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FRONTISPIEC E--Morrow Point Spillway - Approximate Dis-
charge of 5,000 cfs through Gates 1 and 4.
Photo P622-D-63079,
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ABSTRACT

Design modifications required additional model tests after completion
.of the original study and issuance of the final report. This report
describes the supplemental hydraulic model studies. Operation of the
modified stilling basin and tailrace was very similar to operation of
‘the original recommended design described in Report No. Hyd-557. Rock
‘movement and riprap stability tests yielded results similar to the
original study. Pressure distribution on the weir was very similar
but the distribution on the stilling basin floor was different from
the original study. However, the maximum observed-pressures were not
. much larger than those recorded previously., Pressure fluctuation
frequency analyses were also made which were not included in the
original study. Approximate rating curves for the spillway fixed-
wheel gates were derived from model data.

DESCRIPTORS--/ *arch dams/ *spillways/ *free fall/ *model tests/

. hydraulic models/ tailrace/ water pressures/ weirs/ instrumentation/
frequency/ analyzers/ piezometers/ pressure measuring equipment/
‘'underground powerplants/ impact/ energy dissipation/ riprap/ research
“and development/ fixed-wheel gates/ discharge coefficients

. IDENTIFIERS--/ Morrow Point Dam, Colorado/ Curecanti Unit, Colorado/
- Colorado River Storage Project/ Colorado :




PURPOSE

This report describes supplemental tests completed after lssuance
‘of Report No. Hyd-557, "Hydraulic Model Studies of Morrow Point Dam
Spillway, Outlet Works, and Powerplant Tailrace."l/ The primary
.purpose of the supplemental tests was to investigate a slightly
modified stilling basin shape based on an vpdated location of sound
rock determined during excavation of the prototype stilling basin.

RESULTS

.. 1. The modified stilling basin and tailrace performed satisfactor-
ily. Operation was very similar to that observed for the recommended
.design described in Report Wo. Hyd-557. Waves inundated the bulk-
head gate deck and visitor area during splllway discharges above
~about 26,000 ofs. This was also true for the earlier recommended
design. - - o

2, Gravel which was hand placed in the stilling basin prior to
operation was moved to the downstream portion of the basin mear the
upstream face of the weir during operation at maximum or one-half
maximum deaign discharge. Some rock was swept out of the basin and
deposited in the downstream channel, but no rock was found in the
tailrace channels. Similar observations were reported in Report
No. Hyd~557, with the exception that some material was dep051ted in
the rlght tailrace channel in the earlier tests.

o 3. Only the left upstream corner of the.riprap bed downstream from
.the w2ir was disturbed after 3 hours' model operation at a spillway
“discharge representing 34,400 cfs. During an 8~hour run at

34,400 cfs, one. stone was deposited in the right tailrace channel,

4, No large waves overtopped the riprapped bank on the right side
-0f the downstream channel at maximum discharge., Some waves splashed
over the top of the riprap at elevation 6790

5. Dynamic pressures on the stilling basin floor were distributed
differently than those recorded for the earlier recommended design.
However, maximum fmpact pressures were not much higher than those
previously observed. Pressures on the upstream face of the weir
were similar. to those reported in Report No. Hyd-557. S

. An analysis of the frequency Speotrum_of the pressure fluctua-
,tions.on the stilling basin floor showed that the '"random"

.1/Refers to references at end of report.




fluctuations consisted of a combination of periodic fluctuations
with frequencies between 0 and 8 cps (0 to 40 cps in the model).
Significant amplitudes occurred at less than 1 cps. Analysis of
pressures on the weir face was not possible because of dynamic
response in the lead lines between the piezometer opening and the
pressure transducer.

7. Approximate discharge curves for the spillway fixed-wheel gates
were derived from model data, Dissimilarities between the model
and prototype gates for the inside conduits required adjustments

. to: the data,.

APPLICATIONS

'~ The results of these tests are generally applicable only to spill-
ways similar to the Morrow Point spillway. Results of analyses of
stilling basin pressure fluctuations are of a research nmature and
should be of interest to designers of hydraulic structures.

INTRODUCTION

'The original model studies were completed in June 1965, However,
the model was retained so that any unforeseen design changes or
‘difficulties that arose ‘during construction of the prototype struc-
ture .could be immediately investigated. Excavation of the stilling
basin area in the fall of 1966 showed the location of sound rock
"was different from that previously assumed.  The basin was redesigned
and the model was modified accordingly. Other design details,
including the visitor area and the embankment over ‘the cut-and-
cover section of the dlver31on tunnel, were finalized by this time; -
‘therefore, they were also included in :the model. Also, recently
‘acquired instrumentatlon was .used to more closely examine the
.fluctuetzons in pressure occurring on the basin floor.

INVESTIGATION

fHodifications to the Stilling Basin and Tailrace

+Figure 1. compares; the orig1nal recommended design {from Report
~No, Hyd- .557) with’ the modified design. The modified stilling basin

" _had .a flat bottom and.was generally wider and deeper than the

previous basin. The ‘left side of the stilling basin near the weir:
" was modified .to represent the correct topography. The surface of
~ithe’ rock between the ta11race channels was. lowered approxlmately
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5 feet to conform to the excavated rock in the prototype, and a
corbel-type flood wall was installed in place of the 4-foot-high
concrete wall originally developed to protect the visitor area. ~

Operation at spillway discharges’of?34,400 cfs (maximum design)
and 25,800 cfs (three-fourths maximum design), Figure 2, was only
sllghtly improved over operation with the original recommended
design. The visitor area continued to be inundated by waves at

splllway discharges above 26,000 cfs.

The concrete wall on the left side of the weir was raised 5 feet
and the surface of the excavated rock between the tailrace channels
was raised to the original position shown in Figure 1A to provide
additional protection for the bulkhead gate deck and visitor area.-
The higher rock surface provided some protection for the visitor
area but the gate deck continued to be flooded. With the original
rock surface and the higher wall on the left side of the welr, the
submergence over the gate deck was slightly reduced, Figure 34, but

waves continued to move into the visitor area. . Figure 3B shows

operation with both the wall and topography raised, Even though some
improvement was noted it was decided that, in light of the very low
frequency of spillway discharges above 26,000 cfs and the high cost
of the modifications, the design as shown in Figure 1B would be B
retained.

Movement of Rock in the Stilling Basin

Tests reported in Report Ho. Hyd-557 showed that during spillway
operation rock material which falls into the stilling: basin will

: circulate ‘between the jet impingement area and the weir and to a

lesser extent immediately upstream from the jet impingement area,
Tests on the modified recomménded design tesulted in the same con-

ﬂclusion. Figure 4 shows the position of gravel after several hours

of on-off operation at spillway discharges varying “from 17,200 to

34,400 cfs. The gravel had been hand placed along the floor prior

to operation. Most of the material was swept to the downstream: end
of the basin near the welr; several fragments were swept out of the

‘basin and - deposited in the center of the main channel No gravel was
;found in the tailrace channels. : ' '

-~
o

Riprap Stabili v

Because -the shape of ‘the riprap bed downstream from the weir was

. changed, Figure 1B, additional riprap stability tests were required.
The model was operated for 3 hours with a spillway discharge of

34,400 cfs.. Only the left upstream corner: of the .bed was disturbed
‘(the corner near the right ‘tailrace channel). After 5 hours of

operation at a-spillway discharge of 8,600 c¢fs, no apparent ‘dis- -

”i:turbanoe of the bed was noted. These teats indicated .that the riprap e




bed was stabie. During an 8-hour rum at 34,500 cfs, one stone was
deposited in the right tailrace channel. _ o

o)
Wave Test™™

A portion of the length of the cut-and-cover section over the
"diversion tunnel was simulated to determine the riprapped berm
height required to prevent overtopping by waves. Figure 5 shows
"wa wave near its highest position on the slope with a gspillway dis-
charge of 34,400 cfs. The top of the slope was at elevation 6790,
Some splashing occurred over the berm but _no large waves moved
acress. the top of the 510pe. ‘

Pressure Measurements

Six pleZOmeters were installed in the floor of the stilllng basin.
Dynamic pressures were recorded at these piezometers and at six
existing piezometers on the upstream face of the weir for spillway
discharges of 25,800 and 34,400 cfs. The maximum pressures are
compared with those recorded for the earlier recommended configur=-
‘ation in Figure 6. The pressure distribution on the weir was
similar to that recorded earlier; however, the pressure distribution
on the floor of the stilling bagin was quite dissimilar., Part of
.the dissimilarity was due to the change in basin shape. =

Figure 7 compares typical- cross sections of the original and modified
~designs. ' The sections are near the dowmstream pair of piezometers

in Figure 6. On the left side of the basin the slopes are very similar
and the modified basin is only about 6 feet deeper than the original
basin at the location of the piezometer. The right side. of the
.modified basin is about 3 feet deeper and has a flatter slope than
 the or1gina1 basin,

_Assuming that the additional depth-has little added cushloning effect,
‘the flattar slope on-the right side would explain the higher: pressure
at the. point of%jet impact. However, thlS is not an adequate explana-

tion for the left side where the impact ‘pressure is more than twice
that. measured in the orlglnal basin with nearly ldentical slope and
depth

The modified_basin shows a symmetry.of pressures which was lacking
‘in the original basin. This indicates that the pressure distribution
‘“may- depend on: the general shape of the basin as well .as the slope
‘.and depth ‘at partlcular p01nts.

Also,rthe distribution was;for_isolated maximum pressures which

. occurred only once during a recording of -several seconds. A

..~ recording during.a:different time.interval would show different .
" maximum, pressures.' This was especially true on:.the stilling- basin
Vfloor where very large pressure fluctuatlons occurred
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.gponding to pressure magnitude) or power at.a given frequency, or

Pressure Frequency Anilyses

After completion of the earlier studyﬁlelectronic frequency analysis
equipment was purchased for the purpose of determining the frequency
‘spectrum of pressure fluctuations in models and prototypes of
‘hydraulic structures. This equipment was used to analyze the pressure..
fluctuations at a piezometer on.the stilling basin.floor of the
original recommended design. The piezometer location is shown in
Figure 8A and the frequency amalysis equipment is shown in Figure 8B.
The signal «from the pressure transducer was amplified by a direct
writing ‘oscillograph, then analyzed by either the spectrum analyzer
or the accompanying spectral demsity analyzer. The spectrum analyzer
determines the amplitude-frequency relationship over a frequency .
range of approximately 1/2 to 2,000 cps. The spectral density
analyzer determines the average or peak value of the voltage (corre-

the integral of the voltage or power over a frequency interval. .
Reference2/ gives a detailed explanation of the theory of the ' :
frequency analyses_and the significance of the results.

.The Morrow Point pressure. flucuaations were analyzed to determine Lo

the coefficients of a Fourier serles, and the integral

o

tz . : . g \!-:
u/‘ (amplitude)2 dt was obtained to determiné;the root-mean~square
(RM3) - of - the amplitude in various frequency bands. B ‘ e .1 e

Eri) . 3

Figure 9A.shows the oscxllograph-:ecord-of_pressure fluctuations

for a spillway discharge of 34,400 cfs. This record demonstrates -

the complexity and apparent randommess of the signal. The compon- Ve
ents. of amplitudes and frequencies cannot be separated. Tn .

The frequency range 0 50 cps was. examined over a scan perlod of

- 2 hours. The ‘analysis showed -that a11 frequencies present were

- less than'50 cps. Figure 9B shows the results of the two analyses.

-Amplitudes in the upper- trace of Figure 9B correspond to coefficients

in the Fourier series:’

F(t) = %9-_' + (a cos nw + +-'6;i'fsin_ nw; %)

n—l-

'where w, 1= fundmnental ang‘tﬂar freq_uency in rad.:.a.ns/sec o

- 21(1’1 (fl = fund.amenta.l ﬁequency in cps)




7 is the steady, static value around which the pressures fluctuate,
A lesser effective value of the pressure or force is used in calcu-
lating work done on the structure. This effective value is the RMS
value, calculated by: '

| T ﬂ
o A f[H]dt
eff At

EL ; ‘Ff-

Ht ‘Tepresents instantaneous pressure heads in the frequency

- ‘interval corresponding to the time interval Ak.

In this case, —g in the Fourier series had a value of 5766 feet of

water, Therefore, from the lower trace of Figure 9B, the effective
pressure head at 0.4 cps (about 2 cps model) ls

0'57 62 +.2. 32 = 57 7 feet of water. : i
This 1nd1cates that the dynamic contribution to the effective
pressure head is negligible and that vibratiom is not an important
problem, However, these discrete signals, when combined, result
in superposition .of the various peaks and accompanying growth or
reduction of the peak sizes. Also, larger amplitudes with frequen-
cies below the lower limit of the analyzer are present. Isoclated
peaks of much larger amplitudes than indicated by the frequency
analysis are therefore generated. The largest recorded values of

these maximum peaks are shown in Figure 6.

. It would be improper to use these maximum values: to determine

loading ‘for structural design. On the other hand, the effective

- pressure head determined .from the frequency ana1y51s would be too

.. small ‘for this" purpose, Appllcation of the low-frequency surges
.-asa static ‘load is’probably the best -approach. The pattern of
.the surges can be estimated from the oscillograph record Figure 9A.

f‘

= Pressure fluctuations on. the weir could not be analyzed because

the natural frequency of the 'system (lead ‘1ine and pressure trans-

‘ -ducer) was ‘in the range ‘of frequencies of the pressure fluctuations
ibeing examined. This caused response peaks which gave a false =
: indicatlon of the relative amplitudes of the various signals.

"TCalihration of Fixed-Wheel Gates

'u )

TyThe head discharge relationsbips for the: fixed-uheel gates were
,required to, eetabllsh Spillway operating criteria. Although the

i

- -...4.
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‘model and prototype gate leaves were not idemtical, the gates were
.considered sufficiently similar to estimate the prototype rating
curves from calibration of the model gates.::

‘Table .1 lists the data used in developing ‘the rating curves. - The
data for the outside gates are as obtained from the model. The
data for the inside gates have been adjusted for the gate angle.
“The model inside gates were mounted perpendicular to the direction
of the flow, whereas in the prototype they are vertical (27° from

perpendicular to the direction of flow). The discharges were: adjusted:h\:

upward according to data presented in a textbook of fluid mgchanics 3/

At large gate openings, control by the gate was not maintained and
the discharge increased due to reduced pressure in the conduits.
.The data in Table 2 were taken to more accurately define the dis-
charge capacity of the inside and outside conduits for gate openings
.of 14 feet and larger. ' “

* The data in Tables 1 and 2 were used in preparation of the final
rating curves, Figares 10 and 11. The curves for gate control are
terminated at elevation 7160 because the operating criteria call
for the gates to be fully ‘open when the reservoir is above that
elevation. . .
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Table 1

RATING DATA FOR FIXED-WHEEL GATES

- Qutside gate ' Inside gate
Gate : Gate

opening, Reservolr Discharge, opening, Reservoir Discharge,
feet elevation cfs feet* elevation . cfs

3.75  7133.8 804 4.2 7145.6 1,535
7139.6 1,070 7149.8 1,685
7151.4 1,324 “7155.4 1,864
7152.8 - 1,3% 7158.6 1,967
7153.8 ° 1,541 7160.4 > 2,015
7160.8 1,730 . -
7165.1 = 1,870 7142.7 2, 845%%
- ' 7143.6 3,149%*
7130.2 7 96%% 7144.,5 3,434%%
7132.0 1,177%* ' 7144.8 3,556%*
7133.1 1,405%% 7153.0 3,488
7139.9 1,899 7155.3 3,645
7144,5 2,277 7157.1 . 3,746
7154.9 3,028 7159.1 3,885
7161.9 3,401 ' .7160.1 . 3,944
R 7162.3 4,125
7135.3 . 1,891%* : -
7142.8 3,169 7148.5 4, 984%%
7153.5 4,504 7149.3 5,382%%
7158.0 4,992 . 7156.0 5,866 -
7162.1 5,633 7157.7 6,096
7171.3 6,251 '7160.0 6,300
; 7163.6 6,608
- 15 7140.1 3,003%* o :
(100%) 7145.5 5,700%% 16.8 7149.9 5, 644¥k
- 7153.2 7,817%* (100%2)  7151.5 7,241%%
" _ . 7158.5 8,906%% : 7152.6 8,07 7%k
7165.3 . 10,173%* . 7158.7 9,177%%

'\

*Measured vertically from gate seat. Discharges corrected for
_gate angle. ‘ : '
**Free discharge.:




Table 2

RATING DATA FOR FIXED-WHEEL GATES AT
" LARGE GATE OPENINCS

Qutgide gate Inside gate
Gate ‘ : Gate :
opening, Reservoir .Discharge, opening, Reservoir Discharge,
feet  elevation cfs feet elevation _  cfs#

okt

14 7135.3 © 2,077%* 14 7135.3 821**
7139.0 3,056%* . 7140.3 2,063%*
7140.5 3,564%% : 7143.5 3, 042%%
7141.5 & ,019%* . 7144.7 3,457%%
7145.5 - 5,006 7146.3 &, 0hbkk
7150.5 6,014 7148.7 5,015%%
7157.3 7,100 S 7155.6 6,084
. _ : 7165.3 7,100
7145.8 - 6,014%* '
7150,1 . .7,190%x . 7148.7 4,941 %%
' 7150.1 5,867
7156.0 6,561
7160.3 7,100

7150.8 6,189
7152,7 - 17,250

- 7156.4 7,823
A 7160.3 8,356
16.8 - 7151.7 ©7,190%k

- (100%) ' :

- *No correction for gate angle-applied. Value of correction would
be small and uncertain. 4 ' ' i
#*Free discharge. ' '




Figure 1
Report Hyd-586

A. Original recommended design. (From Report
Hyd-557.) Pholo P622-D-54136,

B, Modified tiesign. Photo P622-D-63020

MORROW POINT SPILLWAY STILLING BASIN
AND POWERPLANT TAILRACE
SUPPLEMENTAL TESTS
1:24 Scale Model

Comparison of original and modified recommended designs
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Figure 3
Report Hyd-586

A. Higher wall at left side of weir.
Photo P622-D-63023.

Higher wall and higher rock surface between
tailrace channels., Photo P622-D-63024.

MORROW POINT SPILLWAY STILLING BASIN
AND POWERPLANT TAILRACE
SUPPLEMENTAL TESTS
1:24 Scale Model

Effects of topography modifications
Spillway @ = 34, 400 cfs

15




Figure 4
Report Hyd-586

Photo P622-D-63025

MORROW POINT SPILLWAY STILLING BASIN
AND POWERPLANT TAILRACE
SUPPLEMENTAL TESTS
1:24 Scale Model

Rock movement test




Photo P672-D-63026

MORROW POINT SPILLWAY STILLING BASIN
AND POWERPLANT TAILRACE
SUPPLEMENTAL TESTS
1:24 Scale Model

Wave test on cut-and-cover section

Figure 5
Report Hyd-586
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FIGURE 7
REPORT HYD~-586
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Figure 8
Report Hyd-586

A, Photo P622-1-63027

B. Photo P622-D-E3028

MORROW POINT SPILLWAY STILLING BASIN
AMT POWERPLANT TAILRACE
SUPPLEMENTAL TESTS
1:24 Scale Meodel

Piezometer location and instrumentativn for frequency analyses

20




Figure 9
Report Hyd-586
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B. Frequency analysis records

MORROW POINT SPILLWAY STILLING BASIN
AND POWERPLANT TAILRACE
SUPPLEMENTAL TESTS
1:24 Scale Model

Oscillograph and Frequency Analysis Records
Spillway @ = 34, 400 efs
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CONVERSION FACTORS--HRITISH TO METRIC UNITS OF MEASUREMENT

:Them% ergion factors adopted by the Buresu of Reclamation ars those lished by the American Soclety for
rials (ASTM Metric Practice Guide, January 1984) except that additional factors (*) commonly used in
theBureauha.vebeena.dded. Fn:rtherd.‘lscus.sonoidaﬂniumsnfqtmnnuesammsmqivenmmesw-lldthe

" . ASTM Metric Practice Gaide,

The metrie units and coaverslon facters adopted by the ABTM are based oo the "Internationzl Bystem’ OIUnﬂs" (deﬂgated
81 for Systems Internattonal d'Unites), Axed by the International Commitiee for Welghts and Measures; this

glso known g5 the Glorgl or MESA (meter-kdlogram (mass)-second-mmpere) systam, TIJ.‘Is system has been ndop!ad by tha
Iniernationel Organization for Btandardization in I5C Recommendation R-31.

:Themehdctechni@lumtdiomeisthemﬁg.gx-ime,thmmthetmwhmh whena.ppliedtoa.bodyha.v'lnqa :
mass of 1 kg, -glves 1t an acceleration of 8 m/fsec/sec, the standard acceleration of free fall toward the earth's
-center for see level at 45 deg latitude. Tha metric uni{ of force. in SI.units 1= the newton (W), which is defired as :
that force which, when applied to a body baving a mass of 1 kg, gives it an acceleration of 1 m/sec/sac. - These units
must be distinquished from the (Inconstant) local weight of a body having & mess of 1 kg; that 1s, the w of a

bedy 1s that force with which a body 1s attracted to the earth and 1s equel {o the mass of a body mult); by the
acceleraon due to gravity. However, hecause it s general tee to use "pound® rather than the technically
_correctlerm"poungfinome,“theterm“!dl " {or deriv mssumnmmmmmmaema‘moﬂmogmm
-iorce“inei:parlessingthecmveralonfactors iorcea. The newton unit of force will ﬂ.nd‘.l.ucreaslnguse,andis

- essentinl

‘rehle]
UANTITIES AND UNITS OF SPACE

0 3048 (e:a.ctly)*
0. 0003048 (exactly)*
R T
, 609, @ .
sk

o . . Squs.re :?H:lateré
- . L. . Equa.re ometers
2.58999. . . . Square kllometers
YOLUME " - ' '

16.3371 . i e e e ele s.. Cuble centimaters
88. el : - Cublc meters
. _Cuble meters

- Flutd ounces (U.3.) -
. Liquid pints (U, 8.) -
Quarta [U.B.) . aa o
. Gallops (8.3,




851928 OdD

A — T R ML
2ajem owmbe 1od sXa3rT

aayom edenby Aad sdORTTIN

Jotjeut olgna Jed soTmmatIT

Jeyem Jad sreyewmyRM OIENDE-TYG
apewt edanby Jed guawny

seraupn fed B10ATIHE

w{abueyd) seazbepn upatel 12 BRIS[ED
ploses Ied GI9jam Bawrds

Jsiau pIEnbe Jad pugoss uresboTIH

£9p 1ad depem anmbe 3od sxeir

voe - qeqp

I )
Lo ApTes g/
' 'e£08260°0

* a$2E0 ‘P

« v r(f1ys00gTA) puOdEE I

: ouT dod Spuntd
+ « + pagd.paunba ad gucTeD
* * j007 auynba Jod edwE TN
L aoouo%ﬁ_u xed ST
SR JEMOLTI-HIYO
P omeaa.-u
-3007) j00} aJEnbe Jed suBmMT
o v v v aed S1I0A
" (pbupyc) sassbep JAUUAIYE]
1997 adenbp
(A1pI09514)

AR

100f #unbg 1ed SpuGabE -pUNGd

R (efigdons) fep -~
1ed 1003 elunhs <zed 1887 AN

CITEEIENA

A

RTETHOA

BJINN GNV GALLLLNVAD HZHIO
bii IGJEUH

A1 [Jd0=I BN
gmaed ojlew !
Z 0 Y Fg/FURID *

™
Vo

T (T Iqea W Jea] eeqpa-ad
¢ 0 02T s gumpnIed) FOIIey
{uajasEauUel}

aades Jetea) L Jy/Euredn

.h
o bey uﬂmw uo .

pm .

o Bep w\w M

TRMITIE/p D O AT ¢
Bap 1 Jy/rea By ¢

oBep plio/stieatIiN ¢ -

o] uoumE g/m o by

ap @ Juy/[ed BY *
2 Dap Wa aneAITTN

T T 0828070

* T 1gEE D
coLoas BEAY
SRRty

Tl 1

208°%
B99'0

NNAL

* (AMENFELD TEMIA) /9T
SIS b /e
oudgo Teay *9) X Bep qI/mME
sre v ate T feumeiEed
T ) mia/g At & Baa
LI .....u. muﬂ!usﬁu
w0 P g1 Jy/mg
T w@umamh\usm_
* ¢« (LARSAPEQY IWISYY
‘%) A Bep gy JU/ vr g

5107,
g 0t
st

T T RGEE T

ronoror ot oULogeso

T GIG588 Aod Spuned=10
v R e oy aed md
»ov o+ rpxsdagaon

BGTM0]
murh 1ad genof

. S0
,.nu._no—.nu an—o..%%

T

T RR0SE T
= ¢ v (fnawd) BEE R .
fu e e g edgpep v

v e

TPUmod=1002
pmod Jed WE

T T
a v

ot t{mg) Sim pmas YeRitg

~AOUaN anY A8

UTEI0 0L

A

AR

™, 3-01 X GBFS F
. Lclidd
+280E97 0

»d0E0L

T
pupooy Jod BI637T
puoose Jaod gIpem SfND

BB:E‘.N . : m._..snau
v gynuqm 1ad j8e] SEMD
T R 11

S =~JUODBE) U003 x1ed jeey DIND

e — T 1 LT

g

e [I Nuﬁluuuuﬂ..ﬁmh

-ZOHHE_.EN.HH. s

PUODEE Jed SLelslt
£noy Jed sdejemond '
puoaes J15d sIslauInUBD d
. poaas Iad srefepl
punder Jod sIsjE@puUed * "

TIVEXY) POLYY 0

B ;@- T X £L9SES 'O
r 4 w{ATomXE) BHOC 0
* powxa) g% 08

s+ epinouze) pypEOO'T

v e anoy zed soTp
e RLET

Seo0 s iU wpueoeg Jed je0T

ZLI0071dA

E SIoeWube-WedD - g

mBuruen Iod smwboTH~-9jempuey *

. 11 A
e BOTR-INEN *
pERAp-JojduIpUas ¢ ¢
aoaboT-1609 7 ¢

T ¢ 1ERRg
Q1 ¥ gggge T
7 gGEEeT 0
"1 ¥ 0e821 '
=+ 1z0T10°0

a4 e

TR0

s 003

i e e s Ciw winonn.ﬂomh

ANGE0L 80 LNFRON Uzﬁz ETS

—v—

EEITT Ipd G@Bin | *
Jo)[[ ¢ed BOTRID * ¢ *
o] Aod guwIpy t ' C
‘Ia3yt Jod suretny * *

THSmRueT vjand I SWedD ©
Isjaupuae ofqna ed surezn -t
. -Jepem opana Jed evrerbony
JBVPTERUSD 51qnd red purelp ¢ C

»orle q00f a1qne aed
* youp 27gnd Jed

lnl.ll]J.|l.BwE|m..§sdm|ﬂJ5|.am ﬂﬁ.zr .
. xpjeut aanhe 16d FuEloTH

i Jopmniued arenby Jod suoeay *
| 2ejwWnuad eduba Jed vt

: ‘....._oouiéwu&%n -

* Yooy sdEnts 2ed m.u.n._sn

gueIboTid - .

. 47T gar L0g

R 3 O
L e R

MMM
i) 168996

TR OR ) B

S s n e g 0p'e) BU WS

* D

SpUNOd
e v dpy

Bavimg

e f-« vrguyead ggy) Seouno S0IL

* {9U000s/T} SUTID

EBVA

T

~ETERT

SOINYH 30 NV SHILLIRY.

JIIL A




aBsTRACT

ions required additional modAl testa after. completion
“gtudy and issuance of the final report. . This report
lental hydraulic madel studies, Operation of the

in and. tailrace was very similar to operation of

original recomnended design déscribed in Report No. Hyd-557. Rock
1k 2t ri'rap stability tests yielded regults similar to the

: tudy._ HoweVer, the maximum observed presaures were not
han’ those recorded previously. Pressure fluctuation

Approximte roting eurven for the - spillway Fixed-
ere derived Erom model data.
¢ »

. fﬁ’

ginal study ‘and issuance of the Final report._ This report
acribea the supplementel hydraulie model studieg; Operation of the
dified stilling basin dnd tailrace waa.very similar to operation of
recommended .deaign described in Report No. Hyd-557. Rock

However, the meximum ooserved pressures were not
. Preagure fluctuation

o Ansrmcr ‘

Deaign modifieations required additinnal model. teste eftcr completion -
of the original study and fesuance of the . final report. This report

.deacriben the. supplemental hydraulic mode1l studica,. Uperntion of the

modified stilling baain and tailrace wds very similar to operation of
the original recommended design degeribed in Repért No. Hyd-557, Rock

-movement and riprap stability tests yieldcd regults similer to the

original study,. - Pressure. distribution on the weir was very similar

. but the distribution on the atilling basin floox wag different from

the original atudy. However, the maximum observed pressures were mot
much larger than-those recorded previously, ' Pressure fluctuation
frequency analyses were also made which were not included in the
original atudy.‘ Approximnte rating curves for the spillway Eixed-

uheel gntel were derived from model dsta.

ABSTRACT

Design mndifications required additional model tests after completion

" of the original study and {ssuance of the flnal report. This report

describes the. supplemental hydraulic model studies. Operation of the

‘modified stilling. basin and tailrace wes very similar to operation of.
;'the original recommended deaign described: in Report Ne, Hyd-557, Rock
- movement and riprap stability tests yielded reaulta similer to the

original study. Pressure distribution on’ the weir was very similar
but .the diatribution on the stilling basin floor was different from

- the original study.. Houever, the maximum obgerved pressures were not

much larger .thdn those recorded previously., Preasure fluctuation
frequency @nalyses were also made which were not included in the

'-‘original study. Approximate ratlng curves for the spillway Eixed-
;_wheel gptea vere derived from model data._ :
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King; D L
SU'PPLEMENTAL TESTS OF HORROH POINT SPILLWAY STILLING BASIN. AND .
- PUWERPLANT TAILRACE, COLORADO RIVER STORAGE PROJECT, CURECANTI UNIT,
ﬁ:CULORADO - Bur Reclam Lab Rep Hyd-586, Hydraul Br, Sept 1968, Bureau
" of Reclamatlon, Denver, “8. p, 11 fig, 4 tab, 3.ref

'DESCRIPTORS--/ *arch - deima/ *spillwaya/ *free fall/ #*model tEBtEI/

“hydraulie: ‘models/ tailrace/ water pressures/ welrs/ lostrumentatlon/

frequency /. andlyzera/ plezometera/ pressure measuring equipment/
underground powerplants/ impact/ energy dissipation/ riprap/ research
and’ deveIopment/ fixed-wheel gates/ diacharge coefficients
:IDENTIFIERS --/- Morrow Point Dam, Colorado/ Curecanti Unit, Colorndol
fColoradc River Storage Project/ COlOrEdD

- Hyd-586 -
< King, . D L :
g SUPPLEHENTAL T.ESTB OF MORROW POINT SPILLHAY STILLING BASIN AND -
: "POWERPLANT TAILRACE CCLORADO RIVER STORAGE PROJECT, CURECANTI UNIT,
:-. GOLORADD, ' Bur. Reclam Lab Rep Hyd-586, Hydraul Br, Sept 1968. Bureau
of: Reclamation, Denver, & p, 11 fig, 4 tab 3 ref.

: '3'DESCRIPTORS--/ #arch dams/ *apillways/ *free fall/ *model teats/

'.shydraulic models/ tailrace/ water: preaauresl welrs/ inatrumentation/

- ."Erequency/ analyzers/ plezometers/ pressure measuring equipment/

" underground powerplanta/ impact/ energy dissipation/ riprap/ research
and_development/ fixed-wheel gates/ discharge coefficients

- IDENTIFIERS--/ Morrow Point Dam, Cnlcradol Curecanti- Unit, Colarudo/
+ _Golerade River Storage Project/ Colorado -

Hyd-586

King, DL

SUPPLEMENTAL TESTS OF MORROW POINT . SPILLWAY STILLING EASIN AND
POWERPLANT TAILRACE, COLORADO RIVER STORAGE. PRDJECT CURECANTI UNLIT,
COLORADO. Bur Reclqm iab Rep Hyd-586, Hydraul Br, 5ept_1968 Bureau
of Reclamation, Denver, 8 p, 11 fig, 4 tab, ] ref

DESCRIPTORS-~/ *arch dams/ #spillways/ #free fall/ *model tasts/
hydraulic models/ tailrace/ water pressures/ weira/ Lnstrumentation/
frequency/ analyzers/ plezometers/ pressure measuring equipment/
underground powerplants/ impact/ energy dissipation/ riprop/ research
and development/ Eixed-wheel gates/ discharge coefficients
IDENTIFIERS--/ Morrow Point Dam, Colorado/ Curecanti Unit, Coloradol
Colorado River Stnrage Project/ Colorado

Hyd-586 )

King, D L

SUPFLEMENTAL TESTS OF MORROW POINT SPILLWAY STILLING BASIN AND
POWERPLANT TAILRACE, COLORADC RIVER STORAGE PROJECT, CURECANTI UNIT,
COLORADO, Bur Reglam Lab Rep Hyd-586, Hydraul Br, Sept 1968, Bureau
of Reclamation, Denver, & Py 11 fig, 4 tab, 3 ref

DESCRIPTORS--/ *arch dams/ *spillways/ *free fall/ *model teats/
hydraulic models/ teilrace/ water pressures/ weirs/ instrumentation/
frequency/ analyzers/ plezometers/ pressure measuring equipment/
underground powerplanta/ impact/ energy dissipation/ riprap/ research
and development/ fixed-wheel gates/ discharge coefficients
IDENTIFIERS--/ Mortrow.Point Dam, Colorado/ Curscantl Unit, Colorado/
Colorado River Storage Project/ Colorado .




