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MODEL TESTS O PROPOSED DESIGN OF ANTIETALL

(WAYNESBORO) DAM SHAFT bPlILNAV STRUCTURE

v

, On September 14, 1951, authorization to
make and test a 1:20 scale model of a design then under
consideration for the proposed Waynesboro Dam was issuved by
Mre C. E., Ryder of Gannett, Fleming, Corddry & Carnbnter, Tnce
Negotlatlons for these tests were under the supervision of
Prof. %. J. Eney, Director of Fritz Laboratory and fHsad of
the DOp&Ptuent of Civil Engineering and Wechanlcs. Account
Mo, 508 and Fritz Laboratory Project No. 225 were assigned
for the tests.

Construction of Models

Pertinent drawings of the nroposed structure are glven
in Flgs. Two to Six. A scale of 1:20 was selected as bheing
the lﬁfuest convenient ratio consistent with reliability and
econsmy. The sarth dam upstream slope was reproduced in the
model tank; the equivalent width of sarth dam was 80 fect.
This special tank was built to minimize the possibility of
dissimilar approach conditions.

The tower, entire shaft, and conduit were constructed
of clear. plastic. Inasmuch as the conduit would not flow
full at all heads, the exact conditions therefore werc Im=—~
mediately observable., The sections of plastic condult were
spliced at all points where a change fin design would require
a new part. An exit box was made to acconodate the st illing
pool.

A hook gage was installed in the entrance tank and
zeroed relatlive to the weir crest of the tower. A total of
o1 vnilezometer taps were made in the shaft, elbow, and condult
sections. A4n existing 35 tube plezometer panel was connected
to these taps. No gages were installed in the stilling pool,
since no prototype tallwater data was available, and ﬂnTy the
eva]uatlon of approximate constwons was warranted.

The shaft, elbow, and conduit we 3Te sguare throughout.
N» attempt was made to reproduce the 8" conduit Fillet or
the low-flow conduit channel.



Preliminary Testing:

The model entrance tank, shaft, tower and elbow were
first installsd, followed by the exit box and then the con=-
duit, which was temporarily placed in a horizontal nositicn.
A series of runs was made to ascértain the friction factor
and head loss for flowing=- full conditions. The head loss
from pipe friction was found to be oropowtionatp to that for
the prototype, with an equivalent value of Manning's n of
0.0135 for the prototype. The similarity of roughness was
therefors quite satisfactory, and the conduit was adjusted
to the prototype slope of 0.010, and the stilling pool con-
nected to the conduit.

Discharge Characteristics:

The head=-discharge curves of Figurs One include data
of Table 1, obtained on 28 Nov., 1 Dec., and 5 Dec. Hote
that the full-flow data plots ag two distinct separate lines.
This performance is typical of drop-inlet flow when rotatlon
of flow is not prevented at entrance.

Small vortexes were present at all heads. The condu!
was flowing full at.a weir head of about 10.8 feet, but 1
ailr nockets occasionally passed through the condult. Uit
heads of 6 .feet to 10 feet a severe vortex formed in the
throat of the tower near the crest. There was intewrmi
open and closed conduit flow from a head of about 6 feet . to
9 feets The performance of the weir was unsatisfactory atb

all but very low heads.

In Fig. One it may be obissrved that there may be a

variation of 200 cfs at a given head, or a variation of

5¢0 fcet of head for a glvcp OLSOhaP” »  An immediate change
in stage is not possible in the prouoth but the rolatively
small entrance tank makes this change pOob7b16 in th@ modal.
In the prototype an equivalent effect vould occur: the effect=-
lve welr head would change constantly, acco mpanJeQ by dr'un—
steady flow ra*e and consequent severe surging in the towe

and conduit. This surging could quite possibly result in
structural failure in the prototyps. :

The cause of the surging is twofold. The towsr nicrs
were Inadequate in directing the flow towards the csenter of
the shaft. The abruptly sharp weir crest was too close Lo
the shaft, resulting in a ‘'reentrant tube" separation.

Head Losses

The data for full-flow conditions is glven in Table One.
Granhs of cach of the six runs shown in this table are in=
cluded in this report. The graph for Run A=l is completely
labgleds. The elbow head lnss represants the loss over and
above that for pipe friction in the elbow. The entrance head
loss i1s much less than that anticipated by the writer. The



exit loss was entlrely overlooked in the JqutlQ1 model cal-~
culations. This "loss” is actually an increased pressure,
or hack=pressure, resulting from an abrupt change in grade
bstween the condult floor (0.01) and the entrance sectlion
(M0.10) of the stilling pool floor, end arises from a changs
ofzwww atmm dther than ene rvy sttwition. LXth tans ﬁcve

provc tndt the oxlt constlon Was non one of Svmﬁen loss.
The exlt loss aponears to be the only itom aogrooianly alfiecved

by the spiral velocity currents at %VOPu heads.
J ¥

Elbow Pressuress

PPN

Agsuming that a hlun on rance loss would occur, and
overlooking the exit "loss", pressurs heads in excess of
-20. feet were predicted. Insofar as the tested design is
concerned, this prediction was unfounded, as may be seen in
Tahlao “wo. Assuming potential flow (vr =~ constant) and the
total energy measured at the OGItOPILHO, maximum negative
pressure heads were calculated, These T tter values check
the actual values within the accuracy of The tests.

One would provably asswae that the encrgy at the olbow
centerline would be obtained by working Letween some point
~as roflference, and charging half of the “elbow loss to the
45° peint of the elbow,., Such an assumption, asg shown in the
table, results in a calculatsd value aboubt six feet in cxcess
of the actual. Since it is known that ructangular albows

have a low head loss, and ignoring the exit "loss', (es was
done in nreparatory calouWuu"on“\ the calculated values, a8
shown in thes table, are off oy out 12 feet for the nomrual

is and 15.5 feet for the voruek heads. These figurcs
emdnasise the importance of.model studies as a tool to hy-
draulic design,

Stillings Pools

———b b et in 4

Lt the request of Mr. C. I, Ryder during his observation

T

& O
of the modcl performance on thc Hth of Dec,, 1951, the tail-
water was raised to El, 1210, a2 level higher than any relson-

ble ,cllwotﬂr with the rescervolir level at about El. 1272.
The jet loav1ng the conduit was neither submerged nor aflfect=-
ed In any way. The stilling pool was not capable of forming
a stable junp. Tt was obssrved that the sills did Little to
form a Jjuap, and would DfOUuﬂlV be scriously eroded if con-—
structcd,

mﬁewumor at maximum ¢ischarge, and with a teilweter
depth which wnu]d endanger the aownutream nortion of thoe earth
dam, the stilling vpool would not function properly. By the
samc token, and as ovidenced during the tests, it would not
control the jump at lower ratcs of discharge. Under all coa-
binations of discharge and tallwater lsvels, bthe outside curv-
cd wall was badly overtopped. )
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Maximwn Possible Discharge and Ncogativs Pressures:

The maximum discharge (ZL. 1272) for the des!
with the model would bs 2200 c. f.o., as opposcd & 2
cipated design value of 2430 c.fes, Although this reduc
tion in Adlscharge might be accecptable, phriormanc“ would

n

poor and probably dangcrous, unless the tover wsrc relesigned.

If the entrance were redesigned so that the losses there
were insi;nificant, and the stilling pool floor (redesigned)

wos at the same slope as the conduit near the cxit of the con=
duit, thc discharge would be about 2450. c.f.s., or the re-
quired value determined from flood routing. For this com=
bination the prossure head in the elbow most probably would
not exceed =~ 24 feet, a marginal value, but reasonably safa.

On the other hand if the stilling oool dssign were re-
tained bub the cntrﬂncc was redosigned, as above, thc max=-
imwn discharge would be 2370 c.f.s.

H1rom the above it may be scen that the e¢ffect of the
exlit "loss' on the d1°chavbc is not greoat, but in thils in-
stance r”duces the maximun nogotivo pressure hcad Lo a safcer
valuc. The results of these tcets cmphasisc the I
 testing a hydraulic structure as a vhole, and rel

part te chance or assumption.

Concluding Remarkss

Yhile the wmodel tests werc underway, the.sponSOwﬁnm
firm doclded to change the design to a conventional over-
flow spillway, on¢ of the mejor reasons being that o sub-
gtontial savings would be wmossible through a reduction in
height of dam required. Abandonment of the design under
Q!SCLuSiOH leaves two questions of redesign unanswercds:
the towcr entrance and the stilling pool. Provided that
the space occupied by the model is not committed in the
meanwhi 1c, the rodesign of the stilling pool will be held
in hL yh Plor't] as a senior or Orada“tu student prohlem.
Thc WPLLOT is Drescnuly engaged in the preparation of a

thesis for the Civil mnglnvcr Degrec for Bucknsll Univer-—

, sity, tentatively entitle d "Hydraulic Characteristics of

Bends in Hydraulic Str uctufos.' One swpecial test, using
the Waynesboro model, has becn wmade for usc in this paper.
It is intconded to redesign the tower to obtain contrasting
informatioa for the thesis, utilizing to some extent data
resented In this report and releted to pressurs distribu-~
tion in the elbow. Naturally, copies of any reports will

—dJ 3

be forwvardcd to the sponsors of this model study.

The writer 1s grat.ful for the cocoperation of

Hre Co B. Ryder in making this wmatcrial available to hin,
and for ¥r. Ryder's unfailing attention during the project,

[-45
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ant the generous completion date vh ich he madse possible.
flre Ps S. FEagleson was Assistant Enginecr on the
projocv, and was of great value in constructing and testin
the models Erection of the model parts was under the
supervision of Mr. R. Gosztonyij, assisted by Messrs.D. Tay=-
lo» and R. Rowles. Photographs are by lr. K. Hzrpol.
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TARLE ONE

Test Head Q, 4 A Head Head Head Conditions
Noe Aopve c.f.s. Friction T,088, Loss, Loss,
Crest, Ft. Pactor 51 pow Entrance Exit
A=) 19.58 2300 00167 240! 5ed! 5.7'  Max. Head
A=3 13.04 2165 '0.016%7 2.0t 549! 5.81 i i
A-2 10.76 2100 0.0175 2.21 640" 5.0! ! !
“A-4 19,04 2215 0.0174 2.0! 5a41 9.1' "Vortex'" Head
to 19,44 , ‘
A-1-A  16.74 2170 0.0166 2,0! 4.,6'  10.07 " "
A-2-4  14.18 2020 - 0.0168 2.0! 8.2" 9.0! N "

simulating prototype) -

j-de
.
(O]
.

(Above Date from tests on model with stilling pool,
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TARLE  TWO

Pressure Head at Inside of Beﬁd.. {(45°) (Max.)

Test Noe A<l A=3  A=2 A~4 T A-1-A A=2=h
Q, c.fes, 2300 2165 2100 2215 2170 2090
Actual Pi/y~ -10,0'  -8.9' ~8.,4'  -5,6' =4,6' = =5.,2!

Calculated

Pi/4¢7, using model

actual total

energy at elbow

centerline, and

rotential, 2

vr= const., =10.6"  =9.4' =9,0' =6.1! =531 -5.0!

Calculated
Pi/#”, letting
half elbow loss
occur by 45° point,
and using model data
for pipe friction,
elbew and exit loss
=l6.3 = ~14.,4!' -14.2' -11.4' -~10.6! -10,3!

Calculated

PL/y", assuning

ne loss at exit and
bend; pipe friction
only -23.0"  =R21,2!' <=20.2' =21.5' =21.6! =20,3!
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KEUFFEL & ESSER CO.

Millimeters, 5 mm. lines accented, cm. lines heavy.
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Photo
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One:
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Model of Waynesboro Dam.

looking upstream,

Overall View



Photo No.

Twos Model of Waynesboro Dam.

Closeup view of entrance tower.

16.
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Photo Wo, Three:

Model of Waynesboro Dam. Closeup view

of plastic elbow.,
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Pho%o No. I'our: Model of Vayncsboro Dam. Closeup

view of stilling pool.
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