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PURPOSE

The purpose of the study was to investigate the
effectiveness of the existing baffle blocks which have
been damaged by abrasion over the years, Tests were
conducted with the existing baffle blocks, with an end
sill, and without baffle blocks.

RESULTS

1. Erosion was quite severe without the baffle blocks,
especially at the end of the apron where undercutting
occurred.

2. Placement of baffle blocks on the apron similar to
the prototype configuration, considerably reduced the
severity of erosion of the downstream channel.

3. A continuous baffle or ena <}l proved somewhat
more effective than the baffle blocks in controlling
erosion at the end of the apron. However, the slight
improvement in the scour pattern with the end sill does
not justify a change in the existing apron baffle block
configuration.

4. To retard the formation of the large eddy along the
sides of the downstream channel (Figure 2), releases
greater than 3,500 cfs (99.109 cu m per second) should
be made in groups of two or three adjacent operating
sluices separated by spaces of at least three adjacent
inoperative sluices (Table 1). Releases through the end
sluices 2, 3, 18, and 19 should also be considered in
combination with the central sluices for discharges
greater than 3,000 cfs (84.950 cu m per second).

APPLICATIONS

This investigation was limited in scope to a specific
structere. Further application would be limited to
similar structures with similar operating conditions.

INTRODUCTION

Jackson Lake Dam, located on the Snake River in
northwestern Wyoming near Moran within the
boundaries of the Grand Teton National Park, was
initially completed in 1911 and in 1916 was raised 17
feet {5.182 m) to a structural height of 55 feet (16.764
m). The dam is a concrete gravity section with earth
embankment wings at each end of the concrete section.
The concrete section is 222 feet (67.666 m) long with
twenty 8.0-foot (2,438-m) by 6.5-foot (1.981-m)

sluiceways through the section near the base and a
radial gate controlled overfall spillway consisting of
seventeen B.0-foot (2.438-m) bays and two 10.0-foot
{3.048-m) bays.

Deterioration of the existing concrete baffle blocks on
the apron downstream from the sluiceways and
extensive scour of the channel bed immediately
downstream of the apron indicated the need for a
study to evaluate the effectiveness of the existing
blocks as compared to a continuous baffle or end sill.

THE MODEL

The model, built to a 1:15 scale ratio, represented the
100-foot (30.480-m) right half of the dam, including
six operative sluices and -gates (sluices 5—10), four
nonoperative sluices (sluices 1—4), 75 feet (22.860 m}
of the downstream channel, and 180 feet (54.864 m}
of the reservoir {Figure 1). The model was of wood
construction except for the six gates which were made
of sheet metal. The downstream channel was formed of
a 6-inch- {15.240-cm-) deep layer of pea gravel.

Since the model encompassed only the right half of the
dam, a wall of symmetry was placed at the tenth pier
and extended through the tailbox. The spillway was
not included in the model.

Water was supplied to the model through the
permanent laboratory system and was measured by one
of a bank of venturi meters installed in the laboratory.
The taiiwater elevation was controlled by an adjustable

gate,

The six sfuices included in the model proved to be a
limitation on the number of sluice operating
combinations that could be investigated. The depth
and length of the pea-gravel channel were also
insufficient, resulting in an inaccurate scour pattern at
the downstream end of the tailbox. In spite of these
limitations, the tests yislded sufficiently accurate scour
patterns at the end of the apron to make qualitative
judgments of the various baffle configurations and to
determine optimum sluice operating arrangements. In
this report all dimensions refer to the prototype, unless
otherwise noted.

THE INVESTIGATION

Four discharges representing: 7,000, 2,000, 3,500 and
4,500 cfs (28.317, 56.634, 99.109, 127.426 cu m per
second) were tested.




Prototype operating conditions are such that when the
total discharge from the reservoir is greater than 2,500
cfs (70.792 cu m per second) and less than 5,000 cfs
{141.584 cu m per second), 500 cfs (14.158 cu m per
second) flows over the spillway and the remainder is
discharged through the sluices at the rate of 500 cfs
{14.158 cu m per second) per sluice.

A discharge of 1,000 cfs (28.317 cu m per second)
flows over the spillway for total discharges of 5,000 cfs
{141.584 cu m per second) or greater. Tailwater in the
mode! was set to represent the total discharge in the
prototype. Model tests were made using 1, 2, 3, or 4
sluices, which represented 2, 4, 6, or B sluices
discharging 500 cfs {14.158 cu m per second) each in
the prototype.

Three apron configurations were tested; namely,
without baffle blocks, with baffle blocks, and with a
continuous baffle, or sill, across the end of the apron.
The effectiveness of each configuration was evaluated
on the basis of the scour pattern after completion of
each test. Each test was approximately an hour and
thirty minutes long allowing time for the scour pattern
to stabilize.

The reservcir head for all tests was held at an elevation
representing 41 feet {12.497 m} above the sluiceway

fioor. The tailwater was adjusted for each test based on
tailwater discharge data 1,000 feet (304.800 m)
downstream from the dam.

Apron without Baffle Blocks

The flow dove off the apron at all discharges without
baffle blocks on the apron causing severe erosion of the
downstream channel {Figure 2}. Depending on the
sluice operating arrangement adopted, the flow leaving
the apron eitar enhanced or retarded the formation of
the large eddy along the right side of the downstream
channel (Figure 2A}. For instance, when sluices 5, 7, 8
and 10 were operated simultanzousiy the eddy was
much more intense than when sluices 5, 6, B8 and 10
were operated simultaneously.

Apron with Baffle Blocks

Baffle blocks representing the existing prototype
blocks were installed on the apron. The. baffle blocks
deflected the flow upward and spread it in such a
manner that it fell in a'parabolic pattern (Figure 3A),
This baffle block configuration resulted in considerable
less scour than the earlier tests without blocks {Figures
2B and 4B). The scour at the end of the apron

occurred where the path of the large eddy impinged on
the pea gravel. As in the earlier tests, the scour pattern
at the end of the apron depended on the sluice
operating arrangement adopted (Figure 4). The pea
gravel which appears on the apron and in some of the
sluiceways was a result of initializing the tests and was
not caused by the flow pattern after the tests were in
operation.

Apron with End Sill

The end sill had a 1:2.4 slope on the upstream face,
identical to the outside profile of the existing baffle
btocks {Figure 1}. It also deflected the flow upward,
but more of the flow was concentrated at the vertex of
the parabola (Figure 3B}. When using 1, 2, or 3 sluices
in the model representing discharges of 1,000, 2,000,
or 3,500 cfs {28.317, 56.634, 99.109 cu m per
second), respectively, the scour pattern at the end of
the apron was somewhat improved over the scour
pattern that had formed with the baffle blocks {Figures
B, 6, and 7). When four sluices representing 4,500 cfs
(127.426 cu m per second) were operated, the scour
pattern was virtually the same as ha: formed with the
baffle blocks (Figures 44, 9C, 4B, and 9B).

Sluice Operating Arrangements

The high velocity jets discharging from the sluices
depressed the tailwater at the apron thus creating a
tailwater differential. The tailwater differential caused
an upstream flow or eddy. When no intermediate
upstream flow channels could be established between
the jets, the upstream flow was concentrated in a large
eddy along the right side of the downstream channel
(Figure 2A). In the prototype there would also be
another eddy along the left side of the downstream
channel.

To investigate intermediate flow channels three sluice
operating arrangements were tested for the 4,500 cfs
{127.426 cu m per second} discharge with the end sill
{Figure 8}. The best flow conditions resulted when two
inoperative sluices were placed between groups of
adjacent operating sluices.

Figure 8A illustrates the tendency for an upstream
flow between the operating jets. Since the tailwater
differential was somewhat reduced by this return flow,
ine eddy was not _as strong. Figure 9 shows the
respective scour patterns of the tests in Figure B.
Figure 9A shows“a slight improvement in the scour
pattern immed‘i'.ately downstream of the apron as a




result of the two-sluice spacing between operating
sfuices.

Limitations of the model did not permit the testing of
a sluice operating arrangement consisting of three
inoperative sluices between groups of adjacent
operating sluices. The improvement of the flow pattern
achieved by using a two-sluice spacing between
operating sluices indicated that a three-sluice spacing
woeutd provide even greater improvement, As a result of
these tests, a spacing of at least three sluices between

groups of adjacent operating stuices is recommended,
see Table 1.

Further improvement in the general flow pattern
downstream of the sluices could be realized by
operating the sluices near both abutments, sluices 2, 3,
18 and 19, when the total discharge exceeds 3,000 cfs
(84.950 cu m per second}). Such operation would
retard the formation of the large eddy along the sides
of the downstream channel.

Table 1

RECOMMENDED SLUICE OPERATING ARRANGEMENTS

Q"

Sluice No.

cfs {cum
per second)

12113

2,000
{56.634)

3,500
{99.109)

4,500 X
{127.4286)

5,500 X
(185.742) 0 0

"0 = Ogiyice * Qspillway
X = Recommendad sluice operating arrangements
0 = Existing sluice operating arragements

For discharges of 6,000 cfs (169.901 cu m per second} and larger, the spillway discharge
along with the higher tailwater should eliminate the tailwater differential present at lower

discharges.
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FIGURE 2

A. Large eddy, reservoir elevation 6769.0, tailwater elevation 6732.0. Photo
P17-D-66276

B. Resulting scour pattern. Photo P17-D-66277

JACKSON LAKE DAM
BAFFLE BLOCK STUDY

Flow and Erosion Patterns
without Baffie Blocks
Sluices 5, 7, 8, and 10, G = 4,500 cfs
(127.426 m3/sec)

1:15 Model




FIGURE 3

B. End silf on apron. Photo P17-D-66270

JACKSON LAKE DAM
BAFFLE BLOCK STUDY

Comparison of Baffle Blocks and
End Sill with Flow through
Sluice 7, Q = 1,000 cfs {28.317 m3/sec)
1:15 Model




FIGURE 4

Sluices 5, 5, 8, and 10. Photo P17-D-66280

B. Sluices 5, 7, 8, and 10. Photo P17-D-66281

JACKSON LAKE DAM
BAFFLE BLOCK STUDY

Resulting Scour Patterns from
4,500 cfs (127.426 m3/sec} Discharge
with Existing Baffle Blocks
1:15 Model




FIGURE &

A. Baffle blocks on apron. Photo P17-D-66282

B. Endsilt on apron. Photo P17-D-66283

JACKSON LAKE DAM
BAFFLE BLOCK STUDY

Resulting Scour Patterns
from 1,000 cfs {28.317 m3/sec) Discharge
1:15 Model



FIGURE &

A, Baffle blocks on apron, Photo P17-D-66284

8. Endsill on apron. Photo P17-D-66285

JACKSON LAKE DAM
BAFFLE BLOCK STUDY

Resulting Scour Patterns
from 2,000 cfs {56.634 m3/sec) Discharge
1:15 Model




FIGURE 7

B. End sill on apron. Photo P17-D-66287

JACKSON LAKE DAM
BAFFLE BLOCK STUDY

_Resulting Scour Patterns
from 3,500 cfs (99.109 m3/5ec} Discharge
1:15 Model
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FIGURE 8

A_ Sluices 5, 6,9, and 10.
Photo P17-D-66288

B. Sluices 5, 7, 8, and 10,
Photo P17-D-66289

C. Sluices 5, 6, 8, and 10.
Photo P17-D-66290

JACKSON LAKE DAM
BAFFLE BLOCK STUDY

Various Operating Sluice
Arrangements with End Sill
Q = 4,500 cfs (127.426 m3/sec)
1:15 Model




FIGURE 9

A. Sluices 5,6, 9, and 10
Photo P17-D-86201

B. Sluices 5, 7, 8, and 10.
Photo P17-D 66292

C. Sluices 5, 6, 8, and 10.
Photo P17-D-66293

JACKSON LAKE DAM
BAFFLE 8LOCK STUDY

55 Resulting Scour Patterns
o from 4,500 cfs (127.426 m3/sec) Discharge
| 1:15 Model
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CONVERSION FACTORS--BRITISH TO METRIC UNTTS OF MEASUREMENT

The following conversion factors adopted wy Lhe Bureau of Reclumation are those published Sy the Amer.2nn Society for

Testiny and Materials

(ASTM Metric Praclice Guids, E 380-88) except that edditional faziors (%) commonly used in

the Burean have been added. Further discussion of definitions of quantities and units is given in the ASTM Mutric

Praztice Guide.

The metrie units and conversion factors adopted by the AST'M are based on the "International System of Units" (designated
SI for Systeme Internationa! d'Unites), fixed by the Internationel Committee for Welghts and Measures; this system is
also known as the Giargi or MESA (meter-kilogram {mass)-second-ampere) system. This system has been adopted by
the International Orgznization for Standardization in }8C Recommendation R-31.

The metric technical unit of force is the kﬂogram-force; this is the force which, when applied to a body having a

mass of T kg, gives il an acceleration of 9. &
center for sea level at 45 deg latitude.

that force which, when applied to a bedy having 2 mass of 1 kg, gives it

565 m/sec/sec, the standard acceleration of free fall toward the earth's
The metric usit of force in 51 units {s the newton (1%}, which is defined as
an acceleration of 1 m/sec/sec.

These units

must be distinguished from the (inzonstant) local weight of a body havi‘fﬁa mass of 1 kg; that is, the weight of a
eq

bady is that force with which a body is attracted to the earth and is
However, because it is general practice to use "pound™
correct term "pound-force, " the term "kilogram

acceleration due to gravity.

to the mass of a body multiplied by the

rather than the technically

" (or derived mass unit) has been used In this guide nstead of "kilogram-

force" in expressing the conversion faciors for forces. The newten unit of force will find increasing use, and is

essential in 81 units,

Where approximate or nominal English units

are used to express a velue or range of values, the converted metric units

in parentheses are also appraoximate or nominal. Where precise English units are used, the converted metric units

are expressed as egually significant values.

QUANTITIES AND UNITS OF SPACE

Table [

Multiply By To ohtaln
LENGTH
M . ... ... P 25.4 {exactly}. . . . . . . . Mieron
Inches . . . . . .. e e 25.4 {exaetly). . . . . . . . Milimeters
. PO 2.54 {exactly)®, . . . . . . Centimeters
Feet . . .. ... . 30.48 {exactly) . . . . . . . Centlmeters
e e s . .. . 0. 3048 {fexactly)*. . . . . . Meters
e e e e e s . . 0.0003048 {exactly}* . . . . EKilometers
Yards .« . . .0 e bow 0 e s D.8144 (exactly} . . . . . . Meters
Miles (statute). . . . . . . 1,600,344 (exacly)* . . . . . . Meters
.......... 1.609344 (exactly) . . . . . Kilometers
AREA
Square inches . . . . . . . . 6.4518 (exactly} . . . . . . Square centimeters
Squarefeet . . ., . . .. o 920.03* . . . . . . .. . . Sguare centimeters
e e e e s 0. 092903 .« « . . Square meters
Squere yards . . . . . . . . 0. 836127 . « « - + « Bquare meters
Acres . . . . . . .. . 0. 40469% ., . » - » . Hectares
....... e e . 4,046.9% . . ... . . ... . Square meters
e e e e e e s s o Q.0040488* . . L L ... . Square kilometers
Sguaremites . . . . . . . . 2.56098. . . . . . . . o o Sguare kllometers
VOLUME
Cubfc inches , . . . . . . . 16,3871 . . + + « + « « +» . Cublec centimeters
Cublcfeet. . . . . . . .« 0,0283188. . . . . « + « » Cublc meters
Cublevyards. . . o a . . - . 0.764555 . . . . . . . . . Cubic meters
CAPACITY
Fluld ounces {U.8.) . . . . 20,8737 . . . . . . . . . Cubic centimeters
e e 2006M29 . . . . . 0. . . . Milllliters
Liquid pints (LS.} . . . . 0.473179 . . . . . . . . » Cublc decimeters
0.473166., . . . . . . . . Liters
Quarts (U8}, & & & - - & 046.358* . . . . . . . . . . Cublc centimeters
0.948331%, ., . . ., .., . . Liters
Gallens (U3, « . .« - . 3,780.43% . . ... ... . . Cublc centlmeters
C e e e s s 3.78643. . . . . . . . . . Cublc declmeters
e e e e s 3.78533. .. . . . .+ . . Liters
e e e e e 0.00378543* . . . . . . . Cubic meters
Gallons (UK.} . . « » . . 454608 . ... ... . . Cublc decimeters
4.54586 , , . . . . . . . Liters
Cublefest, « ¢+ v o « « « 28,3160 . , 4 4 4+ s+ . . . Liters
Cuble yards, . . . . . . TE4,66% .. ... .. . . Liters
Acre-~feat. , . . . .. .. 1,233,5% , ., . . . « » + . Cobic meters
W s s e+ + 2. .1,233,800% . . .. .., . . .. . Liters
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ABSTRACT ABSTRACT

Mode!l studies of the Jackson Lake Dam siuice outlets were conducted to destermine the
effectiveness of the existing batfle blocks. Tests were run without baffle blocks, with batfle
blocks, and with an end siil. Evaluation of the various configurations was based on scour
patterns resulting from each test. Tests without baffle biocks resulted in a prohibitiva scour
pattern. The end sill yielded a slight improvement in the scour pattern over that of the existing
baffle blocks. Sluice operating arrangements were suggested.

Mode! studies of the Jackson Lake Dam sluice outlets were conducted to determine the
_effectivencss of the existing baffle blocks, Tests were run without baffle blocks, with biffle
blocks, and with an end sill. Evaluation of the various configurations was based on scour
patterns resulting from each test. Tests without baffle blocks resuited in a prohibitive scour
pattern, The end sill yielded a slight impravement in the scour pattern aver that of the existing
baffle blocks, Sluice operating arrangements were suggested.,
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ABSTRACT ABSTRACT

Model studies of the Jackson Lake Dam sluica outlets were conducted to determine the
effectiveness of the existing baffle blocks. Tests were run without baffle blocks, with baffle
blacks, and with an end sill. Evaluation of the various configurations wes based on scour
patterns resulting from each test. Tests without baffle bliocks resulted in a prohibitive scour
pattern, The end sill yielded a slight improvement in the scour pattern over that of the exlsting
baffle blocks. Sltrice operating arrangements weve supgested.,

Medel studies of the Jackson Lake Dam sluice outlets were conducted to determine the
effectiveness of the existing baffle blocks, Tests were run without baffle blocks, with baffle
blocks, and with an end sill. Evaluation of the varlous configurations was based on scour
patterns resulting from each test, Tests without baffle blocks resulted in a prohibitive scour
pattern. The end sill yielded a slight improvement in the scour pattern over that of the existing
baffle blocks. Sluice operating arrangements were suggested.
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