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WAPPAPELLO DAM

PO I S S O
STLLAFUS

1, Thls reporandun congbtibutes a £inal report of the study per-
formed at the U. 9. Waterways Experiment Stabion on a model of the
outlet works for the Wappapello Dam, The model wag bullt mdistorted
to the linear scale ratlo, modclelo-prototype, of 1 to 25, The gen—
eral purpose of tie model studr was to cheek the hydrawlic character-
iatics of all clemente in the design of the outlet works, omd to
develop means of correctlng ay uncconomis, unsafe, or wndesirable
conditions, The results of tho study indicated thab the basic design
of the oublet works wus, for the greater part, sobisfactory. Thoe
single feature of the design offering greatest opportunlty for dmprove-
ment wags the stilling basin, The model study indicnted that a re-
duction of 645 ft, in the overall length of the stilllng basin could
be gained by effectlve combination of apron curvature, wring-wall

alignment, and baffle-plor srrongonent,

MFTHODS OF PRESEVITIG RESULTS AUD USE OF TERMS

2, All details concorning the study are deseribed and discus sed

in the text of this memorandum, Supporting data sre as follows

-1~



Tables 1 to 14, enumerating the tests and summars,
izing the test data.

Photographs 1 to 63, showing the model during
various phases of operation,

Plates 1 to 99, presenting the dimensions of the
structural features invegbigated and the data ob-
tained from the beste thereof,

3, . To avoid confusion and to permit ready visualization of pro-

tobype conditions, all data are presented in prototype equivalents.

Throughout the report, the following terms are used as indicated below:

S

Hydraulic jumm, A4side from its denotabion of the
conmon hydraulic phenomenon, thls term denotes a
freely formed jump characterlzed by a nearly vertical
surface at the point of transition from sub~criti-
cal to super—critical depth,

Submerged jum, .This term is uvsed with the adverbs
partlell - and "completely" to denote condltions
wherein excessive tallwater depths tend to drown the
Jump action. & jump is partislly submerged when there
is 8ti11l a distinet transfer from sub-cribical to
super~critical depth, though the water surface extend—
ing from the nuppe to the tailwater is nearly level.

A jump ls completely submerged when it is evidenced
only by a rtoiling asction on the surface below the
transition, the wator surface extending from nappe to
tailwater beling practically lovel,

Surface roller, This term denotes a standing wave
with a curling crest, The formation is simllar to
that assumed by o wave approsching o bceach Jjust
before it becomes a breaker,

Sprav_action. Thls term denotes a nearly vertlcal
dispersion of water resulting from the impingnent
of a nappe upon a 1ow of baffles as 1t enters a
stilling basin, The phenomenon occurs there the
tallwoter is of insufficlent depth to induce the
hydraulic jump,

Test. This word denotes an experiment conducted

upon a cerbtain arrangement of the elements of the
outlet works, Tests are numbered consecutively
from the beginning of the study, Whore tests are

— 2 e



conducted wnder more than one condition, i.e.,
discharge, headwater, or tailwater, these cone
ditlong are Indlcated by a number sct off from
the test nuwber by a hyphen, The types of
sbilling bagine are desgignated by letters.

f. Conduite This word denotes the passage for
flow from the control gates to the domstreanm
portal of the tunnel,

g, Tumel, This word denotes that portlon of the
condult which is of uniform D-ghape and which
extends fronm the transition scction to the upw
gtream Linlt of the sbtilling basin,

o TR
PIRSOINE
SN N

4, The modol study of bthe outlet structures for the Wappapello
Dam was accomplished in Zvperiment Scctlon No. 4 of the Hydraulic
Laboratory of the U, 8, Watciways Dxperivent Station. Mr. Eugene P.
Fortson, Jr., Assistant Engincor, is chief of Bypuriment Section Fo. b,
lr, Fred R, Brown, Junior Edsincer, was in direct charge of the model
gbudy, Mr, W, ¢, G111, Junior Enginccring Alde, was the agsistant Iin

the operation of the model.,



PART T . THE PROTOIYPE AND THE PURPOST OF THE LIODEL STUDY

History of the Study

Initiation and Authority
y

5. Pertinent facts concerning the history of the model study

folloy:

a. Study initiated by the District Engineer, ilemphis,
Tennessee,

b. Study suthorized by the Pres sident, Mississippi River
GommiSQion, in the 5th Indorsement, dated Hovember
1, 1937, to a letter to the District Engincer, dated
October 11, 1937,
¢, Study accomplished at the U, S. Waterways Experiment
Station, Vicksburg, illssissippi, during Lhc period
Hovember 1, 1937 to May 16, 1938,

Final report (this report) rendered August 15, 1933.

e

The Prototype

General Features

6. A majof feature of the flood control program for the St.
Fraacis River is the reservoir to be located near Wappapello, Mo, (See
Plate 1,) The reservoir will be created by the proposed Wappapello
Dam, an earthen embankment containing approximately 2,000,000 cu. yd. of
maberial, (See Plate 2.) The dam will be about a half mile in length
and will rise 73 ft. above the general valley floor to El. 416.% The
lake at spillway crest elevabtion of 395 will be about a mile wide and for-
ty wiles long, having sn area of 23,000 acres and a storage capacity of

625,000 acre-feet, Solid rock underlies the abutting hill to the south,

et et G e e mm hwl e g e Be S Mes P g et M ma s b e mee e ten e B S gee e e T e e e e

*A11 elevations are referred to the datum of mean Gulf level.
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where the control structures willl e located,
Spillway

7, A gpillway to be located on the south abutment ridge about
1200 fte from the dam will provide for the passage of extraordinary
flood flows from a full reservoire The spillway will be of concrete
fouhded on rock with a ‘740-3?‘1:. crest width at El, 395 and a discharge
capacity of 155,000 c.f4s

Outlet Structures

8¢ The outlet structures to be located in the south abutment ridge
between the spillway and the dam, vill provide a means for controlling
the outflow from the reservolr and for conveying this flow to the chan-
nel below the dam, The outlet structures will consist of a conservation-
pool weir; three control gates; a transition section; a concrete~lined,
D-shaped tunnel; and a stilling basin. (See Plate 3,) The design con-
templates an outflow rate for these structures of 10,000 c,f,s. at com
paratively low heads, which can be increased to 17,000 c.f.s. when the
pool is near the splllway crest and all gates are op‘env.. The capacity
at maximum pdol stage of 410 will be about 204000 cufese Plans include
provisions for a 75-kva hydro~electric plant to be ingtalled in a cham-
ber adjacent to the gate towere This plant will supply power for oper—

ating the gates and lighting the dam and operator's quarters.

Purpose of the Model Study

General.
Ds The general purpose of the model study was to check the hy-

draulic characteristlics of all points in the design of the outlet works,
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and to develop means of corrceting any unecononmic, unsafe, or unde-

sirable conditions.

Specific Points Involved

10,

In accormplishing the purpose of thn model study as enuncisted

above, specific determinations as follow were to he maded

11,

following

o

b

£

The suitability of the struchtural elements as
degigned.

The improvemonts in design as night be indicated
in the course of the nodel studr,

The performance of the outlet works, with o view
to esbabllisghing the techniogue for gafe and cffcetive
operation of thoe protolype,

The mwodel study wes to e conducted in accordaace with the

criteriag

2o

Discharges of 10,000 cofes. must be passed for
extended porlods of operation withoub damege to
otilling basin or outled chunnel,

A dischurge 17,000 cefos. mist be possed without

of
cndangering the stability of the works,



PART IT .~ TECHNIQUE OF THE NODEL STUDY

Apnaratus

12. The experiments vere Qonducted on a model installed in two
wooden flumes located on the model floor of the main laboratory building.
The water used in the operation of the model was supplied by the circu-
lating system provided for the indoor testing flumes, Flow from the
congtant-head tank of the circulating system was piped to a welr box
vhence it passed successively over a measuring weir and through the model
to the sump return channel, The tallwater in the stilling basin and exit
channel was maintained at ony desired depth by means of m adjustable
tailgate. (See Photograph 13,) Standard types of hook and voint gages
sere used for measurements of water-surface elevations, vhile soundings
were baken vrith a specislly conétructed sounding stick, (See Photograph
14,) Pressures vere neasured by plermometers locsted throughout the out-
let structures, Nearly all veloclty measurements were made with a pitot
tube. (See Photograph 15,) Velocities below the measuring range of

the pitot tube were determined with a Bentzel tube,

Construction of the Model

General

13, The model of the outilet structures «mg built undistorted to
the linear scale, model-to-prototype, of 1 to 25, In the model, 275 ft.
of the approach channel, fthe outlet structures proper, and 400 ft. of

the exit chennel below the stilling basin vere reproduced. (See Plates



3 and 4, and Photographs 1 to 4.) The tolersnces of model fabrications
were kept as swmall as possitle, and it is believed that the model was
precise in every detail., Parts modeled in wood were treated with

5

wabterproofing materiol before ingtallatlon; the short time they were
in use did not result in any dinensional change,

Aoproach Channel

14, The agpproach channel to the intake structure was molded in
concrete to female templets, These templets werce cut to conforn to the
shape of channel and overbank areca as showm in the data fumished by
the District Engineer., Riprspped channel sections and overbank areas
were represented in the rodel by o brushed finish of the cement mortar
garfaca, Those portions ol the spproach channel vhich are to bu. CoN~—
crete in the protobype werc represented by a surface troweled to a
smooth finish,

Conservablion=pool Weir

15. The cownterpart of the conservatlon-pool wolr was a conposite
structure having each of ita olemonts fabricated from a materizl best
suited for the purposc at hund, (Sec Photographs 5 mmd 6.) Thus, the
ogec surface of the weir, requiring extreme smoothness and precise
shaping, was molded in wax and machined to the ogee curve; the slot-—
ted buttresses on the upstrean face and the sluices through the welr,
having curved and plane surfaces, were modeled in wood; the automatlc
gates, requiring hinged rovenent, were nade of gheet metol. The welir
wag so constructed that its location in the spproach channel could be

easlly changed,
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Intake Structure

16, All features of the intake structure having to do with its
hydranlic performance were incorporated in the model, The piers,
trash racks, and curved entrance throats were modeled in wood and
waterproofed to prevent expansion, (See Photographs 7 to 9.) The
gates and gate guides were a separate unit of carefully machined
brass, tolted to the dowmstream ends of the plers, The intake struc—
ture was supporbed upon a structural~gteel base; the base was supported
upon a rigid pedestal by four leveling screws. A1l flow phenomena
within the structure could be observed directly through pyralin panels
fitted into the left oubtside vier, the floors of the inbtake passages,
and the downstream Wallé of the gate chambers,

Transition and Tunnel

17, The construction of the transition and tunnel sections of the
condult was to be such as to permit direct observation of flow. Hence
fhese elements of the structures were molded of transparent pyralin,
The division plers within the transition were modeled of treated wood.
(See Photographs 10 and 11.)

Stilling Basin

18, The stllling basin, with the exception of the horizontal
apron, was molded in cement mortar to femsle templets, (See Photo-
greph 1,)  The horizontal apron, baffle piers, and end sill were
modeled in wood.. (Sce Photograph 36,) The baffle piers were mounted
on sheet-metal strips nailed to the stilling-basin floore This con—
struction facilitated the shifting of the pilers for successive tests,’
For the exit channel, male templets cut to conform to soundings in the
channel dowmstream from the stilling basin, were used in molding the
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sand bed prior to cach scour test.

Theorebical Congiderations

19, True dynamic similarity, assuring rigorous reproduction of
a1l hydraulic phenomena, cannot be attained in fluvial models, In
- practice, however, 1t is not necessary to rcach thls perfection. A
nodel study is feasible provideds (a) one of the dynamic forces in-
volved predominates; (b) nimilitude with respect to the predominating
force is attained; and (e¢) the limitations imposed by the lesser forces
are duly consldered., In a wodcl of a condult with its inlet and outlet
structures, gravitational end frictional forces are involved, The laws
of similitude relabing to these forces, discovered by Froude and Rey~
nolds, are not compatibles, Froude's Low (gravity), requiring that iner-
tia and gravitational forces bear the same relabtion in model ag in pro-
totype, is applicable to wmodels in which frée surfaces exists Where
free surfaces do not exlst, statical buoyuncy eiiminates the actlon of
gravity, and dynamic similitude depends upon the observance of Reynolds!
Laow (viscosity). This law of sgimilitude reauires that the ratio of in-
ertia to internal frictional forces be the same in model and prototype.
That the two laws of similibude are incoupatible is apparent when 1t is
noted that the Froudian relationship requires a reduction of vclocity,
prototype to model,'whoreas the criterion set up by Reynolds demands
a veloclity increase,

20, In the model of the Wappapello outlet structurcs, gravity
was conaidered to be predominant among the forces concerned, Similie

tude wlth respect to the laws of sravity was attained by selecting a



large scale ratio, model-to-prototype, and making all surfaces of the
nmodel. very smooth., As scale rétios decrease in magnitude, model sur—
faces must increase in smoothness, To illugtrate this point, assume
that the value of Manningls "™l for the concrete surfaces of the tunnel
section of the prototype is 0.014 (value for carefully finished conw
crete)., ~In the case at hand, the linear scale ratio, model~to~pro-
totype; is 1 to 25, With Manning!s "n" for prototype and linear

scale ratlio of the model knom, it can be demonstrated that the value
of Manningl!s "™ for the btunnel section of the model should be 0.008,
Were a smaller model scale used, the model should be correspondingly
smoother, With the materials available (pyralin, wood, etc,) it is
possible to build a model having an "n" value of the magnitude of
0,008, "4 value of Mu" of 0,008 has been determined for pyralin con-
duits of circular, or ncarly cireular, section, In the case at hand,
the average value of "n' as calceulested from model tests on the tun-
nel scction was 0,0096, Inasmuch as the present tunncl is of pyralin,,

the higher value of the coefficient (0,0096 as compared to 0.008) is

_ascribed to the Dmshape of the present section, It is believed that

this D-shapu would cause the value of "n% for the prototype tunnel to
be correspondingly higher than the value of 0,014 mentioned above, .
Hence, it 1s believed that simllarity of grayity. forces was substan-
tially attained in the ﬁode,’t.. |

21, The limltatlons imposed by the lack of identity of the Rey—
nolds! num’%er in model and prototype operate to invalidate quantita~

tive measurements of flow characteristics in the tunnel, flowing full.
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The dimengions and intensities of regiong of turbulence, cuvitation,
and eddies are not brunsferable to the prototype. However, the model
indications of the exigtenca of these conditions are believed to be
relisble,

22, The quentitative trancference of nmodel pressures to the
prototype is limited to positive pressures. A4 negative pressure in—
dicates a tendency for a void to form, and voids in contact with a
wabter surface are rolicved by bthe ebullition of alr from the water and
formation of water vapor, Ab low negative pressures thin escape of
gases from the waber ihto the voids is very slight but increases as
the degree of ravefsction, wmtil near sero, absolute pressure, the
escape ig so rapid that 1t prevents the occurrence of a perfect vac—
uum, A model such as that of the Wappapello outlet works cannot sim—
ulate this phenomenon lmowa wg cavitatlon, Thercfore, the prototype
cquivalents of negabive model pressures become more md more ab var-—
imnce with the true prossures as zero, absolute pressure, is approached,
Since the point at which cavitabion invalidates the model results is
nos knowm, it is necessary to consider negative pressures in a model
only qualitatively.

23 The sluulation of prototype bed materisl in a model is not
feasible, Hence, the movabile—bed portion of the present model was
molded in clem sand, mnd measuremonts of erosion resulting from flow
over this material were considered only gualitatively, Actual depths
of scour in the protohype would have to be analyzed in the light of
the botton velocitics, and the extent to which the matorial would be

noved by suech velocitics,
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24, The conclusions to be reached from these theoretical cone
siderations are that measurements of discharges, positive pressures,
and velocities may be transferred quantitatively to the prototype by
means of the scale relationships, and ﬁhat evidences of turbulence,
cavitabion, scour, ebc., may be considered qualitatively relisble.

25, The relationships for the transference of data from the

model to the prototype are glven belows

Model Relationshipg for Scale of 1825

' ' Symbol
Dimension Prototype Model Ratio m/p Relationship
Length A 0 A=/
'At'ea An Ap . a a= f2= 1/ 625
Time T, T % t=fUW2 = 1/5
Velocity Vn Vn v v=f{¥2= 15
Rate of Discharge Qn -Qn a q = /Q5/ 2= 1/3125

Theogx of Procedure

26, It was believed that the specific determinations, outlined
in Paragraph 10 as the purposs of the model study,_ could be made from
tests which involved the followingi

a. The relation of the pool elevation in the reservolr
to discharge for varlous combinations of full and
partial gate openings, Data on this relation would
establish the rating curves and would enable a
direct comparison to be made between dlfferent gate
combinations. Study of these data would indicate
best gabte operation,

- 13 -



b, The flow conditiong throughout the svructures,
Observation of flow phenomena would show the hy-
dranlic performmce of the elements of the
structure, rovecling eddies, turbhilence, and
cavitation wherever such exigted,

tures. Data as to pressures would establish the
hydraulic gradient and indicate the forces acting
upon the surfaces of the elements of tho sbruce’
turc, Where negative, the pressures would in-
dicate possivle tendencles for cavitation, Alr
preseures meagured in the gate vents with thesc
vents sealed would show thelr action in relieving
the vacuus formed behind the gatos. v

d. Profiles of the water surface in aporoach and
exit chmnels. Such data on the approasch chane’
nel would Indicate flow lines and the naturce of
the action below the conservation-pool, welr,
Such data on the stilling basin would indicate
the conformation of the hydvaulic Jump.,

e. The magnitudes of velocitles in approanch channel,
atilling basin, ond exlt chennel. Thege data
would indicate the distribution of flow., Study
of the dat:n on botitom velocltics in the channel
below the gbilling hasin, together with study of
the characteristics of the prototype bed material,
wuld indicste the extent of scour to be expected
in the latter,

The depth and location of scour below the stilling
basin., These data would furnish indications as

to the comparntive effcets of Afforent arrongo—
nonts of the stilling basin clements, Thesoe data
mould not indicate the absolute depth to which the
prototype channel yould be scoured,

i

Yothod of Oporation

Gate Rabings

27. The relation of pool elevation to discharge was deternined

for every combination of gates at full, half, and three-quarter open-

ings. A corplete rating for a gate combination required from three

/-



to gix runs, A& run consisbed of opening the gates in the combination
desgired and weamuiring over the inflow welr the rate of flow when fthe

regervoir level reached stability ab the selected pool elevatlon,

The head on the weir and the reservolr lavel. were determined by hoolk

gages, (See Plate 4.)

Current Directlons

28, Surface currencs were traced with confetti, while currents
below the surface were defined bty dye. The dye was injected into the
water through a glass tube at the location and clevation desired,

Water-surface Profiles

29, Elevations of the water surface in the spproach channel were
me asured with a point gage supported on a stecl bean, Thils beam was
in turn supported by rails fixed to the flume walls. Profiles of the
hydraulic jump in the stilling basin were obtained with the sounding
rod along the center line of the structure. |
Pregsures

30. Pressures werc measured in manometers connected by tubes to
plezonmeters, (See Photographs 17 ond 18,) These pilezometers were
installed in varlous locatlons throughout the siructure, so as to
provide a complete record of all pressures. In order to measurce the
ncgaﬁive ailr pressurcs relieved by the pate vents, the vents were
sealed nnd commected to U-fbubes,

Scour

3l. Prior to beglmming o scour best, the sand bed was uwolded to

the configuration of the outlet channel shom in the prototype plans,

To obtain the required flow conditions for a test, the outlet channel

o-:].g'—-



vas first flooded to prevent unnatural crosion before reaching stab-
i1ity of flow. The desired discharge wns then introduced over the
weir, ds the flow from the tunnel became stabilized the tallgate
was édjusted to obtain the required tailwater elevation., A scour
test lasted 50 minutes, during which time the bed had become stabil-
ized and o1l data pertaining to basin action had been recorded, At
the conclusion of a test the outlet chmmnel was drained and the sand
bed was cross—sectidned. (See.Photogruph 14,5

Yelocities

32. The magnitudes of velocitles were determined with pitot or
Bentzel tubes. Prior to velceity explorations in the outlet channel,
the sand bed was copped with a thin coating of cement mortar to pre~
vent sand particles from fouling the velocity instruments. The fixing
of the bed of the outlet channel dlso insured constant flow conditions

over the period necessary to secure all deta,

Fiecld Data

33, The dimensions of the model structures were originally in
accorduance with prototyne nlans and specifications prepared by the
Memphis and Little Rock distriet offices. Structural changes resulting
fron model tests are presented on plans incornorated in this report.
A11 discharpe and flowr data were made in accordance with computations
suplied by the district offices,

34, Tailwater depths in the stilling basin tests were based on
the computed tailwater curve originally furnished by the Little Rock
distriet office, (See Plate 21.) The sharp break in the curve at about

17,000 ¢.f.s. 1s due to bachwabcr cansed by the operatioﬁ of the spillwar
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PART III .. TESTS OF THE QUIZLET STRUCTURES

General Procedure

35, The initinal tests were conducted on the outlet structures
as originally designed. (Sec Plate 3,) When all feabures of the
original deslign had been investigabed, tests were conducted to detere
mine the effects of various alterations of the clemente of the outlet
structures, The character of subsequent tests was dictated by the
purpose and eriteria for the moddl study, (See Paregraphs 10 and 11.)

36, In presenting the results of the tests, no attempt is made
to explain the test data according to the chronological order in which
the tests were conductede Iﬁstead, each element of the outlet struc—
tures 1s consldered in turn, mmd all tests conducted thereon are dem

scribed in debtnil.,

Togh Rosults = Approach Channel

Y

dpproach Channel of Basic Desien

37, General. The scope of the stuﬁy of the approach channel
embraced conditions obbaiaing with (a) the conservation-pool weir in
place, and (») the conserVuiionuﬁool walr removed, The tests comprised
veloclity determinations and observations of flow phenomena, In the
bagic degign of the approach channel, provision was made for 95,6 £t
of concrete chmuel wpstream from the intake structﬁro.‘ Upstrean from

this point, the channel was to be riprapped.

”
e ,"b-.
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38, Condiblong withoubt weir. With the cons orvntJ.on-—pool velr

removed, veloclty measurements indicated that, for a discharge of
10,000 cef'es. with all gates open, the bhottonm velocities at the up-
stroan edge of the concrete chmnel averaged 5.3 £t. per seC.; and
that these velocitles decreased as the dlscharge increcased, beconming
too low to measure at a discharge of 15,000 c.f.s. For pool clevations
vhich slightly cubmerged the crests of the sidé retalning wlls, the
gurface of the rwapldly accelerating flow in the channel became lover
than the pool elevation maintained in the relatively quiet arcas
shoreward of the retaining walls, A4s a result, the crests of the
rebaining walls acted as submerged welrs. This submerged-veir actilon,
barely perceptlble (Pnotogvaph 23) under the conditions des seribed,
assumed appreciable proportions with the installation of the conser—
vation-pool welir. Aside from this condition, no other noteworthy
phonomena were observeds

39, Conditions with weir, With the conservatlon-pool weir

installed, flow conditions ia the approach channel upstream from the

welr were largely influcnced by the operation of the welr gluices. Ve-
Jocitics on the bed of the »iprapped channel ranged from rolative qules~
cenee with sluices closed, to o maximum of 6,0 f't, per sce. with all
sluices open and pool elevation at weir crest, As regards chamnel flow
dommstream from the welr the only noteworthy condition was the submerged-
welr action of the silde retalning walls. The weir offered an obstructlon

to flow which considerably intensified this action, (See Photograph 24.)
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Aoproach .Chamnel of Modificd Desien

40, General. -Upon the completion of tests upon the approach
channel of basic design, instructions were recelved from the District
Engineer at Memphis to determine the effects of flattening the sloﬁe
of the face of the hill, where the hill rose from the berm in rear of
the side retaining wallse, This 1 on 1-1/2 slope was to be flattened
to Lon 2 (map in district office, file 26/20~-1), With the flattened
slopes, tests indicated no apparent effect upon flow conditions in the

approach channel, or on the performance of the outlet structures.

Tegt Results ~ Conservation-pool Welr

Conservation-pool Weir of Basic Design

41, General, - The function of the conservation-pool welr is to
maintain the normal condition of the reservoir with pool at or near
El, 355, This condition is desired to provide recreational facili-
ties and a preserve for fish and wild fowl. K The consgervation-pool
welr is to have an ogee crest, and is to be provided with sluices for
stream=flow diversion and pool drainage. (See Photographs 5 and 6,)
The hydraulic features of the welr were determined from the model study
by means of flow observations, water-surface profiles, and pressure

e ggurements,

42, Flow in channel,  The effect of the weir upon flow conditions

in the channel dowmstream was confined to discharges ranging dowmward
from 104,000 c.f.8.; submergence of the weir at 10,000 c.fess trans~

ferred control of the reservoir to the gates. (See Photograph 26.)

- 19 ~



Flow from the slulces caused no undesiraidle conditions except possibly
at low rates of flow. A discharge of 1000 ¢.f.s, produced a surface
roller. (See Photograph 27.) The dip in the channel floor below the
weir tended to deflect the boltom current more sharply upward, o
other effect of this dip was observed, Tests to determine the effect
of the weir upon entrance conditions at the intake structure Indicated
one interesting case. The closure of elther side gate or two adjacent
gates caused water to pile up on the side of slaclk flow. The steep
drop-down across the front of the pler adjacent to the intake under
draft caused a vortex to form nexbt to the pier nose, (See Photom

graph 25.)

%3, TFlow over crest. As stated alove, the effect of the weir

on flow conditlons was confined bo discharges ronging dowmwaord fron
10,000 c.fss. The effect of the welr upon a flow of 10,000 c.f.s.
was barely perceptible., With a discharge of 7,500 cefe5., there was
a transformation of flow without a jump. Dower discharges produced a
submerged jump. Comparison of the pressure profiles and the profiles
of the waber surface indicated that the ogee surface of the welr was
free of ncgative pressurcs ab all rates of flow, (Sec Plates 5 to 7.)

M. Pool clevationmdischarge rolablon.,  The pool. elovation—

discharge relation for the cascrvation-poal welr was ilnvestigated atb
full openings of the control gates. The results indicated that the

velr controlled_the rate of flow for discharges ranging uvpward to

10,000 cofess (Sce Plates 8 and 10.) As to the capacity of the sluices,

tests indicated that the maximum dischavge with all sluices open and

.
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the pool at the crest of the weir was 5,000 c.f.8., Inasmuch as it

was not practicable to simulate iu the model the automatic action of
the domstrean sluice gates, the determination of gluice capacity was

subject to error to an unknowm extent.

45, Position of the weir. M investigation of flow conditions

was made with the conservatbion-pool weir occupying various positlons
ih the approach channel,. The purpose of this investigation was to
determine the most desirable welr posibtion, Observatlion of the
traces of dye injected intc the flow in the channel revesled that the
upstream surface current induced by the hydraulic jump extended down-
stream 90 ft. from the weilr, With the weilr in its original position
(95,6 £t. upstrean froﬁ the intake structure) the flow into the gate
passages was uniformly dowvmstream. The Installation of the weir in
positions closer to the intake structure than 95 ft. caused the effects

of the hydraulic jump described above to exbtend into the gate passages.,

Removal of Automatic Slulce Gates

46, General., As stated above, facilities for stream—flow di-
version and pool dralngge are to be supplied by sluices through the

conservation-pool weir, These slulces are to be closed by means of

concrete stop-logs dropped into slots on the upstream face of the
welr structure. In order to insure smooth flow over the weir, the
recessed dowmstrean portals of the slulces are to be covered with
steel gates whigh will maintain the ogee surface unbroken. Automatic

operation of these gates is to be obtained by hinging at the top,

thus permitting them to open under pressurc of sluice flow and to
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cloge under pressure of weir flow, Since thesc automatic gates would
be of heavy steel fabrication their omission would result in consid—
erable savings In construction costse Therefore, tests proposed by
the District Engineer werc conducted to determine whether or not such
omission would set up flow conditions detrimental to the safety or

efficiency of the outlet works.
47. Flow conditionss With the automatic gates removed, tests

were conducted at dlscharges of 1,000, 1,500, and 2,500 cef,s. Since
the slulces were nearly submerged at a discharge of 24500 c.f;s., no
investigation was made of conditions at discharges in excess of that
rate, Operation at dlscharges of 1,500 and 2,500 c¢,f.s. indicated no
discernible differences in flow conditions from those which obtained
with the gates in place, (See Photographs 28 and 29.) At a flow of
14000 cefes.y however, the nappe spilled into the recessed sluice
portals, (8ee Photograph 30s) Tendencies for cavitation were ob-
served at all rates of flow investigated. These tendencies for cavie
tation were located under the intersections of the crowns of the
sluices with the surface of the ogee, (See Photographs 28 to 30.)

dlternates for the Conservation-pool Welr

48+ Qeneral,. & proposal for the elimination of the weir, made
during the course of the model study, contemplated the maintenance of
the congervation pool by means of removable barriers, These barriers
(presumabily reinforced steel platqs) were to present much the same

appearance as vertical-lift gates. In position for low reservolr

stages, the barriers would act as sharp-crested weirs in providing
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uncontrolled outflows To permit unobstructed use of the control works,
they were to be removed for high reservoir stages. As to the location
of the barriers, consideration was given to? (a) the slots of the em—
ergency gates (Alternate 4); (b) the upstream face of the intake

tower (Alternate B): and (c) a position in the aporoach channel 33 ft,
upstream from the intake tower (Altemate C). The holsting machinery of
the gate house wags to be used for removing the barriers if located in
the emergency-gate slotss the derrick on the intake tower was to be used
if the barriers were located elsewhere, If the barriers were located in
the control tower (Alternates & and B), they could be supported by the
pierss location in the aprroach channel (Alternate C) would require
special bracing.,

49, MAlternate A,  The installation of the barriers in the emer-
gency-gate slots placed a definite limitation upon flow capacity, Dig—
charges in excess of 1,000 c.f.s. couged the upper surfaods of the nappes
to contnct the roofs of the gate pagssages, thereby causing the nappes to
become orifice jets, Thisg action reduced the capacity of the works.

(See Plate 9,) Observations of flow conditions revealed that the impact

of the nappes (or jets) was sustained by the service-gate slots and the

floors of the contiguous portions of the transitlon section. “(see Photo- .

graph 31L,) Turbulence resulting from this impact extended into the tunnel,
" 50, Alternate B, Although the barriers located at the upstream

face of the intake tower exhibited less efficiency than the conser-

vation-pool weir, they passed as much as 10,000 ¢.f.s. without marked

increase in pool €levation. (See Plate 9,) It was noted that nappes



for the higher discharges entered the constricted gate sections with
little disturbance, (See Photographs 32 and 34.,) With lower dis-
charges, the freely falling nappes struck the floors of the gate
passages with full force. The low rate of flow could not in this
instance (as at higher discharge) provide a depth of water sufficiont
to cushion the resulting impacte. Also noted at low flows was a ten—
dency for the water surfaces to rise between the nabpes and the down-
stream walls of the barriers, This phenomenon is ascribed to the
lack of aecration below the crests of the barriers,

-51. Alternate O, A barrier located in the approach channel
resulted in discharge characteristics roughly similar to those in
Klternate B. (See Plate 9,) Flow conditions were sztisfactory in
that virtually no turbulence was observed in the inner passages of the
intake tower. However, a hydraulic jump which occurred abreast of
the piers was attended by turbulence of considerable intensity,

(See Photographs 33 and 35.)

Test Results ~ Intake Structure

Trash Racks

52, General, The basic design of the intake structure cdlled
for trash racks across the entrance to the gate passages to insure
protection against fouling by debris, The trash racks were to conslst
of grills of vertical and horizontal members; each member was to be
stream~Lined to assure ninimum obstruction to flow, (See Photograph
4s)  The board of consultants decided during the course of model

study to omit the trash racks from the design, The model data
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previously obtained on the trash racks are presented in this report
as a matter of record., The tests of the trash racks were made to
determine (a) the effect of such structures upon flow conditions, and
(b) the efficacy of such structures in affording protection against

fouling by debris,

5§._ Flow conditions., Flow passed the members of the trash racks

smoothly ﬁith no discernilbile turiulence, (See Photograph 19,) The
racks had slight effect upon the discharge~stage relation, (See
Plate lO.) In order to determine the velocity of flow past the racks,
the approech channel immediately upstream was explored with a pitot
tube, Veloclties ranged from 7 %, per sec, for a discharge of 10,000
‘q;f,S. with all gates open to 16,5 ft. per sec, for the same discharge
with one gate open,

54, Debris. To study the effect of the racks on debris, sticks
were placed in the model approach channel to simulate logs and.trees,
The racks operated as intmded, preventing drift from entering the

~y,
D £

gate passages, (See Photogrqphs 0 to 23.) - When the racks were ree
moved, some of the logs passed through the tunnel into the stilling
basin, some were caught in the gute‘passages, md some remained in
front of the intake piled against the piers. "The logs that passed
into the stilling bagin were buffeted about in the hydranlic Jumps

the tallwater, however, provided depths sufficient to prevent impact
of the logs on baffles. The conscrvatior-pool weir had some effect on
drift plled against the plers in that it induced a upstream surface
éurrent which tended to draw the drift upstream, This upstream cur—

rent probably reduced the pressure of debris upon the racks.
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Piers and Curved Throat Sections

55. ggnerali The iavestigation of the curved throab sections
and the piers of the intake structuwre comprised observations of flow
conditions and measurecments of pressures on the surfaces of the ele-
ments in question.

56, Flow conditions. It was observed that the rounded noses of

the piers effected a quiet division of flow into the gate passages.
The curved surfaces 5f piers and throat sections guided flow to the
gates with a complete absence of turbulence and eddies. Tendencies
for vibration of the structural elements could not be obtained, inas-
much as the model was desizgned only to study the hydraullc efficiency
of the structures.

57, Pressures. Pressures on the surfaces of plers and throat
sections were positive for all discharge conditions, (The locations of
plezometers and the magnitudes of pressures are recorded in Tables 4 to o
Gates

58.. General. The study of the control gates was confined to the
determination of rabtings with gates in all combinations of full, three-
quarter,‘and half openings., Since it was necessary to £it the gates
tightly in their guldes to proveat leakage, sny tendency for the gates
to chatter could not be investigated.

59, Ratings. The csmacity of the outlet structures at full
openings of all gates with the maximum pool elevation of 410 was prac-
tically 20,000 c.f.s. (See Plates 10 to 12 for complete data on gate
ratings.) lodel discharge curves were found to be in close agreement
with computed curves. (See Plate 13,) A% partial gate openings, the

lips of the gates caused conbtractlons of the jets which tended to



decrease the rate of flow, (See Plate 14 for comparison of partial
openings to equivalent clear openings.)
Air Vents

€0s General., The air vents for the control gates are to be of
the separate~riser type, (See Photograph 16,) Tests of the vents com~
prised maswrements of the negative heads set up in seale‘d vents for
various discharges and gate bpenings. A1l observations were made on
falling stages with the tunnel flowing full. The negative pressures
were measured in U~tubes connected to the sealed vents,

61, Operation, Negative pressures were observed :Ln the U-~tubes
for all but one condition, Positive pressures were observed when all
gates* were fully opened., (See Table 9,) Hence, the vents operated to
relieve vacuums behind the gatesfor all conditions except those mentioned.
It was noted that the negative pressures obtaining in the transition with

vents sealed kept the tunnel flowing full at low pool elevatlons.

Power Unit

62, Qeneral, The power unit specified in the basic design (Plate
3) was represented in the model schematicelly, inasmuch as it was not
feasibile to similate the turbine with its attendant losses. (See Photo-
graph 12,) A revision in the design of the draft tube, effected during
the course of the study, was not made in the model, Calculations were
corrected, however, to determine the gross head on the unit in its re-
vised position. Investigation of the power wnit comprised (a) ob=

servation of flow conditions at the mouth of the draft tube, and (b)

determination of the gross head on the unit,

Rl R A e - ems e ww e e e TR e e e A e

¥For description 4n this report, the gates are numbered from left to
right of an obscrver facing downstrean,
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63. Flow conditions. Flow issuing from the draft tube had no

'appreciable effect upon flow in the tunnel.

64. Gross head. The grogs head on the power unit was obtained
with all gates open from measurements with piezometers located in the
transition section adjacent to the draft tube. As the logses through
the penstock and turbine could not be accurately determined, only the
gross head on the unit was weasured. (Gross head equaled pool eleva~
tion ninus elevation in piezoueter at end of draft tube.) These
measurenents indicated that the heod exceeded 8-1/2 ft, for all rates

of flow. (See Plate 15.)

Test Regults ~ Condultb

Transition

65. General. The transibtion from the gates to the tunnel is to
be apnroximately 70 £t, long, changing graduslly from a rectangular
section with a net area of 600 sq. ft. to a D-shaped section with an
area of 379.8 sg. ft. The two division pilers in the transition are to
be of such shape as to provide for the gradual merging of flow from
the three gates as it enters the tunnel proper. (See Plate 3.) The
investigation of the trangition consisted of observations of flow
phenomena und measurements of pressures unon the surfacesof the con-

fining walls.

66, Flow conditlons. Observations of flow through the transition
under various conditions revenled that the performance of this element
of the outlet structures was generally satisfactory. (See Plates 16

and 17,) With any gate at full opening, Flow filled the passage



directly below the gate, but started to drop away from the conduit
crown when it reached the ends of the division plers. The operation
of two adjacent gates induced a smell eddy in the passage from the
closed gate,

67. Pressures. A determination was made of the pressurecs to
vhich the division plers md transition wells were subjected., Nine
plezometers were located in the left sides of the division piers and
in the right wall of the transition. As the critical area to be con—
sidered in the design of the division plers was near the dowmstream
ends where the pilers were of least wldth, the pieéometers vere located
as close to the ends as possible., These plezometers were located 1.5
ft. from the ends of the piers at distances of 2.0, 10.0, and 18.0
ft. above the floor of the transitlion. Measurements of pressures were
made for various gate combinations and discharges. (See Table 10.)
The greatest negative pregsure of ~17.25 ft. of water was measured on
a division pler with a pool clevation of 410 and with one outside
gate open, This pressure rose gradually to zero as the pool fell in
stage, The maximum positive pressure of 52.0 ft. of water was measured
on the wall of the transition, with a pool elevation of 410 and with
all gates open. As stated above (Paragraph 22) negative pressurcs

produced in the model were subject to crror.

Tunnel

68, General. The tunnel section of the conduit is to be 270.0

ft, long. It is to be D-shaped with an approximate diameter of 22.0

ft. and a cross-sectional area of 379.8 sq. ft. The tunnel was ex-

amined for performance under various conditlons of pool elevation and

gate operation., It was also exanined for performance when provided
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with alr vents along its crown., The investigation of the tunnel con-
sisted of observations of flow phenomena and measurements of pressures.

69, Flow conditions — three gates oven. With three gates open,

at high pool elevations the tunnel flowed full with no discernibile
dlsturbance, (See Plate 18,) At low pool elevations, flow from the
three gates intermingled immediately helow the division piers with
some locgl disturbance, then swept through the tunnel with the water
surface undulating thfough a gserles of stationavy waveg.

70, Flow conditiong - two gabtes onen, Inasmuch ag the perfor—

mences of Gates 1 and 3 were idantical there werc bub two combinations
of two opened gates to be invesbigated: (a) the inside and one oute
side gates, and (b) the two outside gates, No difforence could be
discerned in flow conditlioms in tho tunnel with elther couwbination of
two g:ai;(as open at high pool elevations, the tunnel flowing full with
no disturbance, A4t such pool elevations asg caused the tunnel to flow
partially full, the discharges from two gates induced spiral. flow |
action in the tumnel, The splral action sot vp by two edjacent gates
continued around the periphery of the tunnel uwntil broken up by lmpact
upon the tunnel floore The spirdl flow from each of the two outside
gates, following counter directions, mob muturl destruction at the
crown of the tunnel.

7le Flow conditions — one gabo open. The flow from one outside

te produced spiral acticn with attendant turbulence of considerable
intensity, vhile flow from the insilde gate proceeded through the

tunnel. ~rith moderate distirbance,

.
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72« Flow conditions — partisl gate opening, The operation of

gates at partial openings caused flow conditions in the tunnel which
were nearly similar to conditions set up by operation of gates at
corresponding full openings, The only difference noted was a tendency
for the slightly higher Velocitiés resulting from partial gate open-
ings to incfease the turbulence in fiow.

73. Pressures, | Then thé tunuel flowed fll, the pressure grade
line dropped below the crown of the tunnel, thereby indicating the
existence of negative pressures. (See Plates 19 and 20, and Table 11,)
Air vents placed in the crown of the tunnel remvved the negative
pressures, but caused fluctuabion between fuil and partial flow, The
presgure grade line wag raised above the tunnel crown by reducing the
arca of the tunnel exit by 53,75 sq. ft. However, this expedient
caused a decrease in discharge: from 17,700 c.fes. to 14,500 c.f. g,
for a pool elevation at spillway crest; and from 10,000 c.fes. to
8,800 cofes. for a pool elevation of 36,5,

T4, Oritical pool elevation, The manner of approaching the

criticél regervoir stoge for full tunnel flow determined its position,
Such may be perceived from an inspection of the following table, and
may be understood from a consideratlon of the negative pressure oper—
ating to maintain the tunnel at full flow on falling stages.

Tatle 1

Oritical Reservolr Stages for Full Flow in Tunnel

Stage A1l Gabes Open Gates 1 and 3 Open  Gateg 1 and 2 Open
Falling 359 362 365
Rising 366 370 370
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When Gates 1 and 2 were dlscharging wnder a falling head the transition
from full to partial tunnel flow was brought about quickly, because

the vacuun was relieved by air dramn through Gate 2. A complete fill-

ing of the tunnel was never attained with the full opening of one gate

or the three-quarter opening of gates in any combinations,

75, Discharge of 10,000 cefsse A discharge of 10,000 CefeSa,

with all gates open and on a falling stage, filled the tunnel through-
out its length, while the same discharge on a rising stage caused the
tunnel, to flow less than full in the lower 100-ft, portion, If the
latter condition were maintained for an appreciable time the reservoir
would slowly increase about Z,5 ft, in stage, thereby causing the
tunnel to £i11l completely. As ‘soon as the tunnel filled the reservoir
1evé1 vould fall slightly,. bubt the tunnel yould remain full, This
phenomenon demonsgbrated that the point of f1lling for the tunnel was
reached abt o discharge of 10,000 c.f.s,, and substantiated indications

of the exigtence of negative pressures in the tunnel,

Test Resulbs « Gate Oneratlon

Methods of Adjustument

76« General. The plan for the control of the reservoir contem—
plates maintenance of the normal pool by means of the . conservation-pool
welr, For these normal conditions the gates of the control structure
will remain fully opened. When flood flows cause the disch;lrgc through
the outlet structures to reuch 10,000 ¢,f.s8.,, 1t 1l planned to oper-

ate the control gates in such manner as to mointain that discharge

wmtil the regervoir returns to normal conditions., An investigation
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was made on the model to study various methods of gate operation and
to determine the adjustments required for a controlled flow of

10,000 Cof.s.

77. Best practice, Information as to operation of the control

gates was obtained by manipulabing the model gates and observing the

resulting flow phenomena. Best practice was in accord with the follow—

ing procedure:

2. Gates should be closed slowly and symmetrically,
Rapid closure of the gates caused a slug of alr
to be entrapped in the tunnels; the release of
this slug at the tunnel portal was attended by
violent flow disturbance,

» Gabeg should e set so as to provide symmetry
of flow. Turvulence wes kept ab a minimum by
operating QGotes L and 3 when two gabes were ree
‘quired, and by adjusting gatesg to equal open-—
ings when partisl settings were reguired,

o

c. Gates should be operated at full openings in
preference to partinl openings. Partial gabe
openings produced free jets which impinged upon
the walls of the transition. However, no advane
tage derived from the use of one fully onened
gote instead of tvo partially opened gates; for
turbulence created by the former equalled in dis—
turbance the jet action of the latter,

de Gates should be operated in the combinations
presented in Table 2 for least flow disturbance,

Table 2

Schedule for Gate Operation

Reguirements Gates Open
Discharge of 1 full gabe Gate 2 (full) or Gabes
or less 1 and 3 (partial)

Discharge of 2 full gates Gates 1vand 3
Discharge of 3 fvll gates Gateg 1, 2, and 3



73, Oontrolled flow of 10,000 CefsSe

The gate adjustments re—

quired for the maintenance of a controlled flow of 10,000 c.fes. at

various pool elevations are presented in Table 3,

ternate adjustments are possible, they are listed in order of prefer—

ence for best flow conditions.

Table 3

There several ale—

Gate Adjustment for a Oontrolled Discharge of 10,000 Co.f.s.

Pool.

Gate Opening in Feeb

Elevation Preference Gate 1 Gate 2 Gate 3
410,0 a 725 7425 7025
b india 19000 Ll
c 11.00 11,00 - e
400,0 a 775 7,75 775
e 12,00 - 12,00
395.0 a 8450 8,50 8.50
b 1250 — 12,50
c 12,50 12,50 —
d 2.00 20000 Andiad
390.0 a 9.00 9,00 9,00
b 13.00 o 13,00
c 13,00 13,00 -
a 44,00 20,00
380 0 2} 10050 10050 10050
b ].5000 Ll ond 15:00
c 15,00 15,00 -
d 8000 20.00 handiien)
370 «0 & 20.00 iadiiand 20,00
b 20,00 20,00 ok
367.5 c 200()0 20-00 ! ZOOOO



Test Results — Stilling Basin

Stilling Basin of Basic Design.- Type A

79, General. The stilling basin for the outlet works is to be
of the jump—action type. The essential elements of the basin are to
be (a) an apron shaped to a trajectory cuwrve, (b) a horizontal apron,
(c) two rows of stepped baffle piers, (d) a stepped sill, and (e)
flared spray ond wing walls, (See Plate 22.) The curved spron is to
exert pressure on the bottom of the jet issuing from the tunnel,
thereby causing this jet to spreade The horizontal apron is to be so
located as to insure the formation of the hydraulic jump within the
stilling basin at maximum discharge conditions with pool elevation at
spillway crest level, The function of the baffle piers is to assist
the formation of_ﬁke hydravlic jump, while the purpose of the sill is
to deflect bottom currents upward into the tallwater., The model in-
vestigation of the stilling basin of basic design consisted of (a)
determinations of the extent of scour, (b) determination of the distri-
bution of velocities, and (c) observations of flow conditions,

80, Scour. Scour tests were conducted at discharges of 19,700,
17,000, 14,550, 10,000, and 4,930 c.f,s. with the tailwater depths cor—
responding thereto. (See Plate 21,) The results of these tests we?e
characterized by a marked tendency for the bed to be eroded along the
bases of the flared wing walls, (See Plates 23, 25, 27, 29, and 31.) The

scour produced by o discliarge of 19,700 c.f,s. abpeared excesgive.
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8l, Velocities, Velocity tests were conducted under the quﬁﬂ
ditions of discharge and tallwabter enumerated in Paragraph 80."%he
results of these tests showed that bottom velorities did not exceed
7 £t. per sec, except during a discharge of 19,700 c.fes, (See Plates
Rh4y 26, 28, and 30.) Bottom velocities at a discharge of 19,700 c.f.s,
reached 12 ft, per sec. Velocity distribubion was such as to cause the

evosion along the wing walls noted in the scour tests, (See Plate 95.)

82, TFlow conditiong., The flow conditions in the stilling basin

and in the exit channel were Investigated at the discharges enumerated
in Paragraph 80; the tailwater depth was varied in certain tests in
order to determine the characteristics of the hydraulic jump., The
results of the invesbigablons revealed that the hydraulic jump was
partially submerged to varying degrees for all rates of flow, and
appeared to be completed ab or near the first row of baffles. (See
Plates 32 to 34, and Photographs 36 to 44,) Conditions during a dis—
charge of 19,700 c.f.s., constituted an exception to the above findings.
In this case, the tunnel exit portal was submerged by the tailwater,
causing the jet from the tunnel to se£ up a boiling action in the
stilling basin, Partial flow through the tunnel, accompanied by tail—
water deptha above the tunnel crowm, caused a jump to form in the
tunnel; this condition created great disturbance within the tunnel
structure, The jet issuing from the tunnel splashed against the épray
walls at discharges in excess of 7500 c.fes. (8ec Photograph 54.)

The splash rose higher and moved downstream as the discharge increased,

reaching a maximum height of 4 £t, at a dischargze of 17,000 Cef.s..
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- Under no conditions did this splash overtop the spray walls, The .~
spray walls were not overtopped by the tailwater until the dische o
exceeded 17,000 c.f.s, Eddies existed at the wing walls for all rates
of flows. {See Photograph.45.) These eddies attained great propor—
tions a£ a discharge of 20,000 ce.fas. as they swept back over the
stilling-basin berms with velocities as high as 17 ft. per sec,

Components of the Stilling Basin

83. General. Upon the completion of a thorough investigation of
the stilling basin of basic design, tests were conducted to determine
(a) the best design for the structursl elements of bthe basin, and'(b)
the most effective and economical arrangement of these elements asgur—
ing sabisfactory stilling action, Tests were conducted on each albtoer—
ation of an element of the basine, Thus there existed at all times o
previous test with which to compare results, and thereby arrive at a
conclusion as to the performance of the item under consideration,
asmuch as over thirty altcrations were tested in a sequence best
suited to the experimental routine, no attempt will be made to deg-
cribe each arrangement in this report. Instead the detailed reocord
is presented in tabular form (Tables 12 and 13), while the discussion
deals wlth the elements in such manner as to bring out the essence of

the results of tests conducted thereon.

84, Horizontsl apron,

a. Length, Mid~channel scour with the basin of
basic design at discharges of 10,000 and 17,000

c.fos, was of such slight extent as to indicate

- 37 -
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'bhé feasibility of shorbtening the horizontal

apron, - Hence investigation was made of Progre s—
pive reductions in spron length. The results of
this. investigablon indicated that the horlzontal
‘apron could be shortened from the length of 104

ft. called for in the basic design to 73 £t., with
no increase in scour (compare Plates 35 and 25, and
Plates 36 and 29) and only a moderate increase in
velocities over the end sill from a maximum of 4 ft,
per sec, to 10 ft, per sec. (Velocities over the

end sill were used as an index of basin action in

preliminary testsy bottom velocities in the exlit chane

nel were always much lower,) The 73-ft, apron was
incorporated in the basin design designated Type R, ‘
(Bee Paragraph 89.) The greater stilling effect
produced during the course of the model study by
efficacious spacing amd locating of baffle pilers
rendered additional shortening of the horizontal
apron possible, Thus for the basin depign designated
Type DD the apron was 53 £+, in length, (See Para~- ’ |
graph 9%.) In order to attain satisfactory stilling
action with a shortened curved apron, it was fowmd
necessary . to extend the horlzontal apron 15 ft.

Thus for the basin design designated Type GG the

horizontal apron was 68 ft, long, (See P'aragfaph 99.)
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Elevation., Inasmuch as the elevation of the hori-

5

zontal apron wag fixed by conditions of the river
channel and the conformation of the rock under-
lying the site, no study was made with the apron
raised or lowered from its original location,

85, Curved apron.

a. Ourvature of the apron, The action in a stilling

-

basgin is controlled by such interrclated factors

as flare of spray walls, inclination of the curved
apron, clevation of the horizontal apron, width

of the basin, md elevation of the tsillwater,

Hence, an investigntion as to the feasibllity of
shortening the curved apron in the case at hand was
preceded by consideration of the theoretical aspects
of such an alteration, The basin was basically de—~
.gigned so 28 to cause the theoretical depth after
jump (D2)¥* for a discharge of 17,000 c.f,s, to inter-
sect the tailvater elevation above the intersection
of the curved mmd horizontal sprons, (See Diagram 4
on Plate 79,) BSteepening of the curved apron would
create a demand for higher taflwater or a lower cle-
vation of the lorizontal apron, (Seec Diagram B on
Plate 79.) Obgcrvations of basin action in the

model revealed that (1) a good hydraulic jump occurwed

- N v ‘ s v )
- Bt et ont et W d‘p—-‘"l‘ummm‘---wn,oﬂ“ﬁf”——qtq~—hy‘,.‘“’~“.‘

#King, H. W., "Handbook of Hydraulics," puge 336,
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*The ineffectiveneso of ptepp in the curved apron of the Wbppapello
stilling basin is believed to be ascribed to unusually high tailwater,
Only a few of the upper steps came into action before the free jet
entered the tailwater,

i

at tallwater depths considerably below the natural
depths (3.5 ft. at 17,000 c.f.s.), and (2) that
dangerous spray action occurred only after further
reduction in tailwater depth, (See Plate 21.)
Consideration of the above factors led to the ten-
tative selection of an apron which followed the
curve of X2 = 500.33Y, and which theoreticslly re-
quired a lowering of the horizontal apron of 3.5 ft.
(See Disgran B on Plate 79.) The results of tests
conducted with this apron of steepened curvature
showed no undesirable conditions to follow from the
alteration, It was therefore incorporated in the
basin design designated Type GG. (See Paragraph 99.)

Steps_in the apron. An investigation was conducted

to deteriine whether or not V-shuped steps (Plate 80)
in the curved apron would aid in spreading the flow
laterally and contribute to the dissipabion of kinetic
energy by offering increcased resistance to flow.

The resultsof scour tests indicated that the steps
had practically no effect on conditions in the exit
channel. (Compare Plates 96 and 83, and 98 and 87.)

A study of flow conditions revealed no tendency of

the steps to cause a spreading of flow.¥
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86, Wing walls. As stated above (Paragreph 80), a marked
tendency forlscour'éloﬁg the wing walls was revealed in the tegts of
the basin of basic design., Effort was nade to réduce this scouring
tendency by alterations in the alignment of the wiﬁg walls. No
improvement was effected with wing walls Tocated at right engles
to the spray walls. (Compare Plates 40 and 25.) On the other
hand, the tendency for scour was greatly reduced by providing a

curved transition (Plate 50) from spray to wing walls. (Compare

Plates 41 and 36.)

87. Baffle pilers.

a. Spacing, The basic design called for baffle piers
4 £t, wide spaced at 5~f£. infervals. This arrange--
ment ﬁrévided clear spacé in the étaggered rows of
piers through which jets passed unhindsred, Reduc—
tion in extent_of scour ﬁas obtained by‘decreasing
the spacing to 4 ft. (Compare Plates 42 and 43,)

In addition, velocities over the end sill were re—
duced from 9 ft, per sec, té 6 ft, per sec,

b, Height, The basic designicalled for baffle piers
g ft. ﬁigh. The results of scour tests of piers
s ft; hizh end & ft. high (Plate 46)‘revealed that
(1) 4—ft; plers were not as effective as §-ft,
piers (compare Plates 42 and 44); and (2) that &-ft,
piers were equally as efféctive‘as 8~ft, piers

(compare Plates 57 and 42}.

3 -
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Iype. Tests were conducted upon baffle piers with
vertical, steoped, and sloped faces. (See Plate
46.) The results of these tests indicated that the
piers with vertical and stepped faces were prac-
tically alike in actlon, and were slightly superior
in action to the piers with sloped faces. (See
Plates 47 to 49,)

Position. With the curved apron of basiq design,
the position of the baffle plers produced little
effect on scouring tendencies., Hovever, observa-
tion tests appeared to indicate that the piers
produced best results when located in rows at Sta-
tions 2986 and 30+02. In thls location the piers
were far enough domstream to be cushioned fron ex-
cessive impact and yet asslst in the creation of

the jump at a discharge of 17,000 c.f.s. A% a dis--
charge of 10,000 C.f.8., the plers contributed 1little
to the creation of the jump, The full effect of the
plers appesared to develop with an interval of 10 £+,
beteen rows. (Compare Plates 69 and 78,) With the
curved apron as called for in Type GG design (see Par—
agraph 99) it was found necessary to move the piers
an additional 15 fi., domstream from the toe of the

curved apron to obtain the most effective action throughe

,out the range of discharges investigated., A scour test



'conducted without baffle piers clearly indicated
the need for such structures, (Gompare Plates
45 and 25,)

88, éi;lQ The basic design called for a 3-ft. stepped sill on
the end of the horizontal spron., (See Plate 3,) The results of
scourr tegts conducted upon stepped sills 4,5 and 6 ft. high revealed
that the 3 £t, 5ill of basic design was the most effective, (Compare
Plates 36, 37, md 38.) A test conducted without a sill indicated

the need for one, (Comparc Plates 39 and 45,)

Stilling Bagin of Alternate Degign — Type R

89. General, 4 stilling basin design designated Type R was
developed by effecting swech improvements in the basic design as were
suggested by the tests of the basin elements., (See Plate 50.) The
basin of dltemate design was subjected to tests similar to thosc
conducted upon the basin of basic design.

%0, Scour. Scour tests were conducted at discharges of 19,420,
17,150, 14,500, 10,000, @d 5,000 c¢.f.s. with the tailwater depths
corresponding thereto, The results of the tests indicated no ten—
dencies for erosive attack on the bottom of the outlet channel exe
cept during a discharge of 195420 c.f,0. (Sec Plates 51, 53, 55,
57, and 59,) As in the case of the bagic design, a discharge of
20,000 c,f,s. caused excessive scour. In order to determine whether
or not highéhead discharge caused increased scour, a test was con-
ducted with the pool elevation at g illway crest, No appreciable

increase was noted, (Compare Plates 53 and €0.)
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91, Velocities, Velocity tests were conducted under discharge

and tailwater conditions enumerated in Parosraph 90. The results
of the tests showed that botton velocities did not exceed 5 ft. per
sec, for discharges up to 17,000 cef.s. (Seec Plates 52, 54, 56 and
58,) Measurcments of velocities in transverse sections indicated -
good distribution of flow, (Sec Plate 95,)

92. -Pressures. An examination was made of pressures on the
surfaces of center and outside bafflie piers in the first row. (Sec
Platc 6L,) This exsmination was conducted at various rates of flow
with corresponding tallwater depths. The results of the tests indi-
cated that positive pressures obtained under all condltiond, The naxi-
mun pressures were sustained by the risers of the second steps in the
plers,

93, Flow conditions, Observation tests revealed flow conditlons

in the stilling basin to be substantially the same as in the basin of

basic design. (See Paragraph 82,)
Sti11ing Basin of Alternate Design - Type DD

94, General., In order to determine whether or not the basin
design designated Type & provided the required perforuance with mini-
mun dimensions of the structural elements, m investigation was made
of a bagin identical with Typc R in all ensentinls except length of
the horizontal epron. It was found that satisfuctory basin action
continued to prevall wlth tho apron shortenced 20 ft, The design 110
corporating this shortencd apron wos designoted Tyne DD, (See Piate
62,) The basin of such desigu was subjected to tests similar to.

those conducted upon the Typc R basin,
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95. Scour. Scour tests were conducted at discharges of 19,620,
17,000, 14,500, 10,000, sad 5,000 c.f.5. with the tallwater depths
corresponding thereto, The results of the tegts demonstrated stille
ing action for the Type DD basin to be virtuslly as effective as the
action in the Type R basin. (Compare Plates 51 to 59 with Plates 63
to 71.) In order to determine whether or not high-head discharges
caused increased scour, a test was conducted with the pool elevation
at spillway crest, No appreciable increase was noted. Qompare
Plates 65 and 77.)

96, Velocitles., Velocity tests were conducted under discharge
and tailwater conditions cnumerated in Parasgraph 95, The results of
the tegts showed«that bottom velocitles did not exceed 8 ft, per sec.
for discharges up to 17,000 c.fes. (See Plates 64, 66, 63, and 70.)
Velocity distribution was sotisfactory. (See Plate 95,)

97, Pressures, As in the investigation of the Type B basin
(Paragraph 92), mn examination was made of pressures on the surfaces
of the baffle piers, Thls examination indlicated that positive pres—
sures obtained, snd that the maxciuum pressures were sustained by the
rigers of the second steps in the piers. (See Plate 72,) Measure-
ments of pressures on the surface of the horizontél apron revealed

1little or no reduction Of ' pressure over that due to ordinary tallwater

depthse (See Plate 73.)

98, Flow conditions, Observation tests revealed flow conditions

in the stilling basin to be gubsbantlially the same as those in the

bagin of basic design. (Sec Parazraph 82, Plates 74 to 76, and
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Photographs 46 to 52.)

Stilling Basin of Alternate Design —~ Tvpe GG

99. General., Consideration of the possibilities of effecting
additional reduction in the dimensions of the stilling basin resulted
in the selection of the basin design designated Type GG. (See Plate
80.) The design differed from Type DD only in that it included a
curved apron following a sharper trajectory, and a horizontal apron
increased in length by 15 ft. (See Paragraph 84.) The sharper tra-
Jectory automatically effected a 28,5-ft. reduction in the length of
the curved apron. Thus, 3'13.5~ft. net reduction in the oversll length
of the stilling basin was effected. The basin of this alternate design
was subjected to tests similar to those conducted on the basin of
basic design.

100. Scour, Scour tests were conducted at discharges of 19,550,
17,000, 14,550, 10,000, and 5,000 c¢.f.s. with the tailwater depths

corresponding thereto. The results of the tests revealed that erosion

at discharges of 5,000 c.f.s. and 10,000 c,.f.s. slightly exceeded that
occurring at comparable discharges in the Type DD basin., (Compare
Plates 81 and 83 with Plates 63 and 65.) On the other hand, at dis-
charges of 14,500 and 17,000 c¢.f.s. the scour was less than that
occurring in the Type DD basin, (Compare Plates 85 and &7 with Plates
67 md 69,) Asin the case of the basic design, a discharge of

20,000 c,.f.s. cauged excessive scour, No appreciable increase in
scour resulted from high-head operation with pool at spillway crest

elevation, (Compare Plates S0 and 83.)
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101, Velocities. Velocity tests were conducted under the dis-
charge and tallwater conditions enumerated in Paragraph 100, The
results of the tests showed that botpom velocities did not exceed 7.5
ft, per sec, for discharges up to 17,000 c.f.s. (See Plates 82, 84,
86, and 88,) The velocity distributidn was satisfactory., (8ee Plate
95%)

102, Pressures. As in the investigation of the Type R basin,
(Paragraph 92) an examination was made of pressures on the surfaces
of tﬁe baffle piers., This examination indicated that positive pres—-
sures obtained, and that the maximum pressures were sustained by the
risers of the second steps in the plers, (See Plate 91,) Pressures
on the curved apron were positive and werc not appreciably reduced
under ey conditions of flow investigated, (Compare Plates 92 to 94
with Plates 19 md 20{) Pressures on the horizontal apron were sub-

stantially the same as those obtaining in the Typc DD basin, (See

Paragraph 97.)

103, Flow conditions, Observation tests revealed flow conditions

in the stilling basin to be substantidlly the same as in the basin of
basic design, (See Paragraph 82 and Plates 92 to 94;) The steepened
trajectory of the curved apron produced no discernible differcnces in
flo¥ phenomenas (See Photographs 55 to 62 and Plates 92 to 94.) The
locus of the hydraulic jump and the characteristics of the Jump action,

as influenced by tailwater depth, are shown in Table 14,

Outline of Tests

104, Tabulation. The iost important features discussed in the
preceding paragraphs are outlined in the tabulation which followss
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Qutline of Tests

Component of
Qutlet Structures
Investigated

Purpose of Tests

Test Procedure

Results

Reference

Approach Channel

Study of flow con-—
ditions and velo-—
cities upstreanm

from intake tower.,

Flow conditions ob=
served and veloci-
ties measured with
Pitot and Bentgzel
tubes.

Flow tonditions satisfactory for all
discharges.

Velocity of 5.3 ft. per sec. al up-
stream edge of concrete channel.
‘Discharge = 10,000 c.f.s.

Welr in place and sluices open, ve-
locities of 6.0 ft. per sec.
recorded, _

Paragraphs
37 - 40
Photogranhs
23 ~ 24

Conservation-
pool weir

tudy of flow con-
ditions, water sur-

face, and pressure

profiles. Determi-
nation of best po-
sition of =eir in
approach channel.

Flow conditions ot
sexved, tater-surface
prefiles measured

“vAth a point gage,

and nressures ith
plezometers instalited
in crest. Position
of ~reir determined
from observations.

Weir effect confined to flows of
10,000 c¢.f.s. and below. '
Jurp submerged below flows of 7,500

c.f.s,
Surface free of negative pressure.
Best location as in basic plans.
Removal of automatic steel gates
had no effect except for flows
belor 1,000 c.f.s. ‘
Alternates proposed for weir not
effective.

Paragraphs
41 —~ 51
Plates
5 —~ 10

Photogranhs
5 and 6,
25, 27,
28 - 35.

Trash Racks

Study of effect of
racks on debris.

Effect of racks oo~
served and recorded
by means of phote-

graphs,.

No effect of racks on clear water flow.

Practically no effect on pool.
elevation — discharge relation.
Racks prevented drift from entering

gate passages.

Paragraphs
52 — 5k
Plate 10

Photographs

4,19,20-22.




Outline of

Tests

Component of
Outlet Structures

Furpose of Tests

Test Procedure

Results Reference
__Investigated
Piers and Study of flow con— Flow conditions ot— Flow wast pier noses and through intake Paragraphs
Curved ditions and pres— served and pressure tomrer satisfactory. 55 ~- 57
Throat Sectiocns | sures. measured by means of Tables
piezometers. Pressures were all positive L3
To rate the gates Pool clevation and Parazrachs
and determine discharge measured Ziodel and compubed discharge curves 58597578
Gates schedule of gate by standard methods. in close agreement. Plates
operation for con— Cate operation de- Schedule for gzote operation o maintain 10-14
troiled flov. teriined by obser— discharge of 10,000 c.f.s. determined. Tahles

vaition of flov.,

2 and 3

Air Vents

Study of veacuums
relieved by vents.

-

Vents sealed ond
NrESsUTes mes—
sured by means of
T-tubes.

Venting of gates necessary to relieve
negabive pregsures below gates.

Photogranh 16

ol

-

over Unit

Study of flow con—
ditions abt mouth
of draft tube.

Determination of
gross hesad on unit.

Flow conditions ob-
served and gross
nead measured with
pierzometers.

No effect on btunnel flow.

Cross head on unit always exceeded 8-1/2

feet,

Paragraphs
62 — 64
Plate 15

Photograph

1z




Component of

Outline of Tests

|
t

Outlet Structures

Inveshizated

Purpose of Tests

Test Procedure

Results

Reference

Transition
Section

Study of flow condi-
tions and pressures

on ends of division

piers.

Flow conditions. ob-
served and recorded
by means of photo—
graphse Pressures
reasured with plez—
onmeters,

Flow conditions generally satisfactory.

Hegative pressure on end of division
pier for one gate open.

Paragraphs
55 — &7
Plates 16
and 17
Tavle 10

\n

Tunnel

Study of flow con~
ditions for various
gate combinatlions.

‘Pressures  and

point of £illing.
determined.

Flow conditions ob— -

served and recorded

by means of photo-

graphs., CPressures
measured with plez—
oneters.

Flow conditions generally satisfactory.

Pressures in downstream portion of tun—
nel negative for full tunnel flow.

Point of fiiling at a discharge of 10,000
C.fes. with 2ll gates open.

Paragraphs
€38 ~ 75
Plates 18-20
Tables
1 and 11

tilling
Basin,

Design of satisface
tory basin.

Scour measurements

were taken.. ~Bottom -

velocities obtained
with a pitot tube.

Basin designed so that practically no
scour and low botiom velocities ob~

tained when bssin subjected to flows

of 17,000 c.f.s. or below.

discharge of 20,000 c.f.s. wos unsafe

for any type of basin investigated,

A

Paragraphs
79 — 103
Plates 21-99
Tables 12-14
Photographs
36 - 63




PART IV -~ SUMMARY AWD CONCLUSIONS

Perfornance, Adsouacy of Desian, Ztc.

105, There follows a summary of the tests of the outlet structures,

together with conclusions to be drawn from these tosts:

a.

w—

Approach channel. (See Paragraphs 37 to 40,) Flow condi-
tions in-the approach channel of basic design wore satig-
factory. Bottom currents in the channol upstream from the
conservation-pool weir were of negligible velocity wunder
normal operating conditions with the sluices through the
weir closed. With all sluices open and the pool at weir
cregt, the bottom currents did not exceed a velocity of

6 ft. per sec.; such currents could have no dostructive
action upon tho rip-rapped channol. Pool stages which
slightly submorged thoe side retoining walls coused theso
walls to act as submerged weirs. Inasmuch ag the crests
of the walls wore 2 ft. above the rip-roppcd berms in

“their roar, thae submerged:weir action could have no dee

structive effdebason these berms.

Conservation-pool weir. (See Paragraph Wi to 47.) The
conservation~pool weir operated most satisfactorily vhen
located in the position called for in the basic design.
In this location flow conditions werc satisfactory for
all discharges. Yo effect of the dip below the weir wag
detected other thun a tendency for this depression to
deflect the bottom currents more sharply upward. The
study of the hydraulic performance of the weir with tho
automatic slulce gates rcmoved did not reveal any change
in the flow appronching the intake structure compared to
flow which obtaincd with the gates in place. VWhether or
not the romoval of tho gatos would subjoct the woir

struc turc to destructive forces was not dotomiasble from
tho model results. Tendoncics for cavitation were observed
undor)tho interscctions of tho crovms of sluicos and tho
surface of tho ogocs This condi tion makes nocessary a
syston of veats to supply air to the affccted regions.

in the event that the automatic slulce gates are removed,




c, Altermates for the conservation-pool vreir. (See
Paragraohs 48 to 51.) While results of tests on alternates
for the conservation-pool weir indicated that barriers
located in or near the intake tower would (with the excep~
tion of Alternate A) operate satisfactorily in maintainihg
the conservation pool, these results also demonstrated
that such barriers would cause increased turbulence in the
gate passages. In the model, this turbulence produced no
measursble reactions., However, viewed in the 1light of
the fact that the energy scale is equal. to the fourth
power of the linear scale, thls condition is seen to have
major prototype potentialities, In this connection it is
to be remembered that previous tests of the conservation-
pool welr demonstrated that any obstruction must be at
least 90 ft., upstream to provide tranquil approach to the
intake works., Therefore, it is concluded that any sub-
gititube for the conservation-pool weir located in or near
the intalze tower will operate to the disadvantage of
approach conditions which, with the conservation-pool weir

in place, are sabisfactory.

Intake structures. (See Paragranhs 52 to 64,) The hydraul—

ic performsnce of the intake structure wos satisfactory

under all conditions of operatlon. Pressures were posi-

tive throughout the structure. Data as to the performance

of certain elements of the intake structure are presented

belovrs ' :

(1) Trash racks, Flow passed the bars of the trash

racks smoothly with no discernible turbulence, The
racks had slight effect on the capacity of the out—
let wvorks, The racks operated as intended, prevent-
ing drift from entering the gate passages., The
omission of the trash racks enabled debris to pass
through the conduit. No undesirable conditiong
attended this passage of debris,

U

(2) Air vents. The air vents operated to relieve
vacuuns behind the control gates for all conditions
except full openings of all gates, Hence, the
vents perform a necessary function at all partial
gate settings and during all gabe opening and
closing operations.

(3) Power unit. The operation of the power wnit had no
deleterious effect upon the performance of the
outlet works. The operabing head on the unit ex~
ceeded B-1/2 ft. at all conditions of flow.
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TABLE 4

MODEL STUDY OF WAPPAPELLO DAM-OUTLET STRUCTURES

PRESSURE READINGS
ONE INSIDE GATE OPEN

EL.268.0 X2
/ AVE]
4
5
EL.355.5 ! 2 4158 17
EL.343.0 // 2 3 44617 8 |9

SKETCH OF INSIDE PIER

SHOWING

LOCATION OF GAGES

INTAKE STRUCTURE
Q =10,000 C.F.S.

LEVEL

2]
z)»
oo

m

INSIDE
PIER

392 .50
394¢.00
384 .25
37/.50
365.75
365.25
369.75

367.00
357.00

395.00
383.75
366.00
363.00

357.00
357.75

398.25

CURVED
THROAT

GAGD NN OGD W SN0 6N wdN

40/ .25
396.50
388 .50
369.00
358.50
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MODEL STUDY OF WAPPAPELLO DAM—OUTLET STRUCTURES

TABLE 5

PRESSURE READINGS ----- INTAKE STRUCTURE
ONE OUTSIDE GATE OPEN -

EL.368.0

EL.355.5

4
6 7

EL.343.0

¢ 4gi7 8

SKETCH OF PIERS

SHOWING

LOCATION OF GAGES

-+ Q =10,000C.F. S.
eveL | o4gE | oursioe | mieioe
/ 399.25 | 390.00
2 393.00 | 393.50
3 383.00 364£25
4 370.50 369.00
A 5 365.00 | 363.7%5
6 364.25 363.50
7 368.00 | 365.%Z5
8 36250 | 360.00
@ 358.00 357.00
/ 399.25 39250
2 39400 | 379.50
3 38/.00 | 362.25
B 4 368.00 | 363.00
S 363 .00 | 36475
6 363.75 | 356.75
7 35550 | 357.00
8 358.00
c / £00.00 | 397.00
2 397.00 —
D / £0/.00 —
/ 395.00 | 395, .00
crvenl 2 | 39/.00 | 39/ .00
THROAT| 3 383.50 | 383.50
4 365.75 | 365.75
5 36/.25 | 36/.25




TABLE 6

MODEL STUDY OF WAPPAPELLO DAM-OUTLET STRUCTURES
PRESSURE READINGS THROUGHOUT THE INTAKE STRUCTURE

ALL GATES OPEN

GAGE DISCHARGE
LEVEL NO.
[F000CHS )| 14500 CES) /8000 C.£S) 7S500CLS.
/ 38950 | 380.00 | 366.75 | 36/.75
2 389.00 379.50 | 366.50 | 36/.75
3 386.00 376.75 | 3635.00 | 360.50
4 38/.25 | 37¢.00 | 364.25 | 360.50
A 5 37975 | 37250 | 36350 | 360.00
6 37950 | 372.50 | 363.50 | 360.00
, 7 38/50 | 373.75 | 363.00 | 359.50
8 37825 | 372.00| 36325 | 360.00
CL seeo , J” 1“ 9 | 37725 | 37/.00| 363.00 | 36000
E— AVE c / 389.25 | 380.00 | 367.00 | 36/.75
4 H Jﬂ 2 38550 | 377.00 | 366.00 | 36/.25
EL.355.5 / 2 3T 8 3 37925 | 37250 | 363.75 | 360.50
B 4 S S S —_—
EL.3430 /: 2 3 «3dl s L[ S 380.00 373.25 364.00 360.50
7 1] A 6 376.25 | 370.50 | 363.00 | 360.00
7 37725 | 37/.00 | 359.50 | 360.25
SKETCH OF INTERIOR PIER c / 39025 | 38/ .00 — —
(mvsrggwmsgm) /| 39725 | — — —
LOCATION OF GAGES oRveo| ¥ | JO725 | 56200 36700 —
4 38000 | 373.75 | 365.25 —
5 37700 | 372.25 | 362.50 | 359.75




TABLE 7

MODEL STUDY OF WAPPAPELLO DAM-OUTLET STRUCTURES

PRESSURE READINGS THROUGHOUT THE INTAKE STRUCTURE

ALL GATES OPEN

GAGE DISCHARGE
LEVEL NO

* /7000 C.LS| /4500 CLS)/CQ000 C£S) 7500 C£S.
/ 39025 38050 | 36700| 362.00
2 389.25 | 379.50 | 366.75| 36/.75
3 38850 | 377.00 | 366.25| 36/.50
N 4 387.25| 37¢.00 | 36425 360.50
5 379.75 | 372.75 | 363.75| 360.25
6 37950 37275 | 363.75| 360 25
, 7 380.75 | 373.00 | 363.75| 360.25
8 378.75 | 37225 36350 360.00
EL.368.0 z g 37750 | 37/.50 | 363.50| 360 .00
- <G c / 389.25 | 380.00 | 367.00| 36/.75
/ \\¢\ s 2 384.75 | 376.75 | 366.00| 36/.25
EL.355.5 AR S B . 3 379.25 | 37250 | 363.75 | 360.50
4 379.25| 37250 | 363.75 | 360. 25
EL 343.0 /, . s b, s | 387.00| 373.25| 36425| 36/.00
] ' 1] 6 375.75| 37/.25| 36325 | 360.00
7 37750 37/.25| 363501 36000

SKETCH OF INTERIOR PIER c / 390.50 | 38/.00 — —

(EXT}ESIORNSIDE) / 39/.00| 38/.25 — —

SHOWING _ —

LOCATION OF GAGES THROAT j jgg:jg }3?327; 367.25 —

4 380.25 | 373.25| 36450 —
) 37825 | 370.751 363.25) 360.00




"'89"

GAGE DISCHARGE
LEVEL NO
i /7000 CL£S I4500C LS| /10000 C.£S, 7500 CFS.
/ 39025 | 380.25 | 367.00 | 36/.75
2 388.75 | 379.25 | 366.50 | 36/.50
3 38550 | 37700 36550 36/.25
4 38725\ 37900 36425 36050
A 5 37975 | 373.00 | 36350 | 360.25
6 379.75| 37300 | 36350 | 360.25
p— 7 38250 373.75 | 36400 | 360.50
EL.378.0[ k! 5 8 379.00| 37225 | 363.25 | 360.00
9 37825 37/.50 | 363.00| 369.00
EL.3680]7 X -y 39075 | 380.75 | 367.00 | 362.00
\3\4\ 2 389.00 | 37975 | 366.75| 36/.25
eLasss|, o 2 ik 75 3 38425 37650 365.75 | 36/.50
— ' ' ' B 4 380.00 | 37325 | 36400 | 360.75
5 37900\ 372.25| 36350 36025
EL.34301; 2 3 45479 B 6 380.75 | 37350 | 36400 | 36050
7 37750 37/.00| 362.75 | 360.00
SKETCH OF OUTSIDE PIERS 8 37750\ 37/.25) 363 25 36000
SHOWING c / 39/.00 | 380.75 — —
LOCATION OF GAGES 2 39050 | 380.75 — —
D / 39/.50 | 38/.00 — —
/ 39/.00 | 38/.25 — —
CURVED 2 389. 25 \380,25 - ——
THROAT| 3 386.50 | 377.75 | 367.25 —
4 38025 | 373.25) 364.50 —
5 378.25 | 370.-75| 363.25| 360.00

TABLE 8
MODEL STUDY OF WAPPAPELLO DAM-OUTLET STRUCTURES

PRESSURE READINGS THROUGHOUT THE INTAKE STRUCTURE

ALL GATES OPEN
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¥odel Study of Wappapello Dam - Outlet Structures

Study of Effect of Air Vents

Table 9

Gates NO. 1 Gates No. 1,

Pool Gate No Open Gate No, 2 Open Qates No, 1 and 2 Open and 3 Open 2, and 3 Open

Eleva~ Vent Vent Vent Vents Vent Vent Vent Vent Vents Vent Vents Vent
Xion 1 2 3 1&3 2 1 2 3 1&3 2 1&3 2

Full CGate Openings
41000 0.0 000 0.0 0.0 000 700 "'2-0 702 605 — 2907 25'5
400.0 0.0 0.0 0.0 0.0 0.0 0.0 =20 5.0 3.0 9.0 22.5 2.2
39500 0.0 0.0 000 000 000 0.0 -2.0 500 . 2'0 700 1905 1802
390.0 0.0 0.0 0.0 0.0 0.0 0.0 =2.0 3.0 1.5 5.0 15,0 15.5
380.0 0.0 0.0 0.0 C.0 0-0 0.0 -1,5 2.0 1.0 3¢5 0.0 10,0
370.0 0.0 0.0 0.0 0.0 0.0 -1.0 -1.0 1.2 0.0 1.5 0.0 4.7
Three~-Quarter Gate Openings
410.0 ~Lb,o* 28,5 ~-26.5 -33.0 =35.0% =28,5 -32,5 -17.0 =27.0 =23.0 0.0 0.0
400.0 -38.,0% <28.0 -26.0 «30.0 =217 =25.0 =8.5 =16,0 -24,0 =19.0 0.0 0.0
395.0 =32,0 =27.0 =24.0 =25.0 =25.0 =23.0 =26.5 @ =14.2 2.0 =17.5 0.0 0.0
3%00 "'%'0 "m-oo ~20.0 -moo -22-0 "'1907 -2205 "1107 -17.0 -1500 000 000
380.0 -80 =-8.0 =170 -6.2 =62 =55 - 4,0 = 4.0 0.0 0.0
370.0 0.0 0:0 000 000 0-0 - 2-2 — 2'2 bd 1.7 0.0 000 000 0.0
Half Gate Openings
40.0 0.0 0.0 0.0 0.0 0.0 —A2,0% -%4.0 =33.0 ~36,0% =36,0% =33.0 =%0.0
400.0 0.0 0.0 0.0 0.0 0.0 =35,0% 29,0 =29.0 -3.5 3.5 =20.,0 «25.0
39500 0.0 0.0 000 000 010 "32.0 -'2600 "25.0 "2’7- 5 -2705 "26.0 "ﬂ'o
3%.0 000 0.0 000 0.0 0-0 "%.0 —2500 "'25.0 "'22-0 "2200 -21.0 "1800
ﬁO-O 0.0 0.0 Oto 000 000 -21.0 -19.0 "'1600 "'1700 —1700 "'17.5 -15.0
BW.O 0.0 0.0 000 0.0 0-0 - 7.0 - 700 had 7'0 - 6.0 - 6.0 - 9.0 - 900
Notet

A1l pressures are recorded in prototype feet of water,

%Recorded for purpose of comparison only; obviously impossible for pressures
(See Paragraph 22.)

to exceed 34 ft. of water,



-

Tadle 10
Model Study Fappapello Dam - Outlet Structures

Preggure in Yeet of Water on the Ends of the Division Plers and Sides of the Ialst Tranmsition

Section.
Pool Gate 1 Upen Gate 2 Open
Dig- Flevation Pier 1 Wall of Transition Dle- Reservoir Pler 1 or 2 Gate 1
charge Upper Middle Lower Upper Widdle Lower charge Stage Upoer Middle Lower Pier 1
11,100 41c — -17.25 <1425 0.25 4, 50 12.75 11,100 410 — ~16.00 ~9.25
9,800 400 — -13.00  -10.25 0.50 435 13.25 9,800 400 — .00 75| cete @ Tlow
9,200 395 - -1L.75  -8.75 1.00 L.75 13.25 9,200 395 - -12.50  -5.25 [Pler 2 —
8,500 390 - -10,00 -1.15 0,75 E.oo 13.25 8,500 390 -— -11.25 i, 25 Gate 3
7,100 380 -~— -6.75 -k, 25 1.00 .75 13.50 7.100 380 - ~71.15 -2,00
5,500 370 —— -3.00 -0.50 0.75 475 13.50 5,400 370 -_— -3.50 0.00
3,300 360 —— -0.75 -0.25 0.75 1.50 10.25 3,300 30 - -0.50 0.25 Trancition Section
1,200 350 - 0.00 0,00 -— - 6,00 1,200 350 ——= - 0,25
Gates 1 and 2 Open
Pool Pier 2 ¥all of Trensiticn
Die- Xlevation Teft Side RIght Side — Telt 5ids Rignt side Telt Sice Zight Side
charge Upper Middle Lower Middle Lower Upper Uiddie Lower Upper Widdle Lower Upper Kiddle Lower Ucper Middle Lower
19,100 410 10.25 15,50 20.00 5.50 18.25 - 5,50 18.25 9.5 18,50 27.25 1,75 23,25 32,50 4,00 16,00 24,50
17,500 400 8,00 14,50 20.00 5.25 18,00 5.25 18,00 8.5 16,50 25.715 12,00 20.00 29.75 3.50 15.50 24,50
16, 800 395 7.25 13.75 19.25 6,25 17.75 6.25 17.75 7.5 15.50 24,75 11,00 19.00 28.75 3.00 12.00 250
15,800 30 7.00 12,00 19,00 -— 6. 75 17.75 6.75 17.75 1.0 15,00 23.75 9.50 18,00 27.50 3.00 1,00 24,5
13,200 380 4.75 11.50 18,50 -— 7.25 16.75 7.25 16.75 5.5 12, .75 6.00 14,50 23.75 1.50 12.50 24,50
9,800 370 L5 11.0 16,00 _— 8.00 17.00 8,00 17,00 3.5 12.5%0 19,75 3.50 12,00 21.25 1.50 10.50 24,50
5,800 360 1,50 k.0 12.25 -— 2,00 10,00 2.00 10,00 -— 5. 50 12.75 ---- 9.50 18.75 - 3.50 12,25
1,200 350 - .- 5. 50 ——— - 4,03 . --= 4,00 - o= 475 o= e 6.15 -— . 525
Cates 1 end 3 Open
Dig- Pool Pler 1 Pier 2 %al]l ¢of Treasition
charge Tlevation Left Side Right Side Teft Side Rignt side Left 3fde __Eignt side
Upper Middle Lower Upper Middie Lower Upper Middle Lower Tpper Kiddle Lower Tpper Yicile Lewer _Upper ¥iddie lower
19,100 o 7.75 11.%0 19,50 3,50 20,00 29.50 9.50 20,00 29,50 7.75 11.50 19,50 12,00 20,50 2975 12,00 20.50 29,75
17,800 Loo 7.00 10,50 18.00 8,50 19,00 21.75 5.50 19,00 21.75 7.00 10.75 18,00 10,00 18,50 27.15 10,00 18,50  27.75
16,800 395 6,50 10,00 17.75 8,00 18,00 26.75 8.00 18,00 26.715 6,50 10,00 17.7% 8,50 17.00 26.25 8,50 17.00  26.25
15, 800 390 5.50 915 17.75 6.75 16,25 25,00 675 16.25 25,00 5. 50 9.75 17.75 7.50 16,00 25.25 7.50 16.00 25,28
13,200 380 3,50 9.50 16.7% 5.00 12,50 22,25 5.00 13.50 22,25 3.50 9.50 16.75 5.00 13.50 22.75 5.00 13.5 22,75
9,800 370 2,50 9.50 16.75 3.25 11.25 20,00 3.25 11.25 20.00 2.5 9.%0 16.75 2,50 11,00 20,25 2.5 11.00 20,25
5,800 360 — 2.715 10.25 ——— 3.50 12,25 - 3,50 12.25 — 2,75 10,25 — 3,00 12.25 —— 3,00 12,25
1,200 3% e — 3.15 — = 5.00 == - 500 == - 3.75 - - 5.2% == === .25
Gates 1, 2 and 3 Open
Ma- Pool Pier 1 Pler 2 Wall of Transition
charge Zlevatier — Teft Side Right Side Teft Side Right Side Teoft Side Right Side
Upper Mddle Lower Upper Niddle Lower Upper. Niddle Lower Upper dle Lower Upper Niddle Lower Upper _Niddie ng
20,000 L10 31,00 39.00 46,75 28,50 39,00 4g,25 28.50 39.00 48,25 31.00 39,00 46,75 34,25 L2.15 .00 34,25 42,75 .00
18,600 %00 26.50 34.50 k1,25 26,00 35,00 43,25 26,00 35,00 43,25 26.50 33.50 41,26 28,00 36,50 2;75 28,00 36,50 3%.75
17,600 395 24,00 31.75 3875 23,00 31,00 39.75 23.00 31.00 3975 24,00 31.75 38.75 25,00 33.%0 k2.75 25.00 33.50 b2.75
16,500 3% 21,00 29,00 35.75 21.50 28.00 36.75 2.50 28,00 36.75 21.00 29,00 3515 21.00 .50 3975 21.00 30,50 3375
14,200 380 15.50 23.50 30.75 17.00 22,00 30,75 17.00 22,00 30,75 15.50 23.50 30.75 15.50 24,00 33.25 15.50 2,00 33.25
10,900 370 9,00 16.75 25.25 10,50 15,25 24.00 10,50 15.25 .00 9.00 16.75 25.25 %50 18,00 27.25 9,50 18,00 27.25
6, 360 3.75 12,00 20,25 5,50 11,50 20,00 5.50 11,50 20,00 .15 12,00 20,25 3.00 11,50 20,75 3.00 11,50 20,75
2,700 350 - 3,50 12,00 — 2.%0 11.25 -— 2,%0 11,25 - 3.50 12,00 — 1.75 11,00 -~ 1.75 11.00
¥otes

All pressures were odtained from piezometers located in the right wall of the transition section and left sides of the division plers. The plezometers were 1.5 ft. from the erda of the division piers
and located ahove the base of the transition section at distances of 2, 10, and 18 ft, The pressuras are recorded in prototype feet of water, '



Table

Model Study of Wappapello Dam — Outlet Structures
Piezometer Readings in Tunnel

“Gage A B 0 D
Flor. Top. of Tawel T A SO A R
Pool

Discharge Elev. Gates 1, 2, and 3 Open
19,550 407.00 363.50 359.50 358.00 355.00
- 17,000 392.00 359.00 356.25 354.25 352.50
14,500 382.00 357.75 356,00 354,75 353.00
12,000 374.00 357,00 355.25 354,75 353.50
10,000 368,50 356450 355.75 355,00 354,00
75500 362,50 356,25 355,75 355.00 354,75

Gates 1 and 2 Open
19,700 413.40 364450 360,00 358,50 354,50
17,000 395.50 358.75 355.50 354.75 352.25
14,500 385,00 358,25 356,25 355,00 353,50
12,000 376.75 357.75 356,75 355.75 354.50
10,000 370,75 357,25 356,50 355,75 355,00
GQates 1 and 3 Open

19,700 413,40 364,00 360,00 359.00 355.00
17,000 395450 358,00 ¥5.25 354,25 35L.75
144500 385.00 357.00 355.50 354,50 352,50
12,000 376,75 356,50 355.25 354,75 353,25
10,000 370.75 356,00 355,50 355.25 354425

Hotes Readings obteined with full tunnel flow.
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TABLE 12
Hodel Study of Wappapello Dam - Outlet Structures

Types of St11ling Basing Investigated in the Model Study

Type No. Location Location Height Location of Helght of Type
of of of end of of Baffle Piers Baffle Plers of Remarks
Basin Tests of Apron  End S$ill  End Si1l Row 1  Row 2 Row 1 Row 2 ¥ing Walls

A 5 30+60.0 30+56.0 3,0 ft. 29+76.0 30+01.90 8 ft. g ft, Flared Basic design.

B 1 30460.0 —— -— —— — —_— — Flared No baffle piers or end sill on apron.

c 1 30+E0,0  30+56,0 3.0 — -— — ——— Flared ¥o baffle piers on apron.

D 1 30+60,0 30+56.0 3.0 — 30401.0  —--- 8 ft. Flared One row of baffle piers used.

B 1 30+60.0 30+56.0 3.0 29+76.0 30+01.0 g g Right Angle Wing walls at right angles to center line of basin
F 1 30409,0 30405.0 3.0 29+76.0 — 8 — Flared starting at end sill.

G 1 30+09.0 30405.0 3.0 29+62.0 29+80.0 8 8 Flared

E 1 30+09.0 30+05.0 3.0 29+58,0 29+76,0 g 8 Flared

1 1 30+09.0 30+15.0 3.0 29+58,0 29+76.0 8 g Flared

J 2 30+29.0 30+25.0 3.0 29+61.0 29+79.0 8 g Flared

X 2 30429.0 30+23.0 U.5 20t61.0 29+79.0 g g Tered

L 1 30+29,0 30+21.0 6.0 29+61.0 29+79.0 8 8 Flared

¥ 1 30+29.0 30+25.0 3.0 29+61.0 29+79.0 8 8 Rounded ¥ing walls rounded on 30 ft, radius starting at emd
N 2 30+29.0 30+25.0 3.0 29+86.0 30+04.0 8 8 Rounded 8111,

[} 1 30+29,0 30+25,0 3.0 29+86,0  30+04.0 g g Rounded No baffle piers next to spray walls in rear row,
P 1 30+29.0 30+25.0 3,0 29+86,0  30+04.0 8 8 Rounded. Baffle plers spaced at 4 ft, intervals in 21l follow-
Q 1 30429.0 30+25.0 3.0 29+90.0 30+06,0 i i Rounded ing tests unless otherwise stated.

R 6 20+29,0 30425.0 3.0 29+86.0 30+02,0 6 6 Rounded

s 1 30+29.0 30+25.0 3.0 29+86.0  30+02.0 4 y Rounded

7 1 30+29.0 30425.0 3.0 29+76,0  29+92,0 6 6 Rounded

v 1 30+29.0 30+25.0 3.0 29+66,0 29+82,0 6 6 Rounded

v 1 30+29.0 30+25,0 3.0 29+81,0 29+97.0 6 6 Rounded

w 1 30+29,0 30425.0 3.0 29+86.0  30+02.0 6 6 Rounded Vertical upstream face on baffle piers.

X 1 30+29.0 30+25.0 3.0 2G0+86.0  30+02.0 6 6 Rounded Sloping upstream face on baffle plers.

Y 1 30+29.0 30+25,0 3,0 29+86.0  30+02.0 6 6 Rounded Taree steps on upstream face of Baffle piers,

A 1 30+19,0 30+15.0 2.0 29+61.0 29+75.0 8 g Rounded Baffle piers spaced at 5 ft, intervala.
AA 1 20+24.0 30420.0 3.0 29+86.0  30+02.0 6 6 Rounded
BB 1 30+19,0 30415.0 3.0 29+81,0 29+97.0 6 6 Rounded

cC 1 30+1L.0 30+10.0 3.0 29+76,0 29+92,0 6 6 Rounded

bon) 6 30+09.0 30405.0 3.0 29+71.0 29+87.0 6 6 Rounded

IE 1 30+09.0 30+05.0 3.0 20+66.0 29+82.0 6 6 Rounded

T 1 30+09.9 30405,0 3.0 29+76,0 29+92.0 6 6 Rounded
XK 1 30+09,0 30+05.0 3.0 29+61.0 29+87.0 6 6 Rounded Baffle pler rows spaced farther apart,

GG 8 29+95.5 29+91.5 3.0 29+57.5 29+73.5 6 6 Rounded In all following tests, the slope of the apron
HE 2 30+09.0 30405.0 3.0 29+71,0 29+87.0 6 6 Rounded - follows the trajectory curve of X@ = 97Y.
J7 2 29+95, 5 2%+91.5 3.0 29¥42,5 29+58.5 6 6 Rounded

A




Table 13
Model Study of Wappapello Dam - Outlet Structures
Summary of Scour Tests

Scour End of Apron Scour in Channel Scour at Wing Wallg
Type Test Discharge Hax, Scour Aver, Scour Max, Scour Dist, from Left Wall Right Well
Basin Ro. c.f.8. Elev, Elev, Elev. end of Max, Scour Yax, Scowr
apron EBev, Elev,
A 2 10,000 32..0 32,0 321.0 — 38,0 09.0
4,980 3210 321..0 321.0 —_— 32,0 32L.0
7 14,550 319.0 320.0 320.0 12 ft, 36,0 A17.0
1 17,000 8.5 3.0 319.0 20 ft, 35,0 n45
k14 19,700 5.0 7.0 71.2.0 25 ft, 17,0 116.0
B % 10,070 313.5 5.0 313.0 A rt. 3.0 1.0
c 35 10,000 32,0 320.5 6.0 18 ft. 417.0 317.0
D 36 10,000 320.5 37.0 219.0 10 ft. 319.0 318.0
E ] 10,000 319,0 320.0 320.0 5 ft. 419.0 A18.0
F 39 10,000 A7.5 3.5 8.5 2 ft, 315.0 345
a 40 10,000 320.0 320.5 320.0 12 ft. 9.5 9.0
H L 10,000 320.0 32..0 320.0 12 ft, 319.5 9.0
I 42 10,000 320.0 320.5 320.0 12 ft, 320.0 320.0
J 43-1 10,000 320.5 321.0 320.0 -1 ft. 320.0 320.5
43-2 17,000 8.0 320.0 3.0 12 ft. 316,0 315.0
K 45=1 10,000 322.0 322.5 322.0 8 ft. 321.0 321.5
45=2 17,000 318.0 322.0 320.0 2 ft. 317.0 5.0
L &7 17,000 318.0 323.0 322.0 2. ft, 7.0 316.0
M 48 17,000 18.0 320.0 319,0 21 ft. N7.5 AN7.0
it 49-1 16,89 319.0 32.5 39,5 2 ft, 38,5 318.0
492 10,000 320.0 320.5 9.5 11 ft., 3200 9.5
) 50 17,000 320.0 320.5 28,5 1 ft. 319.0 8.5
P 51 17,000 320.0 32..0 9.5 11 . 3.0 320.0
Q 52 17,000 319.0 9.5 7.5 1 e, 316,0 7.0
R 53 17,150 320.5 324.0 320.5 11 ft. 319.0 320.0
58 5,000 320.5 3210 321.0 — 320.5 32.0
59 10,000 32.0 3.0 320.5 11 ft. 320.0 Nn9.5
& 144500 320.0 321.0 3.0 2 £, 320,0 9.0
61 19,420 2.0 3.0 208.0 4L £t, 311.0 6.0
(32 10,000 9.0 320.5 320.5 1 ft. 8.0 7.5
8 54 17,000 9.0 9.5 7.5 2 ft, 316.5 7.0
T 55 17,000 19,5 321.0 320.5 FARE 318.0 319.0
v 56 17,000 . 319.0 324.0 320.0 a rt, 317.0 8.0
v 57 17,000 320.0 321.0 320.5 21 £t 8.5 39.0
v 69 17,000 320.5 32.5 320.0 A £, 319.0 38,5
b 4 ° 17,020 320.0 320.5 319.5 A ft. 18,5 8.5
Y n 17,000 320.5 320.5 320.0 11 £, 9.0 19.0
A 72 17,000 6.0 319.0 18,0 A ft, 5.5 315.0
AA 73 17,000 320.5 320.5 3.5 5 f£t. 319,0 320.0
BB v 17,000 3.0 321.0 320.0 15 ft. 9.0 9.0
DD 77 17,000 3.5 3%.5 39,5 11 ., 8.5 319.0
80 5,000 30.5 320.5 320.5 6 ft. 320.0 320.0
81 10,000 3.5 320.5 320.5 11 ft. 320.0 320.0
82 14,500 30,5 320.5 119.5 11 ft, 319.0 19,0
83 10,000 320.0 3.5 320.0 A f£t. 319.0 119.0
8 19,620 3110 15,0 © 310.0 46 £t. 209.0 318.0
EE 78 17,000 319.5 320.0 9.5 n ft, 17.0 18.0
re 79 17,000 320.0 320.5 320.0 11 ft. 320.0 320.0
KX 88 17,000 318.5 9,5 8.0 11 ft. 7.0 8,5
aa 104 5,000 3.0 3210 320.5 5 £, 3.0 320.5
105 10,000 320.5 320.5 319.5 15 ft. 320.0 320.0
106 14,500 3.0 32,0 320.0 15 ft, 319.0 319.0
107 17,000 321.0 32,0 3.0 5 ft, 319.0 19,0
logw 10,000 320.5 32,0 320.0 15 £, 318.0 419.0
109 19,550 31,0 5.0 205.0 50 ft. 312.0 314,0
112%¢ 10,000 320.5 320.5 9.5 15 £t, 32.0 . 3.0
11 17,000 3210 3210 321,0 3 ft. 320.0 321.0
HH 98 17,000 3210 321.0 321.0 11 ft. 319.0 32.5
99 10,000 320.5 320.5 319.5 1 £, 320.0 320.0
J7 101 17,000 34.0 3.0 320.5 15 ft, 7.0 19,0
103 10,000 320.0 320.5 319.5 15 ft, A7.5 8.5

¥Scour pattern obtained with pool at elevstion 395.
#*Basin slope stepped. ’
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Tahle 14

Y¥odel Study of Wappapello Dam — Cutlet Structures

Nature of Sti11ling-Basin Action and Locus of the Hydraulic Jump

DiBChme 5.000 c, £, 8 l—Q_g_ c, fy 8, 14 500 ¢, £, 8,
Pool Elevsation 395 377 357 395 320 _368.5 395 386 382
Gate QGates QGates Gates Gates Gates Gates Qates Gates
Gate 2 1&3 |1,2,&)| 1&3 1&3 (1, 2, & 311, 2, & 3|1, 2, & 3|1, 2, & 3
Ad justment Open Open Open Open Open Open en Open Open
12 f&, 8 ft, 20 ft, (12-1/2ft] 15 £t, 20 ft, | 12 £5, 15 ft, 20 ft,
Eeggmtigg of Basin Action T,W, E1,| T, W, ©1,|T,%W, &1, {T,W, F1, |T, W, E1, | T W, F1, |T.W, E1,]| T.W, F1,| T,W,
Spray induced by first row| 332 33 330 337 337 33 3 30 340
of baffle piers.
Perfect hydraulic jump at 335 33 335 343 42 340 345 345 345
toe of curved spron.
Partislly submerged jump 350 H#9 35 355 355 352 359 357 357
at point hdlfway dowmn
curved apron,
Partially submerged jump 358 357 357 362 36L 36l 365 364 %3
at exit portal of tunnel.
Surface roller at 353 349 _— 350 350 353 353 353 355







Photograph 1. Upstream view of
the model.

Photograph 2. View of the
tunnel and intake tower.

1

{
w&."

| o tomuts MRS
11»'“‘

Photograph 3. Downstream view
of the model.




Photograph 4. Downstream view
of the approach channel and Iin-
take tower.

Photograph 5. View of up-

stream face of conservation-
pool weir.

Photograph 6. View of down-
stream face of conservation-pool
weir.




Photograph 7. View of the up-
stream face of the partially
completed intake tower.

Photograph 8. View of the
downstream face of the intake
tower.

Photograph 9. View of the up-

stream face and side of the
intake tower.




Photograph 11. View of the
Pyralin transition section.

Photograph 10.

View of the

pyralin tunnel sections.

Photograph 12.

pcwer unit.

View of the




Photograph 13. View of the

tailgate.

Photograph 14. View of the
sounding stick.

Photograrh 15. View of the

pitet tube.




Photograph 17. View of the
manometer bank for the gages

of the intake tower and transi-
tion section.

Photograph 16. View of the
air vents downstream from the

service gates.

Y

Photograph 18. View of the
manometer bank for the gages

of the tunnel and stilling
basin.




Photograph 19. Side view of
the intake tower showing ef-

fect of trash racks on clear
water flow. Discharge =
7,500 c.f.s.

Photograph 20. Side view of
drift cought in trash racks.
Discharge = 7,500 c.f.s.

Photograph 21. Side view of
drift caught in the intake
tower. Discharge = 7,500 c.f.s.




Photograph 22. View looking
downstream showing trash piled
against the intake tower.

Photograph 23. View of ap-

proach channel looking down-
stream showing flow over the
side retaining walls. Con-

servation-pool weir removed.
Discharge = 10,000 c.f.s.

Photograph 24. View of ap-
proach channel looking down-
stream showing flow over the
gide retaining walls. Con-
servation-pool weir in place.
Discharge = 10,000 c.f.s.

" k‘?,&{f\
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Photograph 25. View looking
downstream showing the vortex
next to a pier nose.
Discharge = 10,000 c.f.s.
Gates 1 and 2 open.

Photograph 26. View looking
downstream of flow over the
conservation-pool weir.

Discharge = 5,000 c.f.s.

Photograph 27. View looking
downstream showing the surface
roller caused by the discharge
from a sluice through the weir.
Discharge = 1,000 c.f.s.




Photograph 28. View looking

upstream of flow over the con-
servation-pool weir. Auto-
matic sluice gates in place.
Discharge = 1,500 c.f.s.

Photograph 29. View looking

upstream of flow over the
conservation-pool weir. Auto-
matic sluice gates removed.
Discharge = 1,500 c.f.s.

Photograph 30. View looking

upstream of flow over the con-
servation-pool weir. Auto-
matic sluice gates removed.
Discharge = 1,000 c.f.s.




Photograph 32. View showing
flow behind the weir. Alter-

nate B. Discharge = 7,500 c.f.s.

Photograph 31.

View showing

flow behind the weir. Alter-
nate A. Discharge = 2,500 c.f.s.

Photograph 33.

View showing

flow behind the weir. Alter-
nate C. Discharge = 7,500 c.f.s.




Photograph 34. View looking

downstream showing flow over
the weir. Alternate B.
Discharge = 7,500 c.f.s.

Photograph 35. View looking

downstream showing flow over
the weir. Alternate C.
Discharge = 7,500 c.f.s.

g 3

B

Photograph 36. View of the
stilling basin showing baffle

blocks and end sill. Basic
design.




Photograph .
H.W. = 349.0
Q =

Basic design
T.W. = 3344
2,500 c.f.s.

Photogragh 38. Basic design
H.W. = 356.5 T.W. = 340.0
Q = 4,980 c.f.s.

Photogr%ph 39. Basic design
H.W. = 0 T.W. = 3uh.2
Q= 7,480 c.f.s.




Photograph 40. Basic design
H.W. = 367.7 T.W. = 347.0

Q = 10,000 c.f.s.

Photograph 41. Basic design
H.W. = LOL.I T.W. = 347.0
Q = 10,000 c.f.s.

Gate 1 open

Photograph 42. Basic design
H.W. = 381.3 T.W. = 350.0

Q = 14,550 c.f.s.




Photograph 43. Basic design
H.W. = 391.0 T.W. = 350.4

Q = 17,000 c.f.s.

Photograph 44. Basic design
H.W. = 410.0 T.W. = 369.0

Q = 20,000 c.f.s.

Photograph h5. View showing
the eddy at right wing wall.
Basic design.




Photograph 46. Basin type DD.
View of the dry bed.

Photograph Y7. Basin type DD.
H.W. = 355.6 T.W. = 340.2

Q = 5,000 c.f.s.

Photograph 48. Basin type DD.
H.W. = 362.0 T.W. = 344.2

Q = 7,500 C.f-S.




Photograph 49. Basin type DD.
H.W. = 367.7 T.W. = 347.0

Q = 10,000 c.f.s.

Photograph 50. Basin type DD.
H.W. = 381.3 T.W. = 349.5
Q = 14,500 c.f.s.

Photograph 51. Basin type DD.
H.W. = 391.0 T.W. = 350.4

Q = 17,000 c.f.s.




Photograph 53. View showing
eddy at rounded wing wall.

Radius at top of wall = 30 ft.

Photograph 52. Basin type DD.
HE.W. = L4o5.2 T.W. = 366.0

Q = 19,620 c.f.s.

Photograph 54. View showing
splash on spray walls for a

discharge of 10,000 c.f.s.




Photograph 55. Basin type GG.
View of dry bed.

Photograph 56. Basin type GG.
H.W. = 349.0 T.W. = 334.0

Q= 2,500 c.f.s.

Photogragh 57. Basin type GG.
H.W. = 356.5 T.W. = 340.2

Q = 5,000 c.f.s.




Photograph 58. Basin type GG.
H.W. = 362.5 T.W. = 344.0

Q= 17,500 c.f.s.

Photograph 59. Basin type GG.
H.W. = 367.5 T.W. = 347.0

Q = 10,000 c.f.s.

Photograph 60. Basin type GG.
H.W. = 381.3 T.W. = 350.0
Q = 14,500 c.f.s.




Photograph 61. Basin type GG.
H.W. = 391.0 T.W. = 350.4
Q = 17,000 c.f.s.

Photograph 62. Basin type GG.
H.W. = E6£.1 T.W. = 366.0

Q = 19,700 c.f.s-

Photograph 63. View showing

steps on type GG basin.design.
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Reservoir Stage = 370 Reservoir Stage = 360 Reservoir Stage = 350
G A TES 1 24 BAND 3 0o PEN

Reservoir Stage = 350

Reservoir Stage = 360

Reservoir Stage = 370
A N D 2 o P EN

G ATES 1

Reservoir Stage = 360 Reservoir Stage = 350

Reservoir Stage = 370
1 AND 3 o P EN

Model Study
Wappapelld Dam--Outlet Structures

FLOW THROUGH TRANSITION SECTION--FULL GATE OPENINGS
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Reservoir Stage = U410 Reservoir Stage = 395 Reservolr Stage = 360
G A T E 1 o P

Reservoir Stage = 410 Reservoir Stage = 395 Reservoir Stage = 360

G A T E 2 0O P EN

Model Study
Wappapello Dam--Outlet Structures

FLOW THROUGH TRANSITION SECTION--FULL GATE OPENINGS
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Reservoir Stage =
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Reservoir Stage =

370

G A T

Reservoir Stage = 410

Reservoir Stage = 410

FLOW THROUGH
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Reservoir Stage = 360 Reservoir Stage = 350
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Reservolr Stage = 395
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TEST NO.43 RUN I
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WAPPAPELLO DAM-OUTLET STRUCTURES

TEST NO.43
SCOUR PATTERN
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RUN II
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NATURE Q =17,000 C.F.S.
TAILWATER ELEV.=350.4
LENGTH OF RUN = 50 MIN.
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MODEL STUDY
WAPPAPELLO DAM-OUTLET STRUCTURES

TEST NO. 45
SCOUR PATTERN
NATURE Q =17,000 C.FS.
TAILWATER ELEV.=350.4
LENGTH OF RUN = 50 MIN.
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MODEL STUDY
WAPPAPELLO DAM-OUTLET STRUCTURES

TEST NO.47
SCOUR PATTERN
NATURE Q=17,000 C.F.S.
TAILWATER ELEV.=3504
LENGTH OF RUN =50 MIN.
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MODEL STUDY
WAPPAPELLO DAM-OUTLET STRUCTURES
TEST NO.34
SCOUR PATTERN
NATURE Q=10,070 C.F.S.
TAILWATER ELEV.=347.0
LENGTH OF RUN =50 MIN.
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TEST NO. 38
SCOUR PATTERN
NATURE Q=10,000 CFS.
TAILWATER ELEV.=3470
LENGTH OF RUN = 50 MIN.
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WAPPAPELLO DAM-OUTLET STRUCTURES

TEST NO.48
SCOUR PATTERN
NATUREQ=17000 CFS.
TAILWATER ELEV.=350.4
LENGTH OF RUN = 50 MIN.
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MODEL STUDY
WAPPAPELLO DAM-OUTLET STRUCTURES
TEST NO. 51
SCOUR_PATTERN
NATUREQ=17,000 C.E.S.
TAILWATER ELEV.=350.4
LENGTH OF RUN = 50 MIN.
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TEST NO.49
SCOUR PATTERN
NATURE Q=16,890 C.F.S.
TAILWATER ELEV.=3504
LENGTH OF RUN = 50 MIN.
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WAPPAPELLO DAM-OUTLET STRUCTURES

TEST NO. 54
SCOUR PATTERN

NATURE Q= 17,000 C.F.S.
TAILWATER ELEV.=350.4
LENGTH OF RUN = 50 MIN.

31+75

31+ 50

31 +25

31+00

30+ 7S

30 + 50

30+25

30 +00

PLATE 44



: DISTANCE - FEET
60 80 100 120 140 180 180

I | | | | | |
- - 32+25
NOTE: NO BAFFLE PIERS ON APRON
- -~ 32+00
'
- - 31475
- - 31+50
Z
o
122
<
-
n
- - 31+25
1 22
20~
- - 31+00
/8
—t/6
- Q - 30+75 .
__._——————/\94"/8
— 20 — STA.30+60
/ E:I_Ev.zazan.dé / i
- | | ! | i | - 30+50

MODEL STUDY
WAPPAPELLO DAM -OUTLET STRUCTURES

TEST NO.35
SCOUR PATTERN
NATURE Q =10,000 C.F.S.

TAILWATER ELEV.=347.0
LENGTH OF RUN 50 MIN
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TEST NO. 69
SCOUR PATTERN
NATURE Q =17,000 C.FS.
TAILWATER ELEV.=350.4
LENGTH OF RUN = 50 MIN.
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MODEL STUDY
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TEST NO. 71
SCOUR PATTERN
NATURE Q =17,000 C.ES.
TAILWATER ELEV.=350.4
LENGTH OF RUN = 50 MIN.
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MODEL STUDY
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TEST NO. 70
SCOUR PATTERN
NATURE Q = 17,020 C.F.S.
TAILWATER ELEV.=350.4
LENGTH OF RUN = 50 MIN.
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WAPPAPELLO DAM—-OUTLET STRUCTURES

TEST NO. 58
SCOUR PATTERN
NATURE Q = 5,000 C.FS,
TAILWATER ELEV.=340.2
LENGTH OF RUN = £G MIN.
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MODEL STUDY
WAPPAPELLO DAM-OUTLET STRUCTURES

TEST NO. 58
BOTTOM VELOCITIES
NATURE Q= 5.000 C.F.S.
TAILWATER ELEV.=340.2
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TEST NO.59
SCOUR PATTERN
NATURE Q =10,000 C.F.S.
TAILWATER ELEV.=347.0
LENGTH OF RUN = 50 MIN.
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MODEL STUDY
WAPPAPELLO DAM-OUTLET STRUCTURES

TEST NO. 59
BOTTOM VELOCITIES
NATURE Q=10,000 C.F.S.
TAILWATER ELEV.=3470 .
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WAPPAPELLO DAM-OUTLET STRUCTURES

TEST NO.60
SCOUR PATTERN
NATURE Q =14,500 C.E.S.
TAILWATER ELEV.349.5
LENGTH OF RUN = 50 MIN.
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TEST NO. 53
SCOUR PATTERN
NATURE Q= 17,150 C.F.S.
TAILWATER ELEV.=350.4
LENGTH OF RUN = 50 MIN.
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MODEL STUDY
WAPPAPELLO DAM-OUTLET STRUCTURES

TEST NO.S53
BOTTOM: VELOCITIES
NATURE Q=17,150 C.F.S.
TAILWATER ELEV. =350.4
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MODEL STUDY
WAPPAPELLO DAM-OUTLET STRUCTURES

TEST NO. 8l
SCOUR PATTERN
NATURE Q =19,420 C.FS.
TAILWATER ELEV.=366.0
LENGTH OF RUN = 50 MIN.
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WAPPAPELLO DAM—OUTLET STRUCTURES

TEST NO. 64
SCOUR PATTERN

NATURE Q =10,000 CFS.
TAILWATER ELEV.= 3470
LENGTH OF RUN = 50 MIN.
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MODEL STUDY
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MODEL STUDY
WAPPAPELLO DAM-OUTLET STRUCTURES
TEST NO. 80
SCOUR PATTERN
NATURE Q= 5,000 C.F.S.
TAILWATER ELEV.=340.2
LENGTH OF RUN = 50 MIN.

29+ 75
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MODEL STUDY
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TEST NO.80
BOTTOM VELOCITIES
NATURE Q=5000 CFS.
TAILWATER ELEV.=340.2
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MODEL STUDY
WAPPAPELLO DAM-=OUTLET STRUCTURES

TEST NO. 81
SCOUR PATTERN
NATURE Q= 10,000 C.F.S.
TAILWATER ELEV.=347.0
LENGTH OF RUN = 50 MIN.
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TEST NO.8I
BOTTOM VELOCITIES
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MODEL STUDY
WAPPAPELLO DAM-OUTLET STRUCTURES

TEST NO.82
SCOUR PATTERN
NATURE Q =14,500 C.F.S.
TAILWATER ELEV.=349.5
LENGTH OF RUN = 50 MIN.
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MODEL STUDY
WAPPAPELLO DAM-OUTLET STRUCTURES

TEST NO. 82
BOTTOM VELOCITIES

NATURE Q=14,500 C.F.S.
TAILWATER ELEV. = 349.5
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MODEL STUDY
WAPPAPELLO DAM-OUTLET STRUCTURES
TEST NO. 77
SCOUR PATTERN
NATURE Q=17,000 C.F.S.
TAILWATER ELEV.=350.4
LENGTH OF RUN= 50 MIN.
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MODEL STUDY
WAPPAPELLO DAM-OUTLET STRUCTURES

TEST NO. 77
BOTTOM VELOCITIES
NATURE Q=17,000 CF.S.
TAILWATER ELEV.=350.4
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MODEL STUDY
WAPPAPELLO DAM—OUTLET STRUCTURES

TEST NO.84
SCOUR PATTERN
NATURE Q = 19,620 C.FS.
TAILWATER ELEV.=366.0
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