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PURPOSE

The purpose of this study was to assist in developing

" the designs of the forebay channel and tailrace for both
6- and 12-unit plant configurations. In addition, effects
of simultaneous operation of the new and exlstlng
features were determined.

" CONCLUSIONS

1. The design of the forebay channel . required
modifications to improve the velocity distribution. The
forebay channel.floor was excavated to elevation 1110
and a dike at elevation 1150 was left at the upstream

end of the channel, resulting in censiderably improved
velocity distribution, The right wall of the channel was

-moved inward as .far as possible to minimize

excavation. Excavation of. the.rock formation at the -

juncture between. Grand Coulee Dam and Fnrebay

Dam |mproved veloc:lty distribution, "fs

2. Guide walls in the upstream portion of the foreba\,\

channe! improved the velocity. d:strlbutlon butcreated\\

excessive head loss {up t0 7 feet)

3. A low sill in the forebayrchannel' between Units 24

and 25 created excessive surface disturbances and head

loss. This sill was proposed to reduce excavation wher:

the 6-unit forebay channel is extended for 12 units.

4. Vortices formed above some of the penstock
entrances for water surfaces below elevation 1240. The -

occturrence and severity, of the vortices increased with

decreasing reservoir elevation and with an increase in

the number of units operating. Additional ‘studies were
required for development of appurtenances to alleviate
vortex formation in the event that prototype operation
discloses a problem and are descrlbed |n a separate
report
. 24
5. Only minor modifications were réquired for the
tailrace configurations of the 6- and 12-unit plants, The

“dedired shape of the right bank was determined in each

case, and velocities and wave heights‘l.-.'ere ‘measured.
The model study suggested that the . concrete

cofferdam pad near the anchor block between the

“ZRight. Powerplant and the Third Powerplant should be
retained as @ permanent feature 1o biock the movement
of bed material into the draft tube discharge region of
the Third Powerplant

6. The effect of G-unit tailrace configuration and
downstream channe! improvement on water surface
elevations in. the tailrace was determined, - The
measured water surface elevations were slightly higher
{maximum of 16 ‘feet} than those determined
theoretically. o

7. -Measurement of transient velocity and water surface. -

in the G-unit tailrace during a plant startup procedure
showed no sudden .increases in velocity or turbuient .
fluctuations, or waves which could damage the bank
material. Similar results would be expected for the
12-unit plant .

8. 7DD-megawatt_'lel - units - are presently being
discussed - for installation &t the remaining three-
authorized units: {three B00-Mw units are - under -

construction). Discharges corresponding 10 the farger

units were not tested during this study; however; some
increase in the severity. of problems such as vortex
formation . and bed scour ~would be expected,

Therefore, a change to .700-Mw units should not be

made unless addltuonal studnes are made 1o evaluate
these effects. o o

APP LICATION S

The results of this study apply spec;flcally to the‘

" Grand Coulee Th|rd Powerplant wh|ch is essentially-

unigue.

IN TRO DUCTION

The exlstlng Grand Coulee Dam, Figure 1, includes as
its primary features a spillway, multiple outlets, and a

. powerplant on each bank. The’ spillway is desugned for. -
*a- maximum discharge of .1 miltion cubic feet per, -

second. {cfs} at; maximum reservoir elevation 1290,
Each powerplant has a capacutv of doproximately

1,000 Mw.

The Columbia . River Treaty with CanadaI has made
|ble additional storage capacity upstream from

-urand Coulee Dam. Previously, water has been wasted

over the spillway. Therefore, the Third Powerplant was
‘conceived as a very attractive addmon 1o the Grand
Coulee complex.




Figure 1. Grand Coulea Dam - Existing features. Photo TP222-D-9106

The Third Powerplant, F:gure 2, will have an ultimate -

capacity of 7, 200 Mw in the form of twelve 600-Mw

units. Six units are presently authorized. This will' be
mexpenswe ‘hvdroelectrlc power in the
_ United States from a’ *'ant which is expected 1o be the

the most

world's largest for many years. Installation of the 12
units will occur |n stages 2ccording to the growth in

need for: ‘peaking power. Estlmated completron for fuil\_ '

capamty is 1992

Three GDI}MW units are. now under construction. .

Increasing the size of the remaining three authorized
units to 700-Mw is being discussed. Though .
“effects are unknown, an increase in the se.rerity of

potential problems such as vortex formation and bed”

scour would be expected.

“ THE MODEL

_ The 1:120 scale model was constructed and tested in
stages, according to the need for design- information.

. The preliminary forebay channel for the 12-unit plant .

-was installed and tested first. Later, the penstocks and

." exact_ '

powerhouse structure were attached and the tailrace

. topography was instafled. The. mode! included the
“spillway- and both existing powerplants from the start.

Water was supplied to the model through two risers

.. which could be adjusted to modify the pattern of flow
. entering the model.

Discharge was measured wrth
permanent volumetr:carly callbrated venturl meters.
Reservoir elevations were set by staf ; ages head Ioss

~was méasured with, point gages. Tallwater elevations
-were also set with a staff gage. Water surface profiles in

the “tailrace were determined with . piezometers

. mounted flush with the riverbed. The piezometers were

connected to a pressure transducer.- The output from
the transducer was displayed on a digital voltmeter,
with voltage corresponding to head on the transduger.’

e Velocmes in the forebay and tailrace ‘were measured
: wrth a mintature propeller meter connected to an

electronic counter and paper tape. printer-or with a
pitot tube connected to a differential pressure
transducer, Waves were recorded with capacitance-type-
probes connected to a dlrect-wntlng osciilograph’
recorder. :




TEST CONDITIONS

The followmg condmons were used in planmng the

mode! tests. : S
.At_n'iinimum reservair elevation 1"2'0'8: o

- /‘1._’ . .

One umt operatlng 29, 200 cls

Twelve units operating - 330, OOIDI cfs (27 -
500 cfs per unit)

At maximum reservoir elevation 1290:

One unit operating 31,000 cfs

Twelve units operating - 372,000 cfs (31,-

000 cfs per umt)

Right and Left Powerplants - 45,000 cfs ea_é_h

Spillway - 1,000,000' cfs maxim_urﬁ

_Channet dischafgé

'Fill

Tailwater at bridge gags.”
" Unimproved With fill |
".,._._cfs; © - channel <. channel “D*!

9506
962.2

2950.1%

- 951.9

- ~959.4
9664 .
971.1.
984.8 -

- 7999.4
10125

60, 000 _
80,000 ©
160,000 o
240,000
300,000
500,000
750,000,
1,000, 000

channel D" is one of severa! downstream :
channgl conflguratlons and was, chosen for protciype -
construction, The theoretical. tanlwater corresponding
to this conﬁguratlon was used in the model study

Informanon concernmg "these condmons became :
available at different times during the study. There-
fore, this report ‘may at nmes refer to somewhat.
different conditions,




INVESTIGATION

Forebay Channel .-

Prefiminary design. ~Figure 3 shows the initial con-
figuration of the forebay channel. The upstream
portions of the penstocks and the penstuck en-
trances were simulated with 4-inch- dmmeter plas-
tic tubes (40 feet, prototype) with slide gates .on
the downstream ends of the tubes. A portion of the
topography at the upstream end of the forebay
channel was included. Velocities were mea3ured
across the forebay channel on a line representing
an extension of the upstream face of Grand Coulee
Dam, and on lines perpendlcular to the Forebay
Dam approximately 300 and 600 feet downstream..
Surface flow patterns in the forebay channei are
represénted by the confetti streaks in Figure 4. The
i+, total discharge through 12 units was 330,000 cfs,
reservoir elevation' 1208 (minimum). The confetti

velocities in that. are:j The eddy formed down-
stream from the corner at the juncture of the dams
is apparent as well as surface swirls along the face
of the Forebay Dam. Figure 5 is'a closer view.: of the
eddy formed at the corner, for a discharge: of
382, 400 cfs, reservoir elevation 1290 {maxi-
‘mum). Nearly dead water occurs at the downstream
end of the channel.

Velocity distributions for these conditions are shown
in Figure 6. At reservoir elevation 1208, Figure
6A, upstream velocities to 3 feet per second (fps)

Figure 3. Preliminary iorebay channel.
D-72991

Photo F1222-

streaks, indicate that the flow is directed toward the
right side of the channel, with accompanying high

Vortices formed above’ several of the penstock en--

Figure 4. Flow pattern in preliminary forebay channel. Photo
P1222-D-72992

Figure 5. Flow pattern at juncture between dams. Fhoto
P1222-D-72993

were observed near the Forebay Dam (Ieft snde of o
channel). Velocities' over 11 fps occurred. near the ‘
right side. These ‘wers uverage velocities;” therefore,
higher instzntaneous velocities would be expected
Attempts were made to limit the velocity along.the
right side to less than' 10 fps. At reservoir elevation ‘
1290; the highest velocities occurred’in a: limited .
region near the lower left corner of the channel,”
Figure 6B. Both Figures 6A.and 6B show ‘that the
corner eddy is primarily a surface phenomenon

trances at the mm:mum reservoir . elevation. The o
change m water sun‘ace elevatmn from the main

e
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body .of the reservoir to the first unit was
approximately- 2 feet at minimum reservoir. The
change was negligible at ma)nmum _reservoir,

Several modifications and appurtenances were tried in
attempts to improve velocity “distribution in the
forebay channel. -Rounding of the corner at the
juncture of the dams had. no effect. The remaining
topography between the channel and 'the reservoir was
|n5talled for thIS test. :

Guide walls placed in the channet, such as that shown

in Figure 7A, were successful in improving the velocity’

distribution. Such structures ‘would consist  of
unexcavated rock. Improving the velomtu distribution
_altowed the right wall to be moved mward as shown in
"Figure 7B. This arrangement amproved the velocity
distribution, but resulted.in excessive head loss. Water
surface drop from the reservoir was as much as 7 feet,
Operation without-the guide wail.in the middle part of
the. channel suggested that some revision of the rlght
wall. conﬁguration wouid be advantageous

After’ several more trials,  the conflgurataon shown in
Figure 8 was determined to be a - necessary
improvement. “The channel floor was ‘lowered  to
elevatlon 1110 and a curved rock dlke with its crest at
elevation 1150, was placed across the'channel-entrance.
The result-ng veioctty dlstrlbutlon is shown in F:gure 9.

Lowerlng the topography at the corner from elevatlon'

1250, Figure. 10A, to elevation 1190,. Figure 10C,
further improved the velomty distribution, Fugure 11.
it was later. determined that the topography could be
lowered 10 elevation 1200 W|thout an unreasonably
large amount of excavation.,

Mov:rg the right wall :nward 20 feet resulted in the

velocny distribution of Figure 12. This change had no_'

apparent affect on the veloc:ty distribu tlon

'Reeommended desrgn —After several addrtnona! minor
modifications, ‘the  forebav. channel configuration
shown i3 F:gL.re 13 was reccmmended

Ve:ociw: distributions _for the 12-unit-config:u.rati_cn?arej
given in- Figure 14 {ithe' corner ‘topography -was at’

elevation 12256 during these measurements). Velocities

of nearlv 11 fps were measured - -along ‘the- right wall; _f__
these velocities were determined to be
acceptable. Velacities of mare than 13 fps are required ’

however,

to move 20-inch riprap. Since the blocks of rock inf the

wall of ‘the forebav channel. are ‘equivalent to sizes

much larger .than 20 inches, -the expecte_d velocntres
should cause no problem. : - . . T

" of ‘confetti, - with 12
'phot_ograph

" B. Photo P1222-0-72904,

Figure 7. Trial curved guide walls,

Figure 115 shows streaks caused hy submerged pleces -
-units - operating. : The =
shows : that, at ,seuera_l points in"the

channel, the subsurface movement is nearly pa_raIIeI‘_
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Figure 9. Velocuy dlslnbunon at Sectlon A wllh recommen-
dad dike. ‘

to the face of the Forenay Dam By rr.easurlng the

exact camera shutter speed the velocities could be '
determined by measuring the length of the streaks. .

These data were useful in designing the trashracks. for

the penstock intakes. Figure 16 shows surface flow

patterns near the upstream units {19, 20, and 21} and
near the downstream- units (28, 28, and 30). Figure

16A shows a standing wave which. causes rapid-
—deceleration of the surface velcéity. Tha shadow of this -
wave can be seen on_the channel bottom. The surface

eddy above Units 19 20, dl"ld 21is ‘also aoparent in, thIS
photograph. : o ) L

The' following observations on vortex formation were.

_ made for the B-unit plant configuration: | :

Unit 19 operating- alone at a dlscharge of 31, 000 '

cfs:

Dimpling of the water surface immediately after .

submergence of the entrance. Decreasing strength

as the water surface rose to the minimum

reservoir elevation 1208, Dimpling again noted at
elevation 1213. Weak circulation with no surface
dimpling at elevation 1250.

C. Photo P1222-D-73017.

‘ Figure 10. Variable wopography st juncture betﬁeen dams.,

Units 19 20, and 21 operatlng, each at a dlscharge
of 31,000 cfs: . - E

Below elevation 1208, short duration, weak to
strong vortices formed at times. Some air taken




- Unlts 19, 20, 21, 22, 23, and 24 operating, each ata
' dlscharge of 31 000 cfs:
Occasional. strung vortices ~formed below
elevation 1208, primarily . at- Units 19, 20, 21,
- ‘and 22. Surface dimpiing at elevation 1213.

" Strong, concentrated swirls at elevation 1220, no
. air taken, Shortduration, strong vortex above Unit
::’;;snl.: AEm-m ofi lumure Changes on velocity distribution . 19at elevatlon 1226, took air. Observed again at
: = elevations 1228, 1229, 1230, and 1234.
: : Represents prototype vortex with a diameter of -
43/ , aa - about 10 feet. intermittent vortices above Unit 20 -
\ \ / took air at elevation 1250, and again at elevation
\ '1263. Déep, intermittent dimples above Unit 20 at
_elevation 12860, with strong counterciockwuse_‘
cnrculatlon 3

Ch.

2.2

. : Observations were also made with all 12 units
4 :
Flgul’e 12. Velocity distribution a ':ectmn A with modified operatlng at reservoir elevation 208 with varwng.

K

right wall in forebay channel. i, duscharge a5 descrnbed below: *
Q= 330,000 cfs:

Strong, unstable vortices above Units 18-24 took
air for short periods through any of these six -
units. Mowng dimples observed above UnltS"_
25-30, no air taken.

Q= 284,000 cfs:

Shorz duration, :large vortex, took . air into
penstock of Unit 20. Incipient vortex formation
above ‘Units 21 .and 22. Dfmpled surface =
throughout the Iength of the channel

Q= 266,000 cfs:

. _ Short dLII'atIDn large vortlces abnve Umts 20 21
Flgure 13. Recommended forebay channei. Bamer at mad- . and 22 t°°k air, Calm Wwater surface above’ Unit

dength represents end of channel for B unit plant. Photo 19. Dimpled surface throughout th fength of the - |
P1222-D-73018. . channel. '

“into penstocks. At elevation - 1208, a'vortex-...
formed above Unit 19 which took air and lasted -
for several-seconds. At elevation 1223, surface

Q= 252,000 cfs:

- A : Short duration, moderate vortices formed above -
dimpling was noted and most of the circulation ‘Units 20 and 21; but much less trequently than -
was ‘above Unit 19, A weak. intermittent vortex for higher discharges. Small amounts of air taken.
formed above Unit 19 at elevation 1238.. At Dimpled surface throughout the Iength of the_'
elevation 1266, intermittent surface d|mple$‘_ . channel. ‘
formed above all three units. = :




FOREBAY DAM

N

Prototype velocity pattern—Perpendicular to ¢ of units

looking downstream—100 feet upstreamn from G
12 units operating Q =372,000cfs Reservoir elevation 1208

Unit 19

Figure 14, Valcu:lty dns‘nbutmn in secommendsd forabaf channel

Figure 15. Flow pattemn w1th|n forebay channal flow. tho
P1222-D-72999 )

Q= 237 000 cfs (represemmg 72 percent of
fuli Ioad)

Short duration,: moderate vortices formed
above Units 20, 21,
However, :
amount of air taken into penstock of Unit 20.
Dimpled surface throughout the length of the
channel

The effects of these vort:ces on .operation of the

‘turbines could not be determined in this study.

Also, the exact performance of the prototype fore-

2; did not take air.-
~vortices had deep cores. Small

bay channel could’ not be determmed b‘ecauSF- the-
taws of similitude for vortices are not yet well..
established. Additional studies oh a larger medel
would be advisable for developmem of modifica-
tions and appurtenances to alleviate the vortex
prob!em ) . : R

During the course of the forebay channel tests, the

spacing between penstocks in each of the. 6-unit
groups was changed from 133.5 feet to 119 feet.
This change had no effect on the test results. -

At

A proposal was made. to leave a rock ““weir”’ be-'
tween Units 24 and 25, to reduce ‘the reqiired
amount of underwater excavation. Such a stru.:ture
was mstallqd in the model, with the top=of the
structure at &ither elevation 1170 or 1200. For the
Taver structure;. operanon up to reservoir elevation
‘1250 resulted in very:reuah.fow and large vortices
in the channel adjacent to Units 25-30. Approxi-
mately 1 foot of head loss occurred across the
structure at reservoir. elevation’. 1262. For the

. higher structure; unsatisfactory flow conditions

were observed up to reservoir elevation 1263.

. Tailrace __ ' AR
BV o A
i

'.Six-unit plant. ~The model was modified to include

the penstocks, powerhouse, and tailrace for the
6 -unit plant, Figure 17. :




Stends

e
Shadow ~

" A. Units 19-22. Photo P1222-D-72996

B. Units 19-21. Photo P1222-D-73900

C. Units 28-3G. Photo P1222.0-73001

Figure 16. Surface flow pattern in forebay channe!

Figure 17. Preliminary 6-unit tailrace configuration. Photo
P1222-D-72997

Twe configurations of the right bank of the tailrace
channel were tested. Figure 18 shows the prelimi-

nary configuration of the right bank of the tailrace
channel, along with focations of velocity measure-

ments. Table 1 shows the velocity data. Velocities
axceeding 15 fps were measured at several points,

The maximum recorded velocity of 17 {ps would

cause movement of riprap material less than 42
inches in diameter.! Concern over the possible

movement of channel bed material resulted in a

modification to the right bank. The recommended

configuration and locations of velocity measure-

ments are shown in Figure 19. The resulting veloc-

ities are shown in Table 2. The maximum_recorded

velocity of 13.5 fps would move riprapi.ess than

27 inches in diameter. Figure 20 shows several

representative flow conditions in the recommended °
tallrace channel for the G-unit plant.

The question was raised concerning the possible
movement of bed material between the existing
Right Powerplant and the tailrace of the Third
Powerplant. Velocities measured in this area for

Figure 18. Velocity measurements in preliminary 6 -unit tail-
race. Photo P1222-0-73006

'Figure 165, "Hydraulic Design of Stilling Basins
and Energy Dissipatars’”, Bureau of Reclamation
Engineering Monograph Mo. 25, July, 1963

10,




Table 1

'VELOCITIES MEASURED AT POINTS IN FIGURE 18

* Point /Run " Velocities — fps E A
No./ - No. 273 |4 T8 |7

r—

5345 )44 |37 [ 36| 23
0.2{06 ] 051 22 | 16
17028 | 30| 2 1.7 | 0.8
1.811.6 |17 | 0 1.1 | 14
|35|35.0 35|36 | 16|08
29{36 | 38133 |19 10"
32144 | 53 | 6. 54 | 4.8
3564 | 63 | 6. 6.9 | 4.4
3243 | 48 | 64 | 7.5 |[104
06)07 |09 |-36 | 9.8 | 87
40|56 | 7.8 | 91 {122 ]133
24133 | 37 10.4 |12.5
48|69 | 73 15.1 [17.0
1.8 06 [-1.2 |-0.8 | 80 [10.6

o~ |92 121_ .7 [15.4 |16.5 ~

DO NDM U BN -

- : e Bridge
Existing { - . B-unit - : _ . “ Total - tailwater
plants : 3rdpp |- Spillway - die‘;chargg_ elevation' | Backwater

0 * 93,000 | 0 - | 93000 | 9538 1.2 -

0 *,186,000 .0 186,000 01 9635 .| ‘1.8
'90,000 150,000 0 240,000 | - 968.6 | 2.4
90,000 186,000 - 24,000 300,000 973.9 | 3.0
.80,000 186,600 ~ | 224,000 500,000 | 9887 | 4.2
90,000 186,000 474,000 750,000 | 10058 | 4.8 _
90,000 | 186,000 724,000 | 1,000,000 [ 10184 36 . .

*Units 22-24

three representative flow conditions are shown in
Figure 21, .5 cases where the modei velocities were
too low to measure with the“miniature propelier
rmeter, only flow patterns are shown. The magni-,
tude of the velocities suggesied that some of the
material {less than about 4 inchas in diameter) .
might” tend to move into the Third Powerplant
tailrace. Since a concrete pad was to be constructed
for support of the cofferdam, it was suggested that -
this pad be ieft in place after completion of con-. -
struction., The pad, shown-in Figure 22, will tend to
block the movérment of. matenal toward the Th|rd :
_ Powerpiant tailrace. e :
Figure 19. Velocity measurements in recommended 6-unit e
tailrace. Photo P1222-D.73007




: .Tab'le. 2

VELOCITIES MEASURED AT POINTS IN FIGURE 19

‘Point_/Run Velocities — fps .
No. NO;. 1A | 2A | 3A | 4A ) 6A

50(53|42| 56| 4. 3.6
35[{09[08 ] 08 , 2.2
- 44| 44|41 44 . 0.8
51 (37133 | 40| 1. 1.0
3736142 | 44| 5 3.1
27(43]47 | 48| 5 2.9
1714347 | 53 .
0614050 | 628 7.2
‘2443150 | 6.4 . 9.1 |
18131138441 | 65} 62|
234455 | 6.7 3 | 8.1
2131 |38 48 . 8.8
281431591 70 .
25147252} 59 . 9.6
‘50)] 75|81 }10.0 0 | 135

WO~ND BN -

- Backwater

. : o T - : 2.4
Runs described on Table 1. N 24
30
. 2.4

Units 27-24 of Third Powerplant, Q = 93,000 cfs, © " Units 19:24 of Third Powerplaat, Q = 186,000 cfs,
tailwater elevation 953.8. Photo P1222-D-73014 ) ) tailwater elevation 963.5. Photo P1222-D-73013

Figure 20. Finw conditions in the recommended 6 -unit tailrace. .

12




Units 19-24 a1 Q = 150,000 cfs plus existing
plants at 90,000 cfs; tailwater elevation 968.6.
Photo P1222.D-73012

Units 15-24 at & = 186,000 cfs plus existing
plants at 80,000 cfs, spillway at 24,000 cfs;
tailwater elevation 973.9. Photo £1222-D-73011

Units 19-24 at Q = 186,000 cfs plus existing
plants at 90,000 cfs, spillway at 224,000 cfs;
tailwater elevation 988.7. Photo P1222-D-73010

Units 19-24 at G = 186,000 cfs plus existing
plants at 90,000 cfs; spitlway at 4 /4,000 cfs;
tailwater elevation 1005.8. Phato P1222-D-73009

Units 19-24 at G = 186,600 cfs pius existing
: plants at 90,000 cfs, spillway at 724,000 cfs;

tailwater elevation 1018.4, Photo P1222-D-73008

Figure 20. Flow conditions in the recommended 6-unit tailrace.—Continued




ALL VELOGCITIES TOO LOW
TO MEASURE '

RIGHT. PP ONLY : o . . RIGHT PP ONLY.
TW EL.» 947.4 . " - TW EL.w 9304 .

RIGHT PP Qv 43,000 . : - RIGHT ‘PP Qv 40,000

[
Z
g
o
o
28
o .
>
o
-9

RIGHT PP AND 3rd PP
TW EL.» 347.4 .

RIGHT PP Q. 43,000 -
ird PP Q. 202,000

Figure 21. Velocities in vicinity of anchor block.

4

NOTE:

VELOGITIES MAY BE
- BELOW. USEFUL RANGE

' 'OF VELOCITY METER




Figure 22. Cotferdsm pad near anchor bluck. Photo P1222-
D-72998

Twelva-unit piant.—Figufe' 23 shows the preliminary

tailrace configuration for the 12-unit. plant. The
retaining wall at the base of the slope on the'righlt_ ‘

bank was skewed 16.5° toward the channel. Figure
24 - shows the location of velocity . and
wave-measuring ~ instrumentation and surface flow

patterns, as indicated by _confetti, for three
representative  flow conditions. Figure 26 shows -
velocities and trough-to-crest wave heights in the .

preliminary tailrace. Velocities along the right bank

approach 10 fps, suggesting the possible ‘movement

of bed material. The . retaining wall was rotated so
that its new location was perpendicular to the
longitudinal axis of the powerplant. Velocities were
again recorded, as. shown in ‘Figure: 26.. This
configuration was recommended for the final design,

P ounTA OATRATG
fAILwATCR ELevaTiOn 271

fanmse ron
TR $hadb

‘8

Tan g by,

Aft 12 units, existing powerplants, and spillway
‘ operating. Photo P122240-73004

All 12 units operating. Photo P1222-D-73003 -

Figure 24, Fiow pattgrnﬁ and instrumentafiun in
prefirminary 12-unit tailrace.




UNITS 9 - 24 !
NOT OFERATING

" UNITS 25 - 30 OPERATING

' Figure 25, Velocities in prefiminary 12-unit tailrace,
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CENTERLINES -

oF psus_'riﬁ)' &t

: - 20

.L

RIGKY POWER PLART | -

wAVE HEIGHT ¢ 0.5 -
TROUGH TQ CREST

17




[

- DEAD WATER
ON SURFACE

TLALL A2 UNITS] EXISTING ‘POWERPLANTS, AND SPILLWAY OPERATING - -~

_ Figu're_ 28, Velocities in preliminary 12-unit tailrace~Continued. -
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LOQNGITUDIAL

R umrs\

UNITS 2_5 < 30 UPERATING'

Figure 26. Velocities in recommended 12-unit 1ailrace.
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ALL 12 -UNITS OPERATING

~ Figure 26. Velocities in recammended 12-unit.milréqe—Cuﬁiinued.
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TS5, EXISTING POWERPLANTS, AND SPILLWAY OPERATING -
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.During this phase of the testing, some movemeﬁt of

channel bed ' material  was -experienced in  the
prototypz=iear the Left Powerplant. The model was
used to’ e'raluare the extent of this movement. Sand
was placed in the model in the area adjacent to the
Left Powerp|ant
with the Lehi l"owerplant discharging -alone at "a
capacity of 45,000 cfs, there was some indication
of movement of sand toward the main channel.
Also somg beaching effect OCCUrred at the water
surface. However, no deposits were noted near the
feft training wall’ of the spillway. The model was
then operated for about -1-1/2 hours with 45,000
cfs through the Lefr and Right.. Powerplants .and
about 750,000 cfs over the spillway. The tendency
for the - sand to move down the slope was noted.. A
sandhir was formed between the left . taifrace
channel and the main channel and a deposit existed
on the downstream side of the.roller bucket in the
left one-third portion of the spillway. No deposlt
was noted near the left training wall. ;

Tailrace bsckwater tests.—Because of moditications. to
the channel banks downstream from -the site, the

need existed to evaluate the backwater effects of.
I possible, attempts

various bank configurations.
would be made to reduce the backwater to increase

the power head. The channel was carefully shaped.

according to the latest cross. section “information;
water surface elevation - gages were located ‘at

.positipns corresponding 10 those in the prototyps;
was operated at several required

and the medel
conditions. Water surface elevation gages in the model

consisted - of piezometer . openings. which were

2

shows the total backwater ‘existing between the Left

- Powerplant and the bridge gage, with -downstream
" “Channel A or B, for'a full range of discharges from

After 1-1/2 hours of operation,

“in Frgure 30. ; _ o

0 to 1,000,000 cfs. These data show that Bank B.is

somewhat. advantageous with respect to backwater =

effects.
Banks A and B with- th\- EXIStIng channel are shown

i

"l

- Hydrauhc: transrent zests —The purpose of these tests

was to determine -
occurring .on the left bank of the tailrace channel §
\\'l

during startup of the 6-unit Third Powerplant. The1
model was operated to simulate what was conmdered

" to be the most severe operating condition, with respect

to startup of- the umts The steady-state condltmn at

~ the start of the test consisted: of Unit 19 at fuil- Ioad

connected tQ a pressure transducer for very accurate

measurement of the water surface.

The model was first operated with the e:ustlng tailrace
configuration to determine - model-prototype

_conditions.

with 31,500 cfs discharging. The existing plants were
off. Units 20-24 were operated at a.speed-no-load
condmon 10 percent of the full- load discharge. The
tailwater .was set at nlev.:tion 949.2. Units 20-24 were
then brought up to the full: :foad in successnon 'with
each  unit requiring 3' minutes {prototype}.” This
operation would ~occur - only - under -émergency

lnstantaneous values of velomty, wave helghts and .

tailwater elevatlon were measured on the left bank near
Station 27+77. This locat tion- was -determined. to be

. optimum for measurements by observing currents and

by inspecting previous velocity . data. The pitot tube -
and wave probe used for measu rlng velocnw and waves
are shown in Figure 31 ' :

Two separate tests were performed in the furst test, an _
ef-fort .was made: to simulate -the ‘tailwater change by .

conformance. The data of Figure 27 show that this
conformance was guite good. The correct water surface ..

elevation was preset at the bridge gage.

The model was then -operated with ‘bridge gage

water surface
computed

elevations-
elevations  for

set 10" correspond .to
operation _with- two

different downstream channel configurations {A and’

operating the - model ‘
unsatisfactory " because. {1} the. exact relationship
between ‘time and tallwater elevatlon was not known,

the transuent flow condttroras,

Comparison’ of the backwater .effects .of .

tailgate. This - proved to be -

end {2} waves reflected from the moving: ta|lgate"

atfected results at the measuring point. A second test
was:. performed iy in - which - the tailgate ‘remained
S;atronary

the tests, waves did ‘not have time to reach the

It was “assumed that over. the duration of. .

- . downstream controi "pciir_'l‘t_ and travel back upstream.to

B), and the tailrace conf:guranon for the 6-unit -

Third Powerplant. The basic downstream channel

configuration had been previously specified, and was -

denoted ‘as_fill' channel “D",

The . water surface
elevation data are shown in Figure 28. Figure .29

the model test section, {f this assumption’is incorrect,. *
then -the maodel represented a more severe condition

than the prototy pe

22
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GAGE AND LEFT POWERPLANT GAGE - FEET

Figure 31. Pitot wbe and wave probe used in hydraulic
transient test. Photo P1222.-D-730156

R E—— 's T ' .Wave and velocity data did not indicate the pas-
| DISGHARGE cfs x 10% . sage of a well-defined surge wave; instead, a
' gradual increase .in the velocity and tailwater was:
indicated. Waves were too small to measure. The

velocities were measured at about 20 feet and

‘about 3 ‘feet;above the riverbed. These data are
summarized in Figure 32. They do not indicate the
presence of sudden increases in velocity or.turbu-
* lent fluctuations which would cause damage to the
: bank material. Similar results would be expected for -
LEFT POWERHOUSE, MGOEL DATA _ ' - the 12-unit plant with gradual increase to the final

G-UNIT 3rd PP WITH BANK A4
FILL CHANNEL velocities and tailwater Ievel

DYFFERENCE 'N WATER SURFACE ELEVATION BEVWEEN BRIDGE

Figure 29. Total backwater between Leh Fowerplant and
bridge gage, Banks A and B, steady flow.

Flgure 32 also shows that a near steady -state -
condition’ should accur about 20 minutes after the -

- beginning of the operation. I the time requsred for
the reflected wave to reach the tailrace is greater
than 3G minutes, then the model results are valid. =

' Otherwise, the measured velecities should be re-
duced to reﬂect the effect of the negative wave.

CLEVATION [i.5.8.R. DATUM]

546.613 EXISTING
NHEL, THEQRETICAL

WATER SURFACE

- LT PUE AECOMD 1MOTOY TRL)

Thamstia ELEVRTION - 2 EE1

weLazitr

]
P
L
{

: RN INEN
+ WITH BANK. 8 - o E I R (I
A MODEL DATa @ MILE %96 6:1% fimi 1RGuM yrEST OF TEAY - mikotE tHiotatrezy
EXISTING GHANNEL C = . ; o R
0 MODEL-DATA @ LEFT POWER- Figure 32. Results of hydraulic transient test,
HOUSE, EXISTING CHANNEL : : :

3 - 5 [] T
0ISCHAAGE cfs x 1O

. Figure 30. Backwater in sxisting and modified channe!s.
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CONVERSION. FACTORS—BRITISH TO METRIC UNITS OF MEASUREMENT

The following conversion factors adopted by the Bureau of Reclamation are those published by the American -
Society for Testing and Materials {ASTM Metric Practice’ Guide, £ 390-68) except that additional factors ("}
commonly used in the Bureau have been added. Further discussion of definitions of quantities and units is given in
the ASTM Metric Practice Guide,

The metric units and conversion factors adopled by the ASTM are based on the "International System of Units™
{designated St for Systeme [ntermational d'Unites), fixed by the International Committee for Weights and
Measures; this system is also known as the Giorgi or MKSA {meter-kilogram (mass)-second-ampere) ‘system. This
system has been adopted by the International Orgahization for Standardization in 1SO Recommendation R-31,

The metric technical unit of farce is the kilogram-foree; this is the force which, when applied 1o a body having a
mass of 1 Kg, gives it an acceleration of 9.80665 m/sec/sec, the standard acceleration of free fall toward the earsy's
center for sea leval at 45 deg latitude. The metric unit of foree in Si units is the newton {N), which is defined a3
that force which, when apptied to a body having 2 mass of 1 kg, gives it an acceleration of 1 m/sec/sec. These Units
must be distinguished from the {inconstant} Jocat weight of a body having a mass of 1 kg that is, the weight of a
bady is that force with which a body is attracted to the earth and is equal to the mass of a body multiplied by the
acceleration due to gravity. Howaever, because it #s general practice to use “pound” rather than the technically
correct term “pound-force,” the term “kilogram’™” {or derived mass unit] has been used in this guide instead of
“kilogram-force™ in expressing the conversion factors for forces, The newton vnit of force will find i lncreasmg use,
and is esyential in S units, .

Where approximate or nominal English units are used to express a velue of range of values, the converted rmetric
units in parentheses are also approximate or nominal, Where precrse Engilsh units are used, the canverted metric
units are expressed as equally sighificant values.

Table |

QUANTITIES AND UNITS OF SPACE

Mulriply To obtain
LENGTH
11 P 254 {exactly) L L. e i e e e Micron
Inches . ..... e e 25.4 {exactly} -, ..., . E P Millimeters
IMENES « o v e i e 254 exactly)® .. L., Centimeters
Feet .. ....... v.0. . 3048 exactly) . ... ... ... ... .. Centimeters
Feel ... . ... veruoan . 03048 {exactly)” .. ......0. 0., Meters
Feet ... ...vivvrnnans 0.0003048 {exactlyl” ...... P ieiess Kilometers
Yards ... ... e ConOMdexactlyl ... L e Meters
Miles (statute) .. ........ 1609384 (exactlyl® ... ... i Meters
Mites ... .00 e 18008 d feeactit ... ..., ,.. Kilometers
AREA
Squareinches . ... ....... ' E4516{exactly) f e e eee s .- . Squarecentimaters
Squarefeet .. .......... B <+ 1 o T e Square centimeters
Sguarafeet ... ......... o Q092903 .. ... . i i e Square meters
Squareyards . ... ... ..., : S 0836127 ....... et m et aaaea Square meters
ACTES . o il s e B ¢ T Hectares
ACES .. o) e “40469 ., ........ ... e .. .. Stuare meters
ACFES . . ot it e i 00040489 ... ...l Square kilometers
Squaremiles ., .......... . 2568999 ...... e e . Square kliometers
VOLUME
Cubicinches ., .,........ 163877 .5 vt vt s v it Cubic centimeters
Cubicfeet . . ........... 00283168 . ... . e i Cubic meters
Cubicyards . .. ..... Ve SOFBARES L L L. Cubic meters
CAPACITY
Fluidounces{US,) ....... o 2958737 ... ... .. i Cubic centimeters
Fluidounces {US.} ....... ’ 295722 . ... ..... e e ee e e Miltiliters
Liquid pints (US) ... ..... B T 3 . Cubic decimeters
Liquid pints (LS} .. . ... .. - B4A73168 . . ... . it e e e Liters
Quans{US) .o L. *946.358° . ..., e c ubi¢ centimeters
Quarts {88} .. ... ... .. i a1 - . i Liters
Gaflons{US) .. ... oL . o TITBRAI L L. e . ... Cubiccentimeters
Gallens (US) ... ... ....,. . . 378543 .. ... e e N Cuhlc decimeters
Gatlons {US.) ... .. e e s : _ ©378533 [ ......... e e e e Liters
Gallons[US) ... ........ et *0.00378543 .. ... .. e e e e Cubic meters

Gallons IUKY oL .L L. . - 454809 ., .... e Cubic decimetars
Gallons (UKD ... ... .... . 454586 . . ... ... .., .. e a e _Liters
Cubic feet . ... .. [ ) 2B3160 . . .. ... L. e e Liters
CubICYBIS o .\ vue s e el . o FTEABE i, el Liters -
Acre-fest ... ... ... .. "1,2335 ...... e e e T e e Cubic meters

Acrefest . ... ... ..., B B & 3 - Liters




Table {f

QUANTITIES AND UNITS OF MECHANICS

Muttiply

ady Ta obtain

MASS

Grains [ 1/7,000 1b)
Troy ounces {480 grains)
Ouncos {avdp)

Pounds {avdp) , ..
Shart tons (2,000 Ib)
Short tons {2,000 Ibj
Lang tons {2,240 |4}

64.79891 (exactly} P Milligrarms
31,1035 . Grams
28,3495 . vae . Grams
0.45350237 {exactty) . ., . Kilograms
907,185 ; +vu Kitugrams
0.807185.. . ., Metric tons

1.016.05 : ... Rilograms

FORCE/AREA

Pounds per square inch .
Paunds per square inch

Pounds per square foot .,

@,070307 ... Kilograms per square centimeter
0.638478 . +« Mewtons par square centimeter
4.6324] . . I+ .« . Kilograms per square melar

MNewtons per square meter

Tounds per square foot

Ounces per cubic :nch
Pounds per cubic foot .

Pounds per cubie foot . . . '

" Tons {lang) per cubic yard

Grams par ¢obic centimater
Kilograms per cubic meter
- Grams per cubic centimeter

Grams per cubic centimeter

MASS/CAPACITY

Cunces per gatlon {4/
Ounces per gallon [U.K,)
Pounds per gatlon {LLS.} .
Pounds per gatlon [LLK.

74683 ., ........ .. PN Grams per liler
62362 ..... . : Gramx per liter
119.828 ; e .+ . Grams per liter
98779 . ...... ) * Grams per liter

BENDING MOMENT. OF TOROUE

Inch-painds
Inch-pounds
Foot-pounds . ..
Foot-pounds
Foat.pounds par inch

o.orsar L, L, . .+ Meter-kilugrams
2085108 L, L. ... . . . Centimeter-dynes
0.938256 . ...... t e . av e Meter-kilograms
3 v s e o w Centimater-dynes
Cenumeler kilograms per cantimeter

.+ . Gram-centimeters

Qunee-inches |, ... ..,

VELGCITY.

Feot per second
Feat per second
Feet per year
Miles par hour
Milas per hour

30.4B {exactiy} Centimaters per second
0.3048 {exactty}” ..., ... ..~ Meters per second
*0.965873 x 106 : Centimaters per scond
1,609344 {exactly) Kilsmelers par hour

044704 {expctly] . Maters per second

ACCE LERATION®

Feat per second? | ,

Metovs per second?

Cubic feet par second
[secand-feet) . .
Cubic feet per minute . .
- Gallons [U.S.) per minute .

*0.028317 _ : Cubic melers par sacond
047118 .. - v oo Liters par second

. Liters per second

.+ Kilograms
Newtons
.. Dynes

Table I1--Continued

Multiply By

To obtain

WORK AND ENERGY"

_British thermal units {Btu) : "0.262
British thermal units (Bte) . .
Btoperpownd ... .. l... . 2.0196 dexacthy) , . . .
Foat-pounds -, . . . *1.35562 :

Kilogram calaries

’ Joules
Joules per gram
e, . Jaules

POWER

Hbrsapower .
Buperhour ., ....
Foot-pounds per second

Btu in.fhr fi? degree F {k,
thermal conductivity)
Btu in/hr 12 degroe F (l:
thermal mnducimty)
Bw t/he 12 degrae F
Brushr #2 dogree F (C,

i1 . thermal conductance)

Btu/hr it degree F (C,

thermal conductancej
Degrea F hr 2Bty (R,

t.ermal resistancel cy 1,761

Biu/it degree F {c, heat :ap.tltyln 4.1E68
Btu/lb degree F .. . *1.000
FiZmr (thermal ditfusivit) . . . . 0.2581

Fi2mr (thermel olMusivity] .. . . *0.092¢0

Miltiwatis/cm degres G -

. Kg cal/hr mocleqree C
Kg cat mihe m? dogree ¢

Miltiwatts/cm? degree C
.+ Kgeat/hr m? degree G
Dewree C con2/milliwatt

... Jgdegres C
Calfgram degree C

Graina/hr #? {vrater vapor}
- transmisslon) . . .
Perms {permeancel
" Perme-Inches {parmeability} .

Grama/24 hr m2
Metric perms
Met.rlc perm-centimeters

~ Table 1l

OTHER QUANTITIES AND UNITS

Muftiply ) : By

To obtain

Cubig feet per tauars foot par day {seepage} .. . 3048 ..., ..

Pound-secondy per muere foot {viscosity) . .
Square feet per moond [vlu:os.w) I
Fahrénbait degrees Gchnnwl Caia
-Volspermil ...
Lumens per squere loot [fool candlesl
Ohr-circuler mils per fogt . .
Millkeurlns par cubic foot
- Milliampt per square foat
Gallons par $quarg yard

*35.3147

‘48824 ..., ..
. *0,092003 .
5/8 exactiv

:10.‘.'64 e
- 0.001682 ,

Ti0rem L.
*4,627219 ;

- . Liters per pruare meter par day

Kilegram setond pet square metar

.« .« . Square meters per secand
Celsius or Kelvin degraes lchange) *

.. - Kilovolis per miflimeter
Lurmens per square metar

.- Ohm-square miltimeters per mater
v+ - Millicurles per Gubic mater

Milliamps per squara meter
Liters par square meter
Kilograms par centimeter

- Pounds perinch , ., ...,
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