
" I •• 

.. : ...: 

·-,! 

.. 

.,.,0 ..... 
Cl 

>-
=c 

-· 

01-r-r-cF 

YD-16 
HYDRAULICS BRANCH 

OFFICIAL FILE COPY 

* �li * I',: ..... ,,:' * ,.- >I,: >i- .t,1 * * * * ·* * * * * � * *·· " 

::c 

-< 
c:J * 

* 
* 
* 

:f. 

• 
* 

' * 

* 

* 
* 

* 
"' 
•• 
'(: 

... 

UNITED Sl'ATES 
DEPARI1EENI' OF THE IN'r:gRIOR 

nu.KF.AU OF RECLAMATION 

Mii;'iIORANDUM TO CHIEF DESIGNING ENGINEER 

HYDRAULIC MODEL Sl'UDIES FOR THE 
DESIGN OF THE l\�SHALL FORD DAM 

Denver, 6olorado 
February 1, 1937 

.. * * * * * * * * * * * * 1( "' * ., * j) 1', * ' • �t 

* 
* 

:'f' 

*·t 

* ,. 
,ii. 

* 

et. 

-< 
c:.:, 

,._. 
0"" 

--
----.... 



BUREP..U OF RE:CL ,;.,. 
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L II�,- Whea • p,Jen mvolvea the eou--... 
t1a et '1so �te s�s. as 1a the ease or the 1aitial.ead \1l timate dffelewment ot · the Uare!mll Ferd Dem, 11&111' featwes of the t1rat •�tare mu\ Ile �- tor the mon severe ooati.­
'ttae --.te,sd !a \he seeoa4. Two au.eh teatm-es oa the mar­
eball· ·ftrd »am, �ta\u4ing from the hydraulic �point, are the 
t..abdng: .US an4 the atllling peel. It was 11&1.nl.7 tor t,u pu­
peee of detendrds,.g the but 4esip of these two featves -t.nati a 
eect1oul aoclel ot the al t!mate developaat. was coutraotecl at ,. 
the Port Cellw labal'atory. 

!Ile ttra't plane of • ultimate deYelopneal pn'V'J.4etr a 
730-feot C.,-.e .. leqth) a.eoatrollefl overfall spUl.wayf a s1,ua 
sp.Utwa,'• co� or 21 imll.v14ual. slpbma;. alld a set et 24 
sluice �-, tor 1landUDg �. !heee .1'_. uthoe'hl of 
f1oo4 repla1dmi comW.ned ia ae atweture m.-e t.he atllli.n, 
peal ,reblem oe.plJ.eated .&114 except tor ·t!ae ei.phoas, peiaW 1tc, 
the � of a IIM>thl whto wouJ.4 1acl.v4e u imch ·ot the 
protetn,e u possible.. !he 1ea ..... .,..spltede ptre8f3UZ'e• ;re­
seat la ·�,aoa acUon, made a l.Rgff auel ._.. .4eslra148 so 
a seot� ·� • e. seale ratio et 1140.8 ws lmll'- � 
1. I\ iacludd tou-r siphons, tfflll' aluieea, lOS· ten of �\ne 
•est ad re'!� a now about 49C!\tBl to � ma:d•• ea,aut,-
ot 'the labaraterJ' pmp. 

2. 2)1 ldd,- A metal llaei '811k 11 teat long, I 
feet 6-1/8 :lnehea wide Uld. S teat 4eep waa eonnected 1Jy a f'l.&111• 
to· m1e of tJa.e 24-!.neh comlmts of the labomtoi,y 8\llpp1y .�. 
flie -a,etresm f'ace of' the lldel cum was. 1Datalletl at om end of 
the tank. The· mo4el muler-�e was a tnmewerk ot welded 
angle ba -w by 16-pge pl.'9'8Diad lna 'beD8 almpat 
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aill wu placefl on the apron. Slight improYement was netet'l ad 
a oemplete aeit of' teats with val'iou Uaeh.argea &114 unaal tail­
water were 111&4e. A 41eebarge of' 1,000 seeoat-fen gave ooDti-
tioaa Wid,Oll, altb.oap aot serleu were not &ltogetiler 4ea1ra'ble� 
Ble retva tlow on the apna, f'l"Olll the right erow&e4 the Jet 
agatnn .ltlJ.e wall of tu meiel -.ere rough ooa4it:1ou, with eoa­
aiclanble aplau reaaltect. iltho11gb. the Jet oent.iaud .._.v•• 
over the sill, Vfllq' little eroelea wu noted. 1D the stream bed, 
plate a. Sant waa 4epoa1te4 oa the apron to tu rl&llt of tllh 
alld.oe. Diaohargea of a,ooo aa4 4,000 seeod•f'•t gave eouuer­
abl.7 worse ooaclitieaa with ceeaalve eneioa .imetiatel7 'belew 
the sill ana. •re saa4 -,eai ted on t�e apnm, plate 4• CUti­
tleml wre praotlcal.17 tlle eame for elld.cea 1 u4 a 41.-.Z.gi.Dg, 
plat;e s. faree elui.cee operatia& :lmprove4 colUU tioas. Jlowever, 
the impnvemeD.t m&y ut 1ae repreeeat&tive 'beoaue ot the Bal"rovmees 
of tu •4el; alao •• _. of the ell&Dge was pro1aa-.17 4a to tile 
t•per tall•ter. A Yiaual teat wlth the tn ceater eluoea oa 
tbe me4el open.ting gave f'airl.7 aoot naulte eat it was 'N11eYed. 
tut a qatematio operation� tu al'ld.eee, starting at the eeat"r 
of' tlle -,1u-,., Id.pt elbd.aate-, 4aager to the toe of the•••• 
It was alse belleve4, that ae1l 'better eouitioaa wtll.4 result With 
the apna 4epnaed. 1a t.b.e ngloa lmrae41atei,, 'Nlew the 411 slept 
111. the aen1a ooatatm:ag s11d.oea I aa4 ,. Dle 8hon eeottoaal 
••1 pnveatet a aatlatacto:ry 1avenlpt1oa either of tl&e aldoe 
operating pngnm, or ot the 4epnaae4 &Ntl•, aB4 i, -.. dee1-
4ecl to 'bv.114 a moiel :represeting at leaat half ot the ap111-,-. 
Oealerolal. aiu 'brass tab1D& ad tile lalterateq p11111p-eapaoi'7 lla4e 
a 1168 scale ttie iaoet d,eaira\le. ae ieeigna an pn.etleal.17 
_oapleted and tile mo4el will H eo.utrutet imme41ate17. 

r--
5. Onet aUd. $ldt9J!r•'i!itt'e§!ti,lel'. - llt.e 88CIOB4 

poaau,1. operailiii eeiilltioll, • ail a... eperati.Bg simlll-
tauouq, wu atwU.e4. Allb.OIIP the J111DP 414 aot 8WNP ott the 
aproa at fllb.• hlglaer tiNHl"_.a, tu ooBUtteu ia tile pool weft 
v.-q ro .. , plate 6. 9le 1sallwa"9r &8 uapeaed. uatf.1 a var, 
goet. Jwap···torae-t. Ude pnce4ue..,.. f'ollne4 la onez, w leJer­
ndae approzim&tely the ... , tu apna aoa14 1le lowzoect te olnaia 
geo4 eeatitiue. Ble e,1.ginal '1--toot tn.peso14al 8111 with a 
211 elopiag 11P911:ream f.'Me iaUeatefl tut the apna aheal.4 lJe 
lowered &boat Ii- feet, ftgve s. \Blea '-he aama _prooe4are was ton...._ "1tll a ,t-r..t 1:l_Jdop1Bg trapeaeiial eill lanai.let. 
at the eD4 of the.ap19n, tae·,-.i beeaae l'O\lCUI' aa4 ellptq 
at41:H.oaal 4Qtll wae •eeual7 to pn4ace a atlaf'aetc,17 Jump 1a 
tM pool. A ieatatea. etll :laatalle4 oa the aproa ooaa14ara1Jq 
llapnvetl eoatltlou llitll a aatle�to17 J\PP teJ."lliag oa the apron 
at aol'lll&l. tallnter, plate f. 
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Aleo, .the op-.,Sq et twe 843aeeat sl.ui.ees wr the 
eeater et the a,Ul.n.y (UlllleJo Id.ab heatl) wou14 'be UIJ4edre14e hoause of the tla that ,__, __.._ them nen they sprild a 
'11.e a,rea. 'ftae ts. •ooto ever tke a1U aml ldtlh' eaue ffGdoa 
·ot t:ne atna. 1*1. the .,... .. et alternate • fffl:WT \lud 
slatee ldgh\ � oen41.Uou. J.towaver, .it. 1s telt that a 
satlafaetory sol1t.t,l.oa at ·t11e sl.1d.ce problem eaa cm.ly h obtataed hJ' atudlee oa a meAel vltli\ ,._. tla:t.lilf.ty thu1 ·the lla1lTOW one 
ud·tor the taste � 1n tJda �. ftle ltfJI medal 
� m� will __,,. to eel.Ye this pnlda atlstaetol'lly. 

•Jail.I a. SIDI\· ,-.»•· ,a�x,- J'1N4s "' te ,oo,oa __.,,.,f•• caa be ettulm.· lumlled.whea.thedbd.oee 
am ....t o,-ate �. the eanctt.� t.a the -mtns pool 
w1ll be l"G1lp bat. tJaa jump will a1Wl'q'S rem cm .'the ap!'Oa • 

. 11E!!m 1111Rnt.ll il!tl1u- A 'ftr7 eff'eet!ve � 3•P 
will fem • the ...,_ f'GI" all tliaollaqes up to ap,rodana-11' 
108,IIO �� file pool will • nup tor· Jd;gber flove with 
ta 3mp , ...... � a a tile EOl ot the·ap;m, • ever ta 
sill. IaJltl'ffE9eat will realt it tlae slm.ees •• set .in � 
t1oa 'before the diecllarge ever the � readies 1801000 eeeod-
fee't. 

,_,. el:lpt. negative pnsaves dU OOClll' • the ores� 
tor :,t.o.,eeo aeeoad-feel. Practi.eel17 - �-- will ad.st 
for smaller �- amt th.a eoaU;tloa 1a not coui4enH1 serious. 

- - -

' 

J. "· Ball 
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Discharge 20 , 0,00 Second-feet Discharge 40 , 000 Second-feet 

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

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

Before 'i'est 

FLOJ CONDITION'S - ALL :SLUIC.8S :iJfoCHi HGING - lWRUAL 'i'AIL .iATER. 



PLATE 2 .  

Discharge 5 , 000 �econd-feet 

Discharge 5, �oo .:.iecond-feet 

�fter Discharge of 5 , 000 Second-feet 

.iC'l'ION OF SLUICE l .  DISCH.ARGHrG UlHMUM Ti IL , iA'l'ER 

7{"'-FOOT 2 : 1  TRAPE�OIDAL SILL 



Discharge 2 , 000 Second-feet 

Discharge 3 , 000 Sec ond-feet 

__ _ Di s_charge 4
1
000 Second-feet 

After Discharge 5 , 000 Second-feet Discharge 5 , 000 Second-feet 

SLUI CE l · ONLY OPER TING - HOHM.AL TAIL' / TER - 7¼-FOO'I1 DE.NTATED SILL. 



PL TE 4 • 

. , .-

Discharge 3 , 000 Second-feet Di scharge 4 , 000 �econd-feet 

Di scharge 5 , 000 Second-feet �fter Jis ch�ree of 5, 000 �econd-feet 

;,C'nON .iITH SLUICE I:W . l  CP:b.RA'I' IUG �. OR.:. . '1'.-UL ,ATER 



PLATE 5 .  

Discharge 4, 000 second-feet 

Discharge 6 , 000 second-feet 

ACTION OF SLUI CES 1 AIITD -2 OPERATING NORMAL TAIL . /i-1s:' :R - 7¼-?00T iJ&,T :8::.;;D .::, L.,L 



Di scharge 240 , 000 Second-feet Dis charge 300, 000 Second-feet 

Normal Tai lwater 'l'ailwater 4 . 0  Feet above i,;ormal 
Discharge 500 , 000 Second-feet 

STILLrnG POOL AC'rION SLUICES AND CREST DI�CHARGING - 7¼-FOOT 2 t l  TRAPEZOIDAL SILL 



Discharge 500, 000 Jecond-feet 

STILLING POOL ACTION - SLUI CES Alm CREST D l::iCH;.RGIUG - DENTA'llED SILL . 



L.ATE 8 • 

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

Di scharge 60, 000 �econd-feet 

Discharge 120, 000 �ec ond-feet 

STILLING POOL ACTION CREST ONLY DISCHARGING - NORMAL T.,UL ,/ATER 

?¼-FOOT 2 : 1  TRAPEZOIl}8L SILL , 



Normal Tailwater Tailwater 3 . 7  Feet above i.formal 

Normal Tailwater 
Discharge 240 , 000 Second-feet 

Tailwater 3 1 9 Feet above Normal 

Discharge 360 , 000 �econd-feet 

STILMWG POOL ACTION - CREST ONLY DISCfu.RGING - 71:'-FOOT 2 : 1  TRAPEZOID.AL SILL 



Sluices only Discharging 

Flow Conditions - Reservoir Elevation 740 . 

Discharge 300 , 00U Second-feet 

Crest only �ischarging --�---- .. , 
lformal '11ailwater 

d Sluices 

0cour below Sill 

..Scour below Sill 

Discharge 500, 000 ::iecond-feet - hormal 1:i:ai lr:ater ;;,cou.r 
Crest and Sluices .uischa.rging . 

AorI ON OF STILLING POOL - 2 00-FOOT RADIUS .BUCKET 

;p · 

4: l SLOP ING AJ:'ROi� - .uE1�TA'.i:ED SILL 
I-' 
0 



' • C 

Discharge 240 , 000 Second-feet 

iJormal ·.failwater 

Discharge 420, 000 Second-feet . 

Wormal 'i'aihvater 
Discharge 500 , 000 Second-feet 

I 
.> 

Discharge 300, 000 �econd-feet 

1i1ailwater 2 Feet above i•; ormal 

STILLING POOL AarION CHEST AND SLUICES DISCHARGING · 
200-FOO'l1 RADIUS i3UCKN1.1 - 4: 1 SLOPING APRON. - DENT.ld'ED SILL , 




