Peace River Project Water Use Plan
Williston Reservoir Wetlands Inventory
Reference: GMSWORKS-16
Williston Reservoir Wetlands Inventory
Study Period: 2009

Golder Associates

February 2010

February 2010

GMSWORKS 16

Williston Reservoir Wetlands
Inventory

REPORT

Submitted to:
BC Hydro
6911 Southpoint Drive
Burnaby, BC
V3N 4X8

Report Number:

09-1430-0057

Distribution:
4 Copies - BC Hydro
2 Copies - Golder Associates Ltd.

GMSWORKS 16

Executive Summary
Golder Associates Ltd. (Golder) was retained by the British Columbia Hydro and Power Authority (BC Hydro) in
May of 2009 to conduct a survey of wetlands within Parsnip Reach of the Williston Reservoir (GMSWORKS 16).
The purpose of this project is to identify options for creation of perched wetlands as identified by PWUP 2003.
In creating such perched wetlands, it is anticipated that enhancement of habitat will occur to improve fisheries
and wildlife resources while also improving riparian habitat along the foreshore of Williston Reservoir.
An ancillary benefit of creation of wetlands would be one of dust control as is presently being studied through
ongoing work in the Finlay Reach.
Ultimately, the results from the present study and this associated report are to identify potential Demonstration
Projects which BC Hydro can consider for trial construction of wetlands in the Parsnip Reach of
Williston Reservoir. In addressing this goal, 42 potential candidate sites were surveyed in mid June throughout
Parsnip Reach by a Golder team consisting of a biologist, archaeologist and geotechnical engineer. Part of the
background in selecting sites included a review of available orthophoto data for the Parsnip Reach and
interviewing individuals with experience working in the reservoir. This desk top overview included a
brief literature review of pertinent reports and documentation from the Peace/Williston
Fish and Wildlife Compensation Program (PWFWCP), Ducks Unlimited Canada (DUC), and
BC Hydro.
Regulatory requirements necessary to consider in the construction of wetlands are also identified in this report.
These requirements include those for the Federal Fisheries Act, the Navigable Waters Protection Act and the
Species at Risk Act as well as provincial regulations such as the Water Act and the Wildlife Act.
Results from the surveys of sites are discussed relevant to biological, geotechnical and archaeological
considerations, and summarized in a Site Catalogue. The Site Catalogue documents information required when
considering constructing a wetland, and includes photographs for each of the surveyed sites. Additionally, an
analysis of historical reservoir levels was completed identifying the average number of days the
Williston Reservoir exceeds elevations (in 1 m increments) on a monthly and annual basis. This task was
included since it is pertinent to issues of functionality of constructed wetlands prior to inundation by the reservoir.
The historical water level analysis is also relevant to issues of durability of prescribed treatments due to scour
from wave action, as well as from rafted debris and ice which may come into contact with prescribed treatments.
Part of the process of recommending candidate sites for Demonstration Projects required a prioritization of those
surveyed. This process involved summarizing the results of the surveys in the Site Catalogue into tabular form.
Key data pertaining to access and exposure of surveyed sites, and the anticipated costs to complete proposed
treatments at these sites were summarized into a table and then sorted based upon a point system assigned to
these key data. Through this process, five candidate sites were selected for consideration as Demonstration
Projects. These sites include Site 6-2 (Airport Lagoon), Sites 15 and 16 (Unnamed sites), Site 34 (Beaver Pond)
and Site 37 (Tony Creek).
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These five sites represent a diversity of treatment options and locations as described in specific descriptions for
each site. The prescription for Site 6-2 recommends raising a culvert to maintain minimum water levels in a large
lagoon. Site 15, 16 and 34 indentify embayments where small dikes could be constructed to impound water to
create permanent wetlands. Site 37 identifies an opportunity to elevate land as a means of providing a platform
for growing, stabilizing and proliferating riparian vegetation.
Site descriptions for each candidate site proposed as a Demonstration Project(s) include identification of the
location and attributes of the site. These site descriptions also summarize the following additional information:



proposed treatment(s) and objectives;



rationale for selection;



targeted benefits to wildlife and habitat;



likelihood of success, risks, potential impacts and maintenance issues;



requirements for additional work;



estimated costs; and



regulatory requirements.

Treatment options are further discussed relevant to the type of structures being prescribed, including concepts
for stabilization through incorporating vegetation and bioengineering into the structure as well as by engineered
design of the structure. Recommendations for sites relying on traditional dikes to impound water include
structures with low slopes (4H:1V or greater), incorporation of woody debris to act as revetments and/or break
waters and capping the structure with gravel/cobble sized materials. The option of using a geotextile product
called a MacTube™ is also discussed as another technique to build a dike.
Finally, a number of additional recommendations are made that suggest a step wise process towards
construction of the Demonstration Projects. These include the need to consider adaptive management as a tool
to measure the success of proposed treatments. Also, co-ordination of the goals and objectives of
GMSWORKS 16 with other work BC Hydro is presently completing in the Williston Reservoir and information
from similar work in other BC Hydro reservoirs will contribute to the success of trial demonstrations of wetland
initiatives in Williston Reservoir.
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Study Limitations
This report has been prepared by Golder Associates Ltd. (Golder) for the benefit of the client to whom it is
addressed. The information and data contained herein represent Golder's best professional judgment in light of
the knowledge and information available to Golder at the time of preparation. Except as required by law, this
report and the information and data contained herein are to be treated as confidential and may be used and
relied upon only by the client, its officers and employees. Golder denies any liability whatsoever to other parties
who may obtain access to this report for any injury, loss or damage suffered by such parties arising from their
use of, or reliance upon, this report or any of its contents without the express written consent of Golder and the
client.
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1.0

INTRODUCTION

Golder Associates Ltd. (Golder) was retained in May of 2009 by the British Columbia Hydro and Power Authority
(BC Hydro) to complete Stage I of a two stage process identifying opportunities to construct and/or enhance
wetlands in Williston Reservoir. The intent of this project, GMSWORKS 16 - Williston Reservoir Wetlands
Inventory, is to improve foreshore habitat for wildlife, fish and riparian vegetation resources within the reservoir.
GMSWORKS 16 has been undertaken as part of a larger commitment by BC Hydro to address a number of
issues identified by the Peace Water Use Plan Committee (the Committee) in the Peace Water Use Plan
Committee Report (PWUP 2003). Stage I of GMSWORKS 16 focuses on planning and identification of
candidate sites for Demonstration Projects. Stage II of GMSWORKS 16 is expected to be undertaken in 2010
and includes the implementation (construction) of one or more Demonstration Projects.

1.1

Background

Williston Reservoir was formed by impoundment of the Peace River by the WAC Bennett Dam, commissioned in
1967. The reservoir occupies an area of approximately 1773 km2 and power generation from this reservoir is
from the G.M. Shrum Generating Station. Immediately downstream of the WAC Bennett Dam, Dinosaur Lake is
a run of the river reservoir created by construction of the Peace Canyon (PCN) Dam and associated generating
station These two developments collectively form the Peace Hydroelectric System (PHS) Williston Reservoir has
an operating range of between 672.08 metres above sea level (masl) at full pool and 642.00 masl at full
drawdown, although annual drawdown typically only varies between 10 and 12 m annually. BC Hydro explored
the option of increasing full pool by 1.5 m to 673.76 masl in the 1980’s, but did not implement this option
(BC Hydro 1987). Full pool of the reservoir is normally reached in late June or early July, and the drawdown
period occurs from September to April for most years (PWUP 2003).
The PWUP (2003) is a technical document that summarizes the results of a multi-interest consultative process,
including input from provincial and federal regulatory agencies, following direction of the British Columbia
Comptroller of Water Rights. The objective of this process was to identify recommendations for a preferred
operating strategy for the PHS or potential alternatives in lieu of changes in the operating constraints of the
reservoir, known as non-operating alternatives (PWUP 2003). These non-operating alternatives include a
number of information and management plans that identify new information related to issues of industry, heritage
and culture, and reservoir access. Non-operating alternatives also include development of a series of
management plans for the Williston Reservoir, the Peace River and Dinosaur Lake, including those related to
recreation as well as industry and community water supplies. Implementation projects (data acquisition) focus
upon impacts of reservoir operations due to the present or proposed operation strategy for the PHS and identify
potential physical works as possible non-operating alternatives. Additionally, effectiveness monitoring is
proposed to monitor the success of operating and non-operating alternatives, a key component of adaptive
management.
The Integrated Williston Reservoir Management Plan focuses upon an integrated and adaptive approach to
managing the impacts of operation on Williston Reservoir using non-operating alternatives (PWUP 2003).
The non-operating alternatives discussed by the committee addressed a number of issues and proposed
individual management plans, including tributary enhancement, dust control, erosion control, access, navigation
and safety, debris management and the focus of the present report - riparian and wetland habitat enhancement.
GMSWORKS 16 is a physical works project identified as part of the riparian and wetland enhancement program
in the PWUP (2003). The intent of GMSWORKS 16 is to improve foreshore habitat for fisheries, wildlife and
riparian habitat by modifying areas suitable for “perched” wetlands.
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1.2

Study Area

Williston Reservoir consists of three major reaches, defined by the major watersheds within the Peace River that
were impounded by construction of the WAC Bennett Dam. These reaches include Finlay Reach to the north
and Parsnip Reach to the south extending over 220 km, both of which are bisected by Peace Reach.
Peace Reach extends approximately 100 km east from its confluence with the Finlay and Parsnip to near
Hudson’s Hope.

Figure 1: The Williston Reservoir watershed showing the Peace Hydroelectric System (PHS) and the study area for
GMSWORKS 16.

The Williston Reservoir study area for GMSWORKS 16 is shown in Figure 1. Because of logistics and cost in
completing surveys within the entire Williston Reservoir, surveys were restricted to Parsnip Reach as identified
in the original proposal submitted for this project subsequently agreed upon through the awarding of the contract
for this work with BC Hydro (S. McGregor, May 2009, pers. comm.). BC Hydro is also involved in studies
addressing issues of dust control in Finlay Reach, some of the objectives of which (flooding land and vegetating
silt flats) overlap with objectives of GMSWORKS 16.
The Williston Reservoir’s watershed encompasses five biogeoclimatic zones (BEC), including Sub-Boreal
Spruce (SBS); Boreal White and Black Spruce (BWBS); Engelmann Spruce – Subalpine Fir (ESSF);
Spruce-Willow-Birch (SWB); and Alpine Tundra (AT) (Hengeveld 2000). Most of the reservoir is situated in the
SBS biogeoclimatic zone.
The SBS BEC zone occurs in the low lying areas around the Williston Reservoir and Parsnip Reach. Dominant
species in this BEC zone include hybrid white spruce (Picea glauca x engelmannii) and subalpine fir (Abies
lasiocarpa). Black spruce (Picea mariana) is a frequent dominant species on sites with poorer soils or soils
which are acidic. Lodgepole pine (Pinus contorta) and aspen (Populus tremuloides) are common pioneer
species although paper birch (Betula papyrifera) and black cottonwood (Populus balsamifera ssp. trichocarpa)
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are pioneer species on moist, rich sites. Interior douglas-fir (Pseudotsuga menziesii) occurs on dry, warm,
rich soil sites. Because of frequent fires and disturbance from logging, many forests in this zone are of mixed
ages (British Columbia Ministry of Forests 1998).
Dominant understory plants in the SBS zone are Devil’s club (Oplopanax horridus) and multiple species of ferns
(Pteridophytes) and blueberries (Vaccinium spp.). On moist, moderately well-drained sites, the shrub layer often
includes black huckleberry (Vaccinium membranaceum), thimbleberry (Rubus parviflorus) and highbushcranberry (Viburnum edule).
Black huckleberry, velvet-leaved blueberry (Vaccinium myrtilloides), and
kinnikinnick (Arctostaphylos uva-ursi) are frequently found on drier sites. Black gooseberry (Ribes lacustre),
twinberry (Lonicera involucrata), bunchberry (Cornus canadensis), thimbleberry, oak fern (Gymnocarpium
dryopteris) and Queen’s cup (Clintonia uniflora) occur in wetter areas. Fireweed (Epilobium angustifolium) and
shrubs such as willows (Salix spp.) and thimbleberry are often the first plants found on burned sites (Mackinnon
et al. 1999).
Around small creeks, beaver dams create wetland complexes of shallow water, sedge marsh, and willow
swamp. Marshes occur around lakes and streams, usually with horsetails (Equisetum spp. and Hippuris
vulgaris) and sedges (Carex spp.), but also with cattail (Typha latifolia), bulrush (Schoenoplectus spp.) and
spikerush (Eleocharis spp.). Swamps with trees and tall shrubs occur mostly along stream courses or on the
edges of lakes. Reed canarygrass (Phalaris arundinacea) and horsetails are common, along with shrubs such
as Bebb’s, MacKenzie’s or Barclay’s willows (Salix bebbiana, S. prolixa, S. barclayi) (British Columbia Ministry of
Forests 1998).
Parsnip Reach of the Williston Reservoir is located in the Parsnip Trench Ecosection of the Omineca Mountains
Ecoregion of the Sub-boreal Interior Ecoprovince (Demarchi 1996). Parsnip Reach is located in the Williston
Moist Cool Sub-boreal Spruce subzone (mk2) of the SBS (Delong 2004). Forested areas surrounding Parsnip
Reach are typical of those in the larger area of Williston Reservoir, dominated by lodgepole pine and aspen, due
in part to recurrent disturbances in the area. Forests dominated by hybrid white spruce with subalpine fir also
occur. Black spruce is commonly found in wetland areas and on upland sites with lacustrine or till soils. Stands
of paper birch occur along the east side of Williston Reservoir. Black cottonwood is frequent along streams and
rivers in the Parsnip Reach watershed and is frequently encountered in association with hybrid white spruce
(Mackinnon et al. 1999; Delong 2004).

1.3

Project Objectives

The primary objective of GMSWORKS 16 is the creation of perched wetlands, which can be interpreted as a
means of retaining water. This primary objective is linked to the following secondary objectives of:



identifying existing wetland habitat in Parsnip Reach of the Williston Reservoir;



identifying opportunities (candidate sites) for developing new wetland habitat along existing perched (upper
terminus of the drawdown zone) margins of Williston Reservoir;



improving foreshore habitat for fish and wildlife at these newly created and/or existing wetlands; and



potentially reducing dust storms (e.g. dust control) by stabilizing substrates through development of
wetlands and/or revegetation of barren areas.
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2.0

METHODS

Project work involved six primary activities, including the following:



conducting a desktop overview of available information to aid identification of potential sites;



identification of the regulatory environment;



completion of field surveys of sites identified from the desktop overview;



summarization of site information;



selection of candidates for consideration as Demonstration Projects; and



provision of recommended treatments for Demonstration Projects including:

 provision of site descriptions relative to biological, geotechnical, archaeological and hydrological issues;
 provision of cost estimates; and
 identification of additional work requirements including permitting and related items such as an
environmental monitoring plan (EMP).

2.1

Desktop Overview

Prior to initiating field work, planning included an overview of readily available information. A brief literature
search of the BC Hydro library resources relevant to Williston Reservoir focused on key words such as
“wetlands”, “revegetation”, “wildlife physical works” and “dust control”. The keywords also included sub headings
such as inventory, construction, mapping, identification, rehabilitation and development. Related to the above,
but under a different search within the general heading of Williston Reservoir included references to “waterfowl
inventory” and “waterfowl use”.
The desktop overview also included interviewing individuals involved with past works and/or assessments of
wetland habitat in Williston Reservoir, including Mr. Brad Arner of Ducks Unlimited Canada (DUC),
Mr. Fraser Corbould, Ms. Mari Wood and Mr. Brian Blackman all of the Peace/Williston Fish & Wildlife
Compensation Program (PWFWCP). Mr. Murray Clark, a retired program manager of DUC based out of
Prince George and now consulting to DUC was also interviewed. These initial discussions aided identification of
the following:



areas of the reservoir where assessments were completed in past years;



issues associated with enhancing wetlands in the Williston Reservoir; and



potential sites that could be visited within Parsnip Reach.

Aided by this information gathering process, a number of sites were selected for field assessment
based
upon
analysis
of
orthophotos
available
on
the
BC
Water
Resources
Atlas
(http://www.env.gov.bc.ca/wsd/data_searches/wrbc/). Selecting sites involved identification of features within
the upper few meters of the drawdown zone which may provide opportunities for development. This online
resource tool also facilitated identification of access routes to sites for both field surveys and equipment required
to develop the site should it be selected as a Demonstration Project. Co-ordinates (UTM- 10 NAD 83) and
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approximate areas of each identified site were also taken from orthophotos and UTMs were verified during field
surveys.
The author also attended a meeting with the Mackenzie Nature Observatory (MNO), a non-profit organization
based in Mackenzie. The MNO operates a bird banding station at the north end of Mugaha Bay and serves the
local public through education, awareness and information about the Williston Reservoir and its wildlife
resources.
Additional information from individuals working on concurrent projects in the Williston Reservoir continued to be
collected and analysed through the duration of the project. These individuals included Mr. Aaron Flett of
BC Hydro (Prince George) and Dr. Ambimbola Abiola of Olds College of Innovation (Alberta), both of whom are
addressing issues of dust control in Finlay Reach.
Archaeological background research included a general review of readily available cultural and environmental
data pertinent to each site, including published and unpublished sources dealing with local and regional
ethnography, history, archaeology and the environment. Topographic maps and air photos of the sites were
also reviewed. The Provincial Heritage Register (PHR) was reviewed using the online Remote Access to
Archaeological Data (RAAD) to determine if any archaeological sites are recorded within 3km of the site, as well
as to indicate the type of archaeological sites in the area. Archaeological site types which may be found include
lithic material found on or below the surface, culturally modified trees, burials and subsistence features.

2.2

Regulatory environment

Regulations and acts which may apply to some of the candidate sites proposed as Demonstration Projects are
generally described in the following text and are specifically identified in the relevant text describing such sites in
Section 5.0. A comprehensive list of Best Management Practices (BMPs), are listed in Appendix A which is the
Environmental Management Plan (EMP). This EMP and associated BMPs are for consideration during
construction of a Demonstration Project(s). A primary component of the EMP to satisfy regulatory requirements
pertaining to adherence with BMPs is the presence of an Environmental Monitor during construction in sensitive
areas or phases of project.

2.2.1

The Fisheries Act

The Fisheries Act is federal legislation that protects all fish and fish habitat in Canada. Section 35(1) provides
broad prohibition of works that create a “harmful alteration, disruption or destruction” (HADD) of fish habitat
unless authorized under section 35(2) of the Act. Section 36(3) prohibits the deposit of deleterious substances.
Works that result in a HADD can only be authorized by the Minister of Fisheries and Oceans Canada (DFO), or
his/her designate, in exchange for the development or enhancement of similar habitat such that there is “no net
loss” of productive habitat. A HADD could include making a stream inaccessible to fish and damage to or loss of
spawning habitat. Upon review of proposed plans by DFO, if it is determined that a HADD will occur, a Section
35(2) Authorization for “Works Affecting Fish and Fish Habitat” will be required from DFO. Review of
development projects by DFO normally takes between three and six months. A fish collection permit from DFO
is required for fish salvages that involve anadromous salmonid species; however, because no anadromous
salmon reside in the study area, fish sampling permits fall under the jurisdiction of the Ministry of Environment
(MoE) through the Wildlife Act (Section 3.5 below).
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2.2.2

The Navigable Waters Protection Act

Williston Reservoir is utilized by watercraft and is therefore considered to be navigable water. In general, any
placement of materials within the inundation zone of the reservoir may constitute a navigation hazard to boats,
thereby triggering the federally regulated Navigable Waters Protection Act (NWPA). This act regulates any
works built or placed in, on, over, under, through, or across any navigable water. For projects with the potential
to impact navigable waters an application to the Navigable Waters Protection Division (NWPD) under
Section 5(1) of the NWPA may be required prior to construction.
Placement of dikes, or wood debris structures designed to protect dikes within the inundation zone of
Williston Reservoir may be considered a navigational hazard depending upon water levels. Ancillary habitat
works which may be considered to add habitat complexity to a Demonstration Project discussed later in this
report (Section 7) may also be considered a navigational hazard. Such works could include placement of woody
debris, perching poles, floating islands or loafing logs, and rock piles for wildlife, aquatic species, and/or fish.
Timelines for review by the NWPD depend upon the type of approval required, which in turn will vary depending
on the type and complexity of the proposed work. Approvals consist of formal approvals and work assessments.
The formal approval process is followed when the work has the potential to have a significant impact on
navigation or when the work is specifically named within the Act. Works named within the Act are bridges,
booms, dams and causeways. Work assessment letters can be issued in cases where the work is not
considered to have a significant impact on navigation. Aside from time required by the NWPD for formal review
of a proposed project (three to six months), the proponent of the work is also required to publically post
notification of the work using three means of advertisement (such as local papers) for public input prior to
initiation of the work.

2.2.3

The Water Act

In British Columbia, the main provincial statute regulating water resources is the Water Act. Section 9 of the
Water Act regulates “changes in or about a stream.” Part 7 of the Water Act regulation – referred to as “the
Regulation” – ensures that water quality, fish and wildlife habitat and the rights of licensed water users are not
compromised (MoE 2005). The Regulation allows certain activities to be undertaken when carried out in
compliance with the Regulation, rather than under the authority of an approval or licence (MoE 2005). Under the
Regulation, one may carry out a number of routine works, provided that the general conditions and notification
requirements are met (MoE 2005). An approval or licence is required in cases involving more complex works
and for the short-term use, storage or diversion of water. It has been assumed that all proposed impoundments
of water can be completed under BC Hydro’s existing water licence, particularly as there is no expectation to
impound water at elevations greater than 672.08 masl and the only downstream user of the proposed small
impoundments of water is BC Hydro. Any need for amendments to BC Hydro’s existing water licences relative
to proposed structures in this report should be verified.
Construction of Demonstration Projects should also adhere to the Terms and Conditions for Changes In and
About a Stream, Peace River Region (Appendix A) to the greatest extent possible. The timing window of least
risk to fish and fish habitat for Williston Lake varies by species. For example, work windows for salmonids
generally occur in the summer months, and can range from 60 days (June 15 to Aug 15) for bull trout (Salvelinus
confluentus) to as long as 3.5 months (June 1 to Sept. 15) for mountain whitefish (Prosopium williamsoni).
Work windows for both rainbow trout (Oncorhynchus mykiss) and grayling (Thymallus arcticus) however, extend
through the winter from mid July through to the start of April. There are no identified work windows for more
resilient species such as cyprinids. Demonstration Projects will likely have to be completed outside identified
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work windows for all salmonid species found in the Williston Reservoir due to the nature of the reservoir’s
operating regime and winter conditions that extend into March.
Under the Water Act, British Columbia Dam Safety Regulations may apply to some structures, depending upon
the volume of water retained by the structure or the height of the structure. For example the regulation applies
to any structures which meet or exceed the following criteria:
a)

a dam 1 m or more in height that is capable of impounding a volume of water greater than 1,000,000 m3;

b)

a dam 2.5 m or more in height that is capable of impounding a volume of water greater than 30,000 m3;

c)

a dam 7.5 m or more in height; and

d)

a dam that does not meet the criteria under (a), (b) or (c) but has a downstream consequence classification
under Schedule One of the Dam Safety Regulations of high or very high.

2.2.4

The Heritage Conservation Act

All archaeological sites on provincial Crown or private land predating A.D. 1846 are automatically protected by
the Heritage Conservation Act (HCA). Certain sites, including burials and rock art sites that have historical or
archaeological value are protected regardless of age. This protection includes penalties for unauthorized
alterations, or changes, to a site undertaken without a proper permit in place. Any development for which land
altering activities are proposed has the potential to alter archaeological sites. Examples of land altering activities
include, but are not limited to: excavation, trenching, soil stripping, vehicle/machinery traffic, and dumping of fill,
rip rap, or excavated sediment.
The Archaeology Branch (Ministry of Tourism, Culture and the Arts) is the provincial government agency
responsible for administering the HCA, issuing permits, maintaining a database of recorded archaeological sites,
and handling referrals from various development agencies. In addition to the provisions outlined in the HCA, the
Archaeology Branch has also developed a set of guidelines (British Columbia Impact Assessment Guidelines),
or a step-by-step approach for the management of archaeological sites in areas for which development is
proposed. The first step in the archaeological impact assessment process is to identify and assess the
archaeological resource potential, or sensitivity, within a proposed study area. This first step, an Archaeological
Overview Assessment (AOA), will indicate the need for, and scope of, any additional archaeological studies
(such as an Archaeological Impact Assessment, or AIA), if required.
AIAs are conducted under a HCA Section 14 Heritage Inspection Permit issued by the Archaeology Branch.
Following review of an AIA permit application by the Archaeology Branch, relevant First Nations are then
provided a 30-day period to review the application and submit comments on the methods proposed in the
application. Current turn around time to obtain a Heritage Inspection Permit for a routine AIA is between six and
eight weeks. An AIA will provide recommendations for the management of unavoidable and unanticipated
impacts to archaeological resources through a variety of mitigation and other measures. Depending on the
flexibility of the proposed development as well as scheduling and cost concerns, it may be possible to avoid an
AIA by avoiding land altering activities within areas of high archaeological potential.
If further archaeological work is required, it is typically completed under a HCA Section 14 Heritage Investigation
Permit. Other alterations to an archaeological site are permitted under a HCA Section 12 Site Alteration Permit.
A Section 12 permit is held by the individual responsible for the site alteration and can include data recovery or
mitigative requirements such as site monitoring or data sampling.
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2.2.4.1

First Nations Involvement

BMPs related to chance findings of archaeological artefacts are provided in Appendix A. Not identified in this
appendix, but consider a prudent practice that is consistent with the British Columbia Association of Professional
Archaeologist (BCPCA) Code of Conduct is the Responsibility to Cultural Groups. In addressing this
responsibility, Golder routinely invites representatives of the local First Nations to participate in the fieldwork
portion of an archaeology project. However, given the nature of the proposed scope at the time of fieldwork,
local First Nations were not invited to participate in the field program and have had no opportunity to review
these site locations or raise archaeological concerns they may have. In order to address this concern,
Golder recommends that input from the appropriate First Nations be sought so that any archaeological concerns
regarding candidate sites for Demonstration Projects can be identified and addressed. It is Golder’s
understanding that the study area is located within the traditional territories of the Tsey Keh Dene Band,
West Moberly First Nation, Halfway River First Nation, Saulteau First Nation and Mcleod Lake Indian Band.

2.2.5

Wildlife Legislation

Both provincial and federal governments administer wildlife legislation, relevant to both terrestrial and aquatic
species. Wildlife legislation that might have a bearing on the projects includes the provincial Wildlife Act and the
federally regulated Species at Risk Act (SARA), Migratory Birds Convention Act, and associated regulations.
A Wildlife Collection Permit will be required from MoE to conduct any wildlife salvage work associated with the
projects. For example, and perhaps most relevant to some of the proposed projects, is the possible need for a
fish collection permit. Fish collection permits for the study area are under the jurisdiction of the provincial
government’s Wildlife Act, and are administered by MoE. A fish collection permit may be required for salvaging
fish from the footprint area of any proposed works within the wetted area of a stream.
Unless specifically identified in the Wildlife Act or protected under SARA, provincially listed (red and blue)
species as identified by the BC Conservation Data Centre (CDC) have no specific regulations protecting them.
Instead, the Environmental Stewardship Division of the MoE works through the Conservation Framework
(MoE, 2009) to aid in developing strategies to protect listed species. This framework works towards assessing
the status of a species in question, planning and/or listing via initiating legal listing processes such as through
the Committee on the Status of Endangered Wildlife (COSEWIC), and acting on the available information and
listed status through management procedures designed to protect the species in question. Specific management
measures may be identified through the Wildlife Act by regional managers in order to protect a listed species or
ecosystem. Consequently, detailed assessment of the presence of a listed species within a proposed
development area may be considered on a case by case basis during review of a project, and result in specific
recommendations from the regional MoE manager, such as a permit, as indicated earlier, to salvage wildlife
species from the footprint of a development area if other options (repositioning the development) are
unavailable.
SARA is normally only relevant to federally regulated lands, and would only apply to any identified aquatic and/or
terrestrial listed species with critical habitat within the area of the proposed projects.
A specific concern regarding the Migratory Birds Convention Act is the potential for disturbance or destruction of
nesting sites. Clearing of vegetation is pertinent for gaining access to sites in the drawdown zone, and
potentially in the creation of borrow areas either within or outside the drawdown zone. The concern is
disturbance or destruction of nests of ground nesting birds during clearing/borrow pit activities or through the
felling of trees. The most appropriate manner to address the legislative requirements of these statutes is
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through the implementation of BMPs such as those identified in the EMP (Appendix A). Specifically, shrubs and
trees should not be felled between May 1 and July 1 (A. Goddard MoE, August 2009 pers. comm.). If clearing
activities are planned during the breeding window, a breeding bird survey is required to determine if species are
breeding within the area of development. Best management practices will vary by species and specifics related
to occupancy of nests and breeding behaviour observed during the breeding bird survey. For example, a buffer
zone may apply in regards to any work proximate to an active nest, or diligent monitoring of a nest can
determine nest activity (i.e. when hatchlings have fully fledged and/or left the nest), potentially allowing for felling
of the tree.

2.3

Other Legislation

The British Columbia Weed Control Act is designed to prevent the proliferation of identified noxious weeds
(British Columbia Weed Control Act – Chapter 487 RSBC 1996). The Weed Control Act includes a list of weeds
considered noxious throughout the entire province; it also includes a list of weeds considered noxious only in
certain regions of BC. BMPs to minimize the potential proliferation of non-native weed species typically include,
for example, ensuring that borrow material is locally obtained and that equipment and machinery brought on site
is inspected and clean of dirt and weeds prior to construction of the Project.
This standard weed control measure in conjunction with the planting of high quality, weed free native grass seed
mixes and native trees and shrubs is normally implemented to prevent importation and distribution of non-native
noxious weeds. This measure is obviously dependent upon further work determining which species of
vegetation can withstand conditions in the reservoir.
Considering projects in areas proximate to the Mackenzie Airport that have the potential to increase bird use
through improvement of habitat may require consultation with the local Airport Authority. This relates to issues
which may increase the potential collisions between birds and aircraft.

2.4

Field Surveys

A team comprised of a biologist, archaeologist, and geotechnical engineer conducted field surveys of the sites
identified by the office overview. Field surveys were conducted from June 15 – 19, 2009; a total of 42 sites were
visited (Figures 2a and 2b). Sites close to Mackenzie were accessed by truck and boat. A helicopter was the
most cost effective and efficient manner to assess sites near the northern end of Parsnip Reach.

2.4.1

General Field Assessment Criteria

Field surveys focused on key criteria for development of wetland habitat, considering the objectives of
GMSWORKS 16, and included the following general criteria:







site access;
size;
potential treatment types;
elevation of the site relative to flooding regime and potential seasonal functionality of the site if treated; and
water source (including flow measurements of minor/ephemeral seepages).
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2.4.2

Biological Field Assessment Criteria

Biological assessment criteria included the following parameters:



vegetation conditions, including abundance and distribution of grasses, sedges, shrubs, and tree species;



habitat suitability and species associations, where possible;



all wildlife sign and use of an area;



potential fisheries issues; and



slope of the shoreline and aspect in relation to the sun.

2.4.3

Geotechnical Assessment Criteria

The geotechnical field assessment included the following criteria:



existing structures when present (e.g., road/rail beds, culverts);



approximate height and length of dikes where such structures are proposed;



subsurface soil materials where they could be extrapolated from surface exposures;



borrow sources for sand and gravel (if any) in the immediate area; and



potential geohazards such as slope stability.

2.4.4

Archaeological Assessment Criteria

A Preliminary Field Reconnaissance (PFR) was conducted, which consisted of a visual inspection of the sites to
refine the archaeological potential assessment completed during the background review and, secondly, to
identify visible archaeological materials or features using judgemental traverses. As part of the PFR, field notes
were written describing the terrain as well as any other field observations. Digital photographs were taken of
notable terrain features as well as the general site. Terrain features with potential to contain archaeological sites
were identified during traverses, including inspection of the ground surface for archaeological materials such as
stone artifacts, faunal remains, or fire-altered rock (Appendix A). Areas of exposed ground, such as cut banks,
road cuts and flood zones were inspected as well.
During the PFR, the sites were evaluated in terms of archaeological potential. In general, archaeological
potential relates to those biophysical characteristics (distance to aquatic features, slope, forest cover, aspect,
soil drainage and landform) that correlate with archaeological site locations. For example, portions of the sites
with raised and well-defined terrain and/or micro-topographical features, such as ridges and knolls (particularly if
they possess views of surrounding terrain) are considered to have high archaeological potential. In contrast,
areas considered to have low archaeological potential include: featureless slopes greater than 10%, disturbed
and filled areas such as abandoned roads, areas that have had surface sediments removed to an obviously
sterile stratum, such as glacial till or bedrock, and low lying terrain with no defined topographical features.
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2.5

Review and Selection of Candidate Sites

The selection of candidate sites for further consideration was completed by summarizing existing data combined
with field survey information to develop a Site Catalogue (Appendix B). A primary consideration in this process
was the overall feasibility of the site for development, determined through the use of several guiding principles,
which included the following:



selection of candidates for Demonstration Projects must consider the cost, biology and regulatory
requirements to complete the work, recognizing that cost is a function of accessibility particularly in terms of
available onsite building materials;



feasibility, in terms of durability (sheltered from environmental loads and effects such as waves, and
associated scour from debris and ice) given available on-site materials; and



selection of candidate sites should provide learning opportunities for not only BC Hydro but also the
stakeholders, contractors, and relevant regulators. Such learning would include but not be limited to
feasibility in meeting stated objectives by identifying both successful and unsuccessful treatments, related
to design, cost, durability and regulatory issues.

This approach is consistent with direction received from BC Hydro (S. McGregor, BC Hydro, May 2009, pers.
comm.).

2.5.1

Data Summarization

Information from field surveys was summarized into the Site Catalogue (Appendix B). The catalogue consists of
descriptive (qualitative) and measured (quantitative) information relative to each site and supplemented with
information from the desktop overview. Information is listed under individual headings pertaining to
characteristics that helped describe the general physical attributes of the site. Site Catalogue categories start
with more general descriptions related to possible enhancement options, identified water sources, exposure and
more specific comments to biological, geotechnical and archaeological considerations. Many of these general
categories had common linkages between the three disciplines (biology, archaeology and geotechnical)
assessed. For example, site access is relevant not only from a standpoint of construction, but also for follow-up
monitoring. Similarly, the availability of a water source is essential for dike construction as a means of creating
water control but also has implications upon geotechnical and potential archaeological resources.
Table 1 identifies the list of categories assessed during field surveys and summarized in the Site Catalogue.
Some of the information summarized in the Site Catalogue includes general information gathered from desk top
exercises, such as estimated area (ha), fish presence and background information, whereas others represents
information gathered in the field. The Site Catalogue is divided into 5 sections. The first section is a summary of
general findings at the site that may have common linkages amongst disciplines. The next three sections
represent summaries of categories specific to the discipline of biology, archaeology and geo-technology.
The final section provides photographs of the site.
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Table 1: Descriptions of Site Catalogue categories for sites surveyed in Parsnip Reach of
Williston Reservoir.
Heading

Comment

Name

Arbitrarily provided by Golder

Location

Description of location of reservoir

Date of Visit

When the site was assessed

GPS Coordinates

NAD 83 datum

Existing Information

Documentation identified relevant to site during course of reporting

Stake Holder Input

Any information provided via consultations

Description
Enhancement Options
Potential Beneficiaries
In Reservoir drawdown Zone

General information of site.
Potential treatments discussed during site surveys
Types of wildlife which could benefit from the proposed treatment area
Area is either within or outside the drawdown zone of the reservoir based upon on site indicators.

Exposure (high/moderate/low/none)

Exposure to environmental effects caused by wind and waves and associated effects due to ice and
floating debris.

Purpose
Water Source
Potential Habitat Type
Seasonal Functionality
Estimated Area (ha)
Estimated Dike Height (m)
Estimated Dike Length (m)
Estimated Elevation Range (masl)
Qualitative Cost (high/moderate/low)
Erosion Potential ((high/moderate/low)
Visible Signs of Erosion
Access (good/moderate/poor/none)
Debris (high/moderate/low)
Biological Comments
On-Site Wildlife Sign
Fisheries Issues/Values
Vegetation
Geotechnical Comments

General intent of enhancement option
If a stream or other water source is present
Expected habitat resulting from treatment
Seasons in which proposed treatment is expected to function
Derived from the BC Watershed Atlas - orthophoto imagery
Estimated from observed high water mark to low point of proposed structure
Measured using a range finder
(Left blank in anticipation of Digital Elevation Data)
Based upon size and complexity of the enhancement option and access
Based upon identified soil types and exposure to lake and/or stream current
Any signs of erosion along shore line and/or stream beds.
Relevant to mobilization of machinery to construct the site. Good = road access or trail to site with minimal
clearing, moderate = Road access is nearby (within 250 m) but a trail may have to be built. Poor = access
via barge.
Amount of debris noted
Overview of positive and/or negative biological issues that may add or detract to the proposed treatment for
the site.
Observations of wildlife, tracks, scat or other indicators of use (such as nests).
Combination of known information from identified reports and professional judgment. Includes consideration
of potential negative and/or positive impacts of the proposed treatment upon fish access to a water source
and of the potential habitat type expected to be created.
General observations regarding the type and health of riparian vegetation and if any emergent or
submergent aquatic vegetation was observed at the site.
Overview of positive and/or negative geo-technical issues that may add or detract to the proposed
treatment for the site.

Soil Types

Identifies the surficial material observed

Soil Suitability

Relevant to construction of dikes or other features
Overview of positive and/or negative archaeological issues that may add or detract to the proposed
treatment for the site.

Archaeological Comments
Terrain

Description of terrain features relevant to the site

Disturbance

Existing conditions which may add to disturbance of archaeological resources

Known Arch. sites within 3 km

Provincial Heritage Register (PHR) was reviewed using the online Remote Access to Archaeological Data
(RAAD)

Arch. Potential (high/low)

Based upon a combination of professional judgment and the above information

n:\active\2009\1430 kamloops\09-1430-0057 williston reservoir wetland inventory bch gmsworks #16\reporting\final\tables and figures\tables\table 1 feb 9 - 2010cmreview .docx
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2.5.2

Site Prioritization

Key attributes of each site, based upon information in the Site Catalogue, were summarized into tabular form
(Table 4 introduced later in this report in Section 4.2) This table aided in prioritizing sites based on category
headings in order to provide a short list of potential candidates for Demonstration Projects. Table 2 was
developed by converting textual comments, from professional judgement, into numeric values, which could then
be sorted. For example, under the category of machine access, descriptive criteria (good, moderate and poor)
provided in the catalogue were assigned scores between one and three, with one representing a low score for
poor access (i.e., a barge) and three representing a top score based upon relatively easy land (i.e., a road or
trail to the site).

2.6
2.6.1

Hydrological Assessments
Flow Measurements

Flow measurements were completed to provide an indication of the volume of water contributed by identified
water sources to sites where impoundment of water was the primary objective of the Demonstration Project.
Only small water sources, generally having discharges less than 1.0 m3/s and/or suspected of being ephemeral
were measured. Typically, streams with larger discharges and suspected of having permanent flow were not
measured as water supply from such larger streams or creeks was not expected to be limiting. The intent of this
task was to provide comparative data for water flow between sites where such sources may be ephemeral.
This data is expected to provide the basis of a longer term dataset which will facilitate future monitoring.
The single flow measurement completed during the spring as was done this year establishes a datum point
relative to seasonal changes in flow.
Flow measurements were completed using a Marsh McBirney Flo-Mate Model 2000. Flow measurements
followed standard methods (RISC 1998a; Nielsen and Johnson 1983) ensuring no less than 10 water velocity
and depth measurements were taken across the width of the transect. Widths of the cells were adjusted to flow
conditions to ensure no more than 10% of the discharge flowed through any one cell. Velocity measurements
were taken at 60% of the total depth of the cell from the water surface when water depth was less than 0.76 m.
Discharge was calculated using standard methodology (RISC 1998a) by multiplying water velocity measured in
a cell of water by the area (width and depth) of the cell. The cumulative total discharge of all cells within
a transect across a stream then provided an instantaneous discharge for that stream. These calculations are
represented by the following equations:
qi = (vi + vi-1)/2 x (bi - bi-1) x (di + di-1)/2
Where:

Eq (1)

q = discharge
v = velocity
d = depth
b = measured distances from shore
i = section (cell)

Total discharge (Q) for the stream at the identified cross section is as follows:
n

Q = Σ qi

Eq (2)

I=1

In some instances, water velocities and streams were so small that an estimate of discharge was derived based
upon mean depth, width and the mean of measureable water velocities.
Results of discharge measurements are presented in Appendix D.
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Table 2: Points assigned to key Site Catalogue categories to aid in selection of recommended candidates for Demonstration
Projects.
Category

Point Assignment

Point Description

Comment

1 = barge access required

Construction
Access

1-3

2 = a short access road is required to be
built or possibly transporting machinery
along beach from existing access points
during low water conditions.

Observations of road access are based upon a combination
of observations made during site surveys either from the
ground or a helicopter and identified logging roads and/or
trails shown in the BC Water Resources Atlas (Nov. 2009
http://webmaps.gov.bc.ca/imf5/imf.jsp?site=wrbc)

3 = A existing road and/or trail leads directly
to the site (clearing may be required)
N/A indicates the site is not considered suitable for
enhancement

0 = n/a
Cost

0-3

1 = High

Estimated > $750,000

2 = Moderate

Estimated between $350,000- $700,000

3 = Low

Estimated < $350,000
The site is open shore line on the lake.

1 = High
Exposure

1-3

The site is partially protected by virtue of orientation the site
away from prevailing winds - but still exposed to floating
rafts of debris and potentially some wave action

2 = Moderate

The site is a protected embayment or a bay away from
main lake which shows little accumulation of debris or
obvious signs of erosion from wave or debris scour.

3 = low
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2.6.2

Historical Water Level Analysis

An historical water level analysis was performed to calculate the percent of time the water level in the reservoir
exceeded various elevations. The historical daily water level dataset was obtained from the Water Survey of
Canada Archived Hydrometric data (period 1976-1997) Williston Reservoir at Lost Cabin site 07EF002
(Figure 2a). The data were supplemented with hourly water level information provided from BC Hydro for
Williston Reservoir at Lost Cabin (2008-2009). Data were incomplete for the years 1976, 1977, 1998, and 1999.
The incomplete years were removed from the set for the analysis.
The historical water levels were analyzed on a monthly basis from April to October (the open water period).
A frequency analysis was done by summing the number of days with water levels at or exceeding specific
elevations in comparison to the total number of days on record. Since it is anticipated that promoting vegetation
growth beyond 10 m below the full pool elevation will be difficult (Carr 1997, Enns 2007), the range of elevation
used in this analysis was 662 masl to 672.08 masl. In addition, a trend analysis was conducted to determine if
there are any significant trends in water level for the years on record. No statistically significant trends were
observed in the historical water level data.

2.6.3

Water Balance

Rudimentary water balances were completed to determine the feasibility of proposed candidates for
Demonstration Projects in terms of maintaining water behind a dike to create a wetland. The water balance
included consideration of precipitation, evaporation, runoff and seepage through the dike as shown in Figure 3.
Precipitation

Evaporation

Runoff
Top of Dike
Weir Level

Seepage

Figure 3: Wetland Inflows and Outflows used in Water Balance Computation

2.6.3.1

Climate

Precipitation
The Mackenzie Airport and the Prince George Airport climate stations are the two Environment Canada stations
closest to Parsnip Reach. Precipitation data are available at the Mackenzie Airport climate station from 1971 to
2007, and at the Prince George Airport climate station from 1943 to 2007. The differences between the
cumulative precipitation values were compared and the difference was small (less than 1400 mm after 23 years).
Since the data for the coincident period of record were similar, it was considered acceptable to use the long term
Prince George data.
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The mean, extreme monthly and annual precipitation measurements for Prince George are shown in Figure 4.
The 10-year wet and 10-year dry monthly precipitation values were obtained by conducting a frequency analysis
of the monthly maximums and minimums. The values are obtained by fitting a theoretical probability distribution
to the data. The distribution was chosen based on the best fit to the data. The 10-year wet value refers to the
expected precipitation which is equal to or exceeded one time in every 10 years during the specific month, or a
10% probability of the precipitation being exceeded. Similarly, the 10-year dry value refers to the value that has
a 10% probability of the precipitation being equal to or less than during the month. The maximum and minimum
precipitation values were identified every month on record and a standard statistical analysis was done on the
extreme values to calculate the 10-yer wet and 10-year dry values.

Figure 4: The mean, 10-year wet and 10-year dry precipitation estimates for Parsnip Reach of Williston Lake base
proximate to Mackenzie based upon data from Environment Canada - Prince George.

Evaporation
The temporal distribution of mean monthly lake evaporation for a lake depth of 1 m was obtained for the
Mcleod Lake station (Climate ID No. 1185020) from Environment Canada. This station is within 15 km of
Parsnip Reach. The evaporation data are available for 1965 to 1967 for the months of May to September.
The mean annual evaporation map (Ministry of Environment, Lands and Parks, 1988) that was used to provide
an estimate of evaporation from small lakes gives the Parsnip Reach area evaporation as 500 mm.

2.6.3.2

Runoff

The approach for estimating the theoretical runoff from the catchment areas was to calculate the runoff using a
measured index flow station. In this approach, flows from a locally measured gauging station were used as a
basis for calculating runoff from the catchments contributing to the selected wetland locations. Measured flows
from a nearby Environment Canada WSC station were used and adjusted for catchment area.
The following three conditions were considered: i) 10-year wet condition; ii) 10-year dry condition; and
iii) average year conditions.
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Morfee Creek at the outlet of Morfee Lake (07EE005) (Figure 2b) was selected as the index station due to the
following considerations:



it is close to Williston Reservoir and to the proposed candidates for consideration as Demonstration
Projects;



it is assumed to have a similar climate and hydrologic response due to its proximity; and



it has a drainage area that is comparable to the catchment areas at each site.

The “theoretical” daily runoff from the wetland catchment areas, Qdaily,wc, was calculated by multiplying the
prorated daily flow of the index station by the ratio of 10-year wet or 10-year dry annual precipitation for the
Prince George Station and mean annual precipitation for the Prince George Station, as follows:
,

2.6.3.3

,

,

Seepage

A desktop overview of available information and results from field surveys (Section 4.2.2 and 5.0 below)
suggests that, in general, surficial soils typically comprised lacustrine or fluvial silts and sands. Clay soils were
observed at some sites and were typically noted within eroded banks of streams. The hydraulic conductivities of
the observed on-site materials are considered moderately to highly permeable, with typical site soils having a
hydraulic conductivity on the order of 10-6 to 10-3 m3/s. In the absence of site specific geotechnical investigation
and groundwater information, seepage from the wetland was assumed to be only through the dike. Given the
large difference in the estimated hydraulic conductivity, lack of site specific data, and groundwater information,
the largest value (10-3 m3/s) was used to be conservative and to account for any seepage through ground.

3.0

RESULTS

3.1

Office Overview

Information reviewed during the office overview came from three primary sources including the PWFWCP, DUC
and BC Hydro.

3.1.1

Peace/Williston Fish and Wildlife Compensation Program

The PWFWCP maintains an on-line database of reports that includes over 300 publications. A number of these
reports address issues pertinent to developing wetlands in the Williston Reservoir, although few deal directly
with the concept of creating wetlands in the reservoir. Thirteen reports were reviewed, including seven that
addressed wetland enhancement projects and/or use of wetlands by waterfowl. Four reports concerned
fisheries resources and potential enhancement options and two concerned distributions of amphibians
throughout the Williston Reservoir.
The most relevant of the fisheries resource reports to GMSWORKS 16 is Fielden et al. 1993, which reviews
various options for artificial enhancement of fisheries resources in the reservoir such as fish stocking, shoreline
revegetation, artificial reefs, etc. Included in this review is the concept of cove culture; the impoundment of water
in embayments by diking. An example of a dike completed by Hill (1984) in the LG-2 reservoir in northern
Quebec is briefly discussed. A 123 m long dike was built for $743,000 in 1982. Fielden et al. suggests this
option could be applied to areas identified for wetland enhancement by DUC (see below), including Mugaha
Tony and Tutu bays. It was speculated this technique would benefit fish species such as Arctic grayling, trout,
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mountain whitefish, pike and walleye. Rae and French 1999 summarize fish habitat works undertaken in lakes
and streams in the Williston reservoir from 1988 to 1998. Retzer 1989 and Langston and Blackman 1993
discuss fish distributions and available habitat in Williston tributaries that aided the present study by identification
of fish distributions within the larger streams entering the Williston Reservoir.
Of the seven reports addressing wetland topics in the Williston Reservoir, Courbold (1991) and Martin (1992) are
most pertinent to GMSWORKS 16 since these reports identified the importance of the Mugaha Bay area to
waterfowl and terrestrial wildlife. These reports assess existing wetlands in and around Parsnip Reach,
Mugaha Bay and Tutu Bay and the Parsnip River, providing both observations of wildlife and waterfowl, wetland
characteristics and a brief summary of enhancement potential of surveyed wetlands. Many of the assessed
sites were outside of the inundation zone of the reservoir and most were assessed as having little to no
enhancement potential with the exception of sites in and around Mugaha Bay. Enhancement options discussed
were not relevant to the objectives of GMSWORKS 16. Identified techniques focused primarily on installation of
nest boxes, nesting islands, land clearing via burning, creation of open water areas by either blasting or
channelling and impoundment of water via small water control structures in upland areas of creeks and streams.
Some of these enhancement options were implemented and monitored, such as installation of nesting islands,
nest boxes and loafing logs, and documented results and use by water fowl as well as maintenance issues are
discussed in Courbold 1991, Courbold 1992, Courbold 1993, and Juelfs and Courbold 2008. Courbold (2001)
speaks to ice free sites for winter rearing of trumpeter swans but none of the surveyed sites were within the
drawdown zone of the Williston Reservoir. Courbold and Hengeveld (2000) identified ice free areas in the
Parsnip River drainage, most of which were concentrated in and around the Crooked River (tributary to the
Parsnip River). The only site identified in this study near to the drawdown zone of Williston Reservoir was near
the mouth of the Parsnip River, but no waterfowl were observed using this area.
Hengeveld (1999 and 2000) summarizes the results of amphibian surveys throughout the Williston Reservoir
watershed. Surveys in 1998 were concentrated mostly in upland areas of tributaries to Williston Reservoir
whereas the 1999 surveys were more extensive and included surveys of a number of areas immediately
adjacent the reservoir. Five species of amphibians were confirmed to reside in the reservoir’s watershed,
including western toads (Bufo boreas), Columbia spotted frogs (Rana luteiventris), wood frogs (Rana sylvatica),
striped chorus frogs (Pseudacris triseriata) and long toed salamanders (Ambystoma macrodactylum). Western
toads, wood frogs and Columbia spotted frogs were widely distributed throughout Parsnip, Finlay and Peace
reach geographic regions of the watershed, whereas stripped chorus frogs were only observed near Hudson’s
Hope and long toed salamanders were only observed at low elevation areas adjacent the reservoir within the
Rocky Mountain trench. Five incidental observations of garter snake (Thamanophis sp.) were documented
through sightings by volunteer back yard observers, all within Parsnip Reach.

3.1.2

Ducks Unlimited

A review of information kept in the Kamloops office of DUC identified 41 sites that have been previously
assessed by DUC for potential wetland projects in and around the area of Williston Reservoir (Appendix C).
Most of these assessments occurred during the early 1980’s, but only seven of the assessed sites were actually
within the footprint of the drawdown zone of the reservoir (Table 3). None of the areas assessed within the
drawdown zone were constructed; in fact, only Woody’s Meadow and Rocky Marsh were built, both outside of
the reservoir’s drawdown zone (B. Arner DUC, Sept 2009 pers. comm.). This reflects the feasibility and cost
anticipated with wetland enhancement in the drawdown zone and also the priorities of DUC during the period of
these assessments. With the exception of the proposal at Mugaha Marsh 1, which was identified as a
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functioning wetland that may benefit from the addition of loafing habitat, the remaining projects assessed by
DUC were ambitious in nature, calling for very large dikes. Many assessed sites were rejected primarily
because of cost, but also because of conditions which limited productivity and perceived benefits to waterfowl.
Proposed dikes at Mugaha 2, Tutu Bay and Mackenzie Landing were not only very large and costly; there was
also limited opportunity for developing littoral zones less than 2 m in depth through construction of such dikes.
Similarly, proposed dikes and compartmentalization at the causeway leading to the west side of the lake would
not only be a costly undertaking, but cold water originating from the Parsnip River was expected to limit
productivity of any wetland developed in this area. The Chinsinlika Meadow option was not only a large project,
but also required a diversion of water from Mischinsilinka Creek. Additionally, neither the PWFWCP nor DUC
have identified the Williston Reservoir corridor as an important flyway or breeding area for migratory waterfowl,
and as such, effort and money expended by these groups has focused on other areas of higher priority
(B. Arner DUC, Sept 2009, pers. Comm. and F. Corbould PWFWCP, June 2009, pers. comm).

3.1.3

Mackenzie Nature Observatory (MNO)

The author had the opportunity to meet members of the MNO during one of their regular monthly meetings on
June 23, 2009. Comments from some of the members of the MNO suggest the focus of creating wetlands and
Williston Lake not being a high priority flyway for migratory waterfowl is incompatible with their primary concern.
The loss of riparian shrub-like vegetation that had become established since impoundment of Williston Reservoir
was a primary concern of some MNO members. This was a particular issue in the area of the Mugaha Bay
birding station, which due to recent full pool events in Williston Reservoir, is losing riparian vegetation.
This type of riparian vegetation is considered vital for migratory songbirds, and there was some concern
identified by the MNO about “waterfowl” centric objectives for proposed wetland development projects.
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Table 3: Ducks Unlimited survey data of potential sites within Williston Reservoir. (1)
File
Number

File Name

Area of
Williston
Reservoir

Location

Within
Inundation
Zone

Status

Overview Comments

930-4

Woody's
Meadow

Parsnip Reach

Off north side of Nation
Arm - west side

No

Built

A simple water control to raise water levels in the area, and channeling
through the wetlands for waterfowl. Maintenance, due to interactions
with beavers was identified as a problem (B. Arner, DUC Kamloops,
Sept. 2009 pers. comm.)

930-16

Rocky
Marsh

Parsnip Reach

South of Mackenzie east side

No

Built

Specifics unknown.

Not built

Proposal to construct a dike near or at present location of causeway,
with extensive compartmentalization within dike and proposals for
building islands in these compartmentalized areas. Cold water
temperatures from Parsnip R. identified as issues, and costs. Soil
samples were taken from 3 sites)

930-1

Williston
Lake Marsh

Parsnip Reach

Area of reservoir south
of causeway

Yes

930-2

Chinsinlika
Meadow

Parsnip Reach

South of Causeway east side

Yes

Not built

Same as Site 1 - Mischinsilinka Creek in present report. Flood existing
meadow/fenn by constructing 3 individual dikes ranging from 45 to 150
m long between narrowing's of raised land with control structures for
outflow of water. Also indicates a need for a diversion of water from
Mischinsilinka Creek as identified in the sketches for this project, but
an adequate water supply from Buth Creek is also indicated. Soil
profiles were taken from three samples.

930-5

Mugaha
Marsh 1

Parsnip Reach

Mugaha Bay east side

Yes

Not built

Same site as Site 39 Mugaha Bay 1 in present report. Only feasible
options considered were nesting boxes, floating islands and possibly a
water control on the existing culvert.

930-6

Mugaha
Marsh 2

Parsnip Reach

Mugaha Bay - east
side

Yes

Not built

Same site as Site 40 Mugaha Bay 2 in present report. Dike option
explored to hold back water, but dropped due to feasibility and costs.

930-7

Mackenzie
Landing

Parsnip Reach

Mugaha Bay east side
fed by (Chicohouyenily
Creek).

Yes

Not built

Proposal for a very large dike like structure across the bay to retain
water.

930-8

Tony Creek
Arm

Parsnip Reach

Tony Bay - east side

Yes

Not built

Same as option “a” of Site 37 Tony Creek in present report. Proposal
for a very large dike like structure across part of the bay, near its head
end opposed to the outlet, to retain water but was rejected.

930-12

Tutu Bay

Parsnip Reach

North of Mugaha Bay east side

Yes

Not built

Same as Site 38 Tutu Bay in present report. Proposal for a very large
dike structure across the outlet of the bay to retain water but was
rejected.

(1) Information courtesy of DUC (Kamloops) from Wetland Assessment Reports completed in and around Williston Reservoir.
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3.1.4

BC Hydro

Past Work completed by BC Hydro
Background reports identified in this text represent only catalogued documents by BC Hydro’s library services,
not archived material stored at BC Hydro’s Edmonds Annex (M. Carpenter, BC Hydro, May 2009, pers. comm.).

Current Dust Control Studies in Finlay Arm
BC Hydro is presently undertaking new dust control initiatives in Finlay Reach under the direction of
Mr. Aaron Flett of BC Hydro’s Prince George office. This dust control study has overlapping objectives with
GMSWORKS 16, and is also conducting tests relevant to treatments proposed within this report.
Work completed in 2008 and at the start of 2009 has been summarized by Abioloa et al. 2008 and Vaartnou
(2009). These works include studies identifying native vegetation suitable for planting along the shores of
Williston Reservoir as well as means of propagating such vegetation, efforts to compost woody debris, and
identification of suitable methods to protect planted and/or established vegetation (Abiola et al. 2008).
A test mix of goose grass, comprised of 4 species of horsetail (Equisetum) and common mare’s tail (Hippuris
vulgaris), has been planted over the last two years in the Davis Bay area of Finlay Reach (Abioloa et al. 2008
and Vaartnou 2009). Horsetail holds the most promise as an indigenous species that can be used for stabilizing
silty and sandy soils, although natural reproduction by spores is limited due to the shortened growing season in
the areas requiring vegetation. While reproduction by spores may occur in some areas in some years
depending upon the extent of annual inundation, propagation by transplanting rhizomes from available donor
stock has proven to be the most successful technique to date. Since horsetail requires a minimal organic layer
to grow, composting of wood debris mixed with silt and nitrogen is also being explored as a pre-treatment for
establishment of horsetail (Dr. Abiola, Olds College, November 2009, Pers. Comm.). Aside from the issue of
impacts to survival of vegetation as a result of extended inundation by the reservoir, damage to bark and stems
by large organic debris was identified as a major factor in die-off of riparian type vegetation. Consequently,
methods are being explored to protect planted areas and/or wetlands using barriers made from ample sources of
on-site woody debris (Abiola et al. 2008) (Appendix E).

3.2

Field Surveys

Field surveys were conducted between June 15 and 19 of shoreline features and/or embayments considered to
have potential as sites where wetlands could be developed. Although over 50 potential sites were identified
during the office overview, as surveys progressed, redundancy in morphology of some areas allowed for a rapid
assessment and dismissal of some of the sites once viewed in the field. Results of field assessments of 42 sites
are summarized in the Site Catalogue (Appendix B).
Assessments of some sites were hampered by rising water levels of the lake, which ranged between 665.7 and
666.7 masl over the duration of the field surveys (Figure 5). Rising reservoir levels sometimes prevented
estimation of possible dike heights if inlets were already becoming inundated. Possible access routes that may
be available by walking machinery along the shorelines during low water periods may also have been obscured
by water levels at the time of the surveys. In some cases, it was also difficult to determine how much area might
be exposed during normal low water elevations or if natural ponding of water was already occurring in some
depressions. Also culverts at some road crossings, such as the one at Site 6-2, were inundated by rising water
levels.
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Figure 5: The period of field surveys for GMSWORKS 16 in 2009 relative to Williston Reservoir water level elevations (masl)
elevations measured at the WAC Bennett Dam forebay.

3.2.1

Biology

Biological information, like that for archaeological and geotechnical issues, is summarized in its own section in
the Site Catalogue.
The availability of water overlaps both biological and geotechnical considerations. The size of the water source
was a basic premise in determining the suitability of a site for the construction of a wetland; its value to fisheries
resources was the primary biological concern. Almost every site had an identified water source, with the
exception of Site 23. Most of the surveyed sites had very small inflows of water, and many may be ephemeral
(Table 4). Consequently, expected fisheries values are correspondingly low in many streams visited, whereas
sites with stable and significant water sources are suspected of supporting populations of spawning fish in the
absence of other information. Eleven sites have streams which are documented as fish bearing whereas the
status of nine sites could not be verified (Table 4). Juvenile fish (likely cyprinids) were observed at five sites,
typically under debris along the shores of surveyed inlets adjacent to, or within creek mouths. Aside from
substantial flow or observations of fish, the presence of substrate potentially suitable for spawning was an
additional sign for identifying a stream as having fisheries values in the Site Catalogue (Photos 1 and 2Appendix F).
The slope of the shoreline was also considered since shallow water provides an opportunity to develop
productive littoral habitat by virtue of increased warming by the sun and increased light penetration. Both these
factors increase primary productivity of periphyton, phytoplankton and zooplankton. Three shoreline
morphologies were observed - shallow low gradient shores typical of flats associated with creek mouths, steep
high gradient shores typical of small inlets leading to creek mouths, or sites with a combination of these features
(Photos 3 to 5- Appendix F) (Table 4).
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Table 4: Summary of selected survey data from Williston Reservoir sites as documented in Appendix B - Site Catalogue.
Site Identification

No.

1

Name

Mischinsilinka
Meadow

2

Scovill Creek

3

South of
Tsedeka Ck

4

Tsedeka
Creek

5

Date
Visited

Survey
Access

UTM

Description

Old road
between
bay and
wetland

G

15-Jun-09

truck/
foot

10 U 497699 6114707

17-Jun-09

boat

10 U 487672 6120572

18-Jun-09

boat

10 U 487407 6123289

Creek
Outfloww

16-Jun-09

truck

10 U 486328 6125770

Small inlet

18-Jun-09

boat

10 U 486756 6126455

Small flats
at creek
mouth at
end of inlet
Flats - 3
small
streams

Construction
Access
M

Water Source
Cost

Treat.
Type

Exposure

P

Perm

Eph

Unk.

N

Hi

hi

low

hi

mod

mod
-hi

hi

mod
-hi

mod

X

n/a*

hi

X

hi

low

X

dike

low

low

X

culvert

X

dike

X

X

X

X

X

X

X

Archaeology

dike

area
(ha)

Low

X

Foreshore
Slope

Fish Bearing

Doc.

Obs.

Susp.

No

n/a

cfb or
dike

X

2.2

cfb

X

1.5

cfb - rl

X

2.1

n/a

X

0.45

Unk.

X

Sh

St

Bth

Wild Life Observations
(Animal observed/Scat/Tracks
Am

WF

X

Ung

SM

ShB

Rpt

SoB

N

Outside drawdown zone DUC has lowoked at this
project.
Buth Creek is water source with
possible diversion from
Misinchinsilinka Ck.

X

X

X

X

Comment

X

X

Wildlife is actually large cat
and bear tracks

X*

X

X
X

X

X

No work recommended

X

6.1

Airport
Lagoon

Embaymen
t behind
causeway

16-Jun-09

truck

10 U 492567 6126725

6.2

Airport
Lagoon
Culvert

Embaymen
t behind
causeway

16-Jun-09

truck

10 U 492621 6125398

7

Lyons Bay

Creek
mouth

16-Jun-09

truck

10 U 492913 6124743

X

mod
- hi

low

8

Open inlets

18-Jun-09

boat

10 U 486181 6127762

X

mod
- hi

hi

X

n/a

X

0.6

X

X

X

Unsuitable for enhancement

9

Open inlets

18-Jun-09

boat

10 U 486353 6127544

X

mod
- hi

hi

X

n/a

X

0.6

X

X

X

Unsuitable for enhancement

2 small
inlets

16-Jan-00

boat

10 U 485949 6130528

mod
- hi

mod - hi

cfb or
dike

X

1.7

X

Exposure is higher as
move out to shoreline

11

Steep
sided inlet
with narrow
mouth

18-Jun-09

boat

10 U 484776 6132799

mod

m

dike

X

0.2

12

Small inlet

18-Jun-09

boat

10 U 484060 6134812

X

mod

low

dike

X

1.5

18-Jun-09

boat

10 U 484040 6136226

X

high

high

dike

X

60.3

18-Jun-09

boat

10 U 481528 6141963

X

high

low

10

Cutblock

13

Embayment

14

Dastaiga
Creek

15

Embaymen
t area with
bog but
limited
water
Creek
mouth natural
embaymen
t - small
outlet

Small
shallow
sided inlet
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18-Jun-09

boat

10 U 482848 6139210

X

X

X

X*

low mod

low - hi*

X

X

X

X

dike

X

X

cfb or
dike

X

X

19.3

X

X

76.8

X

X

Raise culvert option low cost
only
if no reinforcement required.

X

Rock weir likely required
- raises costs too high

11.8

X

5.9

X

0.92

X

25

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Lake foreshore

X

Protected embayment

Cost increases dramatically
with CFB option along shoreline
which could increase area to
11 ha. 13 b is more protected
than 13 a - both could be built
in unison.
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Site Identification

No.

Name

17

18

19

20

South of
Nation Arm

21

South of Cut
Thumb

22

North of
Nation River

23

Embayment 2

24

Cut Thumb
Creek

25

South of
Blackwater
East

26

South of
Blackwater
West

Survey
Access

UTM

Description

Small
shallow
sided inlet

16

Date
Visited

Small
steep sided
inlet with
wide mouth
1 of 2small
inlets with
steep sides
and small
head end
area
1 of 2small
inlets with
steep sides
and small
head end
area
Small
narrow
Inlet
adjacent
large silt
flats to
north
Long
narrow
Inlet
leading to
creek
mouthsmall lake
fed
Small
steep sided
inlet with
wide mouth
Embaymen
t area with
elevated
flats to
south.
Moderate
flats at
creek
mouth at
end of inlet
West Arm
of function
peat type
bog
East Arm
of function
peat type
bog
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Construction
Access
G

M

Water Source
Cost

Treat.
Type

Exposure

P

Perm

low to
hi*

Eph

Unk.

N

Hi

18-Jun-09

boat

10 U 482102 6140321

X*

low mod

17-Jun-09

boat

10 U 477505 6149021

X

hi

hi

X

dike

17-Jun-09

boat

10 U 477157 6149835

X

mod
- hi

mod - hi

X

cfbdike-rl

17-Jun-09

boat

10 U 477299 6149694

X

mod
- hi

mod - hi

X

cfbdike-rl

low mod

mod - hi

17-Jun-09

boat

10 U 476750 6150682

17-Jun-09

boat

10 U 478669 6150355

X

mod

low mod

17-Jun-09

boat

10 U 474935 6154514

X

mod
- hi

mod

17-Jun-09

boat

10 U 474571 6154878

X

hi

hi

17-Jun-09

boat

10 U 479265 6154766

X

high

mod

19-Jun-09

helicop
ter

10 U 456256 6171069

X

n/a*

low

19-Jun-09

helicop
ter

10 U 455789 6170960

n/a*

low

X

X

cfb or
dike

X

area
(ha)

Low

Doc.

0.93

X

Foreshore
Slope

Fish Bearing

Obs.

Susp.

No

Bth

Am

WF

Ung

0.8

X

X

X

X

X

0.8

X

X

X

X

dike

X

3.2

dike

X

1.9

X

X

cfb

X

8.8

cfb-rl

X

10.8

Rpt

SoB

Cost increases dramatically
with CFB option which could
increase area to 11 ha. 13 b is
more protected than 13 a - both
could be built in unison.

Cost varies with options - CFB
raises cost and exposure

X

X

X

X

X

X

Area includes cfb along
shoreline which is exposed, but
inlet less so. Revegetation
option could be relatively
inexpensive

Lake fed stream

X

Drainage not viewed - steep
banks make it less suitable

X

X

Lengthy dike - not water source
- possible revegetation of site?

X

X

Likely requires water diversion
for cfb from creek

X

X

N

X

n/a

X

18.8

X

X

X

X

n/a

X

18.8

X

X

X

X

26

ShB

X

X

X

SM

Comment

X

X

7.1

y

St

0.4

X

X

X

Sh

X

X

X

Unk.

Wild Life Observations
(Animal observed/Scat/Tracks

X

cfbdikeveg

X

X

Archaeology

X

No work recommended for this
site - use as reference site

No work recommended for this
site - use as reference site
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Site Identification

No.

Name

27

Blackwater
Creek

28

Manson
Creek

29

Eklund Creek

30

Fries Creek

31

Muscovite
Park - West

32

North of
Weston Bay

33

Weston Bay
North Arm

34

Beaver Pond

35

Heather Point

Date
Visited

Survey
Access

UTM

Description

Moderate
flats at
creek
mouth at
end of inlet
Expansive
flats at
creek
mouth at
end of
Manson
Arm
Moderate
flats at
creek
mouth off
middle of
Manson
Arm
Moderate
flats at
creek
mouth at
end of
relatively
wide mouth
inlet.
Series of
small lakes
and
embaymen
t's with
creek
feeds
draining
into Nation
Arm
Small
shallow
sided inlet
with peat
type bog
Embaymen
t and arm
draining
lake/wetlan
d system
into the
north arm
of Weston
Bay
Small
steep and
shallow
sided inlet
with beaver
ponds at its
head end.
Long
shallow
side inlet
draining a
small creek
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Construction
Access
G

19-Jun-09

helicop
ter

10 U 453145 6173324

19-Jun-09

helicop
ter

10 U 447913 6177276

19-Jun-09

helicop
ter

10 U 440550 6187709

19-Jun-09

helicop
ter

10 U 436086 6195017

19-Jun-09

helicop
ter

M

Water Source
Cost

Treat.
Type

Exposure

P

Perm

Eph

Unk.

Archaeology

N

Hi

area
(ha)

Low

Foreshore
Slope

Fish Bearing

Doc.

Obs.

Susp.

No

Unk.

Sh

St

Bth

hi

hi

X

cfb

X

26.9

X

X

high

mod - hi

X

cfb

X

138.
7

X

X

mod
-hi

low mod

X

dike

X

28.3

X

X

X

mod

hi

X

dike

X

7.7

X

X

10 U 425670 6207650

X

mod
-hi

low mod

dike

X

44.2
69.6

19-Jun-09

helicop
ter

10 U 451535 6192080

X

mod
-hi

low

dike

X

19.5

19-Jun-09

helicop
ter

10 U 454635 6189162

X

hi

low

dike

X

21.4

17-Jun-09

boat

10 U 479230 6148327

X

mod

low

17-Jun-09

boat

10 U 481574 6148261

mod

mod - hi

X

X

X

X

y

X

X

X

X

dike

X

2.3

dike

X

2.9

27

X*

X

Am

ShB

X

X

X

SM

X

Rpt

Comment

SoB

N

X

Water diversion required

X

Water diversion required

X

X

X

Ung

X

X

X

WF

X

X

X

X

Wild Life Observations
(Animal observed/Scat/Tracks

X

Dike back channel with water
diversion access raises cost

X

X

Two possible dike locations
- downstream dike floods more
low lying areas but is more
exposed. Fish observed in area
between two proposed dikes?

X

X

Low berm could flood large
area but water source
suspected to be too small.
Long dike required.

X

X

Stabilize water in embayment
and lakes feeding into area
- long dike required though.

X

X

X

Flood back channel - small
area - requires water diversion

X

X

Beaver able to successfully
retain water

Exposed to westerly winds
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Site Identification

No.

36

37

Name

Tony Bay

Tony Creek

Large flats
at creek
mouth at
end of
Tony Bay

Tutu Bay

39

Mugaha Bay
1

40

Mugaha Bay
2

41

Mugaha Bay
3

Survey
Access

UTM

Description

Small inlet
with steep
sides near
mouth off
of Tony
Bay

38

Date
Visited

Large
embaymen
t area with
islands,
steep sided
shoreline
(except at
outlet) and
various
inflows.
Road
across
head end
of Mugaha
Bay.
Broad
partially
vegetated
flats at
head end
of Mugaha
Bay but
south of
Mugaha
Bay 1
Small
embaymen
t off
Mugaha
Bay north
of
Mackenzie
Landing.

Construction
Access
G

17-Jun-09

boat

M

10 U 483373 6146232

Water Source
Cost

P

X

Perm

mod

low mod

mod
- hi

low mod

hi

low mod

17-Jun-09

boat

10 U 483433 6145813

1-Jun-18

boat

10 U 485314 6143074

16-Jun-09

truck

10 U 486604 6139042

X

mod
- hi

low

16-Jun-09

truck

10 U 487156 6137804

X

hi

mod

1-Jun-23

truck

10 U 489227 6136514

X

mod

low

Total Observations by Criteria

X

X

9

20

13

Treat.
Type

Exposure

42

42

Eph

Unk.

Archaeology

N

Hi

dike

X

area
(ha)

Low

X

Doc.

X

X

24.6

X

dike

X

270*

dike

X

41.8

X

dike

X

87.9

X

dike

18

13

8

1

42

21

21

42

11

28

Bth

Am

WF

X

Ung

SM

Rpt

SoB

Small area of bay - requires
high dike

X

Three options but raised land is
likely best option opposed to
long deep dike or CFB which
requires water diversion.
Area is for entire flats

X

X

X

5

14

9

11

4

22

N

X

X

5

ShB

Comment

X

X

Fish Bearing: Doc: = documented by report or in the Fish Wizard, Obs. = juvenile fish observed at or near site, Susp. = suspected of being fish bearing based upon professional judgment, No. =
Non fish bearing based upon professional judgment, Unk = Unknown.

n:\active\2009\1430 kamloops\09-1430-0057 williston reservoir wetland inventory bch gmsworks #16\reporting\final\tables and figures\tables\table 4 feb 9-2010cmreview.docx

St

X

Treatment (Treat.) Type: rl = raise land, veg = revegetation, dike = water control, cfb = cut and fill berm.

* special considerations or notes apply to this observation which are fully documented in the Site Catalogue.

Sh

Wild Life Observations
(Animal observed/Scat/Tracks

X

X

Construction access: G = good (road or trail to site), M = Moderate -short trail {<200 m} required) r, P = Poor (barge).

Wildlife Observations: Am = amphibian, WF = waterfowl, Ung = ungulate or other large mammal, SM = small mammal, ShB = shore bird, Rpt = raptor, SoB = song bird, N = none.

Unk.

X

Water Source: Perm. = permanent, Eph. = ephemeral, Unk. = Unknown, N = none.

Foreshore Slope: Sh = shallow (gradual), St = steep, Bth = both shallow and steep slopes present.

No

X

8.9

X

Susp.

X

Notes:
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Obs.

1.5

cfb-rldike

X

Foreshore
Slope

Fish Bearing

X

Very long low dike required
- function wetland loosing
riparian veg due to flood.

X

Very long moderate height dike
- to retain water, not exclude it.

Site visited at later date - not
fully explored

X

2

12

15

3

Very long dike required.
Possible floating island to
west? Fish passage likely
required.

3

6

2

15
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Observations of existing vegetation were made, noting any submergent or emergent aquatic vegetation growing
at the site as well as an indication of the type and extent of the riparian vegetation. Submergent and/or
emergent aquatic vegetation were rarely observed, with substantive presence observed only at Site 39 (Mugaha
Bay 1), Sites 26 and 27 (East and West arms of South Blackwater), as well as at Site 6-2 (Airport Lagoon)
(Photos 6 to 8 - Appendix F). Because these sites represent unique areas in terms of the types and diversity of
vegetation, they serve as reference sites BC Hydro can use for future monitoring purposes (Gibeau and Enns
2008). Sites within the drawdown zone of Parsnip Reach that presently support vegetation also have value as
models for future enhancement activities.
Deciduous riparian vegetation was typically limited to a narrow band of aspen and willow shrub with some
balsam poplar. A consistent observation at most sites was a band of dead and/or dying shrubs separating areas
of denuded soils or slight herbaceous growth from the zone of living shrubs (Photo 9 – Appendix F).
These dead shrubs represent the interface between the areas frequently flooded and those occasional flooded
in the drawdown zone. A number of factors may contribute to the vigour and/or mortality of these shrubs,
including, but not limited to the following reasons:







depth and frequency of inundation (Enns et al. 2009);
environmental conditions such as climate, soil conditions, (Enns et al. 2009);
mechanical damage to their stems and bark due to exposure to rafted debris (Abiola et al. 2008);
susceptibility to disease, potentially exacerbated by other conditions listed here(Enns et al. 2009);
a combination of the above.

Observations of wildlife were infrequent, but provide an indication of possible beneficiaries from proposed
wetland development. Opportunistic observations of wildlife and wildlife sign are summarized in Table 4.
The most common observations of wildlife were moose (Alces alces) and Canada Goose (Branta Canadensis)
sign (either droppings or tracks), followed by actual observations of animals, commonly birds and or amphibians
(Photos 10 to 12 - Appendix F).
Orientation of the site relative to available sunlight influences its productivity since warming of impounded water
is likely greatest in areas of highest exposure to afternoon sun. Sites on the east side of the reservoir are
expected to receive more afternoon sun than those adjacent to mountains on the west side of the reservoir.
Similarly, large open sites are more likely to receive more exposure to sun than small enclosed sites within the
shade of trees.

3.2.2

Geotechnology

In general, surficial soils observed were comprised of lacustrine or fluvial silts and sands (silty sand to sandy silt)
with minor gravel exposures at higher elevations in the drawdown zone. Clay soils were observed at some sites
and were typically noted at depth within eroded banks of streams underlying the surficial layer of silts and sands
(Photo 13- Appendix F). Based on discussions with a local Forestry Engineer (K. Herzog – MoF Engineering
Officer – MacKenzie, July 2009), we understand that clay soils may be present at depth at many of the sites.
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Construction of Dikes
The main use of dikes would be to retain water in areas where there is a water source. In most situations,
impoundment of water will entail dike construction using on-site materials. However, the observed on-site
materials are considered moderately to highly permeable and water balance should be considered in design. It is
anticipated that over time, siltation within the impounded area, vegetation growth and natural biological
processes will result in a decrease in dike permeability. Typical hydraulic conductivities based on soil type are
presented in Table 5.
Table 5: Typical hydraulic conductivities of soils (1).
Soil Type
Typical Hydraulic Conductivity (m3/s)
Clay
10-9 to 10-6
Silt, sandy silts, clayey sands, till

10-6 to 10-4

Silty sands, fine sands
Well-sorted sands, glacial outwash

10-5 to 10-3
10-3 to 10-1

Well-sorted gravel.

10-2 to 1

(1) C.W. Fetter, Applied Hydrogeology, Third Edition, 1994.

Based on Table 5, typical site soils are anticipated to have a hydraulic conductivity (also referred to as coefficient
of permeability) on the order of 10-6 to 10-3 m3/s. The flow or leakage through the dike is proportional to the
hydraulic conductivity, cross-sectional area of the dike (perpendicular to flow), and hydraulic gradient.
The cross-sectional area of the dike will be subject to the height and length requirements to retain water.
The hydraulic conductivity, and consequently, the flow through the dike, may be reduced by inclusion of a clay
core. Increasing the width of the dike will also decrease the hydraulic gradient and consequently, the flow
through the dike.
In addition, the potential exists for migration of fines due to seepage forces and should be considered in design
and assessing water balance. As the various sites were observed to have similar soils, it is recommended that
once a site is selected, laboratory testing be conducted on representative soil samples to assess their suitability
as a filter. Alternatively, the use of a non-woven geotextile may be considered to minimize the potential for the
migration of fines.
As discussed above, once a site is selected, a borehole and/or test pit investigation is recommended as part of a
geotechnical investigation within the vicinity of the works. Such an investigation will determine if a source of clay
is located on site suitable for use in the dike core to minimize seepage and to facilitate collection of
representative soil samples for laboratory testing.
For areas where dikes may be built, consideration should be given to the use of on-site materials to construct
dikes with a minimum 4 m wide crest and 4 Horizontal to 1 Vertical (4H:1V) side slopes. Swales should be used
to control pond depth; however, the side slopes on both sides of the dike at the swale location(s) will need to be
armoured with imported rip rap. The swale is a “u-shaped” low point acting as an outlet excavated into the crest
of a dike that is designed to convey water.
Creating dikes may cause localized settling of the underlying silts and sands. Settling of the silts and sands is
anticipated to take place in the short term following construction. Should clay soils be present at depth and
within the zone of influence of the dike, long term settlements may occur.
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Table 6: Classification of soil erosion potential (1)
Class

Rating

VL

Very Low

L

Low

Example Criteria

Management Implications

Blocky colluvial deposits

None or only very minor surface erosion.

Terrain dominated by competent bedrock
Morainal veneers; mostly rubble colluvial deposits with high coarse fragment content
Morainal blankets (depends on texture and coarse fragment content; varies across
the province)

M

Moderate

Glaciofluvial gravels

Expect minor erosion of fines in ditch lines and
disturbed soils.

Expect moderate erosion when water is channeled
down road surface or ditches.

Soft, friable bedrock
Some morainal blankets steeper than 60%, or steeper than 30% if gullied or poorly
drained (depends on texture and coarse fragment content; varies across the
province)

H

High

Fine textured lacustrine (silts and clays), glaciolacustrine, glaciomarine, glaciofluvial
or aeolian silts, slopes less than 15%
Glaciofluvial or fluvial sands with low bulk density, slopes less than 30%
Colluvial deposits derived from the above materials with the same slope or moisture
criteria

Significant erosion problems can be created when
water is channeled onto or over exposed soil on
these sites.

Colluvium derived from soft, friable rock (e.g., soft phyllites, some pyroclastics),
steeper than 60% or steeper than 30% if gullied

Fine textured lacustrine (silts and clays), glaciolacustrine, glaciomarine, glaciofluvial
or aeoloian silts, slopes steeper than 15% or gullied or poorly drained

VH

Very High

Glaciofluvial or fluvial sands with low bulk density, steeper than 30% or gullied or
poorly drained
Peat, organic soils or tufa on sloping ground

Severe surface and gully erosion problems can be
created when water is channeled onto or over
these sites.

Colluvial deposits derived from the above materials with the same slope or moisture
criteria
(1) Forest Practice Code of British Columbia, Mapping and Assessing Terrain Stability Guidebook, Second Edition, 1999.
n:\active\2009\1430 kamloops\09-1430-0057 williston reservoir wetland inventory bch gmsworks #16\reporting\final\tables and figures\tables\table 6 mg feb 9 - 2010cmreview.docx

February 2010
Project No. 09-1430-0057

31

GMSWORKS 16

The observed silts and sands are subject to erosion due to wave and wind action. Table 6 presents a
classification system for assessing soil erosion potential. This is a general classification system and is subject to
revision based on actual site conditions and is included for information purposes. Table 6 does not address
potential erosion due to mechanical scour by floating debris and/or ice.
Based on the above general classification system, the observed site soils have a high erosion potential. Rip rap
armouring, vegetation, and the use of large woody debris (LWD) on the dike should be considered in design
(Appendix E). The use of geotextiles may also be incorporated into the design to minimize erosion and
potentially decrease quantities of imported materials such as rip rap. If available, consideration should be given
to the use of sand and gravel to cover the dike side slopes and swales to minimize erosion due to wind and
wave action.
Geotechnical investigations of candidate sites for Demonstration Projects will be required to identify the potential
issues discussed above.

Elevating Land
In this report, the raising of land has been proposed in conjunction with some sites to create a platform for
growth of riparian vegetation, thereby adding complexity to existing habitat in association with other proposed
site enhancements.
Construction would involve use of earth moving equipment to build up land with on-site materials to a design
elevation suitable to meeting the maintenance of existing vegetation or encouraging the growth of new
vegetation regardless of periods of high reservoir water levels, such as at full pool. The silts and sands should
be mounded to the design elevation with side slopes of approximately 4H:1V. Provision of imported larger rock
and possibly LWD to protect against shoreline erosion should be considered. Organic material, if present, may
be stripped and used to cover the top of the constructed island to aid establishment of vegetation.

Other
Culvert replacement to act as a water control structure is a simple site enhancement option that may be
applicable at some sites, the most obvious of which is Site 6-2, where the existing road acts as a causeway
across the Airport Lagoon. The existing low level culvert could be replaced with a culvert at a higher elevation to
maintain water levels during periods of drawdown with the causeway acting as a dike.
For Site 6-2 and other similar sites, a geotechnical investigation of the existing causeway and/or road should be
undertaken to determine foundation conditions, the soils used in construction of the causeway, to assess its
permeability, and assess the suitability of the causeway as a dike, particularly in terms of structural integrity and
related safety issues.
Adapting culverts could include welding a standpipe to the culvert as opposed to installation of a new culvert at a
higher elevation. Both raising the height of a culvert and/or adapting the design of an existing culvert must
consider potential impacts upon fish passage and the potential impacts on the existing causeway.
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3.2.3

Archaeology

Our assessment of archaeological potential of the proposed sites in the inundation zones of Williston Reservoir
was hampered due to changes to the landscape that have occurred as a result of construction of the reservoir.
Flooding has caused both deposition and erosion of sediment to occur throughout the inundation zone, which
has altered the landscape and affected terrain and other characteristics that are commonly used to determine
archaeological potential. These include criteria such as the distance to aquatic features, forest cover, and soil
drainage. A preliminary assessment of potential is provided and utilizes field observations of those previously
listed biophysical characteristics presently visible, with the caveat that the assessment is subject to change if
additional information becomes available.
The archaeological potential of 42 sites was assessed during the PFR (Site Catalogue - Appendix B). Discussion
with the biologist and geotechnical engineer was undertaken to determine the possible extent of construction
activities at each site. Based on field observations, 21 sites were determined to have high archaeological
potential, and 21 sites have low archaeological potential (Table 4). Those sites determined to have high
archaeological potential were located on level, raised and well-defined terrain and micro-topographical features
such as ridges and knolls, with good views of the surrounding terrain (Photo 14 and 15 - Appendix F).
Sites considered to have low archaeological potential are located on slopes greater than 10%, disturbed and/or
filled areas such as access roads, areas that are heavily eroded and level terrain with no defined topographical
features. As previously discussed, distance to aquatic features, forest cover and soil drainage were not
considered in the assessment.
The possibility of unauthorized alterations to archaeological sites exists at each site where enhancement options
include high risk construction activities. These land altering activities may increase the size of the site outside of
that surveyed during the PFR and will require an AOA, which will indicate the need for, and scope of, any
additional archaeological studies (such as an AIA).
An AIA will provide recommendations for the management of unavoidable and unanticipated impacts to
archaeological resources through a variety of mitigation and other measures. In the event that construction
activities are extended beyond those areas surveyed during the PFR, additional archaeological work may be
required to address additional archaeological concerns caused by land altering activities including ditching,
access road construction, borrowing or scraping.

3.3
3.3.1

Results of Hydrological Analysis
Historical Water Level Analysis

The average monthly water levels of Williston Reservoir typically vary between 659 m and 669 m, with the water
level peaking in July and August. The relevance of this information is to indicate, on average, the expected
amount of time structures built at varying elevations within the water shed may be expected to be either exposed
to environmental loads and effects originating from the reservoir, or inundated by water. The average monthly
water levels together with minimums and maximums are shown in Figure 6.
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Figure 6: Average Monthly Water Levels for Williston Reservoir

On average, reservoir levels exceed 670 masl 45.9 days per year (Table 7). The water level duration curves for
April through October are also presented in Appendix G.
Table 7: Water level dates and duration at full pool in Williston Reservoir between 1978 and 2009. (1).
Year

First day water level reached
672.08 masl

1981
1982
1983
1984
2002

Duration of water level equal to or greater than
672.08 masl (days)

26-Jul
19-Aug
2-Jul
19-July, 10-Oct
13-July, 22-July

48
5
66
66, 3
1, 3

(1) Analysis based on 30 years of data (1978-1997, 2000-2009) recorded at Williston Reservoir at Lost Cabin WSC site 07EF002.

The water level reached full pool (672.08 masl) 5 out of the 30 years based upon the WSC record at Lost Cabin,
typically in July and August. The date and duration during which reservoir water level reached full pool are
provided in Table 8.

3.3.2

Water Balance Results

Rudimentary water balances were completed for Sites 15, 16 and 34 (Figure 2b), results of which are discussed
within relevant sections of Section 6.0 below. These water balance calculations are preliminary given the nature
of the available site specific data, and are based on limited topographical information and index station flow.
Water balance results are only to indicate if inflows at candidates recommended for consideration as
Demonstration Projects are suitable for meeting the objective of impounding water.
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3.4

Selection of Candidate Sites

Sorting based upon some categories provided little ability to separate the survey sites from one another.
For example, the availability of a water source is common to all but one of the sites surveyed.
Similarly, substrates available for construction were consistently sandy silt to silty sand. Seasonal functionality
for almost all sites is limited to the spring and early summer except when full pool is not achieved, in which case
the created habitat is expected to function through to the fall. Small variations in water level may add to the
duration an area may remain above reservoir levels or exposed to environmental loads and processes.
However, only rudimentary elevation data are available through visual observations of the high water mark
relative to reservoir elevations at the time of the field surveys (Figure 5). Elevation was a consideration in the
final choice of a short list of candidates for Demonstration Projects as all recommended candidate sites are
situated high in the drawdown zone, but scores were not assigned to elevation. It is expected the elevation
identified from DEM data will facilitate scoring of this criteria in the future, and thereby used more effectively as a
sorting criteria for selection of future projects as part of the evolution of GMSWORKS 16.
Sorting based on key categories of access, exposure and cost proved an effective technique for creating a short
list of candidate sites (Appendix H). Considered the most critical of these criteria was access. The cost to
develop any of the potential candidate sites and to monitor the success of such development relative to the
objectives of the project will be exacerbated by difficult access. Given the size of the study area, and the limited
road network, sites without road access add an element of complexity to the logistics of working at the site, and
increase the cost to complete a project. Consequently, sorting by access, specifically removing sites with scores
less than two (indicating a requirement for barging equipment and construction materials to the site), shortened
the site list to 30 potential candidate sites (Appendix H).
Of the remaining 30 sites shortlisted based upon the criteria of access, exposure was used as the next category
to further reduce the list of candidate sites. Exposure recognizes issues of erosion and scour from lake
processes such as waves, floating debris and ice. Ultimately, these criteria will impact the feasibility of building
structures for the following reasons:



the cost associated with shipping gravel and rock to sites as a protective or stability measure, particularly if
there is difficult access to the site;



the durability and ability of a structure to withstand environmental loads and effects such as wind, waves,
ice and floating debris. A common theme at all sites is the unsuitability of on-site materials – typically
highly erodible silts; and



sorting by exposure and removing all sites with scores less than two shortened the list to 19 potential
candidates for Demonstration Project(s).
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Table 8: Daily exceedences of water levels (masl) by month for the Williston Reservoir between 1978 and 2009 (1).
Percent of Time Water Level is at or Greater Than Identified Reservoir Elevations (masl)
Month/masl
662
663
664
665
666
667
668
669
670
671
672
672.08
16.9% 9.3%
7.2%
3.3%
3.3%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
April
24.3% 13.7%
8.9%
4.8%
4.0%
3.1%
0.5%
0.0%
0.0%
0.0%
0.0%
0.0%
May
85.8% 75.0%
64.3% 54.1% 41.0% 30.4% 19.2% 12.7% 6.0%
1.9%
0.0%
June
0.0%
100% 100.0% 96.6% 87.8% 83.0% 76.7% 63.2% 45.9% 28.2% 21.6% 8.0%
5.7%
July
100% 100.0% 96.7% 93.3% 85.4% 80.8% 73.3% 60.0% 38.3% 26.7% 11.3% 10.5%
August
100% 99.3%
96.7% 95.6% 83.2% 78.3% 73.4% 53.0% 42.0% 27.6% 6.7%
4.2%
September
100% 96.7%
96.7% 93.5% 81.6% 78.2% 67.5% 50.0% 35.1% 15.9% 1.2%
0.3%
October

Month/masl
April
May
June
July
August
September
October
TOTAL

Average Number of Days Water level Exceed Identified Reservoir Elevations (masl)
662
663
664
665
666
667
668
669
670
671
5.1
2.8
2.2
1.0
1.0
0.0
0.0
0.0
0.0
0.0
7.5
4.2
2.8
1.5
1.2
1.0
0.2
0.0
0.0
0.0
25.7
22.5
19.3
16.2
12.3
9.1
5.8
3.8
1.8
0.6
31.0
31.0
29.9
27.2
25.7
23.8
19.6
14.2
8.7
6.7
31.0
31.0
30.0
28.9
26.5
25.0
22.7
18.6
11.9
8.3
30.0
29.8
29.0
28.7
25.0
23.5
22.0
15.9
12.6
8.3
31.0
30.0
30.0
29.0
25.3
24.2
20.9
15.5
10.9
4.9
161.3
151.3
143.1 132.6
117.0 106.6 91.2
68.0
45.9
28.7

672
0.0
0.0
0.0
2.5
3.5
2.0
0.4
8.3

672.08
0.0
0.0
0.0
1.8
3.3
1.3
0.1
6.4

(1) Analysis based on 30 years of data (1978-1997, 2000-2009) recorded at Williston Reservoir at Lost Cabin WSC site 07EF002.
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The final sorting by category was for the expected cost to construct the prescribed treatment for the remaining
sites. Generally, this cost reflects the size of the project. However, a final sort of the remaining 19 sites based
upon estimated cost to construct them reflects the fact that some sites, despite meeting selection criteria by
virtue of their location (having favourable access and exposure), would still be very expensive to build. Projects
that were deemed to be expensive typically entailed the construction of lengthy dikes and/or cut and fill options
requiring a water diversion from a reliable water source. Apart from regulatory issues associated with diversions
of water, intake structures in larger streams require considerable engineering and constant maintenance
compared to a simple dike across a small or ephemeral flow.
Construction costs have been identified as a range of as high, moderate or low; final costing of proposed works
(identified in Section 5.0) requires more detailed surveys than the scope of the present study allows.
However, by using a cost range as the final sorting category, a list of eight potential candidate sites was
determined. Of these Sites 11 (unnamed), 21 (south of Cut Thumb), and 41 (Mugaha 3) were excluded from
further assessment based upon the following:



Site 11 is a small inlet with steep sides providing little opportunity for the creation of littoral habitat and also
represents a small inundation area.



Site 21 (south of Cut Thumb) represents a dike option already proposed at 3 other locations which are
considered more suitable due primarily to the consideration of access.



Site 41 (Mugaha 3) has limited data available as it was only identified after the field surveys were
completed and therefore was not viewed by either the archaeologist or geotechnical engineer.

The final list of potential candidates for Demonstration Projects therefore included 5 sites (Table 9).

4.0

CANDIDATES FOR DEMONSTRATION PROJECTS

The following five sites are recommended for consideration as Demonstration Projects in Stage II of
GMSWORKS 16:



6-2 - Airport Lagoon;



15 – Unnamed site;



16 – Unnamed site (potentially constructed instead of, or together with site 15);



34 – Beaver Pond; and



37 - Tony Creek.

The five candidate sites (Appendix B) follow guiding principles introduced in Section 2.3, from which sorting
criteria discussed in Section 4.4 were derived. The first guiding principle is cost, which was considered
throughout the selection process, the second is provision of learning opportunities and the third is that all
represent sheltered locations. These candidate sites represent a diverse selection of proposed treatments.
Even where prescriptions are similar, the setting is different and represents diversity in site conditions, hence
learning opportunities are maximized.
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Table 9: Sites in Williston Reservoir recommended as candidates for Demonstration Projects.
Site
No.

15

16

6-2

34

37

Site Name

Unnamed

Unnamed

Description

Small shallow
sided inlet

Small shallow
sided inlet

Airport Lagoon
Culvert

Embayment
behind
causeway

Beaver Pond

Small steep
and shallow
sided inlet with
beaver ponds
at its head
end.

Tony Creek

Large flats at
creek mouth at
end of Tony
Bay

Date Visited

18-Jun-09

18-Jun-09

16-Jun-09

17-Jun-09

17-Jun-09

Survey
Access

boat

boat

truck

boat

boat

UTM

Proposed
Treatment

10 U 482848 6139210

dike potential
to expand
with cut
and fill
berm
along
shore to
13b

10 U 482102 6140321

dike potential
to expand
with cut
and fill
berm
along
shore to
13a

10 U 492621 6125398

10 U 479230 6148327

10 U 483433 6145813

Raise
elevation
of culvert

dike

Raise
Land of
existing
high
ground
where
deciduous
shrub is
dying.

Construction
Access

1*

2.5

1*

2.5

3

3

2

2

3

1.5*

Notes: Under Type: cfb = cut and fill berm, rl = raise land.
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Exposure

3*

3*

3

3

2.5

Water
source

yes

yes

yes

yes

yes

Type

cfb or
dike

cfb or
dike

culvert

dike

cfb-rldike

Archaeology

1

1

3

3

1

Area of
Potential
Benefit and/or
general
feature(ha)

0.92

0.93

76.8

2.3

24.6

Fish
Bearing

Comment

no

Cost increases
dramatically with
CFB option along
shoreline which
could increase
area to 11 ha. 13
b is more
protected than 13
a - both could be
built in unison.

possibly

Cost increases
dramatically with
CFB option
which could
increase area to
11 ha. 13 b is
more protected
than 13 a - both
could be built in
unison.

possibly

Raise culvert
option lo cost
only if no
reinforcement
required.

Proximate - large area
possible cost effective
if existing causeway
can withstand water
and is a unique project
from others which are
primarily dike options.

Beaver able to
successfully
retain water

Beaver dams show
area can retain water both deep and shallow
water habitat - short
access from existing
cut blocks

3 options but
raised land is
likely best option
opposed to long
deep dike or CFB
which requires
water diversion.
Area is for entire
flats

Raising land via cut
and fill is different
option which could be
tried. Protected nature
of site combined with
access and large area
of flats provides
opportunity to try
techniques and gain
experience that could
be applied to other
areas

no

yes

Reasons for
exclusion/inclusion

Both sites included as
the areas are very
proximate to
Mackenzie and
existing barge access
and although a small
area - good flow,
combined with options
to expand to much
larger area, will provide
good experience in
issues of access,
ability to retain water
and ongoing
monitoring of
completed works (due
to proximity to
Mackenzie by boat)
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4.1.1

Site 6-2: Airport Lagoon

Description
Site 6-2 is located approximately 7 km south of Mackenzie and adjacent to the southeast corner of the airport.
The area represents a 1.3 km long by 500 m wide (at its widest) bay occupying approximately 76.8 ha within the
drawdown zone of Williston Reservoir (Figure 7). Airport Lagoon, as it is referenced in this text, was built by the
Ministry of Forests (MoF) over 25 years ago (K. Herzog MoF, November 2009, pers. comm.). The lagoon is
isolated from Williston Reservoir proper at its south end by a 150 m (approx.) long causeway, and a second
causeway located west of the Airport Lagoon Causeway crosses the larger bay (which leads to the Airport
Lagoon) near the main reservoir. The Site 6-2 causeway connects forest service roads on the east and west
side of the embayment. A culvert placed at the bottom of the causeway, the present invert elevation of which
was estimated to be approximately 664 masl, is about 8.0 m below the crest of the causeway and controls the
water level in Airport Lagoon.
The largest flows to the lagoon come from an unnamed stream flowing into the north end of the east arm and a
smaller stream flowing into the west arm of the lagoon. Both these streams have small lakes as water sources,
including Tom and Eunice lakes in the headwaters of the larger of the 2 streams. Additionally, a series of beaver
dams on the unnamed stream flowing into the east arm has created a wetland complex outside the inundation
zone of the reservoir. Water was pooling in a section of the lagoon adjacent to the causeway during the site
visit, and also within a small area of the west arm of the lagoon. These two areas of pooled water were
separated by a substantial mudflat extending along the shore line of the lagoon, and into the upper reaches of
the eastern arm. This mudflat was covered with vegetation, likely Callitriche verna (water star-wort).
While a substantial amount of debris exists within the lagoon, because of the positioning of the causeway and
the second causeway west and nearer Williston Reservoir, the area is well sheltered. Also, the only new source
of debris contributions is from the shores of the lagoon itself. A number of standing snags are present along
either shore of the lagoon within the drawdown zone.
There were no fish resources identified in the tributary streams when queried in the BC MoE Fish Wizard online
data base. Rearing juvenile fish were observed, likely cyprinids, possibly northern pike minnow (Ptychocheilus
oregonensis), chub or dace. Other wildlife observed during the site visit included a single unidentified white
swan (Cygnus family) foraging with a pair of geese (Branta canadensis) in the ponded water in the west arm of
the lagoon, and numerous unidentified tadpoles within the larger stream flowing into the east arm of the lagoon.
Western toad, Columbia spotted frog, wood frog and long toed salamanders, have been reported to be present
in and around Parsnip Reach (Henngeveld 1999 and 2000). Likely, these tadpoles were originating from
wetlands upstream of the east arm creek. A raptor nest, likely an osprey’s (Pandion haliaetus), was also
observed in one of the snags within the drawdown zone adjacent to the causeway at the south end of Airport
Lagoon. Fresh water snails, likely from the family Physidae (possibly Physella gyrina), both alive and dead were
observed throughout the area.
Site 6-2 is located within an area of low lying, gently undulating terrain, which is poorly drained. There are no
archaeological sites within 3 km of the project area. There were no defined topographical features observed
within the proposed project area during the PFR and no archaeological material was identified. This setting
corresponds with our criteria for low archaeological potential.
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Proposed Treatment and Objective
Two proposed treatments were reviewed, one involving a low dike across the east arm of Airport Lagoon and
another involving raising the height of the culvert under the causeway. Both treatments address objectives of
water storage and water control in order to increase available wetted habitat (ponded water) in the area during
low water periods. The treatments will stabilize the minimum drawdown to a level that maximizes the amount of
shallow water littoral area less than 2 m deep, thereby maximizing productivity during the spring.
The recommended option is modifying the height of the existing culvert.

Rationale for Selection
Aside from the easy access and protected nature of Site 6-2, other rationale for selection of this site was the cost
benefit of a relatively simple treatment in respect to the potential area of benefit. It is also anticipated that
stabilizing the minimum drawdown level of the lagoon will benefit riparian vegetation surrounding the lagoon and
further establishment of aquatic vegetation. Both aquatic and terrestrial wildlife were also observed during the
site visit which suggests the prescribed treatment, if successful, could benefit a range of species. The site also
appears to have a stable water supply, particularly from the small stream draining Eunice and Tom lakes.
The project is also very close to Mackenzie, which enhances the ability to monitor the works but also complete
any required maintenance of the works. The proximity of the site to Mackenzie also facilitates public exposure,
which could aid in promoting the objectives of BC Hydro’s GMSWORKS 16. Finally, the project provides
opportunities for learning not only because of potential positive impacts to both wildlife and riparian habitat but
also by providing an example of how an existing manmade feature can be modified to meet the objectives of
GMSWORKS 16.

Targeted Benefits to Wildlife and Habitat
Expanding the wetted area by virtue of the large low gradient mudflats in the northern half of Airport Lagoon will
provide a broad area of shallow water (<1 m deep) which can act as a littoral zone for invertebrate production.
Productivity should be facilitated by the fact the area is on the eastern side of the reservoir and therefore
receives maximum afternoon sunlight and thermal warming. Increased littoral type habitat and baseline
productivity is beneficial to wildlife presently utilizing the area including amphibians, the offspring of which
require shallow warm water for reproduction and rearing, waterfowl which forage on invertebrates, fish and
aquatic vegetation and keystone predators, such as raptors, which prey upon fish and waterfowl.

Likelihood of Success, Risks
Successful implementation of this project requires inflows to exceed seepage through the causeway to ensure
inundation of the projected area is maintained during periods of low water. Given the nature of the inflows, this is
not expected to be an issue however, baseline hydrological data and water balances should be confirmed before
prior to constructing this site.
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Risks and Potential Impacts
The integrity of the causeway, which is essentially a public road, raises issues of safety related to the stability of
the causeway since it would be transformed into a small dam. Differential water pressures exerted on the
causeway during periods of low water relative to the raised water level on the upstream side of the structure
would have to be fully assessed.
It is unknown if juvenile fish observed rearing in the two primary drainages entering the lagoon are due to
resident populations or if they are adfluvial (adults migrating through the existing culvert to spawn and/or rear in
upstream habitat). Regardless, raising the culvert at this location will alter the timing of when the lagoon
becomes accessible to fish in Williston Reservoir. Based upon the historical reservoir water level analysis,
raising the culvert 1 to 2m above its present estimated elevation of 664m, may result in no flow through the
culvert for 11 to 26 days later into the spring than at present.
Repositioning the culvert presents a low risk to possible archaeological resources in the area. Any disturbance
outside this proposed works for this area would have to be assessed. For example, a well-defined ridge is
approximately 150 m to the east and west of the small creek in this area. This comprises the edge of the high
water level and is considered of high archaeological potential because it is well defined, level and possesses
views of surrounding terrain. As such no activity should encroach upon this area and construction is expected to
be monitored by a qualified archaeologist (Appendix A).
The proximity of the airport to this proposed enhancement project may raise concerns with the local airport
authority. The issue is increasing the possibility of collisions between birds and aircraft if the proposed treatment
increases bird use of the lagoon. Consultation with the local airport authority should occur prior to selecting
Site 6-2 as a Demonstration Project.

Maintenance Issues
The primary maintenance issue is keeping the upstream end of the culvert free of debris so as to not become
plugged as less freeboard would be available with raised water levels and overtopping of the road could be a
risk. The new culvert should be oversized or the treatment could consider additional overflow culverts
(discussed below). The present design of the culvert incorporates a grate to keep debris out. “Piping” of water
around the outside of a new culvert would have to be considered in the design and installation of the new
culvert.

Construction Timing
Construction should occur in the spring, assuming the area of the culvert is completely exposed during low
reservoir conditions. If construction can be completed in the dry, regulatory requirements (i.e. need for a
DFO Authorization) can be minimized.

Requirements for Additional Work
The use of the roadway as a dike may impact the stability of the roadway. A geotechnical assessment is
recommended. The geotechnical assessment should include a seepage analysis and calculate potential
leakage through the road prism based on various differential water levels. Permeability considerations could
include an assessment of the need for geotextile products on the upstream side of the causeway.
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Additional water resource issues include assessing the risk of overtopping the road during a 1 in 100 year storm
event. The MoF must be consulted prior to initiation of construction, but early consultation could also facilitate
gathering historical information pertaining to when the causeway was first built and rationale for the present
design and invert elevation of the culvert. Existing water balance information associated with the original
placement of the existing culvert and construction of this short causeway may be available. If not, a detailed
water balance assessment will be required to determine the appropriate size and placement of the culvert(s).
A review of erosion potential of the causeway is also recommended and erosion control measures should be
identified by this review.
Fish sampling should be completed in the lagoon to confirm seasonal species assemblages presently utilizing
the area. Fish trapping at the existing culvert would identify the importance of upstream fish passage through the
culvert. Results from fish sampling may also aid in weighing the benefits of enhancing wildlife values against the
possible negative impacts associated with delaying passage of fish later into the spring.
An AOA should be completed prior to initiation of this work, based upon the footprint and construction plans
(i.e. identified access routes as well as stockpiling and laydown areas) identified in the final engineered
drawings. An AOA will include an examination of historic air photos, review of construction plans and a review of
existing environmental and surficial sediment data to determine the effect of inundation on the landscape and
thereby clarify our assessment of archaeological potential. The result of this study would determine if additional
work under the HCA, such as an AIA, is warranted. If development is proposed for the areas of high
archaeological potential, it is recommended that an AIA under the HCA be completed prior to land altering
activities.
Topographic surveys identifying the elevation of the existing culvert, including use of a survey grade GPS to
establish a benchmark, as well as elevations of the mudflat should be completed to identify elevations for
placement of the new culvert. The digital elevation modeling (DEM) presently being completed by BC Hydro
may provide sufficient information for identification of an optimum elevation for the new culvert, relative to the
elevation of exposed mudflats in the lagoon. This optimum elevation should consider maximizing the area of
shallow water habitat (<1 m) that could be flooded within the present drawdown area of the lagoon.

Estimated Cost
The provisional estimated cost to raise the culvert is $173,000 (Table 10). This estimate is based upon
provisions identified in Appendix H, including that the old culvert can be plugged, and the new culvert can be
placed by excavating the road. This estimate does not presently include the cost to complete additional
archaeological and/or biological assessments. The estimate does however, consider the cost to complete a
geotechnical assessment of the causeway, topographic surveys, as well the cost to develop a tender package
and have on-site construction, inspection and administration of construction activities by a contracted civil
engineer.
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Table 10: Provisional cost estimates to construct proposed treatments at sites recommended for
Demonstration Projects in the Williston Reservoir. (1)
Site

Treatment Type

Option 1

Option 2

6-2 - Airport Lagoon

Raise Culvert

$173,000

n/a

15 - Unnamed

Dike

$248,500 (2)

268,500 (4)

16 - Unnamed

Dike

$248,500 (2)

n/a

34 - Beaver Pond

37 - Tony Creek

Dike

Elevate Land

n/a

(3)

261,750

n/a

n/a

Comment
See Appendix I-1 for details
See Appendix I-2 and I-3 for details
See Appendix I-2 for details.
Cost savings expected for Option 2 if second dike
built.

(5)

Option 1 not specifically priced but cost is
expected to be similar to that for
Sites 15 & 16 due to similar size and better
access.
Final costing requires topographic survey data
and related engineered drawings.

Notes:
Option 1 = traditional dike construction where applicable
Option 2 = utilizing MacTube™ geotextile alternative
n/a = not available or not applicable
(1) = GST/PST not included
(2) = Includes $58,500 (half of total $117,000 based on completing both 15 and 16) for topographic surveys, tendering
contract and administration construction supervision
(3) = per cubic meter of material required
(4) = Marine (barge) mounted option
(5) = Land (truck) mounted option

Regulatory Requirements
The proposed works will require an Authorization under the Fisheries Act if the changes to the culvert require inwater construction. If construction can be completed when low reservoir levels result in the culvert being dry
(winter / early spring) an Authorization is not expected and based on a suitable design, mitigation and EMP a
Letter of Advice is likely to be the only DFO documentation required.
If fish migratory patterns are impacted ( i.e., delays due to the increased culvert invert elevation) , this project will
also likely require an approval under Section 9 of the Water Act and possibly Section 7 of the Water Act
Regulations. Further, the project should adhere to the Terms and Conditions for Changes In and About a
Stream, Peace Region (Appendix A). Additionally, dam regulations may be applicable to this site since the
consequence of failure of the causeway has the potential to impact public safety.
A Scientific Fish Collection Permit must also be obtained from MoE to conduct any fish salvage required prior to
construction if coffer dams are required and installation is completed in the wet.
It is Golder’s opinion that placement of the new culvert at a higher elevation will fall under the work assessment
process and should not trigger the NWPA, although Transport Canada should be contacted for verification of this
assumption.
An AOA (Section 4.2.3) will identify the need for and scope of additional archaeological studies, such as an AIA.
Completion of an AIA would require a permit from the HCA as identified in Section 2.2.4.
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4.1.2

Sites 15 and 16: Unnamed

Description
Sites 15 and 16 are within 1.4 km of each other and are located approximately 14 km northwest of Mackenzie,
on the west side of Williston Reservoir (Figure 8). Neither site is proximate to an existing road access, however,
a barge landing, locally known as “Chico’s” (K. Herzog MoF, November 2009, pers. comm.) is located directly
across the reservoir from these 2 sites (approx. 2.4 km distance). Each site is comprised of a small inlet leading
to streams with gentle side slopes extending towards the riparian area. These streams had low discharges of
0.1 m3/s (Site 15) and 0.35 m3/s (Site 16), but it is assumed that both streams are permanent (a lake feeds the
small stream entering at Site 15 and the stream at Site 16 had more flow than measured at Site 15 Appendix D). The stream mouths are perched relatively high in the drawdown zone of the reservoir, as the
surrounding floodplain appears to be approximately at 667 to 668 masl with a strip of higher elevation shoreline
between the two inlets. The impoundment elevations for these two sites are estimated to be approximately
670 masl. Similar to other candidate sites, completion of the DEM for Parsnip Reach will aid in confirming
elevation of the foreshore and the area of impoundment. A clay layer was observed near the surface of each of
these streams. Grass/sedge vegetation and a well defined band of deciduous willow and aspen was present at
the edge of the high water mark within the proposed impoundment area of each site.
Although each stream flows directly into Williston Reservoir (as opposed to an isolated bay), their associated
inlets are recessed from the lake, and also face east, affording them protection from prevailing winds.
It is suspected these streams are nonfish bearing, although this has not been confirmed. Other wildlife sign
(goose and moose) were in evidence at both sites.
Sites 15 and 16 are located within an area of high cut banks, gentle slopes and a flat plain with small
undulations, and good views of the surrounding terrain. This setting corresponds with criteria for high
archaeological potential. Ridges were also observed to the east, west and southwest along the tree line.
However, there are presently no archaeological sites within 3 km of the project area.

Proposed Treatment and Objective
Two proposed treatments were identified at these sites. The primary treatment involves construction of a low,
relatively short dike across either one or both of the streams. A secondary option for consideration as a future
development is a cut and fill with berm extending along the shoreline between the two sites, utilizing water from
either one or both of the dike sites. This second option is proposed as a possible expansion of the primary
treatment, dependent upon the ability of the dike(s) to successfully retain water and the durability of the dike(s)
in withstanding environmental loads and effects originating from the reservoir. Both treatments address
objectives of water storage and water control to increase available wetted habitat when reservoir levels are low
to aid creation of a wetland. The cut and fill option for the shoreline between the two streams could possibly be
tied into the proposed dike(s) created to pond water at either Site 15 or 16. In so doing, an area of ponded water
could be established adjacent to the shoreline.

Water Balance
The drainage areas are estimated to be 5.0 km2 and 15.2 km2 for the streams flowing into Sites 15 and 16,
respectively. Both stream mouths are relatively high in the drawdown zone of the reservoir, as the surrounding
floodplain appears to be approximately at 669 to 670 masl with an approximate ground slope of 1 to 2%.
As indicated above, a clay layer was observed near the surface of both streams.
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Construction of a dike at Site 15 could create a ponded area of about 1.0 ha, whereas at Site 16, the estimated
ponded area is 1.2 ha. Both of the proposed dikes at these locations are anticipated to have a minimum 4 m
wide crest, between 6 and 4 Horizontal to 1 Vertical (6-4H:1V) side slopes and an armoured swale outlet to
control pond depth. Both dikes are also expected to be relatively short (~60 m at Site 15 and 70 m at Site 16)
and low (2.5 m high at the weir outlet; elevation 672.08 masl).
The preliminary level water balance results show that Sites 15 and 16 have sufficient inflow from the catchment
to sustain a wetland. Figure 9 presents water level variations for mean climate precipitation year, 10-year dry
and 10-year wet years at Site 15. As noted, the water level did not drop below the weir level throughout the
year. The runoff at this site appears to be suited to wetland construction. Similarly, Figure 10 presents wetland
water level variations for a mean annual precipitation year, 10-year dry and 10-year wet years at Site 16.
As noted, the water level did not drop below weir outlet level (672.08 masl) throughout the year.
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Figure 9: Water level variation for Site 15 based upon water balance calculations.
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Figure 10: Water level variation for Site 16 based upon water balance calculations.

Rationale for Selection
Although lacking road access, these two sites were not excluded due to their proximity to both Mackenzie and
the barge landing area directly across the reservoir. A combination of other features also makes these sites
attractive candidates for a Demonstration Project.
Both sites are high in the drawdown zone so require a relatively low dike. Because of their high elevation, the
frequency of inundation of these areas by the reservoir and associated exposure to erosion processes caused
by waves, ice and floating debris is expected to be less than sites situated lower in the drawdown zone.
The expected area of benefit resulting from flooding behind the proposed dikes, although small (~1.0 ha each),
will provide shallow littoral type habitat due to the low gradient banks in these small inlets. Similar topography is
present along the shoreline between the two inlets.
Additionally, the dikes anticipated for these sites are relatively short (50 to 70 m in length) and low (<3 m other
than at the channel crossing where the dike may be as high as 4 m). Such small structures may be easier to
protect and maintain using rudimentary stabilization techniques involving LWD and vegetation. Small structures
such as these are also less expensive to construct.
Both sites appear to have water supplies suitable for maintaining impoundment of water, Given results of the
water balance, the option for further development of these sites should the primary treatments prove successful,
is promising. While the secondary treatment of linear ponding of water along the shoreline is more exposed to
the reservoir, its elevation and large low gradient foreshore offers some protection from wave wash.
The observed clay layer could provide material for use as a core or potentially an upstream slope liner for the
proposed dikes to reduce permeability.
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The close proximity of the two sites to one another and similar physical features offers the opportunity of using
one of the sites as a control, which would aid in applying the concept of adaptive management (Section 7.0).
Finally, completion of work at these sites would provide a good opportunity to learn the logistics and issues
associated with utilizing water access (barging) for machinery. Given the potentially minimal water travel
required, this project likely represents one of the most cost effective barge options.

Targeted Benefits to Wildlife and Habitat
Similar to other water control structures designed to retain water and stabilize the minimum water level, the
period of benefit of the proposed treatment for Sites 15 and 16 will be limited to times the area is above the
inundation level of the reservoir. This depends entirely upon annual fluctuations in the operating regime of the
reservoir, but is expected to be from late March and early April when the areas becomes ice free through to mid
June or July when reservoir levels peak.
The primary treatment for Sites 15 and 16 is also anticipated to enable establishment and stabilization of riparian
vegetation. A healthy riparian zone will benefit songbirds, small mammals and other wildlife. The ponded areas
should provide a mix of deep water and shallow water staging habitat for migratory waterfowl. Deeper water
habitat (to 2 m) should benefit diving ducks, whereas the shallow water habitat would benefit dabbling ducks.
Ponded shallow water habitat in conjunction with establishment of submergent and emergent aquatic vegetation
should benefit both rearing and breeding amphibians, such as Western toad, wood frog and Columbia spotted
frog identified in Parsnip Reach (Hengeveld 1999 and 2000).
Additionally, the ponded area should benefit rearing for most fish species if the area remains flooded even when
not inundated by the reservoir.

Likelihood of Success
Successful implementation of this project requires inflows to exceed seepage through the proposed dikes as
suggested by the water balance analysis, but more importantly, that the dikes are able to withstand
environmental loads and effects originating from the reservoir. Although the streams have relatively low flows,
erosion from water flowing over the swale, either into or out of the impoundment area must be addressed.
The silty sand to sandy silt soils present at the site will likely form the source material for dike construction.
A clay layer was observed within the creek bed and is overlain by about 2 m of silty sand to sandy silt material
overburden. The clay soils are considered suitable for use as a dike core or upstream liner to minimize dike
permeability provided there is sufficient onsite clay material. Should the potential ground disturbance associated
with borrowing of such clay be considered too great, or if insufficient quantities of clay exist at the site, dike
permeability may be reduced by design features such as widening the structure.
It is likely seepage will become reduced with the successful establishment of vegetation, and successive
deposition of organics and silts within the ponded areas created by the dikes. Additionally, the observed
underlying layer of clay should reduce potential for seepage under the dike, particularly since construction of the
dike will include excavation of surficial materials to underlying impermeable materials when possible.
Erosive force from waves and floating debris may be countered by successfully incorporating woody debris into
the design of the dike using methods identified in Appendix E. Additionally, the dikes can be constructed with
slopes of 4H:1V (Section 4.2.2) to reduce the potential for sloughing. Successful establishment of vegetation on
the dike crest and its upper side slopes, if incorporated into the engineered design, could aid in reducing the
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potential for sloughing. The small deposits of gravels present at the site are likely not in sufficient quantity to
effectively armour the dike and suitable rip rap will need to be imported. Alternatively, consideration may be
given to the use of geotextiles along the swale and dike side slopes to minimize the potential for erosion or a
combination of rip rap, woody debris and geotextiles. Use of MacTube™ technology discussed in Section 6 may
be a feasible alternative to traditional methods for dike construction.

Risks and Potential Impacts
The proposed enhancement at this site corresponds with substantial disturbance and therefore presents a risk of
impacts to potential archaeological resources. Although the PFR did not recover archaeological material and the
project area is subject to high levels of disturbance due to varying water levels in the reservoir and scour from
log debris, there is still a high potential for archaeological material to be located during subsequent
investigations.
A potential negative impact to reservoir fish could occur if the streams at Site 15 or 16 are currently utilized for
spring spawning and physical or timing blockages result from the dike. It is anticipated there will be a constant
flow of water over the swale of each of these dikes; therefore, there is no expected impediment to downstream
migration of fish out of the impoundment area. If there is not sufficient water to maintain the wetted habitat
created by either dike (including issues related to oxygen and temperature) mortality may be associated with fish
entrapment if fish utilize these sites at high reservoir levels.

Maintenance Issues
The primary maintenance issue will be associated with erosion, either of the dike itself or the swale.
Incorporation of a swale as opposed to a culvert is considered a more maintenance free option since a culvert
could become plugged. The swale will require armouring, which will require barging rock to the site and use of
an underlying filter layer (either sand and gravel or a robust filter fabric) to prevent erosion and transport of soils
under the rip rap armour. As stated earlier, successful establishment of vegetation will aid in stabilizing soils on
crest and upper side slopes of the dike.

Construction timing
Construction should be done in the spring, assuming the area is completely exposed during low reservoir
conditions, but after substrates have dried sufficiently to allow access to the site.

Requirements for Additional Work
Fish sampling will be required to determine the existence of fish communities and fisheries values of the streams
proposed for diking. This will confirm the need for additional regulatory requirements (i.e., Fisheries Act
Authorization)
A geo-technical assessment is needed to determine the suitability of available clay as a core material or
upstream clay liner as well as an indication of the amount of clay accessible for construction. The subsurface
foundation conditions below the proposed dike alignment should also be investigated, including the thickness of
the clay layer that may exist below the alignment.
A detailed topographic survey is required, including use of a survey grade GPS to establish a benchmark, and
should also be used to accurately determine the elevations of the proposed development area and to create
engineered drawings for dike design and specifications. Such a survey will provide a footprint of the dike as well
as an estimated volume of materials required to construct the dike, facilitating a more accurate estimate of
construction costs to complete this work.
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An AOA should be completed prior to initiation of this work, based upon the footprint and construction plans
(i.e. identified access routes as well as stockpiling and laydown areas) identified in the final engineered
drawings. An AOA will include an examination of historic air photos, review of construction plans and a review of
existing environmental and surficial sediment data to determine the effect of inundation on the landscape and
thereby clarify our assessment of archaeological potential. The result of this study would determine if additional
work under the HCA, such as an AIA, is warranted. If development is proposed for the areas of high
archaeological potential, it is recommended that an AIA under the HCA be completed prior to land altering
activities.

Estimated Cost
Two provisional cost estimates are provided, one base upon traditional constructing techniques and the other
based upon using a MacTube™ geotextile alternative (Table 10).
The provisional estimate for construction of a traditional style dike (Section 6) is $190,000 at one site and
$380,000 for both sites. An additional $117,000 is identified for the cost to complete a geotechnical assessment,
topographic surveys, as to develop a tender package and have on-site construction, inspection and
administration of construction activities by a contracted civil engineer. This estimate is based upon provisions
identified in Appendix H. This estimate also does not presently include the cost to complete additional
archaeological and/or biological assessments.
The provisional estimate to use MacTubes™ as geotextile alternative to construct Site 15 is $268,500, based
upon using a barge to gain access to the site (Table 10). Cost savings would be realized if Site 16 were to be
constructed at the same time, including expenses for mobilization of equipment, manpower and materials.
Details of expenses are identified in Appendix H. This estimate also does not presently include the cost to
complete additional archaeological and/or biological assessments, although the level of disturbance expected by
utilizing MacTubes™ is expected to be considerably less than by creating on-site borrow areas.

Regulatory Requirements
Construction of a dike across either stream may require a Fisheries Act Authorization, dependant upon on either
stream being confirmed as fish bearing and the timing of construction.
This project will require an approval under Section 9 of the Water Act and Part 7 of the Water Act Regulations.
Further, the project should adhere to the Terms and Conditions for Changes In and About a Stream for the
Peace Region (Appendix A) to the greatest extent possible.
A Scientific Fish Collection Permit must also be obtained from MoE to conduct any fish salvage work that may
be required during construction within the wetted area of either stream.
It is Golder’s opinion that placement of a dike at either Site 15 or 16 will fall under the work assessment process
and should not trigger the NWPA, although Transport Canada should be contacted for verification of this
assumption.
An AOA (Section 4.2.3) will identify the need for and scope of additional archaeological studies, such as an AIA.
Completion of an AIA would require a permit from the HCA as identified in Section 2.2.4.
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4.1.3

Site 34: Beaver Pond (Page 91 to 94, Appendix B)

Description
Site 34, Beaver Pond, is located approximately 28 km north of Mackenzie (by road), and is a small embayment
occupying an estimated 2.3 ha on the east side of the reservoir, near an area known as Heather Point
(Figure 11). A small stream, possibly ephemeral, and numerous small seepages drain into this embayment.
The embayment faces northwest, and is separated from the mouth of Tony Bay by a low divide across Heather
Point. Cut blocks and associated access roads and trails servicing these cut blocks are present within 200 m of
this site. The area appears to be well protected from wind and wave action on the reservoir, as evidenced by
relatively little debris observed along the shores in this area and few signs of erosion. A bench of higher
elevation, near 668.5 masl or higher, occupies the northwest end of the site and could provide productive littoral
habitat if flooded.
A series of beaver dams, estimated to be near the 670 masl to 672 masl elevation, are located at the upstream
end of the embayment where a series of small ponds have been created. In addition to beaver activity, shore
birds (family Raillidae) and moose sign were seen at the site.
Site 34 is located within an area of low lying, featureless terrain, which is poorly drained. There are no
archaeological sites within 3 km of the project area and similar to other sites, disturbances include a fluctuating
water level due to inundation by the reservoir. Although a small creek is present, no defined topographical
features were observed within the proposed project area during the PFR and no archaeological material was
identified. This setting corresponds with our criteria for low archaeological potential.

Proposed Treatment and Objective
The proposed treatment involves construction of a relatively short but high dike across an existing narrow
section in the embayment. This treatment addresses the objective of water storage and water control in order to
increase available wetted habitat by ponding water in the area upstream of the dike when not inundated by the
reservoir. The proposed invert elevation for the swale in this dike could be between 670 and 672.08 masl.
This invert elevation, although lower than full pool for Williston Reservoir, would maximize littoral-like habitat.
It would also facilitate impoundment of water by the proposed dike given the limited catchment area of the
available water source as it could be supplemented by occasional flooding from the reservoir.

Water Balance
The stream at Site 34 is small, having a drainage area of about 0.5 km2. The surrounding floodplain near the
proposed dike location appears to be approximately 668 to 669 masl with an approximate ground slope of
0.5 to 1%.
The dike anticipated for this site is about 50 m long and 3 m high at the outlet swale elevation (671 masl) and
with deeper depth at the channel crossing. This will create a ponded area of about 2 ha that includes both
shallow and deep areas. The dike will have a minimum 4 m wide crest, and 4H:1V side slopes and a swale near
671 masl to control pond depth.
Figure 12 presents variations of water elevation in the proposed wetland .As illustrated, the water level is almost
at the invert level (671.0 masl) for most of the year and drops to a maximum of 5 cm below the weir crest for a
10-year dry condition.
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Figure 12: Water level variation for Site 34 based upon water balance calculations.

Rationale for Selection
This site was selected because the area is protected and could be easily accessed and serviced from existing
logging operations in the area by construction of a short access trail. A number of additional features also made
this an attractive candidate as a Demonstration Project.
The existing beaver pond at this site suggests a dike can be used to retain water in this area. The persistence of
the beaver dams suggests the site is protected from major sources of erosion originating from the lake, although
the bases of the present beaver dams are approximately 2 to 3 m higher than the base of the proposed dike for
this location.
Construction of the dike in this location will create a relatively large ponded area (~2.0 ha) that includes both
shallow and deep water habitat. A high bench in the northwest corner of the site could also provide shallow
water habitat that can act as a littoral zone to enhance primary productivity.
Additionally, the anticipated dike, although up to a maximum of 6 m high is likely less than 3 m high for most of
its length and is relatively short (45 to 58 m depending upon its alignment). Such a small structure may be
easier to protect and maintain.
Also, while there is only a small flow draining the beaver pond at this site, small seepages were also observed
from both shores adjacent to the proposed impoundment area, adding to the water supply. It is unlikely that the
primary water source is fish bearing given its small catchment area, limited flow, and the lack of suitable
spawning gravels.
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Targeted Benefits to Wildlife and Habitat
The primary period of benefit of the proposed treatment at Site 34 will be in the spring when reservoir levels are
low. Like all proposed candidate sites, the functionality of the structure will depend upon annual fluctuations in
the operating regime of the reservoir. The wetland is anticipated to function best from late March and early April
when the areas becomes ice free through to mid June or July prior to inundation by the reservoir.
The proposed treatment for Site 34 is anticipated to benefit the establishment and stabilization of riparian
vegetation. A healthy riparian zone will benefit songbirds, small mammals and wildlife. The ponded areas
should also provide a mix of deep water and shallow water staging habitat for migratory waterfowl. Deeper
water habitat (to 2 m) should benefit diving ducks and possibly overwintering survival of fish (potentially
entrained from the reservoir), whereas the shallow water habitat would benefit dabbling ducks and primary
productivity. Shallow water habitat, in conjunction with the establishment of submergent and emergent aquatic
vegetation, should also benefit both rearing and breeding amphibians.

Likelihood of Success, Risks, Potential Impacts, Maintenance Issues
Successful implementation of this project requires inflows to exceed seepage through the proposed dike and
that the dike is able to withstand environmental loads and effects from the reservoir. These include scour
caused by waves and floating debris and possibly ice.
The observed silty sand to sandy silt soils present at the site are moderately permeable and will likely form the
dike source material. Should a clay dike core not be feasible, dike permeability may be reduced by widening the
structure. Additionally, should an underlying layer of clay exist in this area, this layer should reduce potential for
seepage under the dike, particularly since construction of the dike will include excavation of surficial materials to
underlying impermeable materials when possible.
Seepage through the dike may become reduced with the successful establishment of vegetation, and
successive deposition of organics and silts within the ponded area created by the dike.

Risks and Potential Impacts
The proposed enhancement option at this site, despite having low archaeological potential, presents a high risk
to potential archaeological resources since the Site is proximate to landforms with high archaeological potential.
This risk stems from not knowing detailed access plans to the site in this stage of GMSWORKS 16, nor having
an engineered drawing detailing the footprint of the proposed dike. Additionally, a substantial amount of
disturbance is expected in the construction of a traditional dike, not only to access the area, but also if an on-site
borrow source is developed. A well-defined ridge exists approximately 50 m to the north and south of the small
stream. This ridge comprises the edge of the high water level and is considered to have high archaeological
potential because it is well defined, level and possesses views of the surrounding terrain.

Maintenance Issues
The primary maintenance issue will be associated with erosion upon the face of the dike caused either by wave
wash or scour by floating debris and possibly ice. While the protected nature of the embayment may reduce the
impact of these environmental loads, incorporating woody debris into the design of the dike using methods
identified in Appendix E and early establishment of vegetation will help to protect and stabilize the structure.
Additionally, the dikes should be constructed with gentle slopes of 4H:1V (Section 4.2.2) to reduce the potential
for sloughing. If rip rap protection is not available to protect against wave erosion, a flatter slope angle than
4H:1V on the downstream side slope of the dike may be required. Use of a swale as opposed to a culvert is
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recommended as a low maintenance means to allow for the flow of water into and out of the impoundment area.
Flows across the swale are expected to be minor, compared to other proposed candidate sites such as at
Sites 15 and 16, but will require armouring either with rock or a geotextile alternative, or a combination of these
two options. An underlying filter layer (either sand and gravel or a robust filter fabric) would minimize erosion
and transport of soils under the rip rap armour of the swale. Use of MacTube™ technology discussed in
Section 6 may be a feasible alternative to traditional methods for dike construction.

Construction Timing
Construction should be in the spring, assuming the area is completely exposed during low reservoir conditions,
but after substrates have dried sufficiently to allow access to the site.

Requirements for Additional Work
A geo-technical assessment is needed to determine the availability clay as a core material or upstream clay liner
as well as the amount of clay accessible for construction. The subsurface foundation conditions below the
proposed dike alignment should also be investigated.
Detailed topographic surveys, including establishing a benchmark using survey grade GPS, are required to
accurately determine the elevations of the proposed development. Finalization of DEM for Parsnip Reach will
aid in identifying topography of the proposed impoundment area relative to the invert elevation of the swale, but
topographic surveys are still required to provide an engineered drawing for dike design specifications.
The topographic survey will provide a footprint of the dike and estimated volume of materials required to
construct the dike, facilitating a more accurate estimate of construction costs to complete this work.
An AOA should be completed prior to initiation of this work, based upon the footprint and construction plans
(i.e. identified access routes as well as stockpiling and laydown areas) identified in the final engineered
drawings. An AOA will include an examination of historic air photos, review of construction plans and a review of
existing environmental and surficial sediment data to determine the effect of inundation on the landscape and
thereby clarify our assessment of archaeological potential. The result of this study would determine if additional
work under the HCA, such as an AIA, is warranted. If development is proposed for the areas of high
archaeological potential, it is recommended that an AIA under the HCA be completed prior to land altering
activities.

Estimated Cost
A detailed estimate was not completed to build a traditional style dike at Site 34. However, given this site has an
option for overland access, the cost to construct a dike at this location is expected to be similar if not less than
that proposed for constructing a dike at either Site 15 or 16.
A provisional cost estimate to use MacTubes™ as geotextile alternative to construct Site 34 is $261,750, based
upon using a land based machinery to gain access to the site (Table 10). Details of expenses are identified in
Appendix H. This estimate also does not presently include the cost to complete additional archaeological and/or
biological assessments, although the level of disturbance expected by utilizing MacTubes™ is expected to be
considerably less than by creating on-site borrow areas.

Regulatory Requirements
It is Golder’s opinion that the proposed works will not trigger the Fisheries Act. Monitoring of the impounded area
after construction could be undertaken to identify the potential for entrapment of fish and related questions of
overwintering survival.
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This project will require an approval under Section 9 of the Water Act and possibly Section 7 of the Water Act
Regulation. Further, the project should adhere to the Terms and Conditions for Changes In and About a Stream,
Peace Region (Appendix A) to the greatest extent possible. Dam safety specifications within the Water Act may
also apply.
It is not expected a Scientific Fish Collection Permit will be required to complete this work.
Placement of a dike at this site will fall under the work assessment process and should not trigger the NWPA,
although Transport Canada should be contacted for verification of this assumption.
Since a small access road is required for overland access to the site, clearing of vegetation and felling of trees
should be done outside the breeding and nesting period for migratory birds as specified by the Migratory Bird
Convention Act. If this stipulation cannot be met, a breeding bird survey will be required prior to construction of
the access road.
An AOA (Section 4.2.3) will identify the need for and scope of additional archaeological studies, such as an AIA.
Completion of an AIA would require a permit from the HCA as identified in Section 2.2.4.

4.1.4

Site 37: Tony Creek (Page 96 to 99, Appendix B)

Description
Site 37 is the floodplain of Tony Creek at its confluence with the drawdown zone of Williston Reservoir at the end
of Tony Bay (Figure 13). The flats, 21 km (by road) north of Mackenzie, occupy approximately 24.6 ha, and are
estimated to be at about 668.5 masl. The elevation of the flats varies with undulation in topography, including
old channel beds and small vegetated prominences. Willow shrub on these small prominences, estimated to be
near 669.5 masl, appeared to be dead or dying at the time of the site survey. It is likely that extended
inundation, as opposed to mechanical damage to stems and branches from floating debris, has stressed the
shrubs and/or caused their death. An old logging trail leads directly to these flats, and an existing logging road
runs the length of the peninsula separating Tony Bay from Williston Reservoir proper.
The embayment faces northwest but appears well protected from wind and wave action from the main body of
the reservoir, although Tony Bay provides a long fetch for waves to develop from northerly winds.
Moose sign was evident along these flats, and juvenile Western toad was observed immediately to the north at
Site 35, a small embayment near the mouth of Tony Bay. Tony Creek is identified as a fish bearing stream
(Fish Wizard, Retzer 1989, Bruce and Starr 1985).
DUC completed an assessment of the area in 1987, with the intent of building a large dike across the bay, but
rejected the area for development because of the size of the dike required, relative depth of impounded water,
and a lack of emergent vegetation (DUC 2009).
Site 37 is located within an area of undulating terrain, includes ridges and gentle slopes and has good views of
the surrounding terrain. This corresponds with our criteria for high archaeological potential. One archaeological
site is located within 3 km of the project area. Ridges were also observed to the southwest along the tree line.
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Proposed Treatment and Objective
Three potential treatments were identified for this site, including:



a large dike across the bay.

This large dike was considered the least feasible option primarily because of the cost to complete the work.
Issues include the availability of construction materials for a dike in excess of 350 m length and the dike would
be 4 m or higher thus requiring accommodation for fish passage. However, constructing a dike at a location that
maximizes the area of impoundment but minimizes the depth of water over the flats adjacent the creek mouth
via an appropriate swale invert elevation could create a very large area of shallow water littoral habitat.
If BC Hydro decides to explore the use of MacTube™ technology (Section 6.0) for construction of another
Demonstration Project, results from the trial may have applications to this project.



a cut and fill exploiting existing morphology combined with a water diversion from Tony Creek to flood
excavated areas.

This project was also considered cost limited. Excavating existing depressions which could be flooded and
using excavated material to build or supplement existing high ground, planted with shrubs and grasses, could
result in small wetlands. The logistical, cost and maintenance issues associated with creating a water diversion
to flood excavated areas was estimated to be very high. Difficulties associated with this option are exacerbated
by the fisheries values of Tony Creek when considering water diversions. In addition, the erosion observed at
the stream banks and the wandering stream mouth would make this project logistically difficult. If BC Hydro
decides to use MacTube™ technology (Section 6.0) for construction of another Demonstration Project, results
from this trial may also have applications on this option.



elevating land using a cut and fill to raise existing high ground.

Elevating land is the preferred treatment option recommended for this site. Similar to the cut and fill option
discussed earlier, on-site materials could be used to raise existing prominences to elevations able to sustain and
proliferate shrubs at the highest reservoir levels.

Rationale for Selection
This site was short listed because of the easy road access to the site and the protected nature of Tony Bay.
An additional positive aspect is that this Site represents a very large flat expanse that is similar to other areas
surveyed within Williston Reservoir, such as at Manson Creek (Site 28), Blackwater Creek (Site 27) and
Cut Thumb Creek (Site 24).
A specific point raised during a meeting with the MNO was the loss of riparian type habitat utilized by songbirds.
The option of raising land explores the feasibility of creating riparian-like vegetation that can withstand the
effects of prolonged inundation. Also, the proposed option provides an opportunity to explore treatments other
than creating perched wetlands. Depending upon the efficacy and feasibility of raising land, this technique could
be incorporated if other identified options at this Site are eventually tested. For example, while the option of
water diversions may appear costly, it is possible that site specific conditions and learning through the
application of portions of this treatment (such as using MacTube™ technology in combination with cut and fill
and a water diversion) could make this an effective treatment in Tony Creek or elsewhere. Similarly, if observed
dead vegetation at Tony Creek is a result of mechanical damage caused by log scour, options such as debris
barriers and/or sediment traps such as those being explored by Dr. S. Chieng (University of British Columbia –
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Engineering Hydrology) in Finlay Reach may be appropriately applied to this area as monitoring continues and
knowledge expands.

Targeted Benefits to Wildlife and Habitat
Unlike other proposed candidate sites, the benefit of the proposed treatment for Site 34 could be realized year
round, or at least, through the spring, summer and fall. The anticipated benefit from the establishment and
persistence of riparian vegetation will be provision of cover, forage and perching/loafing habitat by birds and
amphibians throughout most of the year. Healthy riparian vegetation also provides nesting and foraging habitat
beneficial to songbirds, but such habitat will also benefit small mammals and other wildlife. Additionally, raised
land could provide a platform for ground nesting birds such as waterfowl and rails, since nests in such areas will
stay above rising water levels longer than adjacent lower elevation land, benefiting successful hatching and
fledgling of ground nesting birds.

Likelihood of Success
The concept of elevating land has been used in the past by DUC to create nesting habitat and their considerable
experience with similar works has identified some typical problems and/or issues with such works (C. Pentilchuk,
DUC Engineer (retired), September 2009). Additional issues include settlement, erosion, establishment of
noxious weeds and potential use by undesirable or unintended wildlife, discussed further in Section 6
(Golder 2009b). Fish entrapment in the borrow area could be an issue if material can’t be accessed low enough
in the drawdown area to minimize this risk, but this is dependant upon overwinter reservoir levels relative to
when the site can be accessed, as well as the rate at which water levels rise in the spring.

Risks and Potential Impacts
The proposed enhancement option at this site presents a high risk to potential archaeological resources since
the Site is proximate to landforms with high archaeological potential. For example a well-defined ridge exists
east, west and south of Tony Creek. This ridge comprises the edge of the high water level and is considered to
have high archaeological potential because these features are well defined, level and possess views of
surrounding terrain. Additionally, considerable disturbance is expected in the development of an on-site borrow
source (cut) and relative to further increasing (fill) the elevation of existing prominences within the floodplain of
the stream. The excavation of this borrow material will have to be contoured so all water draining from this area
(either contributed during spring melt or from recession of the reservoir in the fall) must be able to freely flow into
Tony Bay so as to minimize the potential to entrap fish. This means the borrow source must have a constant
down slope grade that leads to a runoff channel feeding into the bay.

Maintenance Issues
Erosion from wave wash and the ingress of noxious weeds and/or undesirable wildlife are anticipated as the
primary maintenance issues for this project. Similar to proposed dikes, the protected nature of the embayment
may reduce the impact of environmental loads such as waves, but incorporating woody debris into the design of
the side slopes of the raised land, in particular, the slopes exposed to the most wave action, using methods
identified in Appendix E and early establishment of vegetation will help to protect and stabilize the structure.
Additionally, side slopes should be constructed with gentle slopes of 4H:1V (Section 4.2.2) to reduce the
potential for sloughing. If rip rap protection is not available to protect against wave erosion, a flatter slope angle
than 4H:1V on the downstream side slope of the dike may be required. Use of MacTube™ and/or other
geotextile technology discussed in Section 6 may be a feasible alternative to rip rap for protection of side slopes.
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Construction Timing
Construction is recommended to occur in the spring, assuming the area is completely exposed during low
reservoir conditions, but after substrates have dried sufficiently to allow access to the site. An option for
completing some components of the work over more than one season, such as on-site borrowing and stockpiling
of materials could be considered for the winter. Such an approach would have to consider access issues, such
as upgrading and ploughing of roads for winter access as well as meeting regulatory requirements pertinent to
archaeology.

Requirements for Additional Work
A geotechnical assessment will be needed for identification of potential source material.
An optimal elevation at which various types of vegetation can become established and persist relative to the
operating regime of the Williston Reservoir is poorly understood. It is expected that the top 2 m of the drawdown
zone, similar to the Arrow Lakes Reservoir, may be within the limit of survival of deciduous shrubs and trees.
However, this should be further researched to ensure successful maintenance of vegetation.
Detailed topographic surveys, including establishing a benchmark using a survey grade GPS, are required to
accurately determine the elevations of the proposed development. Finalization of DEM for Parsnip Reach will
aid in identifying the topography of the proposed impoundment area relative to optimal elevations for raised land,
but topographic surveys are still required to provide an engineered drawing of the structure design specification.
The topographic survey will provide a footprint of the raised land and estimated volume of materials required,
facilitating a more accurate estimate of construction costs to complete this work. Identification of the footprints of
both the areas of raised land and proposed borrow areas are also very pertinent to archaeological assessments.
An AOA should be completed prior to initiation of this work, based upon the footprint and construction plans
(i.e. identified access routes as well as stockpiling and laydown areas) identified in the final engineered
drawings. An AOA will include an examination of historic air photos, review of construction plans and a review of
existing environmental and surficial sediment data to determine the effect of inundation on the landscape and
thereby clarify our assessment of archaeological potential. The result of this study would determine if additional
work under the HCA, such as an AIA, is warranted. If development is proposed for the areas of high
archaeological potential, it is recommended that an AIA under the HCA be completed prior to land altering
activities.

Estimated Cost
A specific cost estimate has not been developed for this proposed Demonstration Project. Topographic surveys
are required to estimate proposed footprints of elevated land, and the elevation of the surrounding creek flats
relative to an optimal elevation to which identified prominences should be raised. In the Arrow Lakes Reservoir,
the option of raising land was expensive. For example, the estimated cost to create a 0.9 ha area of raised land
was approximately $1.2 million (Golder 2009b). However, the Arrow Lakes Reservoir scenario involved land
being raised by approximately 4 m to facilitate growth and persistence of shrub vegetation. Consequently, the
cost to elevate land at Site 37 can be highly variable depending upon site specific topographic data. Instead, a
unit cost based has been provided in Table 10. The reader is cautioned however, that that these unit costs are
only meant to provide guidance in the absence of topographic information specific to Site 37.
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Regulatory Requirements
In Golder’s opinion, it is anticipated that the proposed works if conducted above the wetted area in the reservoir
will not trigger the need for an Authorization under the Fisheries Act.
This project should not require an approval under Section 9 of the Water Act although a notification of the
proposed works should be presented to the MoE.
The types of measures incorporated into elevated land to protect against erosion may be considered hazards at
higher water pool, so Transport Canada should be notified of this work. Golder anticipates this project will fall
under the work assessment process.
An AOA (Section 4.2.3) will identify the need for and scope of additional archaeological studies, such as an AIA.
Completion of an AIA would require a permit from the HCA as identified in Section 2.2.4.

5.0

TREATMENT OPTIONS

Treatments options identified here build upon information presented in Section 5.0 and are based upon
experience gained by Golder through completion of similar wildlife enhancement work in the Upper Arrow Lakes
Reservoir (Golder 2009a and 2009b).
The rationale for stabilizing water levels to a minimum drawdown elevation, determined by the swale of a dike, is
to retain water as the basic requirement for developing a wetland. It is also expected that development of
wetlands in Parsnip Reach of Williston Reservoir will require a minimum amount of hydrologic stability to function
as wetlands over the long term (Mitsch and Gosselink 2000). To continue to function as a wetland, a
Demonstration Project should optimally be flooded to a depth of less than 1 m or saturated within the top 30 cm
of the substrate surface for a minimum of one to two weeks in most years, or at least every other year on
average, during the growing season (Committee on the Characterization of Wetlands 1995; Environmental
Laboratory 1987). The ideal hydrological regime for restored wetlands in Parsnip Reach would be to maintain
water depths of about 30 cm during a portion of the growing season during most years because this water depth
has been found to be beneficial for the growth of many herbaceous and woody wetland species occurring in the
vicinity of Williston Reservoir (Mitsch and Gosselink 2000). Small changes in wetland hydrology can affect the
chemical and physical properties of a restored wetland including nutrient availability, degree of substrate anoxia,
soil salinity, sediment properties, and pH. Because hydrology plays a vital role in the structure of the restored
wetland's ecosystem, the vegetation and species composition can be affected when substantial hydrologic
alterations occur (Mitsch and Gosselink 2000).

5.1

Establishing Vegetation

The ability to establish vegetation in wetlands, and also as a means to protect constructed treatments as
proposed for possible Demonstration Projects in Section 5, relies upon the results of other concurrent projects
being completed by BC Hydro. These include results determined from projects such as ongoing dust control
efforts in Finlay Reach but also projects presently being completed in the Kinbasket and Arrow Lakes
watersheds.
Arrow Lakes and Kinbasket Reservoir may not have as harsh a climate as Williston Reservoir; however works
being undertaken in BC Hydro’s Columbia Generation Area do provide information that is relevant to the goal of
improving riparian habitat along the foreshore of Williston Reservoir. This includes identifying methods for
inventory of vegetation species types and community compositions within reservoir drawdown zones
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(Gibeau and Enns 2008), as well as identifying methods for seed collection, nursery propagation, as well as
appropriate planting and/or seeding techniques for native vegetation (Keefer et al. 2008). Another example is the
common theme regarding poor nutrient conditions of substrate soils within reservoirs (Abiola et al. 2008,
Vaartnou 2009, Keefer et al. 2008). For example, the presence of an organic layer that is required for
establishment of “goose grass” may be best achieved by successive seasons of planting fall rye (Carr 1997), or
through application of an organic layer prior to planting. Composting of readily available woody debris is
presently being considered as an option for the Finlay Reach dust control program (A. Abiola, Olds College,
November 2009, pers. comm.).
The following recommendations are proposed for areas in and around Demonstration Projects, either on crests
of dikes and raised land or on slopes of structures. Seeding and planting is recommended as a means of
stabilizing soils used to build structures and to provide added protection against erosion. This option should be
tied into proposed hard engineering techniques (Section 6.2). For example, the use of a thick sand and gravel
cap over the entire slope of a traditional dike from top to bottom may prevent establishment of vegetation by
recommended techniques. However, tapering the thickness of a sand and gravel cap so it becomes thinner
(<10 cm) may allow seeds or stakes planted under this cap to become successfully established.
Such a technique considers the fact that the slope of the dike nearest the crest is also exposed to the erosive
forces of wave action and associated scour by ice and/or debris for a shorter period than areas near the base of
the dike. In this way, the base of the dike relies more on hard engineering techniques whereas the top of the
dike relies upon soft (bio-engineering) techniques. Details regarding planting methods and potential vegetation
species types are presented in Appendix J.

5.2

Construction of Dikes (Berms)

The main use of dikes would be to retain water in areas where there is a water source.
The concept of constructing dikes to exclude the reservoir from certain areas so that they would remain
permanently dry is unfeasible due to the permeable nature of sands and silts underlying the sites.
However, isolating specific areas from the main reservoir can be utilized to attenuate water temperature and
water conditions from those in the main reservoir. In situations where treatments focus upon creating ponds or
raising the elevation of an existing pond, a more detailed hydrological analysis is required. However, such
analysis also requires detailed analysis of local topography as well as engineered drawings. Since DEM
information for Parsnip Reach which can aid in assessing local topography is not yet available, and development
of engineered drawings are not within the scope of GMSWORKS 16, only concepts of dike design are presented
here.
Two concepts are considered for dike design in this text. The first considers construction of traditional style
dikes recognizing that limitations exist in the available on-site construction materials, and the prohibitive cost of
transporting suitable materials to the location of Demonstration Projects. The second option considers use of a
geo-textile structure, in this case a MacTube™ specifically designed to act as a shore revetment or
impoundment dike.
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5.2.1

Traditional Diking

A traditional dike for this project is defined as an earth filled embankment designed to keep water out of or within
a defined area, although dikes are not normally intended to be inundated by water. For this reason, the term
dike and berm are used interchangeably recognizing dikes proposed in this report may be inundated by water
depending upon site specific conditions. In this report, dikes are meant to retain water at a specific minimum
elevation, which is controlled by the invert (the bottom elevation of an outlet) of an outlet swale. Swales are
recommended over culverts since they will likely need less maintenance. Where possible, the dike foundation
will be built upon an underlying layer of impermeable material (such as clay) by excavating surficial soils.
Such dikes will require heavy equipment to build the structure and it is assumed that primarily on-site materials
will be used. Because of water-induced erosion, a number of potential means are suggested to protect these
structures. This may include a sand/gravel or gravel/cobble cap (depending upon slope gradient and expected
wave height) on the downstream slope, and an armoured swale. The sand/gravel cap would have to be
transported to the site. Geo-textiles such as Geoweb® (Appendix I) may be an option to protect the swale from
erosion (C. Pentilchuk, DUC (retired), Sept. 2009, pers. comm.), but this will increase costs, and this option still
requires a gravel fill, and therefore, the import of construction material.
To reduce potential scour from floating debris, log barriers as presently being considered by Dr. Chieng for use
in the Finlay Reach could be used to protect the base of dikes from wave wash and scour by debris
(Appendix E). Such structures require substantial amounts of debris, which may not be readily available at the
candidate sites recommended for Demonstration Projects. Furthermore, collection of such debris may
exacerbate environmental, archaeological and navigational issues. In this text, suggested uses of debris are
identified in Figure 14. These configurations require less debris than barriers recommended by Ambimbola
(Appendix and may provide the necessary protection for the proposed dikes given their higher elevations in
respect to normal inundation for the reservoir and the natural protected locations of the selected sites.
Figure 14a identifies debris to protection for the base of the dike; however, it requires debris with root wads.
Such debris may create a risk of “piping” of water along the surface of the buried portion of the debris, causing
erosion and potential failure and potential sloughing of the affected portion. Also, as the debris rots, settling of
the dike and the creation of cavities that may create piping/erosion may become an issue.
Figure 14b provides a means to protect the downstream (reservoir side) slope of the dike from rafted debris
coming in contact with the structures, but may offer less protection against waves washing against the dike, and
would have to rely on the underlying sand/gravel cap.
Figure 14c avoids issues of piping and settlement of the dike as wood rots, but creates the risk of a navigational
hazard as per the NWPD. This hazard is less of a concern in small Demonstration Projects located in recessed
inlets identified in this text, as opposed to more exposed areas.
Figure 14d may provide good protection of the downstream side of the dike slope, and this slope should still
have a sand - gravel or gravel - cobble cap. Anchoring methods such as duck billed anchors and deadmen are
discussed in Appendix E.
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In all cases, there is an expectation to establish shrub vegetation along the top of the berms as well as the top of
the lakeward (reservoir) slope of the berm to add stability. Depending upon the success of dust control studies
ongoing in Finlay Reach, options for establishing Equisetum or other suitable herbaceous species along the
lower slope of the berm may aid in reducing erosion. It is likely an organic soil placed between the silt core and
sand/gravel cap is required to successfully establish Equisetum and/or other types of vegetation (Abiola et al.
2008) or at the very least applications of fertilizer (Keefer et al. 2009).

5.2.2

MacTubes™

MacTubes™ available through Maccafferi in North America is a geotextile container built of geotextile materials
designed for multiple applications, including the construction of coast and river structures for erosion protection
such as revetments, groins, breakwaters, dikes and dune cores (Appendix E). The concept of a geosynthetic
bag is not new as variations of essentially the same structure as the MacTube™ are available through the
TenCate (Geotube®) which has been in use for 40 years.
These structures are designed to be filled with locally available, low grade soils via a dredging process.
Depending upon the situation, dredges can either be based on a barge, or on shore (using loaders to mix slurry
in a contained area). Dredge pumps can pump material as far as 1 km from the source material. These tubes
come in a variety of diameters and lengths, the largest containing volumes of material of up to 150 m3. They are
designed to withstand sunlight and extreme elements. A recent three year test of Tencate’s™ version of the
same type of geotextile product (Geotube®) in Arctic waters in Norway successfully withstood ice formations up
to 1 m thick, winds up to 21 m/s and waves up to 1.6 m in height and proved so successful that the test was
expanded to repair a damaged quay (TenCate™, 2009).
Golder’s contracting arm, Golder Associates Innovative Applications (GAIA) is currently the leading contractor in
Western Canada using the MacTubes™ system for specialized projects. GAIA has recently completed a project
in Northern Alberta (2008), and has been recently awarded contracts in Castlegar (2010) and a pending trial in
Fort MacMurray (2010) using MacTubes™. The Fort McMurray project is exploring the use of MacTubes™ to
contain dredged sand to act as a breakwater to aid in the establishment of littoral zone habitat (J. Smith, GAIA,
December 2009, pers. comm.).
The use of MacTubes™ may be applicable to many sites in Williston Reservoir, such as for a dike, breakwater
and even fish passage structures pending results of trial applications. They may also be used in conjunction
with other proposed treatments, such as for the core of a traditional dike, protection of elevated lands (below)
and possibly future expansion of a successfully established Demonstration Project such as that discussed for
Sites 15 and 16 (Section 5.0).
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5.3

Elevating Land

Elevating areas of land was proposed by Golder (2009a and 2009b) as a means to create suitable areas for the
establishment and maintenance of riparian-like vegetation. The rationale is that by raising land by 1 to 2 m in
specific areas of the Williston Reservoir drawdown zone, the period of inundation of riparian vegetation would be
reduced sufficiently to ensure its survival even during periods of full pool. The depth and duration of high water
can contribute to factors which kill established shrubs, the location and density of which may be highly dynamic
in a reservoir setting (Enns et al. 2009). For example, Scouler willow (Salix scouleriana) due to its invasive
nature, may establish itself in lower elevation areas of the reservoir during a period of low water but face
mortality during less favourable conditions such as a period of extended inundation (Enns et al. 2009).
Enns also suggests, although it can’t be quantified at present, that two exposed (inundation free) periods may
lead to an increase in vegetation in the drawdown zone.
The height to which land should be raised to ensure establishment and/or co persistence of existing shrub type
vegetation in Williston Reservoir is not yet well understood. In the Arrow Lake Reservoir, establishment of
deciduous shrubs and trees less than 2 m below the full pool level has been problematic. It is expected that the
range of elevation at which deciduous riparian vegetation can be established in Williston Reservoir may be even
less than that for the Arrow Lakes and Kinbasket reservoirs. This is due to the harsher climate, but also the
reduced or absent fall growing period in Williston Reservoir given the duration of high water relative to the onset
of fall and winter seasons. Varying the elevation of raised land within and between sites will provide a range of
elevations to monitor the establishment of vegetation (either natural or through planting/seeding) within Williston
Reservoir.
It is possible, pending successful establishment of raised land at a site; such areas could be revisited to apply
other techniques found to be successful in establishing wetlands. For example, impoundment of water in
expansive creek flats via placement of MacTubes™ (assuming these structures prove to be applicable and
effective) may result in small islands of vegetation within an area of ponded water. However, similar to the
establishment of dikes, various issues associated with raised land must be addressed (Golder 2009b), including
the following:
Long term settlement. Construction elevations must consider settlement so minimum design elevations are
achieved. A limited investigation of one test pit would help estimate the expected settlement below proposed
areas of raised land. This is particularly important when considering establishment of desired vegetation in a
reservoir environment as one prolonged period of inundation can kill shrubs that may have become established
over a number of years of lower reservoir levels.
Wave erosion often exceeds predictions. Erosion can be addressed in the design of foreshore slopes of
these islands. Incorporating site design concepts as discussed in Sections 4.2.2 and 6.2 and shown in
Figure 14, including the angle of the side slope, use of a sand/gravel cap, incorporation of bio-engineering
techniques and establishing a revegetation plan will attenuate erosion. Additionally, selecting a relatively
protected area also mitigates against wave erosion. Consideration may also be given to the use of geotextiles
such as MacTubes™ overlain on exposed shores. Since the layer of soil placed on top of these structures will
only be lightly compacted to facilitate planting and the establishment of vegetation, it is anticipated that soil will
also be lost from this loose soil cap prior to the establishment of vegetation. Consequently it is important that
construction exceeds the design elevation of the structure.

February 2010
Report No. 09-1430-0057

67

GMSWORKS 16

Islands can be overtaken by noxious weeds and undesired avian species. Noxious weeds can only be
addressed by trying to establish appropriate vegetation early through directed effort. Long term monitoring of
wildlife use of raised land areas will also aid in determining whether this technique is an appropriate treatment
for Williston Reservoir.
Deep excavation of borrow material from surrounding drawdown zone. The ability of wetlands to retain
water relies upon an available water source and an impermeable layer of silt and/or organic material that
overlying potentially highly permeable fluvial material. The concern is that establishing borrow areas within or
proximate to existing wetlands has the potential to expose an underlying gravel seam, and thereby open a
conduit for water to flow out of wetlands during low water periods.

5.4

Cut and Fill with Berms

Cut and fill with berms have been identified in the Site Catalogue as an option for various surveyed sites.
Cut and fill is a common construction strategy used for roads and projects requiring movement of earth.
This technique is expected to be applied to construction of both dikes and raised land, or in association with a
water diversion to create a wetland. For example, cut and fill with berms could be used in areas where
foreshore elevation along a length of shoreline may be high enough to support vegetation, but can be enhanced
by excavation to create a basin to capture water from a diversion. An example of where this technique could be
applied is the proposed future expansion of Sites 15 ad 16. The same term is used to describe excavating
existing depressions deeper, and through provision of a water source, creating a wetted area. Excavated
material may be used to raise land to facilitate establishment of vegetation or to shape into a berm to add a
greater degree of water storage.

5.5

Other

Other techniques considered include adapting an existing feature where water control may already exist or
where simple alterations to the feature (filling in gaps) could be applied to store water. A case in point is
adapting anthropogenic structures to enhance water storage or supply, such as changing elevations of culverts
or by raising an existing roadbed to create a dike.
Revegetation of denuded areas is not a technique specifically proposed as part of the scope of this work;
however, higher elevation areas of shoreline which may be suitable for revegetation have been identified in the
Site Catalogue. This information is provided to identify areas for consideration related to ongoing dust control
studies, including the propagation of suitable vegetative cover, presently being completed by BC Hydro in
Finlay Arm.
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6.0

DISCUSSION AND ADDITIONAL RECOMMENDATIONS

6.1

Steps for Constructing a Demonstration Project

Golder foresees the following steps in the implementation (construction) of Demonstration Projects as
envisioned in Stage II of GMSWORKS 16:
1)

Selection of a Demonstration Project and Related Consultation

Golder has provided a list of candidates for Demonstration Projects. It is recommended the selection process
involve input from stakeholders with vested interests in this topic, including First Nations, the MNO and the
PWFWCP similar to what was done for CLBWORKS 29A (Golder 2009a and 2009b). A single meeting with
follow-up input may be sufficient if representatives from relevant groups are properly represented. The option of
involving an individual representing one or more agencies (most notably, a representative from MoE) should be
considered as part of this process. It is assumed the final selection process would be based upon information
presented in this report.
2)

Development of Engineered Drawings

Accurate estimates of cost, and approval from regulatory authorities, require engineered drawings that provide
construction specifications, detailing the type of structures being proposed, their size (height, length and width),
volumes of material required, material specifications (rock, gravel, geotextiles) and footprints. Detailed
topography of the site and relative elevations (masl) are also expected from this process. Because of the
expense to gather such detailed information, this process should not be undertaken until a Demonstration
Project(s) has been selected.
3)

Completion of Identified Additional Studies

Some of the additional studies identified in Section 5 may be able to be completed in concert with Step 2, but
also require that a Demonstration Project(s) be selected. Such studies include AOAs, geotechnical
assessments and fish inventories. Fish inventories and geotechnical assessments may be completed
concurrent with topographical surveys. Other additional work, such as AOAs and/or AIAs (if required), can only
be completed once specific access routes, borrow areas and footprints associated with the construction of the
Demonstration Project are verified.
4)

Submission of Design Plans to Regulators

Once all necessary background information is collected, regulatory approval and/or permitting requirements can
proceed. This step should include detailed designed drawings and project descriptions, including construction
plans. By involving regulatory representatives early in the consultation process (Step 1), streamlining of
approvals may be possible by identification of potential data gaps and/or regulatory requirements. Involvement
of regulators in the early consultative stages of projects such as GMSWORKS 16 also facilitates team building
and a sense of involvement in the overall goals of a project.
5)

Implementation

Implementation should anticipate provision of site specific documentation and design drawings to facilitate
development of a tender package, and should take timelines required to receive bids into account. The
tendering process should recognize the time required to construct the proposed works, and also the time frame
in which projects can be constructed. For example, while the location of a specified treatment may be high
enough in the drawdown zone that rising water levels don’t influence the project until June or July, access
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routes, available borrow sources, environmental issues or other pertinent considerations may shorten the
available construction window. Some project may be best scheduled over multiple seasons or years
(i.e., stockpiling materials in winter for later construction; barging material during open water of Year 1 for
construction to proceed in Year 2, etc.).

6.2

Adaptive Management

Identification of opportunities to create wetlands along the margins of Williston Reservoir is contingent upon the
ability to contain water at selected sites. The ability to contain water is related to the feasibility of creating
wetlands given the limitations of site specific conditions and the cost of achieving this goal. Availability and
suitability of construction materials, particularly when considering issues of access to and exposure of a
proposed Demonstration Project(s), make any attempt to construct wetlands in Williston Reservoir an uncertain
and experimental endeavour. Only after various construction techniques are identified and thoroughly explored
can the secondary objectives of creating habitat for fish and wildlife, establishing riparian vegetation and
addressing issues of dust control be thoroughly considered.
Adaptive management is a structured rigorous process designed to improve management policies and practices
by learning from the outcomes of operational programs (Walters 1986; D’Eon 2008). It is widely considered the
best way for managers to act while learning in the face of uncertainty, and provides an effective model for
dealing with subjects that are complex with a wide variety of potential responses (Figure 15).

Figure 15: The adaptive management model for providing direction in the face of uncertainty and complexity. Adapted from
Polster 2009.
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Developing wetlands to enhance fish and wildlife habitat through specific treatments within the
Williston Reservoir drawdown zone provides an opportunity for taking an adaptive management approach.
In this case, we are attempting to manage a relatively new and poorly understood ecological system
(i.e., human-imposed seasonal flooding regime). As a result, confidence in our actions and our ability to
accurately predict outcomes is relatively low. While doing nothing is an option, the preferred course of action is
to proceed in a manner that facilitates gaining the greatest amount of knowledge from a constructed Site.
To this end, we strongly recommend taking a structured and rigorous adaptive management approach involving
a variety of controlled treatments that can be used as a template for learning and achieving optimal outcomes
over time.

6.2.1

Monitoring

One of the most important components of a successful adaptive management program is the monitoring of
implemented treatments (Walters 1986; D’Eon 2008; Polster 2009). Monitoring provides the post-treatment data
required to determine treatment effectiveness and the degree to which management objectives are being met
within each treatment and site. It is recommended that a structured and rigorous monitoring program be
established and implemented as a critical component of project implementation and monitoring of Demonstration
Projects.
Ideally, for each treatment, a control site (untreated site with similar characteristics) should be identified and
monitored. Optimally, both pre- and post-treatment data should be collected at all sites. Doing so best captures
changes in the system as a result of the treatments. Ultimately, monitoring activities should be designed and
carried out to enable an evaluation of the effectiveness of the Site in meeting the intended objectives. As such,
monitoring methods and schedules may vary depending on Site and treatment objectives. Over the longer term,
it would be ideal that monitoring encompasses aspects of usage of Site by birds, fish and herptiles relative to the
prescribed treatment and site; a shorter term goal should focus upon the physical indices of the Demonstration
Project. Physical indices for a constructed dike, as an example, would include monitoring its functionality (ability
to retain water) and durability (ability to withstand erosion). Non-biological parameters, some of which may be
specific to an individual Site, but others that are common amongst sites could include the following:



monitoring the area, depth and duration of impounded water where water retention and/or storage area are
a stated objective. This would involve regular observations of water height (staff gauges) in both the spring
(snow melt) and fall (receding reservoir levels) and potentially through the summer;



monitoring areas affected prior to and after treatment. This would entail mapping of a proposed inundation
area compared to the area actually inundated after treatment using mapping grade GPS technology;



monitoring by establishing permanent photo posts to provide a photographic record of visible changes at
each site before and after treatment; and



monitoring water temperature at a Site since attenuating water temperatures will influence primary
productivity. Water temperature data loggers should be installed near the bottom, middle, and surface of
the water column and monitored both before and after treatment.
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In general, monitoring should then consider moving from simple measures to more definitive measures of
success pending the sites ability to meet its primary objectives. Such monitoring will depend upon available
funding and specifics of the study area, and could consider the following impact related studies:



monitoring the establishment of vegetation (either natural and/or planted), including aquatic vegetation,
shrubs and trees as well as noxious weeds relevant to the Site and related prescriptions; and



monitoring fish use both in terms of positive and negative impacts, such as increased production of
entrained species and/or stranding and mortality of entrained fish.

Since the primary objective of monitoring each Site is a rigorous comparison and evaluation of treatments
among sites, all data collected must be standardized and consistent among sites and over time. For this reason,
it is imperative that a monitoring program have the following characteristics:



the Site can be effectively and easily accessed over a variety of water levels and weather conditions;



the site can be monitored annually on an on-going basis;



monitoring can be feasibly performed under all environmental conditions (i.e., cannot depend on narrow
environmental conditions that may not occur in some years or at some sites);



monitoring can be performed by the fewest number of people;



methods are repeatable by anyone possessing appropriate field skills; and



data collection is in an empirical format that allows for statistical analyses and permits comparison among
sites and treatments.

6.3

Additional Recommendations

A number of additional recommendations are provided towards the selection, design, and implementation of
future development of wetlands in Williston Reservoir pending successful implementation of a Demonstration
Project(s). The selection and development of future Sites will benefit from experience gained through many
aspects involved in Stage I and Stage II of GMSWORKS 16.

6.3.1

Learning Opportunities

Given the adaptive management approach discussed earlier, final selection of candidates for Demonstration
Project(s) presented in this report and possibly future works should maximize learning opportunities for not only
BC Hydro but also the stakeholders, contractors, and relevant regulators involved. It is expected that the
knowledge gained from implementation of a Demonstration Project will aid in determining the feasibility of other
potential sites in Williston Reservoir. This knowledge should be drawn from the following:



experience in design and construction of a Site;



realistic approximations of budgetary considerations in completing specific works;



a better understanding of the effectiveness of specific treatments in meeting objectives of GMSWORKS 16
through monitoring of sites;



a better understanding of risks in construction of sites and potential conflicts;
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regulatory considerations; and



a better understanding of maintenance issues.

6.3.2

Synchronize Efforts between Dust Control and Wetland Development Studies

Present efforts in Finlay Reach to address issues of dust control overlap heavily with the objectives of
GMSWORKS 16, so a natural progression of these two projects is a harmonization of efforts and ideas.
A common theme between these projects is that both rely upon successful establishment of vegetation and both
are seeking means to protect established works through use of LWD. Demonstration Projects presented in this
report either prescribe a variation on water control which requires the establishment of vegetation, or anticipate
improvements in riparian vegetation from either water control or raising land. Establishment of vegetation at
Demonstration Projects is also expected to add habitat complexity that will benefit a range of species.
Finally, Demonstration Projects will also benefit from the establishment of vegetation to improve their structural
integrity and ability to resist erosion given the available building materials.
BC Hydro is meeting with some success in the revegetation of the drawdown zone through successive years of
dust control programs and an established revegetation program in Arrow Lakes Reservoir. Unlike the
Arrow Lakes Reservoir, Williston Reservoir presents a harsher climate both in terms of growing season and
environmental loads, and revegetation efforts are still in their infancy (Carr 1997, Vaartnou 2009).
Work completed under a series of monitoring and physical works programs in BC Hydro’s Columbia Generation
System should aid in formulating approaches to various wetland and related revegetation initiatives in the
Williston Reservoir.

6.3.3

Projects Consider a Range of Potential Ancillary Habitat Treatments to
Supplement Primary Treatments Wherever Possible

Additional structures described as ancillary habitat works (Golder 2009b) can be designed to benefit wildlife in
conjunction with the primary treatment proposed at candidate demonstration sites. These ancillary habitat works
are identified in Appendix E and, based upon the success of the primary treatment, could include the following
types of structures:



Large woody debris (LWD). Single or multiple root wads or other large branched logs which provide
rearing habitat for adult but particularly juvenile fish species while fully or partially submerged.
Such structures are considered coarse woody debris after reservoir levels recede. LWD must be suitably
anchored to prevent loss or movement by water current during periods of inundation.



Coarse woody debris (CWD). CWD differs from LWD in that it is not fully submerged or surrounded by
water (MacDonald 2008) and is directed at providing habitat for small mammals, amphibians, reptiles, and
ground nesting birds. In the Williston Reservoir drawdown zone setting, such debris becomes LWD when
submerged. In areas where submergence is expected, CWD must be suitably anchored to prevent loss or
movement by water current during periods of inundation. Piles of CWD mixed with brush could be
considered in areas above the drawdown zone.



Rock piles. The intent of rock piles is to mimic rocky areas along streams, outcrops and talus fields to
provide warm areas that slowly release the day’s heat during the evening, attracting reptiles and rodents
which in turn provide food for predatory species (MacDonald 2008).
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Nesting boxes. Constructed boxes with specific sized openings affixed to trees or placed poles/snags to
provide waterfowl and/or other wildlife nesting habitat.



Loafing Logs. These are logs which float on the surface of the water away from the shoreline to provide
loafing areas for waterfowl and herptiles. Such loafing areas would have to be attached in such a way that
they follow the water column as the water levels in the reservoir rise and fall.

The addition of the above treatments should be considered as supplemental depending upon the success of the
primary objectives of each project. A number of ancillary habitat works can be easily added to most sites, and
incorporated into features of the site design through bioengineering techniques proposed for protection and
erosion control of the primary treatment. For example, rock piles (where large gravel/cobble is available)
associated with perimeters of berms and raised land could provide protection from wave wash. Similarly, woody
debris plays a role in minimizing erosion on constructed structures or provides a barricade against scour and
abrasion of placed structures. Some ancillary habitat works could either be elevated above full pool levels of the
Williston Reservoir (e.g. nest boxes and rock piles) or be designed to move up and down with reservoir levels
(e.g. loafing logs).
In some cases, ancillary works may have dual roles. For example, during low water periods root wads can
provide CWD for the benefit of terrestrial wildlife such as herptiles and birds, whereas at higher water levels,
such root wads may be considered LWD, benefiting fish and aquatic insects. In either case, woody debris must
be securely anchored by embedding it into the existing floodplain or anchoring it using a chain or cable affixed to
an appropriate anchor (Appendix E). While woody debris may be abundant in many areas of the reservoir,
selection and removal of woody debris should recognize environmental sensitivities discussed in
Appendix A. For example, removal of debris embedded in the reservoir substrate of the floodplain and/or the
banks of the shore should be avoided. Similarly, collecting suitable debris should not cause further damage or
scour and/or abrasion to existing vegetation.

6.3.4

Establish Elevation (masl) Data for Demonstration Sites

BC Hydro has indicated DEM for Parsnip Reach will become available through 2010 (L Giles BC Hydro,
December 2009, pers. comm.). The DEM is expected to be accurate to +/- 0.25 m. While there is a need to
provide habitat complexity through various elevations of reservoir operations, selecting future sites for wetland
development based upon known elevations of the foreshore of Williston Reservoir in the Parsnip Reach will be
aided though provision of DEM data. The ability to create microhabitat conditions in terms of establishing
vegetation and maximizing littoral type habitat is closely linked to known elevations of constructed sites but also
of potential future sites. For example, a small increase in elevation can greatly increase the amount of area
exposed to reservoir water levels and associated environmental loads and processes.
For example, calculating potential areas which could be seeded in the Davis Bay area of Finlay Reach based
upon 1 m decreases in reservoir levels resulted in an estimated 12.5% increase in exposed area (Table 11)
(Carr 1997). Consequently, small variations in elevation can greatly influence how structures perform and the
type of habitat created.
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Table 11: Estimated change in area of exposed foreshore in selected areas of Finlay Reach of Williston
Reservoir with 1 meter drops in reservoir water levels. Adapted from Carr 1997.
Total area
Reservoir Elevation (masl)
ha
%
670

0

0.0%

669

222

12.5%

668

445

25.0%

667

667

37.5%

666

889

50.0%

665

1113

62.6%

664

1334

75.0%

663

1557

87.5%

662

1779

100.0%

6.3.5

Selection and Implementation of Future Wetland Projects

Using a process of moving from simple to more complex prescriptions will help facilitate the principles of
adaptive management by providing managers an opportunity to learn through success and failure. Successful
establishment of Demonstration Projects early in the evolution of this work will aid in building working
relationships and participation by regulators, stakeholders and the public. In this sense, the idea of taking small
steps by completion of simple projects will facilitate development of more complex proposals in future years.
Maintenance can be difficult to anticipate and is inherent with any proposed site, although the degree of
maintenance can be minimized by the site design, site location and experience acquired by those involved in the
implementation of the project. Erosion from water through wave action or from inflowing and outflowing water
over dikes can be anticipated for most sites given the silty nature of construction materials. Incorporating
strategies into the design of the structure can minimize erosion but issues such as wear and tear on anchoring
cables and/or, geotextile materials, and shifting of debris should be expected and anticipated by ensuring
funding is in place for maintenance and/or adaptation of structures.
Certain projects will, however, increase the anticipated amount of maintenance, particularly related to their size
and elevation. For example, higher and longer dikes placed lower in the drawdown zone will increase the
exposure of the structure to the environmental loads and effects originating from the reservoir. Constructing
short dikes in the initial stages of GMSWORKS 16 reduces the possibility of breaching due to erosion.
Dikes constructed near the top of the drawdown zone will also be outside of the influence of the reservoir for
longer periods of time than those constructed lower in the drawdown zone.
Sites which require piping or channelling of water from creeks as a water supply, although potentially providing a
large benefit for a large area, are expensive and add additional cost, complexity and maintenance requirements.
Maintenance of water diversions can include issues such as annual clearing/cleaning of channels and outlets,
frequent manual flow adjustments and maintenance related to vandalism. Furthermore, water intake structures
can be expensive to build and can also present other maintenance issues related to sedimentation which can
impair the operation or function of the structure.
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Water control structures such as dikes that include spillways to allow water to overtop them are less likely to fail
than those with no such outlet. Additionally, passive spillways are less likely to require maintenance than
culverts, which can become plugged or blocked.
The value of being able to successfully establish perched wetlands can pit one wildlife resource against another.
Blocking fish passage to fish bearing streams may create a HADD under section 35(1) and section 36(3) of the
Federal Fisheries Act and would also contradict the BC Fish Protection Act. Consideration for fish passage and
also minimizing the potential for fish entrapment is essential with all proposed wetland projects. The risk
associated with failure to meet fisheries resource needs has been reduced in this initial stage of
GMSWORKS 16 by recommending Demonstration Projects be developed in areas where water sources have
limited or no fisheries values. Consequently, risk is limited to entrapment as opposed to denying access to a
stream. Advocates for enhancing bird and wildlife populations may argue that stranded fish could be a benefit to
wildlife as a food source, but entrapment and potential overwintering mortality raises concerns from regulatory
agencies and may make approval more difficult. Monitoring the potential for entrapment may alleviate fisheries
concerns from relevant agencies and/or stakeholders. However, the future success of proposed wetland works
will have to consider issues of fish access. There may be considerable benefit to rearing sports fish species
from successful development of wetlands situated near the mouths of known fish bearing streams (B. Blackman
PWFWCP, November 2009. pers. comm.). Such streams provide the largest and most stable water sources
required to develop large wetland projects. While fish access and potential overwintering will be a primary
consideration in development of such sites, the potential benefits to various aquatic and wildlife species can be
just as large.

7.0

CLOSURE

Golder trusts this report meets the needs of BC Hydro in addressing the objectives of GMSWORKS 16.
Further questions and/or requests for material can be made to Mr. Mike Galesloot of Golder at (250) 828-6116.
GOLDER ASSOCIATES LTD.

Mike Galesloot, B.Sc., R.P.Bio.
Senior Fisheries Biologist

Curtiss McLeod, P.Biol.
Principal/ Senior Fisheries Biologist

MG/RJ/CM/aw/rvk
Golder, Golder Associates and the GA globe design are trademarks of Golder Associates Corporation.
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APPENDIX A
Environmental Management Plan and Associated Best Management Practices
to consider during construction of Williston Wetland Demonstration Projects

1.0

INTRODUCTION

Environmental and archaeological protection through adherence to applicable legislation and Best Management
Practices (BMPs) is an important component of constructing proposed wetlands in the Williston Reservoir.
Proper planning and implementation of an Environmental and Archaeological Management Plan (EMP)
contributes to ongoing environmental and archaeological site protection and greatly reduces potential for
adverse environmental and/or archaeological effects through mitigation measures such as delineation of
environmentally and culturally sensitive areas, establishment of communications and reporting protocols, and
implementation of environmental and archaeological compliance monitoring and reporting programs.
The purpose of this EMP is to provide guidance for how mitigation measures are to be implemented by
BC Hydro’s contractors during the Stage II of GMSWORKS 16. This EMP is based on applicable legislation,
regulatory guidelines and Best Management Practices (BMPs).
One copy of this document is to be on site during work on the project(s).

2.0

COMMUNICATION PLAN AND ASSOCIATED ROLES AND
RESPONSIBILITIES

During construction, there are roles and responsibilities associated with the Proponent of the works (BC Hydro),
the Contractor(s) completing the work and the Environmental Manager for implementing, inspecting, and
reporting on the effectiveness of environmental and archaeological protection and mitigation measures during
the Project. It is not only important that the roles of each of the above entities are identified, but also that there is
an identified means in communicating issues between each entity, either to address necessary changes in
procedures, but also should an environmental or archaeological incident occur. For this reason, contact
information for relevant personnel, including BC Hydro, regulatory and emergency response (spill management)
representatives must be posted in a visible location at all times.

2.1

BC Hydro



Responsible for overall management, engineering, construction, and environmental performance of the
Project;



Ensures that the EMP is prepared, communicated, accepted and implemented by the Construction
Services or Contractor (or delegates this responsibility);



Ensures that the EMP is revised, as necessary;



Ensures that environmental and archaeological incidents are addressed and reported (or delegates this
responsibility); and



Delegates the responsibility for environmental and archaeological site protection performance of the Project
to the Environmental Manager.
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2.2

Environmental Manager



Communicates and enforces all environmental and archaeological requirements to the Site Manager,
Contractors, and Environmental and Archaeological Monitors;



Oversees and coordinates the preparation and implementation of the EMP;



Reviews the EMP with BC Hydro, the Contractors, and Site Manager;



Liaises and provides technical advice to the Project Engineer, Construction Manager, Site Foreman and
Environmental Monitor;



Reports to, and advises, BC Hydro on effectiveness of mitigation measures being implemented, difficulties
encountered, and how they were managed; and

 Liaises with regulatory agencies, as necessary.
2.3
Environmental Monitor (EM)


Authorizes the commencement of work at any new location and/or any new activity after evaluating the
environmental issues as they apply to the work site, work practices and procedures;



Monitors and evaluates compliance of work practices and procedures and the effectiveness of mitigation
measures in this EMP;



Confirms and enforces the EMP requirements to the Site Manager and Contractors;



Confirms that the Contractors have a copy of the EMP at the work site;



Completes and records minutes of the pre-work environmental orientation meeting;



Provides directions, orders, or recommendations to the Site Manager and Contractors for maintaining
and/or improving mitigation measures, as necessary;



Advises on methods to resolve non-conformances;



Reports all non-conformances with this EMP to the Environmental Manager for completion of an
Environmental Incident Report;



Stops work (if required) until non-conformance or incidents are suitably addressed and/or rectified. Golder
has been provided with the authority to authorize the commencement of work at any new location and/or
any new activity, and to suspend work activities for non-compliance with the EMP, contravention of
applicable laws, and/or if environmental damage is anticipated or observed; and



Completes a summary report at end of the Project.
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2.4

Archaeological Monitor (AM)



Authorizes the commencement of work at any new location and/or any new activity after evaluating
archaeological issues as they apply to the work site, work practices and procedures;



Carries out archaeological assessments in advance of developments where land altering activities are
proposed;



Monitors and evaluates compliance of work practices and procedures and the effectiveness of mitigation
measures in this EMP;



Confirms EMP requirements to the Construction Manager and Contractors;



Attends and contributes to the pre-work environmental orientation meeting;



Provides directions, orders, or recommendations to the Construction Manager and Contractors for
maintaining and/or improving archaeological mitigation measures, as necessary;



Advises on methods to resolve non-conformances;



Stops work (if required) until non-conformance or incidents are suitably addressed and/or rectified. Golder
has been provided with the authority to authorize the commencement of work at any new location and/or
any new activity, and to suspend work activities for non-compliance with the EMP, contravention of
applicable laws, and/or if unauthorized archaeological resource damage is anticipated or observed;



Reports all non-conformances with this EMP to the Environmental Manager for completion of an
Environmental Incident Report; and

 Completes a summary report at end of the Project.
2.5
Site Manager


Ensures that the commencement of work at new locations and/or prior to new activities does not occur until
authorized to proceed by the Environmental and Archaeological Monitors.



Reports and assists in addressing all non-conformances with the EMP;



Directs the work on the site and complies with the requirements of the EMP and any directions, orders, or
recommendations made by the Environmental and Archaeological Monitors; and

 Reports and assists in addressing all non-conformances with the EMP.
2.6
Contractors


Provides oversight and complies with the requirements of the EMP; and



Reports and assists in addressing all non-conformances with the EMP.

February 2010
Project No. 091430-0057

3/33

APPENDIX A
Environmental Management Plan and Associated Best Management Practices
to consider during construction of Williston Wetland Demonstration Projects

3.0

ANTICIPATED CONSTRUCTION ACTIVITIES

Proposed works including construction of dikes, raising of land and/or replacement of culverts as determined by
BC Hydro dependant upon which of the identified candidate Demonstration Projects are selected.
Work activities associated these projects include, but are not limited to the following activities:
1)

Accessing site via road (which could potentially include clearing of trails or building short new trails) or via
water by barge;

2)

Walking equipment over beaches;

3)

Diversion of water via pumps or chutes and/or building of coffer dams;

4)

Potentially dredging material from lake bottom for construction;

5)

Clear and grub underlying silts;

6)

Excavate borrow areas;

7)

Collection of woody debris;

8)

Construct Dikes/Raise Land Place new Culverts depending upon selected demonstration sites. See site
descriptions – Section 6.1;

9)

Refuelling of machinery;

10) Vegetate berms;
11) Clean up area and move equipment to the next location;

3.1

Potential On-Site Equipment



Pickup trucks



Excavator



Bull Dozer



Dump Truck



Barge and dredge



Miscellaneous water pumps
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3.2

Potential Environmental/Archaeological Impacts:

Potential archaeological and environmental impacts that may result during Stage II of GMSWORKS 16 could
include a number of issues depending upon the selected Demonstration Project(s). Anticipated impacts
associated with either/or both archaeological and environmental resources may include but are not limited to the
following activities.



Access to the site,



Spills of hazardous or deleterious materials during refuelling and/or construction and/or during emergency
repairs,



Excavation of borrow material and associated gathering of on-site resources required to complete
construction of proposed structures,



Clearing of vegetation during site access and/or during stripping and grubbing,



Dredging source material for use in Macaferri geo-tubes, impacts of noise on wildlife,



Potential for disturbance of terrestrial and aquatic wildlife including impacts upon fish and/or fish habitat due
to spills of hazardous materials and/or inputs of deleterious substances into a stream



Potential for spread of noxious weeds; and

 Management of on-site wastes.
3.3
Mitigation Measures
The following mitigation measures should be considered in developing individual environmental protection plans
associated with construction activities, based upon risks associated with equipment being used for construction
and potential environmental or archaeological impacts.

3.3.1

Site Access

If a construction of an access route is required, the following considerations apply.



Access routes have been identified and assessed by both environmental and archaeological monitors;



Clearing of vegetation and falling of trees should be avoided, however, for sites where new access must be
constructed, felling of trees will be conducted outside of the critical breeding bird window for song birds and
potential waterfowl (May 1 to July 31) to avoid potential adverse effects to nesting and breeding activity
(Alicia Goodard Pers. Com. – MoE Ecosystem Specialist, August 2009) (also see Section 3.3.6);



Once on site, vehicle traffic should stay to single track access to as great an extent as possible and stay
within areas assessed and approved by both the AM and EM.



Upon leaving sites waterbars will be used along construction roads, where appropriate, to minimize erosion.
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3.3.2

Vehicles and Equipment

To reduce or prevent adverse impacts to terrestrial and aquatic environments the following management
procedures should be implemented and followed during operation, refuelling and maintenance of construction
machinery:



Vehicle and equipment refuelling or servicing (including fluid ‘changes’ such as oil, coolant, or hydraulic
fluid) shall be undertaken in such a way that contaminants do not enter any drainage, groundwater or water
bodies and procedures should include:

 Refuelling of equipment and refilling of small field containers will be carried out a minimum of 30 m from
water bodies or other drainages leading to water bodies;

 refuelling should be monitored so that there are personnel stationed both at the fuel source (i.e., the
fuel truck, tidy tank, etc.) and the equipment receiving the fuel.

 during refuelling an effective communication protocol should be followed to prevent accidental release
or overfilling of the equipment;

 a drip tray or pan will be used to collect excess fuel, oil, or other hazardous materials during refuelling
to avoid contamination of soils;

 no ignition sources are allowed within the fuelling area.



Machinery shall be free of excess oil and grease, well maintained, in good mechanical order and only
operated by experienced and trained personnel. Equipment is to be inspected daily, checking that it is
leak-free. Any leaks should be contained immediately and the appropriate repairs undertaken to remedy
the leak;



Small portable equipment (e.g., pumps and generators) and fuel containers will be placed inside spill trays
or containment at least twice the fluid volume capacity;



Spill kits, and personnel trained in their deployment and use, must be onsite when work is taking place.
Spill response plans must be posted onsite. Further details are contained in Section 3.3.3 Spill Prevention
and Emergency Response Plan but additional equipment for mopping up spilled substances might include
but is not limited to gloves, coveralls, and shovels and receptacles for contaminated soils;



Boats and barges with removable fuel containers will be refuelled a minimum of 30 m from shore. If the fuel
tanks are permanently mounted, these vessels will be refuelled on land at least 30 m from shore. If the
removal of the vessel is impractical (based on travel distances to launch facilities), refuelling will be
conducted with caution, and absorbent pads will be placed around the filler tube. A spill kit will also be
readily available in the event of a spill.
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3.3.3

Spill Prevention and Emergency Response Plan

Spills of petroleum and non-petroleum contaminants can occur through improper handling (either during
refuelling) and disposal (waste management) of these products. To prevent environmental contamination, this
Spill Prevention and Emergency Response Plan has been developed. This plan includes aspects of:



Petroleum products transportation, storage, use and disposal.



Other non-petroleum materials that are considered environmental contaminants and therefore risks.



Equipment maintenance to reduce risk of spills (also see above – Section 3.3.2).

The Emergency Response and Spill Prevention Plan will be communicated to field crews at the start of work.

Spill Prevention
The following spill prevention measures will be followed by the Contractors.



A spill kit will be kept on site in a readily accessible location. This kit will be kept in good condition and all
operators will be trained in the proper use of the kit. Spill kits should contain protective equipment for
containing and mopping up small spills such as oil sorbent pads and booms, and plastic bags or lined
drums for oil-soaked pad disposal. Included are the following measures

 All personnel will be fully trained in proper use, care, and dispensing procedures as well as proper spill
response; and

 Any used spill clean-up materials must be replaced immediately and a sufficient inventory of materials
be maintained throughout the construction operations.
In the event that a fuel truck or truck-mounted tanks are not used and temporary fuel storage is required, all fuel
storage will be in accordance with the latest Canadian Council of Ministers of the Environment (CCME)
Environment Code of Practice for Above Ground Storage Tank Systems Containing Petroleum Products and
Allied Petroleum Products (2003), the Ministry of Water, Land and Air Protection and Ministry of Forests
document “A Field Guide to Fuel Handling, Transportation & Storage”, and the Act.



Storage, handling, fuelling and equipment maintenance and repair sites will be located on flat, stable
ground, away from environmentally sensitive areas, such as water bodies, and will be secured. This
includes the follow measure



Storage, including temporary storage, of tanks, barrels, and containers greater than 23 L (5 gallons),
containing hydrocarbon products will be within impermeable containment area(s) designed to contain 110%
of the volume of the largest container.



Operation of the storage area(s) will be such that the containment systems remain effective during wet
weather (i.e. covered).



Plastic containers used to carry petroleum products will be designed for that purpose, and will not be more
than 5 years old.



Containers will be leak free, and will be sealed with a proper fitting cap or lid.



Containers will be labelled according to the Transportation of Dangerous Goods Act (TDGA) regulations.
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Containers that are 23 litres (5 gallons) or less will be stored and transported in an equipment box of a
vehicle that is capable of containing the total quantity of fuel in the container(s) should it leak or spill. This
should include the following measure

 Fuels and chemical products stored on support vehicles will be managed (standing upright, caps on
tight) to mitigate against leaks, drips and spills.



Containers greater than 23 L (5 gallons), including 205 L (45 gallon) drums, will be transported upright and
secured to prevent shifting and toppling.



Transportation of hydrocarbons to, and within the construction areas, will be in conformance with the
requirements of the TDGA.



Refuelling of equipment and refilling of small field containers will be carried out a minimum of 30 m from
water bodies or drainage ditches.



Vehicles and equipment, including their hydraulic fittings, will be inspected daily for maintenance issues or
leaks.



All vehicles brought on site will contain a spill kit appropriate for the vehicle type.

Emergency Spill Response
In the event of a fuel or oil spill, the spill response contingency plan must be implemented. BC Hydro has
developed and shall implement an environmental Spill Response Plan for construction operations as below.
This plan contains the procedures to facilitate rapid deployment of resources in the event of a spill and minimize
the impact and risk to the environment, the public and personnel on the job site. The Spill Response Plan
contains emergency contact information, and will remain on site for the duration of the Project work.
Fire extinguishers and other emergency response equipment and supplies must be kept in known and visible
locations and access to them will not be blocked by other materials or equipment. A list of emergency contacts
will be posted at pre-determined, accessible and visible locations, as well as kept with the emergency response
equipment. The locations of such equipment will be made known during site or orientations as locations may
vary or change as the Project progresses.
The Site Manager and Contractors will follow and implement the Spill Response Plan outlined below in the event
of a spill of petroleum or other hazardous material. The Environmental Monitor will inspect, evaluate and ensure
compliance with the implementation of the Emergency Response and Spill Prevention Plan.

BC Hydro Spill Response Plan
If a spill of fuel, oils, unmixed cement, lubricants or other harmful substances occurs, the following procedures
will be implemented.

1.
2.
3.
4.
5.
6.
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Ensure Safety
Stop the Flow (When Possible)
Secure the Area
Contain the Spill
Notify/Report (PEP 1-800-663-3456)
Clean-Up
(Circumstances may dictate another sequence of events)
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1. ENSURE SAFETY
 Ensure personal/public, electrical and environmental safety


Wear appropriate Personal Protective Equipment (PPE)



Never rush in, always determine the product spilled before taking action



Warn people in immediate vicinity



Ensure no ignition sources if spill is of a flammable material

2. STOP THE FLOW (WHEN POSSIBLE)



Act quickly to reduce the risk of environmental impacts



Close valves, shut off pumps or plug holes/leaks, set containers upright



Stop the flow of the spill at its source

3. SECURE THE AREA



Limit access to spill area



Prevent unauthorized entry onto site

4. CONTAIN THE SPILL



Block off and protect drains and culverts



Prevent spilled material from entering drainage structures (ditches, culverts, drains)



Use spill-sorbent material to contain spill



If necessary, use a dike or any other method to prevent any discharge off site



Make every effort to minimize contamination



Contain as close to the source as possible

5. NOTIFY / REPORT



Notify appropriate Site Supervisor or alternate of incident (provide spill details)



When necessary the first external call will be made to the contact identified in Table 3



Provincial Emergency Program (PEP) 1-800-663-3456 (24 hour) (SPILL REPORTING SHALL BE
INITIATED BY THE FACILITY MANAGER OR A DELEGATE)



Provide necessary spill details to other external agencies (see spill reporting requirements in Figure 3)



Complete a BC Hydro Environmental Incident Report (EIR) available on the BC Hydro intranet site
(http://w3.bchydro.bc.ca/env_incident_rpt/index.htm).
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Figure 3: BC Hydro Spill Reporting Notification Chart

Spill Observer

Facility Manager or Delegate

all spills to water

all spills off
Hydro property

oil spills
>100 litres on land

PEP
1-800-663-3456

PEP (spills > 100 litres)
1-800-663-3456

PEP (spills > 100 litres)
1-800-663-3456

DFO (604) 666-3500

BC MOE

submit EIR

submit EIR

submit EIR

oil spills
<100 litres on land

submit EIR

Table 1: List of Externally Reportable Quantities for Commonly Used Substances
Product
Class 2.1 – flammable gas (e.g., propane)
Class 2.2 - non flammable gas (e.g., SF6, CO2)
Class 3 - flammable liquids
Class 8 - corrosive liquid acids and caustics (e.g., battery acid)
Class 9 – environmentally hazardous (e.g., PCB's, used ethylene glycol)
Oil & Waste Oil
Other Substances (e.g., new antifreeze, power-wash water)
Pesticides & Herbicides

Quantity
10 kg or 10 min.
10 kg or 10 min.
100 litres
5 kg or litres
1 kg or litre
100 litres
200 kg or litres
1 kg or litre

Note: All spills to water are reportable. If in doubt as to whether or not to report a spill, err on the side of
caution and report the spill. Agency notification will be initiated by BC Hydro or the Environmental Monitor.
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3.3.4

Sediment and Erosion Control

An erosion and sediment control plan (ESC) should be in place prior to implementation of construction of any
structure



Once started, the Project should be completed and the Site restored as quickly as possible.



Halt construction during heavy precipitation to minimize runoff and soil disturbance.



Install erosion control measures (i.e., silt fences) prior to any work at the Site to ensure that sediment does
not migrate into environmentally sensitive areas, particularly aquatic resources, or offsite. Regularly inspect
these measures to ensure that they are functioning correctly and repair measures as soon as possible if
damaged. Sediment and erosion control measures should be capable of continuous operation during both
working and non-working hours.



Work, when possible, should occur during identified fisheries instream work windows (Attachments I)



When conducting instream work the contractor must first isolate the flow from the work area by installing a
cofferdam or water diversion. These cofferdam/diversions will isolate the work area and prevent the
accidental release of deleterious substances (i.e., sediment, concrete, fuels) into a water body. Materials
for the cofferdam could consist of lock blocks, sandbags filled with clean sand and gravel and wrapped in
plastic, an Aqua-dam, or a steel plate. Diversions could include flumes and/or pumping of water.



A fish salvage should be conducted prior to dewatering work area if required. Various fish salvage methods
(i.e., minnow trapping, dip-netting, electrofishing) shall be employed until no further fish within the work area
can be captured. Handling of fish and holding times will be minimized to avoid unnecessarily stressing
individual fish. A Scientific Fish Collection Permit from MOE will be required prior to the fish salvage.



Once the fish have been salvaged the isolated work area should be dewatered using submersible pumps to
keep the area as dry as possible. Golder recommends the contractor use electric submersible pumps
powered from a diesel generator. Gas-powered trash pumps should not be used as refuelling increases
the potential of spilling a substance (gasoline) deleterious to fish on the floodplain.



Water quality monitoring of turbidity both upstream and downstream of the Site should be conducted. The
contractor should stop work immediately if downstream turbidity exceeds the values listed in Table 1 below.

February 2010
Project No. 091430-0057

11/33

APPENDIX A
Environmental Management Plan and Associated Best Management Practices
to consider during construction of Williston Wetland Demonstration Projects
Table 1: Water Quality Guidelines for the Protection of Freshwater Aquatic Life
Parameter
Maximum Allowable
Suspended Solids

Change from background of 25 mg/L at any one time for a duration of 24 h
in all waters during clear flows or in clear waters
Change from background of 5 mg/L at any one time for a duration of 30 d
in all waters during clear flows or in clear waters
Change from background of 10 mg/L at any time when background is
25 – 100 mg/L during high flows or in turbid waters
Change from background of 10% when background is >100 mg/L at any
time during high flows or in turbid waters

Turbidity

Change from background of 8 NTU at any one time for a duration of 24 h in
all waters during clear flows or in clear waters
Change from background of 2 NTU at any one time for a duration of 30 d in
all water during clear flows or in clear waters
Change from background of 5 NTU at any time when background is
8 – 50 NTU during high flows or in turbid waters
Change from background of 10% when background is >50 NTU at any time
during high flows or in turbid waters

pH

6.5 – 9.0

Oil and Grease
Not detectable by sight or smell (recreational guideline)
Adapted from: MoE. 2006a. BC Approved Water Quality Guidelines (BCWQG).

Discharge of sediment laden water
Sediment and sediment-containing runoff are also considered to be deleterious substances that can adversely
affect the environmental resources of the Site and must be considered in development of an ESC.
In particular, introduction of sediment laden run off into aquatic resources can result in adverse effects such as
fish egg suffocation, gill abrasion, and reduction of the primary productivity of a stream. Consequently, Golder
recommends sediment laden water generated during construction be discharged into vegetation located
landward of the construction area away form a water body.

3.3.5

Construction Waste Management Plan

Materials used or generated during construction activities may pose an environmental risk if not managed
effectively. The Site Manager and Contractors will maintain a neat and tidy work site. Garbage bins or
appropriate receptacles will be located on site, with their contents disposed of regularly. By reduction, reuse
and/or recycling, the Contractor will be required to make every effort to reduce the amount of material disposed
of. It is the responsibility of the Contractor(s) to cleanup and remove construction waste from the site as soon as
possible in accordance with all applicable standards and regulations at the end of the project.
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Waste management includes management of general construction wastes, hazardous wastes and food and
sanitary wastes. This includes the following measures:



Ensure an adequate number of appropriate waste containers are available;



Designate a safe area for temporary waste storage with adequate containment, secure and protected from
weather and vandalism until removal and disposal can be arranged;



Categorize and label all waste materials appropriately. Sampling and analysis of waste materials may be
required to determine the appropriate disposal option; and



Check to ensure that Hazardous Waste registration, storage, permit and transportation requirements are
met, if applicable.

General Construction Wastes
The following measures will be carried out for the collection and disposal of general construction wastes (wood,
paper, metals, plastic, etc):
Non-hazardous waste may be disposed of at authorized landfills. Landfills may be operated by municipalities,
regional districts, or private operators. Landfills typically have acceptance criteria defining which types of waste
they can accept.



For non-routine solid waste disposal, contact the landfill operator to find out if the waste can be accepted.

Disposal without authorization of wastes other than vegetation waste is prohibited on lands under provincial
jurisdiction. This includes inert demolition wastes such as concrete, wood waste, asphalt, equipment, and vehicle
parts.
No onsite burial of waste will be permitted.
The burning of solid waste is prohibited unless it is conducted in accordance with the Open Burning Smoke
Control Regulation issued under the Environmental Management Act, or specifically authorized by the Ministry of
Environment.

Hazardous Construction Waste Materials Management
Construction activities will require the use of equipment which requires fuels, lubricating oils and hydraulic fluids.
The migration of these compounds either from spills during construction or later through seepage from saturated
soils can negatively impact both the terrestrial and aquatic environments. Hazardous materials encountered
during construction activities may include, but are not limited to asbestos, fuels, oils, greases, lubricants,
solvents, dust suppressants, batteries, polychlorinated biphenyls (PCBs), paints, used spill cleanup materials,
soils contaminated by petroleum products or chemicals, and treated wood waste.
The Site Manager and Contractors will follow the measures below for the storage, handling and disposal of
hazardous materials.



Hazardous waste materials will be securely stored, to prevent leachate, and stored separate of non
hazardous waste. This includes the following:

 Special wastes (as defined under the BC Environmental Management Act [the Act]) and hazardous
materials such as sorbent material, air and oil filters, hydraulic fluids, and petroleum products generated
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during the servicing of equipment should be disposed of in an environmentally acceptable location and
manner.



Site personnel will be adequately trained in the handling and transportation of “Dangerous Goods” and of
“Controlled Products”.



Material Data Sheets (MSDS) for hazardous materials used during construction will be made available by
the Contractor.



Hazardous materials will be stored and handled to minimize loss and allow containment and recovery in the
event of a spill.



Hazardous materials will be labelled and stored in a secure area as discussed and approved by the
Environmental Monitor.



Hazardous materials used or generated in the course of the construction activities will be disposed of in
compliance with the associated acts and regulations.



Where activities involve the handling, storage, and removal of hazardous materials, the Contractor will
maintain the following records: (1) Inventories of types and quantities of Hazardous Wastes generated,
stored, or removed; (2) Manifests identifying Hazardous Waste haulers and disposal destinations; and (3)
Disposal certification documents.

It is the Environmental Monitor’s responsibility to determine whether waste generated or encountered in the
course of the construction activities is hazardous in nature. Hazardous materials include:



“Dangerous Goods” as defined under the Transportation of Dangerous Goods Act1;



“Controlled Products” as defined under the Occupational Health & Safety Regulation of the Workers
Compensation Act2; and



“Hazardous Waste” as defined under the Hazardous Waste Regulation of the Environmental Management
Act3.

Food and Sanitary Waste
The following measures will be carried out by the Site Manager and Contractors;



Contractor food waste and domestic garbage will be collected daily from work and access areas (See
section 1.5.6), and will be disposed of in an appropriate and safe manner; and,



Temporary sanitary facilities in the form of portable toilets will be provided by the Contractor for the use of
workers. Sanitary facilities will be secured so they do not fall over, and will be located at least 30 m from
top of bank of water bodies.

1

Available at:

http://www.tc.gc.ca/acts-regulations/GENERAL/t/tdg/act/tdg.htm
2

Availible at:

http://www.qp.gov.bc.ca/statreg/stat/W/96492_00.htm
3

Available at:

http://www.env.gov.bc.ca/epdiv/env_mgt_act/index.html
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3.3.6

Vegetation and Wildlife Management

Adverse effects of the Project on the overall vegetation and wildlife resources of the Site are anticipated to be
minimal. Golder recommends the following measures to mitigate the potential for avoidable adverse effects to
vegetation and wildlife at the Site as a result of the Project:



Any noxious weeds (i.e., those species listed by the Weed Control Act) that are present at the Site should
be removed from the Site and disposed of appropriately. Follow measures to reduce the spread of noxious
weeds to and from the Site during construction, such as using clean gravel and fill materials and steam
cleaning machinery and equipment prior to entering the project Site. Normally, following completion of the
Project, disturbed areas in the Site should be immediately reseeded or planted. This aspect of the work
should be co-ordinated with ongoing dust control works with appropriate native vegetation as discussed in
Section 6.0 of the attached report.



Restrict onsite clearing and grubbing activities to the least risk window for wildlife species. The least risk
window for most bird species is between August 1 and March 31. If onsite activities are proposed during
breeding bird season (May 1 – July 31), a QEP should be retained to conduct a breeding bird survey of the
affected habitat prior to construction to prevent the accidental destruction of an active bird nest. If an active
nest is observed, it should not be disturbed until repeated surveys indicate that the nest is no longer active.

 The least risk window for amphibians is when these species are not hibernating, breeding, or migrating;
the specific timing of each of these events varies according to species and geographic location, but in
general late summer to fall is the least risk window for the Site area.



Prior to any construction activities, conduct a wildlife salvage of the habitats within the construction footprint
to remove any wildlife species that are incapable of successfully vacating the Site on their own (i.e.,
amphibian and reptile species). Salvaged species should be relocated to similar adjacent habitat; use
tightly keyed in wildlife exclusion fences to prevent salvaged wildlife from re-entering the work area. All
methods used to conduct the salvage should follow those outlined in Live Animal Capture and Handling
Guidelines for Wild Mammals, Birds, Amphibians, and Reptiles (MOE 1998). A Wildlife Act General Permit
from the Permit and Authorization Services Bureau for the trapping, holding, transport and release of these
species will be required prior to the wildlife salvage.



Limit construction activities to non-critical wildlife times (i.e., between dawn and dusk) as loud, frequent
noises could invoke panic responses by wildlife. Noise generation during site clearing and construction
activities can be reasonably minimized through the use of “Best Available Control Technology” on
construction equipment, and compliance with all applicable noise level regulations or guidelines established
by the Worker’s Compensation Board, the City of Revelstoke, and other regulatory agencies and
jurisdictions having authority for noise levels.



Minimize the area of disturbance required to facilitate the construction (i.e., minimize the width of the
machine access corridor).
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3.3.7

Pumping Water

Diversions may be necessary to complete some Projects. Pumping water may be one means of diverting water,
however, pumping from fish bearing streams requires intake ends of pumps to be properly screened. This will
come into effect should work areas have to be dewatered. Basic guidelines are as follows but details can be
found in DFO (1995).



Pump intakes have to be screen appropriately to prevent entrapment of juvenile fish.



Screening size must meet minimum size criteria.



Screen area must meet minimum area requirements based upon the type of fish present and the rate of
pumping (litres/minute).



Intakes must be place a minimum of 12 inches from the bottom of the stream or lake and should.

3.3.8

Archaeology Emergency Impact Management Plan (EIMP)

Golder recommends a number of guidelines for the appropriate response to the discovery or suspected
discovery of either disturbed or intact archaeological materials during construction of Projects, often referenced
as “chance find”. These guidelines are intended to minimize disruption to construction scheduling while
promoting the preservation of archaeological resources. Below are details of the suggested step-by-step
emergency response procedure should archaeological artefacts be encountered through a chance find. The
retained archaeological consultant can formulate management strategies in discussion with the Archaeology
Branch in the event that materials identified by project crews are confirmed to be archaeological by an
archaeologist. Basic archaeological site identification criteria are provided in Attachment II. The Archaeology
Branch’s Found Human Remains policy is located in Attachment III. Attachment IV is a flow chart identifying BC
Hydro’s heritage procedures flowchart and field guide.

Guidelines for Emergency Impact Management: Archaeological Resources
Many of the activities associated with land development have the potential to disturb or alter as-yet unrecorded
archaeological sites. All users of this document are reminded that all archaeological sites located on Provincial
Crown or private land that predate or are assumed to predate AD 1846 are automatically protected under the
Heritage Conservation Act (HCA) (1996, RSBC Chap. 187). Specific sites, such as burials, are protected
regardless of age. Inspection, investigation or alterations to archaeological sites require a permit issued by the
Archaeology Branch.
It will be the responsibility of each contractor to adhere to the Emergency Impact Management Plan (EIMP).
These guidelines are designed to manage as-yet unrecorded archaeological sites, materials, features and,
possibly, human remains that may be encountered during development. Golder recommends providing the
construction supervisor(s) and any on-site monitoring staff with the EIMP.
This document provides a general summary of guidance in the event that archaeological or burial sites are
accidentally uncovered during construction. The objectives of these guidelines are to minimize disruptions to
construction while undertaking reasonable management of archaeological sites.
Details outlining basic archaeological site identification are presented below. This is followed by a recommended
step-by-step emergency response procedure that includes contractor responsibilities. This plan is consistent
with Archaeology Branch guidelines and the British Columbia HCA.
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Definitions
Archaeological Site: A location with physical evidence of past human occupation or use.
Burial Site: A location containing complete or fragmented human remains.

Site Recognition Criteria
The following lists a few common criteria that may signal the presence of an archaeological or burial site.
The list is not exhaustive, but it includes the most common site indicators that may be encountered in the study
area.

Archaeological Sites



Artifacts – primarily stone tools, but also include pieces of worked shell, bone or antler. Stone tools may
include formed implements, such as arrow heads (projectile points), or scatters of flaked stone. Be aware
of concentrations of stone, as the project is located on a landform with predominantly deep deposits of
sands and silts with few rocks present.



Buried hearths (represented by localized dense concentrations of charcoal and/or ash, commonly
expressed as dark lenses in the soil).



Concentrations of animal bone, particularly if they appear burned.



Remains of structural features such as house pit depressions, cache pits, post holes.

Burial Places



Human bone

General Emergency Impact Management Procedures
The following general emergency impact management procedures refer to archaeological sites. Emergency
management procedures for suspected human burial sites are presented separately below.
The contractor should also be familiar with the attached Archaeology Branch Policy Statement regarding human
remains, recognizing that the appropriate course of action may differ depending on whether or not the remains
are found in an undisputed archaeological context (i.e. with artifacts).

Initial Response by Contractor
Step 1: Immediately stop construction in the vicinity of the archaeological site.
Step 2: Contact the project archaeologist for further guidance (see attached sheet for contact information).
Step 3: The retained archaeological consultant will advise on further action.

Initial Action
Depending on the nature of the situation, one of the following responses is likely:



Based on a telephone description of the incident, it may be decided that there are no further concerns,
allowing construction to continue as planned.
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A field visit by an archaeologist may be recommended. In this case, the archaeological consultant will notify the
appropriate First Nations organizations. A suitable response will be established in consultation with all interested
parties. It may be possible for construction to continue at another location at this time. If an archaeological site
has been encountered, The archaeological consultant will develop appropriate management options in
discussion with the Archaeology Branch.

Management Options
In consultation with the archaeological consultant, the developer, the Archaeology Branch, and the appropriate
First Nations organizations, the following options should be considered when deciding on how to proceed:
Option 1: Avoidance through partial or complete project redesign or relocation. This ensures minimal impact to
the archaeological site; this is typically the preferred option from a cultural resource management perspective.
When feasible, it can also be the least expensive option from a construction perspective.
Option 2: Application of site protection measures, such as erecting fencing or barricades to protect the site, or
capping the site area with fill. Appropriate protection measures should be identified on a site-specific basis.
Option 3: Systematic data recovery, if necessary. Data recovery is destructive to the site and it can delay
construction due to the time required to secure necessary HCA permits and complete the fieldwork.
Consequently, this type of excavation is the least preferred option. However, depending on engineering or other
constraints, it may represent the only option.

Emergency Impact Management for Burial Sites
Initial Response by Contractor
If definite or possible human remains are encountered:
Step 1: Immediately stop construction in the vicinity of the remains.
Step 2: Contact the project archaeologist for further guidance (see attached sheet for contact information).
Step 3: In consultation with the Archaeology Branch, the archaeological consultant will advise on further action.

Initial Action



The archaeological consultant will notify the developer, the Archaeology Branch, the appropriate
First Nations organizations and the RCMP.



The archaeological consultant or the RCMP will contact the Office of the Coroner if the remains are not
clearly archaeological.



An archaeologist and/or physical anthropologist will visit the site as soon as possible and First Nations
representative(s) will be invited to attend.



If it is determined that the remains are archaeological, negotiations will follow in consultation with the
Archaeology Branch to establish an appropriate procedure for handling the remains.



If it is determined that the remains are not clearly archaeological, the RCMP and/or coroner will take control
of the site area and dictate appropriate protocols.
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Management Options
Site management of archaeological burial locations can consist of, but not necessarily be limited to:
Option 1: Avoidance through partial or complete project redesign or relocation so that the observed remains are
protected from further disturbance.
Option 2: Salvage or emergency excavation to respectfully remove the remains for reburial in a location chosen
by the concerned First Nation(s). Additional HCA permits may be necessary to undertake such excavation.
The contractor should be aware that removal of human remains and subsequent reburial might involve certain
ceremonies or procedures that could delay construction.
IF THE CONTRACTOR HAS ANY CONCERNS ABOUT POSSIBLE
ARCHAEOLOGICAL OR BURIAL LOCATIONS, THE PROJECT ARCHAEOLOGIST
SHOULD BE CONTACTED IMMEDIATELY FOR DIRECTION.

Contact Names and Telephone Numbers
Project Archaeologist
TBA
Archaeology Branch
Ray Kenny (Victoria)
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ATTACHMENT I
In-Stream Work Window Terms and Conditions for Changes in
and About a Stream Specified by Ministry of Environment (MoE)
Habitat Officers, Peace/Omineca Region (Region 7a and 7b)
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Terms and Conditions for changes in and about a stream specified by
MWLAP Habitat Officers, Omineca Region
Section 42 (1) of the Water Regulation gives authority to a Habitat Officer to add specific
conditions to ensure the protection of habitat in addition to the conditions of general application.
Under this authority, MWLAP Habitat Officers, Omineca Region, require the following
mandatory terms and conditions:
42 (1) To protect habitat, a person making a change in and about a stream under this
regulation, other than under section 44(1)(o) to (s) or (2), must make that change in
accordance with terms and conditions specified by the habitat officer with respect to
(a) The timing window or the period or periods of time in the year during which the
change can proceed without causing harm to fish, wildlife or habitat,
The timing window of least risk to fish and fish habitat must be applied to all activities in fish
streams as well as tributaries that have a risk of depositing sediment into fish streams. Windows
of least risk are designed to protect all fish species known to occur in a stream. On way fish
presence can be confirmed is through a fish inventory database1. Please note if using this
database that the lack of fish records for a particular area is not necessarily equivalent to fish
absence. All streams are assumed to have both spring and fall spawners, until proven otherwise.
White (non-shaded) areas in the Table represent time periods when in-stream work must be
conducted. Numbers in the Table represent an approved start or end date for in-stream work.

Jan

Month

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Species
A. grayling
Rainbow tr.

31

15
15

15
15

Bull trout

15
15

Dolly Vard.
Kokanee

1

M. whitefish

1

31
31
15

Anadromous – Contact the DFO for appropriate timing window
Salmon

Localized exceptions to this table include:
• Bull trout – July 1st -August 15th in Arctic Watershed
• Mountain whitefish – July 15th -August 31st in Arctic Watershed
• Kokanee – June 1st -August 15th – Cluculz Creek watershed (Vanderhoof Forest
District)
• Kokanee – June 1st - July 31st – Tsilcoh River watershed (Fort St. James Forest
District)
1

Fisheries Inventory site http://www.bcfisheries.gov.bc.ca/fishinv/
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•

Minimize the amount of time the work site is in a disturbed state by completing work
as quickly as possible, while considering worker safety and minimizing environmental
risk

Notwithstanding the above, if any one of the following conditions is met, the timing window is
not applicable:
• If the stream channel is naturally dry (no flow) or frozen to the bottom at the worksite
and the instream activity will not adversely impact fish habitat (e.g. result in the
introduction of sediment into fish habitat).
• If construction of a winter crossing is proposed and such works does not adversely
impact the stream channel (including stream banks), fish habitat or fish passage.
The instream work window for beaver dam removal is July 15 to September 14. 2 Opening
plugged culverts or removing beaver dams and draining ponds between September 15th and
March 15th can result in mortalities of both beavers and fish and will not normally be accepted.
Special circumstances may warrant dam removal during this time. Beaver dam modification or
removal between April 1 and July 14 is normally not accepted on known or default fish
streams, in order to minimize adverse impacts on fish. Special circumstances may warrant
dam removal during this time. Requests to modify or remove beaver dams, or unplug culverts
outside the work window must be accompanied by a detailed request directed to a WLAP
Habitat Officer. Such requests will be dealt with on a case-by-case basis, and approval may be
given.
(b)
•

The minimum instream flow or the minimum flow of water that must remain in the
stream while the change is being made,

The natural rate of water flow must be maintained upstream and down stream of the
worksite during all phases of instream activity.
(c)

The removal of material from the stream or stream channel in connection with the
change,

•

In fish streams, the permanent removal of stable, naturally occurring material from the
stream or stream channel is not permitted.
• In non-fish streams, the permanent or temporary removal of stable, naturally occurring
material must be minimized and completed only as necessary to make the change in
accordance with Part 7 of the Water Regulation.
• The removal of material must not lead to stream channel instability or increase the risk of
sedimentation into the watercourse.
2

A beaver dam may be modified or removed only in order to protect property (e.g. a road base), as
per Section 9(2) of the BC Wildlife Act. A "Habitat Officer" of the Ministry Water, Land and Air
Protection (WLAP) establishes terms and conditions associated with the removal or modification of
beaver dams, pursuant to Part 7, Sections 42 and 44(1)(v) of the BC Water Act Regulation and
Section 9 of the BC Wildlife Act
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•

Any spoil materials must be placed in a location which ensures that sediment or debris
does not enter the watercourse.
(d)

The addition of substance, sediment, debris or material to the stream or stream
channel in connection with the change,

•

Instream activities must be conducted in the dry and the worksite must be isolated
from water flowing in the stream channel.
All equipment must be located and operated in the dry.
Equipment used in close proximity to the wetted perimeter must be free of deleterious
material (e.g. hydrocarbons) and in good mechanical condition (eg no fuel or hydraulic
leaks).
Measures must be taken to ensure that no harmful material (e.g. fuel and other
hydrocarbons, soil, road fill, or sediment), which could adversely impact water quality,
fish and other aquatic life, and/or fish habitat, can enter the wetted perimeter as a result
of the project activities.
Erosion and sediment control structures are to be available onsite and utilized as
necessary.
Do not work in weather conditions likely to contribute to sediment production to the
stream
If approved, beaver dam removal must occur slowly, a bit at a time, in order to
minimize scouring and the addition of silt to downstream areas. Water flowing through
a dam breach should normally not exceed 0.2 square metres in area (i.e., a typical
breach could measure 1.0 metre x 20 centimetres in size). All material removed from a
beaver dam must be side-cast in such a manner that it cannot re-enter the stream.

•
•
•

•
•
•

(e)

The salvage or protection of fish or wildlife while the change is being made or after
the change has been made,

•

If dewatering of the worksite is necessary, fish salvage must occur on a fish-bearing
stream prior to commencing works. A fish salvage permit must be obtained from
MWLAP Fisheries (250-787-3411) prior to commencing salvage activities.
•
If an area is de-watered as a result of beaver dam removal or modification and results
in the stranding of fish, then these fish must be salvaged and returned to the stream.
•
Measures must be taken to ensure that equipment (e.g. water pumps) does not harm
aquatic life.
•
Do not disturb wildlife and/or their residences (e.g. beaver lodges3) within the project
area.
(f) The protection of natural materials and vegetation that contribute to habitat or stream
channel stability,
3

Beaver may only be removed by the registered trapline holder or contract problem beaver trappers
(contact BC Trappers Association, c/o Trappers International (250-561-1602)). A permit issued by
the Fish, Wildlife Science and Allocation Section Head is required to remove beaver outside the
trapping season.
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• Minimize disturbance to natural materials (eg embedded logs) and vegetation that
contribute to habitat or stream channel stability.
(g) The restoration of the work site after the change has been made, and
• Complete restoration activities (including erosion control), as required, that will lead to
natural pre-disturbance conditions.
• Any disturbed areas must be restored to function as they did in their pre-disturbance
condition.
(h) The requirement to obtain an approval from the federal Department of Fisheries and
Oceans in connection with the change.
• Proponents are responsible for complying with the federal Fisheries Act. No harmful
alteration, disruption or destruction (HADD) of fish habitat is authorized by this document.
• Fisheries and Oceans Canada (DFO) Habitat technologists may authorize a net loss of fish
habitat, or HADD, where a mitigation/compensation package can be negotiated between
DFO and the proponent.
• Proponents are responsible for determining whether the federal Department of Fisheries
and Oceans (DFO) must be consulted with and whether an authorization from DFO is
required prior to making the change (Prince George office, 250-561-5366).
This document does not supersede the requirements of the Water Act and Regulations, Federal
Fisheries Act or any other related legislation. The proponent is obligated to comply with all
applicable federal, provincial or municipal enactments.
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GUIDELINES FOR EMERGENCY IMPACT MANAGEMENT:
ARCHAEOLOGICAL RESOURCES
This document provides guidance in the event that archaeological or burial sites are accidentally uncovered
during airport expansion construction that is not monitored by an archaeologist. The objectives are to minimize
disruptions to construction while promoting the preservation of archaeological sites.
A recommended step-by-step emergency response procedure is outlined below. Following this are supporting
details outlining basic archaeological site identification and contractor responsibilities. This plan is consistent
with the British Columbia Heritage Conservation Act, although the Act does not specifically apply to federal
lands.

DEFINITIONS
Archaeological Site: A location with physical evidence of past human occupation or use.
Burial Site: A location containing complete or fragmented human remains.

SITE RECOGNITION CRITERIA
Archaeological sites have been identified in the Project area. The following lists a few common criteria that may
signal the presence of an archaeological or burial site. The list is not exhaustive, but it includes the most
common site indictors that may be encountered in the study area.

ARCHAEOLOGICAL SITES



Artifacts - primarily stone tools but also include pieces of worked shell, bone or antler. Stone tools may
include formed implements, such as arrow heads, or scatters of flaked stone. Be aware of concentrations
of stone that is not native to the area.



Buried hearths (represented by localized dense concentrations of charcoal and/or ash. Note that there is a
natural layer of volcanic ash in the project area)



Concentrations of animal bone and fresh water shell fish, particularly if burnt



Remains of structural features such as house pit depressions, cache pits, post holes

Burial Places

 Human bone
ARTIFACT OR ARTIFACT SCATTER
Portable object(s) manufactured or modified by people. These items may include chipped or ground stone
objects, or implements made from bone and antler (Photographs 1 to 8). Look for: obviously formed stone
objects or pieces of stone that have been chipped and/or ground in a non-natural way. Bone and antler
artifacts will exhibit obvious modification (i.e., cutting, shaping, incision, etc.).
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PHOTOGRAPH 1: Chipped Stone Flakes

PHOTOGRAPH 2: Projectile Points

February 2010
Project No. 091430-0057

24/33

APPENDIX A
Environmental Management Plan and Associated Best Management Practices
to consider during construction of Williston Wetland Demonstration Projects

PHOTOGRAPH 3: Formed Scrapers

PHOTOGRAPH 4: Pecked Stone Hand Mauls (Hammers)
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PHOTOGRAPH 5
Pecked Stone Anchor

PHOTOGRAPH 5: Pecked Stone Anchor

PHOTOGRAPH 6: Pecked Stone Bowl Fragments
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PHOTOGRAPH 7: Ground Stone Knives

PHOTOGRAPH 8: Bone and Antler Artifacts
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FIRE CRACKED ROCK (FCR)
Heat fractured stone results from rapid or alternate heating and cooling as in stone boiling or in campfires.
FCR is typically associated with resource processing and/or food preparation. Look for: concentrations of
fractured cobbles with signs of being burnt in a fire often associated with ash and charcoal
(Photograph 9).

PHOTOGRAPH 9: Fire Cracked Rock

SHELL MIDDEN
Cultural accumulations of fresh water shell fish that may be found on there own or mixed with charcoal, ash, and
other debris. Shell middens result from the successive deposition of food remains and general refuse. Look
for: accumulations of layered, crushed, and whole shell, possibly mixed with charcoal, black soil, and
other food remains (i.e., fish bone) (Photograph 10).
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FISH WEIR
Fish weirs are typically comprised of linear arrangements of wooden stakes or small rock piles.
Look for: short stubs of small diameter branches or rock piles in linear arrangements at low water (No
photographs available).

Human Remains
Look for: articulated or isolated bones or bone fragments.
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ARCHAEOLOGY BRANCH FOUND HUMAN REMAINS POLICY
Issued: September 22, 1999

PURPOSE:
The purpose of this directive on found human remains is to provide guidelines to Archaeology Branch staff,
archaeologists, other agencies and the public as to branch procedures for handling human remains that may be
protected under the Heritage Conservation Act (1996, RSBC, Chap. 187), and to facilitate the respectful
treatment of these remains.

MANDATE:
Pursuant to section 13(2)(b) of the Heritage Conservation Act (HCA), a permit is required under section 12 or 14
before a person can undertake any actions affecting a burial place of historical or archaeological value, human
remains or associated heritage objects.

AUTHORITY:
The Director and the Manager, Archaeological Planning and Assessment, of the Archaeology Branch have been
authorized to exercise the powers of the Minister to issue permits under sections 12(2) and 14(2), as well as
ministerial orders under section 14(4) where necessary for emergency conservation purposes.

POLICY STATEMENT:
Upon notification of the discovery of human remains that are not of forensic concern, the Archaeology Branch
will take steps to facilitate the respectful handling and disposition of those remains within the limits of existing
funds and program priorities.

PROCEDURES:
The following procedures will normally apply in cases where human remains are discovered fortuitously through
various land altering activities such as house renovations, road construction or natural erosion; or during
archaeological studies conducted under an HCA permit:
12) Fortuitous Discoveries
In cases where the branch has been notified that human remains have been discovered by chance, the following
procedures should normally apply:



the Coroner's Office and local policing authority should be notified as soon as possible.



the Coroner's Office should determine whether the matter is of contemporary forensic concern. The branch
may provide information and advice that may assist in this determination.



if the Coroner's Office determines the reported remains are not of forensic concern, the branch will attempt
to facilitate disposition of the remains.



if a cultural affiliation for the remains can be reasonably determined, the branch will attempt to contact an
organization representing that cultural group.
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if remains are determined to be of aboriginal ancestry, the branch will attempt to contact the relevant First
Nation(s).



generally, if remains are still interred and are under no immediate threat of further disturbance, they will not
be excavated or removed.



if the remains have been partially or completely removed, the branch will facilitate disposition.



if removal of the remains is determined to be appropriate, they will be removed under authority of a permit
issued pursuant to section 12 or 14, or an order under section 14 of the HCA, respecting the expressed
wishes of the cultural group(s) represented to the extent this may be known or feasible.



if circumstances warrant, the branch may arrange for a qualified physical anthropologist or an archaeologist
with training in human osteology to provide an assessment of the reported remains in order to implement
appropriate conservation measures.



analysis should be limited to basic recording and in-field observations until consultation between the branch
and appropriate cultural group(s) has been concluded.

13) Permitted Archaeological Projects
In cases where human remains are encountered in the course of a permitted project, the Archaeology Branch
should be contacted as soon as possible.



the remains are to be handled in accordance with the methods specified in the permit, respecting the
expressed wishes of the cultural group(s) represented, to the extent that these may be known or feasible.



if the permit does not specify how remains are to be handled and if the cultural affiliation of the remains can
be reasonably determined, the field director or permit-holder should attempt to contact an organization
representing that group. The permit-holder or field director should advise the branch of the organization
contacted, and any wishes expressed by that organization.



the branch, in consultation with the appropriate cultural group(s), will determine disposition of the remains.



analysis should be limited to basic recording and in-field observations, until consultation between the
branch and appropriate cultural group(s) has been concluded.
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ATTACHMENT IV
BC HYDRO HERITAGE PROCEDURES FLOWCHART AND
FIELD GUIDE
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Table 1: Site 1 - Mischinsilinka Creek
Heading
Name
Location
Date of Visit
GPS Coordinates
Existing Information
Stake Holder Input
Description
Enhancement Options
Potential Beneficiaries
In Reservoir drawdown Zone
Exposure
(high/moderate/low/none)
Purpose
Water Source
Potential Habitat Type
Seasonal Functionality
Estimated Area (ha)
Estimated Dike Height (m)
Estimated Dike Length (m)
Estimated Elevation Range
(masl)
Qualitative Cost
(high/moderate/low)
Erosion Potential
((high/moderate/low)
Visible Signs of Erosion
Access
(good/moderate/poor/none)
Debris (high/moderate/low)
Biological Comments
On-Site Wildlife Sign
Fisheries Issues/Values
Vegetation
Geotechnical Comments
Soil Types
Soil Suitability
Archaeological Comments
Terrain
Disturbance
Known Arch. sites within 3
km
Arch. Potential (high/low)
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Comment
Mischinsilinka Creek.
Immediately west of Mischinsilinka Ck but north of Parsnip River.
June 15, 2009.
10u 497699 6114707 (outlet area), 10u 497604 6116811 (~highway access point).
DUC reviewed site in the early 1980’s. Martin 1992, Langston and Blackman 1993,
Bruce and Starr 1985, Retzer 1989, Courbould 1992.
Already vegetated area (MNO).
Existing fen that is well vegetated and adjacent existing wetlands and an oxbow of the
Parsnip River.
DUC indicated dike
Primarily to water fowl and wetland species.
No.
None – outside of drawdown zone.
Retain water.
Limited. Spring run-off and Buth Creek a small drainage (photo 1a -b) through the site.
Wetland/fenn.
Spring summer and fall.
140 (DUC).
1-2 m.
3 short dikes from air photo interpretations – less than 50 m each.
>672.08
Moderate.
Low- out of influence of reservoir.
None.
Moderate – old logging trail adjacent most of length of area but road construction
required down 30m steep slope to access Fen.
Low-only debris generated on-site from wind fall.
Road building down the bank to access the area would require assessment. Flooding
area that is now well vegetated to development of wetland may be counter productive
to existing values on site.
Moose prints.
None.
Black spruce, willow shrub, moss and some sedge.
Soils susceptible to erosion. Establishing vegetation will lessen erosion.
Organic soils overlying silts and sands.
Underlying soils are moderately permeable and subject to erosion.
Generally low lying, slight slope to south at 1-2%, linear ridge runs adjacent to access
road.
Overgrown access road.
None.
Low: Low lying featureless terrain, poorly drained soils and black spruce.
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Photograph 1 a-d: Site 1-Mischinsilinka Creek. Top left shows potential area for small dikes near the south end of the site.
The line of trees suggests in the centre left suggests a small drainage. The stream shown is an oxbow to the Parsnip to
which the Mischinsilinka flows into (not in photo). Top right is a view southwest towards the potential dike and outlet site.
Bottom left is a view east of the northern end of the site. Bottom right shows vegetation near the south end of the site.

Photograph 2: View north of Site 1 from near the proposed location of the berm.
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Photograph 3: Existing wetland associated with an oxbow near the southern end of Site 1.
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Table 2: Site 2 - Scovill Creek
Heading
Name
Location
Date of Visit
GPS Coordinates
Existing Information
Stake Holder Input
Description
Enhancement Options
Potential Beneficiaries
In Reservoir drawdown Zone
Exposure
(high/moderate/low/none)
Purpose
Water Source
Potential Habitat Type
Seasonal Functionality
Estimated Area (ha.)
Estimated Dike Height (m)
Estimated Dike Length (m)
Estimated Elevation Range (masl)
Qualitative Cost
(high/moderate/low)
Erosion Potential
((high/moderate/low)
Visible Signs of Erosion
Access
(good/moderate/poor/none)
Debris (high/moderate/low)
Biological Comments
On-Site Wildlife Sign
Fisheries Issues/Values
Vegetation

Geotechnical Comments
Soil Types
Soil Suitability
Archaeological Comments
Terrain
Disturbance
Known Arch. sites within 3 km
Arch. Potential (high/low)
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Comment
Scovill Creek.
West side of Williston Reservoir, south end of Parsnip Arm, south west of Mackenzie.
June 18, 2009.
10 U 487672 6120572

FISS, Retzer 1989, Courbould 1992, Hengeveld 2000.
None at this time.
Small Creek and embayment feeding into the west side of Williston Reservoir with a
relatively large plain on the north side of the creek.
Dike across creek mouth and plain or cut and fill to elevate land and channel/pond
water combined with an intake structure drawing water from the creek.
Waterfowl, wildlife, potentially amphibians and possibly fish depending upon the ability
to keep the designed areas wetted.
Yes.
Low – situated on the west side of the reservoir combined with the small embayment in
this area appears to protect the creek from prevalent wind and wave wash.
Flood natural and created depressions in the creek flood plain during low water periods.
Yes – full time flow from Scovill creek. See flow measurement data.
Wetland
Spring through early summer or later depending upon reservoir levels.
2.2 – flats north side.
Depending upon alignments, between 140 m (across creek mouth) to 300 m (cut and
fill) around flats.
High given need for inlet structure and related ongoing maintenance.
Likely high along the creek in relation to any potential inlet structure.
Creek banks are higher eroded, although the area seems protected from wave wash.
Poor. Equipment would likely have to be barged onto site.
Low.
Undulating ground and old shallow channels combined with existing snags and debris
offer opportunities for more complex habitat in any ponded areas. Ability to enhance
existing vegetation by elevating land depends upon resistance to erosion and operating
regime of the reservoir.
Rainbow trout, spoonhead sculpin (Fish Wizard 2009).
Coniferous trees along perimeter of bay. An area of grass and willow shrub exists
along the upper elevations of the creek’s flood plain, but much of the willow appears to
be under stress, possibly associated with repeated flooding during full pool of the
reservoir over recent years.
Constructability and costs are a concern. Existing site soils are subject to erosion
unless armoured or vegetation can be established.
Silts, sands, with minor gravel exposures at higher elevations.
Moderate to high permeable soils. Soils subject to erosion.
Low lying undulating terrain, with small banks along creek to southwest, and higher
banks to north and south, along tree line.
Fluctuating water lever, some log debris.
1: Surface lithic.
High: Small creek to southwest overlooking flood zone, with high banks.
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Photograph 1: Scovill Creek is a relative large stream with good gravel/cobble substrates and good access at its mouth with
known fisheries values. As such, a simple dike to impound water, even if possible to build, is not recommended without
considering fish access, a feature that adds substantial cost and maintenance to an proposed structure.

Photograph 2: A large plain to the north of the creek could offer options for impounding water if an intake from Scovill Creek
could be developed in conjunction with a cut and fill constructed basin and berm but suitable material to armour swale outlets
and/or the berm itself from fluvial and/or wave erosion is not readily apparent at this site.
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Photograph 3: A possible location for a water intake structure may exist at the first upstream bend of the creek, but erosion,
as evident from the stream bank (left side of photo) is a concern for any such structure.

Photograph 4: Higher elevation ground near farther inland between the creek and the reservoir has various undulations in it
that if flooded, could provide wetland type habitat. Like other stream mouths observed, willow vegetation at this site appears
stressed, possibly from recent, repeated full pool events in the reservoir.
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Photograph 5: Old channels between the creek and the exposed plains at the outlet of the creek may provide some
opportunity for channelling water into the plains.
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Table 3: Site 3 - South of Tsedeka Creek
Heading
Name
Location
Date of Visit
GPS Coordinates
Existing Information
Stake Holder Input
Description
Enhancement Options
Potential Beneficiaries
In Reservoir drawdown Zone
Exposure (high/moderate/low/none)
Purpose
Water Source
Potential Habitat Type
Seasonal Functionality
Estimated Area (ha)
Estimated Dike Height (m)
Estimated Dike Length (m)
Estimated Elevation Range (masl)
Qualitative Cost
(high/moderate/low)
Erosion Potential
((high/moderate/low)
Visible Signs of Erosion

Access (good/moderate/poor/none)

Debris (high/moderate/low)

Biological Comments

On-Site Wildlife Sign
Fisheries Issues/Values
Vegetation

Geotechnical Comments
Soil Types
Soil Suitability
Archaeological Comments
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Comment
No name.
West side of reservoir, southern end, south of Tsedeka Creek but north of Scovill
Creek.
June 18, 2009.
10 U 487407 6123289
None.
None at this time.
A large area of exposed reservoir foreshore with gravel/fines substrate that is slightly
below full pool elevation with two potential water sources.
Cut and fill to create depression for flooding in foreshore, ringed by a low dike.
Waterfowl, amphibians, wildlife potentially fish if the area can stay wetted.
Yes.
High – Open shore line.
Retain water.
Three small ephemeral streams (south, central and north) See flow measurement for
south channel and flow estimate for central channel (~ equal to north channel flow).
Ponded water/Wetland.
Early spring and through the summer until reservoir levels rise high enough to
inundate the area.
1.5 – includes area between three ephemeral drainages.
1 to 2 m typically, as high as 3 m across creeks.
Perimeter of cut and fill area. Could be as long as 500 meters.
Moderate to high.
High due to exposure to the reservoir and floating debris.
None obvious along shoreline although the ephemeral tributaries are incising into the
shore.
Poor. Walking machinery along the shore line may be possible at low water levels
from the Tsedeka Creek area, although access across various channels between this
site and road accessible sites further up reservoir could be problematic. Barging
equipment in is likely the most efficient means to move equipment onto site as the
existing west side road is over 1.3 km from this site.
Low.
The relatively high elevation shore line provides a “perched” bench that could potential
serve to trap water if excavated, although permeability of substrates and/or materials
used to create a berm related to water balance will be an important aspect in
designing such a project. If such an area can be kept wet, it may provide rearing
habitat for juvenile fish.
Large cat tracks bear tracks.
None apparent.
Limited along beach with the exception of some horsetail. Deciduous forest (willow,
aspen, and alder) lines the perimeter of the reservoir shore in upland areas, with
coniferous forest beyond the deciduous tress.
Constructability, permeability of existing soils and access are concerns. Site soils are
relatively permeable and subject to erosion unless armoured or vegetation can be
established.
Silts and sands with minor gravel exposures at higher elevations.
Moderate to highly permeable soils. Soils subject to erosion.
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Terrain
Disturbance
Known Arch. sites within 3 km
Arch. Potential (high/low)

High banks, flat to gently undulating, with small ridges along flood zone, undulating
terrain towards tree line.
Fluctuating water level, and minor debris.
None.
High: Numerous surface exposures, with small ridges within flood zone.

Photograph 1: A view north at beach front at Site 3. One of the 2 ephemeral streams flowing across this beach is evident in
this photo.

Photograph 2: A view south at beach front at Site 3. Some horsetail is in evidence along the shore. Note the green area
and deciduous trees along the highest elevations along the draw down zone on the right side of the photo. This area
appears to be wet ground that supports a thin band of deciduous growth, although like most sites in the reservoir, some of
this growth appears to be under stress from flooding during repeated periods of high reservoir elevations in the last decade.
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Photograph 3: Two of three small ephemeral streams which are draining wet ground/bog areas adjacent the shore line.
Pictures are the south (left) and central (right) channels.
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Table 4: Site 4 - Tsedeka Creek
Heading
Name
Location
Date of Visit
GPS Coordinates
Existing Information
Stake Holder Input
Description
Enhancement Options
Potential Beneficiaries
In Reservoir drawdown Zone
Exposure
(high/moderate/low/none)
Purpose
Water Source
Potential Habitat Type
Seasonal Functionality
Estimated Area (ha)
Estimated Dike Height (m)
Estimated Dike Length (m)
Estimated Elevation Range
(masl)
Qualitative Cost
(high/moderate/low)
Erosion Potential
((high/moderate/low)
Visible Signs of Erosion
Access
(good/moderate/poor/none)
Debris (high/moderate/low)

Biological Comments

On-Site Wildlife Sign
Fisheries Issues/Values
Vegetation
Geotechnical Comments
Soil Types
Soil Suitability
Archaeological Comments
Terrain
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Comment
Tsedeka Creek.
West side of Parsnip Reach across from mills.
June 16, 2009.
10 U 486328 6125770
FISS, Retzer1989.
None at this point.
Creek mouth near bridge crossing of Tsedeka Creek.
Option 1 = Combination cut and fill dike with water intake. Option 2 = raise land on this
bench to support re-establishment of shrub and deciduous vegetation.
Option 1 = primarily waterfowl. Option 2 = primarily song birds.
Yes.
Moderate – westerly aspect but relatively wide opening for bay leading to creek mouth.
Option 1 = Flood highland bench to create wetland. Option 2 = create higher ground to
enhance survival of and/or encourage growth of shrubs and deciduous trees.
Yes .
Wetland.
Spring - early summer prior to inundation or potentially through summer and fall if
reservoir stays low.
2.1 – Only high ground bench land on north side of the creek.
n/a
n/a

Option 1 = High, Option 2 = moderate to high.
High – Tsedeka Creek is a major flow and shows extensive bank erosion along elevated
bench.
Eroding Creek banks.
Good – adjacent Finlay Road.
Low.
An expensive option to work at this site since any work on the bench would require an
engineered inlet structure to borrow water from the creek that has to pass under the
existing road. Also, cut and fill earth movement is required to create a depression and
berm in the bench beside the creek. Finally, the bench land at this site represents a
relatively small area. Noise and other disturbances associated with the close proximity of
the road could limit use by wild life.
A more viable option would be to raise land along this bench land to a high elevation to
support growth of vegetation although this would also be associated with more
archaeological risks.
None observed.
Likely high fisheries values in the creek. Cut and fill area could provide rearing are for
juvenile fish.
Substantial shrub in the bench land is dead or showing signs of stress, likely related to
extend periods of inundation in recent years.
Site soils are permeable and subject to erosion unless armoured or vegetation can be
established.
Silts and sands with minor gravel exposures.
Moderate to highly permeable soils. Soils subject to erosion.
Low flood plain along creek with high banks to the south, and an access road with a
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Disturbance
Known Arch. sites within 3 km
Arch. Potential (high/low)

moderately sloping ridge to the northeast.
Access road, log debris, fluctuating water levels.
None.
Low: low lying, featureless terrain.

Photograph 1: The mouth of Tsedeka Creek has a bench land adjacent the stream, however, supplying water to bench land
would require an elaborately design and associated high cost. The extensive dead or dying shrubs in the background
suggests a more viable option would be to raise land in lower levels of this bench to better support shrub growth and survival
during periods of inundation. Erosion from the creek of this bench land is, however, a concern.
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Table 5: Site 5 - No Name
Heading
Name
Location
Date of Visit
GPS Coordinates
Existing Information
Stake Holder Input

Description

Enhancement Options
Potential Beneficiaries
In Reservoir drawdown Zone
Exposure
(high/moderate/low/none)
Purpose
Water Source
Potential Habitat Type
Seasonal Functionality
Estimated Area
Estimated Dike Height (m)
Estimated Dike Length (m)
Estimated Elevation Range
(masl)
Qualitative Cost
(high/moderate/low)
Erosion Potential
((high/moderate/low)
Visible Signs of Erosion
Access
(good/moderate/poor/none)
Debris (high/moderate/low)
Biological Comments
On-Site Wildlife Sign
Fisheries Issues/Values
Vegetation
Geotechnical Comments
Soil Types
Soil Suitability
Archaeological Comments
Terrain
Disturbance
Known Arch. sites within 3 km
Arch. Potential (high/low)
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Comment
No Name.
West side of Williston reservoir in Parsnip Reach, immediately north of Tsedeka Creek.
June 18, 2009.
10 U 486756 6126455
None.
None at this point.
Small inlet along reservoir. The area was briefly visited based upon preliminary
identification of the location from air photo analysis; however, the area is small and has
steep sided banks. Moreover, exposure of the area to wind and wave erosion, particularly
evident at upstream areas (Site 7) makes this site an unsuitable choice for work given signs
of erosion, lack of available materials, and small area.
None.
n/a
Yes.
High.
n/a
Ephemeral stream.
n/a
n/a
0.45
Less than 50 m.
Greater than 4 m across deepest point.
n/a
n/a
High.
Toppled trees from failing shoreline near mouth of inlet.
Poor. Access is an issue as a barge or new road may be required. Possibly via walking
machinery over beach from Tsedeka Creek area at very low reservoir levels.
Moderate.
Steep sided silty/sand shores offer little potential for development of littoral zone.
Goose sign.
None.
Coniferous forest with narrow band of deciduous (aspen/willow) growth as riparian area.
Some shoreline grasses.
Erosion due to wave and wind action is a concern. Need to consider establishing
vegetation and armouring to reduce potential for erosion.
Silts, sands and minor gravel exposures.
Medium to highly permeable soils. Soils subject to erosion.
High steep banks, undulating terrain, with poorly defined features.
Erosion along steep banks, fluctuating water levels and log debris.
None.
Low: Steep banks with no breaks, undulating terrain with no defined features, minimal
exposures and heavy erosion.
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Photograph 1: Site 5 offers little potential for enhancement given the need for a deep dike which would be exposed to wave
actions, but also due to the small size of the area.
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Table 6: Site 6-1 and 6-2 - Airport Lagoon
Heading
Name
Location
Date of Visit
GPS Coordinates
Existing Information
Stake Holder Input

Description

Enhancement Options
Potential Beneficiaries
In Reservoir drawdown Zone
Exposure
(high/moderate/low/none)
Purpose
Water Source
Potential Habitat Type
Seasonal Functionality
Estimated Area (ha)
Estimated Dike Height (m)
Estimated Dike Length (m)
Estimated Elevation Range
(masl)
Qualitative Cost
(high/moderate/low)
Erosion Potential
((high/moderate/low)
Visible Signs of Erosion
Access
(good/moderate/poor/none)
Debris (high/moderate/low)

Biological Comments

On-Site Wildlife Sign

Fisheries Issues/Values
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Comment
Airport Lagoon.
Immediately south east of the MacKenzie airport.
July 16, 2009.
6-1- = 10 U 492522 6126699 (potential dike) / 6-2 10 U 492621 6125398 (road culvert).
None identified.
Mixed. Concern regarding loss of mudflats from one member of the MNO but others like
the potential of stabilizing water levels.
A relatively large embayment created by a causeway connecting 2 logging roads south of
the airport. The embayment has an east and west arm at its upstream end. The
embayment floods and dries out (leaving small ponds) with rising reservoir levels, controlled
by a low level culvert under the causeway. Each arm is fed by a small stream; the east
embayment has existing upstream wetlands above the inundation level of the reservoir.
Site 6-1 is a dike across the east arm to pond water up to the existing wetland. Site 6-2 is
repositioning the culvert in the road to a higher elevation to act as a water control structure
for the entire Airport Lagoon (preferred option).
Songbirds, shore birds, water fowl, raptors, large and small mammals, amphibians.
Yes.
None to main reservoir. South end protected by the causeway road crossing the lagoon.
Site 6-1 would be to pond water, Site 6-2 would be to keep a minimum water level in the
lagoon during drawdown beyond what is present there now.
Yes, 2 small inflows into the east and west arms of the lagoon.
Small lake, with shallow mudflats.
Spring and late fall prior to freezing.
Site 6-2 = 76.8 (entire lagoon), Site 6-1 = 19.3 (portion of east arm only).
Site 6-1 = ~ 2 m. Site 6-2 – optimum height of culvert would have to be determined, but
expected to be raised 1 to 3 m max.
Site 6-1 = ~ 210 m.

Site 6-1 = moderate to expensive. Option 6-2 = low to moderate.
Site 6-1 – low to moderate. Option 6-2 = low.
Eroding channel for east arm drainage. Site soils are moderately to highly permeable and
subject to erosion; however, existing road/causeways will limit wave action and debris.
Suitable access to area via existing roads. Access to Site 6-1 = Moderate. The site may
require equipment moving along shoreline, coupled with use of debris mats. Site 6-2 =
Good, as it is right at the road.
Moderate to high, however, no new debris is recruited to the area because of the presence
of the existing causeway/culvert system.
Site 6-2 is the preferred option as sufficient water is present to maintain levels in the
reservoir, and the area already appears productive during the spring when the area is still
wetted (snails were observed in the dried out mudflats – good bird and fish food source).
Enhancing bird life proximate an airport may be problematic.
Tadpoles, raptors, swan, geese, Osprey nest, juvenile coarse fish species, snails (dead) in
mudflats.
The area presently has small non sports fish species utilizing the wetted areas within the
lagoon for rearing, although spawning habitat was not observed. The culvert at the
causeway in its present configuration allows for the free passage of fish at low and high
reservoir levels. Site 6-2 would limit access to the area during high reservoir levels only,
however, flow into the lagoon is likely sufficient to maintain fish populations in the lagoon
during low water. Fish will always be able to leave the lagoon with the new culvert
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Vegetation

Geotechnical Comments

Soil Types
Soil Suitability
Archaeological Comments
Terrain
Disturbance
Known Arch. sites within 3 km
Arch. Potential (high/low)

configuration. Site 6-1 would limit access to the small stream draining from the east arm
during low flows, however, this stream does not appear to have spawning habitat and
fisheries values are likely limited to coarse fish rearing.
Primarily coniferous trees around perimeter, with a narrow band of willow and aspen in the
riparian area. Exposed inundation area covered with water starwort (suspected species).
Site soils are moderately to highly permeable and subject to erosion; however, existing
road/causeways will limit wave action and debris. Rip-rap armouring may be required and
will have to be imported to site. For Site 6-2, consideration should be given to further
investigation of the road/causeway to assess permeability and suitability for use as water
retention structure. This may include completing a water balance study and determining if
road upgrades are required.
Silts and sands.
Moderate to highly permeable soils. Soils subject to erosion.
Generally low lying, gently undulating terrain, with high banks to the east and west.
Fluctuating water levels, and log debris.
None.
Low: Low lying, poorly drained area within flood zone.

Photograph 1: The West arm of the Airport Lagoon viewed from high ground just south of the airport. This pictured pond is
fed by a small creek. The East arm of the lagoon is in the back ground.
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Photograph 2: The East arm of the Airport Lagoon at the proposed location for Option 6-1, a dike.

West and East Arms

Photograph 3: The embayment upstream of the short causeway discussed as Option 6-2. This embayment was already
infilling with water by the time of the field surveys, hence low water elevations are unknown. The large mudflats in photo 2
and the east and west arms of the airport lagoon are in the center of the photo.
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Photograph 3-4: Option 2 is to reposition the
culvert (top) that runs under a small causeway
(right) that drains the lagoon. Raising this
culvert to a predetermined optimum level will act
as a water control that keeps the lagoon wet
during low flow periods. This elevation will have
to determined through further survey and local
input, however, the ideal level will place a
shallow layer of water over existing mudflats so
the lagoon has both shallow and deep water
sections for dabbling and diving ducks while
maintaining the mud shore line for invertebrate
production for shore birds.

Photograph 5 and 6: Flats in the upper reaches of the Airport Lagoon support a vegetative matt of submergent vegetation
with, amongst other invertebrates, snails. These snails and the vegetation are however, dead due to dewatering during the
survey period. A shallow layer of water or even a skim of water (option 2) would maintain productivity of aquatic
invertebrates throughout the spring and early summer before inundation by the rising reservoir.
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Table 7: Site 7 - Lions Bay
Heading
Name
Location
Date of Visit
GPS Coordinates
Existing Information
Stake Holder Input
Description
Enhancement Options
Potential Beneficiaries
In Reservoir drawdown Zone
Exposure
(high/moderate/low/none)
Purpose
Water Source
Potential Habitat Type
Seasonal Functionality
Estimated Area (ha)
Estimated Dike Height (m)
Estimated Dike Length (m)
Estimated Elevation Range
(masl)
Qualitative Cost
(high/moderate/low)
Erosion Potential
((high/moderate/low)
Visible Signs of Erosion
Access
(good/moderate/poor/none)
Debris (high/moderate/low)
Biological Comments
On-Site Wildlife Sign
Fisheries Issues/Values
Vegetation
Geotechnical Comments
Soil Types
Soil Suitability
Archaeological Comments
Terrain
Disturbance
Known Arch. sites within 3 km
Arch. Potential (high/low)

February 2010
Project No. 091430-0057

Comment
Lions Bay (Gagnon Creek).
Immediately south of airport and adjacent causeway at outflow of Lions Lake.
June 16, 2009.
10 U 492913 6124743
FISS (Lions Lake).
None.
Embayment with fast flowing stream and extensive barren land with moderate to steep sided
slopes.
Dike.
Wildlife, water fowl, potentially raptors.
Yes
Low – off of main reservoir and limited fetch for build-up of wind.
Pond water.
Good water source with Lions Creek.
Ponded water/wetland.
Spring and early summer.
11.8.
~2m
~180 m

Moderate.
High. Large amount of debris in area could create scour. Only silts in immediate vicinity.
Spring flows from Lions Creek are swift and the potential for change of the creek channel is
great given eroding banks already in evidence and any proposed dike across this stream
would have to withstand swift water current and potential erosion issues.
Stream banks and incising of creek.
Moderate – road adjacent area but equipment would need to be walked along shore to reach
this site or short road would have to be built. This could increase archaeological risks.
High.
Likely a fish producing stream. Water quality appears good. Substantial flow in stream
during site visit.
Osprey.
Passage likely required. Good spawning gravels in stream. Lake fed system. Entrapment
would not be an issue given sufficient water source. Juvenile coarse fish species observed
rearing in pooled water under log debris.
None at potential dike site – shrubs at head end of embayment. Evidence some shrubs are
dying.
Erosion is a concern as site soils are susceptible to erosion. Any dike in this location
requires armouring given water velocity in the stream.
Silts and sands containing trace to some clay.
Moderate permeability. Soils subject to erosion.
Low lying wet areas with high banks to the east and west within forest cover, moderate
drainage.
Access road and log debris within shore line and flood zone.
3: Surface lithics and fire broken rock.
High: Large flood plain along creek with possible surface exposures. High banks to east and
west, and a wide river channel.
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Photograph 1: The embayment at the Lions Creek outflow.

Photograph 2: A view upstream (south) of Lions Creek where I dike could be placed. Note shrub in background. The stream
was fast flowing during the site visit and had gravels suitable for spawning fish. Any dike at this location would require
substantial rock to prevent erosion.
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Photograph 3: A downstream view of Lions Creek towards the embayment.

February 2010
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Table 8: Site 8 - 9 No name
Heading
Name
Location
Date of Visit
GPS Coordinates
Existing Information
Stake Holder Input
Description
Enhancement Options
Potential Beneficiaries
In Reservoir drawdown Zone
Exposure
(high/moderate/low/none)
Purpose
Water Source
Potential Habitat Type
Seasonal Functionality
Estimated Area
Estimated Dike Height (m)
Estimated Dike Length (m)
Estimated Elevation Range
(masl)
Qualitative Cost
(high/moderate/low)
Erosion Potential
((high/moderate/low)
Visible Signs of Erosion
Access
(good/moderate/poor/none)
Debris (high/moderate/low)
Biological Comments
On-Site Wildlife Sign
Fisheries Issues/Values
Vegetation
Geotechnical Comments
Soil Types
Soil Suitability
Archaeological Comments
Terrain
Disturbance
Known Arch. sites within 3 km
Arch. Potential (high/low)

February 2010
Project No. 091430-0057

Comment
No name.
West side of Williston Reservoir, Parsnip Reach, north of Tsedeka Creek and across from
mill site.
June 18, 2009.
8 = 10 U 486181 6127762, 9 = 10 U 486353 6127544
None indentified.
None at this time.
Two small inlets exposed to severe wave and wind erosion. The limited size of these
areas, despite moderate access via the beach and/or existing west shore roads, combined
with evidence of severe erosion make these sites unsuitable for enhancement.
None.
n/a.
Yes.
High.
n/a
Ephemeral flows but very limited. No measurements taken.
n/a
n/a
0.6 (both areas combined).
n/a
n/a
n/a
n/a
High – exposed shoreline of reservoir.
Toppled trees and eroding shoreline.
Moderate to good. Potentially through existing trail some 70 m away from Finlay FSR.
Moderate to high.
While providing relatively shallow shorelines which may support creation of littoral area,
other aspects of this site (small, erosion, exposed) make it unsuitable for development.
Small area of benefit from proposed work.
None observed.
None.
Coniferous forest upslope, aspen and willow lining the embayment.
Site soils are subject to erosion and will likely require vegetation and armouring.
Silts and sands.
Moderate to highly permeable soils. Soils subject to erosion.
Gently sloping exposed beach front with high, heavily eroded banks, steep slopes and no
defined features.
Water erosion from fluctuating water levels, log debris.
None
Low: featureless terrain, heavy erosion, generally featureless.
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Photograph 1: Site 8 and 9 are small short inlets heavily laden with debris.

Photograph 2: The reservoir banks at Site 8 and 9 have gradual slopes, but the inlets have limited inflow from ephemeral
streams.
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Photograph 3: Combined with the short length of the inlets, excessive erosion at the mouths of these inlets and along the
shoreline in general at this section of the reservoir makes construction of any dike or berm in these inlets problematic given
the lack of available material to armour such a dike.

February 2010
Project No. 091430-0057

25/113

APPENDIX B
Williston Reservoir Wetland Inventory - Site Catalogue
Table 9: Site 10 - Cut block
Heading
Name
Location
Date of Visit
GPS Coordinates
Existing Information
Stake Holder Input
Description
Enhancement Options
Potential Beneficiaries
In Reservoir drawdown Zone
Exposure
(high/moderate/low/none)
Purpose
Water Source
Potential Habitat Type
Seasonal Functionality
Estimated Area (ha)
Estimated Dike Height (m)
Estimated Dike Length (m)
Estimated Elevation Range
(masl)
Qualitative Cost
(high/moderate/low)
Erosion Potential
((high/moderate/low)
Visible Signs of Erosion
Access
(good/moderate/poor/none)
Debris (high/moderate/low)
Biological Comments
On-Site Wildlife Sign
Fisheries Issues/Values
Vegetation
Geotechnical Comments
Soil Types
Soil Suitability
Archaeological Comments
Terrain
Disturbance
Known Arch. sites within 3 km
Arch. Potential (high/low)

February 2010
Project No. 091430-0057

Comment
Cut block.
West side of Parsnip Arm – across from mills.
June 16 – 2009.
10 U 485949 6130528
None identified.
None at this time.
Two small steep sided embayments off of Parsnip arm with water sources connected by an
area of reservoir flats.
Cut and fill creating small shallow basin between 2 embayments which would have
dikes/berms to divert and retain water. Relatively short dyke can be tied into surrounding
higher ground or extended to include second tributary to the south.
Waterfowl, shore birds, potentially song birds.
Yes.
Moderate for embayment, shoreline basin is exposed (high).
Pond water to create small perched wetland along reservoir shore.
Yes – both embayments.
Deep and shallow ponded water.
Spring - early summer prior to inundation or potentially through summer and fall if reservoir
stays low.
1.7 – Includes shoreline and both embayments.
3 to 5 m
20 to 30 m. If considering including the second tributary to the south – the second tributary
dike will be some 70 m in length and both dikes may be connected by a shallow dike to
create a larger area.

Expensive.
Moderate to high. Shoreline is exposed. Dikes/berms would require armouring. Protection
from scour, wind, and wave action.
None apparent.
Moderate to good. Via old barge landing area from cut block to reservoir shore and walk
machinery ~ 500 m along the reservoir shore.
Moderate.
Water balance will be important in determining the ability to create wetlands.
None.
Streams appear to be ephemeral, and not supporting fish. Proposed cut and fill area could
present juvenile fish rearing potential if sufficient water exists, otherwise it could become an
entrapment area.
Primarily coniferous trees along the shore, although some deciduous growth is present with
small shrubs at the head end of each inlet and grasses along the shoreline.
Available debris is available that could be incorporated into the dyke as armouring as soils
are susceptible to erosion unless other wise armoured or protected.
Silts and sands with minor gravel exposures at higher elevations.
Moderate to highly permeable soils. Soils subject to erosion.
Large flat open flood plain, gently sloped 5-7%, with high banks to the north and south.
Erosion from fluctuating water level and log debris.
None
Low: Gently sloped terrain, no breaks, undulating within forest cover.
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Photograph 1: Substantial debris has accumulated in the north bay of site 10. This debris could possibly be used for
armouring dikes and berms and as CWD/LWD.

Photograph 2: The north inlet of Site 10 has relatively shallow side slopes.
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Photograph 3: The south inlet of Site 10 has steeper side wall that that of the north inlet and is not as long.

Photograph 4: A gravel covered point between the 2 inlets, although exposed to the main body of Parsnip Reach, could be
used as a borrow source for material to create dikes in the north and south inlets while creating a shallow basin for retaining
water.

Photograph 5: The reservoir shore north of the north inlet at Site 10 can be easily negotiated by equipment but could also be
shaped into a shallow depression to retain water directed from the cumulative flows of each water source within the 2 inlets
at this site.
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Table 10: Site 11 - No name
Heading
Name
Location
Date of Visit
GPS Coordinates
Existing Information
Stake Holder Input
Description
Enhancement Options
Potential Beneficiaries
In Reservoir drawdown Zone
Exposure
(high/moderate/low/none)
Purpose
Water Source
Potential Habitat Type
Seasonal Functionality
Estimated Area (ha)
Estimated Dike Height (m)
Estimated Dike Length (m)
Estimated Elevation Range
(masl)
Qualitative Cost
(high/moderate/low)
Erosion Potential
((high/moderate/low)
Visible Signs of Erosion
Access
(good/moderate/poor/none)
Debris (high/moderate/low)
Biological Comments
On-Site Wildlife Sign
Fisheries Issues/Values

Vegetation
Geotechnical Comments
Soil Types
Soil Suitability
Archaeological Comments
Terrain
Disturbance
Known Arch. sites within 3 km
Arch. Potential (high/low)

February 2010
Project No. 091430-0057

Comment
No name.
West side of Williston Reservoir in Parsnip Reach, across the reservoir from the mill sites.
June 18, 2009.
10 U 484776 6132799
None identified.
None at this time.
A short steep sided inlet with extensive accumulations of debris.
Dike.
Waterfowl, potentially rearing fish if the area can stay wetted.
Yes.
Moderate – short throw and eastern exposure may limit effects of wind and waves.
Retain water.
Good flow via small stream but unknown if this flow is seasonal (see available flow
measurement data).
Deep pool.
Spring and early summer or later depending upon reservoir levels.
n/a
4 to 6 m depending upon location.
25 to 35 m depending upon area desired to be flooded. 6x35 m dike estimated to flood an
area of 160 linear meters.

Moderate.
Moderate, likely ice scour would be the most intense erosion.
None obvious.
Moderate - ~300m from the west side road, but an access trail would have to be built.
Low except at head end of inlet where heavy accumulations exist.
Steep sided banks limit opportunities to develop littoral zone. Most shallow habitat is
located near the head end of the inlet.
None observed.
The stream feeding the area has some gravel near the mouth and enough flow to
potentially support spawning, although upstream access is likely limited by debris
accumulations.
Coniferous forest with some grasses at top of inundation zone. Deciduous trees in thin
band around shore of inlet, with the heaviest accumulation of willow and aspen at the head
end of the inlet.
Silts and sands.
Moderate to high permeability. Soils subject to erosion.
Low lying terrain, with steep slopes towards seasonal creek, generally featureless.
Erosion from fluctuating water levels, and log debris.
None.
Low: Steep banks, no breaks, generally featureless, heavily eroded.
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Photograph 1: Site 11 is a short inlet with steep banks and a small area (ha)..

Photograph 2: A view east towards the reservoir from the Site 11 inlet.
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Photograph 3: The upper end of the small inlet at Site 11 has heavy accumulations of debris which likely impede fish to the
stream.
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Table 11: Site 12 - No name
Heading
Name
Location
Date of Visit
GPS Coordinates
Existing Information
Stake Holder Input
Description
Enhancement Options
Potential Beneficiaries
In Reservoir drawdown Zone
Exposure
(high/moderate/low/none)
Purpose
Water Source
Potential Habitat Type
Seasonal Functionality
Estimated Area (ha)
Estimated Dike Height (m)
Estimated Dike Length (m)
Estimated Elevation Range
(masl)
Qualitative Cost
(high/moderate/low)
Erosion Potential
((high/moderate/low)
Visible Signs of Erosion
Access
(good/moderate/poor/none)
Debris (high/moderate/low)
Biological Comments
On-Site Wildlife Sign
Fisheries Issues/Values
Vegetation
Geotechnical Comments
Soil Types
Soil Suitability
Archaeological Comments
Terrain
Disturbance
Known Arch. sites within 3 km
Arch. Potential (high/low)

February 2010
Project No. 091430-0057

Comment
No Name.
West side Williston Reservoir in Parsnip Reach, across from the outlet of Mugaha Bay.
June 18, 2009.
10 U 484060 6134812
None identified.
None at this time.
Long deep, steep side inlet with limited shallow slope banks except near its head end.
Dike.
Water fowl, potentially.
Yes.
Low.
Retain water.
Strong flowing small stream – possibly ephemeral (see flow measurement).
Ponded water, primarily deep pooling habitat with some shallow areas near the head end of
the inlet.
Spring and early summer or later depending upon reservoir levels.
1.5
4.5 m
35 m

Moderate.
Low.
None.
Good, old logging roads in area, including what appears to be a trail leading to the reservoir
shore 200 m south of the site, but these routes are overgrown and would have to cleared.
Low.
Relatively low amount of habitat creation depending upon location of berm, with minimal
shallow water area for littoral habitat productivity except in the upstream end of the inlet.
Deer and moose sign.
Unknown if the stream supports fish, but gravels at the mouth of the stream could support
spawning trout or other sports fish species. The stream is also relatively easy to access
from the reservoir with no debris jams impeding upstream movement.
Coniferous forest with a narrow band of deciduous (aspen, willow) around the perimeter of
the inlet, particularly near its head end.
Silts and sands, trace gravel.
Moderate to highly permeable. Soils subject to erosion.
Steep sloped banks along a seasonal creek, minimal exposures.
Water fluctuations , and log debris.
None.
Low: Steep banks, with no breaks, no defined features and surface disturbances.
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Photograph 1: Looking west towards the head end of the inlet at Site 12.

Photograph 2: The Site 12 inlet winds a relatively long way away from the main body of the reservoir towards its head end,
but shores in the area are steep and the inlet narrow, offering little more than an opportunity to create a deep long narrow
channel.
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Photograph 3: The upper end of the inlet provides the most opportunity for shallow, pooled water that could support
establishment of emergent type vegetation.
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Table 12: Site 13 - Embayment
Heading
Name
Location
Date of Visit
GPS Coordinates
Existing Information
Stake Holder Input
Description
Enhancement Options
Potential Beneficiaries
In Reservoir drawdown Zone
Exposure
(high/moderate/low/none)
Purpose
Water Source
Potential Habitat Type
Seasonal Functionality
Estimated Area (ha)
Estimated Dike Height (m)
Estimated Dike Length (m)
Estimated Elevation Range
(masl)
Qualitative Cost
(high/moderate/low)
Erosion Potential
((high/moderate/low)
Visible Signs of Erosion
Access
(good/moderate/poor/none)
Debris (high/moderate/low)

Biological Comments

On-Site Wildlife Sign
Fisheries Issues/Values
Vegetation
Geotechnical Comments
Soil Types
Soil Suitability
Archaeological Comments
Terrain
Disturbance
Known Arch. sites within 3 km
Arch. Potential (high/low)

February 2010
Project No. 091430-0057

Comment
Embayment.
Just north of Site 12, on the west side of Williston Reservoir in Parsnip Reach, across from the
head end of Mugaha Bay.
June 17, 2009.
10 U 484040 6136226
None identified.
None at this time.
A large natural depression forming an embayment, partially enclosed by a gravel spit extending
from the south across an open water area towards the north bank of the embayment.
Connecting the southern spit to the northern side of the embayment by creation of a dike with
swale.
Water fowl, wildlife, potentially rearing fish if the area can stay wetted.
Yes.
High – the area is foreshore of the reservoir.
Retain water.
Limited – 2 small ephemeral streams and a small area of seepage (see flow data). Flow could
only be measure in one of these streams.
Shallow and deep ponded water areas.
Spring and early summer or later determined by reservoir levels.
60.3 or more depending upon configuration.
3m+
Approximately 1.2 km depending on configuration.

High.
High – the area is fully exposed, so despite the lack of obvious erosion, any dike constructed in
this area of the reservoir is fully exposed to wind and wave action, log drifts, and ice movement.
None.
Poor – The most efficient access would be via a barge.
Low, although an extensive number of stumps exist throughout the site.
Water balance will be the primary issue. The site would most likely be an entrapment area for
fish if a good source of water can not be found to keep the area wetted. If the area could be
flooded and remain flooded, both shallow and deep water areas of ponded water could be
created. By virtue of its very exposed area, thermal warming of entrapped water from the sun
would be maximized and likely create productive conditions for macro invertebrates.
None.
None observed at existing inflows.
Limited. Some sphagnum type moss layer along wetter sections of the embayment.
Silts and sands to sands and gravels at higher elevations.
Moderate to highly permeable. Soils subject to erosion.
Undulating terrain, lower lying to the west, with a defined ridge to the east.
Erosion within the flood zone and log debris.
None.
High: Defined ridge along shoreline, large open flood plain with surface exposures, well defined
features.
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Photograph 1: A view north towards the small spit or isthmus that partially forms and encloses the embayment area. Water
seen at the left of the photo is within the embayment, whereas the right is the open reservoir.

Photograph 2: A view south west towards the shoreline of the embayment where wet and/or boggy ground is likely the
source for the few minor inflows noted entering the area of the embayment.

Photograph 3: One of 2 small drainages observed feeding into the embayment, the sour for which is apparently the wet
ground at the centre top of the photo. Flow in this channel was too low to measure with a flow meter although the stream did
flow.
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Photograph 4: The size of the embayment is apparent from this photo, which looks south, and was taken near the .middle of
the site. The raised land to the left in the background is the natural spit forming in this area that has almost closed off the
embayment from the reservoir.
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Table 13: Site 14 - Dastaiga Bay
Heading
Name
Location
Date of Visit
GPS Coordinates
Existing Information
Stake Holder Input
Description
Enhancement Options
Potential Beneficiaries
In Reservoir drawdown Zone
Exposure (high/moderate/low/none)
Purpose
Water Source
Potential Habitat Type
Seasonal Functionality
Estimated Area (ha)
Estimated Dike Height (m)
Estimated Dike Length (m)

Comment
Dastaiga Bay.
West side of Williston Reservoir, Parsnip Reach, across from Tutu Bay area (slightly north
of Mackenzie).
June 16, 2009.
10 U 481528 6141963
None identified.
None at this time.
An embayment at the outlet of the creek with a deep water narrow gap between a defined
rock escarpment on either side of the streams outlet.
Dike.
Waterfowl, wildlife, potentially amphibians, possibly juvenile fish.
Yes.
Low to moderate – embayment protects area from north southerly winds and likely large
disturbances from waves.
Retain water.
Dastaiga Creek.
Ponded water.
Spring and early summer or later depending upon reservoir levels.
5.9
5m+ It was too deep to determine the depth of channel at the proposed dike location,
however, a dike should be at least 3 m above the current water level during the site visit.
80 m total length with deepest section 14 m in length.

Estimated Elevation Range (masl)

Qualitative Cost (high/moderate/low)
Erosion Potential
((high/moderate/low)
Visible Signs of Erosion
Access (good/moderate/poor/none)
Debris (high/moderate/low)
Biological Comments
On-Site Wildlife Sign

Fisheries Issues/Values

Vegetation
Geotechnical Comments
Soil Types
Soil Suitability
Archaeological Comments
Terrain
Disturbance
Known Arch. sites within 3 km
Arch. Potential (high/low)

February 2010
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Moderate to high.
High relative to stream flow. There was little sign of visible erosion from wave and/or ice
action at the site, however, creek flows are substantial enough to ensure the swale of any
dike designed for this site would have to be able to withstand erosion from flowing water.
None.
Poor – a logging cut block exists within 400 m of the mouth of the creek but a road/trail
would be required from this cut block. Access may be better accomplished by barge.
Low.
Sufficient higher ground outside of the steep banks around the immediate shoreline of the
embayment is available to provide littoral type habitat. The relatively open area of the
embayment would also allow for thermal heating of water along these flats to encourage
invertebrate production.
None noted.
Dastaiga Creek is fully accessible to fish and spawning habitat is available within the
proposed area of inundation from the dike. Northern Pike Minnow were being captured by
the boat operator while on site, and the stream likely provides both rearing and spawning
habitat for a number of species of fish migrating from the reservoir. As such, upstream fish
passage must be maintained in any structure proposed for this system.
Coniferous forest with a narrow band of grass and willow riparian vegetation surrounding
the existing high water mark. Little aspen was observed on site.
Silts and sands.
Moderate to highly permeable soils. Soils subject to erosion.
Steep banks along shoreline, high banks, exposed breaks along shore.
Erosion from water level, and some debris.
None.
High: Flat bench, well defined along shoreline, numerous exposures.

38/113

APPENDIX B
Williston Reservoir Wetland Inventory - Site Catalogue

Photograph 1: Site 14 is a narrow gap between a rock escarpment at the outflow of Dastaiga Creek. The gap is only 15 m
wide, but appears deep (likely a small constriction prior to inundation), however, to effectively flood upstream flats, the dike
should be 2 to 3 m above existing water levels which would extend the length of the structure to about 80 m.

Photograph 2: Water levels in a natural embayment upstream (view west) of narrow gap shown in photo 1 could be
stabilized at a higher level with an appropriately sized dike with swale.

Photograph 3: Despite steep banks along the shore of some of this embayment (view east), there is a substantial amount of
higher level flood plain that could be flooded with a shallow layer of water at the upstream end of the embayment.
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Photograph 4: The creek mouth upstream of the embayment (view west) offers opportunities for shallow littoral type habitat if
flooded with an appropriate depth of water over the existing flood plain.

Photograph 5: Dastaiga Creek is a large enough stream to provide sufficient water to inundate the proposed area, however,
the stream also has fisheries values which must be considered, not the least of which is maintaining access during low water
periods.
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Table 14: Site 15 and 16 - No Name
Heading
Name
Location
Date of Visit
GPS Coordinates
Existing Information
Stake Holder Input
Description

Enhancement Options
Potential Beneficiaries
In Reservoir drawdown Zone
Exposure
(high/moderate/low/none)
Purpose
Water Source
Potential Habitat Type
Seasonal Functionality
Estimated Area (ha)
Estimated Dike Height (m)
Estimated Dike Length (m)
Estimated Elevation Range
(masl)
Qualitative Cost
(high/moderate/low)
Erosion Potential
((high/moderate/low)
Visible Signs of Erosion
Access
(good/moderate/poor/none)
Debris (high/moderate/low)

Biological Comments

On-Site Wildlife Sign
Fisheries Issues/Values
Vegetation

February 2010
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Comment
No Name.
West side of Williston Reservoir, Parsnip Reach, approximately 1.5 and 5.5 km south of
Dastaiga Creek (Site 14).
June 17, 2009.
15 = 10 U 482848 6139210, 16 = 10 U 482102 6140321.
None identified.
None at this time.
Both sites represent small streams with shallow inlets but gradual sloping banks that are
perched above the reservoir level. An obvious but narrow clay layer was observed on the
cut down of the stream banks for each stream.
Dike with swale within the small creek inlets or potential of combining such dikes with
diversions of water from these creeks and proposed dikes into a cut and fill along the
reservoir shore to connect site 15 and 16. This could create a berm and catchment area
along the reservoir shore, fed with water from both inflows.
Water fowl, wildlife, potentially amphibians and potentially rearing fish species.
Yes.
Creek inlets are relatively protected from north – southerly winds on, although the foreshore
is more exposed to reservoir processes. Site 16 appears to be more protected than Site
15.
Retain water.
Two small streams – potentially ephemeral (see flow data).
Ponded water with shallow littoral areas and possible succession to more wetland type
habitat over time.
Spring and early summer or later depending upon reservoir levels.
Site 15= up to 5m within creek inlet but could be shallower along shore line. Site 16= 2.5m.
Site 16 = 60m, Site 15 = 70 to 140 m depending upon alignment. These estimates do not
consider the option for a cut and fill.

Moderate to high depending upon which options are considered and due to the need to
barge equipment t the site.
Potentially moderate to high along shore line due to reservoir processes (ice, waves,
debris). Site 16 is potentially moderate to high depending upon high flows in the creek.
Eroding stream banks along the creek at site 16 suggest the creek is incising although the
identified clay layer may limit down cutting.
Poor. No nearby road access, however this shore of the Williston Reservoir is almost
directly across from existing barge landing facilities associated with the mills.
Low.
Despite exposure to reservoir processes, these 2 inlets offer good potential for ponding of
water and developing wetland with riparian habitat. The underlying clay seam forms the
basis for retaining water in a basin with limited water supply, but water supply appears
good. Although on the west side of the reservoir, the open shoreline maximizes morning
and early afternoon exposure to sunlight which will aid warming water retained in potential
structures to the benefit of productivity. Finally, while one stream may have some fisheries
values, the habitat in this system appears to be limited, and lessens concerns regarding
contradictory goals of maintaining fish access while trying to enhance wildlife values.
Goose and moose sign.
No fish observed on site, but stream 16 has spawning substrates near the confluence with
the reservoir and is accessible.
Coniferous trees in upland areas. Deciduous growth of willow and aspen with associated
grasses are present in a relatively think band at both Site 15 and 16 but also along the
shoreline. Unlike many other sites, deciduous vegetation along the perimeter of the inlets
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Geotechnical Comments
Soil Types
Soil Suitability
Archaeological Comments
Terrain
Disturbance
Known Arch. sites within 3 km
Arch. Potential (high/low)

was greening up, although similar vegetation along the shoreline appeared to be under
stress (dead and dying branches and little or no leaf development) as seen at other sites
throughout the reservoir.
Clay soils are suitable for dyke core. Thickness of clay soils needs to be confirmed to
determine if there is enough material to construct dyke core.
Silts and sands containing minor gravel. Blue grey silty clay observed within creek bank.
Clay soil thickness is unknown and is overlain by some 2 m of silts and sands.
Silts and sands are moderate to highly permeable. Clay soils have low permeability.
Gently sloped along tree line, with high cut banks and flat plains.
Variation in water levels and log debris.
None.
High: high cut banks, gently sloped, undulating terrain, with numerous surface exposures.

Photograph 1: A view North West at the small inlet at Site 15. The relatively flat slopes relative to the expected water level
of the reservoir at full pool make this Site a desirable location for manipulation.

Photograph 2: A view south west at the small inlet at Site 15. It is unknown if the stream feeding this site is ephemeral,
although it did have a measureable flow.
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Photograph 3: A view north along the reservoir shore at the stream exiting Site 15, towards Site 16. The broad flats of
relatively high exposed flood plain could potentially be excavated (cut) and have excavated material (fill) used to create a low
berm to connect Site 13a and 13b as an optional future treatment at this site. It is unknown if the stream feeding this site is
ephemeral, although it did have a measureable flow.

Photograph 4: A view upstream (west) at the stream and inlet at 16. The erosive power of the water course is more evident
at this site.
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Photograph 5: The creek at Site 16 may not be ephemeral, and does contain some gravel near the mouth and is accessible
to fish, and as such, may have fisheries values. Note the clay layer under the silt on the right bank

Photograph 6: The flood plain of the reservoir downstream of the creek at Site 16.
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Table 15: Site 17 - No Name
Heading
Name
Location
Date of Visit
GPS Coordinates
Existing Information
Stake Holder Input
Description
Enhancement Options
Potential Beneficiaries
In Reservoir drawdown Zone
Exposure
(high/moderate/low/none)
Purpose
Water Source
Potential Habitat Type
Seasonal Functionality
Estimated Area
Estimated Dike Height (m)
Estimated Dike Length (m)
Estimated Elevation Range
(masl)
Qualitative Cost
(high/moderate/low)
Erosion Potential
((high/moderate/low)
Visible Signs of Erosion
Access
(good/moderate/poor/none)
Debris (high/moderate/low)
Biological Comments
On-Site Wildlife Sign
Fisheries Issues/Values
Vegetation
Geotechnical Comments
Soil Types
Soil Suitability
Archaeological Comments
Terrain
Disturbance
Known Arch. sites within 3 km
Arch. Potential (high/low)
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Comment
No Name.
West side of Parsnip Reach downstream of Nation Arm.
June 17, 2009.
10 U 477505 6149021
None identified.
None at this time.
A short broad mouthed inlet south of sites 18 and 19. Only view from boat.
Limited due to small area, poor access, steep sided slopes and exposure to reservoir.
If diked, waterfowl and possibly fish if sufficient water to prevent entrapment issues.
Yes.
High – exposed reservoir shore line for wide opening of inlet.
Retain water.
Yes.
Deep pond.
Spring - early summer prior to inundation or potentially through summer and fall if reservoir
stays low.
0.4
n/a
n/a

High – due to difficult access.
Moderate to high. Any proposed dike would be exposed to wave erosion from reservoir.
Shoreline erosion near mouth of inlet (fallen trees).
Poor – likely barge is the only option given access from north would have to be across a
number of existing drainages (Sites 16 and 17) and reservoir shore becomes steep, at
viewed water levels.
Low to moderate.
Limited area for development given expected cost. Steep sided banks provide limited
littoral habitat if ponded water could be retained.
n/a
Possibly juvenile rearing or fish entrapment if insufficient water exists.
Mixed deciduous and coniferous trees along margin of inlet above the inundation zone,
some of which are leaning and or falling due to wave erosion.
Expected high cost of construction relative to small area of benefit.
Silts and sands.
Moderate to highly permeable soils. Soils subject to erosion.
High cut, steep banks that continue into the tree line, no breaks, and no defined features.
Fluctuating water levels and log debris.
1: Surface lithic.
Low: steep banks, no breaks and no defined topographical features.
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Photograph 1: Site 17 is a broad mouthed inlet with steep shores. Note the leaning trees and shoreline erosion along the left
shoreline, indicating exposure to wave erosion.
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Table 16: Site 18 and 19 (No name)
Heading
Name
Location
Date of Visit
GPS Coordinates
Existing Information
Stake Holder Input
Description
Enhancement Options
Potential Beneficiaries
In Reservoir drawdown Zone
Exposure
(high/moderate/low/none)
Purpose
Water Source
Potential Habitat Type
Seasonal Functionality
Estimated Area (ha)
Estimated Dike Height (m)
Estimated Dike Length (m)
Estimated Elevation Range
(masl)
Qualitative Cost
(high/moderate/low)
Erosion Potential
((high/moderate/low)
Visible Signs of Erosion
Access
(good/moderate/poor/none)
Debris (high/moderate/low)
Biological Comments
On-Site Wildlife Sign
Fisheries Issues/Values

Vegetation
Geotechnical Comments
Soil Types
Soil Suitability
Archaeological Comments
Terrain
Disturbance
Known Arch. sites within 3 km
Arch. Potential (high/low)
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Comment
No name.
West side of Parsnip Reach downstream of Nation Arm.
June 17, 2009.
18 = 10 U 477299 6149694 / 19 = 10 U 477157 6149835
None identified.
None at this time.
Two small inlets approximately 200 m apart from each other, each with drainages into them
and an area of shoreline bench land between them.
Cut and fill with dike across inlets, possibly raise land.
Water fowl, song birds, mammals, and possibly juvenile fish rearing.
Yes.
Moderate to high. Inlets are somewhat recessed but shoreline beach front is exposed to
wave on reservoir.
Retain water and encourage development of shoreline riparian vegetation.
Yes.
Shallow and deep pool ringed with riparian type vegetation.
Spring through to early summer or longer if reservoir remains low.
0.8 Ha – including foreshore and inlet areas.
~ 5m for inlets and up to 1.5 m along shore.
~ 50 m for inlets (max) and up to 300 along shore.

Moderate to High
Moderate to high due to exposure to reservoir processes, although some onsite rock exists
along shore which may be able to be used for armouring.
Some wind drift of silty material. Edge of shore along vegetation in some sections.
Moderate – logging roads are present at peninsula along south end of Nation Arm, but
machinery would have to walk along reservoir shore during low water and cross the
drainage at Site 20 to reach 18 and 19. Existing access likely need clearing and some
preparation.
Low to moderate. Heaviest concentrations within the head end of the inlets, particular at 16
south.
These areas have promise if cut and fill could be completed to raise upland area while
creating basin connecting high dikes across each inlet. Like other sites, water balance will
be essential for the plan to work.
Goose observed on site, also moose tracks.
Both streams appear ephemeral in nature and have no obvious spawning habitat. Access
presently limited by debris. Area could serve for fish rearing or fish entrapment, depending
upon water balance and the ability to retain water during low water periods.
Some grasses along reservoir shore and willow shrubs along perimeter of inundation zone
with coniferous forest in upland area. Similar to other sites, willow shrub at this site is
showing signs of stress, likely from extend periods of inundation.
Silts and sands. Gravel with minor cobbles present at higher elevations.
Moderate to highly permeable soils. Soils subject to erosion.
Moderately sloped banks, gently undulating terrain along tree line.
Exposed shore, variations in water level and log debris.
None.
High: Exposed shore line, level banks, generally flat, various surface exposures and
defined features.
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Photograph 1: The inlet at site 18. A ground seepage (top right) and small stream drainage (top right) are presented at this
site.

Photograph 2: The mouth of the inlet at 19 would require a high dike to pond water.
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Photograph 3: High bench land along between 18 and 19 (centre back ground) could be cut and filled to create dikes, raise
land along the shore line and create a basin for water diverted by dikes built across the inlets at 18 and 19. Note rock in
foreground which may be useful for armouring and dead willow shrub along the shoreline, which if raised slightly, could
provide a better platform for growth of willow shrubs.

Photograph 4: Debris accumulation and the drainage at 19. The high dike here would have to be armoured to protect
against scour from rafts of debris. Possible debris built into the dike could aid in armouring.
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Photograph 5: The mouth of the inlet at 19 is relative narrow, but would still need a high dike.

Photograph 6: Bench land to the north of 19 north may be able to be cut and filled, similar to the bench land north of 18 photo 2)..
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Table 17: Site 20 - South of Nation Arm
Heading
Name
Location
Date of Visit
GPS Coordinates
Existing Information
Stake Holder Input
Description
Enhancement Options
Potential Beneficiaries
In Reservoir drawdown Zone
Exposure (high/moderate/low/none)
Purpose
Water Source
Potential Habitat Type
Seasonal Functionality
Estimated Area (ha)
Estimated Dike Height (m)
Estimated Dike Length (m)
Estimated Elevation Range (masl)
Qualitative Cost
(high/moderate/low)
Erosion Potential
((high/moderate/low)
Visible Signs of Erosion
Access (good/moderate/poor/none)
Debris (high/moderate/low)

Biological Comments

On-Site Wildlife Sign
Fisheries Issues/Values
Vegetation
Geotechnical Comments
Soil Types
Soil Suitability
Archaeological Comments
Terrain
Disturbance
Known Arch. sites within 3 km
Arch. Potential (high/low)
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Comment
No Name.
West side of Parsnip Reach, immediately south of Nation Arm.
June 17, 2009.
10 U 476750 6150682
None identified.
None at this time.
Small relatively steep side inlet adjacent a large flat of reservoir shore to the north.
Limited. On-site substrates not conducive to building dike. Possibly seeding with suitable
vegetation (sedge) that can withstand inundation.
Shore and song birds if vegetation can be established. Waterfowl if dike could be built.
Yes.
Inlet is moderately exposed but shoreline to the north is highly exposed.
Establish vegetation.
Yes.
Sedge/grass land.
Spring through to early summer or longer if reservoir remains low.
7.1 – includes small inlet with proposed dike but also section of silt/sand flats along
shoreline. Potentially larger area if seeding option is considered.
Between 1.5 m to 2 m for the shallow berm and say 3 to 5 m for the highest sections of the
berm.
100
Moderate for berm.
Moderate to high due to exposure and material source.
Wind erosion (dunes).
Moderate to good. Approximately 300 m along beach via existing net work of roads near
beach to the north of the site. ATV tracks noted on site.
Low.
Although a water source is present, construction of a dike with on-site materials would be
problematic. Moreover, the area available for inundation from a dike is small. Trying to
revegetate the extensive silty/sand beach is likely a better option although the ability for
such vegetation to take without an available water source is unknown. Additionally,
exposure of this area to the main body of the reservoir and associated actions (waves,
wind, log and ice scour may make establishing vegetation difficult. Finally, vegetation
would have to withstand inundation for extended periods.
None.
None – if sedge and grasses can be established, such shoreline vegetation could provide
rearing opportunities for juvenile fish.
Limited to shrubs and trees above or near the limit of the inundation zone.
Silts and sands with minor gravel exposures at higher elevations.
Moderate to highly permeable soils. Soils subject to erosion.
Gently sloping terrain 5-7%, northeast aspect, no defined breaks, small ridge line along
trees, gently sloped.
Erosion within flood zone, and log debris.
None.
Low: Gently sloping terrain, minimal exposures, no breaks, flat, poorly defined features.
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Photograph 1: The small inlet at site 20.

Photograph 2: There is a small stream draining into the Site 20 inlet.
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Photograph 3: A natural ground water seepage within the inlet at site 20 may offer opportunities for growing sedge species.

Photograph 4: A large area of silty/sand beach north of site 20 appears easily accessed from nearby logging operations and
may facilitate mechanical seeding of an appropriate seed, such as native sedge.
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Table 18: Site 21 - South of Cut Thumb
Heading
Name
Location
Date of Visit
GPS Coordinates
Existing Information
Stake Holder Input
Description
Enhancement Options
Potential Beneficiaries
In Reservoir drawdown Zone
Exposure
(high/moderate/low/none)
Purpose
Water Source
Potential Habitat Type
Seasonal Functionality
Estimated Area (ha)
Estimated Dike Height (m)
Estimated Dike Length (m)
Estimated Elevation Range
(masl)
Qualitative Cost
(high/moderate/low)
Erosion Potential
((high/moderate/low)
Visible Signs of Erosion
Access
(good/moderate/poor/none)
Debris (high/moderate/low)
Biological Comments
On-Site Wildlife Sign
Fisheries Issues/Values
Vegetation
Geotechnical Comments
Soil Types
Soil Suitability
Archaeological Comments
Terrain
Disturbance
Known Arch. sites within 3 km
Arch. Potential (high/low)
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Comment
No Name.
East side Williston Reservoir – approximately equidistant between Cut Thumb Bay and
Tony Bay.
June 17, 2009.
10 U 478576 6150365
None identified.
None at this time.
A narrow steep side inlet with sandy shores.
Dike with swale.
Waterfowl, amphibians, potentially fish if area remains inundated throughout the year.
Yes.
Low to moderate east aspect but narrow inlet and large shallow flats at entrance to inlet
should protect area from wave wash at full pool.
Retain (pond) water.
Ephemeral stream with good flow (see flow measurement for site). Seepage was also
observed along existing slopes.
Ponded water/wetland.
Spring through to early summer or later depending upon reservoir levels.
~ 3.2
~4 m to 5 m.
40 – 60 m depending upon location.

Moderate due to lack of materials .
Moderate given western exposure. Shallow water leading to bay may reduce wave height
and action at this site.
Eroding banks along ephemeral stream.
Moderate. Cut block is proximate to the south and logging road is ~ 200 m from head end
of inlet, but access trail through riparian area and along inlet shoreline required.
Low.
Shallow bank for littoral zone on south side of channel, and towards head end of channel.
The stream is fed by a small lake, and may not be ephemeral.
None observed.
Some gravel combined with good flows may offer some spawning habitat although no fish
were observed on site. Limited rearing at mouth. Fisheries values of upstream lake must
be determined.
Primarily coniferous forest with a narrow band of willow and underlying grasses forming the
riparian area.
Silts and sands containing trace gravel.
Moderate to highly permeable. Soils subject to erosion.
Gently sloped banks, undulating terrain, small ridge towards tree line.
Erosion within flood zone and log debris.
None.
Low: low, sloped banks, low lying featureless terrain.
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Photograph 1: A view west towards the head end of the inlet. Note the gentle sloped bank along the left side of the photo.
Despite the western exposure, little debris accumulation was noted.

Photograph 2: A view east towards the head end of the inlet from the mouth of the structure. Banks are steeper along the
south (right side) of the inlet.
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Photograph 3: A view east towards the head end of the inlet. The light colour at the bottom of the snags at the head end of
the inlet (centre background of photo) marks the high water mark at full pool.

Photograph 4: Toads were in evidence along the sandy shores of the inlet, observed near the point where the ephemeral
stream met the reservoir.
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Table 19: Site 22 - North of Nation River
Heading
Name
Location
Date of Visit
GPS Coordinates
Existing Information
Stake Holder Input
Description
Enhancement Options
Potential Beneficiaries
In Reservoir drawdown Zone
Exposure
(high/moderate/low/none)
Purpose
Water Source
Potential Habitat Type
Seasonal Functionality
Estimated Area (ha)
Estimated Dike Height (m)
Estimated Dike Length (m)
Estimated Elevation Range
(masl)
Qualitative Cost
(high/moderate/low)
Erosion Potential
((high/moderate/low)
Visible Signs of Erosion
Access
(good/moderate/poor/none)
Debris (high/moderate/low)
Biological Comments
On-Site Wildlife Sign
Fisheries Issues/Values
Vegetation
Geotechnical Comments
Soil Types
Soil Suitability
Archaeological Comments
Terrain
Disturbance
Known Arch. sites within 3 km
Arch. Potential (high/low)
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Comment
North of Nation River.
West side of Parsnip Reach across from Cut Thumb Bay, north of Nation Arm.
June 17, 2009.
10 U 476750 6150682
None identified.
None at this time.
Small steep sided inlet.
Dike.
Waterfowl, amphibians, potentially rearing habitat for fish.
Yes.
Moderate – off of main reservoir but accessible to debris rafts.
Retain water
Yes (based upon map – but not measured or observed).
Small lake, deep near the reservoir outlet becoming shallower towards head end of the
inlet.
Spring through to early summer or longer if reservoir remains low.
1.9
n/a
Up to 150 m depending upon location in inlet.

Moderate to high depending upon height of dike and access requirements.
Moderate to high depending upon proximity of the dike to the confluence with Williston
Reservoir (more recessed, the more protection from wave wash).
None apparent.
Moderate to Good. Logging roads are within 150 m of inlet and to shoreline but clearing of
small road may be required.
Low.
Because of the steep sides of the inlet, there would be little littoral zone within the
inundation area should a dike be constructed. The site was only viewed from the boat for
this reason, and the fact that a deep dike would be required.
None observed.
Possibly rearing area for juvenile fish. Extensive fish passage requirements if the drainage
to this inlet (not viewed) is fish bearing.
Shrubs near head end, otherwise coniferous trees above high water mark of inlet perimeter.
Dike will require vegetation and armouring to minimize erosion.
Silts and sands.
Site soils are moderately to highly permeable and erodible.
Steep, high cut banks, no breaks, poorly defined features.
Erosion from fluctuating water levels.
None.
Low: high cut, steep banks, no breaks, poorly defined features.
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Photograph 1: Site 22 is a relatively long and deep inlet with steep sided slopes.
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Table 20: Site 23 - Embayment 2
Heading
Name
Location
Date of Visit
GPS Coordinates
Existing Information
Stake Holder Input
Description
Enhancement Options
Potential Beneficiaries
In Reservoir drawdown Zone
Exposure
(high/moderate/low/none)
Purpose
Water Source
Potential Habitat Type
Seasonal Functionality
Estimated Area (ha)
Estimated Dike Height (m)
Estimated Dike Length (m)
Estimated Elevation Range
(masl)
Qualitative Cost
(high/moderate/low)
Erosion Potential
((high/moderate/low)
Visible Signs of Erosion
Access
(good/moderate/poor/none)
Debris (high/moderate/low)
Biological Comments
On-Site Wildlife Sign
Fisheries Issues/Values
Vegetation
Geotechnical Comments
Soil Types
Soil Suitability
Archaeological Comments
Terrain
Disturbance
Known Arch. sites within 3 km
Arch. Potential (high/low)
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Comment
Embayment 2.
West side of Parsnip Reach, across from Cut Thumb Bay but north of Nation Arm.
June 17, 2009.
10 U 474571 6154878
None identified.
None at this time.
A basin along a large exposes area of the reservoir.
Limited. Possibly dike with cut and fill area or more preferentially, seeding with suitable
vegetation.
Water fowl.
Yes.
High.
Pond water.
None obvious.
Wetland.
Spring into early summer or later if reservoir levels stay low.
8.8
3m
>200 m

High.
High due to exposure to reservoir processes.
None obvious.
Moderate. Existing road is approximately 100-200 m away, but a short road would have to
be built through riparian area to access shoreline, however earth moving machinery may
have difficulty traversing site during wet conditions. Relatively steep slopes present
resulting in relatively small area for wetland . Costs may not justify small wetland area.
Low.
While the area is large and has natural contours that would facilitate enclosure and
flooding, there was no apparent water source, access would add additional costs, and the
area is exposed. This site may offer potential for seeding with sedge species that can
withstand extensive inundation.
None observed.
Likely would be an entrapment zone for fish, especially as there is no apparent water
source for the area.
Large areas of barren silty ground with a perimeter of willow shrub and grass at the highest
elevated land. Coniferous trees in upland areas.
Dike option will require vegetation and possible armouring to minimize erosion.
Silts and sands with minor gravel exposures, including cobbles, at higher elevations.
Moderate to highly permeable soils. Soils subject to erosion.
Low lying area within flood plain with gently sloped shore line, small ridges throughout.
Fluctuating water levels and log debris.
1: Surface lithic and fire broken rock.
High: Undulating terrain, gently sloped with small ridges.
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Photograph 1: Site 23 the west side of Parsnip Reach offers a natural basin within this embayment that could be enclosed
with an approximately 3m high dike (view north east).

Photograph 2: A view north across the flats towards the embayment at in Photo 1. While this area is an extensive plain,
there is no water source to keep water in such a large area, and it is exposed to the reservoir, making wave erosion as well
as potential scour from ice or floating rafts of debris a real possibility. A small group of islands north east o f this area may
offer some protection from northerly winds.

Photograph 3: Natural contours provide opportunities for enclosure with a dike, and some onsite rock may provide limited
armouring of any berm created in the area, but a water source is lacking.
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Table 21: Site 24 - Cut Thumb Bay
Heading
Name
Location
Date of Visit
GPS Coordinates
Existing Information
Stake Holder Input
Description
Enhancement Options
Potential Beneficiaries
In Reservoir drawdown Zone
Exposure
(high/moderate/low/none)
Purpose
Water Source
Potential Habitat Type
Seasonal Functionality
Estimated Area (ha)
Estimated Dike Height (m)
Estimated Dike Length (m)
Estimated Elevation Range
(masl)
Qualitative Cost
(high/moderate/low)
Erosion Potential
((high/moderate/low)
Visible Signs of Erosion
Access
(good/moderate/poor/none)
Debris (high/moderate/low)

Biological Comments

On-Site Wildlife Sign
Fisheries Issues/Values
Vegetation
Geotechnical Comments
Soil Types
Soil Suitability
Archaeological Comments
Terrain
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Comment
Cut Thumb Bay.
Head end of the bay at the outflow of Cut Thumb Creek on the east side of Parsnip Reach.
June 17, 2009.
10 U 479265 6154766
FISS, Bruce and Starr 1985, Retzer 1989, Langston and Blackman 1993.
None at this point.
A large area of relatively high land on the north and south sides of Cut Thumb bay adjacent
the creek.
Option 1 = Cut and fill options associated with a berm and water diversion from the creek.
Option 2 = raising land along existing contours to support growth of shrubs and deciduous
trees.
Option 1 = primarily water fowl. Option 2 = primarily song birds.
Yes.
Moderate. Exposure to westerly winds, but shallow waters at mouth of inlet may limit
ingress of floating debris.
Pool water or develop higher ground to enhance survival of shrub vegetation.
Yes.
Option 1 = create wetland. Option 2 = create more high ground for shrubs.
Spring and early summer.
10.8 for flats at mouth of creek on north and south sides of Cut Thumb Creek. North flats,
area for proposed work is a smaller area.
3 m minimum.
200 m +

Option 1 and 2 = High.
Moderate to high. Cut Thumb Bay is a large inlet with a wide mouth open to westerly
winds. Wave wash and exposure to debris rafts are an issue for any constructed berms.
Stream flow from the creek for any diversion could also be an issue.
Creek in upstream areas where diversion would be required is fast flowing and meandering
with high eroding banks.
Poor. Equipment likely requires barge access from camp site. An old trail adjacent the
camp site road apparently exists adjacent the bay, but this trail would have to be cleared
and a short road built down the bank from this road. It will be difficult for earth moving
machinery to traverse site.
Low
Like other creek mouths, existing shrubs are dying, or showing signs of stress, likely from
extended periods of inundation during recent years of reservoir operation. Grasses
presently grow along much of the higher areas of the beach, which may be as best as is to
be expected for the area without extensive expenditure of money for potentially limited
benefits, particularly for the possible area of benefit. While not a wetland, lush vegetation
along existing shore is reducing dust.
None.
Cut Thumb Creek supports fish.
Conifers along bay. Grasses on bench land where shrubs are not growing. Willow shrubs
at head end of bay.
Costs may not justify small area of benefit.
Silts and sands with minor gravel exposures at higher elevations.
Moderate to highly permeable soils. Soils subject to erosion.
Generally flat, low lying, with a small bench to the west adjacent to the creek.
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Disturbance
Known Arch. sites within 3 km
Arch. Potential (high/low)

Fluctuating water levels within the flood plain, log debris.
None.
High: Banks along Cut thumb creek and a high bench to the west.

Photograph 1: A view east towards the mouth of Cut Thumb Creek at the large area of bench land (~ 100 x 300 m) at the
head end of Cut Thumb Bay. The area is vegetated primarily with grasses.

Photograph 2: A view west of the vegetated plain at the outflow of Cut Thumb Creek. Natural undulations in land form lend
themselves well to flooding, but getting water to these areas is problematic given the elevation of this plain relative to that of
the creek. Although the area is relatively well protected from wind erosion, access to the area would have to be by barge or
by building a short road to the site.
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Photograph 3: Cut thumb creek at high flows is eroding banks in the area of where a diversion structure would have to be
considered for a cut and fill with berm type treatment, raising issues of armouring but also long term maintenance.
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Table 22: Site 25 East and 26 west (South of Blackwater)
Heading
Name
Location
Date of Visit
GPS Coordinates
Existing Information
Stake Holder Input
Description

Enhancement Options
Potential Beneficiaries
In Reservoir drawdown Zone
Exposure
(high/moderate/low/none)
Purpose
Water Source
Potential Habitat Type
Seasonal Functionality
Estimated Area (ha)
Estimated Dike Height (m)
Estimated Dike Length (m)
Estimated Elevation Range
(masl)
Qualitative Cost
(high/moderate/low)
Erosion Potential
((high/moderate/low)
Visible Signs of Erosion
Access
(good/moderate/poor/none)
Debris (high/moderate/low)

Biological Comments

On-Site Wildlife Sign
Fisheries Issues/Values

Vegetation

Comment
South of Blackwater.
West side of Williston Reservoir in Parsnip Arm. South of Manson Bay..
June 19, 2009.
25 = 10 U 456256 6171069 26 = 10 U 455789 6170960
Identified in Fish Wizard but no listed reports.
None at this time.
A narrow inlet with numerous arms, most of which have steep sided shore lines except at
the head end where east and west arms terminate with broad low gradient plains.
None recommended at this time. The area appears to provide function wetland/bog type
habitat that may or may not be improved with manipulation. Given location and access
considerations relative to potential costs to do any work in the area, other sites would be
more suitable for enhancement.
n/a
Yes.
Low - North facing but protected from wave erosions and potential debris scour due to
morphology of the inlet.
n/a – enhancement options are not recommended at this time.
Small streams are present flowing into both arms, including Blackwater Creek (see flow
data).
Existing bog and cattail wetlands.
Spring and early summer or later depending upon reservoir levels.
25 = 5.7 , 26 = 13.1 for existing bogs.
n/a
n/a

n/a
Low.
None.
Moderate. Logging roads (old and new) exist on either side of the inlet, including a cut
block at the mouth of the inlet and another primary access road ~ 400 m west of 25.
Low.
The site appears to be a functioning peat bog with grasses and vegetated areas and
mudflats. While extensive wildlife sign was not observed during the site visit, the area is
more suited to more detailed study to better understand how elevation of the inlet relative to
reservoir levels and ground conditions can be used to design other proposed wetland
projects in the area. Floats were observed in the water of each inlet. It is unknown if these
floats were associated with concurrent BCH studies or perhaps related to a First Nation
fishery.
Goose, Moose sign, mud swallows.
No indicated fisheries values in Fish wizard, which is consistent with small flows entering
26. More substantial flow into 25 may allow for presence of fish, but beaver dams will
influence extent of upstream access.
Substantial die off of conifers surrounding the area due to beetle infestation, but the riparian
area is a relatively wide band of vegetation around the perimeter of the head end of the
inlet, consisting primarily of willow and aspen. In addition to the sphagnum moss cover
over the drawdown area, the presence of both grasses and sedges were also observed
along the shores. Site 25 also contained cat tails which were releasing seed during the site
visit. The presence of some willow shrub observed in the lower elevation areas of the flats
where, as observed at other sites, under stress and/or dead.

Geotechnical Comments
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Soil Types
Soil Suitability
Archaeological Comments
Terrain
Disturbance
Known Arch. sites within 3 km
Arch. Potential (high/low)

Organic silts, peat, and sand.
Organic soils are unsuitable for use as a construction material.
Low lying wetlands with high ridges to the north, east and west.
Fluctuating water levels.
None identified.
Low: Low lying, featureless terrain, poorly drained area.

Center Finger
North Finger

Site 26 West

South Finger

Site 25 East

Photograph 1: The inlet showing sites 25 and 26. The inlet, although facing north, is well protected from winds.

Photograph 2: View south at Site 25.
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Photograph 3: View north at Site 25.

Photograph 4: Unique amongst all the sites visited is the presence of cat tails observed at Site 25. Their presence may,
amongst other site specific conditions, be indicative of a peat substrate creating bog type conditions and maintaining enough
moisture content in the substrate during low water conditions.

Photograph 5: A view towards the south finger of Site 26.
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Photograph 6: A view towards the north finger of Site 26.

Photograph 7: A view towards the north finger of Site 26.
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Photograph 8: A vegetated wetland with a small stream flowing from it at the central finger of Site 26.
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Table 23: Site 27 - Blackwater Creek
Heading
Name
Location
Date of Visit
GPS Coordinates
Existing Information
Stake Holder Input
Description
Enhancement Options
Potential Beneficiaries
In Reservoir drawdown Zone
Exposure
(high/moderate/low/none)
Purpose
Water Source
Potential Habitat Type
Seasonal Functionality
Estimated Area (ha)
Estimated Dike Height (m)
Estimated Dike Length (m)
Estimated Elevation Range
(masl)
Qualitative Cost
(high/moderate/low)
Erosion Potential
((high/moderate/low)
Visible Signs of Erosion
Access
(good/moderate/poor/none)
Debris (high/moderate/low)

Biological Comments

On-Site Wildlife Sign
Fisheries Issues/Values
Vegetation

February 2010
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Comment
Black Water Creek.
West side of Williston Reservoir, Parsnip Reach, between Manson Arm and Blackwater
Inlet but south of Peace and Nation Arms.
June 19, 2009.
10 U 453145 6173324
The Mackenzie Nature Observatory group indicated there are proposals to mine peat from
bog areas in the upper watershed of Blackwater Creek. Upstream areas of the watershed
are recognized as providing good waterfowl habitat. FISS, Bruce and Starr 1985, Retzer
1989, Langston and Blackman 1993, Hengeveld 1999 and 2000.
None at this time.
A small long and narrow inlet.
Cut with fill berms associated with a water diversion from the creek. A possible option is to
excavate deep enough into the existing relic channels and rely on ground water from the
creek opposed to establishing a water diversion.
Waterfowl, wildlife, potentially fish and possibly song birds if riparian like vegetation can be
established.
Yes.
High – north facing open inlet.
Flood existing channels and establish deciduous/shrub type vegetation in raised areas.
Good flowing stream.
Ponded water developing into wetland with riparian vegetation.
Spring and early summer or later depending upon reservoir levels. Seasonal functionality
may be considerably shorter with no water source. If vegetation can be established on
higher ground, such vegetation could function through the summer.
26.9 for the entire flats at the mouth of the creek.
Berms to 2 m or higher.
Will vary with configuration of cut areas.

Moderate to high.
High for any berm placed in the area given the exposure, the observed amount of debris on
site which could cause scour during full pool as well as potential impacts of ice. These
factors, combined with silty soils will exacerbate erosion of fill berms.
Banks adjacent existing and relic channels, the presence of relic channels, and braiding of
the stream.
Poor. There is a logging road leading to a cut block and an old landing at the mouth of this
inlet (Manson Log Dump), although barging of equipment to the head end of the inlet will be
required in the absence of a road to this area.
High. Substantial debris has accumulated on the east side of the flats adjacent the creek.
Existing back channels if excavated (using this excavated material to create raised lands in
the form of a berms adjacent the channel and then flooded with water from the creek could
provide useable habitat for a number of different species guilds. Unfortunately, the cost to
complete such work likely outweighs the benefits, particularly when considering the amount
of earthworks required and issues of maintenance of inlet structures and erosion of berms
formed into high ground.
Raptor nest.
Blackwater Creek is a fish bearing stream of high values, including Arctic Grayling, bull
trout, burbot, mountain white fish, northern pike minnow and rainbow trout (Fish wizard
2009). Entrapment of rearing fish is an issue for any excavated area after reservoir levels
recede if there is no established inflow and outflow for such areas.
Flats are generally barren although a stand of deciduous vegetation is present in the south
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east corner of the flats. Otherwise, coniferous trees with a narrow band of deciduous
(aspen and willow) trees along the perimeter of the inlet.
Geotechnical Comments
Soil Types
Soil Suitability
Archaeological Comments
Terrain
Disturbance
Known Arch. sites within 3 km
Arch. Potential (high/low)

Organic topsoil overlying silts and sands.
Moderate to highly permeable. Soils subject to erosion.
Undulating terrain, high banks to the east and west, small ridges and a creek to the east.
Fluctuating water levels, and log debris.
None.
High: small defined features overlook creek, with high banks to the east and west.

Photograph 1: The flats at the outlet of the creek show numerous old channels that could be flooded by diverting water from
the creek, although this would require considerable earthworks in addition to engineering a diversion.

February 2010
Project No. 091430-0057

70/113

APPENDIX B
Williston Reservoir Wetland Inventory - Site Catalogue

Photograph 2: View north along the flats towards the inlet. Note the vegetation growing along the higher ground on the right
side of the photo and the eroded bank along the high water channel on the left side of the photo.

Photograph 3: Existing old channels and depressions likely contain water during spring run off after rainfalls and could easily
be flooded with a diversion from the creek, but issues related to establishing a diversion that requires minimal maintenance is
one appears to be a highly erodible area would be expensive and challenging. Further, such diversions in fish bearing
streams must ensure sufficient flow remains in the stream to allow fish passage during low water periods. A second option is
to simply deepen and shape banks of existing channels so that ground water sits in these areas while utilizing excavated
material to create high ground adjacent to such excavations. This second option does raise the issue of fish entrapment
however, and possibly erosion of raised areas, particularly prior to establishment of vegetation.
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Table 24: Site 28 - Manson Creek
Heading
Name
Location
Date of Visit
GPS Coordinates
Existing Information
Stake Holder Input
Description
Enhancement Options
Potential Beneficiaries
In Reservoir drawdown Zone
Exposure (high/moderate/low/none)
Purpose
Water Source
Potential Habitat Type
Seasonal Functionality
Estimated Area (ha)
Estimated Dike Height (m)
Estimated Dike Length (m)
Estimated Elevation Range (masl)
Qualitative Cost
(high/moderate/low)
Erosion Potential
((high/moderate/low)
Visible Signs of Erosion
Access (good/moderate/poor/none)
Debris (high/moderate/low)

Biological Comments

On-Site Wildlife Sign
Fisheries Issues/Values

Vegetation
Geotechnical Comments
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Comment
Manson Creek.
Manson Arm, west side of Williston Reservoir in Parsnip Reach, immediately south of
Peace and Nation Reaches but north of Nation Arm.
June 19, 2009.
10 U 447913 6177276
FISS, Bruce and Starr 1985, Retzer 1989, Langston and Blackman 1993, Hengeveld
1999 and 2000, Rae and French 1999.
None at this time.
Large flats on each side of the creek with oxbows at the high water mark on the east side.
Cut with fill berms associated with a water diversion from the creek.
Wildlife, waterfowl, song birds if more riparian type habitat can be established and
potentially fish if the sufficient water exists to keep the area wetted.
Yes.
Moderate to high. North facing aspect of inlet could make receive substantial wind and
related wave wash against any constructed structure such as raised land/or berms.
Flood existing channels.
Manson Creek and existing back channels.
Ponded water in existing channels and excavations and potentially establish riparian
vegetation in raised berms and/or land from excavated material.
Spring and early summer, or later depending upon water levels.
Flats on east side of creek= 100, flats on west side = 38.7.
Raised land should be 1 – 2 m above existing flats.
n/a
Moderate to high.
High – likely for any unprotected excavated materials. Manson Arm is a northerly facing
aspect with a long fetch, but may be protected from summer southerly winds at full pool.
None obvious other than erosion along creek banks.
Good – existing road onto the flats from the east, and logging roads are very close to the
flats on the east and west side of the inlet. Transport distance for equipment from
Mackenzie is far, but appropriate machinery may be present in the area for logging
operations.
Low.
Diversions of water and excavation of materials are likely an expensive option, but the
easy access to this area makes this site a possible choice for experimentation and
expansion depending upon the success of the works. Upland habitat (deciduous riparian
vegetation and flooded oxbows and back channels) near the perimeter of the inundation
zone provides a template to follow in designing works. Suitable water supply is available
from Manson Creek, although the standards concerns with development of diversions
may be lessened by existing wetted back channels. Such channels like provide good
habitat for fish, amphibians and waterfowl. The eastern side of the flats are also exposed
to later morning and full afternoon sun which will aid warming of diverted waters,
increasing productivity in such areas.
Raptor nest, geese.
Manson Creek is a fish bearing stream with high fisheries values. Identified species (Fish
Wizard 2009) utilizing this system include burbot, bull trout, slimy sculpin, long nose
sucker, dace, arctic grayling, large scale sucker, kokanee, mountain and lake whitefish,
northern pike minnow and rainbow trout.
Well establish deciduous vegetation at upper perimeter of the inundation zone, primarily
willow and aspen, although alder was observed in some disturbed areas. Conifers ring
the steeper shoreline down the inlet. Cut blocks exist on either side of the inlet.
A rock berm is likely required to construct a water intake which will require importing mate
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Soil Types
Soil Suitability
Archaeological Comments
Terrain
Disturbance
Known Arch. sites within 3 km
Arch. Potential (high/low)

Discontinuous veneer of organic soils overlying silts and sands containing minor gravel.
Moderate to highly permeable. Soils are subject to erosion.
Undulating terrain with small ridge features along plain.
Fluctuating water levels, log debris is minimal in area.
None.
High: Large plain with micro-topographical features overlook a creek to the west.

Photograph 1: Manson Creek flats at the end of Manson Arm represents a large, road accessible area that could be
enhanced through cut and fill type earth works associated with a water diversion through via existing back channels.

Photograph 2: Manson Creek flats from the ground.
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Photograph 3: Old back channels and variability in ground terrain is conducive to a cut and fill type project.

Photograph 4: The flats adjacent the east side of the inlet are readily accessible via an existing road which enters onto the
flats from logging roads (left) and also nearby logging roads adjacent the west side of the inlet (right) although access
through the riparian area would have to be created.
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Photograph 5: Old oxbows and back channels along the east side of the inlet may provide opportunities for redirection to aid
flooding of existing depressions and old channels in presently unvegetated land, recognizing that such diversions add
complexity, cost and maintenance issues to these types of works. Note the dead and stressed vegetation in low lying areas
between the barren flats and the healthy riparian zone.
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Table 25: Site 29 - Eklund Creek
Heading
Name
Location
Date of Visit
GPS Coordinates
Existing Information
Stake Holder Input
Description
Enhancement Options
Potential Beneficiaries
In Reservoir drawdown Zone
Exposure
(high/moderate/low/none)
Purpose
Water Source
Potential Habitat Type
Seasonal Functionality
Estimated Area (ha)
Estimated Dike Height (m)
Estimated Dike Length (m)
Estimated Elevation Range
(masl)
Qualitative Cost
(high/moderate/low)
Erosion Potential
((high/moderate/low)
Visible Signs of Erosion
Access
(good/moderate/poor/none)
Debris (high/moderate/low)
Biological Comments

Comment
Eklund Creek.
Halfway down the west side of Manson Arm.
June 19, 2009.
10 U 440550 6187709.
FISS, Bruce and Starr 1985. Retzer 1989.
None at this time.
A short inlet with a wide mouth with flats near its head end where Eklund Creek joins the
reservoir flood zone.
Flood back channel but this would require a diversionary structure of some kind.
Waterfowl, wildlife, possibly fish if channel can be kept wet.
Yes
Low to moderate. The combination of an east facing inlet combined off of a Manson Arm
appears to offer good protection from wave and wind action.
Retain water.
Eklund Creek.
Ponded back channel.
Spring and early summer or later depending upon water levels.
28.3 for Eklund Creek flats but the area of the backchannel is minor (~10m by 200m).
n/a
n/a

Moderate to High.
High – primarily because of stream flow. Eklund Creek shows disturbance at the mouth,
likely due to high spring flows which causes for a migrating channel.
Migrating channel.
Poor – barge access only.
Moderate.
Given the limited access, changing stream course and limited area relative to sites such as
Manson Creek, it is recommended no work take place at this site.

On-Site Wildlife Sign
Fisheries Issues/Values
Vegetation
Geotechnical Comments
Soil Types
Soil Suitability
Archaeological Comments
Terrain
Disturbance
Known Arch. sites within 3 km
Arch. Potential (high/low)
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Rainbow trout and mountain whitefish are identified to utilize this stream (Fish Wizard
2009).
Typical coniferous trees along the inlet, with deciduous alder and willow growing in upland
areas of the creek flats, although extensive areas of stressed and/or dying willow are also in
evidence.
Silts and sands.
Moderate to highly permeable soils. Soils subject to erosion.
Undulating terrain within flood plain, with gently sloped banks along Ekland Creek.
Fluctuating water levels and log debris.
None.
High: Undulating terrain with micro-topographical features along creek.
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Photograph 1: The mouth of Eklund Creek. The area of the flats is relatively small compared to Manson Creek, and is also
inaccessible except by barge.

Photograph 2: A small back channel in the existing flats could potentially be flooded via a diversion of water from Eklund
Creek, but the area of benefit is small relative to the cost to do such work, the erosive forces from stream flows may cause
further problems as a meandering stream mouth is apparent. Flow experience through this back channel is evident from the
exposed substrate in the channel bottom (left).
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Table 26: Site 30 - Fries Creek
Heading
Name
Location
Date of Visit
GPS Coordinates
Existing Information
Stake Holder Input
Description
Enhancement Options
Potential Beneficiaries
In Reservoir drawdown Zone
Exposure
(high/moderate/low/none)
Purpose
Water Source
Potential Habitat Type
Seasonal Functionality
Estimated Area (ha)
Estimated Dike Height (m)
Estimated Dike Length (m)
Estimated Elevation Range
(masl)
Qualitative Cost
(high/moderate/low)
Erosion Potential
((high/moderate/low)
Visible Signs of Erosion
Access
(good/moderate/poor/none)
Debris (high/moderate/low)

Biological Comments

On-Site Wildlife Sign
Fisheries Issues/Values
Vegetation
Geotechnical Comments
Soil Types
Soil Suitability
Archaeological Comments
Terrain
Disturbance
Known Arch. sites within 3 km
Arch. Potential (high/low)
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Comment
Fries Creek.
West side of Williston Reservoir, Parsnip Reach, immediately north of Manson Arm.
June 19, 2009.
10 U 436086 6195017
None identified.
None at this time.
Relatively large, wide mouthed inlet.
Dike with swale and water diversion.
Waterfowl, amphibians, potentially fish if area can remain wetted.
Yes.
High.
Flood existing back channel.
Fries Creek.
Ponded water.
Spring and early summer.
7.7 ha for the creek flats.
2m (approx).
8 – 10 m depending upon location.

Moderate – primarily due to access.
Moderate to high. The area is exposed to processes from the reservoir such as wave wash
and scour from floating debris.
Easily eroded channel banks.
Moderate. A barge landing and road exist within 2 km of the channel near the mouth of the
inlet, however a trail also appears to access the Fries Creek bay on the south side of the
bay near the creek mouth. This road would likely require clearing and upgrades.
High.
If successful, the back channel could effectively pond water, and existing debris in the
channel could provide some cover for fish and aquatic organisms such as amphibians and
invertebrates. The channel is a relatively small feature however, and remote even though
road access is nearby, consequently, the project may not be cost effective given the rather
limited type of habitat that could be created at this site.
Raptor nest, raven observed, solitary duck observed (sp unknown)
Fries Creek is a fish bearing stream.
Typical of other inlets. Most deciduous vegetation is concentrated along the upper
perimeter of the drawdown zone adjacent the flats at the head end o f the inlet, although
dead and dying aspen and willow shrub was evident in the interface between the high water
mark and the upstream healthy deciduous vegetation.
Silts and sands.
Moderate to highly permeable. Soils subject to erosion.
Gently undulating terrain, with shallow gently sloped banks along creek.
Fluctuating water levels and abundant log debris.
None.
High: Well defined creek channel, with gently sloped banks, and micro-topographical
features.
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Photograph 1: The flats at the mouth of Fries Creek at the head end of the inlet showing the old back channel which may
have potential for flooding, although a water diversion would be required.

Photograph 2: Part of the back channel shown in Photo 1, looking east towards the inlet. This channel likely flows during
high water levels in the creek. Placing a small dike with a swale in this channel, and securing the water source via a
diversion from the creek could flood the channel. Slight excavation of the channel could provide material to build up
elevation of land adjacent this area for planting.
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Photoset 3: A view upstream at the back channel. Considerable debris has accumulated in this channel, an may represent
contributions from floating debris rafts in Williston Reservoir, as the inlet leading to Fries Creek is relatively broad at its mouth
and unprotected from easterly winds (left). Erodible soils are apparent along the banks of this channel (right). Note the dead
deciduous vegetation in the photo on the left.
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Table 27: Site 31 - Muscovite Park
Heading
Name
Location
Date of Visit
GPS Coordinates
Existing Information
Stake Holder Input

Description

Enhancement Options
Potential Beneficiaries
In Reservoir drawdown Zone
Exposure
(high/moderate/low/none)
Purpose
Water Source
Potential Habitat Type
Seasonal Functionality
Estimated Area (ha)
Estimated Dike Height (m)
Estimated Dike Length (m)
Estimated Elevation Range
(masl)
Qualitative Cost
(high/moderate/low)
Erosion Potential
((high/moderate/low)
Visible Signs of Erosion
Access
(good/moderate/poor/none)
Debris (high/moderate/low)

Biological Comments

On-Site Wildlife Sign
Fisheries Issues/Values
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Comment
Muscovite Park.
West side of Williston Reservoir, on the south shore of Omineca Arm – across from Peace
Arm.
June 19, 2009.
10 U 425670 6207650
None identified.
Site suggested as having potential by F. Courbold of PWFWCP, otherwise no other
identified information.
A series of lakes, with outflows into both Omineca Arm (north) and Williston Reservoir
Proper (west), although this site is in reference to the outflow into Omineca Arm. It is
unknown if these embayments are within the flood zone of the Williston Reservoir, or if they
may have been smaller lake/wetland habitat prior to inundation.
Dike, with 2 potential placement locations, one at the main outflow to Omineca Arm (option
A), or a second location slightly upstream which would exclude one existing basin but back
water the upstream basin (Option B). Option A would flood a larger area, and likely include
more shallow water habitat but requires a higher, but shorter dike.
Waterfowl, wildlife.
Yes.
Low to moderate. Option A is more exposed than Option B.
Pond water – raise level of existing lake nearest to outflow into Omineca Arm.
Yes – a small unnamed creek flowing through the area.
Lake like habitat.
Spring and early summer or later depending upon reservoir levels, or potentially year round
depending upon the height of the dike and the ability of this dike to prevent the inflow of
water from the reservoir.
69.6 for option A including, 8.5 of shallow water habitat, for Option B, 44.2 of primarily deep
water habitat.
Depending upon the location of the dike, it could be between 5 and 7 m high.
Depending upon location, the dike could range between 36 m (option 1) and 80 m (option
2).

Moderate to High.
Low to Moderate. Both options have northerly aspects. Option A is more exposed to
reservoir related processes, particularly wave wash, although the area is somewhat
protected due to its location in Omineca Arm by from northerly winds. Option B, being
upstream of he first basin, is more protected.
None
Moderate. Logging roads and cut blocks adjacent the area could likely be used for
overland transport of machinery with little or no need to establish a new road. This site is
remote however, and may require transport of equipment a long distance over existing
logging roads.
Low
Establishing a dike at Option B would provide less shallow littoral habitat than if Option A
was pursued since the shoreline of the existing basins is steep, however, option A would
also flood an approximately 5.4 ha area of relatively high ground between the two proposed
dike locations. This could form an extensive shallow water littoral zone which would receive
good sunlight.
Goose. Moose sign.
Unknown. No fish wizard listing, although the area is connected to Williston reservoir with
no obvious barriers. Additionally, during landing with the helicopter, a group of large fish
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Vegetation
Geotechnical Comments
Soil Types
Soil Suitability
Archaeological Comments
Terrain
Disturbance
Known Arch. sites within 3 km
Arch. Potential (high/low)

may have been observed spawning along the shore of one of the channels just downstream
of option B. The behaviour was reminiscent of Lake char, although there seemed to be an
area of clean gravel suggesting these fish were circle a redd (Lake Char are broadcast
spawners, not redd builders) and the period was later June. Fish passage may be required
for any dike and swale structure constructed.
Deciduous vegetation, primarily aspen with some alder is well established at the top of the
bank, but like other sites, areas where willows appears to be dead or under stress are also
observed at this site.
Silts, sands and minor gravel.
Moderate to highly permeable. Soils subject to erosion.
High steep banks, with gently undulating terrain, good views all around.
Fluctuating water levels and log debris.
None.
High: large, high flat banks overlooking inlets and small ridges throughout.

Photo 4

B
A

Photo 2

Photograph 1: A view of the low natural basins at the northern outlet of the Muscovite Lakes system draining into Omineca
Arm. The white areas indicate potential dikes options A and B. The black arrow show potential areas of flooding depending
upon options chosen.
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Photograph 2: The outlet showing the location of the dike option A shown in photograph 1.

Photograph 3: The dike at option A would flood a large flat plain that would provide could sallow water littoral zone habitat
while also raising water levels in the upstream basins (Photoset 3).
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Photoset 3: The channel for the proposed option B, shown from the ground (left) and the air (right). One crew observer
indicated seeing what appears to be large fish spawning, as the helicopter landed, adjacent the bank (right side) of the
channel shown in the left photo. This observation could not be confirmed from a ground survey or by a second aerial over
flight over the area as the survey crew was leaving the site.

Photograph 4: The basin which would be flooded by both option A and B upstream of the option B dike (photograph 1). The
steep banks do not provide opportunity for developing shallow littoral areas around the perimeter of this basin. Although a
relatively broad expanse of shoreline in the right background of this photo may flood with establishment of either dike, this
flats would still be under a least 3m of water.
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Table 28: Site 32 - Weston North
Heading
Name
Location
Date of Visit
GPS Coordinates
Existing Information
Stake Holder Input
Description
Enhancement Options
Potential Beneficiaries
In Reservoir drawdown Zone
Exposure
(high/moderate/low/none)
Purpose
Water Source
Potential Habitat Type
Seasonal Functionality
Estimated Area (ha)
Estimated Dike Height (m)
Estimated Dike Length (m)
Estimated Elevation Range
(masl)
Qualitative Cost
(high/moderate/low)
Erosion Potential
((high/moderate/low)
Visible Signs of Erosion
Access
(good/moderate/poor/none)
Debris (high/moderate/low)
Biological Comments
On-Site Wildlife Sign
Fisheries Issues/Values
Vegetation
Geotechnical Comments
Soil Types
Soil Suitability
Archaeological Comments
Terrain
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Comment
Weston North.
An inlet and embayment immediately north of Weston Bay, but opens directly into Williston
Reservoir.
June 19, 2009.
10 U 451535 6192080
None identified.
None at this time.
A shallow sloped inlet that with a long broad bog like flats that appears to be near the upper
range of the reservoir inundation zone. Existing milfoil and peat area with moss type
vegetation.
Dike
Water fowl, amphibians, wildlife, shorebirds, potentially song birds if riparian habitat
develops and rearing fish if the area can be flooded and stay wetted.
Yes.
Low – well protected inlet off of the reservoir. Wave wash should be minimal.
Pond water.
Small flow entering the bay – upstream water source may include part of the chain of lakes
that drains into Weston Bay – North Arm (Site 33). Flow in this stream could not be
measured by the flow meter.
Shallow water littoral area with emergent vegetation.
Spring and early summer or later depending upon reservoir levels.
19.5 but may be larger. High water mark not readily apparent from orthophoto and
upstream extent of high water mark not determined from field survey.
2m+
100 m

Moderate to high.
Low – well protected bay and short fetch.
None
Moderate to good. Logging roads are proximate to the east and west side of the site,
although clearing and upgrades of these road may be required. Also short access trails
through the riparian zone would have to be established from these roads to reach the
proposed dike site.
Low.
The large shallow water area if it could be flooded would provide a large area of relatively
shallow littoral like habitat. Given the location on eastern side of the reservoir, this area will
receive a maximum sunlight which should aid warming of water and associated productivity.
Geese with young. Moose sign.
The small channel does not appear to support rearing fish. The proposed inundation zone
could become an entrapment area if it can’t stay wetted.
Narrow band of deciduous including aspen and willow along perimeter of inlet with upland
coniferous trees. The flats also support milfoil and moss vegetation.
Organic soils present as well as silt to clayey silt and sands.
Moderate to highly permeable. Clayey silt soils are suitable for dike core material. Soils
subject to erosion.
Low lying , wet plain with ridges to the west, slightly elevated terrain to the north and east.
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Disturbance
Known Arch. sites within 3 km
Arch. Potential (high/low)

Fluctuating water levels with abundant log debris.
None.
High: ridges to the east and higher ground to the west above low lying plains. Ground
disturbance activities in the area would require archaeological investigation.

Photograph 1: Weston North seen from the air.

Photograph 2: A view north towards the outlet of a small stream flowing into the bay at Weston North.
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Photograph 3: A view across the flats at the head end of Weston North.

Photograph 4: A gaggle of geese including goslings observed during the flight into the bay at Weston North.
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Table 29: Site 33 - Weston Bay – North Arm
Heading
Name
Location
Date of Visit
GPS Coordinates
Existing Information
Stake Holder Input

Description

Enhancement Options
Potential Beneficiaries
In Reservoir drawdown Zone
Exposure (high/moderate/low/none)
Purpose
Water Source
Potential Habitat Type
Seasonal Functionality
Estimated Area (ha)
Estimated Dike Height (m)
Estimated Dike Length (m)
Estimated Elevation Range (masl)
Qualitative Cost
(high/moderate/low)
Erosion Potential
((high/moderate/low)
Visible Signs of Erosion
Access (good/moderate/poor/none)
Debris (high/moderate/low)
Biological Comments
On-Site Wildlife Sign
Fisheries Issues/Values
Vegetation
Geotechnical Comments
Soil Types
Soil Suitability
Archaeological Comments
Terrain
Disturbance

February 2010
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Comment
Weston Bay – North Arm (Scott Creek)
East side of Williston Reservoir in Parsnip reach immediately south of Ospika Arm. This
bay is the north arm of an inlet into which Weston Creek drains (forming the south arm).
June 19, 2009.
10 U 454635 6189162
FISS, (Bruce and Starr 1985, Retzer 1989, Langston and Blackman 1993).
None at this time.
A large embayment fed by at least 3 water sources, including a large stream on the east
side of the bay, and a stream from a series of lakes feeding into the west side of the bay.
The head end of the bay is already supporting wetland type habitat. The downstream
most of a series of lakes feeding into the west side of the Bay appear to be influenced by
backwatering and/or direct inundation during the highest reservoir water levels.
Dike across the mouth of the bay.
Waterfowl, amphibians, wildlife and potentially songbirds.
Yes.
Low.
Retain water.
Yes – 3 streams, none of which appear to be ephemeral.
Ponded water with a large shallow water basin.
Spring and early summer or later depending upon reservoir levels.
21.4 not include area of upstream lake feeding west side of inlet.
~2m
~ 220 m
High – primarily due to the length of the dike and the likely need for an armour swale.
Low – the area appears protected from wind and wave wash, however, the dike
constructed here would be exposed to sufficient outflow that erosion at the swale would
require armouring of the swale.
Eroding stream banks.
Moderate to good. A Logging road is proximate to the east side of the site, although
clearing and upgrades of this road may be required. Also a short access trail through
the riparian zone would have to be established from this road to reach the proposed dike
site.
Low.
Constructing a dike at this site would not only create a large relatively shallow water
basin, it may also control water elevations in the first upstream lake that is part of a
series of lakes that feed into the west side of the bay. In so doing, this water control may
benefit habitat in both areas.
Geese present. Moose sign.
Scott Creek (Photo 2) supports a diverse variety of fish, including bull trout, rainbow trout
and grayling. Given the presence of bull trout in Weston Creek to the south, it is likely
other streams flowing into the north arm of Weston Bay are also fish bearing.
The flats of the bay are barren of vegetation. A narrow band of deciduous alder and
willow surround he perimeter of the bay with upland coniferous forest.
Sands and minor gravel. Silt to clayey silt is present.
Moderate to highly permeable. Clayey silt soils have relatively low permeability and may
provide dike core. Soils subject to erosion.
Undulating terrain along flood zone, leading to high linear ridges.
Fluctuating water levels and log debris.
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Known Arch. sites within 3 km
Arch. Potential (high/low)

None.
High: ridge features along undulating terrain within flood zone. Larger ridges surround
area. Ground disturbance activities would require archaeological investigation.
Photo 2

Photo 4

Photograph 1: The north arm of Weston Bay (viewed north) showing the location of inflows into the bay.

Photograph 2: The outflow (left) from a series of lakes (right) which flow into the west side of the North Arm of Weston Bay
near its head end (as shown in photograph 1).
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Photograph 3: A view north at the North Arm of Weston Bay.

Photograph 4: A view at the large creek flowing into the east side of the north arm of Weston Bay (left) and towards a
potential location for a dike in a narrowing in the north arm of this bay (right) just downstream of the outflow of the creek.
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Table 30: Site 34 - Beaver Pond
Heading
Name
Location
Date of Visit
GPS Coordinates
Existing Information
Stake Holder Input
Description
Enhancement Options
Potential Beneficiaries
In Reservoir drawdown Zone
Exposure (high/moderate/low/none)
Purpose
Water Source
Potential Habitat Type
Seasonal Functionality
Estimated Area (ha)
Estimated Dike Height (m)
Estimated Dike Length (m)
Estimated Elevation Range (masl)
Qualitative Cost (high/moderate/low)
Erosion Potential
((high/moderate/low)
Visible Signs of Erosion
Access (good/moderate/poor/none)
Debris (high/moderate/low)
Biological Comments
On-Site Wildlife Sign
Fisheries Issues/Values

Vegetation
Geotechnical Comments
Soil Types
Soil Suitability
Archaeological Comments
Terrain
Disturbance
Known Arch. sites within 3 km
Arch. Potential (high/low)
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Comment
Beaver Pond.
Just north of Heather Point on the east side of Williston Reservoir. The inlet is
separated from the mouth of Tony Bay (to the south) by a low divide. It is possible
this divide is flooded at full pool.
June 17, 2009.
10 U 479230 6149327
None identified.
None at this time.
Small inlet with beaver dams at head end of this inlet.
Dike with swale.
Waterfowl, Wildlife and amphibians. Potentially rearing fish.
Yes.
Low.
Retain water.
Ephemeral stream – see available flow estimate based upon mean depth, mean
width and average flow. Additional small seepages observed through out mudflats
from upland areas.
Ponded water – wetland.
Spring through early summer or later if reservoir levels remain low.
2.3
5 to 6 m to meet top of bank.
45 – 58 m
Moderate.
Low although dike will require some armouring to protect against wave wash, and
scour created by out flowing water.
No obvious sign.
Moderate. Existing clear cut areas are within approximately 100 m of the site. While
a trail from the clear cut may be required to be built to the site, machine access
through the clear cut is possible.
Low.
The ability for beaver to create beaver ponds in this location indicates the ability to
pond water. Both shallow and deep water areas can be created by placement of
appropriately high dike in one of the narrowing’s of the inlet. Upland shallow mud
flats could be retained to provide additional productivity for shore birds.
Shorebirds, moose track, beaver sign.
Juvenile non sports fish were observed within the channel at this site, although there
is no obvious spawning habitat, and rearing habitat is restricted to mud substrate
shoals with some small woody debris.
A thin layer of sphagnum type moss is evident along some of the mudflats.
Otherwise, the riparian area consists of coniferous trees with a small band of willow
and aspen with some grasses at the upstream end of the inundation zone.
Silts and sands.
Moderate to highly permeable. Soils subject to erosion.
Low lying, poorly drained, generally featureless terrain with high cut banks to the
north and south.
Fluctuating water level and log debris.
None.
Low: Low lying featureless terrain, gently undulating to north and south.
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Photograph 1: The north west aspect of inlet at site 34 appears to provide some protection from wind since there was little
evidence of debris accumulation. A dike at the narrowing could flood a relatively large area.

Photograph 2: Extensive shallow mudflats exist at site 34 with various seepage points, and moss like vegetation was in
evidence throughout the flats.
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Photograph 3: A view towards the mouth of the small inlet at site 34 from the area of the beaver dams.

Photograph 4: The beaver ponds and dams at the head end of the site 34 inlet.
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Photograph 5: A view towards the low lying ground beyond the beaver pond that separates Site 34 from the mouth Tony Bay
south east of this site.

Photograph 6: Flooding the plains with a deep (5 to 6 m high dike) could provide a mix of both deep water and shallow
littoral zone throughout this site, adding complexity to ponded area of water.
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Table 31: Site 35 – Heather Point
Heading
Name
Location
Date of Visit
GPS Coordinates
Existing Information
Stake Holder Input
Description
Enhancement Options
Potential Beneficiaries
In Reservoir drawdown Zone
Exposure
(high/moderate/low/none)
Purpose
Water Source
Potential Habitat Type
Seasonal Functionality
Estimated Area (ha)
Estimated Dike Height (m)
Estimated Dike Length (m)
Estimated Elevation Range
(masl)
Qualitative Cost
(high/moderate/low)
Erosion Potential
((high/moderate/low)
Visible Signs of Erosion
Access
(good/moderate/poor/none)
Debris (high/moderate/low)
Biological Comments
On-Site Wildlife Sign
Fisheries Issues/Values
Vegetation
Geotechnical Comments
Soil Types
Soil Suitability
Archaeological Comments
Terrain
Disturbance
Known Arch. sites within 3 km
Arch. Potential (high/low)
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Comment
Heather Point.
Mouth of Tony Bay.
June 17, 2009.
10 U 481574 6148261
None identified.
None at this time.
Small inlet facing west with relatively shallow banks towards the head end where willow is
presently growing.
Dike with swale.
Water fowl, amphibians, wildlife, potentially fish if water can be retained year round .
Yes.
Moderate to high.
Retain water.
Small ephemeral stream.
Pond.
Spring through early summer or later if reservoir levels remain low.
2.9
2m +
40 m

Moderate due to access and lack of material.
Moderate to high due to exposure from wind. Existing erosion is not apparent, however, it
is expected that wave wash and debris scour could be of concern due to open exposure.
None.
Poor – likely only by barge without construction of road.
High.
The gentle side slopes of the inlet towards its head end are conducive to providing littoral
zone, but there is no sign of existing emergent or submergent vegetation.
Western toads.
Small unidentified (coarse?) fish observed rearing in the stream but no obvious spawning
habitat due to lack of gravels. Rearing habitat at low water limited to juvenile fish species
hiding in mud and under debris.
Coniferous forest with narrow band of willow and aspen.
Sands, silts and minor gravel exposures.
Moderate to highly permeable. Soils subject to erosion.
High cut banks with generally flat, featureless terrain to the north and south. Low lying to
the east.
Log debris.
None.
Low: generally featureless terrain, low lying.
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Photograph 1: A view east towards the head end of the small inlet near heather point in Tony Bay. Gentle slopes are
conducive to growing vegetation and providing a shallow littoral zone around the inlet if the area is flooded.

Photograph 2: The opening of the inlet is fully exposed to westerly winds since this inlet faces the mouth of Tony Bay.
Slopes of the inlet become steeper towards the reservoir.
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Table 32: Site 36 - Tony Bay
Heading
Name
Location
Date of Visit
GPS Coordinates
Existing Information
Stake Holder Input
Description
Enhancement Options
Potential Beneficiaries
In Reservoir drawdown Zone
Exposure
(high/moderate/low/none)
Purpose
Water Source
Potential Habitat Type
Seasonal Functionality
Estimated Area (ha)
Estimated Dike Height (m)
Estimated Dike Length (m)
Estimated Elevation Range
(masl)
Qualitative Cost
(high/moderate/low)
Erosion Potential
((high/moderate/low)
Visible Signs of Erosion
Access
(good/moderate/poor/none)
Debris (high/moderate/low)
Biological Comments
On-Site Wildlife Sign
Fisheries Issues/Values
Vegetation
Geotechnical Comments
Soil Types
Soil Suitability
Archaeological Comments
Terrain
Disturbance
Known Arch. sites within 3 km
Arch. Potential (high/low)
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Comment
Tony Bay.
East side of Williston Reservoir on the east side of Tony Bay within 1 km of Tony Creek
mouth.
June 17, 2009.
10 U 483373 6146232
DUC looked at Tony Bay as a potential dike location in the 1980’s.
None at this time.
Small narrow inlet off of Tony.
Dike.
Primarily water fowl and amphibians.
Yes.
Low to moderate.
Retain water.
Yes – small flow – no measurement taken.
Ponded water.
Spring and early summer, possibly through the year if water levels stay low.
1.5
~4m
40 to 80 m depending upon the location.
668-672
Moderate.
No rock, limited exposure but silt in dike would have to be stabilized.
None
Poor. Potentially machinery could walk along the reservoir shore during low water periods,
but it would have to cross Tony Creek.
Low.
Relatively small area with minimal flow but gentle slopes. Cost for area of impact would be
high but gentle side slopes provide opportunities for a littoral area if water could be
impounded.
Moose sign.
No obvious habitat at low water.
Primarily conifers adjacent the inlets perimeter. Some grasses near the top end of the
drawdown zone.
Silts and sands with minor gravel exposures.
Moderate to highly permeable. Soils subject to erosion.
Gently sloping terrain (3-5%), northern aspect with high banks to the southeast and
southwest.
Fluctuating water levels and log debris.
1: Surface lithic.
Low: Shallow shoreline, generally featureless terrain, gently sloped, with steep banks.
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Photograph 1: A view up the small inlet in Tony Bay. Gentle slopes are conducive to growing vegetation and providing a
shallow littoral zone around the inlet.

Photograph 2: A view of the mouth of the small inlet. A dike in this location would have to be between 40 and 80 m wide
depending upon where it is placed and about 4 m high.
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Table 33: Site 37 - Tony Creek
Heading
Name
Location
Date of Visit
GPS Coordinates
Existing Information
Stake Holder Input
Description
Enhancement Options

Potential Beneficiaries
In Reservoir drawdown Zone
Exposure
(high/moderate/low/none)
Purpose
Water Source
Potential Habitat Type

Seasonal Functionality
Estimated Area (ha)
Estimated Dike Height (m)
Estimated Dike Length (m)
Estimated Elevation Range
(masl)
Qualitative Cost
(high/moderate/low)
Erosion Potential
((high/moderate/low)
Visible Signs of Erosion
Access
(good/moderate/poor/none)
Debris (high/moderate/low)

Biological Comments

On-Site Wildlife Sign
Fisheries Issues/Values

February 2010
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Comment
Tony Creek.
East side of Parsnip Arm – large embayment “Tony Bay” south of Heather Point.
June 17, 2009.
10 U 483433 6145813
FISS, DUC looked at Tony Bay as a potential dike location in the 1980’s. Also Bruce and
Starr 1985, Retzer 1989, Rae and French 1989, Fielden et al 1993.
None at this time.
Large bench land at the outlet of Tony Creek.
1) Dike across Tony Bay. 2) Inlet structure from Tony Creek associated with cut and fill with
berm to raise land on bench to encourage new shrub growth and/or increase survival of
existing shrubs or 3) Raise land around existing high ground only to encourage new shrub
growth and/or increase survival of existing shrubs.
Option 1= Primarily water fowl. Option 2 = Waterfowl/Amphibians/Songbirds, shore birds,
possibly small mammals, Option 3 = Primarily song birds, possibly shore birds, water fowl
and amphibians.
Yes.
Low to moderate.
Option 1 = pond water, Option 2 = Raise land associated with ponded water, Option 3 =
raise land.
Yes – no flow measurement taken but Tony Creek is a major water source.
Option 1 = Wetland/Option 2 Wetland with riparian habitat/Option 3 more riparian habitat at
full pond.
Option 1 = Spring through early summer or later if reservoir levels remain low, Option 2 =
wetland areas = spring and early summer or later for wetlands if reservoir levels stay low but
potentially throughout spring and summer and fall for areas of raised land, Option 3 =
potentially throughout spring summer and fall if vegetation can be established.
24.6 for entire flats on either side of the creek.
Option 1 = ~ 4 m/ Option 2 and 3 – raised land component = ~1.5-2m.
Option 1 = 350 m.

Option 1 and 2 = expensive (perhaps prohibitively expensive), Option 3 = low to moderate.
Option 1 although protected would require substantial rock infill to protect against high flows
from the stream and possible wave wash. Option 2 would face erosion for any possible inlet
structure drawing water from Tony Creek to add water to created depressions in the bench
land. Option 2 and 3 raised lands may be prone to erosion from wave wash before
vegetation can stabilize soils.
Stream banks along Tony Creek.
Good. Logging roads can be seen from the site, and there is evidence e of old road beds
along the Tony Ck. flats, although these may require clearing and upgrading for machinery.
Low.
This site holds potential, particularly for option 3 as the creek flats vary in elevation
considerably. Ground water from the reservoir may briefly fill any areas where materials are
borrowed from to raise land, and the raised land option is consistent with comments from
some MNO members indicating a wish to see more riparian type vegetation in the reservoir
drawdown area. The area is also well protected from prevalent winds. A downside is such
areas may be exposed to erosion prior to vegetation stabilizing the soil.
Moose sign.
Tony Creek is a major water source. Extensive gravels were present at the mouth of the
stream. There is apparently a falls upstream of the Parsnip West FSR, but this means at
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Vegetation
Geotechnical Comments
Soil Types
Soil Suitability
Archaeological Comments
Terrain
Disturbance
Known Arch. sites within 3 km
Arch. Potential (high/low)

least 4 k of stream is accessible to fish.
Substantial shrub growth noted at this site, although much of it is dying or showing signs of
stress likely due to extended periods of inundation and/or scour and damage from debris.
Silts, sands and minor gravel exposures.
Moderate to highly permeable. Soils subject to erosion.
Undulating terrain with small ridges to the southwest, lower lying terrain to southeast and a
general slope to the northeast of 5%.
Fluctuating water level and log debris.
1: Surface lithic.
High: Undulating terrain, well defined features, small ridges to the southwest.

Photograph 1: The flats at the head end of Tony Bay at the outflow of Tony Creek as seen from the air. The dashed line
shows Option 1 for a possible dike location to keep the flats inundated during low water periods. The arrowed line and circle
show possible locations of Option 2 (inlet to provide water to excavated areas used to raise land) while the oval shows areas
in Option 3 where raised land where vegetation is dying could potential be raised further to support vegetation through high
water periods.
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Photograph 2: Dead shrubs on high ground near the perimeter of the flood zone.

Photograph 3: The head end of Tony Creek is a large flat plain with relic channels and considerable topography that may be
able to be flooded to some extent either by diverting water from Tony Creek or creating a dike across the head end of the
bay, both of which would be expensive options.

Photograph 4: Tony Creek shows extensive signs of bank erosion as well as a high bank to the surrounding floodplain,
meaning an inlet structure would have to consider the elevation of the surrounding land as well as protection from erosion
from the active stream mouth.
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Photograph 5: Dead willow shrub vegetation at the head end of the Tony Creek flats. High ground represented by the dead
vegetation could be raised using cut and fill methods, potentially encouraging survival of such willow with the cut areas acting
as depressions to trap water.

Photograph 6: An old road bed provides access to the bench land at Tony Creek from an existing logging road.
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Table 34: Site 38 - Tutu Bay
Heading
Name
Location
Date of Visit
GPS Coordinates
Existing Information
Stake Holder Input
Description
Enhancement Options
Potential Beneficiaries
In Reservoir drawdown Zone
Exposure
(high/moderate/low/none)
Purpose
Water Source
Potential Habitat Type
Seasonal Functionality
Estimated Area (ha)
Estimated Dike Height (m)
Estimated Dike Length (m)
Estimated Elevation Range
(masl)
Qualitative Cost
(high/moderate/low)
Erosion Potential
((high/moderate/low)
Visible Signs of Erosion
Access
(good/moderate/poor/none)
Debris (high/moderate/low)

Biological Comments

On-Site Wildlife Sign
Fisheries Issues/Values

Vegetation

February 2010
Project No. 091430-0057

Comment
Tutu Bay.
East side of Williston Reservoir, immediately north of Mugaha Bay and Mackenzie in the
Parsnip reach.
June 18, 2009.
10 U 485314 6143074
FISS, DUC reviewed Tony Bay as a potential dike location in the 1980’s. Bruce and Starr
1985, Retzer 1989, Rae and French 1989, Courbould 1991a and 1991b and Fielden et al
1993.
None at this time.
A large embayment accessible by boat with various small drainages feeding into it.
Long low dike with swale.
Water fowl, amphibians, aquatic animals, wildlife, potentially fish species depending upon
issues of accessibility.
Yes.
Low.
Retain water.
Various un measured tributaries.
Essentially a small lake.
Spring and early summer, depending upon reservoir levels, the height of any proposed
dike, and issues of permeability.
270 but includes entire bay and islands. Actually area that can be inundated by a dike will
be less. It is unknown if Tutu Bay entirely empties of water during average drawdown
years.
4m+ (height will depend upon objectives.
400m + (depends upon location).

High.
Low relative to exposure to reservoir processes (in particular wave wash), however, the
area is so large that waves generated in the embayment may create erosion problems on
any proposed dike for this location if not properly armoured.
None.
Poor – Barge is likely the only access for machinery without building new roads.
Low.
It is debatable that increasing the water level in this embayment will achieve much except
raising water levels. Observed slopes of shoreline within the embayment are quite steep.
While some large flats exist near the outflow of bay that if covered with only 1 m of water or
less may provide good shallow water habitat for invertebrate growth, these areas will flood
as water levels rise in the reservoir and water depth will be much deeper during much of the
growing season. Given the cost for a dike in this area, the benefit does not warrant the
effort and/or likely large maintenance requirements for such work. Viewing this area at
lower water levels would be beneficial to determine to what extent the area evacuates of
water during normal draw down.
None.
Unknown, although it is likely the streams draining into Tutu bay do have fisheries values,
as does the bay itself, consequently, fish passage into the area may be necessary to
maintain access into some of the small drainages. Tutu Creek (outside the proposed
impoundment area is fish bearing.
Coniferous forest around the perimeter of the embayment, but Tutu bay was not explored
extensively beyond the potential dike location at the outlet. The outlet of the embayment is
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adjacent a small lagoon that was vegetated with willow and grasses (Photo 3). This area is
near the same elevation as the barren grounds adjacent the outlet so it is suspect some
process is occurring here that facilitates the growth of this vegetation. It is possible this
area is a floating matt that rises and falls with reservoir levels. Alternatively, this relatively
protected area may be warmer at high water due to less circulation of water from the
reservoir or it may flood in a different manner relative to the area around the outlet of the
bay due to a slight change in elevation. This area warrants closer examination as it may
provide a model for alternative enhancement options and/or an example of how slight
variations in conditions can result in riparian like deciduous growth.
Geotechnical Comments
Soil Types
Soil Suitability
Archaeological Comments
Terrain
Disturbance
Known Arch. sites within 3 km
Arch. Potential (high/low)

Silts, sands and minor gravel exposures.
Moderate to highly permeable soils. Soils subject to erosion.
High, gently sloped banks, small ridges throughout with gently undulating terrain.
Fluctuating water levels, minimal log debris.
1: Surface lithic.
High: level terrain with micro-topographical features throughout.

Photograph 1: A large barren flats exists near the outlet of Tutu Bay, otherwise, much of the shoreline along islands within
the bay and for the bay shoreline proper represent steep slopes.

Photograph 2: The outlet channel at Tutu Bay.
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Photoset 3: The outlet area of Tutu Bay (middle) showing the small inlet where deciduous type (willow) vegetation (bottom)
is growing despite being at a similar elevation as the flats along the outlet itself, and observed stressed and/or dead shrub
vegetation east of this area (top photo). The top photo includes both conifers and deciduous vegetation, but represents a
common observation of dead deciduous (willow and aspen) vegetation observed near the high water mark of many inlets.
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Table 35: Site 39 - Mugaha Bay 1
Heading
Name
Location
Date of Visit
GPS Coordinates
Existing Information

Stake Holder Input
Description
Enhancement Options
Potential Beneficiaries
In Reservoir drawdown Zone
Exposure
(high/moderate/low/none)
Purpose
Water Source
Potential Habitat Type
Seasonal Functionality
Estimated Area (ha)
Estimated Dike Height (m)
Estimated Dike Length (m)
Estimated Elevation Range
(masl)
Qualitative Cost
(high/moderate/low)
Erosion Potential
((high/moderate/low)
Visible Signs of Erosion
Access
(good/moderate/poor/none)
Debris (high/moderate/low)
Biological Comments
On-Site Wildlife Sign
Fisheries Issues/Values
Vegetation
Geotechnical Comments
Soil Types
Soil Suitability
Archaeological Comments
Terrain
Disturbance
Known Arch. sites within 3 km
Arch. Potential (high/low)
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Comment
Mugaha Bay 1.
North end of Mugaha Bay adjacent the Mackenzie Nature Observatory (MNO) Bird Banding
Station.
June 16, 2009.
10 U 486604 6139042.
DUC completed initial survey of sites in conjunction with the Peace Williston Fish and
Wildlife Compensation Fund in the 1980’s. Also Bruce and Starr 1985, Retzer 1989, Rae
and French 1989, Courbould 1991a, 1991b and 1992, Langston and Blackman 1991,
Martin 1992, Fielden et al 1993, and Hengeveld 1999 and 2000.
Shrub vegetation being lost to repeated high water over the last 5 years. Apparently less
water is reaching this system in spring since placement of a new culvert on a logging road
leading to the area (Pers. Comm. MNO) There was a proposal to resurface the road
across the bay as the area is used extensively by locals for berry picking.
Existing wetland which is ringed by willow and alder shrubs and well vegetated with sedges.
Dike.
Waterfowl, songbird, amphibians, wildlife.
Yes.
Low – existing road appears to prevent ingress of debris into existing marsh.
Maintenance/protection of existing wetland.
Minimal – primarily via snow melt and rainfall. No measureable flow.
Wetland.
Spring through fall.
41.8
~1.5 m
~ 900-1100 m.
~670-672.08 masl.
Moderate.
Moderate. Scour from debris against dike may be an issue during high water years.
None obvious,
Good – ringed by logging roads.
Moderate– debris piled against existing road.
Functioning wetland with high songbird/waterfowl/wildlife use.
Rail species exhibiting nesting behaviour.
Possibly rearing/foraging area while inundated, but entrapment and die-off likely associated
with such use if area can’t be kept wetted. Mugaha Creek to the south is fish bearing.
Shrubs/sedge/cattail.
Importing of material likely required, hauled from less than approximately 10 km distance.
Sands and gravels.
Highly to moderate permeable soils. Soils subject to erosion.
Low lying terrain, marshy, gently sloped (2-3%) with a west aspect.
Existing access road.
15: Surface lithics and fire broken rock.
Low: low lying marshy area, featureless terrain.
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Photograph 1: Site 31a is raising the low road shown (arrow) on the photograph. The targeted wetland is between the 2
logging roads.

Photograph 2: Mugaha wetlands.
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Photograph 3: The low road crossing the bay could be raised by about 1.5 m. This could possibly allow more water storage
in the wetland during low water years in the wetland. It is unlikely such a dike could however, be made impermeable to
prevent ingress of water from the reservoir during high water years. Note the shrubby vegetation without foliage. It appears
much of this vegetation has been killed by successive years of inundation.

Photograph 4: Flow out of the wetland during the site visit was negligible.
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Photograph 5: A view south east towards Mugaha Bay, towards the proposed site 31b dike, from the low road. Note the
debris accumulations along the shore and the Flow out of the wetland during the site visit was negligible. Again note the
shrubs without foliage.
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Table 36: Site 40 - Mugaha Bay 2
Heading
Name
Location
Date of Visit
GPS Coordinates
Existing Information
Stake Holder Input
Description
Enhancement Options
Potential Beneficiaries
In Reservoir drawdown Zone
Exposure
(high/moderate/low/none)
Purpose
Water Source
Potential Habitat Type
Seasonal Functionality
Estimated Area (ha)
Estimated Dike Height (m)
Estimated Dike Length (m)
Estimated Elevation Range
(masl)
Qualitative Cost
(high/moderate/low)
Erosion Potential
((high/moderate/low)
Visible Signs of Erosion
Access
(good/moderate/poor/none)
Debris (high/moderate/low)
Biological Comments
On-Site Wildlife Sign
Fisheries Issues/Values
Vegetation
Geotechnical Comments
Soil Types
Soil Suitability
Archaeological Comments
Terrain
Disturbance
Known Arch. sites within 3 km
Arch. Potential (high/low)
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Comment
Mugaha Bay 2
North end of Mugaha Bay (east side of Williston Reservoir just north of Mackenzie)
June 16, 2009.
10 U 487156 6137804 (Potential start point for Site 2 dike)
DUC completed initial survey of sites in conjunction with the Peace Williston Fish and
Wildlife Compensation Fund in the 1980’s. FISS, Bruce and Starr 1985, Retzer 1989, Rae
and French 1989, Courbould 1991a, 1991b and 1992, Langston and Blackman 1991,
Martin 1992, Fielden et al 1993, and Hengeveld 1999 and 2000.
Shrub vegetation being lost to repeated high water over the last 5 years.
Flats at head end of swamp.
Dike
Waterfowl, songbirds, amphibians, potentially rearing juvenile fish if sufficient water during
low water years.
Yes.
Moderate – off main reservoir but open to building south wind at full pool.
Maintenance/protection of existing wetland.
Minimal – would include drainage from Mugaha Bay 1 but also from an unnamed drainage
north of Mugaha Creek. Water balance required to determine ability to inundate the area.
Wetland.
Spring through fall.
87.9
~2.0 + m.
~ 900 m.
~669-672.08 masl.
High.
Moderate. Scour from debris against dike may be an issue during high water years.
Some erosion along access road at west end.
Good.
Moderate– debris piled against existing road and along shore.
Existing flats likely provide seasonal spring use prior to inundation. Shrub vegetation dying.
Dike permeability would likely not be able to prevent ingress of water from reservoir during
high water.
Rail species exhibiting nesting behaviour.
Possible entrapment of fish species. Mugaha Creek, outside the proposed impoundment
area is fish bearing.
Shrubs/sedges/moss.
Imported material is within 10 km.
Sands and gravels.
High to moderate permeable soils. Soils subject to erosion.
Low lying wetland to the east, higher ridges to the south and southwest, a small island to
the east.
Existing access road and log debris.
11: Surface lithics and fire broken rock.
Low: low lying marshy area, featureless terrain.
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Photograph 1: A higher and likely longer dike could be built just south of the 31a to close off the end of the bay to create a
wetland if sufficient water is available to flood the area. The dike would likely not prevent the ingress of water during full pool
of the reservoir. Large accumulations of debris also suggest scour of the dike from floating rafts of logs could present a
maintenance issue.
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Table 37: Site 41 - Mugaha Bay Inlet.
Heading
Name
Location
Date of Visit
GPS Coordinates
Existing Information
Stake Holder Input
Description
Enhancement Options
Potential Beneficiaries
In Reservoir drawdown Zone
Exposure
(high/moderate/low/none)
Purpose
Water Source
Potential Habitat Type
Seasonal Functionality
Estimated Area (ha)
Estimated Dike Height (m)
Estimated Dike Length (m)
Estimated Elevation Range
(masl)
Qualitative Cost
(high/moderate/low)
Erosion Potential
((high/moderate/low)
Visible Signs of Erosion
Access
(good/moderate/poor/none)
Debris (high/moderate/low)
Biological Comments
On-Site Wildlife Sign
Fisheries Issues/Values
Vegetation
Geotechnical Comments
Soil Types
Soil Suitability
Archaeological Comments
Terrain
Disturbance
Known Arch. sites within 3 km
Arch. Potential (high/low)
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Comment
Mugaha Bay Inlet.
West side of Williston Reservoir, east central side of Mugaha Bay proximate to Mackenzie
landing.
June 23, 2009.
10 U 489227 6136514.
None identified.
None at this point.
Small circular inlet with ponded area of water at time of visit. This site was visited during
meeting with Mackenzie Nature Observatory members and full set of survey equipment was
not available at this time.
Dike.
Waterfowl, wildlife.
Yes
Low, off main reservoir and protected from south and north winds.
Pond water.
Not identified during field survey, but seepage appears to be occurring into area from
surrounding wetlands east of road.
Ponded area.
Spring through fall.
8.9
n/a
n/a
Unknown.
Moderate.
Low.
None.
Good.
Low.
Viewed from air during aerial survey. Visited briefly during stakeholder meeting.
Beaver (4).
Possible entrapment of fish species.
Shrub and conifer along perimeter.
n/a
n/a
n/a
Gently undulating terrain, with higher ridges to the north and east, slopes of 3-5% with a
southwest aspect.
Fluctuating water levels, existing access road.
Surface and Subsurface lithics.
High: well defined features surrounding the area, ground disturbance activities within
project area would require archaeological investigation.
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Photograph 1: A small inlet of off Mugaha bay may provide an opportunity to create a more permanent pond by placement of
a dike (arrow) if a sufficient water source exists in the area to keep it inundated.
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APPENDIX C
A summary of sites assessed by Ducks Unlimited (Canada) for potential wetland development. (1)
Within
Inundation Zone
Yes
Yes
No

Not built
Not built
Not built

Off north side of Nation Arm - west side
Mugaha Bay east side
Mugaha Bay - east side

No
Yes
Yes

Built
Not built
Not built

Parsnip Reach

Mugaha Bay east side

Yes

Not built

Parsnip Reach
Parsnip Reach
Parsnip Reach
Parsnip Reach
Parsnip Reach
Parsnip Reach
Parsnip Reach
Parsnip Reach

Tony Bay - east side
North of Tony Bay - East side
East of Tony Bay
North of Cut Thumb Bay - east side
North of Mugaha Bay - east side
East of Mackenzie
South east of Mackenzie - east side
North of Tutu Bay - east side

Yes
No
No
No
Yes
No
No
No

Not built
Not built
Not built
Not built
Not built
Not built
Not built
Not built

Rocky Marsh
6 mile Creek Marsh
Upper Tuhwa Marsh
Yahwa Creek Marsh
Moose Call Lake

Parsnip Reach
Parsnip Reach
Parsnip Reach
Parsnip Reach
?

No
No
No
No
No (suspected)

Built
Not built
Not built
Not built
Not built

930-21

East Lignite Creek

Parsnip Reach

No

Not built

930-22

Reed Creek Fenn

Parsnip Reach

No

Not built

930-23

Phillip Creek Marsh

Parsnip Reach

No

Not built

930-24

Phillip Creek Marsh 3

Parsnip Reach

South of Mackenzie - east side
North east side of Parsnip Reach
North east side of Parsnip Reach
North east side of Parsnip Reach
n/a
South west corner of Parsnip reach-well outside
footprint of reservoir
South west corner of Parsnip reach-well outside
footprint of reservoir
South west corner of Parsnip reach-well outside
footprint of reservoir
South west corner of Parsnip reach-well outside
footprint of reservoir

No

Not built

File No.

File Name

Area

Location

930-1
930-2
930-3

Williston Lake Marsh
Chinsinlika Meadow
Marsh 1149

Parsnip Reach
Parsnip Reach
Parsnip Reach

Area of reservoir south of causeway
South of Causeway - east side
n/a

930-4
930-5
930-6

Parsnip Reach
Parsnip Reach
Parsnip Reach

930-8
930-9
930-10
930-11
930-12
930-13
930-14
930-15

Woody's Meadow
Mugaha Marsh 1
Mugaha Marsh 2
Mackenzie Landing
(Chicohouyenily Creek)
Tony Creek Arm
Heather Lake
Dina Lake
Lamonti Marsh
Tutu Bay
Morfee Lakes
Chicohouyenily Muskeg
Tutu Marsh

930-16
930-17
930-18
930-19
930-20

930-7

February 2010
Project No. 09-1430-0057

1/2

Status

APPENDIX C
A summary of sites assessed by Ducks Unlimited (Canada) for potential wetland development. (1)

File No.

File Name

Area

930-25

Phillip Creek Marsh 2

Parsnip Reach

930-26

Phillip Creek Marsh 2- 1

Parsnip Reach

930-27

South Witter Lake

Parsnip Reach

930-28

Witter Lake

Parsnip Reach

930-29

North Witter Lake

Parsnip Reach

930-30

South Wheel Lake

Parsnip Reach

930-31
930-32
930-33
930-34
930-35
930-36
930-37
930-38
930-39

Curve Lake
Dastaiga Creek
Dastaiga Lakes
Head Lake
South Head Marsh
South Eklund Creek
Curve Fenn
Frog Lake
Marsh 60

Parsnip Reach
Parsnip Reach
Parsnip Reach
Parsnip Reach
Parsnip Reach
Parsnip Reach
Parsnip Reach
Parsnip Reach
?

930-40

Reed Creek Marsh

Parsnip Reach

930-41

Colbourne Creek Marsh

?

Location
South west corner of Parsnip reach-well outside
footprint of reservoir
South west corner of Parsnip reach-well outside
footprint of reservoir
South west corner of Parsnip reach-well outside
footprint of reservoir
South west corner of Parsnip reach-well outside
footprint of reservoir
South west corner of Parsnip reach-well outside
footprint of reservoir
South west corner of Parsnip reach-well outside
footprint of reservoir
West of Manson Bay
West of Mackenzie - west side
West of Mackenzie - west side
North west of Nation Arm
North west of Nation Arm
West of Manson Bay
West of Manson Bay
North west of Nation Arm
n/a
South west corner of Parsnip reach-well outside
footprint of reservoir
n/a

(1) Information courtesy of DUC
(Kamloops).
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Within
Inundation Zone

Status

No

Not built

No

Not built

No

Not built

No

Not built

No

Not built

No

Not built

No
No
No
No
No
No
No
No
No (suspected)

Not built
Not built
Not built
Not built
Not built
Not built
Not built
Not built
Not built

No

Not built

No (suspected)

Not built
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APPENDIX D
Discharge measurements at selected survey sites in Williston
Reservoir
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D-1: Williston Reservoir Site 3 - South of Tsedeka Creek
Flow Measurement Site #: 3
Date: June 18, 2009
Bankful Depth: 1.50
Bankful Width: 5.50

S.No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14

Measured by: RJ/MG/CB

(width)

(depth)

(water velocity)

W_n

Y_n

V1_0.6

A (m2)

Q (m3/s)

2

(m)

(m)

(m/s)

(m )

(m /s)

0.35
0.40
0.55
0.65
0.70
0.75
0.80
0.85
0.95
1.05
1.15
1.30
1.45
1.50

0.00
0.06
0.10
0.10
0.10
0.10
0.09
0.08
0.04
0.10
0.09
0.05
0.00
0.00

0.00
0.00
0.00
0.03
0.07
0.07
0.10
0.10
0.09
0.01
0.01
0.00
0.00
0.00

0.000
0.002
0.012
0.010
0.005
0.005
0.005
0.004
0.006
0.007
0.009
0.011
0.004
0.000

0.0000
0.0000
0.0000
0.0000
0.0003
0.0004
0.0004
0.0004
0.0006
0.0004
0.0001
0.0001
0.0000
0.0000

0.079

0.0025

TOTAL
Wetted Width (Ww)
Mean Wetted Depth (Dw)

1.1
0.076

Site 3
0

Depth of Water (m)

0.02
0.04
0.06
0.08
0.1
0.12
0
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0.2

0.4

0.6
0.8
1
Distance from Left Bank (m)

1/15

1.2

1.4

Remarks

3

1.6

1.8

LB
LWE

RWE
RB
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D-2: Williston Reservoir Site 6-1 Airport Lagoon East Arm
Flow Measurement Site #: 6-1 East Arm
Date: June 16, 2009
Bankful Depth: 0.46
Bankful Width: 4.30

S.No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Measured by: RJ/MG/CB

(width)

(depth)

(water velocity)

W_n

Y_n

V1_0.6

(m)

(m)

(m/s)

0.3
0.5
0.8
1.1
1.4
1.7
1.9
2.1
2.4
2.6
2.8
3.0
3.3
3.8
4.3

0
0.10
0.20
0.14
0.16
0.16
0.18
0.18
0.16
0.24
0.22
0.12
0.06
0.00

0
0.08
0.10
0.07
0.13
0.16
0.12
0.15
0.19
0.06
0.08
0.05
0.00
0.00

A (m2)

Q (m3/s)

2

(m )

TOTAL
Wetted Width (Ww)
Mean Wetted Depth (Dw)

(m /s)

0.010
0.045
0.051
0.045
0.048
0.034
0.036
0.051
0.040
0.046
0.034
0.027
0.015
0.000

0.000
0.004
0.004
0.005
0.007
0.005
0.005
0.009
0.005
0.003
0.002
0.001
0.000
0.000

0.482
1.2
0.148

0.050

Site 6 - 1
0

Depth of Water (m)

0.05
0.1
0.15
0.2
0.25
0.3
0
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1

2
Distance from Left Bank (m)

2/15

3

Remarks

3

4

LB
LWE

RWE
RB
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D-3: Williston Reservoir Site 7 - Lyons Creek (Bay)
Flow Measurement Site #: 7
Date: June 16, 2009
(width)
W_n

S.No.

(m)
-1.4
3.6
5.2
6.2
7.2
8.0
8.8
9.3
9.8
10.3
10.8
11.3
11.9
12.7
13.5
14.3
15.1
16.0
17.0
18.0
19.0
20
20.8
21.7
TOTAL

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Bankful Depth: 2.2
(depth)
Y_n

Bankful Width: 32.8

(water velocity)
V1_0.6

(m)
0
0.20
0.28
0.30
0.32
0.44
0.50
0.50
0.50
0.50
0.46
0.42
0.40
0.30
0.36
0.34
0.34
0.30
0.28
0.24
0.14
0.1
0.05

A (m2)

(m/s)
0
0.30
0.96
0.87
1.00
0.95
1.23
1.14
1.31
1.21
1.19
1.15
1.12
1.23
1.15
1.12
1.12
1.14
1.15
0.90
0.67
0.43
0.24

Wetted Width (Ww)
Mean Wetted Depth (Dw)

Depth of Water (m)

Site 7
0
0.1
0.2
0.3
0.4
0.5
0.6
-2

0

2

4

6

8

10

12

14

16

18

Distance from Left Bank (m)
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3/15

20

Measured by: RJ/MG/CB

22

Q (m3/s)

2

(m )

(m /s)

0.500
0.384
0.290
0.310
0.304
0.376
0.250
0.250
0.250
0.240
0.220
0.246
0.280
0.264
0.280
0.272
0.288
0.290
0.260
0.190
0.120
0.060
0.023
5.947

0.075
0.242
0.265
0.290
0.296
0.410
0.296
0.306
0.315
0.288
0.257
0.279
0.329
0.314
0.318
0.305
0.325
0.332
0.267
0.149
0.066
0.020
0.003
5.748

Remarks

3

18.1
0.330

LB
LWE

RWE
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D-4: Williston Reservoir Site 10 - Cutblock
Flow Measurement Site #: Site 10
Date: 16-Jun-09
Bankful Depth: 0.60
Bankful Width: 4.60
S.No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

Measured by: RJ/MG/CB

(width)

(depth)

(water velocity)

W_n

Y_n

V1_0.6

(m)

(m)

(m/s)

0.40
0.60
0.70
0.70
0.85
0.90
0.95
1.00
1.05
1.10
1.15
1.20
1.25
1.30
1.35
1.45
1.60
1.75

0.00
0.00
0.06
0.07
0.08
0.08
0.10
0.12
0.13
0.13
0.13
0.12
0.12
0.11
0.09
0.08
0.05
0.00

0.00
0.00
0.00
0.02
0.13
0.15
0.18
0.11
0.08
0.09
0.13
0.15
0.15
0.19
0.18
0.06
0.00
0.00

A (m2)

Q (m3/s)

2

(m )

TOTAL

(m /s)

0.000
0.003
0.000
0.011
0.004
0.004
0.006
0.006
0.007
0.006
0.006
0.006
0.006
0.005
0.008
0.010
0.004

0.0000
0.0000
0.000
0.0008
0.0006
0.0007
0.0008
0.0006
0.0006
0.0007
0.0009
0.0009
0.0010
0.0009
0.0010
0.00003
0.0000

0.093

0.0098

Wetted Width (Ww)
Mean Wetted Depth (Dw)

1.2
0.082

Site 10
0

Depth of Water (m)

0.02
0.04
0.06
0.08
0.1
0.12
0.14
0

0.2

0.4

0.6

0.8

1

1.2

Distance from Left Bank (m)
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4/15

1.4

1.6

1.8

Remarks

3

2

LB
LWE

RWE
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D-5: Williston Reservoir Site 11 - No name
Flow Measurement Site #: 11
Date: 18-Jun-09
Bankful Depth: 1.0
Bankful Width: 5.9

Measured by: RJ/MG/CB

(width)

(depth)

(water velocity)

W_n

Y_n

V1_0.6

S.No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

A (m2)
2

(m)

(m/s)

(m )

0.55
0.60
0.70
0.80
0.90
0.95
1.00
1.05
1.10
1.15
1.20
1.25
1.30
1.35
1.40
1.45
1.55
1.65
1.90
2.25

0.00
0.08
0.08
0.12
0.11
0.10
0.11
0.12
0.12
0.12
0.14
0.15
0.15
0.14
0.14
0.14
0.16
0.16
0.13
0.00

0.00
0.00
0.04
0.15
0.27
0.32
0.39
0.47
0.52
0.55
0.52
0.45
0.39
0.30
0.24
0.15
0.04
0.00
0.00

0.000
0.002
0.008
0.010
0.012
0.005
0.005
0.006
0.006
0.006
0.007
0.007
0.008
0.007
0.007
0.007
0.015
0.016
0.036
0.023

0.0000
0.0002
0.0010
0.0024
0.0015
0.0019
0.0025
0.0030
0.0032
0.0035
0.0035
0.0032
0.0035
0.0019
0.0014
0.0014
0.0003
0.0000
0.0000

0.192

0.0332

Wetted Width (Ww)
Mean Wetted Depth (Dw)
Site 11

Depth of Water (m)

0
0.05
0.1
0.15
0.2
0.6

0.8

1

1.2

1.4

1.6

1.8

2

Distance from Left Bank (m)
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5/15

2.2

2.4

Remarks

3

(m)

TOTAL

0.4

Q (m3/s)
(m /s)

1.4
0.142

LWE

RWE

APPENDIX D
WILLISTON RESERVOIR

D-6: Williston Reservoir Site 12 - no name
Flow Measurement Site #: 12
Date: 18-Jun-09
Bankful Depth: 0.40
Bankful Width: 2.20

Measured by: RJ/MG/CB

(width)

(depth)

(water velocity)

W_n

Y_n

V1_0.6

S.No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

A (m2)

Q (m3/s)

2

(m)

(m)

(m/s)

(m )

(m /s)

0.40
0.50
0.60
0.70
0.80
0.85
0.90
0.95
1.05
1.10
1.15
1.20
1.30
1.40
1.50
1.70

0.00
0.07
0.06
0.09
0.10
0.10
0.10
0.10
0.11
0.10
0.10
0.08
0.07
0.05
0.00

0.00
0.03
0.05
0.05
0.09
0.07
0.06
0.04
0.04
0.08
0.08
0.06
0.03
0.01
0.00

0.000
0.004
0.007
0.008
0.010
0.005
0.005
0.005
0.011
0.005
0.005
0.005
0.008
0.006
0.003

0.0000
0.0001
0.0003
0.0004
0.0007
0.0004
0.0003
0.0003
0.0004
0.0003
0.0004
0.0003
0.0003
0.0001
0.0000

0.083

0.0042

Wetted Width (Ww)
Mean Wetted Depth (Dw)

1.3
0.075

Site 12
0
0.02
Depth of Water (m)

LWE

RWE

TOTAL

0.04
0.06
0.08
0.1
0.12
0

Remarks

3

0.2
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0.4

0.6
0.8
1
1.2
Distance from Left Bank (m)

6/15

1.4

1.6

1.8
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D-7: Williston Reservoir Site 13 - Embayment South drainage
Flow Measurement Site #: 13 south
Date: 18-Jun-09
Bankful Depth: 1.00
Bankful Width: 2.28

Measured by: RJ/MG/CB

(width)

(depth)

(water velocity)

W_n

Y_n

V1_0.6

S.No.

1
2
3
4
5
6
7
8
9
10

A (m2)

Q (m3/s)

2

(m)

(m)

(m/s)

(m )

(m /s)

0.25
0.40
0.50
0.60
0.70
0.80
0.90
1.00
1.10
1.4

0.00
0.07
0.07
0.08
0.07
0.07
0.08
0.09
0.09
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.000
0.005
0.007
0.008
0.008
0.007
0.008
0.009
0.009
0.014

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.073

0.000

TOTAL
Wetted Width (Ww)
Mean Wetted Depth (Dw)

1.4
0.062

Depth of Water (m)

Site 13 south
0
0.01
0.02
0.03
0.04
0.05
0.06
0.07
0.08
0.09
0.1
0
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0.2

0.4
0.6
0.8
Distance from Left Bank (m)

7/15

1

Remarks

3

1.2

1.4

LWE

RWE
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D-8: Williston Reservoir Site 13 - Embayment - north drainage
Flow Measurement Site #: 13 north
Date: 18-Jun-09
Bankful Depth: 0.35
Bankful Width: 1.35
S.No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

Measured by: RJ/MG/CB

(width)

(depth)

(water velocity)

W_n

Y_n

V1_0.6

(m)

(m)

(m/s)

0.10
0.20
0.30
0.40
0.50
0.55
0.60
0.65
0.70
0.75
0.80
0.85
0.90
0.95
1.05
1.10

0.00
0.02
0.02
0.04
0.06
0.06
0.07
0.07
0.06
0.06
0.06
0.06
0.06
0.05
0.03
0.00

0.00
0.08
0.08
0.11
0.14
0.16
0.17
0.17
0.16
0.17
0.15
0.14
0.11
0.09
0.05
0.00

A (m2)
2

Q (m3/s)

(m )

(m /s)
LWE

TOTAL
Wetted Width (Ww)
Mean Wetted Depth (Dw)

0.001
0.002
0.003
0.005
0.003
0.003
0.004
0.003
0.003
0.003
0.003
0.003
0.003
0.004
0.001

0.000
0.000
0.000
0.001
0.000
0.001
0.001
0.001
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.044

0.006

1.0
0.045

Site 13 north
0

Depth of Water (m)

0.01
0.02
0.03
0.04
0.05
0.06
0.07
0.08
0
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0.2

Remarks

3

0.4
0.6
0.8
Distance from Left Bank (m)

8/15

1

1.2

RWE
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D-9: Williston Reservoir Site 15 - no name
Flow Measurement Site #: 15
Date: 18-Jun-09
Bankful Depth: 0.80
Bankful Width: 2.70

Measured by: RJ/MG/CB

(width)

(depth)

(water velocity)

W_n

Y_n

V1_0.6

S.No.

1
2
3
4
5
6
7
8
9
10
11
12

A (m2)

Q (m3/s)

2

(m)

(m)

(m/s)

(m )

(m /s)

3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9
4.0
4.1
4.2
4.3

0.00
0.07
0.10
0.10
0.11
0.11
0.10
0.10
0.10
0.08
0.08
0.06
0.00

0.00
0.07
0.03
0.06
0.00
0.00
0.00
0.02
0.01
0.04
0.05
0.03
0.00

0.000
0.004
0.009
0.010
0.011
0.011
0.011
0.010
0.010
0.009
0.008
0.007
0.003

0.0000
0.0001
0.0004
0.0005
0.0003
0.0000
0.0000
0.0001
0.0002
0.0002
0.0004
0.0003
0.0000

0.101

0.0025

TOTAL

Remarks

3

Wetted Width (Ww)
Mean Wetted Depth (Dw)

LWE

RWE

1.2
0.078

Site 15
0

Depth of Water (m)

0.02
0.04
0.06
0.08
0.1
0.12
3

February 2010
Project No. 09-1430-0057

3.2

3.4
3.6
3.8
Distance from Left Bank (m)

9/15

4

4.2

4.4
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D-10: Williston Reservoir Site 16 - No Name
Flow Measurement Site #: 16
Date: 18-Jun-09
Bankful Depth: n/a
Bankful Width: 4.50
S.No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

Measured by: RJ/MG/CB

(width)

(depth)

(water velocity)

W_n

Y_n

V1_0.6

A (m2)

Q (m3/s)

2

(m)

(m)

(m/s)

(m )

(m /s)

0.45
0.60
0.70
0.90
1.10
1.25
1.40
1.50
1.60
1.70
1.80
1.90
2.00
2.10
2.15
2.40
2.55
2.65

0.00
0.06
0.06
0.10
0.13
0.16
0.19
0.20
0.22
0.24
0.25
0.26
0.24
0.22
0.19
0.18
0.16
0.00

0.00
0.00
0.01
0.01
0.04
0.05
0.08
0.11
0.12
0.13
0.13
0.12
0.11
0.07
0.06
0.05
0.02
0.00

0.000
0.005
0.006
0.016
0.023
0.022
0.026
0.020
0.021
0.023
0.025
0.026
0.025
0.023
0.010
0.046
0.026
0.008

0.000
0.000
0.000
0.000
0.001
0.001
0.002
0.002
0.002
0.003
0.003
0.003
0.003
0.002
0.001
0.003
0.001
0.000

0.349

0.026

TOTAL
Wetted Width (Ww)
Mean Wetted Depth (Dw)

2.2
0.159

Site 16
0
Depth of Water (m)

0.05
0.1
0.15
0.2
0.25
0.3
0

February 2010
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2
Distance from Left Bank (m)

10/15

Remarks

3

4

LWE

RWE
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D-11: Williston Reservoir Site 18 No- Name
Flow Measurement Site #: 18 (was 16 north)
Date: 17-Jun-09
Bankful Depth: 0.40
Bankful Width: 3.55

Measured by: RJ/MG/CB/RMT

(width)

(depth)

(water velocity)

W_n

Y_n

V1_0.6

S.No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

(m)

(m)

(m/s)

0.85
1.10
1.20
1.30
1.35
1.40
1.45
1.50
1.55
1.60
1.65
1.70
1.80
1.90
2.00
2.2

0
0.08
0.09
0.18
0.18
0.20
0.22
0.22
0.22
0.20
0.16
0.12
0.10
0.10
0.06
0.00

0.00
0.00
0.03
0.08
0.10
0.08
0.10
0.15
0.20
0.23
0.26
0.27
0.17
0.12
0.08
0.00

A (m2)
2

Q (m3/s)

(m )

(m /s)
LWE

TOTAL
Wetted Width (Ww)
Mean Wetted Depth (Dw)

0.010
0.008
0.014
0.009
0.009
0.011
0.011
0.011
0.011
0.009
0.007
0.011
0.010
0.008
0.005

0.000
0.000
0.001
0.001
0.001
0.001
0.001
0.002
0.002
0.002
0.002
0.002
0.001
0.001
0.000

0.143

0.018

0.9
0.152

Site 18
0

Depth of Water (m)

0.05
0.1
0.15
0.2
0.25
0.8
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1

1.2

1.4
1.6
1.8
Distance from Left Bank (m)

11/15

Remarks

3

2

2.2

2.4

RWE
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D-12: Williston Reservoir Site 20 - South of Nation Arm
Flow Measurement Site #: 20
Date: 17-Jun-09
Bankful Depth: 0.60
Bankful Width: 1.60
S.No.
1
2
3
4
5
6
7
8
9
10
11

Measured by: RJ/MG/CB/RMT

(width)

(depth)

(water velocity)

W_n

Y_n

V1_0.6

A (m2)

Q (m3/s)

2

(m)

(m)

(m/s)

(m )

(m /s)

1.0
1.05
1.10
1.15
1.20
1.25
1.30
1.40
1.50
1.55
2.10

0
0.10
0.10
0.08
0.09
0.09
0.06
0.05
0.06
0.04
0.00

0
0.10
0.08
0.23
0.16
0.05
0.05
0.32
0.28
0.24
0.00

0.005
0.005
0.004
0.004
0.005
0.004
0.005
0.006
0.003

0.000
0.000
0.001
0.001
0.000
0.000
0.001
0.002
0.001

0.041

0.006

TOTAL
Wetted Width (Ww)
Mean Wetted Depth (Dw)

Remarks

3

LWE

RWE
RB

0.5
0.074

Site 20
0

Depth of Water (m)

0.02
0.04
0.06
0.08
0.1
0.12
0.8
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1

1.2
1.4
1.6
Distance from Right Bank (m)

12/15

1.8

2

2.2
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D-13: Williston Reservoir Site 21 - South of Cut Thumb Creek
Flow Measurement Site #: 21
Date: 17-Jun-09
Bankful Depth: 1.40
Bankful Width: 1.60
(width)
W_n

S.No.

1
2
3
4
5
6
7
8
9
10
11
12
13

Measured by: RJ/MG/CB
(depth)

(water velocity)

Y_n

V1_0.6

(m)

(m)

0.20
0.30
0.40
0.45
0.50
0.55
0.60
0.65
0.70
0.80
0.90
1.00
1.10

0.00
0.06
0.08
0.10
0.12
0.12
0.12
0.11
0.10
0.09
0.08
0.06
0.00

A (m2)
2

Q (m3/s)

(m/s)

(m )

(m /s)

0.03
0.13
0.23
0.21
0.25
0.21
0.20
0.12
0.14
0.12
0.05

0.000
0.003
0.007
0.005
0.006
0.006
0.006
0.006
0.005
0.010
0.009
0.007
0.003

0.000
0.000
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.000

0.071

0.010

TOTAL
Wetted Width (Ww)
Mean Wetted Depth (Dw)

Remarks

3

LWE

RWE

0.7
0.080

Site 21
0

Depth of Water (m)

0.02
0.04
0.06
0.08
0.1
0.12
0.14
0
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0.2

0.4
0.6
0.8
Distance from Left Bank (m)

13/15

1

1.2

1.4
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D-14: Williston Reservoir Site 25 - South of Blackwater East
Flow Measurement Site #: 25 (was 22a)
Date: 19-Jun-09
Bankful Depth: 0.40
Bankful Width: 1.70
S.No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14

Measured by: RJ/MG/CB

(width)

(depth)

(water velocity)

W_n

Y_n

V1_0.6

A (m2)

Q (m3/s)

2

(m)

(m)

(m/s)

(m )

0.55
0.65
0.75
0.85
0.95
1.05
1.15
1.25
1.35
1.45
1.55
1.65
1.75
1.95

0.00
0.09
0.12
0.15
0.18
0.20
0.20
0.20
0.22
0.24
0.22
0.20
0.14
0.00

0.00
0.02
0.11
0.22
0.26
0.24
0.28
0.29
0.28
0.25
0.28
0.18
0.04
0.00

0.000
0.005
0.011
0.014
0.017
0.019
0.020
0.020
0.021
0.023
0.023
0.021
0.017
0.014

0.000
0.001
0.002
0.004
0.005
0.005
0.006
0.006
0.006
0.006
0.005
0.002
0.000

0.223

0.048

TOTAL
Wetted Width (Ww)
Mean Wetted Depth (Dw)

(m /s)
LWE

1.4
0.154

Site 25
0

Depth of Water (m)

0.05
0.1
0.15
0.2
0.25
0.3
0.4
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0.6

0.8

1
1.2
1.4
Distance from Left Bank (m)

14/15

1.6

Remarks

3

1.8

2

RWE
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D-15: Williston Reservoir Site 32 - North of Weston Bay
Flow Measurement Site #: 32
Date: 19-Jun-09
Bankful Depth: n/a
Bankful Width: n/a
S.No.
1
2
3
4
5
6
7
8
9

Measured by: RJ/MG/CB

(width)

(depth)

(water velocity)

W_n

Y_n

V1_0.6

(m)

(m)

(m/s)

0.20
0.30
0.40
0.45
0.55
0.65
0.75
0.85
1.10

0.00
0.10
0.10
0.13
0.12
0.15
0.26
0.22
0.00

0.00
0.00
0.00
0.01
0.01
0.00
0.00
0.00
0.00

A (m2)

Q (m3/s)

2

Remarks

3

(m )

(m /s)
LWE

0.005
0.010
0.006
0.013
0.014
0.021
0.024
0.028

0.0000
0.0000
0.0000
0.0001
0.0001
0.0000
0.0000
0.0000

0.12

0.0002

TOTAL
Wetted Width (Ww)
Mean Wetted Depth (Dw)

RWE

0.9
0.120

Site 32
0

Depth of Water (m)

0.02
0.04
0.06
0.08
0.1
0.12
0.8

1

1.2
1.4
1.6
Distance from Right Bank (m)

1.8

2

2.2

n:\active\2009\1430 kamloops\09-1430-0057 williston reservoir wetland inventory bch gmsworks #16\reporting\final\appendices\appendix d\appendix d mg feb 9-2010 cm review.docx

February 2010
Project No. 09-1430-0057

15/15

GMSWORKS 16

APPENDIX E
Treatment options

February 2010
Report No. 09-1430-0057

Appendix E: Ancillary Habitat Works Anchoring Systems LWD/CWD


Duckbill Anchors



Manta Ray ®



Loamy and gravely substrate
Rodman 2000. BC Watershed Restoration Technical Circular

WRP 1997 – Technical Circular No. 9

GMSWORKS 16
Williston Reservoir Wetlands
Inventory

Appendix E: Ancillary Habitat Works Anchoring Systems LWD/CWD


Deadmen



Cable attachment to log/concrete/rock in bank



Loamy and gravely substrate
King County Dept. of Natural
R
Resources,
Washington
W hi t St.
St

WRP 1997 – Technical Circular No.
No 9
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Appendix E: Ancillary Habitat Works Anchoring Systems LWD/CWD


Cable attachment to log/concrete/rock in bank ®



Loamy and gravely substrate

WRP 1997 – Technical Circular No. 9

GMSWORKS 16
Williston Reservoir Wetlands
Inventory

Appendix E: Ancillary Habitat Works Anchoring Systems LWD/CWD


Cabling to trees

WRP 1997 – Technical Circular No. 9

GMSWORKS 16
Williston Reservoir Wetlands
Inventory

Appendix E: Shore and/or Dike Protection


Bundled logs



Requires available on‐site debris



Must be anchored to ground



Experimental – not tried

Courtesy of Dr. A. Ambimbola – Olds College of Innovation and A. Flett – BC Hydro

Possible configuration of log bundles

Soil

GMSWORKS 16
Williston Reservoir Wetlands
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Appendix E: Geotextile Options ‐ Revetments/Dikes


MacTube ™/Geotube®



Uses on‐site materials filled via dredging



Variable widths and lengths



Potentiallyy low ground
g
impact
p technique
q

Reproduced from on line brochure available at www.maccaferri‐usa‐com

GMSWORKS 16
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Appendix E: Geotextile Options – Slope/Swale Protection


Geoweb®



Possible use on slope of dike to protect against wave wash (gravel fill)



Possible use for swale and spillway of dike to protect against erosion (gravel fill)



Plant of vegetation
g
can be done over Geoweb ® as bioengineering
g
g option
p

Reproduced from http://www.geocheminc.com/geoweb1.htm

Potential use on swale to p
prevent erosion
and/or swale of constructed dikes.
Swale and
spillway

Conceptual
Dike

GMSWORKS 16
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Appendix E: Ancillary Habitat Works ‐ Revegetation


Live cuttings



Simplest of techniques to promote shrub growth



Salix sp. (willow) and Cornus stolonifera (red osier dogwood) work well
WRP 1997 – Technical Circular No.
No 9

GMSWORKS 16
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Appendix E: Ancillary Habitat Works ‐ Revegetation


Wattles/Facine



Protect bank from erosion (such as wave wash)



Promote shrub growth
WRP 1997 – Technical Circular No. 9
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Appendix E: Ancillary Habitat Works ‐ Revegetation


Brush Layering



Protect banks from erosion (such as wave wash)



Promote shrub growth

WRP 1997 – Technical Circular No.
No 9

GMSWORKS 16
Williston Reservoir Wetlands
Inventory

Appendix E: Ancillary Habitat Works ‐ Revegetation


Brush Mattress



Protect banks from erosion (such as wave wash)



Promote shrub growth

WRP 1997 – Technical Circular No.
No 9

GMSWORKS 16
Williston Reservoir Wetlands
Inventory

Appendix E: Ancillary Habitat Works – Integrated works


Mix and match techniques



Adds habitat complexity



Test effectiveness of methods (adaptive management)

WRP 1997 – Technical Circular No. 9

GMSWORKS 16
Williston Reservoir Wetlands
Inventory
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Selected photos of features observed during surveys of Williston
Reservoir for wetland development
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APPENDIX F
Selected Photos of Features Observed during surveys of Williston Reservoir
for Wetland Development

Photo 1: Large streams such as Lyons Creek (Site 7), even without specific information indicating the presence or absence
of fish are assumed to be fish bearing because they are not ephemeral and contain substrate suitable for spawning.

Photo 2: Small streams lacking suitable spawning substrates and potential being ephemeral in nature were assumed, in the
absence of specific information, to be non fish bearing.
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APPENDIX F
Selected Photos of Features Observed during surveys of Williston Reservoir
for Wetland Development

Photo 3: Steep sided inlets leading to small streams such as this one at Site 9 were considered unsuitable for wetland
development by diking due to an inability to create shallow littoral type habitat if flooded

Photo 4: Some inlets, such as at Site 34 provided a combination of both steep gradual side slopes that if flooded, could
provide a mix of both deep and shallow water habitat.
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APPENDIX F
Selected Photos of Features Observed during surveys of Williston Reservoir
for Wetland Development

Photo 5: A third general morphology of small inlets were those with very flat side slopes such as at Site 15, which if flooded
maximize shallow water littoral type habitat.

Photo 6: Exposed vegetation at Site 6-1/6-2 – Airport Lagoon. The vegetation is suspected of being water star-wort
(Callitriche verna). Fresh water snails were found throughout this vegetation.
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APPENDIX F
Selected Photos of Features Observed during surveys of Williston Reservoir
for Wetland Development

Photo 7: The east arm of the Airport Lagoon, showing the extensiveness of the water star-wort in this area.

Photo 8: These cat-tail (Typha sp) were only observed growing at the east arm of Site 25 (South of Blackwater East).
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APPENDIX F
Selected Photos of Features Observed during surveys of Williston Reservoir
for Wetland Development

Photo 9: A common observation was a band of dead shrubs marking the interface between living riparian vegetation and
herbaceous growth. It is suspected these shrubs died from being inundated for an extended period, abrasion of stems and
branches from debris or a combination of these two factors.

Photo 10: Juvenile western toads were observed at a number of sites, including this one at Site21- South of Cut Thumb.

February 2010
Project No. 091430-0057

5/8

APPENDIX F
Selected Photos of Features Observed during surveys of Williston Reservoir
for Wetland Development

Photo 11: Amongst the most common observed waterfowl were Canada Geese and their sign (droppings and tracks),
although this gaggle observed at Site 32 – North of Weston Bay, was the only instance where goslings were also observed.

Photo 12: Wildlife sign, such as these bear tracks here at Site 3, were commonly observed during surveys of the various
sites visited in Parsnip Reach of Williston Reservoir.
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APPENDIX F
Selected Photos of Features Observed during surveys of Williston Reservoir
for Wetland Development

Photo 13: Clay layers were observed at some surveys site visited in Parsnip Reach of Williston Reservoir, including here at
Site 6-1 – Airport Lagoon. Clay was also observed near the surface of Sites 15 and 16 in the creek channels.

Photo 14: A typical area of high archaeological potential includes this ridge with a view of surrounding land that is proximate
to a water source, such as this location near Site 6-1- Airport Lagoon.
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APPENDIX F
Selected Photos of Features Observed during surveys of Williston Reservoir
for Wetland Development

Photo 15: This ridgeline just north of a small flow at Site 32 – North of Weston Bay represents another area of high
archaeological potential. Features such as this must be considered during construction of a proposed Demonstration
Project, including disturbances resulting from access routes and/or the actual footprint of proposed treatment structures.
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Figure G-1: April Water Level Duration Curve
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Figure G-2: May Water Level Duration Curve
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Figure G-3: June Water Level Duration Curve
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Figure G-4: July Water Level Duration Curve
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Figure G-5: August Water Level Duration Curve

Percent of Time Water Levl is Exceeded

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%
662

664

666

668
Water Level (masl)

Figure G-6: September Water Level Duration Curve
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Figure G-7: October Water Level Duration Curve
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Appendix H:

Summary of results of the sorting procedure applied to surveyed sites.

Site Identification
n

Survey
Access

UTM

No.

Name

Description

1

2

Scovill Creek

Small flats at
creek mouth at
end of inlet

boat

10 U 487672
6120572

2

12

Small inlet

boat

3

13

Embayment

4

14

Dastaiga
Creek

5

17

6

24

Cut Thumb
Creek

7

25

South of
Blackwater
East

8

27

Blackwater
Creek

9

29

Eklund Creek

10

35

Heather Point

11

38

Tutu Bay

12

36

Tony Bay

Embayment area
with bog but
limited water
Creek mouth natural
embayment small outlet
Small steep sided
inlet with wide
mouth
Moderate flats at
creek mouth at
end of inlet
West Arm of
function peat type
bog
Moderate flats at
creek mouth at
end of inlet
Moderate flats at
creek mouth off
middle of Manson
Arm
Long shallow side
inlet draining a
small creek
Large embayment
area with islands,
steep sided
shoreline (except
at outlet) and
various inflows.
Small inlet with
steep sides near
mouth off of Tony
Bay

Construction
Access
Pts

G

M

Cost

Exposure

Treat.
Type

P

Pts

note

Pts

note

1.0

X

1.0

hi

2.0

mod

cfb or
dike

10 U 484060
6134812

1.0

X

2.0

mod

3.0

lo

dike

boat

10 U 484040
6136226

1.0

X

1.0

high

1.0

high

dike

boat

10 U 481528
6141963

1.0

X

1.0

high

3.0

lo

dike

boat

10 U 477505
6149021

1.0

X

1.0

hi

1.0

hi

dike

boat

10 U 479265
6154766

1.0

X

1.0

hi

2.0

mod

cfb-rl

heli.

10 U 456256
6171069

1.0

X

0.0

n/a*

3.0

lo

n/a

heli.

10 U 453145
6173324

1.0

X

1.0

hi

1.0

hi

cfb

heli.

10 U 440550
6187709

1.0

X

1.5

modhi

2.5

lo mod

dike

boat

10 U 481574
6148261

1.0

X

2.0

mod

1.5

mod
- hi

dike

boat

10 U 485314
6143074

1.0

X

1.0

hi

1.0

lo mod

dike

boat

10 U 483373
6146232

1.0

X

2.0

mod

2.5

lo mod

dike

Results after first sort on access
Flats - 3 small
streams

boat

5

Small inlet

boat

3

8

Open inlets

boat

4

9

Open inlets

boat

5

23

Embayment 2

6

30

Fries Creek

8

18

9

19

10

10

Cutblock

11

20

South of
Nation Arm

1

3

2

South of
Tsedeka Ck
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Embayment area
with elevated flats
to south.
Moderate flats at
creek mouth at
end of relatively
wide mouth inlet.
1 of 2small inlets
with steep sides
and small head
end area
1 of 2small inlets
with steep sides
and small head
end area

10 U 487407
6123289
10 U 486756
6126455
10 U 486181
6127762
10 U 486353
6127544

2.0

X

1.5

modhi

1.0

hi

cfb

2.0

X

0.0

n/a*

1.0

hi

n/a

2.0

X

1.5

1.0

hi

n/a

2.0

X

1.5

1.0

hi

n/a

mod
- hi
mod
- hi

boat

10 U 474571
6154878

2.0

X

1.0

hi

1.0

hi

cfb

heli.

10 U 436086
6195017

2.0

X

2.0

mod

1.0

hi

dike

boat

10 U 477157
6149835

2.0

X

1.5

mod
- hi

1.5

mod
- hi

cfbdike-rl

boat

10 U 477299
6149694

2.0

X

1.5

mod
- hi

1.5

mod
- hi

cfbdike-rl

2 small inlets

boat

10 U 485949
6130528

3.0

X

1.5

mod
- hi

1.5

mod
- hi

Small narrow Inlet
adjacent large silt
flats to north

boat

10 U 476750
6150682

3.0

X

2.5

lo mod

1.5

mod
- hi

cfb or
dike
cfbdikeveg
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n

Site Identification
No.

12

28

Name

Description

Manson Creek

Expansive flats at
creek mouth at
end of Manson
Arm

Road across head
end of Mugaha
Bay.
Results after second sort on exposure
13

39

Mugaha Bay 1

1

26

South of
Blackwater
West

2

40

Mugaha Bay 2

3

1

Mischinsilinka
Meadow

4

6.1

Airport Lagoon

5

33

Weston Bay
North Arm

6

22

North of
Nation River

7

4

Tsedeka
Creek

East Arm of
function peat type
bog
Broad partially
vegetated flats at
head end of
Mugaha Bay but
south of Mugaha
Bay 1
Old road between
bay and wetland
Embayment
behind causeway
Embayment and
arm draining
lake/wetland
system into the
north arm of
Weston Bay
Small steep sided
inlet with wide
mouth

Construction
Access

Cost

Pts

G

Pts

note

Pts

note

10 U 447913
6177276

3.0

X

1.0

high

1.5

mod
- hi

cfb

truck

10 U 486604
6139042

3.0

X

1.5

mod
- hi

1.5

lo

dike

heli.

10 U 455789
6170960

2.0

0.0

n/a*

3.0

lo

n/a

truck

10 U 487156
6137804

3.0

1.0

high

2.0

mod

dike

Survey
Access

UTM

heli.

truck/foot
truck

10 U 497699
6114707
10 U 492567
6126725

M P

X

X

Exposure

Treat.
Type

2.0

X

1.0

hi

3.0

lo

dike

2.0

X

1.0

hi

3.0

lo

dike

heli.

10 U 454635
6189162

2.0

X

1.0

hi

3.0

lo

dike

boat

10 U 474935
6154514

2.0

X

1.5

mod
- hi

2.0

mod

dike

Creek Outflow

truck

10 U 486328
6125770

3.0

1.5

modhi

2.0

mod

cfb - rl

heli.

10 U 425670
6207650

2.0

X

1.5

modhi

2.5

lo mod

dike

X

8

31

Muscovite
Park - West

Series of small
lakes and
embayment's with
creek feeds
draining into
Nation Arm

9

7

Lyons Bay

Creek mouth

truck

10 U 492913
6124743

2.0

X

1.5

mod
- hi

3.0

lo

dike

10

32

North of
Weston Bay

Small shallow
sided inlet with
peat type bog

heli.

10 U 451535
6192080

2.0

X

1.5

modhi

3.0

lo

dike

Results after second third sort on Cost (Remaining sites for consideration as Demonstration Projects)
1

11

2

21

South of Cut
Thumb

3

34

Beaver Pond

4

6.2

Airport Lagoon
Culvert

5

37

Tony Creek

6

15

7

16

8

41

Mugaha Bay 3

Steep sided inlet
with narrow mouth
Long narrow Inlet
leading to creek
mouth-small lake
fed
Small steep and
shallow sided inlet
with beaver ponds
at its head end.
Embayment
behind causeway
Large flats at creek
mouth at end of
Tony Bay
Small shallow
sided inlet
Small shallow
sided inlet
Small embayment
off Mugaha Bay
north of Mackenzie
Landing.

boat

10 U 484776
6132799

2.0

X

2.0

mod

2.0

m

dike

boat

10 U 478669
6150355

2.0

X

2.0

mod

2.5

lo mod

dike

boat

10 U 479230
6148327

2.0

X

2.0

mod

3.0

lo

dike

truck

10 U 492621
6125398

3.0

X

3.0

lo

3.0

lo

culvert

boat

10 U 483433
6145813

3.0

X

1.5*

mod
- hi

2.5

lo mod

cfb-rldike

lo hi*
lo to
hi*

cfb or
dike
cfb or
dike

lo

dike

boat
boat

truck

10 U 482848
6139210
10 U 482102
6140321
10 U 489227
6136514

1*

X*

2.5

1*

X*

2.5

3.0

X

2.0

lo mod
lo mod
mod

3.0*
3.0*

3.0

Point assignments (defined in Table 2):
Cost: 1 = high, 2 = moderate, 3 = low. Construction Access: 1 = barge (poor), 2 = short access road (moderate), 3 = existing road
present (good). Exposure: 1=high, 2 = moderate, 3 = low.
Treatment (Treat.) Type: rl = raise land, veg = revegetation, dike = water control, cfb = cut and fill
berm.
* special considerations or notes apply to this observation which are fully documented in the Site Catalogue and influence sorting.
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APPENDIX I - 1
WILLISTON RESERVOIR DEMONSTRATION PROJECT - SITE 6 - 2

1.0

GENERAL



We understand and/or assume the following:



There is good road access to the site which is 7 km south of the town of MacKenzie and adjacent the
South East corner of the airport.



Confirmation of road ownership and who would have to approve the proposed work is assumed to have
been completed prior to the start of surveys and construction.



The site is located on a causeway on an in-use logging road. At this time it is assumed the road top
surface is some 12 m wide and the causeway side slopes are at 2:1. The intent is to cap or plug the
existing culvert and install another culvert at a higher elevation so as to impound more waters on the
upstream side of the causeway. A 1.5 m diameter by 40 m long aluminized corrugated steel pipe culvert
with a galvanized steel intake and grillage is assumed in this cost estimate, similar to the existing. It may
prove possible to salvage and re-use the existing intake and grillage. It is assumed at this time that at least
half the excavated material will be suitable (dry enough) to re-use and that similar borrow materials can be
obtained reasonably locally. It is also assumed that replacement crushed granular base course and select
granular base gravels to replace road surfacing can be obtained in the MacKenzie area. Also assumed at
this time is that the causeway does not have to be reinforced to take the additional impoundment water
hydraulic head.



The work would have to be carried out in a manner so as to keep the road open to single lane self
regulated traffic at the site.



The work should be scheduled when the reservoir has been drawn down and after the causeway materials
have had a chance to dry out. The work will require a construction period of about eight days.



It is assumed site investigation, survey and engineering would be done during one reservoir low level
period and then contract tendering and construction done just prior to and during the next reservoir low
level period the next year.

2.0

SITE INVESTIGATION AND SURVEY



The site would be visited by a civil engineer, a geotechnical engineer, a topographic surveyor with helper,
and boat and a legal surveyor.



The civil engineer and geotechnical engineer would view the site and take samples of the causeway and
local borrow materials for laboratory testing; they would also investigate potential sources of gravels and
rip-rap.



The legal surveyor would establish a geodetic benchmark with GPS equipment which would be used by the
topographic surveyor and the biologist to confirm the new culvert invert elevation and base the topographic
survey.



The topographic surveyor would survey the site.
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3.0

ENGINEERING



The topographic survey information obtained during the site investigation would be used to prepare a base
plan which would in turn be used to design the new culvert installation.



The characteristics of the samples of materials taken by the civil engineer and geotechnical engineer from
the causeway, potential borrow area, select granular sub-base, crushed granular base and rip-rap would be
used by the civil engineer to design and make preliminary cost estimates of the culvert and its intake and
outfall works for review by the biologist and subsequently BCHPA.



Upon approval by BCHPA, and owner of the road, the civil engineer would finalize the drawings, refine cost
estimates and prepare contract documents for public tender when desired by BCHPA.



As is normal the civil engineer would respond to reasonable contractor questions during the tender period,
review the tenders and make an award recommendation.



The decision as to how much the new culvert will be higher than the existing culvert and as to whether the
causeway has to be reinforced will be made from appropriate hydrological and geo-technical assessments
completed by accredited engineers.

4.0

CONSTRUCTION



A visual inspection would be made to confirm that the reservoir had been drawn down sufficiently for the
work to be carried out in the dry except perhaps for installing the cap/plug on the existing culvert. A site
meeting would be held with the successful contractor prior to the commencement of the work. Confirmation
would be requested regarding sources for local borrow, select granular sub-base, crushed granular base,
rip-rap and timely availability of culvert pipe, the cap/plug to close off the existing culvert and steel intake is
a new one as required.



Approval would be requested from the owner of the road to commence work when appropriate. Public
announcement would be made and Road Closure/Detour signs would be erected, about two weeks prior to
commencement of work.



The road would be closed except to single lane, self regulatory, traffic with appropriate signs, barricades
and lights.



The new culvert installation would probably start from the downstream/reservoir side and proceed upstream
keeping at least one clear 4 m wide lane for traffic. Culvert installation would proceed in the normal
manner, an excavation would be made to bedding grade, the subgrade compacted if necessary, the
bedding laid to pipe invert grade and be compacted if determined necessary by a geotechnical engineer,
the culvert pipe would be installed, the remainder of the bedding placed and compacted, suitable excavated
materials, and if necessary suitable local borrow materials, would be placed and compacted in uniform
controlled lifts to road subgrade level, select granular sub-base and crushed granular base would then be
placed and compacted to road grade.



Installation of the cap/plug on the existing culvert and installation of the new intake and installation of rip-rap
at the intake and culvert would be coordinated depending on their characteristics.



The road would then be re-opened to two lane unrestricted traffic.
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5.0

CONSTRUCTION INSPECTION AND CONTRACT ADMINISTRATION



Confirmation would be requested that the reservoir levels were appropriate to commence the work.



A meeting would be held with the successful contractor prior to commencement of construction. Contact
would be made with the owner of the road and principal users to advise them of the proposed Schedule.



A full time construction inspector would be on site during the construction periodto ensure the work was
being carried out in accordance with the contract documents.



A geotechnical technician would be called in as required to confirm proper compaction of bedding, backfill
and road base course materials.



The civil engineer would make at least one visit to the work so as to support the construction inspector and
in addition would carry out the necessary contract administration from the office.

6.0

COSTS



Site Investigation and Survey Civil Engineer, Geotechnical Engineer, Legal Surveyor, Topographical
Surveyor with Helper and Boat, plus 30% of Travel Cost including Room and Board (est. from Kamloops).
Estimated Cost: .....................................................................................................................................$10,000



Design Base Plan, Draughting, Engineering Design, and Contract Documents.
Estimated Cost: .......................................................................................................................................$6,000



Construction Inspection and Contract Administration, Inspector, Geotech and Engineer.
Estimated Cost: .................................................................................................................................... $17,000



Construction By Contract (Does not include for any causeway reinforcement if identified as a requirement
by accredited engineers).



Estimated Cost: ..................................................................................................................................$140,000



Grand Total: ........................................................................................................................................ $173,000

n:\active\2009\1430 kamloops\09-1430-0057 williston reservoir wetland inventory bch gmsworks #16\reporting\final\appendices\appendix i\appendix i-1cmreview.docx

February 2010
Project No. 09-1430-0057

3/3

APPENDIX I - 2
WILLISTON RESERVOIR DEMONSTRATION PROJECT - SITE 15 & 16

1.0

GENERAL



The following understanding and assumptions have been made:



There is no direct road access to the Sites which are on the west side of the Reservoir,
14 km north west of MacKenzie. Access is by barge across the Reservoir 2.4 km from Chico’s Landing on
the East side. Access to Chico’s Landing is by good road from MacKenzie 14 km to the south.



Both site prescriptions are located on small embayments fed by small streams. The dikes would be 70 m
long and be about 3 m high except at creek channels where the height could be 5 m. It was assumed an
average height of 4 m with a 6 m wide crest and 5:1 side slopes on the reservoir side and 4:1 m the
embayment side. The reservoir side of the embayment would be protected with a 0.5 m thick layer of
coarse pit-run gravel. A swale type spillway would be constructed from rip-rap.



A clay layer was observed at both embayments which we assume can be used with other locally available
materials to form the dike embankments. Pit-run gravel to protect the dike embankment would have to be
obtained from one of the available gravel pits on the east side of the reservoir, and trucked to Chico’s
Landing for barging to the Sites. Rip-rap to construct the spillway will have to be obtained from an as yet
unknown quarry, also on the east side of the Lake, trucked to Chico’s Landing for barging across the
reservoir to the Sites. Both the pit-run gravel and rip-rap barging operations will have to have sufficient
excess materials to allow for the materials wastage which is inherent in this type of operation.



A relatively short time, perhaps only about six weeks, will be available to construct the work. We assume
the site investigation, survey and engineering would be done during one reservoir low level period and the
contract tendering and construction close just prior to and during the next reservoir low level period the
following year.

2.0

INVESTIGATION AND SURVEY



The Site would be visited by a civil engineer, geotechnical engineer, topographic surveyor with helper, legal
surveyor and an arrangement would be made to barge a crawler excavator and small dozer from Chico’s
Landing to the Sites. It may be possible to walk the machines between the sites and if BCHPA has a
nearby reservoir level gauge to dispense with the legal surveyor.



The civil engineer and geotechnical engineer would select potential clay and other materials borrow areas
site, have test pits dug and take samples for subsequent laboratory testing. The civil engineer and
geotechnical engineer would also visit potential pits for pit-run gravel and rip-rap quarries, determine who
owns them, and take samples where appropriate.



The legal surveyor would establish an accurate GPS elevation.



The topographic surveyor would survey the sites and locate the test pits.



A decision would be made whether or not to carry out some preliminary landing site preparations for the
construction phase if the excavator and dozer had time to spare after completing their test pit work.
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3.0

ENGINEERING



The topographic survey information obtained during the site investigation would be used to prepare base
plans for both sites.



The characteristics of the clay and other potential dike construction materials would be determined by the
geotechnical engineers and then used by the civil engineer to prepare designs and preliminary estimates
for review by the biologist and subsequently BCHPA.



Upon approval by BCHPA the civil engineer would finalize the design, refine construction estimates,
prepare contract documents for public tender when desired by BCHPA.



As is normal, the civil engineer would answer contractor questions during the tender period, review the
tenders and make an award recommendation.

4.0

CONSTRUCTION



A site meeting would be held with the successful contractor prior to commencement of the work.



We envisage, at this time prior to site visit, the construction method will be as follows:



Construction equipment would be barged to one or both sites.



An excavator and dozer and/or loader would be used to remove vegetation and organics from the sites.



An excavator would be used to dig dike materials for pick up and carrying to the dikes by a loader(s) which
would spread the materials, alternately small scrapers assisted by a dozer could carry materials to the dike
and spread them.



A dozer would grade the materials and a packer would compact the materials into the desired shape.



Rip-rap materials would be placed on the spillway area and pit-run gravels on at least the Lake side of the
dike.



The borrow areas would be graded and left so there would not be fish entrapment.



The contractor would then re-embark his equipment on the barge and return it to Chico’s Landing.

5.0

CONSTRUCTION INSPECTION AND CONTRACT ADMINISTRATION



A meeting would be held with the successful contractor prior to commencement of construction.



A full time construction inspector would be on site during the construction period, he would ensure the work
was being carried out in accordance with the contract documents.



A geotechnical technician would be called in as required to confirm dike construction materials were being
properly compacted.



The civil engineer would make at least two visits to the work so as to support the construction inspector and
in addition would carry out the necessary contract administration from the office.
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APPENDIX I - 2
WILLISTON RESERVOIR DEMONSTRATION PROJECT - SITE 15 & 16

6.0


COSTS
Site Investigation and Survey, Civil Engineer, Geotechnical Engineer, Surveyor with Helper, Legal
Surveyor, Boat from Chico’s Landing plus 70% of Travel including Room and Board from Kamloops,
Crawler Excavator and Small Dozer by Barge and Boat from Chico’s Landing.
Estimated Cost: .....................................................................................................................................$47,000



Design, Base Plan, Draughting, Engineering Design, Geotechnical Design and Contract Documents
Estimated Cost: .....................................................................................................................................$20,000



Construction Inspection and Contract Administration based on 25 days in field
Estimated Cost: .....................................................................................................................................$50,000



Construction By Contract
Estimated Cost: $190,000 per Site .....................................................................................................$380,000



Grand Total: .........................................................................................................................................$497,000
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APPENDIX I - 3
WILLISTON RESERVOIR WETLAND DEMONSTRATION PROJECT - MacTube TM - Trial Option at Site 15 Unnamed
SITE 15 - MARINE ACCESS
Portable Sectional Scow & 150 mm Toyo 75 Pump with Geotubes
Description
Burnaby Mob & Prep Equip Out ( 2 x 10 )
Burnaby Mob & Prep Equip In ( 2 x 10 )
Equipment rental in Transit to site
Equipment rental in Transit from site
Site Rigging In ( 4 x 10 )
Site Rigging Out ( 3 x 10 )
Purchase Geotubes
Production & Test Dredging ( 6 x 10 )
Truck Dredge to Mckenzie
Truck Toyo / Power Unit / Misc ( Burnaby to Site )
Truck Container & Geotubes ( Burnaby to Site )
Truck Dredge Pipe ( Burnaby to Site )
Crew Mobilization
Crew Demobilization
Truck Dredge to Burnaby
Truck Toyo / Power Unit / Misc ( Site to Burnaby )
Truck Container & Spares ( Site to Burnaby )
Truck Dredge Pipe ( Site to Burnaby )
Flights ( 6 men)

h
20
20
20
20
40
30
3
60
1
1
1
1
8
8
1
1
1
1
7

Equipment
$ 600.00
$ 600.00
$ 600.00
$ 600.00
$ 600.00
$ 600.00

Labour
$ 300.00
$ 300.00

Trucking

$ 500.00

Total
$ 18,000.00
$ 18,000.00
$ 12,000.00
$ 12,000.00
$ 44,000.00
$ 33,000.00
$ 30,000.00
$ 66,000.00
$ 3,500.00
$ 2,500.00
$ 3,500.00
$ 2,500.00
$ 4,000.00
$ 4,000.00
$ 3,500.00
$ 2,500.00
$ 3,500.00
$ 2,500.00
$ 3,500.00

Budget

$ 268,500.00

$ 500.00
$ 500.00
$ 10,000.00

$ 600.00

$ 500.00
$ 3,500.00
$ 2,500.00
$ 3,500.00
$ 2,500.00
$ 500.00
$ 500.00
$ 3,500.00
$ 2,500.00
$ 3,500.00
$ 2,500.00

Notes:
Trial location Site 15
3 ea Standard Mac Tubes 2.1 m high x 5.5 m wide x 60.9 m wide stacked
Marine mob using sectional scows
3
Pump rate to fill tubes at 50 m /h
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APPENDIX I - 4
WILLISTON RESERVOIR DEMONSTRATION PROJECT - MacTube TM - Trial Option at Site 34 Beaver Pond
SITE 34 - LAND ACCESS
150 mm Toyo 75 Pump with Geotubes
Description
Burnaby Mob & Prep Equip Out ( 2 x 10 )
Burnaby Mob & Prep Equip In ( 2 x 10 )
Equipment rental in Transit to site
Equipment rental in Transit from site
Site Rigging In ( 4 x 10 )
Site Rigging Out ( 3 x 10 )
Purchase Geotubes
Production & Test Dredging ( 8 x 10 )
Truck Dredge to Mckenzie
Truck Toyo / Power Unit / Misc ( Burnaby to Site )
Truck Container & Geotubes ( Burnaby to Site )
Truck Dredge Pipe ( Burnaby to Site )
Crew Mobilization
Crew Demobilization
Truck Dredge to Burnaby
Truck Toyo / Power Unit / Misc ( Site to Burnaby )
Truck Container & Spares ( Site to Burnaby )
Truck Dredge Pipe ( Site to Burnaby )
Flights ( 6 men)

h
20
20
20
20
40
30
3
80
1
1
1
1
8
8
1
1
1
1
7

Equipment
$ 475.00
$ 475.00
$ 475.00
$ 475.00
$ 475.00
$ 475.00

Labour
$ 300.00
$ 300.00

Trucking

$ 500.00

Total
$ 15,500.00
$ 15,500.00
$ 9,500.00
$ 9,500.00
$ 39,000.00
$ 29,250.00
$ 30,000.00
$ 78,000.00
$ 3,500.00
$ 2,500.00
$ 3,500.00
$ 2,500.00
$ 4,000.00
$ 4,000.00
$ 3,500.00
$ 2,500.00
$ 3,500.00
$ 2,500.00
$ 3,500.00

Budget

$ 261,750.00

$ 500.00
$ 500.00
$ 10,000.00

$ 475.00

$ 500.00
$ 3,500.00
$ 2,500.00
$ 3,500.00
$ 2,500.00
$ 500.00
$ 500.00
$ 3,500.00
$ 2,500.00
$ 3,500.00
$ 2,500.00

Notes:
Trial location Site 34
3 ea Standard Mac Tubes 3.0 m high x 7.3 m wide x 60.9 m wide
stacked
Pump rate to fill tubes at 50 m3 / h
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APPENDIX J
General planting and seeding recommendations

February 2010
Report No. 09-1430-0057

APPENDIX J
Vegetation Planting Recommendations

1.0

GENERAL PLANTING AND SEEDING RECOMMENDATIONS

1.1

Tree Planting Recommendations

Large (at least 2 m tall) black cottonwood or paper birch specimens should be planted at a rate of at least 100
trees/ha in areas where standing water is predicted to be no more than 1 m deep at full pool but where soils are
typically inundated in some portion of the top 30 cm for at least one to two weeks in spring or summer each year.
Trees should be protected against beaver damage (cages) and planted as per nursery recommendations. It is
desirable to use trees whose provenance is as close to the Demonstration Project as possible as per provincial
reforestation provenance guidelines. Trees should be the largest available from nursery stock, or nurseries can
be contracted to provide preferred species and sizes (Keefer et al. 2008).

1.1.1

Staking Recommendations

Willow, alder (Alnus incana), red osier dogwood (Cornus stolonifera) and/or black cottonwood stems can be
used as live stakes from a source(s) near the intended planting location. Keefer et al. (2008) indicates black
cottonwood and red osier stakes showed the highest survival rates in Kinbasket Reservoir whereas alder stakes
had the lowest survival rate. Species identification during collection of donor stock can be problematic since
collection should occur in the spring when shrubs are dormant which coincides with an absence of foliage
(Keefer et al. 2008). Any available native willow which grows in wet areas may be used with the exception of
sandbar willow (Salix interior). Table 1 provides a list of willows known to be native to the watershed which may
be available for staking. A permit from the BC MoF is required prior to cutting plants for staking. Stakes should
be cut between 1 and 1.5 m in length and more than one stake may be made from longer stems. Stakes should
be planted within a few days of cutting and a maximum of one week after cutting. Stakes planted at improper
depths or with air pockets left in the soil against stake stems show poor survival. Prior to planting at least the
bottom end of the stakes should be kept in water and the entire length of stakes may be submerged. Stakes
may be planted anytime of the year during non-frozen ground conditions and stakes should be buried to a depth
of approximately two-thirds to three-quarters of their length. Stakes should also be planted in the same
orientation in which they were previously growing. Keefer et al. (2008) has identified successful establishment of
live stakes was impacted by both warm temperatures during planting but also because they were planted
incorrectly. The bottom of stakes may be sharpened to aid their insertion into the ground. A piece of metal
rebar, marked with optimum depth for planting holes may be used to create pilot holes to facilitate the insertion
of the stakes. Stakes should also be planted in areas where at least the bottom of the stake will be below the
water table for at least one month after planting. As with trees, stakes should be protected against beaver
damage. Planting rates for stakes of approximately 5,000 to 10,000 per ha is desirable although a lower staking
rate can be used for black cottonwood.
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APPENDIX J
Vegetation Planting Recommendations
Table 1: Native willow species known from Parsnip Reach of Williston Reservoir
Scientific Name
Salix lucida
Salix pyrifolia
Salix prolixa
Salix drummondiana
Salix lanata ssp. richardsonii
Salix pseudomonticola
Salix discolor
Salix planifolia
Salix glauca
Salix brachycarpa
Salix scouleriana
Salix bebbiana
Salix alaxensis
Salix arbusculoides

1.1.2

Common Name
shining willow
balsam willow
MacKenzie willow
Drummond’s willow
woolly willow
serviceberry willow
pussy willow
plane-leaved willow
grey-leaved willow
short-fruited willow
Scouler’s willow
Bebb’s willow
Alaska willow
Northern bush willow

Seeding Recommendations

Drill seeding of native graminoid species can be applied to relatively large flat sites at a time when it is dry
enough to safely negotiate the area with a seed drill. Such methodology, while very successful in maximizing
seed germination, is not applicable for small areas and therefore may have limited application for initial
Demonstration Projects. Broadcast hand seeding combined with the use of a rototiller to prepare the surface
may be more applicable for Demonstration Projects. Tilling the slope of a dike prior to application of seed and
raking seed may increase germination success. Ideally, such seed should be applied to areas which will likely
be inundated within some portion of the top 30 cm every spring or summer for at least one to two weeks each
year. A mixture of native species of grass, sedge, bulrush, rush or spikerush which occur in other wet areas in
the watershed should be considered. Like other revegetation methods, application of an organic layer will
improve germination success, as will the application of fertilizers. A non-native, non-persistent nurse crop, such
as a sterile rye species, can be used to facilitate native species establishment (Carr 1997, den Biesen 2008).
Ensuring seed is placed approximately 1 cm deep into the substrate for good seed to soil contact will facilitate
successful germination. For broadcast application, raising the seed application rate to 60 kg of seed/ha is
desirable. Table 2 gives a list of native graminoid species which may be used for drilling, but native species
could either be collected locally by hand or machine or could be purchased if available from commercial seed
sources. Seed availability will vary by species.
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Vegetation Planting Recommendations
Table 2:

Native graminoid species from the Williston Reservoir suitable for either seeding and/or
planting as plugs

Grasses
Scientific Name
Alopecurus geniculatus
Agropyron macrourum
Elymus trachycaulus
Elymus caninus
Elymus violaceum
Agrostis scabra
Festuca saximontana
Glyceria borealis
Glyceria elata
Poa glauca
Poa palustris

1.1.3

Common Name
water meadow foxtail
Macrourum’s wheatgrass
slender wheatgrass
bearded wheatgrass
violet wheatgrass
hair bentgrass
Rocky Mountain fescue
northern mannagrass
tall mannagrass
glaucous bluegrass
fowl bluegrass

Sedges, Bulrushes and Rushes
Scientific Name
Common Name
water sedge
Carex aquatilis
lenticulate sedge
Carex lenticularis
beaked sedge
Carex rostrata
grey sedge
Carex canescens
golden sedge
Carex aurea
bristle-stalked sedge
Carex leptalea
inland sedge
Carex interior
awned sedge
Carex atherodes
tufted hairgrass
Deschampsia cespitosa
arctic rush
Juncus arcticus
small-flowered bulrush
Scirpus microcarpus

Graminoid Plug Installation Recommendations

Planting plugs of native species of grass, sedge, bulrush, rush or spikerush which occur in other wet areas of the
watershed could be considered. For Kinbasket Reservoir, native seeds are being collected and propagated in
local nurseries (Keefer et al. 2008). Such propagation avoids detrimentally impacting an already rare resource
along the foreshore of Williston Reservoir. Plugs should be planted in areas which will be flooded to a depth of
no more than 1 m at full pool but which will likely be inundated within some portion of the top 30 cm every spring
or summer for at least one to two weeks each year. In the Arrow Lakes and Kinbasket reservoirs, lenticular
sedge propagated from collected seed and planted as plugs has proven to be the most successful method of
establishing this species (Pers. Com. E. Boehringer, BC Hydro September 2009, Keefer et al. 2008). Table 13
gives a list of native graminoid species which could be utilized as plugs. Plants could either be collected locally
or could be purchased from commercial sources. Availability will vary by species.

1.1.4

Goose grass Revegetation Recommendations

Goose grass is the name by which local aboriginal people identify a complex of five plant species, four of which
are in the horsetail genus (Equisetum scirpoides, E. hyemale, E. fluviatile and E. arvense) and a fifth species
which is a close ally called common mare’s-tail (Vaartnou 2009). These species are common in wetlands in the
Williston Reservoir watershed. Goose grass species naturally form extensive lateral rooting systems (called
rhizomes) in mudflats and shallowly inundated areas. A quantity of these plants can be dug up from areas
where they are common, without damaging the overall population. Soil may be carried with the cut rhizomes to
increase survival rates. The rhizomes can then be machine cut into small pieces and replanted where needed.
A relatively small section of rhizome can be cut up into 20 or more pieces that can each grow into new plants.
The cut pieces of rhizome should be buried at the revegetation site to a depth of approximately 2 cm.
Fertilization at a rate of approximately 250 kg/ha may also increase vigour and survival. This technique has
been called “shredding” and is a proven technique for propagating wetland species which spread naturally by
rhizomes (Vaartnou 2009).
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