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FISHERIES PROBLEMS RELATED TO 

THE PROPOSED MORAi.~ DAM ON THE FRASER RIVEF~ 

INTRODUCTION 

At a meeting on November 17, 1955, fisheries age•ncies in 

British Columbia were advised that Horan Power Development Limited 

had been formed for the purpose of constructing a large hydroelectric 

dam on the Fraser River at Moran. .Auxiliary power, stors.ge and 

diversion dams would be constructed on the Fraser River and its 

tributaries and on the Babine and Peace Rivers. The primary ob-

ject of the development would be the establishment of metallurgical 

industries requiring large amounts of electric energy, although 

surplus power could be made available for other uses. 

The company reported that it had applied to the Provincial 

Government for a water license for the initial stage of the proposed 

development, :iYioran Dam, but had been advised that the application 

could not be received because of a reserve which the government had 

placed on the Fraser River between Quesnel and Lytton. l?rovincial 

authorities also advised the company it would be necessary to obtain 

the approval of the various fisheries agencies that would be con­

cerned under authority of Provincial and Federal legislation. Sub­

sequently, several meetings were held with the company to obtain 

information on which to base studies of the fisheries problems. The 

fisheries agencies indicated considerabJ.e time would be J:.-equired to 
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make an adequate appraisal of the fisheries problems and to investi··· 

gate possible solutions to them. It was agreed that when such 

studies had been made, a report of the findings would be submitted 

to the company. 

Since the initial meeting "biologists and engineers have 

been studying the fisheries problems related to one particular phase 

of the proposed project: the protection of salmon and trout at the 

proposed high dam at Horan. The additional problem::: that would be 

created by the many storage and auxiliary dams propo:::ed for construc­

tion after 1vloran Dam is completed have not been studied in detail 

although they may be as Ciifficult to solve as those associated with 

Horan Dam. This report, dealing solely with Horan D.?..m, describes 

the fisheries problems that would be created at 11'.loro.n Darn and review.s 

the status of present knowledge of various means that might be con­

sidered for overcoming these problems. 

Y.EJf2CRIPTION _OF ·rHE PROPOSED_HORAN D.&'! 

The following information, which is pertinent to the evalua­

tion of fisheries problems at 111.foran Dam1 is taken from a report -

"Moran Dam Brief" - which w2.s transmitted to the Federal Department 

of Fisheries on January 24, 1956. The preliminary pla .. n and sections 

of the dam are shown on Figures l and 2. 

Horan Dam would be constructed on the main Gtem of the Fra~~er 

Hiver 25 miles upstream from Lillooet. It would be a concrete gra.vity­

arch structure having a total height of nearly 800 feet and a total 

crest length of about 3»200 feet. Maximum head at the dam would be 
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750 feet, but for substantial portions of each year the head would be 

less than this due to reservoir draw-down and increaBed tailwater 

levels. The reservoir would extend upstream for a distance of 172 

miles, almost to the town of ~uesnel. The average width of the reser­

voir would be 3, 140 feet and the area of the reservoir at maximum 

elevation of 1,540 feet would be 65,000 acres. J;J.t this elevation the 

water would also flood approximately 9 miles up the Chilcotin valley. 

It is proposed that a live storage of 9, 000, 000 acre-·f'eet would be ob­

tained at Horan Jam and that water would be removed f':rom storage from 

October through Aarch and probably in April. The dam would be designed 

for a maximum reservoir draw-down of 200 feet. In ar.. average water 

year, the resel0 voi:i:' would not be full until some time in July. 

The proposed ini ti.al stage of develol:,ment would consist of 

lS turbine-generator units, 9 on each bank.. Each turbine would be desig­

ned for a flow of 2,B50 cfs. These turbines would be plu.cod in two power­

houses facing each other on opposite sides of the river below the dam. It 

is stated that in the ultimate development,, which might be reached within 

15 to 25 years from the start of the o:dginal project, 30 units wou1:i be 

required. However, upstream storage plus diversions into the Fraser 

system from other watersheds would be required to provide sufficient 

regulated flow for this ultimate development. 

Water for power generation would be o.rawn from the forebay 

through two tunnel intakes on each bank located 230 feet below the maximum 

reservoir elevation. The initial development would requil"e the construc­

tion of two 30-foot c~iameter tunnels on each ba..n.1c but provision would be 

made for the future construction of a third trc.nnel on each bank. 

Surplus water would be spilled by means of twenty 8-foot 



6. 
diameter regulating valves or pipes through the darn, 10 of which would. be 

placed 490 feet below the crest of the dam and the other 10 would be 290 

feet below the crest. If the reservoir rises higher ·t;han the crest of' 

the dam, spilling would occur along a 500-foot length of crest. The spill 

discharge valves would have a capacity of 100,000 cfs~ and the crest over-

flow a capacity of 100, 000 cfs. The spillway would be designuc~ oo t:i.at 

considerably greater flows would not harm the structure. 

Upstrerun 6.iversions and supplementary storage dams would add to 

the power potential at Horan. It is proposed that 8,550,000 acre-feet of 

storage be obtained at Babine Lake, StL:.'.::.·'; Lake, Grand Canyon, Cottonwood 

Canyon and Quesnel La.ke. If these upr:;,-;·er storages were developed, thi3 

iYloran reservoir could be operated with n. n:aximllil1 d:c~aw-down of about 100 

feet. The proposed diversions would cor:sist of a low dam on Babine Lake 

to divert 2, 080 cfs into Stuart Lake by a canal and tunn.el, and a high darn 

on the Peace 11,iver to divert a regulated flow of about 15, 000 cfs to the 

Fraser i-d ver. 

It has e.lso been st:ggested that a power dam hav-ing a head of 125 

feet wor!.ld be constructed 10 miles downstream from Horan in order to take 

advantage of the regulated flow provided by Moran Dam. 

!JCPEC~ FLO}L CON:OITI9NS_.h.T HQRAli._lliili 

lioran Dam, like other large hydroelectric projects, would probably 

be developed initially to produce a relatively small a.monnt of power, with 

additional generating units being installed later from time to time when 

needed. Eventually, however, the full potential of the 1foran reservoir 

would be reached, and it would not be possible to increase the plant output 

without the benefit of additional storage. The large upriver storage sites 

that have been proposed would be developed as they were needed. 
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It is evident, the1~efore, that operating conditions at Horan Dam would 

be changing constantly for a number of years. J~s thep .. ;-toperation e~ltered, . -
so too would the reservoir levels, tailwater elevatiom;, plant flows, spillway 

discharges, forebay velocities, etc., all of which are important considerations 

in evaluating fishery problems and in designing necessary fish facilities at 

the dam. Since these facilities would have to be ope1~able at all stages of the 

development, the operating limits can be estimated 'oy e.nalyzing the plant 

characteristics c..nd operations dm~ing initial development, rna:idmum development 

without auxiliary storage, and maximum development with auxiliary storage. 

It is anticipated that upstremn storages would be utilized chiefly to 

maintain full reservoir at Moran in orc5.er to benefit from maximum. head on the 

turbines a:t. this site. Thus, since the net effect of upstream storages and 

diversions would be to reduce reservoir drawd.own and. to make more water avail­

able for power generation, the effects of upstream storages need not be consi­

dered in t;1is analysis except in that they would increa:3e the plant dic:churgo 

c.t ccrt.:::.i:1 L .. ~~')C: of tl10 ycare 

Daily discharges of the Fraser River at JGsmond have been recorded by 

the W,.ter i~esources Division since 19.35. Flows at i'ioran can be assumed. to 

be tbe same as those at Jesmond. However, for the pur1x1se of this analysis, 

the discharges recorded prior to Octobery 1952 must be reduced to compensate 

for the Nechako :~iver diversion. 

EJ03.mination of the discharge records, adjusted fOj'.' the lfochako 

diversion, discloses that the lowest mean annual flow occurred in the water 

year 194.3-44, whereas the highest mean annual flow and the highest daily 

flow ocCUITed in the water year 1947-48. The co;nputations show that in 194.3-

44, with 9, 000, 000 acre-feet of storage available in the 1 • .ioran rese1~oir, 

the mean daily plant discharge at full development with 18 turbine-gene:rator 
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units but without additional upstream storage would have varied between 

35,000 cfs and 45,000 C•fs, depending upon the prevailj_ng head. The1·e 

would have been no we.stage or spill. To maintain thecie flows, howeve:r, 

the reservoir would he.ve to be drawn down 180 feet at the end of April. 

Since this estimate is based on only 20 years of record, however, it woulc~ 

seem logical to assume that the proposed full draw-down of 200 feet could 

occur at :Horan Dam. 

For the production of the same qmmtity of prime power in 1947-48, 

plant discharges would be smaller than in 1943-44 because of higher 

prevailing heads. Computations with relard to spill are based upon the 

supposition that the reservoir would be filled as soon as possible after 

draw-down in order to be assured of that quantity of water, as well as to 

operate at the highest possible heads. Thus, it was found that in 1947-48 

the reservoir would have been filled by June 3, 1948. Natural flows would 

have )revailed below the dam for some time thereafter, with part of the 

flow passing through the plant and the remainder being wasted as spill. 

Calculations show that under these conditions the maxi1m.m1 daily flow to 

be passed at full reservoir in 1948 would have been 219,000 cfs. .b.t full 

head the mean daily plant flow would have been approxb1ately 35, 000 cfs, 

so the remainder, or 184~000 cfs, wouJ_d have been wasted as spill. 

The maximum recorded daily discharge of' the Frase:r ~aver at Jesmond 

occurred on iviay 31, 1948, when it reached 289,000 cfs. If the Nechako 

diversion had been operating at this time, it is estiinated that the flow 

at Moran would ~"1.'.vc.., been approximately 266, 000 cfs. 

On the basis of discharge records, the 50-year flood of the Fraser 

River at Jesmond, allowing for the Nechako diversion, has been calculated 
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to be about 285,000 cfso It is possible that a flow of this magnitude 

might occur at a time ·when the reservoir is full. Prior to development 

of additio:::ial upstream storage the mean daily plant flow would be about 

.35,000 cfs. It is conceivable, however, that mean da:cl;y flows might be 

as low as 15, 000 cfs during the initial stage. ·rhere:~ore, during all 

stages of developmont, it is expected that daily flows belo',,r the dam 

might vary from 15,000 cfs to 285,000 cfs. Preliminary plans of the lvloran 

Power Development Limited include the ultimate installation of 30 turbines, 

each discharging 2,850 cfs. Thus the maximum instantaneous plant dis­

charge might be as high as 85,500 cfs. For a fluctuation in discharge 

from 15,000 cfs to 285,000 cfs, the tailwater would var:y between eleva­

tion 732 and elovation 823 - a range of 46 feet. 

In slunmary, the foregoing analysis has shown that. the following 

estin~ates outline part of the design criteria for fist facilities at 

liioran Dam: 

Minimurn daily plant discharge - 15, 000 cfs. 

lYiaximum instantaneous plant 3.ischarge - 85, 500 cfs .. 

Maximv.m discharge through reservoir - 285,000 cfs. 

Haximum spill discharge - 270,000 cfs. 

Headwater fluctuation - elevation 13Li-0 to elevation 1540. 

'.::ailwater fluctuation - elevation 782 to elevation 828. 

;[J;LUJ~_QF _L'.{E FIR)iJgg,;E.§_J:QIBOJI.liQ]~ 

I~t the pref.'ent time a substantial rn.m1ber of spring salmon and steel­

head trout and a~)out .39 per cent of the Fraser £1.iver s::iekeye salmon 

originate above the site of the proposed damo -<•S a result of efforts 
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being made to rehabilitate certain races in this area that were decimated 

by the obstruction at Hell's Gate, the populations originating upstream 

from the proposed dam have a tremendous potential for future expansion. 

Removal of obstructions to migration, rehabilitation of sockeye popula­

tions in depleted areas, and scientific regula.tion of the commercial 

fishery to ensure adequate escapements of fish to the spawning grounds 

have brought about substantial increases in production. By continued 

application of scientific management procedures, and by constant attention 

to the maintenance of proper environmental conditions along the migration 

routes and on the spawning grounds, the commercial catch can continue to 

increase and the tremendous catches made prior to the dii3aster at Hell 1 E! 

Gate in 1913 might again be realized or even exceeded in the near future. 

Table 1 presents statistics on the catches of sockeye in the period 

1910-13 and the period 1953-56. It will be noted from this table that 

at current proC.uction levels approximately forty per cent of the com.mer-· 

cial catch of Fraser River sockeye is taken from runs originating above 

the dam site. This catch is valued at (iS?,343,966 annualJ.y at 1956 

domestic wholesale prices. However, the sockeye catches f'or the four 

years prior to the Hell 1 s Gate slide (:·.910·-JJ) were almoe:t double present 

catches. On the basis of the distribution of present production and known 

areas in which former large runs occurred, it :i..s estimat€d that at poten­

tial levels of abundance 60 per cent of the production of Fraser River 

sockeye will come from the watershed ,. -re the Horan Dam site ( 1). The 

catch from these runs would be valued at $21,688,579 annually at 1956 

wholesale prices. 
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Value of tho Sockcyc Runs 

Origin.'l.ting Above Tho Proposed Moran Dc.m Sito 

In 'fhe Pe:ciods 1910-13 and 1953-56 

Total Sockeye 
Total Sockeye Total Sockeye Production in Percentage Percentage 
Production in Production in Cases B.C. Origin Fraser H. 

Cases Cases Origin .;;.bove Fror,1 l~bove Above Value h.bove Mean Value 
Year (B.C. Origin) (Fraser R. Origin) Dan Site Dam Site Dam Site Dara Site Per Year 

1910 680,884 398,446 

1911 511, 270 186,248 

1912 629,442 308, 559 

1913 2,645,277 2,392,895 

Totals 4,466,873 3, 286,148 1,971,689 44.1 60.0 (1) ·~86, 754,316 :.~21, 688, 579 

1953 688,470 354,420 322,522 46.8 91.0 ;$14, 190, 977 

1954 1,182,214 988,301 128,479 10.9 13.0 $ 5,653,082 

1955 329,957 180,513 87,007 26.4 48.2 :;~ 3' 828,320 

1956 404,176 168,348 129,628 32.0 77.2 ~~ 5,703,632 

rp ....... ..J- ....... , ....... r") L..n1 n.,,..., ., /r'\.., ~,.--\,,.... t,.:..,7,636 25~6 39.5(1Vloan) ~29,375,984 "· ,.., "4..., 99/' ..LVV<...1...Li:> /(.' vv4, O.l.f J., 0':1J., )o.(. c;p { '.) .J, 0 

ill Values Based on Mean Dor11estic prices - 1956. 
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The present wholesale value of the Fraser River spring 

saL:ion nm is alJproy.J.mately ;;ji3, 000 2 000 annually ( 1). Since about 50 

per cent of these fish spawn above Hore.n, the present annual value of 

the sp1·ing salaon runs that originate upstreaL1 fro;:i the proposed da.u 

is approxLIB.tel;ir ;1il, 500, 000. No inforI.lation is available concerning 

the potential or historical production of sprine saL10:0. in these 

areas but it is likely that tho prccont ~.reduction cou1C:~ :::c c~:cccded. 

It is very difficult to assess the cor:;;;iercial and recreational 

values of the steelhead and other trout fisheries that would be aff eciied 

b;)T the proposed. dado In 1954, the coD.:;1ercial catch of steelhead in the 

Fraser iLiver gill net fishery had a wholesale value of :j>221 600 but this 

amount is insignificant in conparison with the recreational value of 

this species. It has been esti:mated that the present Ela.lt-water sport. 

fishel"J in the Vc,ncouver, Howe Sound and Bechel t areas is worth ($3, 000, 000 

annually. In adclition, 2. substantial fresh--water spo:rt fishery would 

be affected by the lJroposed :i::ioran .Oa1J. 

The sockeye runs to the :::eraser River above the Horan site have 

been for centuries and still are a princi9al source of food for ;J.any 

native Indian far.iilies. Each year substantial nUt-:1bers of sockeye are 

caught at mmerous ancestral fishing sites all along the Fraser l:ti ver 

fro11 Hope to Fort .St. Janes (32). While it is difficult to assign a 

aonetary value to these ca.tches, t:.1ey are nevertheless a significant 

contribution to the total inco:·Je of these fru:iilies. 

In sui:rLiary, the present annual wholesale value of the coTJ.J.::ter­

cial fisl1er.f for sockeye and sprin]; salnon originating above the Moran 

Da1:i site, is approxLlB.tely :;;is,soo,ooo and the potential annual value at 

today 1 s prices probably exceeds ~k23, 188, 579. 
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run is approxi1i1ately $3, 000, 000 annually ( 1). Since a bout 50 per cent of 

these fish spawn above Moran, the present annual value of the s pring salmon 

runs that originate upstrea;J f roE1 the proposed dam is approx:L:latel y 

$1,500,000. No information is available concerning t he potentia l or 

historica l production of spring sa l non in these areas but it is likel y 

tha t the present production could be exceeded . 

It is very difficult to a s s ess the cor.L1ercial and recreational 

values of the steelhead and other trout fisherie s t hat would be affected 

by the proposed dar:i. In 1954, t he col:mercial catch of s teelhead i n the 

Fr a ser !(i ver gill net fishery he.d a who lesa l e value of · :~22, 600 but this 

aaount is i nsigni f icant in co;·uparison with t he recreational value of this 

species. It has been estinated that the present sa lt--water sport 

fishery in the Vancouver, Howe Sound and Se chelt areas is worth ($3,000,000 

annually. In addition, a substantia l fresh-water sport f ishe17 would b e 

affected by the proposed Mo ran Dam. 

The sockeye runs to the Fras er Ri ver above the Horan s ite have 

been for centuries and still are a l)rinc ipal source of food for many 

native Indian faailies. Ea ch year substantial nunbers of sockey e a re 

caught at numerous ancestral f ishing sites a l l al ong the Fraser Ri ver 

f:ron Hope to Fort St. Janes (32). While it is difficult to assign a 

r.10netary value to these ca tches, they are nevertheless a s i gnificant 

contribution to the total incone of t hese fan i l i es . 

In s m:1Dary, the pr esent annual wholesale va lue of the commercial 

fishery for sock ey e and spring s aL!lon origi nating above t he 1°.;oran Dam 

site, is app:;.·oximately ~$8 , 800,000 and the potential annual value at 

today 1s prices probabl y exceeds ~j>23,18G ,579. 
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It should be noted that this potential value is conservative and 

that a auch larger value could be derived on the basis of the evaluation 

made by the Gordon Econonic Co;Jnission. The value of the salt water and 

fresh water fisheries and the Indian catches must also be added to the tot-

als, although it is difficult to determi:a.e t!.1eir actual i:J.onetary value. 

PROl:ll#J§ .. }ui.I_~JNG J2JJHING TB:f;._ CON~~RT[Q_T_JOJ:i.J?J~IQJ2 

The first problems involving the protection of fish at the proposed 

Moran Dari would arise during the construction period, which is expected to 

last about five years. During this period, facilities would have to be pro-

vided to ensm~e the safe and undelayed passage of both downstream ni5rants 

and adults. The numbers of adult saL:1on to be passed would depend upon the 

tir.1ing of construction with respect to the pro::;-ress in rehabilitation of 

the sockeye salHon runs. at the present tirae, the ;-_;axi~-::rwn daily escape-

nent consists of approxi1-;i:itely 140, 000 socke;ye, but in a very few cycles 

this may be increased to 750, 000 sockeye (1) as a res11lt of current re--

habilHation of depleted runs. 

It has been proposed that two cofferdarns be constr'11cted across the 

ri-ver about 3500 feet apart, above and below the work site and that all 

river flows up to 100,000 cfs would be diverted through two diversion 

tunnels, each a;;proxL1ately one nile long. The upper cofferda;:1 would be 

at least 100 feet high to create the necessary head on the diversion ti..:llll1els. 

Two 50-foot dianeter unlined circvJ.e.r tuJ'."J.nels have been proposed for tl:.e 

diversion 2.nd it has been suggested by Horan Power Developi:1ent Limited 

that these tunnels could be utilized for upetrear:i. and doi, .. mstrea.::1 passage 

of salnon and trout. 

Downstrean i!!igrations of sockeye, spring and steelhead suolts occur 

each year in the period .Ap::.~il 15 to July 15. After deducting the 
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Nechako diversion river flows in this period would range from 13,000 to 

61,000 cfs at April 15 to a maxi.mum of 94,000 to 285,000 cfs at the flood 

peak in May or June. Adult migrations of sockeye occur in the period 

July 2 to October 2, spring salmon in the period March 1 to November 15, 

and steelhead trout possibly throughout the year. 'I'hw3, adult salmon 

and trout would require upstream passage at the dam during all river 

stages, from the minimum low flow to the maximum flood discharge of 

285, 000 cfs. 

Since the diversion tunnels as specified are designed to pass 

only 100,000 cfs, there would be a period, at least in the first year of 

construction, when the cofferdams would be overtopped and water would flow 

through the construction area during both the upstream and downstream 

migrations of salmon. Overtopping could also happen in one or more 

subsequent years, depending on river flows and the hei15ht of the partial­

ly constructed dam. The head on the diversion tunnels could be 70 feet or 

more before the cofferda.i-n was overtopped, 2.nd veloci ti1:is through the 

tunnel JO fps or L1ore. Because of these high heads and velocities, the 

diversion tunnels could not be considered as a means of passing adult 

salmon and steelhead trout around the construction areay nor could they 

be considered as satisfactory for the passage of downstream migrants. 

Furthermore, passage of downstream migrants through the con­

struction area could not be considered satisfactory due to the mortalities 

that would be incurred by the fish in falling up to 70 feet or more over 

the rough surface of the cofferdam. Trapi:-ing of the migrants between 

the two cofferdams would also have to be avoided. 
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Because of the large size of the fishways necessar; during the 

construction period it is considered impractical to attempt to provide 

passage for the e.dults through a tunnel, even if it could be so constructed 

and suitably baffled to operate over the anticipated range of heads, 

since in effect it ·would be necessary to construct a special third 

tunnel. This tunnel would be approximately one mile long 2.nd it is 

not known to what extent fish would use it since it would be dark through-

out most of its length. Cu:;rent information does not indicate to what 

extent artificial lighting would be successf1JJ. in prorncting migration~ 

even if the practical difficulties of such lighting could be overcome. 

Therefore it is considered that the most feasible solution would be to 

p:rnvide suitable fishways passing through thi3 two cofferdams and the 

construction area. 

Construction phase fishways would have to be operable throc;.gh­

out the year right Ul) to the time when the diversion tunnels are closed 

2.nd reservoiT filling conr:.1ences. Thus the dam would have to be construc­

ted around the fishway and re cessa:ry closures would have to be made when 

the diversion tunnels are closed. 

In order to permit t1ese fishways to operate over the expected 

range of river flows anc~ to prevent mortality to downstream migrants at 

the two cofferda;;1s~ the C:civersion tunnels and upstream cofferdam shou1d 

bo · constructed to permit the entire maximum :i.:iver flow to pass through 

the tL.umels without overtopping the cofferdam. J.\io1~eovsr~ in order to 

prevent delaying the downstream r1igrants and to reduce velocities and 

heads in the tunnels during the period of do-vmstream i:iigration1 tunnel 

intake submergence should be limited to JO or 40 feet at maximum flow .. 
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It might c.lso be necesso.ry to line the tunnel walls, ~iince c.t higher water 

velocities there might be considerable mortality to migrants in po.ssi.ng 

through tunnels with rough walls. Referenc19 to the measured mortalities 

to young so.lmon 90.ssing over the spillwo:y-s at Baker ar..d Elwha Darns empha­

sizes the severe mortalities which can be caused by abrasion on rough 

surfaces (2, J). 

It is esti:mated that these requirements could be satisfied 'by 

two 70-foot diameter tu..11.nels with upstream invert at elevation 785 and an 

upstream co ff erdo.m high enougl1 to provide sufficient !~""~ '.lbove 

elevation 896. With this arrangement, the construction period fishways 

would hc,ve to overcome heads varying from a minimum of about 13 feet to 

a maximum of about 70 feet. The operating range would be 47 feet at 

tailwater and 104 feet c.t headwati:ir. 

Because of the attraction of the outflow fro::n the diversion 

tunnels, it would not be feasible to attract the migrating adults to a 

fishway entrance in the vicinity of the tunnels or upstream from them .. 

It is considered that the only feasible method of coll1sction would be 

to install a low barrier darn downstream from the diver,sion tunnels wh:Lch 

would create impassable velocities across the midsection of the river ai:1d 

thereby lead the fish naturc;;.lly to fishway system entrances located on 

each bank. This collection system could become part of any pennanent 

fish facilities considered feasible. While two fishway entrances wouJ.d 

be necessc..ry, it may be possible to design the collection system to lead 

into one fishway structure. 

The fish exit would have to be located well upstream from the 

diversion tunnel portals and should be designed to prevent fish from being 

carried downstream t:'U'ough the tunnels. Even at Bonneville Dam, where 
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there is a wide forebay with low velocities~ there is evidence that 

adults pass downst1·eam over the spillwayo 'I'here is no known method of 

ensuring that adult sal1I1on would not be swept downstree1n through the 

tunnels after passing through the fishways a.t i:1Ioran and it see1;:is inevitable 

that a proportion of the fish would be lost in this wa;r.. The only method 

of alleviating this problem would be to release the fish in a :rela.tively 

low-velocity area as far upstream from the tWL1'lels as possible. 

Thus the entire fishway system froD entrances to exits would 

be over it miles long. There is no precedent for such structures.9 either 

in length or in operating requiren1ents. Because of the large differer~ce 

in headwater and tailwater val'iations.? it would not be possible to use the 

Hell'~ Gate type fishway baffle. It is possible that either the weir 

ty-pe of fishway with segmental weirs.? or the vertical ::ilot type with 

adjustable width slots, could be used. Extensive hydraulic model studies 

would be required to deteraine the feasibility and design of the hydraulic 

features of such fishways$ Detailed consideration of operating problems 

would also be required before an acceptable design could be made .. 

It must be emphasized that these c:onstruction phase fish.ways 

would have to overcoii1e a head greater than that at Bonr.oville Dam and 

would have to operate through more severe ra:ciges of wat.er level. While 

the Bon.::wville fishways do provide passage for adult ;o:almon, there are 

still unexplained differences in the counts of salmon 2.t Bonneville and 

licNary Dams which indicate a considerable loss of salmcn between the two 

dams. Uhether or not this is due to the effects of passage over Boi;µle·""· 

ville Dam is not known. However, it is such unknowns that make it impos­

sible at this time to deteraine the effectiveness of the fishways required 
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for the construction period at Horan Dam. It is possible that the fish 

woiud be reluctant to :c emain in such a long fishway sys.tem and would drop 

back. Variations in flow pattern are known to interrupt the movement 

of fish causing large numbers of thera to retreat down the fishway. 

It is essential that all such interruptions be avoided., but it i;lay be 

difficult to do this when continuous adjustments to tt.e fishway are 

necessary to meet constantly changing hydraulic conditions. 

The barrier dam suggested as a means of leading fish raturally 

to fishway entrances is unprecedented in scale. Hydraulic ~odel tests 

would have to be ;~1ade to design and test the spillway and fish entrances 

to ensure that the desired flow patterns would be obtained. 

Thus, it is evident that considerable investigation a.nd study 

would be required before the fish protective facilities for the construc­

tion phaso alone could be designed. 

PROBLEhS DUHfoG r\E33~tVO.lli...£-:J;b.J;J1~G_t~:~[9.12 

Since the construction phase fisl'lways could not be in operation 

1rhen the reservoir is filling, the permanent fish facilities would have 

to be operable as soon as the temporary one::; are abandoned. This require­

ment would extend the operating range of the pernanent facilities boyond 

that which would otherwise be required, since the initial forebay level 

could be 450 feet or aore below normal minimum operating forebay eleva­

tion. i:iowever, if the reservoir filling period is properly timed with 

respect to upstreara and downstream movements of sockeye, this require--

1;1ent could be Ll.odified without interference witb. essential perfo::mance 

of the facilities. 

Intc1~foro:1cc with the salmon migrations at the dam cl.uring t.he 

filling period could be held to a mininn:un if the reser"iToir were filled in 
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the period between the end of downstream ;:ligrations of sockeye and the 

beginning of upstream migrations of sockeye or conversely, between the 

end of the upstream migrations of sockeye and the start of downstream 

migrations of sockeye. Interference with the migrations could not be 

completely avoided since adult migrations of other species occu:r through­

out :·11ost of the year. Therefore, even though these periods are used for 

filling, auxiliary facilities would be required fo1· the other species. 

k.pproxili.lately 5 million 2.cre-feet of water would be required 

to fill the reservoi:c to noraal minimum forebay elevation of 1340 feet. 

The entire flow of the river could not be irapounded dur:Lng the filling 

period, since a residual flow would be required for transportation of 

adult salrn.on, maintenance of flow over pink salmon spawning grounds in the 

Fraser River below Hope, and possibly to protect other interests downst;ream. 

In determining the magnitude of the residual flow consideration 

must be given to the effect of reduced flows in the reach from Horan to 

Lytton and from Lytton downstream.. In the Moran to Lytton reach, two 

rapids near the confluence of Bridge ~d ver with the Fraser rd ver fornerly 

obstructed the passage of sockeye. These obstructions were remedied by 

two fishways constructed at the site in 1945. These fiE:hways are designed 

to operate over a range in river flows f1~om 90, 600 cfs t.o 19, 200 cfs and 

a range in water surface drops ranging fro1J. 2 .. 75 to 1. 5 feet at the upper 

li;nit to 9 to 10 feet at the lower limit. Wh:Lle the fishways were designed 

to provide passage for sockeye salmon~ t.hey also assist spring saluon 

and steelhead trout. Since the drops continue to increase as river flow 
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decreases, additional re;1ed.ial action :Jay be required if the river flow 

is artificially reduced below 19, 000 cfs. .ll.d.ditional infon:1ation on 

extrei:1e low water profiles at these points would be necessary for 

assess1:ient of a possible low water obstruction. 

In the reach below Lytton, fishways at Hell 1 s Gate provide 

passage at 2.ll cUscharzes between 64, 000 cfs 2.nd 282, 000 cfs for saluor~ 

runs to the Thonpson fLiver systeu as well as those to the Fraser H.iver 

syste;J above Lytton. Sockeye nigrations in this reach ~:tart on July 9 

and in sone years continue until October 26. Spring saJ.:t::con and steelhead 

nigrations he.Ve about the sar::te duration as at Horan. Pir;k salnon nigra­

tions start on about SepterJber 1 and continue until October 15, and 

coho saluon uit?;rate between August 1 and Noveaber 30. If the Fraser 

River were shut off at iforan durin..:; these Di$rations the discharge at 

Hell 1 s Gate would be reduced below the operatirn5 range of the fishways. 

This flow reduction would have no special sig11ifica.')';:; :'·c !-f011 1 s Gate 

if it occurred after October 15 since this is a nonnal C1c.curl'onco· ·in·oO 

per cent or no1~e of the yea1~s of reco1~d. The populations of fish in the 

river that would be affected after that date would be suall and could 

find aclequ2.te passage on the left bank at Hel1 1 s Gate. Such rec,uctions in 

flow prior to October 15, however, could result in a serious obstruction 

to passa[;e at I-:Iell 1 s Gate due to the large nu1:1ber of saL1on that would 

be affected by the abnorual river levels. In order to avoid. such an 

occurrence it would be essential, therefore, that the dan not be closed 

during the adult nigration prior to October 15. This requirenent liuiti3 

the two possible filling periods to between October 15 and .A-9ril 15 Ecnd 

fror.i about June 15 to July 1. 
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Reductions in flow in the period October 15th to ~.pril 15th 

could very seriously affect the success of spawning 2,nd incubation of 

large pink and churJ salnon popul2.tions which spawn in the Fraser River 

below Hope. Pink salrJon are p1~esent only in odd nunberec~ years but cb:w:1 

salrnon are present every year. Ca1~eful consider2,tion would have to be 

given to the tining of the closure of the clan with reSj_)ect to the spaw:nng 

tLJes of these fish and to the required residual flows to :.-.1ini:-,1ize los1s 

of deposited e;gs through exposure. 

It is tentatively su::?;gested that at least the mininu·.1 river 

flow of 4000 cfs be passed through t~1e dam at all til:1es, although this 

Elay have to be increased on the basis of' analysis of the flow require­

i:ients in the Fraser Ii.iver below Hope durint; the spawning and incubation 

period of pink and chu:1 salmon. If the reservoir filling could proceed 

so as to reach the rainir:mr.1 operating level of 1340 before the downstrear:i 

nigrations start about .u.pril 15, it would not be necessary to extend 

the open~.tin;_5 range of the downstre2.L.1 Digrant facilities to water 

levels prevailinc; at the s-C,a:;:-t of filling. On the basis of 4000 cfs r13si­

dual flow, the necessary storage could have been obtairn:id between October 

15 to April 15 in fifteen out of twenty years' of recorded flows. However, 

even in the year of lowest recorded runoff foi~ the p0riod, the required 

r,1ininun storn .. 3e coulcl have !)een coD::;ileted by about day :5, which wo"Lild 

still be in advance of the bulk of the clownstrea:J ;Jigrations. Reser-

voir filling durinc; this period. thus wo"Lilcl provide a Deans of avoiding 

ex.tension of the operatin,3 range of the downstrea;:i 1;i.igrant facilities. 

However, spring salnon and steelhead trout wouJ..d be Erl.grating in part if 

not all of this period. Since the nuDbers of these fish involved in any 
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particular year would not be large in conpar:Lson to the sockeye runs,, 

teuporary ;:1easures to handle thea during the filling period ;night be 

considered. These aeasures i:iight involve the use of e.n aerial brail or 

tank trucks or similar devices. .i.lternatively, if these measures are not 

possible, it would be necessary to extend the operating range of the 

advit facilities. 

If the reservoir could be filled to 11ini11ruu :forebay elevation 

in the period June 15 to July 1, the same conditions cs above would prENail 

with respect to upstrearil and downsti~ean nigrations. JU.lowing the 4000 cfs 

residual flow as before, exaDination of the flow records for the period 

shows thc.t the reservoir could not be filled to uininm.1 forebay in thi::: 

period in any year of record. 

Thus it appears that the tiue of filling of the reservoir could 

be scheduled so that the adverse effects on the fisher'iJ could be held. to 

a Dinimum, at the same tli,1e avoiding excessive operating requirements 

for ariy perDanent fish piotective facilities. 

It should be enphasized, howeverJ that the conclusions reached 

in this section are be..sed on preli11inary estiDates of the actual depth­

volume relationships in the proposed reservoir, anO.. that the length of 

the filling period, and storage volUl:1e required uay be 1".odified when more 

accurate estic~ates becoae available. 

PHOBLEJ.viS ~i.ELi...TED TO DOWi~S'rnE..~i dIGl-t.";.'.rIOJ:i 

..... Reservoi:c· .::.:~'.vi1:Q.;1..lQJ1t 

Each yGar young sockeye and spring salnon and steelhead 

trout Eligrate down the Fraser ~liver past the Elite of the proposed dail'l at 

Horan. The sockeye are principally one yee.r old fish which originate in the 

roc-.rL:i.~ c~roas of tho Chilcotiny !.,Afesnel, Bowron, Stuart and Nechako RivE3r 
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systeus. The exact timing of these iuigrations is not known for all 

of these rearing areas, but at Chilko Lake the seaward ::-nigrations 

co1:u:ience about April 15 and continue until June 15. These E1igrations 

are associated with rising water temperature and the river freshet. 

Periodic sampling indicates that siTuilar dates a)ply to the other 

rearing areas. Host spring Galmon raigrate to sea as advanced fry 

although some reuain in the rearing streaiils for a year and wigrate 

as yearlings or smolts. The tir_iing of thoso ;_;ic;rntions is fro:: .:~pril 

15 to June 30. Young steelhead trout D.igrate seaward after two or 

three years residence in fresh water rearing areas. In the Nicole. 

River systeu these 111i.~rations start on about April 15 and continue to 

July 15 and it is believed that the saue timing applieG to the runs 

in the Fraser above Horan. 

The TJechanisns that initiate the seG.ward n1igrations and lead 

the fish through and frou lakes are not completely understood at the 

present ti:w.e, but it is known that these 1'1igrations are related to 

the enviroru1ental cycle and complex physiological processes. 

There is a considerable range in length of the various species 

as they raigrate downstrear:i. Yearling sockeye usually range in length 

frou 2 to 5 inches, but sockeye that spend ;-1ore than one year in 

fresh water are so1Jetimes as long as 7 inches. Some spring salnon 

and steelhead trout are as nuch as 8 inches long, but most spring 

salaon nigrants have about the saDe range of length as year-old 

sockeye. 
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Of the several species of salmon and trout that uigrate down-· 

streaa past the Horan Dam site, sockeye a:2e the most abundant. At the 

present til:.1e, in the years of 111ay.imun abundance, the Ghilcotin syste11 

produces about JO, 000, 000 migrants, the Nechako syste11 about 15, 000, 000, 

the Stuart system about 40, 000, 000, and the Bowron sy~:ten about 1, 000, 000. 

The Quesnel syster1 runs are now being rehabilitated and it is cui~rently 

estimated that at least 100,000,000 a:nd possibly 150,000,000 raigrants 

will be produced in the maximum year when these runs a.re restored to 

historical levels. The adult runs to the Stuart system are also 

increasing and it is estii:iated that these runs will produce at least 

75, 000, 000 ::1igrants in the dominant cycle. Studies at Chilko Lake 

have shown that about 35 per cent of the nigrants leave the lake in 

a single 24-hour period. If the Quesnel syi3teri1 nigrants behave in 

a similar wanner, an cs"'.:ii;::i:..ted r.iaximurl of 45, 000, 000 nigrants may be 

expected to leave Quesnel Lake in a 24-hour period. It is possible 

that, due to cliraatic conditions, the peak migrations from the vurious 

rearing areas may be concurrent, and taking into consideration the 

different years of cyclic production in the individual runs, the peal< 

daily Eligration at Horan could be far in excess of 45,000,000 and 

possibly as much as 100,000,000 Lligrants. 

The variability in the timing of the migrations of the various 

species has been mentioned. Since most of the Lligrations occur in the 

period April 15 to June JO, this period will be used as the basis for 

considering the probleras related to the passage of young salraon and 

steell1ead trout through tl1e reservoir and over the proposed dam. The 
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problens associated with i::i.igrations at other tiL1es of the year will 

be essentially the srune, although perhaps i:1odified in detail, and will 

not be dealt with separately except where it is known that special 

problens uight arise. 

Asswuing as previously discussed, that the reservoir is filled 

initially to reach a ;~1inimum forebay elevation of 1,.340 by April 15, 

the vanguard of the first downstreaE1 ;;1igration would enter the reser­

voir in the vicinity of the mouth of the Chilcotin River. As the 

reservoir continues to fill, the point of entry would move upstrean 

until atmaxifilu::i reservoir elevation it would be in the vicinity of 

Quesnel. In subsequent years, the point of entI'IJ would vary between 

these limits and would be determined by the reservoir draw-down during 

the winter a:1d the ro.te of filling in the spring. Thi~; reservoir 

would produce an entirely different environment for the Lligra.tion than 

that of the ey,isting river and the effects of this different environ­

r.ient on the nigration rmst be carefully considered. 

One of the important changes would be a reductj_on of velocitiE'S 

in the flooded section of river. During the period of downstream 

Lligrations recorded discha::.~ges in the :r!'raser River range from a miniI:i.i.;tm 

of 12,600 cfs below Quesnel and 13, 000 cfs at Jesmond to a 11axiilUf.l of 

205, 000 cfs below t~uesnel and 266, 000 cf s at J esaond, after deducting 

the Nechako i~iver ci.iversion. Data concerning the Fraser River between 

C:~uesnel and Horan is insufficient to uake precise esti1;iates of the 

tiL1e required for water to traverse this reach. On the basis of the 
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river sections at ffilesnel and Jesnond and the average river slope for 

the reach, it is estiaated that at uinir,1ur.i flow for .April 15, the travel 

tine froD "'uesnel to the Chilcotin River would be 26 hours and from the 

Chilcotin rtiver to lvioran would be 19 hours, or a total cf 45 hours frou 

Quesnel to ivioran. At r:i.axiHUj-'l river flow the travel ti;:1e froD ~~uesnel 

to Horan is estii:1ated to be 18 hours. Recently coElplet.ed surveys in the 

Chilko Hiver have shown that the rate of ::iove;:.rnnt of i:1i.grants dovmstrea;:.i 

is approxir.o.ately the sane as river velocity. It was nlso found that 

the fish feed during the nigration. 

Velocities in the forebay of the proposed da.;:1 wot1ld range fro1.i 

.3 to 14 fps in the nornal river at the head end, down to 0.026 fps or 

less near the dan depending on forebay elevation e.nd river and plant 

discharge. It is not considered necessary at this tine to study in 

detail the velocities that would occur with different co::1binations of 

plant and river discharge and reservoir elevation. Sufficient indication 

of the :1agnitude of the difference in velocities can be obtained by 

considering an e.verage water year with average plant discharge and an 

allowance for by-pass discharge. Assw:1ing a nininum reservoir 

elevation on April 15 consistent with an average water year the average 

time water would take to travel fror:1 the head end of th:i reservoir to 

the daD during the period of downstrean :Lcsration would he as shown in 

Table 2. These estiBates show, that for an average year:i the tiIJ.e re­

quired for water to travel fro:J Cmesnel to the Moran sit.G would be 
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increased frotl less than 2 ce.ys in the natural river to at least 57 

days in the reservoir, an increase of alnost thirty times. Figure 3 

shows the travel tirn.e from the upper end of the reservoir to the dar:i 

for the various concli tions of inflow, outflow and storage listed in 

Table 2. 

Starting 

Table 2 

Estinated Total Elapsed Time for J:1Iovement of Water Through 
the Proposed iforan Heservoir in an Average Water Year 

Reservoir 
Elevation At .Average Average .Average 

End Of Inflow Outflow Storage · Total Time -Period Perj.o~ ___ q_.f.s cfs _cfs __ _JI_ours Qa,]L§. 

April 15-20 1,410 43,000 43,000 0 1,609 67.0 

April 21-30 1,420 55,000 43,500 11,500 1,535 64.0 

May 1-15 1,440 73,700 43,500 30,200 1,425 59 •. 4. 

11.lay 16-31 1,490 113,000 43,500 69,500 1,369 57.0 

June 1-10 1,515 121,000 43,500 77,500 1,436 59.7 

June 11-30 1,540 113,500 61,100 52,400 1,621 67.:5 

July 1-15 1,540 101,500 101,500 0 2,253 93.8 

July 16-31 1,540 85,000 85,000 0 2,778 116 

It is not possible to predict with certainty what effect these 

reduced velocities will have on the downstrea.r.i migrants.. The migrations 

fron the various :rearing areas are tiraed to suit a relatively fixed 

environ ... 16ntal cycle. Coaplex physiological changes take place in the 

fish before and during these i,1ig:c:::cions to prepare the fish for their 

ocean environnent. For each particular race of aigrants these changes are 
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probably adapted to the ~articular oigration path and environ11ental 

changes encountered. Thus the Stuart River runs are probably adapted 

to long uigrations through Stuart and TrenbleurLakes, whereas the 

Chilko, Horsefly and Stellako runs oay not be. For any of these races, 

however, the addition of a 170-r.iile long artificial lake in the 

Fraser rtiver would create an eA.-\;rene change in environnent to which 

the fish nay not be capable of adapting ther:iselves. The rate of 

nigration of these fish through lakes is not known but it is certain 

that either they will have to swin through this reach of river which 

they are not now required to do, or they will be delayed frora eight to 

ten weeks in their migration. Either of these alternatives could 

have serious effects on the fish. They nay not have sufficient body 

energy to enable thei:i to swirl this distance and there nay not be 

sufficient food in the reservoir to enable theD to replenish their 

energy reserves. ~lternatively, due to the genetic tL~ing of the 

physiological changes the fish nay not be able to tolerate an abnornal 

addition to the nigration tL4e to reach the ocean. Each race of 

sockeye has been genetically adapted over a long period to their 

particular envirom1ent. While it generally =~oquiro , a r.iajor change to 

destroy a race, even a ninor change in envirorutlent can seriously 

reduce a population of sali:.1011c Consequently, a r:iuch bettor under­

standing of the environuental factors influencing downstreaLl ~igrations 

is required before any evaluation can be uade of the effect of eArtended 

migration t:iIJe ca.used by the reservoir above Horan Dan. 
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Velocity would not be the only enviro:ru,1ental cl1C.r~ge that would 

occur. Temperatures and possibly dissolved oxygen and other dissolved 

substances would be different in the reservoir than in the nori:ial 

river. Water teuperature records in the F:L:'aser River in the vicini~y 

of Horan are very 1:ieagre. However? several years of records (Figure 4) 

of water tenperature are available fror.1 a ther,nograpb station at Hell 1 s 

Gate below Lytto:1, which can be used to estimate corresponding tempera-

tures at 11oran. In the period April 15 to June 15 the annual pattern 

of water temperatures at Hell's Gate is quite consistent within a 5° F 

r;;.n~c:. Study of the rela.tionship between teuperatures at Hell 1 s Gate, 

Lillooet and Dog Creek for years in which concurrent records are avail-

able indicates that during the period .i.4pril 15 to l'!Ja.y 30 water te1:1pe:ra-

tures at Horan would be alr.1ost identical to those at H•9ll 1 s Gate. 

In the period June 1 to possibly as late ai:i i:iovember .30,. tenperatures 

at Hell's Gate are higher than those at Horan due partly to heating 

of the river as it flows downstreau and partly to the i3ffect of the 

ThoE1pson .,i ver wlnch delivers a substantial volui:ie of warmer water 

drained from a large lake systera. The annual pattern of teuP9 ratures 

in this period is uore variable than during the remai::ider of the year, 

the temperatu:;.~e range being 5°F to D°F for a given date. The relation-

ship between temperatures at Hell's Gate and lfo1°an is also variable.1 

0 
with te7aperatures at .i:tloran being as uuch as 6. 5 F cooler. Figure 4 

also shows the average annual water temperature cycle at Hell's Gate 

and the estinated corresponding water te;nperatu:re cycle at £1.loran. 
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Also shown is the average water te1aperature cycle at Quesnel, which 

was esti:Jated froill the tewperature change recorded between Dog Creek 

and Lytton. 

It might be supposed from the wide range of temperature prevailing 

during the ti.i11e of downstream migration that the seaward 4ligrants 

have a wide tolerance to water teiilperature. A closer examination of 

the tilles of hligration in relation to water tenperatures is necessary 

to determine the actual environ.1ent of any particular migrant. Enumera-

tion of the seaward migrant sockeye leaving Chilko Lake during the 

spring months of 1954, 1955 and 1956 has shown that the migrants l eave 

the lake rearing area in the period April 15 to June 15, with peaks 

of migration occurring in late April, early and mid-May. Data on the 

concurrent water te;:iperatures in Chilko River and the Fraser River at 

Hell's Gate are given in Figure 5. As previously noted, water tempera-

tures at Moran are probably about the same as at Hell's Gate during the 

spring r,1onths. Hence it appears that migrants from Chilko Lake may 

encounter a temperature rise at the confluence of the Chilcotin and 
0 

Fraser Rivers ranging from zero to not i:iore t han 8.5 F. It has been 

estitw.ted that nigr ants take about five days to travel frofil Chilko 

Lake to the Fraser River. Thus, the te~perature encountered by any 

given migrant nay i~crease up to 12.5°F during the course of the migra­

tion; with a 11aximum te~.iperature of about 56°F. Sir1ilar variations in 

temperature may norr.ially be encountered by L1igrant s from other upriver 

rearing areas such as Quesnel, Stuart, Fraser and Francois Lakes 
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35. . . , 
although the change may be spread over a longer period of time. 

Due to the greatly increased tine required for water to travel 

through the reservoir, the surface layers of the reservoir would be 

subject to more heating than they would be in the existing river, and 

consequently surface te~peratures would be higher than in the 

eyisting rive:r. The great depth and slmr velocities probably would 

result in temperature stratification at least at certain times of the 

year. i-1. stt~dy of neteorological and liiimological conditions would be 

required to deteThline actual reservoir t~ilperatures for any given set 

of conditions. ~·-t the p1·esent time little work has been done in ana­

lyzing the effects of i:ieteorological conditions and river flow on 

thernal strati:f'j,,..,_tion in reservoirs and a lengthy study of existing 

reservoirs wou1d be necessary to obtain sufficient background infor­

mation for a study of the reservoir that would be formed by the pro­

posed dan. Until such a study can be i11ade, sufficient indication of 

the probable conditions in the reservoir can be obtained by referring 

·(,o L16"'SU1'einents available fron Lake Roo ::;ovelt above Grand Coulee Dam 

on the Colunbia rl.iver. 

Table J lists the various cl19.racteristics of the two dams and 

reservoirs. It will be seen that the two reservoirs are about comparable 

with respect to 10·1g5_tude and ebvation and while they are 3° apart in 

latitude, they are both located in the continental climatic zone east 

of the Cascade Mountaii1s and thus would have approxirao..tely sL-nilar 

exposures to cl:inatic :-..., ... - ~tions, the one irJportant difference being 



Table 3 

Conparison of Cnaracteristics of 
Roosevelt Lake and the Proposed Horan Lake 

36 .. 

Roosevelt L~ /Ioran Lake 

Latitude of Da1:1 

Longitude of :Jam 

Reservoir Elevation 

Drainage Area 

L.vcr:o..:_:o River Flow 

Maximum River Flow 

Mean Annual Runoff 

Head at Dam 

Dai:l Crest Width 

Drawdown 

Drawdown Per Cent of Head 

Reservoir Lroc. 

Reservoir Length 

Average Width 

Shore Line Length 

48° N.o 

119° w. 
1 7 290 feet 

74, 100 sq., Tliles 

104,150 cfs 

637,800 cfs 

77,200,000 a.f. 

348 feet 

4,173 feet 

80 feet 

23% 

85,000 acres 

151 miles 

4~650 feet 

600 miles 

Reservoir Volume 9,700,000 a.f. 

Active Volume 5,165,000 a.f. 

Per Cent Active Volur.1e 53% 

Ratio of Runoff to active Volur.1e 14.9 

~.verage Cross Section 
( estii;1ate only) 

Velocity at Average Section 
at l11axir.m1;1 Flow 

1 ... verage Turbine Discharge 

530, 000 sq .. ft. 

1.2 fps 

65,000 cfs (1950) 

iJ. ..::.fter deducting Nechako Hiver Diversion. 

0 
.51 N. 

121° 52 1 w. 

1,540 feet 

50,000 sq. miles=·~ 

v 
Lj.8' 300 Cf S . 

;266,000 cfsv. 

¥ 
34,480, 000 a. f. 

720 feet 

.3,200 feet 

~~00 feet 

Z7.8% 

65,000 acres 

172 ailes 

J,140 feet 

lJ,300,000 a.f. 

9,000,000 a.f. 

67.5% 

3.82 

640,000 sq.ft. 

0.42 fps 

37,400 
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that Roosevelt Lake runs generally East to West, whereas the Horan 

Lake would run from North to South. :Horan Lake would have a 37 per 

cent larger v_olune than Roosevelt Lake and a nean annual outflow 

54 per cent less than Roosevelt Lake. Consequently there would be 

uuch greater opportunity for heating and ther:nal strati fication in 

Moran Lake than in Roosevelt Lake. 

Figure 6 presents sor:1e data on depth-tenperature relationships 

in Hoosevelt fo.ke at seve1~a1 locations for the period Hay to October 

(4, 5). There are definite periods of stratification in :day, August _ 

and Septenber. In May, the stratification resei:ibles very closely 

that occu~ring in natural la.~es, but i n august and September, it is 

1:iodified by the displacen ent of cold water whi ch takes place during the 

freshet period. By October , continued turbine withdrawal of the colder 

waters results in nearly isothernal conL1H.d:ons, but at a much higher 

tenperature than would occur in the norual river at that tiiae due to 

the time l ag in passage of water. h eferec1ce to Figure 6 shows t hat 

during Hay there can be as 1.mch as 15°F ter.1pera ture difference between 

the top and botton of t he reservoir a t Grand Coulee Da~ and it can be 

predicted safely tha t a differentia l of at least this amount could 

occur during Hay in the Horan reservoir. Actual water surface teaperat ures 

in the Moran reservoir would be determined by the interrela tionships 

of all the climatic a nd hydraulic cont.~ i tions affecting the reservoir 

but there is strong circumstantial evidence that they woul d be a t 

least as high a s those in Roosevelt Lake and higher than i n the norual 

river. The surface water te1:iperatures for Shuswap Lake shown in 
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Figure 7 probably represent about the L1axinmr1 surface teu:1peratures that 

i:iight be expected in iforan Reservoir. 

The effect of such higher temperatures on the ; ,~:.:.·~vior of ;:i.igrants 

will require carefl.11 study, since any change in bch~~vior could have 

considerable bearing on the design of facilities for passing these fish 

over the proposed dau. It is known that there are opti1:mm and preferred 

ter.1peratures for various activities and deve1opr1ent . during the life 

cycle of the fish, although the actual values of these teL1peratures have 

not been well established for all j_Jhases of the life cycle, pa:..ticularly 

the downstream i:iigrant phase. It is quite possible however, that if the 

surface water teaperatures a::ce not those suited to or preferred by the 

fish during their 11igration, they :~my alter the course of their migration 

to obtain such tenperatures. Conversely if they do not alter their 

course, any deviations in tenperature fron nor:~nal :~my affect the nigrants 

ability to swir1 through the reservoir. The r:.ew tenp0rature nay not be 

suited to amd.Durl efficiency in the ;Jetabolic processes.. It :aay also 

affect the survival of the fish since it is considered ·~hat l:Uli.J.atural 

environnent is in a large ueasure responsible for the incidence of 

disease in fish that are artificially he1:1 or reared. 

The possibility of other physical and che;1ical changes in the 

characteristics of the wa.ter in the reservoir rimst also be considered. 

In sane rcc(.,rvoi:rs in the Tennessee Valley .:~uthority systen in the eastern 

United States, studies have disclosed that density currents of extrer:.1ely 

low dissolved oxygen content pass through the reservoirs between 40 and 60 
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feet below the reservoir surface. In some cases the dissolved oxygen 

below 60 feet of depth was all;1ost entirely depleted. These oxygen deple­

tions are the result of high water temjJeratures and the oxygen der:iand of 

water-borne uaterials entering the reservoir (6). Fish kills have been 

observed as a result of fish entering the strata of low oxygen content. 

Tables 4 and 5 list sone data available regarding the dissolved oxygen 

in Roosevelt Lake. These data show a gradual depletion of o:xygen in the 

reservoir in a downstream direction, at the deeper level,s, but there is 

no evidence of depletion below conc1:;ntrations con,sidored safe for salmon, 

nor is there any indication of density currents carrying oxygen depleted 

water. The available dissolved oxygen aeasuTements for the Fraser River 

in the vicinity of Moran Dam are given in '.I.'able 6. The J:iver is generally 

saturated with oxygen although there is a small depletion at Quesnel due 

to a s111all BOD of about 1. 5 ppi:1 (7). In view of the sil::i.j_J.arity between 

Roosevelt Lake and the proposed l'ioran reservoir, it is considered that 

the dissolved oxygen concentrations in the Horan reservoir would follow 

a pattern similar to that in Roosevelt Lalrn and should not give cause for 

concern insofar as nigrations through the reservoir are c:oncerned. 

Tables 6, 7 and 8 provide additional data on the physical and 

cheElical qualities of the Fraser River and h.oosevelt Lake. Turbidities 

in Roosevelt Lake were less than 7 PlJEl in SepteE1ber 1952, compared with 

19 ppm in the incoraing ColuL.lbia River7 ind.icat:Lng a considerable clarifi·­

cation of the incoming water. Similar effects may be e:;cpected in the 

proposed reservoir. This clarification of the river water p:z'obably would 
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Table 4 

Dissolved Oxygen in Roosevelt Lak~ 
September 23-30, 1952 

% of 
Depth D.O. Saturation 

_S_tati i:rn Ft. -- . ppr;i -· - (a) 

C-736 1 8.4 89.2 
(River at 
Northport) 40 8.4 88.2 

C-703 1 8.2 88.2 

150 8.1 87.1 

C-694 1 8.2 90.0 

150 7.4 81.4 

C-674 1 8.3 91.2 

200 7.7 82.8 

C-644 1 8.7 97.4 

200 8.0 87.5 

C-641 1 8.0 91.0 

250 7.0 77.0 

C-615 1 8.2 92. J. 

200 7.4 81.1 

340 6.7 73.5 

(: .. 597 1 7.9 90.J 
(Grand Coulee 
Dam; 200 7.3 82.0 

350 6.3 69.,+ 

(a) Computed on basis of norn1al barometric pressure at 1, 250 feet 
altitude. 

Froi;H Ref. (4). 



Table 5 43. 

Dissolvu :. O;;::;,· ;.~:'- :Li :.1.0osovelt Lake 

1948 

% of 
Depth D.O. Saturation 
F~, ppm {a) ~tation Date 

San Foil River July 8 0 10.2 106 

50 10.6 109 

100 l0.4 107 

200 10.4 105 

300 10.4 105 

1.1..ug. 17 0 8.8 98 

50 10.2 112 

100 8.6 93.5 

200 8.8 93.5 

(a) Calculated on the basis of normal barometric pressure at 
1,250 feet altitude. 

Secchi Disk Readings in Roosevelt Lake 
Measured in Feet 

Location .A:t __ 
San Poil Spokane Hall Colville Kettle Flat 

Date River River Creek River River Creek -
July 6-16 8.0 5.0 6.o 6.0 5.0 5.0 

.li.ug. 16-20 16.0 15 .. 0 - - 10.0 

Sep. 7-9 26.0 18.0 - - u.o 

From: Ref. (5). 
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Chemical Characteristics of the Fraser River at Selected Points 

A. Lytton 

Dissolved O~gen c.o.n. Allcal- PPM Concentration 
C02 inity % sa~ ppm 

DjM/Y ppm (a) PH ® tC ppm (b) ppm(c) Na K Ca Mg Fe P04 Si02 No3 No2 Cl S04 

29/8/50 9.4 102.0 7.8 23.0 4.0 - 52.0 

4/10/50 12.0 102.5 7.94 9.0 1.7 1.5 55.2 1.3 1.2 - 3.4 0.27 - 0.14 0.14 

15/2/51 14.5 100.8 7.48 6.9 6.0 1.3 28.6 3.2 0.4 21.6 9.2 0.21 - - - - 0.7 15.9 

19/4/51 JJ.6 100.0 7.7 11.0 2.8 8.12 61.1 3.9 1.7 19.5 8.9 1.6 - - - - 1.15 54.2 

29/5/51 12.l 105.0 7.53 11.6 4.2 4.97 41.8 2.8 1.3 16.2 2.1 0.42 - - - - 0.83 6.9 

9/7/51 10.7 106.8 8.0 18.0 2.0 1.0 43.1 0.72 1.05 17.8 4.5 1.83 - - - - o.96 5.57 

3/8/51 10.0 108.0 7.95 28.1 1. 92 0.30 49.5 2.1 o.6 16.5 4.25 0.46 o.06 - - Nil 0.78 7.70 

J/9/51 10.8 107.1 8.0 21.5 1. 7 1.9 54.9 1.6 1.33 18.9 4.2 1.31 - 4.7 0.16 - 0.341Q 9 

8/10/51 10.7 94.7 7.75 17. 5 J. 3 5 1. 4 61.0 2.1 l.J 21.5 5.6 O.J6 Tr - 0.017 Nil 1.0 12.9 

B. Lillooet 

27/9/50 11.3 107.5 7.92 12.5 1.8 0.5 47.0 1.4 o.J - J.2 0.27 Tr - 0.14 

11/4/51 14.9 107.8 7.6 15.8 4.8 7.17 6J.5 4.1 1.6 21.1 6.3 9.5 - 6.4 0.61 - 1.86 40.6 

5/7/51 10.7 109.8 7.95 19.0 1.9 0.43 43.7 1.0 0.72 17.5 4.2 1.7 - 3.2 0.47 - o.88 6.45 

30/8/51 ll.l 112.0 8.0 19.5 1.7 0.97 50.7 1.6 1.4 18.9 4.2 1.56 0.021 - - Nil 1.10 8.0 

3/10/51 11.8 101.5 7.75 12.3 3.3 0.64 57.2 2.0 1.3 21.9 4.4 0.64 Tr 4.6 0.06 Nil 1.2 12.0 
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Table 6 (Cont. ) 

o. ~esnel 

c.o.D. Alkal-Pi§.§olve<l~~e..n 
% Sat. . C02 ppm inity 

ppm(c) Na 
-----~· -~----E:LConcentrat:i:._on ·--

D/lvi/Y ppm (a) PH tC ppm (b) K Ca Mg Fe P04 
---~- - -~-

2/10/50 10.9 94.8 7.96 12.0 1.8 1.6 57.2 1.2 0.2 - 3.3 

17/4/50 12.6 96.5 7.6 8.9 3.0 J.36 51.5 2.9 1 •. 7 17.1 4.0 

8/7/51 10. 0 101.8 8.2 17.0 1.1 1.6 42.5 l.O o.66 18.4 4.5 

2/9/51 9.8 99.0 7.85 J..4.2 2.5 2.9 54.9 1.44 1.4 18.9 4.2 

5/10/51 11.l 96.5 7.55 9.7 5.15 2.5 65.2 1.6 1.6 21.9 5.37 

From: Ref. ( 8) • 

{a) Estimated by International Pacific Salmon Fisherios Coimnission .. 

(b) KMn04 reduction oxygen consumption. 

( c) Me thy 1 orange aJJ<:alini ty. 

0.23 '.L'r 

8.8 -

1.6 -
1. 24 o. 037 

1.36 'l'r 

Si02 No3 lfo2 Cl so 4 

- 0.17 

- - - 2.33 39.9 

- - - 1.18 J.70 

- - 0.013 o.68 6.85 

4.7 0.28 Nil 1.112 .. 1 



Table 7 

Immediate Turbidity and Specific Conductance 
Fraser River at Selected :Points 

A. Lytton 

Immediate 

46. 

Da~e Turbidity ~pec~fic Co::~uctance 
~il,1LI --·--.. ----------.1?12iliL _____ ·-----~.12 c ____ ~::Qill~ 

4/10/51 

15/2/51 

19/4/51 

29/5/51 

9/7/51 

3/8/51 

3/9/51 

8/10/51 

27/9/50 

11/4/51 

5/7/51 

30/8/51 

3/10/51 

2/10/50 

17/4/51 

8/7/51 

2/9/51 

5/10/51 

From: Ref. (8). 

85 

90 

64 

30 

B. Lillooet 

78 

4000 

100 

70 

38 

c. Quesnel 

53 

70 

52 

(a) EstDnated from Figure 8 in Reference (8). 

i26.o 

164 

131 

104.5 

95 

106 

119 

135 

ll6 

152 

103.5 

113 

131 

123 

110 

94 

ll8 

137 



Table 8 
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Characteristics of Roosevelt Lake Water, Septer,1ber 23-30, 1952 

.iUJcal- Specific Ca Mg Fe SOL_ P04 N03 Depth C02 inity Conductance 
:Station Ft. PH @ tC ppm ppm micromhos Concentration ppm Total Solids 

C-732 1 7.7-16.5 0 60 140 20 6.o o.JJ 20 0.09 O.D llO 

U-703 1 7.8-17.0 0.5 61 150 21 6.o 0.07 16 0.12 0.17 110 

150 7.6-17.0 1.0 62 

{j-694 1 8. 2-18.0 0 65 150 21 7.0 0.07 16 0.10 0.01 llO 

100 7.9~17.0 0.5 62 140 21 6.o o.os 15 0.09 0.09 110 

150 7.7-17.0 1.0 62 

C-674 1 8.2-18.0 0 59 140 20 7.0 0.07 15 0.04 0.13 110 

200 7.7-17.0 1.0 58 

C-644 1 8.0-19.0 0 58 130 19 4.7 0.09 12 0.04 Oo25 66 

200 7.8-17.5 1 r:. c;~ ...... ../ _,_ 

C-641 1 --- 0 58 130 19 4 0 .o 0.05 11 0.03 0.07 63 

250 1.5 60 140 19 4.3 0.14 12 0.07 0.10 57 

C-615 1 --- 0 59 1.30 18 c:, c; 
../ . ../ 0.06 10 0.,04 o.o 40 

200 --- 1.0 58 

C-597 1 8.2-20.0 0 60 120 21 4.1 o.os 11 0.01 0.12 51 

350 7.4-18.0 4.0 58 130 19 5.0 0.14 10 o.06 0.16 54 

From: Ref. (4). 
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not present any p:roble::1 with respect to nir3rat:ions th.ro1J.gh the rese:~·;-oi:r, 

but in :-:.my provide increased opportunity for prede.tors to feed on the 

ni(Srating SL1olts and f-.q. The other ~:;hysic.:.l m1c1 che;:1iccl )roperties 

listed in the tables do not show any significant differenc:es between 

Roosevelt Lake and the Fraser }liver • 

.:~ biological exai:1ination of Roosevelt L2lrn has shown the ple.nkton 

population to be extrenely poor, although there were uon:; zooplankton, 

on which sock eye feed, in the reservoil~ than in the river ciownstrean 

(5)e Botto1!1 fauna were also found to be very :lr.1ited du<:: to the large 

winter d.rawdown and botto;:; deposit of silt and se.nd. Fish in the reser-· 

voir were found to be predoninantly of undesirable 2.nd fora;e species. 

Food and ga:: .. 1e fish were present, but in rel2.tively few minbers. It 

was concluded thc.t Roosevelt .Lal<:e was biologically poor due to lack of 

inco:J.ing nutrients, deposition of sedL1ent, frequent re:Jlace:Jent of 

water, sparsity of shoreline shallows, and large ·winter drawdowns. 

Since conditions in the proposed doran reservoir would differ fror.1 

those e.t Roosevelt Lalrn only by extent, it 2.))Gars e.JJ:1ost certain that 

the Horan reservoi:i.~ would also be biologically poor and would support 

primarily coarse fish popule.tions, so:_ie of ·which are known to be predatory 

in their feeding habits. 

B. Pas.§§£.§ __ Q..Y..§1' tl?&.J)Ji:l..J 

1. Effect of Spillways and Turbines on Survival of Higrants. 

If and when the Lcigrating saolts a.nd fry have traversed the 

length of the proposed reservoir, they :~mst be collected and provided 

with safe passage over the de.n without delay. 
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A great deal of evidence has been obtained in the last few years 

which "hows that downstrea:u aigrants suffer a severe mortality rate 

in passing over spillways and through turbines. No experiments have 

been conducted at a dc~;.1 as high as the proposed Noran Dam but at Baker 

DaiJ., which is about one third of this height, 64 per cent of the 

sockeye yearlings were killed in passage over the spillway and .34 

per cent in passage through the turbines (2). On the basis of this 

infonaation alone it may be concluded that conditions at the proposed 

Moran Dam would probably be so severe that practically all downstream 

rn.igrants would be killed if they passed over the spillway or through 

the turbines. Mortalities r.1ee.sured at other clans are of interest 

in that they show the variation in mortality rates for different 

heads and different spillway and turbine designs. The available 

infoJ'.'iJ.ation is sm:inarized in Table 9. 

These investigations have revealed that the causes of mortality 

in passage over spillways are :i.:::.r.:i.sion, p:cessure change, cavitation 

and turbulence. Probably ;:nost of the injuries sustair:.ed by fish 

passing over the spillway of Bal{er Dam are caused below the point 

where the free falling stream frou the spill\my gates iDpinges on 

the concrete spillway about 100 ft. below the crest of the clam. .After 

iBpinging on the spillway face, the strean spreads out to a thin shee:t 

of extreuely turbulent and fast-flowing water. Since the concrete 

face is very rough, many inj"uries are caused by abrasion and cavitation. 

It was 2.lso deterininecl that the violently turbulent pool at the base 

of the spillway causes mo1~talities. Obviously, n1ortalities caused 

by abrasion, pressure change, cavitation and turbulenee would 
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Table 9 

ivieasured 1'1ortali ty Rates Suffered by Down,stream-iVJ.igrant 
Salnon and Trout in Passage over Spillways and Through Turbines 

.cl.verage Spillway Turbine 
Dam - Head S·12ecies __ J:.~~ll~~t- Mortality 

(feet) (Inches) (per cent (per cent) 

Cleveland (9) 295 Coho ? 57 
(Capilano River) Steelllead 69 

Baker (2) 250 Sock eye 3.75 64 34 
(Baker Hiver) Coho 4.1 54 28 

Punt ledge ( 10) 350 Steelhead 4.9 -- 42 
(Pu.ntledge River) Kamloops 2.7 -- 28 

Kamloops 1.8 - 29 
Pinlc, chun, 
coho, spring, 
k'. _l _cJXo 1.4 -- 33 

Glines (J) 
:t 30 184 Coho 4.25 8-$. 

(Elwha River) Spring 2.75 6 33 

Ruskin (ll) DO Sock eye 3.4 - 10 
(Stave River) 

Elwha (3) 
( Elwha 1-ti ver) 

100 Spring 2.75 37 0 

Bonneville (12) 60 Spring ? 15;i,:;u: 15:i:Qi 

(Columbia River) 

McNary (13) 90 Fall Chinook 2~4 0 ll 
(Colm~1bia River) 

Notes: ¥- The spillway at Glines Den consists of a free fall or ski-jurJp 
where a Si:iall quantity of water dro:?s into a large, deep 
pool. 

-i,--:;v. It was not possible to separate spillway and turbine mo:ctalities 
in this ex-peril.1ent at Bonneville Dar;1. 
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increase for higher dams. 

Experil-ients at the two dans on the Elwha ii.iver (.3) also showed 

that a large proportion of the mortalities could be attributed to 

pressure changes and nechanical injuries. The relatively low aortality 

rates i'1easured at the 200-ft. free-fall spillway at Glines Dr:.r.1 i-_:v.y be 

e:i..rplained on the basis that pressure changes and r;1echanical injuries 

were virtually elininated because nost of the drop occurred through 

air. Nevertheless, there was a significant mortality, possibly 

caused by ir:.1pact and turbulence in the pool below the spillway and by 

inhibition of respiration. i·fortalities of 17 to .32 per cent were 

measured in dropping hatchery-reared coho ye2.r1ings 250 ft. over an 

experinental ski-jump spillway at Baker Da;·11 (14). At Cleveland Dam. 

on the Oc;.pilt•.no ~iiver, the water drops 295 ft. but about one-third 

of this drop is a free fall. It is believed that the very high uorta­

lity of 57 to 69 per cent was caused by insufficient depth in the 

tailwater pool and abrasion on the spillway face and canyon walls. 

In general, 11ortality rates suffered by downstrea:m-riligrant salmon 

in passage through Francis turbines are lower than those suffered in 

passage over spillways having the saEie head. However, it can be 

seen that the turbine mortality, like the spillway nortality, increases 

as the height of the dam increases. It i:my be concluded:, therefore, 

that the nortality to sockeye yearlings passing through the proposed 

750-ft. head Francis turbines at horan would be considerably higher 

than the 34 per cent Dea.sured nortality rate in the 250-ft. head 

Francis tui~bines at Baker Dam. 



One very inportant aspect of fin;:serling uortalities during 

the seaward Di3-ration is the fact that they cannot be conpensated 

for by a higher survival rate in lo.ter stages of the life c:ycle. 

Furtheruore, it seens likely that the actual c.10rtality rate of 

fingerlings would be higl1er than the r.10rtality rate ;:1easured at a 

da1:.:i because SOLle fish that survive passage over the de.u would be 

weakened to the extent that they would not be able to wi t1:.stand 

subsequent adcHtional stresses such as those iu:posed in ei::ce..ping 

from predators, withstandinz the effects of pollution and in 
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naking the transition fron fresh to salt water. There is no L~Jedi­

ate prospect that the design of turbines and spillways can be 

sufficiently iuproved to eliuinate 1:1ortalities to downstrean 1~1igrants. 

It 1Jay be concluded, therefore, that in order to pre:3erve the 

fisheries resources originating in the Fraser Ii.iver watershed 

above the proposed Horan Dan it would be necessary, aaong other 

things, to ensure that none of the downstrear1-uigrcmt saJ.non and 

trout would pass through the spillway 01~ turbine outlets. Methods 

would have to be devised for attracting or divertint; these fish 

to effective by-pass outlets in preference to ~ipilhmy an:l turbine 

outlets and for transporting then fron the forebay to tailwater 

without delay or undue stress. 

2. .Lrtificial Guiding Stii:i.uli. 

In recent years, considerable work has been dcne on neans tha.t 

r:iight be enployed to divert downstrear.1 Digrant saL1on and trout away 
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from M.zo.rdous paths at dams to safe by--passe~.•. :Most of this work 

has been directed toward development of artificial stimuli to con­

trol the movements of the fish in anticipation of finding a more 

economical and more satisfactory method than physical barriers such 

as screens. Stimuli such as light, sound, magnetism, electricity, 

air bubbles, moving objects, chemicals and louvres, have been 

tested by different e:krperimenters. Sound and magnetism produced 

no response by the fish. Other stimuli, such as light, electricity, 

moving objects and louvres have shown varying degrees of success under 

the conditions of the experiment and it is not inconceivable that 

such stimuli or devices could be developed for practical application 

in situations where the prevailing conditions would be similar to 

those of the experiment. The practical limitations (i.e. turbidity 

and structural problems) on the use of light, moving objects and louvres 

at large dams are apparent and no large scale exper~~ents with 

these methods have been attempted at large darfrs. Laboratory and 

small scale field experiments have shown a high degree of success 

with various forms of electrical stimuli, but the only lc.rge scale 

experiment to date with electricity (15, 16) has proven tic be un­

successful and after four years, the International Pacific Salmon 

Fisheries Commission has decided to discontinue further investigation 

of electrical stimuli in favor of other approaches to the problem. 

It is concluded, therefore, on the basis of all available 

experimental evidence, that no artificial stimuli have yet been 



developed which could be reco1:11:1ended for practical application to 

the problen of guicline downstrean ;:1igrants at large dru~1s ;such as 

iforan. 

3. Screen Barrier. 

;4 .. 

Fixed 2.nd nechanical wire screer:.a have been employed for uany 

years with varying success to keep young saluon out of river water 

diversions for power, irrigation, and water supply projects. The 

success of such screens depends on t:O.e type of screen eBployed 

and on the provision of suitable water approach velocities. Where 

approach velocities are low and the screens are protected from 

cloggingy either fixed or travelling belt types of screens can be 

successfully enployed with a i;1iniuun of dortality to fish. If 

these criteria are violated significant uortalities or carry-over 

can occur. Due to the fine ::1esh screen necessary to exclude salnon 

fry and the pro bler.1s of keeping the screens clean, as well as the 

cost of providing the required screen area and the aligm:1ent to 

satisfy the velocity criterion, and the structure to su~:port the 

screen, such screens have not been used as a neans of guiding 

nigrants in the forebay of large daus. 

Recently~ ex-periaents have been conducted at Bd-cer Dau to 

study the effectiveness of screen ba:.:Tiers where forebay velocities 

are very low. It was known fro::1 previous experinents (17) that 

uajority of the sockeye and coho yearlings uigrated in the top 

15 feet of the reservoir, and. an experinent was nade to detcruine 

the guiding efficiency of a web~)ing :~ --v--w;_,,r 15 feet deep and 240 

feet long angled across the forebay of Baker Da.;:1 to a surface by-
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pass trap. This barrier significantly increased the percentage 

of coho migrants entering the by-pass trap and further experiments 

were conducted in 1957 with a barrier 30 feet deep when both sockeye 

and coho were present. The results of this c1xperiment are not 

coD.pletely analysed, but an i1;1portant difference in the behavior of 

sockeye and coho i~1igrants was observed. In all the tests the 

success of guiding sockeye was less than for coho, particularly 

when the sockeye were not interr:.1ingled with coho. Sockeye showed 

a greater tendency to som1d under the barrier than did coho. 

Similar observations of behavior differences between spring salmon 

fry and coho yearlings were Dade in recent tests at lfo.d lfountain 

Dam on the White River (19), where the spring salmon f:cywere 

found to be more reluctant to som1d than the cqho yearlings. These 

observations are extreuely significant in that they emphasize 

that experimental results obtained with one species of :::alnon do 

not necessarily apply to all species and that they require careful 

and cautious interpretation. 

Extensive model studies of the forebay of the proposed Horan 

reservoir would be required to deterr.iine the actual approach 

velocities for the proposed location of turbine and spi:_l outletsJ 

but on the basis of a E1a:id.mur..1 flow of 285,000 cfs, the averaJ;e 

approach velocity at full reservoir would be O. 2 fps wh:~ch would 

closely duplicate the oxperinental condition at Baker Dan. However, 

the length of screen required at J.11.ioran Di"Jll would be perhaps twenty 



times that used at Baker Dam, and even if additional experiments 

prove this type of barrier to be successful at Baker Dam, further 

investigation would be required to determine the effect of greatly 

increasing the barrier le:ngth. Also, as previously mentioned, 

before any guiding device could be reconunended., the effect of 

reservoir environment on the behavior of migraJ.ts must be known. 

56 .. 

:i>:Iuch additional information is necessary, therefore, befcre any 

decision could be made regax'ding the probable E:lffectiveness of screen 

barriers as a practical oear.s of guiding migrants in the forebay 

of Mo ran Dam. 

4. Deeply Submerged Turbine and Spill Outlets. 

In the Horan Dam Brief, and in discui3sions wi tt. Horan Power 

Development Limited, the Company representatives have suggested that 

the spill and turbine outlets be placed at great depth below the 

crest of the dam, in order to prevent migrants from being attracted 

to these outlets. Surface by-passes would be used to provide 

the migrants a path over the dam to tailwater. 

Observations at Baker Dam (2) have shown that only a small 

proportion of the downstream-migrant socke]e and coho salmon 

migrated through the 95-foot deep turbine intake when a surface 

spill was available, but that significant numbers did sound to 

this depth when there we.s no surface exit. At the Glines Dam (.3), 

hatchery-reared spring salmon readily sounded to a depth of 65 feet 

when no surface exit was available, but very few hatchery-reared 
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coho yearling sounded under the saD.e conditions. Both species pre·-

ferred the surface outlets when they were available, although the 

depth of intake submergence was not sufficient to prevent r.iigration 

through the tunnel. 

The arrangeE1ent of turbine intakes proi)osed for ivLoran n.u11 would 

place the1:1 at elevation 19 .310, or only .30 feet below the minii:n.un 

anticipated forebay elevation. Since the maximum drawdown would occur 

in April prior to the ::pring freshet, at the sai:rn time downstremu 

uigrations occU1~, it is apparent that the proposed arrangenent would 

not prevent migrants fron pas sing into the turbine outletEl even if 

surface outlets were provided at the elc:r;ation of maximm11 drawdown. 

It cannot definitely be determined at this tine whether or not 

it would be possible to design an arrangenent of deeply :mbmerged 

outlets and surface by-passes which would successfully prevent downstrearu 

nigrants from entering the spill and turbine outlets and lead them to 

safe surface paths. 

In the absence of any proven ;neans of preventing migrants from 

entering the surface spillway proposed for the dar;1 in addition to the 

subnerged spillway outlets, it would be necessar-.r that t::ie subaerged 

spillway outlets have sufficient capacity to prevent surface spills 

for all inflows up to and inchld.ing a 50-year flood. The design of 

the actual capacity of these outlets would depend upon the stage of 

developwent considered o.nc1 the assuned nanner of operation of the 

reservoir. It is unlikely that this project would reach its full 

initial stage developnent of 18 turbines in the first f'ew years of 

operation, whereas it is always possible that 50-year flood could 
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occur in any year. Since the reservoir would re;:1ain almost full 

throughout the year when only a few turbines are operating, it is con­

sidered essential, if no surface spills are to occur, that the sub­

nerged spillway outlets have a capacity equal to a 50-year flood at 

ltloran or about 285, 000 cfs. The twenty 108 inch ring-follower valve 

spill outlets proposed have a capacity of 19J,OOO cfs at :full reser­

voir and therefore would not be adequate to prevent surfaee spill. 

i:.. t least thirty such outlets would be required. 

The informati.on available regarding conditions in the forebay 

of Baker Da..;:1 is not sufficient to delineate the various .factors in­

fluencing r;:iigration and the relative effect of 1each. Velocity,9 te1;-ipera­

ture gradients, and turbulence are believed to be the prir1.cipal 

factors involved. 

In the fore bay of Jo~l11eville Dan, where velocities and tur­

bulence are presw:1ably relatively high due to the large discharge 

and shallow river depth, the downstrean migrants have been observed 

to be distributed over the entire 60 feet of depth at the :la.Et (18). 

ii.s already noted, nost of the migration at Baker .Dan1 is in the top 

15 feet of the reservoir, with only ver-J few fish found below JO feet 

of depth. 1-:.t full load, full forebay, and no spill the average approach 

velocity upstrean fron B2.ker J:Jan is about O. 06 fps. At :;onneville 

Dam with a discharge of about JOO, 000 cfs on the first of lY.fay9 the 

average velocity at a section Jij.st upstrern:i froE1 Bradford Island would 

be E1ore than J fps. The Balcer Da.r.i reservoir also develops a well 
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defined thermal stratification during the period of downstream migration 

(2) whereas there is no evidence o:f thermal stratification in the 

Bonneville reservoir (4). These significant differences in the character­

istics of these two reservoirs undoubtedly are the principal reasons for 

the differences in the characteristics of the respective :::iGTc~tions 

through them. 

Measurements of the numbers of migrants using the submerged 

tunnel intake at Baker Dam during periods of no spill and variable 

forebay elevation indicate an inverse relationship between the numbers 

of fish and the depth of submergence (2). Since fish ccntinued to 

use the tunnel at Baker Dam at full reservoir elevation even when 

spilling occurred, the tunnel submergence and its approach character­

istics are not such that migration is prevented. 

Recent observations at l"iud Nount2.in Dam have also indicated an 

inverse relationship between depth of outlet submergence and percent­

age of migrc:.tion using the outlet ( 19). Thes13 experiments indicated 

a very small percentage of the fish (coho yearlings and E:pring fry) 

leaving the reservoir when the outlet was submerged 160 feet. Again, 

these results are not applicable to sockeye, which are known to sound 

more readily than coho. 

The 2.pparently normal approach of a large 1~rcrortion of the 

downstream migrants to Baker Dam is to first traverse the face of the 

dam in search of an outlet. This traverse may be made by swimming 

directly along the face or by randomly approaching it ai; various 

points along its length. This pattern of search suggests that the 



60. 

water velocities adjacent to the tunnel intake in the surf'ace 

layers normally frequented by the r.1igrants are not su.ff'ic:.ent to 

attract ther:i and that it is only by sounding that they encounter 

velocities that attract the1:i.. 

Data on water velocities and te1:1peratures at Baker LiaD show that 

in the top 30 ft. of water adjacent to the intake, velocities are too 

low to be measured by a regular Price current r.1eter (in tl::.is instance 

less than 0.1 ft. per second) (2). i~t the time the ueasu:r·e;:1ents were 

taken (:tv.Iay 1950), this depth coincided with the thermocline. The 

data also indicates that below the 20 foot depth velocities increase 

at an average rate of O. 0154 fps per foot down to the top of the tunx1el. 

The distribution of isovels at the intake, and te:,1peratures in the 

powerhouse tailrace indicate that the tunnel draws water principally 

from the layer between 60 and 110 feet below the surface. Huch addi­

tional infor1;1e.tion nust be obtained regarding the effects of velocity 

and tei:1perature gradients in the Be.lrnr neservoir and other deep 

reservoirs in order to establish the criteria that govern the LJ.OVe­

ments of fish toward subaerged outlets. Once the criteria are known, 

it should be possible to exai-nin.e, by means of a large hydraulic Llodel, 

the r.iethods that i:i.ight be employed to duplicate these critej:-ia in the 

~Jroposed Moran reservoir. Until the factors influencing the sounding 

of uigrants to submerged outlets are fully understood, 2.n.d the hydraulic 

conditions created by sub;:ierged outlets can be predicted, there is 

no rational basis for any suggestions as to depth, place;.1ent, and 

number of subuerged outlets that ruight be provided at the proposed 
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Moran Dam as a means of preventing downstream migrants from passing 

through such outlets. It will be shown in subsequent sections of this 

report that such deeply submerged outlets would also present problems 

in maintaining a suitable temperature in the river below the dam. 

Mere exclusion of the migrants from these outlets is not the 

full answer, however, since by-passes must be provided to attract 

the fish to safe paths over the darn. 

5. Surface By-pass Requirements. 

Whatever device or combination of devices, if 3.ny, may be 

proven to be an acceptable m0ans of excluding migrants from hazardous 

paths at the proposed da:til, by-passes would be required to lead the fish 

to safe paths. Since these by-passes would ha.ve to be provided over 

the full 200-foot range of drawdown,. and possibly more d,apending on 

accurate estimates of conditions during the initial filling period, the 

design of these by-passes is important not only for the successful 

passage of migrants, but possibly also for the structural design of the 

d8J11. 

There are no known successful b~c-pass installations ::ti:i large dams 

that provide any precedent for the design and operation of by-passes 

at J:vioran. Four experimental migrant by-passes were i11Co:L'9orated in 

Bonneville De..m but those have not been successful in attracting signi-

ficant numbers of fish away from the turbine intakes and spillway. 

Some indication of the requirements of a successful by-pass can be 

obtained by considering naturn.l le.ke outlets, where the :::~sh are 

gradually confined to the surface waters and there is a very gradual 

acceleration of water velocity. Under such circumstances the fish do 
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not exhibit any reluctance to leave the lake and enter tho stream. 

Reference has already been made to tho inverse i~ebtionship 

between the proportion of the migrating fish sounding to the tun.Del 

intake at B2.ker Dam and the d0pth of submergence of the intalce. When 

the reservoir at Baker Dam is full, there is c:tlso a rolo.t.ionship 

between relative proportions of migr211ts sound.ing to the tunnel and 

the magnitude of cp:'..::.l (15). The results of observation1s made in 1955 

are shown in Table 10. The spillway gates e.t Baker Dam are 9. 5 feet 

wide by 13 feet deep and discharge about 1700 cfs each. The tunnel 

discharge is 2200 cfs. 

Ti:,ble 10 

Percentage of i:.iigration Using Tunnel During SurfacG Spills 

fu2.~ios ··----

Native sockeye 

Native coho 

Hatchery springs 

_______ . _____ §2_,.'·=i ... l...,l._C"""o""'n'""""di, t.io:Q.-.. -~---·--··· 
____ o.;:;.n""'e"'--'G""'ate ____ Two Gate.a.... ____ ThrQe_..Q.9.t.Q.Gl 

6.2 

1.7 

9.0 

4.0 

1.4 

2.0 

2.4 

4.0 

These figures are significant in that they indicate the relative 

magnitudes of spill and tunnel discharges required for the relatively 

narrow 350-foot crest width of i3aker :Dam to provide attrc:.ction to the 

surface outlets. 

Experiments at Be.ker Dam with a 24 cfs by--pass ( 15) were not 

successful in passing migrants, probably because of the rapid accelera­

tion of water into the by-pass opening. Further experiments (16) 

with a 265 cfs by-pass with more gradual acceleration of approach 
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velocities still did not attract a significant proportion of the 

rnigration except when aided by a long webbing barrier to d:Lvert the 

Bigrants to it. Even with this by-pass the migrants show,s<l reluctance 

to enter. Other eJcper:L1ents in the c~esign of a.ttractive ·by-passes 

have been conducted at the Lakelse lti.ver (20). This by-p<:::.ss was 

constructed to provide gradual 2.cceleration of flow with 1airrors 

installed on the sidewalls to reduce or· eliminate reference points and 

to lessen the tendency of fish to be 2.larx;1ed by the accelerating flow. 

This by-pass was used in conju...'1.ction with a travelling ca~Jle guiding 

device but was considered only noclerately successful sine~" it was not 

efficient enough to prevent the accUI::lulation of fish in the deflection 

area. It :o.ust be eDphasized that this e~q.ieriment was conducted in a 

river with only 3 to 4 feet depth of water and therefore cannot be 

considered indicative of the efficiency that would be obtained in 

the forebay of a large daiJ. 

Present knowledge of by-passes is not adequate to pGrD.1it any 

detenJ.ination of the size, shape, nunber and distribution of thera at 

the proposed lforan Dar,1. Research on the require:·.1en-ts of a successful 

by-pass is being accelerated and nr::c-r developments a1~e being followed 

closely. 

In the a;Jsence of proven lJ.eans of guiding :-nigrants '.::;o by-passes, 

it appears that one essential requireE1ent of any by-pass at a large 

dar,1 would be a relatively large flow of water. The r,1agni',:;ude of flows 

required for :Moran Dai:1 cannot be predicted with certainty at this time, 
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out-. there is a possibility that the flows would be a coni3iderable 

portion of the flow for power develop1:1ent. In this case H would 

probably be suggested that some aeans be sought to recover a large 

percentage of the by-pass flow either by recirculation or by diversion 

to the power turbines. Such a proposal has already been iilade for the 

proposed Mayfield Ds.m on the Cowlitz River, but the device proposed 

has been designed solely on the basis of hydraulics and there is no 

guarantee that it will achieve the desired results or that it will 

not cause injury or D.ortali ty to the ;Jigrants. J-.;..t this installation, 

forebay levels would be controlled over a very narrow range. .At Moran 

Dam, a sir:iilar device would have to operate over a 200-foot range in 

water levels and would require a ver>J complicated structure. However, 

the principal difficulty concerns the design of a screen t.o separate 

the migrants fron the flow to be recirculated or diverted. Not only 

woul·:':'. such screens present a serious operational problei:1 of cleaning, 

but they also would have to be designed to prevent fish frorJ being 

plastered on them due to head differential. 

This requires that velocities through the screen by very low, 

and consequently, if large flows are to be handled, the screening 

structure required couJ.c~ becoue im:cense. In essence, the conpleted 

Ertructure would be a section of spillway crest uoveable over a 200 foot 

range of forebay levels. The practicability of such a moveable structure 

with respect to engin€Jering design and biological effectiveness remains 

to be proven. 



65. 

Recently, several experiments have been conducted with 

floating by-passes or "skiJ:u:1ers 11 utilizing puL1ps to create a flow 

of water into a trap in which nigrants wouJ.d be separated frou the 

nain flow of water. These devices aj_~e experiuental variations of 

the by-pass :;_JrOj_Josed for Mayfield De.m which are being tested to 

deterwine their efficiency. In essence, they arc no different 

than the by-pass trap used at Balcer Dc..n, but they are l:LJi ted to 

r.1uch snaller discharges due to the linitation of pump capacity. 

Results to date do not indicate sufficient efficiency to warrant 

practical application at large de.us. In view of the previously 

stated observation that large flows would l)e required to attract 

the uigrants away fron turbine or spill outlets, it seeus certain 

that by-passes using SI:iall flows will never be succe:;.sful at large 

daE1s except possibly when used in conjunction with an efficient 

and practical device for guiding nigrants to ito The results of 

current research do not provide any basis for concludi.ng that any 

form. of by-pass or guiding device has been developed which could be 

recorn:1ended for practical application at large darns. 

6. Transportation to T~ilwater. 
-I 

Once the migrants have been collected in a by-pass they 

must be S5.f?.ly transported to tailwater, a vertical distance of 520 

to 720 feet depending on forebay elevation. Again there is no 

precedent for such facilities for this L1agnitude of drop. 

A nUiilber of i:1ethods of transporting the r.1igrants to tail.water 

raight be suggested, such as flunes, pipes, elevatorsy free drops arui 

gravity locks, but at the present tilJ.e there is little or no basis on 



• 

• 

66. 

which to ;Jake a design or to deter.wine the suitability of any of these 

ilethods. On the basis of available infor1-:18.tion, however, a number of 

observations can be l!la.de regarding the probleras associated with each 

of these nethods. 

All, except gravity locks and possibly conveyors, would require 

a large nu~ber of openings through the dnu to provide continuous 

operation through the entire 200 feet or nore of forebay fluctuation • 

This requirement .Jay or Day not present a structural probleu in 

designing the dru~, but it would certainly necessitate a co~plicated 

systen of valves or gates to r eg,i.llate the flow through t,he openings to 

correspond to the by-pass inflow and to maintain suitable water 

levels for the fish after they have entered the by-pass. The sub-

ner ~ence of any opening in use would also have to be linited to prevent 

possible ha.rraful pressure changes in passage through the openings. 

The linitation on sub:oergence would d.eternine the vertical spacing 

of the openings. While it r.iay be possible to prepare an engineering 

design that would function hydraulic~~ly, it is a raore difficult task 

to assess the effectiveness of any design in providing safe and suitable 

passage for the uigrants. Such factors as turbulence, abrasion, 

local pressure changes, and stresses on the fish created by a suddenly 

changed environr.1ent nust all be considered in evaluating a particular 

design, and at the present t~Je it is not possible to ass i gn any permis­

sible nax:hmu nur.1erical values to nany of these factors agai nst which 

to jiudge a design. 
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Gravity locks or an enclosed vertical conveyor systen 

operating on the upstream face of the dam would require only one 

opening through the dam at tailwater elevation for each lock or 

conveyor. These uethods of handling fish have other problems how­

ever, which will be discussed in following sections. 

(a) Flumes, Canals or Chutes. 

Free water surface conduits of suitable design would have the 

advantage of providing flow paths ~ost nearly reseobling the noI'I.18.1 river 

enviromJent and therefore might be expected to minimize stresses due to 

envirom~ental change. 

Sor.ie experil;1ental work on steep flumes has been done at Alder 

Da.11 ( 21). A ser1i-circular sraooth steel flume, 36 inches in diameter 

was constructed to transport fish over a drop of 135 feet and deposit 

thew in a tailwater pool approxir.w.tely 90 feet deep. The flume was 400 

feet long and the calculated velocity of the water was about 40 fps. 

Various sizes of migrant fish were passed down this flume with discharges 

of 5, 10 and 15 cfs and no measurable nortality was observed. It was 

considered that the best hydraulic conditions at tailwater were obtained 

when the discharge at the end of the flume was directed upward at an 

anele 30 degrees above horizontal. 

The results of this e;cperillent cannot be extrapolated to rauch 

larger by-pass flows and heads and steeper slopes. ls.ddi tional inf or.nation 

would be required on the effect of these variables to assess the suitabi­

lity of flumes or chutes as a means of transporting 1tlgrants at the 

p1~oposed Moran Da111. Experimental evidence obtained fron investigations 
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of uortality to migrants passing over spillways indicate that limitations 

on head, slope, . roughness and tailwater pool size and depth could be 

expected beyond which there would be significant iaortali ties to the 

r.1igrants. 

(b) Pipes. 

Eicperii-:1ental evidence on the 11ortali ty to i.li ~rants passing 

through turbine penstocks indicates low nortalities (0-15 per cent) when 

the heads are 100 feet or less. Pi·obably all of the Llortali ty can be 

attributed to the turbine itself, but the significent fact in this data 

is the uaximun sudden pressure graC.ient that the fish can withstand 

without injury. The available data is too r;iea1re to aake any specific 

conclusions regarding the relationship between pressure change and 

mortality but the indications are that pressures below atnospheric in 

the turbine d1·aft tubes have an ir.1portant bearing on the nortality. 

Tests conducted by the U. S. Fish and ~lildlife Service and the 

Corps of Engineers, U. s . ..-'..:my, indicate that fish subjected to a sudden 

increase in pressure lose buoyancy and swii:iwing equilibriUJ-.i (22) . The 

fish a~Jpeared to becoue acclina.ted to the pressure after about 16 hours 

e:Kposure, but then only if a 11 head spacea of compressed air was provided 

in t he test vessel. Once the fish were accliuated to the test pressure, 

a sudden release of the p:..essure caused mortality a.nonr; then that varied 

frrn.1 zero to 65 per cent. In general, the hi~her 1.:!ortali ties occurred 

when the pressure dropped below at;Jospheric during p:..•essui·e releases. 

The test pressm·es used were 40 and 18 psi above at;.1ospheric. The 

duration of the pressure release period also has bearing on the rate of 
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r..iortality. Fast releases in a fraction of a second cause higher ;norta­

lities than releases longer than a second. In other testfi, however, 

it was found that fish were not killed by rapid increase and release 

of pressure if they were not accliuated to the raised pre8sure. Jill 

these data, however relate to pressures of 100 .feet of water or less and 

cannot be extrapolated to draw conclusions as to the effect of the 

pressure from 720 feet of head. 

Therefore, the application of pipes as a means of transporting 

migrants for a head of 720 feet in a single dro:p or in sta.ges would have 

to be fully investigated experimentally before any rationa.l decision could 

be made as to the probable success of the method. 

(c) Free Fall. 

Evidence collected during experimental testing cf the 

I.1ortality to downstream migrants passing over high darns indicates a 

relationship between height, type and condition of the spillway and the 

mortalities incurred. For co:-.1parable heights, nortalities a:..·e not as 

severe for a free fall to a deep pool as they are for a spill over an 

inclined concrete surface, although r:i.ortalities a1~e not elirainated • 

.b.s previously stated, the mo1'tali ty at the 184-foot free fall 

spillway at Glines Dam was frOi:i. 6 to 8 per cent. Experiments have been 

conducted at Baker Druu (14) with a free fall spillway to investigate 

meaP.e of reducing mortality to Digrants at that dam. These experiii1ents 

indicated a Dinimum mortality of 17 per cent for the 250-foot fall, as 

compared to mortalities of 54 to 64 per cent over the existing spillway. 

In sone tests i:1ortalities as high as 32 per cent were recorded. 
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During all these tests it was observed that soBe fish fell or swan 

out of the Dain body of the water and landed on the face of the spilluay • 

.. i strong up-river wind was an important factor causing the fall-out of 

fish. The effects of turbu10nce in the tailwater pool :i.:'.ld of predation 

on ir;ipaired fish have not been ueasured, nor has any indication been 

obtained of the volurn.e of the stilling pool required to provide condi­

tions necessary for good survival of i11igrants. 

Drops of fish froL1 helicopters onto lake surfaces have pro­

vided adc'.itional information regarding free-drops (23). These drops 

however.? do not take into consideration the effect of turbulence in 

the stilling pool and the limitations in size of the stilling pool 

into which the fish must be directed. Since only very ;3r;iall quantities 

of water are involved in such drops from aircraft, the :fish fall freely 

through the air, a ii1Uch different circurnstance than would occur at a dcu:i. 

At -(;he present time, therefore, the evidence available indi­

cates that a single free fall drop of the magnitude that would prevail 

at horan Dan would result in considerable i:1ortality, either due to fall 

out onto the dam or adjacent structures, or due to the effects of tur­

bulence in the stilling pool. Luch additional study would be necessary 

to determine the feasibility of this means of transportation as applied. 

to a single drop or to a series of snaller drops. 

c. ~B;.:t..lw~or Env:\_w,iln~· ~ 

In discussing the neans that might be considered for trans­

porting downstrea;-,1 wigro.nt salJon over the proposed liorccn Dalil_, it has 

been stressed that by-passes e,t the §lurfa_qQ of the reservoii~ would be 
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essential, provided that the nigrants ;:mintain a norraal path of 11i::.:a-

tio:1 ~; it occ1.11·::.: ~t ~aker DaE1 e.nd in 12lrns. It has e.1so been nentioned 

that tenperature stratification can be expected in a r(iservoir such 

as would be forned by Moran Dai:1. During the tL1e of ,:'.ovmstream 

nigration, the surface by-passes and the tlU'bine discharge would be 

the only outflows fron the dan, except possibly in the initial years 

of operation or in unusual clir:iatic years wh<;iJl there nay be spills. 

Since the turbine outlets would draw we.ter fro:;i a considerable depth 

in the reservoir there would be a c1iff erence in teupereture between 

the colder turbine water and the war;·.wr surface water e;pilled through 

the by-pass. The :1.mgnitude of this dj_fference would de1::end on the 

depth of subucrgence of the tlU'bine intakes and on clii::;atic conditions, 

but it would range fro1:.i almost zero at the stai~t of the downstrean 

L1igrations to about 15°F to 24°F or aore at the end of the i~1igre.tions. 

Figure 11 pi·esents the results of estinates of tailwater river teDpera­

ture conpared with reservoir surface te;c1pere,t.ure and existing river 

tei:1r)erature assuning turbine intakes at elevation DlO and spill 

outlets at elevation 1.250. Thus, nizrants )assine over the dru:1 in 

the relatively sualler by-)aSs flow would be subjected to a sudden 

decrease in teDperature of theh· enviroru.1ent when they entered tailwater 

at the powerhouse. Table 11 illustrates the propable differences in 

temperature that would occur. 

It hus been shown (24) that sudden changes fro;,1 t::ie acclimation 

te:·.1perature can cause nortality to young sockeye and other species of 

saluon. The severity of the mortality depends on the aeclination 
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Table 11 72. 

Reservoir Surface and Tailwater Te1:1peratures~ Horan Dai:1 
During Period of :.:iownstrean Sa1Hon higration 

Reservoir Surface Tailwater Difference 
';2 oc OF oc OF ------------· -.- ----·---·-·- ..... ' 

Nay 1 42-43 5.6-6.2 39-40 4-4.4 2-4 

June 1 50-58 10-14.4 40-42. 4.4-5.6 8-18 

June 30 58-66 14-4-13.9 42-43 5.6-6.2 15-24 

tenperature, the ar1ount of change in tei1perature, anc~ the tir.1e of exposure. 

Figure 8 shows the :relationships between these variables which produced a 

50?b uortality in the test speci.~:iens. For a tei:iperature of 4°c a 50% 

nortality occurred in frori 1 to 3 days depending on the &.cclination tenpera-

ture. 

While the te;Jl)eratures listed in Table 11 ;:iay not be precise estL1a.tes 

for any given year, they nevertheless are of the correct order of nagnitude 

on the ~Jasis of recorded te::Jperatures on Roosevelt e.nC.. Shuswap Lal\:eS and in 

the Fraser t'..iver at Hell's Gate. It is evident; that if deeply subnerged 

turbine outlets are used exclusively, severe i.10rtalities to downstrean 

nigrants could occur in the tailrace., It would be necessary, tb.orofore, 

to iJrovide a aeans of i~egulating the teaperature of the water drawn to the 

turbines so that there would not be nore than a 2 to 3°0 differential in 

tailwater tenperature and the tenperature of any surface by-pass water 

carrying downstreaa nigrants. This require;,1ent would necessitate locating 

the turbine intakes in a ;,1anner that would ensure withdrawal of a large 

proportion of water of the sa::1e teaperature as the water in the by-passes. 

This precludes the possibility of using deeply imbrJ.erged tubine outlets 
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as a means of preventing migrants from being attracted to such outlets 

and also the possibility of using deeply submerged spillway outlets, 

except during the early period of downstream migration before the sur­

face layers of the reservoir have opportunity to warm up. It will be 

shown subsequently that such deep outlets would also create temperature 

problems during the period of upstream migration of adult salmon. 

Another important factor to be considered in the tailwater en­

vironment is the effect of predation on the downstream migrants. In 

the normal migration pattern, a large proportion of the downstream 

migration occurs in a relatively short t~~e and the fish are distributed 

throughout the river. Thus, the o:~Jportunity for predation on this seg­

ment of the migration is minimized. It is possible that the reservoir 

and the collection and by-pass systems may tend to spread the migration 

more evenly throughout the migration period and thus afford more opportun­

ity for predation. The by-pass system would also deliver the migrants 

to a fixed position at tailwater, and would concentrate the migrants 

and meJ{e them more available to predators. 

The mortality to migrants inflicted by predators is difficult to 

measure, and no accurate assessment of it is availableo It. is believed 

that any impairment of the migrants swimming ability as a result of 

passage over a darn makes the fish more susceptible to predation. No 

information is available on predator populations in the Fraser Hiver, 

but, taking the Columbia River as an exe.mple~ it can be expected that 

substantial numbers of predatory fish would be present. At Bon.i.'1eville 

Dam these fish accounted for 29.2 per cent of the fish counted through 

the fishways in 1953 (29). 
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FF{.9..fil:fil'!iS P.ELATED TO UPSTREAM MIGR&'l'IOJ~ 

L.. Timing and Magn.t_tude of ..... dult .ii.iigrati.Q~ 

.. ." .. dult sockeye salmon migrate up the Fraser rtiver past the site 

of the proposed :Moran Dai11 to reach spawning grounds on the Chillw, 

Quesnel, Bowron, Stuart, and Stellako ihver systems. The runs to these 

rivers conpriso all the major early runs to the Fraser River system, 

with the first arrival at the lvioran site on July 1 and continuing 

through to September JO. It is these early sockeye runs that were most 

severeJ:.r affected by the blockade at Hell 1 s Gate and they contain the 

greatest potential for increasing production back to pre-1914 levels, 

particularly in the Horsefly and ,;;arly Stuart runs. It is estimated 

that by careful management of the fishery and preservation of natural 

environment through watershed protection, the runs to the spawning 

grounds on tributaries upstrerun from the Noran site can produce an 

average of 6i million sockeye annually. It has been conservatively 

estimated (1) that with all these early runs fully rehabilitated, escape-

ments during closures in the COiiliI1ercial fishery could be at least 

750,000 sockeye in a sing],,p da:z. It is noteworthy that this is more 

than all species of salmon passed over Bonneville Dam in a whole ye~r .• 

~:.a.ult spring salmon migrate past the iforan site from about Barch 1 

to November 15 of each year. In total numbers of fish, spring salmon 

escai}ements are much smaller than sockeye escapements, and the design 

of facilities for upstream passage of spring salmon would not be appreci-

ably affected by considerations of spring sa.Lnon except with i~espect to 

details that may be affected by size of fish or other limitations 

peculiar to spring salmon such as te::nperature and pres sure tolerances •. 
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However~ the eJ..rtended period of migration of these species does have a. 

bearing on the operating requirements of any fish facilities that might 

be considered. 

Steelhead trout migrate past the Horan site throughout the entire 

year. The total number of thls species is also small relative to sockeye 

and their effect on design of fish facilities would be similar to that 

of spring salmon. 

Thus any perman0nt fish facilities for the upstrern11 passage of ad.ult 

salmon and steelhead trout would have to be capable of handling 750,000 

fish per day without delay, and they would have to be operable throughout 

the entire year although not necessarily at maximum capacity. Following 

sections of this report will present more detailed condderations of 

the problems associated with upstream passage of adultii. 

B. l1air:rcenanc~_oj.' R:j_ver Envirorune11t 

It has been proposed that the turbine intakes at the proposed dam 

would be located 230 feet below maximum forebay elevat:i..on and about 30 

feet below minimum anticipated forebay elevation and that the spill 

outlets be located 60 and 260 feet deeper still. Rega:'.'dless of reservoir 

level, the turbine and spill flow would be withdrawn f::-om a fixed eleva-

tion. It has already been pointed out that the withdrawal of tu.rbine 

water from great depth would create a serious problem :Ln maintenance 

of a suitable environment in the river for downstre8.Jll migrant salmon, 

and it will be seen that the s8.Jlle would be true for adult migrations. 

It is difficult at this time to make precise estilnates of the di~i-

tribution of water temperature in the reservoir behind the proposed 

dam, since the factors controlling such distribution are not fully 

l..mderstood. It is known that meteorological and hydrological conditions 
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and river inflow temperatures are the principal, if not the only, 

factors involved and that because of this, temperature distributions 

can be expected to vary considerably from year to year. This is well 

illustrated by the data for Lake Roosevelt, particularly in ~ ... ugust, as 

0 
shown in Figure 6, where the1~e is a spread of te1:!.1perature from 51 F to 

59.5°F at JOO feet depth, compared with 66°F to 70.5°F' at the surface. 

The highest temperature at the JOO foot depth occurred in 1948, a yee"r 

of high discharge which pres"Lunably resulted in greater than average 

replacei;rnnt of the water in the reservoir and consec~uently introduced 

warmer water to the bottom of the reservoir. In the months illustrat•ed 

in Figure 6, none of the water is e.t the temperature of maximum density 

0 
(39.4 F) cornDon in most deep lakes in l:3ritlsh Colw:11bia (Figure 9) 

nor is there any thermocline. Since the rate of volume change in the 

proposed horan reservoir would be between that for Roosevelt Lake and 

that for Shuswa1J Lake, it is indicated that the depth-temperature 

relationship at Moran Dam would lie between these two .limits. Limited. 

data for Lake .Shannon (Figure 10) behind Bak:or Dam in the Skagit River 

illustrates such an intermediate ty-pe of depth-temperature relationship. 

Preliminar'J estimates of the probable depth-tempe::-ature relation-· 

ships at iv.Loran Dam have been prepared for an average year on the basi::: 

of river inflow temperature, tro.vel time, rate of replacement of rese1·-

voir volw'ne and using the surface temperature of Shusw~i.p Lake as a gui.de 

to reservoir surface temperature. These estimates indic:ate that the 

temperature of the water discharged from the reservoir through spill 

and turbine outlets during the period of adult migrations would range 



I
-

+
-i-t--+

-+
-+

--+
--+

-+
--+

-+
-1

 

1
-
-
-

-
_,__ 

..... 
-

-
I
-

i-
!
'-

-
-

-

00 
r. -··-

H
-:-

i 
i 

_
,_

 ±
±
-
~
 I-_,_. 

, ___ ,_ __ 
~-

·---
le

-
~

·
'" 

: 
,_Clll. !I

·•-
I 

i 
1"1 

c
j1 ; h _,_ __ , 

.: 
i·tt--

I
t
'-

-
·1

--i-
• I
L

,
 __

 ,___ 
1--i-~

I->---
,_

_
 

-
-L

'" 
,_ 

,:,: 
-
_"

, 
~ 

'" 
l'a:l

f\: 
R

 
UI 

·~ 
~
 

I 
I 

I 
T

 1
-

_
l_

I:i 
-

I 
-

-
-

o 
'i° -r> 

.,, 
.,. 

;;; 
1-. 

1l! 
t• -

;,. ~
 

.. 
._

 
,· ::>-+

-
~
 

l:>
-+

--+
-+

--+
-1

-+
-t-1

-+
-j---j-..+

-+
-t-

t
-+

-+
-+

--+
-+

-r-f-'-+
--t 

"
"
 

1 
' 

I 
I 

) 
I 

I T
 

I 
I 

' 
I 

I 
I" 

1:::: 
I"' 

1-
1-

·=
 -

" 
le 

Ii· 
CJ 

I 
•C

 
I 

I 
-

I 
I 

I 

--
.... ,.....,_ 

-
1

-
·
·
-

-
,_,_._ 

I
-

-

r-
1 t-7, • ~

 z --±± :: -
lj) ~
 -~i-1-_t-+-_,___1--+-+-t--t-1--

+
~-+-l-++-f-l-l-l-~:-+-t-+-l-l·-1-1-1-1-1-t-t-+-t-l-i-l-l-I· ,_........_.__._+-+-+

'_,_ ~
 

I 
i
t
 
W
~
 --...-

,_ 
-

I 
_±-~~

.JJ 
-

-. 
--+

--
,_ ___ ,__,__,__ 

,_ 
r
>

-
-
'-

;
 

-
j.

 -t ..... i~-
....-~-

.._ --
1

--
f-

. _ _I 
j_ 

..r l._ -
t 

-
f-

-
-
1

-
-+

--·l-+
--+

-l-+
-j---j-t--+

-l-t--+
-1

-' l-t--+
-1

1
-1

-· l-c
 1

-t--+
-+-

t
-

f
-

-
,......... 1--1-4

-.+
--l-+

-+
-+

-l 
, 

•• 
1 

n
· 

lib
 

, 
1 

l "
'-

, 
I 

I 
·
-

-

=~. 1JI icJ ,~ • ~
-
-
-
-
-
-
-
~

~-. 
-

-1Tf 
,~~~~~·~i~t~h-~1---1-~1-~-----,_~-1-~~

~-
~~
~
~~
~
~
~
~
~~~1-t-:--

,_
 

+
 

I 
. 

• _
,_

 -
'-I 

I 
-
~
 

__ ,_ 
~
!
 

l-+
-l-il-+

--l-l-t--+
-+

-
l-+

-+
-+

--+
-+

-+
--+

-+
--+

-l-+
-j---jf-+

--1--
1

-
·-

I
-

-
:-

--+
-1

-+
-1

-t-t-+
-+

-+
-11

-+
+

-+
-
t

->
-+

-+
-;--

t-1
-+

-..._
.-1-

-
-
-
-

.. 
-i 

-
-({) 

-f 
+
~
 I ih-

-
1--

-
->

--
-
1

-
-

-
1

-
·rrl 

-+-+-t-t--+-11-t-t-+-+-1-+-1-1--t--1-1-t--t-t~·t-
-
-
-
-

·-
-

-
t-

·1-+
-i-+

-+
-+

-r-.--t--0,__, _
_

 ,_
 ,_

 
-1-+

-1
,-+

--t-· 1-+
-1

--1
-t-1 

-
r---

-
>

-
1

--r-1 
-
-
t-

-
-
~
I
-

-
-

,-4 -
J 

I 
-1----~-~ 

... ~
 .......... -

1
-
1

-
!
-
+

-
+

-
+

-
I 

-
+

-
+

-
1

-
1

-
1-
·
-
-
-
~
 
-
-

......... ·+
--<

-+
-+

-<
-<

-
+

-
+

-
+

--+
-+

-t-,._,_........," 1-
f
.
-
-
-
I
-
-

_,_ ~++ ,_ :: _ _:_ :---,-
l'· t-fT ~.::-:: --= :: 

I 
-
-
-

_:-: =1-t-+--1 1,_
+

-
i-

+
-
+

 
-
1

-
-
1

-
1-+

-+
-1

H
--t-t-+

--r
;-

-
·-
-

--1---1-+-<-+-+-1-t-t--+-~..._,~_,_,. 
t-+

--+
-1

-1--r-1
--.-

-+--+-_.......,._,..,.....,_ ........ _
1 

-
~
 

-·""'!-,_. 
-

!---
-

I 
~
 

:-
-
-
.-

fr
· 

+--
--

+
 

:-+-+-~-~H-+-
·-
I
-
·
 
t-

+
-

l-
!-

+
-
-
l-

1
-1--1

--t-t 
-~--r--

1-1--.._...-1-4-+-+->-I-
, 

l 
I 

: 
I 

: 
l 

·-·-
-· 

_t 1 
J._ 

-
. _j.tfl_,_m

l 
· I J 

i'-
_ 

u 
I 

1~
.;_. 

•
I
 

I . 
I 

"' 
J. 

. 
-

1
-
-
:
-

-I 
. 

L 
~I-

c 
~-

•• I 
. t 

l ___ C
) ~

1
-

. 
~
~

-
.
,
 

') 
-

J~ 
_

_
_

 111. --I-
-

-
1

·
 

-t 
'" 

- 1 
-+

---
t-

--Fl--
-

-
~~ +: · '

r
-
-

~· r· 
. 1~ I-_

,_
 -'I'!-

1 
,__ _

,_
_

,_
 

,_
. 

,-
·-

--i-
-1

 
1 

t 
' 

_
,_

 
1

-( 
I 

-
_

,_
 

,_
 -

I
-
-
-

. 
I H

 
l 

r . 
t 1 · -

t
-

tc 
-

·
-

1 

"
I
 'I

 
rt 

M
l 

IO
V

• 

'lf>
ll! 'Yi 

~·11 Cll ~ x •) 
o:> 

u
:
a
s
s
~
 v ,:..a..:1n:i,. 

a
·
t
.
~
 · 

I 

+
 

--<> 

I 
+

 
_,_ 

I 

I --
• 



u Lf-+ f 
l~'~tt -'.-I-

L 
-i+ --1

 ·1+ t , __ 
__ , --

I 

Ftt. 
-4

---
--- -

+--±= -L-1~ 
I 

I 
-
-

1
--

_
j-

--
-
r
-

j 
I 

--r-+ l-~u-
fH-t-= 

I 
f-1--f 

1-i-r-
L -.-. 

, __ I
-

-

rr r-
-
---

+--
'+--

~--' 
+

H
-

-
.. I, 

I 
t-

. 
I 

I 
I 

I 
' 

T
 

I 
-----

,._ .. 
T

(
 

.
.
 

T
 

. 
I 

I 
'-

. 
I 

I 
I 

I 
' 

~
'
 

I 
I 

l 
I 

I 
I 

I 
I 

I 
L 

I f+
j 

I 

~ lITT 
'-Ht 

I f i 
f 

I 
I 

i 
I 

I 
I 

l 
'
I
 

-l~j-
j 

' 
I l_

 

t.-
---

=r+-1=+~ 
-1 

I 
~ttt 

>-~~
I\. 

-
' 

'-
---

-rrl= 
~ +~ ,___~

 
'--fN-~

~
I-

-+-
I 

111 

1: 
I 

1
-
-

,_ 
lai-

-
, __

 
. 

I 
llq

 
·-

I 

-, t 
!' t: rr. 

_J 
-

I 
1. -

I 
. 

1
-

I 
,_ 

-
-

I 
. 

l 
1.. 

1
·-

I 

I 
I 1-

q 
' t 

+
 :J± ti 

IQ
 

a 
jJl 

I~
 

I~ [~
jl -~

_il 
I 

. 
I 

'"
 

"
' 

)o
 i~
~
 12' 

,_t 
~-' 

--- _,_ _,__ >
-----

1~
 

1 t-' 
t I J+ 

t 
=

 :r; ,~ I~
~
 -

12-f 
--i 

++-
IC

 
ClJ 

C
l 

,_ ,__ 
I 

fl 
-

--
>

---~ t~ 
I<~
~
 1~~~= 1-

I 

-I~ 
~

f~ 
·'~
 -

--f,.1 r ;~
,_t_r 

r---
I-

-
.
-

~ -: 
I 

r 
r: H

 
f-1 

-14>--~
-1~ 

t--
-
c
-
-
-

>
---

-
l 

J 
~
 

-
I 

~
 

-
j 

cq-
I 

I 
' 

I 

I 
l-t <n--JJi =r-H=-

-' 
L 

L
t .T

 :i---
L 

I 
-t -1 

j 
J 

! 
I 

I 
'·-i=F~ 

I 
-
-
,
 

I 
-

--
-

-
, 

~tr+ 
l=t 

I 
I 

' 
! l 

' 
iT

 ,-
t-

-+
!T

T
 

_,__ -
I-
~
+
-

:1+ 
,--i---r 

-H
-

rr:--
I 

-
"
i· 

T
'tf{--f:l.'..L 

I 
I 

I 
t-~; 

H= -
-

'· 
----

I 
I 

! 
-, I---

1
1
1

+
 

; 

-t-
·-1

1
 

--r-n
-r-

I 
-

I 
I 

·
I
--

1-
>

---
-1-

I 

:±~t-
;;-·--

I 
f---H-~ ~ t1t 

I ftJJ 
I 

I 
I 

: >-:::_t 
-

_.( _ 
I 

--r =tt-
I 

I 
i 

I 

'-P.± _ ( .. =r 
,_ -

T
1_ l-!-

~
 

I 
I 

-(!; 
L

-
. 

I 
--

-
>

-
>

-
-
' 

_
j_

 -
>

-
-1-1-

-
f
-
--

-+ ! 
I 

T
 -H-

_
J_

,.... _
j_

 
L 

I 
·~-f-t-

-+ 
I 

f
-

-
1
-
~
 0 

-.-;--
. 

_,__ 
---

I 
1 

I 
I 

. 
' 

I 
, 

I 
I 

-1 
I tt ~

r~
 

t 
I 

I --t+'. "~tr 
=i1. H= ~i 

' 
I 

Lfd= 
-1 

' 
..,--

--=:± 
,_, 

---
, __ =~ -

-
,T-1 

I 

m
~
 

r 
f-

1
-

tH-t-
,-m ~ 

++-'---
, __ 

i;u
 icsc 

J:-i-
I
-

i' 
tH

r 
,--

I 

-
l 

., ·r ,-1:-
j 

. 
I 

I 
,_ 

-
----

-h
-

I
-

-
·-

_
,_

L
 

j:: 
'\.+

' tlt 
I~+-

J [Lr--!f 
-l I 

J 
1-1--+~ 

>
-

I ~ ~~
 

·--
f
-

--
I-
-f--;-

I 
I
-

_j___ 
I 

I 
-

1
-

I 
! 

riT
h

 
--~l-

I 
")-. 

-~
 

I 
IO

 
±t ~ .. i=r. 

, __ -
1-

,_ 
\P 

f-
_

J
_

 

;c 
w

 
-

I-f-
1 1-!=1 £ 

~
I 

I ! 
I 

--1 
I 

_\O 
' 

I 
•-i-1

 -
tH

 
I 

I 
-1

-· --
I 

I 

iiL'~ i 
~
 
H-~· ~rli 

I 
r ff it 

I 
I 

L 
.\ ~

-~ 
I 

I·' 
! 

i 
1

-
f-

r
-

-
--

I 
-
---

,.._r_,_ 
ts4~ 

~!'-.. 

T-'--
-

I 
_

n .-D
 

I 
-+r-

-'-hLf 
' 

}'-
e
-
-
-

_
,_ __ 

~ 
-
_

,
 

I 
t-

'~
~ 

L -1
-

I 
-
-

-I+
 -i-

1-1--f-1-
-

I-
-1

--
I 

I 

-m 
Q

 
!;i_ 

i 
' 

-~
 ~ ~$; 

. 
I 

I 

t-±_f_! 
I 

: 
"" 

I ~ --
-
\~ 

I 
----L

 1--+ 1-
-f--

-r--1 
I
-

-
I 

I 
I 

~
L

a>L 
-· 

t 
I 1-· 

i 

~ -1-·t 
'-l 

. 
~
 

~ 
--_ 

,_
l_

J_
 

tt< -P 
+--

--
••• 

,...j_ 
-

' 
it_;-

~ ~~ 
~
 

-L
 

JIE 1-t 
~~~ -tt ,,.. --;=--t+-1-r.-.l 

, .. -1 
-- _O

L
i · 

N
 

I 
~
 

~
 .... 

~ 
I 

t f-
~
 .. 

"" ·-
I
I
 -1

 
I 

:t' 
-
-
1

: 
I 

~ ±t ~
-

! 
I 

1--=f 1t 
J<l' 

\. -
-
~
 ~rul+

 
-l 

'_j 
l-

I 
I 

1 t 
'1. 

' 
n
-
.
.
r
-
.
~
 

I "I' 
-j-i-ri 

-i 
1

--
t~b-

i-'lf
]
\ 

-
I
-
-

I-
~;;;: 

I'-
"

.) 

~
 

u--==~ 
-
~
'
 

'-
~
,
.
 
~
 

... 
-h

 
-

~
 

~
-

r-1 
·~,

~ 
-1-

_
,_

, 
"" 

t -
-
·
 

-
l-

' 
......... 

t -'ll 
T

 
-

-1
-

H-+-1 
·'~~c, 

1-1--
f
-
-
-

I rtt 
;:., 

!T
f--

+
 ~ 

I ,. 
-~
 

I 
·-

r 
+

 r-
I
-

_
,_

 
) 

! 
•'-

' 
-

~
 

•r- .,. 
-· 

'""' """ 
...... 1...;....L-

..u
. Il-1f 

~I~
 -

-P
~
 
~
t
\
 

\:..: 
I 

I 
I 

i 
I -

i-:-r 
~
 

-~ 
~

t~ 
.....] 

T
 

_
(£

) 
~-+-

~~ 

~ ·~ 
tr;-

~
 
L
~
~
 

. 
I 

I 

--+ 
~
&
 ~
 -H 

_J 
' 

-
r
-

L
o ·--

+
 

-+---'--
r j-

I 

I 
~
 

. l 
~

-n-
! 

' rn 
-1-

jh
---

I -c-1t 
I. 

I 
I 

I 
I)

 
! 

-
-H

--h 1 
~
,
 

•
I
 

I 
I 

I 
_

,_
_

 
I 

I 
I 

~
~
 

I 
I

C
 

). 
-

i 
I 

I 
c
~
 

l 
c 

-
-

=r+i--
)-L-+tJ! ~L4rc 

~+---
( I 

I 
f 

uh:+f ~
-
+
J

c ~ 
:H-!~ >-_1 +--i 

--
H

 
H=~ t.;. I-~ 

L
 

.1-
1 

l 
I 

ll 
·~n
 . 

~-Irl-~ 
---,-

1
--

,~ 

tH
 
2
r~ 

~ J
I 

• 
-
-

.-i~1 
I 

I 
rl=1 -TT< ~

-
r
-
1
 

-
I ~r-

It r;-
14=r -:It f 1+-1-

!'-+
-

- --1-
I 

1 
Ti_,__ 

: 
_,._r 

I 
I 

1
-H

 
-

-
-
i
-
-
,
~
 

1-
-=~ 

r-8±'--
--

I 
I iil r-

~
-----· 

I 

-
-j 

ifF: 
-

·
I
-
-

+t= 
-
1

--
-

-+ 
+--J_: 

-t=-
""" 

->
--

-
1
-
~
-

I 
I 

I 
;, iW 

I 
I 

,J. 
t 

I 
I 

-1-
-

:tif 
i-

-
-
L

j
 

--t-
=-J~L 

F~ 
I 

+
 

+L 
---

R= -, 
l 

I 
-
i-

+
 

+
--1

-
-r --

-+
-1

---

. t-
t 

L
.. 

' 
I 

+-
I 

-
>

-
I 

I 
I 

I 

'. 

I 
-rt---

I 
. 

I 
t 

-l-1-.l-+
 I
-
-
·
 

-
I 

I 
1-rt+-

_)__ --
l_

r-

·
~
 

-
~
 
I
' 

-:---->
------

I l-~ 
f:=-1=-

· 
i·r

 
I 

, 
t 

I 
I 

I 
1 

--I ~
-I 

+
 

I 
I 

. L
r-,_

 

i-i+r H-_,__ 
I 

I 
H

-
--lj-i 1 -

l 
I 

--
+--+; 

Ff -
. +r 

t--4 
t-

' 1-1 
I 

'Y
 

S: 
n

 N
I JO

W
a 

•q.nt! 
7

{ 
0

4
1

 O
J 

9 
/ 

~ 

O
;) 

l:IJ
S

S
3

 
V

 
,3

.J
.J

n
llC

 
3

•6
S

S
"
 

1~
1
-
T
 

I 
I 

1-f-+
+

:-
I 

I 
' 

_t-=tt_ 1--
-
;
-
_

_
 . ..L

L
., 

i 
I 

I--
t-·

-
_,__ --H

+!-
-1--. 
-H

-
--H

-r 
I 

-
I ·1-4--

-
-2-

--FF 
-mt 

'...1. i 
j_

 
-
-

iT
1

1
1 1--l-:+1 

I 
I 

-
f
---

0 

1--~ 
I 

J 
l 

I 

·, 
I 

--
I 

' ·-
I
-I 

I 

I 

--
·l··r '-i-+-

H
-

f
-

-
-· 

-

I 
! I 

+,-
--, 

J_ --
D

_
 

--·--r 
1

--1-
-
-
'·r

 

~-Lt-± 1--flH= 
~t;-11 

I 
I 

~
4
~
 

I 
I 

I 

I 
I 

I 
I 

i 

-1 L
 

I 
-

--
~-

-
I
-
-

1 +
ri +~f-

1--:{iT ~
,
 -

-
,
-
-

I--

+
r+

-
1-
l. +

--1-4--
-;-t--

--1
 
~-.-.-----1-----

· :-11=+ 
• I 

. 

--+ 
t 

+
-I 

I 
' 

~il 
-f;~ 

1 
,r-

1-r 
I
~
 i-

! 
I 

I 

x
:=

t I 
Ir+-

-
·
 

f-
i-

r 
I 

-j-
_

._
_

L
 
-~ 

·
I
-
-

---
-

1
--1

-

f-
I 

I t-
' 

I
-
-
-' 

I 
I 



80. 

from 43°F on July l to 56°F on September 30. These temp:natures are 

11°F colder and 9°F wanner respectively than average nonnal river 

temperatures at tho se dates. Figure 11 depicts the estimates of the 

combined temperature of all outflow from the darn compared with normal 

river temperatures for an average year. Hiver temperatures downstream 

from the dam to the confluence with the Thompson River would gradually 

be modified by the weather and by t ributary inflow. On the basis of 

records of river temperatures at Gang Ranch and above Lytton it could 

be expected that duTing July, August, and September t here would be 
0 

a rise in temperature of 0.3, 1.5, and 2.0 F respectively between 

Noran and Lytton. Mixing with t he f low of the Thompson River would 

further reduce the differential. On t he basis of maintenance of average 

flow in the Frase1· i:liver, and the ave1·age f low of the Thompson River, 

the temperature di f ferential below Lytton would be 62 per cent or more 

of the temperature differential above Lytton. These calculations are 

based on averages cnly and there would be variati ons from year to year 

depending on river flows and temperatures. I n a year such as 1941, 

for example , when t he reservoir would not be r efilled until the end of 

September, the subsurface waters in the reservoir would r emai n colder 

than in t he average year and outflow would be lower than for the average 

year. 

It is well established that t he effective spawning of various 11 races 11 

of sockeye takes place within a narrow r ange of temperatures and that 

the timing of the various rac es up the river system is critically 

adjusted so that the fish will arrive on their r especti ve spawning 
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grounds at the optimum water temperature, regardless of the distance 

from the sea. Consequently, the water temperatures encountered in the 

Fraser River by different races enroute to their spawning grounds vary 

from about 35°F to 66°F, but the temperatures encountered by the early 

migrating races that pass Noran varies within the much narrower range 

0 0 
of 50 F to 66 F from year to year and the temperature range encountered 

by individual races is even less. For instance, during .August, when 

the Chilko and Horsefly runs are passing, the temperature range is 57°F 

to 66°F from year to year. The metabolic rate of fish is known to vary 

with tempeTature, reaching a maximum value at a certain optimum tempera-

ture, and declining with increased or decreased temperatures. Data 

for sockeye are not currently available, but data (Figure 12) for lake 

trout (Salvelinus_JlalJl.a:r.c_lliill) indicate that for the temperature range 

of 57°F to 66°F the metabolism rate of these fish is ?0% or more of 

the maximum rate, which occurs at 61°F. At a tempera.ture of 4J°F, 

the metabolism rate is only about 55% of the maximum (25). These changes 

in metabolic rate are reflected in a similar relationship in the steady 

swimming speed of the fish. 

Jt l:ae boon established tho.t the eo.rly migrating i3ockeyc runs migrate 

faster than the late runs (26), and it may well be that; the recorded 

variations in rate of migration are a function of metabolic rate, as 

determined by water temperature. From the above data :~or trout, it i~i 

evident that the lowered water temperatures resulting ::ram operation 

of the da;u in the proposed manner would greatly reduce the metabolic 

rate of the affected sockeye, perhaps to 557~ or less of the maximum 

rate. Such a reduced metabolism rate can only result jJ1 a longer 

migration tfaa in the river up to the dam, which would add to the total 
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delay caused by the proposed damo A similar problem could exist in the 

forebay of the dam due to the increase in surface watc:,r temperature over 

nonnal river temperature, although in this :3ituation the fish would be 

able to select a more optimum water tempere.ture by so-ending, if they are 

able or willing to do so. 

On the basis of the available evidence, therefore, it is considered 

essential that the temperature of the Frase:r River downstream from the 

proposed dam should remain within the normal range of temperatures in 

the existing river. To satisfy this criterion, it would be necessary 

that the turbine and spill outlets be capable of withdrawing water from 

various levels to obtain the desired temperatures in the combined dis·­

charge. There ce.n be no control of forebc.y temperetures, and the 'W'il.li;og­

ness of fish to sound to avoid high tGnporai~ures cannot be predicted. 

It is evident that this requirement would necessitate withdrawal of 

turbine and/or spill discharge from a wide range of reservoir levels 

with gree.t flti:Xibili ty of control. 

C. Collectt.Q.U_~:f....;:19.ults 

Before upstrear1 migrating salmon can iJe passed over any obstruction, 

it is first necessary that they be suitably collected or led to the 

fish passage facility. At natural river obstructions this is not 

normally necessary, since the turbulence and velocity of the river are 

sufficient to confine the :fish to a narrow pa.th along the river bank 

where they are easily collected. At large darns, however, this condition 

is not always readily achieved and in many cases elaborCLte collection 

facilities are required to minimize, insofar as possitle, del2.ys in 
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leading the fish to the fish passage facility. Bonneville, The Dalles;, 

and McNary Jams in the Columbia River provide examples of this ty-pe of 

collection system. It has been suggested in the rforan Dam Brief that 

such collection facilities be placed at the downstream end and along 

the tailrace face of the two powerhouses immediately below the dam. 

This arrangement, however, is not considered feasible since fish could 

swim past the powerhouses into the spillway stilling ba~d.n area, 

particul.s,rly when there is little or no spill, and may be delayed 

several days before dropping downstream to reapproach the facilities. 

A much more positive means of collection is considered e:=:sential.. In 

connection with the construction phase probJ_ems, it has already been 

suggested that the most effective means of collection wculd be a low 

barrier weir at a point downstream from the diversion tlmnel exits. 

Such a structure would be constructed to create conditions resembling 

natural river obstructions so that the fish would be led naturally to 

the river banks below the obstruction where they could be attracted 

more readily to fish passage facilities. 

The design of such a structure will not be attempted here, since 

it would depend to a large extent on river bottom topography and could 

best be determined by hydraulic model studies. The basi•:! requirement 

would be that the structure create a concentrated fall of 15 feet at 

all times, and that suitable areas be provided at both banks from which 

the fish can be led to the fish passage facility. This type of structure 

is not new in principle~ but aj_)plication to a river of the magnitude 

of the Fraser hiver has not beon attempted. 
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From this collection structure, a transportation channel would be 

required, on one or possibly both banks, lee.ding to fish passage 

facilities. The decision on whether facilities would be required on 

both banks could not be made until the form of bai~rier dam structure 

is established. It would be most desirable that facilities be provided 

on both banks in order to minimize delay, but it, nri:;ht te possible to 

design the barrier dam in such a manner as to lead the fish to a 

transportation cham1el on one bank only. 

The present river level at the lforan Dc:.m site, which would 

correspond with tailwater level, ranges from elevation 828 at 285,JOO 

cfs flow to elevation 780 at 4, 000 cfs flow, a range of 48 feet. 

Tailwater level variation with the dam in ope:lation would be modified 

depending on the number of powerhouse units in operatiorc and the effective­

ness of the reservoir in controlling floods. Facilitiei:: provided in 

connection with the construction stage would be required. to operate 

throughout the above range in water levels, and since the range in water 

levels in the ini tie.l poriod of ope:cation of the dam may not be sub­

stantially different, it is considered that the same range in tail-

water levels would apply to any permanent facilities. Such a large 

range in tail.water levels would create extreme complications in the 

fish entrances of any fish facilities 2nd it is considered to be 

necessary, as well as most economical, to first raise the fish to a 

level where constant tail water conditions can be mainta:.ned. Allowing 

3 feet of drop in the river between the dam and the col=~ection barrier, 

it would be necessary to raise the fish 51 feet to get them into a 

tailwater chamber with a constant elevation eque.l to the maxi.mum tailwa.ter 
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elevation below the dam. Thus, regardless of whe..t type of facility 

might be considered for passing adult saLi1on over the dam, the first 

step after the collection system wol.i.ld be a fishway (er fishways) 

leading to a transport2.tion channel. This f:Lshway would consist of 

52 weirs with pools 16 feet long by 10 feet deep with a total width of 

130 feet. T:ater for the fishway and tre.nspori;ation channel would be 

pumped from the forebay of the barrier dam, and auxiliary water 

necessary to maintain a transportation velocity of 2 fps at the do-vmstr1:iam 

end of the fishway would be obtained by gravity fro:11 the s2Jne source. 

It is possible the fishway could be subdivided longitudinally and certain 

sections closed off when the full capacity of the fishway is not 

required. 

D. Mult Salmo..n Facilities 

There are three general types of facilities that mi,5ht be con­

sidered for moving adult salmon over the proposed d.8111, conventional 

fishways, pressure and gravity locks, and elevato1~s. 

1. Fishwa.ys. 

The conventional method of providing passage for adult salmo;t 

would be one or more fishways of the weir or vertical slot type. Such 

structures would be approximately 2.3 miles long exclusive of holdover 

pools, which might be necessa:r,1 because of the length of time required 

for the fish to negotiate the fishway. Assuming that the rate of migration 

observed on the Colwnbia River fishways, i.e .. an filT.Qrq~.§ of two hours for 

35 pools (1), would a:)ply, an average of 44 ho;J.rs would b6 required for 

fish to c.scend the fishwe.y. Since the dc.ily migrations 2.re lirni ted to 

the d:::.ylight period, about 15 hours, c..n average of three days migration 

would be required and the fish would he.ve to spend at least three nights 
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in the fishway system. It must be emphasized that these are average times 

and that a substantial number of fish will require doubls that time or 

six days to ascend the fishway. There is no precedent in fishway opera-· 

tion for this situation, but on the ~Jasis of observation of the migration 

pattern in the Fraser River, combined with present knowledge of adult 

passage through fishways, it is considered ths.t the fish could not be 

expected to maintain their position overnight in tho typical fishway 

pool, and that large resting pools would have to IJe provided. Two or 

possibly three such pools would be required for each day::: 1 s migration, 

each proportioned on tl1e basis of the hourly rates of migr2.tion and the 

nru11ber of hours migre:i,tion ex:pected to be held over. If Each pool is made 

the srune width and depth as the fishway, the total length required for 

each day 1 s nigration would be ::1bout 2200 feet. Thus the total length 

of the fishway would be about J.6 miles. Due to the expected 200 feet 

vario.tion in headwater elevo.tion e.t the dam, approximately 3200 feet of 

the fishway length at the u per end would have to be designed to accommo·­

date such a varie.tion. Since a slot 130 feet wide by 200 feet deep 

through the dam app0ars S;ructurally infeasible, this u:.)per portion of the 

fishway would either have to be constructed within the forebay of the dam, 

or in a channel through the cc.nyon wall around the abutment of the dam. 

Alternatively, the fishw2.y system might be carried to approxim2.tely 

ma:dnn.u-n forebay elevation before passing through the de.m :Lnto the forebay, 

c::.nd a number of segmental weirs provided to acco:rLnodate a range of foreba~y 

levels foi~ which structural design of a slot through the dam is feasible. 
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It would then be necessary to provide a pumped water supply for forebay 

elevations below the selected range to supply not only the fishway but 

also locks or possibly a channel in which the fish could be lowered to 

the prevailing forebay elevation. While this scheme might simplify the 

structural problems, it is not biologically sound since it would create 

a variable flow pe.ttern at the upper end of the fishway and would involve 

additional handling of the fish in a manner for which there is again 

no precedent and no assurance of success. It is not i::1tended to detej~-

mine here the practicability of 2ny of these schemes, but merely emphasize 

that the provision of adequate fishways, if considered biologically sound, 

would present serious structural and hydraulic design problems which 

cannot be overlooked. 

In addition, there a:ce several objections, physiologically, to such 

a fishway system. The ascent over the dam could repres.ent, the equivalent 

in energy expenditure of the 176 mile swim through the normal river from 

J:ioran to Quesnel, which wov.ld ;.1ormally take the early sockeye runs 

about six days. The three or more d.sws involved in asce:nding the fishway 

would require the e.x::.)enditure of ene1~gy without commensurate advancement 

in their migration to the spawning grou11d. A Iurther complication arises, 

in that if the water supply of the fishway comes from the surface of the 

reservoir, the temperature of the water in the fishway will differ from 

that normally encountered by the fish. The situation he:re would be the 

reveree of that encountered in the river below the dam j_n that temperatures 

would ~e higher th2.11 normal, by as much as 11°:F', with a maximum temperature 

of about 70°F. Heferring again to Figures 10 and 11 it will be noted 

thc~t during the months of July and August, thE3 time when most of the 
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sockeye migrate past the dam site, the metabolic rate would be reduced to 

55 to 72 per cent of the maxiraum. Under these conditions, the fish would 

not be able to expe.::nd their available energy- at the ;11ax:Lmum rate and 

may require more than three days avera~e to ascend the fishway. E2cperi­

mental evidence and data on ro.tes of migration in the sea indicate that 

the low velocities in the forebay would not reduce the time required to 

swim from the ds1a to the head of the rese:rvoil~ although there would be 

a conside1~able reduction in the energy required to traverse the 172 

miles. There is also evidence on the Columbia rtive:;.~ that there is no 

compensating increase in movement of spring chinook salmon through the 

slack pool after passing through the fishways at Bonneville Dam (33). 

It appears certain, therefore, that using fishways, the dam would result 

in the equivalent of at least three dc:.ys average delay, and considering 

the effects of higher water temperatures in the fishway, it is reason·­

able to eA.rpect several additional days delay on the average. The sig:o.i­

ficance of such delG.ys has been mentioned in earlier reports. Thompson 

(27) in his studies of the Hell's Gate obstruction found that 12 days 

delay was sufficient to prevent sockeye from roaching their spawning 

grounc~s. Killick ( 26) found in studies of the Early .Stuart sockeye runs, 

that death occurred from 8 to 14 days after a:c~rival or:. the spawning 

grounds. Current studies of the rate of energy expenditure by sockeye 

indicate, from preliminarJ analysis, that a delay of three to sj_x days 

could be critical for the Early Stuart runs.. Such c1-elays might allow the 

fish to reach the spawning areas but leave insufficient enorgy Daterial 

to permit the fish to carry out the pre-spawning and .::pawning activities. 
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On the basis of the probable delay resulting from the use of fishways 

as a means of t11 ansporting salmon over the proposed dam and the establi­

shed effects of such a delay, it is concluded that fi,shways would. not be 

a suitable fish passage facility. In addition, there is a serious 

question of whether the fish would maintain their normal ·:Jehavior pattern 

in such a long fishway. If any of the characteristics of the fishway 

caused an alte11 ation in normal behavior and fd5htened tne fish, or if 

the fish merely bece.me reluctai."1.t to continue migrating u:? it, the Gott­

sequences could be disastrous. 

From the foregoing discussion on fishways, it is evident that the 

only facility that could possibly provide suitable passage for the adU:U 

salmon would be one that delivers them without delay from tailwater to 

headwater with little or no energy consmnption by the fish.. Locks or 

elevators therefore a~.:>pear to be the only possible mean,s of attaining 

this type of facility. 

2. Gravity and Pressure Locks. 

Gravity locks for passing fish over dams are in limited use 

at dams on the Colrnnbia ~civer (Bonneville, TheDalles, HdJary) and at 

smaller dmns in other countries, (chiefly .Scotland and Ir-eland). 

Bonneville Dctm has four locks each 20 feet by JO feet in section with s. 

lift up to 60 feet. Equipment of one of the original five locks was 

removed and installed in EcNary Da;,1, where the lift is 8:) feet. The 

Dalles Dc.m has one experimental lock 20 by 30 feet with an average lift 

of less than 90 feet. 

The locks at Bonneville Dam are reported (28) to be unable to attract 

fish into the lock ch91nbe:r. The loc~c at H.cNaq Dru:ri was placed in a 

location adjacent to the '.,ashington shore fishway which it was considered 
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would provide better attraction to the lock. Tests are being conducted 

to determine the optimUJn method of operating this lock. These locks, 

however~ are used only infrequently ( 29) for demonstrat:_on purposes 01~ 

trapping of fish other than salmon. 

The Torr Achilty Dam on the River Conon in Scotland has a sloping 

gravity lock 12 feet by 6 feet in section with a lift of 50 feet (30). 

During an eight month period this lock passed 3,400 salmon as well as 

trout and eels. Three other simila:c locks (Borlo.nd type) were constructed 

(1955) at dams upstreaE1 from Torr Achilty, and a fourth is planned at 

the Orrin Dam. A similar lock with a 65 foot lift was installed in the 

Leixlip Hydroelectric development by the city of Dublin. 

None of these oxisting gravity locks can be considered to provide 

any basis for optimism regarding their usefulness in p;:w;::ing the large 

numbers of salmoci. migrating in the Fraser Biver. Nevertheless, the 

physical e.nd biological problems inherent in the use of locks must be 

considered and evaluated insofar e.s is possible. 

The size and numb0r of locks would depend on the operation cycle of 

tho locks and the maximum rate of migration of the salmon. The maximum 

hourly rate of migration would be about 14 per cent of the total daily 

migration (1) or 105,000 fish per hour. The maxir11u111 fishing depth of a 

lock would oe the same as for the fishway, 10 feet, on the basis of 

present knowledge. The lock dimensions should be the maximmn practicable 

consistent with limitations on the necessary gates and openings through 

the dam. 
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Due to the artificial confinement of fish in the lock and the need 

for preventing impairment of fishing efficiency due to overcrowding, it 

is considered, as a preliminary est~nate that 4 cubic feet of space 

should be allowed for each fish. A lock 50 feet square would thus be 

able to hold 6,250 fish, or about one-twentieth of the maximum hours 

migration. Since each lock would require at least a one hour cycle 

period (30 minutes for loading, 10 minutes each for filling, u11loading 

and emptying), a total of twenty locks would be required.. At any given 

time 5 locks would be in the same phase of operation. Tlnis, a flow of 

15,000 cfs would be required merely to fill the locks when they were 

all operating. Because of space limitations it would not be possible to 

place such an array of locks on the face of the dam, unless they could 

be grouped in batteries of five locks each arranged in series, provided 

such an arrangement would maintain fishing efficiency. ~~he number of 

high pressure gates required would be minimized with this: scheme, although 

other structural problems may be complicated. The locks could be placed 

on either the upstreaJn or downstream face of the darn, whichever would be 

most feasible structurally. Alternatively, the locks could be arranged 

in parallel along one or ooth banks of the canyon wall dovm.stream from 

the drun with a special exit channel leading into the forebay. Whatever 

arrangement might be considered suitable, the same fish exit problems 

would be encountered as with the fishways due i;o the extreme range of 

forebay fluctuation. Water temperatures in the locks need not create 

any problem, however, since they could be controlled by mu.ltiple entrances 

in the forebay for the necessary water supply. Setting aside structural 
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proi)le;,1s, the most critical problem in connection with such locks would 

be the lack of assurance that fish could be attracted into them in a1iy 

substantial numbers without delay. hechanical. 11 forcing 11 screens might 

be employed to ensure continuous moveraent of fish into the locks from the 

transportation channel leading from the barrier dac:i.. However such devices 

create an artificial move2i1ent which L1ay inju1·e fish due to crowding on 

the face of the screen, and which may ~)e undesirable physiologically if 

the fish are excessively frightened. The excessive energy consm11:1tion 

i·c:sulting from fright, and the associated accu11ulation of body wastes 

r,1ay well nullify the purpose of the locks, which in part is to provide 

passage requiring little energ-,t expenditure by the fish. The ill effects 

of handling and frightening must no-C, be undere1stimated when considering 

the suitability of any fish facility. Hechanieal injUl'7l to the skin of 

the salmon results in flooding of body tissues with excessive aruounts 

of water, liberation of toxic materials from injured tissues and ready 

penetration of pathogenic organisns (Jl). Such injuries can result in 

premature death. Extreme exhaustion due to handling can o.lso result in 

a delayed raortality, even though there may be no immediate symptoms. 

In order to avoid such ill effects, it is necessary that the fish facility 

avoid all possii)le sources of Hechanic2.l inji:ry, and that it be operable 

in such a fashion as to provide ready acceptance by the fish. The fish 

themselves are the ultimate measure of the success of any facility, and 

preC.ictions of the acceptance of a facility by fish ai~e impossH)le. Such 

facilities can only ·oe developed on the basis of experience. Consider­

able research on the design and acceptability of gravity locks would be 

necessary before any definite conclusion could be made regarding the 
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application of such a facility at the proposed :Moran Dam. 

Pressure locks would be no different from gravity .locks in respect 

to capacity. Their advantage lies in economy of water and possibly in 

reduction in required cycle time since the ma.in shaft of the lock would 

not have to be filled and emptied each cycle. In addi t:Lon to the pro-· 

blems already discussed for gravity locks, there would be the problem 

of the effect of 310 psi pressure on the salmon when the lock is pressurized. 

This problem would not exist in a gravity lock since a brail would be 

used to force the fish up the lock as it fills. Such a brail would pro­

bably be required in a pressure lock also, but the pres:::u.re problem would 

remain. 

An experimental pressure lock has been incorporated in ilfcNar-y- Dam, 

with pressures up to 37 psi., This lock has no forcing brail, and exJJeri­

ments to date have been concerned with determining the optbnum cycling 

time and with observations of fish behavior within the lock. The fish 

do not appear to suffer any ill effects in this lock, although no tests 

have been made to measl.rre survival after leaving the lock and success of 

spawning. Extrapolation of experience with 37 psi pressure to 310 psi is 

obviously not possible. Therefore a thorough study of the effects of such 

high pressure would have to be made in order to permit assessment of the 

suitability of pressure locks as a fish facility at the ;?roposed dam. 

3. Elevators. 

Elevators are essentially gravity locks in which the increments 

of water and fish a1~e lifted mechanically, rather than hydraulically 
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Their advantage would lie in the economy of water use and consequent 

power saving. 

Elevators are in use at the present time at some dams where the 

total number of fish to be handled is relatively small. .ht R~.ker 

Dam, socke;:y-e and coho saL:ion are lifted about 270 feet in a small 

tank transported on an aerial cableway,. The fish, 1.mtil recently 

were then hauled up the reservoir several ~iles in a barge before 

being released. This process involved 1:mch handling of the fish 

which it is believed was the oauec of a substantial mortality. 

It was known that maay fish never a;.Jpeared on the spc:.wning grounds. 

An elevator system is :0.lso in use at the recently (1957) cor:tpleted 

Beechwood Dau on the St. John River in New Brunswick. The lift at 

this dax1 is 50 feet and a sr1all annual i.1igration of .A.tlantic salmon 

is expec·c.ed to be passed over the dam by a single elevator tank. The 

adult coho and spring saL:10n migrations in the White River are collected 

at a low power intake da1:1 and ti~ansported by tank truck around .Stevens 

(Hud Mountain) Da:"J, and similarly the coho migrations in the Capilano 

River are tran,sported around Cleveland DaE1 by tank truck. In all of 

these operations, less than 25,000 fish are handled annually, and thE:: 

facilities provided are 2.ble to cope with these numbers of fish without 

undue delay, but not without subjecting the fish to st:ress due to 

handling c..nd t:co.nsport. 

Transport by tanl{ truck is inconceivable 2,t the pro:posed claL1 

c'.ue to the large mmbers of fish to be handled and linitations of tank 

capacity. Tank trucks used at Stevens Darn carry about 400 pounds of 

fish in a 1000 gallon tan.le, which is ·\:,:10 equivalent of about 70 socke:ye. 
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Thus during the nai"Ciim:un hour of migration at Mcn~an Da1ci 1500 tank 

loads would have to be transported a minimwn distance of about three 

railes. 

Elevators consisting of tanks on hoists would operate in the 

same manner as described for gravity locks 2.ncl would be subjectto 

siBile.r space and structural limitations, as well as the same biological 

problems. 

For all of the fore going types of facili tie,s that l'.1ight be used 

for transporting adult sah1on over the dam, the limiting factors in 

cleternining their relative success are the unpredictable acceptance 

of the facilities by the fish and, if a.ccepted, the relative efficiency 

in delivery of uninjured, u...r1impaired fish as compared with the norms.l 

river. Measures of these factors ce.n only be obtained by e:;qJerience 

with such facilities, and until such neasures are available none of 

the fa.cilities could be recomDended for application at the pro:Josed 

dam with any guarantee of success. It is possible to i1iake engineering 

designs for a nunber of mechanical and hydraulic devices which would 

provide a theoretical ::1eans of passing aduJ:t salmon over da.;;1s, and 

which probably would pass fish to a certain extent, depending on 

the acceptance of the device by the fish. However7 t:.1e fish facilities 

at any dat,1 are costly :::end are of necessity a corporatG part of the 

design of the whole structure. Failure of the facility to achieve 

the desired result could not be readily rectifiecly and would be 

synonymous with the loss of the fishery to the extent to which the 

facility was unsuccessful for whatever reason. 

It is unlikely, on the basis of present knowledge, that any 
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adult sal;;1on facility could be provided which would not result in 

mortality to the salr:1on :i."U...11S migrating past the proposed dam site. 

Until the bases are available for predetern1ining the extent of this 

mortality due to all causes, i.e. energy const.1111ption, delay, fatigue:, 

physical injury, and refusal to enter the facility, there could be 

no guarantee that the adult salr.o.on could be passed ov,;:;r the proposed 

da.:1 successfully. 

It nust be e:nphasized that the solution of one phase of the 

fishelJT problens at the proposed dar.o., for exru~ple the adult fish 

facilities, does not eliminate the need for solution of the remain­

ing problems that have been discussed previously in this report., All 

of the requirements to ensure safe t.mi;;ipaired passage of the salmon 

to and from their spmming grounds :c:mst be :satisfied before the dam 

could be considered compatible with maintenance of the fishery. It 

cannot be sufficiently stressed that the solution to these problens 

cannot be based on wishful theorizing, but only on tho basis of adequately 

proven scientific fact. 

As previously stated, this report has considered only the effects 

of the proposed .iV.ioran Dam, since it would be the key eleaent in the 

cor.o.posite hydroelectric development proposed. However, each of the 

other ele;nents such as additional powor da:t:m on the Fraser li.iver, upstream 

storage daus, and flow diversions froi:1 other river systens would compound 

some of the problens associated with Horan Dara and would create addi­

tional problei<1s affecting not only Fraser River salaon, but also the 

fisheries of the syste1,1s from which water is diverted. The economic 

effect of this proposed ultimate forr.1 of development iiTJ.st therefore 

include these additional fisheries. In the fin.al analysis of the effect 
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of the proposed daiJ it would be necessary to evaluate the cor,1posite 

effect on the fishery of all the e.mdliary dai::is, storages and diversions., 

;i.ny resulting limitations in the use of water could also limit the extent 

of development of the Moran site~ and consequently alter the cost of 

power at the.t site. At the present ti1:1e, however, in the interests of 

expediency and due to lack of details of the operation of these auxiliary 

developnents, the extent of the fishery problems has been described only 

for the sing lo da:l1 at Ho1~an. 

CONCLUSIONS 

It has been shown that the proposed Horan Dam on the Fraser River 

would create the following uajor proble;]s in Daintenartce of the Fraser 

River saLuon fishery for which there is no solution available on the 

basis of current ln~owledge. 

1. The collection and transportation of downstream migrant salmon 

and steelhead trout from the forebay reservoir to tailwater 

by safe routes, and the prevention of migration through hazardous 

routes such as turbine and spillway outlets. It is expected. 

that the use of such hazardous routes would result in mortali­

ties considerably in excess of the highest known mortality 

rate of 70 per cent for a 295 foot head. The use of deeply 

submerged outlets, if proven to bE: a suitable means of' prev1:mting 

entry of Bigrants~ does not appear feasible~ due to the need 

for tailwater ter.iper2.ture control to prevent mortality to 

downstream nigrants. 

2. The collection and transportation of upstream migrant adult 

salmon and steelhead trout from ta.ilwater to forebay elevation 
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without delay, injury, excessive energy conswnption or othe:r 

physiological impairment. Conventional fishways are not 

considered to be applicable to a d.am of such height due to ·i:;he 

three or more days required to ascend them a:n.d the critical 

energy reserves of the early sockeye runs which will not 

tolerate delays of more than 3 to 6 days. All the available 

evidence indicates that the low velocity fori::>bay would not 

provide any cor,1pensation for delay incurred at the daJu. The 

design criteria of other types of facilities or the acceptance 

of then by fish are not sufficiently known to permit assessh• 

ment of their efficiency in handling the run:> of up to 750, 000 

salnon per day which occur c1 the Fraser Rivor. At the 

present time, tl1erefore, no adult salmon fac:l.li ties could be 

recommendec1 for use with any guarantee that the salmon and 

steelhead. trout runs of the Fraser Hiver above the dam site 

could be E1aintained. 

The circumstances creating either of these problems would be 

sufficient to destroy all of the affected sali11on and ,steelhead trout 

runs which have a corn:nercial value of ';./;8, 844, 000 annually at current 

levels of productio~ and at potential production level~: would be worth 

$23, 188, 000 annually at 195S prices. In addition to thGse co11E1ercial 

values, these runs contribute substantially to the fresh and salt water 

sport fishery in the Fraser Hiver and its estuarial waters a.nd provide a 

valuable source of food for a large nun1ber of native Indian families. 

In aC:.dition, the e1wiroruaent in the re:3ervoir woi.:.ld create problems 

in connection with the migrations of both young and ad'C.lt fish which 
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cannot be fully evaluated at this tine, but which potentially present 

no less hazard than migratory probleus at the dam. Delay to downstream 

E1igrants due to the time required to traverse the 172 rr.ile reservoir, 

and. lack of suitable food in the reservoir could result in the death 

of downstream E1igrants. High water teuperatures in the river below the 

dam during adult Iaigrations could result in excessive energy consumption, 

and high temperatures on the surface of the reservoir could be lethal 

to the fish unless they are willing and able to descend to depths wher13 

such temperatures could be avoided. Water temperatures nay also affect 

the swirnming behavior of the nigrants in the reservoir and thus influence 

the design and effectiveness of any facilities that ruig::-rl:i be considered. 

for downstream nig:;.,~ants. 

~ host of other fishery problens would be created during the con·· 

struction e.nd operation of the dam, each of which could result in destruc­

tion of the salruon and steelhead runs unless careful attention is given 

to maintenance of the necessar-.:r environmental requi.J..~ements. Such proble;;1s 

in r:iauy cases must be considered in cowbination with other concurrent 

probler:is rather than individually and~ as with water tenperature, can be 

a deterrn.ining factor in the design criteria for fish passage facilitie::: 

at the clan. Following are t:1e E1ost obvious of these problems as dis­

cussed in this report on the bnsis of the proposed fora of developr;ient. 

Others r:iay become apparent for different methods of developIL1ent. 

1. Ad.equate upstream and downstream passage during the 

construction period~ which nay last five or i:1ore years. 

2. Timing of che initial rese:;.,~oir filling period to reach 

minimum f orebay level in the period between upstream and down-

strear.1 salmon migrations. 



3. Temporary facilities for passage of salmon and steelhead 

trout during the filling period. 
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4. J.vlaintenance of necessary residual flows during the filling 

period to provide adequate water depths over pink and chum 

salmon spawning grounds in the Fraser Hiver below ::lope for 

transportation of salr:ion and steelhead trout. 

5. The construction of possible remedial ;i1easures at blockades 

which may develop along the migration route at such residual 

flows at such places as Bridge River Rapids near Lillooet. 

6. River temperature control to maintain the nonnal temperature 

cycle during the pEriod of spawning migrations, a:ld to prevent 

mortality to downstream migrants in the tailwater of the dam 

due to high temperature differential. Satisfaction of this 

requirement would necessitate the use of multiple depth out­

lets for both turbine and spillway discharges. 

Finally, in sUJ11E1ary, from review of all the fishery :?roblems that 

would be created by the proposed Moran Dam, and of current knowledge of 

techniques for overcoming such proble;ns where they are sufficiently 

understood on the ·)asis of present knowledge of salmon behavior, it is 

concluded that there are no means currently available whiGh could be 

utilized to maintain the affected saLnon and steelhead trout runs in 

the Fraser at tl1eir present levels of abundance if the dam were built. 

Until all the varied problems are fully understood and teelmiques for sol­

ving them, if any, are available, the construct.ion of Horan Dam would 

destroy a large segment of the Fraser River salmon fishery, which at 

potential levels of abundance would supply more than ':~.'.23, 000, 000 annually 

of renewable food resource. 
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