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Chapter 1

INTRODUCTION TO WATERSHED PLANS

1. OVERVIEW

The Watershed Plans comprise Volume 2 of the Strategic Plan of the Bridge-Coastal Fish
and Wildlife Restoration Program (BCRP).  They contain detailed information on fish and
wildlife impacts, issues and restoration objectives in each of the 15 watersheds in BC
Hydro’s Bridge-Coastal Generation Area (Figure 1-1).  They may be revised or
supplemented as necessary during the implementation of the Program, within the context of
the framework set out in the Strategic Plan.

The Watershed Plans describe the footprint impacts of hydroelectric development and
identify biological factors that may limit species production and diversity in the watersheds
based on available information.  This provides basic information for developing restoration
objectives for each watershed.  Technical workshops held in Kamloops, Nanaimo and
Vancouver in June 2000 provided input on the major fish and wildlife issues and the
development of potential restoration strategies.

2. DATA SOURCES AND METHODOLOGY

2.1 Facility Descriptions

The available statistics on BC Hydro facilities often varied in terms of reservoir dimensions,
drawdown regimes, licensed diversions and other parameters, depending upon the data and
map source and methods of analysis.  This is due to different calculations at low and full
reservoir pool, variations from year to year in reservoir inflows, or differences in the maps
used to undertake calculations, or the methods of calculations undertaken over the years.
Except for reservoir areas, we have generally used the latest numbers available from BC
Hydro (Making the Connection, April 2000).

This study generated new estimates for reservoir areas, flooded areas of general habitat types,
flooded lengths of stream channels, and lengths of reservoir shorelines.  These data were
developed from GIS calculations of pre-impoundment maps superimposed on the TRIM I
digital map base.  Other typical data sources are noted below.
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D A M RESERVOIR
Site Map reference Total area GIS calculation using

TRIM I digital map base
Function BC Hydro Land area flooded GIS calculation
Capacity Maximum Sustained Generating Capacity,

Making the Connection, BC Hydro 2000
Shoreline length GIS calculation

Height Making the Connection, BC Hydro 2000 Normal drawdown BC Hydro

Length BC Hydro Storage volume Making the Connection,
BC Hydro 2000

Fishway BC Hydro Avg. annual inflow BC Hydro, 1992-97
records

Fish flow
releases

Making the Connection, BC Hydro 2000,
& BC Hydro Operations Manual

Licensed diversion BC Hydro, 1995 report

Figure 1-1.    Watersheds in the Bridge-Coastal Restoration Program
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2.2 Fish Data and Sources

Principal sources of information on hydroelectric impacts and on BCRP fish populations and
aquatic habitats included:
! unpublished reports by the Department of Fisheries and Oceans, the BC Ministry of

Environment, the International Pacific Salmon Fisheries Commission, BC Hydro,
environmental consultants, and other agencies (e.g., McMynn and Larkin 1953)

! technical reports by agencies (e.g., Burt and Mundie 1986)
! this study’s GIS calculations of habitat losses based on pre- and post-project maps
! internal agency memoranda located in public archives and library special collections.
! primary scientific literature, which has suggested generic or potential impacts on a

worldwide scope (e.g., Baxter 1977) and papers with a regional theme (e.g., Geen 1974)
! government fisheries and watershed databases accessed via the Internet
! Internet search engines also found websites containing local historical information and

photographs that provided additional insights for this review.

Information on fish was drawn from many of the sources listed under the references section
of each Watershed Plan.  Stan Hirst’s (1991) comprehensive study of BC Hydro’s impacts on
anadromous and resident fish in the Bridge-Coastal watersheds continues to be an important
source of information.  Tables on species presence were based on the FISS database in the
Pisces website (www.pisces.env.gov.bc.ca/FishWizard.asp) which was also the source of the
reservoir bathymetric maps.  Common and scientific names of fish are listed in Table 1-1.

2.3 Wildlife Data and Sources

Most pre-development knowledge of wildlife species in BCRP watersheds includes anecdotal
comments in BC Game Commission reports, a few documents discussing individual species,
particularly elk, and, in the case of more recent projects, from the memories of people who
knew the reservoir areas in the 1940s and 1950s.  Population information is non-existent
except for estimates of moose wintering in the Bridge River Valley and surveys of elk in the
Province.  Trapping records were a potential source of information about the occurrence of
commercially valuable species in an area; however, such information is typically gathered for
large trap line areas spanning many habitats, and older site-specific trapline records were not
available. In many cases, species presence in watersheds was inferred from knowledge of
species ranges and habitats present.

Identification of wildlife habitats impacted by reservoir flooding is also largely one of
inference, since no detailed descriptions were done before flooding.  Old survey maps and air
photos and, sometimes photographs, were often helpful in identifying general habitat types
for areas flooded since the late 1920s.  Some engineering reports commented that steep,
heavily timbered hillsides were cleared or flooded.  Assumptions about the nature of those
forests could be made from current knowledge of biogeoclimatic zonation and perhaps from
an assumption about whether forests at the time were old growth or second growth.
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Table 1-1.   List of common and scientific names of fish species
     found in BC Hydro’s Bridge-Coastal area

Anadromous Sport Fish

Steelhead    Oncorhynchus mykiss
Cutthroat trout (coastal) Oncorhynchus clarki clarki
Dolly Varden (coastal)  Salvelinus malma
Sockeye salmon  Oncorhynchus nerka
Coho salmon   Oncorhynchus kisutch
Chinook salmon  Oncorhynchus tshawytscha
Pink salmon  Oncorhynchus gorbuscha
Chum salmon  Oncorhynchus keta

                              Resident Sport Fish

Rainbow trout  Oncorhynchus mykiss
Cutthroat trout Oncorhynchus clarki
Dolly Varden  Salvelinus malma
Bull trout  Salvelinus confluentus
Brook trout  Salvelinus fontinalis
Lake trout  Salvelinus namaycush
Kokanee  Oncorhynchus nerka
Mountain whitefish  Prosopium williamsoni
Lake whitefish  Coregonus clupeaformis
Burbot  Lota lota
White sturgeon  Acipenser transmontanus

                              Resident Forage Fish

Largescale sucker  Catostomus macrocheilus
Longnose sucker  Catostomus catostomus
Bridgelip sucker  Catostomus columbianus
Northern squawfish  Ptychocheilus oregonensis
Peamouth chub Hylocheilus caurinus
Redside shiner  Richardsonus balteatus
Brassy minnow Hybognathus hankinsoni
Longnose dace  Rhinichthys cataractae
Torrent sculpin  Cottus rhotheus
Prickly sculpin Cottus asper
Slimy sculpin  Cottus cognatus
Coastrange sculpin Cottus aleuticus
Threespine stickleback Gasterosteus aculeatus
Pacific lamprey Lampetra tridentata
River lamprey Lampetra ayresi
Brown bullhead Ameiurus nebulosus
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However, habitat capability would be more useful information to acquire because the
particular seral stage at the time of flooding is a reflection of the geological history, fluvial
history, fire history, and other factors acting on an area. Plant communities are not static and
each association has its own set of wildlife values.

Because of the lack of empirical data before flooding, therefore, the best way of estimating
impacts of BC Hydro facilities was to combine information from the following sources:

! area measurements or estimates of general habitat types flooded (Volume 1)
! wildlife species range maps, including the distribution of species of concern (e.g.,

Provincial red- and blue-listed species, and species with commercial, recreational, or
other public interest)

! biogeoclimatic climax zone vegetation associations
! ecoprovince wildlife associations
! general knowledge of wildlife species habitat associations
! anecdotal information about the wildlife species present before flooding, and
! anecdotal information regarding of the kinds of prior human influences that modified an

area to be flooded.

Information on wildlife was drawn from many of the sources listed under the references
section of each watershed plan.  A list of species groups of interest and their associated
habitats (Table 1-2) was developed from the BCRP workshops held in June, 2000.  Reference
information on Biogeoclimatic Zones/Ecoprovinces (Table 1-3) is from BC Ministry of
Forests and Demarchi (1996).  Information on red and blue listed species as of May, 2000 is
from the Conservation Data Centre, BC Ministry of Environment, Lands and Parks, Victoria
(Table 1-4).

BC Ministry of Environment regional offices contained the most information on historical
wildlife and habitats in the reservoir areas, but much of it was anecdotal.  The reports of the
BC Game Commissioner from 1905 to 1968 contained the most historical information, but
none of it was quantitative and it did not cover all areas of interest.

BC Hydro provided several reports with wildlife data pertinent to BCRP watersheds
including a compilation of red- and blue-listed species.  Most of the BC Hydro reports
provided information on current rather than historical conditions.

Some information was obtained from local contacts but they seldom had first hand
knowledge of areas before flooding.  Their knowledge of wildlife use was limited to their
particular involvement at the time, usually ungulates, furbearers, and carnivores; almost no
information was available about herptiles, passerines, small mammals, and other groups.  The
results of discussions were incorporated into the annotated reference list.  No First Nations
traditional use information was available for use in this study.
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Table 1-2.   Wildlife species groups and associated habitats.

Habitat-based guilds

Species Groups

Shallow
wetland

associated
species

Riverine
associated

species

Deep water
associated

species

Lowland,
flood plain,
and riparian
associated

species

Upland
forest

associated
species

Tree
cavity

dependent
species

Ungulates

Carnivores/omnivores/-
herbivores (except ungulates)

Aquatic and riparian mammals

Bats

Waterfowl, wetland/riverine,
and riparian associated birds

Piscivorus birds

Raptors

Gallinaceous birds

Passerines

Amphibians

Reptiles

Invertebrates

Rare Plants/ecosystems

Table 1-2 summarizes the species habitat associations that were identified at the regional
workshops.  The discussion of wildlife habitat impacts in the Watershed Plans should be
considered in relation to the species groups listed below.

Aerial photographs were examined to supplement pre-flooding engineering drawings of
many of the rivers and lakes.  Map indices from UBC Geography were used to determine
photo availability.  Historical photographs, usually at scales of 1:30,000 to 1:40,000, were
obtained from Geographic Data BC (after 1950) and Reprographics BC (prior to 1950).  We
viewed the airphoto files in Victoria and found sufficient coverage for our purposes.  Photos
of interest were photocopied and used a basis for interpretation.  Stereo viewing was not
possible from the photocopies.

Habitat information was transferred from the photocopies of airphotos onto the map bases
made from the historical drawings.  The major habitat categories that could be determined at
this level were lake, river channel, wetland, lowland deciduous, lowland coniferous, and
upland.



Table 1-3.    Biogeoclimatic Zone and Ecoprovince Associations in BC Hydro’s Bridge-Coastal area.

Watersheds Biogeoclimatic Zone Ecoprovince and Characteristic Wildlife Species

Campbell

Puntledge

Ash River

Georgia Depression: Mule deer, cougar, Roosevelt elk (Vancouver I), coyote (mainland), river otter,
mink, raccoon, opossum, 2spp. water shrews, Coast mole, Douglas’ squirrel, 90% of provincial bird
spp., 60% of provincial breeding bird spp., wintering waterfowl and raptors abundant in lowland and
coastal areas, bushtit and Hutton’s vireo breed only in this ecoprovince, marbled murrelet, ensatina
salamander characteristic.  Coast and Mountains (upper watershed): see below

V
an

co
uv

er
 I

sl
an

d

Jordan River

Cheakmus River

Alouette/Stave

Coquitlam

Wahleach Lake

S
ou

th
er

n 
M

ai
nl

an
d

Clowhom River

Falls River

N
 C

oa
st

Clayton Falls

Basin Elevation:
1. Coastal Western Hemlock

Upper Watershed:
2.  Mountain Hemlock
3.  Alpine Tundra, especially for

mainland watersheds

Coast and Mountains: Mule deer (only common terrestrial ungulate), mountain goat, black bear,
grizzly bear (mainland), wolf, cougar, river otter, Keen’s myotis, Vancouver Island Marmot
(Vancouver I), mink, Townsend’s vole, white-footed mouse, 79% of provincial bird spp., 57% of
provincial breeding bird spp., (2nd highest ecoprovince total), breeding red-throated loon and spotted
owl (mainland) restricted to this ecoprovince, marbled murrelet, 6 amphibians mostly restricted to this
ecoprovince.

Bridge-Seton

Basin Elevation:
4. Interior Douglas-fir
5. Montane Spruce

Upper Watershed:
6. Montane Spruce
7. Engleman Spruce-Subalpine Fir
8. Alpine Tundra

Central Interior: Moose is most widespread ungulate, mule deer, bighorn sheep, cougar, black bear,
coyote, wolf, western jumping mouse, muskrat, long-tailed weasel, big brown and Townsend’s big-
eared bats hibernate in ecoprovince, 65% of provincial bird spp., 62% of provincial breeding bird spp.,
western toad, spotted frog

Coast and Mountains (upper end of Anderson Lake): see above

In
te

ri
or

Shuswap

Basin elevation:
9. Interior Cedar Hemlock

Upper Watershed:
10. Engleman Spruce-Subalpine Fir
11. Alpine Tundra

Downstream:
12. Interior Douglas-fir

Southern Interior Mountains: Mountain goat, white-tailed deer, elk, caribou (relic pop. in old-
growth spruce forest), grizzly and black bear, long-eared myotis, pika, hoary marmot, Columbian and
golden-mantled ground squirrels, water vole, 70% of provincial bird spp, 62% of provincial breeding
bird spp., osprey), breeding western grebe, wintering & migratory American coot, waterfowl
(particularly redhead), white-breasted nuthatch, Clark’s nutcracker, painted turtle, garter snakes, long-
toed salamander, western toad, spotted and northern leopard frog.

Southern Interior (downstream): Mule deer, white-tailed deer, bighorn sheep, spotted and pallid bats,
74% of provincial birds, 70% of provincial breeding birds, yellow-breasted chat, California gull,
western rattlesnake, tiger salamander.

BC Ministry of Forests. 1988. Biogeoclimatic zones of B.C. map;   Demarchi. 1996.



Table 1-4.     Potential occurrence* of threatened and endangered vertebrate species (MELP)
 and “identified wildlife” (Forest Practices Code) in BC Hydro’s Bridge-Coastal area.

Watershed

Vancouver
Is.

Lower
Mainland

Interior
Mainland

Coast

Scientific Name Common Name Global
Rank

Prov.
Rank

Prov.
List

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

Amphibians

Ascaphus truei population 2 Tailed Frog, coastal population G4T4Q S3S4 Blue

Rana aurora Red-Legged Frog G4 S3S4 Blue

Rana pretiosa Oregon Spotted Frog G2G3 S1 Red ?

Reptiles

Chrysemys picta Painted Turtle G5 S3S4 Blue

Charina bottae Rubber Boa G5 S3S4 Blue

Pituophis catenifer deserticola Gopher Snake, deserticola (Seton only) G5T5 S3 Blue

Crotalus viridis Western Rattlesnake (Seton only) G5 S3 Blue

Coluber mormon Yellow-bellied Racer Id Wldl

Birds

Aechmophorus occidentalis ~Western Grebe (non breeding) G5 S1B,S3N Red

Phalacrocorax auritus ~Double-Crested Cormorant G5 S2S3B,SZN Blue

Botaurus lentiginosus American Bittern G4 S3B,SZN Blue ?

Ardea herodias fannini Great Blue Heron, fannini ssp. G5T4 S3B, S5N Blue

Ardea herodias herodias Great Blue Heron, herodias ssp. G5T5 S3B, S5N Blue

Butorides virescens Green Heron G5 S3S4B,SZN Blue

Cathartes aura Turkey Vulture Id Wldl

Cygnus columbianus Tundra Swan  G5 S3N Yellow

Cygnus buccinator Trumpeter Swan G4 S3S4B,S4N Blue

Aythya americana Redhead G5 S3N,S4B Yellow

Histrionicus histrionicus Harlequin Duck G4 S3N,S4B Yellow

Clangula hyemalis ~Oldsquaw (non breeding) G5 S3?B,SZN Blue

Melanitta perspicillata ~Surf Scoter (non breeding) G5 S3B,SZN Blue

Haliaeetus leucocephalus Bald Eagle G4 S4 Yellow



Watershed

Vancouver
Is.

Lower
Mainland

Interior
Mainland

Coast

Scientific Name Common Name Global
Rank

Prov.
Rank

Prov.
List

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

Accipiter gentilis Northern Goshawk Id Wldl

Accipiter gentilis laingi Northern Goshawk, laingi ssp. G5T2 S2B,SZN Red

Falco peregrinus anatum Peregrine Falcon, anatum subsp. G4T3 S2B,SZN Red ? ?

Falco peregrinus pealei Peregrine Falcon, pealei subsp. G4T3 S3B,SZN Blue Y Y

Falco rusticolus Gyrfalcon (non breeding) G5 S3?B,SZN Blue ? ? ? ?

Falco mexicanus Prairie Falcon (Seton only) G5 S2B,SZN Red

Lagopus leucurus saxatilis White-Tailed Ptarmigan, saxatilis G5T3 S3 Blue

Brachyramphus marmoratus Marbled Murrelet G3G4 S2B,SZN Red

Otus flammeolus Flammulated Owl (Seton only) G4 S3S4B,SZN Blue

Otus kennicottii saturatus Western Screech-owl, saturatus ssp. G? S3 Blue ?

Glaucidium gnoma swarthi Northern Pygmy-owl, swarthi ssp G5T3Q S3 Blue

Strix occidentalis Spotted Owl G3 S1 Red

Progne subis Purple Martin G5 S2B Red

Dolichonyx oryzivorus Bobolink G5 S3B,SZN Blue

Pinicola enucleator carlottae Pine Grosbeak, carlottae ssp. G5T3 S3B,SZN Blue

Mammals

Sorex palustris brooksi Vancouver Island Water Shrew G5T2 S2 Red

Sorex bendirii Pacific Water Shrew G4 S1S2 Red ?

Sorex trowbridgii Trowbridge's Shrew G5 S3S4 Blue ?

Euderma maculatum Spotted Bat (Seton only) G4 S3 Blue

Myotis keenii Keen's Long-Eared Myotis G2G3 S1S3 Red

Corynorhinus townsendii Townsend's Big-Eared Bat G4 S2S3 Blue

Lepus americanus washingtonii Snowshoe Hare, washingtonii ssp G5T3T5 S1 Red

Aplodontia rufa rainieri Mountain Beaver, rainieri subsp. G5T4 S3 Blue

Marmota vancouverensis Vancouver Island Marmot G1 S1 Red ?

Ursus arctos Grizzly Bear G4 S3 Blue

Gulo gulo luscus Wolverine, luscus subspecies G4T4 S3 Blue

Gulo gulo vancouverensis Wolverine, vancouverensis subsp. G4T1Q S1 Red

Martes pennanti Fisher G5 S3 Blue



Watershed

Vancouver
Is.

Lower
Mainland

Interior
Mainland

Coast

Scientific Name Common Name Global
Rank

Prov.
Rank

Prov.
List

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

Mustela erminea anguinae Vancouver Island Ermine G5T3 S3 Blue

Mustela frenata altifrontalis Long-tailed Weasel, altifrontalis G5T? SH Red

Taxidea taxus Badger (Seton only) G5 S2 Red

Oreamnos americanus Mountain Goat Id Wldl

Cervus elaphus roosevelti Roosevelt Elk G5T4 S2S3 Blue

Rangifer tarandus pop. 1 Caribou, southern population G5T2T3Q S2 Red

Ovis canadensis californiana California Bighorn Sheep G4G5T4 S2S3 Blue

* Species potentially affected by hydro development and operations.
~ Mainly or entirely in the estuaries to which the river systems flow.  Only the Puntledge, Campbell, Gold River, and Clowhom
estuaries were considered.  Species occurring primarily in marine waters and considered unlikely to appear in the estuaries of
interest were not included.

Watersheds:   1. Campbell system
  2. Puntledge River
  3. Ash River
  4. Jordan River
  5. Cheakamus River
  6. Alouette/Stave system
  7. Coquitlam system
  8. Wahleach Lake
  9. Bridge-Seton system
10. Middle Shuswap River
11. Clowhom River
12. Falls River
13. Clayton Falls.
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3. BACKGROUND TO RESTORATION OBJECTIVES

3.1 Rationale for Objectives

The restoration objectives for each Watershed Plan are based on the review of technical
reports, workshop discussions, and the identification of footprint impacts and limiting
factors. The means to achieving these objectives will be realized through execution of
projects that the Bridge-Coastal Fish and Wildlife Restoration Program supports.

“Limiting factors” provide the focus for developing restoration objectives in the watersheds.
These include critical habitat elements within the life cycle requirements of a species or
within ecological communities that currently constrain population productivity.  Other
factors also limit populations but are directly managed by agencies (e.g., establishing
harvesting rates for fish and wildlife), or they occur outside the watershed (e.g., ocean
survival); however, these are considered beyond the scope of addressing hydroelectric
impacts.

Limiting factors are identified in a general manner, recognizing that precise knowledge
about specific constraints to species production or diversity is not often available.  However,
the review material and professional views of fish and wildlife managers provide a basis for
identifying suspected limiting factors for species or species groups.  In some cases, a lack of
knowledge about limiting factors suggests a need for identifying data gaps.

“Discussion notes” presented with the Restoration Objectives provide some interpretation
and elaboration of the objectives.  The examples given of potential activities do not limit the
range of restoration possibilities under BCRP. The type and scope of restoration activities
will depend upon the particular conservation and management needs of fish and wildlife
species in each watershed.

Objectives related to the potential replacement of habitat losses will be guided by the
estimates of footprint impacts, including losses of various habitat types, and the role that
these impacts played or are currently playing in constraining fish and wildlife diversity and
production.

The objectives emphasize mitigation of hydroelectric impacts and replacement of losses
within the watershed where they occur.  In some cases, it may be appropriate to undertake a
project in an adjacent watershed if sufficient restoration opportunities are not readily
available within the original watershed and if the original populations will benefit.

A common objective in all watersheds is to monitor and evaluate the results of BCRP
projects and to adjust the program as needed.  An overall project review system should be
developed and implemented to facilitate technical analysis of BCRP results. Proposals
should include performance indicators that are meaningful and measurable.  It is important
to establish a pre-project baseline so that the effects of implementation can be tracked by
post-project monitoring.
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3.2 Feasibility of Re-establishing Anadromous Fish Stocks

Proposals to re-establish former anadromous runs to the Puntledge, Alouette, Stave,
Coquitlam, Bridge or Shuswap reservoirs would require careful analysis and planning.
Consideration should be given not only to technical feasibility, but also to the biological
soundness and the management implications for agencies and BC Hydro alike for
developing and fostering a new run, as outlined: (some points adapted from Triton 1994)

Biological Soundness

! What donor stock is available?  Does it have genetic links to, or exhibit vital
characteristics of, the historic stock?  Has the target species been transplanted
successfully elsewhere (Andrew & Killick 1957)?

! What are the ecological implications of re-introducing the target species as
competitor/predator to the population dynamics within the present reservoir?  Is
this species a potential host or vector for disease transmission?

! Are sufficient spawning, rearing and overwintering habitats available in the
reservoir and its tributaries to sustain the necessary life stages?  If not, what is the
feasibility and cost of enhancing or creating such habitat?  Are the key habitats at
risk to future forestry impacts?

! What population size and habitat quantities are necessary to make the stock self-
sustaining?

! Can aquatic productivity of the current reservoir be restored to match the levels
in the original habitat?

Technical and Engineering

! Are there physical impediments to upstream migration in the river that require
alteration?

! What is the proposed route to bypass the downstream migration of juveniles?
Test the survival rates of downstream passage through existing turbines and over
spillways under the range of expected flow conditions. What survival rates would
be necessary to allow the new population to become established?

! If unaided passage mortality were too high, what additional facilities would be
suitable for retrofit (surface or gatewell collectors, fish screens, louvers) based on
the size characteristics of the migrant fish?  What is the inherent mortality rate of
these passage facilities?

Management

! What changes to BC Hydro operations would be required to facilitate a
successful reintroduction?  Would the fishway be able to operate at different
reservoir levels during upstream and downstream migration?  Would water
releases be necessary to get adults upriver in some years? What is the stranding
potential during downstream migration that may require higher flow releases?
What are the probabilities of spills at this facility at critical biological periods?
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! Will the expected fisheries on this new stock be managed to permit the newly
introduced stock to increase without compromising other stocks, or is the new
stock likely to co-mingle with other stocks that will be fished at high exploitation
rates?  Have other unmanageable sources of mortality, such as the seal predation
at Puntledge River, been identified that may further impede juvenile production
or adult escapements?

The foregoing criteria suggest a complex set of biological, physical and management
conditions that must be present before anadromous stocks are successfully restored to a
former watershed. Whether a fishway can be constructed to provide passage over a
particular dam may be one of the easier challenges to overcome.  For example, consider that
both dams on the Puntledge River have had fishways since 1922, that remnants of the
original stocks are still present in small numbers, and that abundant high-quality habitat
exists upstream of Comox Lake. Yet despite BC Hydro’s successful mitigation of the
problem of entrainment mortality in 1993, the fishways have remained closed to chinook
and coho salmon stocks.

If a preliminary assessment of re-introduction does appear feasible for a particular reservoir,
a phased, experimental approach could be adopted that would reduce the technical risk and
significant cost of retrofitting permanent structures required for upstream and downstream
fish passage (Triton 1994).  One strategy to reintroduce a stock involves releasing adult fish
into the reservoir and letting them select their own preferred spawning grounds. In practice
this option may result in a proportion of adult fish which fail to spawn, or attempt to return
downstream. Stocks of sockeye salmon that are shoreline spawners could be affected by
drawdowns.  An alternate strategy involves releasing juveniles of a donor stock into selected
tributaries in a multi-year program.  Prospective natal streams should have sufficient
collective capacity to ultimately support the number of spawners deemed necessary to
maintain a viable new population.

A phased approach to re-introduction would also test the performance of the existing
facilities to pass juvenile fish downstream with respect to mortality, injury or descaling.  If
migrant survival proves to be poor, temporary collection and transportation of juveniles past
the dam may be an interim measure through the pilot study. Adult fish that return from the
juvenile stocking program could similarly be collected, trucked and released above the dam
in the initial years.  The goal of restoring historical fish runs is to rebuild a stock that will be
capable of sustaining its own natural production cycle if appropriate upstream and
downstream passage facilities can be constructed.

3.3 Limitations to Restoration Techniques

The BCRP will undertake projects to address some of the losses incurred by fish and
wildlife populations as a result of the original hydroelectric developments now operated by
BC Hydro.  The BCRP is initiated in a time of great interest by the agencies, First Nations,
stream stewards, and the general public in protecting such populations and the habitats
necessary for their survival.  There is a growing awareness that the modern pace of
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infrastructure and resource development and human harvest activities is threatening the very
existence of certain species in our local environments.

The need for biological conservation is receiving greater recognition from the resource
management agencies these days (e.g., proposed Federal Wild Salmon Policy).  Still there is
a legacy to undertake activities and programs whose primary goal is maximising selected
fish or wildlife production for economic benefits.  These programs are often based on
theoretical models of factors or habitat capacities believed to limit wild populations, when in
fact such variables are complicated beyond our understanding, and are not predictable from
year to year.  Many exploitation rates advocated by fisheries management theory have
proven too high and unsustainable (Weeks and Berkeley 2000), and have reduced many
salmonid populations in BCRP watersheds.

In this recent period, biologists have been busy developing and implementing a variety of
new measures designed to increase wild populations, such as construction of various habitat
features, live gene banking, and habitat fertilization.  Older techniques, such as hatchery
propagation, and releasing fish or wildlife beyond their natural distribution, have been
modified to address some initial limitations.  Yet it is well to remember that other well-
intended techniques, such as eradicating unwanted species by poisoning lakes, introducing
non-native species, and clearing wood debris from streams, were later found to have
undesirable ecological consequences, and are now largely discontinued in British Columbia.

Because such consequences may manifest themselves years afterward, and to reduce
undesirable risks at the large scale of certain reservoir ecosystems, the BCRP will generally
apply proven techniques of habitat restoration.  However, BCRP will consider new
experimental techniques, done initially as pilot projects at a small scale or short period,
where latent ecological effects will be monitored over 5-10 years prior to more widespread
implementation.

Physical creation of wildlife and fish habitats has a long tradition, with recent emphasis in
British Columbia as a result of the Watershed Restoration Program, and as compensatory
measures to offset impact losses from infrastructure developments.  Good reference material
(e.g., Slaney and Zaldokas 1997) and short training courses are now available to guide
stream habitat practitioners.  A working knowledge of fluvial geomorphology and stream
hydraulics is essential, and even then, successful biological restoration has been elusive
(Kellerhals and Miles 1996). In BCRP’s diverted systems, it may be tempting to construct
habitat features in the main river channel at low elevations so they function during the
regulated fish flows, but consider their ability to withstand peak flows that may be spilled
down the channel in 1-in-20 year or larger events.  One conservative approach is to design
instream structures so that when they do fail, they will fail safely with minimal hydraulic
perturbation.

Over the last 20 years, fertilization of British Columbia’s lakes and streams has shown
promise in increasing fish biomass by stimulating the primary and secondary levels of
biological productivity (Ashley and Slaney 1997).  Advocates of the technique have focused
on benefits to commercial or sport species such as sockeye, kokanee, trout and steelhead,
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particularly in watersheds that formerly supported anadromous fish runs.  However, a data
gap exists with respect to the ecological effects on other species or communities, especially
on long-term applications of nitrogen and phosphorus fertilizers to large-scale oligotrophic
systems.  Do such conditions enhance the suitability for accidental introduction of milfoil or
other non-native species?  The extent of application and levels of fertilizer should mimic the
approximate magnitude and pathway of the specific footprint impact in each reservoir.  For
example, the reduction in benthic productivity in shoal areas that result from drawdown
fluctuations is probably not remedied by stimulating plankton growth in the water column of
a reservoir.

Finally, long-term monitoring of habitat features, structures or other restoration techniques
has received little commitment or funding in most jurisdictions.  Without the benefit of long-
term monitoring, we have very little feedback on the effects of our collective restoration
activities.  To increase the overall quality of restoration techniques and experience within
the Province, each designer/constructor of a habitat project should be involved in its
monitoring to understand whether the compensatory habitats are functioning as designed,
and to follow their longevity.  The scope and duration of monitoring assignments will range
according to specific objectives, from detailed studies that assess the effects of pilot
experiments, to primary assessments of fish utilization at an overview level (e.g., Lister and
Bengeyfield 1998).

This brief litany of restoration activities--all meant to conserve, protect and manage wild
populations-- is a caution and reminder to the future applications of untested techniques. As
biologists and managers increase their manipulation of desirable species and their habitats,
they should be mindful of ecological consequences of their projects on the many other fish
and wildlife species that share those same habitats.  It may turn out that in some cases, the
best restoration approach will be to do nothing more than actively conserve the important
habitats and allow natural processes to continue.
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Chapter 2

CAMPBELL RIVER WATERSHED

Figure 2-1.   Elk Falls (BC Archives)

1. PROJECT DESCRIPTION

1.1 Facilities

The Campbell River development consists of three dams on the Campbell mainstem--John Hart,
Ladore and Strathcona -- completed in 1953, 1958 and 1958, respectively. The lowermost
facility is John Hart Dam which impounds John Hart Reservoir and diverts water to a
powerhouse located downstream of Elk Falls.

The middle reservoir is Lower Campbell Lake, impounded by Ladore Dam, which also receives
additional flows from two diversions-- Salmon River and Quinsam River. Its powerhouse is
adjacent to the dam. This project also includes the Loveland Bay Saddle Dam (6m high by 80m
long), and the Big Slide Saddle Dam (4m high by 15m long).

The uppermost Strathcona Dam impounds Upper Campbell Reservoir which now backs up into
Buttle Lake. This reservoir receives additional water from the Heber River diversion which
augments Elk River inflows. The powerhouse is located at the toe of Strathcona Dam.
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    Figure 2-2.   Location of Campbell River hydro project

          Figure 2-3.   Location of Heber River Diversion
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Salmon River Diversion

The Salmon River Dam, completed in 1958, diverts part of the upper Salmon River and Paterson
Creek via flume and channel for 14 km via Brewster, Gray, Whymper and Fry lakes and then
into Lower Campbell Lake. The Salmon River diversion contributes to power generation both at
the Ladore and John Hart power stations.

Quinsam River Diversion

The Quinsam project, operational in 1956, consists of the Quinsam Dam across the outlet of
Wokas Lake and a diversion dam further downstream. Quinsam water is diverted for 9 km
through Gooseneck Lake, then Snakehead Lake, Miller Creek and into Lower Campbell Lake for
electrical generation at the Ladore and John Hart power stations.

Heber River Diversion

The Heber River Dam, completed in 1956, diverts flows from the upper Heber River via pipeline
and channel for about 5 km into Crest Lake then through the Drum lakes into the Elk River
which enters the Upper Campbell Lake Reservoir. Crest Creek, a former tributary to Heber
River, is diverted by a dyke into the Drum lakes. The headpond behind Heber Dam is small. A
large pool ~10 m diameter occasionally requires gravel removal by backhoe equipment.  The
Crest Creek diversion dyke does not impound any water (Lewis et al. 1996).  The Heber-Crest
diversion contributes to power generation at all three power stations on the Campbell mainstem.

Specifications for the Campbell River mainstem facilities and reservoirs:

DAM
Strathcona Ladore John Hart

Nameplate capacity (MW) 67.5 54 126
Dependable capacity  (MW) 60 47 126
Dam function * storage storage diversion
Date constructed 1955 1949 1945
Date operational 1958 1947
Date reconstructed 1986-88 1955-57 1988
Height  (m) 53 37 30
Length  (m) 510 94 250
Dam footprint area   (m2)
Fishway at dam no no  no
Historic anadromous fish presence no no  no
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RESERVOIR

Upper
Campbell

Lake / Buttle
Lake

Lower
Campbell

Lake
John Hart

Cleared/ not cleared c
Present area  (ha) 6769 2610 346
Watershed area  (km2) 1249 1849
Present elevation a.s.l.  (m) 221 178 139
Normal drawdown range (m) 21.4 15.2 1.2
Mean depth  (m) 15 / 70 17 12
Maximum depth  (m) 90 / 130 60 23
Storage  (million m3) 823 321 3.3
Mean water retention time 3.9 months 1.1 month 1.5 days
Mean annual discharge (m3/s)

DIVERSION to powerhouse to powerhouse to powerhouse

Structure type canal  (1km) tunnel penstock (1.9km)
Licensed flow    (m3/sec) 114
Fish flow release  (m3/sec)  none none 34
Mainstem length diminished (km) 3 2
Mainstem length augmented (km)

Specifications for the diversion structures and reservoirs associated with the Campbell River
Project:

DAM
Wokas
Lake

Quinsam
Diversion

Heber
Diversion

Salmon
Diversion

Nameplate capacity    (MW) 0 0 0 0
Dependable capacity  (MW) 0 0 0 0
Dam function storage diversion diversion diversion
Date constructed 1958
Date operational 1956 1958 1956
Date reconstructed  1958
Height  (m) 2.4 -9 5 -15 7  5
Length  (m) 31 43.6 120  73
Dam footprint area   (m2)
Fishway at dam  no no no yes
Historic anadromous fish presence  no no no no
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RESERVOIR
Wokas
Lake headpond headpond headpond

Cleared/ not cleared nc nc nc nc
Present area  (ha) 60 0.5 0 0.7
Watershed area  (km2) 88 55 269
Present elevation a.s.l.  (m) 360 302 224
Normal drawdown range (m)
Mean depth  (m) 3 2
Maximum depth  (m) 4
Storage  (million m3) 0 0 0
Mean water retention time
Mean annual discharge  (m3/s)

DIVERSION
to Lower
Campbell

L.

to Lower
Campbell L.

to Upper
Campbell L.

to Lower
Campbell L.

Structure type  channel  channel penstock (3.6km)
channel (0.3km)

channel

Licensed flow    (m3/sec) 4.7 3.5 16
Fish flow release  (m3/sec) 0.3 - 1.7 0.6
Mainstem diminished (km)
Mainstem augmented (km)

        Figure 2-4.    Ladore Falls Dam (BC Power Commission)
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1.2 Hydrology

1.2.1 Basin and Runoff

The expanded Campbell watershed area (including the upper subbasins of the Heber, Salmon and
Quinsam systems) straddles the Vancouver Island mountain range about halfway up the island.
Elevations range from 139 m above sea level at John Hart Reservoir to mountain peaks 2000 to
2200 m.

Inflow into the Campbell River system is typical of British Columbia coastal basins.  High
inflows occur from May through July due to snowmelt.  August and September are usually quite
dry.  High precipitation from October to March includes mixtures of snow that tend to
accumulate, and heavy rains which cause high inflows to the reservoirs.  Large storms separated
by days or hours can cause serious flooding in the area.

1.2.2 Operation and Licensed Diversion Flows

Operation of the Campbell River Projects is governed by the discharge capacities at Strathcona
(175.6 m3/s), Ladore (161.5 m3/s) and John Hart (124.0 m3/s).  Since John Hart has the lowest
discharge capacity and is the generating station farthest downstream, the system is usually
operated to its discharge maximum of 124 m3/s.  During periods of high inflow when it is
necessary to control rising levels in Upper Campbell Lake, Strathcona discharges are often
increased to 176.5 m3/s; this results in spills at Ladore and John Hart.

1.2.3 Habitat Types Flooded by Reservoir

The  reservoir area of the combined project is 9,725 hectares including 5,208 ha of land and 4517
ha of natural lakes (Figures 2-5 to 2-7). The current reservoir shoreline length is 282 km.
Bathymetric reservoir maps are provided on Figures 2-8 to 2-10.

The GIS calculations done by this study estimated the following losses of fish habitat from the
pre-impoundment condition:

Original habitat lost
Upper

Campbell L. /
Buttle Lake

Lower
Campbell Lake John Hart TOTAL

Lake flooded  (ha) 3583 934 0 4517
Land flooded  (ha) 3186 1676 346 5208
Lake shoreline  (km) 0 104
Mainstem:   length  (km) 24 13 10 47
                    channel  (ha) 252 81 62 395

                riparian area* (ha) 143 77 60 280
Tributary:  length  (km) 21 20 4 45

              riparian area** (ha) 65 61 11 137
Wetland: 695 241 0 936

*    mainstem riparian zone calculated 30 m from each bank
**   tributary riparian zone calculated 15 m from each bank
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2. FISH

2.1 Historic and Current Species Presence

The Campbell River system was one of the most productive river systems for anadromous fish
on Vancouver Island, particularly when considering that all habitats were confined to the
lowermost 5 km section below Elk Falls. When the Campbell River Power Project was
developed, the three principal dams on the Campbell mainstem and the three diversion dams on
adjacent rivers--Heber, Salmon and Quinsam-- were all located upstream of the respective
historic barriers to anadromous fish.

2.1.1 Campbell River Basin

Historic knowledge of fish in the Upper Campbell River drainage was largely qualitative due to
the lack of baseline data (Hatfield 1982a). This limits the usefulness of the data to determine how
power development affected the age, size, and species composition of the fish populations
(Lough et al. 1992).

Like most watersheds on Vancouver Island, the Campbell River basin has a simple indigenous
freshwater fauna with few non-salmonid species compared to Fraser River watersheds.  Only six
resident fish species are currently found in the Campbell River watershed above Elk Falls (Table
2-1).  Cutthroat and rainbow trout and Dolly Varden char are found in each of the reservoir
systems. Kamloops rainbow were introduced into Upper Campbell Lake prior to 1953 (McMynn
& Larkin 1953), possibly because native rainbow in the system were generally small (Carl 1939).
Ladore Falls, at 9 m high, and a second falls and rapids a short distance downstream (White
1919) were probably natural barriers to upstream movement by these stocks.

Anadromous fish stocks were unable to access the majority of freshwater habitats in the
Campbell basin because of Elk Falls, a major barrier of 30 m height on the mainstem river 5.6
km upstream of tidewater (Figure 2-1).  Below the canyon the lower river is inhabited by five
salmon species (although sockeye are not plentiful), steelhead, anadromous cutthroat trout and
Pacific lamprey as well as the species found upstream (Table 2-1).

Campbell River produced large specimens of chinook salmon known as tyee. The first account of
angling for tyee appeared in The Field, published in London, in October 1896. Sir Richard
Musgrave described the excellent fishing he had off the mouth of the Campbell River in
September of that year...”took nineteen tyee in one week as well as several coho and trout”. His
largest fish weighed 70 pounds. The next year his party caught a 67 pound tyee on September 3
(Tyee Club of BC 1995).

2.1.2 Heber River Diversion

The Heber River contains only resident rainbow trout and Dolly Varden char for 6.8 km below
the diversion dam where a 4 m high waterfall blocks all anadromous fish. Summer steelhead is
the only anadromous stock that uses the next 7.5 km down to another set of 2.5-3 m falls. The
lowermost 0.9 km of the river above its confluence with the Gold River is used by five species of
salmon and winter steelhead (Griffith 1994).  The current distribution of species in the Heber
River is indicated in Table 2-2.
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For its size, the Heber River is one of the most productive wild steelhead streams on Vancouver
Island, averaging 252 adult spawners per year between 1975-1995 (BC Ministry of Environment
1996).

The Heber diversion dam is a barrier to the upstream passage of resident fish. For rainbow trout,
this is likely irrelevant, due to a significant cascade feature 200 m above the dam, and other
obstructions and barriers further upstream. However for Dolly Varden, the dam may have
eliminated historic use of Hunter Creek as a nursery stream for the mainstem population
downstream of the dam. In addition, the crossing of the Heber River mainstem by the diversion
pipeline may also represent a barrier to the upstream passage of resident fish (Griffith 1995).

The Heber-Crest diversion has affected fish habitat in the Elk River by increasing flows beyond
the hydraulic capacity of its original channel.  This condition has not yet stabilized partly due to
large sediment inputs from logging activities and natural events (Hatfield 1982a; BC Parks n.d.;
Karanka & Kellerhals 1980; Kellerhals Engineering Services 1996; Lewis et al. 1996). However,
it is not clear whether the habitat capability of the Elk River has actually been reduced by the
unstable conditions, as suggested by Tredger et al. (1980) and others, or whether there are few
resultant effects at the population level. Trout recruitment to Upper Campbell Lake was judged
more than adequate based on increased harvest at a success rate > 2 fish per day (Lough et al.
1992).

2.1.3 Salmon River Diversion

Resident fish species are kokanee, rainbow and cutthroat trout, Dolly Varden char, and sculpins
(Hansen 1997); their current distribution is indicated in Table 2-3. When the Salmon River
diversion dam was built in 1958, anadromous stocks were blocked by a 5 m high
falls/obstruction located about 12 km downstream.  The obstruction was a cluster of very large
boulders that often retained a debris jam within the narrow steep-walled canyon about 38 km
from tidewater (Ptolemy et al. 1977).

Remedial blasting by BC Fish & Wildlife Branch in 1975 and 1976 made this barrier passable.
The Salmon River above the diversion dam now supports wild steelhead and coho salmon.  The
former was first stocked as fry in 1986 and the latter in 1987. Until a fish ladder was constructed
in 1992, adult coho and steelhead apparently used the sluice gate to ascend past the dam (Perrin
1989).

The upper Salmon River and its tributary Grilse Creek have been sites for colonization releases
and stream fertilization experiments over the past two decades. Craig et al. (1998) recently
surveyed locations above and below the diversion dam that would be suitable for outplanting of
coho fry produced by the Sayward Community Hatchery on the river downstream.



Source: MoELP 2000.  BC Ministry of Environment Fish Information Website - http://www.bcfisheries.gov.bc.ca/fishinfobc.html; accessed before June 8, 2000.

Includes:  BC Watershed Atlas, Fisheries Information Summary System (FISS), BC Lakes and Release Record database, and Lake Depth Maps.
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Buttle Lake
      Henshaw Creek
      Ralph River - no info.
      Ralph Lake - unidentified trout fry
      Wolf River - "unidentified species"
      Darkis Lake
Upper Campbell Lake
      Elk River
            Drum Lakes
            Tlools Creek
            Cervus Creek
            Filberg Creek
      Camp Lake
      Raven Lake

STRATHCONA DAM No fishway.

Campbell R. Mainstem
Lower Campbell Lake
      Greenstone Creek
      920-627900-329
      Reginald Lake
      Fry Lake    
      Lawson Lake
      Boot Lake
      Gray Lake
      Whymper Lake
      Garrett Lake
      Brewster Lake
      Merril Lake
      Gosling Lake
      McIvor Lake
      Higgins Lake
      Beavertail Lake
      Gooseneck Lake
      Snakehead Lake

LADORE DAM No fishway.

Campbell R. Mainstem
John Hart Lake

JOHN HART DAM No fishway.

Campbell R. Mainstem

* now named Northern pike minnow

Table 2-1.    Fish species in the Campbell River watershed.

    Campbell 
      River
     upstream

       downstream



Source: MoELP 2000.  BC Ministry of Environment Fish Information Website - http://www.bcfisheries.gov.bc.ca/fishinfobc.html; accessed before June 8, 2000.

Includes:  BC Watershed Atlas, Fisheries Information Summary System (FISS), BC Lakes and Release Record database, and Lake Depth Maps.
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 (Upper) Heber River
      Unamed Trib - 930-511600-249
      Dam Creek
      Trib # 4 - 930-511600-71

HEBER DIVERSION DAM No fishway.

Heber River Mainstem

* now named Northern pike minnow

Source: MoELP 2000.  BC Ministry of Environment Fish Information Website - http://www.bcfisheries.gov.bc.ca/fishinfobc.html; accessed before June 8, 2000.

Includes:  BC Watershed Atlas, Fisheries Information Summary System (FISS), BC Lakes and Release Record database, and Lake Depth Maps.
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Salmon R. Mainstem
      Jessie Lake
      Grilse Creek
            Third Lake
            Second Lake
            First Lake

SALMON R. DIVERSION DAM No fishway.

Salmon R. Mainstem

* now named Northern pike minnow

Table 2-2.   Fish species in the Heber River watershed.

Table 2-3.   Fish species in the Salmon River watershed.

Heber River

         upstream

       downstream

        Salmon
      River
       

            upstream

       downstream



Source: MoELP 2000.  BC Ministry of Environment Fish Information Website - http://www.bcfisheries.gov.bc.ca/fishinfobc.html; accessed before June 8, 2000.

Includes:  BC Watershed Atlas, Fisheries Information Summary System (FISS), BC Lakes and Release Record database, and Lake Depth Maps.
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Upper Quinsam Lake
Wokas Lake 1 1 1 1 1 1

WOKAS STORAGE DAM No fishway.

Quinsam R. Mainstem

QUINSAM DIVERSION DAM No fishway.

Middle Quinsam Lake 1 1 1 1
      Cr. 627900-03600-717
Quinsam R. Mainstem
      Iron River
Quinsam Lake
      Echo Lake Creek
            Echo Lake 
            Mirror Lake
Quinsam R. Mainstem

* now named Northern pike minnow

1 - presence of anadromous fish (presumably from Quinsam hatchery) in Upper Quinsam Lake suggests these are also present in downstream lakes.

Table 2-4.   Fish species in the Quinsam River watershed.

     Quinsam
      River
       

            upstream

       downstream
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Downstream, the Salmon River continues to be an important fish-producing system; however,
the absolute numbers of returning fish have decreased from those experienced prior to the 1900s
as described by original settlers to the Salmon River Valley (Ptolemy et al. 1977).  Fisheries and
Marine Services compiled records of salmonid escapement since 1934 (Sproat 1976). These
records indicated salmon and steelhead escapements declined to roughly 25% of the mean
escapement for chum, coho, and chinook salmon and steelhead that existed between 1934-44.
The mean escapement for these species for the period 1966-75 was 1800 chum, 3100 coho, 830
chinook, and 580 steelhead.

2.1.4 Quinsam River Diversion

Fish samples from Upper Quinsam/Wokas Lake were recorded from 1957 when a BC Fish and
Wildlife crew sampled the lake with gillnets. The fish population consisted only of cutthroat
trout, with three fish in one of the gillnet samples weighing in excess of 6.3 kg (Lough et al.
1992). The current distribution of species is indicated in Table 2-4.

The lower reach of the Quinsam River was used historically by pink, chum and chinook salmon.
Coho, steelhead and some chinook were recorded in the 1930s as far upstream as the falls below
Quinsam Lake.  In the fall of 1942 many thousands of coho were observed immediately below
the falls (DFO 1944).  Steelhead and coho have occasionally ascended the falls into Middle
Quinsam Lake (Hirst 1991a).

2.2 Impacts on Fish

Facility Description of hydroelectric impacts

N
eg

P
os Source

1. Reservoir flooded 27.1 km of mainstem and 21.5 km of
tributary channels, plus their associated riparian zones;
species composition unchanged.

x GIS

2. Drawdown reduces productivity of littoral zone. x Sinclair 1965;
McMynn &
Larkin 1953;
Lough et al.
1992

Buttle Lake /
Upper

Campbell
Lake

3. Drawdown floods and dewaters spawning habitat in alluvial
fans.

x workshop

4. Dam footprint of _ m2:  loss of instream, riparian and upland
habitats.

x

5. Increased flows from diversion changed channel hydraulics
through Drum Lakes and Elk River system; benefits to CT
spawning in Mud Cr. and Drum lakes system.

x x Kellerhals
1992;
workshop

Heber River
Diversion

Dam

6. Water no longer flows in the Crest Creek channel downstream
of Crest Lake; significance to fish unknown.

x Lewis et al.
1996
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Facility Description of hydroelectric impacts

N
eg

P
os Source

7. Entrainment of upper Heber populations to Elk R.; magnitude
unknown.

x workshop

8. Dam footprint of _ m2:  loss of instream, riparian and upland
habitats.

x

9. Dam blocked former movements of resident stocks. x
10. Dam reduced LWD recruitment to system downstream. x workshop

Strathcona
Dam

11. Entrainment mortality and injury; magnitude unknown.
Potential downstream benefits to piscivores.

x x workshop

12. High rate of flushing and drawdown reduces reservoir’s
plankton and littoral productivity.

x Sinclair 1965;
Lough et al.
1992

Lower
Campbell

Lake
13. Reservoir flooded 11.6 km of mainstem channel and 20.2 km

of lower tributary channel, plus their associated riparian
zones;  species composition unchanged.

x GIS

14. Dam footprint of _ m2:  loss of instream, riparian and upland
habitats.

x

15. Dam reduced gravel and LWD recruitment to Salmon system
downstream.

x workshop

16. Increased flows from diversion changed channel hydraulics
through four small lakes system; impact to spawning area at
Fry L.; gravel transport into Lower Campbell River

x x Lewis et al.
1996;
workshop

17. Loss of diverted flows has had negative effects on significant
downstream fish populations.

x Lewis et al.
1996

Salmon R.
Diversion

Dam

18. Entrainment loss of juveniles & adults at fish screen. x workshop

19. Dam footprint of _ m2:  loss of instream, riparian and upland
habitats; some spawning area lost.

x workshop

20. Dam reduced gravel and LWD recruitment to Quinsam
system downstream.

x workshop

21. Increased flows from diversion changed channel hydraulics
through Miller Cr. system; redds are dewatered after diversion
ceases but positive benefit if flow was maintained.

x x Lewis et al.
1996;
workshop

22. Loss of diverted flows has negative effects on significant
downstream fish populations.

x Lewis et al.
1996

Quinsam
River

Diversion
Dam

23. Both dams block former movement of resident stocks to
spawning.

x Lewis et al.
1996

Wokas
Storage Dam

24. Dam footprint of _ m2:  loss of instream, riparian and upland
habitats; some spawning area lost.

x workshop

25. Dam footprint of _ m2:  loss of instream, riparian and upland
habitats.

x

26. Dam reduced gravel and LWD recruitment to system
downstream.

x workshop

Ladore Dam

27. Entrainment mortality and injury; magnitude unknown.
Potential downstream benefits to piscivores.

x x workshop
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Facility Description of hydroelectric impacts

N
eg

P
os Source

28. Mainstem channel below Ladore Dam experiences rapid flow
fluctuations for 2-3 km.

x workshop

29. Reservoir flooded 10 km of mainstem channel and 3.5 km of
lower tributary channel, plus their associated riparian zones;
species composition unchanged but habitat changed from
riverine to reservoir.

x GIS

John Hart
Reservoir

30. High rate of flushing and drawdown reduces reservoir’s
plankton and littoral productivity.

x Sinclair 1965;
Lough et al.
1992

31. Dam footprint of _ m2:  loss of instream, riparian and upland
habitats.

xJohn Hart
Dam

32. Dam has sigificantly reduced gravel and LWD recruitment to
mainstem and estuary downstream.

x workshop

33. Periodic large spills cause sedimentation of spawning habitat
in the mainstem;  a flood damaged the Elk Falls spawning
channel in 1995.

x BCH 1994

34. Spills induce adult steelhead to move upstream into the
canyon past the tailrace; these become stranded in pools when
the spill ceases.

x Lewis et al.
1996

35. Penstock diversion dewatered ~2 km of spawning & rearing
habitats below Elk Falls.

x workshop

36. Potential for TGP events during spills; magnitude unknown. ? Lewis et al.
1996

37. Present informal fish flow release of 34 m3/s is considered
insufficient, with 51 m3/s preferred by agencies.

x BCH 1994

38. Current ramping rates cause stranding of fish. x BCH 1994

Downstream
River below
J. Hart Dam

39. Mainstem carries augmented flood peaks from diversions that
affect morphology of downstream channel and estuary.

x workshop

Potential Issues Identified as Non-Impacts

The current practice of operating the Buttle/Upper Campbell reservoir near full pool during
summer likely reduces impacts on fish by providing stable littoral habitat but there is little
benthic productivity in the drawdown zone (Sinclair 1965; Lewis et al. 1996).  Access into the
three main spawning streams (Ralph and Thelwood creeks, Elk River) is not affected by
drawdown levels (Lewis et al. 1996).

Effects of flow fluctuation on the important spawning area immediately downstream of
Strathcona Dam are moderated by backwatering from Lower Campbell Lake (Lewis et al. 1996).

Diversion from the upper Heber basin may provide some benefits to lower Heber by buffering
flood events and moderating discharges to levels more suitable for rearing (Griffith 1994).
Dissolved gas supersaturation criteria in British Columbia have been established at 103% in
areas of water depth less than 1 m and 110% in areas of water depth greater than 1 m (Fidler and
Miller 1997).  The three diversion dams had a neutral to slightly beneficial effect on total gas
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pressure (TGP) as measured in limited sampling between May and September 1999. For each of
the major reservoirs in non-spill conditions, the upstream end had a lower TGP value than the
downstream end, suggesting that power generation aided in dissipation of dissolved gases.  There
were no exceedances of the 103% and 110% threshold levels in that period (Greenbank 1999).
However, it does not appear that TGP has been measured during prolonged major spills.

Non-Hydro Impacts - Other impacts on fish in the Campbell, Heber, Salmon and Quinsam
watersheds include historic effects of logging, and mine development in 1966.  A significant
portion of the upper watershed is situated within Strathcona Provincial Park formed in 1911.
Logging activities in the Elk watershed have increased the rate of sediment delivery to the main
channel (Lough et al. 1992).  Increased flows from the Heber-Crest diversion have further
contributed to channel instability in Elk River.

Logging is also implicated in increased debris and sediment delivery to the upper Salmon River
(Hudson 1993). Bedload gravel and debris regularly clog the fish screen in the Salmon diversion
canal (Lewis et al. 1996).

In the case of Western Mines, biological communities in Buttle Lake have returned to their
former abundance after remedial measures applied in the early 1980s reduced the concentrations
of toxic metals (Clark et al. 1994).  The mine also affected fish populations by creating
reservoirs at Jim Mitchell, Thelwood and Tennent lakes.

2.3 Factors Limiting Fish Diversity and Production

'Limiting factors' have been identified in a general manner based on available information and
current understanding of the major constraints on species and populations of concern.  Further
inventory and research may be needed to determine the particular role of these and other factors.

The following are suspected factors that limit current levels of fish populations within the large
and diverse Campbell River watershed.  These also reflect the key issues raised at BCRP
regional workshops in June, 2000.

1. Loss of habitat:  Former spawning, rearing and overwintering areas are permanently lost or seasonally
reduced due to dam footprint, reservoir flooding, flow diversions, or operating flows; or from non-hydro
sources.

2. Reduced downstream habitat capability:  Physical habitats below dams are altered by reduced
sediment or wood recruitment.

3. Reduced biological productivity:  Shoal areas of former lakes are affected long-term by large
reservoir drawdown regimes including frequent water level fluctuations.

4. Reduced tributary access:  Reduced fish access between reservoir and tributary habitat due to large
drawdown regimes.
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5. Reduced mainstem access:  Reduced access for fish using channels where flows are diminished by
diversions or where historic access is blocked by dams.

6. Limited distribution:  Historic anadromous populations in lower Campbell River have been confined to
5.6 km of river / estuary.  Urban encroachment along banks of the lower river and estuary has alienated
offchannel, riparian and wetland areas.

7. Diversions:   All three river diversions have reduced annual flow volumes in their downstream channels
and increased volumes in the new channels; these altered flows have affected wetted channel area, seasonal
temperatures and stream productivity.  Loss of spawning area and stranding has occurred in the bypassed
channel between Elk Falls and the John Hart tailrace.

8. Copper mining:  Historic mining activities reduced fish production at the head of Buttle Lake.

2.4 Fish Restoration Objectives

Objective 1:  Conserve and improve fish habitats in the lower Campbell River.

Discussion:
Undertake appropriate treatment, consistent with the BCRP strategy, to conserve, create
or improve existing habitat. Restoration activities should be preceded by a study plan to
address limiting factors #1, 2, 5, 6 and 7 in the lower Campbell River below Elk Falls that
considers:

•  operating flows and fish flow regime (Campbell River Water Use Plan)

•  urban trends to stabilize the channel

•  opportunities to purchase or covenant streamside or foreshore properties for future habitat projects

•  potential sites for future habitat enhancement or creation

•  proposed projects should have hydraulic characteristics that will withstand the historic range of
discharges with low maintenance

•  wildlife biodiversity values at all proposed fish habitat development sites

•  artificial recruitment scheme to restore delivery of some sediment and wood to mainstem and estuary

•  identification and filling of data gaps such as gas supersaturation downstream of John Hart Dam during
extended spills, risks associated with underescapements, stranding after spills, etc. that may also
constrain populations.

Objective 2:   Improve habitat conditions for fish stocks in the downstream channels of
the diverted Quinsam, Salmon and Heber/Gold rivers.

Discussion:
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Undertake appropriate treatment, consistent with the BCRP strategy, to conserve, create
or improve existing habitat. Activities should be preceded by a study plan for each
system, in response to limiting factors #1, 2, 5 and 7 above, that considers:

•  operating flows and fish flows (Water Use Plan)

•  opportunities to purchase or covenant floodplain properties for future habitat projects

•  potential habitat development sites with hydraulic characteristics that will operate within the expected
regulated regime of fluvial and riparian processes and require low maintenance

•  opportunities for habitat development and planting riparian vegetation

•  wildlife biodiversity values at all proposed fish habitat development sites

•  restoration of historical access to upstream habitats

•  artificial recruitment scheme to restore delivery of some sediment and wood to mainstem

•  identification and filling of data gaps such as gas supersaturation downstream of John Hart Dam during
extended spills, etc. that may also constrain populations

Objective 3:   Conserve and improve habitats for resident wild fish stocks throughout
each reservoir and tributary system.

Discussion:
Undertake appropriate treatment, consistent with the BCRP strategy, to conserve, create
or improve existing habitat.  Activities in response to limiting factors #1-4 and 7 above
should be preceded by a study plan for each reservoir and tributary system that considers:

•  operating and fish flows below Strathcona and Ladore dams (Water Use Plan)

•  opportunities to purchase or covenant floodplain properties for future habitat projects

•   identification of present critical habitats that sustain stocks, and locations of potential habitat works in
the future (e.g., Whymper Lake outlet, Fry Lake)

•  potential habitat development sites with hydraulic characteristics that will operate within the expected
regulated regime of fluvial and riparian processes and require low maintenance

•  opportunities for habitat development and for planting riparian vegetation

•  wildlife biodiversity values at all proposed fish habitat development sites

•  restoration of fish access through drawdown zones to historical upstream habitats

•  artificial recruitment scheme to restore delivery of some sediment and wood to mainstem

•  current harvest pressures on stock recruitment

•  identification and filling of data gaps such as fish entrainment, angling harvest effort, gas
supersaturation downstream of Strathcona and Ladore dams during extended spills, etc. that may also
constrain populations.

Objective 4:   Restore biological productivity to the reservoir and tributary systems.

Discussion:
Undertake appropriate treatment, consistent with the BCRP strategy, to improve primary
and secondary productivity.  Activities should be preceded by a study plan for each
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reservoir and tributary system, in response to limiting factors #3 and 4 above, that
addresses:

•  operating flows and flushing rates

•  feasibility of a phased program of fertilization trials in the Campbell River and Quinsam River
reservoirs and performance indicators

•  potential methods to achieve self-sustaining nutrient levels and reduce costs

•  determination of appropriate low-level nutrient levels

•  relative benefits of fertilizing fish-bearing tributaries vs reservoir plankton or littoral

•  ecological effects of fertilization on non-target plants and aquatic animals

•  wildlife biodiversity values at all proposed sites

•  identification and filling of data gaps such as entrainment, etc. that may also constrain populations.

Objective 5:  Conserve and improve fish habitats in the Elk River.

Discussion:
Effects of the diversion on fish habitat have not necessarily reduced fish production in the
system. Undertake appropriate treatment, consistent with the BCRP strategy, to restore
habitats.  Activities should be preceded by a study plan, in response to limiting factors #2
and 7 above, that considers:

•  present and future Heber diversion flows (Water Use Plan)

•  present habitat capability of the system in relation to fish production / harvest rates in Upper Campbell
Lake

•  proposed habitat projects should have hydraulic characteristics that will withstand the historic range of
discharges with a minimum of riprap stabilization

•  wildlife biodiversity values at all proposed fish habitat development sites

•  opportunities to purchase or covenant floodplain properties for future habitat projects

•  identification and filling of data gaps such as entrainment, etc. that may also constrain populations.



Bridge-Coastal Fish & Wildlife Restoration Program
Volume 2:          CAMPBELL RIVER WATERSHED 

25

3. WILDLIFE

3.1 Historic and Current Wildlife Species

The Campbell River watershed and adjacent diversion watersheds of the Heber, Salmon, and
Quinsam Rivers comprise a wide variety of habitats that are used by most of the vertebrate
species occurring on Vancouver Island.  The valley bottom habitats in the flooded reservoirs
comprised wetlands, river, riparian and deciduous floodplain forest, and lowland coniferous
forest (Volume 1: Appendix I: Table 1).

Records of the B.C. Game Commission prior to flooding indicate that Roosevelt elk occurred in
the Heber, Elk, and Salmon River watersheds and Buttle Lakes areas and in the Quinsam
watershed.  Species recorded for the Campbell River area included black bear, deer, wolves,
beaver, mink, and river otter.  Tundra and Whistling swans used the Campbell Lakes and lower
river.

Red- and Blue-listed species occurrences on file with the Conservation Data Centre include:

•  Red-  Queen Charlotte Goshawk (Accipiter gentilis laingi) (location data protected)
•  Blue-  Vancouver Island White-tailed Ptarmigan (Lagopus leucurus saxitilis) Hkusam

Mountain
•  Red-  Keen’s Long-eared Myotis (Myotis keenii)  Campbell River
•  Red-  Vancouver Island Water Shrew (Sorex palustris brooksi)  Middle Quinsam River
•  Blue-  Pointed rush (Juncus oxymeris) swamp along Quinsam River
•  Blue-  Snow Dewberry (Rubus nivalis) Hemlock/Douglas-fir moraine north of Quinsam Lake
•  Blue-  Henderson’s Checker-mallow (Sidalcea hendersonii) upper grassy-sedge saline flats

on Campbell River estuary
•  Red-  Tufted Hairgrass (Deschampsia cespitosa) and Henderson’s Checker-mallow

community on the Campbell River estuary

Blood (1993) estimated potential wildlife losses from reservoir flooding for widespread species
occurring in the John Hart-Campbell Lakes-Buttle Lake system.  Based on anticipated densities
per km2 derived from various published sources, he estimated the following losses for 50 km2 of
flooded area:

Black-tailed deer 300-400
Roosevelt elk   75-100
Black bear   25-50
Wolf       1
Cougar     1-2
Marten      25
Red squirrel          5,000-10,000
Mice        50,000-200,000
Songbirds                           10,000-20,000 pairs
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Currently, about 300 elk use portions of the watershed (Blood 1993).  Species of concern (Red-
and Blue-listed species and other species of management interest) were listed previously in
Volume 1; Table 2.

3.2 Impacts on Wildlife

Facility Description of hydroelectric impacts

N
eg

P
os

Source

Dam footprint:  loss of riverine and upland habitat. x

Structure presence or operation is a hazard to wildlife:  mortality
caused by structures (drowning, etc.).

x

Flooding of 346 ha:  conversion of upland (225 ha), coniferous
lowland (14 ha), riparian/floodplain (45 ha), and riverine channel
(62 ha) habitats to reservoir, with associated effects on wildlife
including elk winter range.

x x Janz & Lloyd
1977; GIS

Conversion of 10 km of river to reservoir:   barrier to the
movement of ungulates & bears, and to genetic exchange of other
species; increased mortality/predation along barrier edge (e.g.
during ice conditions); creation of lake and shoreline habitat for
aquatic wildlife.

x x

Decreased aquatic productivity due to water depth, temperature,
or quality changes:  fewer plant, invertebrate, and fish resources
for wildlife.

x

Fluctuating reservoir water levels (1.2 m) due to hydro-electric
operations:  effects on establishment of aquatic and/or riparian
vegetation in drawdown zone; hazards to wildlife, such as nest
flooding (e.g. Canada geese on stumps).

x

Habitat change along 1 km concrete flume r-o-w:  conversion
from coniferous to shrub habitat and associated changes in
wildlife use.

x x

Presence of 2.8 km concrete flume:  Hindrance to movement of
large mammals (ungulates, bears)

x

Reduced flows in 2.8 km of Campbell R bypassed by flume:
unknown effects on wildlife use of the river.

x

John Hart
Lake Dam
& Flume

Modified operational flow regime in 5 km of lower Campbell
River:  unknown effects on wildlife use of the river; unknown
effects on estuarine habitat and wildlife use.

x Hirst 1991

Dam footprint:  loss of riverine, riparian, and coniferous habitats. xLadore
Dam,

Campbell
Lake

Structure presence or operation is hazard to wildlife:  mortality
caused by structures (drowning, etc.).

x
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Facility Description of hydroelectric impacts

N
eg

P
os

Source

Flooding of 1676 ha:  conversion of upland (317 ha), coniferous
lowland (937 ha), riparian/floodplain (100 ha), wetland (241 ha),
and riverine channel (81 ha) habitats to reservoir, with associated
effects on wildlife including elk winter range.

x x GIS

Conversion of 13 km of Campbell River to reservoir:  barrier to
the movement of ungulates & bears, and to genetic exchange of
other species; increased mortality/predation along barrier edge
(e.g. during ice conditions);  creation of lake and shoreline habitat
for aquatic wildlife.

x x

Decreased aquatic productivity due to water depth, temperature,
or quality changes:  fewer plant, invertebrate, and fish resources
for wildlife.

x

Fluctuating reservoir water levels (15.2 m) due to hydro-electric
operations:  effects on establishment of aquatic and/or riparian
vegetation in drawdown zone. (Levels high June 1 to Sept. 30.).
Hazards to wildlife, such as nest flooding.

x

Modified operational flow regime in Campbell R above John Hart
Lake:  unknown effects on wildlife use of the river.

Dam footprint:  loss of riverine and coniferous forest. x

Structure presence or operation is hazard to wildlife:  mortality
caused by structures (drowning, etc.).

x

Flooding of 3086 ha:  conversion of upland (105 ha), coniferous
lowland (1929 ha), riparian/floodplain (105 ha), wetland (965 ha),
and riverine channel (252 ha) habitats to reservoir, with associated
effects on wildlife including elk winter range.

x

Conversion of 6 km of Campbell R and 3 km of Elk River to lake:
barrier to the movement of ungulates & bears, and to genetic
exchange of other species; increased mortality/predation along
barrier edge (e.g. during ice conditions); creation of lake and
shoreline habitat for aquatic wildlife.

x x GIS

Decreased aquatic productivity due to water depth, temperature,
or quality changes:  fewer plant, invertebrate, and fish resources
for wildlife.

x

Fluctuating reservoir water levels (8 m) due to hydroelectric
operations:  effects on establishment of wetland and riparian
vegetation in drawdown zone. (Reservoir is within 0.9 m of
highest elev. during July-Sept.)

x Carr & Moody
1993; BCH web
page

Strathcona
Dam,
Upper

Campbell
Lake

Modified flow regime in Campbell R. above Campbell Lake:
unknown effects on wildlife use of the river.

Salmon
River

Diversion
Dam &
Canal

Dam footprint:  loss of riverine and upland habitat. x
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Facility Description of hydroelectric impacts

N
eg

P
os

Source

Structure presence or operation is hazard to wildlife:  mortality
caused by structures (drowning, etc.).

x

Habitat change along xx km flume r-o-w:  conversion of
coniferous to shrub habitat and associated changes in wildlife use.

x x

Reduced flows in 34 km of Salmon R below the diversion:
unknown effects on aquatic and riparian habitats and wildlife (e.g.
American dippers, harlequins).

Dam footprint:  loss of riverine and upland habitat. x

Reduced flows in 15 km of Heber R and x km of Gold R below the
diversion:  Effects of reduced flows (minimum flows = 4% of
fall/early winter total) and potential effects on aquatic wildlife
(e.g. American dippers, harlequins, furbearers, elk).

x Hirst 1991;
Scouras 1992

Increased flows in approx. 12 km of the Elk R. below the canal
inflow:  potential effects on habitat and wildlife, e.g. riparian
habitats providing elk winter range.

Heber
River

Diversion
Dam &
Canal

Habitat change along approx. 5.5 km canal r-o-w:  conversion
from coniferous to shrub habitat, with associated changes in
wildlife use.

x x

Dam footprint:  loss of riverine and coniferous habitat. x

Structure presence or operation is hazard to wildlife:  mortality
caused by structures (drowning, etc.).

x

Wokas
Lake Dam

Flooding of upland:  conversion of forested upland habitat to lake,
with associated effects on wildlife.

x x

Dam footprint: Loss of riverine and upland habitat. x

Structure presence or operation is hazard to wildlife:  mortality
caused by structures (drowning, etc.).

x

Reduced flows in 37 km of Quinsam R below the diversion:
Effects of reduced flows and potential effects on aquatic wildlife
(e.g. American dippers, harlequins, furbearers, elk).

x

Quinsam
River

Diversion
Dam &
Canal

Habitat change along approx. 8 km canal r-o-w:  conversion from
coniferous to channel and shrub habitat, with associated changes
in wildlife use.

x x

              x - indicates that positive or negative effect is assumed or documented.

3.3 Factors Limiting Wildlife Diversity and Production

‘Limiting factors’ have been identified based on available information and current understanding
of the major constraints on species and populations of concern.  Further inventory and research
may be needed to determine the particular role of these and other factors.
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The following are suspected factors that limit current levels of wildlife for species groups
associated with the habitats listed previously in Table 1-2.  These also reflect the key issues
raised at BCRP regional workshops.

1. Habitat Changes:  Altered flow regime has changed riverine and riparian habitats.  Potential effects on
wildlife include changes to habitat quality and quantity for water shrews, harlequins and dippers.

2. Loss of Habitat:  Loss of riparian and wetland habitats in flooded valley bottoms.  Potential effects
include availability of habitat for amphibians, water shrews and other small mammals and their predators,
browse and overwinter habitat for ungulates, and breeding habitat for some species of neotropical migrants.
Loss of side channel habitat downstream of diversions.

3. Reduced Habitat Capability:  Lack of snags for cavity nesting habitat and structures for large raptor
nests.  Potential effects for primary cavity nestors (eg. woodpeckers) and secondary cavity nestors (eg.
swallows, squirrels, bats).

4. Reduced Productivity:   Lack of riparian vegetation in drawdown zones; effects on ungulates,
furbearers, small mammals and several species of passerines including some neotropical migrants.

5. Wildlife Migration:   Impediments to wildlife movement (especially large mammals) caused by
structures, reservoirs and diversions.

6. Diversions:   Wildlife (especially mammalian) mortality caused by some diversion structures, through
entrainment and drowning.  Potential hazards for non aquatic or weak swimming animals.

3.4 Wildlife Restoration Objectives

Objective 1: Conserve and develop wetlands and associated riparian habitats for
species dependent on those habitats (amphibians, waterfowl, cavity dependent species,
small mammals).

Discussion:
See limiting factors # 1, 2 and 3.  Identify and assess key habitats for conservation of
biodiversity and enhanced production with the intention of undertaking measures to
conserve, through protective measures, habitat acquisition and other means in Campbell
River, Quinsam River, Salmon River and Heber/Gold River watersheds and their
estuaries.
•  Consider various opportunities to dyke selected drawdown areas to hold water during growing and

breeding season (spring and summer), or fall migration, when reservoir is normally drawn down at
those times.

•  Intercept flume outflows to create ponds, backwaters, etc. (e.g. Salmon River).
•  Create additional wetlands where feasible through activities such as flooding shallow basins in the

watershed.
•  Create backwater channel and associated riparian habitats along river segments where reduced spring

flows have diminished natural channel complexity.

Objective 2:  Rehabilitate reservoir drawdown zones to increase productivity and
wildlife habitat.
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Discussion:
See limiting factor # 4.  Measures need to be taken to improve the productivity of the
littoral zones which has been reduced by reservoir creation.
•  Improve vegetation in the drawdown zone of John Hart, Lower Campbell, Upper Campbell/Buttle and

Wokas reservoirs to provide forage for elk and general habitat for bird species.
•  Develop foreshore habitat complexes at suitable locations, e.g. re-vegetate drawdown at river deltas

and adjacent to timber stands that provide shelter for elk and other ungulates.
•  Create nesting cavities and raptor perches where beneficial through management activities such as snag

creation.
•  Improve nesting opportunities for ospreys and bats by providing artificial nesting structures.

Objective 3:  Mitigate the adverse effects of diversion structures on wildlife.

Discussion:
See limiting factor # 6.  Improvements could be implemented to make diversion
structures more compatible with wildlife objectives.
•  Assess the extent of wildlife drowning, and if necessary, address issues such as fencing and/or in-

stream features (e.g creation of backeddies or escape ramps) to help prevent or reduce losses.
•  Where barrier problems are identified, reduce barrier effects of diversions, such as by creating

overpasses for large mammals on migration corridors, where practicable.

Objective 4:   Restore riverine and riparian habitats in the Elk River.

Discussion:
See limiting factors # 1 and 2.  Significant wildlife habitat has been lost of altered in the
Elk River valley.  Restoration activities should be preceded by an assessment of
opportunities to improve habitat for aquatic species, where they have been adversely
affected by hydroelectric development.
•  This may include consideration of diversion flows (Water Use Plan), stream channel stabilization

potential, riparian and LWD improvement, and methods to increase mainstem habitat complexity, off-
channel habitat and wildlife habitat improvement, including summer foraging and overwintering
habitat for elk.

Objective 5:  Protect small groups of old or second growth trees in strategic locations
for current and future nesting use by bald eagles or ospreys.

Discussion:
See limiting factor # 3.  There is generally a lack of suitable habitat structures for these
raptor species.

Objective 6:   Increase elk winter range.
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Discussion:
See limiting factor # 2.  Significant areas of elk habitat have been displaced by reservoirs
in the valley bottoms.
•  Work with forestry companies to leave shelter stands in association with logged

clearings that provide shelter and forage.  Link shelter belts with improved vegetation
in the reservoir drawdown zones, especially near creek or river deltas.

Objective 7:   Improve the knowledge base on rare, endangered and threatened species
and habitat utilization in the extended Campbell watershed.
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4. CAMPBELL RIVER WATERSHED REFERENCES

4.1 Map and Air Photo References

Reference Location Source
Maps of pre-impoundment littoral, unexposed littoral and exposed littoral.
McMynn, R.G. and P.A. Larkin. 1953. The effects on fisheries of present
and future water utilization in the Campbell River drainage area.  Mgmt
Publ. 2. B.C. Game Commission. Victoria, B.C. 61 p.

UBC Woodward Library

1:50,000 National Topographic, Dept. of National Defence, 1949, 92F/13
East and 1955 92K/4 (surveyed 1949).

UBC Map Library;  92 F/13 E  and 92 K/4

1926 reference map, BC Forest Branch; 1:63,360 microfiche PABC, CM E118 sh 82
Buttle Lake – Courtenay and Campbell River-Sayward; 1 inch= 2 miles;
Dept. of National Defence, 1942, and Campbell River pre-emption map,
1929

UBC Map library, 92 F/NW

1:50,000 topographic NTS 1st edition maps, 92F/13 (1949) and 92K/4
(1949/1955)

UBC Map library

Air Photos Upper Campbell River and Campbell Lake, 1946 BC 252-29-30, 43; BC 1347-69
Air Photos  John Hart Dam area, 1946 BC 253-73
Air photos  Salmon River area, 1946 BC 252-23-26, 84
Air Photos  Campbell Lake area, 1946 BC 254-40-41
Air Photos  Buttle Lake, 1946 BC 254-47-54, 85-86,37-46
Air Photos  Upper Quinsam, 1946 BC 255-110-111,30-31,
Air Photos  Wokas Lake, 1946 BC 255-1-2
Air Photos  Campbell Lake, 1946 BC 252-42, 72,106-109
Air Photos  Campbell Lake 1938 BC 79-78-81
Air Photos  Campbell estuary and Campbell Lake, 1938 BC 79-75-92
Channel Stability Analysis: Elk River, Crest River and Heber River, M.
Miles and Associates Ltd. for BC Hydro, Feb. 1999

BC Hydro

4.2 Hydro Facility and Fish References

Reference Notes Sources
Alderdice, D.F. and W.E. McLean. 1982.  A review of the potential influence
of heavy metals on salmonid fishes in the Campbell River, Vancouver Island,
B.C. Canadian Technical Report of Fisheries and Aquatic Sciences. No. 1104.
60p.

cited in Roch et
al. n.d.

Anonymous. 1956.  Reconnaissance survey of Gooseneck Lake, BC.  Fish &
Game Commission, Victoria, BC.

cited in Lough et al.
1992

Anonymous. 1970.  Heber River diversion – fish compensation considerations.
Unidentified file document. B.C. Environment, Nanaimo 10p.

cited in Griffith 1995

Anonymous. 1971.  Heber River diversion – fish compensation flows operation.
File document. B.C. Environment, Nanaimo. 10 p.

cited in Griffith 1995

Anonymous. 1976.  Escapement records. 1934-75 Salmon River. Fish. Marine
Service (Pacific Region) report.

cited in Ptolemy
1977

Anonymous. 1982.  DOE/DFO Quinsam Coal Task Force Report. Environment
Canada/Fisheries and Oceans Canada. Vancouver, B.C. 15 p.

cited in Hirst 1991

Anonymous. 1994.  Biostandards for estimating population size of chinook and
coho salmon and steelhead in the Campbell River on Vancouver Island. Electronic
memo from R. Ptolemy, B.C. Fisheries Branch, Victoria, to: C. Wightman, B.C.
Environment, Nanaimo. Dated May 9, 1994. 2 p.

cited in Griffith 1995
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Anonymous. 1995.  Salmon River screen – evaluation of screen modeling
proposals. Partial memo to C. Wightman from DFO, Nanaimo. 2 p.

BC Hydro

Aquatic Resources Limited. 1991.  Elk River Fish Habitat: Characterization and
Inventory. Unpubl. rept. prepared for BC Hydro Environmental Resources. 17 p.

also cited as Fielden
1991

BC Hydro

ARA Consulting Group Inc.  1995.  Strathcona Timber Supply Area Socio-
Economic Analysis.  Report to Economics and Trade Branch British Columbia
Ministry of Forests.  132 p.

General wildlife and
fisheries in TSA.  No
references to BC
Hydro facilities.

Ashley, K.I. and P.A. Slaney. 1997.  Accelerating recovery of stream, river and
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Campbell River
-Pheasants spreading
rapidly on logged-off
areas as far north as
Campbell River -
Whistling Swans in
Lower Campbell Lake.
in December

Province of British Columbia, 1929.  Report of the Provincial Game Warden
1928.  Authority of the Legislative Assembly, Victoria BC

Elk in Campbell River
doing very well
At least 100 elk at
Buttle Lake
Beaver intensively
trapped south of
Campbell R.
Mink trapped out
south of Campbell
River and scarce north
River otter scarce
with the odd family in
Campbell River
Pheasants spreading
north of Campbell
River
Whistling swans
appeared in small
numbers on the Lower
Campbell River.

Provincial Archives,
MELP Surrey: Jack
Evans

Province of British Columbia, 1930.  Report of the Provincial Game
Commissioner 1929.  Authority of the Legislative Assembly, Victoria BC

Whistling swans are
to be found in small
numbers... in the
vicinity of the
Campbell River
Lakes....

Provincial Archives,
MELP Kamloops,
Doug Jury.

Province of British Columbia, 1933.  Report of the Provincial Game
Commissioner 1932.  Authority of the Legislative Assembly, Victoria BC

Elk scattered south
and west of Buttle
Lake
A few swans in the
Campbell River and
Quinsam Lake area

Provincial Archives,
MELP Surrey, Jack
Evans

Province of British Columbia, 1934.  Report of the Provincial Game
Commissioner 1933.  Authority of the Legislative Assembly, Victoria BC

Elk: ...there is a
spreading of smaller
bands...around Buttle
Lake... The larger
bands in the Elk
Valley...have shown
an increase this year.
Swans: Quite a
number of swans have
been seen in small
flocks in the Campbell
Lake...area.

Provincial Archives,
MELP Kamloops:
Doug Jury

Province of British Columbia, 1936.  Report of the Provincial Game
Commission 1935.  Authority of the Legislative Assembly, Victoria BC

Trumpeter Swans
appearing each year in
small numbers in the
Campbell Lakes
region.
Whistling Swans
show up on migration
and slowly increasing

Provincial Archives,
MELP Surrey, Jack
Evans

Province of British Columbia, 1937.  Report of the Provincial Game Elk [occur] in Provincial Archives,
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Commission 1936.  Authority of the Legislative Assembly, Victoria BC scattered bands
throughout the...Upper
Campbell Lakes
region.

MELP Kamloops:
Doug Jury

Province of British Columbia, 1938.  Report of the Provincial Game
Commission 1937.  Authority of the Legislative Assembly, Victoria BC

Elk appear to be
spreading towards the
Quinsam River;
observed in the
vicinity of Beaver
Lake below Upper
Campbell Lake.

Provincial Archives,
MELP Kamloops:
Doug Jury

Province of British Columbia, 1939.  Report of the Provincial Game
Commission 1938.  Authority of the Legislative Assembly, Victoria BC

Elk cows and calves
observed in Upper
Campbell Lake and
Elk Valley regions
despite logging
operations.

Provincial Archives,
MELP Kamloops:
Doug Jury

Province of British Columbia, 1942.  Report of the Provincial Game
Commission 1941.  Authority of the Legislative Assembly, Victoria BC

Elk have slightly
increased in the...Elk
and Salmon Valleys

Provincial Archives,
MELP Kamloops:
Doug Jury

Province of British Columbia, 1943.  Report of the Provincial Game
Commission 1942.  Authority of the Legislative Assembly, Victoria BC

Elk in the Campbell
River...area are not
increasing.
Some thirty Swans
were to be seen at one
time in the Upper
Campbell Lake area.

Provincial Archives,
MELP Kamloops:
Doug Jury

Province of British Columbia.  19??. Provincial Game Commission Report.
1951.  Authority of the Legislative Assembly, Victoria BC

Brown bears at
Salmon River

Provincial Archives,
MELP Surrey: Jack
Evans

Province of British Columbia.  19??. Provincial Game Commission Report.
1953.  Authority of the Legislative Assembly, Victoria BC

Buttle Lake –
Power
Development –
under
investigation

Provincial Archives,
MELP Surrey: Jack
Evans

Quinsam River inventory. Fish and Wildlife Branch, Campbell River file,
Nanaimo

MELP Nanaimo

Russell, J. 1979.  Elk habitat inventory and enhancement considerations on
lower Elk River (Strathcona Park), Vancouver Island. BC Min. Environment,
Fish & Wildlife Branch.
Scouras, J. 1991. Heber River Environmental Overview.  Report prepared by
BC Hydro Environmental Resources. 29 p.

General information of
Heber River Diversion
area.  Used by all
Pacific salmon.  Fish
habitat breakdown and
locations.  Partial
wildlife species list
and discussion of
select species of
concern.

BC Hydro

Wildlife Resources of British Columbia.  Reprinted from the 9th BC Natural
Resources Conference Transactions, February 1956.

UBC Library
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Chapter 3

PUNTLEDGE RIVER WATERSHED

      Figure 3-1.  Puntledge River Dam, Canadian Collieries Limited, 1920s (BC Archives)

1. PROJECT DESCRIPTION

1.1 Facilities

The Puntledge River project was first developed in 1912 by Wellington Collieries (Dunsmuir)
Ltd. to supply electricity to coal mines on Vancouver Island.  The project consists of a storage
dam at the outlet of Comox Lake and a diversion dam downstream. Water is carried by an
overland penstock to a powerhouse on the lower Puntledge River. The B.C. Power Commission
redeveloped the dams and powerhouse in 1953-56 and increased Comox Lake storage.

Specifications for the present facilities and reservoirs:

DAM Comox Puntledge
Nameplate capacity  (MW) - - 27
Dependable capacity  (MW) - - 18
Dam function storage diversion
Date constructed 1912 1912
Date operational
Date reconstructed 1956; 1982 1956
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Height  (m) 10.7 5.5
Length  (m) 100 165

Dam footprint area   (m2)
Fishway at dam yes yes

Historic anadromous fish presence yes yes

Figure 3-2.   Location of Puntledge River hydro project

RESERVOIR Comox Lake headpond
Cleared/ not cleared - - - -

Present area  (ha) 2118
Orig. lake area  (ha) 1868 0

Watershed area  (km2)
Present elevation a.s.l.  (m) 135

Normal drawdown range (m) 4.5 min
Mean depth  (m) 61

Maximum depth  (m) 100 5
Storage  (million m3) 106 min

Mean water retention time <1 day
Mean annual discharge   (m3/s) 34-43
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DIVERSION
to Puntledge

River d/s
Structure type - - penstock
Licensed flow    (m3/sec) 28
Fish flow release  (m3/sec) 2.8-5.7 2.8-5.7
Mainstem length diminished   (km) 6
Mainstem length augmented   (km) 0 0

1.2 Hydrology

1.2.1 Basin and Runoff

The Puntledge River basin lies on the eastern side of the Vancouver Island Mountain Range
which typically receives considerable snowpack.  There is some glacial melt contribution from
the headwaters of the Cruickshank River, one of two major inflows to the reservoir, with a mean
annual discharge of 18.1 m3/sec.

The annual flow pattern into the reservoir is characterized by high flow periods during fall and
winter rainstorm events, and during the spring/early summer snowmelt period.

1.2.2 Operation and Licensed Diversion Flow

At present fish water releases, the river below Puntledge Diversion Dam has reduced areas of
instream habitats compared to pre-project levels.

1.2.3 Habitat Types Flooded by Reservoir

Reservoir impoundment raised the elevation of the original Comox Lake by about 8 m.  The
reservoir area is 2,118 ha after flooding 250 hectares of land; this represents a 13% increase in
area from the original lake (Figure 3-3).  The reservoir shoreline length is now 41 km. A
bathymetric map of Comox Lake reservoir is provided in Figures 3-4 and 3-5.

The GIS calculations done by this study estimated the following losses of fish habitat from the
pre-impoundment condition:

Original habitat lost

Lake flooded                     (ha) 1868
Land flooded                    (ha) 250
Lake shoreline                  (km) 35
Mainstem: length             (km) 1
                  channel           (ha) 2
                  riparian *        (ha) 6
Tributary:  length             (km) 2.1
                  riparian **      (ha) 6.3
Wetland:                           (ha) 25

*   mainstem riparian zone calculated 30 m from each bank
**   tributary riparian zone calculated 15 m from each bank
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2. FISH

2.1 Historic and Current Species Presence

A list of species currently found in major reaches of the Puntledge River watershed is provided
in Table 3-1.

2.1.1 Upstream of Comox Dam

Historic populations of chinook and coho salmon and steelhead were likely present above
Comox Lake before fish passage conditions were improved at Stotan and at Nib Falls beginning
in 1923 (Bengeyfield & McLaren 1994; Beadnell 1922).  The chinook and steelhead in this
upper section of river were relatively unique summer-run stocks (Healey & Heard 1984; Rimmer
et al. 1994) while the typical fall and winter stocks of these respective species tended to use
habitats in Browns River and downstream.

A fishway was incorporated at the original diversion dam downstream in 1912, but no fishway
was provided at Comox Dam until September 1922 (Graham 1922).  The retrofitted ladder was
used by salmon and trout that season; in the intervening 10 years, fish had been seen jumping at
the foot of the impassable dam. This blockage may have affected spawner populations in lake
tributaries.

A transplant of sockeye salmon from Rivers Inlet Hatchery was attempted in 1923-26 but a run
was not established. The kokanee population in Comox Lake has a small annual outmigration of
smolts (Bengeyfield 1995).

A sport fishery for cutthroat trout in the lake was noted in 1907, and cutthroat eggs from
Cowichan Hatchery were planted in the upper system from 1927-34 (Burridge 1954).  Rainbow
trout were likely part of the original fauna; they were also planted in upper Cruickshank
tributaries in 1930.  Dolly Varden populations exist in the lake and in tributaries (Griffith 1995).

2.1.2 Between Comox Dam and Puntledge Dam

This reach supported the historical spawning area for the unique summer-run chinook and
steelhead stocks, at least after initial impoundment.  Escapement counts of summer-run chinook
spawners ranged from 500 to 5000 fish between 1949-60; after redevelopment, only 160 to 640
fish were counted each year between 1961-69 (Webber 1970).

2.1.3 Downstream of Puntledge Dam

Two sets of falls, named Stotan and Nib, are located between the diversion and the powerhouse
on the lower river.  Improvements to their passability were made between 1923-77, particularly
after flows were reduced post-1956 by the 700 cfs increase in diversion.  Small numbers of pink
salmon now ascend as far as the diversion dam.
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The lower Puntledge River below the powerhouse was an important spawning area for fall
chinook, pink, and chum salmon but these stocks have dwindled and are now supplemented by
hatchery production.

2.2 Impacts on Fish

Facility Description of hydroelectric impacts

N
eg

P
os Source

1. Reservoir flooded 1 km of mainstem channel and 2.1 km of
lower tributary channel, plus their associated riparian zones;
species composition unchanged.

xComox
Lake

Reservoir 2. Drawdown in spring strands fish & reduces access to
tributaries and wetlands.

x

3. Dam footprint of _ m2:  loss of instream, riparian and
upland habitats.

x

4. Comox Dam reconstruction in 1957 sluiced large volume of
sediment that degraded spawning habitat downstream.

x Hourston
1962

5. Original dam had no fishway from 1912-22; blockage may
have eliminated stocks adapted to lake tributaries.

x

6. Fishway operation is dependent on reservoir elevation. x workshop

Comox
Dam

7. Comox Dam has reduced LWD recruitment to system
downstream.

workshop

8. Redevelopment in 1958 reduced flow velocities in critical
spawning area; this and high turbine mortality led to
construction of compensatory spawning channel.

x Holden 1958Headpond

9. Loss of 3.7 km important rearing habitat after 1965 closure
of fishway

x

10. Agencies closed the fishway to all anadromous passage
upstream in 1965 due to turbine mortality, until 1996 when
steelhead were allowed access.

x Bengeyfield
1995

11. Dam reconfigured in 1956 with footprint increased to _ m2:
loss of instream, riparian and upland habitats.

x

12. Puntledge Dam has stopped gravel recruitment from
headpond tributaries to river downstream.

x Bengeyfield
& McLaren
1994

Puntledge
Dam

13. Puntledge Dam has reduced LWD recruitment to river
downstream.

x

14. Periodic large spills have scoured gravel and diminished
spawning habitat capacity in the mainstem.

x

15. Minimum fish flows restrict rearing habitat quantity and
access to off-channel habitat;  cause higher summer
temperatures.

x Griffith

 River
between
Dam and

Powerhouse

16. Minimum fish flows reduce spawning habitat; depth and
velocity criteria not met.

x Rimmer et al.
1994
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Facility Description of hydroelectric impacts

N
eg

P
os Source

17. Lower flows during migration expose smolts and adults to
increased predation.

x workshop

18. Injuries to summer chinook in tailrace may occur due to
removal of racks.

x workshop

Downstream
of

Powerhouse

19. Reduction of flood peaks by BCH affects morphology of
downstream channel and estuary.

x workshop

Non-Hydro Impacts - Other impacts on fish in the Puntledge River watershed include historic
effects of logging, coal mining, flood protection, urbanization, hatchery operations, and
predation by seals.

2.3 Factors Limiting Fish Diversity and Production

'Limiting factors' have been identified in a general manner based on available information and
current understanding of the major constraints on species and populations of concern.  Further
inventory and research may be needed to determine the particular role of these and other factors.

The following are suspected factors that limit current levels of fish populations within the
Puntledge River watershed.  These also reflect the key issues raised at BCRP regional workshops
in June, 2000.

1. Restricted access to historic habitats:   Agencies closed the fishway at the diversion dam in 1965 to
reduce entrainment mortality (no longer an impact after 1993) and to secure broodstock quotas.  Since 1991
steelhead have been allowed upstream since MELP reconstructed the Comox Dam fishway.  Fishway
closure reduced diversity and abundance of historic species, and continues to preclude use of significant
salmon habitats in the watershed.

2. Loss of habitat:   Former spawning, rearing and overwintering areas are permanently lost or seasonally
reduced due to dam footprint, reservoir flooding, flow diversions, or operating flows; or from non-hydro
sources. Loss of 90,000 m2 of key spawning and rearing area for summer chinook and summer steelhead in
headpond between Comox and Puntledge dams.  Urban encroachment along banks of the lower river and
estuary has alienated offchannel, riparian and wetland areas.

3. Reduced downstream habitat capability:  Habitats below the dams are altered by reduced sediment
or wood recruitment.

4. Reduced tributary access:   Fish access between reservoir and tributary habitat has been reduced due
to drawdown regimes.

5. Reduced mainstem access:  Adult access up the river channel is reduced by the diversion flows.

6. Diversion:   The diversion has reduced flows in the bypassed channel which affects wetted area, seasonal
temperatures and stream productivity in a key rearing area.
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7. Hatchery practices:   Intervention by the hatchery has had positive and negative effects on wild
salmonid stocks.

8. Seal Predation:   A population of harbour seals in the lower Puntledge River and estuary preys on adult
and juvenile migrations of anadromous fish stocks.

2.4 Fish Restoration Objectives

Objective 1:    Restore historic wild salmon access to Comox Lake.

Discussion:
Fishways have existed at both dams since 1922 but were closed in 1965 when artificial
supplementation of upriver stocks first began. After 35 years of reliance on hatchery
production and colonization with little net population increase, a new strategy should be
developed that allows upper Puntledge chinook and coho stocks to recolonize their
former natural habitats which are extensive and of high quality. The allocation of these
spawners taken and held by the hatchery for broodstock each year should be re-evaluated.
The plan will address limiting factors #1, 2, 6 and 7 by considering:

•  adequacy of present fish flow regime (Puntledge River Water Use Plan)

•  adequacy of Comox Dam fishway to operate throughout chinook migration time, including passage
downstream to use spawning habitats below Comox Dam

•  extraordinary management measures to increase escapements of critical stocks

•  an eight year (two cycles) timetable that allows a proportion of summer chinook escapements,
including both early and late arrivals, to ascend to the lake as natural spawner groups

•  non-historic species that now reach the diversion dam due to barrier improvements should continue to
be blocked from upstream areas, in part since their fry may not be effectively screened

•  identification and filling of data gaps on issues such as seal predation at critical periods such as
downstream and upstream migration, etc. that may further constrain populations.

Objective 2:   Improve habitat conditions for fish stocks using the river channel
between Comox Dam and the tailrace.

Discussion:
Undertake appropriate treatment, consistent with the BCRP strategy, to conserve, create
or improve spawning, rearing and overwintering habitats below the Comox Lake
impoundment dam. BCRP activities should be preceded by a study plan, in response to
limiting factors #1, 2, 4, 5 and 6 above, that considers:

•  operation flows and adequacy of fish flows (Puntledge Water Use Plan)

•  feasibility of a coolwater intake at Comox Lake

•  feasibility of restoring historic chinook spawning habitat in the headpond reach by increasing seasonal
flows, lowering flashboards at the diversion dam, raising gravel bed elevations, etc.

•  opportunities to purchase or covenant floodplain properties for future habitat projects

•  potential habitat development sites with hydraulic characteristics that will operate within the expected
regulated regime of fluvial and riparian processes and require low maintenance

•  offchannel winter habitat as a limiting factor for juvenile coho salmon in Puntledge R.

•  opportunities for habitat development and riparian planting
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•  wildlife biodiversity values at all proposed fish habitat development sites

•  artificial recruitment scheme to restore delivery of some sediment and wood to mainstem

•  identification and filling of data gaps on other issues that may constrain populations.

Objective 3:   Conserve and improve habitats for resident wild and supplemented fish
stocks in Comox Reservoir and its tributary system.

Discussion:
Undertake appropriate treatment, consistent with the BCRP strategy, to conserve, create
or improve existing habitat at this location.  Activities in response to limiting factors #1,
2, 3 and 6 above should be preceded by a study plan for the reservoir and tributary system
that considers:

•  opportunities to purchase or covenant floodplain properties for future habitat projects

•  identification of present critical habitats that sustain stocks, and locations of potential habitat works in
the future

•  potential habitat development sites with hydraulic characteristics that will operate within the expected
regulated regime of fluvial and riparian processes and require low maintenance

•  biological effects of coho and steelhead colonization releases on cutthroat nursery streams, including
post-stocking distribution

•  opportunities for habitat development and for planting riparian vegetation

•  determination of appropriate low-level nutrient levels that include historic sources from salmon
carcasses

•  wildlife biodiversity values at all proposed fish habitat development sites

•  restoration of fish access through drawdown zones to historical upstream habitats

•  current harvest pressures on cutthroat trout stock recruitment

•  identification and filling of data gaps on issues that may also constrain populations.
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3. WILDLIFE

3.1 Historic and Current Populations and Habitats

The presence of elk, deer, bear, and cougar was reported in B.C. Game Commissions annual
reports.

Red- and Blue-listed species occurrences on file with the Conservation Data Centre include:

•  Blue- Vancouver Island White-tailed Ptarmigan (Lagopus leucurus saxatilis) Mount
Albert Edward

•  Blue- Vancouver Island Ermine (Mustela erminea anguinae) Forbidden Plateau and
lowland areas near Puntledge watershed

•  Red- Olympic Onion (Allium crenulatum) Mount Becher
•  Blue- Olympic Mountain Aster (Aster paucicapitatus) ledges of steep inclune on Mount

Albert Edward
•  Red- Salish Daisy (Erigeron salishii) Talus slopes of Mount Albert edward
•  Blue- Sand-Dwelling Wallflower (Erysimum arenicola var torulosum) Volcanic scree of

Mount Albert Edward and Mount Becher
•  Blue- Woodland Penstemon (Nothochelone nemorosa) Comox Lake and Rough and

Tumble Mountain

Materi and Blood (1999) discuss habitats and the current presence of wildlife in the Puntledge
River watershed.  Highly sensitive habitats include:

riverine/riparian,
shallow open wetlands,
shore pine-Labrador tea bog,
veteran trees, and
fossil sites.

The following regionally important species are known or suspected by Materi and Blood (1999)
to occur in the Puntledge River watershed.

Birds Mammals

Bald Eagle
Cooper’s Hawk
Northern Goshawk laingi ssp.
Great Blue Heron
Green Heron
Wood Duck
Vancouver Island Pygmy Owl
Western Screech Owl saturatus ssp.
Pileated Woodpecker
Brown Creeper

Vancouver Island Water Shrew
Keen’s Long-eared Myotis
Townsend’s Big-eared Bat
Vancouver Island Wolverine
Marten
Roosevelt Elk
Black-tailed Deer
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Other species recorded for the Puntledge River watershed by D. Blood (Global Fisheries
Consultants Ltd. 1992) include the following:

Amphibians Birds Mammals
Clouded
salamander

Great blue heron
Canada goose
Mallard
Bufflehead
Hooded merganser
Common merganser
Bald eagle
Belted kingfisher
Pileated woodpecker
Violet-green swallow

Chestnut-backed chickadee
Red-breasted nuthatch
Brown creeper
Winter wren
Golden-crowned kinglet
Swainson’s thrush
European starling
Common yellowthroat
Song sparrow
Red-winged blackbird

Beaver
Deer mouse
Red squirrel
River otter
Marten

3.2 Impacts on Wildlife

Areas of habitat types lost to flooding were presented earlier in Volume 1: Appendix I.

Facility Description of hydroelectric impacts

N
eg

P
os

Source

Dam footprint of _ ha:  loss  of coniferous forest and riverine
habitats at dam site

x

Flooding of 133 ha:  loss of coniferous forested slopes to reservoir. x

Flooding of 117 ha of valley bottom:  loss of riverine and riparian
habitats & associated wildlife values at reservoir ends.

x

Comox Lake
Dam

Fluctuating reservoir water levels (4.5 m) due to hydroelectric
operations:  effects on establishment of aquatic and/or riparian
vegetation in drawdown zone.

x BC Hydro
web page

Dam footprint of _ ha:  loss of habitat at dam site xPuntledge
Diversion

Dam
Flooding of _ ha of small diversion reservoir:  loss of coniferous
(currently  2nd growth Douglas fir dominated), deciduous, and
wetland habitats, incl. riparian, in reservoir (inferred from disc. of
proposal to raise dam)

x Global 1992

Habitat change along 5 km penstock r-o-w:  loss of coniferous
forest; creation of shrub habitat, and increase of habitat diversity

x x Hirst 1991

Above ground penstock 5 km long:  barrier to direct movement of
large mammals (bears and ungulates), which must go around the
structure.

x

Penstock

Reduced flows and changed flow regime in 14 km of Puntledge
River: unknown effects on aquatic wildlife (e.g. American Dipper,
Harlequin, VI Water shrew); unknown effects on estuarine habitats
and wildlife.

x x
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3.3 Factors Limiting Wildlife Productivity and Diversity

‘Limiting factors’ have been identified based on available information and current understanding
of the major constraints on species and populations of concern.  Further inventory and research
may be needed to determine the particular role of these and other factors.

The following are suspected factors that limit current levels of wildlife for species groups
associated with the habitats listed previously in Table 1-2.  These also reflect the key issues
raised at BCRP regional workshops.

1. Habitat Changes:  Altered flow regime has changed riverine and riparian habitats.  Potential effects on
wildlife include changes to habitat quality and quantity for water shrews, harlequins and dippers.   

2. Loss of Habitat:   Loss of riparian habitat and wetland habitats in flooded valley bottoms.  Potential
effects include availability of habitat for amphibians, water shrews and other small mammals and their
predators, browse and overwinter habitat for ungulates and breeding habitat for some species of neotropical
migrants.  Loss of side channel habitat downstream of diversions.

3. Reduced Habitat Capability:   Lack of snags for cavity nesting habitat and structures for large raptor
nests.  Potential effects for primary cavity nestors (e.g. woodpeckers) and secondary cavity nestors (e.g.
swallows, squirrels, bats).

4. Reduced Productivity:   Lack of riparian vegetation in drawdown zones; effects on ungulates,
furbearers, small mammals and several species of passerines including some neotropical migrants.

5. Wildlife Migration:   Impediments to wildlife movement (especially large mammals) caused by
structures, reservoirs and diversions.

6. Diversions:   Wildlife (especially mammalian) mortality caused by some diversion or intake structures,
through entrainment and drowning.  Potential hazards for non-aquatic or weak swimming animals.

3.4 Wildlife Restoration Objectives

Objective 1:  Rehabilitate reservoir drawdown zones to enhance productivity and
wildlife habitat in Comox Lake.

Discussion:
See limiting factor # 3 and 4.  Measures need to be taken to improve the productivity of
the littoral zones which has been reduced by reservoir creation.
•  Develop foreshore habitat complexes at suitable locations.
•  Create nesting cavities and raptor perches where beneficial through management activities such as

snag creation.

Objective 2:  Conserve riparian and wetland habitats in the Puntledge River watershed.
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Discussion:
See limiting factor # 1 and 2.  Identify key habitats for conservation of biodiversity and
enhanced production.
•  Undertake conservation, through protective measures, habitat acquisition and other means, in the lower

reaches and estuary of the river.

Objective 3:   Create or enhance wetlands and riparian habitats for aquatic species
(amphibians, waterfowl, cavity dependent species, small mammals).

Discussion:
Consider opportunities to dyke selected drawdown areas to hold water during growing
and breeding season (spring and summer), or fall migration, when reservoir is normally
drawn down at those times.

•  Create additional wetlands where feasible through activities such as flooding shallow basins in the
watershed.

Objective 4:   Reduce barrier effects of diversion such as by creating overpasses or
underpasses at the penstock, where feasible.

Discussion:
•  The penstock blocks bear and ungulate passage between the river and upland habitats for

about 2 km below the diversion dam.  Assess the effects on wildlife movement and,
where appropriate, consider options to provide for access across the penstocks.

Objective 5:    Improve the knowledge base on rare, endangered and threatened species
and habitat utilization in the Puntledge watershed.



Bridge-Coastal Fish & Wildlife Restoration Program
Volume 2:       PUNTLEDGE  RIVER WATERSHED

17

4. PUNTLEDGE RIVER WATERSHED REFERENCES

4.1 Map and Air Photo References

Reference Location Source
1:50,000 topgraphic map of Comox Lake, Dept. of Defence, 1949 UBC map library  92F/11
Comox Lake bathymetry map, 1990, 1:15,000 Fisheries Branch, MELP
Map of British Columbia Coalfields, 1876; and Map of part of Vancouver
Island, Comox Coalfield, 1872

UBC Map library

Map and Profile of Comox Lake Outlet Channel, H.K. Owens, 1911 BC Hydro
Air Photos Comox Lake and Puntledge River, 1946 BC 257-9-11, 92-94, 77-78,32-33

4.2 Hydro Facility and Fish References

Reference Notes Sources
Acres Consulting Services.  1973.  Proposed Puntledge salmon
hatchery: feasibility report. Unpubl. rept. to DFO, Vancouver, BC. 150
p.

Hatchery to rehabilitate fall
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Tofsrud, L.W.  1973b.  Puntledge River egg-take.  D.O.E., F.M.S., Pac.
Reg. Memo File: 31-3-P1, 6 p.

cited in Brown et al.
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Reference Notes Sources
Tofsrud, L.W.  1974.  Fish passage at Nibs Falls.  D.O.E., F.M.S., Pac.
Reg. Memo File: 31-3-P1, 3 p.
Tofsrud, L.W. and D. Muir.  1974.  Puntledge River summer run
chinook migration observations.  D.O.E., F.M.S., Pac. Reg. Memo File:
31-3-P1, 2 p.
Triton Environmental Consultants Ltd. 1998.  Re: 1995 and 1997
Puntledge River water temperatures. Memo rept. from B. Ford to G.
Longworth, BC Hydro, 5 Jan., 13 p.

BC Hydro

Walker, C.E. and J.R. MacLeod.  1970.  Puntledge River. In: Catalogue
of salmon spawning streams and escapement populations, Statistical
Area No. 14, Pacific Region.  Dept. Fisheries and Forestry, Vancouver,
p. 69-75.
Water Survey of Canada. 1991.  Historical stream flow summary to
1990: British Columbia. Inland Waters Directorate, Environment
Canada, Ottawa, Ontario.

cited in Griffith ‘95

Webber, W.D. 1970.  Letter to G.W. Winsby, Conservation Officer,
Nanaimo, B.C. Department of Fisheries and Forestry.
Whitmore, A.J. 1955. Puntledge River Survey, 1954. File No. 31-3-P1.

Wright, P.B. and W.E. McLean. 1985.  The effects of aeration on the
rearing of summer chinook fry (Oncorhynchus tshawytscha) at the
Puntledge Hatchery. Can. Tech. Rept. Fish. Aquat. Sci. No. 1390, 59 p.

High mortality rates in
summer chinook fry reared at
hatchery due to increased gas
super-saturation levels that
occur in April and May.
(hatchery intake is from
penstock just above
powerhouse).

DFO library key # 68740

4.3 Wildlife References

Reference Notes Sources
Bigg, M.A., G.M. Ellis, P. Cottrell and L. Milette. 1990.  Predation by
harbour seals and sea lions on adult salmon in Comox Harbour and
Cowichan Bay, British Columbia.  Can. Tech. Rept. Fish. Aquat. Sci.
No. 1769, 31 p.

No mention of BCH flows as
impacts.

BC Hydro

Global Fisheries Consultants Ltd.  1992.  Environmental Impact
Assessment: Raising the Puntledge River Diversion Dam.  Unpubl.
rept. to BC Hydro, Burnaby, BC, by GFCL, White Rock, BC. 70 p.

Wildlife species list by D.
Blood.  Impacts to wildlife if
water levels raised up to 3 feet.
wildl. impacts considered
minimal (total of 7 ha affected)
affected hab: conif., decid.,
wetland shrub & snags

BC Hydro

Hong, Angeline M.C., 1998.  The Puntledge River seal cull:  an
evaluation of the Department of Fisheries and Oceans’ policy.
Undergraduate Honours Thesis, UBC, DRAFT COPY

Escapement Data

J.J. Materi and D.A. Blood.  1999.  BC Hydro – Puntledge River
Environmentally Sensitive Areas Study Final Report.  Report to BC
Hydro

List of mammals, birds, herps,
fish & flora confirmed and
suspected including probability
of occurrence & habitat ratings.

BC Hydro
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Reference Notes Sources

Documented occurrence of regionally important species:  Bald Eagle, Wood Duck, Pileated Woodpecker, Brown Creeper & Black-
tailed Deer.  Suspected occurrence of regionally important species:  Northern Goshawk laingi, Great Blue Heron, Green Heron,
Vancouver Island Pygmy Owl, Western Screech Owl saturatus, Cooper’s Hawk, Vancouver Island Water Shrew, Keen’s Long-eared
Myotis, Vancouver Island Wolverine, Roosevelt Elk, Townsend’s Big-eared Bat, Black-tailed Deer and Marten.
High Sensitivity Habitats: riverine/riparian, shallow open wetlands, shore pine - Labrador tea bog, veteran trees & fossil sites.  Area
described having typical presence of wildlife species of southeast Vancouver Island due to mild climate, low snowfall, and subdued
relief.  No reference to impact of existing BC Hydro facilities.

Morris, A., A.J. Leaney, L.M. Bell and J.M. Thompson. 1979.  The
Courtenay River estuary -–Status of environmental knowledge to 1978.
Special Estuary Series No. 8, Report of the Estuary Working Group,
Dept of Fisheries.

Comox Lake reservoir elev.,
diversion flows; fish flow
agreement; development dates;
Wildlife information

UBC Woodward Library

Province of British Columbia Department of Attorney – General, 1959.
Provincial Game Commission Report

Refers to continued studies of
Ash, Salmon, Heber &
Puntledge Rivers & Elsie Lake

Provincial Archives,
MELP Surrey: Jack Evans

Province of British Columbia, 1925.  Report of the Provincial Game
Warden 1924.  Authority of the Legislative Assembly, Victoria BC

A few” elk at Comox.  Calves
possibly predated by cougars.

Provincial Archives,
MELP Surrey: Jack Evans

Province of British Columbia.  19??. Provincial Game Commission
Report.  1953.  Authority of the Legislative Assembly, Victoria BC

Puntledge River Power
Development – Under
investigation

Provincial Archives,
MELP Surrey: Jack Evans
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Chapter 4

ASH RIVER WATERSHED

Figure 4-1.   Location of Ash River hydro project

1. PROJECT DESCRIPTION

1.1 Facilities

The Ash River project, completed in 1958 by the B.C. Power Commission, consists of Elsie Dam
at the outlet of Elsie Lake and four saddle dams. Water from the Elsie Lake Reservoir is diverted
into a power tunnel and penstock 7.8 km long to a powerhouse on the shoreline of Great Central
Lake.

Specifications for the facility and reservoir:
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DAM Elsie
Nameplate capacity   (MW) 25.2
Dependable capacity  (MW) 27
Dam function storage, diversion
Date constructed 1957
Date operational 1959
Date reconstructed
Height  (m) 19 avg
Length  (m) 185
Dam footprint area   (m2)
Fishway at dam no
Historic anadromous fish presence no

RESERVOIR Elsie Lake
Cleared/ not cleared cleared
Present area  (ha) 672
Watershed area  (km2) 218
Present elevation a.s.l.  (m) 320
Normal drawdown range (m) 15
Mean depth  (m) 8
Maximum depth  (m) 30
Storage  (million m3) 77
Mean water retention time
Mean annual inflow   (m3/s) 21

DIVERSION to power house
Structure type tunnel, penstock
Licensed flow    (m3/sec) 10.8
Fish flow release  (m3/sec) 0.3-0.7
Mainstem length diminished (km) 25
Mainstem length augmented (km) - -

1.2 Hydrology

1.2.1 Basin and Runoff

The Ash River watershed is situated about 40 km northwest of Port Alberni in the central portion
of Vancouver Island, between the Beaufort Range and Strathcona Provincial Park. The mean
basin elevation is 700 m.

The Ash watershed has two sub-basins. The upper sub-basin is dominated by mountains up to
2000 m high which form the boundary between the Ash, Campbell and Comox watersheds.
Small areas of permanent snowpack exist here. From these mountain sources, the Ash River
flows into Oshinow Lake at elevation 410 m after a drop of 1200 m and a run of 12 km. Oshinow
Lake is 5 km long and 0.6 km wide and receives inflows from about 30% of the basin area (BC
Hydro 1991).
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Below Oshinow Lake, the Ash River drops a further 80 m in 13 km to Elsie Lake at elevation
330 m. This lower sub-basin has lower relief than the upper basin, with a maximum height about
1350 m. Elsie Lake Reservoir is about 7 km long and 1 km wide.

Smooth peak inflow occurs from May to July from snowmelt. Low inflow occurs in August-
September.   Slightly lower but more volatile peak inflows occur in November due to rain
storms.

1.2.2 Operation and Licensed Diversion Flow

The plant usually operates at maximum capacity year round except in late summer when inflows
are low and the generating unit is usually taken out-of-service for maintenance.

Ash River flows averaging 10.7 m3/s per day are diverted year round into Great Central Lake
(GCL) except during a 1-2 week maintenance outage usually in August. Fish in the lake are often
attracted to the powerhouse discharge, and anglers congregate there (Powell 1995). These flows
augment the live storage of GCL and the discharge of the Stamp River, which has two outlets: a
3 m high dam operated by Pacifica (originally by MacMillan Bloedel) at the natural lake outlet
since 1930, and a low wood dam built in 1981 that DFO uses to control water intake to the
Robertson Creek spawning channel.

1.2.3 Habitat Types Flooded by Reservoir

The reservoir area is 672 hectares after flooding 401 ha of land (Figure 4-2).  The reservoir
shoreline length is now 22.5 km.  A bathymetric map of Elsie Lake is provided in Figure 4-3.

The GIS calculations done by this study estimated the following losses of fish habitat from the
pre-impoundment condition:

Elsie Lake Reservoir Original habitat lost

Lake flooded                     (ha) 271
Land flooded                    (ha) 401
Lake shoreline                  (km) 19
Mainstem: length             (km) 5
                  channel           (ha) 30
                  riparian *        (ha) 30
Tributary:  length             (km) 5
                  riparian **      (ha) 14
Wetland:                           (ha) 72
*   mainstem riparian zone calculated 30 m from each bank
**   tributary riparian zone calculated 15 m from each bank
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2. FISH

2.1 Historic and Current Species Presence

A list of species currently found in major reaches of the Ash River watershed is provided in
Table 4-1.

2.1.1 Upstream of  Dam

The original Elsie Lake was relatively shallow, based on the maximum reservoir depth of 30 m
and the dam height of 19 m.  For resident trout populations, the 15 m drawdown regime probably
offsets any net habitat gain that was created by increased volume from impoundment. Twelve of
20 tributaries to the reservoir were accessible and suitable for trout spawning in May (Triton
1995).

In 1969, the reservoir trout composition was 85% rainbow and 15% cutthroat (Hirst 1991b).
Dolly Varden were gillnetted in Dickson Lake many years ago (anon. 1953; Carmichael & Philip
1978) but were not captured in tributaries or lakes electrofished by Griffith (1993). They may be
present in isolate headwater lakes (workshop).  Juvenile steelhead were released into Elsie Lake
for seven years between 1982-92 with annual numbers ranging from 39,000 to 215,000 fish
(Triton 1995).

2.1.2 Downstream of Dam

Anadromous fish stocks were historically absent from Elsie Lake. Griffith (1993) surveyed and
discussed the major falls that occur in the 25 km between the dam and the Stamp River. Under
post-project flow conditions, Lanterman Falls at 5.5 km above the Stamp confluence was judged
a barrier to all migrating adults except summer steelhead (Horncastle 1977), but it is possible that
coho salmon ascended in some flow conditions (workshop). Spawning habitat is limited in the
accessible lower portion of the Ash mainstem due to restricted gravel accumulation and high
gradient. Many tributaries downstream of the dam are ephemeral or blocked by obstructions or
steep gradient (Griffith 1993).

Dickson Falls, located 10 km above the confluence and 15 km downstream of Elsie Lake, was
formerly considered a total barrier to anadromous species. Selective blasting by BC Fish &
Wildlife Branch in 1975-76 has allowed summer steelhead above Dickson Falls to the base of
Elsie Dam.  Reduced post-project flows, relative to historic conditions, appear to favor passage
of summer steelhead at Lanterman and Dickson falls (Griffith 1993).  The agencies continue to
discuss the potential impacts of releasing hatchery coho fry above Dickson Falls on steelhead,
resident trout and char stocks.

The existing fish flow release from the dam was considered by Griffith (1993) to be near optimal
in terms of abundance and characteristics of juvenile rearing habitat for all salmonid species
present downstream. Triton (1995) showed that summer mean monthly flows below the dam
would be roughly doubled if there was no diversion.
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The Ash River watershed is a substantial sub-basin of the Somass-Stamp system which is a
historic producer of all five salmon species and steelhead. Chinook and sockeye stocks have
increased in post-project years due to enhancement efforts by Robertson Creek hatchery and
fertilization of Great Central Lake (GCL), respectively, whereas chum and pink stocks have

declined significantly (Hirst 1991a).

2.2 Impacts on Fish

Facility Description of hydroelectric impacts

N
eg

P
os

Source

1. Reservoir footprint flooded 5 km of mainstem channel and
associated riparian zone.

x GIS; Griffith
1993

2. Reservoir footprint flooded 4.6 km of tributary channel and
associated riparian zone:  loss of habitats in lower reaches

x GIS; Triton
1995

3. Reservoir footprint flooded 271 ha of lake: gain of 401 ha in
reservoir habitat and uncalculated volume.

x x GIS

4. Fluctuating water levels of 15 m reduced productivity by
exposing littoral habitats:  see bathymetric map for shoal
features

x Triton 1995

Elsie Lake
Reservoir

5. Fluctuating water levels of 15 m may limit fish access to
tributaries.

x BC Hydro
1994

6. Dam footprint of _ m2:    loss of instream, riparian and upland
habitats.

x

7. Dam has reduced LWD (but not gravel recruitment) to river
habitats downstream.

x workshop

8. Spills or valve tests at the dam strand steelhead smolts during
spring migration.

x Griffith
1993

Elsie Dam

9. Elsie Dam blocks movement of resident trout in mainstem,
but the mainstem lacked gravel down to Dickson Lake.

x Griffith
1993

10. 25 km of summer rearing habitat and capacity in mainstem
areas downstream have benefited from the fish flow release.

x Griffith
1993

11. Reduced flows have enabled summer steelhead to ascend
Lanterman and potentially Dickson falls.

x
Griffith
1993

Ash River
downstream

12. Reservoir and diversion have reduced downstream nutrients
in mainstem but presumably export some amount to Great
Central Lake.  Fish and anglers congregate at the tailrace.

x x workshop;
Powell 1995

13. Entrainment mortality and injury: magnitude unknown.  Some
potential downstream benefits to scavengers.

x x workshop

14. Culverts on access roads may block fish passage. x Powell 1995
15. Potential for elevated shortterm TGP events; magnitude

unknown
16. Plant shutdowns stop discharges into Great Central Lake and

the Stamp/Somass system for 1-2 weeks in summer.
x BC Hydro

1994

Diversion
to Great
Central

Lake

17. Summer water temperatures in the Stamp/Somass system and
Robertson Creek hatchery may be elevated due to loss of cool
Ash flows.  However, the low-level outlet releases cooler
water from below the thermocline when the reservoir is full.

x x BC Hydro
1994;
Tutty 1997;
Triton 1995
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The effect of the hydro project on water temperatures in the Ash River downstream, and
subsequently on the Stamp and Somass rivers beyond its confluence, is still unclear after
considering views by Griffith (1993), Triton (1995), Tutty (1997), Ptolemy (1998) and DFO
(1998).  The Somass-Stamp mainstem is recognized as a critical migratory corridor for sockeye
and chinook salmon. In warm years such as 1990 and 1993, these stocks can experience
significant pre-spawning mortality.  The original summer volume of Ash River flows has been
reduced by about 50%; this may contribue to the warming of the corridor in some years.  The
other 50% now goes to Great Central Lake, but any cooler Ash water would sink below GCL’s
thermocline and therefore contribute to GCL’s live storage but not cool the lake’s surface
temperature. However, Elsie Lake’s storage was increased by the project and while the volume
of summer flows to Ash River downstream are reduced, the Ash discharge originates below the
thermocline and is reported to be cooler than the previous surface discharges from the natural
lake.

Triton (1995) reported that a BC Hydro proposal to increase the rate of diversion out of Elsie
Lake could deplete its storage earlier in the summer.  This scheme could disrupt the thermocline
that purportedly cools the regulated fish flow down the Ash mainstem. However, Triton
considered that the main run of sockeye to GCL would pass through the corridor by June and
thereby be relatively little impacted, whereas DFO cites many years, particularly in the 1990s,
where these runs have delayed in the estuary until mid-August. Hence DFO is concerned that
reservoir storage will be depleted earlier in the season and consequently exhaust GCL’s live
storage capacity before the critical summer/early fall migration period. The agencies have
proposed a scheme to cool the discharge of GCL into the Stamp-Somass corridor and the
Robertson Creek spawning channel (Tutty 1997).

Non-Hydro Impacts - Other impacts on fish in the Ash River watershed are principally the
historic and current effects of logging. Much of the timber between Elsie and Dickson lakes has
been harvested since 1972.

2.3 Factors Limiting Fish Diversity and Production

'Limiting factors' have been identified in a general manner based on available information and
current understanding of the major constraints on species and populations of concern.  Further
inventory and research may be needed to determine the particular role of these and other factors.

The following are suspected factors that limit current levels of fish populations within the Ash
River watershed.  These also reflect the key issues raised at BCRP regional workshops in June,
2000.

1.   Loss of habitat:  Former spawning, rearing and overwintering areas are permanently lost or seasonally
reduced due to dam footprint, reservoir flooding, flow diversions, or operating flows; or from non-hydro
sources.
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2.   Reduced downstream habitat capability:  Habitats below the dam are altered by reduced wood
recruitment.

3.   Reduced biological productivity:  The former Elsie Lake is affected long-term by large reservoir
drawdown regimes and frequent fluctuations.

4.   Reduced tributary access:  Reduced fish access between reservoir and tributary habitat due to large
drawdown regimes.

5.   Reduced mainstem access:  While adult steelhead passage may be facilitated by lower project flows,
resident species may experience reduced access within the mainstem due to diminished flows.

6.   Diversions:   The diversion has reduced flows to the downstream Ash River channel and increased flow
into Great Central Lake; these altered flows have affected wetted channel area, seasonal temperatures and
productivity in the respective systems.

2.4 Fish Restoration Objectives

Objective 1:   Conserve and improve habitats for resident fish stocks in the reservoir
and tributary system.

Discussion:
Undertake appropriate treatment, consistent with the BCRP strategy, to conserve, create
or improve existing habitat.  Activities in response to limiting factors #1, 2, 3 and 4 above
should be preceded by a study plan for the reservoir and tributary system that considers:

•  operating flow regime  (Ash River Water Use Plan)

•  opportunities to purchase or covenant floodplain properties for future habitat projects

•  identification of present critical habitats that sustain stocks, and locations of potential habitat works in
the future

•  potential habitat development sites with hydraulic characteristics that will operate within the expected
regulated regime of fluvial and riparian processes and require low maintenance

•  opportunities for habitat development and for planting riparian vegetation

•  feasibility of low-level fertilization trials in fish-bearing tributaries and performance indicators

•  potential methods to achieve self-sustaining nutrient levels and reduce costs

•  ecological effects of fertilization on non-target plants and aquatic animals

•  wildlife biodiversity values at all proposed fish habitat development sites

•  restoration of fish access through drawdown zones to historical upstream habitats

•  artificial recruitment scheme to restore delivery of some sediment and wood to mainstem

•  current harvest pressures on stock strength

•  identification and filling of data gaps on issues such as fish entrainment, angling harvest effort, etc.
that may also constrain populations.

Objective 2:   Improve habitat conditions for fish stocks in the downstream channels of
the Stamp and Somass rivers.
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Discussion:
A data gap exists with respect to the historic and current influence of the Ash River in
cooling the Stamp-Somass migration corridor.  Activities should be preceded by a study
plan, in response to limiting factors #1, 2, and 5 above, that considers:

•  operating flows and fish flows (Water Use Plan)

•  pre- and post-diversion temperature conditions in the Ash River, reservoir thermoclines, temperatures
of fish-flow releases, and their influence on temperatures in the Stamp/Somass corridor during adult
migration

•  effects of the diversion’s flows and temperatures on Great Central Lake

•  effects of proposed temperature changes on wildlife biodiversity values

•  identification and filling of data gaps on other issues that may constrain populations.

Objective 3:  Conserve and improve aquatic habitats in the lower Ash River.

Discussion:
Undertake appropriate treatment, consistent with the BCRP strategy, to conserve, create
or improve existing habitat. Restoration activities should be preceded by a study plan to
address limiting factors #1, 2, 5 and 6, that considers:

•  operating flows and adequacy of fish flow regime (Ash River Water Use Plan)

•  opportunities to purchase or covenant streamside properties for future habitat projects

•  potential sites for future habitat enhancement or creation

•  the historic upstream limit of coho salmon

•  proposed projects should have hydraulic characteristics that will withstand the historic range of
discharges with low maintenance

•  wildlife biodiversity values at all proposed fish habitat development sites

•  artificial recruitment scheme to restore delivery of some sediment and wood to mainstem

•  identification and filling of data gaps on issues such as stranding after spills, etc. that may also
constrain populations.
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3. WILDLIFE

3.1 Historic and Current Populations and Habitats

B.C. Game Commission annual reports from years prior to flooding mention Elk use of the Ash
River.  Some habitats evident from pre-flooding historic airphotos include riverine/riparian,
shallow open wetlands, and bogs.

Red- and Blue-listed species occurrences on file with the Conservation Data Centre include

•  Red- Vancouver Island Wolverine (Gulo gulo vancouverensis) South of Mount Joan
•  Red- Vancouver Island Water Shrew (Sorex palustris brooksi) Robertson Creek Fish

Hatchery
•  Blue- Small Spike-Rush (Eleocharis parvula) Ash Lake

No other information is available about current wildlife use.  Areas of habitat types lost to
flooding were presented earlier in Volume 1: Appendix I.

3.2 Impacts on Wildlife

Facility Description of Hydroelectric Impacts

N
eg

P
os

Source

· Dam footprint of __ ha: loss of coniferous forest and riverine
habitats.

x

· Flooding of  upper Ash River valley including 19 km perimeter of
Elsie Lake, 380 ha of valley bottom and 21 ha of upland:   loss of
valley bottom and valley side coniferous, deciduous, and wetland
habitats, incl. riparian, and associated wildlife losses, e.g., lost
marsh and wetland feeding/breeding habitat for ducks and
furbearers, and feeding habitat for bears & ungulates;  loss of
valley side habitat for ungulates and carnivores.

x GIS

· Conversion of 5 km of Ash R. and 4.6 km of tributary streams to
lake:  barrier to movement of large mammals (bears and
ungulates); increase in open water for waterfowl and osprey.

x x GIS

· Fluctuating reservoir water levels (2.1 m) due to hydroelectric
operations:  effects on establishment of aquatic and/or riparian
vegetation in drawdown zone.

x BCH web
page

 Elsie Lake
Storage Dam

· Reduced flows and changed flow regime in 30 km of Ash River:
unknown effects on downstream aquatic wildlife (e.g. American
Dipper, Harlequin, Vancouver Island Water Shrew)

x x
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3.3 Factors Limiting Wildlife Diversity and Productivity

‘Limiting factors’ have been identified based on available information and current understanding
of the major constraints on species and populations of concern.  Further inventory and research
may be needed to determine the particular role of these and other factors.

The following are suspected factors that limit current levels of wildlife for species groups
associated with the habitats listed previously in Table 1-2.  These also reflect the key issues
raised at BCRP regional workshops.

1. Habitat Loss:   Loss of riparian habitat and wetland habitats in flooded valley bottoms.  Potential effects
include availability of habitat for amphibians, water shrews and other small mammals and their predators,
browse and overwintering habitat for ungulates, and breeding habitat for some species of neotropical
migrants.

2. Reduced Productivity:  Lack of riparian vegetation in drawdown zones; effects on ungulates, furbearers,
small mammals and several species of passerines including some neotropical migrants.

3. Wildlife Migration:    Barrier to wildlife caused by reservoir (minor).

3.4 Wildlife Restoration Objectives

Objective 1:  Rehabilitate reservoir drawdown zones to enhance productivity and
wildlife habitat in Elsie Lake.

Discussion:
See limiting factors # 1 and 2.  Improve vegetation in the drawdown zone.
•  Develop foreshore habitat complexes at suitable locations.
•  Create snags along reservoir shorelines for cavity nesters and perching raptors.
•  Provide artificial nesting structures for osprey.

Objective 2:   Conserve riparian and wetland habitats in the downstream portions of
Ash River watershed.

Discussion:
See limiting factor # 1.  Identify key habitats for conservation of biodiversity and
enhanced production.
•  Undertake conservation, through protective measures, habitat acquisition and other

means in the Ash River watershed.

Objective 3:   Create or enhance wetlands and riparian habitats for aquatic species
(amphibians, waterfowl, cavity dependent species, small mammals).
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Discussion:
•  Consider various opportunities to dyke selected drawdown areas to hold water during

growing and breeding season (spring and summer), or fall migration, when reservoir is
normally drawn down at those times.  Flood shallow basins in the watershed where
feasible.

•  Where practicable, create backwater channel and associated riparian habitats along Ash
River segments where reduced downstream flows have diminished natural channel
complexity in the floodplain.

Objective 4:   Protect small groups of old or second growth trees in strategic locations
for current and future nesting use by bald eagles or ospreys.

Discussion:
See limiting factor # 1.

Objective 5:    Improve the knowledge base on rare, endangered and threatened species
and habitat utilization in the Ash River watershed.
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4. ASH RIVER WATERSHED REFERENCES

4.1 Map and Air Photo References

Reference Location Source

1:5000 scale NTS topographic map, 1956 Horne Lake  92F/7W
1:50,000 scale topographic, Dept. of National Defence, 1949 Great Central 92F/6 E
Air Photos Elsie lake/Ash River, 1951 BC 1422: 99
Air Photos Elsie Lake, 1946 BC 254: 94

4.2 Hydro Facility and Fish References

Reference Notes Sources
Anonymous, 1953.  Ash River survey (1953). B.C. Environment stream files,
Nanaimo B.C. 16 p.

cited in Griffith
1993

Anonymous, 1954.  Ash River survey (1954). B.C. Environment stream files,
Nanaimo B.C. 16 p.

cited in Griffith
1993

B.C. Hydro. 1988.  Elsie Lake Dams – Operation and Maintenance Manual.
Report No. OM534/02.

General technical data of  Ash
River facilities.

BC Hydro

B.C. Hydro. 1991.  Long-Term Hydrologic Data Collection Networks: La Joie,
Terzaghi, Seton, Elsie, Wahleach, and Clowhom Basins.  B.C. Hydro,
Hydroelectric Engineering Division. Report H2067.  34 p.

BCH basin is 239 km2.
Elev. range is 330 m to 2000
m.

BC Hydro

B.C. Hydro, 1992.  Ash River generating station additional energy overview
study. B.C. Hydro, Hydroelectric Engineering Division. Report No. H2295. 82 p.

cited in Golder 1994

B.C. Hydro. 1993.  Pumped storage in British Columbia. B.C. Hydro,
Hydroelectric Engineering Division. Report No. H2645. 17 p.

BC Hydro

B.C. Hydro. 1994.  Ash River additional capacity feasibility study interim report.
B.C. Hydro, Hydroelectric Engineering Division. Report No. H2812i.

cited in Van Dijk
1995

B.C. Hydro. 1994.  Report on the electric system operations review (ESOR).
Prepared for The Minister of Employment and Investment and the Minister of
Energy Mines and Petroleum Resources. Unpubl. report.

overview of operations &
issues for all facilities

BC Hydro

B.C. Hydro. 1998.  Rare element occurrence: Field guide to the rare and
endangered species found within the watershed boundaries of each BCH facility.
Strategic Fisheries, Power Supply Operations, Burnaby, BC.

all red, blue and yellow
species

BC Hydro

B.C. Hydro. 1999.  Recreation opportunities inventory.  Power Supply
Environment, Rept. ER 99-08., 206 p.

color maps and description of
all facilities

BC Hydro

Burridge   DFO Nanaimo did inventory of Ash R;  same
as Anon. 1954?

DFO Kamloops
correspondence files

Burt, D.W. and J.W. Horchik. 1998.  Production capability of salmonid habitat in
the Stamp-Somass River system.  Draft rep. for BC Min. Environment, Nanaimo,
BC. 101 p..

cited in Ptolemy
1998

Carmichael, N.B. and D.F. Philip. 1978.  Dickson Lake survey. BC Fisheries
Branch, Victoria, BC. 18 p.

cited in Griffith
1993

Department of Fisheries and Oceans (DFO). 1960.  Descriptive notes on other
fish facilities on the Somass River system. Fisheries & Oceans Canada, Port
Alberni, BC.

noted in 1981 DFO
correspondence for
conditional water license

DFO. 1990.  Fish Habitat and Inventory and Information Program. Stream
Summary Catalogue Subdistrict No. 23 Port Alberni. Department of Fisheries
and Oceans, Vancouver, B.C.

cited in Powell 1995

Griffith, R.P. 1990. Dickson and Nahmint lakes: lake outlet spawning gravel
placement.  R.P. Griffith and Associates for B.C. Conservation Foundation,
Langley, B.C. 31 p.

cited in Griffith
1993

Griffith, R.P. 1992.  Feasibility of fisheries enhancement undertakings in selected cited in Griffith
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Reference Notes Sources
Vancouver Island streams. R.P. Griffith and Associates for: B.C. Environment,
Nanaimo, B.C. 13-27.

1993

Griffith, R.P.  1993.  Ash River aquatic biophysical assessment, 1992-93. R.P.
Griffith and Associates, Sidney, B.C. Prepared for B.C. Hydro, Environmental
Affairs, , Burnaby. 186 p.

Extensive biophysical
assessment.

BC Hydro

Harding, E.A. and J. Offin. 1969.  Elsie Lake survey. B.C. Fisheries Branch,
Victoria, B.C. 5 p.

cited in Griffith
1993

Hirst, S.M. 1991a.  Impacts of the operation of exisitng hydroelectric
developments on fishery resources in British Columbia. Volume 1. Anadromous
salmon. Canadian Manuscript Report of Fisheries and Aquatic Sciences 2093.
144 p.

Anadromous salmon issues.

Hirst, S.M.  1991b.  Impacts of the operation of existing hydroelectric
developments on fishery resources in British Columbia, Volume 2. Inland
fisheries. Can. Manuscript Rep. Fish. Aquat. Sci. 2093 v.2:  200 p.

Resident fish and anadromous
trout and char issues

Horncastle, G.S. 1977.  Somass River inventory. Unpubl. rep. BC Fish &
Wildlife Branch, Nanaimo, BC. 59 p.

cited in Griffith
1993

Horncastle, G.S. 1978.  Somass River steelhead investigations progress during
1977-78. Unpubl. rep. BC Fish & Wildlife Branch, Nanaimo, BC. 57 p.

cited in Griffith
1993

Horncastle, G.S. 1981.  Life history of steelhead trout from the Somass River on
Vancouver Island.  BC Fish & Wildlife Branch, Nanaimo, BC. Fish. Tech. Circ.
No. 51, 19 p.

cited in Griffith
1993

Le Brasseur, R.J. and O.D. Kennedy. 1972.  The fertilization of Great Central
Lake II: zooplankton standing stock. Fish. Bull. U.S. 70: 25-36.
Le Brasseur, R.J., C.D. McAllister, W.E. Barraclough, O.D. Kennedy, J. Manzer,
D. Robinson and K. Stephens. 1978.  Enhancement of sockeye salmon
(Oncorhynchus nerka) by lake fertilization in Great Central Lake: summary
report. J. Fish. Res. Bd. Canada 35: 1580-1596.
Lewis, A.F., G.J. Naito, S.E. Redden and BC Hydro Safety & Environment. 1996.
Fish flow studies project: fish flow overview report. BCH Safety & Environment
Rept. No. EA:95-06, 144 p.

comprehensive review of
flows, facilities and fish for all
BCH projects

BC Hydro

McDaniels Research Ltd. 1995.  Ash River Project: Socio-economic Overview.
Prepared for B.C. Hydro, Environmental Affairs. 11 p.

no fish or wildlife discussion BC Hydro

Powell, C. 1995.  Draft – Ash River Environmental Integrity Review – Fisheries
Resource Component. Prepared by B.C. Hydro, Safety and Environment,
Strategic Fisheries. 19 p.

General assessment of aquatic
issues associated with
facilities.

BC Hydro

Ptolemy, R.A. 1998.  Great Central Lake/ Stamp River/ Ash River flow setting
with emphasis on wild steelhead habitat/life history requirements. MS rep., BC
Min. Environment, Victoria.

gives general rules for flow
requirements of different
species/stages. Recommended
40% MAD (=20 m3/s) for
Stamp R. to be maintained
during June to September

Reiberger, K. 1992.  Metal concentrations in bottom sediments from
uncontaminated B.C. lakes. BC Ministry of Environment, Lands and Parks,
Water Quality Branch.

cited in Triton 1995

Stockner, J. 1990.  Great Central Lake. p.437 – 445. The Book of Canadian
Lakes. Edited by R.J. Allan, M. Dickman, C.B. Gray and V. Cromie.  The
Canadian Association on Water Quality, Publications Office, Wastewater
Technology Centre, Burlington, Ontario.  Monograph Series,  No. 3.

General summary of
limnological conditions and
influences in Great Central
Lake.

ISBN 0-9698060-0-
0.

Stringer, G.E., A.F. Tautz, T.G. Halsey and C. Houston. 1980.  Further
development of a lake stocking formula for rainbow trout in British Columbia.
BC Min. Environment, Fisheries Rept. No. 75.

cited in Triton 1995

Triton Environmental Consultants Ltd., 1995.  Ash River Additional Capacity
Study – Impact Assessment of the Aquatic Environment. Prepared for B.C.
Hydro and Power Authority, Environmental Affairs. 47 p.

temp. effects; bathymetry;
limnology

BC Hydro

Tutty, B.D. DFO biologist. 1997.  Memo re: Ash River additional capcity study.
To R. Eliasen. DFO Nanaimo, 6 p.

outlines temp. problems in
Ash R. and Great Central
Lake; proposes thermal weir
concept for GCL lake outlet;
critique of Triton report.

Wightman, J.C. 1993.  Re: Elsie Lake dam low level intake test. Memo to G. cited in Griffith
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Reference Notes Sources
Longworth, Environmental Resources, B.C. Hydro.  June 25, 1993. File: 39000-
01, B.C. Environment, Nanaimo. 2 p.

1993

Van Dijk, M. 1995.  Ash River Project. Recreation Assessment. Prepared by B.C.
Hydro, Power Facilities, Environmental Services. Report No. PFES-95-01. 32 p.

BC Hydro

4.3 Wildlife References

Reference Notes Source

B.C. Hydro. 1998. Rare element occurrence: Field guide to the rare and
endangered species found within the watershed boundaries of each BCH facility.
Strategic Fisheries, Power Supply Operations, Burnaby, BC.

All red, blue and yellow-listed
species

BC Hydro

Golder Associates Ltd. 1994.  Ash River land resources assessment. Prepared for
B.C. Hydro, Environmental Affairs. 108 p.

wildlife, vegetation re:
proposed additional gen.
capacity

BC Hydro

Province of British Columbia Department of Attorney – General, 1956.
Provincial Game Commission Report

Refers to surveys &
Investigations of proposed
Salmon River diversion,
Quinsam River diversion and
storage, Heber River
diversion, Somass River
system (including Elsie Lake
& Ash River)

Provincial Archives,
MELP Surrey: Jack
Evans

Province of British Columbia Department of Attorney – General, 1959.
Provincial Game Commission Report

Refers to studies of Ash,
Salmon, Heber & Puntledge
Rivers & Elsie Lake
continued. (Report not found).

Provincial Archives,
MELP Surrey: Jack
Evans

Province of British Columbia, 1921.  Annual Report of the Game Conservation
Board of the Province of British Columbia 1920.  Authority of the Legislative
Assembly, Victoria BC

Elk near Sproat Lake. Provincial Archives,
MELP Surrey: Jack
Evans



Bridge-Coastal Fish & Wildlife Restoration Program
Volume 2:               JORDAN RIVER WATERSHED

1

Chapter 5

JORDAN RIVER WATERSHED

                    Figure 5-1.    Jordan River in 1917

1. PROJECT DESCRIPTION

1.1 Facilities

The Jordan River project, completely renovated in 1971, consists of the Elliott Dam that diverts
water via a 5.3 km tunnel and 1.6 km penstock to a new powerhouse on the west bank near the
mouth of the river. Upstream from Elliott Dam are the Jordan River (or Diversion) Dam and the
Bear Creek Dam. The two dams, initially constructed in 1911-13, were upgraded from 1969-71
and 1985-88 (Diversion Dam). Primary storage is now in the Diversion Reservoir, named
because it originally diverted water in a flume that bypassed 9 km of river channel to the original
powerhouse.

The original 26 MW powerhouse on the east side of the river was constructed in 1911 by the
Victoria Light & Power Company. The old tailrace was an excavated channel about 500 m long
that supported pink and chum spawning between 1949 -71.
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Specifications for the facilities and reservoirs:

DAM Bear Creek Jordan Elliott
Nameplate capacity  (MW) 0 0 150
Dependable capacity  (MW) - - - - 170
Dam function storage storage, diversion storage, diversion
Date constructed 1911 1911 1969
Date operational 1971
Date reconstructed 1969; 1985 1969
Height  (m) 19 39.9 27.4
Length  (m) 337 232 270
Dam footprint area   (m2)
Fishway at dam no no no
Historic anadromous fish presence no no no

RESERVOIR Bear Creek Diversion Elliott
Cleared/ not cleared not cleared
Present area  (ha) 75 193 16
Watershed area  (km2) 165
Present elevation a.s.l.  (m) 411 386 336
Normal drawdown range (m) 8 18.3 10.7
Mean depth  (m) 6 19
Maximum depth  (m) 15 40 27.4
Storage  (million m3) 28.4
Mean water retention time
Mean annual discharge   (m3/s) 12-13.7

DIVERSION to powerhouse
Structure type tunnel (5.3km),

penstock (1.6km)
Licensed flow    (m3/sec) 10.4
Fish flow release  (m3/sec) 0 0 0
Mainstem length diminished (km) 9
Mainstem length augmented (km)

                           Figure 5-2.   Historic Jordan River power scheme (Water Powers B.C. 1954)
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     Figure 5-3.   Location of Jordan River hydro project

       Figure 5-4.   Jordan River diversion dam (Water Powers B.C. 1954)
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1.2 Hydrology

1.2.1 Basin and Runoff

All water used by the project represents the upper 80% of the Jordan River watershed. High
inflows occur in the May to July period from snowmelt. August and September are usually very
dry. Heavy rain can cause immediate high inflows from October to March. A series of rainstorms
separated by only hours or days can lead to local flooding.

1.2.2 Operation and Licensed Diversion Flow

The Jordan River facility has a large turbine capacity relative to its inflow and storage capacity.
When the turbine is operating at full capacity and inflow is low, the reservoirs can be drafted
from full pool to minimum levels in about three days. Consequently, the facility can be operated
only sparingly and for short durations.  Its major role is to provide backup peaking capability to
the electric system.

Summer flows in the mainstem between Elliott Dam and the powerhouse tailrace are non-
existent or very low; tributaries are either dry or short flowing trickles with isolated pools
(Griffith 1996).

1.2.3 Habitat Types Flooded by Reservoirs

The combined reservoir area is 193 ha after flooding 193 ha of land (Figure 5-5).  The total
reservoir shoreline length is 20 km.  A bathymetric map of Bear Creek Reservoir is provided in
Figure 5-6.

The GIS calculations done by this study estimated the following losses of fish habitat from the
pre-impoundment condition:

Combined Jordan R. Reservoirs Original habitat lost

Lake flooded                     (ha) 0
Land flooded                    (ha) 193
Lake shoreline                  (km) 0
Mainstem: length             (km) 7
                  channel           (ha) 15
                  riparian *        (ha) 44
Tributary:  length             (km) 4
                  riparian **      (ha) 13
Wetland:                           (ha) 0

*     mainstem riparian zone calculated 30 m from each bank
**   tributary riparian zone calculated 15 m from each bank
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2. FISH

2.1 Historic and Current Species Presence

A list of species currently found in major reaches of the Jordan River watershed is provided in
Table 5-1.

2.1.1 Upstream of Bear Creek Dam

Rainbow and cutthroat trout populations in the reservoir have been largely supported by MELP
stocking programs since 1985 (Sherbot 2000).  Dolly Varden char may have been a historic
component of the fauna (workshop 2000).

2.1.2 Bear Creek Dam to the Diversion Dam

Low summer flows in the basin probably limited the pre-project numbers of stream-resident trout
in the vicinity of the project; Griffith (1996) suggested that creation of the permanent
waterbodies has been a net benefit to such stocks. However, the current standing stock sizes are
beyond carrying capacity as a result of stocking.  Lack of tributary habitat limits the ability of the
populations to sustain themselves given the amount of fishing pressure they receive.

2.1.3 Diversion Dam to Elliott Dam

Rainbow trout in Elliott Reservoir were less numerous but of larger size than fish in the upper
reservoirs (Griffith 1996).  Because Elliott is operated as a head pond for the penstock diversion,
its drawdown is more stable than that in the Diversion Reservoir.  Anadromous fish stocks were
not historically present above the site of Elliott Dam (Hirst 1991a).

2.1.4 Downstream of Elliott Dam

The first set of impassable falls 3-6 m high is located 1.2 km above the river mouth, and 400 m
upstream of the powerhouse tailrace, although these may have been passable to coho and
steelhead in some pre-project years. A short section of gravel exists between the barrier falls and
the old mine site above the powerhouse discharge. The second falls (5 m) and third falls (6 m)
are 550 m and 750 m upstream of the tailrace, respectively (Sherbot 2000).

The majority of spawning chum, coho and pink salmon used the old powerhouse tailrace channel
between 1912-1970 (Sherbot 2000).  Historic presence of steelhead and anadromous cutthroat
was noted in DFO and MELP records; rainbow trout have persisted in the boulder cascade of the
lower river (Sherbot 2000).

There is no current evidence of anadromous fish production within the lower Jordan River
drainage (Sherbot 2000).  Restoration of Jordan anadromous stocks was discussed by Sherbot
(2000).  Provision of summer conservation flows to the mainstem for steelhead or coho rearing
would necessitate drawdown during low flow months with probable effects on reservoir trout
stocks.



Source: MoELP 2000.  BC Ministry of Environment Fish Information Website - http://www.bcfisheries.gov.bc.ca/fishinfobc.html; accessed before June 8, 2000.

Includes:  BC Watershed Atlas, Fisheries Information Summary System (FISS), BC Lakes and Release Record database, and Lake Depth Maps.
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Jordan River Mainstem
      Bear Creek
      Bear Creek Reservoir

BEAR CR. DAM No fishway.

Diversion Reservoir
      Wye Creek

DIVERSION DAM No fishway.

Jordan River Mainstem
      Alligator Creek
      Rough Creek
Elliot Reservoir

ELLIOT DAM No fishway.

Jordan River Mainstem

* now called Northern pike minnow

Table 5-1.   Fish species in the Jordan River watershed.

         Jordan
      River
       

            upstream

       downstream
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Residual populations of rainbow and cutthroat trout persist in the river between Elliott Dam and
the old mining works wherever they can find sufficient water to survive summer droughts
(workshop 2000).

2.2 Impacts on Fish

Facility Description of hydroelectric impacts N
eg

P
os Source

1. Reservoirs flooded a total of 7.3 km of mainstem and 4.4 km of
lower tributary channels, plus their associated riparian zones;
resident species composition unchanged except possible loss of
Dolly Varden.

x GIS

2. Creation of 193 ha of reservoir habitat has increased habitat
capacity for resident trout populations.

x Griffith
1996

3. Drawdowns at Bear and Diversion reduce access to tributaries. x workshop
4. Drawdowns in shallow reservoirs reduce water quality by

retaining anoxic bottom layers.
x Griffith

1996

Bear Cr.,
Diversion,
& Elliott

Reservoirs

5. Drawdowns reduce productivity of littoral zones. x workshop

6. Collective dam footprint of _ m2:  loss of instream, riparian and
upland habitats.

x

7. Diversion and Elliott dams block movement of resident fish
within upper system.

x Sherbot
2000

8. Periodic large spills scoured gravels immediately below dams,
and transported fine sediments to spawning habitat in the lower
mainstem.

x workshop

9. Dams reduced LWD and gravel recruitment to system
downstream

x workshop

10. Entrainment mortality and injury; magnitude unknown.
Potential downstream benefits to scavengers.

x workshop

Bear Cr.,
Diversion,
& Elliott

Dams

11. Occasional shortterm spill events are being studied for TGP workshop

Downstream
River below
Powerhouse

12. Absence of fish flow releases have reduced access and  habitat
area, and have not diluted toxic mine drainage.

x workshop

Hydroelectric development has likely increased the original habitat capacity in the upper Jordan
basin despite entrainment or fish access impacts.  Supplemental stocking by MELP has
encouraged more demand for local fishing opportunity.  Obligation by BC Hydro to restore
historic habitat appears limited, since the fishery removes more of the local fish population than
would have existed naturally.

Water quality in the Diversion and Elliott reservoirs is degraded by anoxic conditions during
drawdown (Griffith 1996), and by elevated levels of dissolved iron, possibly from the steel
outlets at Bear Creek Dam (Sherbot 2000).
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Under present conditions, the river below Elliott Dam has smaller areas of habitats, mostly
ephemeral, for resident fish compared to pre-project levels.  Present low water flows preclude the
use of potential but limited habitats upstream of barrier falls by steelhead and coho salmon.

Non-Hydro Impacts - Other impacts on fish in the Jordan River watershed include historic
effects of copper mining, gravel dredging, and logging activities (Sherbot 2000).

Sites between Elliott Dam and the current powerhouse have been mined intermittently for copper
since the early 1900s (Aquametrix 1997).  Mining operations were finally suspended after copper
prices were depressed in the 1980s.  In 1963, a major mine shaft under the river collapsed and
flooded, producing high levels of copper in both water and sediment that remain toxic in 1997.
Prior to 1960, copper ore tailings were accumulated along the east bank of the river; between
1960 and 1974, tailings were deposited on the subtidal shelf east of the river mouth;
environmental effects were studied by Ellis and Popham (n.d.).

2.3 Factors Limiting Fish Diversity and Production

'Limiting factors' have been identified in a general manner based on available information and
current understanding of the major constraints on species and populations of concern.  Further
inventory and research may be needed to determine the particular role of these and other factors.

The following are suspected factors that limit current levels of fish populations within the Jordan
River watershed.  These also reflect the key issues raised at BCRP regional workshops in June,
2000.

1.   Loss of habitat:  Former spawning, rearing and overwintering areas were permanently lost or seasonally
reduced due to dam footprint, reservoir flooding, flow diversions, or operating flows; or from non-hydro
sources.

2.   Reduced downstream habitat capability:  Habitats below dams are altered by reduced sediment or
wood recruitment.

3.   Reduced tributary access:  Reduced fish access between reservoir and tributary habitat due to large
drawdown regimes.

4.   Reduced mainstem access:  Reduced access for fish using channels diminished by diversions.

5.   Limited distribution:  Historic resident populations in the upper Jordan basin were likely limited due to
the absence of lakes and low summer flows.  Anadromous stocks were restricted by falls to the lower 1.2
km of river.

6.   Diversion:   The bypassed river channel usually receives no released flow, which in turn affects wetted
channel area, seasonal temperatures and stream productivity.

7.   Copper mining:  Historic mining activities have had pervasive toxic effects on fish production in the
lower Jordan River and estuary.
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2.4 Fish Restoration Objectives

Objective 1:  Conserve and improve aquatic habitats in the lower Jordan River below
Elliott Dam.

Discussion:
There is presently a lack of fish flow released below Elliott Dam.  High levels of copper
in water and sediment from previous mining activity continue to affect fish production by
direct toxicity and effects on food chains. These two problems greatly constrain future
habitat restoration measures.  If these conditions are remediated, undertake appropriate
treatment, consistent with the BCRP strategy, to conserve, create or improve existing
habitat. Restoration activities should be preceded by a study plan to address limiting
factors #1, 2, 4, 6, and 7 above, that considers:

•  adequacy of fish flow regime (Jordan River Water Use Plan)

•  feasibilty of reducing dissolved copper levels by rehabilitating the stream channel to avoid or remove
exposure to tailings and mine adits; and subsequent cost-benefit analysis considering the limited
habitat area available

•  opportunities to purchase or covenant streamside or foreshore properties for future habitat projects

•  opportunities and cost-effectiveness of increasing summer habitat capacity in canyon

•  potential sites for future habitat enhancement or creation

•  proposed projects should have hydraulic characteristics that will withstand the historic range of
discharges with low maintenance

•  wildlife biodiversity values at all proposed fish habitat development sites

•  artificial recruitment scheme to restore delivery of some sediment and wood to mainstem and estuary

•  identification and filling of data gaps on issues such as stranding or displacement after spills, etc. that
may also constrain populations.

Objective 2:   Conserve and improve habitat conditions for resident fish stocks in each
reservoir and tributary system.

Discussion:
Creating the three Jordan reservoirs has likely increased fish habitat capacity and
population sizes in the upper basin overall, despite hydroelectric impacts from
entrainment and local fish access.  For the past 15 years the reservoir fish stocks have
been artificially supplemented by MELP which has increased success rates in the local
fishery.  BC Hydro’s obligations to restoring reservoir stocks appear relatively low since
they did not encourage the fishery.  There are implications to the management of the
existing fishery because creation or improvement of tributary habitat under BCRP may
still be insufficient to produce trout population levels that match the public’s expectation
of high catch rates from angling.

Undertake appropriate treatment, consistent with the BCRP strategy, to create or improve
existing habitat as warranted.  Activities in response to limiting factors #1, 3 and 5 above
should be preceded by a study plan for each reservoir and tributary system that considers:

•  operating and fish flows between dams (Jordan Water Use Plan)



Bridge-Coastal Fish & Wildlife Restoration Program
Volume 2:               JORDAN RIVER WATERSHED

12

•  opportunities to purchase or covenant properties for future habitat projects or to preserve forested
uplands that control water supply to important tributaries.

•  identification of present critical habitats that sustain stocks, and locations of potential habitat works in
the future

•  potential habitat development sites with hydraulic characteristics that will operate within the expected
regulated regime of fluvial and riparian processes and require low maintenance

•  opportunities for habitat development and riparian planting

•  wildlife biodiversity values at all proposed fish habitat development sites

•  restoration of fish access through drawdown zones to upstream habitats

•  artificial recruitment scheme to restore delivery of some sediment and wood to mainstem

•  current harvest pressures on stock recruitment

•  identification and filling of data gaps on issues such as fish entrainment, angling harvest effort, etc.
that may also constrain populations.

3. WILDLIFE

3.1 Historic and Current Populations and Habitats

B.C. Game Commission reports indicate that black bears were plentiful and a few elk were
present.  These reports were probably from near the mouth of the river, rather than from the up
river areas later flooded.

Red- and Blue-listed species occurrences on file with the Conservation Data Centre include

•  Blue- Smith’s Fairybells (Disporum smithii) - common in thickets at edge of woods near
Bear Creek

No other information was obtained from the literature on current wildlife and habitats.  Areas of
habitat types lost to flooding were presented earlier in Volume 1: Appendix I.
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3.2 Impacts on Wildlife

Facility Description of hydroelectric impacts

N
eg

P
os

Source

1. Dam footprint of __ha: loss of coniferous forest (old-
growth?)

x Hirst 1991Elliott Dam

2. Flooding of narrow river channel and (old-growth?)
coniferous forest on steep sided valley.

x Lee 1914

3. Dam footprint of __ha: presumed loss of old-growth
coniferous forest and dependent wildlife species.

x Lee 1914

4. Flooding of narrow river channel and old-growth
coniferous forest and dependent wildlife on steep-sided
valley.

x Lee 1914

Diversion
(Jordan R)

Dam

5. Fluctuating reservoir water levels (18 m) due to annual
maintenance operations in August:  effects on
establishment of aquatic and/or riparian vegetation in
drawdown zone.

x BCH web page

6. Dam footprint of 12.1 ha.: loss of old-growth coniferous
forest and dependent wildlife species.

x Lee 1914Bear Creek
Dam

7. Flooding of river channel, some riparian, and wetland
areas, and old-growth coniferous forest and dependent
species on steep-sided valley.

x Lee 1914

8. Habitat change along 5.3 km flume r-o-w: conversion
from old-growth coniferous forest with dependent species
to early successional shrub/trees and increased habitat
diversity.

x x BCH web page.
(Lee 1914)

Diversion
Flume/

tunnel

9. Reduced flows and changed flow regime in 8 km of
Jordan River: unknown effects in high-gradient river
between diversion and powerhouse and implications for
wildlife such as harlequins or American dippers.

x x
GIS

Roads, etc. 10. Construction of access routes for initial dam construction
and ongoing maintenance: habitat loss.

x Lee 1914

3.3 Factors Limiting Wildlife Diversity and Productivity

‘Limiting factors’ have been identified based on available information and current understanding
of the major constraints on species and populations of concern.  Further inventory and research
may be needed to determine the particular role of these and other factors.
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The following are suspected factors that limit current levels of wildlife for species groups
associated with the habitats listed previously in Table 1-2.  These also reflect the key issues
raised at BCRP regional workshops.

1. Habitat Changes:  Altered flow regime has changed riverine and riparian habitats.  Potential effects on
wildlife include changes to habitat quality and quantity for water shrews, harlequins and dippers.

2. Loss of Habitat: Loss of wetland habitats in flooded valley bottoms (Bear Creek).  Potential effects
include availability of habitat for amphibians, water shrews and other small mammals and their predators,
browse for ungulates and breeding habitat for some species of neotropical migrants. (Bear Creek).

3. Reduced Productivity: Lack of riparian vegetation in drawdown zones; effects on ungulates, furbearers,
small mammals and several species of passerines including some neotropical migrants.

4. Wildlife Migration: Impediments to wildlife movement (especially large mammals) caused by structures,
reservoirs and diversions.

5. Diversions: Wildlife (especially mammalian) mortality caused by some diversion structures, through
entrainment and drowning.  Potential hazards for non aquatic or weak swimming animals.

3.4 Wildlife Restoration Objectives

Objective 1:   Reduce erosion or drying of riparian and riverine habitats.

Discussion:
Avoid excessive flood flows or maintenance drawdowns during the spring and summer
growing/breeding season.  Consider in conjunction with Jordan Water Use Plan.

Objective 2:  Rehabilitate reservoir drawdown zones to enhance productivity and
wildlife habitat.

Discussion:
See limiting factor # 3.  Improve vegetation in the drawdown zone.
•  Develop foreshore habitat complexes at suitable locations.
•  Create nesting cavities and raptor perches where beneficial through management activities such as

snag creation.
•  Improve nesting opportunities for osprey by providing artificial nesting structures.

Objective 3:    Reduce barrier effects of diversions on wildlife.

Discussion:
See limiting factor # 4.  Consider the use of overpasses over penstocks and other
measures to reduce barriers effects.
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Objective 4:   Conserve riparian and wetland habitats in the Jordan River watershed.

Discussion:
See limiting factor # 1 and 2.  Identify key habitats for conservation of biodiversity and
enhanced production.
•  Undertake conservation, through protective measures, habitat acquisition and other means, in the lower

reaches of the river or in the reservoirs, or alternatively at Jordan Meadows or forested subbasins in the
upper reaches of important tributaries to protect water supply.

Objective 5:   Create elk winter range.

Discussion:
See limiting factor # 2.  Work with forestry companies to leave shelter stands in
association with logged clearings that provide forage.

•  Enhance riparian areas near river mouth
•  Assess the feasibility of re-introducing elk.

Objective 6:    Improve the knowledge base on rare, endangered and threatened species
and habitat utilization in the Jordan watershed.
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4. JORDAN RIVER WATERSHED REFERENCES

4.1 Map and Air Photo References

Reference Location Source
Survey of Lands for The Vancouver Island Power Co. Ltd., 20ch =
1 in., 1911

Legal Surveys, MELP

1:63,360 scale topographic map, San Juan, 1943, Dept. of Lands
and 1954-55, 1:50,000 topographic map

92 C9/C8  UBC map library

Air Photos, Bear Creek and Jordan River diversion BC 1229: 98-99, 3-4
BC 2255:19

4.2 Hydro Facility and Fish References

Reference Notes Sources
Aquametrix Research Ltd. 1997.  Suitability of the lower Jordan River for
salmon rearing: potential impact of sedimentary metals. Report for Western
Forest Products, Jordan River Forest Operations, Jordan River, BC.

cited by Sherbot 2000

Aquatech Services. 1995.  Bear Creek debris removal and spillway
rehabilitation environmental monitoring report, June - October, 1994.
Aquatech Services.  Prepared for BC Hydro, Environmental Affairs.

BC Hydro

BC Electric Railway Company. 1932.  Inspection of Jordan River Hydro-
electric Development by BC Institute of Journalists, Victoria Branch,
Sunday, June 5th, 1932. Colonist Presses, Victoria, BC. 10 p.

UBC Spec Coll pamphlet
files spam20446

B.C. Hydro. 1990.   Jordan Dam power facilities overview study Resource
Smart. Prep. by Acreas International Limited for BC Hydro. H2394.

cited by Sherbot 2000

B.C. Hydro. 1994.  Report on the electric system operations review
(ESOR). Prepared for The Minister of Employment and Investment and the
Minister of Energy Mines and Petroleum Resources. Unpublished report
and 2 appendices.

overview of operations &
issues for all facilities

BC Hydro

Department of Fisheries and Oceans. 1973.  The effect of the Jordan River
power redevelopment program on the fisheries interest. Memo. report.
Vancouver, B.C. 3 p.

cited in Hirst 1991

Department of Fisheries and Oceans. 1997.  Gravel dredging at the mouth
of Jordan River. Letter to Robazza (Western Forest Products) from. R.
Russell (DFO Habitat Biologist).

cited by Sherbot 2000

Ellis, D.V. and J.D. Popham. n.d.   Accidental formation and subsequent
disappearance of a contaminated beach: a case history of environmental
management. 17 p.
Gillie, R.D. 1998.  Evaluation of sedimentation and sediment management
options in the mouth of the Jordan River. Unpubl. rept. by Coastal
Consultants for Western Forest Products.
Griffith, R.P.  1996.  Biophysical assessment of fish production within the
Jordan River drainage 1994.  Unpubl. report by R.P. Griffith & Associates
for BC Hydro, Environmental Affairs.

BC Hydro

Lee, Charles A., Engineer.  Jordan River Power Development, Vancouver
Island, B.C.  In “Canadian Engineer” Press [1914 or 1915] 50 p., illus.,
folded diagrams, folded maps.  Caption: “Advanced Proof” “to be read
before the monthly meeting of the Society, March 4th 1912.

Jordan River Diversion
Dam: 392 m elev.; 161 ha
area; formerly “heavily
timbered”; in narrow,
steep sided valley.
Bear Creek Dam: 406 m
elev.; 115 ha area;
formerly heavily timbered
with hemlock & other
conifers--not cut before
flooding; steep sided.

Vancouver Public Library
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Reference Notes Sources
About 12.1 ha cleared for
dam construction.
Other footprints: Elliot
Dam & reservoir, flume
(8.5 km), railroad,
tramway r-o-w’s

Lewis, A.F., G.J. Naito, S.E. Redden and BC Hydro Safety & Environment.
1996.  Fish flow studies project: fish flow overview report. BCH Safety &
Environment Rept. No. EA:95-06, 144 p.

comprehensive review of
flows, facilities and fish
for all BCH projects

BC Hydro

Limnotek Research and Development Inc. 1995.  Jordan River drainage
water quality.

cited by Sherbot 2000

Norris, J.G. and D.J. Grant. 1983.  A reconnaissance survey of Bear Creek
Reservoir. Ministry of Environment, Water Management Branch.
Ptolemy, R.A. 1981.   Jordan River production/ stream carrying capacity
assessment. Unpubl. reconnaissance report, BC Fish & Wildlife Branch,
Victoria, BC. 39 p.
Sherbot, D.  2000.  Jordan River fisheries briefing note. Unpubl. draft
report, BC Hydro. August 11.  26 p.

BC Hydro

Sohn, B. 1994.  Recommendation for new Bear Creek minimum operating
elevation. BC Hydro System Operations.

BC Hydro

4.3 Wildlife References

Reference Notes Source
B.C. Hydro. 1998. Rare element occurrence: Field guide to the rare and
endangered species found within the watershed boundaries of each BCH
facility.  Strategic Fisheries, Power Supply Operations, Burnaby, BC.

All red, blue and yellow-
listed  species

BC Hydro

Province of British Columbia, 1925.  Report of the Provincial Game
Warden 1924.  Authority of the Legislative Assembly, Victoria BC

Pheasants released at
Jordan River

Provincial Archives,
MELP Surrey: Jack
Evans

Province of British Columbia, 1927.  Report of the Provincial Game
Warden 1926.  Authority of the Legislative Assembly, Victoria BC

Black bear plentiful in
Jordan River District

Provincial Archives,
MELP Surrey: Jack
Evans

Province of British Columbia, 1927.  Report of the Provincial Game
Warden 1926.  Authority of the Legislative Assembly, Victoria BC

“A few” elk in the Jordan
River District.

Provincial Archives,
MELP Surrey: Jack
Evans

Province of British Columbia, 1929.  Report of the Provincial Game
Warden 1928.  Authority of the Legislative Assembly, Victoria BC

Black bear increasing near
Jordan River
Muskrats at Jordan River

Provincial Archives,
MELP Surrey: Jack
Evans
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Source: MoELP 2000.  BC Ministry of Environment Fish Information Website - http://www.bcfisheries.gov.bc.ca/fishinfobc.html;   accessed before June 8, 2000.

Includes:  BC Watershed Atlas, Fisheries Information Summary System (FISS), BC Lakes and Release Record database, and Lake Depth Maps.
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 Alouette Mainstem
 Alouette Lake
      Pine Lake*
      Gold Creek*

ALOUETTE DAM

 S. Alouette Mainstem

* now named Northern pike minnow

*  Tributary information from BC Fishing Directory and Atlas. Freshwater Edition.  1998/99. O.P. Publishing Ltd. Vancouver BC.  170 pages.

Table 6-1.   Fish Species in the South Alouette River Watershed.

       South
Alouette River
     
     upstream

       downstream
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GRZQVWUHDPýFKDQQHOýFRXSOHGýZLWKýXUEDQýHQFURDFKPHQWï

[

ìíïý 'LYHUVLRQýUHGXFHVýUHVHUYRLUýSURGXFWLYLW\ï
[ ZRUNVKRS'LYHUVLRQ

WRý6WDYH
/DNH
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KDôãýORVVýRIýYDOOH\ýERWWRPýDQGýYDOOH\ýVLGHýFRQLIHURXVýIRUHVW
DQGýDVVRFLDWHGýZLOGOLIHýORVVHVï

[ *,6

êïý )OXFWXDWLQJýUHVHUYRLUýZDWHUýOHYHOVýõäïèýPôýGXHýWRýK\GURð
HOHFWULFýRSHUDWLRQVãýHIIHFWVýRQýHVWDEOLVKPHQWýRIýDTXDWLFýDQGîRU
ULSDULDQýYHJHWDWLRQýLQýGUDZGRZQý]RQHï

[ %&+ýZHE
SDJH

$ORXHWWHý5ï
'LYHUVLRQ

éïý 'HFUHDVHGý$ORXHWWHý5LYHUýõëíýNPôýDQGýLQFUHDVHGý6WDYHý5LYHU
õêýNPôýIORZVãýHIIHFWVýRQýGRZQVWUHDPýDTXDWLFýZLOGOLIHï

[ [ *,6

êïê )DFWRUVý/LPLWLQJý:LOGOLIHý'LYHUVLW\ýDQGý3URGXFWLYLW\

¨/LPLWLQJýIDFWRUV©ýKDYHýEHHQýLGHQWLILHGýEDVHGýRQýDYDLODEOHýLQIRUPDWLRQýDQGýFXUUHQWýXQGHUVWDQGLQJ
RIýWKHýPDMRUýFRQVWUDLQWVýRQýVSHFLHVýDQGýSRSXODWLRQVýRIýFRQFHUQïýý)XUWKHUýLQYHQWRU\ýDQGýUHVHDUFK
PD\ýEHýQHHGHGýWRýGHWHUPLQHýWKHýSDUWLFXODUýUROHýRIýWKHVHýDQGýRWKHUýIDFWRUVï

7KHý IROORZLQJý DUHý VXVSHFWHGý IDFWRUVý WKDWý OLPLWý FXUUHQWý OHYHOVý RIý ZLOGOLIHý IRUý VSHFLHVý JURXSV
DVVRFLDWHGýZLWKý WKHý KDELWDWVý OLVWHGý SUHYLRXVO\ý LQý 7DEOHý ìðëïý ý 7KHVHý DOVRý UHIOHFWý WKHý NH\ý LVVXHV
UDLVHGýDWý%&53ýUHJLRQDOýZRUNVKRSVï

ìïý /RVVýRIý+DELWDWãýý/RVVýRIýULSDULDQýKDELWDWýDQGýZHWODQGýKDELWDWVýLQýIORRGHGýYDOOH\ýERWWRPVïýý3RWHQWLDOýHIIHFWV
LQFOXGHýDYDLODELOLW\ýRIýKDELWDWýIRUýDPSKLELDQVñýZDWHUýVKUHZVýDQGýRWKHUýVPDOOýPDPPDOVýDQGýWKHLUýSUHGDWRUVñ
EURZVHýIRUýXQJXODWHVýDQGýEUHHGLQJýKDELWDWýIRUýVRPHýVSHFLHVýRIýQHRWURSLFDOýPLJUDQWVï

ëïý +DELWDWý&KDQJHãýý$OWHUHGýIORZýUHJLPHýKDVýFKDQJHGýULYHULQHýDQGýULSDULDQýKDELWDWVïýý3RWHQWLDOýHIIHFWVýRQ
ZLOGOLIHýLQFOXGHýFKDQJHVýWRýKDELWDWýTXDOLW\ýDQGýTXDQWLW\ýIRUýWDLOHGýIURJVñýZDWHUýVKUHZVñýKDUOHTXLQVýDQGýGLSSHUVï
/RVVýRIýVLGHýFKDQQHOýKDELWDWýGRZQVWUHDPýRIýGLYHUVLRQVýõG\NLQJýDQGýRWKHUýXQUHODWHGýIDFWRUVýDOVRýUHVSRQVLEOHôï

êïý 5HGXFHGý+DELWDWý&DSDELOLW\ãýýý/DFNýRIýVQDJVýIRUýFDYLW\ýQHVWLQJýKDELWDWýDQGýVWUXFWXUHVýIRUýODUJHýUDSWRU
QHVWVïýý3RWHQWLDOýHIIHFWVýIRUýSULPDU\ýFDYLW\ýQHVWRUVýõHJïýZRRGSHFNHUVôýDQGýVHFRQGDU\ýFDYLW\ýQHVWRUVýõHïJï
VZDOORZVñýVTXLUUHOVôï
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ìé

éïý 5HGXFHGý3URGXFWLYLW\ãýýý/DFNýRIýULSDULDQýYHJHWDWLRQýLQýGUDZGRZQý]RQHVâýHIIHFWVýRQýXQJXODWHVñýIXUEHDUHUVñ
VPDOOýPDPPDOVýDQGýVHYHUDOýVSHFLHVýRIýSDVVHULQHVýLQFOXGLQJýVRPHýQHRWURSLFDOýPLJUDQWVï

èïý :LOGOLIHý0LJUDWLRQãýýý,PSHGLPHQWVýWRýZLOGOLIHýPRYHPHQWýõHVSHFLDOO\ýODUJHýPDPPDOVôýFDXVHGýE\ýVWUXFWXUHVñ
UHVHUYRLUVýDQGýGLYHUVLRQVï

çïý (QWUDLQPHQWãýýý:LOGOLIHýõHVSHFLDOO\ýPDPPDOLDQôýPRUWDOLW\ýFDXVHGýE\ýGLYHUVLRQýRUýLQWDNHýVWUXFWXUHVñýWKURXJK
HQWUDLQPHQWýDQGýGURZQLQJïýý3RWHQWLDOýKD]DUGVýIRUýQRQýDTXDWLFýRUýZHDNýVZLPPLQJýDQLPDOVï

êïé :LOGOLIHý5HVWRUDWLRQý2EMHFWLYHV

2EMHFWLYHý ìãý ý 5HKDELOLWDWHý UHVHUYRLUý GUDZGRZQý ]RQHVý WRý HQKDQFHý SURGXFWLYLW\ý DQG
ZLOGOLIHýKDELWDWýLQý$ORXHWWHý/DNHï

'LVFXVVLRQã
6HHýOLPLWLQJýIDFWRUýúýéïýý,PSURYHýYHJHWDWLRQýLQýWKHýGUDZGRZQý]RQHï
•ý 'HYHORSýIRUHVKRUHýKDELWDWýFRPSOH[HVýDWýVXLWDEOHýORFDWLRQVï
•ý &UHDWHýQHVWLQJýFDYLWLHVýDQGýUDSWRUýSHUFKHVýZKHUHýEHQHILFLDOýWKURXJKýPDQDJHPHQWýDFWLYLWLHVýVXFKýDV

VQDJýFUHDWLRQï
•ý ,PSURYHýQHVWLQJýRSSRUWXQLWLHVýIRUýRVSUH\ýE\ýSURYLGLQJýDUWLILFLDOýQHVWLQJýVWUXFWXUHVï

2EMHFWLYHýëãýý&RQVHUYHýULSDULDQýDQGýZHWODQGýKDELWDWVýLQýWKHý$ORXHWWHý5LYHUýZDWHUVKHGï

'LVFXVVLRQã
6HHýOLPLWLQJýIDFWRUVýúýìýDQGýëïýý$VýSDUWýRIýDýMRLQWý$ORXHWWHð6WDYHýKDELWDWýFRQVHUYDWLRQ
LQLWLDWLYHñýLGHQWLI\ýNH\ýKDELWDWVýIRUýFRQVHUYDWLRQýRIýELRGLYHUVLW\ýDQGýHQKDQFHGýSURGXFWLRQï
•ý 8QGHUWDNHýFRQVHUYDWLRQñýWKURXJKýSURWHFWLYHýPHDVXUHVñýKDELWDWýDFTXLVLWLRQýDQGýRWKHUýPHDQVñýLQýWKH

$ORXHWWHý5LYHUýDQGîRUý6WDYHý5LYHUýZDWHUVKHGVï

2EMHFWLYHýêãýýý&UHDWHýRUýHQKDQFHýZHWODQGVýDQGýULSDULDQýKDELWDWVýIRUýDTXDWLFýVSHFLHV
õDPSKLELDQVñýZDWHUIRZOñýFDYLW\ýGHSHQGHQWýVSHFLHVñýVPDOOýPDPPDOVôï

'LVFXVVLRQã
6HHýOLPLWLQJýIDFWRUVýúýìýDQGýëïýý&RQVLGHUýYDULRXVýRSSRUWXQLWLHVýWRýG\NHýVHOHFWHG
GUDZGRZQýDUHDVýWRýKROGýZDWHUýGXULQJýJURZLQJýDQGýEUHHGLQJýVHDVRQýõVSULQJýDQGýVXPPHUôñ
RUýIDOOýPLJUDWLRQñýZKHQýUHVHUYRLUýLVýQRUPDOO\ýGUDZQýGRZQýDWýWKRVHýWLPHVï

•ý &UHDWHýDGGLWLRQDOýZHWODQGVýZKHUHýIHDVLEOHýWKURXJKýDFWLYLWLHVýVXFKýDVýIORRGLQJýVKDOORZýEDVLQVýLQýWKH
ZDWHUVKHGï

•ý &UHDWHýEDFNZDWHUýFKDQQHOýDQGýDVVRFLDWHGýULSDULDQýKDELWDWVýDORQJý$ORXHWWHý5LYHUýVHJPHQWVýZKHUH
UHGXFHGýGRZQVWUHDPýIORZVýKDYHýGLPLQLVKHGýQDWXUDOýFKDQQHOýFRPSOH[LW\ï

2EMHFWLYHýéãýýýý3URWHFWýVPDOOýJURXSVýRIýROGýRUýVHFRQGýJURZWKýWUHHVýLQýVWUDWHJLFýORFDWLRQV
IRUýFXUUHQWýDQGýIXWXUHýQHVWLQJýXVHýE\ýEDOGýHDJOHVýRUýRVSUH\Vï
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ìè

2EMHFWLYHýèãýýýý&UHDWHýXQJXODWHýZLQWHUýUDQJHï

'LVFXVVLRQã
:RUNýZLWKýIRUHVWU\ýFRPSDQLHVýWRýOHDYHýVKHOWHUýVWDQGVýLQýDVVRFLDWLRQýZLWKýORJJHGýFOHDULQJV
WKDWýSURYLGHýIRUDJHï
•ý (VWDEOLVKýYHJHWDWLRQýLQýWKHýUHVHUYRLUýGUDZGRZQý]RQHñýHVSHFLDOO\ýQHDUýFUHHNýRUýULYHUýGHOWDVï
•ý $VVHVVýSRWHQWLDOýWRýUHðLQWURGXFHýHONï

2EMHFWLYHýçãýýýý,PSURYHýWKHýNQRZOHGJHýEDVHýRQýUDUHñýHQGDQJHUHGýDQGýWKUHDWHQHGýVSHFLHV
DQGýKDELWDWýXWLOL]DWLRQýLQýWKHý$ORXHWWHýZDWHUVKHGï
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ìç

éï $/28(77(ý5,9(5ý:$7(56+('ý5()(5(1&(6

%&ý(/(&75,&ý&255(6321'(1&(ýðý63(&,$/ý&2//(&7,216ñý81,9(56,7<ý2)ý%&

-XO\ýêìñýìäëèñýOHWWHUýIURPý%XUUDUGý3RZHUý&Rïý/WGýWRý&URZQý7LPEHUýDJHQWã
$UHDýRIýVXEPHUJHQFHýEHWZHHQýQRUPDOýORZýZDWHUñýééìýIWñýDQGýQRUPDOýKLJKýZDWHUñýéåëýIWñýLVýDSSUR[ïýçííýDFUHVâýýDUHDýRI
VXEPHUJHQFHýLQYROYHVýWKUHHýDUHDVãý/RZHUý/DNHýõìííýDFUHVôñý*ROGý&UHHNý)ODWýõæíýDFUHVôýDQGý8SSHUýHQGýRIý8SSHUýODNHýõçèýDFôãýWKH
EHOWýDURXQGýWKHýODNHýERUGHUVâýëìýPLOHVýDQGýDQýDYHUDJHýZLGWKýRIýëêíýIWï

3URSRVHGý$ORXHWWHý3RZHUý'HYHORSPHQWñý*HQHUDOý'HVFULSWLRQýDQGý6SHFLILFDWLRQV§ñýìäëêã
¦$WýORZýZDWHUýWKHUHýDUHýDFWXDOO\ýWZRýODNHVñýVHSDUDWHGýE\ýDýQDUURZýVWUHWFKýRIýIORZLQJýZDWHUýDERXWýåííýIHHWýLQýOHQJWKâýWKHýGLIIHUHQFH
LQýHOHYDWLRQýEHWZHHQýWKHýWZRýODNHVýLVýDSSUR[LPDWHO\ýëýIHHWï§âýýFRPELQHGýDUHDýRIýWKHýWZRýODNHVýLVýêñéåèýDFUHVâýHOHYïýDSSUR[ïýêæìýIW
DERYHýPHDQýVHDýOHYHO

éïì 0DSýDQGý$LUý3KRWRý5HIHUHQFHV

5HIHUHQFH /RFDWLRQý6RXUFH
0DSýRIý6WDYHý/DNHýDQGý$ORXHWWHý/DNHñý:HVWHUQý3RZHUý&Rï éëëð&ììð(éêñý%&ý+\GUR
3ODQýWRýDFFRPSDQ\ý:HVWHUQý&DQDGDý3RZHUý&Rï©VýDSSOLFDWLRQñýQïGï
ìèýFKVý ýìýLQâýëêèýDQGýëéíýIWýFRQWRXUV

éëëð&ììð;åííéñý%&ý+\GUR

3ODQýVKRZLQJýSURSHUW\ýRZQHGýDQGýFRQWUROOHGýE\ý:HVWHUQý3RZHU
&RýRIý&DQDGDý/WGïâýìýLQý ýëíýFKVýñý0D\ýìäëå

éëëð&ëêð;ëýDQGýéëëð&ììð(åíìíîììñýý%&ý+\GUR

0DSýRIý1HZý:HVWPLQVWHUý'LVWULFWñýìäìêâýDSSUR[ïýìãæíñííí
VKRZLQJý&RTXLWODPý/DNHñý3LWWý/DNHýDQGý/LOORRHWý/DNHV

8%&ýPDSýOLEUDU\

$ORXHWWHý$LUý3KRWRVñýìäéíýDQGýìäéì %&ýëíêãéèýDQGýäçâ
%&ýìäæãê

éïë +\GURý)DFLOLW\ýDQGý)LVKý5HIHUHQFHV

5HIHUHQFH 1RWHV 6RXUFHV
$QGHUVRQñý&ïýìäååïý$ORXHWWHý/DNHýLQOHWVýGHEULVýFOHDUDQFHïý+DELWDW
&RQVHUYDWLRQý)XQGý3URMHFWïý3UHSDUHGýIRUý%ï&ïý0LQLVWU\ýRI
(QYLURQPHQWñý6XUUH\ñý%ï&ïý5HJLRQDOý)LVKHULHVý5HSRUWý/0ðìééïýèëýSï

%&ý+\GUR

$QGUHZñý )ï-ïñý DQGý 6ï5ïý .LOOLFNïý ìäèæïý $ý VWXG\ý RIý WKHý IHDVLELOLW\ý RI
SODQWLQJý VRFNH\Hý LQý WKHý 6WDYHý5LYHUýZDWHUVKHGïý ,QWHUQDWLRQDOý 3DFLILF
6DOPRQý)LVKHULHVý&RPPLVVLRQïý1HZý:HVWPLQVWHUñý%ï&ïýìíýSï

GLVFXVVHGýUHðLQWURGXFWLRQýRI
VDOPRQ

3DFïý6DOPRQý&RPPï
DUFKLYHýILOHýìêæíïìð
ìë

$QGUHZñý)ï-ïñý3ï%ïý6D[YLNýDQGý+ïý+LOW]ïýìäåëïý6RXWKý$ORXHWWHý5LYHUã
VXPPDU\ýRIýREVHUYDWLRQVñý6HSWHPEHUýìäåëïý0HPRïýUHSRUWï
,QWHUQDWLRQDOý3DFLILFý6DOPRQý)LVKHULHVý&RPPLVVLRQïý1HZ
:HVWPLQVWHUñý%ï&ïýèýSï

FLWHGýLQý+LUVWýìääì

$QRQïý ìäèçïý 6DOPRQý SUREOHPVñý VDOPRQý UHVHDUFKý DQGý K\GURý SRZHU
GHYHORSPHQWïý 7KHý )LVKHULHVý 5HVHDUFKý %RDUGý RIý &DQDGDñý %LRORJLFDO
6WDWLRQñý1DQDLPRñý%ï&ï

FLWHGýLQý6ODQH\ýìäæê

$QRQïý ìäççïý $ý SURSRVHGý ILVKHU\ýPDQDJHPHQWý SURJUDPý IRUý $ORXHWWH
/DNHïý%ï%ïý0LQLVWU\ýRIý(QYLURQPHQWýõ6XUUH\ôý5HSRUWý/0ýèíçïå

FLWHGýLQý:LOVRQýHWýDO
ìäää

$TXDWLFý5HVRXUFHVý/WGïýìääéïý$ORXHWWHý/DNHãý'UHGJLQJý3URMHFW
(QYLURQPHQWDOý$VVHVVPHQWïý3UHSDUHGýIRUý%&ý+\GURý(QYLURQPHQWDO
$IIDLUVý'LYLVLRQñý%XUQDE\ñý%&ïýýêëýSï

%&ý+\GUR

$UFDý&RQVXOWLQJý$UFKDHRORJLVWVý/WGïýìääìïý$ORXHWWHýGDPýVSLOOZD\
UHKDELOLWDWLRQýDUFKDHRORJLFDOýLPSDFWýDVVHVVPHQWïý3UHSDUHGýIRUý%ï&ï
+\GURï

FLWHGýLQý:LOVRQýHWýDO
ìäää
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ìæ

5HIHUHQFH 1RWHV 6RXUFHV
%UHWWñý-ï5ïýìäèæïýý,PSOLFDWLRQVýDQGýDVVHVVPHQWVýRIýHQYLURQPHQWDO
VWUHVVïý7KHýLQYHVWLJDWLRQVýRIý)LVKý¤ý3RZHUýSUREOHPVïýSSïýçä¤åêï

FLWHGýLQý6ODQH\ýìäæê

%UHWWñý-ï5ïýìäèçïýý6DOPRQýSUREOHPVñýVDOPRQýUHVHDUFKýDQGýK\GURýSRZHU
GHYHORSPHQWïý06ýIURPý)LVKHULHVý5HVHDUFKý%RDUGýRIý&DQDGDñý3DFLILF
%LRORJLFDOý6WDWLRQñý1DQDLPRñý%ï&ï

FLWHGýLQý6ODQH\ýìäæê

%&ý(OHFWULFý&Rïýìäëèïýý)DOOLQJýRIýXQPHUFKDQWDEOHýWLPEHUýIURP
VXEPHUJHGýDUHDVýRIý$ORXHWWHý/DNHïý%ï&ïý(OHFWULFý&ROOHFWLRQñý6SHFLDO
&ROOHFWLRQVñý8%&ïý-XO\ýêìï

8%&ý6SHFLDO
&ROOHFWLRQV

%&ý)LVKýDQGý*DPHý%UDQFKïýìäçäïýý)ORZVýLQýWKHý6RXWKý$ORXHWWHý5LYHUï
,QWHUQDOýPHPRïýIURPý*ý$ïý:HVWýWRý,ï/ïý:LWKOHUñý)LVKýDQGý*DPH
%UDQFKñý%&ý'HSWïý5HFUHDWLRQýDQGý&RQVHUYDWLRQïý%XUQDE\ñý%&ïýëí
0DUFKýìäçäï

FLWHGýLQý+LUVWýìääì

%&ý+\GURïýìäåìïýý5HFRQQDLVVDQFHýVWXG\ýRIýH[LVWLQJý%ï&ïý+\GUR
UHVHUYRLUVïý5HVHUYRLUý/DQGý0DQDJHPHQWý'HSWïñý%&ý+\GURñý%XUQDE\

LQYHQWRU\ýIRUýUHFUHDWLRQDO
UHVRXUFHýVWXGLHV

%&ý+\GUR

%&ý+\GURïýìäåêïýý8QH[SHFWHGýUHOHDVHýRIýKLJKýIORZýRYHUý$ORXHWWH
'DPïý/HWWHUýIURPý-ý$ïý-DPLHVRQýWRý/ïý'XWWDñý')2ïý9DQFRXYHUñý%ï&ï
êíý0DUFKýìäåêï

FLWHGýLQý+LUVWýìääì

%&ý+\GURïýìäåèïýýý$ORXHWWHý'DPý¤ý2SHUDWLRQýDQGý0DLQWHQDQFH
0DQXDOïý%ï&ïý+\GURïý0DQXDOý20éëìîíëý$5ìèéï

*HQHUDOýWHFKQLFDOýGDWDýRQ
$ORXHWWHý'DPï

%&ý+\GUR

%&ý+\GURïýìääìïýý$ORXHWWHý6SLOOZD\ýDQGý/RZý/HYHOý2XWOHW
5HKDELOLWDWLRQñý(QYLURQPHQWDOý0DQDJHPHQWý3ODQïý%ï&ïý+\GURñ
(QYLURQPHQWDOý5HVRXUFHVñý&RUSRUDWHýDQGý(QYLURQPHQWDOý$IIDLUVï
5HSRUWý1Rïý(5ðäíðììïýêéýSï

%&ý+\GUR

%&ý+\GURïýìääìïý%ï&ïý+\GURýRIILFLDOýLQIORZýGDWDýUHFRUGýIRUýìäçíð
ìääìïý3RZHUý6XSSO\ý2SHUDWLRQVñý%&ý+\GURñý%XUQDE\ï

FLWHGýLQý%&+ý6WDYH
)DOOVýýìääå

%&ý+\GURïýìääêïýý$ORXHWWHý'DPý¤ýìääêýORZýOHYHOýRXWOHW
UHKDELOLWDWLRQãýVXPPDU\ýRIýUHTXLUHPHQWVïý5HSRUWý1Rïý$/ð65ðèï

%&ý+\GUR

%&ý+\GURïýìääèïý$ORXHWWHý5LYHUý)LVKý)ORZý6WXG\ãý+DELWDWý,QYHQWRU\ï
5HSRUWý1Rïý6)3äçð$/8ðíìïýìëýSï

%&ý+\GUR

%&ý+\GURïýìääèïý$ORXHWWHý5LYHUý)LVKý)ORZý6WXG\ãý6WXG\ý6LWHVïý%&
+\GURý6WUDWHJLFý)LVKHULHVý3URMHFWïý5HSRUWý1Rïý6)3äçð$/8ðíëïýëýSï

èíýFRORXUýSKRWRV %&ý+\GUR

%&ý+\GURïýìääèïýý$ORXHWWHý5LYHUýILVKýIORZýVWXG\ýSODQïý%&ý+\GURýILOH
éëìðëëèõíôï

%&ý+\GUR

%&ý+\GURïýìääçïýý$ORXHWWHý*HQHUDWLQJý6WDWLRQý:DWHUý8VHý3ODQïýëè
6HSWHPEHUïýëêýSï

%&ý+\GUR

%&ý+\GURïýìääæïýý$ORXHWWHý'DPïý%ï&ïý+\GURýK\GURðHOHFWULFýSURMHFW
GDWDïý&LYLOý,QVSHFWLRQýGHSDUWPHQWýRIý0DLQWHQDQFHý(QJLQHHULQJýDQG
3URMHFWVï

%&ý+\GUR

%&ý+\GURïýìääåïýý6WDYHý)DOOVñý5XVNLQýDQGý$ORXHWWHý5LYHUý)LHOG
)DFLOLW\ý*XLGHïý%ï&ïý+\GURñý3RZHUý)DFLOLWLHVïý)LOHý1Rïýìèðëííïíëëïýææ
Sï

%&ý+\GUR

%&ý+\GURïýìääåïýý5DUHýHOHPHQWýRFFXUUHQFHãý)LHOGýJXLGHýWRýWKHýUDUH
DQGýHQGDQJHUHGýVSHFLHVýIRXQGýZLWKLQýWKHýZDWHUVKHGýERXQGDULHVýRI
HDFKý%&+ýIDFLOLW\ïýý6WUDWHJLFý)LVKHULHVñý3RZHUý6XSSO\ý2SHUDWLRQVñ
%XUQDE\ñý%&ï

%&ý+\GUR

%&ý0LQLVWU\ýRIý(QYLURQPHQWñý/DQGVýDQGý3DUNVïýQGïýý6DOPRQ
HVFDSHPHQWVýRIý$ORXHWWHý5LYHUýìäéæðìäåêïý3XEïýìììï

FLWHGýLQý:LOVRQýHWýDO
ìäääýýõ6XUUH\ý0(/3ô

%&ý0LQLVWU\ýRIý(QYLURQPHQWïýìäæäïýý$ORXHWWHý'DPýILVKýOLIWïý/HWWHU
IURPý0LQLVWHUýWRý:DUQHUý)LVKZD\Vý/WGïý%XUQDE\ñý%ï&ïýëäý-DQXDU\
ìäæäï

FLWHGýLQý+LUVWýìääì

%&ý0LQLVWU\ýRIý(QYLURQPHQWýDQGý'HSDUWPHQWýRIý)LVKHULHVýDQG
2FHDQVïýìäååïýý6WUHDPýLQYHQWRU\ýVXPPDU\ïý6XEGLVWULFWýúëä&ï

FLWHGýLQý5DPVH\ýìääè

%&ý0LQLVWU\ýRIý(QYLURQPHQWýDQGý'HSDUWPHQWýRIý)LVKHULHVýDQG
2FHDQVïýìääéïýý'UDIWïý6WUHDPýLQYHQWRU\ýPDQXDOï

FLWHGýLQý5DPVH\ýìääè

%&ý0LQLVWU\ýRIý)LVKHULHVïýìäåíïýý$XJXVWýêñýìäæäýODNHýVXUYH\ýDQG
EDWK\PHWHULFýPDSý$ORXHWWHý/DNHïý,QYHQWRU\ý6HFWLRQñý%ï&ïý0LQLVWU\ýRI
)LVKHULHVñý9LFWRULDý%ï&ï

FLWHGýLQý:LOVRQýHWýDO
ìäää

%URZQñý5ï)ïñýDQGý0ï0ïý0XVJUDYHïýìäæäïýý3UHOLPLQDU\ýFDWDORJXHýRI
VDOPRQýVWUHDPVýDQGýVSDZQLQJýHVFDSHPHQWVýRIý0LVVLRQð+DUULVRQýVXEð
GLVWULFWïý&DQïý'DWDý5HSïý)LVKïý$TXDWïý6FLïýìêêïýìèæýSï

FLWHGýLQý+LUVWýìääì



%ULGJHð&RDVWDOý)LVKý÷ý:LOGOLIHý5HVWRUDWLRQý3URJUDP
9ROXPHýëãýýýýýýýýýý$/28(77(ýý5,9(5ý:$7(56+('

ìå

5HIHUHQFH 1RWHV 6RXUFHV
%UXFHñý-ï$ïýìääèïýý$ORXHWWHý5LYHUýILVKýIORZýVWXG\ãýVWXG\ýVLWHVïý%&
+\GURý5HSRUWý1Rïý6)3ð$/8ðíëï

FLWHGýLQý+LJJLQVýìääç

%UXFHñý-ï$ïýìääçDïýý$ORXHWWHý5LYHUýILVKýIORZýVWXG\ãýWULEXWDU\ýLQIORZ
DVVHVVPHQWïý%ï&ïý+\GURñý6WUDWHJLFý)LVKHULHVý3URMHFWïý5HSRUWý1Rïý6)3ð
$/8ðíêï

FLWHGýLQý+LJJLQVýìääç

%UXFHñý-ï$ïýìääçEïýý$ORXHWWHý5LYHUýILVKýIORZýVWXG\ãýSK\VLFDOýKDELWDW
PRGHOOLQJýDVVHVVPHQWïý%ï&ïý+\GURñý6WUDWHJLFý)LVKHULHVýSURMHFWïý5HSRUW
1Rïý6)3ð$/8ðíêï

FLWHGýLQý+LJJLQVýìääç

%UXFHñý-ïýìääèïýý$ORXHWWHý5LYHUýILVKýIORZýVWXG\ãýVWXG\ýVLWHVïý3UHSDUHGýE\
%ï&ïý+\GURñý6WUDWHJLFý)LVKHULHVý3URMHFWïý5HSRUWý1Rïý6)3äçð$/8ðíëï

%&ý+\GUR

%UXFHñý-ïýìääéïýý$ORXHWWHý/DNHãý'UHGJLQJý3URMHFWý(QYLURQPHQWDO
$VVHVVVPHQWïý3UHSDUHGýIRUý%ï&ïý+\GURñý(QYLURQPHQWDOý$IIDLUVýE\
$TXDWLFýUHVRXUFHVý/WGïýêëýSï

%&ý+\GUR

%UXFHñý-ï$ïýDQGý(ïý3HWWLJLDQLïýìääéïýý$ORXHWWHý5LYHUý6SDZQLQJý&KDQQHOã
ìääêý¤ýìääéýJUDYHOýVDPSOLQJïý3UHSDUHGýE\ý$TXDWLFý5HVRXUFHVý/WGïýIRU
%ï&ïý+\GURñý%XUQDE\ñý%ï&ïýäýSï

%&ý+\GUR

%UXFHñý-ïýDQGý(ïý3HWWLJLDQLïýìääèïýý$ORXHWWHý5LYHUý6SDZQLQJý&KDQQHOã
ìääêýðýìääéý*UDYHOý6DPSOLQJïý$TXDWLFý5HVRXUFHVý/WGïý3UHSDUHGýIRUý%&
+\GURý(QYLURQPHQWDOý$IIDLUVý'LYLVLRQñý%XUQDE\ñý%&ïýäýSï

%&ý+\GUR

%XUUDUGý3RZHUý&RPSDQ\ïýìäëêïýý3URSRVHGý$ORXHWWHý3RZHU
'HYHORSPHQWïý*HQHUDOýGHVFULSWLRQýDQGýVSHFLILFDWLRQVïý$ORXHWWHý'DPã
WHFKQLFDOýGDWDýERRNï

%&ý+\GURâ
8%&ý6SHFLDO
&ROOHFWLRQV

&DUSHQWHUñý(ï(ïýìäëæïýý7KHýZDWHUýSRZHUýGHYHORSPHQWVýRIýWKH
$ORXHWWHð6WDYHð5XVNLQýJURXSýRIýWKHý%ULWLVKý&ROXPELDý(OHFWULF
5DLOZD\ý&RPSDQ\ñý/LPLWHGïý(QJLQHHULQJý-RXUQDOñý-DQXDU\ýìäëæïýêäýSï

KLVWRULFDOýDFFRXQW &LW\ý9DQFRXYHU
$UFKLYHVãý3$0
ìäëæðéç

&ODUNñý%ïýìäåèïýý6WDWXVý5HSRUWýRQýWKHý$ORXHWWHý5LYHUýðý:LQWHUý5XQ
6WHHOKHDGïý0LQLVWU\ýRIý(QYLURQPHQWñý6XUUH\ñý%ï&ï

FLWHGýLQý5DPVD\ýDQG
:HVWFRWWýìääè

&RSHñý6ïýìääåïýý$ORXHWWHý5LYHUýVDOPRQLGýVPROWýPLJUDWLRQ
HQXPHUDWLRQãýìääåý'DWDý5HSRUWïý3UHSDUHGýIRUýWKHý$ORXHWWHý5LYHU
0DQDJHPHQWý&RPPLWWHHñý0DSOHý5LGJHñý%ï&ïýFîRý%ï&ïý+\GURñý3RZHU
)DFLOLWLHVñý(QYLURQPHQWDOý6HUYLFHVýE\ý,QWHULRUý5HIRUHVWDWLRQý&Rïý/WGïñ
&UDQEURRNñý%ï&ïýêìýSï

%&ý+\GUR

&RSHñý6ïýìäääïýý$ORXHWWHý5LYHUýVDOPRQLGýVPROWýPLJUDWLRQ
HQXPHUDWLRQãýìäääý'DWDý5HSRUWïý3UHSDUHGýIRUýWKHý$ORXHWWHý5LYHU
0DQDJHPHQWý&RPPLWWHHñý0DSOHý5LGJHñý%ï&ïýFîRý%ï&ïý+\GURñý3RZHU
)DFLOLWLHVñý(QYLURQPHQWDOý6HUYLFHVñý%XUQDE\ñý%ï&ïýE\ý:HVWVORSH
)LVKHULHVñ&UDQEURRNñý%ï&ïýêëýSï

%&ý+\GUR

&RSHVñý3ïýìääåïýý&RSLQJýZLWKýWKHýFRKRýFULVLVãýDýFRQVHUYDWLRQðPLQGHGñ
VWDNHKROGHUðVHQVLWLYHýDQGýFRPPXQLW\ðRULHQWHGýVWUDWHJ\ïý5HSRUW
FRPPLVVLRQHGýE\ýWKHý+RQïý'HQQLVý6WUHLIHOñý0LQLVWHUýRIý)LVKHULHVýRI
%ULWLVKý&ROXPELDï
&XUWLVñý%ïýìäèäïýý&KDQJHVýLQýDýULYHU©VýSK\VLFDOýFKDUDFWHULVWLFVýXQGHU
VXEVWDQWLDOýUHGXFWLRQVýLQýIORZýGXHýWRýK\GURHOHFWULFýGLYHUVLRQïý&DOLIï
'HSWïý)LVKý÷ý*DPHñýéèãìåìðìååï

FLWHGýLQý6ODQH\ýìäæê

'DYLHVñý5ïýìääåïýý(VWLPDWLRQýRIýWKHýìääæý6RXWKý$ORXHWWHý5LYHUýFKXP
VDOPRQýHVFDSHPHQWïý3UHSDUHGýIRUýWKHý$ORXHWWHý5LYHUý0DQDJHPHQW
&RPPLWWHHï

FLWHGýLQý&RSHýìäää

'HSDUWPHQWýRIýWKHý(QYLURQPHQWïýìäæêïýý0LQLPXPý)ORZý5HTXLUHPHQWV
$ORXHWWHý5LYHUïý3UHSDUHGýIRUý)LVKHULHVýDQGý0DULQHý6HUYLFHVï
'HSDUWPHQWýRIý)LVKHULHVýDQGý2FHDQVïýìäåêïýý5HFRQVWUXFWLRQýRIýWKH
6RXWKý$ORXHWWHý'DPïý,QWHUQDOýPHPRýIURPý2ï(ïý/DQJHUýWRý/ïý'XWWDñ
9DQFRXYHUñý%ï&ïýëëý0DUFKýìäåêï

FLWHGýLQý+LUVWýìääì

'HSDUWPHQWýRIý)LVKHULHVýDQGý2FHDQVýDQGý%&ý0LQLVWU\ýRI
(QYLURQPHQWïýìääìïýý6WUHDPýVXPPDU\ýFDWDORJXHýIRUý0LVVLRQïý'HSWïýRI
)LVKHULHVýDQGý2FHDQVñý9DQFRXYHUï

FLWHGýLQý%&+ý6WDYH
)DOOVýýìääå

'ULYHUñý-ï&ïñýDQGý7ï&ïý6SXUJHRQïýìääåïýý7KHý$ORXHWWHý5LYHUýDQGýWKH
.DW]LHý)LUVWý1DWLRQïý3UHSDUHGýIRUý%ï&ïý+\GURñý(QYLURQPHQWDOý6HUYLFHV
DQGý.DW]LHý)LUVWý1DWLRQ
ï

FLWHGýLQý:LOVRQýHWýDOO
ìäää



%ULGJHð&RDVWDOý)LVKý÷ý:LOGOLIHý5HVWRUDWLRQý3URJUDP
9ROXPHýëãýýýýýýýýýý$/28(77(ýý5,9(5ý:$7(56+('

ìä

5HIHUHQFH 1RWHV 6RXUFHV
(OPñý&ï&ïýìääíïýý)LVKHULHVýFRQFHUQVýDQGýFXUUHQWýVWDWXVýRIýPDQDJHPHQW
UHFRPPHQGDWLRQVýRQýWKHý6RXWKý$ORXHWWHý5LYHUïý3UHSDUHGýIRUý%ï&ï
+\GURñý(QYLURQPHQWDOý5HVRXUFHVï

FLWHGýLQý7ULWRQýìääê

(OVRQñý0ï6ïýìäåèïýý$ýUHYLHZýRIýWKHý3LWWý5LYHUýZDWHUVKHGïý3UHSDUHGýE\
1RUWKHUQý1DWXUDOý5HVRXUFHý6HUYLFHVý/WGïñý9DQFRXYHUñý%&ýIRUý1HZ
3URMHFWVý8QLWñý6DOPRQLGý(QKDQFHPHQWý3URJUDPñý'HSWïýRIý)LVKHULHV
DQGý2FHDQVñý9DQFRXYHUñý%&ï

FLWHGýLQý&RSHýìäää

)DDFKLQñý$ïñýDQGý*ïý.LQJïýìäåíïýý/DNHýVXUYH\ýDQGýVWRFNLQJýUHFRUGýIRU
WKHý/RZHUý0DLQODQGý5HJLRQýRIý%ULWLVKý&ROXPELDïý%ï&ïý0LQLVWU\ýRI
(QYLURQPHQWñý7HFKïý&LUFïý1Rïýéæï
)DDFKLQñý$ïýDQGý3ï$ïý6ODQH\ïýìääæïýý0DQDJHPHQWýLPSOLFDWLRQVýRI
VXEVWUDWHýXWLOL]DWLRQýGXULQJýVXPPHUýE\ýMXYHQLOHýVWHHOKHDGýWURXWý6DOPR
JDLUGQHULýLQýWKHý6RXWKý$ORXHWWHý5LYHUïý0ï5ï&ïý)LVKïý:LOGOïý%Uïñý)LVKï
7HFKïý&LUFïý1RïýêëïýìíýSï

FLWHGýLQý%&ý+\GUR
ìääì

)DUZHOOñý0ï.ïñý1ï'ïý6FKXEHUWñý.ï+ïý:LOVRQýDQGý&ï5ïý+DUULVRQïýìäåæï
6DOPRQý(VFDSHPHQWýWRý6WUHDPVý(QWHULQJý6WDWLVWLFDOý$UHDVýëåýDQGýëäñ
ìäèìýWRýìäåèïý&DQDGLDQý'DWDý5HSRUWýRIý)LVKHULHVýDQGý$TXDWLF
6FLHQFHVýçíìïýìççýSï
)LVKHUñý6ï*ïýDQGý$ïý/D9R\ïýìäæëïýý'LIIHUHQFHVýLQýOLWWRUDOýIDXQDýGXHýWR
IOXFWXDWLQJýZDWHUýOHYHOVýEHORZýDýK\GURHOHFWULFýGDPïý-ïý)LVKïý5HVïý%Gï
&DQDGDýëäãìéæëðìéæçï

FLWHGýLQý6ODQH\ýìäæê

)RHUVWHUñý5ï(ïýìäêìïýý7KHýUHDFWLRQVýRIýVRPHýVRFNH\HýWRýDýSRZHUýGDPï
7UDQVïý$PHUïý)LVKïý6RFïýçíãýëééðëéäï

GHWDLOVýRIýìVWýEORFNDJHýRIýVDOPRQ
WRý$ORXHWWHýLQýìäëæï

FLWHGýLQýý3DFïý6DOPï
&RPPïýDUFKLYH
ììåíïìðìä

)RVNHWWñý'ï5ïýìäéêïýý2EVWUXFWLRQVýWRýVRFNH\HýRQýWKHý)UDVHUý5LYHU
ZDWHUVKHGïýý,QWOïý3DFLILFý6DOPRQý)LVKïý&RPPïñý9DQFRXYHUïý)LOH
ììåíïìðéçïýèýSï

3DFïý6DOPRQý&RPPï

*LQHW]ñý5ïýDQGý*ïý1HLOVHQïýìäåíïýý5HYLHZýRIýHQKDQFHPHQWýSRWHQWLDO
IRUýFKLQRRNýDQGýFRKRýVDOPRQýVWRFNVýLQýWKHý)UDVHUý5LYHUýZDWHUVKHGï
)LVKHULHVý÷ý2FHDQVý&DQDGDïý6PDOOý3URMHFWVý'LYLVLRQý0HPRUDQGXPñ
ìæýSï

FLWHGýLQý5RRGý÷
+DPLOWRQýìääè

*ULIILWKñý5ï3ïýìäåêïýý$VVHVVPHQWýRIýVWHHOKHDGýIU\ýUHOHDVHýDQGýWURXW
HQKDQFHPHQWýSRWHQWLDOýLQý*ROGý&UHHNýõWULEXWDU\ýWRý$ORXHWWHý/DNHôï
5HFRQQDLVVDQFHýUHSRUWñý0LQLVWU\ýRIý(QYLURQPHQWñý/DQGVýDQGý3DUNVñ
)LVKýDQGý:LOGOLIHý%UDQFKñý6XUUH\ýñý%ï&ïý/0èíæï

FLWHGýLQý.QLJKWýìäåæ

*ULIILWKñý5ï3ïýDQGý-ï5ï/ïý5XVVHOOïýìäåíïýý(QKDQFHPHQWýRSSRUWXQLWLHVýIRU
DQDGURPRXVýWURXWýDQGýSRWHQWLDOýIRUýFRRSHUDWLYHýPDQDJHPHQWýLQýWKH
$ORXHWWHý5LYHUVýZDWHUVKHGïý6XPPDU\ýUHSRUWïý3UHSDUHGýIRUýWKHý)LVKýDQG
:LOGOLIHý%UDQFKñý%ï&ïý0LQLVWU\ýRIý(QYLURQPHQWñý9LFWRULDñý%ï&ïýììäýSï

FLWHGýLQý%&ý+\GUR
ìääè

+DPLOWRQñý-ïýìääêïýý6RXWKý$ORXHWWHý5LYHUýMXYHQLOHýVWHHOKHDG
DVVHVVPHQWýðýVXPPHUýìääêïý8QSXEOLVKHGýPDQXVFULSWñý0LQLVWU\ýRI
(QYLURQPHQWñý)LVKýDQGý:LOGOLIHý%UDQFKñý6XUUH\ñý%ï&ïýèíýSï

%&ý+\GUR

+DQFRFNñý0ï-ïýDQGý'ï(ïý0DUVKDOOïýìäåèïýý&DWDORJXHýRIýVDOPRQýVWUHDPV
DQGýVSDZQLQJýHVFDSHPHQWVýRIý6WDWLVWLFDOý$UHDýëäñý1HZý:HVWPLQVWHU
6XEGLVWULFWïý&DQïý'DWDïý5HSWïý)LVKïý$TXDWïý6FLïý1RïýéäèïýäíýSï

FLWHGýLQý%&ý+\GUR
ìääì

+DUWPDQñý*ï)ïýìäçåïýý*URZWKýUDWHýDQGýGLVWULEXWLRQýRIýVRPHýILVKHVýLQ
WKHý&KLOOLZDFNñý6RXWKý$ORXHWWHýDQGý6DOPRQýULYHUVïýý%ï&ïý)LVKýDQG
:LOGOLIHý%UDQFKý0JPWý3XEïýììñý9LFWRULDïýêêýSï

FLWHGýLQý+LUVWýìääì

+LJJLQVñý3ïýìääéïýý3URSRVHGýVWXG\ýSODQýIRUý$ORXHWWHý5LYHUýILVKýIORZ
VWXG\ýõGUDIWôïý%&ý+\GURñý%XUQDE\ñý%&ï

FLWHGýLQý5DPVH\ýìääè

+LJJLQVñý3ïýìääçïýõGUDIWôýý$ORXHWWHý5LYHUýILVKýIORZýVWXG\ãýIOXVKLQJ
IORZýDVVHVVPHQWïý3UHSDUHGýE\ý%ï&ïý+\GURñý6WUDWHJLFý)LVKHULHVý3URMHFWï
5HSRUWý1Rïý6)3äçð$/8ðíæïýëíýSï

%&ý+\GUR

+LUVWñý6ï0ïýìääìïýý,PSDFWVýRIýWKHýRSHUDWLRQýRIýH[LVWLQJýK\GURHOHFWULF
GHYHORSPHQWVýRQýILVKHU\ýUHVRXUFHVýLQý%ULWLVKý&ROXPELDïý9ROXPHýìï
$QDGURPRXVýVDOPRQïý&DQDGLDQý0DQXVFULSWý5HSRUWýRIý)LVKHULHVýDQG
$TXDWLFý6FLHQFHVýëíäêïýìééýSï

$OOýILYHýVDOPRQýVSHFLHV
KLVWRULFDOO\ýRFFXUUHGýLQýWKH
$ORXHWWHý5LYHUýV\VWHPýõ0F0\QQ
ìäèêôïý/DUJHýUXQVýRIýVRFNH\Hñ
FKLQRRNñýFRKRñýFKXPñýVWHHOKHDG
DQGýFXWWKURDWýWRRNýSODFHýWR
$ORXHWWHý/DNHýSULRUýWRýìäëçïý*ROG



%ULGJHð&RDVWDOý)LVKý÷ý:LOGOLIHý5HVWRUDWLRQý3URJUDP
9ROXPHýëãýýýýýýýýýý$/28(77(ýý5,9(5ý:$7(56+('

ëí

5HIHUHQFH 1RWHV 6RXUFHV
&UHHNýZDVýUHSRUWHGýDVýEHLQJýDQ
LPSRUWDQWýVSDZQLQJýVWUHDPï
&KLQRRNýZHUHýQRWýUHSRUWHGýDIWHU
FRQVWUXFWLRQýRIýWKHý$ORXHWWHý'DP
LQýìäëçñýDQGýVRFNH\HýGLVDSSHDUHG
LQýìäêíï

+LUVWñý6ï0ïýìääìEïýý,PSDFWVýRIýWKHýRSHUDWLRQýRIýH[LVWLQJýK\GURHOHFWULF
GHYHORSPHQWVýRQýILVKHU\ýUHVRXUFHVýLQý%ULWLVKý&ROXPELDïý9ROXPHýëï
,QODQGýILVKHULHVïý&DQDGLDQý0DQXVFULSWý5HSRUWýRIý)LVKHULHVýDQGý$TXDWLF
6FLHQFHVýëíäêïýëííýSï

5HVLGHQWýILVKýDQGýDQDGURPRXV
WURXWýDQGýFKDUýLVVXHVï

+ROGHUñý&ï:ïñý0ïýý0DUJROLVýìääëïý5HGHVLJQýRIýWKHý$ORXHWWHý'DP
6SLOOZD\ïýý0RQWUHDOý&DQDGLDQý(OHFWULFDOý$VVRFLDWLRQñý(QJLQHHULQJýDQG
2SHUDWLQJý'LYLVLRQñý+\GUDXOLFý3RZHUý6HFWLRQñý+\GUDXOLFý6WUXFWXUHVï

8%&ý/LEUDU\

+RXUVWRQñý:ï5ïýìäèåïýý3RZHUýGHYHORSPHQWVýDQGýDQDGURPRXVýILVKýLQ
%ULWLVKý&ROXPELDñýSSïýìèðëêïý,Qý7KHýLQYHVWLJDWLRQýRIý)LVKý¤ý3RZHU
SUREOHPVñý+ï5ïý0DF0LOODQýOHFWXUHVýLQý)LVKHULHVñý8QLYïýRIý%ULWLVK
&ROXPELDñý9DQFRXYHUñý%ï&ï
+RZDUGý3DLVKý÷ý$VVRFLDWHVý/WGïýDQGý:HVWHUQý5HQHZDEOHý5HVRXUFHVï
ìäåæïý$QJOHUýVXUYH\ãý$ORXHWWHý/DNHý¤ýìäåçïý)LVKHULHVý%UDQFKñ
0LQLVWU\ýRIý(QYLURQPHQWñý/DQGVýDQGý3DUNVñý6XUUH\ñý%ï&ïý5HJLRQDO
)LVKHULHVý5HSRUWý1Rïý/0ììçïýìäýSï

%&ý+\GUR

,QODQGý:DWHUVý'LUHFWRUDWHïýìääìïýý+LVWRULFDOýVWUHDPIORZýVXPPDU\
%ULWLVKý&ROXPELDýWRýìääíïý,QODQGý:DWHUVý'LUHFWRUDWHñý:DWHUý5HVRXUFHV
%UDQFKñý:DWHUý6XUYH\ýRIý&DQDGDñý2WWDZDï

FLWHGýLQý:LOVRQýìäää

,36)&ýFDïýìäêåðéíïýý2EVWUXFWLRQVýðýKLVWRU\ïýý,QWHUQDWLRQDOý3DFLILF
6DOPRQý)LVKHULHVý&RPPLVVLRQñý$UFKLYHýILOHVýììåíïìðìèñýðìçýDQGýðìäï

HDUO\ýGHVFULSWLRQVýRIý&RTXLWODPñ
%XQW]HQñý6WDYHñý5XVNLQý÷
$ORXHWWHýGDPVâýGLVFXVVHGýVWHSVýWR
UHðHVWDEOLVKýVRFNH\HýUXQýWR
$ORXHWWHý/ï

3DFïý6DOPRQý&RPPï

.QLJKWñý5ïýìäåæïýý$ORXHWWHý/DNHýVSRUWýILVKHU\ïý%ï&ïý0LQLVWU\ýRI
(QYLURQPHQWñý)LVKýDQGý:LOGOLIHý%UDQFKñý5HJLRQDOý)LVKïñý6XUUH\ñý%&ï
5HSWïý/0ììåïýêíýSï

FLWHGýLQý+LUVWýìääìE

.QLJKWñý5ïýDQGý+ï5ïý1HXPDQïýìääìïýý$QýDHULDOýVXUYH\ýRIýDQJOHUýXVHýRQ
ìêæýODNHVýLQýWKHý/RZHUý0DLQODQGý5HJLRQýRIýEULWLVKý&ROXPELDïý%&
(QYLURQPHQWï)LVKýDQGý:LOGOLIHý0DQDJHPHQWý5HSRUWý1Rïý/0ëííïýêëýSï

%&ý+\GUR

/DPRQWñý&DUROñýìääèïýý6WUXFWXUDOýPRGLILFDWLRQVýWRýILVKýKDELWDWýWR
PLWLJDWHýIORZýIOXFWXDWLRQýLPSDFWVýEHORZýWZRý%ï&ïýK\GURHOHFWULF
SURMHFWVïýý0RQWUHDOý&DQDGLDQý(OHFWULFDOý$VVQñý(QJLQHHULQJý÷ý2SHUDWLQJ
'LYLVLRQñý+\GUDXOLFý3RZHUý6HFWLRQñý(QYLURQPHQWDOý6XEVHFWLRQýìääè

8%&ý/LEUDU\

/DPRQWñý&ï/ïñý,ïý5DPVD\ñý%ïý:HVWFRWWñýDQGý6ïý:LOVRQïýìääçïýý$ORXHWWH
VSLOOZD\ýDQGýORZýOHYHOýRXWOHWýUHKDELOLWDWLRQýHQYLURQPHQWDOýPRQLWRULQJ
SURJUDPïý'DWDýVXPPDU\ñý%&ý+\GURý5HSRUWý1Rïý($ðäéðíæï

FLWHGýLQý0DF&DOOXP
ìäää

/HZLVñý$ï)ïñý*ï-ïý1DLWRñý6ï(ïý5HGGHQýDQGý%&ý+\GURý6DIHW\ýDQG
(QYLURQPHQWïýìääçïýý)LVKýIORZýVWXGLHVýSURMHFWñýILVKýIORZýRYHUYLHZýU
HSRUWïý7ULWRQý(QYLURQPHQWDOýIRUý%&ý+\GURý6DIHW\ýDQGý(QYLURQPHQWï
5HSRUWýQRïý($ãäèðíçïýìééýSï

IDFLOLW\ýVWDWLVWLFVýIRUýPRVWý%&+
SURMHFWV

%&ý+\GUR

0DF&DOOXPñý:ïýìäääïýý6RXWKý$ORXHWWHý5LYHUý:DWHUý7HPSHUDWXUH
0RQLWRULQJý'DWDý5HSRUWïý%ï&ïý+\GURñý3RZHUý6XSSO\ñý(QYLURQPHQWDO
6HUYLFHVñý%ULGJHý5LYHUý&RDVWDOý$UHDïýêëýSï

%&ý+\GUR

0F.HQ]LHñý7ï:ïýDQGý/HRQDUGý1ïý3HDFHñýìäêäïýýìäêäýPDSýRIýWKH
)UDVHUý9DOOH\ý>PDS@ýîý&RPSLOHGñýSXEOLVKHGý÷ýFRS\ULJKWýE\ý7ï:ï
0F.HQ]LHñý&KLOOLZDFNñý%ï&ïýZLWKýWKHýDVVLVWDQFHýRIýURDGýIRUHPHQýDQG
PXQLFLSDOýHQJLQHHUVýâýGUDZQýE\ý/HRQDUGý1ïý3HDFHýèðèðöêäïýý6FDOHýQRW
JLYHQï

PDSýDUHDýFRYHUHGãý+RZHý6RXQG
WRý.DZNDZDýîý&KLOOLZDFNý/DNHVýî
KHDGýRIý6WDYHý/DNHýWR
,QWHUQDWLRQDOýERXQGDU\ï

8%&ý6SHF&ROOï
0DSVãý*êèìëýï/çå
ìäêäý0ê

0F0\QQñý5ï*ïýìäèêïýý7KHýZDWHUýSUREOHPýRQýWKHý$ìRXHWWHý5LYHUï
0HPRïýUHSRUWñý)LVKHULHVýDQGý0DULQHý6HUYLFHñý'HSWïý(QYLURQPHQWï
9DQFRXYHUñý%ï&ïýêýSï

FLWHGýLQý+LUVWýìääì

1RUWKZHVWý+\GUDXOLFý/WGïýìääíïýý$VVHVVPHQWýRIýIORRGýSRWHQWLDO
GRZQVWUHDPýRIý%ï&ïý+\GURý'DPVãý$ORXHWWHý5LYHUïý3UHSDUHGýIRUý%ï&ï
+\GURñý9DQFRXYHUñý%ï&ïý5HSRUWý1Rïý+ëëççï

FLWHGýLQý+LJJLQVýìääç



%ULGJHð&RDVWDOý)LVKý÷ý:LOGOLIHý5HVWRUDWLRQý3URJUDP
9ROXPHýëãýýýýýýýýýý$/28(77(ýý5,9(5ý:$7(56+('

ëì

5HIHUHQFH 1RWHV 6RXUFHV
3DLVKñý+ïñý$VVRFLDWHVýDQGý:HVWHUQý5HQHZDEOHý5HVRXUFHVïýìäåæDï
$QJOHUýVXUYH\ãý$ORXHWWHý/DNHý¤ýìäåçïý5HSRUWý/0ììçýWRý)LVKHULHV
%UDQFKñý0LQLVWU\ýRIý(QYLURQPHQWñý/DQGVýDQGý3DUNVñý6XUUH\ñý%ï&ïýìäýSï

FLWHGýLQý+LUVWýìääì

3DLVKñý+ïñý$VVRFLDWHVýDQGý:HVWHUQý5HQHZDEOHý5HVRXUFHVïýìäåæEï
$QJOHUýVXUYH\ãý$ORXHWWHý/DNHý¤ýZLQWHUýìäåçðææïý5HSRUWý/0ììæýWR
)LVKHULHVý%UDQFKñý0LQLVWU\ýRIý(QYLURQPHQWñý/DQGVýDQGý3DUNVñý6XUUH\ñ
%ï&ï

FLWHGýLQý+LUVWýìääìE

3DUVRQVñý7ï5ïý÷ý$VVRFLDWHVïýìäåæïýý$QJOHUý6XUYH\ý$ORXHWWHý/DNHý¤
ZLQWHUýìäåçðåæïý3UHSDUHGýIRUý%ï&ïý0LQLVWU\ýRIý(QYLURQPHQWñý/DQGV
DQGý3DUNVñý6XUUH\ñý%ï&ïý5HJLRQDOý)LVKHULHVý5HSRUWý1Rïý/0ììæ

FLWHGýLQý:LOVRQýHWýDO
ìäää

3HWHUVRQñý5ïýìäåæïýý$QJOHUý6XUYH\ý$ORXHWWHý/DNHý¤ýìäåçý5HJLRQDO
)LVKHULHVý5HSRUWý1Rïý/0ììç

FLWHGýLQý.QLJKWýìäåæ

4XDPPHñý'ï/ïýìääçïýý$ORXHWWHý5LYHUý)LVKý)ORZý6WXG\ãý6WDQGLQJ
6WRFNý$VVHVVPHQWïýý3UHSDUHGýIRUý%ï&ïý+\GURñý6WUDWHJLFý)LVKý3URMHFWýE\
$TXDWLFý5HVRXUFHVý/WGïý5HSRUWý1RïýëíçðìïýçìýSï

%&ý+\GUR

4XDPPHñý'ï/ïýìääçïýý$ORXHWWHý5LYHUý)LVKý)ORZý6WXG\ãý)RRG
$YDLODELOLW\ïý3UHSDUHGýIRUý%ï&ïý+\GURñý6WUDWHJLFý)LVKý3URMHFWïý3UHSDUHG
E\ý$TXDWLFý5HVRXUFHVý/WGïý5HSRUWý1RïìäæðìïýëèýSï

%&ý+\GUR

5DPVD\ñý,ï$ïýDQGý5ï*ïý:HVWFRWWïýìääèïýý$ORXHWWHý5LYHUý+DELWDW
,QYHQWRU\ïý%ï&ïý+\GURñý6WUDWHJLFý)LVKHULHVý3URMHFWïý5HSRUWý1Rïý6)3äçð
$/8ðíìïýìëýSïò

%&ý+\GUR

5HW]HUñý%ïýìäåíïýý0HPRUDQGXPãýìäåíý$TXDWLFý3ODQWý6XUYH\ýRI
$ORXHWWHý/DNHïý$TXDWLFýPDQDJHPHQWý6HFWLRQïý,QYHQWRU\ýDQG
(QJLQHHULQJý%UDQFKïý0LQLVWU\ýRIý(QYLURQPHQWñý6XUUH\ñý%ï&ïý/0èíçïèï

FLWHGýLQý:LOVRQýHWýDO
ìäää

5RRVñý-ï)ïýìääìïýý5HVWRULQJý)UDVHUý5LYHUý6DOPRQýðýDýKLVWRU\ýRIýWKH
,QWHUQDWLRQDOý3DFLILFý6DOPRQý)LVKHULHVý&RPPLVVLRQýìäêæðìäåèïýý7KH
3DFLILFý6DOPRQý&RPPLVVLRQñý9DQFRXYHUñý%&ïýéêåýSï

7ZRýORZHUý)UDVHUý5LYHUýVRFNH\H
UDFHVýKLVWRULFDOO\ýUHWXUQHGýWRýWKH
ULYHUýYHU\ýHDUO\ýõ0D\ôýDQG
VSDZQHGýLQýWKHý$ORXHWWHýDQG
&RTXLWODPý5LYHUýV\VWHPVïý%\ýWKH
ODWHýìäêíVýERWKýRIýWKHVHýUDFHV
ZHUHýGHVWUR\HGýGXHýWRýGDPVýRQ
WKRVHýWULEXWDULHVïý%HFDXVHýRI
FRPSDUDWLYHO\ýVPDOOýDEXQGDQFHñ
WKHýSURGXFWLRQýORVVýKDVýOLWWOH
LPSDFWýRQýWKHýWRWDOýILVKHU\ï

6FKROWHQñý*ïýDQGý'ïý6HEDVWLDQïýìäääïýý5HVXOWVýRIýWKHýìäåå
K\GURDFRXVWLFýVXUYH\ýLQý$ORXHWWHý5HVHUYRLUïý6WRFNý0DQDJHPHQWý8QLW
'DWDý5HSRUWý1Rïýæïý)LVKHULHVý%UDQFKïý%&ý0LQLVWU\ýRIý(QYLURQPHQW
/DQGVýDQGý3DUNVñý9LFWRULDï

FLWHGýLQý:LOVRQýHWýDO
ìäää

6LJPDý(QJLQHHULQJý/WGïýìääíïýý%ï&ïý+\GURý3RZHUýZDWHUýOLFHQVHVï
3RZHUý)DFLOLWLHVñý%ï&ïý+\GURñý%XUQDE\ï

%&ý+\GUR

6ODQH\ñý)ï)ïñýDQGý&Rïý/WGïýìäæêïýý0LQLPXPýIORZýUHTXLUHPHQWVýð
$ORXHWWHý5LYHUïý5HSRUWýWRý)LVKHULHVýDQGý0DULQHý6HUYLFHñý'HSWï
(QYLURQPHQWïý9DQFRXYHUñý%ï&ïýëèýSï

6LQFHýìäëéñýDý%ï&ïý+\GURýGDPýRQ
WKHý6RXWKý$ORXHWWHýKDV
VLJQLILFDQWO\ýLQIOXHQFHGýWKHýULYHU
WKURXJKýUHJXODWHGýIORZVïý:KHQ
WKHýGDPýZDVýEXLOWñýLWýZDVýGHFLGHG
WKDWýWKHýDQDGURPRXVýILVKýVWRFNV
XWLOL]LQJýWKHýULYHUýDUHDýDERYHýWKH
GDPýZHUHýQRWýRIýVLJQLILFDQW
QXPEHUýWRýMXVWLI\ýWKHýEXLOGLQJýRI
ILVKýSDVVDJHýIDFLOLWLHVýWR
DFFRPPRGDWHýWKHLUýPRYHPHQWýWR
VSDZQLQJýJURXQGVñýSDUWLFXODUO\
VLQFHýWKHVHýZRXOGýLQýSUREDELOLW\
EHýIORRGHGýGXHýWRýWKHýODNHýOHYHOV
õ7RGGñýìäçëôïý+RZHYHUñýDWýWKDW
WLPHñýQRýFRQVLGHUDWLRQýZDVýJLYHQ
WRýWKHýZDWHUýUHTXLUHPHQWVýRIýWKH
ELRWLFýFRPPXQLW\ýEHORZýWKHýGDP

%&ý+\GURâ
FLWHGýLQý+LUVWýìääì



%ULGJHð&RDVWDOý)LVKý÷ý:LOGOLIHý5HVWRUDWLRQý3URJUDP
9ROXPHýëãýýýýýýýýýý$/28(77(ýý5,9(5ý:$7(56+('

ëë

5HIHUHQFH 1RWHV 6RXUFHV
VLWHýDQGýWKHýUHPDLQLQJýVSDZQLQJ
JURXQGVï

6ODQH\ñý7ï/ïýìäåäïýý)LVKHULHVýHQKDQFHPHQWýRSSRUWXQLWLHVýLQýUHVHUYRLUV
RIýWKHý%ULWLVKý&ROXPELDýORZHUýPDLQODQGïý3UHSDUHGýIRUý%ï&ïý+\GURýE\
$TXDWLFý5HVRXUFHVý/WGïýèêýSï

%&ý+\GUR

6PLWKñý+ï$ïýìäåæïý$ORXHWWHý5LYHUýILVKýZDWHUýUHOHDVHý¤ýVSLOOýWHVWýILHOG
QRWHVïý%ï&ïý+\GURýUHSRUWïý)LOHãýéëìðëêéïíõìôï

FLWHGýLQý0DF&DOOXP
ìäää

6RRNDFKRIIñý3ïýìäåéïý6RXWKý$ORXHWWHý5LYHUïý5HVRXUFHýPDLQWHQDQFH
IORZýVWXG\ïý5HSRUWýWRý'HSDUWPHQWýRIý)LVKHULHVýDQGý2FHDQVïý1HZ
:HVWPLQVWHUñý%ï&ïýéäýSï

FLWHGýLQý+LUVWýìääì

6SXUJHRQñý7ïýìääåïý+LVWRU\ýRIýWKHý.DW]LHýDQGýWKHý$ORXHWWHý5LYHUï
5HSWïýSUHSïýIRUý%&ý+\GURï

FLWHGýLQý:LOVRQýHWýDOï
ìäääï

6WHYHQVRQñý5ïýìääçïý$ORXHWWHý/DNHý6SRUWýILVKHU\ý6XUYH\ý¤ý6XPPHU
ìääçïý%ï&ïý+\GURñý(QYLURQPHQWDOý6HUYLFHVñý%XUQDE\ñý%ï&ïýëëýSï

%&ý+\GUR

6ZDLWNLHZLF]ñý9ï-ïýìäçäïý7KHý$ORXHWWHý/DNHýUHSRUWïý0LQLVWU\ýRI
(QYLURQPHQWýODQGVýDQGý3DUNVñý6XUUH\ñý%ï&ïý/0èíçïç
7RGGñý,ïýìäçëïý$ORXHWWHý5LYHUýUHKDELOLWDWLRQïý0HPRïýUHSRUWñý)LVKHULHV
DQGý0DULQHý6HUYLFHñý'HSWïý(QYLURQPHQWïý9DQFRXYHUñý%ï&ïýäýSï

FLWHGýLQý+LUVWýìääì

7ULWRQý(QYLURQPHQWDOý&RQVXOWDQWVý/WGïýìääêïý0LQLPXPýIORZýVWXGLHV
õ3KDVHìôýRIýWKHý$ORXHWWHñý%ULGJHýDQGý6HWRQý5LYHUVïý3UHSDUHGýIRUý%&
+\GURïýéèýSï

%&ý+\GUR

7ULWRQý(QYLURQPHQWDOý&RQVXOWDQWVý/WGïýìääéïý6WDYHý5LYHUý6\VWHPý¤
ILVKýSDVVDJHýVWXG\ïý3UHSDUHGýIRUý%ï&ïý+\GURïýììçýSï

GLVFXVVHGýPHWKRGVýWRýJHW
VSDZQHUVýXSVWUHDPâý6WDYHý/DNH
PD\ýEHýKDELWDWðOLPLWHGâýPHWKRGV
WRýSDVVýMXYHQLOHVýGRZQVWUHDP

%&ý+\GUR

9HUQRQñý(ïý+ïýìäèéïý$ORXHWWHý/DNHý¤ý5HSRUWïý%ï&ïý)LVKýDQGý*DPH
%UDQFKïý0LQLVWU\ýRIý(QYLURQPHQWý/DQGVýDQGý3DUNVñý6XUUH\ñý%ï&ï
/0èíçïæ

FLWHGýLQý:LOVRQýHWýDO
ìäää

:DONHUñý&ï(ïýìäåêïý6RXWKý$ORXHWWHý5LYHUýVWXG\ïýý5HSRUWý(66ðýåêïý%ï&ï
+\GURïý9DQFRXYHUñý%ï&ï

FLWHGýLQý+LUVWýìääì

:DOVKýñý+ïýDQGý/ïý.U]HVLQVNDïýìääåïý:DWHUýTXDOLW\ñýIORZýDQG
LQYHUWHEUDWHýVWXG\ýRIýWKHý$ORXHWWHý5LYHUýZDWHUVKHGïý3UHSDUHGýIRUýWKH
$ORXHWWHý5LYHUý0DQDJHPHQWý6RFLHW\ñý0DSOHý5LGJHñý%ï&ïýçëýSï

%&ý+\GUR

:DOVKýñý+ïýDQGý/ïý.U]HVLQVNDïýìääæïý$ORXHWWHý5LYHUýZDWHUVKHGãýZDWHU
TXDOLW\ýDQGýLQYHUWHEUDWHýVWXG\ïý6XEPLWWHGýWRýWKHý$ORXHWWHý5LYHU
0DQDJHPHQWý6RFLHW\ïýêçýSï

%&ý+\GUR

:DOWHUñý$ï5ïýDQGý.ï-ïý6FRWWïýìäääïý$GXOWýFKXPýVDOPRQýVWXGLHVýDQG
HVFDSHPHQWýHVWLPDWLRQýLQýWKHý6RXWKý$ORXHWWHý5LYHUýñýìääåïý3UHSDUHG
IRUýWKHý$ORXHWWHý5LYHUý0DQDJHPHQWý&RPPLWWHHýFîRý%ï&ïý+\GURñ
3RZHUý)DFLOLWLHVñý(QYLURQPHQWDOý6HUYLFHVñý%XUQDE\ñý%ï&ïýE\ý6FRWW
5HVRXUFHý6HUYLFHVý,QFïñý0LVVLRQñý%ï&ïýëçýSï

%&ý+\GUR

:LJKWPDQñý-ï&ïýDQGý5ï+ïý1HXPDQïýìäåìïý5HFRQQDLVVDQFHý5HSRUWã
$ORXHWWHý/DNHñý3UHOLPLQDU\ý,QYHVWLJDWLRQVýRIý3URVSHFWLYHý.RNDQHH
6SDZQLQJý&KDQQHOý6LWHVïý5HSRUWýRQýILOHñý%ï&ïý0LQLVWU\ýRIý)LVKHULHVñ
5HVHDUFKýDQGý'HYHORSPHQWý6HFWLRQñý8%&ï

FLWHGýLQý.QLJKWýìäåæ

:LOE\ñý.ïýìääçïý$ORXHWWHý5LYHUý)LVKý)ORZý6WXG\ãý&KDUDFWHULVDWLRQýRI
VXUILFLDOýVHGLPHQWVïý%ï&ïýK\GURñý6WUDWHJLFýILVKHULHVýSURMHFWïý5HSRUWý1Rï
6)3ð$/8ðí;ï

FLWHGýLQý+LJJLQVýìääç

:LOVRQñý*ïñý5ï:ïý/DQGñý.ïý$VKOH\ñý(ïý6WDQGHQñý7ïý%HUNKRXWñý*ï
6FKROWHQýDQGý'ïý6HEDVWLDQïýìäääïý7KHý$ORXHWWHý5HVHUYRLUý)HUWLOL]DWLRQ
([SHULPHQWãý3UHð)HUWLOL]DWLRQýõìääåôý5HSRUWïý%ï&ïý0LQLVWU\ýRI
)LVKHULHVñý5HVHDUFKýDQGý'HYHORSPHQWý6HFWLRQïý)LVKHULHVý3URMHFW
5HSRUWý1Rïý5'ýæäïýéêýSï

HVWLPDWHGýQXWULHQWýORVVýIURP
KLVWRULFýDQDGURPRXVýHVFDSHPHQWâ
VXPPDUL]HGýUHVHUYRLUýVWRFNLQJ
KLVWRU\

%&ý+\GUR

:LOVRQñý6ïýìääèïý3KRWRJUDSKVýRIýIORRGLQJýRQýWKHý$ORXHWWHý5LYHU
1RYHPEHUýëèý¤ýëäñýìääèïýõêèíñýæèíñýDQGýêèííýFIVôïý%ï&ïý+\GURñ
(QYLURQPHQWDOý6HUYLFHVïýìéýSï

%&ý+\GUR



%ULGJHð&RDVWDOý)LVKý÷ý:LOGOLIHý5HVWRUDWLRQý3URJUDP
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ëê

éïê :LOGOLIHý5HIHUHQFHV

5HIHUHQFH 1RWHV 6RXUFH
%ï&ïý+\GURïýìääåïý5DUHýHOHPHQWýRFFXUUHQFHãý)LHOGýJXLGHýWRýWKHýUDUH
DQGýHQGDQJHUHGýVSHFLHVýIRXQGýZLWKLQýWKHýZDWHUVKHGýERXQGDULHVýRI
HDFKý%&+ýIDFLOLW\ïýý6WUDWHJLFý)LVKHULHVñý3RZHUý6XSSO\ý2SHUDWLRQVñ
%XUQDE\ñý%&ï

%&ý+\GUR

3URYLQFHýRIý%ULWLVKý&ROXPELDñýìäêëïýý5HSRUWýRIýWKHý3URYLQFLDOý*DPH
&RPPLVVLRQHUýìäêìïýý$XWKRULW\ýRIýWKHý/HJLVODWLYHý$VVHPEO\ñ
9LFWRULDý%&

0RXQWDLQýJRDWýKROGLQJýZHOOýDW
$ORXHWWHýDQGý6WDYHý/DNHV

3URYLQFLDO
$UFKLYHVñý0(/3
6XUUH\ãý-DFNý(YDQV

3URYLQFHýRIý%ULWLVKý&ROXPELDñýìäêçïýý5HSRUWýRIýWKHý3URYLQFLDOý*DPH
&RPPLVVLRQýìäêèïýý$XWKRULW\ýRIýWKHý/HJLVODWLYHý$VVHPEO\ñý9LFWRULD
%&

0RXQWDLQýJRDWVýIRXQGýLQ
$ORXHWWHýDQGý&RTXLWODPý/DNH
DUHDVï

3URYLQFLDO
$UFKLYHVñý0(/3
6XUUH\ãý-DFNý(YDQV

3URYLQFHýRIý%ULWLVKý&ROXPELDñýìäêæïýý5HSRUWýRIýWKHý3URYLQFLDOý*DPH
&RPPLVVLRQýìäêçïýý$XWKRULW\ýRIýWKHý/HJLVODWLYHý$VVHPEO\ñý9LFWRULD
%&

0RXQWDLQýJRDWãýSOHQWLIXOïïïLQ
WKHý8SSHUý6WDYHý5LYHUýDUHD
ïïïLQFUHDVLQJýLQýWKHý8SSHU
$OORXHWWHïïïï

3URYLQFLDO
$UFKLYHVñýý0(/3
.DPORRSVãý'RXJ
-XU\

3URYLQFHýRIý%ULWLVKý&ROXPELDñýìäêåïýý5HSRUWýRIýWKHý3URYLQFLDOý*DPH
&RPPLVVLRQýìäêæïýý$XWKRULW\ýRIýWKHý/HJLVODWLYHý$VVHPEO\ñý9LFWRULD
%&

0RXQWDLQýJRDWãýIDLUO\ýSOHQWLIXO
LQýWKHý8SSHUý6WDYH
5LYHUïïïOHVVHUýQXPEHUVýDWýWKH
KHDGZDWHUVýRIýWKHý$ORXHWWHïïïï

3URYLQFLDO
$UFKLYHVñýý0(/3
.DPORRSVãý'RXJ
-XU\

3URYLQFHýRIý%ULWLVKý&ROXPELDñýìäêäïýý5HSRUWýRIýWKHý3URYLQFLDOý*DPH
&RPPLVVLRQýìäêåïýý$XWKRULW\ýRIýWKHý/HJLVODWLYHý$VVHPEO\ñý9LFWRULD
%&

0RXQWDLQýJRDWãýLQý6WDYHýDQG
$ORXHWWH

3URYLQFLDO
$UFKLYHVñýý0(/3
.DPORRSVãý'RXJ
-XU\

3URYLQFHýRIý%ULWLVKý&ROXPELDñýìäéíïýý5HSRUWýRIýWKHý3URYLQFLDOý*DPH
&RPPLVVLRQýìäêäïýý$XWKRULW\ýRIýWKHý/HJLVODWLYHý$VVHPEO\ñý9LFWRULD
%&

ð0RXQWDLQýJRDWVýDWý&RTXLWODPñ
$ORXHWWHýDQGý6WDYHý/DNHV
ð:ROYHVýDWý&RTXLWODPñ
$ORXHWWHýDQGý6WDYHý/DNHV

3URYLQFLDO
$UFKLYHVñý0(/3
6XUUH\ãý-DFNý(YDQV

3URYLQFHýRIý%ULWLVKý&ROXPELDïýýìäèëïý3URYLQFLDOý*DPHý&RPPLVVLRQ
5HSRUWïýýìäèìïýý$XWKRULW\ýRIýWKHý/HJLVODWLYHý$VVHPEO\ñý9LFWRULDý%&

0RXQWDLQýJRDWVýDWýKHDGZDWHUV
RIý&RTXLWODPñý$ORXHWWHý÷
6WDYHý/DNHV

3URYLQFLDO
$UFKLYHVñý0(/3
6XUUH\ãý-DFNý(YDQV

3URYLQFHýRIý%ULWLVKý&ROXPELDïýýìäèëïý3URYLQFLDOý*DPHý&RPPLVVLRQ
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Chapter 7

STAVE RIVER WATERSHED

               

    Figure 7-1.   Original Stave Falls Powerhouse (Western Canada Power Company)

1. PROJECT DESCRIPTION

1.1 Facilities

Stave Reservoir serves as the storage reservoir for the Stave Falls and Ruskin generating plants;
it also receives inflows from the diversion of Alouette Lake. Stave Falls Dam and Blind Slough
Spillway Dam were completed and in service in 1911; Ruskin Dam was completed in 1930.
Blind Slough Dam was built on the original river channel.  There are powerhouses at the base of
Stave and Ruskin dams.  This project once provided the bulk of power used in the B.C. Lower
Mainland prior to the development of the Peace River hydro project.
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Figure 7-2.   Location of the Alouette / Stave hydro project

Figure 7-3.   Ruskin Dam and Hayward Reservoir in 1950  (Water Powers B.C. 1954)
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  Figure 7-3.   Ruskin Dam and Hayward Reservoir in 1950  (Water Powers B.C. 1954)
Specifications for the facilities and reservoirs:

DAM Stave Falls Ruskin
Nameplate capacity  (MW) 52.5 106
Dependable capacity  (MW) 50 100
Dam function storage storage, diversion
Date constructed 1911 - -
Date operational - - 1930
Date reconstructed 1923 (raised) - -
Height  (m) 26 59.4
Length  (m) 67 125
Dam footprint area   (m2)
Fishway at dam no no
Historic anadromous fishpresence no yes

RESERVOIR Stave L. Hayward
Cleared/ not cleared nc nc
Present area  (ha) 5858 276
Watershed area  (km2) 1170 953
Present elevation a.s.l.  (m) 81 45
Normal drawdown range (m) 9.1 0.5-1(1.8)
Mean depth  (m) 35 16
Maximum depth  (m) 101 38
Storage  (million m3) 365 24
Mean water retention time 5 mo. <3 days
Mean annual discharge   (m3/s) 132 132

DIVERSION to powerhouse to powerhouse
Structure type penstock (43-99m) penstock (22-77m)
Licensed flow    (m3/sec) 238 357
Fish flow release  (m3/sec) same as Ruskin 28-84
Mainstem length diminished (km) - - - -
Mainstem length augmented (km) (from Alouette) 2.8

1.2 Hydrology

1.2.1 Basin and Runoff

The drainage basin includes parts of Golden Ears and Garibaldi Provincial Parks which have
glacial inputs.

Stave Lake inflow comes primarily from two weather patterns. In the fall, heavy rain from
Pacific frontal systems produces large inflows.  The annual peak short term inflows occur during
this period, with daily flows fluctuating from trickles to potential flood levels. In the spring, the
accumulated snowpack melts and provides steady high inflows.

Inflow into Hayward Lake comes mainly from Stave Falls Reservoir which has an average
natural annual inflow of about 111 m3/s and an additional 21 m3/s from the Alouette diversion
project.
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Figure 7-4.   Stave River in June 1910 (BC Archives)

1.2.2 Operation and Licensed Diversion Flow

Stave  Reservoir is at its highest levels during the fall and late spring due to high inflows. The
storage reservoir is usually drawn down during winter to produce electricity and to accommodate
spring snowmelt volume.  Hayward Lake can fluctuate by 9.9 m daily but typical drawdown
ranges from 1-2 m. Releases of 38 m3/sec from Stave Falls must be coordinated with releases
from Ruskin for fisheries purposes from October 1 to May 31.

1.2.3 Habitat Types Flooded by Reservoir

The combined reservoir area is 5,535 ha after flooding 2,612 hectares of land (Figure 7-5). The
combined reservoir shoreline length is now 101.3 km. Bathymetry maps of Stave and Hayward
reservoirs are provided in Figures 7-6 to 7-8.

The GIS calculations done by this study estimated the following losses of fish habitat from the
pre-impoundment condition:

Stave Lake &
Hayward Reservoir

Original habitat lost

Orig. lake flooded             (ha) 2923
Land flooded                    (ha) 2612
Orig. lake shoreline          (km) 41
Mainstem: length             (km) 28.4
                  channel           (ha) 348
                  riparian *        (ha) 170
Tributary:  length             (km) 35
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2. FISH

2.1 Historic and Current Species Presence

A list of species currently found in major reaches of the Stave River watershed is provided in
Table 7-1.

2.1.1 Upstream of Stave Falls Dam

There is some dispute regarding anadromous fish access above Stave Falls prior to construction
of the dam. A.P. Halladay, former District Supervisor of Fisheries, wrote that it was very
doubtful that salmon ever ascended the falls.  He suggested that kokanee in the lake resulted
from anadromous accessibility at some post-glacial, though pre-historic, period (IPSFC 1938).
Stave Falls and its associated rapids descended about 24 m over a short but unspecified distance
(Figure 7-9).

Andrew & Killick (1957) and Triton (1994) discussed in detail the issues and options for
providing fish passage over Ruskin and Stave dams.

Large numbers of kokanee spawned in Winslow Creek about midway up to Winslow Lake
(Andrew & Killick 1957); a local informant claimed spawners were much smaller in size than 20
years previous.  These authors estimated there was potential spawning area in Winslow Creek
and the upper Stave mainstem for about 25,000 sockeye each.

Most tributaries are steep and fluctuate widely in discharge. Cardinalis Creek, Isle Slough,
Tingle Creek and Winslow Creek were recently evaluated for limiting factors and enhancement
opportunities by Bruce et al. (1994).

Figure 7-9.   East branch of Stave River in 1910  (BC Archives)



Source: MoELP 2000.  BC Ministry of Environment Fish Information Website - http://www.bcfisheries.gov.bc.ca/fishinfobc.html; accessed before June 8, 2000.

Includes:  BC Watershed Atlas, Fisheries Information Summary System (FISS), BC Lakes and Release Record database, and Lake Depth Maps.
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 Stave R. Mainstem
      Thomas Lake
      Thomas Creek
      Winslow Creek
 Stave Lake 1
      Cannel Lake
      Cardinalis Creek
      Cascade Creek
      Davis Creek
      Davis Lake
      Devil's Lake
      Devil's Lake Creek
      Glacier Creek
      Hoover Lake
      Isle Slough
      Kearsley Creek
      Kenyon Creek
      Kenyon Lake 2
      Lost Creek
      Marina Creek
      Morgan Lake
      Rolley Lake
      Rolley Lake Creek
      Salbury Creek
      Salsbury Lake
      Sayres (Cedar) Lake
      Sayres Lake Creek
      Seventynine Creek
      Steelhead Creek
      Terapocki Creek
      Tingle Creek
      Weatherhead Creek

STAVE FALLS DAM No fishway.

Hayward Lake ? ?
      Brown Creek
      Hairsine Creek
      Phillips Creek

RUSKIN / BLIND SLOUGH DAMS No fishway.

Stave R. Mainstem

* now named Northern pike minnow
1 - A highly specialized peamouth chub resides in Stave Lake. It feeds on zooplankton and adult insects in contrast to the benthic invertebrate diet common to peamouths.
2 - stocked with Steelhead - but said to have outmigrated (Bruce et al. 1994) 

Table 7-1.    Fish species in the Stave River watershed.

 Stave River
    

 upstream

  downstream
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2.1.2 Stave Falls Dam to Ruskin Dam (Hayward Reservoir)

The 6 km of original river channel flooded by Hayward Reservoir was described as a series of
rapids that emptied onto the Fraser floodplain through a narrow granite gorge. The natural
constriction at the site of Ruskin Dam was reported passable at high water. The lower 2 km of
this reach apparently provided spawning habitats for all salmonid species (Andrew and Killick
1957), and portions of the upper section of rapids were likely suitable for rearing by steelhead
parr.

Currently, sport fish populations are generally low despite recent stocking efforts (Ramsay
1996).  No kokanee were captured in the 1996 survey unlike previous sampling in 1985 and
1987. Hydroacoustic surveys in 1996 estimated the total fish population, including non-sport
species, at between 13,600 to 51,600 individuals (Stables 1997).

Tributary habitat area for salmonids is very limited, with Hairsine Creek the most significant
(Slaney 1994).

2.1.3 Downstream of Ruskin Dam

Andrew & Killick (1957) reported that only the lower 4.8 km of river (which would include 2
km above Ruskin Dam) were used by salmon to any extent. In 1935 there were counts of 100-
300 coho, 500-1000 pink, 500-1000 chum and 50-100 steelhead. Smaller numbers of chinook
and sockeye used this section.

This short reach crosses the Fraser River floodplain with low banks composed of sands and fine
sediments. Water levels in this reach are influenced by tidal conditions and Fraser River
discharge, as well as Ruskin operations.

A 360 m spawning channel was constructed by DFO in 1991 on the left bank below the tailrace;
it is mostly used by chum salmon (Wilson 1996).

2.2 Impacts on Fish

Facility Description of hydroelectric impacts

N
eg

P
os

Source

1. Reservoir flooded 22.4 km of mainstem and 32 km of
tributary channels, plus their associated riparian zones;
resident lake species composition unchanged.

x GIS

2. Drawdown strands fish & reduces access to tributaries and
wetlands.

x

3. Drawdown reduces productivity of littoral zone. x

Stave
Reservoir

4. Attraction of fish to Alouette powerhouse discharge increases
mortality from angling.

x workshop
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Facility Description of hydroelectric impacts

N
eg

P
os

Source

5. Dam footprint of _ m2:  loss of instream, riparian and upland
habitats.

x

6. Initial dam construction likely sluiced large volume of
sediment that degraded spawning habitat downstream.

x

7. Dam reduced LWD and sediment recruitment to system
downstream.

x

8. Entrainment mortality and injury; magnitude unknown.
Potential downstream benefits to scavengers.

x

9. Occasional shortterm TGP events are being studied. x workshop

Stave Falls
and Blind

Slough
Dams

10. Blind Slough Dam cut off flows to nearly 1 km of original
river channel.

x

11. High rate of flushing and drawdown reduces reservoir’s
plankton and littoral productivity.

x workshopHayward
L.

12. Reservoir flooded 6 km of mainstem channel and 2.7 km of
lower tributary channel, plus their associated riparian zones;
river species composition changed to lake-type.

x GIS

13. Dam blocked former passage of anadromous and resident
stocks.

x IPSFC
1938

14. Entrainment mortality and injury; magnitude unknown.
Potential downstream benefits to scavengers.

x

Ruskin
Dam

15. Dam stopped gravel recruitment to river downstream. x

16. Periodic large spills caused sedimentation of spawning habitat
in the mainstem; threatened the integrity of spawning channel.

x Lewis et al.
1996

17. Fish flow releases were insufficient. x Lewis et al.
1996

18. Current ramping rates caused stranding of fish. x Lewis et al.
1996

Downstream
River below
Powerhouse

19. Reduction of flood peaks affected morphology of downstream
channel.

x

Ruskin Dam removed historic access to 2 km of mainstem spawning beds and rearing area for all
species of salmon, steelhead, and possibly anadromous cutthroat trout (Andrew and Killick
1957).  Hayward Reservoir operations preclude the establishment of significant resident
populations due to lack of tributary habitat, access to tributary habitat, high flushing rate of
oligotrophic water, and drawdown effects on local productivity (Triton 1994).

Resident populations of rainbow and cutthroat trout, Dolly Varden, and kokanee in Stave Lake
appear to be limited by low overall productivity, a large population of non-sportfish predators
(especially northern squawfish) and competitors, and limited spawning and fry rearing habitat
and nutrient levels in four selected tributaries (Bruce et al. 1994).  These same factors would
affect the potential introduction of anadromous stocks (Triton 1994).

Non-Hydro Impacts - Other impacts on fish in the Stave River watershed are predominantly
historic effects of logging activities.
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2.3 Factors Limiting Fish Diversity and Production

'Limiting factors' have been identified in a general manner based on available information and
current understanding of the major constraints on species and populations of concern.  Further
inventory and research may be needed to determine the particular role of these and other factors.

The following are suspected factors that limit current levels of fish populations within the Stave
River watershed.  These also reflect the key issues raised at BCRP regional workshops.

1. Blocked access to historic habitats:   Anadromous and migratory resident stocks have been excluded
from river habitats now occupied by Hayward Reservoir for 70 years.

2. Loss of habitat:  Former spawning, rearing and overwintering areas are permanently lost or seasonally
reduced due to dam footprint, reservoir flooding, flow diversions, or operating flows; or from non-hydro
sources.

3. Reduced downstream habitat capability:  Physical habitats below dams are altered by reduced
sediment or wood recruitment.

4. Reduced biological productivity:  Stave Lake has been affected long-term by large reservoir
drawdown regimes; Hayward Lake experiences drawdowns as well as rapid flushing.

5. Reduced tributary access:  Reduced fish access between reservoir and tributary habitat due to large
drawdown regimes.

6. Diversions:   The Alouette diversion has increased annual flow volume in the lower Stave River; these
altered flows have affected wetted channel area, seasonal temperatures and stream productivity.

7. Competitors:    Stave and Hayward reservoirs contain a large proportion of non-sport fish species that
compete with resident salmonids.

2.4 Fish Restoration Objectives

Objective 1:  Conserve and improve fish habitats in the lower Stave River.

Discussion:
Undertake appropriate treatment, consistent with the BCRP strategy, to conserve, create
or improve existing habitat. Restoration activities should be preceded by a study plan to
address limiting factors #1, 2, 3 and 6 that considers:

• operating and fish flow regimes  (Stave River Water Use Plan)

• urban trends to stabilize the downstream channel

• opportunities to purchase or covenant streamside properties for future habitat projects

• opportunities for habitat development
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• proposed projects should have hydraulic characteristics to withstand the historic range of discharges
with low maintenance

• wildlife biodiversity values at all proposed fish habitat development sites

• artificial recruitment scheme to restore delivery of some sediment and wood to mainstem

•  identification and filling of data gaps on issues such as fish stranding after spills, gas supersaturation,
etc. that may also constrain populations.

Objective 2:    Conserve and improve habitats for resident fish stocks throughout the
reservoir and tributary systems.

Discussion:
Undertake appropriate treatment, consistent with the BCRP strategy, to conserve, create
or improve existing habitat.  Activities in response to limiting factors #2-5 above should
be preceded by a study plan for each reservoir and tributary system that considers:

• operating flows (Stave Water Use Plan)

• opportunities to purchase or covenant key properties for future habitat projects

• identification of present critical habitats that sustain stocks, and locations of potential habitat works in
the future

• potential habitat development sites with hydraulic characteristics that will operate within the expected
regulated regime of fluvial and riparian processes and require low maintenance

• opportunities for habitat development and for planting riparian vegetation

• wildlife biodiversity values at all proposed fish habitat development sites

• restoration of fish access through drawdown zones to historical upstream habitats

• current harvest pressures on stock recruitment

• identification and filling of data gaps on issues such as fish entrainment, angling harvest effort, etc.
that may also constrain populations.

Objective 3:   Restore biological productivity to the reservoir system.

Discussion:
Undertake appropriate treatment, consistent with the BCRP strategy, to improve aquatic
productivity.  Activities should be preceded by a study plan for the reservoir and tributary
system, in response to limiting factors #4 and 6 above, that addresses:

• feasibility of a phased program of fertilization trials and performance indicators

• potential methods to achieve self-sustaining nutrient levels and reduce costs

• determination of appropriate low-level nutrient levels

• relative values of fertilizing fish-bearing tributaries vs reservoir plankton or littoral zone

• ecological effects of fertilization on non-target plants and aquatic animals

• impacts on esthetics and domestic water supply

• wildlife biodiversity values at all proposed sites

• identification and filling of data gaps on issues such as entrainment, angling harvest effort, etc. that
may also constrain populations.
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3. WILDLIFE

3.1 Historic and Current Populations and Habitats

B.C. Game Commission Records indicate that mountain goats were found in the mountain
ranges north of Stave Lake; at Stave Lake, grizzlies were known to frequent the north end,
Roosevelt elk were hunted out prior to development, black bear, cougar, wolf, deer, and bald
eagle were present.

No Red- or Blue-listed species occur in the Stave River watershed according to the Conservation
Data Centre.  However, Bulbous rush grows in the drawdown zone and is considered rare by the
CDC with only 20 known sites in B.C.

Current wildlife use has been summarized by Blood and Kistritz (1993), and others where
indicated.

Habitat

Drawdown zone habitats are limited to the Tingle Creek and Stave River deltas, the southeast
arm, and the narrows area of the southwest arm.  All sites (except southwest arm) have many
standing snags.  Three well-developed wetland communities occur in the upper 4.5 m of the
drawdown zone. AIM Ecological Consultants Ltd. (1994) identified 779 ha (36% of the 2200 ha
drawdown zone) as having some vegetation cover. The areas of Stave Lake with the best habitat
potential for waterfowl and other waterbirds are the southeast arm and the north end (B.C. Hydro
and Ducks Unlimited Canada, 1999).

Hayward Lake has a narrow drawdown zone and little wetland vegetation

Wildlife Species

The most common wildlife in spring/summer are the Canada goose which grazes in drawdown
zone, and fish-eating birds such as common loon, common merganser, osprey, and bald eagle.
Other species included mallard and blue-winged teal.  The reservoir may be used by mounting
dabbling ducks and Canada geese. Canada goose and osprey nested during 1993.  Fluctuating
water levels discourages most duck breeding.

At Hayward Lake, Canada geese and bald eagles breed and common loons and beavers also use
the lake.

B.C. Hydro and Ducks Unlimited (1999) did six spring surveys of the southeast arm and saw
very few waterfowl.  Waterbird species recorded included Canada goose, mallard, green-winged
teal, and common loon.  Evidence of mammals recorded on the mudflats included beaver,
bobcat, river otter and coyote, while black-tailed deer occurred in adjacent areas.  Two herptiles
were observed, a common garter snake and a Pacific treefrog.
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3.2 Impacts on Wildlife

Feature Description of Effects

N
eg

P
os

Origin

Dam footprint of xx ha: loss of coniferous forest and riverine
habitats.

x

Flooding of 2612 ha of Stave Lake lowland and upland: loss of
coniferous forest of valley bottom (1588 ha) and valley sides (348
ha), valley bottom deciduous, incl. riparian, and river channel
habitats, and associated wildlife losses, e.g., lowland foraging
habitat for furbearers, bears & ungulates; loss of valley side habitat
for ungulates and carnivores. x

Blood &
Kistritz
1993; GIS

Conversion of 30 km of Stave River and ca 34 km of tributaries to
reservoir: barrier to movement of large mammals (bears and
ungulates); increase in open water for waterfowl and osprey (Lake
length doubled from 14.5 to 29 km) by flooding. x x

White 1919;
GIS

Fluctuating reservoir water levels (9.1 m) due to hydro-electric
operations: effects on establishment of aquatic and/or riparian
vegetation in drawdown zone.

x BCH web
page

Uncut trees in draw down and adjacent flooded areas: Creation of
snags for cavity nesting birds and Osprey nesting platforms

x

Blood &
Kistritz
1993; Bryan
Gates

Stave Falls
Dam

Changed flow regime of Stave River: effects on downstream aquatic
wildlife (e.g. American Dipper, Great Blue Heron, Harlequin Duck) x x
Dam footprint of xx ha:  loss of coniferous forest and riverine
habitats. x
Flooding of 280 ha of lower Stave River valley: loss of valley
bottom and valley side coniferous, deciduous, and wetland habitats,
incl. riparian, and associated wildlife losses, e.g., lost marsh and
wetland feeding/breeding habitat for ducks and furbearers, and
feeding habitat for bears & ungulates; loss of valley side habitat for
ungulates and carnivores. x
Flooding of 6.4 km of river from Stave Falls to Fraser River*
creating Hayward Lake: barrier to movement of large mammals
(bears and ungulates); increase in open water for waterfowl and
osprey. x x

White 1919

Ruskin Dam

Fluctuating reservoir water levels (1 m daily) due to hydro-electric
operations: effects on establishment of aquatic and/or riparian
vegetation in drawdown zone. x

BCH web
page

 * Based of description by White (1919) Stave River mouth was originally at present Ruskin Dam site.

3.3 Factors Limiting Wildlife Productivity and Diversity

‘Limiting factors’ have been identified based on available information and current understanding
of the major constraints on species and populations of concern.  Further inventory and research
may be needed to determine the particular role of these and other factors.
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The following are suspected factors that limit current levels of wildlife for species groups
associated with the habitats listed previously in Table 1-2.  These also reflect the key issues
raised at BCRP regional workshops.

1. Loss of Habitat:   Loss of riparian habitat and wetland habitats in flooded valley bottoms.  Potential
effects include availability of habitat for amphibians, water shrews and other small mammals and their
predators, browse for ungulates and breeding habitat for some species of neotropical migrants.

2. Habitat Changes:   Altered flow regime has changed riverine and riparian habitats.  Potential effects on
wildlife include changes to habitat quality and quantity for tailed frogs, water shrews, harlequins and dippers.
Loss of side channel habitat downstream of diversions (dyking and other unrelated factors also responsible).

3. Reduced Habitat Capability:   Lack of snags for cavity nesting habitat and structures for large raptor
nests.  Potential effects for primary cavity nestors (eg. woodpeckers) and secondary cavity nestors (eg.
swallows, squirrels).

4. Reduced Productivity:   Lack of riparian vegetation in drawdown zones; effects on ungulates, furbearers,
small mammals and several species of passerines including some neotropical migrants.

5. Wildlife Migration:   Impediments to wildlife movement (especially large mammals) caused by
structures, reservoirs and diversions.

6. Entrainment:   Wildlife (especially mammalian) mortality caused by diversion or intake structures, through
entrainment and drowning.  Potential hazards for non aquatic or weak swimming animals.

Existing Wildlife Enhancement Works

Platforms have been placed for osprey, and rafts and nest boxes for common loons and
waterfowl.

Blood and Kistritz (1999) suggest the feasible and desirability for the reintroduction of Roosevelt
Elk to Stave River Delta.

B.C. Hydro and Ducks Unlimited (1999) presented three concepts for impoundments in the
southeast arm of Stave Lake.

AIM Ecological Consultants Ltd. (1994) identified 252 ha (12% of 2200 ha drawdown zone) as
having potential for vegetation enhancement using willow or perennials.

3.4 Wildlife Restoration Objectives

Objective 1:  Rehabilitate reservoir drawdown zones to enhance productivity and
wildlife habitat in Stave Lake and Hayward Lake.
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Discussion:
• See limiting factor # 4.  Improve vegetation in the drawdown zone.
• Develop foreshore habitat complexes at suitable locations.
• Create snags along reservoir shorelines for cavity nesters and perching raptors.
• Provide artificial nesting structures for osprey.

Objective 2:  Conserve riparian and wetland habitats in the Stave River watershed.

Discussion:
• See limiting factors # 1 and 2.  As part of a joint Alouette-Stave habitat conservation

initiative, identify key habitats for conservation of biodiversity and enhanced
production.

• Undertake conservation, through protective measures, habitat acquisition and other
means, in the Alouette River and/or Stave River watersheds.

Objective 3:  Create or enhance wetlands and riparian habitats for aquatic species
(amphibians, waterfowl, cavity dependent species, small mammals).

Discussion:
• See limiting factors # 1 and 2.  Consider various opportunities to dyke selected

drawdown areas to hold water during growing and breeding season (spring and
summer), or fall migration, when reservoir is normally drawn down at those times.
Flood shallow basins in the watershed where feasible.

• Create backwater channel and associated riparian habitats along Alouette River
segments where reduced downstream flows have diminished natural channel
complexity.

Objective 4:  Protect small groups of old or second growth trees in strategic locations
for current and future nesting use by bald eagles or ospreys.

Objective 5:  Create ungulate winter range.

Discussion:
• Work with forestry companies to leave shelter stands in association with logged

clearings that provide forage.
• Establish vegetation in the reservoir drawdown zone, especially near creek or river

deltas.
• Assess potential to re-introduce elk.

Objective 6:    Improve the knowledge base on rare, endangered and threatened species
and habitat utilization in the Stave watershed.
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4. STAVE RIVER WATERSHED REFERENCES

4.1 Map and Air Photo References

Reference Location Source
Reconnaisance survey Upper stave river, 1913; Flooded lands at
north end of Stave Lake, July 1913; sketch of Upper Stave River
and surrounding lands, April 1913, 1”=2 mi

BC Electric Archives, UBC Special Collections; Box 93 20713
# 1-3

Map of Stave Lake and Alouette Lake, Western Power Co. 422-C11-E43, BC Hydro
Plan to accompany Western Canada Power Co.’s application, n.d.
15 chs = 1 in; 235 and 240 ft contours

422-C11-X8004, BC Hydro

Plan showing property owned and controlled by Western Power Co
of Canada Ltd.; 1 in = 20 chs , May 1928

422-C23-X2 and 422-C11-E8010/11,  BC Hydro

Map of New Westminster District, 1913; approx. 1:70,000 showing
Coquitlam Lake, Pitt Lake and Lillooet Lakes

UBC map library

Air Photos, 1940 and 1941 BC 203:106 (Stave) BC 204-43 (Ruskin), BC 203:45 and 96
and BC 197:3  (Alouette)

4.2 Hydro Facility and Fish References

Reference Notes Sources
Andrew, F.J., and S.R. Killick. 1957.  A study of the feasibility
of planting sockeye in the Stave River watershed. International
Pacific Salmon Fisheries Commission. New Westminster, B.C.
10 p.

thorough review of dams and
historical development; estimated
theoretical spawning area for 50k
sockeye in upper tribs

Pac. Salmon Comm.
archive file 1370.1-12

Anon. 1967.  Spawning distribution of salmon in the mainstream
of the Harrison and Stave rivers during November and
December, 1967.

cited in Wilson 96

Anon.  n.d.  Stave Falls history and pictures from initial dam
construction.

http://members.home.net/
mcleven/history.html

ARA Consulting Group Inc. and Scott Resource Services. 1994.
Stave River System Angler Survey. Stave Lake, Hayward Lake,
Lower Stave River. Prepared for B.C. Hydro Environmental
Affairs.

BC Hydro

Aspinwall, N. and J.D. Aspinwall. 1986.  Plasticity and
selectivity of feeding of the peamouth Mylocheilus caurinus
(Pices: Cyprinidae). Saint Louis University. Saint Louis,
Missouri. 9 p.

cited in Slaney 94

Bengeyfield, B. 1981.  Potential conflicts with a proposed
salmonid hatchery at the Ruskin Generating Station. Unpubl.
rept. by ESL Environmental Sciences Limited to BC Hydro
Properties Division. 8 p.

see NW Hydraulics 1980 BC Hydro

Bemister, Charlotte, 1994.  Stave Fall powerplant replacement
project : public consultation report. Vancouver, BC. BC Hydro.

BC Hydro;
VanPubLib: 621.312134

Blood, D.A. and R.U. Kistritz. 1993. Stave Falls Redevelopment
Wildlife Assessment. Prepared for B.C. Hydro Environmental
Affairs by D. Blood and Associates Ltd. and R.U. Kistritz
Consultants Ltd.

cited in BC Hydro & DU
1999

British Columbia Electric Railway Company, 1924.  Stave Falls
Power Developments, August, 1924.  Vancouver, B.C. : British
Columbia Electric Railway Company, 1924.

UBC Library

British Columbia Electric Railway Company, 1925.  The Stave
Falls Power Development, completed September 1925.

UBC Library
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Vancouver, B.C. British Columbia Electric Railway Company.
British Columbia Electric Railway Company, 1929?. The
Ruskin Hydro-Electric Power Development. Vancouver, B.C. :
British Columbia Electric Railway Company.

UBC Library

B.C. Hydro. 1985. Stave Falls Dams – Operation and
Maintenance Manual. B.C. Hydro. Manual OM422/02 AR161.

General technical data on Stave
Falls Dams.

BC Hydro Info Centre

B.C. Hydro. 1985. Ruskin Dam – Operation and Maintenance
Manual. B.C. Hydro. Manual OM423/02 AR227.

General technical data on Ruskin
Dam.

BC Hydro Info Centre

B.C. Hydro. 1991. Stave Falls Project Redevelopment:
Feasibility Study. B.C. Hydro, Hydroelectric Engineering
Division. Report No. H2457.
B.C. Hydro. 1994. Report on the electric system operations
review (ESOR). Prepared for The Minister of Employment and
Investment and the Minister of Energy Mines and Petroleum
Resources. Unpublished report and 2 appendices.

overview of operations & issues for
all facilities

BC Hydro

B.C. Hydro. 1994. Stave Falls Project – Powerplant
Replacement: Enhancement Opportunities Report. B.C. Hydro,
Environmental Affairs. Report No. EA-94-14.

BC Hydro

B.C. Hydro. 1994. Stave Falls Powerplant Replacement Project:
Environmental Impact Management Plan. Report No. EA-94-15.

fish section BC Hydro

B.C Hydro. 1996.  Alouette Generating Station Water Use Plan.
23 p.

BC Hydro

B.C. Hydro. 1998.  Stave Falls, Ruskin and Alouette River Field
Facility Guide. B.C. Hydro, Power Facilities. File No. 15-
200.22. Print No.1

BC Hydro

British Columbia Power Corporation Limited, 1930.  Ruskin
Power Development, completed November, 1930. Vancouver,
B.C. 24 p., ill., map., port.

UBC Library;
VancPublLib: 621.31
R95b

Brown, R.F., and M.M. Musgrave. 1979.  Preliminary catalogue
of salmon streams and spawning escapements of Mission-
Harrison sub-district. Can. Data Rep. Fish. Aquat. Sci. 133. 157
p.

cited in Hirst 1991

Bruce, J.A., T.L. Slaney and R.J. Fielden. 1994. Stave Lake:
Baseline fisheries study and enhancement recommendations.
Prepared for B.C. Hydro Environmental Resources Division by
Aquatic Resources Ltd. 101 p.

assessed limiting factors in reservoir
and four tributaries;

BC Hydro

Burrard Power Company. 1923.  Proposed Alouette Power
Development. General description and specifications. Alouette
Dam: technical data book.

BC Hydro Info Centre

Department of Fisheries and Oceans. 1996.  Fraser River Chum
Salmon. Prep. by Fraser River Action Plan, Fishery
Management Group, Vancouver, B.C. 22 p.

cited in Wilson 96

Department of Fisheries and Oceans. 1994.  Habitat Restoration
Project Reports for the Lower Mainland and Howe Sound. DFO,
Habitat Management Branch, Resource Restoration Division.
Unpublished MS report.

cited in Wilson 96

Department of Fisheries and Oceans. 1983.  Opportunities for
Salmonid Enhancement Projects in British Columbia and
Yukon. DFO, Salmonid Enhancement Program. Revised 1985.

cited in Leake & Maclean
98

Department of  Fisheries and Oceans. 1965.  Development
surveys of chum salmon streams in the lower Fraser River.
Unpublished manuscript report. 32 p.

cited in Wilson 96

Facchin, A., and G. King. 1980.  Lake survey and stocking
record for the lower mainland region of British Columbia. B.C.
Ministry of Environment, Tech. Circ. No. 47.

cited in Bruce et al 94

Failing, L. 1999.  Stave River Water Use Plan, Unpubl. report
by Compass Resource Management Ltd. to Consultative
Committee for BC Hydro.  44 p.

Discusses proposed fisheries studies BC Hydro

Farwell, M.K., N.D. Schubert, K.H. Wilson and C.R. Harrison.
1987. Salmon Escapement to Streams Entering Statistical Areas
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28 and 29, 1951 to 1985. Canadian Data Report of Fisheries and
Aquatic Sciences 601. 166 p.
Foskett, D.R. 1943. Obstructions to sockeye on the Fraser River
watershed.  Intl. Pacific Salmon Fish. Comm., Vancouver. File
1180.1-46. 5 p.

Pac. Salmon Comm.

Foy, M. 1993. Summary of Hydraulic Sampling Results on the
Stave River 1991 – 1993. Department of Fisheries and Oceans.
Memorandum to G. Logan, Resource Restoration Division.
April 14, 1993.

cited in Wilson 96

Galvagno, Giampiero.  1998.  A study of scour below Ruskin
Dam spillway using a non-cohesive bed hydraulic model
[microform]. [Vancouver] : University of British Columbia,
1998. Series:  University of British Columbia. Dept. of Civil
Engineering. Thesis. M.A.Sc., Material: vii, 87 leaves : ill. ; 28
cm.

UBC Library

Gilbert, R. and J.R. Desloges. 1992. The late Quaternary
sedimentary record of Stave Lake, southwestern British
Columbia. Canadian Journal of Earth Sciences 29: 1997-2006.

Abstract: A thin cover of
acoustically transparant sediment
overlies bedrock or glacial
sediment, and is in turn overlain by
acoustically stratified sediment in
units that thin from the south
(below) in response to early post
glacial input and from the north
(above) in the modern environment
of the lake. Raising the lake in 1912
by damming from hydroelectric
generation resulted in deposition of
a thin but distinct marker horizon in
the sediment from which a modern
rate of accumulation of 3 mm/a is
estimated. This is twice the average
of the Holocene.

internet

Grant, D.G. 1985. A reconnaissance survey of Hayward Lake.
Ministry of Environment Lands and Parks, Recreational
Fisheries branch. 35 p.

cited in Bruce et al 94

Grant, D.G. and J.A. Balkwill. 1986. A reconnaissance survey
of Hayward Lake. Ministry of Environment Lands and Parks,
Recreational Fisheries Branch. Inventory report. 7 p.

cited in Slaney 94

Ginetz, R. and G. Neilsen. 1980. Review of enhancement
potential for chinook and coho salmon stocks in the Fraser River
watershed. Fisheries & Oceans Canada. Small Projects Division
Memorandum 17 p.

cited in Rood/Hamilton 95

Hamilton, J.A.R. and F.J. Andrew. 1954. A study of mortality
rates in a turbine at Ruskin Dam. International Pacific Salmon
Fisheries Commission, New Westminster, B.C.

Pac. Salmon Comm.

Handcock, M.J. and D.E. Marshall. 1985. Catalogue of salmon
streams and spawning escapements of Statistical Area 29, New
Westminster Subdistrict. Can. Data. Rept. Fish. Aquat. Sci. No.
495. 90 p.
Hirst, S.M., 1991a. Impacts of the operation of exisitng
hydroelectric developments on fishery resources in British
Columbia. Volume 1. Anadromous salmon. Canadian
Manuscript Report of Fisheries and Aquatic Sciences 2093. 144
p.

noted that fish ladders into Stave
and Hayward lakes have not been
seriously considered, probably due
to the lack of abundant spawning
and rearing habitats in the
tributaries above the dams.

Hirst, S.M., 1991b. Impacts of the operation of exisitng
hydroelectric developments on fishery resources in British
Columbia. Volume 2. Inland fisheries. Canadian Manuscript
Report of Fisheries and Aquatic Sciences 2093. 200 p.

Resident fish and anadromous trout
and char issues.

Hourston, W.R. 1958. Power developments and anadromous fish
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in British Columbia, pp. 15-23. In The investigation of Fish –
Power problems, H.R. MacMillan lectures in Fisheries, Univ. of
British Columbia, Vancouver, B.C.
IPSFC. ca. 1938. Obstructions - history.  International Pacific
Salmon Fisheries Commission, Archive files 1180.1-15, -16 and -
19.

early descriptions of Coquitlam,
Buntzen, Stave, Ruskin & Alouette
dams

Pac. Salmon Comm.

Keenleyside, M.H.A. 1954. First record of the brassy minnow
Hyponathus hankinsoni Hubbs from British Columbia. Can. Fisl-
Nat. 68(1):43.

cited in Bruce et al 94

Knight, R. and H.R. Neuman. 1991. An aerial survey of angler
use on 137 lakes in the Lower Mainland Region of british
Columbia. BC Environment.Fish and Wildlife Management
Report No. LM200. 32 p.

BC Hydro

Kraus, L., A. Martin 1990. Site survey of the Ruskin Dam.
Unpublished History 205 essay UBCE.

UBC Library

Lamont, Carol, 1995.  Structural modifications to fish habitat to
mitigate flow fluctuation impacts below two B.C. hydroelectric
projects.  Montreal Canadian Electrical Assn, Engineering &
Operating Division, Hydraulic Power Section, Environmental
Subsection 1995

UBC Library

Lamont, C. and M. Foy.  nd. Structural modifications to fish
habitat to mitigate flow fluctuation impacts in the Stave River.
Unpublished report. 5 p.

cited in Wilson 96

Leake, A.C. and L.G. Maclean. 1998. (draft) Assessment of chum
fry stranding downstream of Ruskin Generating Station. B.C.
Hydro, Power Supply, Environmental Services. Unpublished
manuscript report.  32 p.

BC Hydro

Lester, R.J.G. 1974. Parasites of Gasterosteus aculeatus near
Vancouver, B.C. Syesis 7: 195 – 200.

cited in Bruce et al 94

Lewis, A.F., G.J. Naito, S.E. Redden and BC Hydro Safety &
Environment. 1996. Fish flow studies project: fish flow overview
report. BCH Safety & Environment Rept. No. EA:95-06144 p.

comprehensive review of flows,
facilities and fish for all BCH
projects

BC Hydro

Life-Space Designs Ltd. 1994. Stave Falls Project Powerplant
Replacement Recreation and Public Safety Studies. Prepared for
B.C. Hydro Environmental Resources.

cited in Failing 1999

McCart, P., and N. Aspinwall. 1970. Spawning habitats of
largescale sucker (Catastomus macrocheilus) at Stave Lake,
B.C. J. Fish. Res. Bd. Can. 27(6) 1154 – 1158.

cited in Bruce et al 94

McKenzie, T.W. and L.N. Peace. 1939.  1939 map of the Fraser
Valley [map] / Compiled, published & copyright by T.W.
McKenzie, Chilliwack, B.C. with the assistance of road foremen
and municipal engineers ; drawn by Leonard N. Peace 5-5-'39.
Scale not given.

Map UBC Library

MacKinlay, D.D. 1985a. Review of the biological design
criteria for the Inch Creek salmonid enhancement facility.
Salmonid Enhancement Program, Dept. Fisheries and Oceans.
Vancouver, B.C. 181 p.

Ruskin stock enhancement cited in Hirst 1991

Margolis, M.H. 1994. Stave Falls Powerplant Replacement
Project Memorandum on Reservoir Operations and Power
Studies. B.C. Hydro Inter-office Memo to D.P. Moore. 7 p.

cited in Slaney 94

Margolis, M.H. 1993. Stave/Ruskin Operating Regime studies –
Preliminary rersults. B.C. Hydro, Hydroelectric Engineering
Division. memo to D.C. Baker. B.C. Hydro File 411-1205. 28 p.

cited in Bruce et al 94

Norris, J.G., 1990. MS. Summary report: Reconnaissance level
aquatic biophysical inventory of the tributaries to Stave Lake.
Ministry of Environment Lands and Parks, Habitat Management
Section 17 p.

cited in Bruce et al 94

Norris, J.G., and J.A. Balkwill. 1988. A reconnaissance survey
of Stave Lake. Ministry of Environment Lands and Parks,
Recreational Fisheries Branch. 35 p.

cited in Bruce et al 94 &
Slaney 94
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Northwest Hydraulic Consultants Ltd. 1980. Ruskin Generating
Station - potential conflicts with proposed salmon hatchery.
Unpubl. rept. for BC Hydro. 5 p.

see Bengeyfield 1981 BC Hydro

Palmer, R.N. 1972. Fraser River chum salmon. Department of
Environment, Fisheries Service, Tech. Rept. 1972-1 283 p.

cited in Wilson 96

Pettigiani, E. 1995. Stave Falls Power Plant Replacement:
Evaluation of temperature models. Prepared for B.C. Hydro,
Environmental Affairs by Aquatic Resources Ltd. 21 p.

BC Hydro

Pettigiani, E., and T. Slaney. 1995. Stave Falls Powerplant
Replacement: Preliminary assessment of impacts on
temperature, dissolved gases, and turbine mortality. Prepared for
B.C. Hydro, Environmental Affairs by Aquatic Resources Ltd.,
Vancouver, B.C. 30 p.

BC Hydro

Ramsay, I. 1996. A fisheries evaluation of Hayward Reservoir.
Prepared for B.C. Hydro, Power Supply, Environmental
Services by White Pine Environmental Resources Inc. 6 p.

BC Hydro

Rosenau, M., D. Wilson, L. Dutta, B. Clark, C. Lawson, J.
Scouras and C. Lamont. 1993. (draft) Assessment of fish
stranding during the hydroelectric peaking-plant reductions in
water discharges from the Ruskin Power Station – Lower Stave
River. Unpublished manuscript report.

cited in Leake & Maclean
98

Sanford, D., J.C. Abbott and P.R. Murray. 1987.  Survey of the
Lower Fraser River winter cutthroat fishery November 1985 –
March 1986. Unpubl. rept. for BC Ministry of Environment by
Envirocon Pacific Ltd.

cited in Slaney 94

Schubert, N.D. 1982.  A bio-physical survey of thirty lower
Fraser valley streams. Canadian Manuscript Report of Fisheries
and Aquatic Sciences 1664. Department of Fisheries and
Oceans, Field Services Branch, New Westminster, B.C.

cited in Triton 94

Scott, K.J. and J.A. Sartori. 1988.  Hayward Lake: Lake
Reconnaissance Report. Ministry of Environment Lands and
Parks, Recreational Fisheries Branch. File report.

cited in Slaney 94

Scouras, J. 1991.  Various factors concerning chum salmon
escapement for the top 0.5 mile reach of the Stave River. ms
B.C. Hydro

cited in Slaney 94

Shepherd, B.G. 1979.  Memo re: biological criteria for Stave
Hatchery.  MS report to A. Rowland, DFO Enhancement
Services Branch, Vancouver, BC. 7 September 1979 4 p.
Shepherd, B.G. 1979.  Memo re: revised water demand for
Stave Hatchery.  MS report to A. Rowland, DFO Enhancement
Services Branch, Vancouver, BC. 4 p. 29 October 1979.
Sigma Engineering Ltd. 1995.  Stave River Hydraulic Study.
Prepared  for B.C. Hydro, Maintenance Engineering and
Projects.

cited in Leake & Maclean
98

Slaney, T. 1994. Stave Falls Power Plant Replacement: A
preliminary assessment of impacts on the fisheries resources of
the Stave system. Prepared for B.C. Hydro, Environmental
Resources by Aquatic Resources Ltd. 29 p.+

BC Hydro

Slaney, T.L. 1989.  Fisheries enhancement opportunities in
reservoirs of the British Columbia lower mainland. Prepared for
B.C. Hydro by Aquatic Resources Ltd. 53 p.

BC Hydro

Stables, B. 1997.  Hydroacoustic surveys of Hayward Reservoir,
B.C. – conducted September 12 & October 29, 1996. Prepared
for B.C. Hydro, Environmental Services by BioSonics, Sumas,
WA. 2 p.

BC Hydro

Triton Environmental Consultants Ltd. 1994.  Stave River
System – fish passage study. Prepared for B.C. Hydro. 116 p.

discussed methods to get spawners
upstream, and to pass juveniles
downstream; Stave Lake may be
habitat-limited; without the creation

BC Hydro
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of additional habitat in these lakes,
the introduction of anadromous
trout and salmon may result in
competition with resident lake fish
for existing habitat.

Vernon, E.H., and R.G.M.(sic) 1952.  Stave Lake: Lake survey
data. B.C. Fish and game Commission. File rept. 2 p.

cited in Bruce et al 94

White Pine Resources. 1996. Stave Falls construction project:
baseline water quality summary 1996. Draft rept for BC Hydro

cited in Ramsay 1996

Wilson, S.J. 1997.  (draft) Ruskin Generating Station load
reduction Stave River stranding assessment – April 11th, 14th,
and 16th, 1997. Unpublished manuscript report.

cited in Leake & Maclean
98

Wilson, S. 1996.  A summary of fisheries assessment and
enhancement activities on the lower Stave River. B.C. Hydro,
Power Facilities, Environmental Services. Unpublished MS
report. 17 p.

BC Hydro

4.3 Wildlife References

Reference Notes Source
AIM Ecological Consultants. 1994.  Stave Reservoir
system: evaluation of vegetation enhancement
potential for the draw-down zone.  Unpubl. rept. to BC
Hydro Environmental Resources. 39 p.

Discusses habitat sizes, recommended
planting/habitat improvements.  No
fish/wildlife information, but may be useful
for habitat enhancement discussion.

BC Hydro

Blood, D.A. and R.U. Kistritz. 1993.  Stave Falls
Redevelopment Wildlife Assessment.  Report to BC
Hydro and Power Authority Environmental Affairs.
Burnaby, BC.

Reservoir levels vary up to 10 metres

..continued...

BC Hydro

· Drawdown zone habitats limited to Tingle Creek & Stave River deltas, southeast arm & the narrows area of the southwest arm.  All
sites (except southwest arm) have many standing snags.

· Description of 4 well developed wetland communities in the upper drawdown zone
· Most common wildlife in spring/summer is CAGO which graze in drawdown zone & fish-eating birds (OSPR, BAEA, COLO,

COME)
· CAGO & OSPR nested during 1993
· Fluctuating water levels discourages most duck breeding
· Hayward Lk. with narrow drawdown zone & little wetland vegetation & small daily water fluctuations (0.7m)  CAGO, BAEA

breed.  COLO & beaver also use lake
· No species at risk suspected to use Switchyard Site – mainly disturbed seral stage upland
· As well as OSPR platforms, COLO rafts & nest boxes also suggests feasible & desirable for reintroduction of Roosevelt Elk to

Stave River Delta
· Colour photos of current landscape;  No reference to pre-dam habitats.

B.C. Hydro. 1994. Stave Falls Powerplant
Replacement Project: Environmental Impact
Management Plan. Report No. EA-94-15.

wildlife section BC Hydro

B.C. Hydro. 1998.  Rare element occurrence: Field
guide to the rare and endangered species found within
the watershed boundaries of each BCH facility.
Strategic Fisheries, Power Supply Operations,
Burnaby, BC.

all red, blue and yellow-listed species BC Hydro

B.C. Hydro and Ducks Unlimited, 1999.  Stave
Reservoir:  Concepts for Wetland Habitat
Enhancement.  71 p.

Waterfowl habitat map.  Field sightings of
wildlife

BC Hydro
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Forbes, R.D. and C. Benson. 1974.  Upper Stave
Flight.  Transcribed notes.

Goat and deer observations of the upper
Stave area.

Provincial Archives,
MELP Surrey: Jack Evans

Forbes, R.D.,  T.E. Burgess and S. Latimer. 1984.
Stave River Inventory Flight.  Transcribed notes.

Observations of goats, deer and bears with
totals of adults, kids and unclassifieds

Provincial Archives,
MELP Surrey: Jack Evans

Gates, Bryan Lake flooded without clearing
Deer, cougar, black bear, bald eagles
abundant in 50's & 60's; suspect they still are

pers. comm.

Province of British Columbia Department of Attorney
– General, 1955.  Provincial Game Commission
Report

Some gravel removal from Coquitlam &
Stave Rivers

Provincial Archives,
MELP Surrey: Jack Evans

Province of British Columbia, 1929.  Annual Report of
the Provincial Game Warden of the Province of British
Columbia 1928.  Authority of the Legislative
Assembly, Victoria BC.

Mountain goat...some good bags were
procured...at Stave Lake.

Provincial Archives,
MELP Kamloops: Doug
Jury.

Province of British Columbia, 1930.  Report of the
Provincial Game Commissioner 1929.  Authority of
the Legislative Assembly, Victoria BC

Mountain goat...a few animals were taken
in...Stave District

Provincial Archives,
MELP Kamloops: Doug
Jury.

Province of British Columbia, 1932.  Report of the
Provincial Game Commissioner 1931.  Authority of
the Legislative Assembly, Victoria BC

Beaver not plentiful in Upper Stave River Provincial Archives,
MELP Surrey: Jack Evans

Province of British Columbia, 1934.  Report of the
Provincial Game Commissioner 1933.  Authority of
the Legislative Assembly, Victoria BC

Beaver in the Upper Stave river are fairly
well stocked.

Provincial Archives,
MELP Kamloops: Doug
Jury.

Province of British Columbia, 1936.  Report of the
Provincial Game Commission 1935.  Authority of the
Legislative Assembly, Victoria BC

Mountain goats  in Upper Stave plentiful Provincial Archives,
MELP Surrey: Jack Evans

Province of British Columbia, 1937.  Report of the
Provincial Game Commission 1936.  Authority of the
Legislative Assembly, Victoria BC

Mountain goat: plentiful...in the Upper
Stave River area ...increasing in the Upper
Alouette....

Provincial Archives,
MELP Kamloops: Doug
Jury.

Province of British Columbia, 1938.  Report of the
Provincial Game Commission 1937.  Authority of the
Legislative Assembly, Victoria BC

Mountain goat: fairly plentiful in the Upper
Stave River...lesser numbers at the
headwaters of the Alouette....

Provincial Archives,
MELP Kamloops: Doug
Jury.

Province of British Columbia, 1939.  Report of the
Provincial Game Commission 1938.  Authority of the
Legislative Assembly, Victoria BC

Mountain goat: in Stave and Alouette Provincial Archives,
MELP Kamloops: Doug
Jury.

Province of British Columbia, 1940.  Report of the
Provincial Game Commission 1939.  Authority of the
Legislative Assembly, Victoria BC

Mountain goats at Coquitlam, Alouette and
Stave Lakes
Wolves at Coquitlam, Alouette and Stave
Lakes

Provincial Archives,
MELP Surrey: Jack Evans

Province of British Columbia.  1952. Provincial Game
Commission Report.  1951.  Authority of the
Legislative Assembly, Victoria BC

Mountain goats at headwaters of Coquitlam,
Alouette & Stave Lakes

Provincial Archives,
MELP Surrey: Jack Evans

Province of British Columbia.  1954. Provincial Game
Commission Report.  1953.  Authority of the
Legislative Assembly, Victoria BC

Mountain goats in good numbers at
headwaters of Coquitlam, Alouette & Stave
Lakes

Provincial Archives,
MELP Surrey: Jack Evans

Province of British Columbia.  1955. Provincial Game
Commission Report.  1954.  Authority of the
Legislative Assembly, Victoria BC

Grizzly Bears in the Mission – Harrison
Lake area
Gravel-quarrying leases investigated in
Coquitlam & Stave Rivers

Provincial Archives,
MELP Surrey: Jack Evans

Province of British Columbia.  1956. Provincial Game
Commission Report.  1955.  Authority of the
Legislative Assembly, Victoria BC

Mountain goats in good numbers at
headwaters of Coquitlam, Alouette & Stave
Lakes

Provincial Archives,
MELP Surrey: Jack Evans
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Chapter 8

COQUITLAM RIVER AND BUNTZEN LAKE
    WATERSHEDS

                

          Figure 8-1.   Coquitlam Dam with water flowing over spillway ca. 1917 (BC Archives)

1. PROJECT DESCRIPTION

1.1 Facilities

The Coquitlam-Buntzen project diverts water out of Coquitlam Lake Reservoir via a 3.9
km tunnel to Buntzen Lake Reservoir where 530 m and 170 m penstocks lead to two
power-houses located on the shoreline of Indian Arm in Burrard Inlet.

The original 1903 hydroelectric dam on the Coquitlam River was a rock-filled timber crib
about 6 m high (3.3 m above the average summer lake level). Coquitlam Dam was re-
constructed between 1911-14 (Vancouver Power Co.) to replace a smaller dam.
Coquitlam Dam was rehabilitated again in 1985.  Coquitlam Reservoir has been used for
domestic water supply since at least 1902.  Its annual drawdown of 17 m is about half of
its maximum depth.
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The 54 feet high concrete Buntzen Dam was constructed in 1902 across the ravine that
drained Buntzen Lake.  Operational in 1903, it provided storage for the first hydroelectric
power facility to be constructed in the Lower Mainland.  A second powerhouse was
completed in 1914 and rehabilitated in 1980 by B.C. Hydro.

Figure 8-2 .   British Columbia’s first power scheme (Water Powers B.C. 1954)
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Figure 8-3 .   Location of Coquitlam-Buntzen hydro project

Specifications for the facilities and reservoirs:

DAM Coquitlam Buntzen
Nameplate capacity  (MW) - - 76.7
Dependable capacity  (MW) - - 72.8
Dam function storage, diversion storage, diversion
Date constructed 1904 1902
Date operational 1905 1903
Date reconstructed 1914, 1985 1912, 1965
Height  (m) 30 16
Length  (m) 300 110
Dam footprint area   (m2)
Fishway at dam no no
Historic anadromous fish presence yes no

RESERVOIR Coquitlam Lake Buntzen Lake
Cleared/ not cleared cleared
Present area  (ha) 1198 182
Watershed area  (km2) 193 20.6
Present elevation a.s.l.  (m) 124 (bathym)
Normal drawdown range (m) 17.4 1.5-2.8
Mean depth  (m) 30
Maximum depth  (m) 31 65
Storage  (million m3) 202
Mean water retention time 49 d
Mean annual discharge   (m3/s) 21.7-23 same

DIVERSION to BuntzenReservoir to powerhouse
Structure type tunnel (4km) penstock
Licensed flow    (m3/sec) 82
Fish flow release  (m3/sec)  0.23-0.85  no
Mainstem length diminished  (km) 14.5
Mainstem length augmented  (km) no fish present

1.2 Hydrology

1.2.1 Basin and Runoff

High inflows due to snowmelt occur from May to July, August and September are
usually dry, and high inflow from rain can occur from October to March (Lewis et al.
1996).

Nearly all inflow to Buntzen Reservoir comes from the diversion tunnel.

1.2.2 Operation and Licensed Diversion Flow

BC Hydro must reserve sufficient storage in Coquitlam Reservoir from May to
September to meet domestic water demands of the Greater Vancouver Water District.
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The Greater Vancouver Water District has its 2.3 m diameter pipe intake located 300 m
above Coquitlam Dam on the east shore at an invert elevation of 132.6 m (Lewis et al.
1996).

1.2.3 Habitat Types Flooded by Reservoir

The combined reservoir area is 1,380 ha after flooding 225 ha of land. The combined
reservoir shoreline length is now 46 km. Coquitlam Reservoir is shown in Figure 8-4, and
Buntzen Reservoir in Figure 8-5.  A bathymetric map of Buntzen Lake is provided in
Figure 8-6.

The GIS calculations done by this study estimated the following losses of fish habitat
from the pre-impoundment condition:

Coquitlam Lake Original habitat lost

Lake flooded                     (ha) 1004
Land flooded                    (ha) 194
Lake shoreline                  (km) 30
Mainstem: length             (km) 1.3
                  channel           (ha) 3
                  riparian *        (ha) 8
Tributary:  length             (km) 6
                  riparian **      (ha) 18
Wetland:                           (ha) 0

*   mainstem riparian zone calculated at 30 m from each bank
**   tributary riparian zone calculated at 15 m from each bank

Buntzen Lake Original habitat lost

Lake flooded                     (ha) 151
Land flooded                    (ha) 31
Lake shoreline                  (km) 8
Mainstem: length             (km) 2
                  channel           (ha) --
                  riparian *        (ha) 12
Tributary:  length             (km) 0.5
                  riparian **      (ha) 2
Wetland:                           (ha) 0

*   mainstem riparian zone calculated at 30 m from each bank
**   tributary riparian zone calculated at 15 m from each bank
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2. FISH

2.1 Historic and Current Species Presence

A list of species currently found in major reaches of the Coquitlam River watershed is provided
in Table 8-1.

2.1.1 Coquitlam Dam and Reservoir

Prior to construction of the initial 6 m high dam in 1903, Coquitlam Lake was the main spawning
ground for an early (May) run of salmon locally known as ‘bastard’ sockeye (Sword 1904).

A fishway 3.6 m wide extended 4.9 m out from the face of the dam; it consisted of baffle boards
1 m high and 2 m apart.  Salmon did not use the initial fishway due to its steep slope and shallow
water at the entrance until further alterations were made.

The second dam was raised in 1908-11 to a height of 75-100 ft and length of 1200 ft.  No
fishway was provided in the second dam for several reasons:  (1) it was believed too high to pass
salmon (Venning 1909);  (2) the sockeye stock was not commercially important because the run
passed through before the fishing season was open; and (3) the City of New Westminster had
designated the lake as a domestic water supply since 1892, and after the first dam had been built,
dead salmon had to be removed from the water intake area for public health concerns (Koop
1994).

2.1.2 Coquitlam River Downstream of Dam

Historically, coho and chum salmon were originally reported in the river system, but the latter
were not thought to ascend as far as the lake. In 1936, the river system was utilized by pink
salmon, chum salmon, coho salmon, steelhead and resident rainbow trout, cutthroat and Dolly
Varden char (BC Ministry of Environment 1978).  Or Creek provides much of the present flow
in the Coquitlam River channel.

2.1.3 Buntzen Reservoir

Originally known as Lake Beautiful or Trout Lake in the early 1900s, Buntzen has a steep and
rocky shoreline with limited litorral habitat. Anmore Creek is the key spawning and rearing
tributary for rainbow and cutthroat trout. The outlet creek has been dry for decades and likely
contained no fish prior to hydro development due to steep gradient (Lewis et al. 1996). BC
Hydro has released catchable size rainbow trout, raised in a netpen facility, into Buntzen
Reservoir since 1998 (BC Hydro 1999).



Source: MoELP 2000.  BC Ministry of Environment Fish Information Website - http://www.bcfisheries.gov.bc.ca/fishinfobc.html; accessed before June 8, 2000.

Includes:  BC Watershed Atlas, Fisheries Information Summary System (FISS), BC Lakes and Release Record database, and Lake Depth Maps.
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Coquitlam R. Mainstem
Coquitlam Lake

COQUITLAM DAM No fishway.

Coquitlam R. Mainstem
      Or Creek

Buntzen Lake

BUNTZEN DAM No fishway.

* now named Northern pike minnow

Table 8-1.   Fish species in the Coquitlam River watershed.

   Coquitlam
      River
 
            upstream

       downstream
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2.2 Impacts on Fish

Facility Description of impacts

N
eg

P
os

Source

1. Reservoir flooded 1.3 km of mainstem and 6 km of
tributary channels, plus their associated riparian zones.

x GIS

2. Drawdown of 17m reduces access to tributaries. x
3. Drawdown reduces productivity of littoral zone. x Lewis et al.

1996

Coquitlam
Reservoir

4. Exposed drawdown zone in October-November results in
increased turbidity.

x Lewis et al.
1996

5. Dam footprint of _ m2:  loss of instream, riparian and
upland habitats; potential loss of  lake outlet spawning
habitat.

x

6. Dam blocked former passage of anadromous stocks. x IPSFC
1938

7. Dam reduced LWD recruitment to system downstream. x

Coquitlam
Dam

8. Dam construction sluiced large volumes of sediment that
likely degraded spawning habitat downstream.

x Conway
1915

9. 70% of the Coquitlam drainage area is diverted; residual
mainstem flows have been reduced for 90 years; spawning
habitat is constrained by low flows that do not flush
multiple sediment inputs.

x Riley et al.
1998;
workshop

10. Reduction of flows has reduced floodplain complexity of
downstream channel coupled with urban encroachment.

x

Downstream
Coquitlam

River

11. Reduction of flows may decrease survival of downstream
migrants.

x

12. Diversion reduces Coquitlam Reservoir’s productivity. x workshopDiversion to
Buntzen

Reservoir

13. Entrainment mortality and injury; magnitude unknown

14. Reservoir flooded 2 km of mainstem and 0.5 km of
tributary channels, plus their associated riparian zones.

x GIS Buntzen
Reservoir

15. Diversion inflows dilute reservoir’s productivity.

 Buntzen
Dam

16. Dam footprint of _ m2:  loss of instream, riparian and
upland habitats; potential loss of lake outlet spawning
habitat.

x

17. Footprint and salinity impacts on marine foreshore. x workshop Buntzen
Powerhouse 18. Chinook salmon are attracted to tailrace discharges; the

number of fish affected and impacts of delay on
reproductive success are not known.

x BC Hydro
1994
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Coquitlam Dam removed historic access to the original lake and upper spawning beds for
sockeye and coho salmon, steelhead, and possibly anadromous cutthroat trout (IPSFC 1938).
Aquatic productivity in most coastal BC watersheds is inherently low, but Coquitlam Lake once
received marine-derived nutrients from historic populations of salmon. Drawdowns and
diversion of large flows to Buntzen Reservoir have further reduced nutrient levels (workshop).
In particular, significant annual drawdown of 14-17 m relative to the maximum depth of 31 m
limits littoral productivity (Lewis et al. 1996).  Present fish water releases have reduced habitat
area and complexity in the Coquitlam River downstream; sediment input from current gravel
operations and urban encroachment issues on the floodplain restrict the level and success of
habitat restoration (workshop; Lewis et al. 1996).

Non-Hydro Impacts - Other impacts on fish in the Coquitlam River watershed are historic effects
of logging activities, mill operations, dredging and gravel mining, urbanization, and domestic
water withdrawal.

A dredging operation began about 1 km above the Port Coquitlam Bridge in October 1928
without apparent damage to fish (IPSFC 1938).  In May 1930, the District Supervisor for
Fisheries recommended a fishway on a dam across the Coquitlam River for a shingle mill at
Gold Creek, but the Fisheries Engineer disagreed and no ladder was built.  In June 1937, there
were public complaints about lack of passage but Fisheries again recommended no action
(IPSFC 1938).

2.3 Factors Limiting Fish Diversity and Production

'Limiting factors' have been identified in a general manner based on available information and
current understanding of the major constraints on species and populations of concern.  Further
inventory and research may be needed to determine the particular role of these and other factors.

The following are suspected factors that limit current levels of fish populations within the
Coquitlam River-Buntzen Lake watershed.  These also reflect the key issues raised at BCRP
regional workshops.

1. Blocked access to historic habitats:  Anadromous stocks have been excluded from Coquitlam Lake
for 86 years.

2. Loss of habitat:  Former spawning, rearing and overwintering areas are permanently lost or seasonally
reduced due to dam footprint, reservoir flooding, flow diversions, or operating flows; or from non-hydro
sources. Dyking and urban encroachment along banks of the lower Coquitlam River have alienated
offchannel, riparian and wetland areas.

3. Reduced downstream habitat capability:  Habitats below Coquitlam Dam are altered by reduced
sediment or wood recruitment.

4. Reduced biological productivity:  Coquitlam and Buntzen lakes have been affected long-term by
large reservoir drawdown regimes and in the former, loss of historic salmon carcasses.
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5. Reduced tributary access:  Reduced fish access between reservoir and tributary habitat due to large
drawdown regimes.

6. Reduced mainstem access:  Reduced access for fish using mainstem channel diminished by the
diversion.

7. Diversions:   The diversion has reduced flows to the downstream Coquitlam channel and increased flows
into Buntzen Lake; these altered flows have affected wetted channel area, seasonal temperatures, sediment
flushing, and aquatic productivity in the respective systems.

2.4 Fish Restoration Objectives

Objective 1:  Conserve and improve fish habitats in the lower Coquitlam River.

Discussion:
Undertake appropriate treatment, consistent with the BCRP strategy, to conserve, create
or improve existing habitat. Restoration activities should be preceded by a study plan to
address limiting factors #1, 2, 6 and 7 above that considers:

• operating flows and fish flows (Coquitlam River Water Use Plan)

• urban trends to stabilize the lower channel

• opportunities to purchase or covenant streamside properties for future habitat projects

• opportunities for habitat development and riparian planting

• proposed projects should have hydraulic characteristics to withstand the historic range of discharges
with low maintenance

• wildlife biodiversity values at all proposed fish habitat development sites

• artificial recruitment scheme to restore delivery of some sediment and wood to mainstem

•  identification and filling of data gaps on issues such as fish stranding after spills, etc. that may also
constrain populations.

Objective 2:    Conserve and improve habitats for resident fish stocks throughout the
reservoirs and tributary systems.

Discussion:
Undertake appropriate treatment, consistent with the BCRP strategy, to conserve, create
or improve existing habitat.  Activities proposed for Coquitlam Reservoir may need the
Greater Vancouver Water District’s approval. Activities in response to limiting factors
#2, 4, 5 and 7 above should be preceded by a study plan for each reservoir and tributary
system that considers:

• operating flows and fish flows (Water Use Plan)

• opportunities to purchase or covenant key properties for future habitat projects

• identification of present critical habitats that sustain stocks, and locations of potential habitat works in
the future

• potential habitat development sites with hydraulic characteristics that will operate within the expected
regulated regime of fluvial and riparian processes and require low maintenance
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• opportunities for habitat development and for planting riparian vegetation

• wildlife biodiversity values at all proposed fish habitat development sites

• restoration of fish access through drawdown zones to historical upstream habitats

• current harvest pressures on stock recruitment

• identification and filling of data gaps on issues such as fish entrainment, angling harvest effort, etc.
that may also constrain populations.

Objective 3:   Restore limnological productivity in Buntzen Reservoir.

Discussion:
Undertake appropriate treatment, consistent with the BCRP strategy, to improve reservoir
productivity.  Activities should be preceded by a study plan for the reservoir and tributary
system, in response to limiting factors #4 and 7 above, that addresses:

• feasibility of a phased program of fertilization trials and performance indicators

• determination of appropriate low-level nutrient levels that did not include historic sources from salmon
carcasses

• potential methods to achieve self-sustaining nutrient levels to reduce costs

• relative values of fertilizing fish-bearing tributaries vs reservoir plankton or littoral zone

• ecological effects of fertilization on non-target plants and aquatic animals

• impacts on esthetics and domestic water supply downstream

• wildlife biodiversity values at all proposed sites

• identification and filling of data gaps on issues such as entrainment, angling harvest effort, etc. that
may also constrain populations.

Objective 4:  Determine feasibility of restoring historic access for anadromous stocks to
Coquitlam Reservoir.

Discussion:
Undertake an appropriate study, consistent with the BCRP strategy and Section 1-3.2, to
restore historic access to anadromous fish.  A study plan, in response to limiting factors
#1, 2, 4 and 6 above, should consider:

• present operating flows and adequacy of fish flows (Coquitlam Water Use Plan)

• biological soundness in terms of donor stocks, ecological interactions, current adequacy of habitat and
productivity

• engineering feasibility of structures and flows for upstream and downstream passage

• management implications to future BC Hydro operations, and to fisheries that presently exploit similar
stocks at a high rate

• identification and filling of data gaps on other issues that may further constrain populations.
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3. WILDLIFE

3.1 Historic and Current Populations and Habitats

B.C. Game Commission reports note the presence of mountain goats and wolves in the
Coquitlam River watershed.  No information was obtained on current wildlife use.

3.2 Impacts on Wildlife

Feature Description of Effects

N
eg

P
os

Origin

Dam footprint of __ ha: loss of coniferous forest and riverine
habitats.

x

Flooding of 17 ha of river and lowland forest, 30 km perimeter
of Coquitlam Lake, and 177 km of upland forest: loss of
riverine and coniferous valley side habitats and associated
wildlife losses, e.g., loss of valley side habitat for ungulates
and carnivores.

x GIS

Conversion of 0.8 km of Coquitlam River to lake: barrier to
movement of large mammals (bears and ungulates); increase in
open water for waterfowl and osprey.

x x GIS

Fluctuating reservoir water levels (17.4 m) due to hydro-
electric operations: effects on establishment of aquatic and/or
riparian vegetation in drawdown zone. x

BCH web
page.

Reduced flows and changed flow regime in 14.5 km Coquitlam
River: effects on downstream aquatic wildlife (e.g. Great Blue
Heron, waterfowl).

x x

Coquitlam
Reservoir,
Dam &
tunnel

Decreased flows in Coquitlam River and increased flushing of
Bunzen Lake: unknown effects on wildlife. x x
Dam footprint of __ ha: loss of coniferous forest and riverine
habitats at dam site.

x

Flooding of __ ha: loss of coniferous habitat. x x

Buntzen
Reservoir &
Dam

Fluctuating reservoir water levels (1.5 m) due to hydro-electric
operations: effects on establishment of aquatic and/or riparian
vegetation in drawdown zone.

x BCH web
page.

3.3 Factors Limiting Wildlife Diversity and Productivity

‘Limiting factors’ have been identified based on available information and current understanding
of the major constraints on species and populations of concern.  Further inventory and research
may be needed to determine the particular role of these and other factors.
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The following are suspected factors that limit current levels of wildlife for species groups
associated with the habitats listed previously in Table 1-2.  These also reflect the key issues
raised at BCRP regional workshops.

1. Habitat Changes: Altered flow regime has changed riverine and riparian habitats.  Potential effects on
wildlife include changes to habitat quality and quantity for tailed frogs, water shrews, harlequins and dippers.

2. Loss of Habitat:   Loss of side channel habitat downstream of diversions.  Lack of riparian vegetation in
drawdown zones; effects on ungulates, furbearers, small mammals and several species of passerines including
some neotropical migrants.  Potential effects include availability of habitat for amphibians, water shrews and
other small mammals and their predators, browse for ungulates and breeding habitat for some species of
neotropical migrants.

3. Reduced Productivity: Lack of riparian vegetation in drawdown zones; effects on ungulates, furbearers,
small mammals and several species of passerines including some neotropical migrants.

4. Wildlife Migration:   Impediments to wildlife movement (especially large mammals) caused by
structures, reservoirs and diversions.

3.4 Wildlife Restoration Objectives

Objective 1:  Rehabilitate reservoir drawdown zones to enhance productivity and
wildlife habitat in Coquitlam Reservoir.

Discussion:
See limiting factor # 3.  Improve vegetation in the drawdown zone.
• Develop foreshore habitat complexes at suitable locations.
• Create nesting cavities and raptor perches where beneficial through management activities such as

snag creation.
• Improve nesting opportunities for osprey by providing artificial nesting structures.

Objective 2:  Conserve riparian and wetland habitats in the downstream portions of
Coquitlam River.

Discussion:
See limiting factors # 1 and 2.   Identify key habitats for conservation of biodiversity and
enhanced production.
• Undertake conservation, through protective measures, habitat acquisition and other means, in the

Coquitlam River watershed.

Objective 3:  Create or enhance wetlands and riparian habitats for aquatic species
(amphibians, waterfowl, cavity dependent species, small mammals).
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Discussion:
See limiting factors # 1 and 2.  Consider various opportunities to dyke selected
drawdown areas to hold water during growing and breeding season (spring and summer),
or fall migration, when reservoir is normally drawn down at those times.
• Create additional wetlands where feasible through activities such as flooding shallow basins in the

watershed.
• Create backwater channel and associated riparian habitats along Coquitlam River where reduced

downstream flows have diminished natural channel complexity.

Objective 4:    Improve the knowledge base on rare, endangered and threatened species
and habitat utilization in the Coquitlam and Buntzen watersheds.
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4. COQUITLAM-BUNTZEN WATERSHED REFERENCES

4.1 Map and Air Photo References

Reference Location Source
Map of New Westminster District, 1913; approx. 1:70,000 showing
Coquitlam Lake, Pitt Lake and ‘Lillooet Lakes’  (Alouette Lake)

UBC Map Library

Map of estimated 1905 lake level, Archaeological Resources of the
Coquitlam Lake Reservoir: An Overview and Preliminary Analysis of an
Inundated Early Prehistoric Lithic Component (DiRQ-5), M.J. Wright,
Dept. of Archaeology, SFU, 1981

SFU Library

Air Photos, Coquitlam River, 1940 BC 196:14, 18, 19, 76

4.2 Hydro Facility and Fish References

Reference Notes Sources
Anonymous. 1993.  Coquitlam River flow release technical report.
Prepared for B.C. Hydro (September 1993). Unpublished report. 8 p.

BC Hydro

Arber, J.C. 1977.  The Coquitlam River water management study part
tasks 14-17: provincial fisheries. Water Investigations Branch, B.C.
Ministry of the Environment. Water Investigations Branch Reports
Library No. 2629.
Arber, J.C. 1978.  Coquitlam River water management study background
report. Task 14-17 Provincial Fisheries Resource, Victoria, BC. 91 p.

cited in de Leeuw 1982

Baney, Tonia M. 1972.  Construction of the old Fraser River bridge at
New Westminster, 1904, the Coquitlam-Buntzen Lake power complex,
1902 / produced by Tonia M. Baney; photos courtesy of Vancouver City
Archives, Vancouver Public Library. [Vancouver, B.C.]  Research
Project of the Early B.C. Photography.

photos UBC Educ.Library:
TA27.B7 C66 1972
SLIDE

B.C. Hydro. 1985.  Dam safety investigations: Coquitlam Dam –
discharge facility tests. Report No. H1842. BC Hydro, Burnaby, BC

BC Hydro

B.C. Hydro. 1985.  Dam safety investigations: Coquitlam Lake
Memorandum on inflow forecasting studies. Report no. H1795. BC
Hydro, Burnaby, BC

BC Hydro

B.C. Hydro. 1987.  Dam safety investigations: Buntzen Lake Dam
technical data book. BC Hydro, Burnaby, BC

BC Hydro

B.C. Hydro. 1991.   Dam safety investigations: Buntzen Dam
comprehensive inspection and review 1991. Report no. H2333. BC
Hydro, Burnaby, BC

BC Hydro

B.C. Hydro. 1992.  Dam safety investigations: Coquitlam Dam
comprehensive inspection and review 1989. Report no. H2250. BC
Hydro, Burnaby, BC

BC Hydro

B.C. Hydro. 1994.  Report on the electric system operations review
(ESOR). Prepared for The Minister of Employment and Investment and
the Minister of Energy Mines and Petroleum Resources. Unpublished
report and 2 appendices.

overview of operations &
issues for all BCH facilities

BC Hydro

B.C. Hydro. 1996.  Buntzen Lake and Coquitlam Lake reservoirs
property inventory. Property Services Division, B.C. Hydro, Vancouver,
B.C.

BC Hydro

B.C. Hydro. 1996.  Coquitlam/Buntzen generating facility: fisheries
enhancement work. Newsletter.

BC Hydro

B.C. Hydro. 1997.  Buntzen/Coquitlam facilities community relation
plan. Draft. Prepared for Power Supply Facilities, BC Hydro, Burnaby,

BC Hydro
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Reference Notes Sources
BC.
B.C. Hydro. 1997. Coquitlam Dam – intermediate inspection report –
fall 1997. Report No. MEP378.

BC Hydro

B.C. Hydro. 1998. Coquitlam / Buntzen Field Facility Guide. B.C.
Hydro, Power Facilities. File No. 15-200.22. Print No. 1. 145 p.

BC Hydro

B.C. Hydro. 1999.  Recreation opportunities inventory.  Power Supply
Environment, Rept. ER 99-08., 206 p.

color maps and description of
all facilities

BC Hydro

B.C. Ministry of Environment. 1976.  Coquitlam River water
management study. Study outline. Ministry of Environment. Water
Investigations Branch Reports Library No. 2437. Victoria, B.C.

cited in De Leeuw 1982

B.C. Ministry of Environment. 1978.  Coquitlam River Water
Management Study. B.C. Ministry of Environment, Water Investigations
Branch. File No. 0273896-10. ISBN 0-7719-8100-7. 237 p.

Flood protection and river
fishery issues.

cited in Hirst 1991

Brown, R.F., and M.M. Musgrave. 1979.  Preliminary catalogue of
salmon streams and spawning escapements of Mission-Harrison sub-
district. Can. Data Rep. Fish. Aquat. Sci. 133. 157 p.

cited in Hirst 1991

Bunge, J. 1970.  Coquitlam River flood Benefit Study. B.C. Water
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Chapter 9

JONES CREEK  (WAHLEACH LAKE)
WATERSHED

Figure 9-1.   Wahleach (Jones) Reservoir looking south  (Water Powers B.C. 1954)

1. PROJECT DESCRIPTION

1.1 Facilities

The Wahleach Project, completed in 1952 by the B.C. Electric Company, consists of a
storage/diversion dam across the outlet of Wahleach Lake with water passing from the lake
through a tunnel and penstock down to a powerhouse on the Fraser River. A small dam
across Boulder Creek diverts water into Wahleach Lake.  The reservoir has a large drawdown
relative to its mean depth (Lewis et al. 1996).
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   Figure 9-2 .   Location of Jones Creek - Wahleach Lake hydro project

Specifications for the facilities and reservoir:

DAM Wahleach Boulder Cr.
Nameplate capacity    (MW) 60 n/a
Dependable capacity  (MW) 58 - -
Dam function storage, diversion diversion
Date constructed 1951-2 1951-2
Date operational 1952 1952
Date reconstructed - - - -
Height  (m) 21 3.5
Length  (m) 418 180
Dam footprint area   (m2) 38,038 3,600
Fishway at dam no no
Historic anadromous fish presence no no

RESERVOIR Wahleach Lake none
Cleared/ not cleared
Present area  (ha) 489 - -
Orig. lake area  (ha) 278 - -
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Watershed area  (km2) 93 (incl. Boulder)
Present elevation a.s.l.  (m) 642
Normal drawdown range (m) 19.8 - -
Mean depth  (m) 13 - -
Maximum depth  (m) 29 - -
Storage  (million m3) 66 - -
Mean water retention time - -
Mean annual discharge      (m3/s)

DIVERSION to Fraser R. side
channel

to Wahleach
Reservoir

Structure type tunnel, penstock channel
Licensed flow    (m3/sec) 6
Fish flow release  (m3/sec) 0.4 - 1.4 0.4 - 0.8
Mainstem length diminished   (km) 7.8 0.8
Mainstem length augmented   (km) n/a n/a

1.2 Hydrology

1.2.1 Basin and Runoff

The Wahleach basin is located in the southern coastal mountains which represent the first
major barrier to moisture-laden air from the Strait of Georgia; consequently, precipitation is
high in both rainfall and snowpack. Elevations within the basin range from 640 m to
approximately 2300 m (Foley Peak), and the mean elevation is 1220 m (BC Hydro 1991).

The alpine basin has steep valley slopes and short tributary streams which flow into the lake
from all directions. Other lake storage within the basin is insignificant.

1.2.2 Operation and Licensed Diversion Flow

Wahleach Lake follows the usual pattern for Lower Mainland reservoirs (BC Hydro 1994).
During winter, inflow is low while load demand is high.  The reservoir is drafted during this
period to meet generation requirements.  In spring, inflow is high due to snowmelt, load
demand is reduced, and the reservoir fills.  In fall, heavy rains can cause flash inflows that
lead to spilling.

1.2.3 Estimated Habitat Areas Flooded by Reservoir

Reservoir impoundment raised the elevation of the original Wahleach Lake by about 18 m.
The reservoir area is 489 ha after flooding 211 ha of land (Figure 9-3), and the reservoir
shoreline length is now 15 km.

The GIS calculations done by this study estimated the following losses of fish habitat from
the pre-impoundment condition:
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Wahleach Reservoir Original habitat lost

Lake flooded                     (ha) 278
Land flooded                    (ha) 211
Lake shoreline                  (km) 11
Mainstem: length             (km) 2
                  channel           (ha) 1
                  riparian *        (ha) 11
Tributary:  length             (km) 6
                  riparian **      (ha) 19
Wetland:                           (ha) 0

*   mainstem riparian zone calculated at 30 m from each bank
**   tributary riparian zone calculated at 15 m from each bank

2. FISH

2.1 Historic and Current Species Presence

2.1.1 Upstream of Wahleach Dam

The original Wahleach Lake was barren of sport fish (Mottley 1936); this condition was
likely due to its 655 metre elevation and the impassable falls on Jones Creek about 1.5 km
above its Fraser River confluence. The lake was stocked with rainbow trout beginning in
1924 and periodically thereafter.  Kokanee were stocked only from 1934-36 (Hirst 1991). In
a fall stream survey in 1993, less than 50 kokanee spawners were counted (BC Hydro 1994).

Current resident species in the reservoir are rainbow trout, cutthroat trout, kokanee salmon,
and stickleback (Table 9-1).  No anadromous stocks are present.  Workshop participants
indicated that spawning and rearing habitat for trout and kokanee appears sufficient for the
system in Jones, Flat, Boulder, and Glacier tributaries, but access problems may occur in
spring if the reservoir elevation is low (Hirst 1991).

2.1.2 Downstream of Wahleach Dam

The 7 km high gradient reach of Jones Creek below the dam has small populations of
rainbow and cutthroat trout that are sustained from the lake.

The 800m of low gradient reach of Jones Creek from the canyon to its mouth likely
supported historic stocks of pink, chum and coho salmon, steelhead, cutthroat trout, and
Dolly Varden char. These species used the artificial spawning channel that was financed by
BC Electric and constructed by DFO in 1954. The spawning channel included a seasonal fish
barrier that prevented fish from accessing the main creek.  Juveniles of these species, and of
chinook salmon entering from the Fraser River, rear in the accessible system.



Source: MoELP 2000.  BC Ministry of Environment Fish Information Website - http://www.bcfisheries.gov.bc.ca/fishinfobc.html; accessed before June 8, 2000.

Includes:  BC Watershed Atlas, Fisheries Information Summary System (FISS), BC Lakes and Release Record database, and Lake Depth Maps.

A
n

ad
ro

m
ou

s 
S

al
m

on
id

s

St
ee

lh
ea

d

C
ut

th
ro

at
 tr

ou
t (

se
a-

ru
n)

D
ol

ly
 V

ar
de

n 
(s

ea
-r

un
)

So
ck

ey
e 

Sa
lm

on

C
oh

o 
Sa

lm
on

C
hi

no
ok

 S
al

m
on

Pi
nk

 S
al

m
on

C
hu

m
 S

al
m

on

S
p

or
t 

F
is

h

R
ai

nb
ow

 tr
ou

t

C
ut

th
ro

at
 tr

ou
t

D
ol

ly
 V

ar
de

n

B
ul

l t
ro

ut

B
ro

ok
 tr

ou
t

L
ak

e 
tr

ou
t

K
ok

an
ee

M
ou

nt
ai

n 
w

hi
te

fi
sh

L
ak

e 
w

hi
te

fi
sh

B
ur

bo
t

St
ur

ge
on

 (
ge

ne
ra

l)

N
on

-S
p

or
t 

F
is

h
Su

ck
er

 G
en

er
al

L
ar

ge
sc

al
e 

su
ck

er

L
on

gn
os

e 
su

ck
er

B
ri

dg
el

ip
 s

uc
ke

r

N
or

th
er

n 
sq

ua
w

fi
sh

 *
Pe

am
ou

th
 c

hu
b

R
ed

si
de

 s
hi

ne
r

Sc
ul

pi
n 

(g
en

er
al

)

T
or

re
nt

 s
cu

lp
in

Pr
ic

kl
y 

Sc
ul

pi
n

Sl
im

y 
sc

ul
pi

n

C
oa

st
ra

ng
e 

sc
ul

pi
n

T
hr

ee
sp

in
e 

st
ic

kl
eb

ac
k

L
am

pr
ey

 (
ge

ne
ra

l)

Pa
ci

fi
c 

la
m

pr
ey

R
iv

er
 la

m
pr

ey

Pu
m

pk
in

se
ed

D
ac

e 
G

en
er

al

   
R

ed
/B

lu
e 

L
is

te
d

 F
is

h
L

on
gn

os
e 

D
ac

e

B
ra

ss
y 

m
in

no
w

      "Mud Creek"
       Boulder Creek
Wahleach Lake

WAHLEACH DAM No fishway in dam.  Anadromous fish blocked by natural obstructions downstream.

Jones Creek Mainstem 1 1 1

* now named Northern pike minnow
 1  -  probable

Table 9-1.   Fish species in Jones Creek (Wahleach Lake) watershed.

 Wahleach
             upstream

            downstream
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2.1.3 Downstream of Wahleach Powerhouse

The diverted water enters the Herrling Island side channel of the Fraser River about 11 km
downstream of the Jones Creek confluence. Pink and chum salmon spawn near the discharge;
other Lower Fraser River fish species may be present.

2.2 Impacts on Fish

Facility Description of hydroelectric impacts

N
eg

P
os

Source

1. Reservoir footprint covered 2 km of mainstem channel and
associated riparian zone:  loss of lake outlet spawning habitat

x GIS

2. Reservoir footprint covered 6 km of tributary channel and
associated riparian zone:  loss of productive habitats in lower
reaches

x GIS

3. Original 278 ha lake was flooded by 18 m to create present 489
ha reservoir:  gain of 205 ha in reservoir habitat and
uncalculated volume.

x x

4. Fluctuating water levels of 20 m reduced productivity from
shallow littoral habitats

x BC Hydro
1994

5. Fluctuating water levels isolated the shoreline riparian zone
from the aquatic environment:  original lake shoreline was
increased from 11 km to 15 km of reservoir shoreline.

x x

Wahleach
Reservoir

6. Fluctuating water levels of 20 m can make fish access to and
from tributaries difficult.

x BC Hydro
1994

7. Dam footprint of ~38,038 m2:   loss of instream, riparian and
upland habitats.

x

8. Dam prevents fish access between  the lake and Boulder Cr. x

Wahleach
Dam

9. Wahleach Dam has reduced LWD recruitment to Jones Cr.
downstream.

x

10. Diversion dam footprint of ~3,600 m2:   loss of instream,
riparian and upland habitats.

x

11. Dam prevents fish access between Boulder Cr. and the
reservoir.

x

Boulder Cr.
Dam

12. Diversion dam has reduced gravel and LWD recruitment to
Jones Cr. downstream.

x

13. Diversion of __% of MAD since 1952 has diminished the
habitat capacity in Jones Cr. downstream, especially in lower
section.

x BC Hydro
1994

14. Spawning channel in lower creek was built to mitigate impacts
of reduced flows;  but associated fish diversion structure
prevented fish access to natural creek habitats.

x x Hirst
1991a

Jones Creek
downstream

15. Reservoir and diversion have reduced downstream productivity
in Jones Creek but presumably increased it in Fraser R. side
channel.

x x
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Facility Description of hydroelectric impacts

N
eg

P
os

Source

16. Entrainment and mortality at turbine: magnitude unknown.
Potential downstream benefits to scavengers.

x x

17. Hydro’s access road to the diversion tunnel workshop

Diversion to
Fraser River

18. Flow fluctuations in Fraser R. side channel may affect pink and
chum spawning.

x BC Hydro
1994

Non-Hydro Impacts - Other impacts in the watershed noted by the workshop participants and
Hirst (1991a) include effects of historic and current logging practices, and road construction
for logging and public access.

2.3 Factors Limiting Fish Diversity and Production

'Limiting factors' have been identified in a general manner based on available information
and current understanding of the major constraints on species and populations of concern.
Further inventory and research may be needed to determine the particular role of these and
other factors.

The following are suspected factors that limit current levels of fish populations within the
Wahleach Lake watershed.  These also reflect the key issues raised at BCRP regional
workshops.

1. Loss of habitat:   Former spawning, rearing and overwintering areas are permanently lost or
seasonally reduced due to dam footprint, reservoir flooding, or operating flows; or from non-hydro
sources.

2. Reduced biological productivity:  The former lake is affected long-term by large reservoir
drawdown regimes relative to mean depth.

3. Blocked access:  There are no fish passage facilities at either of the two dams.  Trout in Boulder
Creek potentially had access to the original lake in pre-impoundment conditions.

4. Reduced tributary access:   Reduced fish access between the reservoir and tributary habitat due to
large drawdown regimes.

5. Reduced mainstem access:  Reduced access for fish using the mainstem diminished by diversion.

6. Diversions:   The diversion has reduced flows to the Jones Creek channel downstream and increased
flow into a Fraser River side channel; these altered flows have affected wetted channel area, seasonal
temperatures and productivity in the respective systems.

7. Limited distribution:  Historic anadromous populations were confined by natural barriers to the
lower 0.8 km section of  Jones Creek up from the Fraser River.
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2.4 Fish Restoration Objectives

Objective 1:   Conserve and improve habitats for resident fish stocks in the reservoir
and tributary system.

Discussion:
Undertake appropriate treatment, consistent with the BCRP strategy, to conserve,
create or improve existing habitat.  Activities in response to limiting factors #1, 4 and
5 above should be preceded by a study plan for the reservoir and tributary system that
considers:

• operating flow regime  (Wahleach Water Use Plan)

• opportunities to purchase or covenant floodplain properties for future habitat projects

• identification of present critical habitats that sustain stocks, and locations of potential habitat
works in the future

• potential habitat development sites with hydraulic characteristics that will operate within the
expected regulated regime of fluvial and riparian processes and require low maintenance

• opportunities for habitat development and for planting riparian vegetation

• wildlife biodiversity values at all proposed fish habitat development sites

• restoration of fish access through drawdown zones to historical upstream habitats

• current harvest pressures on stock recruitment

• identification and filling of data gaps such as fish entrainment, angling harvest effort, etc. that may
also constrain population levels.

Objective 2:  Conserve and improve aquatic habitats in lower Jones Creek.

Discussion:
A major slope failure ~5 km upstream has created ongoing water quality and bedload
transport problems that compromise the habitat initiatives to reaactivate the spawning
channel in the lower creek.  Undertake appropriate treatment, consistent with the
BCRP strategy, to conserve, create or improve existing habitat. Restoration activities
should be preceded by a study plan to address limiting factors #1, 2, 5, 6 and 8, that
considers:

• adequacy of fish flow regime (Wahleach Water Use Plan)

• temperatures of fish-flow releases during spawning

• opportunities to purchase or covenant streamside properties for future habitat projects

• potential sites for future habitat enhancement or creation

• proposed projects should have hydraulic characteristics that will withstand the historic range of
discharges with low maintenance

• wildlife biodiversity values at all proposed fish habitat development sites

• identification and filling of data gaps such as stranding after spills, etc. that may also constrain
population levels.
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Objective 3:   Improve habitat conditions for fish stocks using the Fraser River side
channel along Herrling Island below the tailrace.

Discussion:
This side channel is used for spawning by pink and chum salmon.  Stranding of eggs
and fry may occur as a result of non-ramped discharges.  A data gap exists with
respect to the historic fish use of this side channel.  Activities should be preceded by a
study plan, in response to limiting factors #1, 2, and 5 above, that considers:

• operating flows and fish flows (Wahleach Water Use Plan)

• effects of the diversion’s flows and temperatures on the side channel

• identification of present critical habitats that sustain stocks, and locations of potential habitat
works in the future

• potential habitat development sites with hydraulic characteristics that will operate within the
expected regulated regime of fluvial and riparian processes and require low maintenance

• effects of proposed temperature changes on wildlife biodiversity values

• identification and filling of significant data gaps that may also constrain population levels.

Objective 4:   Restore biological productivity in Wahleach Reservoir.

Discussion:
Undertake appropriate treatment, consistent with the BCRP strategy, to improve
reservoir productivity.  Activities should be preceded by a study plan for the reservoir
and tributary system, in response to limiting factors #3 and 7 above, that addresses:

• the effectiveness of the current fertilization program

• potential methods to achieve self-sustaining nutrient levels and reduce costs

• determination of appropriate low-level nutrient levels

• relative values of fertilizing fish-bearing tributaries vs reservoir plankton or littoral zone

• ecological effects of fertilization on non-target plants and aquatic animals

• impacts on domestic water supply downstream

• wildlife biodiversity values at all proposed sites

• identification and filling of data gaps such as entrainment, angling harvest effort, etc. that may also
constrain population levels.
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3. WILDLIFE

3.1 Historic and Curent Populations and Habitats

A small wetland area was flooded by the reservoir, but in general the area appeared to have
low wildlife use (Jack Lay, former MELP, pers. comm.).  No information was obtained on
current wildlife use.

Red-listed species occurrences on file with the Conservation Data Centre include
∙ Spotted Owl (Strix occidentalis) – Chilliwack Forest District (location data protected).

3.2 Impacts on Wildlife

Feature Description of Effects

N
eg

P
os

Origin

Dam footprint of 38,038 m2: loss of stream, wetland, and
forested habitat and associated wildlife impacts.

x

Flooding of 69 ha: loss of flat land coniferous forest and
small wetland and riparian area and associated wildlife such
as grouse and fur bearers.

x GIS

Flooding of 136 ha of upland forest: loss of coniferous forest
and associated wildlife.

x GIS

Wahleach Dam

Fluctuating reservoir water levels (18.3 m) due to hydro-
electric operations: effects on establishment of aquatic and/or
riparian vegetation in drawdown zone. x

BCH web
page

Boulder Cr.
Diversion Dam

Dam footprint of 3,600 m2 :  loss of stream and forested
habitat and associated wildlife impacts. x

Bounder Cr.
Diversion Channel

Short channel between Bounder Cr. and Wahleach Lake:
conversion of upland habitat to wetted channel and associated
wildlife effects.

x x

Power Conduit Reduced flows and changes in flow regime in 9 km of Jones
Creek: unknown effects on wildlife of reduced river flows
and wide operational fluctuations (e.g. American Dipper).

x x

3.3 Factors Limiting Wildlife Diversity and Productivity

‘Limiting factors’ have been identified based on available information and current
understanding of the major constraints on species and populations of concern.  Further
inventory and research may be needed to determine the particular role of these and other
factors.
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The following are suspected factors that limit current levels of wildlife for species groups
associated with the habitats listed previously in Table 1-2.  These also reflect the key issues
raised at BCRP regional workshops.

1. Loss of Habitat:   Loss of upland forested habitat.  Loss of side channel habitat downstream of
diversions.

2. Reduced Productivity:   Lack of riparian vegetation in drawdown zones; effects on ungulates,
furbearers, small mammals and several species of passerines including some neotropical migrants.

3. Wildlife Migration:   Impediments to wildlife movement (especially large mammals) caused by
structures, reservoirs and diversions (0.7 km of river flooded).

3.4 Wildlife Restoration Objectives

Objective 1:  Rehabilitate reservoir drawdown zones to enhance productivity and
wildlife habitat.

Discussion:
• Improve vegetation in the drawdown zone of Wahleach Reservoir.
• Develop foreshore habitat complexes at suitable locations.
• Create snags along reservoir shorelines for cavity nesters and perching raptors.
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4. WAHLEACH  (JONES) WATERSHED REFERENCES

4.1 Map and Air Photo References

Reference Location Source
Wahleach Lake flooding of Crown land below Level 2109,
1952

BC Hydro

Hope sheet, topographic map, Dept. of Mines and Resources,
1938, 1 in = 4 mi

UBC map library

Chilliwack, 1” = 1 mi . topographic map, Dept. of National
Defence, 1941

92 H/4, UBC map library

Plan of survey of portions of Sections 29 and 32, Township 3
Range 27, Wahleach Power development, 1 in = 400 ft,
Underhill & Underhill, 1951

Legal Surveys, MELP

Air Photos, Wahleach Lake, 1948 BC 604: 106-107

4.2 Hydro Facility and Fish References

Reference Notes Sources
Anon.  n.d. Wahleach, B.C. - Jones Lake. Major Matthews collection/

Add. MSS. 54
City of
Vancouver (in
Archives
building): 505-
E-1 file 7 Refer
to microfiche #
AM0054.013.04
789

Anon. 1998. Wahleach Generating Station ramp down: preliminary
observations of flow changes in downstream habitat. A rudimentary
investigation by the Ministry of Environment Lands and Parks, Department
of Fisheries and Oceans and B.C. Hydro. Unpublished report. 5 p.

BC Hydro

Aquapro Research and Technologies. 1995. Proposal to conduct the 1995
Wahleach Reservoir Fertilization Experiment. 18 p.
B.C. Hydro. 1987.  Wahleach Dam Operation and Maintenance Manual.
Report No. OMM425/02.

BC Hydro

B.C. Hydro. 1991.  Long-Term Hydrologic Data Collection Networks: La
Joie, Terzaghi, Seton, Elsie, Wahleach, and Clowhom Basins.  B.C. Hydro,
Hydroelectric Engineering Division. Report H2067. 34 p.

BCH basin is 88km2.
Elev. range is 640m to 2300m.

BC Hydro

B.C. Hydro. 1993.  Wahleach project spillway rehabilitation environmental
assessment. Report No. ER-92-07. B.C. Hydro Environmental Resources
Division, Burnaby, B.C. 18 p.

BC Hydro

B.C. Hydro.  1994.  Report on the electric system operations review, 2
vols..  Prep. for the Minister of Employment and Investment and the
Minister of Energy, Mines and Petroleum Resources for B.C.

ESOR  - description of  BCH
facilities

BC Hydro

B.C. Hydro. 1997.  Wahleach (Jones) Lake Reservoir – Property Inventory.
Unpublished report prepared by B.C. Hydro, Property Services Division. .

BC Hydro

BC Ministry of Environment Lands and Parks, Department of Fisheries
and Oceans, and BC Hydro. 1998.  Wahleach Generating Station
rampdown: preliminary observations of flow changes in downstream
habitat. Unpublished  report. 5 p.

Herrling Island side channel BC Hydro

BC Ministry of Environment Lands and Parks. nd.  Jones Lake – Lake
survey files. Province of B.C, Fisheries Research Section, U.B.C.,

cited in BC
Hydro 1993
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Reference Notes Sources
Vancouver, B.C.
Department of Fisheries and Oceans. 1987.  Jones Creek spawning
channel: operation and maintenance. Engineering Division, Salmonid
Enhancement Program. Vancouver, B.C.

cited in Hirst
1991

Foskett, D.R. 1943.  Obstructions to sockeye on the Fraser River
watershed.  Intl. Pacific Salmon Fish. Comm., Vancouver. File 1180.1-46.
5 p.

Pac. Salmon
Comm. library

Fraser, FJ., and A.Y. Fedorenko. 1983.  Jones Creek pink salmon spawning
channel; a biological assessment, 1954-1982. Can. Tech. Rep. Fish. Aquat.
Sci. 1188. 89 p.

This report describes the Jones
Creek spawning channel and its
operation history; presents
fisheries biological information
on the system from 1954 to
1982, particularly for pink
salmon; assesses the success of
the spawning channel in
maintaining the Jones Creek
salmon stocks after hydro dam
construction and examines the
current problems regarding
channel operation.

cited in Hirst
1991 & FISS
29E-55

Ginetz, R. and G. Neilsen. 1980.  Review of enhancement potential for
chinook and coho salmon stocks in the Fraser River watershed. Fisheries &
Oceans Canada. Small Projects Division Memorandum 17 p.

cited in Rood &
Hamilton 1995

Hartman, G.F. and M. Miles. 1997.  Jones Creek spawning channel post-
failure analysis and management recommendations. Prepared for Habitat
and Enhancement Branch, Dept. of Fisheries and Oceans Canada,
Vancouver, B.C. 62 p.

cited in
Parsonage
1999a

Hourston, W.R., and D. MacKinnon. 1956.  Use of an artificial spawning
channel by salmon. Amer. Fish. Soc. Trans. 86: 220- 230.

cited in Hirst
1991

Inglis, S.D. 1995.  Wahleach Reservoir Inlet Spawners April – May, 1995.
Prepared for B.C. Hydro, Environmental Affairs, Burnaby, B.C.
Unpublished report. 6 p.

BC Hydro

Inglis, S.D. 1995.  Wahleach Reservoir Fertilization Experiment: Year 2 -
Pre-fertilization Assessment. Draft report. Prepared for MELP Regional
Office, Surrey. Regional Fisheries Report. 60 p.

A draft report on the Wahleach
Reservoir fertilization
experiment.

BC Hydro;
cited in FISS
2LM240.1

Inglis, S.D. and H.R. Neuman. 1994.  Wahleach Reservoir Fertilization
Experiement Year 1 – Pre-fertilization Lake Assessment. B.C.
Environment Lands and Parks, Fish and Wildlife Management Branch,
Surrey, B.C. Regional Fisheries Report No. LM 240. 97 p.

BC Hydro

Leung, Y.  1994.  Spawning channels in Pacific Canada. Department of
Fisheries and Oceans, Salmonid Enhancement Program, Vancouver, B.C.
Unpublished report

cited in
Parsonage
1999a

Limnotek Research and Development Inc. 1995.  A Proposal to Fertilize
and Monitor the Wahleach Reservoir, 1995. Prepared for BC Environment.
41 p.
Limnotek Research and Development Inc. 1998.  A Proposal to Fertilize
and Monitor the Wahleach Reservoir, 1998. Prepared for BC Hydro,
Environmental Services. 18 p.
MacKinnon, D., L. Edgeworth and R.E. MacLaren. 1961.  An assessment
of Jones Creek spawning channel 1954-1961. Can. Fish Culturist 30: 3-14.

cited in Hirst
1991

Marshall, D.E., C.I. Manzon and E.W. Britton. 1980.  Catalogue of salmon
spawning streams and spawning escapements of Chilliwack/Hope
Subdistrict. Can. Data. Rep. Fish. Aquat. Sci. 203.  167 p.
Mottley, C. McC. 1936.  A biological survey of Jones Lake. Rept. B.C.
Prov. Game Comm. for 1935. No. 27.  p. 27-30.

BC Dept. Fisheries - historic
document

Neuman, H.R. 1979. Jones Lake spawner count. B.C. Ministry of
Environment Lands and Parks, Surrey, B.C. Memo dated October 12.

cited in Perrin
1996

Parsonage, K. 1999a. An investigation into the feasibility of salmonid
habitat enhancement options near the Peters Reserve, B.C. A thesis

Peters side channel BC Hydro
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Reference Notes Sources
submitted in partial fulfillment of the requirements for the degree of
bachelor of applied science in bio-resource engineering. University of
British Columbia. April 1999. 64 p..
Parsonage, K. 1999b. Wahleach Generating Station fisheries impact
assessment on Wahleach Reach (Wahleach Slough) sidechannel. Prepared
for B.C. Hydro, Power Supply, Environmental Services. Unpublished draft
report. 42 p.

BC Hydro

Perrin, C.J. 1996.  Fertilization and Monitoring of Wahleach Reservoir in
1995. Prepared for B.C. Hydro, Environmental Services, Burnaby, B.C. by
Limnotek Research and Development Inc., Vancouver, B.C. Unpublished
report. 56 p.

BC Hydro

Ramsay, I.C. 1994.  Jones Creek Spawning Channel – Operational
Analysis 1993. B.C. Hydro, Environmental Affairs. Unpublished report
No. ER-94-12. 22 p.

BC Hydro

Slaney, T.L. 1989.  Fisheries enhancement opportunities in reservoirs of
the British Columbia lower mainland. Prepared for B.C. Hydro by Aquatic
Resources Ltd. 53 p.

BC Hydro

Stables, T.B. and I. Yesaki.  1994.   Hydroacoustic survey of resident fish
in Jones Lake, B.C. - conducted October 15-16, 1993. Prepared for B.C.
MELP, Fisheries Branch, Surrey, B.C. by Canadian Biosonics Ltd., Sardis,
B.C. 13 p.

A final report on a
hydroacoustic survey of
resident fish in Jones Lake,
B.C. The survey was conducted
to measure their standing  stock
and spatial distribution in the
lake. Survey effort was focused
on pelagic areas typically
inhabited by kokanee, the
primary species of interest.

cited in Inglis
1995 and in
FISS 2LM395

Wright. 1990.  Wahleach Dam Deficiency Investigations. Prepared for
B.C. Hydro by Wright Engineers Ltd.

cited in Ramsay
1994

Zablosky, S. 1981.  The Jones Creek spawning channel and the 1981
spawning channel reconditioning work. Prepared for BC Hydro by S.
Zoblosky Engineering Technician Co.

cited in Ramsay
1994

4.3 Wildlife References

Reference Notes Source
B.C. Hydro. 1998. Rare element occurrence:
Field guide to the rare and endangered species
found within the watershed boundaries of each
BCH facility.  Strategic Fisheries, Power Supply
Operations, Burnaby, BC.

All red, blue and yellow-listed species BC Hydro

BC Fish & Wildlife Branch. 1972.  Wildlife
Distribution Mapping Series: Elk Distribution

Roosevelt elk winter and general range just
south on map.

MELP Surrey: Jack Evans

Lay, Jack Formerly had a small wet flat area with
generally low wildlife values due to high
elevation (644 m).  Species that used area
include

-Grouse: willow & blue
-Summer range for black bear and deer
-Martin, mink, bobcat, coyote, squirrels,

and other furbearers

Personal Communication
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Chapter 10

BRIDGE RIVER WATERSHED

                                        Figure 10-1 .  Bridge River valley in the 1920s  (BC Archives)

1. PROJECT DESCRIPTION

1.1 Facilities

The Bridge River project consists of the La Joie Dam which impounds Downton Lake and
Terzaghi Dam which impounds Carpenter Lake. Water is diverted through tunnels and
penstocks from Carpenter Reservoir to two powerhouses on Seton Lake Reservoir.  About
80% of the total discharges through the Seton powerhouse originate from the Bridge River
system via major diversions into Seton Lake.

The initial diversion dam, Mission Dam, was a 19 m high, 240 m long rockfill dam with a
clay core, and was surveyed by J.T. Underhill in July 1948 on District Lot 7613 soon after its
completion.  The footprint area of Mission Dam occupied about 6,400 m2 of wetted channel
area and its total footprint was about 24,600 m2.  Mission Dam was incorporated into the
upstream toe of the new Terzaghi Dam which was completed in 1960 and renamed in 1965.
La Joie Dam was constructed in 1948 by B.C. Electric Co. and redeveloped in 1957.

                                                                      BRIDGE RIVER-VALLEY ABOVE CANYON
                                            Looking downstream towards site of proposed dam, as indicated by white line
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                                           Figure 10-2.    Location of Bridge River/Seton hydro project.

                            Figure 10-3.    La Joie Dam under construction (Water Powers B.C. 1954)
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Figure 10-4.  La Joie Falls in the 1920s (BC Archives)

    

 Figure 10-5 .  Historic Bridge River power scheme (Water Powers B.C. 1954)
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Specifications for the Bridge River facilities and reservoirs:

DAM Lajoie Terzaghi
Nameplate capacity  (MW) 22 428
Dependable capacity  (MW) 24 480
Dam function storage storage, diversion
Date constructed 1948 1948
Date operational
Date reconstructed 1956-7 1960
Height  (m) 83 60
Length  (m) 1033 366
Dam footprint area   (m2) 97,900 131,000 *
Fishway at dam no no
Historic anadromous fish presence no yes

RESERVOIR Downton Carpenter
Cleared/ not cleared nc nc
Present area  (ha) 2400 4900
Orig. lake area  (ha) 0 0
Watershed area  (km2) 998 2691
Present elevation a.s.l.  (m) 707-749 609-651
Normal drawdown range (m) 49 44
Mean depth  (m) 30 23
Maximum depth  (m) 80 47
Storage  (million m3) 722 1011
Mean water retention time 6.3 mo 3.8 mo
Mean annual discharge   (m3/s) 40 51

DIVERSION no to Seton Lake
Structure type - - tunnel, penstock
Licensed flow    (m3/sec) - - 150 (typical 91)
Fish flow release  (m3/sec) no 3
Mainstem length diminished   (km) - - 34
Mainstem length augmented   (km) - - - -

*  Terzaghi Dam’s footprint includes the base of Mission Dam

1.2 Hydrology

1.2.1 Basin and Runoff

The Bridge River basin is located in the rainshadow of the southern coastal mountains about
200 km northeast of Vancouver. The Bridge basin adjoins and lies immediately north of the
Seton basin, separated by the Bendor Range and Mission Ridge.  The source of Bridge River
is the Bridge Glacier in the Coast Mountain Range.  The glacier comprises about 140 km2 of
the 998 km2 watershed area above La Joie Dam. Tributaries to the Terzaghi sub-basin below
La Joie Dam drain 2691 km2.  Elevations within the Bridge River basin range from 645 m to
2896 m, and the mean elevations for La Joie Dam and Terzaghi Dam local basins are 1900
and 1800 m respectively (BC Hydro 1991).
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High inflows occur from May to August from snow and glacial melt.  Inflow from September
to April is usually low.  Occasional heavy rainstorms from August to early October cause
high inflow to the reservoirs which can result in spilling, on average about 1 year in 3.
Natural lakes within the watershed, including Gun and Tyaughton, provided relatively
insignificant storage before impoundment .

1.2.2 Operation and Licensed Diversion Flow

Downton Reservoir has a total average inflow of 40 m3/s (BC Hydro 1994).  Additional
inflow to Carpenter Reservoir is 51 m3/s for a total diversion typically about 91 m3/s into
Seton Lake. The licensed diversion flow from Bridge River is 147 m3/s.

1.2.3 Habitat Types Flooded by Reservoir

The total area flooded by Downton Reservoir  is 2,234 ha of river and valley bottom (Figure
10-6), and the reservoir shoreline length is 60 km.  The GIS calculations done by this study
estimated the following losses of fish habitat from the pre-impoundment condition:

Downton Reservoir Original habitat lost
Lake flooded                     (ha) 0
Land flooded                    (ha) 2234
Lake shoreline                  (km) 0
Mainstem: length             (km) 65
                  channel           (ha) 441
                  riparian *        (ha) 390
Tributary:  length             (km) 25
                  riparian **      (ha) 75
Wetland:                           (ha) 237

*   mainstem riparian zone calculated at 30 m from each bank
**   tributary riparian zone calculated at 15 m from each bank

The total area flooded by Carpenter Reservoir  is 4,669 ha of river and valley bottom (Figure
10-7), and the reservoir shoreline length is 112 km.  The GIS calculations done by this study
estimated the following losses of fish habitat from the pre-impoundment condition:

Carpenter Reservoir Original habitat lost
Lake flooded                     (ha) 0
Land flooded                    (ha) 4669
Lake shoreline                  (km) 0
Mainstem: length             (km) 92
                  channel           (ha) 761
                  riparian *        (ha) 552
Tributary:  length             (km) 55
                  riparian **      (ha) 165
Wetland:                           (ha) 46

*   mainstem riparian zone calculated at 30 m from each bank
**   tributary riparian zone calculated at 15 m from each bank
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2. FISH

2.1 Historic and Current Species Presence

A list of species currently found in major reaches of the Bridge River watershed is provided
in Table 10-1.

Anadromous fish stocks in the Bridge system were seriously affected by the rock slides that
blocked Hells Gate in the Fraser River Canyon in 1913 and again in 1914 (Roos 1991).
During the 32 years before permanent fishways were finally constructed in 1945, difficult
passage through Hells Gate periodically affected the abundance or condition of salmon
returning to the Bridge watershed. This legacy may have led to the under-appreciation of
salmon stocks using this system during the planning of hydroelectric development.

At the time of Hells Gate, Bateman (1914) described the pre-project Bridge watershed:

 “The tributaries of Bridge River enter with steep gradients and flow through precipitous and
narrow valleys and canyons.  For 25 miles above its mouth Bridge River flows swiftly
through a steep canyon.  In the upper 10 miles of this canyon the walls rise almost vertically
from the river for about 2,500 feet, but above the canyon the valley broadens and the river
meanders over a wide, flat bottomed, swampy valley containing many small lagoons and river
cut-offs.  This wide, silt-covered portion of the valley extends upstream to beyond the
Wayside mine, a distance of about 30 miles, where it again changes to a narrow valley with a
steep profile broken by [Lajoie and Zoltique] falls.  Above this, the current again becomes
sluggish and the valley broad and flat, containing many swamps and ox-box lakes, remnants
of previous river meanders.”

In the late 1920s, the Bridge River Power Company, later BC Electric, received permission
to divert 3000 cubic feet per second from Bridge into Seton.  “Neither the Department of
Fisheries nor John Pease Babcock, the provincial Deputy Commissioner of Fisheries, thought
this would affect the salmon run up Bridge River.” (O’Donnell 1988). This quote was
footnoted: “Correspondence, reports and photographs dealing with the effects of the
hydroelectric project on salmon spawning in Bridge River are on file at the National
Archives Canada, RG 23, Volume 843, Files 719-9-101 (1-3)”.  We did not locate these files.

2.1.1 Upstream of La Joie Dam

Two sets of falls, named Lajoie and Zoltique, about 800 m apart on the mainstem were
flooded by the La Joie Project. The downstream barrier, La Joie Falls, was reported to be
about 50 feet vertical (Heyworth 1930). A historic photograph taken prior to construction in
1948 suggests that the wide valley now occupied by Downton Reservoir was vegetated by
marshy flats and that few trees were present (Triton 1992). Rainbow trout, bull trout, Dolly
Varden char, kokanee and mountain whitefish are the current resident sportfish. The Bridge
River system has cold temperatures and nutrient-poor water, especially upstream of La Joie
Dam.







Source: MoELP 2000.  BC Ministry of Environment Fish Information Website - http://www.bcfisheries.gov.bc.ca/fishinfobc.html; accessed before June 8, 2000.

Includes:  BC Watershed Atlas, Fisheries Information Summary System (FISS), BC Lakes and Release Record database, and Lake Depth Maps.
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 Bridge River Mainstem
       McParlon Creek
 Downton Lake

LA JOIE DAM  (La Joie Falls) No fishway; original falls were impassable barrier to fish.

 Bridge River Mainstem
       Hurley River
 Carpenter Lake*
       McDonald Creek
       Gun Creek
            Lajoie Lake
            Gun Lake
            Lajoie Creek
       Mowson Pond
       Tyaughton Creek
            Tyaughton Lake
       Marshall Creek**
       Keary Lake
       Nosebag Creek

TERZAGHI DAM No fishway; dam is impassable barrier to original fish distribution.

 Bridge River Mainstem

* now named Northern pike minnow

Table 10-1.    Fish species in the Bridge River watershed.

Bridge River
    Upstream

     Downstream
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2.1.2 La Joie Dam to Terzaghi Dam

Before the Terzaghi Project was begun in 1946, sockeye and chinook salmon had been reported from
1901 to 1936 in this section of Bridge River and in Fergusson and Tyaughton creeks sporadically
(Atkinson 1947).  A fishway was not incorporated into the initial Mission or subsequent Terzaghi
diversion dam despite awareness of these stocks.

No estimates of historic sockeye escapement were located except that in 1922-26, the Department of
Fisheries guardian reported very light runs of sockeye in the river in June (Atkinson 1947).   It is
possible that a small stock of riverine-type sockeye existed in the Bridge Valley, despite lack of a
major lake, by rearing in the plentiful off-channel habitats; however, some recent sockeye specimens
have been identified as Quesnel stock (J. Woodey, Pacific Salmon Commission).  Occasional
historic sightings of large numbers of sockeye in Bridge River likely represent upper Fraser stocks
diverted by temporary blockages at the Bridge River Rapids on the Fraser mainstem (Killick 1948;
Neilsen and Shepherd 1983).

Estimates of chinook salmon ranged from 300 to 2000 fish in the accessible lower 1.6 km of
Tyaughton Creek between 1940-48 (MELP Kamloops files compiled from DFO Spawning files).
Estimates for Ferguson Creek were made in 1940 and 1941 at 1-50 and 100-300, respectively; in
1942, there was a note that the “stream was destroyed” by placer mining.  In 1948 as hydro
construction began, one of the first projects of the Fish Culture Branch was a salvage operation on
the Upper Bridge chinook run that began to collect below the Mission diversion dam at the end of
July (Nielsen and Shepherd 1983).  Broodstock salvages continued until 1952 with eggs planted in
Gates, Portage and Yalakom rivers, but subsequent assessments indicated dwindling chinook returns
to these systems.  A detailed account of Tyaughton Creek escapements was presented in Triton
(1993).

Pink salmon were not reported in the Bridge River until 1959 after the Hells Gate fishway was
extended in 1956 (DFO 1983).  Reduced Bridge River flows since dam construction have allowed
pink salmon to ascend past former velocity barriers in the lower reach.

Based on their current presence in lower Bridge River, it is probable that coho salmon had historic
access to the valley above Terzaghi Dam (Cartwright 1978). Examination of pre-impoundment
channel morphology on the early maps suggests there was a considerable quantity of potential
habitat for juvenile coho salmon including extensive swamps and backwaters.  The secretive nature
and small groups typical of coho spawners is a possible reason this species may have gone
unreported in a large turbid system. As the last salmon run of the season into the Bridge system, the
importance of coho carcasses to the food web in winter has been noted by local residents (Triton
1992).

No historic information on steelhead in this section of river was found although their current use of
habitats in the canyon suggests their former presence in some upper tributaries (Cartwright 1978).

Carpenter Reservoir has native populations of resident rainbow and bull trout.  The historic extent of
in-river movements by these species is not known.  Kokanee were introduced from Meadow Creek
in Kootenay Lake. The confluence of Gun Creek is an important spawning area for resident
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salmonids, considering that most tributaries to Carpenter Reservoir now provide limited habitat area
(Triton 1992).

2.1.3 Downstream of Terzaghi Dam

From 1948 to 1960, the flows into the Bridge River canyon below the diversion dam were reduced,
but after the diversion proportion was increased in 1960, downstream flows virtually ceased in the
10 km section between the dam and the Yalakom River except for periodic large spills once every 3-
5 years. The Yalakom River (historically called the “North Fork of Bridge River”) has provided the
principal flow down the lower 24 km of Bridge channel for 40 years. Despite the reduced flows in
the upper canyon, seepage from the dam and minor tributary plus groundwater inflows provided a
relatively productive area (Lister and Beniston 1995).  A fish flow release of 3 m3/s is now delivered
to the reach above Yalakom in seasonal proportion to the natural hydrograph.  See Hirst (1991a;
1991b) for further descriptions of species occurrence and habitats in the Bridge River system.

2.2 Impacts on Fish

Facility Description of hydroelectric impacts

N
eg

P
os

Source

Downton
Reservoir

1. Reservoir flooded 65 km of mainstem channel and 25 km of
lower tributary channel, plus their associated riparian zones;
species composition unchanged.

x GIS

2. Building access roads required culvert crossings that reduced
instream and riparian habitat, and probable obstructions to
fish.

x workshop

3. Large drawdown through spring may affect access to
tributaries.

x

La Joie
Dam

4. Dam footprint of 97,900 m2:  loss of instream, riparian and
upland habitats.

x

5. La Joie Dam construction sluiced large volume of sediment
that degraded channel habitat downstream.

x Bateman
1952

Carpenter
Reservoir

6. Reservoir footprint flooded 92 km of mainstem and side
channels, plus 55 km of tributary channel habitats in valuable
lower reaches, plus their associated riparian zones; species
composition unchanged except kokanee stocked.

x GIS

7. Large drawdown through spring may affect access to
tributaries.

x

Terzaghi
Dam

8. Dam has no fishway:  blocked all anadromous and resident
fish migration since 1948.

x Atkinson
1947

9. Dam footprint of 131,000 m2:  loss of instream, riparian and
upland habitats.

x

10. Terzaghi Dam has reduced gravel recruitment to Bridge River
downstream.

x workshop

11. Terzaghi Dam has reduced LWD recruitment to Bridge River x
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Facility Description of hydroelectric impacts

N
eg

P
os

Source

downstream.

Bridge River
downstream

12. Periodic large spills after 1960 diversion have scoured gravel
and diminished spawning habitat capacity in the mainstem.

x

13. Spills strand and kill fish, or displace them downstream. x

14. Spills temporarily increase TGP and sediment levels. x

15. Minimum fish flows restrict instream habitat quantity and
access to former off-channel habitat.

x workshop

16. Reduced volume of cool Bridge water in summer may benefit
juvenile rearing conditions

x workshop

17. Reduced winter flow decreases temperatures in lower river. x workshop

Bridge
Diversion
to Seton

Lake

18. Bridge River migratory stocks are attracted to Seton tailrace
due to large proportion of homestream water.

x Fretwell
1989

19. Potential temperature stress on Fraser upriver migrants trying
to pass Bridge River Rapids due to loss of cool Bridge
discharge.

x

Spilling at Terzaghi Dam affects fish habitat by eroding banks and by displacing spawning gravel.
Terzaghi Dam has blocked anadromous fish access to extensive former habitat areas.  At present fish
water releases, the river below Terzaghi Dam has reduced areas of off-channel and overwinter
habitats compared to pre-project levels.  Below Terzaghi, riparian zones are not well-established,
partly due to periodic spill events, and there is little recruitment of large wood debris to add channel
complexity or stability.  Most Carpenter Reservoir tributaries provide limited habitat area for
resident fish due to gradient or barriers.

Non-Hydro Impacts - Other impacts on fish in the Bridge River watershed include historic effects of
placer mining (including other dams), logging, homesteading, and road construction.

2.3 Factors Limiting Fish Diversity and Production

'Limiting factors' have been identified in a general manner based on available information and
current understanding of the major constraints on species and populations of concern.  Further
inventory and research may be needed to determine the particular role of these and other factors.

The following are suspected factors that limit current levels of fish populations within the large
Bridge River watershed.  These also reflect the key issues raised at BCRP regional workshops.

1. Blocked access to historic habitats:   Anadromous stocks and migratory resident stocks have been
excluded from the Bridge system between La Joie Falls and  the Terzaghi Dam site for 52 years.
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2. Loss of habitat:  Former spawning, rearing and overwintering areas are permanently lost or seasonally
reduced due to dam footprint, reservoir flooding, flow diversions, or operating flows; or from non-hydro
sources.

3. Reduced downstream habitat capability:  Habitats below Terzaghi Dam are altered by reduced sediment
and wood recruitment.

4. Reduced biological productivity:  The Carpenter Reservoir sub-basin has lost nutrient input from historic
salmon carcasses.  Below Terzaghi Dam, temperatures and nutrients from groundwater may currently provide
better conditions for fish production than historic levels although the extent of wetted channel area was
decreased.

5. Reduced tributary access:  Reduced fish access between reservoir and tributary habitat, and
flooding/dewatering of spawning areas in lower section of tributaries due to large drawdown regimes.

6. Diversions:   The diversion had eliminated continual flows in the downstream Bridge River channel until
August 2000; these altered flows have reduced wetted channel area, but improved seasonal temperatures and
stream productivity.

2.4 Fish Restoration Objectives

Objective 1:  Conserve and improve fish habitats in the lower Bridge River.

Discussion:
Undertake appropriate treatment, consistent with the BCRP strategy, to conserve, create or
improve the existing habitats. Restoration activities should be preceded by a study plan to
address limiting factors #2, 3, 4 and 6 above that considers:

• operating flows and fish flows (Bridge River Water Use Plan)

• opportunities to purchase or covenant streamside properties for future habitat projects

• opportunities for habitat development and riparian planting

• potential habitat development sites with hydraulic characteristics that will operate within the expected
regime of fluvial and riparian processes and require low maintenance

• wildlife biodiversity values at all proposed fish habitat development sites

• artificial recruitment scheme to restore delivery of some sediment and wood to mainstem

•  identification and filling of data gaps on issues such as fish stranding after spills, etc. that may also
constrain populations.

Objective 2:    Conserve and improve habitats for resident fish stocks throughout the
Bridge River reservoirs and their tributary systems.

Discussion:
Undertake appropriate treatment, consistent with the BCRP strategy, to conserve, create or
improve the existing habitats.  Activities in response to limiting factors #2 and 5 above
should be preceded by a study plan for each reservoir and tributary system that considers:

• operating flows and fish flows in regulated mainstem (Bridge River Water Use Plan)

• opportunities to purchase or covenant key properties for future habitat projects
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• identification of present critical habitats that sustain stocks, and locations of potential habitat works in the
future

• potential habitat development sites with hydraulic characteristics that will operate within the expected
regime of fluvial and riparian processes and require low maintenance

• works to increase survival of fish that spawn within the drawdown zone

• opportunities for habitat development and riparian planting

• wildlife biodiversity values at all proposed fish habitat development sites

• restoration and maintenance of fish access to historical upstream habitats

• current and future harvest pressures on stock recruitment

• identification and filling of data gaps on issues such as fish entrainment, angling harvest effort, etc. that
may also constrain populations.

Objective 3:   Restore the biological productivity of key reservoir tributaries.

Discussion:
Improvement of productivity should be focused on important fish-bearing tributaries due to
the large sizes of the reservoirs and the oligotrophic nature of the basin’s runoff. Undertake
appropriate treatment, consistent with the BCRP strategy, to improve system productivity.
Activities should be preceded by a study plan for the reservoirs and tributary systems, in
response to limiting factor #4 above, that addresses:

• feasibility of a phased program of fertilization trials and performance indicators

• determination of appropriate low-level nutrient levels that, for the Carpenter subbasin, once included
historic sources from salmon carcasses

• potential methods to achieve self-sustaining nutrient levels and reduce costs

• ecological effects of fertilization on non-target plants and aquatic animals

• wildlife biodiversity values at all proposed sites

• identification and filling of data gaps on issues such as entrainment, angling harvest effort, etc. that may
also constrain populations.

Objective 4:  Determine the feasibility of restoring historic access to anadromous stocks.

Discussion:
Undertake an appropriate study, consistent with the BCRP strategy and Section 1-3.2
(Volume 2), to restore historic access to anadromous fish.  A study plan, in response to
limiting factors #1, 2, 4 and 5 above, should consider:

• present operating flows and adequacy of fish flows (Water Use Plan)

• biological soundness in terms of donor stocks, ecological interactions, current adequacy of habitat and
productivity

• engineering feasibility of structures and flows for upstream and downstream passage

• management implications to future BC Hydro operations, and to fisheries that presently exploit similar
stocks at a high rate

• identification and filling of data gaps on other issues that may constrain populations.
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3. WILDLIFE

3.1 Historic and Current Populations and Habitats

Historically the flooded area provided productive moose, grizzly bear and black bear habitat.  The
north slopes of Carpenter Lake were important black-tailed deer winter range.  California bighorn
sheep and elk were frequent along the Bridge River.  Harlequin ducks were found along the river and
waterfowl were known to use the extensive wetland/slough complexes.  Ruffed and blue grouse
were reported in the area.

Red-listed species occurrences on file with the Conservation Data Centre include
∙ Spotted Owl (Strix occidentalis) (locations information protected)

The results of surveys of current wildlife use in the Downton and Bridge River areas are provided in
Table 10-2.

Figure 10-8.    Carpenter Lake shoreline in October 2000



Table 10-2. Wildlife species and habitats in the Bridge River watershed.

(                   = species present;  primarily from Robertson et al. 1997).

HABITATS
SPECIES STATUS Talus/-

Rock
Avalanche

Chute
Logged Forested Wetland Floodplain

& River
Draw-
down

Deep
Water

Reservoir

Dam
Facility

BIRDS
Common Loon Rare
Great Blue Heron Rare;

Blue List
Trumpeter Swan? Rare;

Blue List
Canada Goose Abundant
Wood Duck Rare
Green-winged Teal Rare
Mallard Common
Blue-winged Teal Rare
Gadwall Rare
American Wigeon Rare
Ring-necked Duck Common
Harlequin Duck Rare
Common Goldeneye Common
Barrow’s Goldeneye Common
Commom Merganser Common
Turkey Vulture? Rare;

Blue List
Osprey Rare
Bald Ealgle Rare
Sharp-shinned Hawk Rare
Cooper’s Hawk Rare
Red-tailed Hawk Rare
Swainson’s Hawk? Rare;

Blue List



HABITATS
SPECIES STATUS Talus/-

Rock
Avalanche

Chute
Logged Forested Wetland Floodplain

& River
Draw-
down

Deep
Water

Reservoir

Dam
Facility

Peregrine Falcon anatum? Rare;
Red list

Peregrine Falcon peale’s? Rare;
Blue List

American Kestrel Common
Merlin Rare
Ruffed Grouse Rare
Blue Grouse Rare
Killdeer Common
Spotted Sandpiper Common
Great Horned Owl Rare
Spotted Owl? Rare;

Red List
Flamulated Owl? Rare;

Blue List
Western-screech Owl? Rare;

Blue List
Vaux’s Swift Common
Black Swift Rare
Calliope Hummingbird Rare
Rufous Hummingbird Common
Belted Kingfisher Rare
Lewis’ Woodpecker? Rare;

Blue List
Red-naped Sapsucker Common
Hairy Woodpecker Common
Northern Flicker Common
Pileated Woodpecker Rare
Olive-sided Flycatcher Rare
Western Wood Peewee Common
Hammond’s Flycatcher Abundant
Dusky Flycatcher Abundant



HABITATS
SPECIES STATUS Talus/-

Rock
Avalanche

Chute
Logged Forested Wetland Floodplain

& River
Draw-
down

Deep
Water

Reservoir

Dam
Facility

Pacific-slope Flycatcher Rare
Cedar Waxwing Common
Tree Swallow Abundant
Violet-green Swallow Abundant
Northern Rough-winged
Swallow

Abundant

Cliff Swallow Abundant
Barn Swallow Abundant
Gray Jay Rare
Steller’s Jay Rare
Clark’s Nutcracker Common
American Crow Common
Common Raven Common
Black-capped Chickadee Rare
Chestnut-backed Chickadee Common
Mountain Chickadee Rare
Red-breasted Nuthatch Common
White-breasted Nuthatch Common
Brown Creeper Rare
Winter Wren Common
American Robin Common
Townsend’s Solitaire Abundant
Veery Rare
Swainson’s Thrush Common
Varied Thrush Common
Mountain Bluebird Rare
Golden-crowned Kinglet Rare
Ruby-crowned Kinglet Common
Cassin’s Vireo Common
Warbling Vireo Abundant
American Redstart Common
Common Yellowthroat Common



HABITATS
SPECIES STATUS Talus/-

Rock
Avalanche

Chute
Logged Forested Wetland Floodplain

& River
Draw-
down

Deep
Water

Reservoir

Dam
Facility

MacGillvray’s Warbler Common
Nashville Warbler Common
Northern Waterthrush Common
Orange-crowned Warbler Common
Townsend’s Warbler Abundant
Wilson’s Warbler Common
Yellow Warbler Abundant
Yellow-rumped Warbler Abundant
Black-headed Grosbeak Common
Brown-headed Cowbird Common
European Starling Rare
American Pipit Common
Chipping Sparrow Abundant
Dark-eyed Junco Common
Fox Sparrow Rare
Golden-crowned Sparrow Rare
Lincoln Sparrow Common
Savannah Sparrow Common
Song Sparrow Common
Spotted Towhee Common
Western Meadowlark Rare
Red-winged Blackbird Rare
Brewer’s Blackbird Rare
Western Tananger Abundant
White-crowned Sparrow Rare
Cassin’s Finch Common
Evening Grosbeak Abundant
House Finch Rare
Pine Siskin Common
Red Crossbill Abundant
White-winged Crossbill Rare



HABITATS
SPECIES STATUS Talus/-

Rock
Avalanche

Chute
Logged Forested Wetland Floodplain

& River
Draw-
down

Deep
Water

Reservoir

Dam
Facility

MAMMALS

Black Bear
Grizzly Bear Blue List
Coyote
Wolf
Cougar
Bobcat
Lynx
Wolverine
Pika
Hoary Marmot
Yellow-bellied Marmot
Fisher
Ermine
Mink
Snowshoe Hare
Red Squirrel
Yellow Pine Chipmunk
Beaver
Muskrat
Mule Deer
Moose
Mountain Goat
California Bighorn Sheep?

? = species suspected by Robertson et al. 1997 but not recorded during their survey.
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3.2 Impacts on Wildlife

Feature Description of Effects

N
eg

P
os

Origin

Dam footprint of 9.8 ha: loss of coniferous forest and riverine
habitats.

x

Flooding of 1,943 ha of upper Bridge River valley and 291 ha
of adjacent forested hillsides: loss of valley bottom and valley
side coniferous, deciduous, and wetland habitats, incl. riparian,
and associated wildlife losses, e.g., lost marsh and wetland
feeding/breeding habitat for ducks and furbearers, and feeding
habitat for bears & ungulates; loss of valley side habitat for
bighorn sheep, other ungulates, carnivores.

x Clayton Res.
1991; GIS

Replacement of 65 km of main river and 25 km of tributaries
with Reservoir: barrier to movement of large mammals (bears
and ungulates); creation of open water for waterfowl and
osprey.

x x Clayton Res.
1991;
Robertson et al.
1997;
GIS

Flooding of shoreline trees: creation of snags for cavity nesting
birds.

x Robertson et al.
1997

Changed flow regime in 49.5 km of Bridge River: unknown
effects on aquatic wildlife (e.g. American Dipper, Harlequin)
downstream

x x

Lajoie Dam/
Downton

Lake
Reservoir

Fluctuating reservoir water levels (49 m)  due to hydroelectric
operations: effects on establishment of aquatic and/or riparian
vegetation in drawdown zone.

x

Dam footprint of 13.1 ha: loss of coniferous forest and riverine
habitats.

x

Flooding of 4,437 ha of Bridge River valley and 232 ha of
adjacent hillsides: loss of coniferous, deciduous, and wetland
habitats, incl. riparian, in reservoir and associated wildlife
losses,  e.g., lost marsh and wetland feeding/breeding habitat
for ducks and furbearers, and feeding habitat for bears &
ungulates; loss of valley side habitat for bighorn sheep, other
ungulates, carnivores.

x Clayton Res.
1991; GIS

Loss of salmon resource above dam: effects on predators (e.g.,
bears) and scavengers feeding on spawning salmon and salmon
eggs, and on piscivorous birds feeding on fry and smolts.

x

Replacement of 92 km of main river and 55 km of tributaries
with Reservoir: barrier to movement of large mammals (bears
and ungulates); creation of open water for waterfowl and
osprey.

x x Clayton Res.
1991;
Robertson et al.
1997; GIS

Flooding of shoreline trees: creation of snags for cavity nesting
birds.

x Robertson et al.
1997

Changed flow regime of Bridge River: unknown effects on
downstream aquatic wildlife (e.g. American Dipper,
Harlequin).

? ?

Terzaghi
Dam/

Carpenter
Lake

Reservoir

Fluctuating reservoir water levels (44.5 m) due to hydro-
electric operations: effects on establishment of aquatic and/or
riparian vegetation in drawdown zone.

x



Bridge-Coastal Fish & Wildlife Restoration Program
Volume 2:                BRIDGE RIVER WATERSHED

22

Feature Description of Effects

N
eg

P
os

Origin

Bridge River
downstream

Reduced flow volumes in 49.5 km of Bridge River: unknown
effects on downstream aquatic wildlife (e.g. American Dipper,
Harlequin).

x x

3.3 Factors Limiting Wildlife Diversity and Productivity

‘Limiting factors’ have been identified based on available information and current
understanding of the major constraints on species and populations of concern.  Further
inventory and research may be needed to determine the particular role of these and other
factors.

The following are suspected factors that limit current levels of wildlife for species groups
associated with the habitats listed previously in Table 1-2.  These also reflect the key issues
raised at BCRP regional workshops.

1. Habitat Changes:   Altered flow regime has changed existing riverine and riparian habitats.
Potential effects on wildlife include changes to habitat quality and quantity for tailed frogs, water
shrews, harlequins and dippers.

2. Loss of Habitat:   Loss of riparian habitat in valley bottoms.  Loss of wetland habitats in flooded
valley bottoms.  Potential effects include availability of habitat for amphibians, water shrews and other
small mammals (e.g., pikas) and their predators, browse and overwintering habitat for ungulates,
forage for grizzly bear and breeding habitat for some species of neotropical migrants.  Loss of side
channel habitat downstream of diversions.

3. Reduced Habitat Capability:   Lack of snags for cavity nesting habitat and structures for large
raptor nests.  Potential effects for primary cavity nestors (e.g., woodpeckers) and secondary cavity
nestors (e.g., swallows, squirrels).

4. Reduced Productivity:   Lack of riparian vegetation in drawdown zones; effects on ungulates,
furbearers, small mammals and several species of passerines including some neotropical migrants.

5. Wildlife Migration:   Impediments to wildlife movement (especially large mammals) caused by
structures, reservoirs and diversions including losses related to ice shelving.

6. Diversions:  Wildlife (especially mammalian) mortality caused by some diversion or intake
structures, through entrainment and drowning.  Potential hazards for non aquatic or weak swimming
animals.

3.4 Wildlife Restoration Objectives

Objective 1:  Reduce downstream erosion and channel instability in Bridge River.
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Discussion:
See limiting factor # 1.  Undertake appropriate measures to control spilling of
reservoir waters, as determined within the Bridge Water Use Plan process.

Objective 2:  Rehabilitate reservoir drawdown zones to enhance productivity and
wildlife habitat in Carpenter Lake and Downton Lake.

Discussion:
See limiting factor # 4.  Improve vegetation in the drawdown zone.
• Develop foreshore habitat complexes at suitable locations.
• Create nesting cavities and raptor perches where beneficial through management activities such as

snag creation.
• Improve nesting opportunities for osprey by providing artificial nesting structures.

Objective 3:  Conserve riparian and wetland habitats in the Bridge River
watershed.

Discussion:
See limiting factor # 2.  Identify key habitats for conservation of biodiversity and
enhanced production.
• Undertake conservation, through protective measures, habitat acquisition and other means, in the

Bridge-Seton watersheds, in conjunction with the reservoir enhancement program and a riparian
management plan for lower Bridge River watershed.

Objective 4:  Protect small groups of old or second growth trees in strategic
locations for current and future nesting use by bald eagles or ospreys.

Discussion:
These areas could also include access road corridors that are maintained by BC
Hydro.

Objective 5:  Create or enhance wetlands and riparian habitats for aquatic species
(amphibians, waterfowl, cavity dependent species, small mammals, ungulates).

Discussion:
See limiting factor # 2 and 3.  Consider various opportunities to dyke selected
drawdown areas to hold water during growing and breeding season (spring and
summer), or fall migration, when reservoir is normally drawn down at those times.
• Create additional wetlands where feasible through activities such as flooding shallow basins in the

watershed (e.g., Gun Lake and Creek area).
• Create backwater channel and associated riparian habitats along Bridge River segments where

reduced downstream flows have diminished natural channel complexity.

Objective 6:  Reduce ungulate losses due to ice shelving.

Discussion:
Assess the feasibility of mitigation and undertake measures as appropriate.
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Objective 7:   Create moose and elk winter range.

Discussion:
• See limiting factor # 2.  Work with forestry companies to leave shelter stands in

association with logged clearings that provide forage.
• Establish vegetation in the reservoir drawdown zone, especially near creek or

river deltas.
• Assess the feasibility of re-introducing elk.

Objective 8:   Develop a wildlife management plan for the Bridge River watershed,
with appropriate control of unnecessary human access wherever possible in areas of
sensitive wildlife use.

Discussion:
• In conjunction with habitat improvement measures, prepare a wildlife

management plan that identifies and protects sensitive wildlife populations.

Objective 9:    Improve the knowledge base on rare, endangered and threatened
species and habitat utilization in the Bridge watershed.
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4. BRIDGE WATERSHED REFERENCES

4.1 Map and Air Photo References

Reference Location Source
BCRECo Box 78 file B1454 #1; map of dam and tunnel intake and tunnel
(1928?)

UBC Special Collections

Tyaughton Lake 1934-36, geological survey of Canada; 1:50,000 shows
drainage of upper Bridge River in detail

UBC map library

1922 geological survey: upper Bridge-Falls Creek; 2”’=1mi, Dept. of Mines
Geological Survey

UBC map library

1918 Geological Survey, Bridge River between Rexmount and Gun Lake,
1:125,000, Dept. of Mines, Canada

Provincial Archives

1933,  S.P. Powell & Co map, 1:250,000 UBC map library
Bridge River Power Co. 1926; 1”=1mi CM-C952 UBC Special Collections
Bridge River – area from Dam downstream to tunnel intake and route to Seton
lake

BC Electric Archives, Box 78 B1454 #1  UBC
Special Collections

Pre-emptors map Lillooet; of Bridge River; orig. from 1915; revised to 1952;
3”=1mi

UBC map library

Bridge River Mining Area, 1 “ = 2 mi 1934 CM-A1792  Provincial Archives
Plan showing lands flooded in lower storage basin, 1946 CM/S7  Provincial Archives
Air Photos – Carpenter Lake, 1949 BC 1027:108-120
Air photos – Carpenter Lake, 1947 BC- 449: 2, 59-60, 121
Air photos – Carpenter Lake, 1947 BC 450:56-57, 108-113
Same, 1948 BC 483:45-70
Same, 1938 BC 375:62-65, 26-27
Same, 1938 BC 448:119
Air Photos – Downton Lake, 1947 BC 475: 2-5, 44-47
Same, 1947 BC 901: 56-57,
Legal surveys and field notes for District Lots 3023,3108, 3109, 3021, 3022,
3023, 3211, 3216, 7613, 3618, 3478, 3615/16/17, 1228, 1136, 3018 3016, 3015,
3017, 3213, 3214, 3095

Legal Surveys, MELP

4.2 Hydro Facility and Fish References

Reference Notes Sources
Acres International Limited.  1991.  La Joie Dam 1990 Report on
Deficiencies.  Prepared for BC Hydro, Hydroelectric Engineering
Division. Report  H2401.  65 p.

BC Hydro

Acres International Limited.  1993.  La Joie Project, Review of
Expansion Opportunities.  Prepared for BC Hydro, Burnaby, BC.
Report No. H2708.  28 p.

BC Hydro

Aquatech Services. 1994a. Bridge River Standing Crop Estimate.
Report to B.C. Hydro South Interior Production, Kamloops, B.C., 3
p.

BC Hydro

Aquatech Services. 1994b. Bridge River System  Water Quality
Monitoring Report. 1993-94. Report to B.C. Hydro, Fish and Water
Resources, Burnaby, B.C.

BC Hydro

Atkinson, C.E. 1947. Letter to B.M. Brennon with brief reports on
the Alouette, Bridge, Nicola and Willow rivers based on a search of
Department of Fisheries correspondence. Intl. Pac. Salmon Fish.
Comm.

acknowledges the “lack of
knowledge on the extent of the
spawning areas in these streams or
on the size or relative importance
of the salmon runs”

Pac. Salm. Comm.
archive files 945.1-19
(also see 1180.1-1)
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Reference Notes Sources
Basque, Garnet. 1985. Bridge River Valley History – pictorial works.
“Fraser Canyon and Bridge River Valley.”

VanPubLib:
971.12

Bateman, A.M. 1914. Lillooet Map-Area, British Columbia, p. 189-
190. Summary Report of the Geological Survey for the Calender
Year 1912, Ottawa.

cited in O’Donnell

Bateman, W.A.  1952.  La Joie Dam - 1950 Construction.  B.C.
Electric Co. Ltd., Hydraulic Department. A2141. 40 p.

history of construction prior to
1950, and current construction

BC Hydro

Beacham, T.D., S. Pollard and K.D. Le. 1999. Population structure
and stock identification of steelhead in southern British Columbia,
Washington and the Columbia River based on microsatellite DNA
variation.  Trans. Amer. Fish. Soc. 128: 1068-1084.

Bridge River steelhead stock

Beak International Incorporated. n.d.  B.C. Hydro Fish Issues
Management Audit.  Final Report. 64  p.

BC Hydro

Beniston, R.J. 1988. Assessment of salmonid spawning and rearing
habitat in La Joie Creek, April 1988.  Report by D.B. Lister and
Assoc. Ltd. to Congress Operating Corporation, Vancouver, BC.

cited in Hirst 1991b

B.C. Electric Railway Company, 1930. The Bridge River Power
Development. Vancouver, B.C., 20 p.

same as Heyworth ? UBC SpecColl
pamphlet files: spam
20447; spam 14404

B.C. Hydro. 1982. Terzaghi Dam spillway test. Letter from W.D.
Gill to G.E. Stringer, Fish and Wildlife Branch. Kamloops, B.C. 21
September 1982.

cited in Hirst 1991

B.C. Hydro. 1983. Terzaghi Dam Discharge Facilities Tests
Experimental Test, 18 August 1982. B.C. Hydro, Hydroelectric
Generation Projects Division, Report H1600. 30 p.

BC Hydro

B.C. Hydro. 1987.  Summary of hydraulic information for Bridge
River plants.  Seton Operating Order No. 429, 25 February, 12 p.

BC Hydro

B.C. Hydro. 1991.  Long-Term Hydrologic Data Collection
Networks: La Joie, Terzaghi, Seton, Elsie, Wahleach, and Clowhom
Basins.  B.C. Hydro, Hydroelectric Engineering Division. Report
H2067.  34 p.

La Joie basin is 998km2 +
Terzhagi basin is 2691 km2 =
3689km2. Elev. range is 645m to
2896m.

BC Hydro

B.C. Hydro. 1992a. Bridge/Seton Hydroelectric Developments
Fisheries Studies. April draft. 9 p.

BC Hydro

B.C. Hydro. 1993a. Project Report: Bridge River Operation Study.
Hydroelectric Engineering Division, Report No. H2721, 19 p.

BC Hydro

B.C. Hydro. 1993c. Terzaghi Dam: Fish Water Release Facility,
Overview Study. B.C. Hydro, Hydroelectric Engineering Division.
Report H2733. 14 p.

BC Hydro

B.C. Hydro. 1995. Terzaghi Dam Deficiency Investigation,  Vol. I.
Maintenance, Engineering and Projects. B.C. Hydro, Report H2479.
30 p.

incl. scale dwgs of old Mission
Dam u/s of Terzaghi used to
measure footprint dimensions

BC Hydro

BioSonics, Inc. 1999. Hydroacoustic monitoring of fish entrainment
at La Joie Dam: a feasibility assessment conducted May 1999. Final
Report. Prepared for B.C. Hydro

BC Hydro

Bradford, M.J.  1995.  An experimental study of stranding of
juvenile salmonids on gravel bars and in sidechannels during rapid
flow decreases.  Canada Department of Fisheries and Oceans, West
Vancouver, B.C.  20 p.

BC Hydro

Bradford, M.J., G.C. Taylor, J.A. Allan and P.S. Higgins. 1995. An
experimental study of the stranding of juvenile coho salmon and
rainbow trout during rapid flow decreases under winter conditions.
N. American Jour. Fisheries Mgmt. 15(2): 473-479.

observations at Seton River

Brown, R.F., M.M. Musgrave and D.E. Marshall. 1979. Catalogue of
salmon streams and spawning escapements of Lillooet-Pemberton
sub-district. Can. Data Rep. Fish. Aquat. Sci. 161. 80 p.

cited in Hirst 1991a

Carpenter, E. E., 1928.  Some engineering aspects of the Bridge
River Project : Description of the hydroelectric power development
of the British Columbia Electric Railway Company, Limited; the
power possibilities of the river, the proposed programme of the
stages of the development and the progress of construction.  Paper

UBC Library Spec.
Coll.., pamphlet files;
spam 757.A;
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Reference Notes Sources
presented at the Western General Professional Meeting of the
Engineering Institute of Canada, at Vancouver, B.C., June 7th, 1928.
Engineering Journal, July 1928. 14 p.
Cartwright, J.W.  1978. Management plan for Bridge River: Terzaghi
Dam to Yalakom River confluence. October. MS rept. 3 p.

Prior to Terzaghi Dam, Bridge R.
supported signif. runs of CN, CO,
ST;  floods, low flow constraints;
proposal for min. flows and
channel habitat enhancement

MELP Kamloops files

Cheng, W.K., L. Flint-Petersen, and P. Higgins. 1993.  Project
Report, Bridge River Operation Study. B.C. Hydro, Hydroelectric
Engineering Division, Report H2721.

BC Hydro

Chilibeck, B. 1996.  Review of potential instream fisheries flows in
the Bridge River. 9 p.

cited in Komori 1997

Clayton Resources Ltd.  1991.  A retroactive assessment of selected
hydro-electric project impacts on native Indian use of resources in
the Bridge River and Seton systems. Prepared for InterGroup
Consultants Ltd., Winnipeg, Man. 33 p.

BC Hydro

Congress Operating Corporation. 1988.  Congress Project: Stage I
submission. Project submission to Ministry of Energy, Mines and
Petroleum Resources, Victoria, BC.

water quality in Carpenter
Reservoir

cited in Hirst 1991b

Crawford, T.W. 1981.  Bridge River salmonid enhancement: a
preliminary proposal by Bridge River Indian Band. MS to DFO
(SEP).

“Crawford (MS 1981) stated that
Gun and Cadwallader creeks were
known to have supported large
populations of anadromous fish,
but his source of data is unknown.”

cited in Nielsen &
Shepherd 1983.

D.B. Lister and Associates. 1988.  Assessment of salmonid spawning
and rearing habitat in Lajoie Creek, April 1988. Prepared for
Robinson, Dames and Moore, North Vancouver, BC.

same as Beniston 1988 cited in Triton 1992

Department of Fisheries and Oceans. 1962.  Brief outlining
objections to the issuance of placer mining leases which would
permit operation of a dredge in the lower thirteen miles of the Bridge
River. Presentation by W.R. Hourston to Minister of Mines, Lillooet,
B.C. 24 September 1962.

cited in Hirst 1991a

Department of Fisheries and Oceans. 1983.  Review of Bridge River
system. Salmonid Enhancement Program, internal memo 5903-85-
B275, G.O. Nielsen and B. Shepherd to J. McNally and K.
Sandercock. Vancouver, B.C. 25 April 1983.  11 p.

details on Bridge facilities and
historical species;  discussion of
Mission Dam, Tyaughton
chinook;.. “..SEP should concern
itself less with past causes and
more with implementing present
opportunities.” p.9

cited in Hirst 1991

Department of Fisheries and Oceans. 1991.  Salmonid Escapement
Data System. Pacific Biological Station Nanaimo.

Department of Fisheries and Oceans. 1994.  DFO Fraser River
salmon stock management summary tables for the Seton/Bridge and
Middle Fraser south area.

cited in Komori 1997

Diversified Ova Tech Ltd. 1994.  Summary Report on the Bridge
River Fence Operation, August 1993 – January 1994. Report to B.C.
Hydro, Environmental Affairs Division.

BC Hydro

Farwell, M.K., N.D. Schubert, K.H. Wilson and C.R. Harrison. 1987.
Salmon escapements to streams entering Statistical Areas 28 and 29,
1951 to 1985.  Canadian Data Rept. Fisheries and Aquatic Sciences
No. 601: 166 p.
Flint-Petersen, L. 1994.  Bridge River Due Diligence, Comparison of
1991 Flood Operation at Terzaghi Dam with the Case of Using Only
the Free Overflow Spillway. B.C. Hydro Inter-Office memo to P.
Higgins. February 7, 1994.

BC Hydro

Foskett, D.R. 1943.  Obstructions to sockeye on the Fraser River
watershed.  Intl. Pacific Salmon Fish. Comm., Vancouver. File
1180.1-46. 5 p.

no mention of Seton or Bridge Pac. Salmon Comm.
library
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Reference Notes Sources
Foutiou, D. 1993.  Bridge River spawning platforms: impact of 1992
Spill and assessment of alternative design options. B.C. Hydro,
Hydroelectric Engineering Division, Report H2773. 13 p.

BC Hydro

Geen, G.H. 1974.  Effects of hydroelectric development in western
Canada.  Jour. Fisheries Res. Bd. Can. 31: 913-927.

discusses Campbell and
Bridge/Seton systems

Geen, G.H., and FJ. Andrew. 1961.  Limnological changes in Seton
Lake resulting from hydroelectric diversions. Progress Report No. 8.
International Pacific Salmon Fisheries Commission. New West-
minster, B.C. 76 p.

Bridge water has changed
productivity

BC Hydro

GeoViro Engineering Ltd. 1996.  Hydrogeological assessment,
Bridge River channel below Terzaghi Dam, British Columbia.
Report to B.C. Hydro, Strategic Fisheries, Burnaby, B.C. Report
GV189.01. 14 p.

BC Hydro

Ginetz, R. and G. Neilsen. 1980.  Review of enhancement potential
for chinook and coho salmon stocks in the Fraser River watershed.
Fisheries & Oceans Canada. Small Projects Division Memorandum
17 p.
Grace, R.G. 1991.  Preliminary overview of water quality in Gun and
Lajoie Lakes near Gold Bridge, BC.  MS. Report of BC Environment
and Parks, Southern Interior Region.

cited in Triton 1992

Greenbank, J. 1995.  Bridge River Downstream Trapping Report
March, June 1994. B.C. Hydro, Strategic Fisheries, Burnaby, B.C.

BC Hydro

Griffith, R.P. l995.   Yalakom River drainage fish production and
habitat assessment - 1994.  Unpubl. report of R.P.Griffith and
Associates, Sidney, B.C. for Dept. Fisheries and Oceans, Vancouver
and B.C. Environment, Kamloops. 165 p.

BC Hydro

Griffith, R.P. 1996.  Fish stranding and other implications of the
1996 drawdown of Downton Lake Reservoir.  Unpubl. report of R.P.
Griffith and Associates for B.C. Hydro and Power Authority,
Kamloops, B.C

BC Hydro

Griffith, R.P.  1997.  Assessment of fish habitat and production in
the Hurley River / Cadwallader Creek Drainage, 1995.  Unpubl.
report of R.P. Griffith & Associates to BC Conservation Foundation,
Surrey, BC and BC Environment, Kamloops, BC.  127 p.

p.8&9 - photos of two small
mining dams (fish barriers) on
Cadwallader Creek;  Hurley R. has
major barrier falls 400m u/s of
Cadwallader.

BC Hydro;
MELP Kamloops

Griffith, R.P.  1999.  Assessment of fish habitat and production in
Downton Lake Reservoir relative to hydroelectric operations.
Revised Draft.  Unpubl. report of R.P. Griffith & Associates.  112 p.

BC Hydro

Hatfield Consultants Ltd.  1994.  Bridge River standing stock
assessment and carrying capacity analyses and synthesis of
biological data collected on the Bridge River fisheries.  24 p.

BC Hydro

Hebden, B.W. 1981.  West Fraser Steelhead Investigations Project. data tables only; 1976-80; other
species

BC Hydro

Hebden, B.W. 1981.  Summary report: West Fraser Steelhead
Program, S.E.P. 1980/81. Tech. Rep., Fisheries Branch, Ministry of
Environment. Kamloops, B.C. 27 p.

BC Hydro

Hebden, B.W. and J. Baxter. 1999.  Reproductive biology of
steelhead trout (Oncorhyncus mykiss) in the Bridge and Seton rivers,
1996.  In progress. B.C. Hydro - Power Facilities. 45 p.

BC Hydro

Heyworth, J.O. n.d. ~1930?  Extracts from J.O. Heyworth’s
preliminary report on the water power of the Bridge River. Schedule
“G”. MS rept. 12 p.

UBC Special Coll.

Higgins, P.H., C. Carlyle, T. Edwards and D. Turner. n.d.
Evaluation of experimental flow policy options for improving the
production of a steelhead trout population in a flow regulated river.
MS rept. Zoology 408/527 term project, U.B.C., 12 p.

BC Hydro

Higgins, P.S. 1993.  Bridge River Operations Study: estimation of
the environmental costs of spilling at Terzaghi and Seton Dams. BC
Hydro, Environmental Resource Division, Report ER-93-04.

BC Hydro
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Reference Notes Sources
Higgins, P.S. 1994.  An assessment of the 1992 Bridge River flow
ramping and fish salvage program. BC Hydro Environmental
Affairs, Report ER-94-04.

BC Hydro

Higgins, P.H. and M.J. Bradford. 1996.  Evaluation of large scale
fish salvage to reduce the impacts of controlled flow reduction in a
regulated river. North American Jour. Fisheries Mgmt. 16: 666-673.

BC Hydro

Higgins, P.S., J.G. Scouras and A. Lewis. 1999.  Diurnal and
nocturnal microhabitat use of stream salmonids in Bridge and Seton
rivers during summer. Prepared for Strategic Fisheries, B.C. Hydro,
Burnaby, BC. 26 p.

BC Hydro

Higgins, P.S. and J. Korman. 2000.  Abundance, growth, standing
stock, and components of variation of juvenile salmonids in the
Bridge River: an analysis to define ‘baseline conditions’ and optimal
sampling designs. Prepared for  B.C. Hydro and Bridge River Water
Use Fisheries Technical Committee. 37 p.

BC Hydro

Hirst, S.M. 1991a.  Impacts of the operation of exisitng hydroelectric
developments on fishery resources in British Columbia. Volume 1.
Anadromous salmon. Canadian Manuscript Report of Fisheries and
Aquatic Sciences 2093. 144 p.

Anadromous salmon issues.

Hirst, S.M. 1991b.  Impacts of the operation of exisitng hydroelectric
developments on fishery resources in British Columbia. Volume 2.
Inland fisheries. Canadian Manuscript Report of Fisheries and
Aquatic Sciences 2093. 200 p.

Resident fish and anadromous trout
and char issues.

download from
http://www-heb.pac-
mpo.gc.ca/english/publi
cations/Pub.htm

Hundal, L. and P.F. Doyle. n.d.  Progression of a small flood wave
down a diminished river channel. Report of Water Management
Branch, B.C. Ministry of Environment.

BC Hydro

International Pacific Salmon Fisheries Commission.  ca. 1943.   MS
report on the map of the distribution of sockeye spawning grounds in
the Fraser watershed.  Archival file 1180.1-2. 10 p.

color-coded map developed by
IPSFC mentions Bridge R.

Pac. Salm. Comm.
library, Vancouver

International Pacific Salmon Fisheries Commission.  n.d.   MS List
of streams on Salmon Commission map..  Archival file 1180.1-19. 3
p.

color-coded map developed by
IPSFC mentions Bridge R.

Pac. Salm. Comm.
library, Vancouver

Jarvis, J. and R.W.J. Stewart.  1985a.  A description of coho salmon
reproduction in selected tributaries of the North Thompson River,
streams of the Lillooet region, and Deadman's Creek near Savona,
B.C.  Report for Community Economic Development, Salmonid
Enhancement Program, by Central Interior Tribal Fisheries,
Kamloops, B.C., 111 p.
Jarvis, J. and R.W.J. Stewart.  1985b.  Assessment of 1984 chinook
salmon spawning escapements in selected streams of the Nicola
Basin and Lillooet Region including Deadman's Creek near Savona,
B.C.  Report for Community Economic Development, Salmonid
Enhancement Program, by Central Interior Tribal Fisheries,
Kamloops, B.C., 92 p.

BC Hydro

Jolly, Diana. 1999.  First Nations water rights in B.C.  Historical
summary of rights of Bridge River First Nations.  BC Water Mgmt.
Branch and JOL Consulting.

maps UBC Koerner:
VanPubLib: Ref 970.52

Jussinoja, H.  1995.  Winter Movement Patterns of Salmonids in
Bridge River, 1993.  B.C. Hydro, Environmental Services, Burnaby,
BC. 12 p.

BC Hydro

Kiffney, P.M. and C.J. Perrin. 1998.  Limnology of Downton Lake
Reservoir. 1996-97. Report of Limnotek Research and Development
Inc. to R.P. Griffith and Associates, Sydney, B.C. for BC Hydro.

see Limnotek 2000 BC Hydro

Killick, S.R. 1948.  Biological study of the influence of the Bridge
River rapids on the sockeye runs of the upper Fraser watershed.
Master’s thesis UBC

SK tagging experiments 1942-46;
rapids are actually in Fraser R. 76
miles north of Hells Gate; fishways
were constructed in 1946.

UBC Spec. Coll.:
LE3.B7 1948 A4 K4 B4
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Reference Notes Sources
Komori, V. 1997a.  Strategic fisheries overview for the Bridge/Seton
habitat management area--final report. MS rept. to Fraser River
Action Plan, Dept. Fisheries & Oceans, Vancouver, BC. 88 p.

VanPubLib: Ref.
639.977

Komori, V. 1997b.  Salmon watershed planning profiles for the
Bridge/Seton Habitat Management Area.  MS rept.  Fraser River
Action Plan, Dept. Fisheries & Oceans, Vancouver, BC. 44 p.
Lewis, A.F., G.J. Naito, S.E. Redden and BC Hydro Safety and
Environment. 1996.  Fish flow studies project, fish flow overview
report. Triton Environmental for BC Hydro Safety and Environment.
Report no. EA:95-06. 144 p.

comprehensive facility statistics for
most BCH projects

BC Hydro

Lewis, A.F.J. and R.D. Tesch. 1996.  Bridge River Instream Flow
Study. Report of Triton Environmental Consultants Ltd. to B.C.
Hydro, Safety and Environment, Strategic Fisheries. Burnaby, B.C.
49 p.

BC Hydro

Limnotek. 2000.  Limnology of Downton Lake Reservoir, 1996-97.
Appendices only.

see Kiffney 1998 BC Hydro

Lister, D.B. and R.J. Beniston. 1995.  Bridge and Seton Rivers:
habitat inventory and fish stock assessment, 1993. Report of D.B.
Lister and Associates Ltd. to B.C. Hydro and Power Authority,
Burnaby B.C. 63 p.

BC Hydro

McDade, Gregory J.  1996.  Interim report of the Special
Environmental Auditor with respect to the draining of Downton
reservoir in 1996. Vancouver, BC Ministry of Environment, Lands &
Parks, 69 p.

Fish kills; BC Hydro determined
that the dam gates needed changes
and upgrades, and wished to
perform a preliminary inspection of
gate chambers and seals. It was
necessary to lower the reservoir
below the minimum operating level
to perform the inspection. Lake
levels were reduced at normal
operating rates during April 1996
and a final draining took place by
May 1, leaving the reservoir
essentially empty. Substantial
losses of fish occurred and public
reaction was negative.

UBC Koerner:
MICROLOG 96-06444
c.1
VanPubLib:  627.8

McPhail, J.D. and J. Baxter. 1994.  A review of bull trout (Salvelinus
confluentus) life history and habitat use in relation to compensation
and improvement opportunities. Dept. of Zoology and Fisheries
Centre, Univ. of British Columbia, Vancouver. 41 p.

cited in Griffith 1995

Mallette, G. 1993.  The development of methods designed to
estimate the costs and benefits to nonmarket resources associated
with different operations of the Terzaghi Dam. Report of EnvironRec
Research Ltd. to P.S. Higgins, B.C. Hydro, Environmental
Resources, Burnaby, BC. 72 p.

BC Hydro

Matthew, P.L. and R.W.J. Stewart.  1985.  Summary of juvenile
salmonid downstream trapping surveys; Spring, 1984.  Report for
Community Economic Development, Salmonid Enhancement
Program, by Central Interior Tribal Fisheries, Kamloops, B.C., 69 p.
Matthew, P.L. and R.W.J. Stewart.  1987.  Summary of juvenile and
adult salmonid studies in selected streams of the Adams River
drainage and several mid-Fraser tributaries.  Report for Community
Economic Development, Salmonid Enhancement Program, by
Central Interior Tribal Fisheries, Kamloops, B.C., 135 p.

BC Hydro

Nielsen, G.O. and B.G. Shepherd. 1983.  Review of Bridge River
system. Government of Canada, 25 April Memorandum 5903-85-
B275 to J. McNally and K. Sandercock, DFO/SEP, Vancouver, BC.
10 p.

discussion of Mission Dam,
Tyaughton chinook; “...SEP should
concern itself less with past causes
and more with implementing
present opportunities.” p.9

BC Hydro
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Reference Notes Sources
Nishimura, D.J.H., D.R.P. Swanston and N. Todd. 1995.  Draft
report on 1994-1995 Bridge River chinook, sockeye and coho
salmon life history and enumeration; a description of stream habitat
is also included. Prepared for B.C. Hydro, Kamloops, BC. 43 p.

BC Hydro

Nishimura, D.J.H., N.L. Todd and D.R.P. Swanston. 1995. Run
strength, timing and reproductive characteristics of chinook, coho
and sockeye in the Bridge River 1994-1995. Report of Seacology,
Diversified Ova Tech Ltd. to B.C. Hydro, Kamloops, B.C.. 77 p.

BC Hydro

Perrin, C.J. and R. MacDonald. 1999.  A phosphorous budget and
limnology in Carpenter Lake Reservoir, 1995-96. Rept. by Limnotek
Research and Development Inc. for R.P. Griffith & Assoc., Sidney,
BC. 43 p.

Funded by BC Hydro. BC Hydro

Powell, C.J. 1999.  A selected bibliography of literature on total gas
pressure and related fisheries impacts.  Strategic Fisheries Report
No. SFP99-GEN-06. 46 p.

BC Hydro

Quick, M.C. 1995.  The Bridge River system: 1991 spills from
Terzaghi Dam. Unpublished report prepared for B.C. Hydro,
Burnaby, BC.

BC Hydro

Riley, S.C., P.H. Higgins and T. Nevin. 1997.  Bridge River stream
ecology and stock assessment program: 1996 data report. Unpubl.
rept.  to B.C. Hydro., Vancouver, B.C. 23 p.

BC Hydro

Riley, S.C., P.S. Higgins, and T. Nevin.  1998.  Bridge River stream
ecology and salmonid stock assessment program.  1997 Report.
Prepared for BC Hydro, Power Facilities.  86 p.

BC Hydro

Rood, K.M. and R.E. Hamilton. 1995.  Hydrology and water use for
salmon streams in the Seton/Bridge Habitat Management Area,
British Columbia. Can. Manuscrpt. Rept. Fish. Aquat. Sci. No. 2298,
75 p.

UBC Koerner:
Microlog 95-07721

Roos, J.F. 1991.  Restoring Fraser River Salmon - a history of the
International Pacific Salmon Fisheries Commission 1937-1985.  The
Pacific Salmon Commission, Vancouver, BC. 438 p.

p.209- 1000 Chilko SK arrived at
Terzaghi Dam in 1964 due to
Chilcotin R. slide

Royal, L.A. and A.C. Cooper.  1957.  Dams as barriers or deterrents
to the migration of fish.  Unpubl. manuscr. Intl. Pacific Salmon Fish.
Comm., Vancouver. 10 p.
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define accurately to the last square mile
the area of winter range of the Bridge
River herds…”
“Some better known goat areas Bridge
River…”
“The principal grizzly ranges of the
western and central portions of the
province are the mountainous regions of
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DFO Vanc. Libr.
SH 224 B7 O368
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Provincial Game Warden of the Province of British Columbia
1928.  Authority of the Legislative Assembly, Victoria BC.
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Bridge River District
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MELP Surrey office,
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Province of British Columbia, 1939.  Report of the Provincial
Game Commission 1938.  Authority of the Legislative
Assembly, Victoria BC
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Deadman’s Creek north of Pemberton
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Taylor, E.W. 1962.  Progress and Activities Reports. Bridge River harvest records for blue
grouns, ruffed grouse, ducks and deer
3 male & 6 female Mountain Goats
taken – reference from C/O R. Welsman
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Tobler, Douglas. N.d.  Desecration of an Enchanted Kingdom. effects of logging; environmental
aspects

VanPubLib:
634.90711

Wright, K.G. 1998. A preliminary survey of Harlequin Duck
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rivers, British Columbia. Report of the Harlequin Conservation
Society to B.C. Hydro, Power Supply, Vancouver, BC. 17 p.
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Wright, K. G., and R. I. Goudie. 1998. Breeding ecology of the
Harlequin Duck (Histrionicus histrionicus) in the southern
Chilcotin Mountains, British Columbia, 1998 Field Report.
Draft Report of the Harlequin Conservation Society to B.C.
Hydro, Power Supply, Vancouver, BC.
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ëï ),6+

ëïì +LVWRULFýDQGý&XUUHQWý6SHFLHVý3UHVHQFH

$ýOLVWýRIýVSHFLHVýFXUUHQWO\ý IRXQGý LQýPDMRUý UHDFKHVýRIý WKHý6HWRQý5LYHUýZDWHUVKHGý LVýSURYLGHGý LQ
7DEOHýììðìïý$Wý WKHý WXUQýRIý WKHýSUHYLRXVýFHQWXU\ñý6HWRQý5LYHUýZDVý LQLWLDOO\ýFDOOHGý¦/DNHý&UHHN§
DQGýZDVý WKHQý FRQVLGHUHGý Dý VKRUWý WULEXWDU\ý WRý WKHýPDLQý&D\RRVKý&UHHNýZKLFKý FRQWLQXHGý WRý WKH
)UDVHUý5LYHUýõ%DEFRFNýìäíêôï

$QDGURPRXVýILVKýVWRFNVýLQýWKHý6HWRQýV\VWHPýZHUHýDIIHFWHGýE\ýWZRýVLJQLILFDQWýHYHQWVýSULRUýWRýWKH
PDMRUýK\GURHOHFWULFýGHYHORSPHQWïýý$QýLQFUHDVLQJO\ýLQWHQVLYHýKDUYHVWýRIý)UDVHUýVRFNH\HýVWRFNVýE\
FDQQHULHVýLQý3XJHWý6RXQGýDQGýFRDVWDOý%ULWLVKý&ROXPELDýEHJDQýLQýìåçêýDQGýSHDNHGýLQýWKHýìåäí©V
õ5RRVý ìääìôïý %\ý ìäíêý FRQFHUQVý RYHUý WKHý GHFOLQLQJý HVFDSHPHQWVý RIý VRFNH\Hý WRý 6HWRQý 5LYHU
SURPSWHGýWKHýFRQVWUXFWLRQýRIýWKHýILUVWýVRFNH\HýKDWFKHU\ýLQý%ULWLVKý&ROXPELDýõ%DEFRFNýìäíéôïý7KH
6HWRQý/DNHý+DWFKHU\ýõ)LJXUHýììðåôýRSHUDWHGýLQýWKHýYLFLQLW\ýRIýWKHýSUHVHQWýGDPýXQWLOýìäìèýZKHQ
HIIHFWVýRIý WKHý VHFRQGýPDMRUý LPSDFWñý WKHý+HOOVý*DWHý VOLGHVñý GHFLPDWHGý6HWRQ©Vý UHWXUQLQJý VWRFNVï
*HHQý DQGý $QGUHZý õìäçìôý VXJJHVWHGý WKDWý KLJKý UDWHVý RIý SUHðVSDZQLQJý PRUWDOLW\ý DQGý QDLYH
KXVEDQGU\ýWHFKQLTXHVýDWýWKHýKDWFKHU\ýPD\ýKDYHýDOVRýFRQWULEXWHGýWRýWKHýHDUO\ýGHFOLQHýRIýWKHý6HWRQð
$QGHUVRQýVWRFNïýý%\ýìäììñýDýVDOPRQýZHLUýKDGýEHHQýSODFHGýDFURVVýWKHýODNHýRXWOHWñýSUHVXPDEO\ýWR
DLGýEURRGVWRFNýFROOHFWLRQýõ)LJXUHýììðäôï

7KHý VHFRQGý LPSDFWý RQý 6HWRQ©Vý DQDGURPRXVý VWRFNVýZDVý WKHý VHULHVý RIý URFNý GXPSLQJý DQGý VOLGHV
IURPýUDLOZD\ýFRQVWUXFWLRQýWKDWýEHJDQýWRýQDUURZýWKHý)UDVHUý5LYHUýDWý+HOOVý*DWHñýEHJLQQLQJýRQýWKH
ZHVWýEDQNýDVýHDUO\ýDVýìååèïý7KHýODUJHUýURFNýVOLGHVýWKDWýVOLGýLQWRýWKHý)UDVHUý5LYHUý&DQ\RQýLQýìäìê
DQGýDJDLQýLQýìäìéýKDGýDýFDWDVWURSKLFýHIIHFWýRQýUHWXUQLQJýVDOPRQýSRSXODWLRQVï

$IWHUý PXFKý RIý WKHý URFNý ZDVý UHPRYHGý E\ý 0DUFKý ìäìèñý QRý IXUWKHUý ZRUNý ZDVý GRQHý GXHý WR
FRQIOLFWLQJý RSLQLRQVý DERXWý ILVKý SDVVDELOLW\ý DQGý LQWHUQDWLRQDOý DOORFDWLRQVïý ý $IWHUý DQRWKHUý VOLGH
RFFXUUHGýLQýìäéìñýWKHý,QWHUQDWLRQDOý3DFLILFý6DOPRQý)LVKHULHVý&RPPLVVLRQýFRQVWUXFWHGýSHUPDQHQW
ILVKZD\VýRQýERWKýEDQNVýDURXQGý+HOOVý*DWHýEHWZHHQýìäééýDQGýìäéæýõ5RRVýìääìôïýý'XULQJýWKRVH
êëýLQWHUYHQLQJý\HDUVñýSDVVDJHýFRQGLWLRQVýWKURXJKý+HOOVý*DWHýYDULHGýSHULRGLFDOO\ýDQGýDIIHFWHGýWKH
DEXQGDQFHýRUýFRQGLWLRQýRIýVDOPRQýUHWXUQLQJýWRýWKHý6HWRQýZDWHUVKHGï

ëïìïì 8SVWUHDPýRIý6HWRQý'DP

%HIRUHý WKHý6HWRQýSURMHFWýZDVý FRPSOHWHGý LQýìäèçñý DQDGURPRXVý UXQVý RIý VRFNH\Hñý SLQNñý FKLQRRNñ
DQGýFRKRýVDOPRQýDQGýVWHHOKHDGýKDGýDFFHVVýWRýWKHýODNHïý:KLWHýVWXUJHRQýZHUHýUHSRUWHGýLQýWKHýODNHï
)LVKýSDVVDJHý IDFLOLWLHVý IRUý VDOPRQLGVýZHUHý LQFRUSRUDWHGý LQWRý WKHýGDPýVWUXFWXUHýEXWý WKHVHýZRXOG
QRWý EHý VXLWDEOHý IRUý VWXUJHRQïý 5DLQERZý WURXWñý EXOOý WURXWý DQGý 'ROO\ý 9DUGHQý FKDUñý NRNDQHHý DQG
PRXQWDLQýZKLWHILVKýDUHýWKHýUHVLGHQWýVSRUWILVKïý%DEFRFNýõìäíêôýUHSRUWHGýEXUERWýDQGýDýXQLTXHýIRUP
RIýNRNDQHHýFDOOHGýRQHHVKýLQý6HWRQý/DNHï

1RWHVýE\ý-ï$ïý7XEEýõìäêåôýGXULQJýDýVSDZQHUýVXUYH\ýLQGLFDWHGýWKHýSUHVHQFHýRIýWZRýHDUOLHUýGDPV
DFURVVý6HWRQý5LYHUïý7KHýILUVWýGDPñýDWýWKHýPRXWKýRIýWKHýODNHñýFRQVLVWHGýRIýDýéèýPýORQJýE\ýìïëýP
KLJKýPRXQGýRIýERXOGHUVýDQGýUXEEOHýZLWKý WZRýVWRSORJýRSHQLQJVýRQý WKHýQRUWKýVLGHïý7KHýVSLOOZD\
KDGýDýGURSýRIýìPýRYHUýDýOHQJWKýRIýåýPïýý¦8QOHVVýWKHýUXQýRIýILVKýLVýYHU\ýKHDY\ñýWKHýGDPýSUREDEO\
GRHVýQRWýEHFRPHýDýVHULRXVýREVWUXFWLRQ�§



Source: MoELP 2000.  BC Ministry of Environment Fish Information Website - http://www.bcfisheries.gov.bc.ca/fishinfobc.html; accessed before June 8, 2000.

Includes:  BC Watershed Atlas, Fisheries Information Summary System (FISS), BC Lakes and Release Record database, and Lake Depth Maps.
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 Gates Lake
 Gates River
      Blackwater Creek
      Spruce Creek
      Haylmore Creek
 Anderson Lake 1
      Connel Creek
 Portage R. (Seton Mainstem) 3 3 3 3 3 6 6 3
      Whitecap Creek
 Seton Lake 1 5 6 2

SETON DAM Fishway is present.

 Seton Mainstem 4 4 4
      Cayoosh Creek     
CAYOOSH DAM No fishway.

* - now named Northern pike minnow
1 - also a unique "oneesh" form (Babcock 1903) 4 - RL&L 1999
2 - unique distribution record (J.D. McPhail, UBC) 5 - Babcock 1903
3 - Komori 1997 6  -  unconfirmed

Table 11-1.   Fish species in the Seton River watershed.

   Seton River

            Upstream

         Downstream
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)LJXUHýììðåïýýýý6HWRQý/DNHý+DWFKHU\ýLQýìäìíýõ%&ý$UFKLYHVô
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ìì

ëïìïë 'RZQVWUHDPýRIý6HWRQý'DP
$ý VHFRQGý GDPñý FRQVWUXFWHGý E\ý WKHý 3DFLILFý *UHDWý (DVWHUQý 5DLOZD\ý ìííý Pý XSVWUHDPý RIý WKH
FRQIOXHQFHýRIý6HWRQý5LYHUýDQGý&D\RRVKý&UHHNñýKDGýEHHQýSUHVHQWýDWýOHDVWýVLQFHýìäêëýõ7XEEýìäêåôï
,WýZDVýìéýPýORQJýDQGýëýPýKLJKñýZLWKýDýëïèýPýZLGHýILVKýODGGHUýWKDWýZDVýçýPýORQJýLQýêýVWHSVïýý$
VFUHHQHGý LQWDNHý OHGý WRý WKHýæèíýPý ORQJý IOXPHý DQGý VPDOOý3ï*ï(ïýSRZHUKRXVHýRQý WKHýQRUWKýEDQNï
7KHUHýZDVýQRýLQGLFDWLRQýRIýZKHUHýWKHýHOHFWULFýSRZHUýZDVýXVHGï

)LVKýVSHFLHVýFXUUHQWO\ýIRXQGýLQý6HWRQý5LYHUýDUHýVLPLODUýWRýWKRVHýLQýWKHýëïëýNPýDFFHVVLEOHýSRUWLRQ
RIý&D\RRVKý&UHHNýEHORZý:HVWý.RRWHQD\ý3RZHU©VýQHZýWDLOUDFHîGLYHUVLRQýVWUXFWXUHýEXLOWýLQýìääêï

7KHýRULJLQDOýKDELWDWVýLQý6HWRQý5LYHUýZHUHýYHU\ýGLIIHUHQWýWKDQýWKRVHýWKDWýRFFXUýWRGD\ïý$QýDUHDýRI
ORZýPDUVK\ýKDELWDWýH[LVWHGýQHDUý WKHý)UDVHUýFRQIOXHQFHýõZRUNVKRSýëíííôïý3KRWRJUDSKVýRIý6HWRQ
5LYHUýFLUFDýìäìíðìéýLQGLFDWHýDýPRUHýVLJQLILFDQWýULSDULDQý]RQHýDQGýIRUHVWHGýVORSHVýWKDQýDWýSUHVHQW
õ)LJXUHVýììðåâýììðìíôïýý7KHý3ï*ï(ïý5DLOZD\ýZDVýFRQVWUXFWHGýDORQJýWKHýQRUWKýVKRUHOLQHýRIý6HWRQ
/DNHýLQýìäììðìëïý$ERXWýëèý\HDUVýODWHUñýWKHUHýZDVýFRQVLGHUDEOHýGHYHORSPHQWýLQýWKHýVPDOOýYDOOH\ï
7XEEý õìäêåôý GHVFULEHGý 6HWRQý&UHHNý DVý EHLQJý DFFHVVLEOHý E\ý IRRWý DORQJýPRVWý RIý LWVý FRXUVHñý EXW
SDUWVý RIý WKHý EDQNVý ZHUHý FRYHUHGý ZLWKý WKLFNý EUXVKïý +LVý VNHWFKý VKRZHGý IRXUý DFWLYHý DQGý RQH
DEDQGRQHGýURDGýDQGýSHGHVWULDQýEULGJHVýDFURVVý6HWRQý5LYHUñý WZRýEULGJHVýDFURVVý&D\RRVKý&UHHNñ
WZRýDFWLYHýDQGýRQHýDEDQGRQHGýGDPVýLQFOXGLQJýWZRýIOXPHVñýUHPQDQWVýRIýDýUHWDLQLQJýZDOOýõKDWFKHU\
VLWH"ôñýDQGýDýFRPPHUFLDOýFDPSJURXQGýIRUýDXWRPRELOHVï

)LJXUHý ììðìñý WDNHQý QHDUý WKHý FRPSOHWLRQý RIý WKHý K\GURHOHFWULFý FRQVWUXFWLRQñý VKRZHGý VRPHý RIý WKH
H[WHQVLYHýJUDGLQJýRIý WKHýULYHUýEDQNVýLQýWKHýOHIWýFKDQQHOýGRZQVWUHDPýRIý WKHýGDPïý ý ý6RPHýRIý WKH
RWKHUý FRQVWUXFWLRQý SUDFWLFHVý GHVFULEHGý LQý DQý KLVWRULFDOý ILOHý õ')2ý ìäèêôý ZRXOGý EHý FRQVLGHUHG
KDUPIXOýE\ýWRGD\©VýHQYLURQPHQWDOýVWDQGDUGVï

/RVVý RIý Dý PDMRUý VSDZQLQJý DUHDý IRUý SLQNý VDOPRQý DWý WKHý ODNHý RXWOHWý ZDVý FRPSHQVDWHGý E\
FRQVWUXFWLRQýRIý WZRýDUWLILFLDOýVSDZQLQJýFKDQQHOVýGRZQVWUHDPïý ý6HWRQý+DWFKHU\ý UHFRUGVý LQGLFDWH
WKDWý LQý ìäììñý WKHý ODVWý F\FOHý \HDUý SUHFHGLQJý +HOOVý *DWHñý ëííñíííý SLQNVý VSDZQHGý LQý WKHý 6HWRQ
ZDWHUVKHGýõ$QGUHZý÷ý*HHQýìäèåôïý7KHVHýFKDQQHOVñýSOXVý LPSURYHGýSDVVDJHýFRQGLWLRQVýDWý+HOOV
*DWHýDQGýDýJHQHUDOýUHGXFWLRQýLQýFRPPHUFLDOýKDUYHVWýRIýSLQNVñýKDYHýHVVHQWLDOO\ýUHVWRUHGýWKHýSLQN
VDOPRQýSRSXODWLRQïýý+RZHYHUñýRWKHUýVSHFLHVñýVXFKýDVýFKLQRRNýDQGýFRKRýDQGýUHVLGHQWýVSHFLHVýWKDW
DOVRýWUDGLWLRQDOO\ýVSDZQHGýDWýWKHýODNHýRXWOHWñýKDYHýQRWýEHHQýDFFRPPRGDWHGýE\ýWKHýWZRýFKDQQHOVï

ëïìïê 'RZQVWUHDPýRIý6HWRQý3RZHUKRXVH

7KHýSRZHUKRXVHýWDLOUDFHýGLVFKDUJHVýLQWRýDýVHPLFLUFXODUýEDVLQýDSSUR[LPDWHO\ýìííýPý[ýæèýPýWKDW
ZDVýH[FDYDWHGýLQýDýJUDYHOýEHQFKýRIýWKHý)UDVHUý5LYHUýDERXWýìïèýNPýGRZQVWUHDPýRIýWKHý6HWRQý5LYHU
FRQIOXHQFHï
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[

ëïý 'UHGJLQJýRIýéèñíííýPëýWRýFRQVWUXFWýWKHýDSSURDFKýFKDQQHO
LQFOXGHGýORVVýRIýPDMRUýVSDZQLQJýKDELWDWýIRUýSLQNýVDOPRQýDQG
RWKHUýVSHFLHVâý7KHýSULQFLSDOýDUHDýZDVýWKHýILUVWýìèíýPýRIýWKH
ODNHýRXWOHWýDQGýVFDWWHUHGýVSDZQLQJýLQýUHPDLQGHUï

[ ')2
.DPORRSV
ILOHV

6HWRQý/DNH
5HVHUYRLU

êïý 0DMRUýGLYHUVLRQýRIý%ULGJHýZDWHUýKDVýFKDQJHGýWHPSHUDWXUH
UHJLPHýDQGýQXWULHQWýSURGXFWLYLW\ýRIý6HWRQý/DNHñýDIIHFWLQJ
SURGXFWLYLW\ýIRUýVRFNH\Hï

[ *HHQý÷
$QGUHZ
ìäçì

éïý 'DPýIRRWSULQWýRIýëñëåçýPëãýýORVVýRIýLQVWUHDPñýULSDULDQýDQG
XSODQGýKDELWDWVï

[

èïý 6HGLPHQWýUHOHDVHGýGXULQJýFRQVWUXFWLRQï [ ')2
.DPORRSV
ILOHV

çïý 6HWRQý'DPýKDVýUHGXFHGý/:'ýUHFUXLWPHQWýWRý6HWRQý5LYHU
GRZQVWUHDPï

[ ZRUNVKRS

æïý 6HWRQýVDOPRQýDUHýDWWUDFWHGýWRýGLVFKDUJHVý!çíPêîVýWKURXJK
UDGLDOýJDWHýDQGýWKH\ýGHOD\ýDVFHQGLQJýILVKýODGGHUýDWý6HWRQý'DP
RQýRSSRVLWHýVLGHýRIýFKDQQHOï

[ $QGUHZý÷
*HHQ
ìäèå

åïý $GXOWýSLQNýVDOPRQýDUHýLPSLQJHGýRQýWKHýILVKýVFUHHQVýDWýWKH
SRZHUýFDQDOýLQWDNHýVWUXFWXUHï

[ )UHWZHOO
ìäåí

äïý 6SLOOýDQGýVLSKRQýPRUWDOLW\ñýLQMXU\ýWRýGRZQVWUHDPýPLJUDQWVï [ $QGUHZý÷
*HHQ
ìäèå

6HWRQý'DP

ìíïý )LVKZD\ýGRHVýQRWýDFFRPPRGDWHýODUJHýFKLQRRNñýVWXUJHRQï [ ZRUNVKRS

ììïý ,QFUHDVHGýYROXPHýRIýVSLOOVýDIWHUý%ULGJHýGLYHUVLRQýKDVýVFRXUHG
JUDYHOýDQGýUHGXFHGýVSDZQLQJýDQGýUHDULQJýKDELWDWýVXLWDELOLW\ýLQ
WKHýPDLQVWHPï

[ %&+ýìääé

ìëïý 6SLOOVýFDXVHýPRUWDOLW\ýE\ýVWUDQGLQJýILVKï [ %&+ýìääé
ìêïý 3UHVHQWýILVKýIORZVýUHVWULFWýLQVWUHDPýKDELWDWýTXDQWLW\ýDQGýDFFHVV

WRýIRUPHUýRIIFKDQQHOýKDELWDWâýVSDZQLQJýFKDQQHOVýRIIVHWýWR
VRPHýGHJUHHï

[ ZRUNVKRS

ìéïý &RROHUýZDWHUýIURPý%ULGJHýGLYHUVLRQýPD\ýEHQHILWýXSVWUHDP
PLJUDQWVýLQý6HWRQý5LYHUâýEXWýPDMRUýVSLOOVýFDQýLPSHGH
PLJUDWLRQï

[ [ ZRUNVKRS

ìèïý0LJUDWLQJý6HWRQýILVKýGHOD\ýDWýHQWUDQFHýWRýVSDZQLQJýFKDQQHOVï [ )UHWZHOO
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6HWRQý5LYHU
GRZQVWUHDP

ìçïý &RQVWUXFWLRQýRIýWKHýSURMHFWýIDFLOLWLHVýUHVKDSHGýWKHýFKDQQHOýDQG
EDQNVñýUHPRYHGýDJJUHJDWHVñýDQGýUHPRYHGýULSDULDQýYHJHWDWLRQ
RYHUýDQýH[WHQVLYHýGLVWDQFHýEHORZýWKHýGDPýDQGýDWýWKH
FRQIOXHQFHýRIý&D\RRVKý&UHHNï

[ ')2ýìäèê

&D\RRVKý&Uï
GRZQVWUHDP

ìæïý 'LYHUVLRQýRIý&D\RRVKýZDWHUýIURPý-XO\ýWRý1RYHPEHUýDVVLVWV
VRFNH\HýWRýKRPHýWRý6HWRQý5LYHUýDQGýQRWýWRýWDLOUDFHýGLVFKDUJHâ
EXWýGLYHUVLRQýGLPLQLVKHVýDYDLODEOHýKDELWDWýDUHDýLQýGRZQVWUHDP
FKDQQHOï

[ [ )UHWZHOO
DQG
+DPLOWRQ
ìäåê
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[ [

ëìïý -XYHQLOHýVRFNH\HýDQGýSLQNýVDOPRQýDUHýLPSLQJHGýLQýZRRG
GHEULVýRQýWKHýSHQVWRFNýLQWDNHýWUDVKUDFNVï

)UHWZHOO
ìäåë

ëëïý (QWUDLQPHQWýDQGýPRUWDOLW\ýDWýWUDVKUDFNVýDQGýWXUELQHâýýSRWHQWLDO
GRZQVWUHDPýEHQHILWVýWRýVFDYHQJHUVï

[ [ )UHWZHOO
DQG

+DPLOWRQ
ìäåê

ëêïý %ULGJHý5LYHUýVWRFNVýDWWUDFWHGýWRý%ULGJHýKRPHVWUHDPýZDWHU
PL[HGýLQýWKHý6HWRQýWDLOUDFHýDWýWKHý)UDVHUý5LYHUï

[ )UHWZHOO
ìäåä

6HWRQ
'LYHUVLRQ
WRý)UDVHU
5LYHU

ëéïý 6HWRQýDGXOWýILVKýDUHýDWWUDFWHGñýGHOD\HGýRUýLQMXUHGýDWýWDLOUDFH
EHIRUHýILQGLQJý6HWRQý5LYHUïý0LWLJDWHGýE\ýFRQWUROOLQJýWKHýøýRI
&D\RRVKý&UHHNýGLYHUWHGýLQWRý/DNHýZKLFKýDIIHFWVýVPHOOýRI
WDLOUDFHýZDWHUñýDQGýYROXPHýRIýIORZýGLVFKDUJHGýGRZQý6HWRQ
5LYHUï

[ ,36)&
ìäæçâ
)UHWZHOO
ìäåí

6SDZQLQJý FDSDFLW\ý RIý 6HWRQý5LYHUýZDVý UHGXFHGý GXHý WRý JUDYHOVý GLVSODFHGý E\ý DXJPHQWHGý IORZV
WKURXJKýFKDQQHOýEXWýVRPHZKDWýRIIVHWýE\ýVSDZQLQJýFKDQQHOýIRUýSLQNýVDOPRQïýý7KHýRSHUDWLRQýDQG
SK\VLFDOýFKDUDFWHULVWLFVýRIý*DWHVýDQGý6HWRQýVSDZQLQJýFKDQQHOVýWHQGýWRýH[FOXGHýVSHFLHVýRWKHUýWKDQ
VRFNH\HýDQGýSLQNýVDOPRQïý1DWXUDOýRIIðFKDQQHOýDQGýRYHUZLQWHUýKDELWDWVýKDYHýEHHQýUHGXFHGýDORQJ
WKHý6HWRQýDQGý&D\RRVKýPDLQVWHPVýGXHý WRýGLYHUVLRQVïý ý5LSDULDQý ]RQHVý DUHýQRWýZHOOðHVWDEOLVKHGñ
SDUWO\ýGXHýWRýDXJPHQWHGýIORZVýDQGýVSLOOVýIURPý%ULGJHýGLYHUVLRQïýý6SLOOVýDWý6HWRQý'DPýVWUDQGýILVK
LQýWKHýULYHUýGRZQVWUHDPñýDQGýWKHUHýLVýILVKýHQWUDLQPHQWýDQGýPRUWDOLW\ýDWýWKHýJHQHUDWLQJýVWDWLRQïý7KH
VL]HýRIýWKHýILVKýODGGHUýUHVWULFWVýPLJUDWLRQýE\ýODUJHUýFKLQRRNýVDOPRQï

1RQð+\GURý,PSDFWVýðý2WKHUýLPSDFWVýRQýILVKýLQýWKHý6HWRQý5LYHUýZDWHUVKHGýLQFOXGHýKLVWRULFýHIIHFWV
RIý SODFHUý PLQLQJý LQFOXGLQJý RWKHUý VPDOOý GDPVñý ORJJLQJñý KRPHVWHDGLQJñý DQGý URDGý FRQVWUXFWLRQï
7XEEý õìäêåôý UHSRUWHGý WKDWý WKHýRQO\ý ¨VHULRXV©ý FDVHý RIý SROOXWLRQý LQý WKHý6HWRQýZDWHUVKHGýZDVý WKH
GXPSLQJýRIýJDUEDJHý LQWRý6HWRQý/DNHýRIIý VKRUHý IURPý6KDODOWKñý DQGý WKDWý WKHý ORFDOýSODFHUýPLQLQJ
RSHUDWLRQVýKDGýQRWýVHULRXVO\ýDIIHFWHGýWKHýYDULRXVýFUHHNVï

5DLOURDGýFRQVWUXFWLRQýDORQJýWKHýQRUWKýVLGHýRIý6HWRQý/DNHýKDGýDýSRWHQWLDOO\ýODUJHýDQGýGHWULPHQWDO
HIIHFWý RQý 6HWRQý /DNHý ILVKý SRSXODWLRQVý GXHý WRý SUREDEOHý ILOOLQJý RIý OLPLWHGý VKRDOý DUHDVý DQG
LQWHUFHSWLRQý RIý JUDYHOý UHFUXLWPHQWý IRUý VKRUHOLQHý VSDZQHUVïý ý )LJXUHý ììðììý VKRZVý WKHý SUHð
LPSRXQGPHQWýVKRUHOLQHýFRQGLWLRQVýDWýWKHýODNHýRXWOHWýLQýìäíäï

ëïê )DFWRUVý/LPLWLQJý)LVKý'LYHUVLW\ýDQGý3URGXFWLRQ

ö/LPLWLQJýIDFWRUVöýKDYHýEHHQý LGHQWLILHGý LQýDýJHQHUDOýPDQQHUýEDVHGýRQýDYDLODEOHý LQIRUPDWLRQýDQG
FXUUHQWý XQGHUVWDQGLQJý RIý WKHýPDMRUý FRQVWUDLQWVý RQý VSHFLHVý DQGý SRSXODWLRQVý RIý FRQFHUQïý )XUWKHU
LQYHQWRU\ýDQGýUHVHDUFKýPD\ýEHýQHHGHGýWRýGHWHUPLQHýWKHýSDUWLFXODUýUROHýRIýWKHVHýDQGýRWKHUýIDFWRUVï
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)LJXUHýììðìíïýýýý6HWRQý5LYHUýLQýìäìéýõ%&ý$UFKLYHVô

)LJXUHýììðììïýýýý/DQGLQJýDWýWKHýHDVWýHQGýRIý6HWRQý/DNHýLQýìäíäýýõ%&ý$UFKLYHVô
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ìè

7KHýIROORZLQJýDUHýVXVSHFWHGýIDFWRUVýWKDWýOLPLWýFXUUHQWýOHYHOVýRIýILVKýSRSXODWLRQVýZLWKLQýWKHý6HWRQ
5LYHUýZDWHUVKHGïýý7KHVHýDOVRýUHIOHFWýWKHýNH\ýLVVXHVýUDLVHGýDWý%&53ýUHJLRQDOýZRUNVKRSVï

ìïý /RVVýRIýKDELWDWãýý)RUPHUýVSDZQLQJñýUHDULQJýDQGýRYHUZLQWHULQJýDUHDVýDUHýSHUPDQHQWO\ýORVWýRUýVHDVRQDOO\
UHGXFHGýGXHýWRýGDPýIRRWSULQWñýUHVHUYRLUýIORRGLQJñýIORZýGLYHUVLRQVñýRUýRSHUDWLQJýIORZVâýRUýIURPýQRQðK\GUR
VRXUFHVï

ëïý 5HGXFHGýGRZQVWUHDPýKDELWDWýFDSDELOLW\ãýý+DELWDWVýEHORZý6HWRQý'DPýDUHýDOWHUHGýE\ýWKHýXQQDWXUDO
K\GURJUDSKñýDQGýE\ýODFNýRIýVHGLPHQWýDQGýZRRGýUHFUXLWPHQWï

êïý 5HGXFHGýELRORJLFDOýSURGXFWLYLW\ãýý6HWRQý/DNHýDQGý5LYHUýKDYHýORZHUýWHPSHUDWXUHVñýUHGXFHGýZDWHU
FODULW\ýDQGýDQýDOWHUHGýQXWULHQWýUHJLPHýGXHýWRýWKHýKLJKýIOXVKLQJýUDWHýDQGýODUJHýSURSRUWLRQýRIý%ULGJHý5LYHUýDQG
&D\RRVKý&UHHNýGLYHUVLRQýLQIORZVï

éïý 'LYHUVLRQVãýýý7KHý&D\RRVKý&UHHNýGLYHUVLRQýKDVýKDGýHIIHFWVýRQýZHWWHGýFKDQQHOýDUHDñýVHDVRQDO
WHPSHUDWXUHVýDQGýVWUHDPýSURGXFWLYLW\ýLQýERWKý6HWRQý5LYHUýDQGý&D\RRVKý&UHHNýFKDQQHOVïýý2OIDFWRU\ýFXHVýIRU
VRFNH\HýUHWXUQLQJýWRý*DWHVýDQGý3RUWDJHýFUHHNVýKDYHýEHHQýFKDQJHGýEDVHGýRQýWKHýSURSRUWLRQýRIý&D\RRVK
ZDWHUýPL[HGýLQýWKHýWDLOUDFHýGLVFKDUJHï

èïý (QWUDLQPHQWãýýý$WýOHDVWýìíøýRIýMXYHQLOHýVDOPRQýWKDWýPLJUDWHýGRZQVWUHDPýWKURXJKýWKHý6HWRQýSRZHUKRXVH
HDFKý\HDUýDUHýNLOOHGïýý0RUWDOLWLHVýWRýUHVLGHQWýILVKýDUHýXQNQRZQýEXWýOLNHO\ýVPDOOï

çïý 6HOHFWLYHý)LVKý$FFHVVãýý$OWKRXJKýWKHUHýLVýDýILVKZD\ýLQý6HWRQý'DPñýODUJHýFKLQRRNýVDOPRQýFDQQRWýSDVV
WKURXJKýWKHýDXWRPDWHGýILVKýFRXQWHUï

ëïé )LVKý5HVWRUDWLRQý2EMHFWLYHV

2EMHFWLYHýìãýý&RQVHUYHýDQGýLPSURYHýILVKýKDELWDWVýLQý6HWRQý5LYHUýDQGýORZHUý&D\RRVK
&UHHNï

'LVFXVVLRQã
3RUWLRQVýRIý6HWRQý5LYHUñý&D\RRVKý&UHHNýDQGýWKHLUýULSDULDQý]RQHVýZHUHýH[WHQVLYHO\ýDOWHUHG
GXULQJýFRQVWUXFWLRQýRIýWKHýK\GURýSURMHFWýZLWKRXWýPLWLJDWLRQïý+DELWDWVýLQýERWKýV\VWHPVýDUH
DIIHFWHGý E\ý GLYHUVLRQý VFKHPHVïý 8QGHUWDNHý DSSURSULDWHý WUHDWPHQWñý FRQVLVWHQWý ZLWKý WKH
%&53ýVWUDWHJ\ñýWRýFRQVHUYHñýFUHDWHýRUýLPSURYHýWKHýH[LVWLQJýKDELWDWVïý5HVWRUDWLRQýDFWLYLWLHV
VKRXOGý EHý SUHFHGHGý E\ý Dý VWXG\ý SODQý WRý DGGUHVVý OLPLWLQJý IDFWRUVý úìñý ëý DQGý êý DERYHý WKDW
FRQVLGHUVã

•ý RSHUDWLQJýIORZVýDQGýILVKýIORZVýLQýERWKýULYHUýFKDQQHOVýõ6HWRQý5LYHUý:DWHUý8VHý3ODQô

•ý RSSRUWXQLWLHVýWRýSXUFKDVHýRUýFRYHQDQWýVWUHDPVLGHýSURSHUWLHVýIRUýIXWXUHýKDELWDWýSURMHFWV

•ý RSSRUWXQLWLHVýIRUýKDELWDWýGHYHORSPHQWýDQGýULSDULDQýSODQWLQJ

•ý SRWHQWLDOýFRQYHUVLRQýRIýWKHý6HWRQýVSDZQLQJýFKDQQHOVýWRýDýVHPLðQDWXUDOýDQGýPRUHýFRPSOH[ýFKDQQHO
VXLWDEOHýIRUñýDQGýDFFHVVLEOHýWRñýDOOýORFDOýVSHFLHV

•ý SRWHQWLDOýKDELWDWýGHYHORSPHQWýVLWHVýZLWKýK\GUDXOLFýFKDUDFWHULVWLFVýWKDWýZLOOýRSHUDWHýZLWKLQýWKHýH[SHFWHG
UHJLPHýRIýIOXYLDOýDQGýULSDULDQýSURFHVVHVýDQGýUHTXLUHýORZýPDLQWHQDQFH

•ý ZLOGOLIHýELRGLYHUVLW\ýYDOXHVýDWýDOOýSURSRVHGýILVKýKDELWDWýGHYHORSPHQWýVLWHV

•ý DUWLILFLDOýUHFUXLWPHQWýVFKHPHýWRýUHVWRUHýGHOLYHU\ýRIýVRPHýVHGLPHQWýDQGýZRRGýWRýERWKýFKDQQHOV
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•ý ýLGHQWLILFDWLRQýDQGýILOOLQJýRIýGDWDýJDSVýRQýLVVXHVýVXFKýDVýUHVLGHQWýVSHFLHVýXVLQJýWKHý6HWRQýILVKZD\ñýILVK
VWUDQGLQJýDIWHUýVSLOOVñýHWFïýWKDWýPD\ýDOVRýFRQVWUDLQýSRSXODWLRQVï

2EMHFWLYHýëãýýýý&RQVHUYHýDQGýLPSURYHýKDELWDWVýIRUýUHVLGHQWýILVKýVWRFNVýLQý6HWRQý/DNHýDQG
LWVýWULEXWDULHVï

'LVFXVVLRQã
+DELWDWVý IRUý UHVLGHQWý VWRFNVý ZHUHý QRWý VLJQLILFDQWO\ý IORRGHGý E\ý WKHý K\GURý GHYHORSPHQW
H[FHSWý DWý WKHý ODNHý RXWOHWïý 8QGHUWDNHý DSSURSULDWHý WUHDWPHQWñý FRQVLVWHQWý ZLWKý WKHý %&53
VWUDWHJ\ñý WRý FRQVHUYHñý FUHDWHý RUý LPSURYHý NH\ý H[LVWLQJý KDELWDWVý LQý WKHý 6HWRQð$QGHUVRQ
ZDWHUVKHGïý ý ý$FWLYLWLHVý LQý UHVSRQVHý WRý OLPLWLQJýIDFWRUýúìýDERYHýVKRXOGýEHýSUHFHGHGýE\ýD
VWXG\ýSODQýIRUýWKHýUHVHUYRLUýDQGýWULEXWDU\ýV\VWHPýWKDWýFRQVLGHUVã

•ý RSHUDWLQJýIORZVýDQGýILVKýIORZVýõ:DWHUý8VHý3ODQô

•ý RSSRUWXQLWLHVýWRýSXUFKDVHýRUýFRYHQDQWýNH\ýSURSHUWLHVýIRUýIXWXUHýKDELWDWýSURMHFWV

•ý LGHQWLILFDWLRQýRIýSUHVHQWýNH\ýKDELWDWVýWKDWýVXVWDLQýVWRFNVñýSDUWLFXODUO\ýEXOOýWURXWýDQGýNRNDQHHñýDQG
ORFDWLRQVýIRUýSRWHQWLDOýKDELWDWýZRUNV

•ý SRWHQWLDOýSUHVHQFHýRIýZKLWHýVWXUJHRQýLVRODWHGýIURPýWKHý)UDVHUý5LYHUýVLQFHýìäèçï

•ý SRWHQWLDOýKDELWDWýGHYHORSPHQWýVLWHVýZLWKýK\GUDXOLFýFKDUDFWHULVWLFVýWKDWýZLOOýRSHUDWHýZLWKLQýWKHýH[SHFWHG
UHJLPHýRIýIOXYLDOýDQGýULSDULDQýSURFHVVHVýDQGýUHTXLUHýORZýPDLQWHQDQFH

•ý RSSRUWXQLWLHVýIRUýKDELWDWýGHYHORSPHQWýDQGýULSDULDQýSODQWLQJ

•ý ZLOGOLIHýELRGLYHUVLW\ýYDOXHVýDWýDOOýSURSRVHGýILVKýKDELWDWýGHYHORSPHQWýVLWHV

•ý LPSDFWVýRIýUHVHUYRLUýOHYHOýIOXFWXDWLRQVýRQýVKRUHOLQHýVSDZQLQJ

•ý FXUUHQWýKDUYHVWýSUHVVXUHVýRQýVWRFNýUHFUXLWPHQW

•ý LGHQWLILFDWLRQýDQGýILOOLQJýRIýGDWDýJDSVýRQýLVVXHVýVXFKýDVýILVKýHQWUDLQPHQWñýDQJOLQJýKDUYHVWýHIIRUWñýHWFï
WKDWýPD\ýDOVRýFRQVWUDLQýSRSXODWLRQVï

2EMHFWLYHýêãýýý5HVWRUHýWKHýELRORJLFDOýSURGXFWLYLW\ýRIýWKHýUHVHUYRLUýV\VWHPï

'LVFXVVLRQã
3RVWðSURMHFWý UHDULQJý FRQGLWLRQVý IRUý VRFNH\Hý VDOPRQý DQGý NRNDQHHý LQý 6HWRQý /DNHý DUH
FRQVLGHUHGý WRý EHý OHVVý SURGXFWLYHý VLQFHý WKHý %ULGJHý 5LYHUý GLYHUVLRQñý DQGý HQWUDLQPHQW
PRUWDOLW\ýRIýVPROWVýKDVýWDNHQýLWVýDQQXDOýWROOýDWýWKHýSRZHUKRXVHñý\HWýGHVSLWHýWKHVHýQHJDWLYH
IDFWRUVñý VRFNH\Hý HVFDSHPHQWVý WRý 6HWRQý FRQWLQXHGý WRý LQFUHDVHïý ,Wý LVý QRWý NQRZQý ZKDW
SURSRUWLRQýRIý WKLVý LQFUHDVHý LVýGXHý WRýVWRFNýPDQDJHPHQWý VWUDWHJLHVñý VWRFNýVWUHQJWKñý ORZHU
H[SORLWDWLRQýUDWHVýE\ýWKHýYDULRXVýILVKHULHVñýRUýWRýELRORJLFDOýIDFWRUVïý6WLOOñýLWýPD\ýEHýSRVVLEOH
WRýLPSURYHýSURGXFWLYLW\ýLQýFHUWDLQýUHVLGHQWýILVKðEHDULQJýWULEXWDULHVñýWKHýOLWWRUDOýRUýSHODJLF
]RQHVýRIý6HWRQý/DNHýRUý$QGHUVRQý/DNHýKDELWDWVýWKDWýZRXOGýEHQHILWýVRFNH\HýRUýRWKHUýILVK
VSHFLHVñýFRQVLGHULQJýWKHýODUJHýKLVWRULFýSURGXFWLYLW\ýRIýWKHýV\VWHPï

8QGHUWDNHýDSSURSULDWHý WUHDWPHQWñýFRQVLVWHQWýZLWKýWKHý%&53ýVWUDWHJ\ñý WRýLPSURYHýV\VWHP
SURGXFWLYLW\ïýý$FWLYLWLHVýVKRXOGýEHýSUHFHGHGýE\ýDýVWXG\ýSODQýIRUýWKHýUHVHUYRLUýDQGýWULEXWDU\
V\VWHPñýLQýUHVSRQVHýWRýOLPLWLQJýIDFWRUýúêýýDERYHñýWKDWýDGGUHVVHVã

•ý IHDVLELOLW\ýRIýDýSKDVHGýSURJUDPýRIýIHUWLOL]DWLRQýWULDOVýDQGýSHUIRUPDQFHýLQGLFDWRUV

•ý GHWHUPLQDWLRQýRIýDSSURSULDWHýORZðOHYHOýQXWULHQWýOHYHOVýWKDWýLQFOXGHGýODUJHýKLVWRULFýVRXUFHVýIURPýVDOPRQ
FDUFDVVHV
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•ý SRWHQWLDOýPHWKRGVýWRýDFKLHYHýVHOIðVXVWDLQLQJýQXWULHQWýOHYHOVýWRýUHGXFHýFRVWVýLQýYLHZýRIýWKHýKLJKýUHVHUYRLU
IOXVKLQJýUDWH

•ý HFRORJLFDOýHIIHFWVýRIýIHUWLOL]DWLRQýRQýQRQðWDUJHWýSODQWVýDQGýDTXDWLFýDQLPDOV

•ý ZLOGOLIHýELRGLYHUVLW\ýYDOXHVýDWýDOOýSURSRVHGýýILVKýKDELWDWýGHYHORSPHQWýVLWHV

•ý LGHQWLILFDWLRQýDQGýILOOLQJýRIýGDWDýJDSVýRQýLVVXHVýVXFKýDVýHQWUDLQPHQWñýKDUYHVWýHIIRUWñýHWFïýWKDWýPD\ýDOVR
FRQVWUDLQýSRSXODWLRQVï

2EMHFWLYHýéãýýý,PSURYHýILVKýSDVVDJHýXSVWUHDPýDQGýGRZQVWUHDPýDWý6HWRQý'DPï

'LVFXVVLRQã
7KHýUHFHQWýWULDOVýXVLQJýDýORXYHUýDUUD\ýWRýPRYHýMXYHQLOHýGRZQVWUHDPýPLJUDQWVý WRýWKHýILVK
SDVVDJHý IHDWXUHVý EXLOWý LQWRý 6HWRQý 'DPý DUHý HQFRXUDJLQJâý KRZHYHUñý UHVLGHQWý ILVKý PD\
FRQWLQXHý WRý HQWHUý WKHý SRZHUý FDQDOïý ý /DUJHý XSVWUHDPýPLJUDQWVý VXFKý DVý FKLQRRNý VDOPRQ
FDQQRWý XVHý WKHý ILVKZD\ïý ý 8QGHUWDNHý DSSURSULDWHý WUHDWPHQWñý FRQVLVWHQWý ZLWKý WKHý %&53
VWUDWHJ\ñýWRýLPSURYHýILVKýSDVVDJHýDWý6HWRQý'DPýLQýUHVSRQVHýWRýOLPLWLQJýIDFWRUVýúèýDQGýç
DERYHñýWKDWýDGGUHVVHVã

•ý FRVWðHIIHFWLYHýRSWLRQVýWKDWýH[FOXGHýDOOýILVKýIURPýWKHý6HWRQýSRZHUýFDQDO

•ý UHPHGLDWLRQýRIýWKHýILVKZD\ýWRýDFFRPPRGDWHýODUJHýVDOPRQ

êï :,/'/,)(

êïì +LVWRULFýDQGý&XUUHQWý3RSXODWLRQVýDQGý+DELWDWV

5HGðOLVWHGýVSHFLHVýRFFXUUHQFHVýRQýILOHýZLWKýWKHý&RQVHUYDWLRQý'DWDý&HQWUHýLQFOXGH
±ý 6SRWWHGý2ZOýõ6WUL[ýRFFLGHQWDOLVôýõORFDWLRQýLQIRUPDWLRQýSURWHFWHGô

7KHýVXUYH\ýRIýFXUUHQWýZLOGOLIHýXVHýLQýWKHý%ULGJHý5LYHUýZDWHUVKHGýSURYLGHGýLQý7DEOHýìíðëýPD\
UHSUHVHQWýPDQ\ýRIýWKHýVSHFLHVýSUHVHQWýLQýWKHý6HWRQýZDWHUVKHGï

êïë ,PSDFWVýRQý:LOGOLIH

)HDWXUH 'HVFULSWLRQýRIý(IIHFWV

1
HJ

3
RV

2ULJLQ

'DPýIRRWSULQWýRIýBBýKDãýORVVýRIýFRQLIHURXVýIRUHVWýDQGýULYHULQH
KDELWDWVï

[6HWRQý'DP
÷ý5HVHUYRLU

)ORRGLQJýRIýý6HWRQý/DNHýDQGýVKRUHOLQHýDQGýëæýKDýRIýDGMDFHQW
IRUHVWHGýKLOOVLGHVãýLQFUHDVHGýODNHýGHSWKñýORVVýRIýYDOOH\ýVLGH
FRQLIHURXVýIRUHVWñýDQGýODNHýHGJHýULSDULDQýKDELWDWVñýDQGýDVVRFLDWHG
ZLOGOLIHýORVVHVï

[ *,6
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)HDWXUH 'HVFULSWLRQýRIý(IIHFWV

1
HJ

3
RV

2ULJLQ

)ORRGLQJýRIýVKRUHOLQHýWUHHVãýFUHDWLRQýRIýVQDJVýIRUýFDYLW\ýQHVWLQJ
ELUGVï

[

+DELWDWýFKDQJHýDORQJýéïçýNPýFDQDOýUðRðZãýFRQYHUVLRQýRIýFRQLIHURXV
IRUHVWýWRýVKUXEýKDELWDWýDQGýDVVRFLDWHGýZLOGOLIHýHIIHFWVï

[ [

5HGXFHGýIORZVýLQýéïçýNPýRIý6HWRQý&UHHNãýXQNQRZQýHIIHFWVýRQ
GRZQVWUHDPýDTXDWLFýZLOGOLIHï

[ [

6HWRQý&DQDO

3UHVHQFHýRIýéïçýNPýFRQFUHWHýIOXPHãý+LQGUDQFHýWRýPRYHPHQWýRIýODUJH
PDPPDOVýõXQJXODWHVñýEHDUVôâýGURZQLQJýPRUWDOLW\ýRIýDQLPDOVýWUDSSHG
LQýIOXPHï

[

'DPýIRRWSULQWýRIýBBýKDãýORVVýRIýKDELWDWï [
)ORRGLQJýRIBBýKDãýHIIHFWVýRIýVPDOOýGLYHUVLRQýUHVHUYRLUýRQýZLOGOLIHï [ [

&D\RRVK
'DPý÷
7XQQHO 5HGXFHGýIORZVýDQGýFKDQJHGýIORZýUHJLPHýLQýFDýëïåýNPýRIý&D\RRVK

&UHHNãýXQNQRZQýHIIHFWVýRIýRQýDTXDWLFýZLOGOLIHýõHïJïý$PHULFDQ
'LSSHUñý+DUOHTXLQôï

[ [ +LUVWýìääì

êïê )DFWRUVý/LPLWLQJý:LOGOLIHý'LYHUVLW\ýDQGý3URGXFWLYLW\

¨/LPLWLQJýIDFWRUV©ýKDYHýEHHQýLGHQWLILHGýEDVHGýRQýDYDLODEOHýLQIRUPDWLRQýDQGýFXUUHQWýXQGHUVWDQGLQJ
RIýWKHýPDMRUýFRQVWUDLQWVýRQýVSHFLHVýDQGýSRSXODWLRQVýRIýFRQFHUQïýý)XUWKHUýLQYHQWRU\ýDQGýUHVHDUFK
PD\ýEHýQHHGHGýWRýGHWHUPLQHýWKHýSDUWLFXODUýUROHýRIýWKHVHýDQGýRWKHUýIDFWRUVï

7KHý IROORZLQJý DUHý VXVSHFWHGý IDFWRUVý WKDWý OLPLWý FXUUHQWý OHYHOVý RIý ZLOGOLIHý IRUý VSHFLHVý JURXSV
DVVRFLDWHGýZLWKý WKHý KDELWDWVý OLVWHGý SUHYLRXVO\ý LQý 7DEOHý ìðëïý ý 7KHVHý DOVRý UHIOHFWý WKHý NH\ý LVVXHV
UDLVHGýDWý%&53ýUHJLRQDOýZRUNVKRSVï

ìïý +DELWDWý&KDQJHVãýý$OWHUHGýIORZýUHJLPHýKDVýFKDQJHGýULYHULQHýDQGýULSDULDQýKDELWDWVïýý3RWHQWLDOýHIIHFWVýRQ
ZLOGOLIHýLQFOXGHýFKDQJHVýWRýKDELWDWýTXDOLW\ýDQGýTXDQWLW\ýIRUýWDLOHGýIURJVñýZDWHUýVKUHZVñýKDUOHTXLQVýDQG
GLSSHUVï

ëïý 5HGXFHGý3URGXFWLYLW\ãýý/DFNýRIýULSDULDQýYHJHWDWLRQýLQýGUDZGRZQý]RQHVâýHIIHFWVýRQýXQJXODWHVñýIXUEHDUHUVñýVPDOO
PDPPDOVýDQGýVHYHUDOýVSHFLHVýRIýSDVVHULQHVýLQFOXGLQJýVRPHýQHRWURSLFDOýPLJUDQWVï

êïý :LOGOLIHý0LJUDWLRQãýýý3RVVLEOHýLPSHGLPHQWVýWRýZLOGOLIHýPRYHPHQWýõHVSHFLDOO\ýODUJHýPDPPDOVôýFDXVHG
E\ýVWUXFWXUHVñýUHVHUYRLUVýDQGýGLYHUVLRQVýLQFOXGLQJýWKURXJKýORVVHVýUHODWHGýWRýLFHýVKHOYLQJï

éïý 'LYHUVLRQVãýý:LOGOLIHýõHVSHFLDOO\ýPDPPDOLDQôýPRUWDOLW\ýFDXVHGýE\ýVRPHýGLYHUVLRQýVWUXFWXUHVñýWKURXJK
HQWUDLQPHQWýDQGýGURZQLQJïýý3RWHQWLDOýKD]DUGVýIRUýQRQðDTXDWLFýRUýZHDNýVZLPPLQJýDQLPDOVï
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êïé :LOGOLIHý5HVWRUDWLRQý2EMHFWLYHV

2EMHFWLYHýìãýýýýý5HKDELOLWDWHýUHVHUYRLUýGUDZGRZQý]RQHVýWRýHQKDQFHýSURGXFWLYLW\ýDQG
ZLOGOLIHýKDELWDWï

'LVFXVVLRQã
6HHýOLPLWLQJýIDFWRUýúýëïýý,PSURYHýYHJHWDWLRQýLQýWKHýGUDZGRZQý]RQHï
•ý 'HYHORSýIRUHVKRUHýKDELWDWýFRPSOH[HVýDWýVXLWDEOHýORFDWLRQVï
•ý &UHDWHýQHVWLQJýFDYLWLHVýDQGýUDSWRUýSHUFKHVýZKHUHýEHQHILFLDOýWKURXJKýPDQDJHPHQWýDFWLYLWLHVýVXFKýDV

VQDJýFUHDWLRQï
•ý ,PSURYHýQHVWLQJýRSSRUWXQLWLHVýIRUýRVSUH\ýE\ýSURYLGLQJýDUWLILFLDOýQHVWLQJýVWUXFWXUHVï
•ý 3URWHFWýDQGýHQKDQFHýH[LVWLQJýULSDULDQýDQGýZHWODQGýKDELWDWVï

2EMHFWLYHýëãýýýý3URWHFWýVPDOOýJURXSVýRIýROGýRUýVHFRQGýJURZWKýWUHHVýLQýVWUDWHJLFýORFDWLRQV
IRUýFXUUHQWýDQGýIXWXUHýQHVWLQJýXVHýE\ýEDOGýHDJOHVýRUýRVSUH\Vï

2EMHFWLYHýêãýýýýý,PSURYHýKDELWDWVýIRUýDTXDWLFýZLOGOLIHýLQý6HWRQý5LYHUýDQGý&D\RRVKý&UHHNï

'LVFXVVLRQã
6HHýOLPLWLQJýIDFWRUýúýêýDQGýéïýý3UHSDUHýDýKDELWDWýHQKDQFHPHQWýSODQï
•ý 5HVWRUHýPDLQVWHPýKDELWDWýFRPSOH[LW\ñýWRýWKHýH[WHQWýIHDVLEOHñýDQGýGHYHORSýRIIðFKDQQHOýKDELWDWñ

FRQVLVWHQWýZLWKýSURMHFWýHYDOXDWLRQýFULWHULDï
•ý $VVHVVýWKHýIHDVLELOLW\ýRIýLPSURYLQJýWKHýFKDQQHOýKDELWDWýLQý6HWRQý5LYHUýDQGý&D\RRVKý&UHHNýE\

LQWURGXFLQJýVXLWDEOHýLQðVWUHDPýIHDWXUHVýõHïJïýURFNVñýODUJHýZRRGýGHEULVôï

2EMHFWLYHýéãýýýý5HGXFHýXQJXODWHýORVVHVýGXHýWRýLFHýVKHOYLQJï

'LVFXVVLRQã
$VVHVVýWKHýIHDVLELOLW\ýRIýPLWLJDWLRQýDQGýXQGHUWDNHýPHDVXUHVýDVýDSSURSULDWHï

2EMHFWLYHýèãýýýýý&UHDWHýPRRVHýDQGýHONýZLQWHUýUDQJHï

'LVFXVVLRQã
:RUNýZLWKýIRUHVWU\ýFRPSDQLHVýWRýOHDYHýVKHOWHUýVWDQGVýLQýDVVRFLDWLRQýZLWKýORJJHGýFOHDULQJV
WKDWýSURYLGHýIRUDJHï
•ý (VWDEOLVKýYHJHWDWLRQýLQýWKHýUHVHUYRLUýGUDZGRZQý]RQHñýHVSHFLDOO\ýQHDUýFUHHNýRUýULYHUýGHOWDVï
•ý $VVHVVýWKHýIHDVLELOLW\ýRIýUHðLQWURGXFLQJýHONï

2EMHFWLYHý çãý ý ý ý 'HYHORSý Dý ZLOGOLIHý PDQDJHPHQWý SODQý IRUý WKHý 6HWRQý ZDWHUVKHGñý ZLWK
DSSURSULDWHý FRQWUROý RIý XQQHFHVVDU\ý KXPDQý DFFHVVý ZKHUHYHUý SRVVLEOHý LQý DUHDVý RI
VHQVLWLYHýZLOGOLIHýXVHï

'LVFXVVLRQã
,QýFRQMXQFWLRQýZLWKýKDELWDWýLPSURYHPHQWýPHDVXUHVñýSUHSDUHýDýZLOGOLIHýPDQDJHPHQWýSODQ
WKDWýLGHQWLILHVýDQGýSURWHFWVýVHQVLWLYHýZLOGOLIHýSRSXODWLRQVï

2EMHFWLYHýæãýýýýýý,PSURYHýWKHýNQRZOHGJHýEDVHýRQýUDUHñýHQGDQJHUHGýDQGýWKUHDWHQHG
VSHFLHVýDQGýKDELWDWýXWLOL]DWLRQýLQýWKHý6HWRQýZDWHUVKHGï
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éï 6(721ý5,9(5ý:$7(56+('ý5()(5(1&(6

éïì 0DSýDQGý$LUý3KRWRý5HIHUHQFHV

5HIHUHQFH /RFDWLRQý6RXUFH
%&5(&Rý%R[ýæåýILOHý%ìéèéýúìâýPDSýRIýGDPýDQGýWXQQHOýLQWDNHýDQGýWXQQHO
õìäëå"ô

8%&ý6SHFLDOý&ROOHFWLRQV

3ODQýRIý6HWRQý/DNHýVKRZLQJýWRSRJUDSKLFDOýIHDWXUHVñýëíýFKýWRýìýLQñý%RRWK
DQGý'RZQWRQý(QJLQHHUVñýQïGï

/HJDOý6XUYH\Vñý0(/3

6HDWRQý/DNHñý:DWHUý5LJKWVýPDSñýëýFKý ìýLQ 3URYLQFLDOý$UFKLYHV
$LUýSKRWRVý¤ý$QGHUVRQî6HWRQý/DNHVñýìäéæ %&ýêäéãýäéðìíé
$LUý3KRWRVý¤ý6HWRQý5LYHUýDWý)UDVHUý5LYHUñýìäéå %&ýæìêãýìæðìäñýý%&ýçëåðçé
/HJDOýVXUYH\VýDQGýILHOGýQRWHVýIRUý'/ýêíëêñêìíåñýêìíäñýêíëìñýêíëëñýêíëêñ
êëììñýêëìçñýæçìêñýêçìåñýêéæåñýêçìèîìçîìæñýìëëåñýììêçñýêíìåýêíìçñýêíìèñ
êíìæñýêëìêñýêëìéñýêíäè

/HJDOý6XUYH\Vñý0(/3

éïë +\GURý)DFLOLW\ýDQGý)LVKý5HIHUHQFHV

5HIHUHQFH 1RWHV 6RXUFHV
$QGUHZñý)ï-ïýìäææïýý2EVHUYDWLRQVýDWýWKHý6HWRQý&UHHNý+\GURHOHFWULF
3ODQWýGXULQJýPLJUDWLRQýRIý3RUWDJHý&UHHNýDGXOWýVRFNH\HýLQýìäæçï
,QWHUQDWLRQDOý3DFLILFý6DOPRQý)LVKHULHVý&RPPLVVLRQïýìíýSï

%&ý+\GUR

$QGUHZñý)ï-ïñý/ï5ïý.HUVH\ñýDQGý3ï&ïý-RKQVRQïýýìäèèïýý$Q
LQYHVWLJDWLRQýRIýWKHýSUREOHPýRIýJXLGLQJýGRZQVWUHDPðPLJUDQWýVDOPRQ
DWýGDPVïýý,QWHUQDWLRQDOý3DFLILFý6DOPRQý&RPPLVVLRQñý1HZ
:HVWPLQVWHUñý%&ïýýçèýSï

%&ý+\GUR

$QGUHZñý)ï-ïýDQGý*ï+ïý*HHQïýìäèåïý6RFNH\HýDQGýSLQNýVDOPRQ
LQYHVWLJDWLRQVýDWýWKHý6HWRQýK\GURHOHFWULFýLQVWDOODWLRQïý3URJUHVV
5HSRUWñý,QWHUQDWLRQDOý3DFLILFý6DOPRQý)LVKHULHVý&RPPïñý3URJUHVV
5HSWïýéñýæéýSï

%&ý+\GUR

$QGUHZñý)ï-ïýDQGý*HHQñý*ï+ïýìäçìïý/LPQRORJLFDOýFKDQJHVýLQý6HWRQ
/DNHýUHVXOWLQJýIURPýK\GURHOHFWULFýGLYHUVLRQVïý,QWHUQDWLRQDOý3DFLILF
6DOPRQý)LVKHULHVý&RPPLVVLRQïý3URJUHVVý5HSRUWý1Rïýåï
$QGUHZñý)ï-ïýDQGýý0ïý)UHWZHOOïýìäæäïýý0LJUDWLRQýRIýDGXOWýVRFNH\H
DQGýSLQNýVDOPRQýDWýWKHý6HWRQý&UHHNý+\GURHOHFWULFý3ODQWýLQýìäææïýý06
UHSRUWñý,QWHUQDWLRQDOý3DFLILFý6DOPRQý)LVKHULHVý&RPPLVVLRQïýììýSïï

%&ý+\GUR

$QRQïýQïGïý+LVWRU\ýDQGýSLFWXUHVýRIýHDUO\ý6HWRQý'DPñý6HWRQý3RUWDJHñ
DQGýFRQVWUXFWLRQï

KWWSãîîPHPEHUVïKRPHïQHWî
FD\RRVKî

%DEFRFNñý-ï3ïýýìäíëýý5HSRUWýRIýWKHý)LVKHULHVý&RPPLVVLRQHUýIRU
%ULWLVKý&ROXPELDýIRUýWKHý\HDUýìäíìï

6HWRQý5ý ý¦/DNHý&UHHN§â
&D\RRVKýZHQWýWRý)UDVHUý5ïâ
XUJHGýIXQGLQJýIRUý6HWRQýVRFNH\H
KDWFKHU\

%DEFRFNñý-ï3ïýýìäíêïýý5HSRUWýRIýWKHý)LVKHULHVý&RPPLVVLRQHUýIRU
%ULWLVKý&ROXPELDýIRUýWKHý\HDUýìäíëï

ILVKýVSHFLHVýLQFOïýEXUERWýDQG
¨RQHHVK©ýYDULHW\ýRIýýNRNDQHH

%DEFRFNñý-ï3ïýýìäíéïýý5HSRUWýRIýWKHý)LVKHULHVý&RPPLVVLRQHUýIRU
%ULWLVKý&ROXPELDýIRUýWKHý\HDUýìäíêï

6HWRQý+DWFKHU\ýSKRWRVýDQG
GHWDLOV

%DEFRFNñý-ï3ïýýìäíèïýý5HSRUWýRIýWKHý)LVKHULHVý&RPPLVVLRQHUýIRU
%ULWLVKý&ROXPELDýIRUýWKHý\HDUýìäíéï

6HWRQý+DWFKHU\ýUHVXOWV

%DEFRFNñý-ï3ïýýìäíçïýý5HSRUWýRIýWKHý)LVKHULHVý&RPPLVVLRQHUýIRU
%ULWLVKý&ROXPELDýIRUýWKHý\HDUýìäíèï

6HWRQý+DWFKHU\ýUHVXOWV

%DEFRFNñý-ï3ïýýìäíæïýý5HSRUWýRIýWKHý)LVKHULHVý&RPPLVVLRQHUýIRU
%ULWLVKý&ROXPELDýIRUýWKHý\HDUýìäíçï

6HWRQý+DWFKHU\ýUHVXOWV

%DEFRFNñý-ï3ïýýýìäìíïýýý5HSRUWýRIýWKHý)LVKHULHVý&RPPLVLRQHUýIRU
%ULWLVKý&ROXPELDýIRUýWKHý\HDUýìäíäïýýSïýèðëìï
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5HIHUHQFH 1RWHV 6RXUFHV
%HDNý,QWHUQDWLRQDOý,QFRUSRUDWHGïýQïGïýý%ï&ïý+\GURý)LVKý,VVXHV
0DQDJHPHQWý$XGLWïýý)LQDOý5HSRUWïýçéýýSï

%&ý+\GUR

%HQJH\ILHOGñý:ïýýìäåëïýý5HYLHZýRIýILVKHULHVýHQKDQFHPHQWýSURJUDPV
LQýWKHý6HWRQý/DNHýðý&D\RRVKý&UHHNýDUHDïýý8QSXEOïýUHSRUWýE\ý(6/
(QYLURQPHQWDOý6FLHQFHVý/WGïýIRUý%ï&ïý+\GURñý3URSHUWLHVý'LYLVLRQñ
9DQFRXYHUñýìäýSï

%&ý+\GUR

%HQJH\ILHOGñý:ïýìääìïý)LVKýUHVFXHýDIWHUýGUDLQLQJýRIý6HWRQýSRZHU
FDQDOïý/HWWHUýUHSWïýWRý-ï2ïý)OHPLQJñý(QYLURQïý5HVRXUFHVý'HSWïñý%&
+\GURïýëýSï

%&ý+\GUR

%HQJH\ILHOGñý:ïýìääëïý'RZQVWUHDPý)LVKý3DVVDJHý$Wý6HWRQý*6ã
$FWLRQý3ODQýDQGý,QIRUPDWLRQý5HYLHZïý8QSXEOïýUHSRUWýRIý*OREDO
)LVKHULHVý&RQVXOWDQWVý/WGïýWRý%ï&ïý+\GURñý(QYLURQPHQWDOý5HVRXUFHVñ
9DQFRXYHUñý%&ïýýåçýSï

%&ý+\GUR

%HQJH\ILHOGñý:ïýìääëïý)LVKýVDOYDJHýRSHUDWLRQVýDWý6HWRQý*ï6ïã
'LVFXVVLRQýRIýFXUUHQWýSUDFWLFHVýDQGýIXWXUHýRSWLRQVïý8QSXEOïýUHSWïýE\
*OREDOý)LVKHULHVý&RQVXOWDQWVý/WGïýWRý(QYLURQïý5HVRXUFHVý'HSWïñý%&
+\GURñý%XUQDE\ñý%&ïýìëýSï

%&ý+\GUR

%ï&ïý(OHFWULFý&RPSDQ\ïýìäèêDïý3URSRVHGý6HWRQð&D\RRVKý3RZHU
'HYHORSPHQWýDQGýWKHýTXHVWLRQýRIýSURWHFWLRQýRIýWKHýILVKHULHVýLQWHUHVWV
DIIHFWHGýWKHUHE\ïýý0HHWLQJýPLQXWHVýIRUýìèý0D\ñýìäèêýIURPýRIILFHýRI
7ïý,QJOHGRZñý9LFHý3UHVLGHQWïý9DQFRXYHUñý%ï&ïýëíý0D\ýìäèêïýêýSï

/DUNLQñýëý,36)&ñýDQGýéý')2
SHUVRQVýDWWHQGHG

')2ý.DPORRSV
KLVWRULFDOýILOHV

%ï&ïý(OHFWULFý&RPSDQ\ïýìäèêEïý6HWRQý&UHHNýK\GURHOHFWULFýSURMHFWï
/HWWHUýIURPý7ïý,QJOHGRZýWRý$ï-ïý:KLWPRUHñý&KLHIý6XSHUYLVRUýRI
)LVKHULHVïý9DQFRXYHUñý%ï&ïýëäý2FWREHUýìäèêï

FLWHGýLQý+LUVWýìääì

%ï&ïý+\GURïýìäååïýý6HWRQý'DPýDQGý&DQDOãý2SHUDWLRQýDQG
0DLQWHQDQFHý0DQXDOïý0DQXDOý1Rïý20ýçëêîíëñý0DUFKï

%&ý+\GUR

%ï&ïý+\GURïýìääíDïýý6HWRQý'DPïý)HDVLELOLW\ý6WXG\ýRQý%\SDVV
)DFLOLWLHVýIRUý'RZQVWUHDPý0LJUDWLQJý6PROWVïýý+\GURHOHFWULF
(QJLQHHULQJý'LYLVLRQñý+\GURWHFKQLFDOý'HSWïý5HSRUWïý+ëíçêïýìäýSï

%&ý+\GUR

%ï&ïý+\GURïýìääíEïýý&D\RRVKý&UHHNýGLYHUVLRQïýý,QWHUQDOýPHPRýIURP
-ï2ïý)OHPLQJýWRý1ïý:RRGïý)LOHýçëêðëêéïíõìôýæýSï

%&ý+\GUR

%ï&ïý+\GURïýìääìïýý/RQJð7HUPý+\GURORJLFý'DWDý&ROOHFWLRQ
1HWZRUNVãý/Dý-RLHñý7HU]DJKLñý6HWRQñý(OVLHñý:DKOHDFKñýDQGý&ORZKRP
%DVLQVïýý%ï&ïý+\GURñý+\GURHOHFWULFý(QJLQHHULQJý'LYLVLRQïý5HSRUW
+ëíçæïýýêéýSï

6HWRQýEDVLQýDERYHý6HWRQý'DPýLV
ìíììNPëï
ý%DVLQýHOHYïý ýëêíýWRýëæìçP

%&ý+\GUR

%ï&ïý+\GURïýìääëDïý%ULGJHî6HWRQý+\GURHOHFWULFý'HYHORSPHQWV
)LVKHULHVý6WXGLHVïý$SULOýGUDIWïýäýSï

%&ý+\GUR

%ï&ïý+\GURïýìääëEïý*RUGRQý0ïý6KUXPñý&KHDNDPXVñý6WUDWKFRQDñ
6HWRQý*HQHUDWLQJý6WDWLRQVâý7UDVKUDFNý&OHDQLQJý3KDVHýëý6WXGLHVïý%&
+\GURñý+\GURHOHFWULFý(QJLQHHULQJý'LYLVLRQïý5HSRUWý+ëêääïýýëëýSï

%&ý+\GUR

%ï&ïý+\GURïýýìääëFïýý6HWRQý$GGLWLRQDOý(QHUJ\ý2YHUYLHZý6WXG\ï
%ï&ïý+\GURý(QJLQHHULQJý'LYLVLRQñý5HSRUWý+ëèìèïýýèæýSï

XVHGýGZJVýWRýVFDOHýRIIýIDFLOLW\
IRRWSULQWýGLPHQVLRQV

%&ý+\GUR

%ï&ïý+\GURïýýìääëGïýý6KRUHOLQHýLPSDFWýDVVHVVPHQWýRIýSULYDWH
SURSHUW\ýDWýWKHýZHVWýHQGýRIý6HWRQý/DNHïýý%ï&ïý+\GURïýýìçýSï

%&ý+\GUR

%ï&ïý+\GURïýìääêEïý)DOOýìääêý,QWHUPHGLDWHý&LYLOý,QVSHFWLRQý5HSRUW
6HWRQý'DPýDQGý3RZHUKRXVHïý%&ý+\GURñý&LYLOý÷ý7UDQVPLVVLRQï
5HSRUWý1Rïý$éæèåïýåýSï

%&ý+\GUR

%ï&ïý+\GURïýýìääéïýý5HSRUWýRQýWKHýHOHFWULFýV\VWHPýRSHUDWLRQVýUHYLHZñ
ëýYROVïïýý3UHSïýIRUýWKHý0LQLVWHUýRIý(PSOR\PHQWýDQGý,QYHVWPHQWýDQG
WKHý0LQLVWHUýRIý(QHUJ\ñý0LQHVýDQGý3HWUROHXPý5HVRXUFHVýIRUý%ï&ï

%&ý+\GUR

%ï&ïý+\GURïýìääçïý3URSRVDOýIRUýIRUPXODWLRQýRIýDýWHDPýWRýH[DPLQH
6HWRQý'DPýGRZQVWUHDPýILVKýSDVVDJHýRSWLRQVïý3RZHUý6XSSO\
2SHUDWLRQVñý6WUDWHJLFý)LVKHULHVï

%&ý+\GUR

%ï&ïý+\GURïýìääæïýý6HWRQý*HQHUDWLQJý6WDWLRQý$GGLWLRQDOý(QHUJ\
)HDVLELOLW\ý6WXG\ïýý0DLQWHQDQFHñý(QJLQHHULQJýDQGý3URMHFWVñý%ï&ï
+\GURñý5HSRUWý0(3çåïýýåíýSï

%&ý+\GUR

%ï&ïý3RZHUý&RPPLVVLRQïýýìäéçïýý5HSRUWýRQý+\GURý'HYHORSPHQWã
&D\RRVKý&UHHNñý/LOORRHWñý%ï&ïýýìèýSï

%&ý+\GUR



%ULGJHð&RDVWDOý)LVKý÷ý:LOGOLIHý5HVWRUDWLRQý3URJUDP
9ROXPHýëãýýýýýýýýýýýýýýýýý6(721ý5,9(5ý:$7(56+('

ëë

5HIHUHQFH 1RWHV 6RXUFHV
%UDGIRUGñý0ï-ïýýìääèïýý$QýH[SHULPHQWDOýVWXG\ýRIýVWUDQGLQJýRI
MXYHQLOHýVDOPRQLGVýRQýJUDYHOýEDUVýDQGýLQýVLGHFKDQQHOVýGXULQJýUDSLG
IORZýGHFUHDVHVïýý&DQDGDý'HSDUWPHQWýRIý)LVKHULHVýDQGý2FHDQVñý:HVW
9DQFRXYHUñý%ï&ïýýëíýSï

%&ý+\GUR

%UDGIRUGñý0ï-ïñý*ï&ïý7D\ORUñý-ï$ïý$OODQýDQGý3ï6ïý+LJJLQVïýìääèïý$Q
H[SHULPHQWDOýVWXG\ýRIýWKHýVWUDQGLQJýRIýMXYHQLOHýFRKRýVDOPRQýDQG
UDLQERZýWURXWýGXULQJýUDSLGýIORZýGHFUHDVHVýXQGHUýZLQWHUýFRQGLWLRQVï
1ïý$PHULFDQý-RXUïý)LVKHULHVý0JPWïýìèõëôãýéæêðéæäï

REVHUYDWLRQVýDWý6HWRQý5LYHU

%URZQñý5ï)ïñý0ï0ïý0XVJUDYHýDQGý'ï(ïý0DUVKDOOïýìäæäïý&DWDORJXHýRI
VDOPRQýVWUHDPVýDQGýVSDZQLQJýHVFDSHPHQWVýRIý/LOORRHWð3HPEHUWRQ
VXEðGLVWULFWïý&DQïý'DWDý5HSïý)LVKïý$TXDWïý6FLïýìçìïýåíýSï
&KDPEHUODLQñý0ï:ïýDQGý'ï6ïý2©%ULHQïýëíííïý/LOORRHWý76$ýðý%XOO
WURXWýGLVWULEXWLRQýVXUYH\ñý6HWRQî$QGHUVRQýZDWHUVKHGïýý8QSXEOïýUHSWï
E\ý%&ý&RQVHUYDWLRQý)RXQGDWLRQñý.DPORRSVýIRUý%&ý0LQLVWU\ýRI
(QYLURQPHQWñý/DQGVý÷ý3DUNVñý.DPORRSVñý%&ïýêéýSï

PRVWýFRPPRQýLQý*DWHVý&Uïâ
PHQWLRQVýEDUULHUVýRQýPDQ\ýWULEV

&OD\WRQý5HVRXUFHVý/WGïýýìääìïýý$ýUHWURDFWLYHýDVVHVVPHQWýRIýVHOHFWHG
K\GURðHOHFWULFýSURMHFWýLPSDFWVýRQýQDWLYHý,QGLDQýXVHýRIýUHVRXUFHVýLQ
WKHý%ULGJHý5LYHUýDQGý6HWRQýV\VWHPVïý3UHSDUHGýIRUý,QWHU*URXS
&RQVXOWDQWVý/WGïñý:LQQLSHJñý0DQïýêêýSï

%&ý+\GUR

'HSDUWPHQWýRIý)LVKHULHVýDQGý2FHDQVïýìäèêïý6HWRQýK\GURýSURMHFWï
/HWWHUýIURPý$ï-ïý:KLWPRUHýWRý7ïý,QJOHGRZñý%ï&ïý(OHFWULFý&Rïñ
9DQFRXYHUñý%ï&ïýëíý2FWREHUýìäèêï

FLWHGýLQý+LUVWýìääì

'HSDUWPHQWýRIý)LVKHULHVýDQGý2FHDQVïýìäèêïý6HWRQý/DNHýK\GUR
SURMHFWïý0HHWLQJýQRWHVïý9DQFRXYHUñý%ï&ïýìèý0D\ýìäèêï

FLWHGýLQý+LUVWýìääì

'HSDUWPHQWýRIý)LVKHULHVýDQGý2FHDQVïýìäèêïý6HWRQý/DNHý'HYHORSPHQW
&RQVWUXFWLRQý6FKHGXOHïý'HFHPEHUýëäýPHHWLQJýQRWHVïý)LOHýêìðìð6ëìï
/HWWHUý1Rïýäèìå

(PLOý$QGHUVRQý&RQVWUXFWLRQ
&RPSDQ\ýGUHGJHGýPDLQýFUHHNýDW
ODNHýRXWOHWýõ$SSURDFKýFKDQQHO"ôâ
UHVKDSHGýEDQNVýDWý&D\RRVKý&Uï
FRQIOXHQFHâýDQGýWRRNýJUDYHOýIRU
FRQFUHWHýDJJUHJDWHýIURPýGU\ýEDUV
ILUVWü

')2ý .DPORRSV
KLVWRULFýILOHï

'HSDUWPHQWýRIý)LVKHULHVýDQGý2FHDQVïýìäæåïý6HWRQý&UHHN
K\GURHOHFWULFýVWDWLRQïý0HHWLQJýQRWHVñý')2ð%ï&ïý+\GURïý9DQFRXYHUñ
%ï&ïýìéý-XO\ýìäæåï

FLWHGýLQý+LUVWýìääì

'HSDUWPHQWýRIý)LVKHULHVýDQGý2FHDQVïýìäåíïý6HWRQýDQGý&D\RRVK
FUHHNVñýSïýèçðèäïý,Qãý6DOPRQLGý(QKDQFHPHQWý3URJUDPñý$QQXDO
5HSRUWýìäåíïý9DQFRXYHUñý%ï&ï
'HSDUWPHQWýRIý)LVKHULHVýDQGý2FHDQVïýìäåìïý:DWHUýLQWDNHýILVK
SURWHFWLRQýIDFLOLWLHVïý3URYLVLRQVýRIýWKHý)LVKHULHVý$FWý¤ý6HFWLRQýëåï
5HYLVHGý-XQHýìèï

FLWHGýLQý%&ý+\GURýìääè

'HSDUWPHQWýRIý)LVKHULHVýDQGý2FHDQVïýìäåæïýý5)3ãý0DLQWHQDQFHýDQG
RSHUDWLRQýRIýWKHý6HWRQý&UHHNýVSDZQLQJýFKDQQHOï

$ýUHPLQGHUýWRýJHWýLQIRýRQ
VSDZQLQJýFKDQQHOýGHYHORSPHQW

'HSDUWPHQWýRIý)LVKHULHVýDQGý2FHDQVïýìäåæïý3URWHFWLRQýRIýDGXOW
PLJUDWLQJýVDOPRQýDWý6HWRQýJHQHUDWLQJýVWDWLRQïý/HWWHUýIURPý2ï(ï
/DQJHUýWRý:ï7LY\ñý%ï&ïý+\GURïý9DQFRXYHUñý%ï&ïýèý-XQHýìäåæï

FLWHGýLQý+LUVWýìääì

'HSDUWPHQWýRIý)LVKHULHVýDQGý2FHDQVïýìääìïý6DOPRQLGý(VFDSHPHQW
'DWDý6\VWHPïý3DFLILFý%LRORJLFDOý6WDWLRQý1DQDLPRï

7ULWRQýýìääë

'HSDUWPHQWýRIý)LVKHULHVýDQGý2FHDQVïýìääéïýý')2ý)UDVHUý5LYHU
VDOPRQýVWRFNýPDQDJHPHQWýVXPPDU\ýWDEOHVýIRUýWKHý6HWRQî%ULGJHýDQG
0LGGOHý)UDVHUýVRXWKýDUHDï

FLWHGýLQý.RPRULýìääæ

'HSDUWPHQWýRIý)LVKHULHVýDQGý2FHDQVïýýìääçïýý+ïý6WDOEHUJ
PHPRUDQGXPýWRý/ïý<DUHPRYLFïý5Hãý%ULGJHî6HWRQý+0$ý'UDIW
5HSRUWïý0D\ýìçñýìääçïýìíýSï

FLWHGýLQý.RPRULýìääæ

)DUZHOOñý0ï.ïñý1ï'ïý6FKXEHUWñý.ï+ïý:LOVRQýDQGý&ï5ïý+DUULVRQïýìäåæï
6DOPRQýHVFDSHPHQWVýWRýVWUHDPVýHQWHULQJý6WDWLVWLFDOý$UHDVýëåýDQGýëäñ
ìäèìýWRýìäåèïýý&DQDGLDQý'DWDý5HSWïý)LVKHULHVýDQGý$TXDWLFý6FLHQFHV
1RïýçíìãýìççýSï
)RVNHWWñý'ï5ïýìäéêïýý2EVWUXFWLRQVýWRýVRFNH\HýRQýWKHý)UDVHUý5LYHU
ZDWHUVKHGïýý06ýUHSRUWý,QWOïý3DFLILFý6DOPRQý)LVKïý&RPPïñý9DQFRXYHUï
)LOHýììåíïìðéçïýýèýSï

3DFïý6DOPRQý&RPPï
OLEUDU\ñý9DQFRXYHU



%ULGJHð&RDVWDOý)LVKý÷ý:LOGOLIHý5HVWRUDWLRQý3URJUDP
9ROXPHýëãýýýýýýýýýýýýýýýýý6(721ý5,9(5ý:$7(56+('

ëê

5HIHUHQFH 1RWHV 6RXUFHV
)OLQWð3HWHUVHQñý/ïýDQGý.ï<ï&ïý<RXQJïýýìääíïýý6HWRQý'DPñý)HDVLELOLW\
6WXG\ýRQý%\SDVVý)DFLOLWLHVï

%&ý+\GUR

)UHWZHOOñý0ï5ïýìäæåïýý3URJUHVVýUHSRUWýRQýMXYHQLOHýVDOPRQýVWXGLHVýDW
6HWRQý&UHHNýJHQHUDWLQJýVWDWLRQïý,QWHUQDWLRQDOý3DFLILFý6DOPRQ
)LVKHULHVý&RPPLVVLRQïý1HZý:HVWPLQVWHUñý%ï&ïýæýSï

%&ý+\GUR

)UHWZHOOñý0ï5ïýýìäæäDïýý0LJUDWLRQýRIýVRFNH\HýVPROWVýDWýWKHý6HWRQ
&UHHNýK\GURýLQVWDOODWLRQýLQýìäæåïýý,QWHUQDWïý3DFLILFý6DOPRQý)LVKï
&RPPïýXQSXEOïýUHSRUWñýëêýSï

VWXG\ýILQDQFHGýE\ý%&ý+\GURý÷
3RZHUý$XWKRULW\

%&ý+\GUR

)UHWZHOOñý0ï5ïýìäæäEïýý0LJUDWLRQýRIýDGXOWýVRFNH\HýDWý6HWRQý&UHHN
K\GURHOHFWULFýSODQWýLQýìäæåïý,QWHUQDWLRQDOý3DFLILFý6DOPRQý)LVKHULHV
&RPPLVVLRQïý1HZý:HVWPLQVWHUñý%ï&ïñýåëýSï

%&ý+\GUR

)UHWZHOOñý0ï5ïýìäåíDïýý0LJUDWLRQýRIýDGXOWýVRFNH\HýDWý6HWRQý&UHHN
K\GURHOHFWULFýSODQWýLQýìäæäïý,QWHUQDWLRQDOý3DFLILFý6DOUQRQý)LVKHULHV
&RPPLVVLRQïý1HZý:HVWPLQVWHUñý%ï&ïýèèýSï

VWXG\ýILQDQFHGýE\ý%&ý+\GURý÷
3RZHUý$XWKRULW\

%&ý+\GUR

)UHWZHOOñý0ï5ïýýìäåíEïýý-XYHQLOHýVRFNH\HýVDOPRQýVWXGLHVýDWý6HWRQ
&UHHNýK\GURHOHFWULFýLQVWDOODWLRQýLQýìäæäïýýý,QWHUQDWïý3DFLILFý6DOPRQ
)LVKïý&RPPïýXQSXEOïýUHSRUWñýêçýSï

VWXG\ýILQDQFHGýE\ý%&ý+\GURý÷
3RZHUý$XWKRULW\

%&ý+\GUR

)UHWZHOOñý0ï5ïýýìäåìDïýý0LJUDWLRQýRIýMXYHQLOHýVRFNH\HýVDOPRQýDW
6HWRQý&UHHNýK\GURHOHFWULFýLQVWDOODWLRQýLQýìäåíïýý,QWHUQDWïý3DFLILF
6DOPRQý)LVKïý&RPPïýXQSXEOïýUHSRUWñýìéýSï

%&ý+\GUR

)UHWZHOOñý0ï5ïýìäåìEïýý0LJUDWLRQýRIýDGXOWýVRFNH\HýDWý6HWRQý&UHHN
K\GURHOHFWULFýSODQWýLQýìäåíïý,QWHUQDWLRQDOý3DFLILFý6DOPRQý)LVKHULHV
&RPPLVVLRQïý1HZý:HVWPLQVWHUñý%ï&ïýëåýSï

%&ý+\GUR

)UHWZHOOñý0ï5ïýìäåìFïýý0LJUDWLRQýRIýDGXOWýVRFNH\HýDWý6HWRQý&UHHN
K\GURHOHFWULFýSODQWýLQýìäåìïý,QWHUQDWLRQDOý3DFLILFý6DOPRQý)LVKHULHV
&RPPLVVLRQïý1HZý:HVWPLQVWHUñý%ï&ïýëíýSï

%&ý+\GUR

)UHWZHOOñý0ï5ïýýìäåëDïýý0LJUDWLRQýRIýMXYHQLOHýVRFNH\HýVDOPRQýDW
6HWRQý&UHHNýK\GURHOHFWULFýLQVWDOODWLRQýLQýìäåìïýý,QWHUQDWïý3DFLILF
6DOPRQý)LVKïý&RPPïýXQSXEOïýUHSRUWñýëæýSï

%&ý+\GUR

)UHWZHOOñý0ïýìäåëEïýý0LJUDWLRQýRIýDGXOWýVRFNH\HýVDOPRQýDWý6HWRQ
&UHHNý+\GURHOHFWULFý3ODQWýLQýìäåìïý5HSRUWýRIýWKHý,QWHUQDWLRQDO
3DFLILFý6DOPRQý)LVKHULHVý&RPPLVVLRQýWRý%ï&ïý+\GURýDQGý3RZHU
$XWKRULW\ñý9DQFRXYHUñý%ï&ïýëìýSï

VWXG\ýILQDQFHGýE\ý%&ý+\GURý÷
3RZHUý$XWKRULW\

%&ý+\GUR

)UHWZHOOñý0ïýDQGý6ïý+DPLOWRQïýìäåêDïýý0LJUDWLRQýRIý$GXOWý6RFNH\H
6DOPRQýDWý6HWRQý&UHHNý+\GURHOHFWULFý3ODQWýLQýìäåëïý5HSRUWýRIýWKH
,QWHUQDWLRQDOý3DFLILFý6DOPRQý&RPPLVVLRQýIRUý%ï&ïý+\GURýDQGý3RZHU
$XWKRULW\ïýëæýSï

%&ý+\GUR

)UHWZHOOñý0ïýDQGý6ïý+DPLOWRQïýìäåêEïýý0LJUDWLRQýRIý-XYHQLOH
6RFNH\Hý6DOPRQýDWý6HWRQý&UHHNý+\GURHOHFWULFý,QVWDOODWLRQýLQýìäåëï
5HSRUWýRIýWKHý,QWHUQDWLRQDOý3DFLILFý6DOPRQý&RPPLVVLRQýIRUý%ï&ï
+\GURýDQGý3RZHUý$XWKRULW\ïýëèýSï

%&ý+\GUR

)UHWZHOOñý0ï5ïýìäåäïýý+RPLQJýEHKDYLRXUýRIýDGXOWýVRFNH\HýVDOPRQýLQ
UHVSRQVHýWRýDýK\GURHOHFWULFýGLYHUVLRQýRIýKRPHVWUHDPýZDWHUVýDWý6HWRQ
&UHHNïý%XOOïý1Rïý;;9ïý,QWHUQDWLRQDOý3DFLILFý6DOPRQý)LVKHULHVý&RPð
PLVVLRQïý9DQFRXYHUñý%ï&ïýêåýSï

SRVWKXPRXVýUHSRUW %&ý+\GUR

)UHWZHOOñý0ï5ïñýDQGý6ïý+DPLOWRQïýìäåêïýý0LJUDWLRQýRIýMXYHQLOH
VRFNH\HýVDOPRQýDWý6HWRQý&UHHNýK\GURHOHFWULFýLQVWDOODWLRQýLQýìäåëï
,QWHUQDWLRQDOý3DFLILFý6DOPRQý)LVKHULHVý&RPPLVVLRQïý1HZ
:HVWPLQVWHUñý%ï&ïýééýSï

%&ý+\GUR

*HHQñý*ï+ïýìäèåïýý&RUUHVSRQGHQFHýDQGýGDWDýRQý6HWRQý5LYHUýKLVWRULF
ZDWHUýWHPSHUDWXUHVýìäìëðìäìäïýý$UFKLYHýILOHýäêèïìðëç

GDWDýIURPý6HWRQý+DWFKHU\ 3DFïý6DOPRQý&RPPï

*HHQñý*ï+ïýìäæéïýý(IIHFWVýRIýK\GURHOHFWULFýGHYHORSPHQWýLQýZHVWHUQ
&DQDGDïýý-RXUïý)LVKHULHVý5HVïý%Gïý&DQïýêìãýäìêðäëæï

GLVFXVVHVý&DPSEHOOýDQG
%ULGJHî6HWRQýV\VWHPV

*HHQñý*ï+ïñýDQGý)-ïý$QGUHZïýìäçìïýý/LPQRORJLFDOýFKDQJHVýLQý6HWRQ
/DNHýUHVXOWLQJýIURPýK\GURHOHFWULFýGLYHUVLRQVïý3URJUHVVý5HSRUWý1Rïýåï
,QWHUQDWLRQDOý3DFLILFý6DOPRQý)LVKHULHVý&RPPLVVLRQïý1HZý:HVWð
PLQVWHUñý%ï&ïýæçýSï

%&ý+\GUR
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9ROXPHýëãýýýýýýýýýýýýýýýýý6(721ý5,9(5ý:$7(56+('

ëé

5HIHUHQFH 1RWHV 6RXUFHV
*LQHW]ñý5ïýDQGý*ïý1HLOVHQïýìäåíïýý5HYLHZýRIýHQKDQFHPHQWýSRWHQWLDO
IRUýFKLQRRNýDQGýFRKRýVDOPRQýVWRFNVýLQýWKHý)UDVHUý5LYHUýZDWHUVKHGï
)LVKHULHVý÷ý2FHDQVý&DQDGDïý6PDOOý3URMHFWVý'LYLVLRQý0HPRUDQGXP
ìæýSï

FLWHGýLQý5RRGý÷
+DPLOWRQýìääè

*OREDOý)LVKHULHVý&RQVXOWDQWVý/WGïýDQGý0DUYLQý6KDIIHUý÷ý$VVRFLDWHV
/WGïýìääëïýý+LVWRU\ñýELRORJ\ýDQGýILVKHU\ýHFRQRPLFVýUHODWHGýWR
GRZQVWUHDPýILVKýSDVVDJHýDWý6HWRQý'DPýDQGý*HQHUDWLQJý6WDWLRQï
8QSXEOïýUHSRUWýWRý(QYLURQPHQWDOý5HVRXUFHVñý%ï&ïý+\GURñýæåýSï

%&ý+\GUR

*URYHVñý.ï/ïýìääéïýý6HWRQý5LYHUý'RZQUDPSLQJý6WXG\ïýý%ï&ïý+\GUR
LQWHUðRIILFHýPHPRýWRý-ï*ïý0DWWKHZVïý6HSWHPEHUýëíñýìääéï

%&ý+\GUR

*URYHVñý.ï/ïýDQGý3ï6ïý+LJJLQVïýìääèïýý6HWRQý3URMHFWãý2YHUYLHZýVWXG\
RIýGRZQVWUHDPýILVKýSDVVDJHïýý%ï&ïý+\GURý0DLQWHQDQFHñý(QJLQHHULQJ
DQGý3URMHFWVñý5HSRUWý1Rïý+ëæçåïýýççýSï

%&ý+\GUR

+DPLOWRQñý-ï$ï5ïýýìäèìïýý5HKDELOLWDWLRQýRIý*DWHVý&UHHNýðý6HWRQ
$QGHUVRQý'LVWULFWïý8QSXEOïýUHSRUWñý,QWOïý3DFïý6DOPïý)LVKïý&RPPïýìê
$XJýìäèìïýDUFKLYHýILOHýìêæíïìðèýæýSï

KLVWRU\ý÷ýQXPEHUýLQýVRFNH\H
UHWXUQV

3DFïý6DOPïý&RPPï

+HEGHQñý%ï:ïýìäåìïý:HVWý)UDVHUý6WHHOKHDGý,QYHVWLJDWLRQVý3URMHFWï GDWDýWDEOHVýRQO\âýìäæçðåíâýRWKHU
VSHFLHV

%&ý+\GUR

+HEGHQñý%ï:ïýìäåìïýý6XPPDU\ýUHSRUWãý:HVWý)UDVHUý6WHHOKHDG
3URJUDPñý6ï(ï3ïýìäåíîåìïý7HFKïý5HSïñý)LVKHULHVý%UDQFKñý0LQLVWU\ýRI
(QYLURQPHQWïý.DPORRSVñý%ï&ïýëæýSï

%&ý+\GUR

+HEGHQñý%ï:ïýìäääïýý(QYLURQPHQWDOý0DQDJHPHQWý3ODQý¤ý)ORZ
'LYHUVLRQý¤ý:DOGHQý1RUWKý7DLOUDFHýWRý&D\RRVKý&UHHNýDQGý&D\RRVK
&UHHNýWRý6HWRQý/DNHý'LYHUVLRQý7XQQHOïýý0DUFKýäñýìäääïý%&ý+\GURñ
.DPORRSVñý%&ï

%&ý+\GUR

+HEGHQñý%ï:ïýDQGý-ïý%D[WHUïýìäääïýý5HSURGXFWLYHýELRORJ\ýRI
VWHHOKHDGýWURXWýõ2QFRUK\QFXVýP\NLVVôýLQýWKHý%ULGJHýDQGý6HWRQýULYHUVñ
ìääçïýý,QýSURJUHVVïý%ï&ïý+\GURýðý3RZHUý)DFLOLWLHVïýéèýSï

%&ý+\GUR

+LJJLQVñý3ï+ïýDQGý0ï-ïý%UDGIRUGïýìääçïýý(YDOXDWLRQýRIýODUJHýVFDOH
ILVKýVDOYDJHýWRýUHGXFHýWKHýLPSDFWVýRIýFRQWUROOHGýIORZýUHGXFWLRQýLQýD
UHJXODWHGýULYHUïý1RUWKý$PHULFDQý-RXUïý)LVKHULHVý0JPWïýìçãýçççðçæêï
+LJJLQVñý3ï6ïýìääæïýý7HVWLQJýRIý$FRXVWLFý6FUHHQVýIRUý5HGXFLQJ
(QWUDLQPHQWýRIý$QDGURPXVýDQGý5HVHUYRLUý)LVKýDWý6HWRQý'DPïý'UDIW
3URMHFWý3ODQïý%ï&ïý+\GURñý3RZHUý6XSSO\ý2SHUDWLRQVñý6WUDWHJLF
)LVKHULHVï

%&ý+\GUR

+LJJLQVñý3ï6ïñý-ï*ïý6FRXUDVýDQGý$ïý/HZLVïýìäääïýý'LXUQDOýDQG
QRFWXUQDOýPLFURKDELWDWýXVHýRIýVWUHDPýVDOPRQLGVýLQý%ULGJHýDQGý6HWRQ
ULYHUVýGXULQJýVXPPHUïý3UHSDUHGýIRUý6WUDWHJLFý)LVKHULHVñý%ï&ïý+\GURñ
%XUQDE\ñý%&ïýëçýSï

%&ý+\GUR

+LUVWñý6ï0ïýìääìïýý,PSDFWVýRIýWKHýRSHUDWLRQýRIýH[LVLWQJýK\GURHOHFWULF
GHYHORSPHQWVýRQýILVKHU\ýUHVRXUFHVýLQý%ULWLVKý&ROXPELDïý9ROXPHýìï
$QDGURPRXVýVDOPRQïý&DQDGLDQý0DQXVFULSWý5HSRUWýRIý)LVKHULHVýDQG
$TXDWLFý6FLHQFHVýëíäêïýìééýSï

DQDGURPRXVýVDOPRQýLVVXHVï

+LUVWñý6ï0ïýìääìEïýý,PSDFWVýRIýWKHýRSHUDWLRQýRIýH[LVLWQJýK\GURHOHFWULF
GHYHORSPHQWVýRQýILVKHU\ýUHVRXUFHVýLQý%ULWLVKý&ROXPELDïý9ROXPHýëï
,QODQGýILVKHULHVïý&DQDGLDQý0DQXVFULSWý5HSRUWýRIý)LVKHULHVýDQG
$TXDWLFý6FLHQFHVýëíäêïýëííýSï

UHVLGHQWýILVKýDQGýDQDGURPRXV
WURXWýDQGýFKDUýLVVXHVï

GRZQORDGýIURPýKWWSãîî
ZZZðKHEïSDFð
PSRïJFïFDîHQJOLVKî
SXEOLFDWLRQVî3XEïKWP

+XQGDOñý/ïýDQGý3ï)ïý'R\OHïýQïGïýý3URJUHVVLRQýRIýDýVPDOOýIORRGýZDYH
GRZQýDýGLPLQLVKHGýULYHUýFKDQQHOïý5HSRUWýRIý:DWHUý0DQDJHPHQW
%UDQFKñý%ï&ïý0LQLVWU\ýRIý(QYLURQPHQWï

%&ý+\GUR

,QWHUQDWLRQDOý3DFLILFý6DOPRQý)LVKHULHVý&RPPLVVLRQïýýFDïýìäéêïýýý06
UHSRUWýRQýWKHýPDSýRIýWKHýGLVWULEXWLRQýRIýVRFNH\HýVSDZQLQJýJURXQGVýLQ
WKHý)UDVHUýZDWHUVKHGïýý$UFKLYDOýILOHýììåíïìðëïýìíýSï

FRORUðFRGHGýPDSýGHYHORSHGýE\
,36)&ýPHQWLRQVý%ULGJHý5ï

3DFïý6DOPïý&RPPï
OLEUDU\ñý9DQFRXYHU

,QWHUQDWLRQDOý3DFLILFý6DOPRQý)LVKHULHVý&RPPLVVLRQïýýQïGïýýý06ý/LVW
RIýVWUHDPVýRQý6DOPRQý&RPPLVVLRQýPDSïïýý$UFKLYDOýILOHýììåíïìðìäïýê
Sï

FRORUðFRGHGýPDSýGHYHORSHGýE\
,36)&ýPHQWLRQVý%ULGJHý5ï

3DFïý6DOPïý&RPPï
OLEUDU\ñý9DQFRXYHU

,QWHUQDWLRQDOý3DFLILFý6DOPRQý)LVKHULHVý&RPPLVVLRQý5HFRUGVïý6HWRQ
/DNHãý7HPSHUDWXUHVñý6HFFKLý'LVFñý&RQGXFWLYLW\ïýìäéèðìäæçï

3DFïý6DOPïý&RPPï
OLEUDU\ñý9DQFRXYHU
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ëè

5HIHUHQFH 1RWHV 6RXUFHV
,QWHUQDWLRQDOý3DFLILFý6DOPRQý)LVKHULHVý&RPPLVVLRQïýìäèäïýý$ýSODQ
IRUýDQýDUWLILFLDOýVSDZQLQJýFKDQQHOýIRUýSLQNýVDOPRQýDWý6HWRQý&UHHNï
0HPRïýUHSRUWñý$XJXVWïý1HZý:HVWPLQVWHUñý%ï&ïýìåýSï

')2ý.DPORRSVýKLVWRULF
ILOHï
FLWHGýLQý+LUVWýìääì

,QWHUQDWLRQDOý3DFLILFý6DOPRQý&RPPLVVLRQïýýìäæçïýý2EVHUYDWLRQVýDW
WKHý6HWRQý&UHHNýK\GURHOHFWULFýSODQWýGXULQJýSDVVDJHýRIý*DWHVý&UHHN
VRFNH\HýLQýìäæçïýýìæýSï

%&ý+\GUR

,QWHUQDWLRQDOý3DFLILFý6DOPRQý)LVKHULHVý&RPPLVVLRQïýìäæçïýý7DLOUDFH
GHOD\ýDQGýORVVýRIýDGXOWýVRFNH\HýVDOPRQýDWýWKHý6HWRQý&UHHN
K\GURHOHFWULFýSODQWïý0HPRïýUHSRUWïý1HZý:HVWPLQVWHUñý%ï&ïýæéýSï

%&ý+\GUR

-DUYLVñý-ïýDQGý5ï:ï-ïý6WHZDUWïýýìäåèDïýý$ýGHVFULSWLRQýRIýFRKRýVDOPRQ
UHSURGXFWLRQýLQýVHOHFWHGýWULEXWDULHVýRIýWKHý1RUWKý7KRPSVRQý5LYHUñ
VWUHDPVýRIýWKHý/LOORRHWýUHJLRQñýDQGý'HDGPDQöVý&UHHNýQHDUý6DYRQDñ
%ï&ïýý5HSRUWýIRUý&RPPXQLW\ý(FRQRPLFý'HYHORSPHQWñý6DOPRQLG
(QKDQFHPHQWý3URJUDPñýE\ý&HQWUDOý,QWHULRUý7ULEDOý)LVKHULHVñ
.DPORRSVñý%ï&ïñýìììýSï

%&ý+\GUR

-DUYLVñý-ïýDQGý5ï:ï-ïý6WHZDUWïýýìäåèEïýý$VVHVVPHQWýRIýìäåéýFKLQRRN
VDOPRQýVSDZQLQJýHVFDSHPHQWVýLQýVHOHFWHGýVWUHDPVýRIýWKHý1LFROD
%DVLQýDQGý/LOORRHWý5HJLRQýLQFOXGLQJý'HDGPDQöVý&UHHNýQHDUý6DYRQDñ
%ï&ïýý5HSRUWýIRUý&RPPXQLW\ý(FRQRPLFý'HYHORSPHQWñý6DOPRQLG
(QKDQFHPHQWý3URJUDPñýE\ý&HQWUDOý,QWHULRUý7ULEDOý)LVKHULHVñ
.DPORRSVñý%ï&ïñýäëýSï

%&ý+\GUR

-RKQVRQñý5ï/ïñý,ïý<HVDNLñýDQGý6ïý*UDQWïýýìääíïýý+\GURDFRXVWLF
PRQLWRULQJýRIýVRFNH\HýVDOPRQýVPROWýRXWPLJUDWLRQýDWý6HWRQý'DPï
5HSRUWýWRý%&ý+\GURñý(QYLURQPHQWDOý5HVRXUFHVñý9DQFRXYHUñý%&ýE\
&DQDGLDQý%LR6RQLFVý/WGïýëëýSï

%&ý+\GUR

-ROO\ñý'ïýýìäääïýý)LUVWý1DWLRQVýZDWHUýULJKWVýLQý%ï&ïýý+LVWRULFDO
VXPPDU\ýRIýULJKWVýRIý%ULGJHý5LYHUý)LUVWý1DWLRQVïýý%&ý:DWHUý0JPWï
%UDQFKýDQGý-2/ý&RQVXOWLQJï

PDSV 8%&ý.RHUQHUã
9DQ3XE/LEãý5HIýäæíïèë

.HQQ\ñý:ï(ïýýìäåíïýý5Hãý$GXOWýýVRFNH\HýVDOPRQýPLJUDWLRQýDWý6HWRQ
&UHHNý*HQHUDWLQJý6WDWLRQïý0HPRýIURPý%&ý+\GURñý2SHUDWLRQV
&RQWUROý'HSWïýWRý&ï:ïý6KLQQHUVñý)LHOGý6HUYLFHVý%UDQFKñý)LVKHULHVýDQG
2FHDQVý¤ý3DFLILFý5HJLRQïý-XOýëëýìäåíïýëýSï

%&ý+\GUR

.LOOLFNñý6ï5ïýýìäéåïýý%LRORJLFDOýVWXG\ýRIýWKHýLQIOXHQFHýRIýWKHý%ULGJH
5LYHUýUDSLGVýRQýWKHýVRFNH\HýUXQVýRIýWKHýXSSHUý)UDVHUýZDWHUVKHGï
0DVWHU©VýWKHVLVý8%&

6.ýWDJJLQJýH[SHULPHQWVâýUDSLGV
DUHýDFWXDOO\ýLQý)UDVHUý5ï

8%&ý6SHF&ROOã
/(êï%æýìäéåý$éý.éý%é

.RPRULñý9ïýýìääæDïýý6WUDWHJLFýILVKHULHVýRYHUYLHZýIRUýWKH
%ULGJHî6HWRQýKDELWDWýPDQDJHPHQWýDUHDððILQDOýUHSRUWïý8QSXEOïýUHSWï
IRUý)UDVHUý5LYHUý$FWLRQý3ODQñý'HSWïý)LVKHULHVý÷ý2FHDQVñý9DQFRXYHUñ
%&ïýååýSï

9DQ3XE/LEãý5HIï
çêäïäææâ
%&ý+\GUR

.RPRULñý9ïýýìääæEïýý6DOPRQýZDWHUVKHGýSODQQLQJýSURILOHVýIRUýWKH
%ULGJHî6HWRQý+DELWDWý0DQDJHPHQWý$UHDïýý8QSXEOïýUHSWïýIRUý)UDVHU
5LYHUý$FWLRQý3ODQñý'HSWïý)LVKHULHVý÷ý2FHDQVñý9DQFRXYHUñý%&ïýééýSï

%&ý+\GUR

/HZLVñý$ï)ïñý*ï-ïý1DLWRñý6ï(ïý5HGGHQýDQGý%&ý+\GURý6DIHW\ýDQG
(QYLURQPHQWïýìääçïýý)LVKýIORZýVWXGLHVýSURMHFWñýILVKýIORZýRYHUYLHZ
UHSRUWïý7ULWRQý(QYLURQPHQWDOýIRUý%&ý+\GURý6DIHW\ýDQGý(QYLURQPHQWï
5HSRUWýQRïý($ãäèðíçïýìééýSï

FRPSUHKHQVLYHýIDFLOLW\ýVWDWLVWLFV
IRUýPRVWý%&+ýSURMHFWV

%&ý+\GUR

/LVWHUñý'ï%ïýDQGý5ï-ïý%HQLVWRQïýýìääèïýý%ULGJHýDQGý6HWRQý5LYHUVã
KDELWDWýLQYHQWRU\ýDQGýILVKýVWRFNýDVVHVVPHQWñýìääêïý5HSRUWýRIý'ï%ï
/LVWHUýDQGý$VVRFLDWHVý/WGïýWRý%ï&ïý+\GURýDQGý3RZHUý$XWKRULW\ñ
%XUQDE\ý%ï&ïýçêýSï

%&ý+\GUR

0F3KDLOñý-ï'ïýDQGý-ïý%D[WHUïýýìääéïýý$ýUHYLHZýRIýEXOOýWURXW
õ6DOYHOLQXVýFRQIOXHQWXVôýOLIHýKLVWRU\ýDQGýKDELWDWýXVHýLQýUHODWLRQýWR
FRPSHQVDWLRQýDQGýLPSURYHPHQWýRSSRUWXQLWLHVïý'HSWïýRIý=RRORJ\ýDQG
)LVKHULHVý&HQWUHñý8QLYïýRIý%ULWLVKý&ROXPELDñý9DQFRXYHUïýéìýSï

FLWHGýLQý*ULIILWKýìääè

0DWWKHZñý3ï/ïýDQGý5ï:ï-ïý6WHZDUWïýýìäåèïýý6XPPDU\ýRIýMXYHQLOH
VDOPRQLGýGRZQVWUHDPýWUDSSLQJýVXUYH\Vâý6SULQJñýìäåéïýý5HSRUWýIRU
&RPPXQLW\ý(FRQRPLFý'HYHORSPHQWñý6DOPRQLGý(QKDQFHPHQW
3URJUDPñýE\ý&HQWUDOý,QWHULRUý7ULEDOý)LVKHULHVñý.DPORRSVñý%ï&ïñýçäýSï
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ëç

5HIHUHQFH 1RWHV 6RXUFHV
0DWWKHZñý3ï/ïýDQGý5ï:ï-ïý6WHZDUWïýýìäåæïýý6XPPDU\ýRIýMXYHQLOHýDQG
DGXOWýVDOPRQLGýVWXGLHVýLQýVHOHFWHGýVWUHDPVýRIýWKHý$GDPVý5LYHU
GUDLQDJHýDQGýVHYHUDOýPLGð)UDVHUýWULEXWDULHVïýý5HSRUWýIRUý&RPPXQLW\
(FRQRPLFý'HYHORSPHQWñý6DOPRQLGý(QKDQFHPHQWý3URJUDPñýE\
&HQWUDOý,QWHULRUý7ULEDOý)LVKHULHVñý.DPORRSVñý%&ñýìêèýSï

%&ý+\GUR

1RUWKZHVWý+\GUDXOLFý&RQVXOWDQWVý/WGïýýìäææïýý5LYHUý(QJLQHHULQJ
$VSHFWVñý6HWRQý&UHHNý)LVKHU\ý6WXGLHVïý5HSRUWýççêýWRý%ï&ïý+\GURýDQG
3RZHUý$XWKRULW\ïýëäýSï

RSWLRQVýWRýUHGXFHýDGXOWýDWWUDFWLRQ
WRýWDLOUDFHâýFKDQQHOýDFURVVý)UDVHU
EDU

%&ý+\GUR

3DWULFNñý3ï+ïñýDQGý5ï6ïý0F.LQOH\ïýýìäåæïýý%HKDYLRXUDOýV\VWHPVýWR
JXLGHýRUýGLYHUWýILVKýDWýK\GURðHOHFWULFýIDFLOLWLHVïý5HSRUWý&($ýèìêý*
èéêýWRý&DQDGLDQý(OHFWULFDOý$VVRFLDWLRQïý2QWDULRý+\GURïý7RURQWRï

%&ý+\GUR

3RZHOOñý&ï-ïýýìäääïýý$ýVHOHFWHGýELEOLRJUDSK\ýRIýOLWHUDWXUHýRQýWRWDOýJDV
SUHVVXUHýDQGýUHODWHGýILVKHULHVýLPSDFWVïýý6WUDWHJLFý)LVKHULHVý5HSRUW
1Rïý6)3ääð*(1ðíçïýéçýSï

%&ý+\GUR

3URYLQFHýRIý%ULWLVKý&ROXPELDïýýìäèéïýý3URYLQFLDOý*DPHý&RPPLVVLRQ
5HSRUWýIRUýìäèêïýý$XWKRULW\ýRIýWKHý/HJLVODWLYHý$VVHPEO\ñý9LFWRULD
%&

6HWRQý/DNHý3RZHUý'HYHORSPHQW
VDOPRQýSURWHFWLRQýEHLQJ
FRQVWUXFWHGýLQWRýGDP

3URYLQFLDOý$UFKLYHVâ
0(/3ý6XUUH\ýRIILFHñ
-DFNý(YDQV

5/÷/ý(QYLURQPHQWDOý6HUYLFHVïýýìäääïýý6HWRQý'DPýILVKýGLYHUVLRQ
SURMHFWãýìäääýLQYHVWLJDWLRQVýDQGýWHVWLQJïý'UDIWý5HSRUWïý3UHSDUHGýIRU
%&ý+\GURñý.DPORRSVñý%&ïýéäýSï

%&ý+\GUR

5RRGñý.ï0ïýDQGý5ï(ïý+DPLOWRQïýýìääèïýý+\GURORJ\ýDQGýZDWHUýXVHýIRU
VDOPRQýVWUHDPVýLQýWKHý6HWRQî%ULGJHý+DELWDWý0DQDJHPHQWý$UHDñ
%ULWLVKý&ROXPELDïý&DQïý0DQXVFUSWïý5HSWïý)LVKïý$TXDWïý6FLïý1Rïýëëäåñ
æèýSï

8%&ý.RHUQHUãý0LFURORJ
äèðíææëìâ
%&ý+\GUR

5RRVñý-ï)ïýýìääìïýý5HVWRULQJý)UDVHUý5LYHUý6DOPRQýðýDýKLVWRU\ýRIýWKH
,QWHUQDWLRQDOý3DFLILFý6DOPRQý)LVKHULHVý&RPPLVVLRQýìäêæðìäåèïýý7KH
3DFLILFý6DOPRQý&RPPLVVLRQñý9DQFRXYHUñý%&ïýéêåýSï

Sïéëçýðý6.ýHJJýWUDQVSODQWVýWR
6HWRQýV\VWHP

5RZODQGñý'ï(ïýýìäåìïýý0RQLWRULQJýILVKýSDVVDJHýDWý6HWRQý3RZHUKRXVH
DQGý'DPñýVXPPHUýDQGýIDOOýìäåíïýý%ï&ïý+\GURñý(QYLURQPHQWDOýDQG
6RFLRð(FRQRPLFý6HUYLFHVñý(QJLQHHULQJý6HUYLFHVý'LYLVLRQñý5HSRUW
(66ðìæïý9DQFRXYHUñý%&ïýìçýSï

%&ý+\GUR

5R\DOñý/ï$ïýýìäèêïýý7KHýVDOPRQýILVKHULHVýRIý6HWRQý&UHHNýZDWHUVKHGï
,QWHUQDWïý3DFLILFý6DOPRQý)LVKïý&RPPïýXQSXEOïýUHSRUWñýåýSï

FLWHGýLQý%HQJH\ILHOGý÷
6KDIIHU

6ï(ï3ïýõ6DOPRQLGý(QKDQFHPHQWý3URJUDPôýýìäåìïýý6XPPDU\ýWDEOHVï
5HSRUWñý:HVWý)UDVHUý6WHHOKHDGý3URJUDPñý6ï(ï3ïñýìäåíîåìïýëêýSï

VDPHýDVý+HEGHQýìäåì"

6FKXEHUWñý1ï'ïýýìääåïýý7KHýìääéý)UDVHUý5LYHUýVRFNH\HýVDOPRQ
HVFDSHPHQWïýý&DQDGLDQý7HFKïý5HSWïý)LVKHULHVýDQGý$TXDWLFý6FLHQFHV
1Rïýëëíìñý)LVKHULHVýDQGý2FHDQVñý1HZý:HVWPLQVWHUñý%&ïýêèýSï
6KLQQHUVñý&ï:ïýýìäåíïýý5Hãý$GXOWýVRFNH\HýVDOPRQýPLJUDWLRQýDWý6HWRQ
&UHHNý*HQHUDWLQJý6WDWLRQïý0HPRýIURPý'LUHFWRUñý)LHOGý6HUYLFHV
%UDQFKñý)LVKHULHVýDQGý2FHDQVýWRý:ï(ïý.HQQ\ñý2SHUDWLRQVý&RQWURO
'HSWïñý%&ý+\GURïý-XOýêñýìäåíïýëýSï

%&ý+\GUR

6WHZDUWñý5ï:ï-ïýDQGý3ï/ïý0DWWKHZïýýìäåéïýý-XYHQLOHýVDOPRQLGýVWXGLHV
LQýVHOHFWHGýVWUHDPVýRIýWKHý1RUWKý7KRPSVRQýGUDLQDJHýDQGýD
SUHOLPLQDU\ýUHYLHZýRIýWKHý%ULGJHý5LYHUýQHDUý/LOORRHWïý5HSRUWýIRU
&RPPXQLW\ý(FRQRPLFý'HYHORSPHQWñý6DOPRQLGý(QKDQFHPHQW
3URJUDPñýE\ý&HQWUDOý,QWHULRUý7ULEDOý)LVKHULHVñý.DPORRSVñý%ï&ï

FLWHGýLQý-DUYLV

6WHZDUWñý5ï:ï-ïýDQGý3ï/ïý0DWWKHZïýýìäåèïýý$VVHVVPHQWýRIýìäåê
FKLQRRNýVDOPRQýVSDZQLQJýHVFDSHPHQWVýLQýVHOHFWHGýVWUHDPVýRIýWKH
7KRPSVRQý%DVLQýDQGýPLGð)UDVHUý5LYHUýGUDLQDJHïýý5HSRUWýIRU
&RPPXQLW\ý(FRQRPLFý'HYHORSPHQWñý6DOPRQLGý(QKDQFHPHQW
3URJUDPñýE\ý&HQWUDOý,QWHULRUý7ULEDOý)LVKHULHVñý.DPORRSVñý%ï&ïñýììê
Sï

FLWHGýLQý-DUYLV

6WRNHVñý-ï:ïýýQïGïýý')2ýELRORJLVWï QRWHýUHãýSURSRVHGýìëðìéýLQFK
KLJKýSDUWLDOýGDPýDFURVVý6HWRQ
&UïýE\ýDýVDZPLOOýWRýUHWDLQýORJVýLQ
WKHýODNHýQHDUýWKHýROGý6HWRQý)LVK
+DWFKHU\ýVLWHý¦DERXWýëèíðêíí
\DUGVýIURPýIRRWýRIýODNH§â

')2ý.DPORRSVýKLVWRULF
ILOHV
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ëæ

5HIHUHQFH 1RWHV 6RXUFHV
¦XQGHUýJXLGDQFHýRIý,QVSHFWRU
5H\QROGVñýKHýHVWLPDWHGýWKH
PDMRULW\ýRIý>SLQN@ýVDOPRQ
VSDZQHGýLQýWKHýXSSHUýèííýIWýRI
WKHýFUHHNýDWýODNHýRXWOHWñýZLWK
VFDWWHUHGýVSDZQLQJýLQýUHPDLQGHU
RIýFUHHN§

7KRPSVRQñý:LOOLDPý)ïýìäéèïýý(IIHFWýRIýWKHýREVWUXFWLRQýDWý+HOO©Vý*DWH
RQýWKHýVRFNH\HýVDOPRQýRIýWKHý)UDVHUý5LYHUïý,QWHUQDWïý3DFLILFý6DOPRQ
)LVKïý&RPPïý%XOOïý,ïýìæèýSï

FLWHGýLQý,36)&ýìäèå

7LVGDOHñý$ï(ïýìäääïýý&D\RRVKý&UHHNýFRPSHQVDWRU\ýVSDZQLQJýDQG
UHDULQJýFKDQQHOñýILVKýVDOYDJHýDQGýHQYLURQPHQWDOýPRQLWRULQJ
ääïíäïëëðääïíäïëäïý3UHSDUHGýIRUý%ï&ïý(QHUWHFKñý/LOORRHWñý%&ïýêýSï

%&ý+\GUR

7LVGDOHñý$ï(ïýìäääïýý&D\RRVKý&UHHNýIORZýGLYHUVLRQý0DUFKýìçñýìäääï
3UHSDUHGýIRUý%ï&ïý+\GURïýìíýSï

%&ý+\GUR

7LVGDOHñý$ï(ïýìäääïýý6HWRQý5LYHUýILVKýVDOYDJHñýZDWHUýTXDOLW\ýDQGýIORZ
PRQLWRULQJý$XJýëéðëæñýìääåïý3UHSDUHGýIRUý%&ý+\GURñý.DPORRSVñ
%&ïýìçýSïï

%&ý+\GUR

7LVGDOHñý$ï(ïýëíííïýýìäääý6HWRQý5LYHUýXSSHUýVSDZQLQJýFKDQQHO
VDOPRQLGýHQXPHUDWLRQïý3UHSDUHGýIRUý%&ý+\GURñý.DPORRSVñý%&ïýìäýSï

%&ý+\GUR

7REOHUñý'RXJODVïý1ïGïýý'HVHFUDWLRQýRIýDQý(QFKDQWHGý.LQJGRPï HIIHFWVýRIýORJJLQJâ
HQYLURQPHQWDOýDVSHFWV

9DQ3XE/LEãýýçêéïäíæìì

7ULSSñý'ïýýìääíïýý5HSRUWýRQýILVKýXWLOL]DWLRQýLQý&D\RRVKý&UHHN
GRZQVWUHDPýRIýWKHý:DOGHQý1RUWKýK\GURHOHFWULFýVLWHïý8QSXEOïýUHSWïýE\
'ïý7ULSSý%LRORJLFDOý&RQVXOWDQWVýWRý+LJKODQGý(QHUJ\ý6\VWHPVý/WGïñ
&RTXLWODQñý%&ïýýæýSï
7ULWRQý(QYLURQPHQWDOý&RQVXOWDQWVý/WGïýýìääêïýý0LQLPXPýIORZ
VWXGLHVýõ3KDVHýìôýRIýWKHý$ORXHWWHñý%ULGJHýDQGý6HWRQý5LYHUVïý3UHSDUHG
IRUý%&ý+\GURïýéèýSï

%&ý+\GUR

7ULWRQý(QYLURQPHQWDOý&RQVXOWDQWVý/WGïýìääçïýý6HWRQý5LYHUý,QVWUHDP
)ORZý6WXG\ïý5HSRUWýWRý%ï&ïý+\GURñý6DIHW\ýDQGý(QYLURQPHQWñ
6WUDWHJLFý)LVKHULHVñý%XUQDE\ñý%&ïýéçýSï

%&ý+\GUR

7XEEñý-ï$ïýýìäêåïýý0DQXVFULSWýQRWHVýDQGýVNHWFKHVýIURPýDýVDOPRQ
VSDZQLQJýVXUYH\ýRIý6HWRQý&UHHNïýìèýSï

GHVFULEHVýëýGDPVýDFURVVý6HWRQ
&UHHNâýKDELWDWýGHVFULSWLRQVýRI
6HWRQý÷ý&D\RRVKýFUHHNV

3DFïý6DOPRQý&RPPï
DUFKLYHýILOHýäéèïìðë
õDOVRýììåíïìðëô

éïê :LOGOLIHý5HIHUHQFHV

5HIHUHQFH 1RWHV 6RXUFH
%&ý'HSDUWPHQWýRIý/DQGVïýýìäëäïýý$EVWUDFWVý)URPý5HSRUWVýRQ
/LOORRHWý'LVWULFWýìäíåðìäëåï

5ï3ý%LVKRSïýìäìëïýý'HVFULSWLRQýRI
/LOORRHWý'LVWULFWýLQFOXGLQJý'HDGPDQ
5LYHUý)DOOVï
*ï0ïý'RZQWRQïýìäìêïýý5HIHUHQFHVýWR
UDLOýOLQHýDORQJý6HWRQý/DNHïýý*RDWVýQHDU
%ULGJHý5LYHUïýý$QQXDOýVQRZýLQIRýRI
6HWRQý/DNHïýý5HIHUVýWRýWKHý¦6KRUW
3RUWDJH§ñýDýVWULSýRIýODQGýaý×ýPLOHVýZLGH
EHWZHHQý$QGHUVRQý÷ý6HWRQý/DNHVï
6WHDPýERDWVýDQGýZDJRQýWUDLOVýIURP
6HWRQýWRý%ULGJHý5LYHUñý3URSRVHGý3RZHU
7XQQHOýWKURXJKý0LVVLRQý0RXQWDLQñ
KDELWDWýGHVFULSWLRQVï
-ïý'DYLGVRQïýìäëèïýýý%ULGJHý5LYHUý÷
6HWRQý/DNHýVXUIDFHýHOHYDWLRQVï
3URSRVHGýSRZHUýWXQQHOýDQGýGDPýDW
%ULGJHý5LYHUî6HWRQý/DNHïýý'HVFULSWLRQV
RIýWRSRJUDSK\ñýDJULFXOWXUHñýKDELWDWVñ

0(/3ý6XUUH\ýRIILFHñ
-DFNý(YDQV
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ëå

5HIHUHQFH 1RWHV 6RXUFH
ZDWHUFRXUVHVñýH[LVWLQJýVHWWOHPHQWVñ
YHJHWDWLRQý÷ýWUHHýVSHFLHVñýUHIHUHQFHVýWR
GHHUñýEODFNýDQGýJUL]]O\ýEHDUñ
PRXQWDLQýVKHHSñýJURXVHñýSWDUPLJDQ
DQGýGXFNVýIHHGLQJýLQýVORXJKVýRIý%ULGJH
5LYHU

%&ý)LVKý÷ý:LOGOLIHý%UDQFKïýìäææïýý:LOGOLIHý'LVWULEXWLRQ
0DSSLQJý6HULHVãý*UL]]O\ý%HDUý'LVWULEXWLRQýDQGý5HODWLYH
$EXQGDQFHï

6HWRQý/DNHãý)HZý¤ýõìýEHDUýSHUýèèðéíí
VTïýPLOHVô

0(/3ý6XUUH\ýRIILFHñ
-DFNý(YDQV

%ï&ïý+\GURïýìääåïýý5DUHýHOHPHQWýRFFXUUHQFHãý)LHOGýJXLGHýWRýWKH
UDUHýDQGýHQGDQJHUHGýVSHFLHVýIRXQGýZLWKLQýWKHýZDWHUVKHG
ERXQGDULHVýRIýHDFKý%&+ýIDFLOLW\ïýý6WUDWHJLFý)LVKHULHVñý3RZHU
6XSSO\ý2SHUDWLRQVñý%XUQDE\ñý%&ï

DOOýUHGñýEOXHýDQGý\HOORZðOLVWHGýVSHFLHV %&ý+\GUR

+DWWHUñý-ïñý'ï-ïý5RELQVRQñý3ï:ïý0DUWLQñý/ï*ïý6XJGHQñý(ñ:ï
7D\ORUýDQGý:ï*ïý6PLWKýìäèçïýý,QYHQWRU\ýDQGý(YDOXDWLRQýRI
:LOGOLIHý5HVRXUFHVýRIý%ULWLVKý&ROXPELDïýý5HSULQWHGýIURPýWKHýäWK

%&ý1DWXUDOý5HVRXUFHVý&RQIHUHQFHý7UDQVDFWLRQVñý)HEUXDU\ýìäèçï

0XOHý'HHUý¤ý¦&HUWDLQýZLQWHUýUDQJHV
DORQJýWKHýJUDVVODQGýIULQJHVýRIýWKH
FHQWUDOýLQWHULRUýKDYHýEHHQýDVVLJQHG
QDPHVýDVýIROORZVã
§LQFOXGHVý%ULGJHý5LYHUï§ RQHýFDQýDOPRVW
GHILQHýDFFXUDWHO\ýWRýWKHýODVWýVTXDUHýPLOH
WKHýDUHDýRIýZLQWHUýUDQJHýRIýWKHý%ULGJH
5LYHUýKHUGV…§
¦6RPHýEHWWHUýNQRZQýJRDWýDUHDVý%ULGJH
5LYHUý6XJDUý/DNHð9LGGOHUý0RXQWDLQ…§
¦7KHýSULQFLSDOýJUL]]O\ýUDQJHVýRIýWKH
ZHVWHUQýDQGýFHQWUDOýSRUWLRQVýRIýWKH
SURYLQFHýDUHýWKHýPRXQWDLQRXVýUHJLRQVýRI
WKHýIROORZLQJýDUHDVãï6XJDUý/DNHð0DEHO
/DNH…6KXVZDSý/DNH…%ULGJH
5LYHU…§

3URYLQFLDOý$UFKLYHVâ
0(/3ý6XUUH\ýRIILFHñ
-DFNý(YDQV

+LUVWñý6ï0ïýìääìïýý,PSDFWVýRIýWKHýRSHUDWLRQýRIýH[LVLWQJ
K\GURHOHFWULFýGHYHORSPHQWVýRQýILVKHU\ýUHVRXUFHVýLQý%ULWLVK
&ROXPELDïý9ROXPHýìïý$QDGURPRXVýVDOPRQïý&DQDGLDQ
0DQXVFULSWý5HSRUWýRIý)LVKHULHVýDQGý$TXDWLFý6FLHQFHVýëíäêïýìéé
Sï

DQDGURPRXVýVDOPRQýLVVXHVï

+LUVWñý6ï0ïýìääìEïýý,PSDFWVýRIýWKHýRSHUDWLRQýRIýH[LVLWQJ
K\GURHOHFWULFýGHYHORSPHQWVýRQýILVKHU\ýUHVRXUFHVýLQý%ULWLVK
&ROXPELDïý9ROXPHýëïý,QODQGýILVKHULHVïý&DQDGLDQý0DQXVFULSW
5HSRUWýRIý)LVKHULHVýDQGý$TXDWLFý6FLHQFHVýëíäêïýëííýSï

UHVLGHQWýILVKýDQGýDQDGURPRXVýWURXWýDQG
FKDUýLVVXHVï

GRZQORDGýIURPýKWWSãîî
ZZZðKHEïSDFð
PSRïJFïFDîHQJOLVKî
SXEOLFDWLRQVî3XEïKWP

3URYLQFHýRIý%ULWLVKý&ROXPELDñýìäêæïýý5HSRUWýRIýWKHý3URYLQFLDO
*DPHý&RPPLVVLRQýìäêçïýý$XWKRULW\ýRIýWKHý/HJLVODWLYH
$VVHPEO\ñý9LFWRULD

%HDYHUýKDYHýHVWDEOLVKHGýWKHPVHOYHVýRQ
&D\RRVKýDQGý6HWRQý&UHHNVï

3URYLQFLDOý$UFKLYHVâ
0(/3ý.DPORRSVã
'RXJý-XU\

:ULJKWñý.ïý*ïñýDQGý5ïý,ïý*RXGLHïýìääåïýý%UHHGLQJýHFRORJ\ýRIýWKH
+DUOHTXLQý'XFNýõ+LVWULRQLFXVýKLVWULRQLFXVôýLQýWKHýVRXWKHUQ
&KLOFRWLQý0RXQWDLQVñý%ULWLVKý&ROXPELDñýìääåý)LHOGý5HSRUWï
'UDIWý5HSRUWýRIýWKHý+DUOHTXLQý&RQVHUYDWLRQý6RFLHW\ýWRý%ï&ï
+\GURñý3RZHUý6XSSO\ñý9DQFRXYHUñý%&ï

%&ý+\GUR
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ì

&KDSWHUýìë

0,''/(ý6+86:$3ý5,9(5ý:$7(56+('

ýýýýýýýýýýýýýý

)LJXUHýìëðìýïýýýý6KXVZDSý5LYHUýDERYHýGDPýVLWHýõ&RXWHDXý3RZHUý&RPSDQ\ýìäìëô

ìï 352-(&7ý'(6&5,37,21

ìïì )DFLOLWLHV

7KHýLQLWLDOýSODQVýIRUýDýSRZHUýSURMHFWýDWý6KXVZDSý)DOOVýKDGýEHHQýGHYHORSHGýSULRUýWRýìäìëýE\ýWKH
&RXWHDXý 3RZHUý &RPSDQ\ý EDVHGý LQý 9DQFRXYHUñý %ï&ïý ý 7KHý 6KXVZDSý )DOOVý JHQHUDWLQJý VWDWLRQñ
:LOVH\ý 'DPý DQGý 3HHUVý 'DPý ZHUHý FRQVWUXFWHGý DQGý RZQHGý E\ý :HVWý &DQDGLDQý +\GURHOHFWULF
&RUSRUDWLRQýDQGýZHQWýLQWRýVHUYLFHýLQýìäëäï

ý7KHýSURMHFWýFRQVLVWVýRIýLPSRXQGHGýVWRUDJHýLQý6XJDUý/DNHýFRQWUROOHGýE\ý3HHUVýõ6XJDUý/DNHôý'DPñ
DQGý SRZHUý JHQHUDWLRQý IURPý:LOVH\ý'DPý DWý 6KXVZDSý )DOOVý êìý NPý GRZQVWUHDPïý 7KHý 6KXVZDS
)DOOVý SURMHFWý ZDVý DFTXLUHGý E\ý WKHý %ï&ïý 3RZHUý &RPPLVVLRQý õDý SUHGHFHVVRUý RIý %ï&ïý +\GURôý LQ
ìäéèï
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ë

)LJXUHýìëðëïýýýý/RFDWLRQýRIýý6KXVZDSý)DOOVýK\GURýSURMHFW

ý

ý

ý

ý

ý

)LJXUHýìëðêïýýýý:LOVH\ý'DPýõ:DWHUý3RZHUVý%ï&ïýìäèéô
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ê

)LJXUHýìëðéïýýýý%UHQGDý)DOOVýLQýìäëíVýõ%&ý$UFKLYHVô

ýýýýýýýýýýýýýýýýýýýýýýýýýý

)LJXUHýìëðèïýýýý6XJDUý/DNHý'DPýõ%&ý+\GURô
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é

6SHFLILFDWLRQVýDERXWýWKHýVWUXFWXUHVýDQGýUHVHUYRLUVã

'$0 3HHUV :LOVH\
1DPHSODWHýFDSDFLW\ýýýýõ0:ô í èïë
'HSHQGDEOHýFDSDFLW\ýýýõ0:ô í è
'DPýIXQFWLRQ VWRUDJH GLYHUVLRQ
'DWHýFRQVWUXFWHG
'DWHýRSHUDWLRQDO ìäëä ìäëä
'DWHýUHFRQVWUXFWHG
+HLJKWýýõPô ìê êí
/HQJWKýýõPô äå éí
'DPýIRRWSULQWýDUHDýýýõPëô
)LVKZD\ýDWýGDP QR QR
+LVWRULFýDQDGURPRXVýILVKýSUHVHQFH XQFRQILUPHG \HV

5(6(592,5 6XJDUý/DNH KHDGSRQG
&OHDUHGîýQRWýFOHDUHG QF QîD
3UHVHQWýDUHDýýõKDô ëëìæ æ
2ULJïýODNHýDUHDýýõKDô ìèçé í
:DWHUVKHGýDUHDýýõNPëô
3UHVHQWýHOHYDWLRQýDïVïOïýýõPô çíìïç éééïè
1RUPDOýGUDZGRZQýUDQJHýõPô æïåýPD[ ê
0HDQýGHSWKýýõPô êè
0D[LPXPýGHSWKýýõPô åê êí
6WRUDJHýýõPLOOLRQýPêô ìéå í
0HDQýZDWHUýUHWHQWLRQýWLPH çýPRï áìýGD\
0HDQýDQQXDOýGLVFKDUJHýýýýýýõPêîVô êæ èí

',9(56,21 ðýð WRýSRZHUSODQW
6WUXFWXUHýW\SH ðýð SHQVWRFNVýõìéíPô
/LFHQVHGýIORZýýýýõPêîVHFô ðýð êì
)LVKýIORZýUHOHDVHýýõPêîVHFô è åïè
0DLQVWHPýOHQJWKýGLPLQLVKHGýýýõNPô íïìé
0DLQVWHPýOHQJWKýDXJPHQWHGýýýõNPô

ìïë +\GURORJ\

ìïëïì %DVLQýDQGý5XQRII

7KHý0LGGOHý6KXVZDSýEDVLQýLVýORFDWHGýLQýWKHýZHVWHUQýUDQJHVýRIýWKHý0RQDVKHHý0RXQWDLQVïý6XJDU
/DNHý LVýQRUPDOO\ý IXOO\ýGUDIWHGýE\ý0DUFKïý7KHý6KXVZDSý5LYHUý EHJLQVý WRý ULVHý LQý$SULOý DIWHUý WKH
ZLQWHUý PRQWKVý RIý GHFUHDVHGý IORZñý DQGý XVXDOO\ý SHDNVý LQý ODWHý 0D\ý RUý HDUO\ý -XQHïý ý 7KHý UXQRII
UHJLPHý LVý GRPLQDWHGý E\ýPHOWLQJý RIý WKHý ODUJHý ZLQWHUý VQRZSDFNïý $ý VPDOOý DPRXQWý RIý JODFLDWLRQ
ZLWKLQý WKHýZDWHUVKHGýGRHVýQRWýFRQWULEXWHý VLJQLILFDQWO\ý WRý WKHý IORZýUHJLPHïý ý5DLQIDOOý LVý DýPLQRU
FRQWULEXWRUý WRý WKHý YROXPHý RIý WKHý DQQXDOý IORZñý EXWý FDQý SURGXFHý ODUJHý SHDNý IORZVý WKDWý OHDGý WR
VSLOOLQJýõ%&+ýìääéôïý ý5HVHUYRLUýRSHUDWLRQý WHQGVý WRýGHOD\ý WKHýRQVHWýRIýVSULQJýIUHVKHWý IORZVýDQG
HOHYDWHVýZLQWHUýõ'HFHPEHUð)HEUXDU\ôýIORZVýõ/LVWHUýìääíôï
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è

ìïëïë 2SHUDWLRQýDQGý/LFHQVHGý'LYHUVLRQý)ORZ

9DULRXVýLQVWUHDPýIORZýUHTXLUHPHQWVýDUHýGHVFULEHGýE\ý/HZLVýHWýDOïýõìääçôïýý)RUýSURWHFWLRQýRIýWKH
ILVKýUHVRXUFHýGRZQVWUHDPýRIý:LOVH\ý'DPñýDýPLQLPXPýRIýêííýõåïèýPêîVôýPXVWýEHýUHOHDVHGýDWýDOO
WLPHVñý EXWý Dý ORFDOý RSHUDWLQJý RUGHUý DSSDUHQWO\ý VXSHUFHGHVý WKLVý DQGý FXUUHQWO\ý DOORZVý DýPLQLPXP
UHOHDVHýRIýìèýPêîVï

ìïëïê +DELWDWý7\SHVý)ORRGHGýE\ý5HVHUYRLU

5HVHUYRLUý LPSRXQGPHQWý UDLVHGý WKHý HOHYDWLRQý RIý WKHý RULJLQDOý 6XJDUý /DNHý E\ý DERXWý æý Pïý ý 7KH
UHVHUYRLUý DUHDý LVý ëñëìæý KDý DIWHUý IORRGLQJý çèêý KHFWDUHVý RIý ODQGý õ)LJXUHý ìëðçôïý ý 7KHý UHVHUYRLU
VKRUHOLQHýOHQJWKýLVýQRZýéìýNPïý7KHýEDWK\PHWU\ýRIý6XJDUý/DNHýLVýVKRZQýLQý)LJXUHVýìëðæýDQGýìëð
åï

7KHýKHDGSRQGýEHKLQGý:LOVH\ý'DPýKDVýEDFNZDWHUHGýDERXWýêïæýNPýRIýWKHýLQFLVHGýULYHUýFKDQQHOýIRU
DQýDUHDýDERXWýæýKDýõ/HZLVýHWýDOïýìääçôï

7KHý*,6ýFDOFXODWLRQVýGRQHýE\ýWKLVýVWXG\ýHVWLPDWHGýWKHýIROORZLQJýORVVHVýRIýILVKýKDELWDWýIURPýWKH
SUHðLPSRXQGPHQWýFRQGLWLRQã

6XJDUý/DNH 2ULJLQDOýKDELWDWýORVW

/DNHýIORRGHGýýýýýýýýýýýýýýýýýýýýýõKDô ìèçé
/DQGýIORRGHGýýýýýýýýýýýýýýýýýýýýõKDô çèê
/DNHýVKRUHOLQHýýýýýýýýýýýýýýýýýýõNPô ëê
0DLQVWHPãýOHQJWKýýýýýýýýýýýýýõNPô æ
ýýýýýýýýýýýýýýýýýýFKDQQHOýýýýýýýýýýýõKDô çè
ýýýýýýýýýýýýýýýýýýULSDULDQýóýýýýýýýýõKDô
7ULEXWDU\ãýýOHQJWKýýýýýýýýýýýýýõNPô é
ýýýýýýýýýýýýýýýýýýULSDULDQýóóýýýýýýõKDô
:HWODQGãýýýýýýýýýýýýýýýýýýýýýýýýýýýõKDô ë

óýýýPDLQVWHPýULSDULDQý]RQHýFDOFXODWHGýDWýêíýPýIURPýHDFKýEDQN
óóýýýWULEXWDU\ýULSDULDQý]RQHýFDOFXODWHGýDWýìèýPýIURPýHDFKýEDQN







ý
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ä

ëï ),6+

ëïì +LVWRULFDOýDQGý&XUUHQWý6SHFLHVý3UHVHQFH

$ýOLVWýRIýFXUUHQWýILVKýVSHFLHVýZLWKLQýPDMRUýUHDFKHVýLVýSUHVHQWHGýLQý7DEOHýìëðìï

7KHýFDWDVWURSKLFý URFNýVOLGHVý WKDWýEORFNHGý+HOO©Vý*DWHý LQý WKHý)UDVHUý5LYHUý&DQ\RQý LQýìäìêýDQG
ìäìéýKDGýDýPDMRUýHIIHFWýRQýDQDGURPRXVýUXQVýWRýWKHý0LGGOHý6KXVZDSý5LYHUïýý$IWHUýPXFKýRIýWKH
LQLWLDOý URFNýPDWHULDOý ZDVý UHPRYHGý E\ý0DUFKý ìäìèñý ZRUNý ZDVý GLVFRQWLQXHGý GXHý WRý FRQIOLFWLQJ
RSLQLRQVýZLWKLQýWKHýDJHQFLHVýDERXWýWKHLUýSDVVDELOLW\ýWRýILVKýXQWLOýDQRWKHUýVPDOOýVOLGHýRFFXUUHGýLQ
ìäéìïý ý )LQDOO\ñý WKHý ,QWHUQDWLRQDOý 3DFLILFý 6DOPRQý )LVKHULHVý &RPPLVVLRQý FRQVWUXFWHGý SHUPDQHQW
ILVKZD\VýRQýERWKýEDQNVýDURXQGý+HOOVý*DWHýEHWZHHQýìäééýDQGýìäéæýõ5RRVýìääìôïýý'XULQJýWKHVH
êëý \HDUVñý IORZý FRQGLWLRQVý DWý +HOOVý *DWHý SHULRGLFDOO\ý DIIHFWHGý WKHý DEXQGDQFHý RIý VDOPRQý UXQV
UHWXUQLQJý WRý WKHý 6KXVZDSý ZDWHUVKHGïý ý 7KLVý OHJDF\ý PD\ý KDYHý OHGý WRý DQý XQGHUðDSSUHFLDWLRQý RI
VDOPRQýVWRFNVýXVLQJýWKLVýV\VWHPýGXULQJýWKHýSODQQLQJýRIýK\GURHOHFWULFýGHYHORSPHQWï

ëïìïì 'RZQVWUHDPýRIý:LOVH\ý'DP

7KHý HDUO\ý QDPHý IRUý WKHý 0LGGOHý 6KXVZDSý 5LYHUý XSVWUHDPý RIý 0DUDý /DNHý ZDVý RULJLQDOO\ý WKH
6SDOOXPFKHHQý5LYHUý õ%DEFRFNýìäíêôïý$QDGURPRXVý VWRFNVýRIý FKLQRRNñý VRFNH\Hñý SLQNý DQGý FRKR
VDOPRQýKDGýDFFHVVýWRýWKHýHQWLUHý ULYHUýEHORZý6KXVZDSý)DOOVýEXWý WKHUHýZDVýDWý OHDVWýRQHý ýSRLQWýRI
GLIILFXOWýSDVVDJHýLQýWKHýULYHUýEHORZý0DEHOý/DNHïý ý0DEHOý/DNHýZDVýFODVVLILHGýDVýQRQðSURGXFWLYH
IRUý VRFNH\Hý RQý Dý PDSý RIý VSDZQLQJý JURXQGVý E\ý WKHý ,QWHUQDWLRQDOý 3DFLILFý 6DOPRQý )LVKHULHV
&RPPLVVLRQýõ,36)&ýìäéèôï

ëïìïë 8SVWUHDPýRIý:LOVH\ý'DP

7KHý RULJLQDOý 6KXVZDSý)DOOVýZHUHý Dý SDUWLDOý EDUULHUý WRý DQDGURPRXVý ILVKý DFFHVVâý HïJïñý ILVKLQJý IRU
FKLQRRNý VDOPRQý QHDUý &KHUU\YLOOHý ZDVý QRWHGý LQý WKHý ìäëí©Vý õ)UHQFKý ìääèôñý DQGý WKHUHý ZDVý DQ
DQHFGRWDOýUHSRUWýRIýVRFNH\HýLQý6XJDUý/DNHýõ%DEFRFNýìäíêôïýý7KHýRULJLQDOýORZHUýIDOOVýõ6KXVZDSô
ZHUHý GHVFULEHGý DVý Dý VXFFHVVLRQý RIý VKRUWý GURSVý WRWDOOLQJý ìëïëýPý RYHUý Dý GLVWDQFHý RIý çìý Pý LQý D
QDUURZýURFN\ýFDQ\RQï

7KHý RULJLQDOý GHYHORSPHQWý E\ý WKHý &RXWHDXý 3RZHUý &RPSDQ\ý LQý ìäìêý SHWLWLRQHGý WRý WKHý &KLHI
,QVSHFWRUý RIý )LVKHULHVý DJDLQVWý LQVWDOOLQJý Dý ILVKý ODGGHUý DWý 6KXVZDSý )DOOVý FRVWLQJý ùëíñíííý WR
ùëèñíííýõ0DFNHQ]LHýìäìêôïý5HDVRQVýJLYHQýLQFOXGHGýWKHýODFNýRIýDýFRPPHUFLDOýULYHUý ILVKHU\ñý WKH
LQDFFHVVLELOLW\ýRIýWKHýULYHUýWRýVSRUWVPHQñýWKHý¦VKHHUýIDOOVýRIýêåýIHHW§ìýDWýWKHýRXWOHWýRIý6XJDUý/DNHñ
WKHý SURSRVHGý GDPý KHLJKWý RIý æíý IHHWñý DQGý WKHý DGGHGý ILQDQFLDOý EXUGHQý WRý WKHý SURMHFWïý ý $Q
HQJLQHHULQJýSODQýRIýWKHýSURSRVHGý:LOVH\ý'DPýFLUFDýìäëíýVKRZHGýDýILVKýODGGHUýZKLFKýZDVýQHYHU
EXLOWýGXHýWRýWKHýSURSRVHGýGDPýKHLJKWýRIýëìýPïýý6LQFHýLWVýFRQVWUXFWLRQýLQýìäëäñý:LOVH\ý'DPýKDV
EORFNHGýXSVWUHDPýDFFHVVýWRýDOOýDQDGURPRXVýVWRFNVýIRUýæìý\HDUVï

ýýýýýýýýýýýýýýýýýýýýýýýýýýýýýýýýýýýýýýýýýýýýýýýý
ìýýý6KRWWRQýõìäìêôñýDýILVKHULHVýRIILFHUñýLQWHUYLHZHGýWKHýVXUYH\RUýIRUýWKHýSURMHFWýZKRýWROGýKLPýWKDWýWKHýXSSHUý>%UHQGD@
IDOOVýKDGýDýVKHHUýGURSýRIýýìíýIHHWýDWýPRVWñýDQGýWKDWýWKHýUDSLGVýVHFWLRQýKDGýDýWRWDOýIDOOýRIýêåýIHHWýLQýììííï



Source: MoELP 2000.  BC Ministry of Environment Fish Information Website - http://www.bcfisheries.gov.bc.ca/fishinfobc.html; accessed before June 8, 2000.

Includes:  BC Watershed Atlas, Fisheries Information Summary System (FISS), BC Lakes and Release Record database, and Lake Depth Maps.
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Upper Shuswap Mainstem

Sugar Lake
         Kate Creek
         Sitkum Creek
         Outlet Creek

PEERS DAM  (Brenda Falls) No fishway

Middle Shuswap Mainstem 1
         Reiter Creek
         Holstein Creek
         Cherry Creek
         Ferry Creek

WILSEY DAM (Shuswap Falls) No fishway

Middle Shuswap Mainstem

* now named Northern pike minnow
1  -  re-introduced in some years

Table 12-1.    Fish species in the Middle Shuswap River watershed.

      Middle 
Shuswap River
          
          upstream

        downstream
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•ý ýLGHQWLILFDWLRQýDQGýILOOLQJýRIýGDWDýJDSVýRQýLVVXHVýVXFKýDVýILVKýVWUDQGLQJýDIWHUýVSLOOVñýHWFïýWKDWýPD\ýDOVR
FRQVWUDLQýSRSXODWLRQVï
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FRQVLGHUVã

•ý RSHUDWLQJýIORZVýDQGýILVKýIORZVýõ6KXVZDSý:DWHUý8VHý3ODQô

•ý RSSRUWXQLWLHVýWRýSXUFKDVHýRUýFRYHQDQWýNH\ýSURSHUWLHVýIRUýIXWXUHýKDELWDWýSURMHFWV

•ý LGHQWLILFDWLRQýRIýSUHVHQWýFULWLFDOýKDELWDWVýWKDWýVXVWDLQýVWRFNVñýDQGýORFDWLRQVýRIýSRWHQWLDOýKDELWDWýZRUNVýLQ
WKHýIXWXUH
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•ý GHWHUPLQDWLRQýRIýDSSURSULDWHýORZðOHYHOýQXWULHQWýOHYHOVýWKDWñýIRUýWKHýPDLQVWHPýEHWZHHQýWKHýGDPVñ
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•ý SRWHQWLDOýPHWKRGVýWRýDFKLHYHýVHOIðVXVWDLQLQJýQXWULHQWýOHYHOVýDQGýUHGXFHýFRVWV

•ý HFRORJLFDOýHIIHFWVýRIýIHUWLOL]DWLRQýRQýQRQðWDUJHWýSODQWVýDQGýDTXDWLFýDQLPDOV

•ý ZLOGOLIHýELRGLYHUVLW\ýYDOXHVýDWýDOOýSURSRVHGýVLWHV

•ý LGHQWLILFDWLRQýDQGýILOOLQJýRIýGDWDýJDSVýVXFKýDVýHQWUDLQPHQWñýDQJOLQJýKDUYHVWýHIIRUWñýHWFïýWKDWýPD\ýDOVR
FRQVWUDLQýSRSXODWLRQýOHYHOV



%ULGJHð&RDVWDOý)LVKý÷ý:LOGOLIHý5HVWRUDWLRQý3URJUDP
9ROXPHýëãýýýýý0,''/(ý6+86:$3ý5,9(5ý:$7(56+('

ìè

2EMHFWLYHýéãýý$GGUHVVýIHDVLELOLW\ýRIýUHVWRULQJýDFFHVVýIRUýDOOýVSHFLHVýWKDWýKLVWRULFDOO\
XWLOL]HGýWKHýULYHUýDERYHý:LOVH\ý'DPï

'LVFXVVLRQã
7KHý RULJLQDOý 6KXVZDSý )DOOVý ZHUHý Dý VLJQLILFDQWý REVWDFOHý WRý DOOý VSHFLHVïý ý 6RPHý FKLQRRN
VDOPRQý ZHUHý NQRZQý WRý SDVVý XSVWUHDPý EXWý WKHLUý QXPEHUVý DQGý WKHý SDUWLFXODUý IORZ
FRQGLWLRQVý ZHUHý QRWý GHVFULEHGïý ý ý 8QGHUWDNHý DQý DSSURSULDWHý VWXG\ñý FRQVLVWHQWý ZLWKý WKH
%&53ýVWUDWHJ\ýDQGý6HFWLRQýìðêïëñýWRýUHVWRUHýKLVWRULFýDFFHVVýWRýFKLQRRNýVDOPRQýDQGýRWKHU
VSHFLHVýWKDWýZHUHýSUHVHQWïýý$ýVWXG\ýSODQñýLQýUHVSRQVHýWRýOLPLWLQJýIDFWRUVýúìñýëýDQGýêýDERYHñ
VKRXOGýFRQVLGHUã

•ý SUHVHQWýRSHUDWLQJýIORZVýDQGýDGHTXDF\ýRIýILVKýIORZVýõ:DWHUý8VHý3ODQô

•ý ELRORJLFDOýVRXQGQHVVýLQýWHUPVýRIýGRQRUýVWRFNVñýWKHLUýHFRORJLFDOýLQWHUDFWLRQVñýFXUUHQWýDGHTXDF\ýRIýKDELWDW
DQGýSURGXFWLYLW\

•ý HQJLQHHULQJýIHDVLELOLW\ýRIýVWUXFWXUHVýDQGýIORZVýIRUýXSVWUHDPýDQGýGRZQVWUHDPýSDVVDJH

•ý PDQDJHPHQWýLPSOLFDWLRQVýWRýIXWXUHý%&ý+\GURýRSHUDWLRQVýDQGýIRUýILVKHULHVýWKDWýSUHVHQWO\ýH[SORLWýVLPLODU
VWRFNV

•ý LGHQWLILFDWLRQýDQGýILOOLQJýRIýGDWDýJDSVýRQýLVVXHVýWKDWýPD\ýIXUWKHUýFRQVWUDLQýSRSXODWLRQVï

êï :,/'/,)(

êïì +LVWRULFýDQGý&XUUHQWý3RSXODWLRQVýDQGý+DELWDWV

/LWWOHý LQIRUPDWLRQý H[LVWVý DERXWý ZLOGOLIHý KLVWRULFDOO\ñý DOWKRXJKý VRPHý ROGý QRWHVý E\ý JRYHUQPHQW
ZLOGOLIHýVXUYH\RUVýRQFHýH[LVWHGýGHVFULELQJýKDELWDWýDQGýZLOGOLIHýRIý WKHý6XJDUý/DNHýDUHDâýFDULERX
DQGýJUL]]O\ýZHUHýPHQWLRQHGýõ%ULDQý5REHUWVRQý0(/3ñýSHUVïýFRPPïôïýý$ýìäëìý*DPHý&RPPLVVLRQ
UHSRUWýPHQWLRQVýèíýFDULERXýHDVWýRIý6XJDUý/DNHï

+DWWHUýHWýDOïýõìäèçôýPHQWLRQHGýFDULERXýDQGýJUL]]O\ýDWý6XJDUý/DNHñýWKDWýHONýZHUHýVHOGRPýVHHQýVR
QXPEHUVý ZHUHý GLIILFXOWý WRý HVWLPDWHñý DQGý GHVFULEHGý 6XJDUð0DEHOý ODNHVý DVý SDUWý RIý WKHý SULQFLSDO
JUL]]O\ý UDQJHVý RIý WKHýZHVWHUQý DQGý FHQWUDOý SRUWLRQVý RIý WKHý 3URYLQFHïý ý $ý0(/3ýPDSý RIý FXUUHQW
JUL]]O\ýEHDUýGLVWULEXWLRQýGHVFULEHVýQXPEHUVýDVý¦)HZ§ýDWý6XJDUý/DNHýDQGý¦1LO§ýVRXWKýRIýWKHýODNHï
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êïë ,PSDFWVýRQý:LOGOLIH

)HDWXUH 'HVFULSWLRQýRIý(IIHFWV

1
HJ

3
RV

2ULJLQ

'DPý IRRWSULQWý RIý BBý KDãý ORVVý RIý ULYHULQHñý ULSDULDQñý DQGý IRUHVWHG
KDELWDWï

[

)ORRGLQJý çéäý KDý RIý ORZODQGý DQGý ëèý KDý RIý XSODQGãý /RVVý RI
ULYHULQHñýULSDULDQñýDQGýORZODQGýIRUHVWHGýKDELWDWVýDWýODNHýHQGVýDQG
GHQVHý FRQLIHURXVý IRUHVWý DORQJý VWHHSý VLGHVñýZLWKýZLOGOLIHý LPSDFWV
WKDWýLQFOXGHýORVVýRIýPRRVHýDQGýJUL]]O\ýKDELWDWï

[ [ *,6

%DUULHUý WRý VDOPRQý PLJUDWLRQãý GHFUHDVHGý IRUDJHý IRUý JUL]]OLHVñ
VFDYHQJHUVñý DQGý SUHGDWRU\ý ELUGVý XVLQJý VDOPRQý DWý GLIIHUHQWý OLIH
F\FOHýVWDJHVï

[ +LUVWýìääì

)OXFWXDWLQJýUHVHUYRLUýZDWHUýOHYHOVýõæïåýPôýGXHýWRýK\GURHOHFWULF
RSHUDWLRQVãýýHIIHFWVýRQýHVWDEOLVKPHQWýRIýDTXDWLFýDQGîRUýULSDULDQ
YHJHWDWLRQýLQýGUDZGRZQý]RQHï

[
%&ý+\GUR

3HHUV
'DPñ
6XJDU
/DNH

0RGLILHGýGRZQVWUHDPýIORZVãýH[WHQWýRIýZLOGOLIHýLPSDFWVýRIýKLJKO\
YDULDEOHýGDLO\ýDQGýPRQWKO\ýIORZýIOXFWXDWLRQVýXQNQRZQï

[ [ +LUVWýìääì

'DPýIRRWSULQWýRIýBBýKDãýORVVýRIýULYHULQHýDQGýIRUHVWHGýKDELWDWï [:LOVH\
'DP )ORRGLQJýRIýèïêýKDýRIýULYHUýFDQ\RQãýPLQLPDOýZLOGOLIHýHIIHFWV [ +LUVWýìääì

êïê )DFWRUVý/LPLWLQJý:LOGOLIHý'LYHUVLW\ýDQGý3URGXFWLYLW\

¨/LPLWLQJýIDFWRUV©ýKDYHýEHHQýLGHQWLILHGýEDVHGýRQýDYDLODEOHýLQIRUPDWLRQýDQGýFXUUHQWýXQGHUVWDQGLQJ
RIýWKHýPDMRUýFRQVWUDLQWVýRQýVSHFLHVýDQGýSRSXODWLRQVýRIýFRQFHUQïýý)XUWKHUýLQYHQWRU\ýDQGýUHVHDUFK
PD\ýEHýQHHGHGýWRýGHWHUPLQHýWKHýSDUWLFXODUýUROHýRIýWKHVHýDQGýRWKHUýIDFWRUVï

7KHý IROORZLQJý DUHý VXVSHFWHGý IDFWRUVý WKDWý OLPLWý FXUUHQWý OHYHOVý RIý ZLOGOLIHý IRUý VSHFLHVý JURXSV
DVVRFLDWHGýZLWKý WKHý KDELWDWVý OLVWHGý SUHYLRXVO\ý LQý 7DEOHý ìðëïý ý 7KHVHý DOVRý UHIOHFWý WKHý NH\ý LVVXHV
UDLVHGýDWý%&53ýUHJLRQDOýZRUNVKRSVï

ìïý +DELWDWý&KDQJHVãýýý$OWHUHGýIORZýUHJLPHýDQGýODQGýXVHýSUDFWLFHVýKDYHýFKDQJHGýULYHULQHýDQGýULSDULDQ
KDELWDWVïýý3RWHQWLDOýHIIHFWVýRQýZLOGOLIHýLQFOXGHýFKDQJHVýWRýKDELWDWýTXDOLW\ýDQGýTXDQWLW\ýIRUýZDWHUýVKUHZVñ
KDUOHTXLQVýDQGýGLSSHUVï

ëïý /RVVýRIý+DELWDWãýýý/RVVýRIýULSDULDQýKDELWDWýLQýYDOOH\ýERWWRPýDERYHý6XJDUý/DNHïýý/RVVýRIýZHWODQGýKDELWDWV
LQýIORRGHGýYDOOH\ýERWWRPVïýý3RWHQWLDOýHIIHFWVýLQFOXGHýDYDLODELOLW\ýRIýKDELWDWýIRUýDPSKLELDQVñýZDWHUýVKUHZVýDQG
RWKHUýVPDOOýPDPPDOVýDQGýWKHLUýSUHGDWRUVñýEURZVHýIRUýXQJXODWHVýDQGýEUHHGLQJýKDELWDWýIRUýVRPHýVSHFLHVýRI
QHRWURSLFDOýPLJUDQWVï
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êïý 5HGXFHGý+DELWDWý&DSDELOLW\ãý/DFNýRIýVQDJVýIRUýFDYLW\ýQHVWLQJýKDELWDWýDQGýVWUXFWXUHVýIRUýODUJHýUDSWRU
QHVWVïýý3RWHQWLDOýHIIHFWVýIRUýSULPDU\ýFDYLW\ýQHVWRUVýõHïJïñýZRRGSHFNHUVôýDQGýVHFRQGDU\ýFDYLW\ýQHVWRUVýõHïJññ
VZDOORZVñýVTXLUUHOVñýEDWVôï

éïý 5HGXFHGý3URGXFWLYLW\ãýý/DFNýRIýULSDULDQýYHJHWDWLRQýLQýGUDZGRZQý]RQHâýHIIHFWVýRQýXQJXODWHVñýIXUEHDUHUVñ
VPDOOýPDPPDOVýDQGýVHYHUDOýVSHFLHVýRIýSDVVHULQHVýLQFOXGLQJýVRPHýQHRWURSLFDOýPLJUDQWVï

êïé :LOGOLIHý5HVWRUDWLRQý2EMHFWLYHV

2EMHFWLYHýìãýýý5HKDELOLWDWHýUHVHUYRLUýGUDZGRZQý]RQHVýWRýHQKDQFHýSURGXFWLYLW\ýDQG
ZLOGOLIHýKDELWDWýLQý6XJDUý/DNHï

'LVFXVVLRQã
,PSURYHýYHJHWDWLRQýLQýWKHýGUDZGRZQý]RQHï
•ý 'HYHORSýIRUHVKRUHýKDELWDWýFRPSOH[HVýDWýVXLWDEOHýORFDWLRQVï
•ý &UHDWHýQHVWLQJýFDYLWLHVýDQGýUDSWRUýSHUFKHVýZKHUHýEHQHILFLDOýWKURXJKýPDQDJHPHQWýDFWLYLWLHVýVXFKýDV

VQDJýFUHDWLRQï
•ý ,PSURYHýQHVWLQJýRSSRUWXQLWLHVýIRUýRVSUH\ýE\ýSURYLGLQJýDUWLILFLDOýQHVWLQJýVWUXFWXUHVï

2EMHFWLYHýëãýýýý&RQVHUYHýULSDULDQýDQGýZHWODQGýKDELWDWVýLQýWKHý0LGGOHý6KXVZDSý5LYHU
ZDWHUVKHGï

'LVFXVVLRQã
,GHQWLI\ýNH\ýKDELWDWVýIRUýFRQVHUYDWLRQýRIýELRGLYHUVLW\ýDQGýHQKDQFHGýSURGXFWLRQï
•ý 3UHSDUHýDQGýLPSOHPHQWýDýULSDULDQýPDQDJHPHQWýSODQýIRUý0LGGOHý6KXVZDSý5LYHUýWRýLPSURYHýZDWHU

TXDOLW\ýDQGýRWKHUýKDELWDWýDWWULEXWHVï
•ý 8QGHUWDNHýFRQVHUYDWLRQñýWKURXJKýSURWHFWLYHýPHDVXUHVñýKDELWDWýDFTXLVLWLRQýDQGýRWKHUýPHDQVñýLQýWKHýORZHU

UHDFKHVýRIýWKHýULYHUýRUýLQýWKHýUHVHUYRLUï

2EMHFWLYHýêãýýýý&UHDWHýRUýHQKDQFHýZHWODQGVýDQGýULSDULDQýKDELWDWVýIRUýDTXDWLFýVSHFLHV
õDPSKLELDQVñýZDWHUIRZOñýFDYLW\ýGHSHQGHQWýVSHFLHVñýVPDOOýPDPPDOVñýPRRVHôï

'LVFXVVLRQã
&RQVLGHUý YDULRXVý RSSRUWXQLWLHVý WRý G\NHý VHOHFWHGý GUDZGRZQý DUHDVý WRý KROGý ZDWHUý GXULQJ
JURZLQJýDQGýEUHHGLQJýVHDVRQý õVSULQJýDQGýVXPPHUôñýRUý IDOOýPLJUDWLRQñýZKHQý UHVHUYRLUý LV
QRUPDOO\ýGUDZQýGRZQýDWýWKRVHýWLPHVï
•ý &UHDWHýDGGLWLRQDOýZHWODQGVýZKHUHýIHDVLEOHýWKURXJKýDFWLYLWLHVýVXFKýDVýIORRGLQJýVKDOORZýEDVLQVýLQýWKH

ZDWHUVKHGï

2EMHFWLYHýéãýýý3URWHFWýVPDOOýJURXSVýRIýROGýRUýVHFRQGýJURZWKýWUHHVýLQýVWUDWHJLFýORFDWLRQV
IRUýFXUUHQWýDQGýIXWXUHýQHVWLQJýXVHýE\ýEDOGýHDJOHVýRUýRVSUH\Vï

2EMHFWLYHýèãýýýý,PSURYHýWKHýNQRZOHGJHýEDVHýRQýUDUHñýHQGDQJHUHGýDQGýWKUHDWHQHGýVSHFLHV
DQGýKDELWDWýXWLOL]DWLRQýLQýWKHý0LGGOHý6KXVZDSýZDWHUVKHGï
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éï 0,''/(ý6+86:$3ý5,9(5ý:$7(56+('ý5()(5(1&(6

éïì 0DSýDQGý$LUý3KRWRý5HIHUHQFHV

5HIHUHQFH /RFDWLRQý6RXUFH
ìäëìý3UHðHPSWRU©VýPDSñý9HUQRQý6KHHWñýìãìëçñæëíýõVHHý6XJDU
/DNHôýZLWKýFRQWRXUV

8%&ýPDSýOLEUDU\

/HJDOýVXUYH\ýëíýFKDLQ ì§ý6XJDUý/DNHýEHIRUHýIORRGLQJðýILHOG
ERRNVýIURPýODQGýVXUYH\V

0LQLVWU\ýRIý(QYLURQPHQWñý/DQGVýDQGý3DUNVñý/HJDO
6XUYH\Vý'HSWï

ìâëíñíííýIORRGýUHVHUYHýPDSñýìääí /HJDOý6XUYH\Vñý0(/3
$LUý3KRWRVýý6KXVZDSý)DOOVýDQGý6XJDUý/DNHñýìäèì %&ýìêæäãêåñý%&ýìêææãýìíë

éïë +\GURý)DFLOLWLHVýDQGý)LVKý5HIHUHQFHV

5HIHUHQFH 1RWHV 6285&(6
$FUHVý,QWHUQDWLRQDOý/7'ýõ$FUHVôïýìääêïýý5HVRXUFHý6PDUWãý6KXVZDS
)DOOVý*HQHUDWLQJý6WDWLRQý5HYLHZýRIý5HKDELOLWDWLRQý2SSRUWXQLWLHVï
3UHSDUHGýE\ý%&ý+\GURïý+ëæíç

%&ý+\GUR

$TXDWLFý5HVRXUFHVý/LPLWHGïýìääæïýý'UDIWïý0LGGOHý6KXVZDSý5LYHUã
)ORZý5DPSLQJýDQGý)LVKý3URGXFWLRQïý3UHSDUHGýE\ý%&ý+\GURý0LFD
3URGXFWLRQý$UHDý5HYHOVWRNHý%&ïý$5/ýëìèðìý0D\ýìääæï

%&ý+\GUR

$5&ý(QYLURQPHQWDOý/WGïýìääèïýý3URSRVDOýWRý3URYLGHý3URIHVVLRQDO
6HUYLFHVãý6KXVZDSý5LYHUý)LVKý6WUDQGLQJý$VVHVVPHQWïý3UHSDUHGýIRUý%&
+\GURïýææíìïýë

%&ý+\GUR

$5&ý(QYLURQPHQWDOý/WGïýìääåïýý0LGGOHý6KXVZDSý5LYHUýDQGý0DEHO
/DNHý7ULEXWDULHVïý)LVKýDQGý)LVKý+DELWDWý,QYHQWRU\ý3URJUDP
$SSHQGLFHVïý3UHSDUHGýIRUý:H\HUKDHXVHUïý3UHSDUHGýE\ý)5%&ïý7íäçð
ìæíïý0DUFKýìääåï

%&ý+\GUR

$5&ý(QYLURQPHQWDOý/WGïýýëíííïýý'UDIWïý6KXVZDSý5LYHUý)LVKî$TXDWLF
,QIRUPDWLRQý5HYLHZïý3UHSDUHGýIRUý%&ý+\GURï

%&ý+\GUR

%DEFRFNñý-ï3ïýìäíêïýý$QQXDOý5HSRUWýRIý)LVKHULHVý&RPPLVVLRQHUýIRU
%ULWLVKý&ROXPELDýIRUýìäíëïýSïýëæ

¦7KHý6SDOOXPFKHHQý5LYHU
>HQWLUHý0LGGOHý6KXVZDSý5ï
DERYHý0DUDý/DNH@ýKDVýWZR
ODNHVýQHDUýLWVýVRXUFHýWKDWýDUH
IUHTXHQWHGñý,ýZDVýWROGñýE\
VRFNH\HýLQýWKHý\HDUVýRIýWKHýELJ
UXQVï§ýý0DSýVKRZVý0DEHOýDQG
6XJDUýODNHVýXSVWUHDPýZKLFKýDUH
QRWýQDPHGï

3DFïý6DOPRQý&RPPï
6+ëëéýìäíìðìíï

%HUU\ñý)ï&ïýDQGý$ï/ïý.DKOïýìäåëïýý&DWDORJXHýRIýVHOHFWHGý)UDVHUýDQG
7KRPSVRQý5LYHUýWULEXWDULHVýLPSRUWDQWýWRýFKLQRRNýDQGýFRKRýVDOPRQ
DQGýDýSUHOLPLQDU\ýDVVHVVPHQWýRIýWKHLUýHQKDQFHPHQWýSRWHQWLDOïý8QSXEOï
UHSRUWýRIý')2ý)UDVHUý5LYHUñý1RUWKHUQý%ï&ïýDQGý<XNRQý'LYLVLRQïýëææ
Sï

$ýFDWDORJXHýRIýVHOHFWHGý)UDVHU
DQGý7KRPSVRQý5LYHUýWULEXWDULHV
LPSRUWDQWýWRýFKLQRRNýDQGýFRKR
VDOPRQýDQGýDýSUHOLPLQDU\
DVVHVVPHQWýRIýWKHLU
HQKDQFHPHQWýSRWHQWLDOï
,QIRUPDWLRQýFROOHFWHGýLQFOXGH
WKHýSK\VLFDOýVWUHDP
FKDUDFWHULVWLFVýRIýGHSWKñýZLGWKñ
YHORFLW\ñýVXEVWUDWHñ
WHPSHUDWXUHñýS+ýDQGýGLVVROYHG
íëïý6DOPRQýVSDZQLQJýDQG
UHDULQJýKDELWDWýZDVýGHVFULEHG
DQGýWKHýSUHVHQFHýRIýEDUULHUVýWR

),66ýUHIýúýëä.ðê
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5HIHUHQFH 1RWHV 6285&(6
XSVWUHDPýVDOPRQýPLJUDWLRQ
QRWHGï

%RZPDQý6ï/ïýìäåéïýý0LGGOHý6KXVZDSý5LYHUý-XYHQLOHý6DOPRQLG
5HFRQQDLVVDQFHý3URJUDPñýìäåéïý3UHSDUHGýIRUý%&+ý(QYLURQPHQWDO
5HVRXUFHVïý$èêæçïýìäêëî:3ýìåíåý'66ýíê6%63èæçðêðèæìéï

VDPHýDVýEHORZ" %&ý+\GUR

%RZPDQñý6ï/ïýDQGý*ï2ïý6WHZDUWïýìäåéïýý0LGGOHý6KXVZDSý5LYHU
MXYHQLOHýVDOPRQLGýUHFRQQDLVVDQFHýSURJUDPñýìäåéïý5HSRUWýIURP
(QYLURFRQý/WGïýWRý'HSDUWPHQWýRIý)LVKHULHVýDQGý2FHDQVïý9DQFRXYHUñ
%ï&ïýåìýSï

VDPHýDVýDERYH" ),66ýUHIýúýëä.ðëåâ
FLWHGýLQý+LUVWýìääì

%&ïý'HSDUWPHQWýRIý/DQGVýDQGý)RUHVWVïýìäèæïýý:DWHUýUHVRXUFHV
LQYHVWLJDWLRQVãýUHSRUWýRQýK\GURORJ\ýRIýWKHý:DWVKDQýDQGý6KXVZDS
5LYHUýZDWHUVKHGVïý:DWHUý5LJKWVý%UDQFKïý$éæææï

%&ý+\GUR

%&ý+\GURïýQïGïýý6KXVZDSý)DOOVý+\GURHOHFWULFý'HYHORSPHQW
,QIRUPDWLRQý3DPSKOHWïý3UHSDUHGýE\ãý%&ý+\GURý9HUQRQý3URGXFWLRQï

%&ý+\GUR

%&ý+\GURïýQïGïýý'UDIWïý(QYLURQPHQWDOý&RPPLWWHHý5HSRUWý6KXVZDS
$UHDïý$èêææï

%&ý+\GUR

%&ý+\GURïýìäæêïýý5HSRUWýWRý5HJLRQDOý'LVWULFWýRIý1RUWKý2NDQDJDQýRQ
6SXOOXPFKHHQî6KXVZDSý9DOOH\ýWUDQVPLVVLRQýOLQHýFURVVLQJï

9DQ3XE/LEãýýçëìïêìäý%åçVS

%&ý+\GURïýìäæéïýý0HPRUDQGXPýRQý5HKDELOLWDWLRQýRIý6XJDUý/DNH
'DPïý$ííêçïýæýSï

GDPýFRQGLWLRQýVWDWXVâýSURSRVHG
UHKDEýGZJVï

%&ý+\GUR

%ï&ïý+\GURïýìäæäïýý6KXVZDSý)DOOVýJHQHUDWLQJýVWDWLRQýUHFRUGýRI
DXWRPDWLFýVKXWGRZQVýRIýJHQHUDWLQJýXQLWïý/HWWHUýIURPý$ï(ïý5RRVýWRý5ï
+DPLOWRQñý9DQFRXYHUñý%ï&ïýìæý0D\ýìäæäï

FLWHGýLQý+LUVWýìääì

%&ý+\GURïýìäåëïýý6KXVZDSý)DOOVý+HDGSRQGïý$èêëçýï %&ý+\GUR
%&ý+\GURïýìäåëïýý6KXVZDSý5LYHUý3URSHUWLHVý5HSRUWïý5HVHUYRLUý/DQG
0DQDJHPHQWý3URSHUWLHVý'LYLVLRQïý$èéçíïýæýSï

%&ý+\GUR

%&ý+\GURïýìäåêïýý6KXVZDSý)DOOVý3URMHFWãý3UREDEOHý0D[LPXPý)ORRGï
3UHSDUHGýE\ãý+\GURHOHFWULFý*HQHUDWLRQý3URMHFWý'LYLVLRQïý+ìèåç

%&ý+\GUR

%&ý+\GURïýìäåéïýý'DPý6DIHW\ý'HILFLHQF\ý,QYHVWLJDWLRQãý6XJDUý/DNH
'DPý5HKDELOLWDWLRQý6WXGLHVïý3UHSDUHGýE\ý+\GURHOHFWULFý*HQHUDWLRQ
3URMHFWVý'LYLVLRQïý$éçìæý+ìçæä

%&ý+\GUR

%&ý+\GURïýìäåéïýý:LOVH\ý'DPýìäåéý$QQXDOý5HSRUWïý$ýìèæëï %&ý+\GUR
%&ý+\GURïýìäåéïýý:LOVH\ý'DPãýSUHOLPLQDU\ýUHSRUWýRQýVLWHýJHRORJLF
PDSSLQJýDQGýIRXQGDWLRQýDVVHVVPHQWïý+\GURHOHFWULFý*HQHUDWLRQ
3URMHFWVý'LYLVLRQý'HYHORSPHQWý'HSDUWPHQWïý$êçéçïý*HRýìîåéïýììýSï

%&ý+\GUR

%&ý+\GURïýìäåéïýý6XJDUý/DNHý'DPãýSUHOLPLQDU\ýUHSRUWýRQýJHRORJLF
PDSSLQJýDQGýIRXQGDWLRQýFRQGLWLRQVïý+\GURHOHFWULFý*HQHUDWLRQ
3URMHFWVý'LYLVLRQý'HYHORSPHQWý'HSDUWPHQWïý$éçìåïý*HRýëîåéïýäýSï

%&ý+\GUR

%&ý+\GURïýìäåçïýý'DPý6DIHW\ý,QYHVWLJDWLRQVãý:LOVH\ý'DPýðý'DP
%UHDFKý,QXQGDWLRQïý3UHSDUHGýE\ãý+\GURHOHFWULFý(QJLQHHULQJý'LYLVLRQï
+\GURWHFKQLFDOý'HSDUWPHQWïý$ìçéêïý+ýìååè

%&ý+\GUR

%&ý+\GURïýìäåçïýý:LOVH\ý'DPý(PHUJHQF\ý3UHSDUHGQHVVý3ODQïý$
ìçêäïý20ýêìíîíì

%&ý+\GUR

%&ý+\GURïýìäåæïýý6KXVZDSý'HYHORSPHQWýìäåèý$QQXDOý5HSRUWï
3UHSDUHGýE\ý6\VWHPý2SHUDWLRQVýDQGý0DLQWHQDQFHý'LYLVLRQãý&LYLO
,QVSHFWLRQý6HFWLRQïý$ìçéíï

%&ý+\GUR

%&ý+\GURïýìäååïýý6KXVZDSý)DOOVý3URMHFWý'UHGJHý0RQLWRULQJý5HSRUW
ìäååïý3UHSDUHGýE\ý*DGERLVý%ïý$èéèéï

%&ý+\GUR

%&ý+\GURïýìäååïýý6KXVZDSý*HQHUDWLQJý6WDWLRQãý+HDGSRQG
6HGLPHQWDWLRQïý3UHSDUHGýE\ãý+\GURHOHFWULFý(QJLQHHULQJý'LYLVLRQ
+\GURWHFKQLFDOý'HSDUWPHQWïý$êæéèïý+ìäææ

LQýìäæíý')2ýGLVDOORZHG
VOXLFHJDWHVýWRýUHPRYHýVHGLPHQW
âýDYJýDFFXPýëëñíííýPêî\Uâ
GUHGJHGýPDWHULDOýQHDUýLQWDNHVýLV
åíøýILQHUýWKDQýíïèPPýGLDPïâ
FRDUVHUýDWýLQOHWâýKHDGSRQG

%&ý+\GUR

%&ý+\GURïýìääíïýý&ROXPELDý6KXVZDSý5HJLRQDOý'LVWULFWãý/DNH
5HYHOVWRNHý5HFUHDWLRQýDQGý7RXULVPý'HYHORSPHQWý2SSRUWXQLWLHVï
$èåìèïýæíéæçêèïýì

%&ý+\GUR

%&ý+\GURïýìääíïýý6KXVZDSý)DOOVý'UHGJHý0RQLWRULQJý3URJUDPý6SULQJ
DQGý)DOOýìäåäïý3UHSDUHGýE\ý0F$GDPïý$èêèçï

%&ý+\GUR
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5HIHUHQFH 1RWHV 6285&(6
%&ý+\GURïýìääíïýý6KXVZDSý3URMHFWý5HKDELOLWDWLRQî5HGHYHORSPHQW
2YHUYLHZý6WXG\ïý$èêèëïý+ëìèä

%&ý+\GUR

%&ý+\GURïýìääìïýý6KXVZDSý)DOOVý)RUHED\ý'UHGJHý0RQLWRULQJýìääíï
$èéèçïý(5ðäìðíå

%&ý+\GUR

%&ý+\GURïýìääëïýý6KXVZDSý)DOOVý5HKDELOLWDWLRQîý5HGHYHORSPHQW
3UHIHDVLELOLW\ý6WXG\ïý$íêééïý+ìèäç

%&ý+\GUR

%&ý+\GURïýìääêDïýý,QWHURIILFHýPHPRãý5LSUDSý(URVLRQý3URWHFWLRQ
&LUFXLWý6/æäïý6HSWïìèýPHPRýWRý+ý:DJQHUýIURPý%&ý$QGHUVRQïýêýSï

6KXVZDSý5ïýEDQNýSURWHFWLRQýIRU
WUDQVPLVVLRQýOLQHâýVLWHýQRW
LGHQWLILHG

%&ý+\GUR

%&ý+\GURïýìääêEïýý6XJDUý/DNHý5HVHUYRLUýSURSHUW\ýLQYHQWRU\ïý%&
+\GURý3URSHUW\ý6HUYLFHVý'LYLVLRQïý$èéçèï

JRRGýPDSýRIý6XJDUý/ïýDQG
DGMRLQLQJýSURSVï

%&ý+\GUR

%&ý+\GURïýìääéïýý6KXVZDSý)DOOVý3RZHUSODQWýSHQVWRFNýýúë
UHSODFHPHQWýGHVLJQýDQGýFRQVWUXFWLRQïý+\GURHOHFWULFý(QJLQHHULQJ
'LYLVLRQïý$éåææEï

%&ý+\GUR

%&ý+\GURïýìääéïýý6KXVZDSý)DOOVýGHEULVýUHPRYDOýV\VWHPVýIHDVLELOLW\
VWXG\ýõëQGýGUDIWôïýý+\GURHOHFWULFý(QJLQHHULQJý'LYLVLRQïý+ëåêèïýìèýSï

3ODQWýQRZýXVHVýRQO\ýèåøýRI
DYDLODEOHýDYJïýDQQXDOýIORZ

%&ý+\GUR

%&ý+\GURïýìääèDïýý'UDIWïý)ORZý5DPSLQJýDWý+\GURHOHFWULFý'LVFKDUJH
)DFLOLWLHVãý0HWKRGRORJLHVýIRUý,PSDFWý$VVHVVPHQWýDQGý0LWLJDWLRQï
3UHSDUHGýE\ý6WUDWHJLFý)LVKHULHVý6DIHW\ýDQGý(QYLURQPHQWïý($ýäéðíæ

%&ý+\GUR

%&ý+\GURïýìääèEïýý5HVRXUFHý6PDUWãý6KXVZDSý)DOOVý'HEULVý5HPRYDì
6\VWHPVý)HDVLELOLW\ý6WXG\ïý3UHSDUHGýE\ý0DLQWHQDQFHñý(QJLQHHULQJýDQG
3URMHFWVãý6WUXFWXUDOïý$èíèìïìïý+ëåêèï

%&ý+\GUR

%&ý+\GURïýìääèFïýý6KXVZDSý5LYHUý')2ýDQGý0R(/3ý&RPPXQLFDWLRQï
3UHSDUHGýE\ý%ý+HEGHQï

%&ý+\GUR

%&ý+\GURïýìääæïýý3URSRVHGý6HGLPHQWý5HPRYDOýIURPý:LOVH\ý'DP
+HDGSRQGñý6KXVZDSý5LYHUïý(QYLURQPHQWDOý0DQDJHPHQWý3ODQïý%&
+\GURñý9HUQRQñý%ï&ïýìçýSï

0DWHULDOýLVýPRVWO\ýZDVKHG
VDQGïý6LOWýFRQWHQWýLVýORZïý0RVW
IURPý&KHUU\ý&Uïý÷ýVRPHýIURP
)HUU\ý&Uý÷ýPDLQVWHPýEDQNVï
:LOOýVFKHGXOHý6HSWäæýGUHGJLQJ
çðìíNýFXï\GVýWRýSOHDVHý')2ý÷
FKLQRRNï
:LOVH\ý'DPýZDVýFRQVWUXFWHG
ZLWKýDýERWWRPýVOXLFHýõORZHU
RXWOHWýJDWHVôýIRUýVHGLPHQW
UHOHDVHýWKDWýZDVýXVHGýURXWLQHO\
IURPýìäëäýXQWLOýWKHýODWHýìäçí©Vï

%&ý+\GUR

%ï&ïý+\GURïýìääåïýý5DUHýHOHPHQWýRFFXUUHQFHãý)LHOGýJXLGHýWRýWKHýUDUH
DQGýHQGDQJHUHGýVSHFLHVýIRXQGýZLWKLQýWKHýZDWHUVKHGýERXQGDULHVýRI
HDFKý%&+ýIDFLOLW\ïýý6WUDWHJLFý)LVKHULHVñý3RZHUý6XSSO\ý2SHUDWLRQVñ
%XUQDE\ñý%&ï

DOOýUHGñýEOXHý÷ý\HOORZýOLVWHG
VSHFLHV

%&ý+\GUR

%&ý+\GURïýìäääïýý5HFUHDWLRQý2SSRUWXQLWLHVñý6KXVZDSñýSïýìæëðìæçï
3RZHUý6XSSO\ý(QYLURQPHQWý&RPPXQLW\ý,QWHUHVWVïý(5ýääðíåï
5HVHUYRLUVý5HFUHDWLRQDOý2XWGRRUý5HFUHDWLRQï

JRRGýFRORUýPDSVýRIýDOOý%&+©V
IDFLOLWLHV

%&ý+\GUR

%&ý0LQLVWU\ýRIý(QYLURQPHQWñý/DQGVýDQGý3DUNVïýìääèïýý/DNHýSODQVý¤
6KXVZDSýZDWHUVKHGïý0(/3ñý5HJLRQDOý+GTWUïñý3HQWLFWRQï

$QQXDOýçðåýPýGUDZGRZQ
YLUWXDOO\ýHOLPLQDWHVýDQ\
YHJHWDWLRQýJURZWKýLQýOLWWRUDO
]RQHï

),66ýFLWDWLRQýúåííê

%&ý0LQLVWU\ýRIý(QYLURQPHQWñý/DQGVýDQGý3DUNVïýìääìïýý6XPPDU\ýRI
VPDOOýODNHVýLQGH[ýPDQDJHPHQWýDHULDOýDQJOHUýFRXQWýIRUýìääìïý0(/3ñ
5HJLRQDOý+GTWUïñý3HQWLFWRQï

),66ýFLWDWLRQýúåííæ

%&ý0LQLVWU\ýRIý(QYLURQPHQWñý/DQGVýDQGý3DUNVïýQïGïýý6KXVZDSð0DEHO
DUHDñý%HVVHWWHý&UHHNãýZDWHUýTXDOLW\ýDVVHVVPHQWýDQGýREMHFWLYHVïý%&
:DWHUý4XDOLW\ý%UDQFKñý9LFWRULDïýìçýSï

QRWýVHHQýðýDVVHVVHVýWKHýZDWHU
TXDOLW\ýRIýILYHýFUHHNVýLQýWKH
%HVVHWWHý&UHHNýZDWHUVKHG

8%&ýý0,&52/2*ýäéð
íêäêä

%&ý0LQLVWU\ýRIý(QYLURQPHQWñý/DQGVýDQGý3DUNVïýìääèïýý6XJDUý/DNHï
)LOHýúêéíëíðëíðíêïý68*ïý0(/3ñý5HJLRQDOý+GTWUïñý3HQWLFWRQï

),66ýFLWDWLRQýúåíçæ

%&ý0LQLVWU\ýRIý(QYLURQPHQWñý/DQGVýDQGý3DUNVïýìääèïýý6KXVZDSý5LYHU
VWDQGLQJýVWRFNýDVVHVVPHQWïýý0(/3ñý5HJLRQDOý+GTWUïñý3HQWLFWRQï

7ULWRQ" ),66ýFLWDWLRQýúåéíé

%&ý0LQLVWU\ýRIý(QYLURQPHQWñý/DQGVýDQGý3DUNVïýìääèïýý)HUU\ý&UHHNï
)LOHýúêéíëíðëíðõíêôý)(5ý&5ïýý0(/3ñý5HJLRQDOý+GTWUïñý3HQWLFWRQï

),66ýFLWDWLRQýúåíéë
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5HIHUHQFH 1RWHV 6285&(6
%&ý0LQLVWU\ýRIý(QYLURQPHQWñý/DQGVýDQGý3DUNVïýìääèïýý)HUU\ý&UHHNýð
+DELWDWý&RQVHUYDWLRQý)XQGýUHSRUWïý)LOHýúêäíåíðëèðõ)ôïýý0(/3ñ
5HJLRQDOý+GTWUïñý3HQWLFWRQï

),66ýFLWDWLRQýúåíéê

%&ý0LQLVWU\ýRIý(QYLURQPHQWñý/DQGVýDQGý3DUNVïýìääèïýý+ROVWHLQý/DNHï
)LOHýúêéíëíðëíðõíêôý+2/6ïýý0(/3ñý5HJLRQDOý+GTWUïñý3HQWLFWRQï

),66ýFLWDWLRQýúåíèí

%&ý3RZHUý&RPPLVVLRQïýìäèæïýý6KXVZDSý)DOOVý+\GURý(OHFWULF
'HYHORSPHQWãý$QQXDOý5HSRUWïý3UHSDUHGýE\ý0DFOHDQý'$ïý$ëêäæï
ììæ3'ïýìéýSï

PDQ\ýE÷ZýSKRWRVñýLQFOï
)HEäîèæýVKRZVýKHDGSRQG
IUR]HQýRYHUýZîýVQRZýRQýWRSâ
LQOXGHVýROGýGZJVýIURPý:ï
&DQDGLDQý+\GURð(OHFWULFý&RUSï

%&ý+\GUR

%&ý3RZHUý&RPPLVVLRQïýìäèåïýý6KXVZDSý3ODQWýILHOGýVXUYH\ïý$ëéíêï VWDGLDýHOHYïýIRUýSURILOHVý÷ý[ðV %&ý+\GUR
%&ý3RZHUý&RPPLVVLRQïýìäçíïýý5HSRUWýRQý6XJDUý/DNHý'HEULVïý&LYLO
(QJLQHHULQJý'LYLVLRQïý9LFWRULDýïý%&+ð$ìäëëïýýéýSï

ODUJHýPDSýVKRZLQJýìäèå
GUDZGRZQý]RQHâýH[FHOïýE÷Z
SKRWRVýRIýODNHâýQRýFOHDULQJýRI
RULJïýLPSRXQGPHQWýFDXVHG
VRPHýGHEULVýSUREOHPV

%&ý+\GUR

%U\DQñý-ïýDQGý(ï9ïý-HQVHQñýý:DWHUý4XDOLW\ý7UHQGVýLQý0DUDñý0DEHOýDQG
6XJDUý/DNHVýìäæìðìääåñýý%&ý(QYLURQPHQWñ

8%&ý7'ýëëæï%æý%æäêýìäää

%URZQñý5ï)ïñý0ï0ïý0XVJUDYHýDQGý'ï(ïý0DUVKDOOïýìäæäïýý&DWDORJXHýRI
VDOPRQýVWUHDPVýDQGýVSDZQLQJýHVFDSHPHQWVýRIý.DPORRSVýVXEðGLVWULFWï
&DQïý'DWDý5HSïý)LVKïý$TXDWïý6FLïýìèìïýëëçýSï

FLWHGýLQý+LUVWýìääì

&+ë0ý+LOOý(QJLQHHULQJý/WGïýìääêïýý6KXVZDSý)DOOVý*HQHUDWLQJ
6WDWLRQïý$èéçêï

%&ý+\GUR

&OHPHQVñý:ï$ïñý5ï(ïý)RHUVWHUñý1ï0ïý&DUWHUýDQGý'ï6ïý5DZVRQïýìäêåï
$ýFRQWULEXWLRQýWRýWKHýOLPQRORJ\ýRIý6KXVZDSý/DNHñý%ULWLVKý&ROXPELDï
5HSWïý%&ý)LVKHULHVý'HSDUWPHQW

&LWHGýLQý3XEOïý/LVWýIRUý%&
'HSWïý)LVKHULHV

'HSDUWPHQWýRIý)LVKHULHVýDQGý2FHDQVïýìäçäïýý5HSRUWýRQýILVKHULHV
SUREOHPýDVVRFLDWHGýZLWKýSURSRVHGýGLYHUVLRQýRIýZDWHUýIURPý6KXVZDS
5LYHUýWRý2NDQDJDQý/DNHïýýäæýSï

PDSV 9DQ3XE/LEãýýçêäïëâý8%&
:RRGZUGãý6+ëëéï%æ$êéë
ìäçä

'HSDUWPHQWýRIý)LVKHULHVýDQGý2FHDQVïýìäæíïýý'HVLOWLQJýHVWLPDWHýð
IRUHED\ýRIý%ï&ïý+\GURýGDPýDWý6KXVZDSý)DOOVýRQýWKHý6KXVZDSý5LYHUï
,QWHUQDOýPHPRïýIURPý'ï/ïý(JDUýWRý.ïý.XSNDïý9DQFRXYHUñý%ï&ïýëêý-XO\
ìäæíï

FLWHGýLQý+LUVWýìääì

'HSDUWPHQWýRIý)LVKHULHVýDQGý2FHDQVïýìäæìïýý0HHWLQJýQRWHVýUHãý:LOVH\
'DPýVLOWýIOXVKLQJïý')2ñý%&+ñý%&ý)LVKý÷ý:LOGOLIHïý9DQFRXYHUñý%&ï
ìíý)HEïýìäæìï

FLWHGýLQý+LUVWýìääì

'HSDUWPHQWýRIý)LVKHULHVýDQGý2FHDQVïýìäæåïýý:DWHUýOHYHOýIOXFWXDWLRQV
DWý6KXVZDSý)DOOVïý,QWHUQDOýPHPRñý%ïý0LWFKHOOýWRý'ïý$XUHOïý.DPORRSVñ
%ï&ïýìåý6HSWHPEHUýìäæåï

FLWHGýLQý+LUVWýìääì

'HSDUWPHQWýRIý)LVKHULHVýDQGý2FHDQVïýìäåìïý/HWWHUýIURPý-ï:ï&ï
0F1DOO\ýWRý'ï-ïý0F/HQQDQñý%ï&ïý+\GURïý9HUQRQñý%ï&ïýëéý1RYHPEHU
ìäåìï

FLWHGýLQý+LUVWýìääì

'HSDUWPHQWýRIý)LVKHULHVýDQGý2FHDQVïýìäåëïýý6DOPRQýHQKDQFHPHQW
SURJUDPýDWý6KXVZDSý)DOOVïý1RWHVýRIýPHHWLQJý')2ð6(3ð%ï&ïý+\GURñ
ëêý0DUFKýìäåëïý9DQFRXYHUñý%ï&ïýëêý$SULOýìäåëï

FLWHGýLQý+LUVWýìääì

'HSDUWPHQWýRIý)LVKHULHVýDQGý2FHDQVïýìääæïýý6WUDWHJLFýUHYLHZýRI
ILVKHULHVýUHVRXUFHVýIRUýWKHý6RXWKý7KRPSVRQð6KXVZDSý+DELWDW
0DQDJHPHQWý$UHDïý3UHSDUHGýIRUý')2ñý)UDVHUý5LYHUý$FWLRQý3ODQñ
9DQFRXYHUñý%&ïýýìììýSï

FLWHGýLQý')2ýìääå

'HSDUWPHQWýRIý)LVKHULHVýDQGý2FHDQVïýìääåïýý6DOPRQýZDWHUVKHG
SODQQLQJýSURILOHVýIRUýWKHý6RXWKý7KRPSVRQð6KXVZDSý+DELWDW
0DQDJHPHQWý$UHDïý3UHSDUHGýIRUý')2ñý)UDVHUý5LYHUý$FWLRQý3ODQñ
9DQFRXYHUñý%&ïýêíäýSï
)DUZHOOñý0ï.ïñý1ï'ïý6FKXEHUWñý.ï+ïý:LOVRQýDQGý&ï5ïý+DUULVRQïýìäåæï
6DOPRQýHVFDSHPHQWVýWRýVWUHDPVýHQWHULQJý6WDWLVWLFDOý$UHDVýëåýDQGýëäñ
ìäèìýWRýìäåèïýý&DQDGLDQý'DWDý5HSWïý)LVKHULHVýDQGý$TXDWLFý6FLHQFHV
1RïýçíìãýìççýSï
)HGRUHQNRñý$ï<ïýìäåëïýý7UDSSLQJýDQGýFRGHGðZLUHýWDJJLQJýRIýZLOG
MXYHQLOHýFKLQRRNýVDOPRQýLQýWKHý6RXWKý7KRPSVRQð6KXVZDSý5LYHU

8%&ãýý0,&52/2*ýåêð
íëèëç
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V\VWHPñýìäæçñýìäæäýDQGýìäåíïý&DQDGLDQý0DQXVFULSWý5HSRUWý)LVKHULHV
DQGý$TXDWLFý6FLHQFHVý1RïýìçææïýýçêýSï
)HHñý-ïýDQGý-ïý-RQJïýìäåéïýý(YDOXDWLRQýRIýFKLQRRNýDQGýFRKRýRXWSODQWLQJ
RSSRUWXQLWLHVýLQýWKHý0LGGOHý6KXVZDSý5LYHUýDERYHýDQGýEHORZý6KXVZDS
)DOOVïýëýYROïýUHSRUWýE\ý$OSKDð%LRUHVRXUFHý(QYLURQUQHQWDOý&RQVXOWDQWVñ
9LFWRULDñý%&ýWRý'HSDUWPHQWýRIý)LVKHULHVýDQGý2FHDQVïý'66ý&RQWUDFW
íé6%ï)3èæçðêðëéçëïýYROýìðýæçýSïâýYROïëðýììçýSïýDSSHQGLFHV

6KXVZDSýPDLQVWHPñý%HVVHWWH
&Uïñý&KHUU\ý&Uïñý5HLWHUý&Uï

)HHñý-ïýýìäåèïýý(YDOXDWLRQýRIýFKLQRRNýDQGýFRKRýRXWSODQWLQJ
RSSRUWXQLWLHVýLQýWKHý0LGGOHý6KXVZDSý5LYHUñýDERYHýDQGýEHORZ
6KXVZDSý)DOOVïýõUHYLVHGýDGGLWLRQýìäåèôïýý%&ý0LQLVWU\ýRIý(QYLURQPHQWñ
3HQWLFWRQñý%&ïýìíæýSï

UHYLVLRQ ),66ýFLWDWLRQýUHIúåíææâ
0(/3ýý3HQWLFWRQýðýUHIúëçäéï

)LHOGHQñý5ï-ïýDQGý7ï/ïý6ODQH\ïýìääéïýý3UHOLPLQDU\ýUHYLHZýRIýWKH
ILVKHULHVýLPSOLFDWLRQVýRIýVXPPHUýIORZýUDPSLQJýLQýWKHý0LGGOH
6KXVZDSý5LYHUïý8QSXEOïýUHSWïýE\ý$TXDWLFý5HVRXUFHVý/LPLWHGýIRUý%&
+\GURñý.DPORRSVïýëíýSï

VSHFLHVýQRWHG %&ý+\GUR

)RVNHWWñý'ï5ïýìäéêïýý2EVWUXFWLRQVýWRýVRFNH\HýRQýWKHý)UDVHUý5LYHU
ZDWHUVKHGïýý,QWOïý3DFLILFý6DOPRQý)LVKïý&RPPïñý9DQFRXYHUïý)LOH
ììåíïìðéçïýèýSï

3DFïý6DOPRQý&RPPïýOLEUDU\

)UHQFKñý'ï(ïýìääèïýý+LVWRULFýUHYLHZýRIýDQDGURPRXVýVDOPRQLGýSDVVDJH
DERYHý6KXVZDSý)DOOVñý%ULWLVKý&ROXPELDïý06ýUHSWïýIRUý')2ý:HVWHUQ
5HJLRQñý9DQFRXYHUñý%&ïý&RQWUDFWý)3äéðèêåäïýëçSï

GUDIWýFRS\ýPLVVLQJýêýILJXUHV ')2ý.DPORRSV

*LQHW]ñý5ïýDQGý*ïý1HLOVHQïýìäåíïýý5HYLHZýRIý(QKDQFHPHQWý3RWHQWLDO
IRUý&KLQRRNýDQGý&RKRý6DOPRQý6WRFNVýLQýWKHý)UDVHUý5LYHUý:DWHUVKHGï
)LVKHULHVý÷ý2FHDQVý&DQDGDïý6PDOOý3URMHFWVý'LYLVLRQý0HPRïýìæýSï
*ULIILWKñý5ï3ïýìäæäïýý(QKDQFHPHQWýRSSRUWXQLWLHVýIRUýUHVLGHQWýUDLQERZ
WURXWýLQýWKHý0LGGOHý6KXVZDSý5LYHUýõDERYHý6KXVZDSý)DOOVôýDQG
SRWHQWLDOýLPSDFWýRIýFKLQRRNýVDOPRQýUHðLQWURGXFWLRQïý06ýUHSRUWýIRU
%ï&ïý)LVKýDQGý:LOGOLIHý%UDQFKïý9LFWRULDñý%ï&ïýåéýSï

&1ýVSDZQHUVýZHUHýUHOHDVHG
DERYHýIDOOVýLQýìäææâýSRWHQWLDO
DUHDýIRUýìíííý&1ýIHPDOHVýZîR
LPSDFWýWRý5%âý5%ýPD\ýGLVSODFH
0:âý$SSïêýKDVýJUDGLHQW
SURILOHýRIýPDLQVWHP

*ULIILWKý5ï3ïýìäåçïýý5DLQERZýWURXWýSURGXFWLRQýDQGýLPSOLFDWLRQVýRI
FRKRýVDOPRQýHQKDQFHPHQWýLQýWKHý%HVVHWWHý&UHHNýGUDLQDJHñýWULEXWDU\ýWR
WKHý0LGGOHý6KXVZDSý5LYHUïý8QSXEOïýUHSWïýIRUý)LVKHULHVý,PSURYHPHQW
8QLWñý%&ý)LVKHULHVý%UDQFKñý9LFWRULDïýéêýSï

),66ýUHIúåíæå

+DPLOWRQñý5ïýìääëïýý+\GURORJ\ýDQGýZDWHUýXVHýIRUýVDOPRQýVWUHDPVýLQ
WKHý7KRPSVRQý5LYHUýZDWHUVKHGñý%&ïý3UHSDUHGýE\ý1RUWKZHVW
+\GUDXOLFý&RQVXOWDQWVý/WGïñý1ïý9DQFRXYHUñýIRUý')2ý)UDVHUý5LYHU
6XVWDLQDEOHý'HYHORSïý7DVNý)RUFHñý9DQFRXYHUñý%&ïýéæýSï

),66ýUHIïýúý(:ëëè

+DWILHOGý&RQVXOWDQWVý/WGïýìääéïýý3URSRVDOãý0LGGOHý6KXVZDSý5LYHU
)ORZý0RQLWRULQJý3URJUDPïý3UHSDUHGýIRUãý%&ý+\GURý(QYLURQPHQWDO
5HVRXUFHVý'HSDUWPHQWï

%&ý+\GUR

+LFNH\ñý'ï*ïýDQGý-ï$ïý7UDVNïýìääéïýý,QYHQWRU\ýDQGýUDWLQJýRIýVDOPRQLG
KDELWDWýLQýWKHýYLFLQLW\ýRIý.DPORRSVñý%ï&ïý3UHSDUHGýE\ý(&/
(QYLURZHVWý&RQVXOWDQWVý/WGïñýIRUý)UDVHUý5LYHUý$FWLRQý3ODQñý'HSWïýRI
)LVKHULHVýDQGý2FHDQVñý1HZý:HVWPLQVWHUñý%&ï

),66ýFLWDWLRQýUHIú(:ëêìã
')2ý1HZý:HVWï

+LUVWñý6ï0ïýìääìDïýý,PSDFWVýRIýWKHýRSHUDWLRQýRIýH[LVWLQJýK\GURHOHFWULF
GHYHORSPHQWVýRQýILVKHU\ýUHVRXUFHVýLQý%ULWLVKý&ROXPELDïý9ROXPHýìï
$QDGURPRXVýVDOPRQïý&DQDGLDQý0DQXVFULSWý5HSRUWýRIý)LVKHULHVýDQG
$TXDWLFý6FLHQFHVýëíäêïýìééýSï
+LUVWñý6ï0ïýìääìEïýý,PSDFWVýRIýWKHýRSHUDWLRQýRIýH[LVWLQJýK\GURHOHFWULF
GHYHORSPHQWVýRQýILVKHU\ýUHVRXUFHVýLQý%ULWLVKý&ROXPELDïý9ROXPHýëï
,QODQGýILVKHULHVïý&DQDGLDQý0DQXVFULSWý5HSRUWýRIý)LVKHULHVýDQGý$TXDWLF
6FLHQFHVýëíäêïýëííýSï
+XWWRQý5ïýìäåæïýýìäåçý)LVKHULHVý-REý'HYHORSPHQWý3URMHFWïý-XYHQLOH
6DOPRQLGý5HVLGHQF\ý6WXG\ãý6DOPRQñý÷ý6KXVZDSý5LYHUVïý3UHSDUHGýIRU
%\ULOý.XUW]ñý6DOPRQý$UPý')2ïý3UHSDUHGýE\ý)LVKHULHVý-RE
'HYHORSPHQWý3URMHFWñý(QGHUE\ý÷ý'LVWULFWý&KDPEHUýRIý&RPPHUFHï
&RQWUDFWýìëëê5;êïý-XQHýìäåæïýêìýSï

PRVWO\ýVDPSOHGýWULEVýGîVýRI
:LOVH\ý'DP

,QWHUQDWLRQDOý3DFLILFý6DOPRQý)LVKHULHVý&RPPLVVLRQïýìäææïýý0LGGOH FLWHGýLQý+LUVWýìääì
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5HIHUHQFH 1RWHV 6285&(6
6KXVZDSý5LYHUýDQGý6XJDUý/DNHïý1RWHVýE\ý6ïý7UHPSHUýõìäéëôñýFLWHGýLQ
OHWWHUýIURPý)ïý$QGUHZýWRý5ï*ïý)HUJXVRQñý%ï&ïý+\GURïý9DQFRXYHUñý%ï&ï
äý1RYHPEHUýìäææï
-DQW]ñý%ï$ïýìäåçDïýý6DOPRQLGýSURGXFWLRQýLQýWKHý%HVVHWWHý&UHHN
ZDWHUVKHGïý)LVKHULHVý6HFWLRQñý%&ý0LQLVWU\ýRIý(QYLURQPHQWñý3HQWLFWRQñ
%&ïýçýSï

FLWHGýLQý*ULIILWKýìäåç

-DQW]ñý%ï$ïýìäåçEïýý&UHHOýVXUYH\ýDQGýOLIHýKLVWRU\ýRIýUDLQERZýWURXWýDQG
NRNDQHHýLQý0DEHOý/DNHýLQýìäåéïýý5HFUHDWLRQDOý)LVKHULHVý0JPWï
3URJUDPñý%&ý0LQLVWU\ýRIý(QYLURQPHQWñý/DQGVýDQGý3DUNVñý3HQWLFWRQñ
%&ïýêèýSï
-DQW]ñý%ï$ïýìääëïýý(IIHFWVýRIýZLQWHUýIORZýUHGXFWLRQVýRQýNRNDQHH
VDOPRQýVSDZQLQJýKDELWDWýLQýWKHý0LGGOHý6KXVZDSý5LYHUïý8QSXEOï
UHSRUWñý%&ý0LQLVWU\ýRIý(QYLURQPHQWñý3HQWLFWRQñý%&ïýêêýSï

NRNDQHHýVSDZQýLQýVîF
VXVFHSWLEOHýWRýVWUDQGLQJ

),66ýUHIýúåìåè

-DQW]ñý%ï$ïýìääèïýýý/HWWHUýWRý0ïý6KHQJñý')2ñý9DQFRXYHUïýUHãýSURSRVDO
WRýWUDQVSRUWýDQGýUHOHDVHýDGXOWýFKLQRRNýVDOPRQýDERYHý:LOVH\ý'DPïý%&
0LQLVWU\ýRIý(QYLURQPHQWñý3HQWLFWRQñý%&ï
-DQW]ñý%ï$ïýìääåïýý+DELWDWý&RQVHUYDWLRQý7UXVWý)XQGý)LQDOý5HSRUWã
/DQJî7XOOH\ý&KDQQHOý&RPSOH[LQJïý%&ý0LQLVWU\ýRIý(QYLURQPHQWñ
/DQGVýDQGý3DUNVñý6RXWKHUQý,QWHULRUý5HJLRQïý0DUFKýìääåï
.DOQLQñý/ï:ïýìäåìïýý%HVVHWWHý&UHHNýFRKRý&ï:ï7ïýSURMHFWïý0HPRýWR
1ï'ïý6FKXEHUWñý')2ñý1HZý:HVWPLQVWHUñý%&ï

),66ýUHIúýëä.ðìé

.ORKQý&ULSSHQïýýQïGïýý8SSHUý6KXVZDSý5LYHUý)LVKýDQGý)LVKý+DELWDW
,QYHQWRU\ïý3:ýæèìèíìíèï

%&ý+\GUR

.ORKQý&ULSSHQý&RQVXOWLQJý(QJLQHHUVý÷ý6KDZLQLJDQý,QWHJïý,QFï
õ.ORKQôïýìääìïýý5HVRXUFHý6PDUWãý6KXVZDSý)DOOVý*HQHUDWLQJý6WDWLRQ
5HYLHZýRIý5HKDELOLWDWLRQý2SSRUWXQLWLHVïý3UHSDUHGýIRUãý%&ý+\GURï
%&+ý$êìíDïý+ëéåæï

%&ý+\GUR

.QDSSñý:ïý0ï'ïý1DVVLFKXNñýHWïýDOïýýìäåëïýý7KHý7KRPSVRQý5LYHU
%DVLQãý3DFLILFýVDOPRQýUHVRXUFHVýDQGýHQYLURQPHQWDOýLVVXHVïý&DQï
0DQXVFUïý5HSWïý)LVKïý$TXDWïý6FLïý1RïýìççåñýììæýSï

2YHUYLHZýRIýWKHý7KRPSVRQ
5LYHUý%DVLQöVýVDOPRQýUHVRXUFHVñ
LQFOXGLQJýWKHLUýOLIHýKLVWRULHVñ
VSDZQLQJýDQGýUHDULQJ
UHTXLUHPHQWVñýKDELWDW
GLVWULEXWLRQñýHVFDSHPHQWVñ
MXYHQLOHýSURGXFWLRQýDQG
HQKDQFHPHQWýSRWHQWLDOýDQG
VXPPDUL]HVýWKHýFRQWULEXWLRQ
ZKLFKýWKHVHýILVKýPDNHýWRýWKH
%ULWLVKý&ROXPELDýFRPPHUFLDOñ
UHFUHDWLRQDOýDQGýQDWLYHý,QGLDQ
KDUYHVWVïý,WýDOVRýGHVFULEHVýWKH
FRQIOLFWVýEHWZHHQýODQGýDQG
ZDWHUýXVHýDFWLYLWLHVýDQGýVDOPRQ
KDELWDWýDQGýZDWHUýTXDOLW\ïý7KH
GLVFXVVLRQýLVýRUJDQL]HG
DFFRUGLQJýWRýWKHýWKUHHýVXEð
%DVLQVýZLWKLQýWKHýVWXG\ýDUHDã
WKHý7KRPSVRQâýQRUWK
7KRPSVRQâýDQGýVRXWK
7KRPSVRQî6KXVZDSïýìäåëï

),66ýFLWDWLRQýUHIúëä.ðëëã
')2ý1HZý:HVWï

/HZLVñý$ï)ïñý*ï-ïý1DLWRñý6ï(ïý5HGGHQýDQGý%&ý+\GURý6DIHW\ýDQG
(QYLURQPHQWïýìääçïýý)LVKýIORZýVWXGLHVýSURMHFWñýILVKýIORZýRYHUYLHZýU
HSRUWïý7ULWRQý(QYLURQPHQWDOýIRUý%&ý+\GURý6DIHW\ýDQGý(QYLURQPHQWï
5HSRUWýQRïý($ãäèðíçïýìééýSï

FRPSUHKHQVLYHýIDFLOLW\
VWDWLVWLFVýIRUýPRVWý%&+ýSURMHFWV

%&ý+\GUR

/LIHð6SDFHý'HVLJQý/WGïýìäæäïýý6KXVZDSý)DOOVýSURSHUWLHVãýD
UHFUHDWLRQDOýFRUULGRUýFRQFHSWïý3UHSDUHGýIRUý%&ý+\GURý5HVHUYRLUý/DQG
0DQDJHPHQWïý$èäìæï

%&ý+\GUR

/LIHð6SDFHý'HVLJQVý/WGïýìäæäïýý6KXVZDSý)DOOVý3URSHUWLHVý5HVRXUFH
$QDO\VLVïý3UHSDUHGýIRUý%&+ý5HVHUYRLUý/DQGý0DQDJHPHQW
'HSDUWPHQWïý$ëìêêï

%&ý+\GUR
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5HIHUHQFH 1RWHV 6285&(6
/LSLQVN\ñý1ïýìäæåïýý0LGGOHý6KXVZDSý5LYHUýFKLQRRNýUHðHVWDEOLVKPHQW
VWXG\ñýìäææïý8QSXEOïý06ñý)LVKHULHVýDQGý0DULQHý6HUYLFHñý(QYLURQPHQW
&DQDGDïýëêýSï

)HHý÷ý-RQJýõSïìôýFLWHG
/LSLQVN\ãý¦3ULRUýWRýLQVWDOODWLRQ
RIýWKHýGDPýLQýìäëäñýORFDO
UHVLGHQWVýQRWHGýFKLQRRN
VSDZQLQJýXSVWUHDPýRIý:LOVH\
'DP§

FLWHGýLQý)HHý÷ý-RQJ

/LVWHUñý'ï%ïýìääíïýý$QýDVVHVVPHQWýRIýILVKHULHVýHQKDQFHPHQWýSRWHQWLDO
RIý%&ý+\GURýRSHUDWLRQVýDWý6KXVZDSý5LYHUïý8QSXEOïýUHSWïýE\ý'ï%ï
/LVWHUý÷ý$VVRFïý/WGïýIRUý%&+ý(QYLURQPHQWDOý5HVRXUFHVïýêèýSï
/LVWHUñý'ï%ïýìääíïýý)LOHVýUHãýDVVHVVPHQWýRIýILVKHULHVýHQKDQFHPHQW
SRWHQWLDOýRIý%&ý+\GURýRSHUDWLRQVýDWý6KXVZDSý5LYHUïý'ï%ïý/LVWHUý÷
$VVRFïý/WGïñý6DUGLVñý%&ï

KLVWRULFDOýQRWHVýRQýILVKýDERYH
IDOOV

0DFNHQ]LHñý$ï5ïýýìäìêïýý$SSOLFDWLRQýIRUýUHPRYDOýRIýILVKýODGGHU
UHTXLUHPHQWýLQýUHVSHFWýRIýLQWDNHýGDPýðý6KXVZDSý)DOOVïýý6XEPLWWHGýWR
)ï+ïý&XQQLQJKDPñý&KLHIý,QVSHFWRUýRIý)LVKHULHVñý1HZý:HVWPLQVWHUñ
%&ïýýëèý)HEUXDU\ï

ëýSKRWRVýRIýSUHðSURMHFWýULYHUâ
SUHðSURMHFWýK\GURJUDSKâýPDSýRI
ULYHUýZLWKýHUURQHRXVýQRWHýRIýêå
IRRWýVKHHUýIDOOVýDWý6XJDUý/DNH
RXWOHWâýVHHý6KRWWRQýõìäìêô

%&ý$UFKLYHV

0DF.LQOD\ñý'ï'ïýìäåéïýý6(3ý1HZý3URMHFWVý8QLWýZDWHUýTXDOLW\ýGDWD
FROOHFWHGýìäæäðìäåéïý')2ý1HZý:HVWPLQVWHUïý&DQïý'DWDý5HSWïý)LVKï
$TXDWïý6FLïý1RïýéíäñýìäíýSï

KDWFKHU\ýGLVFKDUJHV ),66ýUHIúýëä.ðêì

0HUNOH\ñý/ïýìäåèïýý&KHPLFDOýUHKDELOLWDWLRQýRIý+ROVWHLQý/DNHïý8QSXEOï
UHSWïýý0(/3ñý5HJLRQDOý+GTWUïñý3HQWLFWRQïýçêýSï

),66ýUHIúýåíèìâý0(/3
3HQWLFWRQý/LEUïúëëéê

1RUGLQñý5ï0ïýìäæåïýý:DWHUýTXDOLW\ýLQýWKHý6KXVZDSý5LYHUýEHWZHHQ
0DEHOýDQGý0DUDýODNHVñýìäææïý:DWHUý,QYHVWLJDWLRQVý%UDQFKñý%&
0LQLVWU\ýRIý(QYLURQPHQWïý$èéèêï

),66ýFLWDWLRQýUHIúëä.ðëæâ
')2ýõ1HZý:HVWô

1RUWKZHVWý+\GUDXOLFý&RQVXOWDQWVïýìäåæïý6KXVZDSý*HQHUDWLQJý6WDWLRQï
+HDGSRQGý6LOWLQJý+\GUDXOLFý0RGHOý6WXGLHVïý3UHSDUHGýIRUý%&ý+\GURï
ìèìêïý2FWREHUýìäåæïýæýSï

7HVWHGýUHVKDSLQJýRIýêííPý[
ëííPýKHDGSRQGýWRýUHGXFH
VLOWLQJâ
>%&+äæãý0RGHOýFRQVLGHUHG
DGGLWLRQýRIýDýGLYLGLQJýORQJðZDOO
VWUXFWXUHýWRýSURGXFHýIORZ
FRQGLWLRQVýWRýUHGXFHýVHGLPHQW
EXLOGXSýDWýERWKýLQWDNHV
õH[SHQVLYHôï@

%&ý+\GUR

4XDPPHñý'ïñý'ï-ïý&ODUNHýDQGý7ï/ïý6ODQH\ïýýìääæïýý'UDIWïý0LGGOH
6KXVZDSý5LYHUãýIORZýUDPSLQJýDQGýILVKýSURGXFWLRQïý8QSXEOïýUHSWïýE\
$TXDWLFý5HVRXUFHVý/LPLWHGýIRUý%&ý+\GURý0LFDý3URGXFWLRQý$UHDï
$5/ýëìèðìïýçíýSï

%&ý+\GUR

5HJLRQDOý'LVWULFWýRIý1RUWKý2NDQDJDQïýìäæèïýý6KXVZDSý5LYHUýVWXG\ñýë
YROVïïý3ODQQLQJý'HSWïñý.DPORRSVñý%&ïýçäýSï

PDSV 8%&ý0DLQãý)&êåéèï6éå
6éåæýìäæèý3/

5RELQVRQñý&ï+ïýìäéìïýý/HWWHUýWRý&RPPLVVLRQHUý)ï5ïý%XOHUñý*DPH
'HSWñý9DQFRXYHUñý%&ïýUHãýZDWHUýVWRUDJHýGDPýDWý6XJDUý/DNHïý0D\ýëíï

)HHý÷ý-RQJýõSïêôýFLWHGýWKLVýUHIã
¦5RELQVRQýVXJJHVWHGýWKDWýILVK
SDVVDJHýZDVýLPSRVVLEOHýDERYH
WKHýQDWXUDOýEDUULHUýRIý%UHQGD
)DOOVï§

FLWHGýLQý)HHý÷ý-RQJýìäåé

5RELQVRQñý*DU\ïýìäääïýý+LVWRULFDOýVXPPDU\ýRIý)LUVWý1DWLRQVýZDWHU
ULJKWVýLQý%&ý¤ý%&ý6KXVZDSý,QGLDQý5HVHUYHï

9DQFRXYHUý3XEOLFý/LEUDU\

5RRVñý-ï)ïýìääìïýý5HVWRULQJý)UDVHUý5LYHUý6DOPRQýðýDýKLVWRU\ýRIýWKH
,QWHUQDWLRQDOý3DFLILFý6DOPRQý)LVKHULHVý&RPPLVVLRQýìäêæðìäåèïýý3XEOï
E\ý7KHý3DFLILFý6DOPRQý&RPPLVVLRQñý9DQFRXYHUñý%&ïýéêåýSï

SïéëçýðýGDWDýRQý6.ýHJJ
WUDQVSODQWVýWRý0LGGOHý6KXVZDS
V\VWHP

5RVEHUJñý*ï(ïñýDQGý'ï'ïý0DF.LQOD\ïýìäåæïýý$ýUHYLHZýRIýWKHýELRORJLFDO
GHVLJQýFULWHULDýIRUýWKHý6KXVZDSý5LYHUýVDOPRQLGýHQKDQFHPHQWýIDFLOLW\ï
6DOPRQLGý(QKDQFHPHQWý3URJUDPñý'HSWïý)LVKHULHVýDQGý2FHDQVï
9DQFRXYHUñý%ï&ïýëèåýSï

FLWHGýLQý+LUVWýìääì

6FKXEHUWñý1ï'ïýìäååïýý$QýDVVHVVPHQWýRIýIRXUýXSSHUý)UDVHUý5LYHU
FKLQRRNýVDOPRQýVSRUWýILVKHULHVñýìäåçïý&DQïý'DWDý5HSWïý)LVKïý$TXDWï
6FLïý1RïýìåäíïýèëýSï

),66ýFLWDWLRQýUHIú(:ëëå

6FKXEHUWñý1ï'ïýDQGý,ï:ïý:K\WHïýìääíïýý$QJOHUýHIIRUWýDQGýFDWFKýLQýILYH
)UDVHUý5LYHUýFKLQRRNýVDOPRQýVSRUWýILVKHULHVñýìääíïý&DQïý'DWDý5HSWï

),66ýFLWDWLRQýUHIú(:ëêí



%ULGJHð&RDVWDOý)LVKý÷ý:LOGOLIHý5HVWRUDWLRQý3URJUDP
9ROXPHýëãýýýýý0,''/(ý6+86:$3ý5,9(5ý:$7(56+('

ëè

5HIHUHQFH 1RWHV 6285&(6
)LVKïý$TXDWïý6FLïý1RïýëìéëïýèåýSï
6FKXEHUWñý1ï'ïýDQGý1ï-ïý9LYLDQïýìääæïýý(VWLPDWLRQýRIýWKHýìääé
6KXVZDSý5LYHUýV\VWHPýVRFNH\HýVDOPRQýHVFDSHPHQWïý&DQïý0DQXVFUï
5HSïý)LVKïý$TXDWïý6FLïýëéëæïýéåýSï
6KRWWRQñý+ïýìäìêïýý/HWWHUýUHSRUWýRIýLQWHUYLHZVýUHJDUGLQJýILVKýSDVVDJHýDW
6KXVZDSýDQGý%UHQGDýIDOOVïý)LVKHULHVýRIILFHUñý.DPORRSVñýWRý)ï+ï
&XQQLQJKDPñý&KLHIý,QVSHFWRUýRIý)LVKHULHVñý1HZý:HVWPLQVWHUïýìí
$SULOýìäìêïýéýSï

VXUYH\RUýWROGýKLPýWKHýXSSHU
IDOOVýKDGýDýGURSýRIýêåýIHHWýLQ
ìíííýIHHWñýQRWý¦êåýIHHWýVKHHU§
DVýUHSRUWHGýE\ý0DFNHQ]LH
õìäìêôï

,QWOïý3DFïý6DOPRQý)LVKï
&RPPï
ILOHýììåíïìðìí

6KXVZDSý1DWLRQý)LVKHULHVý&RPPLVVLRQïýìääçïýý6XPPDU\ýRIýìääè
KHOLFRSWHUýVXUYH\VýRIýFKLQRRNý÷ýFRKRýVSDZQHUVïý3UHSDUHGýE\ý61)&
DQGý$ERULJLQDOý)LVKHULHVý6WUDWHJ\ý')2ýE\ý0ïý*DOHVORRWï

%&ý+\GUR

6KXVZDSý1DWLRQý)LVKHULHVý&RPPLVVLRQïýìääæïýý6XPPDU\ýRIýìääæ
KHOLFRSWHUýVXUYH\VýRIýFKLQRRNýLQýVWUHDPVýZLWKLQýWKHýWUDGLWLRQDO
WHUULWRULHVýRIýWKHý6KXVZDSý3HRSOHïý3UHSDUHGýE\ý61)&ýDQGý$ERULJLQDO
)LVKHULHVý6WUDWHJ\ý')2ýE\ý0ïý*DOHVORRWï

%&ý+\GUR
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Chapter 13

CHEAKAMUS RIVER WATERSHED

     

                                           Figure 13-1.   Pre-impoundment Daisy Lake (BC Archives)

1. PROJECT DESCRIPTION

1.1 Facilities

The Cheakamus project consists of a dam across the Cheakamus River that impounds an
enlarged Daisy Lake. Flows are diverted by a man-made canal to Shadow Lake Reservoir where
a tunnel and two penstocks drop water to the powerhouse on the Squamish River. The
powerhouse discharges into a 1800 m long channel that enters the Squamish River about 21 km
upstream of the Cheakamus confluence. The plant was constructed by B.C. Electric Co. and
became operational in 1957; it was rehabilitated in 1981 and 1988 by BC Hydro.

Specifications for the facility and reservoir:

DAM Cheakamus
Nameplate capacity  (MW) 150
Dependable capacity  (MW) 155
Dam function storage, diversion
Date constructed 1957
Date operational 1957
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Date reconstructed 1981; 1988
Height  (m) 29
Length  (m) 680
Dam footprint area   (m2)
Fishway at dam no
Historic anadromous fish presence no

RESERVOIR Daisy Lake
Cleared/ not cleared
Present area  (ha) 395
Watershed area  (km2) 771
Present elevation a.s.l.  (m) 394
Normal drawdown range (m) 13.1
Mean depth  (m) 10
Maximum depth  (m) 15
Storage  (million m3) 46
Mean water retention time 6 days
Mean annual discharge   (m3/s) 23.3

DIVERSION to Squamish R.
Structure type tunnel (11km),

penstock(440m)
Licensed flow    (m3/sec) 27
Fish flow release  (m3/sec) 5 (low water)
Mainstem length diminished Q (km) 26
Mainstem length augmented Q (km) - -

Figure 13-2.    Location of Cheakamus hydro project
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1.2 Hydrology

1.2.1 Basin and Runoff

The basin is in the South Coast Mountains which experiences high annual precipitation of which
20% is snow.  Snowmelt runoff occurs May to August. Heavy rains from September to
December, accompanied by a rise in freezing levels, can result in high peak flows.

1.2.2 Operation and Licensed Diversion Flow

The reservoir is drafted in August to reduce fall flooding risk downstream of the dam, and again
in April to provide storage for inflow from snowmelt.

1.2.3 Habitat Types Flooded by Reservoir

The reservoir area is 395 ha after flooding 374 ha of land (Figure 13-3).  The reservoir shoreline
length is 22.4 km. The original Daisy Lake, 21 ha in area, was located to the east of the upper
Cheakamus River; its bathymetry is shown in Figure 13-4.  It flowed into the main river via a
small tributary (Figure 13-3).

The GIS calculations done in this study estimated the following losses of fish habitat from the
pre-impoundment condition:

Daisy Lake Reservoir Original habitat lost

Lake flooded                    (ha) 21
Land flooded                    (ha) 374
Lake shoreline                  (km) 3
Mainstem: length             (km) 15
                  channel           (ha) 70
                  riparian *        (ha) 91
Tributary:  length             (km) 5
                  riparian **      (ha) 14
Wetland:                           (ha) 12

*   mainstem riparian zone calculated at 30 m from each bank
**   tributary riparian zone calculated at 15 m from each bank

2. FISH

2.1 Historic and Current Species Presence

A list of species currently found in major reaches of the Cheakamus River watershed is provided
in Table 13-1.

Anadromous fish were not present in the reservoir area.  Passage up the Cheakamus River is
blocked by waterfalls beginning about 17 km from its confluence with the Squamish River
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(Lewis et al. 1996).  Inflows to the reservoir are glacial and oligotrophic although nutrient
loadings from the Whistler Sewage Treatment Plant have increased productivity (Lewis et al.
1996; Lucey et al. 1989).  A preliminary study suggested that Daisy Reservoir is retaining
soluble phosphorus from natural sources and the waste treatment plant (Perrin 1995).

2.2 Impacts on Fish

Facility Description of hydroelectric impacts

N
eg

P
os

Source

1. Reservoir footprint flooded 15 km of mainstem channel and
associated riparian zone

x GIS

2. Reservoir footprint flooded 4.7 km of tributary channel and
associated riparian zone:  loss of habitats in lower reaches

x GIS

3. Reservoir footprint flooded 21 ha of lake: gain of 374 ha in
reservoir habitat and uncalculated volume.

x x GIS

4. Fluctuating water levels of 13 m reduced productivity from
shallow littoral habitats in small original lake:  see bathymetric
map for shoal features

x workshop

Daisy Lake
Reservoir

5. Fluctuating water levels of 13 m may limit fish access to
tributaries.

x BC Hydro
1994

6. Dam footprint of __ m2:   loss of instream and riparian habitats. xCheakamus
Dam 7. Dam has likely reduced LWD and gravel recruitment to river

habitats downstream.
x workshop

8. Diversion of 80% of total annual discharge has diminished
overall habitat and capacity in areas downstream; however, an
increased fish flow release would benefit 26 km of summer
habitat.

x Lewis et al.
1996

9. Loss of active side channel habitat in the lower river post-
project is likely due to combined effects of river dyking and the
altered flow regime. This is partly offset by DFO habitat
developments for chum and coho, so most residual impact is on
pink, chinook and steelhead stocks.

x Kerr Wood
Leidal
1998

10. Reduced mainstem flows cause colder water from Rubble Cr.
to dominate the diminished system and may have caused
declines in some species.

x Lewis &
Guy 1996

Cheakamus
River

downstream

11. Reservoir and diversion have reduced downstream productivity
in mainstem but presumably increased it in Squamish side
channel.

x x

12. Entrainment mortality and injury: magnitude unknown.
Potential downstream benefits to scavengers.

x x

13. Potential for elevated shortterm TGP events Lewis et al.
1996

Diversion
to

Squamish
River 14. Flow fluctuations in Squamish side channel may affect salmon

spawning.
x Lewis et al.

1996



Bridge-Coastal Fish & Wildlife Restoration Program
Volume 2:       CHEAKAMUS RIVER WATERSHED

8

Daisy Reservoir could be providing a beneficial increase in winter habitat area for resident trout
and char over pre-impoundment levels. In the lower Cheakamus River, simplified channel
complexity has reduced habitat areas for pink, chinook and steelhead stocks (Kerr Wood Leidal
1998). Dyking of the lower river by BC Electric/BC Hydro to protect transmission line towers
from Bridge River Project has reduced river channel complexity and habitat areas.  Lewis and
Guy (1996) described the limited habitats available in tributaries between the dam and Squamish
River. While chinook, coho, pink and chum salmon stocks in the Cheakamus River have
declined since the hydro development in 1957, their respective abundance has also dropped in
other Squamish tributaries and throughout much of the Georgia Basin region. This suggests that
there are similar limiting factors for each of these stocks that may include harvest pressure (Kerr
Wood Leidal 1998).

Non-Hydro Impacts - Other impacts on fish in the Cheakamus River watershed include effects of
logging activities, dyking, and nutrient inputs from Whistler urbanization (positive impact).

2.3 Factors Limiting Fish Diversity and Production

'Limiting factors' have been identified in a general manner based on available information and
current understanding of the major constraints on species and populations of concern.  Further
inventory and research may be needed to determine the particular role of these and other factors.

The following are suspected factors that limit current levels of fish populations within the
Cheakamus River watershed.  These also reflect the key issues raised at BCRP regional
workshops.

1. Loss of habitat:  Former spawning, rearing and overwintering areas are permanently lost or seasonally
reduced due to dam footprint, reservoir flooding, flow diversions, operating flows, or from river dyking by
BC Hydro and others.

2. Reduced downstream habitat capability:  Habitats below the dam are altered by reduced sediment
and wood recruitment originating from the upper mainstem.

3. Reduced tributary access:  Fish access between reservoir and tributary habitat has been reduced due to
large drawdown regimes.

4. Diversions:   The diversion has reduced flows to Cheakamus River downstream and increased flows into
a Squamish River side channel; these altered flows may have affected wetted channel area, seasonal
temperatures and productivity in either or both of the respective systems.

2.4 Fish Restoration Objectives

Objective 1:  Conserve and improve aquatic habitats in lower Cheakamus River.
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Discussion:
Dyking and bridge construction on the lower river by BC Electric/BC Hydro to protect
transmission line towers from Bridge River Project, and dyking by others has reduced
river channel complexity and habitat areas. Undertake appropriate treatment, consistent
with the BCRP Strategy, to conserve, create or improve existing habitat. Restoration
activities should be preceded by a study plan to address limiting factors #1, 2 and 5
above, that considers:

• operating flows and adequacy of fish flow regime (Cheakamus Water Use Plan)

• temperatures of fish-flow releases during spawning, incubation and rearing

• opportunities to purchase or covenant streamside properties for future habitat projects

• potential sites for future habitat enhancement or creation

• artificial recruitment scheme to restore delivery of some sediment and wood to mainstem

• proposed projects should have hydraulic characteristics that will withstand the historic range of
discharges with low maintenance

• wildlife biodiversity values at all proposed fish habitat development sites

• current harvest pressures on stock recruitment

• identification and filling of data gaps on issues that may also constrain populations.

Objective 2:   Conserve and improve habitats for resident fish stocks in the Daisy Lake
Reservoir and tributary system.

Discussion:
Undertake appropriate treatment, consistent with the BCRP Strategy, to conserve, create
or improve existing habitat. Activities in response to limiting factors #1 and 4 above
should be preceded by a study plan for the reservoir and tributary system that considers:

• operating flow and reservoir regime  (Cheakamus Water Use Plan)

• opportunities to purchase or covenant floodplain properties for future habitat projects

• identification of present critical tributary habitats that sustain stocks, and locations of potential habitat
works in the future

• potential habitat development sites with hydraulic characteristics that will operate within the expected
regulated regime of fluvial and riparian processes and require low maintenance

• opportunities for habitat development and for planting riparian vegetation

• wildlife biodiversity values at all proposed fish habitat development sites

• restoration of fish access through drawdown zones to historical upstream habitats

• identification and filling of data gaps on issues such as fish entrainment, angling harvest effort, etc.
that may also constrain populations.

Objective 3:   Improve habitat conditions for fish stocks using the Squamish River side
channel below the tailrace.
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Discussion:
A data gap exists with respect to the historic and potential future use of this side channel
for fish and wildlife.  Activities should be preceded by a study plan, in response to
limiting factors #1 and 5 above, that considers:

• operating flows and fish flows (Cheakamus Water Use Plan)

• effects of the diversion’s flows and temperatures on the side channel, and stranding after spills.

• identification of critical habitats that sustain present stocks, and locations of potential habitat works in
the future

• potential habitat development sites with hydraulic characteristics that will operate within the expected
regulated regime of fluvial and riparian processes and require low maintenance

3. WILDLIFE

3.1 Historic and Current Populations and Habitats

Jack Lay (formerly MELP, pers. comm.) reported that this was a poor area for deer.  Wildlife
was not abundant but the area was used some by black and grizzly bears, wolverine, bobcat, and
coyote.

No information was obtained on current wildlife use.

3.2 Impacts on Wildlife

Feature Description of Effects
N

eg

P
os

Origin

Dam footprint of __ha: loss of coniferous forest and riverine
habitats.

x

Flooding of 140 ha of Cheakamus River valley and 17 ha
Daisy Lake: loss of high-elevation riverine, riparian, wetland,
and coniferous habitat for species such as furbearers.

x GIS

Flooding of 237 ha of upland forest: loss of high-elevation
coniferous upland habitat.

GIS

Conversion of 15 km of Cheakamus River and 4.7 km of
tributaries to lake: barrier to movement of large mammals
(bears and ungulates).

x GIS

Daisy Lake
Dam/

Reservoir

Rapidly fluctuating reservoir water levels (13.1 m) due to
hydro-electric operations: effects on establishment of aquatic
and/or riparian vegetation in drawdown zone.

x BCH web page

Diversion
tunnel to
Squamish

River

Decreased flows in 15.5 km of Cheakamus R. and increased
flows in 21 km of Squamish R: unknown effects on
downstream aquatic wildlife (e.g., American Dipper, Great
Blue Heron, Harlequin Duck)

x x GIS
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Feature Description of Effects

N
eg

P
os

Origin

Flooding of 4 ha of valley bottom along inflow stream and
around Shadow Lake:  loss of valley bottom and valley side
coniferous, deciduous, and wetland habitats, incl. riparian,
and associated wildlife losses.

x GISShadow Lake

Fluctuating reservoir water levels due to hydro-electric
operations: effects on establishment of aquatic and/or riparian
vegetation in drawdown zone.

x

3.3 Factors Limiting Wildlife Diversity and Productivity

‘Limiting factors’ have been identified based on available information and current understanding
of the major constraints on species and populations of concern.  Further inventory and research
may be needed to determine the particular role of these and other factors.
The following are suspected factors that limit current levels of wildlife for species groups
associated with the habitats listed previously in Table 1-2.  These also reflect the key issues
raised at BCRP regional workshops.

1. Habitat Change:   Altered flow regime has changed riverine and riparian habitats.  Potential effects on
wildlife include changes to habitat quality and quantity for tailed frogs, water shrews, harlequins and dippers.

2. Loss of Habitat:   Loss of side channel habitat downstream of diversion.  Loss of riparian and floodplain
habitat in valley bottoms.  Loss of high elevation wetland habitats in flooded valley bottoms.  Potential
effects include availability of habitat for amphibians, water shrews and other small mammals and their
predators, browse for ungulates and breeding habitat for some species of neotropical migrants.  Loss of
coniferous lowlands and upland habitats.

3. Reduced Productivity:   Lack of riparian vegetation in drawdown zone; effects on ungulates, furbearers,
small mammals and several species of passerines including some neotropical migrants.

3.4 Wildlife Restoration Objectives

Objective 1:  Rehabilitate reservoir drawdown zones to enhance productivity and
wildlife habitat in Daisy Lake/Shadow Lake.

Discussion:
See limiting factor # 3.  Improve vegetation in the drawdown zone.
• Develop foreshore habitat complexes at suitable locations.
• Create nesting cavities and raptor perches where beneficial through management activities such as

snag creation.

Objective 2:  Conserve riparian and wetland habitats in the downstream portions of
Cheakamus River.
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Discussion:
See limiting factor # 1 and 2.  Identify key habitats for conservation of biodiversity and
enhanced production.
• Undertake conservation, through protective measures, habitat acquisition and other means, in the lower

reaches of the river or in the reservoir.

Objective 3:  Create or enhance wetlands and riparian habitats for aquatic and cavity
dependent species and small mammals).

Discussion:
See limiting factor # 1 and 2.  Flood shallow basins in the watershed where feasible.
• Create backwater channel and associated riparian habitats along Cheakamus River segments where

reduced downstream flows have diminished natural channel complexity.

Objective 4:    Improve the knowledge base on rare, endangered and threatened species
and habitat utilization in the Cheakamus watershed.
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4. CHEAKAMUS WATERSHED REFERENCES

4.1 Map and Air Photo References

Reference Location Source
1;50,000 scale NTS 92 G/14 1st edition, 1952; south sheet only UBC Map Library
Air Photos  - 1949
BC 260: 31-33;  BC 262: 76-77; BC 324: 21, 30, 47

MELP, Victoria

4.2 Hydro Facility and Fish References

Reference Notes Sources
Anon. 1957.  A report on the fisheries problems related to the power
development of the Cheakamus River system. Department of Fisheries
Canada, Vancouver, BC. March. 44 p.

cited in Rosenau &
Chilibeck 1997

Anon. 1981.  Squamish estuary management plan. Habitat Work Group,
final report. 139 p.

cited in Lewis & Guy
1996

Argue, A.W. and C.C. Wilson. 1978.  Squamish River spawning ground
recovery of 1973 brood coded-wire-tagged coho salmon. Fish. and Mar.
Serv. Man. Rep. No. 1469. 49 p.
Bent, H., C. Grupe and D. Lee. 1994.  An overview of the state of aquatic
habitat and water resources in the Howe Sound watershed. 1994. Prepared
for the Howe Sound Round Table.

cited in Kerr
Wood 1998

Blanchut, S.P. and R.G. Ferguson. 1983.  Daisy Lake Dam spillway test,
3 August 1983, and associated observations of fish and fish habitat in the
Cheakamus River. B.C. Hydro, Environmental and Socio-Economic
Services, Engineering Services Division. No. ESS-95, 33 p.

BC Hydro

Bland, C.R. 1997.  Cheakamus River gravel inputs and movement. Report
for BC Hydro, Power Supply Operations, Burnaby. 5 p.

cited in Kerr Wood
Leidal 1998

Bland, C.R. 1997.  Cheakamus River channel stability, Culliton Creek to
Cheekeye River. Report for BC Hydro, Power Supply Operations,
Burnaby. 3 p.

cited in Kerr Wood
Leidal 1998

B.C. Hydro. 1983.  Daisy Lake dam and spillway test 3 August 1983 and
associated observations of fish and fish habitat in the Cheakamus River.
Environmental & Socio-Economic Services, Engineering Services
Division. Report #ESS-95.

BC Hydro

B.C. Hydro. 1992.  Gordon M. Shrum, Cheakamus, Strathcona, Seton
Generating Stations; Trashrack Cleaning Phase 2 Studies. BC Hydro,
Hydroelectric Engineering Division. Report H2399.  22 p.

BC Hydro

B.C. Hydro. 1994.  Report on the electric system operations review
(ESOR). Prepared for The Minister of Employment and Investment and
the Minister of Energy Mines and Petroleum Resources. Unpublished
report.

overview of operations & issues
for all facilities

BC Hydro

B.C. Hydro. 1999.  Cheakamus Dam. Operation, maintenance and
surveillance manual for dam safety. Director of Dam Safety. Report No.
OMSCMS. 10 p.

facility description BC Hydro

Brown, R.F., M.M. Musgrave and D.E. Marshall. 1979.  Catalogue of
salmon streams and spawning escapements of Lillooet-Pemberton sub-
district. Can Data Rep. Fish. Aquat. Sci. 161. 80 p.
Clark, B.J. 1981.  The Squamish River steelhead investigations, 1977-
1979. Regional Fisheries Report No. LM001, Fish and Wildlife
Management, Ministry of Environment, Surrey, BC.
Clark, B.J. 1982.  Cheakamus River wild steelhead fry densities. Internal
memo to Peter Caverhill, Ministry of Environment, Surrey, BC. October.

cited in Lewis & Guy
1996
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Reference Notes Sources
Clark, B.J. 1985.  Cheakamus River steelhead fry requirement. Internal
memo to Peter Caverhill, Ministry of Environment, Surrey, BC. February
11.

cited in Lewis & Guy
1996

Clark, B.J. 1985.  Steelhead fry outplant potential – Cheakamus River
tributaries – 1984. Manuscript report, Ministry of Environment, Fisheries
Branch, Surrey, BC. March.

cited in Lewis & Guy
1996

Clark, B.J. 1988.  The steelhead populations in Reach 3 of the Squamish
River. Regional Fisheries Report No. LM145. Ministry of Environment,
Surrey, BC.
Clark, B.J.  1989.   Steelhead Fry Densities of the Cheakamus River
During October, 1988 and Resulting Adult Production.  Ministry of
Environment, Surrey, B.C.  Fish. Rep. No. LM157.

Juvenile steelhead densities were
at or over optimal densities in
October 1988.  The 1988 adult
steelhead escapement was
estimated at 534 fish.  The
number of adults required for
optimal fry saturation was 256
leaving a biological surplus of
277 adult steelhead.  Adult
steelhead runs resulting from the
fry and pre-smolts studied in
1988 are estimated at between
561 and 611 fish beginning in
1991.

cited in Lewis & Guy
1996

Demontier, D.G. 1978.  Squamish River system biological survey 1977.
Memo. report. Department of Fisheries and Oceans. Vancouver, B.C. 40
p.

cited in Hirst 1991

Department of Fisheries and Oceans. 1957.  A report on the fisheries
problems related to the power development of the Cheakamus River
system. Manuscript report. 39 p.

cited in Lewis & Guy
1996

Department of Fisheries and Oceans. 1980.  Cheakamus River minimum
flows. Internal memo from G. Kosakoski to R. Robertson. Vancouver,
B.C. 25 January 1980.

cited in Hirst 1991

EMA. 1993.  Technical review of “Excessive algal growth concerns in the
Cheakamus River system: the assimilative capacity for increased nutrient
loadings”. By Environmental Management Associates, Calgary, Alberta
for The Resort Municipality of Whistler. 22 p.

cited in Perrin 1998

Environment Canada. 1982.  Cheakamus River nutrient loading. Letter
from M.A.V. Ross to G. Gough, Ministry of Environment. Victoria, B.C.
9 November 1982.

cited in Hirst 1991

EVS Environment Consultants. 1997.  Coho salmon spawning
enumeration in the Mamquam, Stawamus, Little Stawamus, and
Cheakamus Rivers. Feb.

cited in Kerr Wood
1998

Hancock, M.J. and D.E. Marshall. 1986.  Catalogue of salmon streams
and spawning escapements of statistical area 28. Howe Sound-Burrard
Inlet. Can. Data Rep. of Fish. and Aquat. Sci. No. 557. 190 p.
Hartman, G.F. and C.A. Gill. 1968.  Distributions of juvenile steelhead
and cutthroat trout (Salmo gairdneri and S. clarki clarki) within streams
in southwestern British Columbia. J. Fish. Res. Bd. Canada 25(1):33-48.
Hatfield Consultants Ltd. 1998.  Fisheries sustainability in the Squamish
River watershed. From the November 27-30, 1997 public forum. Draft
report for Sustainable Fisheries Foundation and Forest Alliance of B.C.
43 p.

Fisheries Sustainability Forum a
joint alliance of SFF & FABC

BC Hydro

Higgins, P.S. 1995.  Cheakamus River instream flow: evaluation of
instream flow proposals and identification of B.C. Hydro preferred flow
proposal. Internal document dated July 18. 9 p.

cited in Lewis & Guy
1996

Hirst, S.M. 1991a.  Impacts of the operation of existing hydroelectric
developments on fishery resources in British Columbia. Volume 1.
Anadromous salmon. Canadian Manuscript Report of Fisheries and
Aquatic Sciences 2093. 144 p.
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Reference Notes Sources
Hirst, S.M. 1991b.  Impacts of the operation of existing hydroelectric
developments on fishery resources in British Columbia. Volume 2. Inland
fisheries. Canadian Manuscript Report of Fisheries and Aquatic Sciences
2093. 200 p.
Hoos, L.M., and C.L. Vold. 1975.  The Squamish River estuary: status of
enviromnental knowledge to 1974. Special Estuary Series No. 2.
Environment Canada. Vancouver, B.C.

cited in Hirst 1991

Kerr Wood Leidal Associates Ltd. 1998.  Review of Cheakamus River
power project. Draft report for the Squamish Nation. 38 p.

BC Hydro

Knight, R.C.  1990.  Biophysical assessment of the upper Cheakamus
River, between Cheakamus and Daisy Lakes.  BC Ministry of
Environment, Surrey, B.C.  Regional Fish. Rep. No. LM207.

In September, 1989 field work
was undertaken to assess
rainbow trout populations of the
upper Cheakamus River and to
identify recreational fishery
potential and enhancement
opportunities.  This study was a
continuation of assessment work
that focused on the middle
Cheakamus River in 1988.
There is no significant
recreational fishery potential on
this section of the Cheakamus
River. He recommended it be
included in a single fisheries
management plan and that no
changes be made to current
regulations.

MELP

Korman, J. 1995.  A Monte Carlo-Power analysis to evaluate the utility of
using escapement data to detect the response of salmonid populations to
instream flow changes in the Cheakamus River. Unpubl. rept. for BC
Hydro. 18 p.

cited in Korman &
Riley 1995

Korman, J. 1995.  A quantitative evaluation of the utility of escapement
data to detect the response of salmonid populations to instream flow
changes in the Cheakamus River. BC Hydro, Safety and Environment,
Vancouver. 21 p.

BC Hydro

Korman, J. and S.C. Riley. 1995.  Assessing the effects of flow releases
on fish production in the Cheakamus River: experimental design and
monitoring options. BC Hydro, Safety and Environment, Vancouver. 24
p.

BC Hydro

Korman, J. and S.C. Riley. 1995.  Selection of control rivers for the
Cheakamus River monitoring program: a comparative analysis based on
time series of salmon and steelhead abundance indices. BC Hydro, Safety
and Environment, Vancouver. 22 p.

BC Hydro

Levy, D.A. and C.D. Levings. 1978.  A description of the fish community
of the Squamish River Estuary, British Columbia. Relative abundance,
seasonal changes, and feeding habits of salmonids. Fish. Mar. Serv. MS
Rep. 1475, 63 p.
Lewis, A.F.J. and B.T. Guy. 1996.  Cheakamus River fisheries study
1991-93. Triton Environmental Consultants Ltd. for BC Hydro, Safety
and Environment, Strategic Fisheries, Burnaby. 154 p.

biophysical inventory and
enhancement options

BC Hydro

Lewis, A.F., G.J. Naito, S.E. Redden and BC Hydro Safety &
Environment. 1996.  Fish flow studies project: fish flow overview report.
BCH Safety & Environment Rept. No. EA:95-06, 144  p.

comprehensive review of flows,
facilities and fish for all BCH
projects

BC Hydro

Lister, D.B., D.E. Marshall, and D.G. Hickey. 1980.  Chum salmon
survival and production at seven improved groundwater-fed spawning
areas. Can. Manuscr. Rep. of Fish. Aquat. Sci. 1595: 58 p.
Lucey, W.P., B. Moore and A.P. Austin.  1989.  Excessive algae growth
concerns in the Cheakamus River system: the assimilative capacity for
increased nutrient loadings. BC Ministry of Environment, Waste
Management, Surrey, Rept. No. 89-01, 22 p.
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Reference Notes Sources

Lucey, W.P., B. Moore, B.T. Jeffs, C.L. Barraclough, K.E. Congdon and
A.P. Austin. 1992.  Impact on a pristine mountain river of domestic waste
waters from remotely-located, recreationally-accelerated, development of
a wilderness. Can. Tech. Rep. Fish. Aquat. Sci. No. 1879; 49-60.

Impact of domestic waste waters
from Whistler on the Cheakamus
and Squamish rivers

Macfarlane, S.A. and M.L. Rosenau. 1995.  Cheakamus river flow
management study: Daisy Lake reservoir flow releases. Joint letter from
DFO and MELP to Regional Environmental Co-ordinator, BC Hydro.
January 9.

cited in Ward &
Yassien 1996

MacKinlay, D.D. 1985.  Review of the biological design criteria for the
Tenderfoot Creek salmonid enhancement facility. Salmonid Enhancement
Program, Dept. Fisheries and Oceans. Vancouver, B.C. 95 p.

Cheakamus stock enhancement cited in Hirst 1991

Matthews, J.G. 1996.  Correspondence July 15, 1954 -  Nov. 28, 1995 re
Cheakamus water licence application. MS, BC Hydro. 91 p.

BC Hydro

Northwest Hydraulic Consultants Ltd. 1991.  Assessment of flood
potential downstream of B.C. Hydro dams. Squamish/Cheakamus River.
B.C. Hydro Report No. H2265. 19 p.

BC Hydro

Perrin, C.J. 1995.  Modification of Fluvial N and P Transport by the
Daisy Lake Reservoir in Early Fall. Limnotek Research and Development
Inc. Prepared for BC Hydro, Lower Mainland Production, Burnaby, BC.
25 p.

BC Hydro

Perrin, C.J. 1998.  Phosphorus transport and periphyton accrual in the
Cheakamus River. Final report. Limnotek Research and Development Inc.
for The Resort Municipality of Whistler and B.C. Hydro. 81 p.

BC Hydro

Riley, S.C. and J. Korman. 1995.  Juvenile salmonid monitoring in the
Cheakamus River: results of a pilot study and recommendations for
monitoring design. BC Hydro, Safety and Environment. 27 p.

BC Hydro

Rosenau, M. and B. Chilibeck. 1997.  B.C. Hydro Cheakamus River
generating station and Daisy Lake reservoir: analysis of water use,
potential power generation and instream flows for fish. Draft. 15 p.

BC Hydro

Schubert, N.D. 1993.  Enumeration of the 1988-1992 Squamish River
chinook salmon escapement. Can. Man. Rept. Fish. Aquat. Sci. 2187.
SEP (Salmonid Enhancement Program). 1977.  Annual report 1977.
Department of Fisheries and Oceans. 84 p.
SEP (Salmonid Enhancement Program). 1978.  Annual report 1978.
Department of Fisheries and Oceans. 92 p.
SEP (Salmonid Enhancement Program). 1981.  Annual report 1981.
Department of Fisheries and Oceans. 223 p.
SEP (Salmonid Enhancement Program). 1983.  Annual report 1983.
Department of Fisheries and Oceans. 201 p.
SEP (Salmonid Enhancement Program). 1991.  Enhancement operations
status. Data report. Sept. 10. Department of Fisheries and Oceans, 555 W.
Hastings St., Vancouver, BC.
Sheng, M.D., M. Foy, and A.Y. Fedorenko. 1990.  Coho salmon
enhancement in British Columbia using improved groundwater-fed side
channels.  Can. Manuscr. Rep. Fish. Aquat. Sci. 2071: 82 p.
Sigma Engineering Ltd. 1995.  Squamish River fall and winter flow
ramping studies: fall and winter fish habitat use and fish stranding
assessment. BC Hydro, Corporate Safety and Environment. Proposal.
Report no. PE5862. August 25. 24 p.

BC Hydro

Sigma Engineering Ltd. 1996.  Squamish River fall and winter flow
ramping studies: fall and winter fish habitat use and fish stranding
assessment.  BC Hydro, Corporate Safety and Environment. Report no.
E5862. April. 73 p.

BC Hydro

SISS (Stream Information Summary System). 1989.  Stream information
for the Squamish River and tributaries.  Department of Fisheries and
Oceans, Vancouver, BC.
Stenton, C.E. 1968.  Cheakamus River steelhead life history and
sportfishery.  MS report, Fish and Wildlife Branch, Ministry of
Environment. Region 2, Surrey, BC, 31 p.

cited in Lewis & Guy
1996



Bridge-Coastal Fish & Wildlife Restoration Program
Volume 2:       CHEAKAMUS RIVER WATERSHED

17

Reference Notes Sources

Ward, P. and H.A. Yassein. 1996.  Water releases at the Cheakamus
Power Plant: a review of licensed diversion operations.  Ward &
Associates Ltd.  Prepared for Ministry of Environment, Lands and Parks
and Department of Fisheries and Oceans, Vancouver, BC. 12 p.

jointly funded by MELP-
HCF/DFO

BC Hydro

Wightman, J.C. n.d.  Summary of data relating to Brew (Widow) Creek, a
tributary to Cheakamus Reservoir (Daisy Lake) north of Squamish, B.C.
unpubl. report, Fish and Wildlife Branch, BC Minstry of Environment,
Victoria, BC.

cited in Hirst 1991

4.3 Wildlife References

Reference Notes Source
B.C. Hydro. 1998.  Rare element occurrence: Field guide to the rare
and endangered species found within the watershed boundaries of each
BCH facility.  Strategic Fisheries, Power Supply Operations, Burnaby,
BC.

All red, blue and yellow-listed
species; no elements recorded
for Cheakamus basin

BC Hydro

Lay, Jack. Former animal control officer in lower mainland & SW B.C. Generally low values in this area
due in part to high elevation.
-some black & grizzly bears
-some wolverine, bobcat, coyote
-poor deer area

personal
communication.

Province of British Columbia Department of Attorney General, 1956.
Provincial Game Commission Report.

Flow requirements for
Cheakamus River established

Provincial Archives,
MELP Surrey: Jack
Evans

Province of British Columbia.  1955.  Provincial Game Commission
Report.  1954.  Authority of the Legislative Assembly, Victoria BC.

Refers to survey of Daisy Lake
in connection with power, Fish
protective facilities and
minimum flows guaranteed in
Cheakamus & Seton Creek.
Reservoir clearing expected for
Cheakamus

Provincial Archives,
MELP Surrey: Jack
Evans
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Chapter 14

CLOWHOM RIVER WATERSHED

Figure 14-1.    Location of Clowhom River hydro project

1. PROJECT DESCRIPTION

1.1 Facilities

The Clowhom Project, commissioned  in 1958 by the B.C. Electric Co., consists of a dam
impounding Lower Clowhom Lake which is joined to Upper Clowhom Lake by a short channel
and has one power plant 400 metres downstream of the dam.

Prior to construction of the existing development, B.C. Power Commission had installed a
smaller plant consisting of a concrete dam, penstock and powerhouse in 1952 (see Keller &
Leslie 1996). The existing dam is just downstream of the older structure.



Bridge-Coastal Fish & Wildlife Restoration Program
Volume 2:           CLOWHOM RIVER WATERSHED

2

Specifications for the facilities and reservoir:

DAM Clowhom
Nameplate capacity  (MW) 30
Dependable capacity  (MW) 20
Dam function storage, diversion
Date constructed 1952
Date operational
Date reconstructed 1958
Height  (m) 22
Length  (m) 402
Dam footprint area   (m2)
Fishway at dam no
Historic anadromous fish presence not substantiated

RESERVOIR Clowhom
Cleared/ not cleared cleared
Present area  (ha) 745
Watershed area  (km2) 390
Present elevation a.s.l.  (m) 30 (bathym)
Normal drawdown range (m) 11.3
Mean depth  (m) 54
Maximum depth  (m) >100
Storage  (million m3) 45
Mean water retention time
Mean annual discharge   (m3/s)

DIVERSION to power house
Structure type penstock  (300m)
Licensed flow    (m3/sec) 75
Fish flow release  (m3/sec)
Mainstem length diminished Q (km) 350 m
Mainstem length augmented Q  (km)

                                 
     Figure 14-2.    Clowhom Dam (BC Hydro)
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1.2 Hydrology

1.2.1 Basin and Runoff

The 390 km2 Clowhom basin is situated in the South Coast Mountains, approximately 55 km
northwest of Vancouver and discharges into Salmon Inlet behind Sechelt.  Elevations range from
30 m to about 2400 m (Mt. Tantalus). The terrain varies from sparse forest in the valleys to
barren rock at treeline. Glaciers are present but do not constitute a significant portion of the
basin.

The region is dominated by Pacific air masses rising over the windward slopes along the
coastline.  Warm temperatures in April and May initiate snowmelt which causes a sharp increase
in local streamflow.  Most runoff occurs in June and July, with inflow decreasing in August-
September. Heaviest peak flows occur from fall rainstorms between September and December. A
combination of a heavy rainfall event, large snowpack, and warm air temperatures will create a
very heavy peak flow. In January the temperatures tend to stabilize below freezing and
streamflows drop until spring.

1.2.2 Habitat Types Flooded by Reservoir

Reservoir impoundment flooded three original lakes whose total area was about 430 hectares.
The reservoir area is 745 ha after flooding 315 ha of land (Figure 14-3). The reservoir shoreline
length is now 25 km.  The bathymetry of Clowhom Reservoir is shown in Figure 14-4.

The GIS calculations done in this study estimated the following losses of fish habitat from the
pre-impoundment condition:

Clowhom Reservoir Original habitat lost

Lakes flooded                    (ha) 430
Land flooded                    (ha) 315
Lake shoreline                  (km) 17
Mainstem: length             (km) 6
                  channel           (ha) 32
                  riparian *        (ha) 37
Tributary:  length             (km) 3
                  riparian **      (ha) 9
Wetland:                           (ha) 0

*   mainstem riparian zone calculated at 30 m from each bank
**   tributary riparian zone calculated at 15 m from each bank
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2. FISH

2.1 Historic and Current Species Presence

Table 14-1 lists the species currently found in major reaches of the Clowhom River basin.

2.1.1 Upstream of Clowhom Dam

An extensive sport fishery for rainbow and cutthroat trout existed in the original lakes from 1927
to 1956 (Keller & Leslie 1996).  A fishing lodge continues to operate (BC Hydro 1994).   The
pre-impoundment lakes were judged to be unproductive due to their depth and the lack of
benthic organisms and observable plankton (Smith and Larkin 1950).

The upper Clowhom River has extensive spawning gravels (Smith and Larkin 1950; B.C. Game
Commission 1956; J. Stephen, Conservation Officer, field notes).  Most reservoir tributaries are
presently limited in habitat quality due to steep gradients, coarse substrates, obstructions, and
low summer flows (Lewis et al. 1996).  Some tributaries, e.g., Red Tusk Creek, have been used
as spawning habitat but species were not specified (Hirst 1991b).

2.1.2 Downstream of Clowhom Dam

Archival information indicates the absence of anadromous fish in the Clowhom basin in the last
century, at least in large or consistent numbers.  A small side channel existed prior to initial dam
construction in 1950 that reportedly enabled coho salmon and steelhead to ascend the falls and
possibly contained some spawning and rearing functions (workshop).

2.2 Impacts on Fish

Facility Description of impacts

N
eg

P
os

Source

1. Reservoir flooded 6 km of mainstem channel and 3 km of
lower tributary channel, plus their associated riparian zones;
original species composition unchanged.

x GISClowhom
Reservoir

2. Drawdowns of 6-11 m may reduce littoral productivity in
reservoir of 22 m max.depth.

x Lewis et al.
1996

3. Dam footprint of _ m2:  loss of instream, riparian and upland
habitats.

xClowhom
Dam

4. Entrainment mortality and injury: magnitude unknown. workshop

5. Construction of two dams has eliminated a narrow 200m long
side channel around falls that may have provided anadromous
access.

x workshopRiver
between
Dam and

Powerhouse 6. Dam has reduced LWD and gravel recruitment to side
channel habitats reported downstream.

x workshop

Below
Powerhouse

7. Localized effects on salinity regime in marine foreshore. x workshop



Source:   Fish information from BC Fishing Directory and Atlas - Freshwater Edition. 1998/99. O.P. Publishing Ltd. Vancouver BC. 170 p.

As of May 2000, there was no information on the Clowhom River watershed in FISS database or MOELP's Pisces  website.
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 Phantom Lake
 Clowhom R. Mainstem no information
      Red Tusk Creek no information
 Clowhom Lake
      Taquat Creek no information
      Dempster Creek no information

CLOWHOM DAM No fishway.

 Clowhom R. Mainstem

Table 14-1.    Fish Species in the Clowhom River Watershed.

       Clowhom
        River
      
           upstream

       downstream



Bridge-Coastal Fish & Wildlife Restoration Program
Volume 2:           CLOWHOM RIVER WATERSHED

8

Non-Hydro Impacts - Other impacts on fish in the Clowhom River watershed include historic
effects of logging and mill activities.

2.3 Factors Limiting Fish Diversity and Production

'Limiting factors' have been identified in a general manner based on available information and
current understanding of the major constraints on species and populations of concern.  Further
inventory and research may be needed to determine the particular role of these and other factors.

The following are suspected factors that limit current levels of fish populations within the
Clowhom River watershed.  These also reflect the key issues raised at BCRP regional
workshops.

1. Loss of habitat:   Former spawning, rearing and overwintering areas are permanently lost or seasonally
reduced due to dam footprint, reservoir flooding, flow diversions or operating flows; or from non-hydro
sources.

2. Reduced downstream habitat capability:   If there is useable fish habitat below the dam, it may be
altered by reduced sediment or wood recruitment.

3. Reduced biological productivity:   The three original Clowhom lakes have been permanently
affected by the enlarged reservoir and its drawdown regime.

4. Reduced tributary access:   Reduced fish access between reservoir and tributary habitat due to the
drawdown regime.

2.4 Fish Restoration Objectives

Objective 1:   Conserve and improve habitats for resident fish stocks in the Clowhom
Reservoir and tributary system.

Discussion:
Undertake appropriate treatment, consistent with the BCRP Strategy, to conserve, create
or improve existing habitat. Activities in response to limiting factors #1 and 4 above
should be preceded by a study plan for the reservoir and tributary system that considers:

• operating flow regime  (Clowhom Water Use Plan)

• opportunities to purchase or covenant floodplain properties for future habitat projects

• identification of present critical tributary habitats that sustain stocks, and locations of potential habitat
works in the future

• potential habitat development sites with hydraulic characteristics that will operate within the expected
regulated regime of fluvial and riparian processes and require low maintenance

• opportunities for habitat development and for planting riparian vegetation

• wildlife biodiversity values at all proposed fish habitat development sites

• restoration of fish access through drawdown zones to historical upstream habitats

• current harvest pressures on stock recruitment
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• identification and filling of data gaps on issues such as fish entrainment, angling harvest effort, etc.
that may also constrain populations.

Objective 2:   Restore biological productivity in Clowhom Reservoir system.

Discussion:
Undertake appropriate treatment, consistent with the BCRP Strategy, to improve
reservoir productivity.  Activities should be preceded by a study plan for the reservoir
and tributary system, in response to limiting factor #3 above, that addresses:

• feasibility of a phased program of fertilization trials and performance indicators

• potential methods to achieve self-sustaining nutrient levels and reduce costs

• determination of appropriate low-level nutrient levels to mimic historic levels

• relative values of fertilizing fish-bearing tributaries vs reservoir plankton or littoral zone

• ecological effects of fertilization on non-target plants and aquatic animals

• wildlife biodiversity values at proposed fertilization sites

• identification and filling of data gaps on issues such as entrainment, angling harvest effort, etc. that
may also constrain populations.

Objective 3:   Investigate habitat conditions for fish stocks between Clowhom Dam and
tidewater.

Discussion:
A data gap exists with respect to the historic and potential future use of the channel below
the dam for fish and wildlife.  Activities should be preceded by a study plan, in response
to limiting factors #1 and 2 above, that considers:

• operating flows and fish flows (Water Use Plan)

• identification of critical habitats that sustain present stocks, and locations of potential habitat works in
the future

• potential habitat development sites with hydraulic characteristics that will operate within the expected
regulated regime of fluvial and riparian processes and require low maintenance

• identification and filling of data gaps on issues that may also constrain populations.

3. WILDLIFE

3.1 Historic and Current Populations and Habitats

No information is available about historic or current wildlife.  The area was probably typical of
other coastal fiord rivers and provided good winter and spring range for deer and for black and
grizzly bear. The area is located within the mapped grizzly bear abundance ratings of “nil” to
“few.”
The area was “devastated by fire” about 1850, but there was still enough cedar to operate a
shingle mill beginning in 1901 (Keller and Leslie, 1996).
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Blue-listed species occurrences on file with the Conservation Data Centre include
• Smooth Willowherb (Epilobium glaberrimun sps fastigiatum) on 30% slope 1 km W of

Slippery Creek

3.2 Impacts on Wildlife

Feature Description of Effects

N
eg

P
os

Origin

Dam footprint of xx ha: loss of riverine and coniferous forest
habitat.

x Hirst 1991

Flooding of 315 km of  habitat, incl. 32 ha of river channel
and 278 ha of upland forest: loss of riverine and coniferous
forest (burned in 1850's and logged in 1910's) habitat and
associated wildlife.

x GIS

Replacement of 6.1 km of river channel and 3 km of
tributaries by reservoir: barrier to movement of wildlife;
creation of open water for waterfowl and osprey.

x x GIS

Clowhom
Dam &

Reservoir

Fluctuating reservoir water levels (9.4 m) due to hydroelectric
operations: effects on establishment of aquatic and/or riparian
vegetation in drawdown zone.

x HCH web
page

3.3 Factors Limiting Wildlife Diversity and Productivity

‘Limiting factors’ have been identified based on available information and current understanding
of the major constraints on species and populations of concern.  Further inventory and research
may be needed to determine the particular role of these and other factors.

The following are suspected factors that limit current levels of wildlife for species groups
associated with the habitats listed previously in Table 1-2.  These also reflect the key issues
raised at BCRP regional workshops.

1. Reduced Productivity:  Lack of riparian vegetation in drawdown zone; effects on ungulates, furbearers,
small mammals and several species of passerines including some neotropical migrants.

2. Loss of Habitat:    Loss of riparian and floodplain habitat in valley bottoms.  Potential effects include
availability of habitat for amphibians, water shrews and other small mammals and their predators, browse
for ungulates and breeding habitat for some species of neotropical migrants.   Loss of coniferous lowlands
and upland habitats.

3. Wildlife Migration:   Impediments to wildlife movement (especially large mammals) caused by
structures, reservoirs and diversions.

3.4 Wildlife Restoration Objectives
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Objective 1:  Rehabilitate reservoir drawdown zones to enhance productivity and
wildlife habitat in Clowhom Reservoir.

Discussion:
See limiting factor # 1.  Improve vegetation in the drawdown zone.
• Develop foreshore habitat complexes at suitable locations.
• Create nesting cavities and raptor perches where beneficial through management activities such as

snag creation.

Objective 2:  Conserve riparian and wetland habitats, through habitat acquisition and
other protective measures.

Discussion:
See limiting factor # 2.  Identify key habitats for conservation of biodiversity and
enhanced production.
• Undertake conservation, through protective measures, habitat acquisition and other means, in the

watershed.

Objective 3:  Create or enhance wetlands and riparian habitats for aquatic species
(amphibians, waterfowl, cavity dependent species, small mammals).

Discussion:
See limiting factor # 2.  Consider various opportunities to dyke selected drawdown areas
to hold water during growing and breeding season (spring and summer), or fall migration,
when reservoir is normally drawn down at those times.

Objective 4:  Create elk winter range.

Discussion:
Work with forestry companies to leave shelter stands in association with logged clearings
that provide forage.
• Establish vegetation in the reservoir drawdown zone, especially near lake inlet and creek deltas.
• Assess the feasibility of re-introducing elk.

Objective 5:    Improve the knowledge base on rare, endangered and threatened species
and habitat utilization in the Clowhom watershed.
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4. CLOWHOM RIVER WATERSHED REFERENCES

4.1 Map and Air Photos

Reference Location Source
Clowhom River, map of millsite and diversions, Dept. of Lands,
Water Rights Branch, Survey 1921, Feb. 1922

BC Archives

Plan of Flooded Area of Hydro-electric Development of Clowhom
River & Lakes by BC Electric Company Limited; 1 in = 400 ft
1957

Legal Surveys, MELP; 49-123 NE/NW

1:50,000 1st edition NTS topographic, Salmon Inlet, 1950-52,
Squamish, 1952; 92 G14/W

UBC map library

Legal survey of Lot 3153, 1930; and Lot 1901, 1900; Plan 13T2,
New Westminster District showing lower Clowhom Lake

Legal Surveys, MELP

1912 Pre-emptors Map UBC map library
Air Photos, 1947 BC 405:2, 12, 25

4.2 Hydro Facilities and Fish References

Reference Notes Sources
B.C. Game Commission. 1956.  Game fish culture – obstructions – lower
mainland – Clowhom River. Memo from I.L. Withler to E.H. Vernon,
Vancouver, B.C. 23 November 1956.

cited in Hirst 1991
(inland)

B.C. Hydro. 1987.  Clowhom Dam Operation and Maintenance Manual.
B.C. Hydro. OM404/02.

BC Hydro Info Centre

B.C. Hydro. 1991.  Long-Term Hydrologic Data Collection Networks:
La Joie, Terzaghi, Seton, Elsie, Wahleach, and Clowhom Basins.  B.C.
Hydro, Hydroelectric Engineering Division. Report H2067.  34 p.

BCH basin is 384 km2. Elev.
range is 10m to 2400m.

BC Hydro

B.C. Hydro. 1993.  Reservoir recreation opportunities inventory. Social
Resources Dept., Environmental Affairs Division, Burnaby, BC. Report
no. ER 93-09.

cited in Lightowlers
1997

B.C. Hydro. 1994.  Report on the electric system operations review
(ESOR). Unpubl. report for The Minister of Employment and Investment
and the Minister of Energy Mines and Petroleum Resources. .

overview of operations & issues
for all facilities

BC Hydro

B.C. Hydro. 1995.  Circuit 1L44 Sechelt-Clowhom Rehabiltation Project
– Environmental Management Plan. B.C.Hydro, Safety and
Environment. Unpublished report.

BC Hydro

B.C. Hydro. 1997a.  Clowhom project system operating order 4P-27.
Power Facilities Dept., Burnaby, B.C.

cited in Lightowlers
1997

B.C.Hydro. 1997b.  Clowhom Falls – Facility Field Guide – December
1997. B.C. Hydro, Power Supply. File No. 15-200.22

BC Hydro

B.C. Hydro. 1998.  Rare element occurrence: Field guide to the rare and
endangered species found within the watershed boundaries of each BCH
facility.  Strategic Fisheries, Power Supply Operations, Burnaby, BC.

all red, blue and yellow species BC Hydro

B.C. Hydro. 1999.  Recreation opportunities inventory.  Power Supply
Environment, Rept. ER 99-08., 206 p.

color maps and description of all
facilities

BC Hydro

B.C. Hydro.  other reports:
A4229 Clowhom Falls Development: hydraulic plant data sheet. BC Hydro Info Centre

A1315 Preliminary report of Clowhom falls
621.312134 K53 19 Water power investigations 1922:  Clowhom

A3277 Dam safety investigations: long term hydrologic data.
A0937 Clowhom dam: spillway tests 1983

A4939 Clowhom Reservoir: reservoir debris mgmt plan
B.C.Power Commission. n.d.  B.C.P.C. Hydroelectric Plant Data BC Hydro Info Centre
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Reference Notes Sources
Department of Fisheries and Oceans./BC Ministry of Environment.
1991.  Fish habitat inventory and information program. Stream
information for Clowhom Lake.
Hirst, S.M.  1991.  Impacts of the operation of existing hydroelectric
developments on fishery resources in British Columbia, Vol. 1.
Anadromous salmon. Can. Manuscript Rep. Fish. Aquat. Sci. 2093 v.1:
144 p.
Hirst, S.M.  1991.  Impacts of the operation of existing hydroelectric
developments on fishery resources in British Columbia, Vol. 2. Inland
fisheries. Can. Manuscript Rep. Fish. Aquat. Sci. 2093 v.2:  200 p.
Keller, B.C. and R.M. Leslie. 1996.  Bright Seas, Pioneer Spirits - the
Sunshine Coast. Horsdal & Schubart Publishers, Victoria, BC. 232 p.

In 1937, the Columbia Power Co. built a powerhouse on Sechelt Indian
band land beside Chapman Creek, installed a large Pelton wheel and
supplied 337 customers with power until 1947. Needing more capacity in
1948, the BC Power Commission already owned Clowholm’s water
rights because Columbia Steamships had allowed them to lapse in the
late 1930’s. In May 1951 BCPC purchased portions of the 3 lots still
owned by Columbia Steamships in order to build a powerhouse. [photo
of Clowholm Falls prior to 1950].  In Sept 1950, Dawson, Wade & Co.
began construction of an 18-ft concrete gravity dam above the falls. A 23
mile transmission line brought the power to the Sechelt substation.
Power flowed by May 1952. In four years demand for more power called
for a larger dam. The BC Electric Power Co. bought Clowholm in 1955
and built a new concrete dam, new penstock, switchyard and
powerhouse. The transmission line was upgraded and connected to the
Dunsmuir Line connecting Powell River, Pender Harbour, and Squamish
in November 1957.  BC Electric Co. was expropriated by the Social
Credit govt. in 1961 to BC Hydro and Power Authority.

[p.138  The entire Clowholm
valley had been devastated by
fire around 1850, but there was
still plenty of red cedar
available.  [p.137 A shingle mill
was started in 1901 at Clowholm
Falls, adjacent to Industrial
Power’s property acquired in
1904 who got the water rights
and hoped for enough timber to
establish a pulp mill. [p. 133.
‘the water tumbled over a small
drop, then forked around an
island, forming two more falls
on its eastern side before it
cascaded into Salmon Inlet.” A
series of fishing resorts began in
1927 for cutthroat and rainbow
trout reaching 16-18 inches in
size. The last lodge on the lake,
a fly-in operation, closed in
1956.

book in print

Klohn-Crippen Integ. 1994.  Dam safety investigations: Clowhom Lake
reservoir debris management plan. For BC Hydro. Report no. H2822.

cited in Lightowlers
1997

Knewstubb, F.W. 1922.  Water power investigations 1921. Report on
Clowhom River. Coast project no. 4. B.C. Dept. of Lands, Water Rights
Branch, Vancouver. Feb. 22. 6p?

BCH Library? 621.312134
K53, 1921
incomplete – 2 p. only

BC Hydro

Lewis, A.F., G.J. Naito, S.E. Redden and BC Hydro Safety &
Environment. 1996.  Fish flow studies project: fish flow overview report.
BCH Safety & Environment Rept. No. EA:95-06, 144 p.

comprehensive review of flows,
facilities and fish for all BCH
projects

BC Hydro

Lightowlers, C. and S. Winter. 1997.  Clowhom Falls facility field guide.
December. 1st draft. File no. 15-200.22. BC Hydro. 25p.

BC Hydro

Sigma Engineering Ltd. 1990.  BC Hydro Power water licenses. Power
Facilities, Burnaby, BC

cited in Lightowlers
1997

Smith, S.B. and P.A. Larkin. 1950.  Report on the Clowhom lakes
investigation. Unpubl. report, B.C. Game Branch, Vancouver, BC. 3 p.

cited in Hirst 1991
(inland)

Young, W. 1930?  Report on Clowhom Falls water power site. For The
Blue Band Navigation Co. Ltd.   BCH Rept. A3770

incomplete. 2p. plus map BC Hydro
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3.4 Wildlife References

Reference Notes Source
B.C. Hydro. 1998. Rare element occurrence: Field guide to
the rare and endangered species found within the
watershed boundaries of each BCH facility.  Strategic
Fisheries, Power Supply Operations, Burnaby, BC.

all red, blue and yellow-listed species (See
CDC list for Sunshine Coast Forest District)

BC Fish & Wildlife Branch. 1977.  Wildlife Distribution
Mapping Series: Grizzly Bear Distribution and Relative
Abundance.

Boundary between Few – (1 bear per 55-400
sq. miles) and Nil

MELP Surrey: Jack
Evans

Hatter, J., D.J. Robinson, P.W. Martin, L.G. Sugden, E,W.
Taylor and W.G. Smith 1956.  Inventory and Evaluation of
Wildlife Resources of British Columbia.  Reprinted from
the 9th BC Natural Resources Conference Transactions,
February 1956.

The principal grizzly ranges of the western
and central portions of the province are the
mountainous regions of the following
areas:..Sugar Lake-Mabel Lake…Shuswap
Lake…Bridge River, Bella Coola Valley…”
??This area??

MELP Surrey: Jack
Evans

Keller, B.C. and R.M. Leslie. 1996. Bright Seas, Pioneer
Spirits - the Sunshine Coast. Horsdal & Schubart
Publishers, Victoria, BC. 232 p.

In 1937, the Columbia Power Co. built a
powerhouse on Sechelt Indian band land
beside Chapman Creek, installed a large
Pelton wheel and supplied 337 customers with
power until 1947.

book in print

Needing more capacity in 1948, the BC Power Commission already owned Clowholm’s water rights because Columbia Steamships had
allowed them to lapse in the late 1930’s. In May 1951 BCPC purchased portions of the 3 lots still owned by Columbia Steamships in
order to build a powerhouse. [photo of Clowholm Falls prior to 1950].  In Sept 1950, Dawson, Wade & Co. began construction of an
18-ft concrete gravity dam above the falls. A 23 mile transmission line brought the power to the Sechelt substation. Power flowed by
May 1952. In four years demand for more power called for a larger dam. The BC Electric Power Co. bought Clowholm in 1955 and
built a new concrete dam, new penstock, switchyard and powerhouse. The transmission line was upgraded and connected to the
Dunsmuir Line connecting Powell River, Pender Harbour, and Squamish in November 1957.  BC Electric Co. was expropriated by the
Social Credit govt. in 1961 to BC Hydro and Power Authority.[p.138  The entire Clowholm valley had been devastated by fire around
1850, but there was still plenty of red cedar available.  [p.137 A shingle mill was started in 1901 at Clowholm Falls, adjacent to
Industrial Power’s property acquired in 1904 who got the water rights and hoped for enough timber to establish a pulp mill. [p. 133. ‘the
water tumbled over a small drop, then forked around an island, forming two more falls on its eastern side before it cascaded into Salmon
Inlet.” A series of fishing resorts began in 1927 for cutthroat and rainbow trout reaching 16-18 inches in size. The last lodge on the lake,
fly-in operation, closed in 1956..
Province of British Columbia Department of Attorney –
General, 1956.  Provincial Game Commission Report

Clearing of inundated trees is recommended
for increased storage on Clowhom Lakes

Provincial Archives,
MELP Surrey: Jack
Evans
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Chapter 15

BIG FALLS CREEK WATERSHED

    

Figure 15-1 .   Big Falls Creek at confluence with Ecstall River (Water Powers B.C. 1954)

1. PROJECT DESCRIPTION

1.1 Facilities

The Falls River Project was built in 1930 for the Northern B.C. Power Co. and acquired by B.C.
Hydro in 1964.  It consists of a dam located at the confluence of Falls River and the Ecstall
River, two penstocks and a powerplant located at the base of Big Falls. Significant rehabilitation
work was completed in 1992.

While BC Hydro’s name for this project is Falls River, the official DFO/MELP name for this
watershed system is ‘Big Falls Creek’ (SISS/RAB code 40-0100-080), located within DFO
Statistical Area 04A.  The agency nomenclature system has given the name ‘Falls River’ (code
91-8870-000) to another stream located in nearby Statistical Area 06, and there is also a ‘Falls
Creek’ (code 47-1800-030-060) in Statistical Area 04C.
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Figure 15-2.    Location of Falls River hydro project

    Specifications for the facility and reservoir:

DAM Falls River
Nameplate capacity  (MW) 9.6
Dependable capacity  (MW)
Dam function storage, diversion
Date constructed 1930
Date operational
Date reconstructed 1983; 1992
Height  (m) 13
Length  (m) 156
Dam footprint area   (m2)
Fishway at dam no
Historic anadromous fish presence no

RESERVOIR Big Falls
Cleared/ not cleared
Present area  (ha)  247
Orig. lake area  (ha) 0
Watershed area  (km2) 248
Present elevation a.s.l.  (m) 90.3
Normal drawdown range (m) 2 -5



Bridge-Coastal Fish & Wildlife Restoration Program
Volume 2:           BIG FALLS CREEK WATERSHED

3

Mean depth  (m)
Maximum depth  (m)
Storage  (million m3) 24
Mean water retention time
Mean annual discharge   (m3/s)

DIVERSION to power plant
Structure type penstock (220m)
Licensed flow    (m3/sec) 17
Fish flow release  (m3/sec) 1.3
Mainstem length diminished (km)
Mainstem length augmented (km) - -

1.2 Hydrology

1.2.1 Basin and Runoff

Big Falls Creek is a southwest-flowing tributary to the Ecstall River which joins the lower
Skeena at tidewater.  There are frequent periods of heavy rainfall; the reservoir freezes over for
some winter periods.

1.2.2 Operation and Licensed Diversion Flow

Reservoir undergoes rapid changes in level, spilling at anytime. An air bubbler system is used to
keep the area in front of the sluice gates and flashboards free of ice when the reservoir freezes
(Lewis et al. 1996).

A fish water discharge of 1.3 m3/s is required when both turbines are shut down.

1.2.3 Habitat Types Flooded by Reservoir

The reservoir area is 247 ha after flooding 247 hectares of land and former river channel (Figure
15-3).  The reservoir shoreline length is now 12 km.

The GIS calculations done by this study estimated the following losses of fish habitat from the
pre-impoundment condition:

Falls River Project Original habitat lost

Lake flooded                     (ha) 0
Land flooded                    (ha) 247
Lake shoreline                  (km) 0
Mainstem: length             (km) 6
                  channel           (ha) 19
                  riparian *        (ha) 37
Tributary:  length             (km) 0.3
                  riparian **      (ha) 1
Wetland:                           (ha) 0

*   mainstem riparian zone calculated at 30 m from each bank
**   tributary riparian zone calculated at 15 m from each bank
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2. FISH

2.1 Historic and Current Species Presence

Fish species currently found in the Big Falls Creek watershed are listed in Table 15-1.

2.1.1 Upstream of  Dam

The cutthroat trout and Dolly Varden char in Carthew Creek and Big Falls Reservoir are not
known to be a resource of any special significance (Lewis et al. 1996). Threespine stickleback
are present in Hayward Lake (FISS 2000).

2.1.2 Downstream of Dam

Below the 20 m falls, there is some limited spawning habitat, and the tailwater pond receives
some saline water as high tide ascends the lower Ecstall River.  This short 180 m section of
stream has rocky bottom with some spawnable gravels in the deep pool at the tailrace outlet.
Saline water is flushed by high velocities of mountain water when the plant is operating. The
number of salmon utilizing the tailrace for spawning is very low.  Coho, pink and chinook
salmon are the species listed in DFO (1983).  The FISS database characterizes Big Falls Creek as
having no enhancement potential due to its small size and impassable falls. Rearing areas for
coho would probably occur in the Ecstall River.

Chinook spawning in the tail pond was confirmed by Hickey (1981), and seal and otter predation
on adult salmon in the tailpond was observed.  A maximum of 15 redds were found. He captured
rainbow trout and Dolly Varden char and also noted a chum salmon carcass which may have
originated from the Ecstall River. Chinook fry were present in the tail pond but their origin is not
clear.

2.2 Impacts on Fish

Facility Description of hydroelectric impacts

N
eg

P
os

Source

1. Reservoir flooded 6 km of mainstem channel and 0.3 km of
lower tributary channel, plus their associated riparian zones.

x GIS

2. Large drawdowns and rapid fluctuations in water level
reduce productivity.

x Lewis et al.
1996

3. Drawdowns may affect trout access to tributaries. BC Hydro
1994

Big Falls
Reservoir

4. LWD covers at least 10% of reservoir surface. workshop
5. Dam footprint of _ m2:  loss of instream, riparian and

upland habitats.
xFalls River

Dam
6. Entrainment mortality and injury: magnitude unknown. x workshop

Below
Powerhouse

7. Fluctuating flows or extended plant shutdown could have
velocity or salinity effects on salmon egg development.

x Lewis et al.
1996



Source: MoELP 2000.  BC Ministry of Environment Fish Information Website - http://www.bcfisheries.gov.bc.ca/fishinfobc.html; accessed before June 8, 2000.

Includes:  BC Watershed Atlas, Fisheries Information Summary System (FISS), BC Lakes and Release Record database, and Lake Depth Maps.
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Hayward Lake
Carthew Cr.
Big Falls Cr. mainstem
Falls R. Reservoir

FALLS RIVER DAM No fishway; impassable falls.

Big Falls Cr. mainstem 1 1 1 1 1

*  now named Northern pike minnow
1 - data from report by D.B. Lister & Assoc. (1981)

Table 15-1.   Fish species in the Big Falls Creek watershed.

   Big Falls                 
Creek

 upstream

 downstream
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Non-Hydro Impacts - Other impacts on fish in the Big Falls Creek watershed are presumed to
include logging activities.

2.3 Factors Limiting Fish Diversity and Production

'Limiting factors' have been identified in a general manner based on available information and
current understanding of the major constraints on species and populations of concern.  Further
inventory and research may be needed to determine the particular role of these and other factors.

The following are suspected factors that limit current levels of fish populations within the Big
Falls Creek watershed.  These also reflect the key issues raised at BCRP regional workshops.

1. Loss of habitat:   Former spawning, rearing and overwintering areas are permanently lost or seasonally
reduced due to dam footprint, reservoir flooding, flow diversions or operating flows.  The reservoir is
sometimes drawn down to the original riverine habitat.

2. Reduced downstream habitat capability:   A small area of spawning and rearing habitat below the dam
may be altered by reduced sediment or wood recruitment.  The original falls completely blocked fish access.

3. Reduced tributary access:   Reduced fish access between reservoir and tributary habitat due to the
drawdown regime.

2.4 Fish Restoration Objectives

Objective 1:   Conserve and improve habitats for resident fish stocks in the reservoir
and tributary system.

Discussion:
Undertake appropriate treatment, consistent with the BCRP Strategy, to conserve, create
or improve existing habitat. Activities in response to limiting factor #1 above should be
preceded by a study plan for the reservoir and tributary system that considers:

• operating flow regime  (Falls River Water Use Plan)

• opportunities to purchase or covenant floodplain properties for future habitat projects

• identification of present critical tributary habitats that sustain stocks, and locations of potential habitat
works in the future

• opportunities for habitat development and for planting riparian vegetation

• wildlife biodiversity values at all proposed fish habitat development sites

• restoration of fish access through drawdown zones to historical upstream habitats

• identification and filling of data gaps on issues such as fish entrainment, angling harvest effort, etc.
that may also constrain populations.
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Objective 2:   Improve habitat conditions for fish stocks between the dam and the
Ecstall River.

Discussion:
A data gap exists with respect to the potential use of the channel below the dam for fish
habitat.  Activities should be preceded by a study plan, in response to limiting factors #1
and 2 above, that considers:

• operating flows and fish flows (Falls River Water Use Plan)

• identification of critical habitats that sustain present stocks, and locations of potential habitat works in
the future

• opportunities for habitat development

• identification and filling of data gaps on other issues that may constrain populations.

3. WILDLIFE

3.1 Historic and Current Populations and Habitats

No information was obtained on wildlife use.  The area is located within grizzly bear range
mapped as “moderate.”

3.2 Impacts on Wildlife

Feature Description of Effects

N
eg

P
os

Origin

Dam footprint of __ ha: loss of riverine and coniferous forest
habitat.

x

Flooding of 128 ha of lowland and 100 ha of upland forest: loss of
riverine and deciduous and coniferous forest habitats and
associated wildlife.

x Hirst 1991; GIS

Falls
River
Dam

Fluctuating reservoir water levels (rapid changes in level) due to
hydroelectric operations:  effects on establishment of aquatic
and/or riparian vegetation in drawdown zone.

x BCH web site
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3.3 Factors Limiting Wildlife Diversity and Productivity

‘Limiting factors’ have been identified based on available information and current understanding
of the major constraints on species and populations of concern.  Further inventory and research
may be needed to determine the particular role of these and other factors.

The following are suspected factors that limit current levels of wildlife for species groups
associated with the habitats listed previously in Table 1-2.  These also reflect the key issues
raised at BCRP regional workshops.

1. Loss of Productivity: Lack of riparian vegetation in drawdown zones; effects on ungulates, furbearers,
small mammals and several species of passerines including some neotropical migrants.

2. Loss of Habitat:  Loss of lowland riparian and upland habitats.   Potential effects include availability of
habitat for amphibians, water shrews and other small mammals and their predators, browse for ungulates
and breeding habitat for some species of neotropical migrants.   

3. Wildlife Migration:  Possible Impediments to wildlife movement (especially large mammals) caused
by structures, reservoirs and diversions.

3.4 Wildlife Restoration Objectives

Objective 1:  Rehabilitate reservoir drawdown zones to enhance productivity and
wildlife habitat in Big Falls Reservoir.

Discussion:
See limiting factor #1.  Improve vegetation in the drawdown zone.
• Develop foreshore habitat complexes at suitable locations.
• Create nesting cavities and raptor perches where beneficial through management activities such as

snag creation.

Objective 2:  Conserve riparian and wetland habitats in Big Falls Creek  watershed.

Discussion:
See limiting factor # 2.  Identify key habitats for conservation of biodiversity and
enhanced production.
• Undertake conservation, through protective measures, habitat acquisition and other means, in the lower

reaches of the river or in the reservoir.

Objective 3:    Improve the knowledge base on rare, endangered and threatened species
and habitat utilization in the Big Falls Creek watershed.
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4. BIG FALLS CREEK WATERSHED REFERENCES

4.1 Map and Air Photo References

Reference Location Source
Plan showing Lot 635 RV Coast District, 20 ch = 1 in, 1906 Legal Surveys, MELP
Prov. Govt. Reference Map 103H/NW, covering Flooding
Reserve 08192, May 1949

BC Archives

Air Photos lower Big Falls Creek BC 430: 89

4.2 Hydro Facility and Fish References

Reference Notes Sources
Bradley, R.M. 1983.  Falls River redevelopment: environmental review
of reservoir clearing operations. B.C. Hydro Rept. A0880 : Environ-
mental and Socio-Economic Services, Vancouver, B.C. ESS-79, 47 p.

BC Hydro;
UBC  MICROLOG
83-04506

B.C. Hydro. 1980.  Falls River redevelopment project. Application for
an Energy Project Certificate, Vancouver, B.C. 17 November 1980.

cited in Hirst 1991

B.C. Hydro. 1990.  Falls River Dam Operation and Maintenance
Manual. Original prepared for B.C. Hydro by Sigma Engineering Ltd.
OM908/02.

BC Hydro

B.C. Hydro. 1991.  Falls River Rehabilitation Project – Environmental
Management Plan. B.C. Hydro, Environmental Resources.
Unpublished report October 1991. Report No. ER-91-18.

BC Hydro

B.C. Hydro. 1994.  Report on the electric system operations review
(ESOR). Prepared for The Minister of Employment and Investment and
the Minister of Energy Mines and Petroleum Resources. Unpublished
report and 2 appendices.

overview of operations & issues
for all facilities

BC Hydro

B.C. Hydro.  other internal reports: BC Hydro Info Centre
     A4569 Falls River Hydroelectric Development Rehabilitation
     A1338 Falls River Redevelopment
     A3246 Resource Smart: Falls River
     A5752 A review of the 1983 Falls River project

     A0826  Impact of wood debris and standing
trees on the      productivity
     A5753  Falls River Redevelopment: 1982
salmon observations
Dept. of Fisheries & Oceans. 1983.  Catalogue of salmon streams and
spawning escapements of Statistical Area 4 (Lower Skeena River)
including coastal streams.  Can. Data Rept. Fish. Aquatic Sci. No. 395.
Finlayson, A.W.  1931.  Large construction job in northern British
Columbia; Falls River power development - an interesting undertaking
from a contracting standpoint.  Contract Record and Engin. Review
(Toronto). Vol. 45 No. 4 (Jan.); p. 73-77.

NW 627.8  F512.

Hickey, D.G.1981.  Salmon observations at Falls River hydroelectric
project during 1981. Report by D.B. Lister and Associates Ltd. to B.C.
Hydro. Vancouver, B.C. 27 p.

recorded chinook, coho and chum
salmon but the latter likely
originated in the Ecstall R.

BC Hydro

Lewis, A.F., G.J. Naito, S.E. Redden and BC Hydro Safety &
Environment. 1996. Fish flow studies project: fish flow overview report.
BCH Safety & Environment Rept. No. EA:95-06, 144 p.

comprehensive review of flows,
facilities and fish for all BCH
projects

BC Hydro

Lister, D.B., and Associates Ltd. 1981.  File data on salmon
observations at Falls River hydroelectric project. Sardis, B.C.

D.B. Lister and
Assoc., Sardis, BC

Redenbach, A.E. 1981.  Falls River rehabilitation/ redevelopment
study: fisheries assessment (1980). Report ESS-19. B.C. Hydro.
Vancouver, B.C.

cited in Hirst 1991
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4.3 Wildlife References

Reference Notes Source
Bradley, R.M. 1983.  Falls River redevelopment:
environmental review of reservoir clearing operations.
B.C. Hydro : Environmental and Socio-Economic
Services, Vancouver, B.C. ESS-79, 47 p.

UBC  MICROLOG 83-
04506

B.C. Hydro. 1998.  Rare element occurrence: Field guide
to the rare and endangered species found within the
watershed boundaries of each BCH facility.  Strategic
Fisheries, Power Supply Operations, Burnaby, BC.

All red, blue and yellow-listed species; no
elements recorded for Falls River basin

BC Hydro

BC Fish & Wildlife Branch. 1977.  Wildlife Distribution
Mapping Series: Grizzly Bear Distribution and Relative
Abundance.

Moderate (1 bear per 25-55 sq. miles) MELP Surrey: Jack
Evans
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Chapter 16

CLAYTON FALLS CREEK WATERSHED

     Figure 16-1.    Clayton Falls near Bella Coola  (BC Archives)

1. PROJECT DESCRIPTION

1.1 Facilities

The Clayton Falls Project, built in 1962 by the B.C. Power Commission, consists of a small
diversion dam on Clayton Falls Creek 4 km west of Bella Coola.  A  pipeline draws water from a
small headpond behind the dam to the generating station 100 m upstream of tidewater on North
Bentinck Arm.

Specifications for the facility and headpond:

DAM Clayton Falls
Nameplate capacity    (MW) 2.05
Dependable capacity  (MW)
Dam function diversion
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Date constructed 1962
Date operational
Date reconstructed
Height  (m) 7
Length  (m) 41
Dam footprint area   (m2)
Fishway at dam no
Historic anadromous fish presence no

RESERVOIR headpond
Cleared/ not cleared
Present area  (ha) 2
Watershed area  (km2)
Present elevation a.s.l.  (m) 78
Normal drawdown range (m) 4.1 (max)
Mean depth  (m)
Maximum depth  (m)
Storage  (million m3) - -
Mean water retention time <1 day
Mean annual discharge   (m3/s)

DIVERSION to powerplant
Structure type penstock  (580m)
Licensed flow    (m3/sec) 1.3
Fish flow release  (m3/sec) none
Mainstem length diminished (km) 0.5
Mainstem length augmented (km) - -

                                  

                     Figure 16-2.     Location of Clayton Falls Creek hydro project
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1.2 Hydrology

1.2.1 Basin and Runoff

The basin receives frequent heavy periods of rain; some winter precipitation falls as snow.

1.2.2 Habitat Types Flooded by Reservoir

The headpond area is 2 ha after flooding 2 hectares of land and channel. The reservoir shoreline
length is now 41 km.

The GIS calculations done by this study estimated the following losses of fish habitat from the
pre-impoundment condition:

Clayton Falls headpond Original habitat lost

Lake flooded                     (ha) 0
Land flooded                    (ha) 2
Lake shoreline                  (km)
Mainstem: length             (km) 0.2
                  channel           (ha)
                  riparian *        (ha) 1.2
Tributary:  length             (km) 0
                  riparian **      (ha) 0
Wetland:                           (ha) 0

*   mainstem riparian zone calculated at 30 m from each bank
**   tributary riparian zone calculated at 15 m from each bank

2. FISH

2.1 Historic and Current Species Presence

A list of species currently found in major reaches of the Clayton Falls Creek watershed is
provided in Table 16-1.

2.1.1 Upstream of Dam

The Clayton Falls system is a steep drainage with few natural habitats accessible to fish.
Resident fish are apparently not present upstream of Clayton Falls which is located 200 m of the
mouth (Lewis et al. 1996).



Source: MoELP 2000.  BC Ministry of Environment Fish Information Website - http://www.bcfisheries.gov.bc.ca/fishinfobc.html; accessed before June 8, 2000.

Includes:  BC Watershed Atlas, Fisheries Information Summary System (FISS), BC Lakes and Release Record database, and Lake Depth Maps.
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Clayton Falls Creek

CLAYTON FALLS DAM No fishway.

Clayton Falls Creek

*  now named Northern pike minnow

Table 16-1.   Fish species in the Clayton Falls Creek watershed.

Clayton Falls
Creek

upstream

downstream
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2.1.2 Downstream of Dam

Fish are not present between the dam and the natural falls.  Small numbers of pink and chum
salmon spawn in the 200 m of channel between tidewater and the falls, including the tailrace area
(Lewis et al. 1996).

2.2 Impacts on Fish

No fish impacts have been identified to date.  No fish are present in the headpond area, and the
project is presently operated with relatively few fluctuations in flow (Lewis et al. 1996).

Non-Hydro Impacts - Other impacts on fish in the Clayton Falls River watershed include historic
effects of logging activities. Sediment derived from forestry activity accumulates in the
headpond and is removed periodically by BC Hydro (Lewis et al. 1996).

2.3 Factors Limiting Fish Diversity and Production

'Limiting factors' have been identified in a general manner based on available information and
current understanding of the major constraints on species and populations of concern.  Further
inventory and research may be needed to determine the particular role of these and other factors.

The following are suspected factors that limit current levels of fish populations at the lowermost
section of the Clayton Falls watershed.  These also reflect the key issues raised at BCRP regional
workshops.

1. Loss of habitat:    The small area of spawning and rearing habitats downstream of the falls may be
seasonally altered due to operating flows; or from non-hydro sources.

2. Reduced downstream habitat capability:    The downstream habitat below the dam may be altered
by reduced sediment or wood recruitment.

2.4 Fish Restoration Objectives

Objective 1:   Investigate habitat conditions for fish stocks between the dam and
tidewater.

Discussion:
A data gap exists with respect to the potential use of the channel below the dam for fish
habitat.  Activities should be preceded by a study plan, in response to limiting factors #1
and 2 above, that considers:

• operating flows and fish flows (Clayton Falls Water Use Plan)

• identification of critical habitats that sustain present stocks, and locations of potential habitat works in
the future

• potential habitat development sites with hydraulic characteristics that will operate within the expected
regulated regime of fluvial and riparian processes and require low maintenance
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• identification and filling of data gaps on other issues that may constrain populations.

3. WILDLIFE

3.1 Historic and Current Populations and Habitats

No information was obtained on wildlife use.  The area is located within grizzly bear range
mapped as “moderate” to “plentiful.”

Blue-listed species occurrences on file with the Conservation Data Centre include

• Lesser Saltmarsh Sedge (Carex glareosa var amphigens) on saline flats at Bella Coola

• Chamisso’s Montia (Montia chamissoi) in a grassy/sedge meadow at the mouth of the
Bella Coola River

• Five-leafed Cinquefoil (Potentilla quinquefolia) along Clayton Falls Creek

3.2 Impacts on Wildlife

Feature Description of Effects
N

eg

P
os

Origin

Clayton
Falls

Diversion
Dam

Headpond footprint of 2 ha:   loss of riverine and coniferous
forest habitat.

x

3.3 Factors Limiting Wildlife Diversity and Productivity

No factors associated with Clayton Falls facilities are limiting wildlife in the area.

3.4 Wildlife Restoration Objectives

Objective 1:    Improve the knowledge base on rare, endangered and threatened species
and habitat utilization in the Clayton Falls watershed.
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4. CLAYTON FALLS CREEK WATERSHED REFERENCES

4.1 Map and Air Photo References

Reference Location Source
Water licence sketch, March 1961 BC Hydro
Air Photos, 1961, 1954, 1974 BC 4023: 1-2; BC 1934:97; BC 7642: 85-86

4.2 Hydro Facilities and Fish References

Reference Notes Source
B.C. Hydro. 1999. Recreation opportunities inventory.  Power Supply
Environment, Rept. ER 99-08., 206 p.

color maps and description of facilities BC Hydro

Hirst, S.M. 1991.  Impacts of the operation of existing hydroelectric
developments on fishery resources in British Columbia. Volume 2.
Inland fisheries. Canadian Manuscript Report of Fisheries and Aquatic
Sciences 2093. 200 p.

“non-anadromous fishery values of the
system have not been documented”

Lewis, A.F., G.J. Naito, S.E. Redden and BC Hydro Safety &
Environment. 1996. Fish flow studies project: fish flow overview report.
BCH Safety & Environment Rept. No. EA:95-06, 144 p.

comprehensive review of flows,
facilities and fish for all BCH projects

BC Hydro

4.3 Wildlife References

Reference Notes Source
BC Fish & Wildlife Branch. 1977.  Wildlife Distribution
Mapping Series: Grizzly Bear Distribution and Relative
Abundance.

Boundary between Plentiful (over 1 bear per 25 sq.
miles) & Moderate (1 bear per 25-55 sq. miles)

MELP Surrey:
Jack Evans
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