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DEPARTMENT OF THE INTERIOR
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Hydraulic Laboratory Branch Checked and '
Hydraulic Structures and Reviewed by: J. W. Ball
Equipment Section o Submitted by: H. M. Martin

Denver 25, Colorado
August 1, 1960

Subject: Hydraulic model studies of Glendo Dam outlet Works--Mlssourl
River Basin Project, Wyoming

PURPOSE

The model studies were conducted to investigate the causes of the cavitation
erosion in the stilling basin and to develop the necessary corrective measures
to eliminate the cavitation erosion on the flow surfaces.

CONCLUSIONS

1. The 1:18.4 scale model. of one bay was adequate to study the pressures
along the flow surfaces and the sweepout conditions in the outlet works st111-
ing basm

2. Excessive wall divergence just downstream from the control gates caused
the cavitation erosion along the flared walls, Figure 2A. Installation of the
air-admission equipment with seven 2-inch drilled holes and a 2-1/2 inch by
10~inch opening as vents, Figure 3, will eliminate the cavitation erosion in
the upstream portion of the flared walls.

3. The cavitation erosion in and downstream for the stoplog slots, Flgure
24, w111 be eliminated by filling the slots with concrete.

4. Severe cavitation on the chute blocks was caused by insufficient stream-
lining of the block surfaces. Pressure studies indicated that the installation
of Chute Block 5, Figure 8, will eliminate the cavitation on the chute blocks.

5. At gate openings above 50 percent and certain tail-water elevations, cavi-
tation. erosion may occur on the stilling basin floor immediately downstream
from the chute blocks, Figure 14. No practicable method of rehevmg this
low-pressure region was determined from the model studies.

6. Although no cavitation erosion was detected on the prototype baffle piers -
‘after the 1958 irrigation season, the study indicated that cavitation may occur
on the sides of the pier at near maximum discharges. The streamlining-, ‘Pier
6, Figure 16, is adequate to prevent cavitation on the surfaces of the baffle
piers at all operatingheads and gate openings.
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R
7. The installation of the air-admission equipment and streamlining the
.chute blocks and baffle piers reduced the stability of the hydrauhc jump.

46573
8. Under existing tail-water conditions|and with the reservoir surface
at the top of the flood pool, or elevation feet: (a) the outlet works

stilling basin will safely handle the design dlscharge of 10,000 second-feet
when the powerplant is operating; (b) a combined flow of 10 700 second-feet
can be released through one power unit and thé outlet works without the jump
sweeping out; and .(c) with no flow through the powerplant, the jump will sweep
out when the outlet works discharge exceeds 8,000 second-feet.

9. With the reservoir surface at elevatlon 4640 feet and no flow through the
powerplant, the jump will sweep out when the outlet works discharge exceeds
8,200 second-feet under tail-water conditions existing in 1959.

10. Model pressure measurements in the stilling basin were inconclusive
in establishing the source of the thumping and related vibrations in the"
structure. Sufficient pressure variations to induce vibration were measured
‘along the training wall.

11, Modifications of the chute blocks and baffle piers, as determined from
this study, will have no adverse effect on the erosion in the outlet channel.

ACKNOWLEDGEMENT

“The testing and development program discussed in this report reflects the
cooperative efforts of the Dams Branch, the Mechanical Branch, and the
'Hydraullc Laboratory Branch of the Commissioner's Office, Denver, Colorado.

INTRODUCTION

Glendo Dam is located on the North Platte River about 30 miles northwest

of Guernsey, Wyoming. The intake of the outlet works is located about
one-half mile upstream from the dam and by making use of a "ha1rpin" bend
in the river flow from the outlet works and powerplant enters the river channel
about 3 miles downstream from the dam. The circular outlet conduit supplies
water to both the powerplant and outlet works which adjoin each other and dis-
charge into a common outlet channel, Flgure 1. The outlet works with a
designed capacity of 10,000 second-feet is controlled by three regulating
slide gates, each 7 feet 3 inches wide and 7 feet 9 inches high. The power-
plant has two generating units with a total discharge capacity of 3,400 second-
feet under full generatmg load.

Construction of Glendo Dam was completed in 1957 and water storage started
in October. .Releases through the outlet works began in April 1958 and ranged
between 4,000 and 5,500 second-feet during July. Turbines were being in-
stalled in the powerplant, so no powerplant releases were made during 1958.
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When the outlet works was first placed in operation, an audible, periodic
-thump was noted in the stilling pool at certain gate openings and vibrations
could be felt in the basin training walls and the walls of the powerhouse. 1/
In July when the discharge was increased to about 5,000 second-feet, the
thumping and vibration became more pronounced and the top of the left
training wall was observed to deflect about 1/8 inch. On July 22, the outlet
works was shut down and a diver inspected the flow surfaces in the stilling
basin. This inspection disclosed evidence of cavitation erosion at the be-
gm.mng of the flared walls immediately downstream from the control gates,
in the stoplog slots in the flared walls, and on the sides of the center chute
block in Bay 3. 2/ During the remainder of the irrigation season, releases
were made through Gates 1 and 2 with Gate 3 closed.

In October, the basin was unwatered . and a detailed inspection of the flow
surfaces disclgosed extensive cavitation erosion in the flared walls, at the .
bottom of the stoplog slots, and along the sides of the center chute block in
Bays 1 and 2, Figure 2. 3/ No evidence of cavitation was found on the
baffle piers or at any construction joints.

The extensive damage in the flow surfaces at the flared walls and on the
chute blocks required immediate corrective measures to prevent further
deterioration of the surfaces by cavitation. A hydraulic model was con-
structed and tested to determine the cause of the cavitation and to develop
the necessary corrective measures.

This report discusses the results of that model study.

THE MODEL

The studies were conducted on a 1:18.4 scale model of the outlet works and
downstream river channel, Figures 1 and 22A. Because .of fund and time
limitations, only one.of the three bays was made operative. An existing
gate was modified and installed in Bay 1, and the flow conditions for 3-bay
operdtion were represented by extending the dividing wall between Bays 1
and 2 to the sill at the end. of the basin, thus forming a line of symmetry
at the left edge of Bay 1.

Three-bay operation was represented in the 1-bay model by releasmg one-
third of the basin discharge through the model gate in Bay 1 and setting the

I7 Travel Report "Inspection of Bonnet Cover Leakes in the 7.25- by
7.75-foot outlet gates--Glendo Dam, ""April 29, 1958, by Warren Kohler.

2/ Travel Report "Inspection of Glendo Dam Outlet Works Stilling Basin--
Glendo Dam, " August 27, 1958, by R. W. Whinnerah and W. E. Wagner.

3/ Travel Report "Exammatlon of Outlet Works StJ.llJ.ng Basin--Glendo Dam, "
November 3, 1958, by M. A. Jabara
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tail water for the total basin discharge. ' Sweep-out data obtained from the
1-bay model check reasonably close the operation of the prototype and the
results of the previous model study with three operating bays. Therefore,
this isolating 1-bay model was considered adequate to study the pressure
conditions along the flow surfaces and the sweep-out characteristlcs of the
stllling basin for 1- and 3-bay operatl.on

THE INVESTIGATION
, Genéral

The inspection of the prototype flow surfaces indicated three regions of cavi-
tation damaége that reqmred corrective measures: the flow surfaces along
the flared walls, those in vicinity of the stoplog slots, and those on the sides
of the chute blocks. During the study, a fourth region of probable cavitation
damage was found along the sides of the baffle piers. This condition was
aggravated by changes in shape and streamlining of the chute blocks.

These four regions of low pressure were investlgated more or less simuls-
taneously during the study. For presentatlon in this report, however, each
is discussed separately. .

Extensive pressure data were recorded from piezometer taps placed in
critical regions of the flow surfaces. Single-leg water manometers were

used to obtain the average pressure at the piezometer taps. When the average
pressure reading indicated pressures near the cavitation range, a dynamic
pressure transducer .and Sanborn recorder were used to measure and record
the pressure variations. From these recordings,. the maximum and minimum
"instantaneous'' pressures were obtained.

Several reservoir elevations were used in investigating the structure. Early
in the study, the tests were conducted using heads comparable to the maximum
reservoir elevation of 4669 feet. Between reservoir elevations 4653 and 4669
feet, the uncontrolled spillway will operate and considerably more tail water
will be available at the outlet works which would change the flow characteristics
of the stilling basin. Later in the study, reservoir elevation 4653 feet (top of
flood storage) was used because this elevation is the maximum head at which
the outlet works will operate without additional tail water from the spillway.
Several studies also were conducted using reservoir elevations of 4625 and
4635 which were the representative operating heads during the 1958 and 1959
irrigation seasons.

Reports on the operation of the prototype structure have indicated that com-
paratively small changes in tail water elevation affects the performance of
the stilling basin. Consequently, many of the tests were made at tail-water
elevations other than normal.  The tail water used for a particular test is
referred to normal tail-water elevation, which for the purpose of this study
is 1 foot below the tail-water curve used in design, Flgure 23. The tail-
water curve existing in 1959 falls slightly above the "normal" tail-water
elevations used in this study.
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Flared Walls

To eliminate the cavitation erosion in the flared walls immediately down-—
stream from the gate, it was proposed prior to the model studies that air-
admission equipment with a 2~1/2-inch by 10-inch opening at the base of a
3-1/2-inch offset be installed at the upstream end of the flare in Figure 3.
Tests were conducted both with and without this proposed venting system
installed in the model.

With the structure as originally constructed (no air vents), average pressures
equivalent to 30 feet of water below atmospheric were observed at piezometers
placed immediately downstream from the start of the flared walls and 9 and

37 inches prototype above the chute floor, Figure: 4. When the air-admission
equipment (2-1/2-inch by 10-inch opening only) was installed, the minimum -
average pressure as medsured by water manometers was 5 feet below atmos-
pheric immediately downstream from the air vent, and the minimum instan-
taneous pressure measured by pressure cell was 12 feet below atmospheric,
Table 1A. The vents took air at all gate openings and discharges; however,
the demand for gir was greater when the jet from the gate was submerged.

These tests indicated that the 2-1/2-inch by 10-inch opening was adequate to
eliminate the cavitation erosion along the wall at the level of the opening. It
was believed that the offset, with air supplied near the floor, would permit
sufficient circulation of air to relieve. any cavitation pressures above the
opening. The air-admission equipment with the 2-1/2- by 10-inch opening,
therefore, was installed in the structure early in 1959.

Sustained outlet works releases up-to a maximum of 7,000 second-feet &t
reservoir elevations between about 4,595 and 4, 625 feet were made during
the 1959 irrigation season. The powerplant was discharging up to 3,600
second-feet which raised the available tail water and submerged the jets
during these releases. In October 1959, the stilling basin again was un-
watered. Cavitation damage, 14 f{o 25 inches above the chute floor, was

. found along the flared walls, Figure 5. Most of the releases were made
at gate openings between 10 and 24 inches, indicating that the cavitation
occurred in the vicinity of the inferface between the high-velocity jet and
the backwater from the stilling basin

When it was learned that the 2—-1/ 2- by 10-inch opening was insufficient to
eliminate the cavitation above the opening, additional model tests were
conducted with six circular holes spaced above the opening (see skeich in
Table 2). Tests were conducted with theoriginal 2-1/2-by 10-inch openmg,
with six 1-1/2-inch circular holes drilled on 3-inch centers above the opening,
and with the six 1-1/2-inch holes enlarged to 2 inches. Pressures observed
with these vent arrangements are shown in Table 2.

The 6 additional vents placed above the 2-1/2- by 10-inch opening helped the
pressure.conditions along the flared walls. The 2-inch holes, which were
‘the largest circular vents that could be placed in the.offset, gave higher
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pressures than the 1-1/2-inch holes. The instantaneous pressures using the
2-inch vents, however, still indicated possible cavitation at Piezometer 8 for
20 percent gate opening and at Piezometer 9 for 25 percent gate opening. It
was. decided to reduce the spacmg of the vents from 3 fo 2- 1/2 inches between
centers and provide seven vents in the. _same vertical distance, Figure 3. This
vent arrangement, which was not fested in the model, provided the largest vent
area consistent with adequate structural support for the air duct and was chosen
for installation in the field.

Figure 2 contains representative oscillograph records of pressures recorded
at critical piezometers with one 2-1/2- by 10-inch vent installed as compared
to an arrangement of one 2-1/2- by 10~-inch vent and six 2-inch holes.

_Stoplog Slots

Two piezometers were installed in the vicinify of the stoplog slots, Figure 4,
where cavitation erosion occurred in the prototype. Limited model tests indi-
cated no cavitation pressures at these piezometers. = No additional plezometers
were installed to pinpoint the.cause of the cavitation in the prototype, because
‘the modifications to the structure included forming a continuous surface along
the flared walls by filling the existing grooves with concrete which would elim-
inate any cavitation tendencies in this area.

- Chute Blocks

Average pressures observed on the original chute block indicated cavitation
would occur near the spring point of the elliptical curve at gate.openings aboye
50 percent and reservoir elevation 4653 feet {top of flood storage), Table 3A.
Instantaneous pressures measured at other piezometers indicated a still larger
cavitation region in the vicinity of the spring point.

In developing satisfactory chute blocks for the basin, it was desirable that two
design requirements be met: (1) the block surface must be free of cavitation,
and (2) the effectiveness of the stilling basin should not be impaired. In
general, these two requirements oppose each other; that is, additional curvature
on the sides of the blocks is normally needed to raise the pressures, and in-
creased curvature reduces the effectiveness of the block in deflecting the high
velocity jet and stabilizing the hydraulic jump.

Seven chute block designs were tested and varied in height (2.9 to 7 feet), in
width (5 to 7 feet), in slope of the block top, and in curvature of the sides of
the block.

In general the tests showed that the original block (7 feet high with upward.
slope) was best in stabilizing the hydraulic jump but gave the lowest pressures
on the block surface. Improved pressures were obtained by increasing the
curvature of the sides of the original block, but the improvement was insuffi-
cient to insure cavitation-free block surfaces. K The upward slope was then
removed from the original block making a block about 2.9 feet high; this
shorter block caused large boils of water to form above the baffle piers and
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more tail water was required to hold the jump in the basin. Next, a block
with horizontal top and 4 feet 7 inches in height was tested, and the basin
performance was similar to that with the original block installed.

The preliminary tests indicated that the chute block should be at least 4-1/2
feet in height, but the test results were inconclusive in establishing that a
block with an upward slope gave a better jumpthanthe one with a horizontal
top. Therefore, if was decided to develop & block with a horizontal top and

& height such that the top of the block intersected the chute floor at a point 2
feet downstream from the contraction joint at Station 30+46, Figure 1. Tests
of several variations of this basic design were. conducted, including blocks
with parallel sides, tapered sides to conform with the diverging flow, and
with widths of 5 and 7 feet. The test results indicated little preference among
the various shapes as far as jump performance was concerned. Although no
pressure tests were conducted on the various shapes, a block with ifapered
gsides was chosen for detailed pressure tests since a flow surface that is
parallel to or encroaching on the flow lines generally requires less siream
lining than one diverging away from the direction of flow.

The gsides of the fapered block (Chute Block 5) were streamlined with a 5:1
elliptical curve in the direction of flow or parallel to the chute floor, Flgure
8. Average pressure observations recorded for 25 to 100 percent gate openings,
reservoir elevation 4653, and normadl tail water are shown in Figure 9. The
lowest average pressure. observed on the block was about 4.6 feet of water
below atmospheric at Piezometer 21 located on the downstream end of the
block. About 4.4 feet below atmospheric at 83 percent gate opening was the
lowest average pressure observed on the sides of the block. The lowest
instantaneous pressure with normal tail water occurred at 50 percent gate
opening and reached about 10 feet below atmospheric at Piezometer 4 on the
side of the block and at Piezometer 21 on the downsiream end of the block,
Table 4. It is interesting that the lowest average pressure occurred at 83
percent gate opening while the lowest instantaneous pressure was observed -
at 50 percent gate opening. This apparent inconsistency was due to the posi-
tion of the hydraulic jump in the basin; at 83 percent gate opening, the jump
was practically swept from the basin, and the chute block was free of back-
water from the jump; at 50 percent gate opening the jump roller extended up-
stream completely covering the .chute block, and the surges inherent in the
jump roller caused large pressure ﬂuctuations on the block surface.

Average and instantaneous pressures also were recorded for various gate
openings with the tail water elevation 1.5 and 3.0 feet above normal, Table

4. In general, slightly higher average pressures were observed with the
higher tail water elevations. The instantaneous pressure, however, generally
was lower with the increased tail water for the reasons stated above. The
lowest instantaneous pressure observed on the.chule block was 17 feet below
atmospheric at Piezometer 3 at 50 percent gate opening and tail water 1-1/2
feet above normal. Slightly lower pressures were observed at Pliezometer

25 in the floor downstream from the block; these are discussed under '"Basin
Floor Pressures.'
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On the basis of the above block tests, Chute. Block 5, Figure 8, was chosen
for construction in the prototype. Plots of the average pressures observed
.on Chute Block 5 for gate openings of 25, 50, 75, 83, and 100 percent and
different tail water elevations is shown on Figure 9. Figures 10 and 11 show
a comparison of the variations in pressure for the original and recommended
chute block at gate opening of 60 and 83 percent and normal tail water.

Basin Floor Pressures

Piezometer 25 located on the basin floor, Figure 8, indicated that a loW-
pressure region existed immediately downstream from the chute blocks. To
determine the extent of this low-pressure region, tests were. conducted with
12 piezometers placed in the basin floor, Figure 12. The average pressure
pattern for different gate openings and tail-water elevations is shown in
Figure 13. The lowest average pressures were observed at 100 percent gate
opening and normal tail water. Increasing the tail-water elevafion 1-1/2 and -
~ 3 feet had the effect. of increasing the average floor pressures at all gate openings.

Table 6 contains the average and instantaneous floor pressures recorded down-
stream from the original and recommended .chute block for various gate open-
ings and tail-water elevations. These test results indicate that changing the
stream lining and size. of the chute block slightly increased the instantaneous
pressures an the floor downstream from the block. Although the average
pressures generally increased with higher tail-water elevations, the minimum
instantaneous pressure became lower as the tail-water elevation was increased.
Thus, the higher tail water apparently changed the vortex flow pattern and in-
creased the pressure variations downstream from the blocks. The minimum
pressures at Piezometers 2, 11, and 12 were within the cavitation range at

all gate openings above 50 percent, Table 6. Recordings of instantaneous
pressures at representative plezometers for 50 percent gate opening and
normal tail water is shown in Figure 14,

Various accessories were placed in the basin in an attempt to relieve the -

low pressures downstream from the block. These included 6- to 24-inch-

high vertical steps between the chute blocks at Station 30+75.72, Figure 1;
3.6-foot-high extension walls at the block sides and.downstream from the

chute block; a 4.8-foot-high fin wall along the block center line and downstream
from the chute block; and triangular-shaped extensions downsiream from the
blocks.

Each of these accessories either had no appreciable affect on the pressures
or moved the low pressure region farther downstream from the block.

. An air vent was also placed in the floor immediately downstream from the
‘chute block. Preliminary tests at 75 and 83 percent gate opening indicated
that the vent took no air. Different quantitles of air were then forced through
-the vent. Small quantities of forced air lowered the minimum pressures and

a comparatively large blast of gir was required to dampen the pressure fluc-
tuations and raise the minimum pressures.
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These test results indicated that there were no known, practicable method
of relieving or raising the low pressure in the basin floor 1mmed1ately down-
stream from the block. It is p0351b1e, therefore, that cavitation erosion
may occur in this region at gate openings above 50 percent.

Baffle Piers

Average pressures observed on the original baffle pier, Figure 15, indicated
that cavitation would occur on the pier surface at reservoir elevation 4653 feet
and gate openings above 50 percent, Table 3B. During the 1958 irrigation
.Season, the Glendo Basin operated .over a considerable period of time at gate
.openings of about 60 percent and reservoir elevations between approx:.mately
4595 and 4625 feet, and no cavitation erosion on the prototype baffle piers
was reported. Average pressures observed on the model indicated that the
minimum pressures on the baffle piers will occur at 83 percent gate opening
.and reservoir elevation 4653 feet. Instantaneous pressures observed at 36
and 60 percent gate openings also showed that cavitation was probable at 60
percent gate opening The fact that no cavitation erosion was noted on the
prototype baffle piers was probably due to the lower-than-maximum operating
heads and the large amount of entrained air in the jump.

.As a result of the above studies, it was evident that additional stream lining
of the baffle piers was required to insure. cavitation-free piers at near-maximum
gate openings and operating heads. Six baffle pier designs with varying degrees
of stream lining were tested, Figure 16. Average pressures in or near the
cavitation range were observed on Plers 1 (original), 2, and 3. Tests on these
piers indicated that the lowest pressures occurred.on the pier sides next to the
training wall and the extension of the dividing wall; considerably higher pressures
were observéd on the sides next to the center line of the bay.

For structural reasons and ease of construction, it was .de_sired.that the shape
of the existing pier be modified by placing a minimum of 6 inches of new rein-
forced concretfe on the exposed pier surfaces, thus making the new pier 12
inches wider and longer and 6 inches higher than the original. Increasing

the width and height of the piers had the effect of offermg more resistance to
the flow and permitted more stream lining of the pier without sacrificing its
efficiency. Piers 3 through 6 were thus larger than Piers 1 and 2.

The minimum average pressure obs,erved on Pier 4 was 23 feet below atmos-
pheric at 75 percent gate opeming and occurred.on the elliptical curve near
the upstream nose. Thus, still more stream lining was indicated in the
vicinity of the pier nose.

Exireme stream lining of the sides was provided on Piers 5 and 6, F1gure 16,
and considerable improvement in the pressures was noted.


Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng


Minimum = - Minimum"
Pier - average pressure | instant pressure
1,2,3 ~30 feet Not obtained
.4 ~23 feet Not obtained
5 ~-10 feet -26 feet
6 0 feet -15 feet

The above table.clearly indicates the preference of Pier 6 over the other piers
ag far as pressures were concerned. Also, the basin performance, which is
discussed later, was similar when either Pier 5 or 6 was installed. There-
fore, Pier 6 (Figure 17) was chosen for installation in the prototype

Average pressures observed on the recommended baffle pier are shown on
Figure 18, and a tabulation of pressures for different gate openings and
tail-water elevations is contained in Table 5. All observed average and
instantaneous pressures were well above the cavitation range. A comparison
of the variation of the instantaneous pressures on the original:and recommended
baffle pier for 60 and 83 percent gate opemnings is shown in Figures 19 and 20,
Details of the recommended baffle pier is shown in Figure 21..

Basin Performance

The basin performance with the various test blocks and piers was evaluated
Primarlly by recording the tail-water elevation when the hydraulic jump

'swept" from the basin. "Jump sweepout" was defined as the tail-water
elevation at which the entering flow broke through the tail water and was
deflected upward at the baffle piers, Figure 22B

Tail water and sweepout curves for the stilling basin are shown in Figure 23
The uppermost curve is the. computed tail water curve used in originally de-
signing the structure. Prototype tail-water elevations observed at Glendo -
-during 1958 and 1959, however, showed that the existing tail water was con-
siderably lower than the computed curve used in design.

In June 1959 test releases were made through the outlet works to determine,

“amang other things, the stilling basin performamce and the existing tail-water
conditions in the outlet works. 4/ The test releases showed that the existing
tail water, as observed in the powerhouse tailrace near the draft tubes, was
from 0.5 to 1 foot lower than the design tail water when both the power units
and the outlet works were operating, Figure 23. When releases were made
through the outlets only (no flow through the powerplant), a still lower tail-
water curve was obtained. The lower tail water for outlet flows only was
attributed to the "ejector action" of the high-velocity flow at the downstream
end of the stilling basin.

4] Travel Report ""Controlled Test Releases Through Glendo Dam OQOutlet
Works and Powerplant~~Glendo Dam, " July 16, 1959, by W. E. Wagner.
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Sweepout curves as determined from the model, are also shown in Figure 23.
Curves A and B are the sweepout curves for the original and recommended
stilling basins, respectively, with the reservoir elevation at 4653 feet. When
the original basin was modified by lowering the block height and by additional
stream lining of the baffle piers, the jump swept from the basin at a higher
tail water elevation; thus some of the safety against sweepout, amounting to
about 0.6 foot for a discharge of 10,000 second~feet, was lost by modifying
the basin.

The sweepout characteristics for the stilling basin also were determined for
reservoir elevation 4640, Curve C. In addition, the tail-water elevation at
which the chute blocks were uncovered or the toe of the jump coincided with
the downstream end of the chute block was determined for reservoir elevation
4640, These tail-water elevations are represented by Curve D.

Certain conclusions may be reached by comparing the position of Curves A
B, C, and D with the existing tail-water curves.

A. Reservoir surface at the top of the flood pool, or elevation 4653 feet:

1. The outlet works stilling basin will safely handle the design dis-
charge of 10,000 second-feet when the powerplant is operating.
Under full load both power units discharge 3,400 second-feet and
provide about 1.4 feet of additional tail water which places the
existing tail-water curve for powerplant and outlet works flows well
above Curve B.

2. By placmg one power unit in operation {(discharge 1,700 second~
feet), the tail water is raised a minimum of about-0.6 foot which
places the existing tail-water curve for outlet flows only above
sweepout Curve B at discharges less than 9, 000 second-feet. Thus,

"~ a combined flow of 10,700 second-feet through one power unit and
the outlet works can be released without the jump sweeping out.
Additional safety against sweepout probably w11] exist, because the
flow from one unit will partially nullify the "ejector action' and
raise the tail-water curve above that for outlet flows only.

3. With no flow through the powerplant, the jump will sweep out
when the outlet works discharge exceeds 8,000 second-feet.

B. Reservoir surface at elevation 4640 feet;

1. With no flow through the powerplént, the jump will sweep out.
when the outlet works discharge exceeds 9,200 second-feet.

2. With no flow through the powerplant, the chute blocks will be-
come uncovered when the discharge reaches 8,000 second-feet.
As the discharge increases above 8,000 second-feet, the toe of
the jump moves downstream and at about 9,200 second-feet the

11
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jump sweeps out. Discharges between 8,000 and 9, 200 second-feet
places the full jet impact on the baffle piers. Such a flow condltlon
is not recommended for prolonged periods of operatlon

Scour tests conducted with the original and recommended designs indicated
that the basin modifications will not cause greater displacement of riprap in
the outlet channel, Figure 22C and D. The scour patterns resulting from a.
discharge of 10,000 second-feet are practically identical for the two designs
and are similar to that observed in the prototype when the basin was unwatered.
It is concluded, therefore, that modifications to the chute blocks and baffle
piers have not a.t‘fected adversely the scouring characterlstlcs of the flow in

the outlet channel. ’

Training Wall Vibration
¢ —

When Glendo outlet works was pla,ced in operation during the summer of 1958,

an audible thumping noise was noted in the stilling basin and vibrations were
observed in the basin training walls, particularly the left wall which is canti-
levered between the basin and the tailrace. There appeared to be a direct re-
lationship between the pounqmg noise andthe wallvibration, because the greatest
wall deflection appeared to accompany the loudest thumps. The thumping noises-
and vibrations persisted through the 1958 irrigation season and became more
pronounced during the latter part of the season when the outlet works discharge
ranged between 4,000 and 5,500 second-feet. No power was generated during
this period.

At the end of the 1958 irrigation seazon, the basin was unwatered and extensive
cavitation damage to the sides of the chute blocks was found, Figure 2. The
structure was modified during the winter of 1958-59 by changing the height and
shape of the chute blocks and baffle piers as determined from the studies des-
cribed in this report.

The'power-plant was placed in operation in May 1959 and during the 1939 irri-
gation season the powerplant discharge varied between 2,000 and 3,600 second-
:feet and provided about 1to I-1/2 feet of additional tail water for the outlet
works. The outlet works discharges during this period ranged between 3, 000
and 5,000 second-feet, except for 6 days when the discharge averaged about
7,000 second-feet. No thumping noise or wall vibration were reported during
these normal releases.

Thumping and vibration was noted, however, during the test releases in June
1959. The thumping was first observed when the outlet works discharge
reached about 7,000 second-feet and persisted through the remainder of the
tests,, mcludmg 7,500 second-feet through the outlet works only and combined
outlet and powerplant discharges of 7,500 up to 9,100 second-feet. Following
these releases, which were made by increasing the discharge in increments
of 500 second-feet, the outlet works test releases. {no flow through the power-
plant) were repeated with discharges decreasing fram about 7,500 to 5, 000
second-feet. Thumping noises and wall vibration were noted during each of
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these repeat tests. It is significant that vibration was not noted in the earlier
tests until 7, 000 second-feet was released while thumping noises and vibration
were clearly noted at lower discharges of 6;000 and 5, 000 second-feet during
the repeat tests. Also, slightly higher tail-water elevations were recorded
during the repeat test releases.

A possible explanation for the noises and vibration is the formation znd collapse
“of cavitation envelopes on the flow surfaces in the vicinity of the chute blocks.
Cavitation envelopes collapse audibly with tremendous force which could be
transmitted to the walls, but the frequency is considerably higher than the
frequency of the noises and vibration observed at Glendo. The fact that no
cavitation damage was reported after the 1959 irrigation season fails to

support this theory. However, the basin operated.only a comparatively short
period of time at discharges accompanied by noises and vibration.

Another explanation for the noises and vibration is the unsteady pressure for'ces
on the blocks caused by variations of the separation and vortex flow patterns -
with and without cavitation. These variable loads an the blocks may be trans=-
mitted through the structure to the wall; or the pressure variations in eddy
patterns near the trailing edge of the blocks might be transmifted to the wall

and initiate the vibrations. Changes in tail-water elevations affect these
separation and eddy patterns, which would explain why vibrations were observed
during the repeat test releases and not during the earlier tests.

In an attempt to correlate the pressure variations with the vibration of the
training walls at Glendo, piezometers were placed in the splitter wall extension
between Bays 1 and 2 i the model, Figute 24, to determine the variation in
pressure along the wall. Average and instantaneous pressures for three
representative flow conditions were recorded, Table 1B. No attexnpt was. made
to represent the wall rigidity or to measure the wall vibration in the model.

The greatest pressure variation, equivalent to about 40 to 50 feet of water, -
occurred at Piezometer 1 located near the basin floor and about 3 feet down-
stream from the chute blocks. The pressure variation decreased to about
20 feet of water near the downstream end .of the wall and to a few feet of

.. water near the water surface. The magnitude of these pressure variations
ig'sufficient to cause the wall t{o vibrate, particularly if the frequency of
pressure vamation:s cdincides with the natural frequemncy of the training wall.

These tests are inconclusive in establishing the source of the thumping noises

and vibration; they merely indicate that sufficient pressure variations to
conceivably induce vibration are present along the training walls.
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Table 1
PRESSURES ON FLARED WALLS AND SPLITTER WALL EXTENSION

A. PRESSURES ON FLARED WALLS

Gate Tailwater Piezometric Pressure in Peet of Water
opening elevation
Plezometer | 18 19 20| 2 22 23] 2 % 21 28 29
1. Original Design (without air vents)
1006 © Ave¥ ok 0.9 3.8| 9.3 -20.8 -5.3! o.k =34.0 | 7.0 -6.7 =-3.3
. 450%.7 (Normal) Maxite -26.3 | 28.2 -3.9
(12,800 cfs) Min®* -13.9( 0.7 -10.9
%S - 4503.5 (Normal) Ave -2.8 2.2 5.4| 10.7 -30.7 -3.7 | -1.3 -3%.0 | -6.8 -6.5 -5.3
(9,500 cts)
2 ] Ave -17.8 7.2 5.2] 9.8 -26.1 -23.5 | -1.8 «34.0 | «5.0 0.1 3.7
(4,500 cts 4501.% (Normal) Max 23.0| 27.6 25.8
2 gates) Min -36.8 | -23.0 22,1
504 ¢ 4502.4 (Normal) Ave -1%,2 158 5.1 | 1.1 -12.3 1.3 2.8 ~34+  [-1h.2 -13.1  -6.1
(6,400 cfs)
3638 . Ave -16.6 18.0 7.8| 12,0 2.9 k.2 | k.2 -32.1 | -5 K0 1.9
4501.2 (Normal) Max 59.3 | 36.9 49.8
(4,200 cfs) Min -45.5 | -15.9 L81.1
¢ 4499.8 (Normal) Ave -3.5 17.5 6.9{ 1.5 0.7 0.9 1.3 -33.1 12,2 -11.9 7.2
(2,200 cfs) (2 gates)
2. With 2-1/2- by 10-inch Air Venmt Installed
100%°¢ Ave s 3.1 10,9 10,9 wee  mex | 3.5 ans | wmx _0.2 0.7
4504,7 (Normal) Max 5.3
Min -7.0
75% ¢ 4503.5 (Normal) Ave 1.5 7.6 8.4 -0.9 -0.6 -0.2
Ave 0.6 6.7| 9.6 -2.2 -1.3  «l1.5
6032 4501.% (Normal) Max -1.5
Min -11.7
504¢ 4502.4 (Normal) Ave 0.2 8.2 124 -1.7 -3.2 -2.9
Ave 8.8 10.9 | 12.8 10.5 =34  -2.2
3658 4501.2 (Normal) Max 1.0
Min -9.5
B. PRESSURES ON SPLITTER WALL EXTENSION
Piezometer w -4 ki w 5W o ™ W 10w nuw 12w v 158
4505.2 (Normal Ave 8.3 19.3 19.1 | 23.2 1.7 7.9 | 10.5 - 2.6 44 6.8 10.7 7.7
plus 1-1/2 feet) Max 36.8 35.0 35.0| 27.6 3.7 =22.1 .8 2.7 10,1 10.1 23.9 17.5
a3 b Min -18.4 b, 1.8 | 20.2 o 0.9 | 0.9 [4 1.8 6. 1.8 0.9
(10,000 cfs) Ave %.7 2.2 22.1 | 2k.9 3.1 9.4 | 13.2 - 4.8 6.6 8.3 13.6 9.9
4506.7 Max 42.3  33.1 3.7 18.4 31.3 . 18.%
) Min -9.2 8.3 40 o 5.5 1.8 2.7
4501.4 (Normal Ave 8.3 14,2 18.6 | 20.2 Ok T4 | 9.6 - 106 3.7 40 |12.1 85 5.9
plue 1-1/2 feet) Max 26.7 23.9 1.0 20.2 16.6 12.0
€oh @ Min 4.7 0 3.7 2.2 0.9 © []
{4,500 cfs
thre 2 Ave 12,7 17.7 21.0 | 21.7 2.9 9.2 |11.6 - |29 5.0 5.2 |16.2 1.6 9.2
gates) 4502.9 Max 29.4  27.6 3.7 4.7 248 17.5 12.9
Min -1.8 1.0 1.8 5.5 9.2 T4 5.5
Ave 164 19.3 20.2 | 20.% 5.9 9.8 | 11.0 0.4 | 2.8 3.3 3.3 |18.8 1.2 1.0
%61" 4501.2 (Normal) Max 26,7 23.9 6.4 23.9 16.6 13.8
4,200 cfs) . Min T4 17.5 2.7 17.5 1.0 T

Note: See Figures 4 and 24 for plezometer locations.

*Average pi

tric pi

ed by water manometer.

#Maximm and minimum piezometric pressure as measured by pressure cell.
#+¥Pjezometers were covered by alr vent passages.

a Reservoir elevation = 4,625 feet,
b Reservolr elevation = 4,653 feet.
¢ Reservoir elevation = 4,669 feet.
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Teble 2

(reservolr elevatian = 4,635 feet

PRESSURES ON FLARED WALLS DOWNSTHEAM FROM ATR VENTS
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Table

PRESSURE ON ORIGINAL CHUTE BLOCK AND BAFFLE PIER

(reservoir elevation = 4,653)

a Reservoir elevation = 4,625 feet,

A. PRESSURES ON ORIGIRAL CEUTE BLOCK
Gate Tailwater Piezometric Pressure in Feet of Water
opening elevation
Piezometer 1 2 3 L 5 6 7 8 9 10 n 12 13
100% L5044 (Normal) Ave* | -29.0 -25.0 -13.8 | -0.2 2.6 -35.0-23.9 -7.7 -0 | 8.6 mn.2 3.3 (-10.1
(12,200 cfs)
833 4503.7 (Normal) Ave -29.1 -25.2 -10.7| © 2.4 -52.5 {-29.4 -20.0 4.2 | 5.7 8.3 -2.9 | 5.7
(10,000 cfs)
5% 4503.3 (Formal) Ave -25.4 -24.3 5.1 0.9 2.4 45,0 [-25.7 -19.1 -2.9{ 6.4 8.6 -3.3| -7.0
(9,000 cfs)
602 4501.4 (Normal) Ave -17.1 -10.7 -2.9| 1.5 2,6 -35.0 |-20.0 -9.7 o 6.4 7.4 -2.8 | -6.2
(4,500 cfe thru 2 gates) Max* | 18.% 23.0 25.3 32.2 27.6 13.8 | 1.8
Mip#* | -B1k -34.5 -27.6 | -18.h -16.0 -12,0 [-12.4
50% 4502.3 (Normal) Ave -13.8 5.3 -O.b4 3.1 3.5 -31.3) -9.9 -5.9 0.7 | 6.8 8.3 -0.5] -5.5
(6,100 cfs) .
?613 4501.2 (Rormal) Ave -0.2 2.6 5.9| 8.3 101 -145| © 3.9 8.3 | 1.9 151 12.7| 2.6
4,200 cfs) Max 16.1 18.4 15.6 { 13.8 11.9 11.9 .
Min -29.9 -2k.0 .9.2 | -2.8 -1.8 2.3 | -9.2
25% ) 4500.6 (Formal) Ave 2. 46 7.7 96 1.2 -121| 2.0 5.1 9.0 ]12.7 154 13.1| 4.0
(3,100 cfs)
Note: See Figure 7 for piezometer locations.
B. PRESSURES ON ORIGINAL BAFFLE PIER
Piezometer | 30 31 32 33 * 35 36 37 38 39 ko b1 b2 46 b7 48 %9 50 s1 52 53 5k
100% 4504 .4 (Normal) Ave 0.2 =T.T <-5.9 1.7 T.h 7.0 |-35.0 =37.5 -6.6 | 9.6 11.8 0.7 | 8.1 -27.5 -37.5 | -6.6 11.2 -11.2 5.3 1.3 -13.h 5.5
(12,200 cfs) . ; ‘
833 ‘| 4503.7 (Normal) Ave 2.0 -6.1 -3.1 1.1 7.2 7.0 |-42.5 -31.1 -13.1 3.5 101 0.2 | 5.0 -32.5 7.5 [-20.8 10.3 -11.0 | 5.5 7.0 -17.6 | k4.0
(10,000 cfs) .
5% 4503.3 (Normal) Ave (] 81 28} 11 5.9 6.6]-35.0 -29.2 -3.9 | 6.2 101 1.7 | 6.% -30.7 -40.0 [-13.6 15.1 4.8 | 7.2 12.3 -14.0 | 5.0
(9,000 efs) /
a 4501.4 (Normal) - Ave bo -3.9 3.1 5.3 8.3 9.7 {-18.6 -5.3 2.2 | 10.7 13.6 7.0 | 11.6 -22.8 -8.5 1.3 23.9 1n.2 [13.2 25.% 10.1 {1h.7
(4,500 cfs thru 2 gates) Max 20.2 - 8.4 13.8 29.9 | 24.8 45,0 14.7 | 17.5
Min -19.3 -50.6 -20.7 -27.6 | -3.2 14.7 0.9 9.6
50% 4502.3 (Rormal) Ave 7. -29 5.1} 7.2 92 1n1.0|-k.2 1,3 8.1 13.2 158 15.6 | 15.1 -15.4 2.0 7.9 6.8 13.2 | .7 25.4 13.1 | 15.6
(6,100 efs) ’ ’
k1 3 4501.2 (Normal) Ave 107 6.6 9.0 1.k 12,3 12.5| 2.0 7.0 13.8 [ 16.7 17.3 11.0 | 15.4 4.6 8.3 | .5 6.2 12,1 [15.4 .7 13.1 | 17.1
(4,200 cfs) Max 4.6 11,0 10,1 10.1 | 10.5 10,5 4.1
Min 3.2 R -15.6 -9.2 3.7{ 7.3 8. 1.8
25¢% 4500.6 (Formal) Ave 11.0 8.1 9.7 | 11.0 12.3 12.5 L.y 8.6 14.9 | 17.1 17.3 11.0 ] 15.6 6.4 9.9 | 15.6 16.2 12.9 |15.8 15.1 13.6 | 16.7
(3,100 cfs) .
Rote: See Figure 12 for piezometer loca.tions.
*Average pi tric pr ed by water manometer.
WiMaximum and minimmm piezomtric pressure as measured by pressure cell.
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PRESSURES ON RECOMMENDED CHUTE BLOCK
(reservoir elevatiom = 4,653 feet)

Table 4

Plezometric Preasure in Feet of Water

Gate Tailvater _
opening elevation Plezometer 1 2 3 Y 5 [ 7 8 9 10 n 12 13 1k 15 16 17 18 19 20 21 22 23 2k 25
ook 4504 .4 (Normal) Ave® 9.8 5.0 1.3 -0.6 -0.k 2.0 6.3 2.8 -0.7 b.2 1.1 9.6 8.1 k.2 27| 2.2 1.8 3.7 6.1 10.8]| -k 2.7 0.8 7.0 1.9
bt ) R
: Ave® 128 9.2 64 48 L,2| 6.1 8.8 5.9 3.7 5.3] 64 1k 10.3 7.2 6.3 59 57 7.8 10.3 13.5| -2.0 6.6 12k 8.0 5.5
4505.9 Maxw# 17.5 9.2 15.1 12| 19.0 : 17.3 23.2 15.6 29.%
(12,200 cfs). Minte 2.8 1.8 3.7 -1.9| -9.5 4k o107 1041 -36.8
L5074 Ave 155 1.6 9.0 7.8 7.6| 9.0 12. 9.9 80 9M4| 10,3 149 .0 1.2 10.3]| 99 97 1.6 13.6 16.9| 1.8 10.1 16.2 10.8 9.0 |
Ave 8.6 24 1.7 3.9 4LA[ 3.1 L.2 06 -2.8 -1.7| -0.7 9.0 7.8 3.3 OB | 1.1 -2.0 0.2 0.9 5.5| -3.9 -1.5 N T -0.9
4503.7 (Norzmal) Max 101 3.5 0.1 -3.1  -3.7] -2.2 14 <11 -l.9f 0.2 ) 0.2 | <04 1.3 1.0 1.7 -2 0.3 101 8.2 1.2
o3 Min 7.3 1.2 -2.0 -5.6 -5.8| -3.8 -1.0° 4.9 40| -1,k 2.6 | -2.1 -2.8 -0.3 0.2 4.1 -3.0 8.3 6.k -1.6
S Ave n.k 6.3 33 2.0 18| 31 5.2 1.8 -0.9 09| 2. 99 88 k2 26| 1.8 1.3 3.9 6.5 10.5/ 4.6 04 99 T.6 -0.6
5505.2 Max 17.5- 3.3 19.3 27.8 32.6 o1 4.4 6.6 9.0 8.1 7.3 8.7 8.5 8.9 10.1 © 0.7 16.9 149 15.8
16 ooo . o Min | 6.5 -5.5 -2.8 -1.8 -7.9| -5.6 -1.8  -3.7 -3.2| -1.6 ~0.5 | =3.5 -2.5 0.2 0.9 -10.8 -0.7 8.9 -12.9
K cfs .
: e Ave 138 - 8.6 5.7 44 b2| 5.3 8.3 5.3 2.9 46| 5.7 129 12,0 7.6 6.2 55 5.0 T.2 9b 10| -1.5 5.5 12.9 9.0 k7
4506.7 Max ko 39.2 32,4 28.7 35.3 6 . . . - 10.1 19.5  37.7 25.8
Min -2.0 _-9.2 -19.1 -35.k -16.0]-16.0 -11.0 7.1 0.9 -18.k
4503.3 (Normal) Ave 8.8 2.4 -1.37 -3.3 -h.0| -2.9 5.0 0.8 2.6 -1.3]| -0.6 B T.2 2.0 0 1.3 2.2 -0k 0.9 5.1| -3.7. -2.& 8.1 7.2 -i.
% Ave 11.0 5.5 2.9 1.8 1.8 a.7 5.7 3.3 1.3 3.1 4.0 9.7 8.8 L. 3.1 | 2.8 1.7 3.7 5.9 9.7| k6 1.5 9.2 7.8 -3
4504.8 Max 22.1 13.8 25.8 17.7 23.4| 23.6 12,9 k.2 | 12,9 9.0 6.b 46 12.2 16.5 27.6
(9,000 cfa) . Min 5.5 0.9 --5.5 8.1 -6.5| -6.3 0.9 «0.5| -1.9 ~3.0 0.5 -12.0 -n.7 8.3 ~12,9
! 8
Ave 136 8.1 5.5 46 4B 5.9 8.6 6.2 k2 57| 64 128 121 8.0 6.6] 6.1 5.3 7.8 9.6 1.T! -0.9 6.6 12.3 101 5.6
4506.3 Max 4o.4 4o.b k3.2 37.9 32.6| 28.2 12,0 21.4  40.4 29.4
Min =46 -12.0 -19.3 -1..8 1.6 -9.5 ~-12,0 6.2 -6.6 -14.7
Ave 7.9 3.3 1.5 1.I 15| 2.0 3.1 1.8 0.2 1.B| 2.6 7.6 7.0 3.3 2.2 1.5 0.6 2.5 ko0 T.9| k.6 -2.8 6.1 6.1 -L.B
5% 45014 (Normml) Max 6,7 T4 8.5 9.0 9.0 1.8 7.1 116 6.9
g Min 2.2 0.5 -2.1 -0 14 -10.1 -10.3 0.6 ~12.0
(4,500 cte
thru 4502.9 Max 5.8 17.5 15.8 23.7| 21.0 8.3 1k.0 23.0 2.1
2 gates) Min 0.7 -6 5.3 -2.9 .8 -10.1 -6.2 -0.9 12.9
Ave 9.k &6 2.9 2.9 3.5 3.9 5.5 k.2 2.8 R %8 9.7 9.2 5.5 5.0] kG 3.3 5.2 6.2 10.3] -1.8 1.8 7.6 8.1 2.1
4502.3 (Normal) Max 174 25.0 2.1 19.1 | 19.5 8.6 12.4 27.0 23.0
sof Min ~3.7 =T.3 <=9.9 <-5.9| -b.& -10,1 6.0 -1.6 -17.5
Ave 12,0 T4 6.1 5.7 6.1 6.8 84 T0 55 7.0 55 12,0 N6 8.1 T.6| T4 7.0 9.2 106 18] 24 10.3 10.8 11.2 10.0
4503.8 Max 43.2 37.8 324 33.5| 29.1 13.8 23.2 ki 1.3
Min -15.6 -16.6 -1.8 -T,9]-13.2 -11.0 -44 -13.8 -18.%
(6,100 cts) R
Ave k.0 101 8.6 8.4 8.8 9.7 10.4 9.0 7.6 9.2 | 9.7 1.4 1.2 104 9.9 1 9.7 9.k 1.6 134 17.3 5.7 1.2 13.4 1.7 13.8
4505.3 Max 1.4 3.0 30.6 30.8| 25.k 13.8 23.2 L1 31.3
Min L F12.1 -13.8 <154 -11.6 | -7.7 H6 0.6 -T. ~12,9
R }501:2 (Normal) Ave n.o 8 78 8.0 81| 86 83 7.6 1.0 8.3 8.6 108 106 ©B.1 8.3 8.5 8.3 101 1.6 1s.9| 6.4 13.4 10,3 11.0 13.7
?i“;aoo efs) | h502.7 Max 37.5 23.9 25.0 26.5| 24.6 13.8 26.0 Ll.k 29.4
. Min 4.8 9,2 Tl 3.9} -3.9 0.9 4.8 0.9 0
25% 4500.6 (Normal) Ave n.k 9.0 8.5 8.8 9.2 9.7 9% 8. 8.1 o9& 97 1.6 1.6 9.0 95| 9.6 9.2 10.8 1i2F 15.3| 7.8 1h.3 11.0 12.2 13k
(3,100 efs) | u4s502.1 Ave 13.4 10.8 10.3 10.5 10.8| 11.2 11.6 1.0 10.3 1.k 1.k 13.6 13.8 108 1,0 1l.2 10.8 127 13.8 16.7| 8.5 15. 13.1 15.% 15.6
Eote: See Pigure 8 for location of plezometers. .
®Average pi tric p &8 me red by vater ter.
#aximm and mintmm pi tric p a8 d by pr cells.

a Regervolr elevaticm;l.,éu feet.
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Table 5

PRESSURES ON RECOMMENDED BAFFLE PIER
(reservolr elevation = 4,653 feet)

Plezometric Pressure in Peet of Water
Gate Tailvater
opening elevation Plezometer
number 1 2 3 4 5 6 7 8 9 10 n 12 13 14 15 16 17 18 19 20 21 22 23 24 25
4504 .4 (Normal) Ave® 85.4 32.0 16.6 9.6 8.6 6.6 30.9 1T.7 10.5 9.2| T.5 10,7 10.T 15.5 21.9| 47.6 12,9 12,7 17.8 241 | 46,0 -2.6 -2k 116 0.4
100% Ave* .9 31.6 17.5 13.1 13.1| 12.0 30.4 17.1 12.3 12.0 | 11.0 15.3 15.8 19.7 2k.3| k2.2 162 16.7 21.0 25.0 | L4 -k2 -3.7 k9 3.
4505.9 Max**  [101.2 U46.0 36.8 184 1h.T7| 16.6 494 331 25.8 12.9 31,3 42.3f 69.8 23.6 27.0 294 3.3{ 58.0 -2.9 1.7 16.9 12.0
(12,200 cfs) j Min+* 6.8 -1.8 2.7 -k.6 -18]| 3.7 17.7 -3.7 -1.8 -8 1.8 -1.8] 23.8 10.7 7.5 1.7 3.7 | 2.8 -1k.9 -13.0 131 0.9
4507k Ave 66.4 28,2 19.1 164 16.6| 15.6 25.8 18.2 15.8 15. 14 18.8 20.2 24, . hg.l 19.3 20.6 24,3 28, 42.3 3.1 2.6 17.7 6.4
Ave 133.2 32.0 1.9 1.7 2.8] -0.% 20.6 11.8 E.E 31| 0.9 6.5 ko0 105 20.6 A 6.1 3.9 15.5 23.% 53.0 O [ LB 0.2
4503.7 (Rormal) Max 27.6 15.5 9.2| 7.8 22,1 12.3 | 4.2 8.7 12.9 23.9 L5 2.7 8.5 0.9
3’ Min -1.8  -Th 23T | O [ ~0.6 | b1 k.2 O 3.7 1.7 -3.7 1.1 -6.4
8:
Ave 91.9 29.3 9.5 6. 8.6 8.5 22.3 9.8 6.1 7.5 7.5 12.0 12.9 19.1 26.1 | 55.9 13.4 14,0 20.6 27.1 | k9.7 2.0 1.8 12.3 0.6
4505.2 Max 27.6 16.6 18.4 | 1k.7 21k 131 | 12,2 16,6 22.1 35.0 19.5 23.2 7.2 10,9 15.1 4.6
Min 5.5 =-3.7 2.8 .5 -5.3 0.2 L 9.2 5.5 9.2 8.5 3.0 5.7 -5.7 9.5 -0.9
(10,000 cfs)
Ave b 23.9 13.8 12.3 13.8 | 13.8 20.2 13.1 1.9 13.2 [13.4 16.7 17.3 2L5 27.2| 29.3 17 17.5 22.1 26.7 | 5.1 1.8 0.1 164 4.8
4506.7 Max 29.4 20.2 20.2 | 1B 25.1 19.5 | 19.5 22.1 26.7 35.0 21.h 28,7 9.1 10.9 20.2 12.0
Min -5.5 © 5.5 1 T.4 1.1 6.0 110.3 12,9 8.3 Tk 2.2 8.5 -5.9  -T.5 12,9 2.8
Ave 125.8 31.5 7.7 0.4 2.2 | 1.3 19.1 9.9 2.6 2.0 1.3 7.9 7.0 15.3 2..9| 71.6 9.1 8.1 18k 261 [51.5 L8 1.7 5.7 -0.2
4503.3 (Normal) Max 20.2 9.2 9.2 3.7 9.5 T.6 | 6.7 12.0 16.6 25.8 15.9 19.5 7.2 6.3 101 6.4
‘ Min 0 -5.5 -1.8 ] -1.8 2.5 -0.7 1.1 6.4 3.7 9.2 6.7 L.3 0.8 -0.1 46 -0.9
5 .
Ave 82.6 16.7 6.8 7.2 10,9 11.6 1.6 T.0 T4 101 | 11.6 13.1 15.5 22.3 33.9| 61.5 15.3 16.2 23.2 3.1 {554 6.1 5.7 1.3 L8
L504.8 Max 23.9 20.2 18.4 | 16.6 19.5 21.b | 16.8 20.2 27.6 36.8 11.8 0.9 184 1.0
(9,000 cts) Min 12,9 T4 0.9 T.0 4 3.0 6.7 T3 5.5 3.7 1.7 LT 9.2 3.7
Ave 67.9 20.6 13.2 13.1 15.3| 15.8 17.3 13.2 13.2 14.5 [15.3 18.0 18.2 22.8 28.9 | 48.2 17.9 18.0 23.0 26.5 | 46.0 5.3 4.8 17.9 6.1
4506.3 Max 27.6 22.1 21.3 | 20.2 20,5 17.7 | 19.5 12,7 13.6 22.1 15.6
Min -5.5 -3.7 6.4 | 11.0 =2.5 3.0 | 10.3 1.1 -0.1 .7 6.4
Ave .5 7.9 7.2 10.3 13.8 | 15.5 5.1 7.2 9.9 13.1 | .7 17.3 17.5 23.0 32.0 &8.6 16.7 17.5 234 304 [B5.1 8.3 7.7 1.1 7.5
45014 (Kormal) Max 22,1 22.1 20.2 | 8.k 10.9 10.9 21.0 13.8
6op 8 Min 5.5 5.5 T.b | 11.0 54 3.5 156 6.4
Ave 434 16.6 4.5 15.6 17.3 | 18.0 1.7 16,0 15.3 16.6 | 17.1 19.9 18.8 21.5 25.4 | 37.1 1B.% 18.4 21,5 26.7 | 35.4 9.4 8.8, 18.9 9.0
4502.9 Max 23.9 20.2 22.1 | 19.3 12,7 12.7 20.2 13.8
(h,tsgg“ets Win -3.7 T4 9.2 12,9 4,5 45 15.5 8.3
2 gates) 450k .4 Ave 39.6__22.3 19.5 19.0 12.3 12.1 22,4 18.8 18,0 18,4 |18k 23.2 21.0 22.; 24,1 as.e 20,2 20.4 22,1 2.1 Eg.h 9.9 3.6 20,1 10.5
%502.3 (Normal) Ave 43.3 .5 9.7 134 .0 9 I 9 7 15.3 |16k 17 2 22.6 29.3 | B5.4  17.5 17.80 22.1 29.3 | k3. 9.0 K .2 .3
50% Ave 41.2 19.3 17.7 17.7 19.1 | 191 17.7 16.9 17.7 19.1 | 18.6 19.9 19.9 21.5 24.3| 33.3 19.5 19.3 2l.2 23.9 [32.0 10.9 10.3 20.2 10.3
4503.8 Max 25.8 23.9 23.9 | 22.1 Wm.6 164  23.9 16.5
Wn 5.5 11.0 4.7 | 16.6 1.2 5.4 184 11.0
(6,100 cts) Ave 39.9 214 19.0 19.0 19.7 | 19.9 19.7 -17.9 18.2 19.0 | 19.3 20.8 20.4 224 2.5 32.0 20,1 20.2 22.1 k.1 [31.6 9.8 9.6 201 10.9
4505.3 Max 12.7 10.0 '22.9 16.5
Min : 3.5 2.5 18.2 11.0
§501.2 (Normal) Ave 28.7 19.9 iB.2 1B.k 1.8 | 18,8 18.8 17.5 17.7 18.0 | 18k 19.5 19.3 19.5 20.8 | 247 19.0 18.6 19.3 20.2 |[23.9 1.2 10,9 19.5 10.9
364 a Ave 33.5 21.9 20.1 20.1 20.2 | 20.1 20.2 18.8 18.8 19.1 |19.3 20.8 20.6 21.b 22.8| 27.6 20.2 19.9 20.8 22,1 |26.7 12.5 12.3 21.2 12.0
4502.7 Max 25.8 25.8 22.1 | 20.2 W6 .6 22,1 16.5
(4,200 cts) Nin W.7 17.3 16.6 | 16.6 5.4 9.1 184 129
Lsoh.2 Ave 35,2 22,5 20.4 20.2 20.2 | 20,6 21.7 19.9 19.9 20.1 |20.2 21.9 22.1 23,0 24.8) 29.3 21.h 21,7 23.0 2h.1 28% 12.0 11.6 214 12.3
Ave Eg.'( 19.7 18.2 18.2 18.6 | 18.% iS.% 17.5 1T.5 17.7 | (.9 19 19.0 19.3 20.1 | 23.9 18, .2 19.0 19.5 | 23.8 11.2 10.9 8 10.7
4500.6 (Normal) Max 12,7 12.7 19.3 15.6
25% Wn ' 10.0 10.0 16.6 12.0
( ) L502.1 Ave 30,2 21.0 19.5 19.3 19,7 | 19.5 19.9 18.8 18.8 19.1 |19.5 204 20,4 20.8 22.1] 26.1 19.9 19.7 20.2 2.5 | 25.4 12,1 12,0 20.1 11.8
3,100 cfs : . :
’ 8503.6 Ave 31.7 23.0 21.4 214 21.9 | 21.9 22.1 20.6 20k 20.8 | 20.6 22.1 22.1 22,8 23.7| 27.4 214 2.4 22,3 23.2 [26.7 13.2 131 215 13.1

Note: Ses Figure 14 for location of plézometers.
. age pi tric pr as d by vater .
*aximun and minimm pi tric p as by p e cell.
a Regorveir elevatdan = 4,625 feet,
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PRESSURES ON STﬁLING BASIN FLOOR
(reservoir elevation = 4,653 feet)

iAawic w

A, FLOOR PRESSURES DOWNSTREAM FROM ORIGINAL CHUTE BIOCK

*Average plezometric pressure as measured by water manometer,
#Maximm and minimm piezometric pressure as measured by pressure cell.
a Reservoir elevation = 4,625 feet,

Gate Tailvater Plegometris Pressure in Feet of Water
Bing elevation mr———— — .
e Plegometer | 1 a 3 h 5 6 7 8 9| 0 1 1
:,odﬁ hsok.h (Normal) Maxws 83:0 500 o ghe8 3.8 e o 69.0 = | b9, 55.8 55.8
(12,200 ofs) . MipHe .;g.k «36,8 o= |:83.9 b6 = - be6  un 1.8 =9.2 -55.
8 45014 (Nermal Max T4 6 e | 110 328  n = b1 e 6 Toh 3.3
(b'gw aof's 5 ( ) Min «11,0 8,3 o =12.9 16,6 - L1 -3’7.6 L «16.6 o1T.5 =33.1
thru
2 gates 4502,9 Max 19.3 36,8 .- | 25,8 3.8 - = bh2 - | 12,9 35.0 kb2
8 : ) 9 Min - 'E -25.8 - '37'6 '87!6 - we 'anl b -20.3 - 9-7 -36'8
50% 4502,3 (Normal) Max W7 a7.6 .- | 12,0 3.3 - - b2 .. 9.2 20,2 W.h
(6,100 ofs) . Min “15.6 =147 «= |=16.6 -33.0 -~ e 2313 == [ elh7 331 =330
B, FLOOR PRESSURES DOWNSTREAM FROM RECOMMENDED CHUTE BLOCK
Ave* -0.9 1.8 1.4 | -1.3 =~0.7 10.7 | 11.0 1.5 19.1] =3.7 =5.5 =5.7
450k .4 (Normal) Max - 22.1 26.7 9.3  30.3 53.4 14,7 25.8- L1k
Min -18.4 -35.0 2184 -k2.k -k2.3 -17.5 =~50.6 =-55.2
1
ook Ave L.6 7.2 19.1 3.3 .2 18,0 {19.9 13.6 24.8 0.k -3.9 ' 3.7
4505.9. Max %0.5 69.5 27.6 59.8 26,7 W1k 73.6
(12,200 cfs) Min -22,1 -36.8 1. -32,2 -23.9 -64.4 ! 46,0
Ave 8.1 10.5 21.3 7.0 8.5 20.8 |[23.2 16.9 27.2 3.7 -1 8.
4507.4 Max 31.3 U46.0; 59.8
Min i -23.9 -36.8 -50.6
Ave -1.1 7.5 10.7 | -0.9 kb 10.1 2.2 -1.1 0.7] -1.1 -0.6 0.5
4503.7 (Normal) Max -0.6 6.4 11.0] -0.9 5.8 11.5 3.0 -l.1 2.31 -1.4 0.6 0.7
Min -2.5 1.8 3.2 | -3.2 0.9 3.5 [¢] ~3.2 =3.0| -k -3.7 -1.7
83% o
Ave -1.5 6.2 134 | -1.8 3.3 127 | 9.7 1.5 16.,2| -2.2 -2.8 0
. 4505.2 Max 23.9 32.2 59.8 | 21.1 kl.k  59.8 {6k 55.2 T73.61 2k.8 14T 55.2
(10,000 cfs) Min -30.3 -27.6 -23.0 [-21.1 -33.1 -18.4 |-36.8 -32.2 -27.6|-20.2 -22.1 ' -27.6
Ave 4,6 8.6 17.1| kA& T4 16,9 | 18.0° 12,3 22.8] 1.8 0.5 5.5
L4506.7 Max 27.6 .50.6 55.2| 25.8 U46.0 55.2 |64 55.2 6h.4| 28.5 35.8 hkl.k
; Min -18.4 -32,2 -18.% [-25.8 L41.k -18.4 [-23.0 -23.0 -J_.3.8 -30.3 -46.8 -35.8
Ave 0.7 6.4 9.2} -11 5.9 9.0 | 1.3 -1.1 0.9} -0.9 -0.9 0.2
4503.3 (Normal) Max -0.k  10.6 -0.9 8.3 3.7 -0  2,3] -0,7 -1.1 1.2
Min - 5.1 1.4k -5.5 0.k 1.2 5.8 1.6 -kl k6 2.3
5%
Ave - ~=1.3 5.1 10,5 -1.8 3.3 10,3 | 7.7 0.2 13.2] -2.8 -3.5 -0.9
4504 .8 Max - 19.3  23.0 16.6 31.3 46,0 1.0 T4 L1k
. (9,000 cfs) Min -20.2 -23.0 -22.1 -28.5 -30.3 -22,0 -23.9 -32.2
Ave 4.6 -9k 16,9 | k.2 6.4 17.3 |18.0 11.8. 22.2| 2.8 0.5 5.5
4506.3 Max 29.k 6.0 19.3 23.0 55.2
] Min -29.% -38.0 -16.6 -46.0 -36.8
Ave 1.3 5.9 10.1] 0.7 5.2 10.7 | 9.4 46 1.9} O -0.7 2.0
: 4502.3 (Rormal) Max 13.8 U4.2 20.2 27.6 36.8 12,9 23.9 314
Min -11.0 -33.1 -16.6 -20.2 -9.2 -12,9 -24,8 -23.0
50% i
: : Ave 8.5 1.8 18.0} 7.7 110.3 18.8 |18.8 .0 26| 7.9 5.5 1.6
: 4503.8 Max 31.3 33.1 50.6
(6,100 cfs) Min -12,9 -32.2 -27.6
) Ave %,2 16.0 21,5} 13.2 15.1 21.k [21.5 20.1 23.6| 13.0 10.3 13.6
" 4505.3 - Max . . . 29.4 3.8 L.k
Min k.6 -24.8 -23.0
Note: See Figure 19 for location of plezometers.



Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng


FIGURE |1

REPORT HYD.-46!1
V4
7-3"x7-9"H.P. ~Prefabricated housing
outlet gates-.
g ) -El. 4510.00 .
O O 6" Selected surfacing---- .. A % Power plant wall
A ; ~Sta. 30+46 : -l 4509.50 ~Sta. 31+48.22 st
! / ; I a.3/+96.22 ,Sta. 33+13.22
[ 1 Pervigus backfill ------- B ¥ Y {61 450200 ¥ / Sfa 3zv322 ’
®OT1— = ¢ el qq97.75 - VS 7 T % 7 1 r—-sm, 314160 : :
N — % 7 I
. 120" Dig. pipe-/'/é 4 ’/,Sfop log grooves--7 /sm 30+84
£l 4489, 75" N-ELLLLZEY E1.4486.00 - i EL4487.00 £1.4482.00-.
Paz= Z . S “~3'Riprap
T 2 s [N
e ) ) e P --£1.4479.00 A
. ey 6"5.p. drain---7 By, —t— A — 9 J
C L ) _ ‘ DR g
T - 2 ~-6"S.P. drain :
r-Sta. 3/+48.22 %
| @O Sta. 31416.11 e SECTION A-A b
@—— . : ~Tailrace-.. .~ 3 Riprap--..} %) J
/ o e . A
A i Y ’ /! | L, i AR
! ! 83 ; YL e gt '
-----Pawer | plant - | 7 | Ay ¥ “0E 450950 El. 4509.50 -~ ,
) N ! s ~Catch basin '} g 936"~ 4=~ ~---- -
/ ~1JSta. 30+84 | L4 (PR Nt S S S A i !
¥ 1 1E1.4470.75 ) 1 e £1.4504.00
' Tap of riprap, i i s K
3 -- - i El.4482.0-.] i
; N N »
g | i T 2
> ?EZ?(( St0. 3/+96.22
! ¢
' el \ ~Sta. 32+13.22 - £l.4482.0- <
) ) : é«(ﬁé& N » T \ £l 4482.00 v -
i &'ﬂ < ‘o %”’@1 EESS
! (! [<=-17-0" -~ £ B
6o ! | o .------{-Sta. 33+i3.22 :
{ | o \
: ( \
! O% L R | R \ El 4461.0¢ \ 4
b ————— e < L((: .. - & L |E1.4458.0%~,
| _SP.dram autlefs s T R 's ELEVATION B-B -
- . | — \ % ¥ = - S -
———— T T i | N S /S/ape to gutter
‘‘‘‘‘‘‘ L .l i I[ (-i~-5ta. 31+48.22 = s ;€ Concrete gutter NOTES
[ oo 1 | . . 0 . .
I (— (C =71 ,.-Sta. 30+84 o : [ &, ! I: E1.4509. 50 Design based on cancrete af 3000 Ibs. per sq. inch
Slape sulrfac—e‘”__ oy N v _»C_\;i [ F: o Nans! ) __13“15'0'?* t . ; \2 j:: B 4509.50 compressive strength at 28 days.
ta drain--- = l ‘ i i I ( % 7 < f { ((‘((0\ i N A N e | P £1.4504.00- _Riprap App/}f/ fwg caqfsfof sealing compound to one face of
\ e [ = v~ v K'S 6" P, R Pt ¢ N i . . - contraction jaints.
‘\ I ijrsg',‘ﬁs.g | B = 8dfbﬁ;s ‘i’ Gdfams\ K:; { ! (fLCC((( * N 12" Impervious backfill G Concrete finishes: Surfaces covered by fill, Fi and Ul
PO At a1 S W= 11" CI Dol Ph o ool X B ervions expased surfaces, F2 and 2.
L ; _YLf r y 247> = Y 1| I A Jrervious Anchor bars not shown .
Al— I - Sy R A | A —1 W\ backfill 3"
L | { -Mv_‘ l K R ; A A A\ Chamfer exposed carners 7.
N-— - = o 0 T sta. 304757241 Y CI N Lo il e outier wa Perviaus S.P. indicates sewer pipe.
st 6;’; P Ne = 4"S.P. P £l.9479.00- f € Outlet warks T T backfill - Reinforcement not shown.
a. 29+497-----x] ! ainss h S o~ drain.--- ... e St i374 ! | {
v S e o] | Stasmen | |
2qio A s o B[] GRNERERE 1 ¥} - . | ) REFERENCE DRAWINGS
EINIEE = —EHES. P drain autlets L1 it . T e T sovaa T aia g e da9T0mes
— ] Y [ 4 '
= o~Sta. 30+46 » Hie f oS ‘ : EI 4458.0% SHEET 1 OF 2o 449-D-65
________ _J o — g - v | S _{{ug__________"__“_____““_ ¥ ) Yooy ’ OUTLET WORKS STILLING BASIN-POWER PLANT
A [ .  F A T OO ——Tmrl 2y 9 L an ; LEFT TAILRACE WALL-SHEET 2 QF 2.__._. 449-0-66
H J"_}L §'S.P. air L ! ll{ ; }l' “ | —]|ll ll; {II '\‘ | ,{:_ e €L 1 SECTION C-C --18" Bedding on shale surfaces
Selected surfacing ta T T | vents jh o ] o _”;_3% el \c@ :
Sta. 30446~ -7 g -2 B = Loty @ 41 .1 1 —— L5 Y S < L
ksl N L PN K
- I~ ¥ =l i B C 3
= — —F | < ) ' Ided fabric,6"x 6" 1D~ 2/ - 58] 45 BUILT BY 707, LTR S—19- 358
= = B, | < i - F We x ] .
. - N : i , o~ 77
~Cancrete gutters ... . Catch basin-—" “4-24"$ P drain : e -l e ,, mesh Na. 10 x No. /0 wires 7 7z
~ ;_—: ' Y 8-18-55
L E N = | | 8 o / El 4509.50-" 2. 1 4504.00 Sta. 31+16.11 o~ Cau | TRACED
7 \ b : \\ ¥ 2 ’ e a ’ 5-)2-55 | INCREASED SLAB THICKNESS; MDVED GONTRACTION JDINT;
b \ PLAN \\ I i e L.~Sta. 31+48.22 D-C.A.W. | SHOWED WALL DATTER; ADOED REF. DWGS.
/,' "IH ‘\\\ Baffep per e \\ i |I l] Sta. 30+84-7] o D/?;:-;y Z’LADNLZE?—;::A”DN DF CATCH 8ASIN, DRAIN,
: i 3 .
! T | EI 4506.13 -, -Grating \ | : ! {"‘Tap of riprap CEPARTMENT OF THE SNTERIOR
| 4 X L y 4506. ~ P18 . BUREAU OF RECLAMATIO
y fep [\ El 4506.13 Vool - £1.4482.0 MaTION
: Y S| ~ o 1 4] MISSOURI RIVER BASIN PROJECT
p > J , ~o | OREGON TRAIL DIVISION-GLENDO UNIT-WYOMING
3'Ri - A
<8 Riprop-, = GLENDO DAM
=3 £L 447075, ‘.4470.25  |OUTLET WORKS STILLING BASIN & POWER PLANT TAILRACE
%1 - PLAN AND SECTIONS
» ~E1.4500.50 S 2 CAN M. A, Jabara
= s o " 20 . o 80 - Specially compacted pervipus backfill” K, El 4458.0 ORawn__tL 0.8 04N suBmITTED iy
Metal graffng*’<_l JWN "94"S. P drain [T P S N S M | ._'_z_ TRACED S
H ) L o o SCALE OF FEET SECTION F-F SECTION D-D cHECKED __ G A EV_V .. approveD—.._ Y- ir:fl%rg?sogg[u_cn‘“"_”
CATCH BASIN PLAN SECTION G-G SECTION H-H ’ DENVER, COLDRADD, MAR. 15, 1954 I 449-D-63



Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng


Figure 2
Report Hyd-461

A. Right flared wall of Outlet Bay 3.
Maximum depth of erosion is 3
inches at flared wall and 8 inches
in floor at stop-log slot.

B. Left side of center chute block in
Outlet Bay 2. Maximum depth of
erosion is 17 inches.

GLENDO DAM OUTLET WORKS

Cavitation erosion on flow surfaces
after 1958 irrigation season.
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drawings following recommendations
of manufacturer,

Adjust 1 and 2 in position using anchor

bolts & and weld anchor bolts 3 and 10 to
Land 2. Burn or cut of f projections on 8
and weld fo ! and 2. Fill cavily behind 1
and 2 with a repair concrete.

e

" Deep saw
cut in wall.

SECTION A-A
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AY
- Sta 30+ 74.75 "
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>3Drill  dia. holes,
34"deep for 1!
using Land 2 as templates.~-5<
4 a5 | ,
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in floor------
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(see instailation note)
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STEEL
SIX REQD -MARK 1052-4

P HANGER
STEEL
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ANCHOR BOLT
. STREL
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L= §"-48 REQD.- MARK 1052-10
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LIST OF PARTS~ AIR ADMISSION EQUIPMENT

REPORT HYD.-461

FOR THREE QUTLETS

P;,:gr R,Zgh DESCRIPTION MATERIAL
/ 3 | Air duct Steel
2 3 | Air duct Steel
3 3 | Vent piping Steel
4 6 | Hanger Steel
5 9 | Hanger Steel
6 6 | Anchor chair Steel
7 9 | Anchor chair Steel
8 |36 | Anchor bolt Steel
9 |30 | Anchor bolt Steel
10 | 48 | Anchor bolt Steel
UNDETAILED PARTS
P:gT ngb DESCRIPTION L@fﬁ MATERIAL]
1252 " 3Unit threaded expansion anchor| 2¢9y'°llead. steel
12 1138 | §"10NC-2x3" Hex. hd_bolt Lia4hl Stegl
13 |48 | £1INC-2x13" Hex hd bolt  14283| Steel
14 | 6 | Gasket-6] oD 1410 x & thick |2 3 16590ite,

Contractor fo furnish surtable high-class commercial materials.

Total estimated weight____________________ 5600 pounds
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e e o
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E i"E' - ‘%T ,__& welding reducers - 6" Sfraight welding tee
! ‘ :; fy 1Y ! E 4. X [
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! ) “3 + :; | g Moo r ] L 6-54"
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l } S ;‘r N Mo ! r k cve
: ” » ! - . " .
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' thru, chamfer §deepl | J‘ : Tl 0T
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I [ ' %
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paragraph 128, page 335 of the Sixth Edition : Bar 2413 p NP M
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GENERAL REVISION FOR CONTRACTOR. FURNISH AND INSTALL

SEC.C-C, GROUT POCKET WAS 3" DEEP
PART 8'WAS 74"LONG. PART 10 WAS §{"LONG
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FIGURE 4
REPORT HY0D.-461

PROTOTYPE PRESSURE IN FEET OF WATER
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Figure 5
Report Hyd-461

A. Right flared wall of Outlet 2,

B. Left flared wall of Outlet 3.

GLENDO DAM OUTLET WORKS

Cavitation-Erosion along flared walls after
1959 irrigation season.
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FIGURE 9
REPORT HYD.-461
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FIGURE 10
REPORT HYD.-46l
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Figure 22
Report Hyd-461

A. The 1:18.4 Model - Original Design

B. Jump Swept from Original Basin
83% gate opening Q=10, 000 cfs.
TW=4503.7

C. Scour pattern in original design after 1-hour
operation, at 83% gate opening. Q=10,000 cfs.
TW=4505. 2"

D. Scour pattern in Recommended design after 1-hour
operation at 83% gate opening. Q=10,000 cfs.
TW=4505.2'

GLENDO DAM OUTLET WORKS
1:18.4 Scale Model


Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng


FIGURE 23
REPORT HYD. 46l
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