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HISTORICAL BACKGROUND AND SUMMARY

Redesign Before the January 1937 Flood

The Power Canal Diversion Dam in the Salt River about 100 miles
east of Phoenix, Arizona, and 22 miles upstream from the koosevelt Dam
(Figure 1) was originally built during the period from 1903 to 1906 to
divert water into a canal system for supplying water to turbines in a
temporary plant at Roosevelt Dam where the electrical power generated
was used to operate imachinery during the construction of Roosevelt Dam,
After the completion of the Roosevelt Dam, the system was adapted to
maintain a constant head on, certain power units in the permanent power-
house during the seasonal fluctuation of the water surface in Roosevelt
Reservoir,

In a flood in 1916, the dam was partially destroyed, and it was not
until 1935 that plans were made for rebuilding it (Figure 2). A 1l:24
model of the right abutment and the right end of the spillway was built
in the Colorado Agricultural College Experiment Station Hydraulic Lab-
oratory at Fort Collins, Colorado, in 1936 to obtain a design that would
safely and efficiently handle a flood of 150,000 second-feet.

During the flood of 1916, one section of the spillway disappeared
entirely, and no one could account for its location. During the 1937
flood, after the spillway had been originally reconstructed, this section
was found downstream from the original alinement. Soundings below the
reconstructed dam, after the 1937 flood, showed deep scour between the
dam and the "lost section." iiodel studies, 1:24 scale, of this coinbi-
nation checked the field measurements and showed that continued flood
flow would move the "lost section" not downstream but upstream. Under-
mining at the upstream side would disturb its equilibrium and cause it
to roll toward the dam; in other words, an object too heavy to move
downstream might roll upstream by undermining. To prevent such an
incident at the prototype and its consequent endangerment of the
reconstructed dam, the old section was removed.
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As an accurate tailwater rating curve prepared from observations
in the field was not available, several curves were computed using
various values of n and s in Manning's formula. The original tailwater
curve referred to in Figure 3 as the minimum estimated, has n = 0.03
and s = 0.0019. The composition of the riverbed, however, indicated
that retrogression might further decrease the tailwater elevation. For
this reason, an arbitrary curve 2 feet below the minimum estimated was
used to develop an apron and right abutment.

An interesting and rather startling incident, impossible to observe
on the prototype because of the turbid condition of the flood water, was
witnessed in the 1:24 model. The river above the dam carries a heavy
bed load, and during a flood bars form across the dam completely covering
it for short intervals.| In the clear water of the model it could be
seen that holes were scoured to a depth of 12 feet along the upstream
face of the spillway crest. The velocity of approach was high due to
the shallow channel, and as the water passed over the crest an eddy
formed below the upstream edge. This eddy picked up bed material near
the upstream face of the dam and carried it downstream. The pocket
increased in size until the intensity of the eddy was decreased, and it
could no longer pick up material. The hole then gradually filled again
from material being moved along by the stream, but while a particular
hole was filling, another would be forming elsewnere. As a hole became
filled, the cycle would be repeatedﬁJ/Examination of portions of the
original dam remaining in place disclosed scour to a depih sufficient
to confirm the observations in the model. Based on these facts, there
is reason to believe that one of the major factors of the 1916 failure
was piping under the dam due to the reduction of percolation length by
the formation of the holes upstream. Only one section of the dam, the
"lost section," was moved any distance fro. its original position.
Assuming that the major cause was piping, that one section was under-
mined and literally skidded downstreamn where it came to rest tilted
upstream. In the original 1937 redesign, the riverbed was heavily
riprapped upstream from the dam tc stabilize it against a recurrence of
this failure. Immediately after completion of the original reconstruc-
tion of the prototype, a flood of approximately 68,000 second-feet
passed over the dam in January 1937. This flood was equal to or greater
in magnitude than the one which had caused the 1916 failure. Subsequent
examination of the riprapping immediately upstream of the dam face
showed no disturbance.

Redesign After the January 1937 Flood

The meandering of the river upstream caused a concentration of
flow near the intake section producing an extremely high headwater ,
elevation in this region during the January 1937 flood. The riprap
downstream from this structure was washed away, and the structure was
considered to have inadequate protection. A 1:48 wodel of the couiplete
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structure was built in March 1937, to ascertain the alterations necessary
to give adequate protection against a flood of 150,000 second-feet. A
tailwater curve approximately 4 feet lower than the minimum estimated
(Figure 3) was used because of the uncertain and continually changing
conditions in the field.

In the redesign subsequent to the flood of 1937 and subsequent to
the model tests on the 1l:48 model, additional protection was provided
in the form of a sloping apron 25 feet long downstrean from the original
redesign of apron which extended to a point 30 feet downstream from the
upstream face of the crest. DZach of these sections had a'llehbock sill
at its downstream end. To further minimize scour downstreaa Irom-the
right abutment, a solid sill was designed as shown in Figure 30.

It was determined in the 1:48 model that an intermediate wall
between the intake structure and the spillway would considerably minimize
the scour downstream from that portion of the structure. 1n fact, it
was considered essential to the safety of the structure if the riverbed
were gravel and boulders, and it would substantially iiaprove conditions
should the foundation below the intake prove to be solid rock.

During the course of the 1l:43 model studies, an articulated apron
was studied in the hope that it would conform to the future retrogression.
It was found, nowever, that the articulated apron had no advantages over
a 8o0lid one when both were protected by sills at the downstream ends.

So far as known, the present construction of the dam is as shown on
Figure 30.

THE INVESTIGATIONS

Study of Upstream Protection in Sectional 1:24 ifodel of Spillway (1930)

The limited floor space in the lydraulic Laboratory at the time the
model tests were begun on the Power Canal Diversion Dan prevented the
construction of a complete model of the structure. The imodel represented
the right abutmment and a short section of the spillway crest and was
constructed in opposite hand as a matter of convenience in' location in
the laboratory. The scale ratio of 1:24 was governed by the capacity
of the laboratory pwap and by the length of crest considered necessary
to give representative flow conditions. The model, constructed of metal
bents and concrete, was built in a metal-lined flume (Figure 4). Provision
was made for installation of an intermediate wall to create a sectional
model of the spillway crest. The riverbed upstreain aad downstream was
represented by coarse sand.  Water was measured over a 2-foot Cipolletti
weir supplied to the model through a 16-imch outlet from tke laboratory
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supply system. The flow passed over the spillway and tailwatefvregulat
into a channel where it was returned to the supply system.

Tests 1 to 13, inclusive, concerned protection upstream from the
spillway crest and were conducted on the 1:24 sectional model of a
typical cross-section of the dam. The model represented about 40 feet
of the prototype crest length and approximately 1/10 of a mile of the
streambed. The purpose of the tests on this model was to study the flow
conditions and to determine the alterations necessary to give adequate
protection against scour adjacent and upstream to the structure.

Test 1 (Figure 5) was made on the original crest with no riprap
upstream. The need for protection was clearly indicated when at
100,000 second-feet, with a tailwater 2 feet above the minimum estimated,
holes varying from 5 to 10 feet in depth (prototype) were continually
being dug and filled. This same phenomenon occurred during preliminary
studies on the 1:48 model (Figure 6). In Test 2, with the high tailwater,
a 2-foot blanket of riprap extended 12 feet upstream at elevation 2180,
practically eliminating the movement of the upstream material.

In Test 3, the depth of the riprap area was increased to 4 feet
(Figure 5), and the winimuin estimated tailwater used.  Two identical runs
on this arrangement gave different results. In the first, most of the
riprap was washed quickly over the crest between flows of 60,000 and
100,000 second-feet; in the second, less rock went over the crest and
that remaining on the upstream side settled on approximately a 1-1/2:1
slope away from the crest.

In Test 4, a 2-foot thickness of riprap placed on a 2:1 slope from
elevation 2180 to 2175 and extended 15 feet upstream, gave considerable
improvement (Figure 5). The material was disturbed by the digging action,
but only that adjacent to the crest was washed downstream.

In Test 6, the riprap contiguous to the crest was lowered 2- feet and
extended to 25 feet upstream (Figure 5). This arrangement was considered
satisfactory when only one or two small rocks were moved over the crest.

In Test 8, the riprap width was reduced to 20 feet to ascertain if
this reduction were feasible. Less desirable conditions resulted, and
the 25-foot width was used in all subsequent tests. A more complete
investigation on a wider sectional model with a deeper sand bed and the
rock thickness increased to 3 feet (Test 33, Figure 7) showed that
excellent conditions existed on the upstrean side of the dam for all
flows up to and including 150,000 second-feet with tailwater elevation

2 feet below the minimun estimated. 1In later tests the stability of the
material upstream with a tailwater 4 feet below the minimum estimated also
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Observotiions were made at various discharges from 5,000

to 150,000 second-feet. The toilwoter curve used was two

feet higher than the minimum estimated. From 5,000 to

30,000 second-feet the flow over the crest was below critical

with no erosion downstream of sill and very little upstream

ofthe crest. Above 30,000 the jump was submerged and sand
= was deposited downstream of the crest and on the apron.
Severe erosion occurred upstream of crest. This erosion
appeared the most severe ata dischor?e of 100,000 second-
feet. Holes varying from five to ten feef deep were being
continuously dug and filled upstream of the crest.

NOTE
FOR ALL SUBSEQUENT TESTS OBSERVATIONS WERE MADE AT DIS—
CHARGES OF 5,000, 15,000, 30,000, 50,000, 100,000 AND 150,000 SEC~
OND-FEET AND THE MINIMUM TAILWATER CURVE USED. EACH DIS-
CHARGE WAS RUN APPROXIMATELY FIVE MINUTES.

IESS TS
Two identical runs were mode. In one,at approximately 60,000 second-
feet, the riprap on the right haif of the test section went over the crest
leaving a hole i2 feet deep which soon filled with sand. By the time
100,000 second-feet was reached, most of the riprap had gone over
the crest. Holes varying from 5to 10 feet deep were continuously
dug and filled upstream of the crest. No serious erosion occurred
downstream of the sill.
In the other run the erosion upstream was more ?ncducl causing the
riprop to settle on approximalely i15.1 slope upstream from the crest.
Less riprop went over the crest and the erosion downstream
became severe at 60,000 second -feet. The floor atelevation
2165 was swept clean at a point 24 feet downstream from the bucket
lip. In the first run the severe erosion upstream caused less erosion
downstream. In the second the moderate erosion upstream caused
more severe erosion downstream.

TEST 4
The upstream erosion was improved over test 3. Some riprap was
still being carried over, particularly that immediately upsiream from
the crest. Erosion downstream was very severe. Af 50,000 second-
feet the floor at elevation 2165 was swept clean from 12 to 24 feet
downstream from the sill.

TEST &
Set-up same as test 4 except the siuur‘e sill replaced by Rehbock
sill. The results were the same as fest 4 indicating that apron was
too short.

TEST 6

El. 2165 " 77}

The upstreom conditions were very satisfactory. Only two pieces
of riprap went over the crest At the completion of the test the
riprap hod setftled opproxmotely 2 feet. There_was no serious
erosion downstream trom the sill"at any flow. The worst scour

EliR S

TEST 6
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TEST 12
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I"TO 2' RIPRAP---~
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TEST 13

TEST (3
Apron shortened 4 feet.
Much enrosion occurred downstream from the sill at 30,000 second-
feet. This become Wworse at 50,000. The opron was evidently
too short.

[SECTION WAS 20"(MODEL ) WIDE]

conditions occurred ata discharge of 50,000 second-feet. The
apron appeared to be longer than necessary.

TEST 8
Apron shortened 4 feet.
The conditions downstream were as good orbetter than test 6.
There was some undermining atthe upstream edge of the riprap.
It appears that the 25 feet of riprap upstream would be safer,also
that more scour below the apron would result when no sand was
carried over the crest.

TEST 9

Some as test 8 except sand was removed from the upstream side
of crest. More severe scour resulted below the apron.

TEST 10
Apron shortened 6 feet
Riprap extended 25 feet upstream and dropped to elevation
2178 immedictely upstream from crest. No apparent change in
erosion due to shortening of the apron.

TEST 11

Apron shortened 83 feet.
Same as test 10

TEST 12
Apron shortened 115 feet.
The surface of the jump at a discharge of 30,000 second-feet was
very rough, otherwise the erosion and flow conditions were satis-
factory at all discharges.
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Figure 6

FITS ADJACENT TO UBSTREMI FACE CF Daii NEaR PHE LEXT ZKD.

FITS AT LEFT END CF SPILLWAY AND ADJAIENT 20 79WE INAKLS WCHKS.

PITS VHICH WERE CONTINUALLY BEING DUG AND FILLWD
TEE UPSTREAu FiCE OF SPILLWAY DURIFG i DISCHARG
130,000 SECOND-FLET WITHCUT RIPRAP IN PLACE.



FIGURE 7
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e EL21737
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FLOOR ELEVATION 2152
[
IRESIISS)
TEST 33 TEST 34

Set-up as shown in the sketch. Atest section 48 feet wide was used. Discharges of
10,000, 25,000, 50,000, 100,000 and 150,000 second-feet were run. Three different
tailwater curves were used: Debler's curve, minimum estimated curve and a curve
two feet less than the minimum estimated(as per drawing " Tailwater Estimates” by
C.J.H. dated 9-9-35). Each discharge and failwoter was run until a fairly constant
condition was reached.

the minimum estimated.
sill. The sand adjacent to the sill was in constant movement to a depth of approximately
five feet below the apron (elevation 2173). When the run was completed the sand wgs
at elevation 2171 just dawnstream of the sill The bed had scaured toan elevation of
2159 at a distance af 72 feet downstream fram the sill.

TEST 38

TEST 36
Some set-up as test 35 except the cut aff wall around the abutmet was raised

vertically ta elevation 2204 The same procedure was followed as in test 35
At high discharges with the tailwater two feet below the minimum estimated,
the standing wave formed several feet downstream from the end of the sill.

Apparenly the apron was tao short far the law tailwater. Good results were
prevalent at thelower tailwater elevotions up fo and including 100,000 secand-
feet. A discharge af 150,000 second-feetwith tailwater at minimum estimated
and above, for 25 minutes, gave very good results. An additional 35 minufes
with the tailwater lowered fwo feet gave considerably more erosion. The sand
and riprap settled two feet ta four feet below the apron(elevation 2173) just
abutment was slightly greater than at any other paint.

At the end of the run tae scour was ta elevation 2155 at a point 42 feet down-
stream from the sill.

TEST 38

Same astest 35 except the 2 | paved abutment slope was changed ta a 131 slope.
The same procedure was followed as in test 35 The steeper slope caused more
erosion downstream from the abutment. The riprap near the downstream corner of
the abutment commenced to roli_at 100,000 second-feet, with the tailwater elevation
accordingto Debler's curve.- The lower tailwater elevations increased the
erasion. A flow of 150,000 second-feet for a period of 40 minutes scoured a hote
35 feet wide by 72 feet long to the floor at elevation 2154. The upstream end at this
elevation was about 50 feetfromthe end of the apron. The sand and riprap
immediately downstream from the apron was washed out and settled to elevation
2167.

C The results were satisfactory for all tailwater elevations and
discharges except for a discharge of 150,000 second-feet with atailwater two feet below
At that tailwater the roll farmed 8 feet downstream from the

Same set-up as test 33 except three feet of
riprap was placed for 3C feet down-stream
of the sill. The riprap varied fromsix inches
fotwo feet insize. Runs were made similar
tothose of test 33. There was no appreciable
difference from the results obtained in test
33. At 150,000 second-feef the riprap was
carried ta elevation 2160 from a point 28
feet downstream of-the siil fo a point 76 feet
downstream of the sill.

1

TEST. 26

Set-up as shown in sketch. This abutment was the
same as that anthe specification drawing ¥25-D-1300
except the upstream part of the abutment was moved
15 feet upstream. The same discharges and tailwater
curves were used as intest 33. The conditions on the
model were satisfactory up to and inciuding 100,000
second-feet. At 150,000 second-feet satisfactory candi-
tions existed with the minimum estimated tailwater and
with the tailwater elevation accordingto Debler's curve.
With atailwater one foot below the minimum estimated,
the riprap at the downstream corner of the abutment
started ta wash out. With a tailwater two feet below

the minimum estimated, a hole was scoured fo eleva-
tion 2154 in 50 minutes. The hole was gpproximately
20feet wide and 48 feet long withthe upstream end about
eight feet downstream from the end of the abutment.

TEST 37

Set-up same as test 36 except the apron was
lengthened i1} feet, making its total length 263
feef. The model! discharge was gradually
increased ta 150,000 second-feet. This discharge,
with the tailwdter two feet below the minimum
estimated, was maintained for 30 minutes. The
scour was much less than in test 36. The sand
and riprap settled taelevation 2172 immediately
downstream from the sill. The scour was ta
elevation 2160 at apoint 28 feet downstream
from sill,
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indicated ample protection. The upstream arrangement, as shown in
Test 6, except with 3 feet of riprap was used in the flnal design of the
prototype (Section C-C, Figure 30).

Study of Protection Downstream from Spillway in 1:24 Sectional Model (1936)

Preliminary visual tests concerning the protection downstream from
the spillway indicated that the original design of cross-section of the
dam (as built in 1906) would serve for all discharges if sufficient
tailwater depth were maintained. Since there was no accurate tailwater
rating curve, the structure was at first studied using the minimum
estimated tailwater curve (Figure 3).

In Test 1, with a 2-foot Rehbock sill at the end of the apron
LO feet downstream from the upstream face of the dam (Section B-B,
Figure 2, and Test 1, Figure 5), there was practically no scourlng of
the riverbed fer any dlscharge indicating that the apron was too long.

In Test 2, the apron was remcved and a sill placed immediately
downstream from the original crest section with a 10-foot strip of riprap
L4 feet in thickness immediately downstream from it. This arrangement
gave practically the same results. Subsequently, the tailwater elevations
used in the first two tests were found to be 2 feet above the minimum
estimated, and the satisfactory restlts were attributed to this fact.

An upward sloping curve added to the downstream end of the crest
section to form a bucket (Test 3, Figure 5) was tested with the minimum
estimated tailwater, and no riprap downstream from the dam. Two identical
runs on this arrangement gave different results. In one the rapid move-
ment of the material from the upstream side of the dam replaced that which
was washed away downstream with the result that there was very little
scouring indicated. In the other, a more gradual transportaticn of
material from upstream allowed the scour.to reach the floor of the model,
elevation 2165, 24 feet downstream from the edge of the bucket in a very
short time. The conditions in both cases were obtained between flows of
60,000 and 100,000 second-feet.

A 1-foot square sill placed at the downstream edge of the crest
(Test L, Figure 5) was very unsatisfactory as was a 2-foot Rehbock sill
placed in the same position. At 50,000 second-feet severe erosion
occurred, which exposed a large area of the model floor.

As the original desien of apron arranzement with an overall length
of 40 feet had not been tested with the minimum estimated tailwater, it
was reinstalled (Test 6, Figure 5). Very little erosion occurred at any
flow up to and 1nc1ud1np 150 000 second-feet. Thus, the apron awveared
longer than necessary. The apron was shortened by increments to 36 34,
31-1/2, 28-1/2, and 26 feet (Tests & to 13, inclusive, Fioure 5). The
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scour increased as the apron length decreased, but did not appear serious
until the 26-foot dimension was reached. The 28-1/2-foot length (Test 12)
was considered satisfactory, although considerable erosion occurred when
no material was passing over the crest. To te on the safe side, an
overall length of 30 feet was recommended (Section B-B, Figure 27)

Pressures and Water Surface Profiles

Water surface profiles and pressures over the crest (Tests 29 to 32,
inclusive) were taken for different tailwater elevations and discharges,
using the 28-1/2-foot length of apron. Slight negative pressures
(Figure 8) occurred on the crest at discharges of 25,000 and 50,000 second-
feet, but became positive for all higher discharges.

Model Study of Right Abutment to Scale of 1:25,(1936)

The intermediate wall in the model was remOved, giving an arrangement
representing the right abutment according tc the orlplnal design and ahout
60 feet of the adjacent prototype crest. Tests 14 to 22 were made- to
study the flow conditifns in the vicinity of the risht abutment to deter-
mine necessary alterations to prevent serious erosion. The minimum
estimated tailwater curve was used. Severe scour occurred downstream
(Test 14) from the end of the apron and along the cutoff wall of the
original abutment with a discharge of 150, OOO second-feet (F1~ure 9-A and
B). Visual tests indicated that improvement might be obtained by extend-
ing the upstream portion of the abutment. It was extended upstream in
increments of 10, 10, and 5 feet (Fisure 10). No appreciable change
resulted after the flrst extension. The second, however, gave more accept-
able 3onditions while the third proved entlrelv satlsfactory (Fipure 9-C
and D).

During these investigations, all the riprap covering the sloping
concrete surface of the right abutment was washed away except that on
the downstream corner. The surface of the broken rock was therefore
lowered to the elevation of the top of the cutoff wall. The strips of
paving on the 3:1 slopes on the upstream and downstream sides of the
abutment next to the bank were not considered necessary so were replaced
by riprap which proved very satisfactory. These slopes were therefore
riprapped for all subsequent tests.

Shortly after obtaining a reasonable desigsn of the right abutment
capable of withstanding a flow of 150,000 second-feet with the minimum
estimated tailwater curve, additional information on the characteristics
of the riverbed 1ndlcated the tailwater might be lower than used in
previous tests. The model was then tested (Test 19) using an arbitrary
tailwater curve 2 feet below the minimum estimated, Figure 3. Downstream
material, including riprap, was carried away, exposing the downstream
cutoff wall to a considerable depth. Improvement occurred when the

13
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A. RIVER BED BEFORE RUN. 3. RIVER BED AFTER RUN.

ORIGCINAL DESIGN.

D. RIVER BED AFTER RUK.

C. RIVER BED BEFORE RU¥.
ORIGINAL DESIGN WITH UPSTREAM SECTION OF ABUTENT :(CVED 256 FEET UFSTRZA.

EFFECT OF LENGTHENING UPSTREAM SECTION OF RIGHT ABUTMENT
DISCHARGE 150,000 SECOND-FEET - MINIMUM ESTIMATED TAILWATER.
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PLAN OF THE ABUTMENT AT THE RIGHT END DAM
TEST 16

DIMENSION "A" EQUALS 10 FEET

The discharge was brought up to 150,000 second-feet, stopping momentarily at 50,000

and 100,000 second- feet. The riprap (elevation 2173), adjacent to the concrete

abutment and approximately 50 feet downstream from the sill, started to wash out

In less than two minutes a hale was dug, in this area, to the model floor at

elevation 2165 It was evident that the upstream abutment should be moved further
upstream. Except as noted, the flow about tre rest of the model was entirely satisfactory.

V=S AT
DIMENSION "A" EQUALS 20 FEET
The discharge was brought up to 150,000 second-feet, stopping momentarily at 50,000
and 100,000 second-feet. Some of the riprap (elevation 2173), at the downstream
corner of the abutment, washed out; the remainder settied until the top of it was
approximately at 2170. The model was run for 45 minutes with no further change noted.
The riprap in this area was between 6inches and 2 feet in size. It seemed probable
that if only 2 -foot riprap had been used no erosion would have occurred.
TEST I8
D-MENSION "A" EQUALS 25 FEET
The discharge was brought up to 150,000 second-feet, stopping momen*tarily at 50,000
and 100,000 second-feet. Condition were very satisfactory. There was no tendency
for the riprap (elevation 2173) clong the edge of the downstream abutment to move.
The model was run for sixty minutes with no change in condition.
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downstream edge of the abutment was extended level at elevation 2173
(Figure 11), but prolonged operation produced severe erosion. The
streamward side of the downstream abutment section was made vertical b
removing the portion of the 2:1 paved slope below the crest (Figzure 11§,
but this gave no improvement in scour conditions. Several minor alter-
ations to the apron, including variabtle length sections in this vicinity
gave slight improvement. However, the shallow sand bed below the model
and the short approach to it were believed to contribute to the severe
conditions, so the model was reconstructed before additional tests were
conducted. This design, which had proven satisfactory with the minimum
estimated tailwater was then considered inadequate when severe scour
(Test)35) occurred along the downstream edge of the abutment (Figure 12-A
and B).

Practically the same results were obtained with a vertical abutment
(Figure 12-E and F). Slopes of 1-1/2:1 and 3:1 on the streamward side
of the abutment gave more erosion than the original 2:1 slope,

Figure 12-A and B and Figure 14-A and B. The 2:1 slope was used in all
subsequent tests.

The investigaticn of numerous variable length aprons adiacent to
the abutment (Figure 13) resulted in a design (Test 42) which would,
without too much erosion, handle a flood of 150,000 second-feet
(Figure 14-C, D, E, and F). There was very little scour with *he minimum
estimated and higher tailwater elevations. Lowering the tailwater 1 foot
increased the erosion slightly, while dropping it an additional foot
materially increased it. The results were not considered critical because
the cutoff walls were not completely exposed and very little of the riprap
adjacent to the structure was washed away, most of it settling as the fine
sand was washed away from between the particles. This design (Test L2,
Figure 13) was recommended and was embodied in the construction of the
prototype during the Winter of 1936-37.

Field Data on February 1937 Flood

On February 7 and 8, 1937, a few days after completion of the
reconstruction of the prototype, a flood with a peak capacity of
68,000 second-feet passed over the dam. The meandering of the river
upstream caused the flood to be concentrated near the intake structure
(Figure 15), thus distorting the relation between tailwater and headwater
to such extent that the riprap protection downstream from the apron in
this area was washed away. With the possibility of larger floods, these
conditions were critical. A laboratory reinvestigation was necessary.
A model was built to a scale of 1:48 to represent the entire spillway
and the approach and tailwater conditions (Figure 16). This model was
also constructed and studied in the Colorado Agricultural Experiment
Statien at Fort Collins, Colorado. As additional area was then available
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FIGURE

TEST 19
Same set-up as test 8. A tailwater curve two feet lower than the minimum estimated
(as per drawing "Tailwater Estimates", dated 9-9-35, C.J.H.), was used. No serious
erosion occurred from O to 100,000 second- feet. At 150,000 second-feet, as in test 16,
the region around the down-stream edge of the abutment was eroded to the model floor
(elevation 2165). It required 15 minutes to erode to the floor as agafnst two minutes in
test 16. The magnitude of the erosion was about the same in both tests. The scour

downstream of the sill was comparable with that of test 16 and was not considered serious.
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PLAN OF ABUTMENT
TEST 20

DIMENSION A" EQUALS 25 FEET
Set-up os shown in sketch. Same tailwater as Test [9. No serious erosion occurred from
0 to 100,000 second-feet. At 150,000 second-feet the sand downstream of the abutment
started to erode. After 50 minutes at this discharge a hole,commencing 28 feet downstream
of the abutment and 28 feet long, was scoured to the floor at elevation 2165.
ITEST 21
DIMENSION "A" EQUALS 30 FEET

Set-up as shown in sketch. Same tailwater as test 9. Same results as test
20. No sand coming over the dam in tests 20 and 2I.

JEST 22
DIMENSION "A" EQUALS 30 FEET
Set-up as shown in sketch except triangular sill two feet high was placed at

the downstream edge of the level part of the abutment (elevation 2173). Same
results as test 20 except the scour was more rapid.

VTEST 28
Same os test 2| except there was no riprap downstream of the crest. Erosion
was more severe than in test 2I.

. TEST 24 i
Same as test 2| except an area 42' x 60' downstream from the abutment was rip- SEGTION
rapped three feet in depth, level at el.2173. A discharge of 150,000 sec.-ft. TEST 22
for 90 minutes proved satisfactory.Riprap 20 feet downstream from edge of
abutment settled to elevation 271 and the floor was exposed beyond the end
of the riprapped area.
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Figure 12

e B, Ba RIVER BED AFTER RUN.

‘C. RIVER BED BEFORE RUN.
STREAMUAR

E. RIVER BED BEFORE RN. F. RIVER BED ..FTHEN R7.
STAEAINARD SIDE CF ABUTUID T THEFT TTak

TOLPARISUY LF DIFFERBNT ABUTMENT SLOPES - DISCHARGE 150,000 SECCYD-FEET
WITH DaloiaTER TWC PFEET BELCYW THE AINIMULL ESTIMATED.



FIGURE 13

TEST Y
Same setup as test 35, except the 2:| paved abutmen slope was replaced by a 3.l slope. The same procedure
was followed as intest 35. Some erosion occurred 30 feet downstream from the end of the apron for 100,000
second-feet with the tailwater according to Debler's curve. The riprap along thé downstream portion of the
abutment rolled downstream and a hole 3 feet deep was formed. As the tailwater was lowered the hkole became
deepenr but always reached a point of stability and never eroded deep enough to expose the bottom of the cutoff
wall. With a discharge of 150,000 second-feet and the tailwater elevation according to Debler's curve a hole was
scoured tothe floor (elev.2154) in 15 minutes. Ten minutes at the minimum estimated tailwater and ten minutes
at two feet below minimum estimated increased this scour. At the end of the run an area 38 feet wide by 60 feet
long with the upstream end about 70 feet downstream from the sill was scoured to the floor (elevation 2154).

TEST 40

Same as-test 35 except variable length apron was used(see
sketch). The same procedure was followed as in test 35. Condi-
tions were satisfaztory for all discharges upto and including
150,000 second —feet with the minimum estimated tailwater. At
100,000 second-feet, with the tailwater two feet below the

i minimum estimated,some of the riprap was rolled away from below
the sill at a point directly downstream from the intersection of the
crest and the 2.l slope. Erosion in the above mentioned area
became severe at 150,000 second-feet with the tailwater elevation
two feet below the minimum estimated. These flow conditions
were maintained for 35 midutes. At the end of the run the scour
was to elev. 2160 along the cut-off wall directly downstream from
the intersection of the crest and the 2:| slope. No erosion
occured elsewhere.

IIRE SRR

Same as test 40 except variable length apron altered and a
4-foot Rehbock sill placed at the downstream edge of the abutment

s only {see sketch). The same procedure was followed as intest 35.

Satisfactory results were obtained for all discharges up to and
jl including 150,000 second-feet with the minimum estimated tail-
P water. With the minimum estimated tailwater very slight erosion

- occurred immediately downstream from the large sill. This dis-

t TEST 40 “t charge with the tailwater two feet below minimum estimated
eroded this area to elevation 2/63. The sand and riprap
immediately downstream from the rest of the apron settled to
elevation 2167 :

TEST 42

= Same as test 40 except a 4-foot Rehbock sill was used on the
portion of the apron farthest downstream. Also, 2-foot placed
riprap five feet in depth,was extended 20 feet downstream from
the 4-foot sill. Twelve runs of 20 minutes each were made. The
sand bed was not disturbed between.runs,thus giving very
severe operating conditions during the latter part of the test.
Runs were made at discharges of 25,000,50,000, 100,000 and
150,000 second-feet with tailwater elevations according to three
curves (fig. 25-2-3-PCD-8). Very satisfactory results were
obtained for all discharges with tailwater elevation according fo
Deblerts curve and the minimum estimated curve. Conditions
with tailwater according to the arbitrary curve were more
severe but the scour adjacent to the cutoff wall was not below
elevation 2166. The sand and riprap immediately downstream
from the dentals setiled to elevation 2i68.

TEST 41
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in the laboratory, the restrictions of space prevalent at the time of
the construction of the 1: 2h model of a section of the structure did not
then exist. - S

The model was constructed of concrete placed between sheet metal
templates which served as guides for screeds in shaping the surface of
the model dam. The dentated sill was made of redwood and was fastened
to the spillway apron by bolts embedded in the concrete. The model was
placed directly on the floor of one of the laboratory tanks, and the area
representing possibly 2/10 of a mile of the full width of the riverbed
was enclosed by low wooden walls made watertight with asphalt emulsion.
Brass rods 1/4 inch in diameter were fastened to strips of galvanized
metal placed on the tank floor. The tops of these rods served as guides
for placing the sand and gravel which represented the topography.

A maximum model discharge of 9.39 second-feet, corresponding to a
prototype discharge of 150,000 second-feet was measured by a 4-foot
Cipolletti weir. Rock baffles quieted the flow before it entered the
streambed above the dam. An adjustable weir at the downstream end of the
model was used ta regulate the tailwater.

The field data shown on Figures 17 and 18 and on a number of
photographs received after the flood of February 7 and 8, 1937, were
used in adjusting the performance of the 1:48 model so that it would
represent the prototype conditions as far as feasible.

Studies on 1:48 Model of Power Canal Diversion Dam (1937)

In the preliminary tests the flow upstream from the dam was
concentrated to approximate the prototype conditions shown on the photo-
graphs taken during the flood (Figure 15). The concentration of flow near
the intake structure could not be maintained in the model with the riverbed
built of fine sand. The sand upstream from the model spillway crest was
replaced by a cOarse gravel. Tests indicated inadequate scour protection
for the left end of the dam with dlscharges above 60 000 second-feet and
the tailwater 2 feet below the minimum estimated. Because of the close)
agreement up to 40,000 second-feet between the tailwater in the field
during the first part of the 1937 flood and the arbitrary curve used for.
testing the 1:24 model, that curve was used for these investicaticns. )

Scour contours for the February 1937 flooed, with the secticn of tﬁe
old dam downstream from the left side and usins 51 000 second-feet for
the peak flow, checked the prototype remarkably well (Fisure 17). The
results would have checked even better had a peak flood of 67,300 second-
feet been used on the model, as it was later determined that the peak
flow was of that order. After a discharge curve prepared from current
meter measurements of the February flood failed to agree with a previous
United States Geological Survey rating curve, the peak flow on the model
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was checked to determine if a more likely extension of the rating curve
(Flgure 18) were correct. Two staff gages were installed in the model,
one 30 feet (prototype) upstream from the crest axis on the left 1ntake
wall, and the other on the 2:1 slope of the right abutment at the axis

of the dam. Prototype flows of 17,500, 25,750, 42,800, and 51,000 second-
feet for which field data have been obtained were used for the test. The
staff gages were observed for each flow, and the depth on the crest was
obtained over the entire length of the dam. For the first two flows the
surface on the wall of the intake section checked the prototype elevations,
while those at the richt abutment were too low. These lower elevations
were attributed to a relatively smooth and differently arranged streambed
below the model dam. The tailwater was raised until the proper elevation
was obtained at the abutment. It was necessary to raise the tailwater fr
to elevation 2182 for a discharge of 17,500 and elevation 2184 for

25,750 second-feet. The staff reading at the intake was not affected by
the increase in tailwater depth, so this method was used for subsequent
runs for which prototype data were available. When an attempt was made

to check the water surfaces for 42,800 and 51,000 second-feet, an unrea=-
sonably deep tailwater was required to give the proper reading on the
intake staff gage, and the water surface at the right abutment was
considerably above the recorded prototype elevation when the intake gage
read correctly. This condition was corrected by maintaining the desired
water surface elevation at the right abutment with the tailwater regulating
device, while increasing the flow until the desired reading was obtained
on the intake staff gage. A discharge of 50,000 second-feet was required
to obtain water surface elevations comparable to the prototype for the
estimated 42,800 second-feet, while 67 300 second-feet were necessary to
give the proper elevation for the estlmated 51,000 second-feet. From
these studies it was concluded that the maximum discharge for the flood

of February 7 and 8 was nearer the 68,000 second-feet obtained by a smooth
extension of the rating curve (Flgure 18) than the 51,000 second-feet
obtained by extension to fit the old United States Geologlcal Survey rating
curve. Discharges of 100,000 and 130,000 second-feet were also studied.
The absence of prototype data for these discharges made it impossible to
extend the rating curve accurately. However, the prototype curve should
not vary much from the approximate exten51on obtained on the model. The
water surfaces across the dam for the various flows were plotted, and a
new rating curve for the staff gage on the intake wall obtained. A new
rating curve for the United States Geological Survey station, including
discharges up to the peak flood, was also prepared from these data

(Figure 19).

As soon as the prototype flood data had been checked, studies to
obtain a design capable of handling 130,000 second-feet w1th a tailwater
2 feet below the minimum estimated, were bepun. A solution for this
discharge was sought first because it was the largest discharse that the
laboratory pump could conveniently supply for a 2-hour run.

2f
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The height of the dentated sill was increased to 3 feet (Test 14,
Figure 20), as the first step in preventing scour below the apron, but
no appreciahble improvement was noted.

A solid 20-foot strip of pavement without a sill placed downstream
from the apron, sloping from elevation 2173 to 2170 (Test 13) improved
conditions but did not eliminate erosion near the left end of the dam,

A solid 25-foot extension sloping from elevation 2173 to 2169 with a
3-foot dentated sill at the downstream end (Test 16, Figsure 20) proved
very satisfactory except at the extreme left end below the intake section.

An articulated extension of 20 feet slopin-: from elevation 2173
to 2169 with a 3-foot Rehbock sill at the end (Test 17, Firure 21) also
gave ample downstream protection to the central portion of the spillway
but failed to protect that porticn of the riverbed downstream from the
intake.

Extensions and additions of various types were used to prevent scour
downstream from the left end of the dam and intake (Figure 17). None
proved entirely satisfactory when the model was operated for an appre-
ciable length of time until the left intake wall below the dam was
straightened and used in conjunction with the articulated apron. For
all arrangements except this the eddy which formed immediately downstream
from the intake next to the bank whirled the sand and riorap from behind
the sill and exposed the cutoff wall to a depth of at least 6 feet.
Apparently the straightened wall assisted in improving the conditions for
the relation of head and tailwater used.

About the time the articulated apron was heing sericusly considered
as a solution, additicnal field data were obtained which indicated that
a lowering of the tailwater had taken place after the peak flood in
February 1937. To be on the safe side a tailwater curve 4 feet below
the minimum estimated (Ficure 3) was used in further studies. When this
tailwater relationship was used on the previous arrancement of downstream
protection, severe scour resulted reaching elevation 2159 near the
downstream edge of the right abutment and elevaticn 2155 below the intake
section in 2-1/2 hours (model). The scour downstream from the intake
section was not considered serious as a rock channel was indicated in
that area.

This rock channel was installed on the model (Test 20, Figure 21),
and different arrangements made around the risht abutment using varia-
tions of the articulated apron to prevent scour downstream. None of the
designs worked satisfactorily because the short apron sections became
undermined and dropped with the result that the material washed away
from the cutoff wall of the existing apron and the scour eventually
reached the same depth in each case.
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POWER CANAL DIVERSION DAM

SUMMARY OF TESTS

12 TO 16 INGL.

NOTE FOR ALL TESTS
The m 1leldischorge representing 130,000 second-feet was maintained for 2% hours with the tailwater 2-

feet below the minimum estimted.
anticipated on the prototype.

Flow was concentrated on left end of spillway to represent conditions
Grovel was used to represent the river bed upstream from the dam and
practically no sand passed over the spillway during the tests.

The material used for riprap passed

through a 5-inch mesh and was retained on a #-inch mesh screen.
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§ TEST 16

TEST |2
The model arrangement was the some as the finished
prototype (Jan. 1937) except for a variable length
apron with 4-foot dentals added to the left end of the
structure. In this test the cut-off wall of the apron,
except in the region of the variable length apron was
exposed to a depth varying from 4 to 6 feet,
The scour reached elevation 216! approximately 40
feet down stream.from the spillway apron.

TEST &
Some as test 12 except for the addition of a 20 foot
sloping apron without a sifl on its dowstreom end,
which was at elevation 2170. No improvement in the
scour was noted over test 12. .The scour reached
elevation 2I67 just downstream from the end of the
apron.

TEST 14
Same as test 13, except for a 3-foot sill placed down-
stream from the intake section and along the ‘end of
the sloping apron; also the 20 foot sloping apron was
continued across to the left abutment and the down
steam end of the variable length apron below the
intake section was mode level at elevation 2170. No
serious erosion was observed except in on area
imediately downstream and to the right of the intake
section where the scour reached a depth of 7 feet
below the apron.

IREISITEN[IS
Same as the finished prototype (Jon. 1937 ) except a 3-
foot sill, extended to the left intake wall, was used
in place of the 2-feet sill. The scour was serious
downstream from the left intake wall of the structure
exposing the cut-off wall to a depth of 7 feet in
many places.

TEST 16
Same osthe finished prototype (Jon. 1937 ) except a
25 foot sloping apron with its downstream end at
elevation 2169 was added. A 3 foot sill was placed on
the end of this apron. No serious scour occurred
except just downstream from the intake section. The
results were not appreciably different from test (4.
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POWER CGCANAL DIVERSION DAM

SUMMARY OF TESTS

TEST e

TEST 20

TEST 23 & 26

I7 TO 26 INCL.

TEST I7
Some as finished prototype (Jan. 1937) except a 20-foot articulated apron
sloping from elevation 2173 to elevation 2169 with 3-foot Rehbock sill at
its downstream end,was placed along the downstream edge of the spillway.
Apron sections were ten feet wide. The left intake wall was straightened.
There was no scour just downstream from the sill. However, when an additio-
natl run of 2 hours wasmade with the tailwater 4-feet below the minimum
estimated, serious scour occurred downstream from both abutments.

TEST 18
Some as test 17 except three short apron sections were extended 2 feet,
3 feet and 4 feet downstream from the 3-foot Rehbock sill to prevent scour
at low discharges with no tailwater A discharge of 20,000 second-feet
was run with a tailwater of 2173, No serious erosion occurred along the
apron either with or without the apron extenions.

FOR ALL SUBSEQUENT TESTS THE TAILWATER USED WAS 4-FEET BELOW
THE MINIMUM ESTIMATED INSTEAD OF 2-FEET BELOW.

RESHNIC
Some os finished prototype (Jon. 1937} except that on articulated apron
extending 20 feet downstream and sloping from elevation 2173 to 2169, with
a 3-foot Rehbock sill ploced at the downstream end,was piaced across the
entire length of the spiliway. The left intake wall was stroigntened and
rack topography was placed in the left side. Serious scour occurred
downstream from the intake along the sharp edge left anthe rack topography.
Scour occurred to elevation 2161 downstream from the right abutment.

TEST 20
Same as test 19 except that the rock topography was revised to more ciosely
approximate the prototype,also, a Iongér articulated apron wasused down-
stream from the variabte length portion near the right abutment. Improved
scour conditions were noted downstream from the intake section, while those
at the right abutment were worse.

TEST 2l
Some as finished prototype (Jan. 1937 ) except an apron level at elevation
2173, with a 3-foot Rehbock sill at its downstream end, was extended 30
feet downstream. 4-foot sill at right abutment was extened 38 feet to
the left. 5 sections of articulated apron,20 feet long were placed down-
stream from the right abutment and the left intake wall was straight.

“No serious erosion occurred except downstream from the right abutment

where the scour reached elevation 2155.

TEST 22
Same as test 21 except 3 sections of articulated apron were used instead
of extending the 4-faot sill 38 feet to the left. Serious scour, reach-
ing on elevation of 2151 still occurred downstream from the right abut-
ment.

TEST 23
Same as finished prototype (Jon. 1937) except an apron sloping from elev-
ation 2173 tc 2169 wos extended 25 feet downstream with a 3-foot Rehbock
sill on the downstream end of its central portion. Additional extension
near the right abutment level ot elevation 2i69. 3-foot trapezoidal sill
downstream from both abutments. Noserious erosion resulted during the
first runso the model was operated on odditinol 2 hours at a discharge
of 150000 second-feet with the foilwoter at 4 feet below the minimum
estimated. The rear of the sill was still covered with sand except on the
rock topography in the region of the intake section.

TEST 24
Same set-up as test 23 except the 3-foot triangular sill was used across
the entire width of the apron extension. After a discharge of 150,000
second-feet for 2§ hours the bock of the sill was still completely covered.
The slope of the sand downstream from the sill was much steeper than in
test 23

TEST 25
Same set-up astest 23 except o 20-foot sloping apron ta elevation 2169
used instead of the 25-foot one. After a discharge of 150,000 second-feet
for 2 hours, the erosion was greater thon at the end of test 23.

TEST 26
Same set-up as test 23. A cumulative test was mode using discharges of
30,000, 60,000, 90,000, 120,000 and 150,000 second-feet with the toilwater
4-feet below the minimum estimated. The results were satisfactory assum-
Ing the rock topography downstream from the intake section was correct.




The ends of three sections of the articulated apron were lowered 1,
2, and 3 feet to ascertain what would happen if, in the course of
operatlons some of the sections became lowered. No change was detected
for the 1-foot drop when the model was operated for 2-1/2 hours at
130,000 seccnd-feet. Cnly slight scour occurred with the 2-foot lowering,
while severe scour with undermining back of the cutoff wall of the
existing apron was obtained fcr the 3-foot drop. The severe action in
the latter case was ascribed tc currents created by the flow of water
through the opening upstream from the sill between the lowered section
and the adjacent section.

A test to determine the consequences of the flash flood with
practically no tailwater downstream from the apron was made. Extensions
of 2, 3, and 4 feet were placed downstream from short sections of the
articulated apron. The purpose of these extensicns was to prevent
erosion by the jets issuin~ from the back cf the downstream sill. In
all cases, the tailwater increased so rapidly that a water cushion
formed on the sloping apron upstream from the second sill and no serious
erosion resulted. Moreover, the extensions never functioned as scour
protection. Of the quantities tested, 20,000 second-feet gave the worst
cenditions. This test was not repeated cn the recommended desiegn, as
it was indicated that the 5-foot additional apron lensth would serve to
improve conditions by lengthenine the cushioning pcol between the sills,
Unless there was severe retrorression of the riverbed, the sill on the
sloping apron would always be submersed when water was flowing.,

The articulated apron desicn was abandoned when a solid sloning
apron gave equal results alonz the central portion of the spillway and
when it seemed impossible tc adequately protect the abutments by using
the narrow apron section. A level apron extending 30 feet downstream
was tested to save the excavation required in constructing the sloping
design. This was nct satisfactory as the maximum depth of scour moved
upstream nearer the avnrcn causing a much steeper slope of the riverbed
immediately downstream from the sill. Articulated sections and solid
extensions helow the right abutment (Flgure 21) were of no kenefit, and
the 25-foot sloping apron with the 3-foot Rehbock sill was arain
installed. A level extension downstream and tc the left of the riczht
abutment with a trapezcidal sill along its edges proved adequate when
the model was operated at 130,000 second-feet for 2-1/2 hours. The
maximum depth of scour which reached elevation 2159 occurred some dis-
tance downstream., S8light improvement was obtained below the intake
when a short length of the 3-foot trapezoidal sill was nlaced at that
end of the apron. Conditions in this region were still severe but were
not considered serious because borings made during the original construc-
tion of the dam indicated solid rock in this region.

After this design had proven satisfactory for 130,000 second-feet,
the laboratory pump was reworked for hisher speed, and the model was

32



tested for 150,000 second-feet. Some increase in erosion was obtained

at this flow but no critical change occurred.. The desiegn was. considered
satisfactory. The model was then operated at- various dischareces to
investigate the conditions throughout the flood rance. Very desirable
results were obtained adjacent to all parts of the structure except the
intake section. The riprap downstream from the apron in this region
washed downstream at 60,000 second-feet, and the conditions became more
severe as the flow was 1ncreased to 150 000 second-feet when a large area
of the model floor, elevation 2151, was exposed (Flpures 22 and 23)

This condition seemed objectionable unless the rock surface below
the intake section was solid and near the elevation shown by borings made
in 1905. Because of the uncertain composition of the foundation and
because of the unknown depth and extent of the rock surface, tests for
improvement were made assuming a riverbed (composed) entlrely of gravel
and boulders. The first attempt involved extensions similar to those
used below the right abutment together with various sill arran~ements.
None of this type proved effective so other methods were tried.

The top of the intake section was raised above the water surface
for 150,000 second-feet. This only served to accentuate the larger eddy
which formed below the intake section and caused the erosien to occur
more rapidly. A wall extended alongside the intake to the end of the
apron made very little difference. These tests indicated that the scour
could be minimized only by eliminatinz the violent eddy and these walls
were removed. The left downstream wall of the intake was replaced hv a
warped wall extending 27.75 feet downstream from the end of the apron.
The conditions were somewhat improved htut not sufficient to warrant the
cost of the chanse in the wall.

Studies of the flow dovmstream from the section indicated the
formation of two distinct prisms of water, cne below the spillway where
the flow nioved swiftly downstream at a low elevation, the other helow the
intake where a hircher tailwater fcrmed due to the decreased quantity of
water per foot passinz over the sluice section of the intake. This latter
prism, or body of water, havins a surface higher than the first crowded
to the risht and directed the edre of the fast-movin~ iet along the
riverbed causing deep scour.

Apparently a separation of these two prisms until they reached
approximately the same tailwater elevaticn would let each nass unmclested
downstream and prevent crowding of the high-velocity jet, thus minimizing
erosion fromr this source. An intermediate training wall seemed the
likely sclution, and one of excessive length and 1¢ inches »nrototype
thickness was 1nstalled (Test 36) dlrectly downstream frcm the right wall
of the intake structure (Floure 24). This wall separated the two todies
of water, as anticipated, practically eliminating the eddr next to the
bank and prcducing about the same depth and slope of erosion on the rirht

)
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Figure 22

R. RIVER 3EDL EFTER COWSTANT COFDIRIGNS WhRW O3%iIWED WIDH 4 FoCW
CF 30,000 3ICL¥D-IELT.

C. RIVER BED AF'TER CISCHARGE OF 60,000 SECCI'D-FEET FOR aM
ADDITICVAL FERIOD OF 50 LIINUTES.

ACCULMIULATIVEL 3COUR FUE VARIOUS DISCHARGES WITH PAILWATER FOUR FEET BELOW
MIYIWU LSTIMATED - SLOPING APRON EXTENSION OF 25 FERT.
REC CiulENDED DESIGN EXCEPT DOWNSTREAM FROM INTALKE SECTION.



Figure 23
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side of the wall as had been previously cbtained helow the central
portion of the spillway. Deeper scour occurred on the left side of the
wall which was attributed to the current directed against the wall by
the warped aprocn floor of the intake structure. The existing prototype
design downstream from the left intake wall was reinstalled and the end
of the apron floor was lowered to elevation 2172.2 adjacent to the wall
to prevent undercutting of the footing durine construction (Figure 24).

A section of the 3-foot dentated sill was placed at the end of the apron.
This alteration eliminated the concentration acainst the left side of the
intermediate wall and less erosion resulted even though the wall seemed
too low.

After this scour-minimizing method was developed, the problem of
obtaining the mcst economical size of wall was studied. The wall was
raised to prevent interference by water flowing over the top onto the
spillway Jet and shortened 22 feet to a point (Test 37) where the dif-
ference in water depth along the two sides of the wall was about 1 foot
prototype at the downstream end. The 3-foot Rehbock sill was moved
upstream until the front face was at the corner of the left intake wall
(Figure 24). The results were substantially the same as with the longer
wall., However, the eddy along the bank became slirhtly more pronounced
and crowded the flow from the intake structure toward the wall causing
slightly more erosion on that side than on the spillway side.

The fact that this increase was at the downstream end indicated that
the wall could not be shortened, especially at the base. The water sur-
face on the intake side seldom reached to within 2 feet of the top, and
the wall was lowered for the next test. With the downstream limit deter-
mined, attention was transferred to the upstream end. The walls previously
tested were constructed partly on the existing prototype apron. As this
complicated the construction, the wall was cut vertical at the junction
of the new and old construction and the upstream end given the shape of a
parabolic pier nose (Test 38). The top of the wall was cut on a slope
making it similar to the design obtained ty model studies for the training
walls on the Marshall Ford Dam (Fisure 24). The wall was overtopped
slightly at 150,C00 second-feet, but this arrangement gave gocd results
with the Rehbock sill in place. The necessity of this sill was clearly
shown when it was replaced ty the trapezoidal shape and the conditions
became more severe below the intake section (Figure 25).

A 2-hour run at 150,000 second-feet produced more scour than in
previcus tests. The wall was revised and .lengthened 10 feet so that its
total length tecame 69 feet and the 2-hour run was repeated. Favoratle
results occurred, especially when compared with a similar run usins no
wall (Figure 26). This intermediate wall (Test 38, Figure 24) was recom-
mended in the event the rock foundaticn near the intake section prcved
unsound or was found to ke at a lower elevation than indicated by the
borings made in 19C5.



A.

A.

River bed before run

River bed before run

B. Discharge 150,000 second-feet C. Bed after one-hour run

REHBOCK SILL

B. Discharge 150,000 ‘second-feet C. Bed after one hour run

TRIANGULAR SIIL
1:48 MODEL
COMPARISON OF INTERMEDIATE TRAINING WALIL WITH
DIFFERENT TYPE OF SILL DOWNSTREAM FROM THE INTAKE SECTION
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Figure 26

A. Without intermediate training wall

B. Wilth intermediate training wall

1:48 MODEL
RIVER BED AFTER DISCHARGE OF 150,000 SECOND-FEET FOR 2 HOURS (MODEL)
WITH TATIWATER 4-FEET BELOW MINIMUM ESTIMATED
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Large objects, such as the displaced section of the orisinal dam,
should not be left immediately downstream from a dam similar to the one
discussed. Undermining at the upstream side of such an object will occur,
and the object is likely tc move upstream tc damage the toe of the dam.

A major factor causinz failure of the oririnal dam was due to
piping resulting from severe scour at the upstream face of the dam. This
condition was shown on the model, but was imnossitle to observe on the
prototype.

The best protection upstream from the dam consisted of a blanket of
riprap 25 feet wide and 3 feet deep placed alonsg the entire lenath of the
spillway (Fiure 30).

Protection for the downstream parts of the dam considered test
prior to the 1937 flood and based on unifcrm flow over the spillway con-
sisted of a 30-foot apron with a 2-foct Rehbock sill at the end. Ninimum
scour was obtained downstream from the end of the anron and along the
cutoff wall of the risht abutment by extending the upstream portion of
the abutment 25 feet, extending the apron in this area, and using a
L-foot instead of a 2-foot Rehbock sill (Ficure 27).

The best redesign for dam protection downstream after the 1937 flood
consisted of:

a. A 25-foct sloping apron extension with a 3-foot
Rehbock sill in the spillway section (Fi-ure 30)

b. A section of level apron, with a 3-foot trapezoidal
sill, extended downstream from the right abutment
(Figure 30), and

c. An intermediate training wall immediately
downstream from the right wall of the intake
structure. This wall is required only of the
rock foundation in this area is proved unsound
or is at a lower elevation than indicated by
the borings made in 1905

Slight negative-crest pressures, that occur at 25,0C0 and
50,000 second-feet flow, are not considered sericus.
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