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ginal design ~'~s quite :se.~isfactor~ :framed dzydraulic Standpdlnt :except :: 
that erosion ~ ' m ~  slightly oxcossivo,at ,the idoi'mgtrdam;~on:d., 6f,?ithO 
sloped paving. Plea thru the gates ~'n~s (qui0t,:::~?Nlc~t:do~m•~tho~sp~llv~, • 
cltho checkered ~'rlth dimnond shap0d i-su~faceu'~V6si:;producod'~:by~;thc ip~ors , ,-. .~ 
~'ms entirely satisfactory..A:godd i hydraulic 2jump ~formod :}in,it!z0 ~ipool 

• ~ - ,  , 

It r~s quite ovid( ~r•:~:i~.nd :: 
deeper than necessary,. Con,. :era. 
effort to shorten the ~pool, ~aso .~ ",~: 
the cost of the structure. ;It ~r~as~ifound :from ?~0Sts, ~tgat iby':ith0 . . . .  ~:~ 
proper arrangement, of' a steppe d apt on :fat j tho itoo ~.0f <the :slope : an~ ~a 
rectangular sill at the • end: of ,tho ipool,,:f,loor~, ~ft ~v~s iPOSsiblo ~tol,shozton ;I,~ ":"::!ii!: 
the pool and side r~lls GR if oct. ,The otilling~po61 :strubttu;o ~asri'•a : 
~'NOIO r=S shortened 67 if oct. :,it ~ho : sca~0 !~imo£ i%/~c :~flo0l" i'0f ::~thOip601 .... :: 
~ms raised to elevation 4062 ~which rcsultod"in ~a :saving,of ;:3 ~oot :of 
excavation. The ,rectangular s ill;c~nbinodu'rith~:a ~st0ppod,apron':i~zich... 
is proposed for the f~n~l design, ;should :not :cost~any,:morc -~tltan;tho '~: :~ 
dontatod sill sh~'m in the origin~l,dosign.. .~ - 

~'~y v~s increased m~d ~flo~'r ~oonditions i'~ol'o ,,~somo~td~tlJ~cJirod. [~In'~tho ~ 
stilling pool, the ~groator florr per i ~ 
and. longer pool i,t o contoJin 'tho '~U_np-at ~.: al~ "l~'disc}~go~s ~andi~c Orro sponding , . ~!:.~i 
tailvator depths. As "the .costs ~Of .~ti'~o <tTrO~ilstrUetur~os iusing~tho~iorigi ~ ~ .. '~i<i: 
hal rtidth and .the narr~-md ~vfdth proved to~!bo,praetiCaIiM:~hc~samo., 
the former ~;hich vras the bettor hydraulically., ~'~S!adoptc~l.' ~ ~ :~ .... ~ 

Th~ PROJECT 

Rye :Patch Reservoir ivSll ~suPP!Y addition~l~storago ~capacity 
to the Humboldt River Irrigatiou Projoc~ ofuTl~icKj~i::rrll~l ~bo ~a !pant. ~[:iii:~!i 
The dam is to ~be ,located on the H~=~boldt Rivc~i, ~tw~i:~21cs:~n0rth ~bf ~tho 

} 

to~'m of Rye Patch ~"~d about 100 :miles northcist of ~R0no~, ~No.vada, 
The dam rill bo of ~tho earth :fill ~typo and ~vnt'l]. ~provido a reservoir 
storage capacity of 80,000 acre Root. She drop ~fromn~xim~:roscrvoir 
elevation to tail'~t~;r ~'~iI bo about ,~8 ~foot. JA general plan of ~tho 
dam is sho~'m in fig, u~.c i. 

The spilhway, ~. plan~and section of ,r.~ich is shod'm_ h~ figure 
2, trill be located at the east cad of the d~. It ";ms dosi~.~nod for a 
:~ximum discharge of 20,000 c.f.s. ~'~th 17 foot of head on the crest. 
The flo~: will be controlled by five Taintor gates loci.ted in a level 

1 
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section of ithc :spl'l!v~y :ad.]acont~o ~tho ~ax~s..:o~ "the 
~y is to be 
end Of" the s~ 
the spill~ay 
The slope the 
of 32.5 _fcot 
stilling -pool 
42 foot long 
sill at the 
paving rrlll .be placed".tO insure ~pr ore drion ,~o~ ?ilid:~r.'ivor ~b6d 'at ~thrJ%.. :,:i 
point, and mt-.~Ii also :~assi.st ~in ~su~por~img:.~tho ~.v~rpcd :~sido.:~.~.is~, :. ::. ~ :.- .~ 

For tlmv0r omen .purposo~, dur~ng..!orr:.~ator:, .t~7o::: ~8,.mnch :.otool .... i.....:~- 
pipes viii bc providod-'to conducti~v~-t0r .~fr0m..tho :'reser:v0ir-,%o :~ho . '".:i .: 
stilling ~pool. 2m approximate tai:l wmJtorscurvc Jfor.:~%hb :ri.v0r !b01c 
the do=:: after its .:complot'ion is ;shorm ;in.,:figum'O 05. '": i.i ~-....:,.v.. : 

~.T}L~ IJ~O~hlTORY. .i:.:i . .~ . --:: .... ~;- . 

.-, The .laborc-to~:y :ms ~.'.'i%u~to~ :'in :~cho!~basomomt., of ~~tl~o.::01~ :custom ./:'. - ..:i. 
House in Denver ~,i~orc/it is .o~::s'i'lylacocss:i~l:c i~t~i~i.tho i(dOs~!-gni~.<s~fff:.ili~..~;.::i!i ! :. /:!!i: 
of the B~'cau of ~Roclamhtion, ~L ..-:~:-. :..~ !~. 

-V:tc.tor for supplying tho<.~odOl's i'iS....m0as~e~ :cySt ::o.-96°,~-ndtch . - 
~. • . % .. - . . .  ."Th d ' . -  . . . rroir . .. . . .. ..... . : .j: ._:, :f( iocaocd mn the. ona of-e. ~7omr ~%cnk '12 foot ,by '6 ' - 

deep, which is nartially bolor~ tho :labor:tier ":~i'loor,. ' 
8, inch centrifugal pump ~zith a capadiSy, of 
~tor up i~to tn~n ho-:d ~tanks :lOcato'd :tiber 
tam2zs the ~:?.tcr is suppIiod to the :'z~odols. 
models, the ~'m.ter is colloctocl in.:shc6ti~tl 
the v,'Cir ten~-.. Thus, tho.sm.~o ,~-.tor 
the systo~. ~h'ro hook gages are ,uscd. 
V-notch rzoir, ,~d one head :go.go :!is pro%~cd .£o~ measuring :~ho~ e'le: 
tion of %he vn~tor surface .in~ each of: the ~hoad .:%anl~s. ~:I ~ i.J.". :~ i~~. ~":/: 

The cxporimonta:l .work ~:on %he ~--Ryo .iPitch :m~6~dO<i .~J&:~:~c~.rri0 
by a crc~r of men consisting .of .one jtuiior ~eng~uoor.~b:n~y.~v,~:-~'iaboror.s.. ';..Q .-i~..i: 

i: model of the spill,:~y.~v~s c0-nstruc%e~i~ the labor~.tory ..... 
on a scale of I to:50. It included the approach ,to %he gates, the 
gate section, spillway :section, sti-lling pool, and a ~sand box :bolo~ <i 
the pool which represented the bed of the river,. (See figure ~.). 
The model ~'m..s constructed of vmod and lincd ~'~lth sheet metal to in- 
sure ~ratcr-tightnoss. The transition ;:Tlls above the gc.tos and below 
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the stilling pool were ~.~do of'~plaoto~- of ~paris, aI~(I :tho iipiors r.tmr~C 
built of redvtodd. ~" , : . r -- .... "'r :' . ,.Ii surfaces other them mst~l vmro ~oit]~or ~s~turatod 
with oil or coatod ~'rith varnish. Forr atos "~iocos ~'of~l~O~",~,~ ' ..... -~ +: 

, oro =do to sli  o the 
gate s ~ ' ;o ro  no+, installed o n  t h e -  model, ~Tlio ~head ~ Oni~tho i . o r ~ s ~  i~{'~s.!! ':<:/: 
measure d by a-hook/~,ago sense ctod r~rtO /tl~o ~ he afl;':~t~U/¢,,i' i~?Tho;i ma~J~um ~:diS, 
charge for the modo1 :~'~s 1,131 o,Z.s. ~ich,corrosponds~:,to ,20~000~ :: : 
o.f.s, on the prototype. ~ ,' .: ' ~ :t ~Jr .',I. '~,~ ; ~ ~..:.~'~ 

C L; 

In nrdor :to ,study oro~ion~ of !thO,ri i~i:l~l -~ 
ing pool, a sand boxer, s provi~dod~at ~hhat leo oC~,~ 
end of the box v.n.s providod 'vzith a ~hinGod !woir,~:by :~"r!~iCh:tho':::t~£,l~'~%or, 
depth for the m o d o l  could lbo oas-]":].yr/i'adjuDtoa'i:.i~d.:!;~olcuro.to'!~ii';~:ozi.~io'~lo~:l.,. 
The t~".~h'm.tor flopth ~s obsonvod~from:~.:piozomOt6ruvhiclv~vras,,;6onnobtc-d, 

%:. 

In order to obtain~com.ospondin~ ,voloc~itio~ ~fd :" ~ :::' ,~: 
prototype, the slope :of the model was incroaso d ,'slightl_ .M~:°v~r :~that 
sho~,m in the prototype ,(Fig. ~Z")" i . . . . .  ,-: ..... ' ....... :: : 

Tho two 48-inch'tu~.cls.~vzhich Qcons~ituto ~ho~f~ou~i6t;~:mrks 
~.zcro not in~tc:llod in the modol~t~l-:thc%~last ~fovr~:tosts.':/~ !: ::;:: ,i : : 

Ls e r i g i , = l l y ,  dosi:;nod,` (Fi,.~, ~.6)".'!thol.;R~o ::Patch i~SpfTh.~y 
~,d ~ horizontal pool 95 foot Io~,~, .~,tnu ~ olov~.t~on,of,,:h~ch ~as ~4059., 

to assist in tho for~ztio:l oea  " 
bole= the sill. (See:Sill :A, :Fi~;. '.9)i; ,;The ~iil~islogo.<~0vmstro=:~ ~from,;i : ' ; 
the sill v=s pavod-vrith conCrotc :ii:i, tho:~initi~i ~dOsi'~nd:<vm, s :~s~;i~mly ; 
r~do in the origino.l ~odol. L:drca'zing,Of',:th'o:,,origin~l:modol;iis~sh(n.m ' : 

in figure 4-e, ndlphotographs in~plato;:i. " ii: ,: :: Jill; ' : 

Test l, ~fi~uro '8, :shorm :~. profile :of ~,~i,~: ~sand ~!surfe, co ~bolc~'Z 
the paris S in the orisir~%l model, : before ~ and:~aftO~9 :ia:fiftoon ~,~inutb 
run, and sh~-.~s also the rm.tor surface in ;the !pool:for ,a :maxiuu~dis- 
charge of 20,000 c.f.s. ~ftor sooxng ~thxs model ~n,operc.tion.lit ,~'~as 
evident ~hat the stilling ~pool Could be sho:'tonod ~cbnsidorably,;• c~d 
that the sloped paris S d~'mstro,-,,~ frontho pool~:~.m.s;:iundosirablc. 

The rcmainder of the spillvm:y~msvory satisfactor~. 'Ap- ~ 
proe.ch conditions above the gates rmro seed and the <flows d~'m the 
spillvm.y proper, altho topped with n~orous surfacc:~.VOS p~oducod :bY 
the piers, vm.s ~ery satisfactory. (Sou photographiC, ,plato ~I and / 
photograph D, plato III.) The height of the largest surface ~'~vc 
mcasurc,.~ above the average vm, tcr surface did not exceed !l.5"foot in the 
prototype. 

3 
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studios ,',ore justifiable ", :the 
using various -layouts ~'mre :m~'do cal ~t]iis, por.~ic 

"Length .of ~pool" :~ ~s ~us0d 'tthruout ~ii%}i~iS ~rop or~ ~i~s ~%h0 ~.~lon~th.i-0f~- 
"the horizont~l ~:pool if leer: moasur6d ~fromt%h0 ~interisoc~ion i~0f:~t'h~ ~'floor >-:i ~. : 
omd bucket to 'the :do~stro~ edge-of i'bho:~'s~il. ~ ~i:'iin. ~c~ 
o.prons are used, the '~"iongth<of:~.po01,, ~is~moasur0d.:ifr~ 
,~ich the stoppod apron,~intorsocts->~f~o :'floor! of ~:~0 ~I 
stream edge of "~the Sill. i LRipraP :~ori~-concr0te ~;z~oh: ~;. ~iS ~!iocat,id dorms%r0~m 
fro~nthe sill is roforred~to:as paving~nd~n0t:-as~.p~.r.t~6f ~%he~po61.< ~."~ " 

Rectangular Sills. 

For to,~t 3, a!profllo-of>~'~/ich',~ls~ sl:0va~ :~in~flguro.,~7.,, ~%hc 
floor of the stilling ~ pool..nn s ~raised <%,hroo !foot ~toiii61bva~ion ~4062.0 
and the length of the pool•:~'~as'.shontonodi!to.:.86::foot.. ~.Tio~sid0-.,~-nlls ,L. ~ .i.;,i 
extended 19.5 foot do~'mstromu :ffoz.%~tho,~0n'd of ~%ho ~'r~o0i~., ~ ~i•A~Dl~in ~': 
rectangular sill (sill~B, ifi£.uro [9)~jm.s!pl.~co'd~ :a~ %he ~0nd ~of"i~%h0ip661. 
Concrete paving rms carriod cut i'19.5 ~fe Ct ~b41o~7 tth0, ~lll,.at .%he .s.mo 
o].ev.~.tion c.s f/~o ~stilling .~po01.~fl0oz. ~ ~Fron,~fi~ug0~i~z, sight, can ~bo ~soon ..... 
that no objectionable effects L~mro ~produec~/; ~a good~hYdrr.~/lio [jump~ 
formed zn the pool a~d oroslon~ oolo~y:~tho~p~v.ln~.,vn%•s~-an•L~mmprovo:,~ont 
compared ~Tith tos% 'I i (figure 118). : (PhotograPf~S. Of ~i~e st..•z ~aro:•shorm:.~in i 
A and B, Plato II.) Notice Ji~photegraph~B, i l i o ~ ' : i t t h ' O  Jd0:,.m~d~r0110r 
continually piled the sand: agaiust..~the.~ do~'~stre~n ~sfde ~0f i%ho ~sill, ' 
Gravel placed in the. pool uostro~.,. !fron~thO:,s~ll.~v~S iiinStantly~omshod • • 
out. Lll comparative tosts~v~=o ~,~.i~-0.~,-.t:.!.tho,max~umi~dischargo~of .i~-'. 
20,000 sec. ft. 

Test 12, shorn in ~f~g "o ~,~,, ,r~s ~:'an 
cool still more. Inthis ~caso, ~si!ll B'~s aglin~uso'd:at~:.%/~o :~end :of 
a stilling pools73 fOOt 10ng o.t~olov~.tion/i[4082/, iTh0!.-sid6 :~Tt~i~is i~r0 ~ • -~ 
also shortened so that.they mot'the ~trcnmsi%ions ~slightly-upstro~a.,~from • ~ 
the l~,':or edge of the sill. ,There ,was no ,:p,.q~i~?~ ~.bOi~v~th6i~:sill ~. ~'~i'~ 
good jtuup continued to form, ~_nd erosion ~':bolovz~.tho ::sill~s::no~rmrso " 
than in the tr~o pro-rious :tests. (See.A, ~B,~,~d C,/plat0]lll.~) ~ i 

Test 18 (figureR) ~,m..s ~:-.':do vrith sill B placed on!the,cad 
of a st~l ~" i Amn.:;.pool floor ~l foot :long. Conditions in <the pool 
(Photograph D, plato III) ~ore about the same as iP previous itos%s 
except for the fon:~tion of a slight boil over the sill. •Erosion 
bol~-- the sill,vms becoming more pronounced duo to the 'length ofthe 
pool being shortened. 
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In test 2 3  (figure 7) ",the pool :floor .:and:'tho vortici£,lii:s'iilo .... " ' 
~'~lls were shortened to :38 foot. :in itiiis :c,~:so :hcvrovon, S~II:~U~I~I 
(figure 9) r,~.s placo'd at the end !o~'~tho ipOdl fl00z:.- ;'~s a :ros~/Ig'.Of : :~ 
this revision, a pronounced ibofl:~:occtu-r.0d ~ovor the :sfil::at ~oacl{',?s'i~do " ::: :: 

0 

Tri::.nc, ular Sills . . . . .  ::i.i :~. .... :' 

In order to i~c¢oStigato %'.,to:merits :0f !,the ~tri.~.,.~gular !s~i,].l, : 
various sills of this typr; ~:oro "construotod:'<an~ itost0d on:sti:i'iilg 
pool floors of different lengths, th0 ~pr0c0~uro £oll~c~cd boin.g .Sihi'ic.r 
to thc.t used in to stin. g,.: tbc .... :~oc'~"n~Ular. : Sills --'Xost i3 :, .... the ~ 5ro£i~1oi: • 
of ~,~lich is sho~m in figure ,.8, : Shows ~tho.lroSul~s~!:producod: by o. ::pl~'~in 
tri.u~.gul::r sill (sill O, fi~uro~9)pl:~co~on~:~holond o£ a::Stiiiin,g 
pool floor 80 foot lon[~.. The xm.tor ~surfaoo:~.,,~s J liif~hor a,,6 the ~orosion 
deeper than for a roct~a~sular Sill ~on;ai£1c.0r:~i.Of :npproxilm~toly !the !~i. 
S ~q~ .qO • " 7 D ~ . . . .  • ~ . ,~, -'. " ~,.~'" ~4 . :", . ~.U~ ~.. . length. I~tto ,.cur the ~and vr,.~ p-,].od ~.In~ ,tho.ao~nl~. o.,a ...... 
f:~co of t h e  sill, ~ ' ~ : h o ~ ~  %'hO ozcsion;~:~s:gr.cator.¢f=rt}:ior"~dovmS'~roeJn :.:. - :.,.~ 

In test 14 (figur0 8),, a conpom~d:sill:h~¢i~ :tOOth (si 
figure 0) was used on a pool ,floor 7.7 ~foot :lon~,-: .~in itost i.17 %fig 
the s~ac sill T,ns uscd.on ~niapzon <65 i£oot ~i, lo-~D.i ~P0ol i action and 
in both cases wore very s~:ailar :to th:'.t encountered! :in test :13. ~ae • 
trianzular sills showed no noticeable '~,~provo~,wnt c~zor .tho:~:rcctangular i :!, 

~or the enos. The roct,.:ngular sills hoT.:ovcr, h:~d:somo:advcntagos o ~ ' 
triangul~r ones. .~i:ii-:: i~ : i \  .,!(.i 

- ,! . ~ '  
Rcctc.n~ul~.r Sill ~;~th Stooped Luron.~ 

As the triangular si'Ils wcro::n0t.,vory~satisfactor~, :it:r~is '::- ' . :  

thought, . . . . .  feasible to return to :the rect~',n~ul-r. ~ ,. ,si~ll, ~a~d, :in~adEition, ~1%! 
try a sn~.l], stopped apron: at ,the ~:lo~:-or ~ond:of the spi, l:lvray ~slopc:. ' 
'~hms mdoa ~ms c~rrmod.uu~ in test 15, shc~'m-~n~f~guro..il'.l. ~SiII..~B:.,~::~.":.. 
(figure 9) ~'m,s placed at ,the cad :of a stiff,in,:, pool-6!£00t :io-: •. :and" .... 
.~n o.dd~.tmon ~. stepped apron :i(skotch ,Z, :!figure ~3O):-,~m.Si~in~tallo~ :,on ' 
the l~~cr portic, n cf t~o spi.ll,:u ~ .slo1~o ot.oio~c"~ion: 4o65.i. Tl~o : :": 
results r;oro encouraging as can be soon from~,tho ::prof'i!o-and free the ,~, 
photographs onp].atc I~. ~'k good " " ~ ~ • 3it,rip. ~,~o ~ormod :in 'a short pool, :end 
the erosion vm.s not in any .v~y har,xful. Lmprovomonts fro~,: this com- 
bi'~.tion wore expected and-the follo:-rinc tost's ~mrc m~do accordingly, 

Test 19 (figure ll), vr, s ~L,zdo vzith sill T,: (fi,;uro 9) cn the 
end cf a Fool floor 47 foot ion C. In addition, sill D "(l'i[~uro 9) ~',T,s 
used ,-.s a stopped apron as s}lo1:ul in sketch T, (figure IO). Results 

5 
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j,// 

A* ,~SA~rD BED B~GRB ~. 

B. f.AXIhqJi DISC~-J~RGE Z0,000 C.F.S. 

O 
0. SAND BED AFTER RU}I. 61-F00T POOL. 

STEPPED A2RON AT ELEVATION 4065.0. 

E~TANG~LAR ~SILL AED STEPPED APRON. 
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PLATE V 

A. -S.&ED BED ~ORE RU~:. 

O 

B. DISCU./ARGE a0,0C0 C.F.S. 

0 
O. SA~D '3ED AFTER RUT;. ~6-FOOT POOL. 

STEPPED AIRON 4T ~LEVA?IO:~ 4066.7. 

RECTJJIGUI~ SILL ~;D STEPPED APRON. 
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fr~n ~his . ~ o s t  s h o t r o d  :no impzo~omor./t."evcr .test :15, " : ~ ~ ~'' 

Tost .20 .(frog o -I~.) .~;,.s :~'.m.do..~zi~h oili., .(f guro ..9):located :.:: - • 
on tho ond of a pool floor::~16 .foot ion/',,, Stqppod::clp~on.~'..(flguro IO,;)~ 
~':?.s insta~liod on t h o  .spillway slopo a%".olova%ion ':gOG,Z;O, ~L!Rosui~s : ' in:" .. 
~his case shotted no ;improvoi'aont .over tost I 5 . : '  Plidt0F, raphs 'ar0)::slioYm - 

. - . . . . . . .  ., ,,. .. .~..?~ ~. v, ¸- : . ,~ , 

Tho tloco~.-mlondcd D e s i g n .  ' ,. . ~ _,', ][-" . / : . ,  " :":(.:":~i,;i ,: .:i ~..,.[) - 

2l  
be the .ideal .layout as ' i t  ~gavo "th~i~bos ~ :.r.osultsL~0b~c)in&d:~.~th./a shorlt -o ...- 
po i. n 42 foo t  ..pooi t. 0 
d~Tnlstro~,~ onE, Cmd stopood apron"~U .i(figur.o.[iO'0.:.~0~ppod;~.~0.~61~o~-,ti0~:; : ,~ .:' 
4066. O. Evidontly [ t h e  impr[0vCd).C0ndf.%i.onr.i~'in" thi~s:',!6aSo".,ziUst!hiVo)~id'h ~5 

pool, 

P a v i n , £  Do'cnastroc~n f f ' o m  S i I l , . : .  - ' " ~ "  [" ! " ::"[:"i~ ) : / / i )  
Vi- ' ' . : : ] '  • 

~os!~ , .m, .  o ~ o p , , r . t ~ , l o ~  a c c o p t ~ d  v ~ t h  o n e / o x c o p t i o n  t h e  ........ 
~ "  , ,  do~it,n roco~2ondcd by:thc:rosoa~ch ~ " ^ ~opar.~nont~. Instoac, o f  ~ 

rivor in its natural stato, .~lo...foot~of..~c0ncrot0 7pavin~ ,on% 
about 6:1 vm•s proposod. ;for .~ho,:rivor ~bod b01ow .... :tho si].l[. !.~ 

,/ 

cases, erosion ~.~-s very. bad., TI~0 .oxcossive-0nosion ..v~.s paF~!O:!!y.duo 15: 
to the fact thc:t, ti~o :paving 'whic h ~slopod ..up~L~.rd ±n::.ia~!do~Tnstr0'~=~:."-:: :i: ::-.. ' 
direction decreased the cross sectional ar:-)a; .thus i:incroas'in;- th0 .- . 
velocity of the we.tot after it ~iiad .'.in".thfS schom0~:full 
advantage vm, s not gained , from l ; l - - b  -~ 

~k 

Test 2 ° (ficuro ~12) sho',':s a .pr6fi~Io of .the :s~,no layout os 
above except thc.t the concrete p,,~,~_n~ -located bol~v ~thc sill~v~s dropped 
to .a horizontal position, level v~th the top :of the .sill, i~t n~,x~'~n 
discharge, erosion dmmstro~,~n, from .thc pavinc~~o~s ,.'.'~ain sufficient to 
bc considered "!cm.F, orous. In the last two tests discussed, the s~:nd 
v~s cut a*,'ray from .the end of' the paving, in a different ~a:mor t.~.n;~ in 
previous tests, in v~ich the tendency ;-~s for it to be continually 



]?LATE Vl 

O 

A. DI~HARGE R0,000 Go¥.S, 

O 

IED AFTER A 
F.S. RL~. 

O 
C. SA2:D BED ;J"?*ZR A I0,000 C.F.S. Rt~. 

STEPPED APR0r,' AT ELEVATIC:~ 4066.0. 
38-F00T P00i. 

RE~ 0U~G~//ED DESIGN. 



ql 

II 

l 

I M N  0 o o ....... r o ~ ,  "+::++~ 
+ 

L 
~ 0 0  , • L A d  • 
t o m  : ,  ' ~  : '~ ~ m  

' . r. r + : : 1++'~' + , + i . . . .  ' " + ~m' ~ : ~ +  : '+ :'+~" , + m + + + • . r  +.. +,~+, . : + . " :  ' • + , :  +~ 
• . ++ , ,,+ • , . 

~ "  * :  . . . .  : " "  " + + F I G .  1 1 2  +r'  * 

+ . 

-" , - • • : . + : . . : : -  

+ +' Moon++ ~m, t t r  

+ ' ' /  

' ' .  ! 

L 

I 

,.,: c~ ~ 0 , i  ' . +  , , o  :r:~ " . .  

In'~lO "10 : " " ' 

-' + / - ' ,  + , 

" -  - - 

*r " X . ' "  " 

~ - "  - - " - - -  " - - ' : 2 "+ .  + " + ~  . r - -  . . . .  + " +  

" ; " + +, I ' ' l ~ ~ ~ i +  ~ ++ + + " X ~ '  ~ + r , + + 
l l + i 

i 5  • +LE ; 4 0 1 1 4  " , + - d  : ~J I , . . ' L " ~ . _ . . . . ~  + + +,.~E.I,4OrO-.,.S' ~+ : . . . . . . . .  + ~+" 

- -  + ~ 1 + x :  + + ~ + ; 1 1 1 1 + i i  , . . . . . .  - ' . ; m  . ---- : .  • : .  P '  " "  + I r l i 4 ~ I O  + ~ .  ; + '  : : r:r. c-+,,:. ' ,+ I . . . .  ' +  ~,l "L .+'/ : '  + 
+ + ~ " + + + . + + ' ": + + + + +  : . r ' '  ; ' I + + ~  11+ + , A T  1 + . , +  :1  ~ +++~+ + + ' _  ~ ~+" ~+ . + ' ' , ' 1 , 1  +1.+ + ' , O r  ' T " d . + ' + : : , *;1 +'~m + +  

. . . .  : + . . .  :++~. + + +  ..;-j+>:;>::++>~:+::<:~:;ii:+,:.+ +:..+; . 
+ mm m m  ++ : i+ " ~, ~,  a ~ ,  , ,  . . . . . . . . . . . .  , ,  . . . . . .  + +++ + ~++ 

. . . .  " + ~ r r " + -  :'+TIZST.:+31 r . ' ;  + ~ : ' J ' + +  : #  I+ + : .  + : " + + p  k , r rk " i , + + + • , 1 '  

m e  ~ m r 0  + t o  + ~ +R U N t l  O I SG H 4 R G E+~ ; ~O , 2 1 D O . +C F . 8 , , ~ ,  ,;,.,+, . , + m . ~  + ,  , .  : + . : . + , / +  : :  , ;  . ,, " + : ~ ' r  ' . , +  : +~+ " r +++ ~ , ,  

+7 + ' ; ~ +  +' " ' . :  +RUN;.2+__DIBCHARGI[!IStOOoCG;F.S.+ . . +  d:.++++~ . 11 : + ~ : . ~  : ~ 1 ~  1 ;  r 

: . ' +  / "  

. . . . . . .  " di: : ~ r~ : # i 1~  : ;#+  "+ : lEA kI':.+L + + " 

: x '  : + d + d " ~ + " ' : ' ~  " .2"iS + + % k d . ~" ~ % " L 5 " :+ " + C ~ + : . - - k '  ; ++ +r r [ .  ~ :  d % . , " ' , ,  

. + + ., , :  • ,+ ++;,< , ,  + - : ,  • + ,  L ~' . +, . . +  ++, ' ++ ++ " . " . +  

' ' + . . . . . . .  • ~ n  ' ' O t + + " ' ~ 6 C *  . '  ~ + ~ +  :+ + :  ' + ' ~  ' , "  .+ + t ' ~  ; '+  ~ , r :~  ~ ' :  + + ~+ : ' +  " +_++ % P '  .r  : + " + + i  : +.+J , ~+ "+' . . . .  : + +  ' ~  

. . . . . . . . . . . . . .  I P" I ' l l l :m[' l  | 

~ x ' % ~ - - ~  i ~ m m , + ,  - e  "" , : "  - . . . .  ~ ' ~ : :  

" -  " "  ' ~ S o n d , l m l q o c e '  ~ r t l e ~  ~+ '+ ++" .  ~:~'- ~ .~  ~ ' +7 . ' .  : " ' :  : ! .::~'+.. '  -+" ; , i  i '  . . . . . .  : : :  • 

" 4 ' .  , +  , + .  ' ~ ' ) 1 1 1 1 1 ]  + " ' % ' S ~ ' ~ I  O ~ I t  ~ ' r I ' "  ' J " " ~ [ I , ~  ;I  *" ' " ' 1" + m *;+ m l ~ , ~ +  , " " " ] 

" ~ 0 +a 0 0 " . 0 " ' 4 ~  O "1 : . " : r  ' . .  : : "  + . . . . .  : " + . " r ,  ' ,d " * . L ~ + " . : d + O '  " 

, ' r " .+ i. L+II+ l ' • +L++ L/ +''++~+ i " ~ ' ~ : ++ 

+++ ++++ + + +  
" : l~ l  .!RyE+OItP/RTMI[NT;OF:THE:INTKRIGI~,{pAtCH ~SPU~I .b+WAY ' " * , t  - 

, + " | .  . , . t l D U I I WAU +O F ; I q a rC k / M AT f O N  " . . , + 

o to - ~  ,~o ,++o +~o ,+ " +1 , +'+"uua°c°r'mvim++~'m'+~ t'm~+m'~ :+: " ' + 
. L  l I I I / ' ' I +H YO R AU I - I G ' M O D EL ' +BTU O I F . , S  ' " .+ : r ~ 

+ P R O T O T Y P E  " r i I : PR O FI I ,  E8  ' . O F  WATER  +8 U R F&( : ES  , AN D  8A N D .  ~1 ! 

. I t . t r a m  . . . . . . . . . . . . . .  : + , m . . m , r . o . . , . . + ~ + . . ~ , ~  . . . .  ~ . . . . .  ~" I 



@ 

@ 

built up directly belcz'r tho sill. lh.obably oa~,oxplanatiOn.for this 
difference is that in ::he last t~,,~(, ~,iO~ti,,no~, tosts ~tho pav~nc ~.~s 
high onou~'h to intcrfcro vd.th tho fnlu,~ation of ~tho ~submorGcd rollor 
dc~'mstroal~ from tho sill• ~ • 

as the floor of tho pool. Tho ;oxccllcnt ~condi'tions ~rosU].tin~5~i'i'oro 
pra(.~ic,.l!y a duplicato of thcso provicusly 6btz~ino'd~in !test 12];, i 
Erosicn of tho sand bo].o~7 tho paving~v~s ~very~si~isfaCtozy.• ~Ono, 
rovision ~.t~.do on tho final dosign~'",'~.i.ch do OS :not appOar Jprovi¢,Us!:.t~,i 
this° is the ~.~.r~'~or in %Thich ~tho.~'~trpod v~ills~%torsOc~::thO~paVini~' • 
I~.stoad of tho intorsoctions boii,~IX pare~llOl"[tO~[tho ~contor.~~i~o ~:~Of thO 
pool, thoy flaro cut from a vzl~lh .of ~:llO.~footi:.o.t :.tho .szll :to' .lg5 ;foot 
at tho do~mshro..,~.% o..c of tLo~.~zalls•. ;(ooo~fl~ur~-~:6,).~Te~%: ol, ~tu~ 
1 to 4 inclusivo, (fi~uro~:12) Sho~7 tl~o!prbfilOs~ofi.th6i.Sand~erosion 

.xn tho ~ooi Ior .~.~ch~.~ ,cs of bolo'~=.~ tho pavia C and tho vm.tcr surfacos .... : .... ~ -~I • " :' """ ~ "g, ' ~' 
20,000, 15,000, I0~.000, and 5,000 :C.f..s, .rospoctivdlM,"-<~Pho!o~r:~.phs 
of tho. modol l~ortro"Ju '.4 -- d tho fino'l. ...... dos'[~'n bofOr6,: ih~In~.,~::o~n~liaftor i a ~  .. ~ ~ i. .... ~ 
rum..%t ~m.xi~[-iua,~. dis char~]o aro :~ sh(n'm On plato .VIl, i Pl~otoG~-aphs.[~ Of itho : " 
• in.,1 do~i[:n talon ~.c~ r'~::~ of 15,000 ~ud~i@O;O00 c.$,S; "~o s]io~'~ 
on plato VIII and those fo~" o. dischargo ~cf:5;O00 C,f~.~s,i:iaro ion~plato 
LX. 

V cloci%~ Distribution bolos:-Pool. . . . . . . . . .  

It: ordcr t(~ got scz~o idoa as to tho volocity~ dist~ibh~ion 
bolow tho jtu~p, pitot tubs roadin°s ~'mnC t,~/=onl at ~Sthti'on S~13 ion tho 
finnS, dcsign. (8oc figure G.) The toe, dings ~wOroi~ic6r.Tcrt:C~i, ii~i~giproto - 
typc volocitios ~.nd aro she.vn~ ple, ttod on ~fisuro ~i~13. ~Iti,~can~bo soon ~ 
thct a vory sy~notric~-.l and sr.tisfcctory volo6ity/~!~!stribhti~nn~vm.s 
orcsont bolo-:~ the nool. Notico tnO noLativo ~v61oci~ibs~in6ar %!:o i oo1 
flocr for ~:hich tho subnorg, ed rollor ~.s rosponsiblO:i"~ " ' ~ 

?ho Outlot Tu?Lnols. 

It ~:?.s found thc.t tho tvzo 148-inch outlo-b tunnOls ~'.~%ich vrill 
dischargo into tho stillin C :pool. produce(! alno~!igiblo :offoo% ~ Ontho 
mcdol Pnotogra]?n C, (plato IX) s,.:n'rs-tho ~:o ~turn~.cilo di~ch~.rging :a~ ~c~ 
thoir -.~.ximuz~ c:~pacit-j of' 800 o.f.s• oach. 

@ 

TiU~ ~LD DISC~;H%GE REL:TION 

Tho dischnr.~:o fcr:~ula ~i~ich v,m..s obt~-.ir.od for thc crost of 
tho Rye P,.tcn Spilh:~y v.~1orc L is tho vridth of gato section oxolusivo 
cf picrs, is 

? 



PI~T~E Ill 

O 

A. 3~ID BED BEFORE RU}:. 

O 

B. DIGC!L%RQE 
20,000 C.F.S. 

O 
c. SAIID BED AFTER RI/~:. 

FI:~Ai DESIQ.~:. 



• PI~TE I X  

0 

0 
4. DISCHARGE 5,000 C.F.S. 

• , -4• ~" 

B. 3£-~rD BED AFTER Rt~. 
DISCH£RGE 5,000 C.F. -~. 

7. 

i 

C. ~ DISOHARGE THROUGH OUTLET TUNNEI~. 

0 

FI::AI DESIGN. 
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(i) Q = 2.97LH 1.55 for the nodcl and ........ : .... ~::- ..... 
(2) Q = 2.45LH 1'55 for the prototypo. ~ • ,~ 

A c~rvo of rosorvoir olovation plottod,a5ains% discharge 
.... ....... ont ~ inTot ',%ula ~: typo from %'zhich tho o6oOficlonzana~u~ 'u~ ~ " 

is shovm~ ~~in fi~uro 14. This curvo <iS indi'cat0dibY ~h0!~d0tt°d~ilin° ' " 

dravm hhru ~ho points. As is,-ow-idont ~froz~t ho:abOv°i'.t%v°-~f°rmula:~' 
tho coofficionts vary ~ for m°d°l and~pr0t6tYl 9o~.~ThOn-ilth0~'O~p0n°nt ~!'izl ~ ...... ~ ...... 
other than 1.50. This is because ~hocooff :~ciont~iUC!~isJ~dimSnsi0~lOss • : 

only ~Thon tho oxponont of Hiis~Ij50~, ~ i ~ i !//~! ~I~> ' !!'; 

In ordor to havo, a:~:s~ng] applyi.to ibothl 
modcl and prototypo, a lino-,~:zas"dz ~maXimtu"~h°~d"~: ~ " 
and discharGo :.~ith a, slop.c o - ....... ino, ~:~Itho 

somov:hat inaccur'~to for tho ion ~ ~ . ' 
in '~itliiS ~ • 

forz.~. 

producod on bho flow do~ tho.spiliV~Y ',and'ii°n~th° ,action in.~thc, s~iling 
nool. Ln no caso vms thoro any ,. ou%stahdin~ ~,und°sirabl01'-acti°n~pr°duccd" 

o'VOTr~,  v ~ ' / ' ~ o n  "G~ ' lO  l l ' ] ' % V  "#V~].S ~ L ] . I I Z ~ L . . t ~ - *  . . . . . . . .  ,.~,-. ": ~ . :  " . , ~,  . .  • , ' , ~  > . . ? .  

gato coz~bi~%tions producod a: ne~llg! bl° °-Pf°ct °n:,P0°i~acr'i°n" 

" • • •'t '• " k/ . . ~  ~. 

SEC0!~f~Y R~,.%T;~cICS0}II.STILLING II~30L 2CTIg~[ , .~ 

Rolation of Sill to Lon~th of P0o2. 
• L 

i 

F ~ • .-~ . . . .  ~ • ~ • 

k 

,@ 
Skct ch I 

8 



O 

0 

high sill is placed on .a ~,~hort~-o:p 

not greatly exp:~nded and:.travelin 

sill vcith considerable: ii.~p~qct:,:and' 

boil on the %~ter s~Ta.ce(at.'k~::dn 

i i':: ~, i ji:::+ :i ~.~ + :~ :I:::/Y ::?i+~ ~ : 

Sketch. I i llustrate S +t]~e ~,'~26tion+'-.tha++!:;takes-.i~i~ce:,v:hen:/•a . 

~ ~ _ _ _ - - _ +  . . . .  - - -  _ _  

- . . . . .  

• ~ > ~  . . . . .  - . . . . .  .... -___.....++...~+,+, . ..... .......... ., 

• . ' ' " + ~ ' ~  + ' . "  " + . ' ~  " - '  . + '  , ? .  ~ " , , : + + 7 + '  +, • . 
. . . .  + I + ++ ~ I . . . .  I r d + . . . .  m ~ d ,  + ' , + + + I I + . . . . .  + ' 

. ,  + n I I L n ' + '4 ".,] i:" " + 1 : ~ ~ k + n Z .` i n " I # ~1 dk 4? '' ' + . , ' ' 

.. ketCh.Life:++. ..... 'i,':, , '+ . ,. +'.: +. ' ~ 

,., A sli.htl~ Y ' Icv'er + .  • ,,~ ill:+~ud~ a +'':+- ..-£onge~" .... ~ ~ I+'̀I, p I: ~++~':I . . . . . . . . .  - el ..-produce, an +'' .+: " ' i,, -a 0"5"+': :ion +- ........ " : :: 
more lli~e t~t shov~ - - , " " ~, " ...... , .......... , ....... , ........ - ......... + , I n  " L S k e t c } .  • I I .  ' . T h e  e t  + h s s + - h . n c l + a  . . . .  + : . . . . .  +.+ - ,  . + " . .+ . . . . . . . .  .. . . ..~,~ • . . . cn+~ue.e .to.,.ex-+. :.:. -. 
pored s±ignzly tel'ore .reachmng .the J++Slll'; .!COhseq,~ehtly;~:!i..less~i,~ter.i:%rav@ii. 
in~ at a reduced velocity-:i~Ipin~es+cn.!+tHe.+,:~iil.~.:th~.:~.~i:ca+s++~i,::.+++in .::..+ . +.: 

the second case, the 7~ter in.risin~ ,~o:iflov:+ o~erilthe~:islili.',orodUces.+~a'. :: 

lifting action on the "uater abeve. (Asia result IL:'~he •,fasier:trav'elinz." ~' "+ "~ 

~.ter flov:s near the surface :as :ati~ " 

protecting roller-:is f'orned.belo~:,:th 

,~ction much desired in stilling pool 

nature are usually non'destructiw~e L i A " ' 

L' i .!:~I:<:. :'~.' ' ?:c!L +. : 

. . + 

ICSI: : : 

: .j c< ~ : " 

• . . '. j! i '~ . 

. . . .  l , •L : • ' 

iiii: ~+" ~,+ ,~ .... ~ ~~,'~,T~.- + • . . . .  • 

Sket ch III I .::.: 

+ - . + 

If the same Sill as in ,~ase-!l is used~und the pool~is:agdin 

lengthened as sho~,~, in skeSch III, the liftin C ~ctien of the sill is 

much less and the flow pa~:ses ever it :~th little or no disturb~mco 

causing considerable erosion dovm~tre~u. The hicher velocities in this 
case are still near the bottom. 

J 

I 
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If, a ~' SJcepped :apron .. 
~.ooi a~ in sketch ~I~, ~the "jet 

dove. In thisv~ay~, ~the ~.cress 

O !  

@ 

Sloping the Ste~pe -.~- : 

It ~:ns found L~in var~ious itests~%thd~iis!( " 
up or d~'~n sometimes 'iir:.proved~ con~diti0ns ~ ~t.~i~he!.~hi-~lier ..... " "--- 
char&es .but seldom T~orke sch 
horizontal step •gave 'the l,ll,,stepn~.~A~,~.,~o :~ :,.. ...... 

peel v~s ~oo short :or th 

,Var~n~ the -V~idth of :~:Si~ll,,~:!" :-~ ~LIL i~~ !~'~ 

From a series iof :tests i'~uade '~•"••• ': 
it ~~s found -th~ot varying .ithc~,~idth of 
strea~u end of an •apron ipr0duced~inoinot 
conditions or in the,erosion:bel~'~ :,t~o 

a sill can be ma(le as nar~row.:as structur~l:~-con~:it:isns U.,~I :a!llo~:~. "-i ,: ~ :!: 

A suzn:~ry ~0f all model !tests .Lnade":."cn ~ithe~,RVo!~Phtcli :Sp.~.i~l~,y ~ i ~' . i , 
is recorded in:,the appendix. ~ " " . ~,,! -"":':~.'~ i~ ...... 

Ac~mowled~uont ~is ,mastic ::for ~the cooperation ,Of the Iollor~n g " 
jua%ior engineers : H. ~M. ~.~artin -and ~L. R. Broths :in c]mrGe.~of ~.cons~uo- : 
tion, J. M. Bu~:~oll and F. L, Panuzie ;in-charGe of testin~ , ~.d~I:~. I~W. " 
Brerzer for his ~-:mrk ,in proparin G the test data for-this ,~'oport. 

l0 
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