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Subjents w nodel studies for the design of the Mershell

duction.—- When & project inwolves the congtruc~
tm«afmmpmte strogtures, a8 in the cese of the initial emd
witinate development of the Harshsll Ford Dem, many features of
the first structure must be designed for the more severe copdi-
tions encountered in the secomnd. Two such features on the Mer-
eball Ford Dam, outstending from the hydrmulic standpoint, are the
training walls end the stilling pool. It wag mainly for the pur-
poge of determining the best design of these two features that &
sectional model of the ultimate developaent was comgtructed at
tbe FPort Colliins laboratory.

The first plaos of the uliimate dovelopment provided a
730-foot (gross length) uncontrelled overfall spiliweys s siphon
spillway, consisting of 28 individusl siphoms; and a seb of 24
aluice conduits, for handling floeds., These three maethods of

flood pegulation combined in one structure made the stilling

pool probiem complicated and except for the siphons, pointed o
the construction of o model which would imclufde as much of the

prototype ag possible. The less-than-atmospherlc pressure, pre-
- gent in siphon soction, made & largsr model more desirable so
e sectiopal model on a scale ratio of 1:40.8 wes buils, figure
1. I¢ included four aiphoms, four slulces, 105 feet of protetype
erest and reguired a flow aboul equal %o the maximwm oepacily
of the laboratory pump.

The Hodel.~ A metal 1lined temk 11 feet long, 2
feet 6—'!/6 inches wide and 8 feet deep was comnected by & flange
to one of the 2i~inch comiaits of the leboratery eupply systan.
The upatresm face of the model dam wes installed at ome end of
the tank, The model tnder-structure wes o framework of welded
angle iron surnounted by lé-guge galvenized irem bents shaped



mearly to the ¢rest cutline. A covering of 20-gsge sheet metel
geve the final shope of the model dsm. 4An sprom of sheet iron
was festemed to the floor end soldered to the mofiel wmderstructure.
The flume, which contained $he sand bed end epron, extended 105
feet hem the end of t}w KPToN. mws panele wers imptall

mlam, which was & gaﬁs h:mgsd at the bottom, axﬁemlmd the
full width of the fiume., BRegulation was obtained by a windlags
and relchet moimbed woress the fop of the flume. The metel '
siphons were attached to the model face by ﬂanges., The gmm-
bolic cwrved eluice conduite were shaped frem

tubing, the inside dismeter (a% imhea) deternined the modsl scale
ratio. The tubes were soldersd st the dowmstresm end and were held
in place bty flamgess attheupyer end, Ench tuba wes provided with
a2 bsll-ghaped entrance, figure 2.

Teghs.~ Preliminary odservailons on the
mdelwiththsoﬁgiml&aaﬁ@ofam ghown on flgure 2, consist-
ing mainly of visual tesis, wers mede during the second week of
December 193¢ .Very rough flow,/attriluted %o the siphon jets,
resulted. However, the #iphoms were eliminmated from the design
before orgenized testing of the model began, se test 1, and gll
gubsequent tests were conducted accordingly.

The vrest and sluices wers calﬂ.'brated individuslly and
collectively to ascertsin the prototype quentity represented on
the medel, Coafficient snd dlscharge curves wers prepared from
thess cslibration date, figures 3 and 4. A study of these curves
chowz o reduced digecharge through the sluices with flows over the
eregt. This reduetion was sttrituted to the back pressures czerted
on the exits of the sluice conduite by the zpiliwmy jot. Three
possible opereiing conditions were studieds the sluices discherg-
ing slone, the sluices end crest discharging togother amd the crest
discharging elome. )

tions P"@"’m&ﬁ in the pool, with nmal taﬂmm, when verious
quantities gere pessed thx'ough the gluices only, plete 1. The re-
mobe postibility of alwsys opere 81l gluices et the ssme time
with & lo¥ reservoir elevaztion led to further tesis, im which an
attenpt was made to determine a sstlsfactory proscedure for setting
the slmicewsys in operation whem the reservoir surfece wes near
the erest elevatiomn. Slmiece 1, nesrest the poverhouse, wes operated
with & minimmm teilweter to simulsete conditions when opemed with
no flow in the river below the dem. At 5,000 second-feet the jet
doen the over the 8ill and emesssively scoured the
gﬁgg.w imediamtely downotresnr from the sill, plste 2. A dentated
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8ill was placed on the apron. Slight improvement was noted and

a complete set of tests with various discharges and normal tail-
water were made, A discharge of 2,000 second-feet gave condi-
tions whieh, although not serious were not altogether desirable,
The return flow on the apron, from the right crowded the jet
against /the wall of the model where rough conditions, with eon-
siderable splash resulted, Although the jet continmed downstream
over the 8ill, very little erosion was noted in the gtream bed,
plate S, Sand wvas deposited omn the apron to the right of this
eluice, Discherges of 3,000 and 4,000 second-feet gave consider-
ably worse conditions with ezcessive erosion immediately below

the 8ill and more sand deposited on the apron, plate 4¢ Condi-
tions were practically the eame for sluices 1 and 2 é&isecharging,
plate 5. Three gluices operating improved conditions. However,
the improvement msy not be representative because of the marroumess
of the model; also, some of the change was probably due to the
desper tailwater. A visuael test with the two csnter sluices omn
the model operating geve feirly zood results emd it wes believed
that a systematic operation of the sluices, starting at the center
of the spillway, might eliminate any éanger to the %tce of the apron.
It was also delieved, that muek better conditions would result with
the apron depressed in the region immediately below the 4:1 slope
in the seection containing sluices 5 and 6+ The short sectional
model prevented a satisfactory investigation either of the sluiee
operating progrem, or of the depressed section, and it was deci-
ded to build a model represeanting at least half of the spillway,
Commercial size brass tubing and ths laboratory pump eapacity made
a 1:68 scale the most desirsble. The designs are practically
completed and the model will be constructed immediately.

5. Orest and S [
possible operating conaits
taneously, was studied. Although the jump did not swesp off the
aepron at the higher discharges, the conditiens in the pool were
very rough, plate 6. The tailuater @as deepenmed until a very
good jump formed. This procedurs was followed im erdex %o éa/tsr-
mine approximately the amount the apron should be lowered to obtain
good conditions. The original 73-foot trapeszoidal sill with &
2:) sloping upstreem fescs indisated that the apron should be
lowered about 33 feet, figure 5. Uhen the same procedure was
followed, with a 75-foot 1:1 sloping trapesoidal sill installed
at the end of the apron, the $00ol became rougher and slightly
additional depth was necessary to produce & satiofactory jump in
the pool. A dentated sill installed on the apron considerably
improved conditions with a satisfactory jump formimg on the aprom
at normal tailwater, plate 7.




Comparstive wuter surfsce profiles end erosion profiles
along the center-line of the model flume were taken, figure 6. The
denwbed smpmveﬂ%o be betber them either the 2:1 or the 131

o20lde am. ﬁmm&wmhaﬁmtheapmm&lm

tea. ‘fha elsﬁm m closed and diseharges from m,oaa to 3&,@9@
secoad~fuot, the letter gbout maximum reservoir elevation
ellowed to pase over the evest. mepoolaeﬁen(wi‘bhmiWMal
8411} was very desirable for flows up te and ineluding 80,000 sec-
ond feet, plates € and 9. YPor higher discherges the of
$he pool inmcressed smd the Jump formed downstresm over the sill.
The sheet of water entering the pool smept eslong the boliom and
turned upward at the slll., Tws rollers were formed, one back on
the apron, and enother inm the siroem immediately below the sill.
The 1t sloping trepezoidel sill gave prectically the seme results
witle the dentated sili showed considerable improvement. Beesuse
the crest is never likely te operste without the gluices end sinee
mw junp docs nob sweep entirely off the apron, the conditions
encountered in these gtmdles are not compidered eribtical. The
pressure distribution on the crest was obteined, figure 7. All
dimhnges below 360,000 second-feet produsced positive or zere
rescures. BSlight negative pressure was noled st the dowmnstreen
mﬂ af tlm persbolic curve for’this discharge. Because a:? t&m
remote possibility of the occurrence of & fleod of this magni-
tude and becsuse of the pressures for the other flows, this condi-
tion 18 nol considered eriticsl.

7. Train wald Tapta.~ The maxivom water surface
alongthewuandtmeweam g in the posl (en both sides
of the wall) will be obteined on the 13 68 model which is now
under construction. Practically the same tlme will be required
‘to sonstruct this medel ap %o slter the 1:40.8 model for obtlain-
ing the ssme data,

nly arabing Yory good conditions will result
2 ﬂﬁemmwmaﬂmﬁsralwhﬁaaﬂ%rmmﬂr
end tailwster clovations increase sisultansously.

‘“t

Opening sluiee 1 or sluiees 1 and 2, wnder high head,
will give undesireble cetiom in the stilling pool and cause
exeessive scour at the end of the apron end trainming well.

4



Also, the opening of two sdjacent simices mear the
center of the spiliway (under high head) would be undesirable
because of the fin that forme between them when they spreed om
the epron. The fin shoots over the 8ill end might cause erosion
of the stremm bed. The opevaticn of alternate or every third
sluice might improve conditions. Howsver, it is folt that o
satisfectory solutden of the slulce problem ean only be obtained
by studies on & model with more flexiBil{ty than the nsrrow onme
uged for the tests disecuseed in this memorandum. The 1262 model
previcusly mentioned will serve to solve this problem satisfactorily.

s B “ i E VY Kt ciokes :rt
srest operzte together. The comditions in the stilling pool
will be rough tut the jump will alweys form on the apren.

Cregt Disgharping Alome.~ & very effective hydraulic jump
will form the apran for all dischsrges up to approximately
100,080 second~fect, The pool will be rough for higher flows with
the jump forming vell out om the end of the apron and over the
gill., Improvement will result if the sluices sre set in opere~
tion before the discharge over the erest reaches 100,000 second-
feet. ‘ -

Very slight negative pressures will occur on the erest
for 360,000 gecond-fect. Practieslly sero pressurss #ill exist
for spaller discherges and the condition is mot congidered serious,

4« B. Varaock
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Discharge 20,000 Second-feet Discharge 40,000 Second-feet

Discharge 60,000 Second-feet Discharge 80,000 Zecond-feet

Discharge 100,000 Second-feet Discharge 120,000 second-feet

Before Test

FLO/ CONDITIONS - ALL SLUICES DISCHARGING = NORMAL TAILWATER.

=¥



FLATE 2.

Discharge 5,000 second=feet

Discharge 5,000 Lecond-feet

after Discharge of 5,000 Second-feet

ACTIQN OF SLUICE 1. DISCHARGING = LIINIMUM TAIL.ATZER

7%-FOOT 2:1 TRAPHEZ0IDAL SILL



Discharge 2,000 3econd=feet

1
Discharge 3,000 Second-feet
Discharge 4,000 Second-feet
I
After Discharge 5,000 Second-feet Discharge 5,000 second=feet

SLUICE 1 OHLY OPERATING - HORMAL TAILWATER - 74-FOOT DENTATED SILL



PLATE 4.

Discharge 3,000 iecond-feet Discharge 4,000 tecond-feet
Discharge 5,000 second-fcet .fter bDischarge of 5,000 .econd-feet

ACPION JITH SLUICE KOl.) CPERATING = LORLAL DAlL JATER



Discharge 4,000 second-feet

4
Discharge 6,000 second-feet

ACTIOH OF SLUICES 1 AKD -2 OFERATING = LORMAL TAIL.a R - %hFOOT U ATED STLL



Discharge 240,000 Second-feet Discharge 300,000 second-feet

Normal Tailwater Tailwater 4.0 Feet avbove jiormal
Discharge 500,000 Second=feet

STILLING POOL ACTION = SLUICES AND CREST DISCHARGING - 74-FOOT 2¢1 YRAPEZOIDAL SILL



Discharge 500,000 cecond-feet

STILLING FPOOL ACTION =~ SLUICES ANMD CREST DIsCHARGING - DENTATED SILL.



~LATE 8.

i
Discharge 60,000 Zecond-feet Discharge 120,000 Second-feet

Discharge 60,000 _econd-feet

Discharge 120,000 _econd-feet

STILLING POOL ACTION = CREST OKLY DISCHARGING = FORHAL TLILJATER

75-FOOT 2:1 TRAPEZOIDAL SILL,



Normal Tailwater Tailwater 3.7 Feet above liormal

Normal Tailwater Tailwater 3,9 Feet above Hormal
Discharge 240,000 Second-feet

Discharge 360,000 second-feet
STILLING POOL ACTION - CREST ONLY DISUCHARGING - 74~FOOT 2:1 TRAPEZOIDiL SILL



Sluices only Discharging =

Flow Conditions - Reservoir Elevation 740. Jscour below Sill
Crest only Discharging

1T T T

I
Discharge 300,000 Second-feet = Iliormal Yailwater Scour below 5ill
d Sluices
EEEIV T L
Discharge 500,000 Second-feet = kLormal ‘wailwater scour

Crest and Sluices uvischarging.
ACTION OF STILLING POOL - 200-FOOT RADIUS SUCKET = 4:1 SLOFING APRON - UEWPATZD SILL
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Discharge 240,000 second-feet Discharge 300,000 second-feet

Normal Yailwater

o
Tailwater 2 Feet above wormal
Discharge 420,000 Secord~feet.

Normal ‘ailwater
Jischarge 500,000 second-feet

STILLING POOL ACTION CREST AND SLUICES DISCHARGING -
200-FO0T RADIUS BUCKET - 4:1 SLOPING APRON - DENTATED SILL.





