,,,_,,
i A BURY.:U OF RECLAMATION

N f_‘j EYDT/ULIC LiBOR/TORY

= NOT %0 LB LI .OV.D 504 ¥ILES

o

o

> >

= = HYDRAULICS BRANCH

R WK W N KW N % MW % OFFICIAL FILE COPY

3*
‘ * UNITED STATES
; #* DEPARTMENT OF THE INTER1IOR *
R 3* BUREAU OF RECLAMATION *
v * *
e * L-- A LB n
Lo % #*
) P ¥*® HYDRAULIC LAEORATORY REPORT NO. 125
l?- " S
. & i
’ * HYDRAULIC MODEL STUDIES RELATING TO *
i * THE DESIGN OF THE KESWICK DAM, SPILLWAY AND FISHWAY *
¥ B CENTRAL VALLEY PROJECT, CALIFORNIA *
#* %
. * By 2
- % *
b J. W. BALL, ASSOCIATE ENGINEER *
3 * and *
5 & * J. A. LINDSEY, ASSISTANT ENGINEER ¥*
i 5* *
!1I§f 2 3 =L *
3 %
* Denver, Colorado 3
* April 28, 1943 %
% #*



BUR¥AU

UNITED STATES _ HYDRALLIE 3
DEPARTMENT OF THE INTERIOR NOT TO BE pryov

BUREAU OF RECLAMATION

MEMORANDUM TO CHIEF DESIGNING ENGINEER

SUBJECT: HYDRAULIC MODEL STUDIES
RELATING TO THE DESIGN OF THE KESWICK DAM
SPILIWAY AND FISHWAY
CENTRAL VALLEY PROJECT --CALIFORNIA

By

J. W. Ball, Associate Engineer
and
J. A, Lindsey, Assistant Engineer

Under direction of
J. E. Warnock, Engineer
and
R. ¥. Blanks, Senior Engineer

Denver, Cocloradc
April 28, 1943



[ 4

PREFACE

Designs of the Keswick Dam spiliway and fishway were cvolved from
hydraulic model stvdies conducted in the hydraulic laboratory of the
Burcau of Reclamation, Denver, Colorado, from May 1940 to April 19k2.

The prcliminary designs of the Keswick Dam werc preparcd under the
direction of Senior Engineer W. E. Blomgren. Structural featurecs of the
final design wcre preparcd under the direction of Senior Engineer H. W.
Tabor. Migratory-fish-control structurcs were designed under the direc-
tionn of Senior Engincer D. C. McConaughy, with Aquatic Biologist H. B.
Holmes, in charge, Hydraulic Section, U. 8. Burcau of Fish and Wildlife
Control, scrving consultant. The laboratory investigation was conducted
and this rcport prepared under the direction of Enginecr J. E. Warnock,
in charge of the hydraulic laboratory. Credit is due Engincer J. N.
Bradley and Associate Engineer H. G. Dewcy, Jr., who contributcd to the
development of thg designs.

All laboratoriecs of the Burcau of Reclamation in Denver, Colorado,
are in the Materials, Testing, and Control Division, under the supervision
of Senior Engincer R. F. Blanks. All design work is under the supervision
of Chief Designing Ernginecr J. I. Savage, and all work of the Bureau of
Reclamation is directed by Chicf Enginecr S. 0. Harpcr. The activities
of the Bureau of Reclamation are directed by Commissioner John C. Page.
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Denver, Colorado, April 28, 1943,

MEMORANDUM TO CHIEF DESIGNING ENGINEER:
(J.W.Ball and J.A.Lindsey through J.E.Warnock)

Subject: Hydraulic model studies relating to the design of the Keswick Dam
spillway and fishway - Central Valley Project.

ab !
INTRODUCTION
0
&4 iThe  protot ’?\ The Keswick Dam is under construction on the
Sacramento River approximately 4 miles above Redding, California, and 9
miles below the Shasta Dam (figure 1). The dam is to be built in two
stages--the initial and the ultimate. The height of Shasta Dam will be
so great that it is infeasible to construct a fishway around it; therefore,
the purpose of the initial development of Keswick Dam will be to provide
a barrier for trapping the migratory fish before they reach the Shasta
tailrace. The original design of the initial development consisted of a
low barrier to elevation 510.00 with an overflow spillway, fish trap, and
stoplog section. The spillway would have been adequate for all normal
flows, but it would have been necessary to remove the stoplogs at flood
stages to' handle discharge of 180,000 second-feet.

The final design of the initial development consisted of a spillway
crest carried to elevation 503.00, with the exception of 20-foot wide sec-
tions at the plers, forming four channels 4O feet wide through this sectim
of the structure (figure 2). The piers will be constructed to elevation
550.00 and the adjacent 5-foot sections of the spillway to their ultimate
height, elevation 537.00. During this stage of construction no provision
for regulating the reservoir water surface will be made and the four chan-
nels between the piers will serve as a spillway.

With no obstruction in these channels the fish migrating upstream
could, under certain conditions, pass through the spillway and continue
on to Shasta Dam where no trapping facilities are provided. To prevent
this by-passing and the necessity of comstructing temporary traps at
Shasta Dam, a barrier will be erected at Keswick Dam. This obstacle will
consist of weirs, of sufficient height to keep the fish from leaping over
them, placed in the four channels of the spillway section.

The weirs will be hinged wooden gates which, in the vertical posi-
tion, will span the upstream ends of the channels betweer the piers. The
ends of the gates resting against the vertical portion of the completed
crest sections form & barrier approximately TU feet high. The gates will
be latched in the down (or horizontal) position in the forebay until the
flow conditions are such that the fish could swim through the spillway
gection to the river upstream. The gates will then be unlatched, permit-
ting the hydraulic forces to raise them and form the harrier.
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The ultimate stage development will be a straight gravity type con-
crete dam, approximately 590 feet long and 120 feet high, having a spill-
way, fishway, and power plant as appurtenant structures (figures 3 and 4).
Three purposes will be served by the ultimate development. It will pro-
vide (1) hydroelectric power, (2) a barrier with facilities for trapping
migratory fish, and (3) regulation of the fluctuating discharges from
Shasta Dam. The spillway crest will be at elevation 537.00 and four
50- by 50-foot regulating gates will maintain the reservoir at elevation
587.00. The maximum discharge capacity will be 250,000 second-feet.

The spillway will discharge onto a rock bench excavated from the left
bank of the river. Water flowing over the bench and into the old river
channel will attract the fish to the left side of the stream and thus
enable them to locate the entrance to the fishway.

The function of the fishway is to attract the fish migrating upstream
to spawn into a trap from which they are expeditiously removed and trans-
ported by tank trucks to the holding or spawning ponds at the hatchery.
The fishway structure will consist of a fish ladder or series of pools
separated by 20- by 3-foot rectangular-notched weirs, holding chambers,
and an elevator (figure 5). The pools of the ladder are 13 feet 1 inch
long by 38 feet wide by 6 feet deep, with every third pool having an
auxiliary water supply from conduits discharging through slotted open-
ings in the floor. This water supply is necessary to add an auxiliary
flow at the approximate elevation of the tailwater to provide the proper
velocities for attracting the fish to the downstream end of the ladder.
The fish moving up the fishway will jump from pool to pool, pass through
a trap and enter the holding chamber, pass through another trap and enter
the brail chamber, where a sloping brail will be raised to force the fish
into a large container, When this container is full, it will be raised
to the top of the dam by an elevator and the fish will be discharged into
gpecially built trucks which will haul them to a hatchery,

The power plant will occupy the right side of the struéture and will
discharge directly into the old river channel.

f/éf;‘Scope of tests. TFive hydraulic models wcre constructed during
the course of the investigation. A 1 to 80 model was used to study the.

~hydraulic features of the initial and ultimate stage developments of the

dam. A 1 to 48 model represented a section of the ultimate stage spill-
way and was used to study the flow conditions and scour for various
spillway designs. A 1 to 20 model was used to determine the. operating
characteristics and the turbulence in the various pools of the filshway.
A 1 to 10 model was constructed for a detailed study of turbulent flow
conditions in the auxiliary outlet pools of the fishway ladder. A model
of temporary gate was built to ascertain thc probable impact velocities
on closure of the temporary weirs erected'in the spillway section.

Studies on the 1 to 80 model of the ultimate development were made to
obtain pressures on the spillway, determine the discharge characteristics,
and study flow conditions encountered in the river channel by the migratory
fish, The pressurc tests were made to ascertain the presence or abscnce
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of negative pressures on the spillway face. The discharge studies were
made to ascertain the effectiveness of the hydraulic jump and the distri-
bution of the flow after the water left the spillway apron. Studies of
the flow conditions in the river channcl gave assurance that the migratory
fish would be induced to enter the fishway. Also, tests on this model
indicated the need of a larger onc of the spillway to enable a more de-
tailed study of the hydraulic jump and the scour of the river bed down-
strean.

A 1 to U8 scale model of a section of the spillway was constructed

_in a flume with a glass panel side for observing and photographing flow

conditions. Tests wcre made on various types of sills, dentates, and aprm
profiles to obtain a combination which would give the most satisfactory
Jump conditions and the minimum scour downstream., - The economics of the
design were also considered, as it was necessary for the apron to be short
end comparatively high to avoid excessive rock excavation.

Tests were made on the 1 to 20 scale fishway model to dctermine the
operating characteristics of the fish ladder, the hecad loss in the auxili-
ary water supply conduit system, the flow characteristics at high and low
tailwater stages, and the effectiveness of the water-supply baffling de-
vices in the elimination of turbulence, The purposc of these tests was to
discover any undesirable features and evolve satisfactory improvements.

Investigations made on the 1 to 10 scale modcl of a portion of the
auxiliary water supply conduit and fish ladder were primarily directed
toward the elimination of turbulence in the pools of the ladder to which
auxiliary water was supplied. This was important since observations on
other fishway structures have shown that the fish will avoid or become con-
fused where there are boils or strong upward currents and maey attempt to
swim against them. Many combinations of baffles in the dissipator wecre
tried beforec a satisfactory one was evolved.

A model of the tcmporary gate weir to be erected in the spillway por-
tion of the structure was constructed to an indefinite scalc to determine
the probable velocity of the top of the gate when the closure is made. It
was necessary to know the magnitude of this velocity to design the gates
strong cnough to withstand the forces imparted by the impact of the cnds
of the gates on the crest sections. It would havec becn neccssary to con-
struct an elaborate model to evaluate thé numerous variablcs, but as it was
only desired to check the assumption that the terminal velocity of the top
of thc gete was equal to the velocity of flow through the channel before
thc gate wes unlatched, a rather simplc model was constructcd to ascertain
the rclative velocitics of the gate and flow through the channel.

e v

?F) éummary of the investigationg The original design of the initial
stage devclopment of the project was tested on the 1 to 80 scale model and
found to have inadequate flood capacity. Undesirable flow characteristics
existed in the spillway, at the cntrance to the fishway, and downstrcam
from the powecrhouse stop-log section under certain opcrating conditions.
These were eliminated by revisions which made the structure more closely
rescmble the ultimate development.




When the ultimate stege decvelopment was tested on the 1 to 80 scale
model, the spillway was found inadequetc as the hydraulic jump was formed
over thce downstream end of the apron. The recommendcd design, obtained
from studies on the 1 to 48 model, proved satisfactory when tested on
this model.

Dctailed studies of the spillway werc conducted on a 1 to 48 sczle
scctional model to ascertain the most effcctive and efficicnt spillway
epron profile. Various typcs of sills, dcntates, and steps were tested
before a satisfactory cncrgy dissipator wes cvolved which consisted of a
row of 8-foot thick strcamlincd stcps spaced 7 fcect apart with their top
surfaces sloped upward at 10 to 1 from the horizontal. These tests also
demonstrated that, should retrogression of the river bed lower the tail-
- water elevation sufficient to cause the jump to utilize only the down-
stream portion of the apron, the condition could be corrected by adding
a row of dentates on the l%:l slope at the end of the apron.

Flow characteristics in the river, pertaining to the operation of
the fishway, were studied on the 1 to 80 scale model of both the initial
and ultimate stage developments. Unsatisfactory flow conditions on the
original design of the initial stage were eliminated on the revised design
when the flow was evenly distributed over the rock bench downstream. The
flow conditions in both the original and final designs of the ultimate
stage were satisfactory for proper operation of the fishway, except that
the latter required a sloping extension to the right spillway training
wall and a block of concrete carried to elevation 503.00 in the same re-
gilon to prevent excessive flow over the bench at the entrance to the fish
ladder.

1

A model was constructed to the scale ratio of 1 to 20 to study the
operating characteristics of the fishway. The tests indicated the neces-
8ity of completely redesigning the baffling devices to eliminate undesir-
able turbulence, uneven flow distribution, and strong upward currents in
the pools and chembers. Turbulent conditions in the brail and holding
chambers were eliminated by forcing the water to follow a circuitous path
around the walls of those chambers before being admitted to them. The
fish ladder, which consisted of a succession of pools separated by rec-
tangular weirs, had satisfactory flow characteristics from pool to pool.
The model was too small for detailed studies pertaining to turbulence so
another model was constructed to a scale of 1 to 10 to study the flow in
one of the ladder pools to which auxiliary water was supplied from beneath
by the auxiliary conduit system, Numerous designs were tested on this
model before one was evolved which successfully eliminated all of the un-
desirable flow characteristics. The recommended design outlet consisted’
of a wide, shallow cross conduit, tapering upward, with small step-like
baffles placed transversely on the floors to force the water upwards and
out through the slotted openings into the pool.

Tests on the temporary gate weir model demonstrated that the top of
the gate moved at a velocity greater than the velocity of the stream of
water and that it reached a maximum between 10 and 20 degrees from the



vertical. The velocity was decreased somewhat as the gate neared closure,
due to the cushioning efiect of the water between the pier sections and
the ends of the gate. Further tests demonstrated that when the tailwater
elevation is raised, the cushioning .effect is correspondingly greater with
a consequent reduction in the impact of the gate on the piers. The tests
indicated that the factor of safety used in the design would prove suffi-
cient to prevent destruction of the gates at closure.

SPILIWAY STUDIES

4. Description of 1 to 80 model. The model of the initial stage de-
velopment, including the topography 273 feet upstream and 047 feet down-
stream from the axis of the dam, was built to a scale of 1 to 80 (figures’
5 and 7). Water was supplied and regulated by the laboratory piping
system; a gravel baffle was used to distribute the flow cvenly; and the
tailwater elevation was regulated by a tailgate. The spillway, piers, stop
logs, and Tishway were made of redwood and enclosed in two metal frames
bolted to the bottom of the model box. The powerhouse or stop-log section
was enclosed in one frame and the spillway section in the other to facili-
tate removal of one section without interfering with the other when design
changes were made. The revised design of the initial stage and the ori-
ginal design of the ultimate stage were constructed in the same manner.
The finel design of the ultimate stage spillway was constructed by cutting
a scries of ribs to the spillway shape and covering them with sheet metal.
The piers, gates, retaining walls, steps, and fishway were made of redwood.
The original design powerhouse was used for all tests on thc ultimate de-
velopment,

5. Tests on the initizl-stage development., Hydraulic model tests of
the initial stage demonstrated the need for revision of the proposed de-
sign since the ston-log section at elevation 505.00 was 5 feet lower than
the spillway crest at elevation 510.00, and coansequently at low discharges
the greater portion of the flow passed over this section instead of the
spillway (figure TA). The spillway was inadequate For the anticipated
floods. These objectionable conditions were eliminated by increasing the
length of the spillway crest from 71 feet 8 inches to 150 feet and raising
the stop-log section to elevation 520.00 (figure 7B). This design proved
satisfactory’ as the spillway had amplc discharge capacity and an effective
stilling pool. The discharge capacity through the structure was 132,000
sccond-feet with the stop logs at elevation 520.00 and 172,000 second-feet
when they were removed to elevation 500.00.

o

6. Studies on the 1 to 80 model of original design of ultimate
development. Tests on the original design of the ultimate development in-
dicated that the spillway epron should be rcvised to more effectively
dissipate the encrgy in the spillway flow before it recachcs the rock bench.
The hydraulic Jjump occurrcd too near the end of the apron with the result
that a slight reduction-of the tailwatcr clevation would swecp it off onto
the bench (figure 8B). As the 1 to 80 model was too small to effectively
study the action of the spillway, the 1 to 48 scale sectional modcl of
onc-half the spillway was constructed.
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rigund

A, Original design = Spillway discharge, 25,000 second-feet; fishway
discharge, 300 second-feet; and tailwater elevation 504.20.

B. Modified design - Spillway discharge, 15,000 second-feet; fishway
discharge, 300 second-feet; and tailwater elevation 498,75.

FLOW CONDITIONS IN INITIAL DEVELOPMENT

KESWICK DAM ~ 1:80 MODEL



FIGURE 8

A. Spillwaey discharge, 3,000 second=feet; fishway discharge, 300 second-
feet; no powerhouse discharge; and tailwater elevation 488.00,.

B. 8Spillway discharge, 50,000 second-feet; no fishway or powerhouse
discharge; and tailwater elevation 513.75.

FLOW CONDITIONS IN ORIGINAL DESIGN OF ULTIMATE DEVELOPMENT
KESWICK DAM - 1:80 MODEL



7. Description of 1 to 48 model. The 1 to 43 model rcpresented a
portion of the ccenter bays of the spillway and was placed in a rectangular
flume with a glass panel to provide observation and photography of the
spillway action and downstream scour. The model spillway was constructed
of wooden ribs covercd with galvanized iron (figure 9). A sand bed cight
inches deep was placed in the flume to determine the relative scour down-’
stream from the apron for each spillway shapc. The tailwater elevation
was adjusted to conform with the prototype by means of a tailwater gate
at the downstream end of the flume. The steps, which were placed on the
spillway to assist in the energy dissipation, were wood with the excep-
tion of one of metal to permit installation of piezometer connections for
pressure measurements,

8. Development of recommended spillway design. A series of tests
was made on the 1 to 48 model to obtain the most economical spillway de-
sign which would provide adequate protection for the toe of the structure
and the rock bench downstream and effectively dissipate the energy released
on the spillway apron. .

In order to determine the relative safety of a proposed design, sweep-
out tests at the higher discharges were madec by lowering the tailwater
elevation until the hydraulic jump left the spillway apron. The tailwater
elevation was also adjusted to that elcvation at which the most satisfac-
tory jump was formed. When the normal tailwater clevation, sweep-out
elevation, and satisfactory jump elevation is plotted against the dis-
charge, the efficiency of the design is apparent. The most efficient
design would be one in which the normal tallwater and satisfactory Jjump
curves coincide and the sweep-out curve is considerably lower (figure 10).
A satisfactory design was considered to be one wherc the Jjump would not
lcave the apron after a rcasonable amount of retrogrcssion of the river
channel,

The original spillway design was tested in the 1 to 48 model to demon-
strate its inadequacy and to éstablish a basis for subscquent improvements
(design 1, figures 11 and 12 A and B). The location of thc jump at normal
tailwater and the scour after the run were recorded by photographs and
were compared with subsequent tests on the various proposed designs to
establish the relative improvement accruing from the revisions. Thesec
tests definitely indicated that the original design of the spillway could
be revised to improvc the operating characteristics.

The first revision to the design consisted of steps placed on the
apron at the pool entrance arranged to break up the jet and move the jump
further upstream (design 2, figure 11). The steps effccted a noticeable
improvement, but the hydraulic jump was still too far downstream and con-
siderable energy wes present when the flow reached the rock bench.

The spillway was then redesigned, using sloping apron computations

based on the design at Wheeler Dam in the Tenncssce River, The radius of
the curve connecting the parabolic scction of the crest with the sloping

1L



FIGURE 9
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FIGURE 12

A. Discharge = 250,000 second-feet.

B. Erosion of sand-gravel bed.
DESIGN 1 (ORIGINAL) = 5:1 SLOPING APRON WITH DENTATED SILL

Ce Discharge = 250,000 second-feet.

De Brosion of sand=-gravel bed.,

DESIGN 3 = 16:1 SLOPING APRON WITH DENTATED SILL

COMPARISON OF FLOW AND EROSION
KESWICK DAM - 1:48 MODEL OF ULTIMATE DEVELOPMENT



apron was increcased from 60 feet to 120 feet (prototype). The apron slope
was changed from 5 to 1 to 16 to 1, and the apron lengthencd 23 feet (de-
sign 3, figure 11). A dentated sill 12 fect high was added, similar to
the one used in tests on the original design. This arrangement proved
gatisfactory as the stilling pool haed sufficient length to properly trans-
form the kinetic ecnergy of the jet to turbulent encrgy and dissipate the
latter on the spillway apron (figure 12 C and D). The dentated sill was
moved upstream to make the apron the same length as in the original design
(design 4, figure 11), but the test demonstrated that the apron should be
at least as long as in design 3. When this sill was replaced with one
having a trapezoidal cross-section the dissipation of energy was incom-
plete, indicating the dcntated sill to be the better design, (design 5,
figure 11). By raising the sill to elevation 497.00, the flow conditions
were improved and scour practically eliminated (d681gn 6 figure 11),

Flow conditions were not adversc when the dentated sill was replaced with
a smooth sill, but thc scour was excessive (design 7, figure 11). The
crest was ra156d to elevation 540. 00, and the rock bench downstream to
elevation 500,00 (dcsign 8, figure ll) Flow conditions wecre satisfactory
and thcre was very little scour (flgure 13 A and B).

Impact of the jot on the dentates might lead to excessive meintenance
costs on this typec of sill; consequently, investigations wcre made of the
effectiveness of apron steps placed near the pool entrance. The purpose
of these¢ steps was to introduce turbulent eddies, thercby increasing the
energy dissipation and decreasing the length of apron rcquired. Steps
wcre testcd with top surfaces horizontal, inclined 10 degrees upward, in-
clined 5 degrees upward, inclined 10 degrecs downwerd, inclined 5 degrees
downward, inclined 10 degrees upward with a 1 to 1 slopo on the downstream
face, inclined 10 degrces upward with a 1/2 to 1 slope on the downstream
face, and inclined 10 dcgrecs upward, with a vertical downstream face, and
with the top edges streamlined (d681gns 9 to 16, inclusive, figure lls
This serics of tcsts demonstrated that the step with the 10-degree upward
slope produced the most desirable results because of the more rapid dis-
sipation of encrgy (figures 13 to 17, inclusive). The steps which were
inclined downward werc ineffective, since the scour after maximuvm discharge
was almost as great as without steps. Those with sloping downstream faces,
beccause of the streamlining cffect, prevented the formation of eddies
immediately downstream, consequently dissipating less energy and increasirg
the scour downstrcam from the apron. Pressure tests revealed subatmospher-
ic prcssures on the edges of the steps. By rounding and conscecquently
streamlining these cdges, the pressures werc made atmospheric or greater
(figure 18). A paint test was mede to delineate the streamlines on the
steps (figure 19). The test was made by coating the steps with a thick
white lecad paint, bringing the discharge up to the maximum as quickly as
possible, and after a fow moments of flow, cutting off the flow as rapidly
as possible.

Up to this point in the tests, a movable bed of gravel had been used
downstrecam from the spillway. Inasmuch as the bench downstream from the
spillway apron is to be solid rock in the prototype, an investigation of
the difference in effect between a movable bed and a rock bench in the
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FIGURE 13

A. Discharge - 250,000 second-feet.,

Be Erosion of sand=gravel bed.
DESIGN 8 - DENTATED SILL AT END OF APRON

C. Discharge - 250,000 second-feet.

D. Erosion of sand=gravel bed.
DESIGN 9 = TRAPEZOIDAL SILL AND STEPS WITH TOP SURFACES HORIZONTAL

COMPARISON OF FLOW AND EROSION

KESWICK DAM = 1:48 MODEL OF ULTIMATE DEVELOPMENT



FIGURE 14

A. Discharge - 2bU,000 second-feet.

B. Erosion of sand-gravel bed.

DESIGN 10 = TRAPEZOIDAL SILL AND STEPS WITH 10-DEGREE UPWARD SLOPE
ON TOP SURFACES

Co Discharge = 250,000 second-feet.

D. Erosion of sand=gravel bed.
DESIGN 11 - TRAPEZOIDAL SILL AND STEPS WITH S5=DEGREE UPWARD
SLOPE ON TOP SURFACES

COMPARISON OF FLOW AND EROSION
KESWICK DAM - 1:48 MODEL OF ULTIMATE DEVELCPMENT



FIGURE 15

A. Discharge = 250,000 second-feet.

B. Erosion of sand=gravel bed.

DESIGN 12 = TRAPEZOIDAL SILL AND STEPS WITH 10=-DEGREE DOWNWARD
SLOPE ON TQP SURFACES

Ce Discharge - 250,000 second=feet.

De Erosion of sand=gravel bed.
DESIGN 13 = TRAPEZOIDAL SILL AND STEPS WITH 5-DEGREE DOVNWARD
SLOPE ON TOP SURFACES

COMPARISON OF FLOW AND EROSION
KESWICK DAM = 1:48 MODEL OF ULTIMATE DEVELOPMENT



FIGURE 16

A. Discharge = 250,000 second-feet.

Bs Erosion of sand=-gravel bed.

DESIGN 14 - TRAPEZOIDAL SILL AND STEPS WITH 1:1 SLOPE ON
DOWNSTREAM SIDE

Ce Discharge = 250,000 second-feet.

De Erosion of send=gravel bed.

DESIGN 15 - TRAPEZOIDAL SILL AND STEPS WITH #:1 SLOPE ON
DOWNSTREAM SIDE

COMPARISON OF FLOW AND EROSION
KESWICK DAM = 1:48 MODEL OF ULTIMATE DEVELOPMENT



FIGURE 17

A. Discharge = 260,000 second=feet.

Bs Erosion of sand-gravel bed.

C. Send=-gravel bed stabilized with conorete.

D. Discharge = 250,000 second-feet.
DESIGN 16 - TRAPEZOIDAL SILL AND STREAMLINED STEPS ON APRON

EFFECT OF STABLE RIVER BED ON STILLING POOL ACTION
KESWICK DAM - 1:48 MODEL OF ULTIMATE DEVELOPMENT
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FIGURE 19

A. Plan view,

B. Oblique views
FLOW LINES ON APRON STEPS AFTER DISCHARGE OF 50,000 SECOND~FEET

KESWICK DAM - 1:48 MODEL OF ULTIMATE DEVELOPMENT



model was made. A layer of concrete was placed to elevation 500.00 to
rcplace the movable bed., When the modcl was tested, the hydraulic Jjump
was considcrably worse than with the movable beds. It was necessary to
raise the tailwater elevation from one to two fcet (prototypc) above the
normal level beforc the jump became satisfactory. A reduction in the tail-
water elevation of 3% feet beclow the normal level was nccessary to sweep
it from the apron at the maximum discharge of 250,000 second-feet. This
test showed that the send-gravel bench had considerable cffect upon the
Jjump characteristics. Its efficicncy was improved by the incrcased fric-
tion and by the rollcr which was formed in the bucket-like pockct scoured
downstream from the sill during high discharges.

When the smooth trapezoidal sill was replaced with a dentated sill,
the Jjump cheractcristics were greatly improved. The satisfactory Jjump
curve coincided with the normal tailwater curve and the Jump could not be
swept from the apron except with -the tailwater elevation 10 fect below
normal for the maximum discharge of 250,000 seccond-feet, It wes found
that if the bench were excavated to elevation 503.00 instead of to ele-
vation 500.00 as originally planncd, the tailwater would risec sufficiently
to give adcquate dissipation of the turbulent energy, thus eliminating
the neccssity for the dentated sill. In addition, it was noted on subse-
quent tests on the 1 to 80 model thet the tailwater elevation was appre-
ciably higher on the bench doewnstrecam from the spillway than in the old
river channel, indicating that the tests on the 1 to 43 scctional model
were conservative. The dentated sill could be added in the future if the -
bench should crode and the jump tended to sweep from the spillway apron
(design 17, figure 11).

9. Tests of the rccommcended design on the 1 to 80 modcl. After de-
termining an acceptable spillwey profile on the 1 to 48 scctional model,
it was incorporated in the 1 to 80 model to study its action in conjunc-
tion with the other hydraulic features of the dam. Thc spillway operated
satisfactorily under all conditions of flow expected on the prototype
(figures 20 and 21). Thce hydraulic jump could not be swept from the
apron at maximum discherge by lowering the tailwater elevation in the
river channel. The rock bench was sufficiently high to prevent the tail-
water falling below the sweep-out elevation. Pressurc tecsts were made on
the spillway section along the center of the scecond bay to the left of
the powerhousc., The pressures werc satisfactory, that 1s, greater than
atmospheric, for all discharges (figure 22), The crest was calibrated by
mcasuring the head over it for various discharges (figure 23). The proto-
type, however, should give slightly higher discharges for the same heads
as the friction factor was not to scale, being relatively greater for the
model,

The downstrcem cnd of the piers were streamlinced to eliminate fins
forming downstreem on the original design (figure 24). Other tests made
will be described subsequently under fishway studies.
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FIGURE 20

A. Spillwey discharge, 25,000 second-feet; fishway discharge, 300 second=
feet; no powerhouse discharge; and tailwater elevation 504.20,.

B. Spillway discharge, 50,000 second-feet; fishway discharge, 300
second=feet; no powerhouse discharge; and tailwater elevation
513,60

FLOW CONDITIONS IN RECOMMENDED DESIGN OF SPILLWAY
KESWICK DAM - 1:80 MODEL OF ULTIMATE DEVELOPMENT



FIGURE 21

A, Spillway discharge, 100,000 second=feet; no fishway or powerhouse
discharge; and tailwater elevation 524,20,

B. Spillway discharge, 250,000 second-feet; no fishway or powerhouse
discharge; and taillwater elevation 541,00,

FLOW CONDITIONS IN RECOMMENDED DESIGN OF SPILLWAY
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FIGURE 24

A, Fin downstream from original design of spillwaey piers.

B. Elimination of fin by streamlining of piers.

FLOW CONDITIONS IN STILLING POOL SHOWING EFFECT OF STREAMLINING SPILLWAY
PIERS



FISHWAY STUDIES

10. Fishway studies on the 1 to 80 model. The flow conditions to
be encountered in the stream adjacent to the fishway in the original de-
sign of the initial stage, were studied in the 1 to 80 model and found to
be unsatisfactory. The concentration of flow from the spillway section
produced cddies and undesirable currents at the fishway entrance (figure
TA). These conditions were eliminated by altering the decsign to resemble
morc closely the uiltimate stage. In this design the flow of water over
the bench produced conditions that should enable the fish to locate the
fishway entrance without difficulty (figure 7B).

Though thc original design of the ultimate stage was rcasonably
satisfactory from the standpoint of fishway operation (figure 8A), hy-
draunlic conditions dictatecd the changes in spillway decsign previously
described. When the revised spillwey design was included in the 1 to 80
gcalc model, flow conditions werc satisfactory for the fishway (figure 25).

Operation of thc powcrhousc did not appear to have an adverse effect
upon the flow conditions at the entrance to the fishway ladder. A sloping
cxtension to the right spillway training wall and a block of concrete
carried to elevation 5035.00, where the bench was too low, was installed
to prevent excessive flow over the bench into the river channel downstream
from the fishway (figure 4). Since the 1 to 80 model was too small for a
detailed study of the fishway opcration, a 1 to 20 scale model was con-
structcd.

Provision has been made for a flow of approximately 320 second-feet
of water through the fish ladder, of which 100 second-fcet will be intro-
duced into the holding pool at the head of the laddcr to maintain a depth
of 12 inches over the weirs. The remaining 220 seccond-fcet will be in-
troduced farther down the ladder near the tailwater surface to provide
sufficient velocity with little turbulence to attract the migrating fish
into the ladder. It was for the latter purpose that provision was made
for the additional watcr supply in cvery third pool of the ladder. The
actual distribution of the 220 second-fcet will depend upon field cxperi-
cnce after the structurc has been placed in operation, but for purposes
of these tests, it was assumed that it will be introduced through onc pool
of the ladder--an extremc condition.

11, Description of the 1 to 20 model. The 1 to 20 scale fishway
model was constructed, employing shcet metel for the heed box, conduits,
and gates. The remainder of the model was wood (figures 26 and 27). Slide
gates were used to control the flow through the fishway, except in the
head box, where rubber corks were used.

.12, Method of operation of 1 to 20 model. A point gage was instal-
led above the holding pool and the weir at the holding pool was calibrated
by comparison with the flow through & V-notch weir. When one or more of
the auxiliary watcr supplics to the ladder was used, the total discharge

33



FIGURE 25

A, Spillway discharge, 3,000 second-feet; fishway discharge, 300 second=
feet; no powerhouse discharge; and tailwsater elevation 488,00,

Be Spillway discharge, 15,000 second-feet; fishway discharge, 300
second~feet; no powerhouse discharge; and tailwaeter elevation
498,756

FLOW CONDITIONS IN RIVER CHANNEL WITH RECOMMENDED DESIGN OF SPILLWAY

KESWICK DAM - 1:80 MODEL OF ULTIMATE DEVELOPMENT
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FIGURE 27

A, ,Partial assembly of model showing metal conduits, auxiliary outlets
and control gates,

B, Completed model - Discharge, 300 second-feet; and tailwater
elevation 497,00,

ORIGINAL DESIGN OF FISHWAY STRUCTURE

KESWICK DAM -« 1:20 MODEL OF FISHWAY



Denver, Colorado, June 5, 1943,

MEMORANDU# TO CHIEF DESIGWING ENGINEER
(E‘ So Gm:,' thr’ough Jo Eo ﬂhrnock)

Subject: Hydraulic model tests of flanze gaskets for 72-inch ring=
' follower gates in outlet works =- Anderson Ranch Dum, Boise
¢  project.

l. Introduction. Gaskets for large flanges and the shape of
the groove for them have already been doveloped znd applied sotis-
Qfaotorily in the field. The gasikets used have been round solid rubber
of good grade tread stocks

The war has brouzht on a shortage of the critical material, rub=
ber, so that other materiasls have been proposed as gaskets, The tests
were instituted with this in mind,

- 2, Scope of the tests. It was desired to test sevoral materials
and shapes, in suitable grooves at 400 pounds per square inch water
pressure. The zrooves were subject to change and several desipgns were
proposed,

3, The testing apparatus and procedure. The testing apperatus
is shown in figure 1. The dsteil of the model in which the raskets
were installed for the tests is shown in figure 2,

The apraratus consisted of the model, a hand pump, an eir reser=-=
voir, Bourdon gagzes, and suitable water supply piping with inlet end
relief valves. The model was made of two flat plates representing
two flanges. In one plate wns ocut the groove for holding the gaskets
and the other plate wms flat over ths groove; the designed comnression
was produced when the plates were bolted together until the spacer
stop was resched,

The procedure in testing wes to form a circular snsiket of the mate=
rial, plase it in the gzroove, clamp the plates tomether firmly, then
apply water pressure in the annular spece betwesn the plates and ine-
side of the 2asket. The pressure was brought up slowly until a maxi-
mum of 550 pounds per square inch was reached., The sustained pressure
tests wers usually started at about 450 pounds and then allowed to re=
rain for minutes, hours, or days. If for days, the pressure dropped
to about 250 pounds overnight then in the morning it was pumped up to
420 pounds and held to an aversje nrassure of ahout 400 pounds thromgh-
cut the day. The gaskets were exemined after being suhjected to thse
hydraulic testse.



FIGURE 28

A. Action with flow of 120 second-feet through pools of ladder.

Be Action with flow of 120 second=feet through pools of ladder and 180
second=feet from auxiliary outlet in floor of pool in foreground.

FLOW CONDITIONS IN ORIGINAL DESIGN OF FISHWAY ILADDER

HRQWTA® DAM = 1 .20 VONRT OR BPTQIWA V



was first established by closing all the gates cxcept those in the brail
and holding chambcrs and mcasuring the dischargc over the holding pool
weir. The gage was then adjusted to the reading corresponding to the dis-
charge through the brail and holding chambcrs, and the proper discharge
through the auxiliary water supply was then obtainced by opening the con-
duit gate until the gage point touched the surface of the watcr in the
holding pool. The tailwatcr clevation was varicd by raising and lowcring
the tail gate. Currcents in the pools were traced by adding a few drops

of potassium-permanganatc solution to the water.

13. Operating characteristics of thc ladder. Flow characteristics
from pool to pool down the ladder were considered satisfactory for the
propcr opcration of the fishway (figurc 28). The tecsts demonstrated that
a ladder slope of 1 to 12 gave flow conditions which would induce the fish
to climb the ladder. The velocities werc also sufficiently low to obviate
the danger of possiblec injury to the fish if forccd against the sidc of
the fishway by the currcnts. This factor was onc of' thc most important
dcsign considerations to be checked by the model study, for all cuts,
bruises, and similar injuries to salmon will not hcal in fresh watcr. The
plan of admitting additional water from below into cvery third pool by
mecans of the auxiliary watcr supply system to maintain the proper velocity
in thce fishway entrance scemed quite satisfactory with the cxception of
minor modifications to be described subsequently. When the tailwater cle-
vation rises, the upstrcam auxiliary conduits will bc opcned to introduce
the auxiliary flow at the approximate tailwatcr surfacc. This may be done
by closing thc downstream outlcts, or partially closing them when the up-
stream outlets arc opcncd.

14. Head losscs in the conduit system. The hecad box on the original
design was quitec effective in reducing the hecad on the auxiliary water
supply conduit systcm, A slide gatc on the intake conduit proved equally
cffective on the final design. Tests made on the original design of the
fishway geve hcad losscs between the head box and the downstrecam cnd of
the conduit system averaging about scven feet (prototypc). It should be
borne in mind, howcver, that the head loss in thc prototypc structure
might be somewhat different because of viscous cffects and difference in
gate construction.

All watcr supply outlets in the fishway wcre amplc to carry the maxi-
mum discharge, both in thec original and final designs.

15{ Turbulcnce studies on the original design. Hydraulic studies on
the 1 to 20 scalc fishway modecl showed conclusively that thc baffling de-
viccs in the original design failed to distribute evenly the flow into the
various chambers and pools, and also failed to prcvent the formation of
turbulent currents., These turbulent currents arc very undesirable in a
fishway as past expecricncc has shown that the fish will avoid them.

15. Brail and hoist chambers. In the original design the water was
admitted through the walls of the brail and hoist chambers by devices con-
sisting of an cxpanding scction of conduit shaped like & flat frustrum of
a pyremid with vertical baffles to brcak up the velocity and distributc




the flow (figure 26), The tests showed that the arrangement of thc baf-
fles should be changed to cqualizc the flow from the opcnings since the
two center ports carried most of the flow, while that through the outer
two wes negligible. This unequal flow produced undesirable turbulence
and strong upward currents in these pools at the higher discharges.

17. vHolding pool. The conduit openings on the floor of the holding
pool wWere covered by horizontal rectangular baffles one foot longer and
one foot wider then the openings and set 18 inches (prototype) above the
floor (figure 26). This type of baffle did not prove cffective as most
of the flow camc out at thc downstream end of the cross conduit, produc-
ing undesirable turbulence and unequal distribution of flow.

_ - 18, JAuxiliary conduit outlets. Every third pool in the ladder was

provided with a supplementary water supply from the auxiliary cross con-
duits, which opened into the floor of the pool in two places. Baffles
gimilar to those in the holding pool were provided to eliminate turbulence.
The tecsts indicatcd that these openings should be redesigned for when the
gatc of the cross conduit was partially closed, the high veclocity Jjet
flowing past the first opening drew water from the pool into the conduit,
and most of the flow was discharged through the far side of the second
opening, producing & very pronounccd turbulent boil on the left side of
the pool (figurc 28B). When the gate was open 100 pcrcent, the flow con-
ditions were somewhat better, but the flow from the sccond opening was
still disproportionatclv lerge.

19 / Rcv1sgd d051gn of holdlng pools and h01st chamber. The condult

on tho original design 1ndlcated thet undeslrable flow conditions were
prescnt at the conduit outlets. The upper portion of the 1 to 20 model
was rebuilt to study the revised holding-pool design. The revised design
eliminated the hecad box used previously and the water was admitted dir-
ectly from the forebay by a conduit controlled by e slide gate. In the
ultimate prototype structure a large portion of the fishway water supply
will be drawn from the tailwater through a jet pump operated by e high-
pressure discharge from the reservoir., In this design thc supply water
to the conduit side of the model fishway, holding brail, and hoist cham-
bers, was compelled to pass from the conduit side across the upstream end
of the fishway to the oppositc side, thence downstrecam to a cross conduit.
under the chamber floor and back to the conduit side, where it entered the
chambers through four supply portals. As a result there was & noticeable
inequality of flow fram the supply portals. This condition was remedied
by removing the bulkhcad at the upstreem end of the conduit side, thereby
apprcciably shortening the flow peth to the supply portals and improving
the approach to thecm.

The 1 to 20 scale model proved inadequate to study turbulence at the

- auxiliary cross-conduit outlets; consequently, a larger model of this
feature was constructed to a scale ratio of 1 to 10.
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20. Decscription of 1 to 10 modcl. The 1 to 10 modcl consisted of
on: ladder pool and its cuxiliary wetcr supply systcm (figure 29). The
modcl was arranged so that the ladder flow could be supplicd over the up-
strecam weir. It was constructcd meinly of sheet metal, with the exception
of the beffles and teilwatcr gate which were redwood.

21.  Tests lcading to rccommendcd design of outlets, A rcvised de-
sign of the auxiliary cross-conduit outlets which was incorporated in the
1 to 10 model (design 2, figure 30) differed quite radicelly from the
original design. The cross conduit was the same width as the pool at the
gatc, then tapered upwerd and inward to the opposite side of the pool.

The intended purpose was to force the water in equel amounts through
slotted opcnings in the floor., Tests made on the 1 to 10 model with the
maximum discharge of 220 sccond-feet, and the minimum discharge of 110
sccond-feet, (prototypc) showed that the flow was not uwniformly distributed
and surfacc boils werc present (figure 31A). Somc improvement was noted
when the gpacing of the crogs-beams was altercd to change the openings
from approximately cquel arcas to openings where the arcas were reduccd
progressively until the arca of the final opening was about onc-fifteenth
the arce of the Tourth opening (design 3, figurc 30). This reduction in
arca was necessery as the water had a tendency to flow dircctly to the
¢nd of the conduit and out of the openingg. A curved plate placed in the
main conduit improved the flow distribution, climinating thc boil ncar
the gate. The change in the gpacing and size of the openings rcmoved the
boil at the left side of the pool. Some turbulence persisted (figurc 31B)
thus this design was not wholly satisfactory. The main supply conduit
was reviged both in size and in locoation (dcsign M,‘figurc %0). On the
modcl, the main conduit was carried beyond the gate, to represent the con-
ditions present when watcr was flowing to another auxiliary outlet down-
stream. An ovcrflow tamnk was also added to assimilate conditions present
when watcr was flowing into the pool from the upstrcam weir. Numerous
minor revisions were made but no appreciable improvement in the flow con-
ditions was noted, indicating thc nccessity of a major rcvision.

22.  Recommended design of outlets. The model was rcvised by re-
ducing the sizc of the gote from 115 by 4 feet to 10 by 2% feet; the in-
ward taeper of the cross conduit was c¢liminated, that is, a constant width
was used across the width of the pool; the upward taper was retained; and
2-inch steps were placed every four feet (prototype) on the bottom of the
cross conduit (design 5, figure 30). These steps markedly improved the
flow conditions in thc chamber by decreasing the tendency of the water to
he concentrated at the ¢nd of the conduit. The operating characteristics
wecre improved to such an extent that there was no pronounced boiling or
turbulcnce, even at the maximum discherge of 220 sccond-feet (figurec 32B).
A metel grill was built to approximate the additional baffling effeet of
the grating which prcvents the fish from entering the conduits. This
further improved the flow conditions (figure 33).

25. Description of temporary gate weir.

To prevent the fish by-passing Keswick Dam and continuing to Shasta
Dam where no trapping facilities werc provided, it was neccssary to erecct
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FIGURE 31

A. Design 2, figure 30.

Be Design 3, figure 30,

FLOW CONDITIONS WITH DISCHARGE COF 220 SECOND-FEET THROUGH AUXILIARY
SUPPLY OUTLET

KESWICK DAM - 1:10 MODEL OF FISHWAY AUXILIARY SUPPLY



FIGURE 32

A. Design 4, figure 30.

B. Design 5 (recommended design), ficure 30.

FLOW CONDITIONS WITH DISCHARGE COF 220 SECOND-FEET
THROUGH AUXILIARY SUPPLY OUTLET

KESWICK DAM - 1:10 MODEL OF FISHWAY AUXILIARY SUPPLY



FIGURE 33

A, Flow through auxiliary supply only - 110 second-feet.

B. Flow through auxiliary supply only - 220 second-feet.,

FLOW CONDITIONS WITH RECOMMENDED DESIGN OF AUXILIARY
SUPPLY AND GRATING IN PLACE



a barrier in the spillway section of the initial development. The design
consisted of hinged wood gates spanning the upstream ends of the channels
between the piers. It was planned to keep the gates latched in a horizon-
tal position except during times when the flow conditions were favorable
for the fish to navigate the channels during their migration upstream.

The gates would then be unlatched, allowing the buoyancy and dynamic
forces to raise them into place, forming weirs ten feet high across the
channels. This method of placing the gates in the vertical position made
it essential that they withstand the impact imparted by contact with the
piers at closure. Since the magnitude of the impact depended on the ve-
locity with which the gate came in contact with the pier sections, it was
considered advisable to investigate the probable velocities at time of
.contact, For these studies a gate weir was constructed disregarding scale.
It consisted of a 20- by 12-inch wooden gate placed in a flume 2 feet wide
with a resistance wire and contacts at one end to determine the angular
velocity by oscillograph records (figure 34). The oscillograph was cali-
brated for positions of the gate at 0, 10, 20, and 30 degrees from the
vertical; this calibration, together with the 60-cycle timing curve on

the oscillograph record, enabled determination of the time elapsed in the
movement of the gate from one position to another, The angular velocity
of the gate in degrees per second was obtained and the velocity of the

top edge of the gate computed. The effect of the velocity of the water
through the channel was obtained by varying the tailwater elevation,

: 24, Results of temporary gate-weir studies. Preliminary visual
studies indicated that the impact forces were of great magnitude. When
the gate was unlatched it would rise slowly due to buoyancy until dynamic
forces of thc water began to affect it, whereupon its velocity increased
rapidly and the gate reached the vertical position with such rapidity as
to produce impact accompanied by excessive vibration of the entire model.

When the oscillograph apparatus was installed to mcasure the veloci-
ties of the upper edge of the gatc it was found to be moving faster than
the weter flowing through the section previous to its relcase. The gate
attained its maximum velocity at a point between 10 and 20 degrces from
the vertical, and the velocity decrcased as the gatc approached the ver-
tical position, apparently due to the cushioning effect of the water being
forced from between the vertical face of the pier sections and the ends of
the gate.

After the above tests had been completed, two beams, trapezoidal in
side elevation, were placed on the downstream side of the gate Jjust inside
the channel walls. It was believed that a dash-pot action would take
place between the end portions of the gate and the vertical faces of the
pier sections when the gate approached the vertical position, thereby
cushioning the impact force. Although the studies werc visual only, the
design gave cncouraging results as a definite decrease in the impact was
noted. However, as the gate design had alrcady beoen cstablished and was
considered adequate to withstand the probable forces to which it would be
subjected, further testing was not deemed necessary.
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ANATYSIS OF RESULTS

25. Conclusions. The spillway studics developed a design which would
adequately protect the toe of the structure. The steps dcveloped for the
spillway will essist in the effective dissipation of energy on the spill-
way apron almost as well as a dentated sill with much less danger of being
destroyed by cavitation or abreasion. Discharge characteristics of the
" recommended design of the ultimate stege were satisfactory for all antici-
pated flows.

The rock bench at the downstream cnd of the spillwey section estab-
lished flow conditions which would tend to attract the fish to the right
side of the channel and thus enable them to locate the entrance to the
fishway leddcr. The recommecnded fishway design should be reasonably free
of turbulence and conscquently should be more efficient than the design
originally proposed. The auxiliary supply systenm will enable the addition
of a supplemental flow at thc same elevation as the tailwater.

The temporary gate weir on the prototype will probably have a veloc-
ity at its top edge greater then the initial velocity of the water passing
through the chamnel, but due to the relatively greater mass of the proto-
type gate the velocity differential is expected to bc less than that given
by the model tests. The factor of safety used in the gate dcsign sccmed
ample to assure against the destruction of the gate by impact on closure.

26, Recommendations. On the basis of the hydraulic model studies
conducted on various features of the Keswick Dam spillway and fishway it
is recommended that:

(a) The stop-log section of the initial stagc be carried to
elevation 520.00 to prevent overtopping the structure during
large floods.

(b) The spillway section of the initisl stage be constructed
to include as many features as feasible of the ultimate stage.

(c) The spillway epron profile be constructed as determined
from the modcl tests (design 16, figure 11).

(d) The rock bench downstream from the spillway be excavated
to clevation 503.00 instead of elevation 497.00 as originelly
planned.

(¢) Strecamlined steps with top surface slopes of 10 degrecs
upwerd from the horizontal be placed on the spillway apron.

(f) A sloping extension to the right spillway training
well be constructed to prevent a concentrated flow spilling
off the bench at the fishway entrance.



(g) The water distributing system in the fishway be
arranged similer to that which proved satisfactory in the
model tests (figurc 5).

(h) The auxiliary water supply outlcts consist of an
upward sloping cross conduit, practically as wide as the
pool, with steps to force the water out through slottecd open-
ings in the floor (dcsign 5, figure 30).

(1) The auxiliary gate weir rcmain as originally de-
signed.

J. W, Ball,

J. A. Lindscy.





