reports, provides a list of previously identified potential reservoir sites (see Map 4.1)
in the Highwood River basin (onstream and offstream). These reports also provide preliminary
information on cost, engineering feasibility and environmental considerations for sites selected as having
the greatest potential for future development. The following is a summary of the information received
from the Applicant regarding alternative storage sites in the Highwood basin.

The Fish and Wildlife Division of AEP undertook an environmental pre-screening of all
identified sites. This review determined that the three Highwood River sites (1, 2 and 3), the Pekisko
Creek site (6) and the Cataract Creek site (11) were unacceptable. A dam at any of these locations would
obstruct migration patterns of local and Bow River trout populations. The Highwood River valley and
south Pekisko area also provide significant wildlife habitat and are also two of the province’s most
important ranges for elk. Cataract Creek is considered a unique watershed with high environmental and
fishery values. The pre-screening review also determined that the lower Stimson Creek site (7), the
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Sheppard Creek site (10), and the Baril Creek site (13) are unfavourable because of potential negative
impacts these storage reservoirs would have on wildlife and fish habitats.

The most favourable sites from an environmental perspective were those on Tongue
Creek and upper Stimson Creek. Each site was considered to have fewer negative impacts on fish and
wildlife habitat than the other identified sites. The four sites selected based on the environmental pre-
screening were two sites on Tongue Creek (4 and 5), one site on Stimson Creek (8) and one site on Bull
Creek (12). To assess the technical merits of these sites, information was compiled on dam height,
storage capacity, reservoir area, site topography, geotechnical and design information, costs, and
environmental considerations. A summary of this information in provided in Section 18 of the EIA
prepared by APWSS. Pertinent hydraulic data for the four study sites are shown in Table 4.13 and a
summary of other characteristics is provided below.

e Geological conditions for Tongue Creek Sites 4 and 5 include sands and gravels in
the valley bottom and in adjacent uplands. These deposits are extensive and
permeable, and could have a significant bearing on reservoir leakage. Geological
limitations appear to be of less concern at the Bull and Stimson creek sites.

e Although there is no significant fisheries habitat at the Tongue and Stimson creek
sites, cutthroat trout are known to use Bull Creek.

e Water releases from storage at the Bull or Stimson creek sites would be most
beneficial to the Highwood River. These sites are located closer to the headwaters so
higher flows would occur on most of the river, while releases from storage at Tongue
Creek would only benefit the lower reaches of the river.

e Reservoir fisheries could be created at the Bull or Stimson creek sites.

e Impacts on wildlife and wildlife habitat are predicted to be minimal at the Stimson
and Tongue creek sites. Bull Creek has an abundant ungulate population.

e Kayaking and canoeing are popular at locations along the Highwood River in the
vicinity of the Bull Creek sites.

An assessment of historical resources has not be conducted at any of these four sites.

Based on evidence presented at the hearing, the Panel identifies the following evaluation
criteria for the consideration of storage alternatives in the Highwood basin.

e Highwood River on-stream storage is not acceptable due to conflicts with fisheries
requirements.

o Total reservoir capacity must be equivalent to or larger than the Super Expanded
Squaw Coulee site.

e The cost of developing storage must be equivalent to or less than the Super Expanded
Squaw Coulee site expressed on a cost/acre foot basis.

e Predictions concerning water quality effects on the Highwood River should not show
any significant adverse effects.

e The outlet to Highwood River from the storage site is located above the Little Bow
diversion at the Town of High River.

o The social impacts should be less than or equal to those associated with the Super
Expanded Squaw Coulee Reservoir.
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Map 4.1

TABLE 4.13
PERTINENT HYDRAULIC DATA FOR ALTERNATIVE STORAGE SITES IN THE HIGHWOOD
BASIN
Dam Tongue Tongue Bull Creek Stimson Creek Site 8
Creek Site 5 | Creek Site 4 Site 12
Storage Capacity dam’ 9,800 20,000 20,000 8,700
(acre feet) (7,900) (16,200) (16,200) (7,100)
Firm Annual Yield dam’ 10,000 18,000 17,000 4,050
(acre feet) (8,100) (14,600) (13,800) (3,300)
Top of Dam Elevation 1,063.7 1,063.7 1,313.5 1,237.0
(m)
Full Supply Level (m) 1,060.7 1,060.7 1,310.5 1,234.0
Service Spillway Design 98 (PMF) 85 (1:1000) 218 (PMF) 90 (1:1000)
Flood cms (cf5s) (3,450) (3,000) (7,700) (3,150)
Emergency Spillway N/A 800 (PMF) N/A 380 (0.5 PMF)
Design Flood cms (cfs) (28,200) (13,400)
Low Level Capacity 4.2 4.2 4.2 4.2
cms (cfs) (150) (150) (150) (150)
Diversion From Highwood 5.7 8.5 8.5 N/A
River To Fill Reservoir (200) (300) (300)
cms (cfs) (Pumping)

PMF refers to flows expected at probable maximum flood.

Source: APWSS

The Panel makes the following observations regarding the sites presented as alternatives for
storage in the application (See Table 4.1.4). The Panel recognizes that these observations are based on preliminary

data.
TABLE 4.14
COMPARISON OF ALTERNATIVE STORAGE SITES IN THE HIGHWOOD BASIN
Dam Site Description Tongue | Tongue Bull Stimson Squaw Squaw
Creek | Creek Creek Creek Coulee Coulee Super
Site 5 Site 4 Site 12 Site 8 | Expanded Expanded
Approximate Dam Height m 17 17 35 18 19 20
(feet) (56) (56) (115) (59) (62) (65)
Reservoir Area 160 265 220 180 115 210
ha (acres) (395) (655) (545) (445) (284) (519)
Storage Capacity dam’ (acre feet) 9,800 20,000 20,000 8,700 6,380 16,200
(7,900 | (16,200) | (16,200) (7,100) (5,175) (13,125)
Firm Annual Yield dam’(acre 10,000 18,000 17,000 4,050 9,872 19,928
feet) (8,100) [ (14,600) | (13,800) (3,300) (8,003) (16,156)
Capital Cost $12.5 $22.1 $57.0 $17.5 $7.1 $15.7
(million 1991 $)
Annual Operation and $125 $221 $570 $175 $71 $157
Maintenance Cost (thousand $)
Cost per Unit of Storage $/dam’ $1,275 $1,105 $2,850 $2,010 $1,113 $969
($/ac-ft) ($1,570) | ($1,360) | ($3,515) | ($2,480) ($1,372) ($1,196)
Cost per Unit of Firm Annual $1,250 $1,228 $3,353 $4,321 $719 $788
Yield $/dam’ ($1,540) | ($1,515) | ($4,135) | ($5.,330) ($887) ($972)
($/ac-ft)
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Source: APWSS

The Panel notes that, as presented, the development of storage at the Tongue Creek sites
would involve diverting and storing water from the Highwood River and then returning it to the
Highwood via Tongue Creek. Tongue Creek enters the Highwood River below the Town of High River
and downstream of the Little Bow diversion works. APWSS indicated that Tongue Creek sites would
only be useful for supplementing the flows in the Highwood River downstream of High River.

It was the Applicant's opinion that the water stored at Tongue Creek Site 4 could not be
returned to the Highwood above the point of diversion to the Little Bow River or to Squaw Coulee.
Therefore, no conceptual plans or cost estimates for a return canal or pipeline to the Highwood River
above or at High River were provided. Further, APWSS acknowledged that, because return flows from
the Tongue Creek sites would enter the Highwood River below the existing diversion works, they are not
as attractive as the Squaw Coulee site for water management purposes. Storage at the Squaw Coulee
site provides more flexibility because stored water can be directly released to Mosquito Creek and the
Highwood River. However, the citizens of Baker Creek felt that the APWSS had undertaken insufficient
investigation of the location of return canal facilities to the Highwood River. Further investigation of this
matter is required.

There are other reasons why Squaw Coulee storage may be preferable to the other sites.
Geotechnical issues at the Tongue Creek sites may make them less desirable than the Squaw Coulee site.
As shown in Table 4.14, Tongue Creek Site 4 is slightly larger than the Squaw Coulee site in terms of
total storage but the costs per unit of storage are 14 per cent higher at $1,360 versus $1,198 per acre-foot
of storage. The storage capacity at both Tongue Creek Site 5 and Stimson Creek Site 8 appears to be too
small unless they are considered in combination with another reservoir. Bull Creek appears to have some
significant environmental constraints and its capital costs appear to be prohibitive. It is the opinion of
APWSS that, of all the alternative sites identified in the Highwood basin, the Stimson Creek Site 8
presents the best alternative to the Squaw Coulee Reservoir. However, Squaw Coulee is capable of
storing almost twice as much water and costs almost half as much on a dollar per acre-foot of storage.

From the evidence currently available to the Panel, it appears that Squaw Coulee is the
best single site for creating storage for the Highwood basin, taking into consideration storage capacity,
location, environmental effects, cost, and water management flexibility. The major drawback with the
Super Expanded Squaw Coulee Reservoir, as identified by the various interveners, was its social and
environmental impacts.

The Panel has already concluded that additional storage is required for the Highwood
basin. The Panel also concludes that, after having considered the available storage sites in the basin, it is
possible to develop additional storage for the Highwood basin. The Panel concludes that the Super
Expanded Squaw Coulee Reservoir would provide sufficient storage to remedy the current over-allocation
of water during low flow events. This site would also meet the basic principles of the development of a
sustainable water resource project, having regard to waters rights, environmental effects, and capacity to
meet almost all currently identified future demands for water. Having accepted the need for additional
storage for the Highwood basin to meet current water demand, the Panel adopts a perspective that a series
of storage opportunities may ultimately evolve in the basin over the long term to meet future water
demands. In this context, the Super Expanded Squaw Coulee Project and other storage options, such as at
Tongue Creek and Stimson Creek Site 8, are all possibilities that need to be examined now.
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4.4.3.3 Further Investigations of Storage Options Required

The Panel acknowledges that information deficiencies regarding alternative sites and the
Super Expanded Squaw Coulee Reservoir are sufficient to preclude this Panel from coming to a definitive
conclusion at this time regarding the expansion of the Squaw Coulee Reservoir. The Panel directs
APWSS to update the comparative analysis of the sites available for meeting the storage needed (Note
Board Order 9601-1). This analysis should include the Super Expanded Squaw Coulee site, the Tongue
Creek Site 4, and Stimson Creek Site 8, and show comparative data regarding environmental, social and
economic effects. This assessment must be conducted in sufficient detail to allow a Panel to conclude
whether or not the Super Expanded Squaw Coulee Project is in the public interest. Therefore, the Panel
further directs APWSS to complete the assessment of the environmental, social and economic effects of
the Super Expanded Squaw Coulee project. Public consultation is required as an integral part of the
further analysis and assessment. Particular attention should be directed toward finding appropriate routes
for return flows to the Highwood using pipelines, since the Panel sees little merit in the further
consideration of a large canal through a country residential development when less disruptive, equivalent
alternatives may exist.

4.4.5 Highwood River Basin Water Management Plan

The need for the Highwood River Basin Water Management Plan (HMP) was recognized
in January of 1991. The evidence before the Panel indicates that, at that time, AEP made a commitment
to develop a water management plan for the Highwood River basin that would seek means to improve
flow and quality in the lower Highwood River and reduce water supply deficits to existing, licensed
irrigation users.

In December 1993, AEP released draft terms of reference for a HMP. The draft terms of
reference were intended to serve two purposes. In the short-term they were to provide information to the
NRCB on the scope of basin planning that AEP would undertake in the basin. In the longer-term the draft
terms of reference were intended to provide the basis for a public discussion of how to develop a basin
plan. The draft terms of reference described the nature and extent of planning that AEP would undertake
in response to the recommendation for a Highwood basin plan. AEP clearly indicated in 1993 that the
HMP would not proceed until the NRCB had made its recommendations on the Little Bow
Project/Highwood Diversion Plan and public comments on the terms of reference were taken into
account.

The draft terms of reference for the HMP identified a number of objectives. These
objectives included identification and assessment of methods for improving management of surface and
groundwater in the Highwood River basin, sustaining healthy aquatic and riparian ecosystems, and
ensuring an adequate supply of good quality water for all uses. The proposed terms of reference were
based on a key assumption that a plan for diverting water to the Little Bow River basin would be adopted
and implemented. It was also recognized that it would be desirable to examine some water management
issues in the Little Bow River basin as part of the Highwood basin plan. Again it was indicated that this
would depend on the results of the NRCB's review of the Little Bow Project/Highwood Diversion Plan.

The draft terms of reference identified a number of water management issues and
concerns that need to be addressed in the HMP. These issues and concerns were identified during the
Highwood River IFN study and the development of the Little Bow Project/Highwood Diversion Plan.
These issues included: water supplies for irrigation in the Highwood River basin; instream flow needs for
fish, recreation and environmental protection; physical alteration of fish habitat including restoration and
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improvement of habitat; water quality maintenance; impacts of future industrial development; impacts of
population growth; institutional changes for allocating water; water conservation; and impacts of changes
in management of the Highwood River basin on the Bow River.

AEP indicted that it would initiate the HMP after the NRCB had made its
recommendations regarding the Little Bow Project/Highwood Diversion Plan and would take a minimum
of two years to complete. Development of water management planning for the Highwood River basin
would require the co-operation and participation of numerous individuals, organizations and government
agencies, so AEP proposed that a management structure would be established at the beginning of the
planning process. The roles, responsibilities and linkages among the various participants would be
defined to ensure workable solutions, effective public consultation, and open and co-operative
communications. AEP envisioned that the HMP would include: guidelines for water conservation in the
basin; reach-specific water quality objectives; water allocation guidelines; instream flow needs and
allocations for critical reaches; guidelines for maintaining and enhancing recreational opportunities; and
land use guidelines as they relate to water management.

Throughout the public hearing conducted by the Panel, various parties made extensive
reference to the HMP. When the Highwood River Basin Water Management Plan was first proposed in
1991, there was an expectation that the Application for the Little Bow Project/Highwood Diversion Plan
would have been reviewed by the NRCB within a year or two. It was also expected that the NRCB
review process would determine the diversion plans for works on the Highwood River and would assess
the acceptability of the development of off stream storage in the Highwood River basin at Squaw Coulee.
No one anticipated that the NRCB hearings would begin years later in the fall of 1997 with a decision
report presented in 1998.

During the course of the hearing it became evident that most parties believed that
APWSS had not provided an acceptable diversion plan. It also became evident that most parties believed
further investigation of storage opportunities within the Highwood River basin was required before an
acceptable diversion plan could be approved. Because APWSS failed to resolve the issue of the diversion
plan and to provide a conclusive solution in response to the need for additional storage for the Highwood
River basin, many parties viewed the HMP as a possible means of resolving these outstanding issues.

However, prior to the hearing, AEP clearly indicated that it expected the Panel to deal
with the diversion plan and the need for storage in the Highwood River basin before it would initiate the
HMP. AEP acknowledged that the terms of reference for the HMP would be altered substantially if the
Application is or is not approved. In their closing remarks, AEP indicated that specific water supply
issues raised in the hearing would be considered in the proposed basin plan. These specific water supply
issues included: fully meeting the Highwood River summer instream objective; establishing and meeting
the Highwood River winter instream objective; providing additional flows in the Little Bow basin to
benefit water quality in the Little Bow River and Mosquito Creek; and supplying future uses along the
Highwood River. AEP identified some measures that could address these issues within the context of the
HMP, specifically: the expansion of storage at Squaw Coulee and other storage opportunities in the
Highwood River basin; instream works to improve fish habitat; and non-structural measures such as water
right transfers.

The Panel has a number of concerns about deferring decisions on diversion plans and
additional storage to the HMP. The Panel believes that the operation of the proposed diversion works on
the Highwood River is fundamental. The evidence before the Panel is compelling with respect to the
need to resolve water management issues associated with low flow events in the Highwood River.
Diversion plans compatible with the concept of sustainable development are required and fully satisfying
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the three criteria adopted by the Panel (namely, respecting existing water rights, observing IFN, and
meeting current and future needs) will require the development of storage for the Highwood basin.

The Panel believes that these matters are relevant within the context of the current
Application. Therefore, the Panel has decided that it will not defer consideration of the need for storage
and associated diversion plans during low flow periods to the HMP. The Panel will require APWSS to
work on these storage alternatives now. In doing so, the Panel fully recognizes that it is adopting an
approach to these matters that is contrary to the recommendations made by some parties during the
hearing. The Panel also recognizes that there is a public interest in the early resolution of these matters
since lengthy delays have already occurred and all parties have made a significant investment in bringing
these issues and the project before the Panel.

4.4.6 Panel Directions for Future Work

The Panel has decided to defer consideration of the Diversion Plan and Expanded
Diversion Plan. However, the Panel further requires that the diversion plans for the management of water
in the Highwood be developed to meet the basic criteria of a sound water management project.
Specifically, the Panel believes that the objectives of a revised diversion plan should ensure that:

e The IFN is observed at all times in the Highwood.
Existing licence commitments are upheld.

e Adequate conveyance flows are maintained in both the upper Little Bow River (0.85
to 1.13 cms or 30 to 40 cfs) and Lower Mosquito Creek (0.57 to 0.85 cms or 20 to 30
cfs).

e Known future demands are met.

e Consideration is given for possibly reserving water for future requirements.

The Panel requires that the diversion plans for the Highwood diversion works be revised
to reflect the improved flexibility that would result from developing storage for the Highwood basin.
Additional modelling is required to demonstrate the degree to which the above criteria can be met under
various low flow scenarios.

The Panel requires that the completed assessment of the environmental, economic and
social effects of the Super Expanded Squaw Coulee Reservoir, including the comparative analysis of
alternative storage sites and a revised diversion plan, be filed with the NRCB/CEAA within 12 months of
the release of this decision report. This information is required so that a Panel can complete the review
and issue a decision on the Expanded Squaw Coulee Reservoir, and the diversion plans for the Highwood
River. The Panel also requests that the Highwood Preliminary IFN be updated at an early date so that the
consideration of the Super Expanded Squaw Coulee Reservoir or other alternatives is undertaken in the
most current scientific context.

The Panel requests that the additional information required to complete their review be
filed with the NRCB/CEAA and Alberta Environmental Protection. The Alberta Director of
Environmental Assessment will then be in a position to confirm that the supplemental information filed
with the NRCB is, in his opinion, suitable for the purposes of further public review of this component of
the Application. The Board has issued an Order regarding this supplemental information. A copy of the
Order is found in Appendix C.
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The Panel also requires that the detailed process plan for completing the HMP be filed
with the NRCB/CEAA for public discussion and consideration at a public hearing that will be needed
when the additional information to complete the review is filed. The process plan for the HMP should be
developed recognising the need for storage. The Panel believes that the three criteria should be
considered in developing the detailed HMP process plan:

Additional criteria to be considered include:

e The Highwood River Basin Management Plan must include the upper Little Bow and
lower Mosquito Creek basin.

e The planning process must strive for balanced and representative public consultation
with an independent facilitated process.

e The plan must address all sources of pollutants including non-point agricultural
sources and Frank Lake outflows.

o Significant future development in the basin and associated growth and demand for
water must be anticipated.

e Fisheries management considerations, including the need for habitat improvement,

must be addressed.

The winter IFN requirements must be addressed.

The need for IFN for the Little Bow River and Mosquito Creek must be re-examined.

Flood protection and planning must be considered.

The role of the Highwood River basin must be considered in the context of the Bow

River basin.

4.4.7 Concluding Comments

The Panel has given detailed consideration to the overall nature of water management in
the Highwood River and Little Bow River basins. The three-component project, which consists of the
Highwood diversion works and canal, Little Bow River Reservoir and Clear Lake diversion works and
canal, appears to respect riparian rights and water licenses, meet basic environmental criteria, and meet
current and future demands for water. On a preliminary basis, the Panel concludes that the three-
component project does meet the three basic criteria of sustainability adopted by the Panel. Therefore, in
the opinion of the Panel, the Highwood diversion works and canal, Little Bow River Reservoir and Clear
Lake diversion works and canal, warrant detailed consideration of their social, economic, and
environmental effects.

The proposed diversion plans, however, do not meet the three basic sustainability criteria
adopted by the Panel. The Panel has serious concerns about the Diversion Plan and the Expanded
Diversion Plan, and has concluded that the plans, as proposed, would not be in the public interest.

The Panel has also concluded that storage is required in the Highwood River basin in
order to achieve sustainable water resources development. The Panel has considered the potential role of
the Expanded Squaw Coulee Reservoir in meeting the need for storage. The Panel has concluded that the
amount of storage offered by this alternative would be insufficient to meet current demands.
Consequently, the Panel has decided not to give further consideration to the social, economic, and
environmental effects of Expanded Squaw Coulee Reservoir described in the Application.
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The Panel has also concluded that, having considered available sites in the basin,
additional storage can be developed in the Highwood basin. The Panel further concludes that the Super
Expanded Squaw Coulee Reservoir would provide sufficient storage to remedy the current over-allocation
of water during periods of low flow in the Highwood River. The Super Expanded Squaw Coulee would
meet the basic principles of the development of a sustainable water resource project, having regard to
water rights, environmental effects, and capacity to meet almost all currently identified future demands
for water. However, at this time, the Panel acknowledges that there are information deficiencies in the
evidence and deficiencies in the public process. These deficiencies preclude this Panel from coming to a
definitive conclusion regarding the potential impacts of expanding water storage in Squaw Coulee
Reservoir.

The Panel has deferred consideration of the public interest with respect to the Squaw
Coulee component of the Application pending the receipt of additional information which assesses the
environmental, social, and economic effects of a Super Expanded Squaw Coulee Reservoir and other
alternatives. The Panel has also deferred further consideration of the public interest regarding the
diversion plans, pending receipt of a revised diversion plan that may be more flexible as a result of
developing storage for the Highwood basin. The Panel requires that a completed assessment of the social,
economic, and environmental effects for the Super Expanded Squaw Coulee Reservoir, including a
comparative analysis with alternative storage sites, and a revised diversion plan be filed with the
NRCB/CEAA within 12 months of the release of the Panel’s decision report. The assessment should
include a balanced and representative public consultation process plan involving an independent
facilitated consensus building and decision-making process.
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5. ENVIRONMENTAL EFFECTS

The proposed three-component Project is intended to improve water supply by diverting
and storing water in the proposed Little Bow River Reservoir and Clear Lake. It would also result in a
variety of environmental effects, some of which are positive and some of which are negative. This section
of the report discusses the environmental effects of the proposed three-component project that are relevant
to the Panel’s deliberations, particularly water quantity and quality, fisheries, vegetation and wildlife, and
soils and lands.

The Panel recognizes that the nature and extent of impacts of proposed developments
depend on the state of ecosystems and their components at the time a development takes place. During the
hearing, the Panel heard of evidence about historical, current and possible future states of the lower
Highwood River, the upper Little Bow River and Mosquito Creek basins. As discussed in Section 4, the
Panel understands that these basins have been subject to numerous impacts since settlement and that some
of the impacts have been severe. The riverine ecosystems have not always returned to a state similar to
that which existed at the time of impact. Increasing water demands have placed the aquatic environment
of the lower Highwood River, the upper Little Bow River and Mosquito Creek basins under pressure.

In past decisions, the NRCB has taken the view that examination of potential
environmental effects of a project must include consideration of cumulative effects because project
impacts do not occur in isolation from the many other effects influencing ecosystems and their
components. This approach is clearly warranted in the current joint review, given the historical
development of the lower Highwood River, the upper Little Bow River and lower Mosquito Creek basins,
and the relatively high water demands to which the aquatic ecosystems are subjected. The Panel is also
aware that most development projects give rise to indirect or secondary impacts in addition to the direct
or primary impacts.

In past decisions, the NRCB has recognized that the fundamental properties of
ecosystems and populations of living organisms make predicting responses to impacts difficult or
impossible. The Panel has dealt with this problem by concentrating on the potential response of
ecosystem components about which more is known, by examining evidence before it about the historical
record of the ecosystem under consideration and similar ecosystems elsewhere, and by making
conservative assumptions in the face of uncertainty. By these means, the Panel has arrived at qualitative
assessments of the risk that ecosystems will undergo changes of state and has examined the potential of
management measures to control or avoid unwanted changes. Naturally, the Panel is most concerned
about the risk of large, potentially undesirable changes that may be difficult or impossible to reverse. The
Panel believes that the approach the NRCB has adopted in past decisions is appropriate to its examination
of that risk.

The Panel intends to examine the effects of the proposed three-component project on the
various components of the regional ecosystem that would be most affected by the project. The discussion
will also highlight the environmental consequences of the current situation in which the scarce water
resource has been over-allocated. It will then consider the effects of the project as a whole in terms of
cumulative effects of the proposed project in the Little Bow River, lower Mosquito Creek, and lower
Highwood River basins.

In assessing environmental effects the Panel has put its mind to the significance of the
residual environmental effects after having considered mitigation measures. The CEAA requires the
Panel to consider measures that are technically and economically feasible and that would mitigate any
significant adverse environmental effects of the project. Whenever the Panel concludes the project would
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cause a significant adverse environmental effect, this report will clearly state that conclusion and assess
mitigation measures along with habitat compensation plans that are technically and economically feasible.

This environmental section of the decision report will focus on the concerns expressed
throughout the public hearing regarding water quality and aquatic ecosystems with special emphasis on
fisheries. It will also focus on prairie terrestrial ecosystems including vegetation, wildlife, soils and land
capability. In examining environmental effects the Panel will have regard for the need to enhance water
supply while maintaining water quality; the need to conserve existing aquatic, riparian, grassland,
wetland, and terrestrial ecosystems; and the need to retain and maintain the support and involvement of
the area community in achieving environmental protection.

5.1 Water Quality

In the following discussion the Panel will attempt to assess the effects of the three-
component project on surface and groundwater water quality. Surface waters include the Little Bow
River, the Little Bow River Reservoir, Mosquito Creek, Clear Lake, and the Highwood River.
Groundwater includes surficial aquifers adjacent to and hydraulically connected to the identified surface
water bodies, with emphasis on the upper Little Bow region, Clear Lake, and Little Bow River Reservoir.

The Diversion Plan proposed by the Applicant contemplated reducing flows in the
upper Little Bow River to the minimum required for conveyance, domestic and municipal purposes. The
Panel believes that such flows are inadequate and inappropriate. Earlier in this report the Panel requested
that revised diversion plans be filed with the Panel. Therefore, effects of the Diversion Plan and the
Expanded Diversion Plan will not be considered at this time. The Panel defers review of environmental
effects associated with the revised diversion plan until the requested information is received. The Panel
expects that a panel review of these matters will be completed before the enlarged 8.50 cms (300 cfs)
diversion works on the Highwood River are ready to operate.

The Panel expects that the revised diversion plans will provide a stable and adequate
flow in the upper Little Bow River during low flows. There may be a period (while additional storage is
being developed for the Highwood River basin) during which it may be necessary to operate the expanded
Highwood River diversion works under the current (1994) guidelines during low flows. The Panel will
therefore make certain assumptions in reviewing the effects of operating the three-component project
during low flows. The Panel will assume that the most serious water quality impacts in the Little Bow
River will occur during low flows while the Highwood River diversion works are operated in accordance
with the 1994 guidelines. These effects would be similar to those predicted by the Applicant in the
Environmental Impact Assessment within the accuracy of model predictions. Water quality during low
flows may improve when a revised diversion plan is implemented.

The 1994 guidelines provide higher flows in the Little Bow River during low flows
than the minimum flow proposed by the Diversion Plan. The beneficial freshening effects of higher flows
in the Little Bow River may be accompanied by a proportionately increased transport of nutrient and
sediment loads into the Little Bow River Reservoir, thereby slightly altering predicted eutrophication
levels. The Panel notes that reservoir modelling was not done to predict the net water quality effects
resulting from higher summer flows in the upper Little Bow River in conjunction with the flushing
impacts expected from tripling the diversion rate during the spring freshet. The Panel accepts that
modelling this scenario would likely not provide definitive information on water quality, but would
predict a range of expected outcomes that would be indistinguishable within the context of annual
variations. The Panel expects that water quality monitoring will continue throughout the project
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implementation phase and that AEP would make any necessary operational adjustments to ensure that any
risk associated with the somewhat higher flows during the low flow season is addressed.

The Panel believes that adopting the 1994 guidelines as the basis for its assessment of
water quality effects during low flow events reflects a cautious approach to assessing these effects in the
Little Bow River, and a risk-managed approach to assessing these effects in the Little Bow River
Reservoir. A panel would be in a position to confirm the assessment of the nature and magnitude of these
effects when the future review of the revised diversion plans has been completed. Depending on the
information available at that later stage a panel may draw similar or different conclusions, but this Panel
does not expect the nature and magnitude of those effects to be as great as those assumed in the current
assessment.

5.1.1 Water Quality Criteria

The Applicant evaluated water quality by comparing predicted results to use-specific
water quality objectives defined by the Bow River Water Quality Task Force (1991) and current
provincial and federal guidelines. The multipurpose uses considered were municipal and domestic
drinking water supply, agricultural and industrial supply, recreational contact, and environmental /
ecosystem conservation. Negative impacts were reported as major if results exceeded water quality
criteria and minor if results degraded water quality but did not exceed water quality criteria. The water
quality criteria used in the Applicant's assessment are described below.

5.1.1.1 Drinking Water Criteria

It is generally acknowledged that good quality drinking water can be produced from
almost any water source provided the appropriate purification technology is used. As a result, the
drinking water criteria used by the Applicant were based on the technical definition of levels of raw water
quality for domestic and municipal supply. Three levels of raw water quality were defined: Level 1 - high
quality, Level II - good to moderate quality, Level III - poor quality. Each successive level indicates that
there may be a need for more advanced and costly treatment to bring the quality up to Canadian Drinking
Water Guidelines.

51.1.2 Environmental Criteria

The Applicant used different environmental criteria in the Highwood River and within
the Little Bow River basin reflecting the higher priority given to the Highwood fishery by AEP. In the
Highwood River, criteria were defined for cold-water sport fish by the Fish and Wildlife Division of AEP.
Aquatic plant development was also considered. Analyses in the Little Bow River basin included criteria
for cold water and warm water ecosystems, wildlife, recreation and aesthetic enjoyment as defined by the
Bow River Water Quality Task Force. Selected objectives are summarized in Table 5.1.

In the Highwood River, water quality results were evaluated against temperature and
dissolved oxygen criteria for two life-stages of rainbow trout and mountain whitefish that are present
during July and August (Table 5.2). Acute criteria protect against short term or sudden events which
could result in death, and chronic criteria protect against longer term events which could result in slowed
growth or stress.
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TABLES.1
SUMMARY OF SELECTED WATER QUALITY OBJECTIVES FROM BOW RIVER WATER QUALITY TASK FORCE

Water Quality Domestic Cold Warm Contact Aesthetic Irrigation | Livestock | Industrial
Parameter Supply Water Water Recreation | Enjoyment Watering
Ecosystem | Ecosystem
Temperature (° C) 22 29
Dissolved Oxygen >6.5 >5.0
(mg/L)
Total Phosphorus <0.010, 0.040 0.055 0.025 0.100
TP (mg/L) <0.055,
>0.055
Ammonia (mg/L) 0.32 0.11
Nitrate (mg/L) <10,>10 100
River Aquatic Plants 200 200 75 200 200 200
(g/m*dry wt.)
River Benthic
Chlorophyll (mg/m’) 100 100 50 100 100 100
Lake/Reservoir <2,<25, 15 25
Chlorophyll (mg/m”) >25
Total Dissolved Solids <500, >500
TDS (mg/L) 700 1500
Fecal Coliforms <10, 10- 200
(counts/100mL) 100, >100
PH >6.5-8.5, 9.0 9.0 8.5
<6.5-8.5
Turbidity JTU, NTU) <10,>10 50
Conductivity (mS/cm) 1.0

Sodium Adsorption Ratio

Source: Adapted from APWSS Application




TABLE 5.2
SUMMARY OF JULY/AUGUST WATER QUALITY CRITERIA
FOR PROTECTION OF HIGHWOOD RIVER FISHERIES

TEMPERATURE
Rainbow Trout
Acute - adult and fry daily maximum 24 ° C
Chronic - adult and fry 7-day mean <19 °C
Mountain Whitefish
Acute - adult daily maximum 22 ° C
Acute - fry daily maximum 24 ° C
Chronic - adult and fry 7-day mean < 18 °C

DISSOLVED OXYGEN

Rainbow Trout and Mountain Whitefish

Acute - adult daily minimum 4.0 mg/L
Acute - fry daily minimum 5.0 mg/L
Chronic - adult and fry 7-day mean minimum 5.0 mg/L

Source: Adapted from APWSS Application

In the Little Bow River basin, predicted water quality results were compared with criteria
for ecosystems, and recreation and aesthetic enjoyment. Ecosystem objectives are intended to protect
aquatic life and maintain ecosystem integrity by:

e Maintaining background water conditions within the range conducive to organism
survival and to which the local species are adapted;

e Preventing toxic effects of heavy metals, industrial chemicals and other human-
caused pollutants; and

e Controlling nutrients, principally nitrogen and phosphorus, to levels that do not
promote rapid growth of algae and aquatic plants and associated changes in
ecosystem structure (i.e. eutrophication).

Two goals of these objectives are a diverse plant and aquatic invertebrate community,
and fish tissue with no unpleasant taste or odour which complies with guidelines for human consumption.
Wildlife criteria are the same as aquatic ecosystem criteria.



The objectives for recreation included: small risk of bacterial or viral infection, high
degree of water clarity, no excessive weed or algal growth that is unsightly, no odour or oily sheen, and
no hazardous chemicals.

5.1.1.3 Criteria for Agricultural and Industrial Use

Water quality criteria for agricultural use were taken from the Bow River Water Quality
Task Force. Good irrigation water has low salt and trace metal content, herbicide levels that are non-toxic
to plant growth, no bioaccumulative contaminants or pathogenic organisms, low to moderate algal
growth, and nutrient levels which do not stimulate nuisance plant growth in conveyance canals or
irrigation pumpworks.

Salt content is an important variable impacting crop yields and soil productivity. It is
evaluated via a number of complementary measurements, including Total Dissolved Solids (TDS) in
solution, expressed as mg/L; ionic conductivity expressed as mS/cm; and Sodium Adsorption Ratio
(SAR), expressed as a calculated ratio of sodium to magnesium and calcium. High levels of dissolved
minerals and salts (TDS) inhibit water uptake by plant roots and can cause scale deposits on equipment.
High SAR values can cause nearly irreversible damage to soil structure with concomitant loss of
productivity. Some crops are more tolerant to salts than others. Soil type will also determine the relative
susceptibility of crops to harmful effects. Surface waters available for irrigation usually have
significantly elevated levels of TDS, conductivity, and SAR compared with natural rainfall which is
“soft” with very low levels of dissolved minerals and salts.

The goals for livestock watering are no bioaccumulative contaminants or pathogenic
bacteria, low to moderate salt content, non-toxic levels of nitrogen, pesticides and trace metals, and
nutrient levels which do not stimulate growth of toxic blue-green algae.

Industrial water quality criteria were designed to maintain low to moderate weed and
algal growth so water withdrawal is not physically impaired. Maximum permissible concentrations of
river benthic chlorophyll and aquatic plants are the same as those for irrigation.

5.1.2 Water Quality Modelling

Surface water quality data for the EIA were gathered in 1982, 1990, and 1991 and taken
from historical AEP NAQUADAT records. Some new evidence and updated modelling results were also
received at the hearings regarding 1996 and 1997 water quality data. Predicting water quality in the Little
Bow River basin required a succession of computer models. Expected weekly flow predictions from one
model (WRMM) were fed into another model for water quality (WQRRS); these were then fed into
another model for reservoir water quality (BETTER) and then into another for verification of trophic
status (BATHTUB)2.

A WQRRS configuration of the Little Bow River (from the Highwood River to Travers
Reservoir) and of Mosquito Creek (from the Squaw Coulee outlet to the confluence with the Little Bow
River) was calibrated to 1990 conditions. Water quality modelling of the Little Bow River using

2The acronyms are explained in Appendix E
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WQRRS was done for a single year using 1986 flow rate data to represent a recent average flow year, and
1990 meteorological data. APWSS felt it was impractical to simulate river water quality for the entire 38-
year period of record processed by the distribution model WRMM. A continuous 10-year period from
1979 to 1988 was selected for BETTER and BATHTUB reservoir simulations to cover the normal range
of reservoir levels and inflow-outflow regimes affecting water quality. In addition to the use of the
BETTER model in the EIA, Clear Lake was also re-evaluated in 1997 using another model (WASP) and
1997 water quality data, modelled over a 10-year simulation period of 1969-1979.

The Panel recognizes that the sequential linkage of models generates results that can be
useful indicators of trends. However, with an accuracy of about + 25-30 per cent, specific outcomes
cannot be determined with certainty. Errors are introduced by gaps in the mathematical description of
complex biological processes, the use of literature values, surrogate reservoir data for calibration,
estimates for some input variables (such as biological reaction rates), numerous assumptions regarding the
physical configuration and operation of the project, and the propagation of error through the sequential
linkage of models. The Panel observes that since the modelling results are based on input data averages
they indicate average conditions that can be expected. Sensitivity analysis on water quality variables was
not done. Therefore situations that are significantly better and significantly worse are expected within the
natural variability of seasons and years.

The focus of the Applicant's water quality assessment in the Highwood River was water
temperature and dissolved oxygen as they affect the fisheries in July and August, and to a lesser extent,
the plant community because of its effect on dissolved oxygen. The Applicant used regression models,
developed from simulation modelling, to predict daily water temperatures and dissolved oxygen
concentrations from air temperature, river discharge and aquatic plant biomass. The predictors were
derived from measured meteorological conditions, estimated weekly average natural flows from 1950 to
1988, and recent aquatic biomass measurements.

To evaluate impacts, these results were compared with the water quality criteria as
defined in Table 5.2. To provide a baseline, temperature and dissolved oxygen levels under natural flow
conditions were also evaluated against the criteria. The degree of impact was measured in relative terms
as the incremental exceedence of water quality criteria (the increase in the number of July/August days
when water quality criteria were predicted to be exceeded compared to the number under natural flow
conditions) and in absolute terms as the magnitude of the exceedence.

In the Little Bow River key variables evaluated included temperature, dissolved oxygen,
nutrients and total dissolved solids. Temperature and dissolved oxygen results were presented daily from
May to October. Nutrient and total dissolved solids results were presented as seasonal average values for
spring and summer/fall. Riverine pH, aquatic plants, coliform bacteria, suspended solids,
pesticides/herbicides and heavy metals such as mercury were not explicitly modelled; instead predictions
for the Little Bow River were based upon scientific understanding of aquatic ecosystems.

The simulation models BETTER and BATHTUB were configured to the Little Bow
River Reservoir and Clear Lake and calibrated with information from Crawling Valley Reservoir, an
irrigation reservoir near Bassano. These models were used to predict temperature, dissolved oxygen,
nutrients, algal biomass (reported as chlorophyll production) and total dissolved solids. Empirical models
were used to supplement this information in the prediction of algal biomass. Mercury was predicted from
a qualitative analysis of current water conditions in the region, particularly from observations made at the
Glennifer and Oldman reservoirs. Qualitative predictions were used to evaluate coliforms.



Groundwater modelling was not done for any of the project components because impacts
were judged to be unlikely and/or minor and/or readily mitigable. This was based on available regional
hydrogeological data from well—drilling logs supplemented with professional judgement regarding
surface-groundwater interactions. Predictions of possible impacts were of a qualitative nature only.

In the Panel’s view evidence presented during the hearing confirmed the selected models
are likely the most appropriate available predictors of project effects on surface water quality under
southern Alberta climatic conditions. Notwithstanding some variation in results among different experts
(which reflected different assumptions regarding input variables), the predictions varied in degree, but
delivered consistent trends.

5.1.3 Baseline Conditions

5.1.3.1 Water Quality in the Little Bow River

New evidence consisting of 1996 and 1997 water quality samples and updated reservoir
modelling showed that water quality in the Little Bow basin has deteriorated significantly since the
original EIA. Adverse impacts were reported along the full course of the Little Bow River and Mosquito
Creek down to and including Travers Reservoir. The Panel has considered the revised predictions of
project effects for this new environmental baseline, and then identified and assessed those effects arising
from the three-component project. The Panel heard that if the project is approved, the Applicant intends
to proceed with construction because it expects AEP to solve these regional water quality problems.
Numerous interveners expressed grave concern if regional water quality problems are not addressed and
urged the Panel to address this issue. Table 5.3 summarizes key indicators at twelve sampling points in
the Little Bow basin, illustrating the progressive degradation of Highwood water as it travels down
Mosquito Creek and the Little Bow River to Travers Reservoir.

The Applicant states that current water quality in the Little Bow River is hard (median
188 mg/L CaCO,), alkaline (pH 8.17), and strongly buffered and rich in dissolved solids. Historically,

upstream water quality reflected the excellent water quality of the Highwood River diversions, and
downstream water quality reflected cumulative pollution inputs from many point and non-point sources.
Loadings from Mosquito Creek, (a tributary to the Little Bow River), which receives municipal sewage
discharged from Nanton via Nanton Creek, were considered in the original modelling. Other historic
influences are the erosion of soil banks, and agricultural operations including inputs from cattle manure
from feedlot and ranching operations.

Concentrations of total dissolved solids and alkalinity are highly variable both seasonally
and longitudinally. Concentrations generally increase in a downstream direction, especially downstream
of Mosquito Creek, and the lowest concentrations are measured in summer. Suspended solids are low and
variable in most seasons, though they are higher in spring. Historically phosphorus and nitrogen
concentrations were sufficient to support a high level of plant production indicative of moderate
enrichment. More recently, phosphorus levels in the Little Bow River upstream of the Frank Lake outlet
already exceed the phosphorus goal for domestic water supply. Bacteriological quality is quite poor, with
the highest coliform counts being found in the spring.
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TABLE 5.3
TOTAL PHOSPHORUS LEVELS (MG/L) IN THE HIGHWOOD/LITTLE BOW BASIN AND
SELECTED WATER QUALITY OBJECTIVES

Sampling Site Sering | Summer/ | Winter Annual Mean*
Fall +/- SD
Highwood River
Reach 3-5 from High River to Bow River 0.04 0.03 011 0.05 o011
confluence
Upstream of High River 0.03 0.01 0.005 0.01
Squaw Coulee Reservoir**
Inflow from diversion canal 0.04 0.02
Open water reservoir samples 0.03 +/-0.01
Mosquito Creek
M upstream at #534 0.06 0.04 0.16 0.07 +/-0.08
M2 Squaw Coulee tributary inflow 0.17 0.06 0.57 0.17 +/- 0.26
M3 upstream of Nanton 0.25 0.08 0.33 0.16 +/- 1.41
N1 Nanton Creek at Hwy. #2 0.16 0.13 0.31 0.17 +/- 0.06
M4 at Nanton 0.32 0.18 3.55 0.83 +/-2.5
MS5 at #529 upstream of LB 0.25 0.09 0.68 0.22 +/-0.27
Confluence
Little Bow River
Above proposed reservoir
LBI at Little Bow Canal 0.17 0.02 0.01 0.06 +/-0.15
LB2 at Hwy. #2 0.09 0.02 0.10 0.06 +/- 0.07
LB3 south of Frank Lake inflow 0.07 0.03 0.05 0.04 +/-0.3
near #540

LB4 downstream at #533 0.07 0.03 0.09 0.06 +/- 0.05
Below proposed
reservoir 0.10 0.05 0.09 0.07 +/- 0.07
LB 5 at Carmangay
LB6 at inlet to Travers Reservoir 0.06 0.05 0.04 0.05 +/- 0.03
Little Bow River 1996-97
Exhibit 146*** Data
LB2 at Hwy #2 0.02
Upstream of Frank Lake 0.03
Frank Lake discharge 2.70
South of Frank Lake 1.13
LB4 downstream at #533 0.54
Water Quality Objectives for Total Phosphorus (mg/L) Total Phosphorus levels
Livestock Watering <0.100 above 0.1 mg/L indicate a
Domestic Supply (3 levels) <0.010,<0.055,>0.055 hypereutrophic water body
Aesthetic Enjoyment <0.055
Alberta Ambient Surface WQ <0.05 (EIA)
Contact Recreation <0.040
Irrigation <0.025

*Mean values taken from EIA containing primarily 1982, 1990, 1991, 1992, and some 1994 data

** Exhibit 18 Response to Federal Government Jan. 6, 1997 Request for Supplemental Information

***Exhibit 146 Submission of AEP regarding Frank Lake Water Quality Strategy Progress Report Nov. 7, 1997
Spring = April, May, June; Summer/Fall = Jul, Aug., Sept., Oct., Nov. ;Winter = Dec., Jan., Feb., Mar.

SD = reported standard deviation
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A major new impact on water quality in the Little Bow River has been identified as
unlicensed outflow from the Frank Lake wetlands treatment system. Discharges into the Little Bow River
from Frank Lake were observed in 1993, 1994, 1996, 1997, all considered wet, high runoff years. The
Frank Lake conservation area is an important wildlife preserve maintaining diversity in the prairie region.
It is host to 194 species of vascular plants, one reptile, two amphibians, 168 bird, 16 mammal and two
fish species. Ducks Unlimited is licenced to operate the wetlands which receive treated agro-industrial
effluent from Cargill, treated municipal effluent from High River, and inflow from the local tributary
streams named Blackie and Mazeppa creeks.

The Town of High River contributes a higher annual volume than Cargill, but the more
concentrated Cargill effluent contributes five times the phosphorus load as the town and is the single
largest source of phosphorus in Frank Lake. The local tributaries typically contribute about 15 per cent of
the incoming phosphorus. Ducks Unlimited is licensed to dilute the combined influent to maintain
conditions suitable for wildlife by diverting of Highwood River water of up to 2467 dam’/yr (2000 ac-
ft/year). Diversions during July and August are not permitted (see Section 6.4).

The main cause for concern regarding water quality is excess phosphorus. Normally a
limiting nutrient, increasing phosphorus levels rapidly stimulate algal and aquatic plant growth,
accelerating eutrophication. Phosphorus levels greater than 0.1 mg/L create hypereutrophic conditions in
lakes. The resulting rapid and prolific weed and algal growth would increase diurnal fluctuations in
dissolved oxygen, causing stress to fish. Because the Frank Lake wastes are organic in origin, the
phosphorus is in a readily assimilated form, as confirmed by the high ratio of dissolved to total
phosphorus at 0.85. Measurements downstream of Frank Lake show phosphorus concentrations in the
Little Bow River have increased 32 times over concentrations reported in the EIA and total loading has
increased by a factor of 40 times (Table 5.4).

TABLE 5.4
COMPARISON OF FRANK LAKE OUTFLOW AND LITTLE BOW RIVER
AVERAGE NUTRIENT LOADING

Total Phosphorus Total Nitrogen

Water Concentration Load Concentration Load

mg/L kg/day mg/L kg/day
Little Bow River 0.02 2 0.28 27
Frank Lake 2.90 78 3.05 83
Little Bow R. 0.65 80 0.88 110
downstream of Frank L.
Increase due to Frank L. | 32 times 40 times 3 times 4 times

Source: Exhibit 146: Submission of AEP regarding Frank Lake Water Quality Strategy Progress Report,
Nov. 7, 1997

Hearing evidence confirmed that discharges from Frank Lake occur naturally and are
expected to continue on a periodic basis, on average about once every three years when net inflow from
precipitation and runoff exceeds net evaporation. Downstream impacts include greater difficulty and cost
in water treatment at Vulcan and Carmangay, and noticeable adverse changes in water quality in the
lower Little Bow River and in Travers Reservoir. These chemical effects appear to have been intensified
by daily diversion cycling practices in which summer diversions from the Highwood River occur at night
and are shut off during the day. The fluctuating water levels in the Little Bow River cause aquatic plants
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to die off, and the decomposing vegetation feeds further eutrophication. Historic conditions indicated no
impairment of aquatic life in terms of ammonia in the lower Little Bow River, while present conditions do
indicate this impairment.

During the hearing some of the recently increased water treatment costs reported by
Vulcan were attributed by AEP to improving chronically insufficient clarification treatment rather than a
specific response to treating the effects of Frank Lake overflow. Carmangay has had to install a new raw
water settling pond to pre-treat its drinking water supply (water presently withdrawn from the Little Bow
River), unable to wait any longer for an alternative water supply from the proposed Little Bow River
Reservoir. Both situations reflect ongoing difficulties with turbidity, algae and suspended solids in
treating Little Bow water prior to any new effects caused by Frank Lake overflow, and any possible
effects caused by the project. Added health risks arise since the disinfection processes to kill bacteria and
parasites in drinking water are less efficient in the presence of suspended solids, and if organochlorine
carcinogens are generated by chlorination of water containing high levels of dissolved organic
compounds released by algae and decomposing vegetation.

Data gathered in 1997 in the upper Little Bow basin also detected nitrate concentrations
in groundwater that exceed the Maximum Contaminant Level (MCL) for drinking water. Nitrates are
common indicators for human sewage, fertilizer runoff, and animal manure. Measurements of depth to
groundwater suggested many of these shallow groundwater wells near the Little Bow River were
hydraulically connected to the Little Bow River and anecdotal stories reported seasonally fluctuating
water quality coincident with changes in river flows.

Average water quality conditions in the Little Bow River may already impair water use
during the open-water season. The Applicant identified a variety of factors that contribute to this
observation. Domestic and municipal water supply are affected by fecal coliforms and suspended solids
found throughout the basin, and by dissolved phosphorus in the lower Little Bow River. Livestock
watering does not appear to be impaired by current water quality conditions. The use of water for
irrigation is affected by aquatic plants, algae, and fecal coliforms found in the entire basin. Maximum
water temperature, minimum dissolved oxygen, and aquatic plants and algal growth affect cool water
aquatic species. Contact recreation and esthetic enjoyment are also affected by aquatic plants, algae, fecal
coliforms and suspended solids throughout the basin.

In determining the baseline conditions, the Panel observes that numerous point and non-
point sources have combined to create the present state of environmental degradation in the Little Bow
basin. There are no firm indications that this trend will reverse before Clear Lake and Little Bow River
Reservoirs would be filled. This poses a potential threat to the long-term success of the three-component
project. The present state of environmental degradation in the Little Bow basin remains a concern even if
the project does not proceed. Expectations for population and other growth in the region would suggest
that the effects of municipal sewage and stormwater discharges and runoff from intensive agricultural
practices would not abate unless corrective actions are taken. This is environmentally unsustainable,
similar to the current unsustainable situation with over-allocation of water.

There is a great temptation to focus on known point sources such as Cargill effluent, High
River sewage, High River stormwater, Nanton sewage, and Frank Lake discharges as discrete targets
which can be regulated and require no change in general public behaviour. The Panel heard extensive
evidence in this regard. Although the Panel appreciates and considers necessary AEP’s commitment to
resolving Frank Lake discharges, it also observes from hearing evidence that the nutrient load from
Nanton, another point source widely recognized as significant, is approximately 1/3 of the annual nutrient
load conveyed in Mosquito Creek. Obviously the cumulative effects of non-point source agricultural
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contaminants are also significant in this region. The Panel heard numerous public statements of concern
reflecting growing recognition of these effects and willingness to begin addressing them. The Panel
concurs that this is necessary. The Panel is of the firm view that these other opportunities for improving
the baseline conditions merit serious immediate consideration: community remedial action in non-point
source management is required in addition to any AEP regulatory directives addressing the point sources
and any AAFRD educational programs such as “Cows and Fish” or other environmental programs. Basin
communities and associations will need to work together to protect their local public interest in water
quality.

5.1.3.2 Water Quality in Squaw Coulee Reservoir and Mosquito Creek

Water in the existing Squaw Coulee Reservoir is moderately turbid and oligotrophic with
respect to algal growth, reflecting the high quality of diverted Highwood River water. The reservoir is
well mixed with little thermal stratification, high summer oxygen levels and low salinity levels. Levels of
total phosphorus (0.032 mg/L) exceed those found in the Highwood inflow water (0.016 mg/L)
suggesting re-classification as mesotrophic based on nutrient levels. The combined effects of light-
attenuating turbidity and relatively low nitrogen levels are thought to limit algal growth in this small
water body and help to maintain the oligotrophic status. However downstream interveners with irrigation
systems near the confluence of Mosquito Creek and the Little Bow River reported chronic and severe
equipment plugging problems due to prolific algal and plant growth, reflecting high nutrient levels in
Mosquito Creek downstream of Squaw Coulee.

Current water quality in Mosquito Creek reflects its prairie origin - extremely hard,
alkaline (pH 8.1) and rich in dissolved solids. Water quality is highly variable seasonally and changes
downstream because of a number of influences, including discharge from Squaw Coulee and inflow from
Nanton Creek. Water quality is improved by Squaw Coulee discharges during the irrigation season and
degraded in winter by Nanton municipal sewage effluent. During the spring and summer (April —
September) water quality routinely meets irrigation criteria, with conductivity less than .8 mS/cm and
SAR less than 2. This includes the time frame during which proposed diversions into Clear Lake would
occur. A spring flush in April/May gives rise to a short-term spike in total dissolved solids, phosphorus,
nitrogen and fecal coliforms from Nanton sewage discharge. Bacterial contamination is moderate and
organic enrichment is moderate to severe.

Municipal sewage discharge from the Town of Nanton is a recognized contributor to this
situation. During winter there is no natural flow in Mosquito Creek and Nanton’s sewage discharge is
undiluted. In spring and summer there is supplemental flow diluting Nanton’s sewage by up to 125 times
so that there is no apparent change in downstream measured concentrations. During this time Nanton’s
relative contribution is 1/3 of the total phosphorus load moving downstream. Phosphorus levels in
Mosquito Creek are consistently higher than irrigation guidelines (Table 5.3). The Panel observes that
baseline impacts from intensive livestock and agricultural runoff are already significant, with potential
adverse impacts on downstream water quality in Clear Lake and Little Bow River Reservoir.

The Applicant presented evidence that average water quality conditions in Mosquito
Creek currently impair water use during the open-water season in a manner similar to that found in the
Little Bow River. Factors limiting water use include fecal coliforms, suspended solids, dissolved
phosphorus, aquatic plants, algae, water temperature, and dissolved oxygen.



5.1.3.3 Water Quality in Clear Lake

The Applicant indicated that Clear Lake is subject to high evaporative losses and
negligible flushing. Inputs consist of precipitation, runoff, and inflow from Clear Brook and groundwater
discharge into Clear Lake from the north, east and west. Runoff and Clear Brook inflow are typically
short term, during snowmelt in February and March. There are no stream outlets to Clear Lake except
seepage into local surficial aquifers to the south. Historically Clear Lake has experienced wide
fluctuations in water levels, from flooding adjacent farmland to a dry-out in 1985 with 100 per cent fish
mortality. Hearing evidence attributed the dry-out to a combination of extreme drought and changing
local patterns of water withdrawal and use, suggesting this was not a natural state for Clear Lake.

Water quality data gathered in April 1997 confirmed historic data that Clear Lake and
adjacent wetlands are extremely hypereutrophic with high salt levels, caused by natural processes of
evaporative concentration. Conductivity and SAR in the lake were 1.25 mS/cm and 4.2 respectively,
which is just above Alberta Agriculture’s typical “safe” thresholds of 1.0 mS/cm and 4.0 for irrigation.
Water in the adjacent wetlands ranged from similar values to much higher values with conductivity of 8.5
mS/cm and salinity at 43.9. Despite the high trophic status of Clear Lake, sufficient dissolved oxygen can
be present to support a cool-water fishery because the shallow lake is well mixed in the open water
season.

Clear Lake was described as the most important and only local area for recreation and
wildlife. Groundwater near Clear Lake was reported to be excellent by local residents.

5.1.34 Water Quality in the Highwood River Downstream of High River

The Applicant stated that the Highwood River reach of concern from a water quality
perspective extends from just below High River to the Bow River confluence. Currently, water quality in
this reach of the Highwood River is similar to other southern Alberta rivers draining the Rocky
Mountains, in that the water is alkaline and very hard. The water is well buffered by dissolved carbonates
with mean annual pH of 8.2. If surface runoff, municipal stormwater or effluent containing urea or
ammonia enter the river, this pH value shifts the aqueous ammonia-ammonium equilibrium to the un-
ionized ammonia form, which is toxic to fish at very low levels. The warm water aquatic ecosystem
objective is less than 0.1 mg/L ammonia. Total dissolved solids (minerals and salts in solution) are
highest in winter and late summer and lowest during spring freshet, ranging from 167 — 235 mg/L.
Suspended solids (fine particles of sediments, silts) are low except during spring freshet.

Prior to July 1989, water quality in the Highwood River was affected by the discharge of
treated sewage from High River, resulting in moderate enrichment with organic matter, nitrogen,
phosphorus and fecal coliforms. After the removal of treated sewage discharges, nutrient concentrations
and bacterial contamination are low and indistinguishable from upstream levels, with the exception of
nutrients downstream of the input from Sheep River.

The aquatic plant community is dominated by species typical of the enriched, hardwater
rivers of the prairies. Aquatic plants are particularly prolific in the reach from downstream of High River
to Highway 2, averaging from 20 per cent to 30 per cent coverage. Conspicuous growth of macrophytes
is confined to near-shore areas and in low-flow years, the river flow in shallow areas may be reduced to a
network of small channels wending through macrophyte beds.
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Water temperature, dissolved oxygen and pH fluctuate on a daily basis in summer. Water
temperature responds rapidly to solar radiation and although average temperatures are cool, warm weather
promotes rapid increases in water temperatures. The highest water temperatures in the Highwood River
tend to occur upstream of the confluence with the Sheep River. Dissolved oxygen and pH respond to
photosynthesis and respiration of the aquatic plant community. As a result, when plant beds are fully
developed in summer, the daily extremes of dissolved oxygen can produce supersaturation of the water
column in daylight, and concentrations that threaten fish and other aquatic life at night.

Significant fish mortality was reported in the Highwood River in the mid-1980s. When
historical water quality conditions were reconstructed using recorded flows in the predictive regression
model, a period of elevated water temperatures, very low dissolved oxygen concentrations, and elevated
ammonia levels coincided with the episodes of fish mortality. Dissolved oxygen has not dropped below
6.5 mg/L since the diversion of High River sewage in 1989. However, the potential exists for an isolated
excursion, as the licensed emergency overflow for High River sewage treatment is into the Highwood
River, not Frank Lake.

Concentrations of metals are well within their natural ranges and except for a few
individual measurements of iron during spring freshet and aluminum and zinc in summer, are well below
levels known to be harmful to aquatic life.

514 Project Effects on Water Quality

514.1 Effects on the Little Bow River and Reservoir

The Applicant stated that there is a potential impact in the Little Bow River from the
introduction of sediment or toxic materials during construction. Possible toxic materials include
hydrocarbon fuels, lubricants, hydraulic fluids and other fluids necessary for heavy equipment operations.
This potential would be minimized through the development of special provisions, a code of good
construction practice including waste management, monitoring to ensure compliance with the established
standards, and prompt spill containment or recovery. The introduction of sediments could have minor,
negative and short-term impacts on water quality for aquatic life.

Operating the diversion canal works would cause significant changes in Little Bow River
flows over recent experience. Upstream of the proposed reservoir, maximum diversion flows can be at
the canal capacity of 8.50 cms (300 cfs) during the freshet, decreasing to normal conveyance flows in
summer and winter. The Applicant plans for the 8.50 cms (300 cfs) flow to occur 50 per cent of the time
between mid-April and mid-June, then about 1/3 to 1/4 of the time from mid-June to mid-July. The
increased flow rates would cause the river to rise about 0.5 m (20 in). Analysis of channel erosion
processes shows that below flow rates of 17.00 cms (600 cfs) the river slope would not be changed due to
the presence of coarse materials in the riverbed. Flows above 8.50 cms (300 cfs) would not be normal but
could arise temporarily during severe storm flooding. As an operational procedure, if high flows from
local runoff in the Little Bow River were occurring, diversions would be reduced to lessen the
downstream flood potential. During natural flood conditions the gates at the diversion structure on the
Highwood River would be closed altogether.



Concerns were raised during the hearing that decreases in the level of the Little Bow
River in summer could adversely impact local groundwater in shallow wells near the river. These adverse
impacts were associated with the proposed Diversion Plan minimum conveyance flows of about 0.28 cms
(10 cfs) that theoretically could permit a more rapid flow of contaminated upland groundwater towards
the river. Until additional storage is developed for the Highwood River basin and diversions are
operating according to revised plans, the current (1994) diversion guidelines will remain in force. No
changes in natural transport processes should occur over the seasonal fluctuations that are characteristic of
this basin.

High flow events during spring diversion of up to 8.50 cms (300 cfs) could have the
opposite beneficial effect of changing the local hydraulic gradient to favour the movement of fresh
surface water to groundwater. Technical arguments and submissions of historical groundwater surveys
suggested that the Little Bow River and nearby shallow groundwater wells are hydraulically connected.
The Panel accepts the Applicant’s final argument that the seasonal reversal of the hydraulic gradient
would likely have a net neutral effect on shallow adjacent wells. Because the direction of slow-moving
groundwater flow may reverse, the net transport of contaminants or freshwater in either direction is
expected to be minimal. The Panel supports the Applicant’s indication that groundwater monitoring
would be undertaken in the upper Little Bow River as a precaution.

Downstream of the proposed reservoir, peak spring flows would be dampened, reducing
erosion risk. Flows through most of summer and early fall would be augmented and stabilized, though
still lower than historical peak flows. Further downstream, flows would be more like Base Case flows as
water is withdrawn to meet irrigation demands.

The Applicant predicted negative and long-term potential impacts upstream of the
proposed Little Bow River Reservoir. One major negative and long-term potential impact was associated
with increases in the summer water temperatures to the extent that they could inhibit the fishery. A
variety of minor negative and long-term potential impacts were identified. These included: an increase in
the frequency and duration of summer dissolved oxygen concentrations below critical levels for aquatic
life; increases in suspended solids that may further impair domestic water supply and contact recreation;
periodic modest increases in concentrations of heavy metals; and increases in bacterial contamination
during summer which would further impair domestic water supply, contact recreation and the irrigation of
vegetable crops.

The Applicant predicted positive and negative long-term potential impacts downstream of
the proposed reservoir. Positive minor long-term effects were associated with decreasing water
temperatures for about 40 to 50 km (25 to 31 mi) below the reservoir; reductions in bacterial
contamination; and phosphorus reduction resulting in the marginal reduction in aquatic plant biomass and
significant reduction in benthic algae. The benefit in phosphorus reduction is contingent on achieving a
eutrophic (not hypereutrophic) Little Bow River Reservoir.

Negative minor long-term effects were identified due to ammonia levels periodically
elevated to levels toxic to aquatic life and periodic modest increases in concentrations of heavy metals.
Predicted effects associated with dissolved oxygen are expected to be mitigated.

Downstream water in the Little Bow flowing at 8.50 cms (300 cfs) would have the
characteristics of Highwood freshet water: it would be low in nutrients and turbid, carrying sediments that
would gradually deposit along the Little Bow River and eventually in the proposed reservoir. In addition
to this primarily inorganic sediment load, Frank Lake effluent will also be swept down the river and into
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the proposed reservoir. Frank Lake overflow is a recent occurrence in the basin and was not previously
considered in any project description.

Hearing evidence regarding Frank Lake outflow included recent reservoir water quality
modelling. Introducing additional organic matter and nutrients adversely impacts reservoir water quality
by causing an upward shift to severely hypereutrophic. The degree of this shift was argued at the
hearings, based on different modelling runs by various experts. However, the direction of the impact was
clear and consistent. Increased nutrients will increase eutrophication and aggravate the current weed and
algal growth issues in the Little Bow River. A hypereutrophic Little Bow River Reservoir would increase
several adverse effects: the cost of domestic and municipal water treatment, nuisance plugging of
irrigation equipment, bacterial levels and recreational health risk, unpleasant tastes and odours in the
treated water, and the frequency and intensity of anoxia and fish kills. They are also likely to increase the
rate of heavy metals release and bioaccumulation, notably of mercury, requiring public consumption
advisories. Levels of carcinogens generated by chlorinating drinking water could exceed threshold risk
levels and constitute a more serious risk than nuisance taste and odour problems. The quality of released
water from the Little Bow River Reservoir would also deteriorate, particularly with respect to increased
levels of ammonia and heavy metals, increasing the frequency of both acute and chronic exposure risks
for fish downstream of the proposed reservoir.

The project impacts of changing the Little Bow River Reservoir from eutrophic, as
indicated in the EIA, to hypereutrophic under current baseline conditions are thus significant adverse
environmental effects. Updated modelling of the Little Bow River Reservoir using current water quality
is summarized in Table 5.5.

Nothing can be done in terms of project operations or dam design to mitigate these
effects. AEP submissions described fourteen remediation options to deal with the nutrient loading from
Frank Lake. The options fall within three general categories:

1. diverting natural local streams around Frank Lake and directly into the Little Bow
River (essentially replacing spills out of the Frank Lake wetlands with natural creek
water);

2. redesigning flow patterns and lake operations to improve the nutrient removal
efficiency of wetland processes; and

3. implementing source elimination or reduction technologies.

AEP indicated they were confident from their preliminary analysis of remedial options
that a satisfactory resolution or combination of technical approaches would be found. Testimony at the
hearings indicated a strong public preference for implementing source elimination or reduction
technologies and a regulatory preference for some combination of runoff diversion and wetland
management. Neither the town of High River nor Cargill Ltd. presented their views regarding ultimate
disposition of their effluents into Frank Lake. The Applicant stated that, in their view, it was not their
responsibility to resolve this issue or to pay for its future resolution as part of the project.



TABLES5.5
COMPARISON OF REPORTED ESTIMATED PHOSPHORUS LOADINGS TO
THE LITTLE BOW RIVER RESERVOIR VS. EIA BASELINE LOADS

Reference Phosphorus Load into Little Load Comparison Predicted
Bow River Reservoir (multiples of EIA Reservoir Trophic
Ptot kolyear baseline load) Status
EIA (1995) 1200 — 1365 Little Bow 1.0 (EIA baseline load) | Upper Eutrophic/
River and Mosquito Creek Hypereutrophic
Exhibit 87 940 Nanton sewage 0.7 x EIA
(Hardin-Davis, Inc.) (measured value)
1000 High River 0.7 x EIA
stormwater *
670 Nanton stormwater 0.5 x EIA
7,390 Frank Lake ‘96 5.4x EIA Severely
18,610 Frank Lake ‘97 13.6 x EIA Hypereutrophic
Exhibit 98 (AEP) 2940 Mosquito Creek 2.2 x EIA This quantity was
upstream non-point not modelled in the
sources™* 1995 EIA
Exhibit 171 (Golder) 1365 EIA baseline
+ 2250 Frank Lake
3615 total 2.7x EIA Hypereutrophic
Exhibit 171 (Golder, 1365 EIA baseline
Referencing Exhibit | + 4473 Frank Lake
93 Sched. A (E&S)) 5838 total 4.3 x EIA Hypereutrophic
Exhibit 140 (PWSS) 787 Little Bow River
+ 398 Mosquito Creek
~ 1200 EIA baseline
+ 12,000 Frank L. avg. 96-97 Severely
13,200 total 11 x EIA Hypereutrophic
Exhibit 171 (Golder) 1365 EIA baseline
+ 528 natural Frank Lake Upper Eutrophic/
1893 total 1.4 x EIA Hypereutrophic
Exhibit 171 (Golder) 1365 LBR baseline
+ 495 mitigated Frank Lake Upper Eutrophic/
1860 total 1.4 x EIA Hypereutrophic
Exhibit 347 Mitigated Frank Lake and < original EIA baseline | Mesotrophic/
(AEP)*** 60% reduced Little Bow Lower Eutrophic

River loads
80% reduced Mosquito
Creek loads

* reduced by 50% from 2000 kg/yr to reflect hearing testimony

** 6 month load from 1997 monthly average data for open-water season in Mosquito Creek

*** mass loads not reported, only % changes




The Panel does not find it necessary to canvass the various methods available to mitigate
point source pollution from Frank Lake. Such a review is unreasonable since the remediation studies are
still in progress. The Panel notes with concern that should one of the apparently preferred less costly
runoff diversion options be implemented, the Little Bow River and Reservoir would still be in poorer
overall condition than initially modelled and presented in the EIA (Table 5.5). The predicted result after
implementing the proposed Frank Lake mitigation is that net phosphorous loading to the reservoir would
still be approximately 1.36 times the values modelled in the EIA, approximately a 40 per cent increase.
The Applicant supported this as acceptable remediation with additional phosphorus “levels comparable to
natural background loading” such that no water quality thresholds would be exceeded in the reservoir.
However, the Applicant's claim that drinking water quality in the Little Bow River Reservoir would be
improved over historical Little Bow River conditions is now questionable.

The Panel observes that this prediction is based on models of average conditions, and
given that seasonal extremes occur, average conditions are likely to be exceeded with no guarantees that
water quality criteria would be consistently met. The Panel is therefore in the position of reviewing a
much desired water supply project with a much less favourable and less certain outcome with regard to
water quality for multi-purpose uses. The Panel is mindful of public comments to the effect that “even
bad water is better than no water”. It is the Panel’s view that where options for improvement are known
and available, it is in the public interest to pursue them. The Panel will identify the outcome that meets
the public interest test, and allow the regulators the flexibility to achieve that outcome in consultation
with the local communities.

The Panel concludes that the creation of a hypereutrophic water body is undesirable, and
directs that mitigation targets shall be sufficient to achieve, as a minimum, the eutrophic status originally
proposed in the environmental impact assessment. Even this state is not considered entirely desirable,
and would create a new water body ranking in the higher end of eutrophic water bodies in Alberta.

The Panel accepts the Applicant’s proposal to monitor reservoir water quality, including
sampling fish for mercury bioaccumulation. It is the Panel’s understanding that while the rates of
mercury release and uptake cannot be estimated accurately, the gradual development of this phenomenon
permits sufficient lead-time to analyze results and issue public health advisories if necessary.

Technical evidence received at the hearing suggested that an achievable 60-80 per cent
reduction in nutrient loads in the Little Bow River and Mosquito Creek respectively could attain a
significantly improved reservoir water quality — mesotrophic. Long term goals of water quality
improvement to a mesotrophic state would further enhance the social, economic, and environmental
values of the project, and create a unique regional asset. If the Panel approves the three-component
project, it would direct that basin communities, associations, and regulators begin developing a phased
schedule on a quantitative, prioritized basis to achieve this target. Ideally this schedule would be in place
for public review to coincide with any commencement of operations in the Little Bow River Reservoir.

Other predicted changes in water quality were not significant enough to cause an impact.
These include lower water temperatures in the upper Little Bow River during the spring freshet diversion
flows and higher nutrient concentrations upstream of the proposed reservoir during periods of low flow.
Providing that Frank Lake discharges are mitigated, these and the related summer effects of lower
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dissolved oxygen and higher bacteria levels upstream of the reservoir are less likely to occur under the
approval for 1994 Operating Conditions or under the expected revised operating plan. Mitigation is
possible with flushing flows to scour aquatic plants in July and August, subject to the Highwood IFN.

The project would have minor positive and negative impacts on the lower Little Bow
River. Minor improvements in downstream water quality would include a decrease in bacterial levels and
lower water temperatures. Minor negative impacts would include intermittent increases in ammonia and
metal concentrations and a decrease in oxygen levels for several kilometres downstream of the reservoir.

The Applicant stated that of the water quality variables that can be compared with
objectives, only ammonia at the reservoir outlet and elevated summer temperature in the upper Little Bow
River could cause new water use impairment under Diversion Plan flows. Again, the summer
temperature effects are unlikely to occur under the approval for 1994 operating conditions or under the
expected revised operating plan. According to the Applicant, aeration of outlet water downstream of the
reservoir would mitigate the impacts of ammonia on aquatic life by allowing the ammonia to volatilize,
and dissolved oxygen levels to increase.

The Applicant provided evidence that the proposed Little Bow River Reservoir would be
subject to intermittent summer thermal stratification only when the reservoir is near full supply level and
wind-generated wave action combined with inflows and outflows are insufficient to provide complete
mixing. The reservoir would likely be in the hypereutrophic category, subject to substantial summer algal
blooms and reduced water clarity. Provided that Frank Lake discharges are mitigated, relatively better
conditions would be expected at the north end of the reservoir than adjacent to the dam, where the
nutrient enriched waters of Mosquito Creek enter. Anoxic conditions would be expected in winter, with
the potential for fish kills during extreme winter drawdowns. Intermittent oxygen depletion in the depths
of the reservoir and sediments (hypolimnetic anoxia) would also shift chemical equilibria to favour
undesired releases of phosphorus and ammonia from sediments.

Retention time in the reservoir could also reduce concentrations of herbicides and
pesticides that may enter via agricultural runoff or aerial spraying. These reductions in concentration of
complex organic molecules would be achieved through the combined natural processes of bacterial
degradation, hydrolysis, photochemical weathering, and adsorption to plant and sediment surfaces.
Ultimate degradation products include carbon dioxide and water with additional nitrogen and phosphorus
entering the reservoirs nutrient cycles.

Reservoir shoreline erosion and sloughing would reduce water clarity for an undefined
period. Total dissolved salts would remain low. Seepage impact on local property is not expected
because the full supply level of the reservoir would be below the level of neighbouring lands. In the
initial impact assessment, the potential impacts on local groundwater of such seepage, should it occur,
was expected to be positive in terms of water quality. Downward seepage may also occur through the
reservoir bottom. The low permeability of geologic formations should prevent significant volumetric
losses. The Applicant has indicated that geotechnical seepage control measures would be implemented
and that local monitoring would be done as a precautionary measure.

Water uses would be impaired. Fishery resources would be affected due to summer
intermittent hypolimnetic oxygen depletion, potential winter kills in extreme low water years, and
predicted mercury contamination. Recreation use would be limited by hypereutrophic conditions due to
summer algal blooms and low water clarity. Municipal water supply would be affected by high algal
growth which affects water treatment requirements and increases the risk of taste and odour problems.
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There may also be possible health risks due to incomplete disinfection of turbid waters or the generation
of by-product carcinogens from the chlorination of dissolved organic materials.

5.1.4.2 Effects on Squaw Coulee Reservoir and Mosquito Creek

Diversion flows into Squaw Coulee would increase during spring and early summer.
Water quality in Squaw Coulee is expected to remain as under current conditions dominated by the input
of Highwood water. Depending on the extent of possible reservoir expansion, increases in eutrophication,
surface water temperatures, phosphorus, nitrogen and algal biomass, mercury methylation and decreases
in dissolved oxygen concentrations in the lower parts of the reservoir were predicted. However,
consideration of the nature and scope of such possible effects is deferred pending the review of Highwood
storage options and the creation of an operating plan if this location is selected.

The project would not affect water quality in Mosquito Creek except for a minor
improvement in late spring. Flows would be somewhat higher in the later spring and early summer. As a
result, water quality in spring would be most improved while water is being diverted to the wetlands and
Clear Lake. Water temperatures, total dissolved solids and fecal coliforms would all be lower or diluted
during the spring flush, as are nutrients downstream of Nanton Creek inflow. Higher spring flows may
reduce the biomass of aquatic plants and algae but changes would be small. Minimum flows in Mosquito
Creek would not change.

5.1.4.3 Effects on Clear Lake

The purposes of the Clear Lake and wetlands restoration are to provide irrigation, a cool-
water fishery, contact recreation, and waterfowl habitat. Evidence showed that the water quality of a
restored Clear Lake and adjacent wetlands would reflect the balance between two key variables:
evaporative concentration vs. flushing. Flushing consists of diverting freshet water from Mosquito Creek
into Clear Lake, and removing “mixed” water via irrigation. Water from Mosquito Creek would not be
diverted into Clear Lake during the winter when it consists of Nanton sewage effluent.

The Applicant has purchased adjacent lands that are most likely to be affected by
seepage. Potential seepage from the diversion canal would be mitigated during the construction process
by localized lining in permeable formations when they are encountered. The Panel expects the Applicant
and their contractors to refer to relevant AAFRD guidelines regarding minimizing seepage from irrigation
canals and water distribution works.

The Applicant evaluated two possible routing designs for the canal, consisting of the
original design and alternative #1, in which different flow patterns into Clear Lake and adjacent wetlands
were considered. The routes are in very close proximity. In the original design, diversions flow down the
canal directly into Clear Lake, with takeoffs into the 12 existing wetland basins. In alternative #1, flow
proceeds sequentially through seven of the twelve wetlands en route to Clear Lake. In both cases some
wetland basins receive water out of Clear Lake. Depending on the flow patterns developed, different
water quality and habitat situations would arise in these basins, primarily relating to varying flushing rates
and salinity. No significant social or economic difference was reported between the two routes; the final
environmental effects of both scenarios appeared equivalent with regard to water quality in Clear Lake,
with some offsetting gains and losses in wetland water quality.
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The trophic status of Clear Lake would stabilize at eutrophic with irrigation withdrawals,
and at hypereutrophic without irrigation withdrawals. Both full scale and phased in irrigation schedules
achieved the same final result, with more rapid improvement in the full-scale withdrawals. Severe algal
blooms in summer and winter anoxia causing fish kills are anticipated. Anoxia is not expected to be a
problem during the open water season due to effective wind-mixing action. The potential exists for
ammonia levels to exceed chronic guidelines. This result emerged from modelling in which ammonia
was modelled as a stable compound that would not undergo any physical or biological conversion. In
reality there would be a very active nitrification/denitrification cycle, minimizing the risk of ammonia
toxicity to fish.

Salinity is expected to peak after initial spring filling when previously deposited mineral
salts redissolve in the introduced freshwater. Salinity measurements of the sediments in Clear Lake
indicate an accumulated reservoir of salts is available. Immediate annual withdrawal of water sufficient
for 1416 ha (3500 acres) per year of irrigation is required to provide sufficient turnover with freshwater to
stabilize long term salinity levels within the normal range for prairie fresh waters (Table 5.6). It was
estimated that 5 to 6 years would be required for stabilization. Water quality in the off-stream wetlands
would continue to deteriorate with time, with salinity reaching maximum saturation equilibrium
unsuitable for irrigation. Water quality in the flow-through wetlands under alternative #1 would be
acceptable for all intended purposes.

TABLES. 6
SALINITY OF CLEAR LAKE BED SEDIMENTS, INFLUENT AND RESTORED WATERS
Conductivity, SAR
Sample mS/cm

Clear Lake sediment surface 6.5 13.5

2-3 m depth 4.2 17.9

Mosquito Creek Influent (April — July) 0.70 1.4
Modelled stabilized Clear Lake 0.75 1.2

Irrigation guidelines for “safe” <1.0 <4

Irrigation guidelines for “possibly safe” 1.0-2.5 4-9

Data adapted from Exhibit 202: Report on Water Quality Assessment for Clear Lake Stabilization
Project dated September 1997submitted by APWSS.

Results from WASP modelling also revised the original expectation that fecal coliform
levels might exceed objectives for contact recreation. Although increased flushing or flow may induce
higher bacterial levels (by replacing dead organisms with live ones); maximum counts were modelled to
become 50 counts/100 ml, which is within the ASWQ guidelines of 200 counts/100 ml.

Water levels in Clear Lake have a FSL upper design limit at 967.0 m. Levels above
965.0 m would induce lateral seepage losses of 5.4 cms per day (191 cfs per day). Local groundwater
may be impacted, however the effects are expected to be localized, minor and positive. There has been
no residential development in this area since the EIA, and hence no public impacts are likely. The Panel
requires that water conservation measures, through monitoring and controlling lake levels, be undertaken
as part of routine operations to minimize seepage losses and their consequences. Hearing testimony from
APWSS confirmed this was feasible. The Panel recognizes some operating flexibility will be required to
provide seasonably adjusted lake levels to meet fisheries and irrigation needs.

5-21



The Panel’s view is that restoring Clear Lake and neighbouring wetlands would not have
major negative environmental effects on water quality, provided the Applicant’s proposed level controls
are implemented and provided that irrigation is promptly implemented.

5.1.4.4 Effects on the Highwood River

The proposed project would reduce flows in the Highwood River during the spring
freshet. Resulting downstream water quality is not expected to materially change, as the relative
magnitude of diverted flows is insufficient to cause increased siltation. Periodic flushing flows would
provide scouring action necessary to maintain aquatic habitat.

Maintaining current operating guidelines until implementation of the Panel’s requested
revised diversion plans would leave conditions as they are in the Highwood River and Little Bow River.
The Panel has required that a stable and effective flow be maintained in the upper Little Bow River to the
extent permitted by the 1994 operating guidelines. There may be opportunities for favourable increases in
Highwood River flows in summer if the demand for diversions into the Little Bow is partially curtailed as
a result of downstream irrigation needs being met by the new reservoir. As a result, water temperatures in
July/August could decrease and dissolved oxygen levels could increase. However the Highwood River
fish community would still be frequently stressed during the summer months in some years even if no
water were diverted (natural flows). The interim effects would be similar to the Base Case and not exceed
the benefits modelled for the rejected Diversion Plan (Table 5. 7).

Future storage development in the Highwood basin could cause environmental impacts
with regard to the quality of return water discharged from a reservoir back into the Highwood River.
Possible effects raised during the hearings include elevated nutrient loads, mercury, and suspended solids
and lower temperatures and dissolved oxygen. Mitigation is possible to provide oxygenation of returned
water. The possible extent and duration of any such effects balanced against the benefits of improved
supply would require a detailed site-specific analysis. Hearing evidence recognized that while a quality
deficit might reduce the value of the make-up water for some aspects of in-stream uses, such as fisheries
interests, such effects might be beneficially offset by substantial gains in habitat. Detailed evaluation of
net and cumulative effects is deferred until the review of the revised storage and operating plans.

TABLES.7
PER CENT OF TIME IN JULY AND AUGUST THAT WATER TEMPERATURE
AND DISSOLVED OXYGEN CRITERIA FOR FISH ARE MET (1950 - 1988)

Per cent of Time Criteria Met
Acute Chronic Both
Natural Flows 61.5% 59.3% 52.0%
Base Case 48.8% 47.8% 40.5%
Diversion Plan 56.3% 52.2% 44.7%

Source: Adapted from APWSS Application
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5.1.45 Overall Assessment of Project Effects on Water Quality

The Panel's summary of water quality impacts for the Project is presented in Table 5.8,
updated to reflect hearing evidence and the Panel’s consideration of the effects of the three-component
project.

During construction there is potential for impacts due to the introduction of sediment or
the accidental introduction of toxic materials. The Panel believes that the Applicant can successfully
mitigate these potential impacts. Operating the three-component project under current 1994 guidelines
should result in no material changes in water quality in the Highwood River, Squaw Coulee Reservoir,
Little Bow River, or Mosquito Creek. There may be a seasonal positive impact on water quality in these
streams associated with freshet flushing. Clear Lake is expected to be restored in one to two years,
depending on the availability of Mosquito Creek and Highwood freshet water for diversion. Water
quality in Clear Lake is expected to improve over a three to five year time frame as residual salinity is
reduced through irrigation withdrawals. Hypereutrophic conditions may impair its use for a fishery and
recreation.

Water quality downstream of the Little Bow River Reservoir would experience minor
improvements for temperature, suspended solids, bacteria and aquatic biomass. The Applicant's proposed
mitigative measures could prevent deterioration in dissolved oxygen and ammonia levels. Minor increases
are expected in levels of heavy metals and an appropriate monitoring program would be required. The
Little Bow River Reservoir itself was not given an impact rating, but the predicted hypereutrophic water
quality would impair its intended multi-purposes uses for a fishery, recreation, and municipal water
supply, and irrigation. The reservoir water quality could be improved to a mesotrophic level, if the
Panel’s recommendations regarding other sources of pollution are implemented.

Significant adverse impacts to local groundwater are not expected in the vicinity of the

reservoir, Clear Lake, or upper Little Bow River. Project implementation includes monitoring for
groundwater effects in potentially susceptible areas.
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TABLE 5.8

SUMMARY OF WATER QUALITY IMPACTS OF THE THREE-COMPONENT

LITTLE BOW PROJECT

Water Quality Issue

Potential Impact

Rating

Highwood River

Water temperature and
dissolved oxygen impacts
on fish

No change now

Neutral, short term until
implementation of revised
operating plan

Little Bow Canal, Little Bow River, Little Bow River Reservoir - construction phase

Sediment introduction

Construction of diversion canal,
banks, dam could introduce
sediment that could harm
incubating northern pike eggs.
Mitigation through timing of
instream construction activity,
minimize sediment loading in
spring, stabilize disturbed
surfaces.

Negative, minor, long term

Introduction of toxic
materials

Construction-related activities
could accidentally introduce
toxic materials into watercourses.
Mitigation through code of good
construction practices.

Negative, minor, short term

Little Bow River Reservoir

Trophic status

Hypereutrophic, even with
mitigation of Frank Lake
discharges; high algal growth and
turbidity

Negative, major, long term

Drinking water treatment

More extensive treatment to
remove noxious tastes and
odours

Negative, moderate, long
term

Low dissolved oxygen
impacts on aquatic life

Periodic hypolimnetic anoxia
giving rise to both winter and
summer fish kills, increased
release of internal phosphorus
and metals

Negative, major, long term

Mercury bioaccumulation

Increased rate of mercury uptake
by fish, requiring monitoring and
public health advisories

Negative, major, long term

Contact recreation

Impaired by diminished aesthetic
value

Negative, major, long term

Adjacent groundwater

Seepage from reservoir

Negative, unlikely, minor

Table 5.8 (cont’d)
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SUMMARY OF WATER QUALITY IMPACTS OF THE THREE-COMPONENT

LITTLE BOW PROJECT

Water Quality Issue

Potential Impact

Rating

Little Bow River Upstream of Proposed Reservoir

Water temperature
impacts on aquatic life

No change

Neutral, short term until
implementation of revised
operating plan

Suspended solids impacts
on aquatic life

Elevated suspended solids levels
during freshet

Negative, minor, seasonal

Low dissolved oxygen
impacts on aquatic life

Increased frequency and severity
resulting from Frank Lake
discharges if not mitigated before
project is completed

Negative, major, short term

Bacteria levels

Possible increases resulting from
Frank Lake discharges if not
mitigated before project is completed

Negative, minor, long term

Heavy metals

Increased rate of mercury
methylation and bioaccumulation in
fish, due to eutrophication processes

Negative, moderate, long
term

Aquatic plants and algae

Increased biomass fertilized by
nutrient loading from Frank Lake
may further impair aquatic life,
irrigation and domestic/municipal
water supply (baseline condition)

Negative, major, short term

Adjacent groundwater

Seasonal fluctuation in level and
possibly quality related to changing
diversion rates

Neutral, cyclical, long term

Little Bow River Downstream of Proposed Reservoir

Water temperature impacts
on aquatic life

Decreases in water temperature up to
4° C for 40 to 50 km.

Positive, minor, long term

Ammonia impacts on
aquatic life

Ammonia concentrations could be
periodically elevated to levels toxic
to aquatic life. Mitigation through
physical aeration of reservoir outlet
water.

Negative, minor, long term

Bacteria levels

Significantly lower bacteria
concentrations.

Positive, minor, long term

Heavy metals

Periodic modest increases in
concentrations of heavy metals,
including mercury. Mitigation
through restricted timing for filling