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ABSTBAQT

Rates of mortality among young salmon passing through
a high speedhmodel_propéller.turbine.operating undér aISO £t
| hydraulicmhead”butmﬁndei:variouswdréff tube suctions are given.
Effects, on both fish mértality and turbiﬂe;performance, of
admrssion”ofmcompressedwair _____ into the.turbine.atnié¥ious locations
to redﬁce thé_effect,éf,cavitation.(beiiéved“to.be.the major
cause of fish mortality.in the turbine) are discussed. At low
turbine speed and low efficiency, admission of air immediafely
downstream from the biadéé réduceévthe mortality of fish éﬁb-
stantially but at high turbine. speed and high efficiency, the
reduction was insignificant. At high turbine speed, the effect,
on fish mortal;ty, of admitting compressed air into the penstodk
and atmospheric air into the turbine draft tube through a 3"
diameter steel pipe installed about 1 'ft downstream of the
blades are shown to be beneficial, Records of biological exam-
ination from some of the tests to determine the apparent type
of injuries are included. An attempt has been made to corre}ate
‘the turbine speed with the number of injuries likely to b;nj
caused by fish being hit by the blades. The effect of pérfial

vacuum on fish is also given.
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INTRODUCTION

Each year a large Quantity of Pacific salmon is caught
by both‘commercial_fisheries and sport fishermen off the west
coast of the North American. continent and in numerous rivers and
streams on the same coast. _These valuable fish spend part of
theiriearly life éé.ﬁéiiféé.the‘final period of their mature
life in fresh water. . Tﬁéy spend the remainder of their iife span
in sea water, feeding on marine plankton, and there grow to a
considerable size; but in order to propagate their racé,.adult
salmon must return to their native streams to deposit their spawn.
The elg-gs are deposited in a nest which the female prepare‘sAon a
gravel bed, in the cold clear water which is normally found near
the héad waters of larger tributary streams where the curreﬁt is
stroné-éﬁdﬁgh to carry away most of the fine sediments.  ?he?
eggs are iaid in the river at a depth varying from a few.inChes
;o se;éfalifeet and are covered with two to eighteen inclies of
gravel to. protect the. eggs..during the incubation period. Unlike
the Atlantic salmon, the completion of the deposition of the
‘-eggs and their fertilization is followed by the death of the
pafent leaving.the“future“of‘thehSpecies entirely dependgnt ;n
the survival pf the eggs and. the young. Aduit fish normally
return to spawn durihg,the summer and fall months, and iﬁ the
spring the eggs are hatched and become free swimming fry. The

fry of some species then spend a year feeding in fresh water



whereas others migrate directly to the sea in their first year.
The period“they spend at sea also varies:from:species tp species
but when. they reach maturity, they. must returﬁ fﬁrépawn in their
native'streams, thus completing théir.iifé cycle. |

Because of the population and industrial growth of the
communities on the west .coast of North America, multi-use of the
rivers is essentiél, sd that‘méximum benefits can be realised
from ail résources. The. dependence of salmon on a suitable fresh
water environment'duiiﬁg their‘migration and early stage of develop-
ment haélplaced themmin direct competition with therther fresh
wafer users.

| Through water developments for pdwer, water storage and

irrigétion, dams are éoﬂsfructed across some rivers inhaﬁited by
salmon.: This results“in,é barrier to migration of adult‘and young
fish, Passage of large numbers of adult fish over dams is usually
accomplished by means‘of fish ladders or fish elevators. If the
number of fish to be passed over the dam is small, they may be
trapped downstream froﬁ the dam and transported up to the reservoir
in spécially aeSigned trucks. The primary problem associated with
by-passing of adult fish ovef the dam is the ability to attract
the migrants to the entrance of the by-pass system without delay,
injuries‘or4m9rtality.“

There are many problems of adult fish migration other
than the problem of passing them sﬁccessfully over the dam, The

discussion of these problems is beyond the scope of this thesis.
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Ipe interested. reader is referred to.the Nov. 1956 Progress Report
6n Fisheries :.Ehéinééfihg Research Program of the U.S, Cofps of
. Army‘Engineers(lh)%
| o "At.a typical power dam, young fish migrating seaward are
swepf.iﬁtb the furbines or over the spillway. The percentages of
j.fiéh.utiiiziné:thewépiilway.or turbine exits are not well defined
_‘at present. For example, at a typical dam on tﬁe Coiumbia river,
.if it.isuaséumed thét fiéﬁ ére distributéd:ih prop6r£i¢n to the
r;tesnbf.fiow; théﬁ aboﬁﬁ.bne-half of the fiéh péés ovér‘the spill-
way. o | o

Recent experiments have shown that mortality rates among
figh passing over the spillway ranged from 37% at lower Elwha river
(7) to 2% at McNary(7) and Big C1ir£(7) depending on the type and
leggth of the spillway. For high free-fall‘spiilways discharging
into’ a plunge bool, no sigﬁificaﬁt doftalit§ waé:repOftéd and a
relatively safe passage of‘&oﬁng fish over the sﬁiii@é} can be
assured., | o

Recent tests have shown that mortélity among young fish
passing through turbines can occur. The ratevof mortality ranged
from an insignificant amount at the Lower Elwha dam(7), 11% at
McNary(7) to 30% at Glines Canyon'daﬁ(7). The major causes of
mortality among young fish passing through turbines are believed

to be (a) exposure fo cavitation(B) and (b) colliéion with turbine

"~ blades. Turbine intake screens have been used at a few dams to

prevent young fish from entering the turbines. Because the size

1. Numbers in the parenthesis refer to the Bibliography.



of_yognglfish,of.certain species is.Qéfy»éﬁéii'at‘thé time‘of“’
.migration, the. screen openings must also be émall. Debris caught
.on the screen may block the flow. The necessity of frequent clean-
ing makes the screen impractical as a meaﬁs pf preventing fish from
passing through a turbine.

.Numeroué guiding systems have been invented to gﬁide fish
away.from,thejturbine intakes and the spillway entrance into a safe
by-pasé.j Some have met with limited success. Because of the high
initial and maintenance cost, they are not likely to be used
extensively.

~In the future, with optimum control at storage dams, more
fish would péss through thé turbines and fewer fish‘over the spill-
way. To date no attempt has been made to make the passage through
the turbines safer for fisp migration, although the tests gtvthe
Lowef-Elwha dam have shown that safe passage of fish tﬁrough a
turbine is possible.

The purpose of this 1nvestigation is to ascertain the
effects of adding air into a turbine on the mqrtality of young
fish passing through the turbine. Air has been admitted into
turbines.previousiy to reduce the effect of cavitation. It is

believed that the same technique can be used as a means of reducing

. . fish .mortality and of improving the turbine performance.

It is thought that tests carried out in a model propeller
turbine will accomplish the aim set out above. It is recognised

that fish mortality depends on many variables. To keep the number
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of these variables.small, the test is limited to one. position of the
wicket. gate. and..to one value of the total head., The draft tube

suction head is limited to two values only.



CHAPTER I
REVIEW OF PREVIOUS RESEARCH

1.1 Passage of Young Fish Through Turbines

Soon after fish enter a turbine‘intake they will experience
a gradual increase in hydrostatic pressure until they approach the
leading edge of a turbine blade. After a brief time interval of the
order of a fraction of a second, the pressure decreases to atmospheric
pressure or to a pértial vacuum. Once fish have passed the blade,
they may be exposéd to cavitation if the draft tube suction reaches
the vapour pressure‘of the water. Vapour pockets fofm.in the region
of this low pressure. Wheﬁuthey are carried into regioﬁs of higher
pressure, they collapze. wocil preszure intensities of high magni-
tude then occur., High pressure intensity waves are transmitted to
various parts of the water passages., If fish pass through the
cavitation region, they will be subjected to this high pressure wave
which may cause injury or mortality. In the draft tube, fish are
aiso subjected to partial vacuum and turbulence. |

By chance soﬁe fish may coliide with the turbine blades
and be killed or injured. |

1,2 Turbine Fish Mortality Studies

Several studies have been made to date on problems of fish
passage through hydraulic turbines. The most notable tests were made
by the Corps of Engineers of the United States.

In 1959, a series of tests were conducted in a low head
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ﬁodelutest“stand.at”the.Allis Chalmers Hydraulic Turbine Laboratory
lnolork, Pensylvania.. Fish were passed through a model Kaplan
Hturblnerﬁlth 12“ diameter runner and through'another 12& model
.Prancis turbine with a 15 bladed runner. The'h&draullc head varied
from. 5 £t .'to L5 £t and the speed £rom 95 .r'pm to 1400 Trpm'..f'mfhé
tests were,performed with a given net headrandlturbinevspeedpand‘
withtthelrunneriset.at.tarlouslelevations abote tail‘téééfiéiQGatién;

Cramer(3) reported that the Kaplan and Francis model
runner.gaVe similar results. W1de variatlon of flsh surv1val rate
(from 96% to 1%) could be achleved dependent on speed and tall
water elevation. He also reported increased mortality where adverse
hydraulic conditions resulted 1n cavitation»and 1ower,efficiency._p

o ' Further tests were conducted on the same model Francis
Turbine hut.wlth a sllghtlyvmodlfled:runner. Cramer and Ollgher(h)
reportedtthatvthe mostmdesirableICharacteristics of a-Francis
runner . to. prov1de maximum survival for fish are (a) relatlvely
low runner speed, .high efflClency, (b) relatlvely deep settlng of
the turbine so that the runner is submerged below the tall water
level,“(c) maximum clearance between blades.and between the
wicket gates and the intake edges of the blades.

| These model tests were followed by full scale'tests in

which fish Werebpassed through a Francis.turbine operating under a
h70 ft head at the Cushman II dam in Washlngton and through |
another Fran01s turblne operatlng under a h20 £t head at Shasta U

dam in California, in 1961 and 1962 respectlvely. ,Results (A,S)

-
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from both -test series confirmed thé results of the model tests., In
fhe prototype; operating conditions such as the gate opening, plant
sigma and tail water level had the greatest influence on fish
ﬁqrtality.

The ﬁortality rate of young fish passing th:ough the turbine
at Cushman II ranged from 23% to 55% depending on gate opening and
. tail wafer.eleVation.. Phere was a wide variatidn of the téil water
(6.5 ft.to 12,5 ft) at Cushman because it was influenced by the tidal
éction.in.the.tail race. The mortality rate of youﬁg fish passing
_through. the turbine at Shasta ranged from 10.7% at 0.65 gate opening

to 24.6% at 0,50 gate opening., The improved fish survival rate at
Shasta. as. compared to Cuéhman is attributed to a greater blade clear-
_ance. at Shasta,. The.peripherai velocity of the rﬁnner was almost
..the same for both‘runﬁers.

In all tests conduéted byvthe Corps of Engineers, where
dead fish were captured, the type of apparent injﬁries.likely to
cause mortality was usually recorded. There were foﬁr major factors
éohsidered résponsible for death aﬁd these were classified as follows.

1. Mechanical - i.e. fish killed by collision with a
solid object such as a turbine blade
(a) ‘Abrasion - rubbing or scraping.off skin
(b) Contusion - bruising of the body
(¢) Decapitation - severing of the body
(a) Laceration - ripping, tearing or cutting

of tissue,



2. Pressure Change

(a) Bye damages - hemorrhaging, missing or
otherwise damaged eyes

(b) Collapsed or damaged air bladder.

3;.Shearing Action
, Cdﬁsed by two forces of water going in opposite
directions.v The damagé suffered by fish is normally
a torn operculum,
L. Cavitation
Characterized by hemorrhage of internal organs
and/or body rupture |
Some fish had no visibie injuries; hence they were assumed to be
suffering from stress and handling.
More tests have been perforﬁed by other agencies in the
U.S.A. and in Canada to determine the overall mortality rates of
fish passing through tﬁrbines.' Lucas(7) has conveniently éummarized
and tabulated all these results. |

1.3 Effects of Cavitation, Pressure Change and
Vacuum on Young Fish

Rowley(13) showed that fish can withstand pressure changes
of substantial amounts, providiﬁg the pressure does not decréase
below atm@spheric.

vMuir(B) deve10ped a hypothesis that mortality among young
f;sh.passing through turbines is cgused mainly by exposure to .

cgvitation. He performed experiments on coho fingerling using a
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iong_pipe rack normaily used for water hammer experiments in the
ﬁydraulic laboratory at U,B.C. Coho fingerling when exposed to
ca#itation showed a mortality rate ofASQ%. The experiment demon-
strated the possibility‘of fish being killed by cavitation in a
turbine. |

| Partial vacuum affects fish by changing the concentration
and state of,diésolved gases in the fish vascular system., Bishai
- (12) showed that formation of gas bubbles in the heart and blood
yessels and .the bulging of the;eyes may result if fish are de-
>¢oﬁpiessed from.a high positive pressure to partial vacuum., Fish
- are said to.suffer from "gas disease" or "bends". Muir(B) showed
‘that the bends iﬂ fish &epend mainly on the degfee of vacuum and
the length of time that the fish are exposed to it.

... ..... Further effect .of partial vacuum.is felt through the
changing of volume of the fish's swim bladder. A salmon has .an
open Swim.blédder,'i.e. it has a duct leading from the esophagus
to the swim. bladder. An increase in.pressure in the Qater will
.qaﬁse a reduction in the bladder volume, If the pressure is
$u§d¢ply reduced to atmospheric, the bladder returns to its
original size but if the preésure is reduced substantially below
atmospheric, the fish must release gas from the bladder through
the esophagus; otherwise the bladder wall may be ruptured.

A saimon, given sufficient time to become.conscious of
the pressure reduction, can release the excess air., In this case
'if the pressure iater‘rgtﬁrns to afmospheric, the bladder remains

/
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collapsed,“,The.fishucan.feinfiate its bladdei by riéing to the
._fﬁater surface .and gulping air from the atmosphere. If a fish is

.‘weakened, it may not rise to the surface. Mortality can result
but yayjnotmnecessarily be due to a deflated.swim bladder, Muir(s)
Shoﬁed that few fish died as a result of a deflated swim bladder.
He claimed that_stresses resulting from collapse Qf the fish's
. .swim bladder are not likely to be a sigﬁificant.cause of mortality
among young fish passing through turbines(s,é)} Tésts at Cultus
Lake(?), B.C. have shown that sockeye salmon when exposed to
pressure reduction from high positive pressﬁre to high vacuum
.sometimes suffered.rupture of the swim bladder.

1., Mechanical Type of Injuries Suffered by
Fish Passing Through Turbines

When fish enter the turbine intake, they may come in
contact with the‘edges of the wicket gates or‘other solid objécts.
They may suffef.bruises and possibly laceration but severance of
their bodies is not believed to be likely.

Some evidence has been found that mortality'as a result
qf impact between fish and é solid object is possible. At Bonne-
.ville.Laborafory in 1955, salmon fingerlings were placed in an
injector connected. to .a 20* pipe from which water issued through
a nozzle at a velocity of L5;6 f.p.s.(14). A.éteel plate was
. placed so that. the 8" jet impinged directly on it'at h5° and at
a.909;ang1e. Thebmoifality rate for the h5° impact test was 1.7%

while the corresponding mortality rate for the 90o test was 3%,
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then fish réach'the tﬁrbihé rﬁnnér, %hey maj‘be“étrﬁék'by
'thg bladgs.‘ The usual injuries suffered by fish afeilacéfafibn,
severance .of the.bddy or crushed head.,

For.fish,"the time available for avoidance of collision
with the blades is the time required for a leading edge of the next
~'blade .to hit any part of that fish; therefore the longef the fish,
~.the higher the possibility of contact between the_blade and the fish.

| Von Raben(10) derived a formula for the prediction of
fish mutiiation in a propellef.turbine as follows:
The time ﬁaken by‘the blade to take up the position of the
preceding blade | |
60

T = e

T ni
in which n = number of blades on the runner
N = turbine speed in rpm '
The axiél component VN éf the absolute velocity V of the Qafer

is .
‘ Cl e h Q

v =
N m (D%~ &%)

in which Q = turbine discharge

D = Diameter at the tip of the blade

d = hub diameter

The length of water section (W) flowing through the space between
the runner blades during the time T, is
w = T v
“r 'n

The possibility of contact (c) between fish and blade is given by:
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L om (0 -4%) . (a) . (N
W “ 240 Q

in which.L = the length of the fish,

Water flowing.towafdslthe 1eadingHedgé of the blades

poéseséesma whirl component VT; hence the flow is at an

angle & to the assumed direction of V.-

i ¢ =1 (0°- 4°) n.N.COScx
24,0 Q

in which o = the angle between the absolute velocity (V)

- and the velocity VN"

. The. Impact Velocity

Von Raben claims that the velocity at which fish
strike the leading edge .of the blade must exceed a critical
. value before decapitation of the body is possible. If the
_fishmis.assumed.to move with the current in the turbine, then
it”wiilumove af,the same Qelocity-as that of the water

relative to the leading edge of the blade, i.e. at a relative

 velocity v (fig.1). VT Uy

%

Fig.l Velocity Vector
Diagram'qt-a Turbine Blade




.;AA.
Consider a velocity vector diagram at a pbint A along the leading
edge of the blade. The axial component of velocity V is
N - "£Lé%"'2

| n (D° -~ 4a%)
The. circumferential velocity (U) of the point A on the leading
edge of the, blade is " |

v . Mo

in_which R = distance from the centre line of the shaft to A.
If VT is the_whirl component of-the velocity of water approach-

ing the leading edge of the blade, then

o 2 2
-v‘ = \/VN + U1
in which U1 = U - VT
¥ = velocity of water relative to the léading

edge of the blade

But_ _ VT = Vn tan X ”
. . 2
0 Yoo V[U2 - 20.V_. ten + 'n
' ‘ coszc(

‘The circumferential velocity U for points on the leading edge

of the blade:vafies from the minimum value of '%%% to %ﬁ?

at the periphery of the blade. The impact velocity also varies
depending on the distance from the centre-line of the runner to
.to. fish,

Von Raben claims_ﬁhat fish decapitation resulting from
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collision with the blade of a propeller turbine occurs only if
the impact velocity between the fish and the blade exceeds a
critical value: that the possibility of contact depends upon
the diameter of the turbine rﬁnner and the hub, the number of
the blades on the runner, the speed aﬁd the discharge of the
furbine, the length of the fish, and the direction the fish
is moving relative to the leading edge of the blade.

1.5 Cavitation in a Propeller Turbine

‘When the pressure in the moving water is reduced to
its Qapour pressure, the water ruptures and vapour pockets form.
When the vapour pockets moveAintd a'higher pressure zone, they
collapse. Becaﬁse of the low compressibility of water, the
collapse of vapour pockets sets up a very high localized pressure
intensity. This dynamig bhenomenon is called cavitation.:

in a propeller turbiﬂe, cavitation_qan occur at no
. less than three locations depending on the'location of the
pressure reduction zone:

(a) \ﬁlade profile cavitation. Because of the nature of the
flow around the turbine blades, a low pressure zone exists on
one side of the blade; if the maximum suction reaches the
vapour pressure of water, cavitation can occur.

(v) Blade clearénoe and blade tip cavitation., In the tip
region of the blades, leakage of flow from the pressure side

N is always possiblé because the blade span is finite. To reduce

this leakage, the wall of the runner casing is built as close
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to the tip of the blades as possible. A flow of high velocity
exists at the clearance zone. Cavitation may occur at the
region of the tip of the blades.

(c) Hub or blade shoulder cavitation. Roughness on:the hub
or an uﬁsatisfacforilyfdesigned junction between the blade and
the hub’gan cause vortex motion around the hub, The low pressure
zénevoccurring at the éentreiof the vortex can result in a station-
ary,vépoﬁr,pocket.A The. collapse of the éavity at the downstream
end of the vapour pocket results in hub cavitation.

Cavitation'in a turbine is not a uniform‘process nor
“does it occur.at ahy definite pressure, Water can resist a
certain amount of tensile stress before it starts to rupture.
"If it contains some dissolved gases, the water will rupture more
. readil&.u It,isdtherefbre possible for water to rupture at
different.bfessures, depending on the size and number of gas
nucléivbresent. Cavitation inception then depends on the total
.,airwoi<gaSYCQntent of the water. At low air content,'a pressure
Abélow the vapour pressure of the water is required to trigger
..off cavitation.,

The Thoma criterion ratio of cavitation,.sigma (o),
has been used as an indication of cavitation., Sigma is expressed

by means of the formula:

in which Hb is the height of the barometric water column in ft;
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.Hs i; the elevation in ft at which the turbine is placed above
the”tail water lgvel; and H is the ret head in ft under which
the.turbiné.gperates.
For a turbine set atva moderate elevation above sea
level and for the usual temperature range, 80°F %

.

34 - 1.2

32.8 ft of water and

o = 32 -8 - HS
H

 Bffects of Cavitation

. Soon after cavitation takes place in a turbine, the

efficiéncy decreases. Noise and vibration of the turbine
increase,

Objectionable noise due to cavi%ation is related to
a fairiy well developed stage of cavitétign, :Advantage may Bé
taken of the noise as a means of meaéﬁremenf of cavitation, |
' Noise aﬁaiysis has been used to obtain'information on incipiént
. cavitation and to indicate its deielopment. The noise level
incfeéééé shaiply at the cavitation inception point, However,
éffdrts to use the overall noise level as an indication of the
degfee of cavitation have failed because at certain stages of
 cavitation, the noise level may even be reduced.
Vibration of the turbine may result from runner hub

cavitation and may cause load instability in the turbine. Draft

tube surge is considered to be the result of hub cavitation.
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Cavitation damage is due largely to mechanical action.
The collapse of vapour pockets sets up a high pressure inteﬁsity
sufficient "to cause localized fatigue failufe of the metal. The
'damégebﬁéuail& takes the form of pitting on the runner blades
and on the draft tube wall.

The Effect of Compressed Air on Cavitation

When compressed air is admitted into a turbine
operating under cavitating conditions, it has heen observed
that the noise and vibration levels are reduced as well as the
extent of pitting‘of the runner blades and draft tube wall.
.Compressedfair,4when allowed to mix with the water, increasq?
the compressibility of the mixture enorﬁously; thus the pressure

intensity set up by cavitation is reduced.



CHAPTER II
DETAILS OF TEST ARRANGEMENTS

2.1. Turbine Test Stand

The hydraulic turbine test stand normally used for the
undergraduate. instruction in U.B.C. Hydraulic Laboratory is used

. in.this test programme. It is a closed system consisting of an

overhead. tank,.a turbine and a sump. Water is pumped from the
.sump”located.in‘the_basément up into the o&erhead tank and is
allowed.to flow through a 14" diameter steel penstock to the
_.turbine, through the turbine and the draft tube and back to the

A,sump.,.(See figs. 1 to lO).

19

. The control gate is installed upstream from the turbine

to control the amount of flow and the pressure in the penstock.

Water from the penstock enters the scrollcase of the turbine and

.is admitted to.the turbine runner through manually operated

. wicket gates.. The pressure in the penstock and the suction in
.. the. draft tube are indicated on Bourdon gauges, A downstream
control gaté,is.used to vary the draft tube suction.

The diameter of the penstock and the draft tube are
equal;  therefore the'velocity heads in the penstock and the
draft tube are also equal. The total dynamic head of the
.turbine is. then equal to. the sum of the penstock pressure head
.”andhthe'dréft %ube suctionlhead.

" .The turbine is a probeller type. The 10" diameter

i
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runner, mounted .on.a horizontal shaft, has 4 blades with a
ﬁihihuﬁ Blade blearance of 1-1/4". The turbine is connected
tg a hydrauiic dynamometer., The turbine out-put tofque in
"1bs. ft is measured on a weighing beam scale of the dynamo-
méféf: Thé turbine speed in rpm is obtained from the tacho-
meter reading on the control panel of the dynamometer and can
be édjuéted By means of two smail Qalvés eontrolling the
amount of water supplied to and drained ffom the dynamometer.
The turbine speed can be set at'any desired figure up to
2800 rpm.

The water leaving the runner flows along a 15 f%
straight vertical draft tube and then along another 8 ft of
horizontal section of the draft tube before discharging in
aif into the sump.,

2,2 The Fish Injector

vAn acrylic pipe, 2%" diameter, fitted with a ring-
C follower gate is used as a fish introduction device. It
is installed in a horizontal position.making an angle h5o
with the centre line of the penstock. The injecior is bolted
to a 3" diameter steel pipe with a square flange, which is
wel&edhto the penstock wall, For the details of the fish
injector see fig. 11. |

Pish are placed in the fish chamber through a 5" x
24m rectangular opening fitted Qith a reﬁovable cover which

when in place forms a cbmplete pipe section. The plunger is
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fitted with an O-ring so that it is water-tight as well as
..fish—tight. For manual operation, a 24" brass rod is attached
fo the plﬁﬁgef. A plastic screw cap with a small air valve is
ﬁsed-tb cover the end of the fish injector. Copper drains (see
fig. 11) fitted with two-way valves are used to drain the
chamber and the spacing behind the plunger. One end of the
drains is attached to a small plastic tube leading to the
>tﬁr5iﬂe"peﬁsf6ckvwhile fhe other end is attached to the city
Qatef.supply(bipe; Fish are led to the releasing point at
.the centre of the penstock through a leading pipe of the same
size as that of the fish chamber, extending from the gate to
fhe releasing point. The action of the injector is as follows.,

The gate is first closed and the cover on the top
othhé fish éhamber removed. A known number of fish is placed
in,fhe éhaﬁber and the 1lid replaced. The two-way #alve con-
‘necfing the penstock and the injector is opened to allow the
vhigh pressure water in the penstock to flow into the chamber.

Af the séme time all air in the chamber is carefully eliminated
through a valve at the top of the chamber and through another
#alve on ﬁhe screw cap. This is done tq prevent the fish coming
in contaét with free air-waterEsurface éuring the fish injection
period. When the pressure in the chamber equals that of the
penstock, the gate is gquickly opened. The valve connectiﬁg the
injector with the city water 1s opened to admit city water

which presses the plunger slowly forward to force fish into
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the penstock, When the plunger has travelled the full'léngth
of the pipe, and fish have been introauced into the penstock,
the city water supply.is shut off. The drain is opened to allow
the water in the chamber to escape while the:penstock pressure
forces the plunger back to its ofiginal position. The gate is
finally closed to complete the injector operation,

Visual observation of_fish introduced into a fast
moving stream is possible by means of a plastic window provided
at fhe point immediately downstream from the fish releasing
point, (Fig.12). -Small plastic windows are provided, one at
the runner casing to permit visual observation of cavitation
of the turbine and another one about 1 ft downstream from the
blades to. observe fish after they have passed through the
funner‘spaée and the cavitation zone.

2.3 Pish Recovery Gear
Draft Tube Extension

The draft tube is extended through a specially
designed extension, a l@" square section, the top and bottom
walls of which are made of 3/&"‘thick plywood and the two side-
Walls lined with No. 30 gauge metal strip. For details of the
- extension, see fig. 13 to 18, Four 3" x 3" x 3" angles are
welded to the existing end of the draft tube and are bolted to
the wooden flange of the extension. Care was exercised through-
out the construction of the extension of the draft tube to avoid

any sharp protrusion from its inside walls, to prevent fish
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being damaged by them. The extension is supportea.by a series
of wooden. beams and columns to resist forces induéed by the flow
"of water around the 90° bend and any vibration set up by the flow
in the extension.

The Wooden Transition

Because of the fluctuation of the sump water level, a
wooden transition is provided to direct the flow from the draft
tube extension to the water surface of the sump. One end of the
transition is a 14" square section hinged to the top end of the
'draft tube extensién. A piece of canvas wrapped around the gap
created by the joining of the two sections acts as a flexible
joint so that the transition can pivot about the hinge. Rubber
sheets are used to bridge the inside gap. The transition is made
of 3/4L" plywood and its section gradually changes from 14" square
to 2A"Hx 6", It is suspended from the ceiling of the sump,

The T;ag

After the flow from the draft tube has passed through
the extension, it is passed>on to the trap, a device developed
to skim the fisﬁ from the discharge. The principal feature of
the trap is an adjustable inclined screen through which most of
the water flows leaving the fish and a comparatively small
. amount of water to pass over and into a specially provided
 collection pool at the end of the trap. The screen used in
this trap is a Monel stainless steel no. 14 constructed of

0.009" diameter wire, occupying 2&% of the area., The screen
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is pla;ed on top of a Pedlar grating No. 10-134-60 which is
supported by a wooden frame constructed from 2" x 4" timber,
The frame is hung at the ends of four 5/8" diameter steel réds
. suspended from the sump ceiling.

The collection compartment at the end of the trap
is divided into three sections. (See fig. 16). A special
collection box is fitted into the central portion to collect
fish at the end of their journey through the turbine. The
collection section of the trap is screened so that fish.or
parts of fish are all collected. On the two side-sections,
the screen slopes slightly toward the central portion. Any
.fish caught on these two screens are placed in the collection
. box.

A training wall of A" plywood is provided around
the screen and the collection'compartment to prevént any
escape of fish into the sump.

o The flow of water through the screen is regulated
by means of a 3/@" thick regulating board installed beneath
the screen. It is hung at the end of four brass rods fitted
with screw threads and wing nuts. By raising or lowering the
board, the flow can be adjusted. The flow can be further -
ad justed by changing the slope Qf the screen. This is done
by adjusting the poéition of the rods from which the screen
is suspended., The current created by the flow of water from

the top side of the regulating board flows upward through the
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side screen of the collection compartment and keéps the fiéh
.off the screen, .The transition and the trap can be set in any
desired position by adjusting the length of the various rods |
ffom which the system is suspended.

The Fish Collection Box

The fish collection box is a 12" x 9" x 6" brass box
with an open top, The top half ofvits wails i; scr;ened to
allow the excess water to fléw through (see fig, 27a). A brass
plate bent to fit the.outside corner of the box is used to
transfer fish from the box to the other container. The box
fité the central portion of the collection compartment in such
a manner that its top comes up to the elevation of the side
. séreens on both sides of the central portion,

2., Arrangements for the Supply of Compressed Air

Air injected into the turbine is drawn from an air
cbmpressor through an air duct one inch in diameter. A nozzle,
,maéhined according to the A.S.M.E, standardldimensions, with
an insgide diameter equal to one-half the diameter of the air
pipe, is installed as an air'méter. Avétraight brass pipe L
long and 1.06" diameter precedes the nozzle to ensure uniform-
.1ty of the approaching air flow at the nozzle. The reading of
the water manométer, connected across the nozzle, is taken as
the nozzle pressure drop, from which the mass flow of air
across the nozzle is calculated uéing the flow coefficient

from published data,
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The flow of air depends on the absoluteutemperatﬁre,
the density of the air and the ﬁressure drop across the nozzle,
The air temperature used in the calculations is based on SOOF,
the‘mean.témperature of the air outside the laboratory where

.thevéir supply. of the compressor was drawn. The raﬁge of the
,.air.tempefature,during the experimental period was AOOF to
659F. Variations of the air temperature up to 25°F will change
the mass .density of .air by less than 5%.

..A pressure gauge is installed about 1 £t downstream
from the nozzle to indicate the air pressure. The reading can
be taken as sufficiently accurate to represent the pressure of
the air upstream. from the nozzle because the pressure drop
across the nozzle is very small,

Because the nozzle was designed for a higher antici-
pated air flow, the ménometer readings were usually small. The
quantity of air as calculated, while not precise, is sufficient-
ly accurate for purposes of comparison.,

From the nozzle, four plastic tubes convey the air to
two injection points - in the penstock upstream from the turbine
and in the draft tube immediately downstream from the blades.
Four holes.drilled at equal distances from each other in the
penstock and in the draft tube ensures that air is uniformly
mixed with the water., Air valves are installed at each injection

‘point to control the quantity of air going into the turbine af

‘each entry.
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Air pressure in the air compréssof.tankmisfkept"abqve
96 psi. By using a pressure regulator . in the air supply system,
thé aif.ﬁreséufé iéiféguléfédhdoanfo anyidesirébie value., No.
flucfuation of air pressure during the gpfire experimental
period was observed.

For one series of tests, a 3" diameter steel pipe with
valve is installed as a vent in the draft fube of the turbine
1 ft. downstream from the blades (see fig.A). Atmospheric air
is .sucked intd.the draft. tube, Flow of air used in these tests

was not measured.
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FIG, 4 GENERAL VIEW OF THE TESTSTAND

FIG, 5 LARGE AIR VENT IN THE DRAFT TUBE
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FIG, 6a WICKET GATES AT POSITION NO. 6
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FIG. 7 DRAFT TUBE IMMEDIATELY DOWNSTREAM

OF THE RUNNER
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FIG,11 THE FISH INJECTOR

Ring-C Follower Gate
Pressure equalising connection

Fish chamber 1id with pressure gauge
and air escaping valve

Plunger and rod
Screw cap and air escaping valve
City water entrance

Fish chamber drainage system,




FIG.12 FISH INJECTOR AND THE PLASTIC SECTION OF THE PENSTOCK
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FIG.15 FISH RECOVERY GEARS
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FIG.20a ARRANGEMENT OF AIR SUPPLY SYSTEM
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CHAPTER III

TEST PROCEDURE

3.1 Test Specimens

Laboratory Survival Test

Pink salmbn fry about one month old from Harrison Lake,
B.C., were used in a survival test to determine the mortality in
the laboratory throughout the period of testing. It was found thaf
these fish could. be kept alive in the laboratory with negligible
mortalit&, providing that they were fed regularly and that the
temperature of the water in their tank was kept at approximately
L7°F.,

Fish Used for Low Turbine Speed Fish Mortality Test

For a mortality test at a turbine speed of 600 rpm, the
specimens used were Chum fry hatched at the University Hatchery,
U.B.C. They we£e approximately 13" long and were from four to
seven weeks old at the time of the tests., Fish were fed regular-
ly fhroughout the fest period.

. Pish Used for High Turbine Speed Fish Mortality Test

. For a‘mortality test at a turbine speed of 1800 rpm, the
Spécimens used were Coho fry from Robertson Creek, Vancouver Island,
" B.C. Fish were approximatley 12" long and were from one to two
months old at. the time of the test. The feeding of fish was stopped
at the start of the testing period in an effort to keep the length
and size of the fish the same throughout the testing period. (Fish

were not fed for 13 days.)
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3.2 Test Procedure

The procedure generally followed in masking a test is
described in the folloWing paragraphs. The results are tabulated
in the Appendix III and the general discussion of the results is
made in Chapter IV.

Turbine Pish Mortality Test

The overhead tank was first filled up and the turbine
started. The tufbine operating conditions were set at a pre-
determined value. The penstbck and draft tube pressure was ad-
justed so that the total effective head of the turbine was 50 ft
of water. The draft tube suction was set at a specified vaiue.
Pressure control was achieved by manipulating the upstream and
downstream control gates. The rpm of the turbine was kept con-
stant at a desirable value by manipulating two control valves
of thebdynamométer. The fish trap was then arranged so that the
optimum amount of water flowed into the collection compartment
at the end of the trap. The fish collection box was placed in
the central portion of the collection compartment. Packing
compound was.used to seal off all cracks and openings around the
rim of the box so that fish did not escape from the box. Readings
of the.turbine discharge, penstock pressure, out-put torque, rpm
éﬁd dféft tube suction were recorded., |

Fish, 80 in number, which had been previously counted
and kept in a holding faﬁk, wefe.transferred tb thé fish injector.

Pish were. placed in the injector chamber and the 1id replaced.
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By using the equalizing valve, the pressure in the fish chamber was
v'inCreasgd1to.the”same value as that in the penstock. The pressure
equalizing process took 10 to 30 seconds to complete; simultaneously
all air inside the fish éhambér was carefully removed to ensure that
- no fish came in contact with freeair during the process of pressur-
" ization, The injector gaté was quickly opened so that the_city
water pressure'éiowly‘pushed the plunger forward, forcing the fish
| iﬁfo fhe bénstock. When the plunger had travelled the whole length
6f the leading pipé and .all fish were in the penstock,. the city water
valve was shut off.‘ The penstock pressufe then returned the plunger
‘to ifs original positioﬁ. Tbe injector gate was closed to complete
the injector cycle.‘

| A timébof 60 seconds was allowed to elabse from the

moment the plunger had forced all fish into the penstock to the
fime they were removed from_thg trape. An assistant was statianed
at the trap_to place any fish caught on thc side.screens in the
fish.collection box and then to remove the collection box from“the
trap, The contents of the,box were poured into a basin where the
livg fish were separated from the dead and placed in_a,nyion net.
‘After counting the number of immediate survivors, the assistant
transferied fish,back to the bolding tank for a delayed mortality
observation., At no time during/£he test were live fish allowed
to be out of water, Dead fish from the test were counted and the

decapitated parts matched as far as possible to form complete

BN -

bodies, In the case of missing fish, the turbine was stopped
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and the whole system drained to see if they could be recovered.
All dead fish were examined by a biologist to determine and record
the types of apparent injuries and to measure the length of those
that were measurable.. The delayed mortality was recorded and fish
bodies examined each day. At the end of a three day holding period,
all surviving fish were anaesthetized and their length measured.

. . To eliminate the possiﬁility of fish getting a temperature
shodk when introduced into a warmer water, the water in the sump
was drained each evening prior to the testing day and fresh cold
ciﬁy water taken in so that the temperature of water in fhe system
was close to that in the fish holding tank. The temperature of
the water in the >holding tank was kept at about A47°F.

In tests in which compressed air was injected into the
turbine, the air was admitted before the fish were introduced into
the penstock and before the readings of air meter and air pressure
were recorded. The only deviation from this procedure occurred
when atmospheric air was introduced through a vent in the turbine
draft tube. Although no air meter was installed to measure the
aif flow through the vent, it was observed that the draft tube
suction gauge reading decreased directly with the valve opening;
‘wherefore the regding on the draft tube suction gauge was used as
‘an indication of the amount of air being admitted into the turbine
draft tube. |

Test series to investig&&afhe fish mortality with and

without the admission of air were carried out at turbine speeds
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of 600 rpm and 1800 rpm, Tests on turbine fish mortality without
the admission of air were carried out at 300, 900 and 1200 rpm,

3.3 Fish Mortality Test with the Turbine Runner Removed

The turbine runner was first removed and the draft tube
gate set at a wide open position so as not to interfere with the
»paésage of fish in the draft tube. The upstream control gate was
péffially opened so that the discharge was approximately equal to
the discharge normally obtained in the tests at turbine speed of
600 rpm as previously described. The procedure followed thereafter
was the samé as that described in the preceding section. The test
was then repeated for a discharge approximately equal to that in
.the 1800 rpm test series. The reason for doing this was to keép
the degree of turbulence in the system at approximately the same
level as in the test with the turbine runner.

%34 Test for Pish Mortality in the Draft Tube

In order to check the mortality of fish in the draft
tube and the possgibility of the downstream control gafe interfering
with the passage of fish in the draft tube, two fish injection
points are provided for in the draft tube, one upstream (fig.lo)
and one downstream from the control gate (fig.9). At the opening
above the control ggfe, fish were poured into the draft tube,
otherwise the procédufe followed was the same as in 3.2, The
introduction of fish into the opening downstream from the control
gate was through the injector and the same procedure as in 3,2

was followed.,
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3.5 Preliminary Test to Observe Extent of Delayed Mortality

Five preliminary turbine fish mortality tests were
carried out using the same pink f;y”mentioned in 3.1 as test
speciﬁents. The results are tabulated in Table VIII and in
Table X (P-series). The primary object of the test was to check
the functiohing of the equipment. It was observed that the
delaye& mortality occurred within two days after the test. The
period of observation for the delayed mortality for the subsequent
tests was limited to three days.

3.6, Fish Mortality Rate at the Trap

When fish were dumped into the water in the trap
operating under the same condition as in the turbine fish mortal-
‘ity test and held fof one minute, no immediate mortality was
observed, The delayed mortality was less than 2%; hence the
mortality rate of fish at the trap alone was negligible.

Biological Examination of Dead Fish

The results of the biological examinations of all dead
fish are presented in Table IV, The classification of types of
injury Was based on those used by the U.S.Army Corps of Engineers.
.In.each‘set ef tests under identical turbine operating conditions,
the number of occurrences of{the apparent type of injury likely to
cause death are summed and expressed ag a percentage of the number
of dead fish examined. The results appear in Table II.

The total percentage of occurrence of every type of

injury in Table II exceeds 100% because more than oﬁe injury is
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often found in one dead. fish, Figures appearing in the columns

headed "Decapitation and Laceration" and "

non apparent injury"
represeﬁt the true percentage of occurrences. In the case of
"decapitated fish", no further attempt is made to identify the
fypés of injury. .In the case‘df'"non apparent injury", dead fish
éhowed no visible sign of injufy;; hence.the numﬁer of this

occurrence appears in one column only.

3,7 Effect of the Admission of Air on the Turbine Performance

The turbine was set at 50 ft hydraulic head and operated
at 600 rpm withhfhe wiéket gate set at pbsition No. 6. Air was‘
admitted into the draft tubg immediately downstream from the blades.
Air pressure and air meter reading were recorded.“ The'test was
repeated using variogs amognts of air. The draft tube suction was
reset bﬁt the total head was maintained at 50 ft; the tests were
répeated for six values of'the draft tube suction. The whole
procedure was repeated for the machine speeds of 1200 and 1800 rpm.
The wicket gaté éetting was then altered to No. 9 position and the

entire programme repeated.



FIG.2la

FISH HOLDING TANKS

FIG,21b

COUNTING OF FISH
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FIG.22 TRANSFERRING OF FISH TO BASIN
COMPLETED

FIG.,23 GETTING RID OF EXCESS WATER




FIG 24a THE INJECTOR AND BEXTENSION

FIG.24Db

FISH BEING POURED INTO THE INJECTOR
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FIG 24c CLOSING THE INJECTOR LID

FIG 24d FISH BEING INTRODUCED INTO THE PENSTOCK




O

(TaY

PIG. 25

N THE PE

FISH I

FISH TRAP

FIG, 26




FIG., 272

REMOVAL

OF

FROIL




58

FIG.27c

TEST FISH READY FOR SEPARATION

FIG., 274

SEPARATION OF LIVE FISH FROM DEAD FISH




FIG. 28

FISH LENGTH MEASUREMENT
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CHAPTER IV

DISCUSSION OF EXPERIMENTAL RESULTS

L.l Effect of Turbine Operating Conditions on Fish Mortality Rate
Effect of Turbine Speed on Mortality

As indicated in fig. 29 and Table I, the mortality rate
of fish passing through the turbine operating under approximately

the same head and sigma and variable speed are as follows:

Speed Efficienc& Sigma Head Mortality Rate
rpm % £t
600 52 041  L45.4 40
1200 81 0.39 50 .5 42
1800 : 86 0.39 50 - 34

Although it appears that an increase in mortality rate
accompanies the reduction in turbine speed, the results are
inconclusive. The furbine speed is not the only variable in
these tests}b At léOO rpm, the efficiency of the turbine is élmost
at the maximum possible for the 50 ft head (fig.29). At lower
speed, the efficiency is less than 86%. Previous research (3,9) M
indicates that higher mortality rate is associated with low
»efficiency. It is then possible for the mortality rate of fish
passing through tﬂe turbine operating at lower speed and lower
efficiency to be higher than that at higher speed and'higher
sigma,

. Two significant results of the tests are that (1) no
decapitation of fisﬁ occurs at a turbine speed of 600 rpm or less;
(2) decapitation inéreases progressively as the speed increases.

If it is assumed that fish travel at the same velocity
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as that of the water, then the impact velocity of fish at the
leading edge of the blades is the sam§ as the velocitj of water
reiéfive to the leading edge of the blades. The relative

. velocities corresponding to various turbine speeds are as follows:

Velocity of Water Relative
Speed to the LeadlngnEQge of 313493 .| Decapitation
ft/sec .
rpm anae
: At the Hub At the periphery

600 19 29 0

900 26 .5 41.5 . 3.6
1200 36 54 .5 ' 9.1
1800 51 ' 80 14.3

Thg tests show that if by'chance fish collide with a blade, de-
capitétion does not occur if the velogity relative fo the blade
is less than 29 ft/sec. The.critical impactvvelocity between fish
and the leading edge of the blades resulting in aecapitation of
the fish appears to be between 29 ft/sec and 41.5 ft/seg. Some
fish obviously travel through the runner spaces without colliding
with the turbine blades.

| As indicated in fig, 30, the percent decapitation in-
creaées préportionally with the turbine speed-discharge :apio. In
Von Raben's formula(l0), for fish of_fhe.same length, the ﬁossi—
bilify of cdntact between fish and the blades is also proportional

to the turbine speed-discharge ratio. Von Raﬁen admits that the
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calculated possibility of contact is higher than the observed
fish decapitation and suggests that a factor K be applied to

the calculated value to bring it closer to the observed‘results.
For the results in these tests, K is approximately 0.1l5,

Effect of Operating Sigma on Fish Mortality

In tests at a turbine speed of 600 rpm, Table VIII
shows that the mortality rate of fish increases from 34% to
LO% whea sigma is reduced from 0,65 to 0.41. PFrom the findings
of previous research(3,9) this result is expected.

In tests at a turbine speed of 1800 rpm and efficiency
of.86%,’the mortality rate of fish reduces from 38% to BA% when
. the sigma is reduced frqm 0.59 to 0.39. An inconsistency of the
results is thought to be due to the interference of the draft
tube control gate with the passage of fish in the draft tube.

At low sigma, the gate is left in a wide open position, whereas
at the higher sigma, it is only partially opened. Fish could
come in contact with the partially opened gate.

L .2 Effect of the Turbine Blades on the Mechanical Injuries
of Fish

When fish were injected into the penstock with the
turbine runner removed, some mortality occurred. The biological
examination of all dead fish appears in Table II and Table IV,
parts of which are shown on the following page.

It . can be seen that fhe majority of the mechanical

injuries suffered by fish passing through the turbine occurs as



a result of collision with turbine blades. Fish colliding with

other solid objects such as the Widketvgéfes recéive'negligible

mechanical injuries,

Cases of Mechanical Injuries

Test < o
’ A S . u \
Conditions 1™ |° 5 |[Abrasion (|Ventral|Decapi-{Damage
: o 148 5 1% g- e - tation to
4y L) % |Contusion |Rupture £ Liver
13} SRR T " ‘
' o o lo . }Lacera- €
Qo0 la g . .
. g m|E ® .tion Viscera
e o 2 = = AT
’ ZH|E &
1. Runner
removed L.y | 160 11 1 1 0 2
2. Runner
removed 6.0 | 60|43 | 3 2 0 3
3, Runner
in place [5.95] 479)170] 35 24 71 16

63



" 6k

L.3 Effect of Adding Air into the Turbine on the Fish Mortality
Air Added in the Draft Tube Immediately Downstream from
the Blades

The mortality rate of fish passing through the turbine
with and without the admission of air into the draft tube immed-
iately downstream from'the blades appears in Table VIII and Table
Ix; In order tb illustrate the effect of'air on fish mortality,

pafts ofithéjéablé VfIi,ahdJTabie IX are reproduced below,

Test N« "H- - Sigma Qé ‘ - Mortality Rate ¢,
Series  rpm . ft : . 1b/min Without  With
No. air air
1 600 L5.4L 0.64 0422 3, 27
2 600 L45.4 0.41 0.22 L0 28
3 1800 50  0.59  0.16 38 36
'L, 1800 50  0.39 0.16 3, 30
5 18000 50 - 0.39 0,32 3l 40

From the results above, it is concluded that, in general, at
alltspeeds admiésionnof.air is beneficial. At lower values of
sigma, i.e.; wheh the cavitation increases, benefits of adding
air'fo the tufbine éré progfessively greater, Test results in
”thé'series No.SVére an‘éxception. It appears that a large
quanﬁity of air increases the fish mortality rate. Test
results from this particular series are however inconclusive
because they con#ain a wide variation in the number of the
deiéyed.mortality.'

As pointed but‘invdiscussion in 4.5, a large guantity

of air added to the turbine at low sigma can seriously effect
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the turbine performance. More tests should be conducted in the
v future to ascertain the effect of a large quantity of air on
the fish mortality rate.

Air Added in the Penstock and Through the Draft Tube Vent

The mortality rate of fish passing through the turbine
with air added in the penstock and in the draft tube through a
3" diameter. steel vent, are given in Table IX, parts of which

appear below,

Test Air Data H Sigma Efficiency Mortality Rate
Series £ % %

1 No air 50 0.39 86 34

2 Air in penstock 50 0.39 85 39

3 Air through vent 44 0.65 75 34

The operating conditions during all three test series were identical.
In the series No.l, no air was added. In series No.2, air was added
into the penstock; hence a slight change in the operating condition
occurred, In series No.3, when air was added to the draft tube
through the vent, the draft tube suction was reduced from 11.5 inches
of Hg to 4 inches of Hg; hence the sigma and the efficiency changes
to.the recorded values., The speed in all three sets was 1800 rpm.

Test results were inconclu;ive because the test series 2
and 3 were conducted 10 to 13 days after test series 1, During

this time,Afish were not fed and might have been in a. weakened
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condition at. the time of testing.

Biologicai records show that addition of air into the
.pénstock had some benefits.' The percentage of dead fish that had
decapitated bodiés decreased from 42% in tests in which no air

‘was added to 23% in tests in which air was added into the pen-
stock., (Table II).

Biological records also show that addiﬁion of air‘into
the draft tube through fhe vent was beneficial. Thg cases of
collapsed air bladders in dead fish were reduced froﬁ 38% in
tests in which air was not added to 17% in tests in which air
was added., The reduction in the cases of collépsedlair bladders
was attributed to the reduction of the draft tube suction.

LW Effect of Partial Vacﬁum on Fish

When fish were injected into the penstock with the
turbine runner removed, some mortality occurred. The biological
examination record of dead fish appears in Table II and Table IV,

part of which is as follows:

Number of Number Injuries due to
Q Hs Exposure to partial
cfs in,Hg fish of dead |Vacuum
injected fish Eye Collapsed
: Damage air Bladder
L 5 160 11 1 7
6 8 160 L3 | 3 40
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The majority of dead fish suffered from collapsed air bladder which
is considered to be caused by exposure to partial vacuum, The
number of cases of collapsed air bladders increases with the
increase in the degree of partial vacuum. Other types of injury
of dead fish from the same tests are discussed in L2,

Wifh the turbine runner removed, most of the energy of the
water was extracted by the upstream control gate alone because
the downstream gate was left in a wide open position so that it
did not interfere with the passage of fish, The penstock pressure
was maintained at slightly above atmospheric pressure. Hydraulic
losses dué to friction and turbulence in the scrollcase were
sufficient to induce a partial vacuum in the top part of the
. draft tube.

When fish were injected into the draft tube at the
openings above and below the downstream gate, mortality occurred.
.The mortality rate is given in Table VII and the record of biolog-
ical examination of dead fish in Table V. Unfortunately the
biological record was incomplete; therefore an attempt to inter-
prete the result is not possible.

L .5 Effect of the Addition of Air on the Turbine Performance

The level of the turbine noise and vibration is observed
t0 be reduced when air is admitted into the draft tube immediately
downstream from the blades. This is especially noticeable when the
turbine is operating under sevére cavitating conditions, The

relationship between the turbine power output, efficiency, dis-
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charge and the air discharge is shown in Figs. 3la to 32c. The
figures show that the turbine out-put is reduced when air is
admitted into the draft tube. The efficiency, excebt in a very
few instances is also reduced. The reduction of both the effi-
ciency and the power output of the turbine, in which an air
Qolume up. to 1% of the dischargg is added, is less than 2%.

Fig.32b shows that the quantity of air admitted into -
the draft tube at high draft tube suction, i.e., at low sigma,
has important effects on the turbine performance. As the amount
of air admitted into the draft tube increases beyond a certain
critical value, the turbine out-put decreased and thé;discharge
increases abruptly, resulting in a large decrease in turbine
efficiency. The noise 1evel>iﬁ the turbine during the period
that this phenomenon takes place is also increased but the noise
does not resemble that normally encountered in the turbine
operating under cavitating condition, Figs. 31la and 31lb show
that when air equivalent to 3% of the discharge is added to the
.draft tube at low sigma, a reduction in efficiency up to 6% and
in power out-put up to 7% can be expected,

L .6 Some Shortcomings of the Tests

1. The interpretation of the results in the preceding discussions
are based .on the average value of the mortality rate of fish. The
number of tests carried out is thought to be too few for a satis-
factory application of the theory of statistics; therefore no

statistical analysis of the results is given.

% Stated value of air volﬁme is the equivalent volume at
atmospheric pressure.
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2., The time that fish are exposed to the partial vacuum in the
draft tube in the present set up is longer than in a‘prototype‘
installation., The average discharge during the tests was about
6 cfs., The average cross-sectional area of the draft tube is
about 1 sq, ff; therefore the velocity Bf water in the draft
tube is about 6 ft/sec. The length of the draft tube including
the extension is about 35 ft. Fish are exposed to varying degree
. of partial vacuum for about 6 seconds. Mﬁir(B) showed that
exposure of fish to severe partial vacuum over one secénd can
result in mortality. At McNary, the time fish are exposed to
partial vacuum is estimated at about 2 seconds.
3. During the first three tests in the Co-series, no packing
domﬁound Was used‘tbvseél cracks and small openings.around the
rim of the fish.collection box., Some iive and dead fish were
found underneath the box. Extra stress might have been imposed
on these live fish., During the same three tests, a few fish
stayed within the system, an unexpected occurrence which was
not often experienced in the preceding low speed tests. The
-procedure subsequently adopted - of stopping the turbine and
draining the whole system after each test - resulted in great
improvement., Thereafter the number of fish missiﬁg'after any
one test was either very small or nil.
he It was observed that during the delayed mortality observ-
ation period, Coho fry did not hesitate to attack the weaker

. members of their group. Some delayed mortality may have resulted



70
from the combination of stresses imposed on the fish in the paésage
through the turbine and the attack by stronger members of the éroup.
5. Fish when placed close to the source of air supply during the
holding period for delayed mortality observation.often showed a
higher rate of delayed mortality than those placed further away -
from the air source. A possible explanation is that the outlet
of the air supply was placed at the bottom of the tank.‘ Air
‘bubbles rose to the water surface and created a water current away
from that point. In order to maintain their positions, fish would
have tb swim and exert themselves. Harvey(?) in his study of the
effect of pressure on Sockeye salmon at Cultus Lake, B.C., expressed
an opinion that after decompression, some fish could rest quietly
but gas emboli and death could be precipitated in the same fish if

they were stressed or exercised.



71

FISH MORTALITY AND TURBINE OPERATING CONDITIONS

Table I
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COMPARISON OF TYPE OF INJURIES AND THEIR FREQUENCY
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QHAPTER v
CONCLUSIONS

As indicated in the available but limited number of
test results, it is concluded that the addition of compressed
.air,info'the model‘propelier turbine reduces the mortality rate
of fish passing through the turbine substantially if the turbine
 is'operating at low efficiency and low sigma., The admission of
air into the.turbihe does not significantly reduce the mortality
ratg‘when the,turbine is operating at high efficiency.

- In general, the addition of air into the turbine
reduces the turbine output and efficiency as well as reducing
the noiée and vibration level, ©Small quantities of air (of an
.order of 1% of the discharge) do nét reduce the efficiency nor
thé outpuf by a significaht amount. A larger quénfity of air
.beyond,a4qritical valué (6f the order of 3% of the discharge)
Whenvadmitted into the turbine operating at low sigma results
in an.abrupt %ncrease in discharge and a reduction in output
and efficiency.

The turbine blades are the largest single_source of
mechanical injury suffered by fish passing through the turbine,
‘The fish decapitation appears only after a certain impact
velocity-bétWecn fish and the blade has been exceeded and
thereafter,indreases with the turbine speed-discharge ratio.

Mortality of fish exposed to partial vacuum in the

draft tube of the turbine is possible.,
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The above conclusioﬁs are based on average values of a
few test results. A statisticél approach to the interpretation
of the results is a superior way to deél with test results of this
ﬁature. ,Unfortunately, the number of tests carried out is thought
to be too few for sétisfactory application of statistical theory.
More tests should be conducted, préferably in a turbihe pfntotype,
in a further study of the benefits of adding air to the turbine
to reduce the mortality rate of fiéh passing thfough the'tufpine.
Shbuld more tests be conducted in the same model turbine,
the shortcomings listed in. Chapter IV should be avoided as far as

possible;
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APPENDIX I

SYMBOLS , ABBREVIATIONS AND UNITS

The following is a list of symbols and abbreviations used

throughout the text. The units refer to the values as specified in

the tables of data and results in Appendix III.

L

fas

X

Area of the air pipe preceding the nozzle
Area of the nozzle

Horsepower output of the turbine

Horsepower input of the turbine

The possibility of contact between fish and the
Blades

Flow coefficient of the air nozzle

Blade tip diameter of the turbine

Hub diameter of the turbine

Total effective head across the rumner of the
turbine in ft of water

Air meter reading in inch of water

Barometric head of water in ft of water

Draft tube suction head in ft of water
Constant of prdportionality

Length of fish

Turbine speed in rpm

Number of blades on the turbine runner

Air gauge pressure in psi

.Air pressure in front of the nozzle in psi

Penstock pressure in psi
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APPENDIX I (Cont'd)

P - Air pressure behind the nozzle

a2
Py - Draft tube suction gauge reading in inch of Hg
Q - Turbine discharge in cfs
Qa - The discharge of air through the nozzle
Qat - The discharge of air at atmogpheric pressure
T - Turbine output torque in 1bs. ft.

T - Time taken by the blade to take up the position

r
of the preceding blade

ia. - Absolute temperature of the air

ta - Air temperature in °F

u - Circumferencial velocity of a point on the leading
edge of the blade

VT - Whifl component of the water approaching the

leading edge of the blade
v - Absolute velocity of water approéching the blade
1) - Axial component of the veiocity of water approach-
ing the leading edge of the blade
v - Velocity of water relative to the leading edge

of the blade

w - Water section through the runner during the time Tr
W Specific weight of the air lb/ft3

g - Turbine sigma

M - Turbine efficiency %

X - Angle between V and V



APPENDIX 1II
SAMPLE .OF CALCULATION

1., Flow of air through a nozzle

86

Q = Ay Cg 2g. (By = Pyp)
oW
(1-5)° :
Al
= o 2 . 2g. (1>a1 - Paz)
4 2 " ¥4 \
. \ Y
,; o
1 -( 5 )
D
1
For D2 = D1/2 = 0.5% inch
Air meter reading Ah = hl - h2 ft of water
= Fa1 7 P a7
3L ‘
W= specific-weight of air in lb/ft3
C, = Coefficient of discharge of the nozzle
Q = 0.1085 C N :

d
w
a
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Specific weight of air w

a
From pv, = RTa
p = air absolute pressure 1b/ft2
va. = gpecific jolﬁme of air ft3/1b
R = gas constant
= 53,3 ft/ degree of absolute temperature
Ta = absolute temperature of air
= L60 + toF
ta = Air temperature'in degrees F
Pa = Air gauge pressure in psi
Wy = 1/va

= 14(P, + 14.7)
53,5 (L60 + t)

16/ft3

It is assumed that the air temperature is eqﬁal to 50°F, the mean
temperature of air outside the Laboratory, where the supply of the
compressor is drawn.

In the test No. C 10

Data

Draft tube suction (Pz)'12.5 in of Hg

Turbine discharge Q 4 .22 cfs

Air pressure 14 psi

Air meter reading Ah 0.4 in. of water

Coefficient of discharge C, 0.63

d

Calculation

144 (14 + 14.7)
a  53.3(L60 + 50)

0.15 1b/ft3



APPENDIX II (Cont'a)

Discharge of air through,air meter

Q

0 1085x0 6.3,
a

,\112 x°O 151

0.03%322 ft 3/sec.
Weight of air being admitted into the draft tube

0.0322x%0,15x60 1b/min

It

0.29 1b/min
Discharge of air corrected to the pressure in the draft tube

0 00322 X 28 o’Z
14.7 - 0.49x12.5

Qa = 0,108 cfs
Qa/Q = 0.108 x 100
L .22
= 2451& %

To change the discharge Qa to the discharge at atmospheric

pressgre Qat

o = o x (147 =P, x 0.49)
1.7

2., Contact possibility. of fish with turbine blades.,

Data Tests of fish mortality in the turbine operated at

high speed but with no admission of air.

Average turbine discharge 5.93 cfs
Average turbine speed 1800 rﬁm
Average length of fish 37 mm
Tipidiameter of the blades ' 10 inches
Runner hub diameter : 6 inches

Number of biades on the runner A

88
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From Von Raben formula

Contact possibility

37xnx(100-36 )x4x1800

25 .4 x12x240x5 ,95x14L
0 .86

86%
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APPENDIX IIT 90
TABLE OF OBSERVED RESULTS
TABLE TIII EFFECT OF ADDITION OF COMPRESSED AIR ON TURBINE PERFORWMANCE

WICKET GATE POSITION NO. 6

Q Pl P, H N 7 H P, Q%E BHP HP, © n
cfs psi in.Hg ft rpm 1lb.ft in, psi % %
4,77 20,0 3.5 50.0 580 120.4 - - - 13,3 27,2 0.6 48.9
L.77 20,0 3.5 50.0 580 120.0 0.1 9 1.0 13,2 27.2 0.6 L48.7
L.70 20,0 3,5 50.0 577 119.2 0.4 8 1.9 13,1 26.8 0.6 48.9
L.66 20.0 3.5 50,0 575 118.0 1.0 7.5 3.2 13.0 26.5 0.6 48,9
4,66 20,0 3.5 50,0 570 118.5 1.2 7.5 3.4 12,9 26.5 0.6 48.5
4L.67 20.0 3.5 50.0 577 118.0 0.9 7.5 3.0 13,0 26.6 0.6 18.8
L4689 20,0 3.5 50,0 581 119.5 0. 8 1.9 13.2 26.6 0.6 49.5
L.7, 20.0 3.5 50.0 582 120.4 0.1 10 1.0 13,3 27.0 0.6 4L9.5
L.75 20,0 3.5 50,0 585 120.4 - - = 13.4 27.4 0.6 L9.5
4L.72 19,0 5.5 50.0 580 119.7 - - - 1%,2 26.9 0.53 L,9.3
L.69 19.0 5.5 50,0 580 119.0 0.1 9 1.0 13.2 26.7 0.5% 49,3
L.66 19,0 5.5 50,0 580 118.5 0.4 8 2.0 13.1 26.5 0,53 L49.5
L3 19,0 5.5 50,0 580 117.7 08 7.5 2.8 13,0 264 0,53 49.3
L.63 19,0 5.5 50.0 580 117.2 1.3 7.5 3.5 13,0 26 .4 0.5% L9.3
Le63 19.0 5.5 50.0 575 118.,0 0.8 7.5 2.8 12.9 26.4 0.53 49.1
L.65 19,0 5.5 50.0 580 118.7 Oos 8 2.0 13.1 26.5 0,53 L9.5
L.68 19,0 5.5 50.0 580 119.7 0.1 9 1.0 13.2 26.6 0.53 L9.6
L.71 19.0 5.5 50,0 585 119.9 - - = 13,4 26.8 0.53 49.8
L.67 18,0 7.6 50.1 575 118.5 =~ - = 13,0 26,6 0.48 49,0
L.66 18.1 7.5 50.2 575 118.,0 0.1 9 1,0 12.9 26.5 0.48 48,7
L.62 18,1 7.4 50,1 575 117.0 0.4 8 2.0 12.8 26.2 0.49 4,8.8
L0 18,2 7.3 50,3 575 1166 0.9 7.5 3.0 12.8 26.2 0.49 L8.7
L.58 18,2 7.2 50.1 575 115.7 1.4 7 3.6 12.7 26.0 0.49 L8.7
4L.58 18.2 7.3 5063 575 116.5 0.9 7.5 3.0 12.8 26.1 0.49 48,8
L.62 18,1 7.3 50.0 575 117.2 0.4 8 2,0 13.1 26.5 0.49 48.9
L.64 18.1 7.5 50.2 575 118.2 0.1 9 1.0 1%.0 26.4 0.49 49.1
L.65 18.0 7.5 50.0 575 118.5 =~ - = 13,0 26.4 49.1
L.62 17.0 9.5 50.0 575 117.2 - - = 12.8 26.2 O.44 49.0
L.60 17.0 9.4 L49.9 573 116.8 0.1 9 1.0 12.7 26.0 O.44 49.0
L.57 17.1 9.3 50,0 575 115.7 O.h 8 1.9 12.6 25.9 O.44 48.9
Lo55 17.1 9.3 50,0 570 114.6 0.9 7.5 3.1 12.4 25.8 O.LL LB.2
4.55 17.2 9.1 50.0 565 114.2 1.5 7 3.8 12,3 25,8 0.45 L7.7
L.55 17.2 9.2 50.1 570 115.0 0.9 7.5 3.0 12,5 25.9 0.45 L8,2
4.58 17.1 9.3 50.0 575 116.,0 O.4 8 1.9 12.7 25.9 Ookil 4L9.0
L.59 17.1 9.4 50.1 575 116.5 0.1 9 1.0 12.8 26.0 O.44 49.2
L.60 17,0 9.5 50,0 575 117.5 = . = = 12.9 26.1 044 L9.4



TABLE III (Cont'd) 91

WICKET GATE POSITION NO.6

Q P P, H N T Ha P, =5 BHP HP, o 1
cfs psi in.Hg £t rpm 1b.% in, psi % %
L.56 16,0 11.5 50.1 570 115.7 =~ - = 12.6 26,0 0.39 48.4
L.,52 16.1 .11.5 50,3 570 114.2 0.1 9 1.1 12.4 25.8 0.39 48.1
4.50 16,1 11,3 50.1 570 114.0 0.4 8 2.0 12,3 25,6 0.40 48,3
4,50 16,2 11,2 50,1 565 112.6 1.0 7.5 3.2 12,1 25.6 0.40 47 .3
Lo7 16.2 11.1 50.0 565 111.7 1.6 7 4.0 12,0 25.4 0.40 L7.3
L.,50 16.2 11,2 50,1 565 112.,5 1,0 7.5 3.1 12.1 25.6 0.40 47.3
Lo52 16,1 1l.4 50.2 570 113.9 0.4 9 2.0 12.4 25.7 0.39 48.1
Lo55 16,1 11.4 50.2 570 114.7 0.1 9 1.1 12.5 25.9 0.39 48,1
4.57 16.0 11,5 50.1 565 115.7 - - = 12,5 26.0 0.39 48,1
L.53 15.4 12.7 50,0 565 112.7 - - = 12,1 25.7 0.37 L7.2
4.52 15,3 12.6 49.7 565 113.0 0,1 10 1.1 12.2 25,5 0,37 47.6
-’-Lcll-7 15:1%- 12 a5 1+9 08 565 llch!- Ooh 8 2.1 12 .O 25 ¢2 0037 1&705
L7 15.5 12,5 50.0 560 110.7 0.9 7.5 3.0 11.8 25.4 0.37 L6.5
Lohly 15.5 12.4 49.9 560 108.8 1,7 7 Lol 11.6 25.1 0.38 46,5
L6 15,5 12,5 50,0 560 110.7 0.9 7.5 3.0 11.8 25.3 0.37 L6.5
L9 15,5 12.5 50,0 565 111.2 0.4 8 2,0 12,0 25.5 0.37 L6 .9
h.51 15 04 12 o6 l+9 99 565 11207 Oal 9 lal 12 .1 25 95 0037 [-Q,?o?
L.53 15,3 12.6 4L9.7 565 113.0 = - = 12,2 25,5 0,37 L7.7
5.42 19.9 3.5 50,0 1220 110.2 =~ - = 25,7 30.7 0.58 83.3
5.42 19,9 3.3 L49.8 1210 110.0 0.1 9 0.8 25.4 30.7 0.58 82.7
5.40 19.9 3.1 49.5 1200 108,7 0.4 8 1.6 24,.9 30.4 0.59 81.8
5.37 19.9 3.2 49,7 1190 107.0 0.9 7.5 2.3 24 .3 303 0.59 80.4
5.35 20,0 3.3 49,9 1190 106.8 1.3 7.5 2.9 24.2 30.% 0,58 79.8
5636 20,0 3.2 49,8 1185 107.5 0.9 7.5 2.3 24.3 30,3 0.58 80,2
5.37 20.0 3.3 L49.9 1185 109.2 0.4 8 1.6 24.6 30.4 0.58 81,0
5.39 20,0 3.4 50,0 1185 110,5 0.1 9 0.8 24.9 30.6 0.58 81.5
5.39 19.9 3.5 50,0 1190 111.2 - - = 25,3 30.6 0,58 82.8
5.0 19.0 6,0 50,7 1180 111.2 - - = 24.9 31.0 0.51 80.2
5.39 19.0 6.0 50,7 1175 111.5 0.1 9 0.9 24.9 31.0 0.51 80.4
5.37 19.0 6.0 50,7 1160 109.5 Oo.4 8 1.7 24.2 30.8 0,51 79.8
5.33 19,1 5.8 50,6 1155 107.7 0.9 7.5 2.6 23.7 30.6 0.51 77 .4
5.31 19,1 5.8 50,6 1145 106.6 1lo4 7 3.l 23.2 30,5 0,52 76 .6
5.33 19.1 5.9 50,8 1150 107.7 0.9 7.5 2.6 2%.6 30.7 0,51 76 .9
5.35 19.1 5.9 50.8 1160 110.0 0ok 8 1.7 24,3 30.8 0.51 78,9
5.37 19.0 6.0 50,7 1165 111.7 0.1 9 0.9

24 .8 30.8 0,51 80,5



TABLE.

cfs

5.35
5.35
5.31
5432
534
5.30
5,30
5‘33
5.35

5 ¢34
5433
5.31
5.42
5,42
541
5432
5431
533

5.30
5.30

5olshy .

543
5 40
5.42
542
5.29
5.30

6 .00
6 .02
5 '98
5.95
5.95
5.96
5.96
6 .02

- LY L] 9 - L3

WWND K OO MNWW

OOOMO~ITOODE®

III (Cont'd)

WICKET GATE

L9 .8
1+9 08
50 oo
49 .8
L9 .6
49.9
L9 .7
49.8
49 .8

14»9 09
49.9
4L9.6
48 .9
L8 .2
48 .5
L9 .6
L9 .7
49 .9

50,0
50 .0
49 .0
48 .6
48 .8
49.0
49 .0
50,0
50 o2

50.0
49 .9
/"I(9 05
49 6
[4,9 06
49 .6
49 .7
[49 08

POSITION NO.6

N
Tpm

1190
1200
1185
1170
1165
1170
1175
1185
1185

1215
1220
1195
1180
1175

1175

1195
1205
1210

1205
1195

1165 -

1160
1145
1155
1165
1180
1195

1790
1800
1785
1760
1735
1745
1800
1865

T

1b.tt

107.5
107 .0

104 .2 -

101.6
100.5
102.5
104 .5
107 .2
108 .0

105.5
105 .5
101.1
99.2
98,2
99.2
102.5
105.0
105.7

105.2
104 .0
99 8
98 o0
97 .2
98 95

100.00

103.2
106 .0

90 ﬂo
89,5
88,5
89.7
91.8

90,00

87 .2
85 .1

° ) L) ° o

= IO OO I

feNoNeoR NoNeNe]
o

N SR R R R T
£ Y

a
L]

°
-
O =2 U1 ~2 W0

L] °
e o

OO Ok O OO
O MNDWNKFO

6 & o
O =1 VT W 0N ~3 WO

O PWwWNHEHO

® © ® o o

D OOV oY@

L]

OF MDWNHO

~—=BHP

24..3
24..5
23.5
22,7
22,3
22,8
23 .4
21 2
24 o4y

2L oL
2L o3
23.0
22,3
22,0
2242
23.2
24 .1
24 .6

2l .2
23 06
22,1
21.7
21.2
21.7
22,2
23.3
211- 00

30.7
30.6
30.1
30.1
3063
30 o0
29.9
3042

HP,
in

30 .2
3042
30.1
30 .0
30 .O
30 ao
29.9
30.1
30 .2

30.1
30,1
29.9
30,0
29.6
29 .8
29.9
30.0
30,1

30 o0
30 .0
30 .2
30,0
30.1
30 .0
30.1
30,1
30,1

3.1
3L .1
33,6
3305
335
3365
33 .6
34 .0

c

047
047
047
0.48
0.48
047
0.47
0.47
O.47

Ottl.2
0.42
0.3
0.4k
0046
0 .45
OQLI'B
00[!—3
0 .42

0,37
0,37
0.39
0.40
O oho
O 939
0.39
0.38
0,37

0.58
0.58
0,59
0.59
0.59
0.59
0459
0.58

92

%

80.5
8l.1
78 .0
75.9
7l+ -ll-
76 .0
78 .9
80,3
80 .2

81.0
80,7
77 .0
Th oy
7h.2
74 6
75 ¢2
80 07
8l.7

80 05
78 .8
73.2
72,2
71.0
72.3
73 .8
77 o4
80,3

89 09
89.7
89,7
89.9
90,2
89.5
89 .O
88,9



“TABLE III (Cont'd)

cfs

6.05
6 .04
6 .07
6.10
6.15
6.10
6 .07
6 .07
6 .06

6 .04
6 .05
6.10
6.17
6 .35
6.30
6 .22
6.08
6 .05

6.03
6 .07
6 .27
6 .36
6 .32
6 .37
6.31
6.15
6 .09

6 .07
6.20
6.29
6«25
6 .28
6 .37
6 .23
6.10

1

psi

19.1
19.1
19 01
19 Il
19 .l
19.1
19.1
19.1
19.1

17.5
17 .4
17.3
17.0
17.0
17.1
17.1
17 .2
17.3

16 .7
16 .6
16.1
16.0
16 .0
16.0
16.1
16 05
16 .5

15.5

15,2

15.1
15.1
15.1

14.9

15.1
15.5

2

H

in.Hg ft

L]

AT UV U1l Ol ot
.
WWOUWUVTUOWwoOy®W

L) - - - [ L]

o

00 0~3~2~2 O 0O ©
D= O MO D U

50.8

50 07'

505
50.3
49 .8
50.3
50 .3
50 .8
50 o8

50,0
49 .8
4L9.2
48,2
L7 .9
L8 .4
l¥8 06
48,9
49 .6

50.2
50,0
49 .0
L7 .8
L7 9
L7 .9
L8 ol
49 .6
L9 .7

49 .4
4845
14»7 o9
L7.9
48.0
L7.8
48 .0
L9 4

N

rpm

1800
1800
1800
1800
1800
1800
1800
1800
1800

1800
1800
1800
1800
1800
1800
1800
1800
1800

1800
1800
1800
1800
1800
1800
1800
1800
1800

1800
1800
1800
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3l .8
3h W7
3.7
34 .8
34 .7
3L .8
3L .8
34 .9
34 .9

34 .3
34 .2
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337
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0 .45
O 043
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0,39
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0.41
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0.39
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90 .4
90 ‘5
88,3
88 ..
86 .8
88 .8
88 .6
89,3
89.7

87 o4
87 .3
86 7
8L .0
83.6
83.3
85 .7
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88 .4

86 .2
86 ,0
8L .0
82,0
81.7
82.4
83,3
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85 .2
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79 o4
79 o4
80.8
8,2
85.5
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14.1
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13.9
13.8
13.7
13.8
13 09
ll-& cl
14,0

14 .0
13.9
13.8
13.6
13.5
13.5
13.5
13 ¢6
13,9
13 08
14,0

13.9
13.7
13 .4
13.2
13.0
1%.3
13.5
13.7
13.8

13.7
13 .0
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12.9
13.1
13 .4
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29.9
29 .9
29.9
29 ‘9
29 .8
29.8
29.8
30,0
30.0

30,0
30.0
29.8
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29 .6
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29 .5
29 .6
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30.0
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29.8
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29.5
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29 .6
29.8
29.8

29.5
29 07
29.5
29,2
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29 .4
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29.5
29.7
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L7 .0
47 .0
L6 .9
L6 .6
L6 .3
46,1
L6 .5
L6 .7
46 .9
L6 .9

L6 .6
46 .3
L6 .1
/—15 .8
45 .8
45.8
45 .8
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L6 .2
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L6 .3
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95
TABLIE III (Cont'a)

WICKET GATE POSITICN NO, 9

Qat
Q Pl P2 H N T Ha Pa-73— BHP HPin c M

cfs psi inJHg £t rpm 1lbft in psi % %

5.18 15,5 12,7 50.,2 580 119.8 - - = 13.2 29.5 0,36 L4.9
5.5 15,5 12,7 50.,2 575 118.6 0.1 11 0.9 13.0 29.3 0.36 AL.4
5.11 15,6 12,5 50.,2 575 117.0 0.4 10 1.8 12.8 29,1 0.37 L4 .0
5.11 15.7 12.2 50.1 570 116.0 1.0 9 2.9 12.6 29.0 0.38 L3.5
5,09 15,7 12.2 50.,1 570 115.5 1.8 - 8 3,8 12,5 28,9 0.38 43%.5
5.11 15,6 12.5 50.2 570 116.8 0.8 9 2.5 12,7 29.1 0.37 L3.6
5,10 15.6 12,5 50.2 570 117.1 0.5 10 2.1 12.7 29.1 0.37 L43.7
5.12 15.6 12.6 50.3 575 118.,0 0.2 10 1.3 12.9 29.2 0.37 L4 .2
5.15 15,4 12.7 50.0 585 120.1 =~ - = 13,4 29.3 0.37 45.8
6.20 19,0 5.5 50,1 1185 114.5 - - =  25.8 35,3 0,53 73,1
6.20 19.0 5.5 50.1 1160 116.5 0,2 10 1.1 25.8 35,3 0.53% 73.1
6.19 19,0 5.5 50,1 1155 116.0 0.6 10 1.9 25.5 35.2 0.53 72.4
6.20 19 oo 503 l;,9 09 1150 116 a2 102 9 206 25o5 35 51 005,4. 72 ¢6
6.19 19.1 5.3 49,9 1145 116.6 1.6 8 3.0 25. 35.1 0.54 T72.4
6.19 19.1 5.2 49.8 1140 117.0 1.2 9 2,6 25.5 35.0 0.54 72.8
6.17 19.1 5.3 49,9 1135 117.5 0.5 10 1.7 25.4 35.1 0,54 72.6
6.16 19.1 5.5 50.1 1135 118.2 0.1 11 0.8 25.6 35.1 0,53 73,0
6.18 19,0 5.5 50,1 1160 116.0 -~ - = 25,7 35.2 0.53 73.1
6.16 18,0 7.5 50.1 1160 115.0 =~ = = 25,4 35.0 0.49 72.7
6.17 18.0 7.5 50.1 1160 115.5 0.1 11 0.8 25.5 35.1 0.49 72.7
6.15 18,0 7.5 50.1 1155 115.2 0.k 10 1.6 25.4 35.0 0.49 72.6
6.1 18,0 7.3 49,9 1155 1l14.2 0.9 9 2.3 25,2 34.7 0.4L9 72.6
6.15 18,0 7.% 49.9 1160 114.0 1.3 8 2.8 25.,2 34.8 0.49 72.
6.15 18.0 7.3 49.9 1165 114.2 1.0 10 2.4 25.3 34.8 0.49 72.8
6.15 18,0 7.4 50,0 1170 114.7 O.h 10 1.6 25.5 34.9 0.49 73.1
6.16 18.0 7.5 50,1 1170 115.2 0.1 11 0.8 25,6 35.0 0.49 73.1
6.16 18,0 7.5 50.1 1170 114.5 - - = 25,5 35,0 0,49 73.0
6,12 17.0 9.6 50.2 1165 113.4, - - = 25,2 34.8 0.4 T2.4
6.10 17.0 9.6 50,2 1165 113.1 0.2 10 1.1 25.1 34.7 O.4L 72.3
6.10 17.0 9.5 50.1 1165 112.0 0.8 9 2.2 2449 346 Ol 7240
6.10 17.0 9.3 L49.8 1160 111.5 1.2 9 2.9 24.7 34L.5 0.45 T71.8
6.07 17.0 9.3 L49.8 1155 110.8 1.6 8 3.3 2Ly 3h.3 045 T1.2
6,12 17.0 9.3 49.8 1160 111.7 0.8 9 2.2 24,7 3L.5 0.45 71.5
6,11 17.0 9.4 50.0 1170 112.5 O.h 10 1.6 25.0 34.7 0.4l 72.2
6,10 17.0 9,5 50.1 1165 113,0 0.1 10 0.8 25.0 34,.6 0.44 72.3
6.10 17.0 9.6 50,2 1165 113,1 = - = 25,1 34,7 Ol.hbh T2.4
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TABLE III (Cont'd)

WICKET GATE POSITION NO, 9

Qat
Q Pl P2 H N T Ha Pa 3 BHP H}?in o) M
cfs psi in.Hg ft rpm 1b.ft in psi % %

6.10 16 .0 11.5 50.1 1170 111.7 - -

24 .8 34,7 0.39 71.5

6 .07 16 .0 11.4 50.0 1170 111.0 0.l 11 0.8 24.7 34.7 0.40 71.7
6 .06 16 .0 11.4 50.0 1160 109.4 0.6 10 1.9 24,2 34.3 040 70,6
6 .25 15.7 11.0 48,8 1140 104.7 1.2 9 2,5 22,8 34.6 0,42 66,0
6 .25 15.5 10.8 48,2 1135 104.3 1.8 8 3.1 22.6 34,2 0.43 66,2
6 424 15.6 10.8 48,3 1145 104.6 1.4 8 2.7 22.7 34.2 0.43 66.4
6 .25 15.7 11.0 48.8 1145 105.2 1.0 9 2,3 22,9 34,.6 0.42 66.3
6 .06 16 .0 11.3 49.8 1165 109.9 0.5 10 1.7 24.4 3L.2 0.4LO0 71.4
6.06 16 .0 11.3 49.8 1170 110.,5 0.2 10 1.1 24.6 34.2 0,40 71.9
6.10 16 .0 11.4 50.0 1170 111.5 - = = 24,8 34,6 0,40 71.8
6 .10 15.6 12.4 50,2 1175 112.0 - - - 25.1 34.8 0.37 72.1
6.10 15 .6 12,4 50.2 1180 111.4 0.1 11 0.8 25,1 34.8 0,37 72.1
6 .27 15,2 12.1 48,9 1155 106.0 0.4 10 1.5 23.3 34.8 0.39 67.1
6 .27 15.2 12,1 48,9 1150 105.5 1.2 8 2.5 23.1 34.8 0,39 66.5
.31 15.2 11.9 48.8 1150 1.05.7 1.8 8 3.2 23.1 34,9 0.39 66.4
6 .30 15,2 12,0 48,9 1150 105.7 1.6 8 209 23,1 34.9 0.39 66.4
6.30 15.3 12,1 49.1 1155 106.2 0.5 10 1.6 23.4 35.1 0.38 66.7
6.10 15.7 12,2 50,2 1175 11C.7 0.2 10 1.1 24.8 34.8 0.38 71.4
6.11 15.7 12,4 50.4 1180 112,0 - - - 2542 34 .9 0.37 72.2
7.30 15.8 11.6 49.7 1810 96 .0 - - - 32.9 L1.1 0.39 80,0

7.50 15.5 11.5 49,0 1785 95.5 0.1 11 0.7 32.4 41.6 0,40 78,0
7 42 15,5 11.4 48.9 1750 93,2 0.5 10 1.5 31.0 41.1 O.41 75.6
7.30 15,7 11.4 49.2 1720 92.7 1o 8 2.4 30.4 LO.7 040 74 .6
7 .25 15.8 11.4 49,5 1690 92,7 1.9 7.5 2.8 29.8 40,7 0.40 73.2
7.23 15.8 11.4 49.5 1680 93.7 1leb 8 2.5 30.0 405 0.40 74,1
7 .28 15.8 11.4 49.5 1675 9% .5 0.6 10 1.5 30.8 40.9 0.40 75.4
7635 15.8 11.7 49.8 1675 99.2 0.l 11 0.6 31.6 41.1 0.39 76.5
6..90 16 .3 12,0 51.3 1670 100.2 - - 31,7 402 0637 79.1

7.00 16,5 10.5 50.0 1760 95.0 =~ - = 31,8 39,7 0,41 80,0
7.4 16,1 10,5 49.0 1760 95,0 0,1 11 31.8 39.7 0.43 80.4
7.40 16,1 10.4 48.9 1740 93.5- 0.6 10 31.0 41.0 0.43 75.6
7.35 16,0 10,0 48.3 1730 92.5 1.2 9 30 ok 41,0 043 75.6
7.30 16,0 10,0 48.3 1720 91.5 1.8 8 30,0 4L0.0 O.hh 75.0
7.31 16.0 10,1 48.4 1710 93.2 1.4 8 304 40.1 Oobsy 76,0
7.30 16,1 10,5 49.0 1705 94,6 0,7 10 308 40,2 Q4L 76 .8
7.05 16,1 10,5 49.0 1705 96,5 0.4 10 3163 39.1 0.4% 80,1
7.00 16,5 10,5 50.0 1695 97.2 0.1 11 314 39.7 0.42 79.1

o L] o
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TABLE III (Cont'd)

cfs
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7.15
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WICKET GATE POSITION NO.9

psi
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19.0
18.9
18,9
18,83
18 09
18.9
19 ‘O
19.0

L] - ° L) L) o o -
VPO

WO WWWWOWOoWwWw

[} [ - L ) L] L3 L 3 L] [
AN X®aU 2O I

IO ORI~ ~T

(RGN RN B e IS IS RS
VHOOWHKWMWM

-

H

in.Hg ft

49 .9
49,0
L7 .2
LT «5
LT e
L7 5
LT7.5
48.1
4L9.8

50 .2
1;9 08
L9 .5
49 o4
Le.7
z|,7 va9
L8 .1
L8 .6
49 .0
50.2

50.1
50.1
49 .6
L9 .6
/4-9 oo
L9 .4
L9 L
19 .7
50,1

N
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32,3
32,7
31.8
31.6
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31.9
3247
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32.6

32.5
32,3
32 62
32,0
32,1
31 .4
32.3
32
32
32 0,
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32,3
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32 .0
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32 4k
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40 c6
40 .7
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39.7
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0o45
0.48
0.47
0.47
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0.53
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0,55
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0 .54
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79 .6
81,2
79.1
78.1
76 .4
78.7
81 a3
82,7
80,7

81 .4
81,0
79.8
80,0
79 .8
78,0
81 .4
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81.
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81.4
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TABLE IV

TYPES OF INJURIES OF DEAD PISH,

- 98
=2 Types of Injuries
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C08.,2 lst day 5 1 3 1 3 -1 0 1 o
2nd day - - - - - - - - =4
3rd day 0 1 1 0 0 0 o Iz
Immediate| 17 1 2 4 1 2 1l 13 0 o
0
€08.,3% lst day 1 0 0 ; 0 1 0 0 S
2nd day 1 = = = - - - - - o
3rd day 0 0 0 0 0 0 0 0 0 &
Immediate| 19 3 Ll 0 o 12 Q é’
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TABLE IV (Cont'd)
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TABLE VI : CONTROL PISH
Total mortalifyb
No of fish during 3 days

‘Date set up set up observation
May 7, 1964 80 | 1

May 8, 1964 . 80 ' | 1

May 11, 1964 80 | 2

May 12, 1964 80 1

May 13, 1964 .80 | 2

May 19, 1964 80 1
May_20, 1964 80 2

May 22, 1964 80 2

May 23, 1964 . 80 4L

May 26, 1964 80 .3

- No control fish were set up for the test on May 4, 5 and 6.
Fish %o be tested on May L were separated and set up in 6 nylon
nets 4 days before the testing day. Total mortality was 1.

. Fish-to be tested on May 5, were set up in 6 baskets L4 days
before the testing days. Total mortalitf was i.

PFish to.be tested on May 6, were set up 2 days before the
testing day. No mortality was observed. In addition, fish

in one tank had not been used. Negligible moftality was

observed in that tank.
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ViI

FISH MORTALITY IN THE PASSAGE DOWNSTREAN FROM THE RUNNER.

TEST CONDITIONS FISH MORTALITY
. DETAYED
o 5 2 MORTALITY
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a ] = o g |28 |Bx |E2 |3 3 o b E T 88| & Z
- £ a w_[ 20| < aQ = = o M = o,

- . Fish k i
c07.37.5.6411.30[5.84 | 5 38 |80 | 79 | 1 |o 3 |s 10 |19 | 24 mwwémmmsmowu
co7.Lp.5.6.11.4005.84 | 5 58 |80 | 80 | 0.0 1 |7 12 |20 | 25 vmm Gate.

06 .1}7.5.64]10.20(5.83 |s1ient] 38 {80 | 80 | o | o 1 |3 o7 |l Fish injected
| | m ; aft tub
c07.2|7.564110.4015.84 |s1ignt] 38 |80 | 80 | o | o 2 |3 3 8 | 10 wwww,aamwswuww N
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; “ ;
C0%.1) 26,5 6410.25 |5.50 |azgnt | 38 |79 | 79 | o fo |7 |2 3 |12 | 15 el
c0%5.2|%6,564410.45 [5.50 |stight | 38 |79 | 78 | o |1 |6 |4 i1 {12 | 15 |
CO13203.564)15 .45 {5 .85 - 38 | 80 77 1 2 2 4 i 5 14 .Hﬂ Fish injected
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C0%6.3p6 564,111,155 .50 - 38 | 80 80 0 0 3 0 i L 5 \ pressure at

v ; ntry.
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. on H.W.Hu-

€16 [3.5.6416.10]4.25] - 37 180 | 80 | 0o o o o 1o 0 o 2
C026 P6.5.6410.0515.50| - 38180 | 80 | 0 | 0 o |1 M 2 3 4

60T



MORTALITY DUE TO
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C-102846411.10/4.25 13.6 125 [14.2 45.4 100 [600 0.4 | 14 |0292.5 1.4 [21.9 [52.0|0.4i {375 |80 (67 |16 |*+3 |6 ( 0 |20 |25 High suction,
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 TABLE IX FISH MORTALITY - DUE TO

TURBINE OPERATING AT NORMAL SPEED.
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FISH MORTALITY DUE TO TURBINE OPERATING AT NORMAL SPEED.
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HYDRAULIC CONDITION FISH MORTALITY "))
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TABLE IX FISH MORTALITY DUE TO TURBINE OPERATING AT NORMAL SPEED.
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