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THE BABINE IAKE DEVELOPMENT PROGRAM FOR SOCKEYE SAIMON

ABSTRACT

The Babine River system, in north central
British Columbia is a leading producer of sockeye salmon,
Investigations by the Fisherles Research Board of Canada
indicated that the main lake basin of Babine Lake is presently |
undernutilized as a sockeye salmon nursery area, Studies,_
carriedﬁgut by the Department of Fisheries of Canada to
determine the most effective means by which the potential of
Babine Lake could be more fully realized; revealed that major
‘development projects on two of the 1Arge tributaries of -
Babine Lake would be feasible and would substantially increase
the fry production of the system, | V
' Subsequently, a seven-year construction program with
an estiﬁated cost of nearly $8 million was initiated in 1965
and includes several projects.combining the principals of |
flow control, stream improvement, and artificial spawning

;. channels. for-bath the Fulton River and Pinkut Cresek,



INTRODUCTION -

The sockeye salmon is.historicaliy the most valuable
of the five species df Pacific Salmon and, because of its high
.oil content and ability to hold its red colour, is used SOIelﬁ,
fdr canning.' Sockeye spawn in streams having lakes iﬁ their
watershed'and young;éockeyq-spénd from one to fwo years in
lake rééring areas before migrating to. sea (Figure 1).

‘ fhe Skeena River sockeye salmon fishefy, which is
| largely dependent upon the native runs to the Babine River
system has an annual value of approximately $1,100,000 to
fishefmen and'$2;200,000 as a proceséed product. Based on the
.‘“ : '.,  hiSféricaleroduction reoordé which show that catches have
" been two-thirds higher than the ﬁresent catches, the Skeena

histbrically ranks second to the Fraser River as a sockeye

éalmon producer.
" Babine Lake (Figure 2) is long and narrow, (about

100 mileé}long with § haximum width of S_miles) and can
geographically be divided into twq general lake regions:
1. the North Arm - Nilkitkwa Region; and 2. the Main Lake
(SR Reglon, which répresents 88 percent of the total 1ake surface
érea.

The Uppef and Lower Babine Rivers, in the North Arm =
Nilkitkwa Region, provide 60 percent of the total spaﬁning area
for the entire Babine system aﬁd virtually all of the spawning

~ area in the North Arm - Nilkitkwa Region. The main lake

tributaries provide L0 percent of the available stream spawning

area, with the Fulton River accounting for about half of this.
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On the average, stream spawners are distributed
roughly in propdrbion to the area of spawning gravel provided
in each stream Area. Many of the streams tributory to the
' main.laké varj considerably from year to year, however, in
their capacity to accommodate spawners aﬁd to provide suitable
~conditlons for egg survivals, due to notable variations in
, diéchérge during‘the spawniﬁg and incubation periods.
Conversely, the spawning grounds~located in the.North Arm -

- fNilkitkwa Region benefit'fr6m>the stabilizing effect of
BabihévLakevonrflqws during the spawhithand incubation periods.
| ,'In the"spring, the sockeye fry produced from the N

spawn of the previous fall,'leave the stream to take up lake

.residence until their Seaward migration:as smolts one or tWoQ;_ga ~~»w3

years later. (Figure 1) The Fisheries Research Board of
Canada have conducted extensive investigations in connection
Awitnvthe abundance,.distribution:and growth of young sockeye
in Babine Lake; These studies reveal that the overall average
- density (number per_acre.of lake'surfade) of young sockeye in
the,quﬁhﬁAnm,-‘Nilkitkwa Region has been five times that
obééfved in the Maiﬁ Lake Region, The fact that the density is
'cdnéiderably higher is consistent with the expected production
resulﬁing;fromztbe lérger_spawning populationévand brdbable' |
higher egg-to—ffy sur€ival rates of the -spawning areas in the
North Arm - Nilkitkwa Region. o | |

| | These studies also suggest that the potential of the -
Main Lake Region 1is at least equal to the North Arm = Niikitkwa;‘
Region as a_léke nurséry area., It has been reasonably assumed,

Vvtherefore, that the Main Lake Region could support an equal
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density of young sockeye. To achieve this density, an
additional output in excess of 350 million fry would be
required in the Main Lake Region. This additional fry
production, assuming the fry-to-adult survival rate remains
constant, would result in a three fold increase in the
Skeena River catch. Extensive biological sﬁr#eys reveal that
even a.modesﬁ indrease in fry output is beyond the present
rdgpacity of,the.spawning grounds within this region due
primarily to the limited area suitable for spawning. It\would
appear, thergfore, that an increase in fry production must be
v;obtainad.by«supplementing:the_natural production of the‘
Sp§w5iﬁgfgi5undé. .

A number of-techni@ues havé_been used attempting to
ihcrease saimon fry production. Three of these techniques
attempt to increase fry production by increasihg the survival
from the égg-to-fry stage. The three are:

.(a) hatcheries - hatéhery methods have usually resulted

| in egg-to-fry survival raﬁes of 80/

(b) artificial spawning channels - artificial spawning
channels have produced fry at rates
ranging from 30% to 60%;

(¢) flow Qontrol'and_stream imprdvemént'_ early
indications from the Big Qualicum Project
suggest that egg-to-fry survival rates
of from 25% to 35% can be expected.

Assessments of these techniques as related to adult

returns are incomplete. However, results from three experimental.
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hatcheries in British Columbia show that hatchery produced
sockeye fry were notably less viable than natural fry. In
addition, several assessment studies of adult production also
reveal that survival from hatchery fry-to-adult has been lower
-than thé survival of natural fry-to-adult, Based on the
,significantvresults of these studies, hatcheries were;not
'”given detailed consideration as a means of supplementing
'natural fry productlon at Babine Lake.

| “On’ the other hand, it has been observed that sockeye

spawn 1ncubated in artlficial spawning channels produce fry:

~_ which show the same characterlstlcs as fry from natural

: spawnlng areas. There is also ev1dence of favourable results
from the artlflcial spawning areas at Jones Creek (pink salmon)
and Baker Lake, Washington (sockeye salmon) where good adult

returns have been recorded from fry produced in artificial |

: spawning areas,

Since spawning channe ls are generally located

adjacent to natural spawning areas, some degree of flow control

”‘5f18;requ&red to ensure an adequate water supply to the channels

while also maintaining the desired flows to the nat@ral
spawnihg“areés;*; ' R |

.Because of the near natural environmental conditions
provided by flow control énd:artificial spawﬁing channels and
thie fact that fry comparable in viability to natural fry can
be produéed, a decision was made to carry out detailed studies
incorporating these techniques for supplementing the natural

fry production at Babine Lake.



CRITERIA FOR SITE SELECTION

" In 1961 the Department of Fisheries of Canada
initiated extensive biological and engineering studies of all
sockeye salmon spawning streams tributary-to ‘the main basin |
_ of'Babine-Lake-to consider the various possible development
‘prdjécts which would enhance the fry production of the stfeams
(Pigure 1), The basic criteria set for seleoting gstreams for
pogsible development projects were: |
1. The stream must have native stdcks of salmon of such a

A magnitﬁde.tbrmake possible the increase of fry-in.fhe.. ..
 réqﬁired rahge. The minimum increase in fry production
was set at 100 million. |
”5é;'mThe stream should be lake fed 8§0.a8 to provide storage
Hggyrﬁﬁﬁrvoirs For flow control. | B
. 3. The average discharge must be sufficient to provide ﬁhe
‘raquiré& f1dws for en installation of the size necessary
to produce a large number of fry.
Subsequently three streams: Fulton River, Pinkut .
Creek and.Mobrison'River wérglﬂe}@g;gg«ﬁgr”detailéd study to
‘determine -the Teasibllity of the various development projects
empldying.the techniques of artificial spawning ohannel
development ﬁnd_flow control and stream improvement as

"described in an earlier section.

DESCRIPTION OF DEVELOPMENT SITES

.“Fulton ﬂ1ver‘with a drainage area of 532 square miles, flows

'rin an easterly direction through Chapman Lake (2.7 square miles)

and through Fulton Lake (3.5 square miles) and empties into
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Babine Lake at Topley Landing. The elevation of Fulton Lake

is approximately 190 feet higher than that of Babine Lake.
Fulton River passes over a lj0-foot falls immediately down-
stream of PFulton Lake and then passes through a mile of rock |
canyon and approximately three miles of narrow valley to ehter
Babine Lake., Salmon spawn in the four miles of river down-
atream of the base of the falls., Fulton Riveruis,thé'brincipal
spawning stream entering the main basin of Babine»Laké; The k
spawning populations since 19,9 have ranged from 15.2 to 170 :
thousand withvan'average-of-BB thousand. This average_figuré
accoﬁnts for‘one-hélf of the observed spawnérs in theAmain

lake tributaries.

| - The Fulton River hjdrcgraph is characterized byvlow
‘winter flows (in the range of 30 to 70 ¢fs); a flood peak
occurring in May or June, resulting-primafily from Snowﬁelt
(maximum recorded flow of 6900 cfs); and variable flows in

the autumn with flood peaks caused by storm rainfall,

 Pinkut Creelk discharges into Babine Lake in the southeast part

of the main basin, The Pinkut Creek drainage area is
approximately 320 square miles and includes three lakes:
Taltapin Lake (8.6 séuare miles), Augier Lake (307 sqﬁdre
miles) and Pinkﬁt Lake {2.1 square miles). Access to salmon
ig limited to the lower 1200 yards of stream by an impaséable'
falls. Pinkut Creek is second in’imporﬁance as a spawning f
stream tributary to the main lake basin, with sockeye sa lmon
populations ranging from 3.2 to 16 thousand and a 1949-1966

average of 33 thousand,
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The runoff characteristics of the Pinkut Creek area
are gimilar to those of the Fulton Lake area, with low flows
observed in the winter and a flood peak, resulting from snow-
melﬁ, o¢cufring'in June, .The sutumn floods are less prominént

than those observed at Fulton.

- Morrison River has a drainage area of approximately 183 A‘ square

miles and drains in a southerly course through a series of
valleys into Babine Lake. The Morrison River sockeye
popglation has ranged from 0.6 to 22.8 thousand wiﬁh an average
of 10.2 thousand fish;“'It*is fourth in order of sockeye
 escapement being exceeded by Fulton Rivef, Pinkut and Pierre
‘Créeks@ The runoff characteristics are similar to the Pinkut

Creok area with the flood peaks being leas prominento

. INVESTIGATIONS AND DESIGN .

Studies on these streams were orientéd:to obtain a
éomplete physical représentatioﬁ of the‘three ﬁreas:so-asito
permit auvariety of develobmeht projeéts to be proposed
utilizing varioué combiﬁations of spawning channel develdpment,
' Stream i@provement‘and flow control schemes. An integral part
of.these ﬂtudies were comprehensive field surveys to: a) -
obtain stream flow measurements to complement the. hydrology
sfudies which eventually form the basls for a feasibillity
Study of any water-use scheme; b) establish topographic
‘mapping of the streams, their banks and those adjacent areas
considered suitable as potential spawning channel sites; ¢)

assess the various lakes and lake outlets for suitability as
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storage reservoirs and for possible dam sites; d) determine
the physical characteristics of the stream in terms of
velocity, depth, stream gradient and gravel composition., An
interpretation of these physical characteristics of the stream
with information gathered from biological studies of spawning
behaviourband densitlies ultimately serve as the basic criteria
in thé.eventual spawning channel design.

Upon completion of the field investigations,
engineering studies were carried out to: a) determine the
potential of the various spawning channel sites; b) determine
the degreerf control and regulation necessary both to
maintain minimum flows and to prevent floodrflows exceeding
| various specified limits, This included'hydrology studies and
" an assessment of varibus types of dams and control works;
¢ ) assess the other factors affecting project arrangement and
cost. These féctors included: reservoir clearing; means of
conveying water to értificial spawning areas; and effects of
staging,construction g0 ag to best utilize available spawning
stocks and'also in consideration of availability of funds,

Following completion of these studies, engineering
‘designs were undertaken to better define the possible
arr&ngemeht of a number of projects and to prepare cost
estimates of the projects.

- The relative potential of the different projects
indicated that it would be eoonomicél'to proceed with partial ,
flow control and artificial spawning chamnel projects at .

Fulton River and Pinkut Creek. The Morrison River system 1s
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considered to have potential for a spawning channel
development project, but was assigned a lower priority than
either the Fulton River or Pinkut Creek bscause of the low
level of present escapements and its looation.

-+ The consulting engineering firm of G. E. Crippen
and Associates was engéged to investigate and report on the
means of obtaining flow control and regulation, and more
_recenfly has been authorized to prepare detailed plans and
specifications for this phase of the work. The consulting
engineering firm of Dolmage, Mason andFStewart was retainad
to cdnsult oﬁ the geological conditions in the area and fo

prepare plans and specifications for the tunnel project.

General

As stated earlier, the primary objective of the
devélopment program is to increase the sockeye fry output to
the main lake basin of Babine Lake so that the potential of
Babine Lake a5 a nursery area will be more fully realized.
In January, 1965 a program was approved whereby a combination
of projects on the Fulton River and Pinkut Creek would add in
excess of 100 million fry to this lake area., Looking bayond'
the present program, the development works at Fulton and
Pinkut contain provision for future expansion and, with the
impleﬁentation'ofISimilaf.development works at MorrisonFRiver,
thefe appears tb‘be the potential for producing sufficient

numbers of fry to eventually create an average density of

young sockeye in the main lake basin approaching the optimum
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density. The initlal development program started in 1965 with
construction of the first of two spawning channels on the
PFulton River., The total program is scheduledtover a seven=

year period with completion set for 1971,

Deécription of Malton River Project

- The Fulton River Project consists of a partial flbw
“_control scheme and the development of several artificial
spawning channels (Figure 3).

| A 25-foot concrete gravity dam at the outlet of
Fulton Lake will create a reservoir w1th a capacity of 76,000
acre-feet and will provide flow regulatlon of Fulton River
ranging from a minimum of 100 cfs during the spawning and
incubation period to a maximum of 3500 cfsAduringvthe'apring ’
~ punoff. In-addition, a8 minimum flow of 100 cfs will be
provided fof the artificial'spawniné 6hannels. A typical flow
schedule and its relation to the life stage of sockeye salmon
is shown in Figure u

, The control works for regulating Fulton Lake outflow
(Figure 3) congists of a vertical gate-shaflft, a l2-foot
~diameter concrete-lined tunnel approximately 500 feet long,
hzand a valve house at the tunnel outlet, several hundred feet
downstream from the storage .dam.

| The gate-shaft consists of three gatés which will

permit either the selection of water from various depthé in
‘the reservoir or be capable of discharging surface water ovér
the full range of reservoir levelé. In addition pfovisioﬁs

exist for an auxiliary, low-level, intake pipe to be extended
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into the lake in the‘e#ent cooler water is required, for
mixing purposes, to obtain the desired degree of temperature
cohtrolo |

Flows will be regulated by two,8u-inch diameter and
one 30-inch diameter hollow-cone valves. |

| Clearing of apprbximately 1800 acres of undeveloped

lakeshore area which will eventually be flooded will be
scheduled over a three-year period._ Realizing the potential
importance of‘Fulton Lake as a recreation and conservation
"area; the specifications for reservoir clearing are being
' devéioped through liaison with the Provincial Departments of
Forestry, Parks, Fish and Wildlife, and Water Resources.

it was mentioned eﬁrlier that the development
program was initiated in 1965 with the construction of the
Fulton River Spawning Channel No, 1 (Figures 5 and 6). This
channei, 44800 feet long and 30 feet wide, can accommodate
22,000 adult spawners with and will produce an estimated _
12,000,000 fry. The channel is located in an érea immediately
adjacent to the Fulton River and utilizes the section of river
- with a relative steep gradient to obtain the required head for
' sucdessful operation. A unique aspect of thie channel is the
use of é'composite timber and concrete divider wall to form'
sections'of the channel (Figure 6) and thus derive the
maximum spawning area in the land area available while still
.'maintaining a channel cross-section and flow conditions

consistent with the head available.



A second channel (Figure 3) is proposed for Fulton
.whioh will aooohmodate 135,000 adult spawners. This channel,
16,700 feet long and 50 feet wide and with the expected egg-
to-fry survival of 4O percent, will produce- 68,000,000 fry.
.‘The eite of this channel, although relatively flat and thus
ideal for channel consgstruction, is approximately LO feet
'higher than the river channel and thus presents a problem for
water supply. A number of proposals were examined and it wasj
ultimately decided to convey the water direotiy from Fulton
Lake throughla combined tunnel and pipeline approximately
10, Oob feet in length, The water supply tunnel is a 7.5 foot
diameter modified horseshoe type ‘and is 3800 feet long and
will originate from the regulating tunnel approximately 75
feet from the gate structures

An added feature in obtaining water directly from'
Pulton Lake is the capability of providing cooler water to
»offeet‘the‘poSsible‘heatingeeffects,of solar radiation during
the start of the adult migration in late August.

DeSOription'of Pinkut Creek Projects

The range or scope of development programs at
Pinkut Creek was'very limited since the stream i1s only
- accessible to salmon in its lowermost 1200 yards. The

provisionrof-fish-passage facilities to extend distribution

- above the falls was soon ruled uneconomical and the ohoice

was soon resolved to an artificial spawning channel development
in a large.aree,of ;gwelying;land1@ddﬂﬁﬁut‘towtpﬁ¢main spawning
grounds at the mouth of Pinkut Creek, |
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As part of the initial program, a channel 8000
feet long and 40 feet wide with a velocity of 1.9 fps and
depth of 1,3 feet has been designed to accommodate 5,000
adult spawners with an expected fry production of 37 million
(Figure 7)e A second stage channel, 12,000 feet long and L0
feot wida, wili be added at a later date.

A sméll diversibn dam will divert water in the
fcanyoh aresa abbverthe'spawning grounds, through 750 feet of
tunnel to the ‘channel intake stru@ture° The channel design
provides for all wateré circulated through the spawning
- channel to be directed back into Pinkut Creek upstream of the
| main spawning grounds.

Since minimum flowéAof 7 ¢fs have been recorded .
during spawning ahd incubation peridds, the need for a
storage reservoir was obvious. The spawning channel is
designed to operate at 100 c¢fs during spawning ﬁéfiods and

70 cfs during incubation, and requires a minimum storage

capacity of 32,000 acre-feet to provide the minimum flows
during the period August 15 to May 15. |
Proven dam sites were available at the outlets of

both Taltapin Lake and Augier Lake. The Taltapin Lake‘site
was chosen since it was possible to obtain the required
storage without uﬁdertaking any reservoir clearing. This
matter again was developed through liaison with the Provincial
'37:G°Y9?nmqnt~t° maintain the recreational value of the areas

7'Sﬁff6uh&iﬂégﬁﬁé‘iékéé.. Thé’entife storage at Taltapin Lake

can be 6btained below the maximum flood level of the lake by
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dredging & series of small lake areas immediately downstream
-.of the dam site, This dredging work was consmdered desirable
to obviate reservoir clearing. The dam and control works
(see” Figure T7) consists of a rockfill overflow weir, with a
”concrete cap and-sheet pile cut-off, and an outlet structure
and pipeline with a minimum capacity of 75 cfs. |

' ;nge?&emJis'sii'feet.high and its crest 303 feet.i
long; the 5l-inch diameter outlet pipe is approximately 400

feet long.VpThe dam and control works were completed in 1966.

*“E_PRESENT STATUS OF PROJECT

The Babine Lake Development Program is entering the

' third year of a seven-yearwcqnstrugtion program, Three

',projects have been completed to date- Fulton River Spawning'
Channel No,. 1; The-Regulating Tunnel and Weter Supply Tunnel
~:at Fulton River- The Taltapin Lake Control Works. The
.;remaining projects at Fulton River will be scheduled as out-A
lined in Figure 3, while the construction of the spawning
channel at Pinkut Creek will be completed in time for the
1968 adult migration.

0f the three projects completed, only the Fulton
Spawning Channel is fully operational. A total of 21,000
,jadult salmon spawned successfully in the channel last fall
and a full assessment program in the spring will measure the
success of the channel as a fry producero‘,The Taltapin Lake
: Control Worksbwill,;by tirtue of providing a minimum flowiofr
70 cfs, assist in the egg-to-fry survivals of the natural
spawning beds of Pinkut Creek. The full benefits, however,
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will only be realized with the completion of the artificial
spawning channels. |

The total estimated cost.of‘the program is $8
million, with the Fulton River projects totalling $5.5 million
'ana the Pinkut Creek prbjects totalling $2.5 million,

EVALUATION | | |
o An~evéiﬁatibn of the devéiopmént pfogram'will be
chducted not only to measure the success of the program but
also to reveal the sudoéss or failuré of the methggs“uaed to
exploit the potential of the Main Lake Region of Babine Lake
as glqukeyefsalmonjrearing ares.

L TheAQvéluation studies will include:
1. Measuremegtglqfitpgiggggbtivenega,@ﬁ;the fish cultural
;m@bnodauuSad,Kiwe}:ﬂpawning chéﬁﬁels, water flow and

'temperature control).

. 2. A comparative study of the Vlability of "survival

':potentlal" of fry produced in artificial spawnlng channels
and fryAproduced on the natural spawning grounds.
3. Measurements of the growth,and survival of,both tYpes-of |
fry as lake populatiéﬁs increase. | |

lt. Measurements of the overall gain in adult production.



_ The. five &pecies are:
N\ Sockeys, Pink, Coho,
- Chinook & Chur,

. di®

THEORETICAL CALCULATIONS
ARE FOR SOCKEYE SALMON
SKEENA RIVER
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