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Subject: Hydraulic model studlies for the daaign of tas Hnrshall
Ford Dan

l. Introduction. Vhen =2 project involres the conatruco.

tion ~f two separste structures, as in the case of the inltial and
uitimate development of the Marchell Ford s, many feetures of
the first structure must be d651gned for the pore ssvers eonditiona
encountered in the second. Two aunh features on the Haraball Fbrd
Dam, outltanding from the hydraulic stardpoint, are the training .
wallg and the stllling pool. It was nninly for the. purpose of
detormining the best design of these two features that s sectiomsl
model of the ultimete development wee constrncted st the Fbrt Colling
laborstory.

_ The first plans of the ultimate development provided e
730-fcot {gross length) uncontrolled overfell spilivay; & siphon
spillway, consisting of 28 individusl siphons; und & set of\24
gluice conduita, for handling floods. Thﬁaa three methédé of flood
regulation combined in one structure made the 8tilling pool problel"
comylicated and except for the eiphons, pointed to the. construction
of & model which would include as much of the prototype as poasiblc.
The lesb—than-atmospheric prenaure, praaent in aiphon action, nado |
a larger model more desirable 8o a Bectional model on & scale ratio
of 1:40.8 waa built, rigure 1. 1t 1ncluded four siphams, four
gluices, 105 feet of protoiype crest and required a flow sbout
equal to the maximum capscity of the leboratory punp.




2. The Model. A metal lined tank 11 et long, 2 fest
6-5/3 inches wide gnd g feet dsep was écnhe#ted by a fiangefto one
of the‘24;1nchvconduits of the laboraﬁory supply system. The up-.
_strens face of the model dam was installed at one end of the tenk.
The model under-structure was & framework of welded hhgla_iron
surmounted by lé-gage galvanigzed iron bents shaped‘nenrly to the
crest outline. A covering of 20-gage sheot metal gave the final nhape
of the model dsm. .An apron of sheet iron was fastened to tha floor
and saldered to the model under-structure. The flume, which contained
the pand bed and zpron, extended 105 feet beyond the end of the eproea.
Glase panels were installed elong one side to ald in visual studiss
as well as to facilitate photographing the stilling pool in action. :
The wooden tailwater regulator, which was & gate hinged'at the bottda,‘:
extended the full width of the flume. Regulation wes obtained by &
windlaps and ratchet mounted acrosa the‘top of the'fiuna. 'Thd mafﬁl-
siphons were attsched to the model face by flanges. The paraholie
curved slulce conduits were shapsd from commerclal bress tubing, the
inside diameter (2} inchep) determined the model scele ratic. Tho
tubez were soldered at the Gownstreem end and were held in- place by
flenges at the upper end. Each tube wae proﬁided with & bell-shaped
éntrance, figure 2, ' '

TEST ON PRELIMINARY DESIGN s-rILLgG poorj

3. Initial Tests. Preliminary obaervations on the model
with the original dealign of apron. shown on,figure 2 consieting

mainly oi visual tests, were made during the aecond week of December
1936,very rough flow attributed to the Biphnn jeta, reaulted. However,3
the siphons were eliminated from the design before organized testing ,
of the model begen, 80 test 1, aud &ll subseguent tests were)oonducted '

accordingly.




The crest and sluices ware calibr“ted 1ndiviaua11y and
cnlluctively %o ascertain -the prototvpe quantity repreeented on the
model. Coefficient snd discharge curves were prepared from these
callbration data, figures 3 and 4. A study of thssa curves shows
a reduced -dischsrge through the aluices with flows over the crest.
This reduction was sttributed to the back pressures exerted on_tha
exits of the sluice conduits by the spillway Jet. ‘Three possible :
operating conditions were studiad; the sluices diééharging alone,
the sluices and craest discharging Logether and the crest discharging
alone. :

4. Slulceg Discharging Alone."Very'satiafactory condltioﬁs :

prevailed 1v the pool, with normal tailwater, »hen various quautitiea _
were pasaed thrqugh the sluices only, plate 1. The remote possib‘lity
of alwaye operating mll slulces at the same time with = low reservoir
elavation'lad'to'fufther tests, in which sn attempt wes made to
‘determine a aatiaf&ctory procedure for setting the sluicewsys in ‘:§ 
‘opsration vhen the reservoir surface was neasr the crest elevation.’
Sluice 1, nearest the powerhouse, was operated with & ninimum tail-
_water to pimulste conditions when opened with no flow in the river
below the dam. At 5,000 second-fest the jet swept down thé'apron

over the sill and excesnively scoured the river hed 1mmeaiately
downstrean from the slll, plate 2. A dentated eill was pleced oo

the apron. Slight improvement was noted and a complete set of tests
with various discharges and normal tallwater were mede. A di,,harge of
2,000 second-feet gave conditions which, although not serious were -

not #ltogether desirable. 'The return flow on the apron, from the
right crowded the jet against the well of the ‘modal where rough con-
ditions, with considerable splash rebulted. Although the Jet continucd

downatraan over the sill, very 1ittle erosion wa.s noted in the stream = =

bed, plate 3. ‘Send was deposited on the apron to the rigbt of thin
sluice. Discharges of 3, 000 and 4,000 aecone-ieet gave considerably

. worse conditions with excessive erosion immsdiLtely below the 3111




and more sand depoaited on the apron, plate du Gcmaitienn m
practically the seme for sluices 1 and 2 diachmrging, ‘plate 5.
""‘hree sluices operating improved canditiona. Bemm, the iR

' prov-mnt may not be representative bacannn of the mu'romou af t,ho
model; mlso, some of the changn wap probably due to. the deep&r tadle Co
water. A visusl test with the two center slulces on the ‘model oparntu\af'
_gave fairly good results and it wap bel:l.evad that a nyatmt:lc opurauaa

of the slulces, starting at t.he center of the spillway, niﬂxt emv
any dangar to the toe of the apron. It was also. balimd, that meh
better conditions would result with the apron deprassed in tho ﬁngisn :
immedistely below the 4:1 slope in the sectiom containing sl:nlcos 8§ ‘
end 6. The short sectional mdel prwauted Y s&tizra.ctory mvantigatkm]: :

elther of the slulces operating program, or of the dopreseed soct.im, s

and 1t was decidad to build s model repreaent!.ng at lesst helf of the
Bpillway.' Commercial aiza brags tubing and the la.horatury paEp cnpﬁaaty‘“ ‘
made & 1168 geale the most desirable. The deaigna are, pmctico.lly ‘ '
completed snd the model will be constructed: Mdiately. L et
' 5. Crest and Slufces Gmting Togam “The escond. pouaiblo e
operating ocondition, crest and sluices operat.ing u&mltanmsly, wag .
studied. Although the Jump dld not sweep off the apron st the m‘mr B
dischargee, the conditions in the pool were very rough, pla‘bo b The
tallwater was deepened until e very good Jump fomed. This pmcadnrgfji;":
was fmlcwad in order to determine approximately the’ émunt the amnt,‘ o
should be lowered to obtain good conditiona. ~ The’ oti.ginal 'ii-foot _ -
trapezoldal sill with a 231 sloping upstrean face mdﬁ.ea‘bed thnt tho
epron shovld be lowered about 3} feet, figure 5. When the aame e
yrocedure wag followed, with a ‘i'é-foot 131 810p1ng trapazoidal 8111
instelled et the end of the apmn, the pool hsmna rougher aad sli.ghw
additional - dept,h wes necasaary ‘ta produce & satisfactory junp :l.n tho ‘
pool. A denteted 8ill. ins'balled on t.tm apron cggaidembly imruvud

conditions with & aat.isfactory Jump roming on tha aym n‘b norml
tailwater, plate 7. o




Conparaxlvu water surfece profilea and arouion profilea elong :
the center-line of the model flume were taken, figure 6.; The
dentated sill proved to be better than either the 231 or tha 131
trapezoidal sill. More weter mas{held on the‘apron and less erosion
occurred downstream. | L

"B ischgrgeg over Crest Qn;x The third possible operating
condit;on, discharxe over the crest. only, wag invastighted. The _
sluices were cloped and dischargea from 40,000 to 360,000 second—feaf,“f'
the latter sbout maximum reservoir slevation, wers allowed. to pasa T
over the crest. The pool ection (with 231 t:apezaidal 5111) wag very
. desirable for flows up to and including 80,000 second-feet, plates 8 f
end 9. For higher dischsrges the roughness of the pool increased
and the jump formed downstream over the 81il. The asheet of water
entering the pool swept mlong the bottom aﬁd.turned'upwar& at the siil.
Two rollers were formed; one back on the apron, end snother in the
stream immedistely below the sill. The 1:1 aloping trapezctdal 9111
gave practically the sume results while the dentated aill showed
coyviderable improvement. - Because tha crest 1s never likely to
operczte without the sluices and since the juup does not sweep emtiraly
off the. apron, the conditions encountﬁred in these studies #re not
congidered criticai. The pressure di-trihutian on the erest was
obtained, figﬁré 7. M1 dischargse below 360,000 aecond-feet pro&ucad
positive or zero pressures. alight negative pressure vas noted et tha
downptream end of the parabolic curve for this discharge. Bocauso of
the remote poasibility of the occurrence of 8 flood of th!a a&gﬂituda
and because of the pressuras for the other flows, this condition is

not considered critic&l.

7. Training 711 Tests. The maximm water serfsce along ihe‘
wall znd the pressures in the pool (on Yoth sides of the wall) %ill bs _
cbtained on the 1168 model which is now under coas xuctinu. Practicale f“ |
the same time will be required to comstruct this. mdpl es to alter - B
the 1:140. B model for obteining the sane data.




_jEng The - 7&-foot dentatad s111 as superior to’the trapesoidal
aills. _ PR : ‘ T PR
§ uiceé anly. gmerazing. ‘Very gcod canditionu wtll rasult when
all sluices are opened under a 1ow head snd tha raaervbir and t&il—
water elevationa increase aimultaneoualy.

: Opening sluice 1lor sluices 1 and- 2, under. high head, will
give undeairab&e actiun 1n the stilling puol and cause exceasiva
'anour at ‘the and of the apran und training wall,

’ ﬂlso, the opening of two adjacent eluices near tho center of
the‘apil lway (under higb heed) would be - undesir&ble bec&usa of the fin
thet forms between nhem when they spread on the apron. The fin shoots
over the sill and might cauae erosion of the stream beﬂ. The operatiau
._of alternate or evsry third sluice might improve ccnditians. However,‘
1% is felt that a- satisfhctory solution of the sluice ‘problem can only
be obtained by -tudies on a model with mote flexitility thsn the narvow
one used for ihe tests discussed in bhis pemorandum. The 1168 model

previoualy wentioned will gerve to Bolve this problem satiafactortly.

Sluice end Crest Opernting Simu‘t-neously Floods up to 500,000
econd—feet can be efficiently handled when the sluices and creet
operate together. Tte conditluns in the stilling pool will be rough
but the jump will alweys form on the apron.

Crest Discherging Alone. A very effective hydraulic jump will
form on the apron for all discharges up to apprcximately 100,000 aecond~
feet. The. pool will be rough for higher flows with the jump forning
well out on the end of the apron snd over the sill. Improvement will
result if the sluices are pet in oparatian before the diacharge OVET
the crest reaches 100,000 second-feet.. _ ' ’

| Very slight negative pressures will ncqyr on the crest for -
360 000 second—feet. Precticully zero pressures wvill exlist for analler
dlschargea end the condition ie not considerad serious.

3. E, Varnock
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List of Pigures

. Title. R L
VGenaral uodel Layaut . T 42£9+2fié%i?3f1::

'.Dete,us of Crest - S.s.uices, Aprons SRR
and aills Tested.._‘: : e ﬁ R U e 2

‘Dianharge Goefficiemt - Crest sad Sluices 1 }'_ LR ;f;d\;

*Discharge Curves - Original Apron
“JumP Height Curves

Scaur and Water Surflce Profiles )
Pralsurss on Crast

Liat of Platea

Titla

'All Sluines Discharging - Normal Tailwater-

Eluica No. 1 only Dipcharging - Minimum Tailwater 3
Sluice ¥o. 1 onLy“Discbarging - Normel Tailwater
Sluice No. 1 only Discharging - Normal Tailwater

- Sluices 1l and 2 Eiachar 1ng - Normal Tailwater

Stillina Pool Action wjth Rl Trapezoidal Sill Crelt
~ and Qluires Discbarging.

5t1111ng Pool Aetion with Dentaten Sill Crest and
SluICEn Diacharging.‘, :

'smning Pool Action with 231 ’I‘mpezo:!.dal 8411 Creat
only Discharsing

3tilling Pool Aetion with 2:1 Trapesoidal sm Greet ,
' only Diacharging. :
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