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CHAPTER I - INTRODUCTION AND SUMMARY -

. Introduction

o 1. Looation and descriptien. The Bull lake Dam will
© be ‘located on Bull lale Creek, a %rIEEary of the Wind River,
“about 40 miles nerthwest of Riverton, Wyoming (figs '1). The dam
‘proper consists of an earth.fill struoture spproximately 1,400 .
feet in length and 75 feet in height at the daspest part of the’
~oreek. In addition, it will be nscessary to construct epproxi-
mately 2,000 fest of earth-fill dike (fig. 2). |

‘The outlet works will econsist of an intake and traah-
reck structure comnected to two 4-foot radius conorete horseshoe
tunnels (fige 3)s Each tumnel will diverge into two reotangular
control gate sections, having both a sentrol gate and en emer-

_gency gate (fige 4). An air vent looated at the downstream end
-of ‘the piers will supply air ‘to the herseshou tunnels to prevent
‘the formation of & vecuum whioch would cause the tunnels to {low
full intermittently. The section immediately downstreain from the .
gates will converge into two 4-foot radius -gonerete "horsashoe tun=
nels whieh will extend to the stilling pool. In the final design,
‘the stilling poel: (fig. 5) will have a hydraulic hump at the down-
stroam end of the tumicls, & denteted step at the lower end of the
slope, end a Rehboeck sill 35 feut 4f inches downstruom {rom tho
denteted step. The streembed will be riprapped on a slope of .63l
from olevation 5723.25, at the dowmstreem base of the sill, to
" wluvation 5735.00. Riprap three fest thick will uxteond from tho
stream bed, on a 2:1 slops, to vlevation 6735.00 on the laft side
“ of the stilling pool, -and to elovetion 5750.00 on the right side.
The outlet works will have s capaoity of 4,000 sucond-foot. -

" & comerute, open-chennel spillway (fig. 6) will-be pro-
~vidud for bypassing floods. It will have e dosigned capacity of - -
10,000 sweond~fsst with an:acoompanying tetal drop of 61 fuet frem
- the’ rasorvoir lavel-to the tailwatar luvele It .will havs a eon-
stent width of ‘100 fueet and tho flow will be cemtrolled et thu in-

“taka'by thros radial gatss,.each 29 fust wide and 11 .feat highe

. .2, Personnel. The hydraulic model expuriments for the
. design of the Bull lake Dem: outlot works ond spillwey, as.de-'
scribed in the report; wuro-msde in the United Statss Bureau.of .
‘Reclemation Hydrsulic Laberatery at Dunver, Colorade, and 4n the .
.Colerado Stato: Colloge Eydroulic Leberctery ot FortiCallina, ‘Golo-
reds, undor the direetion.of Jeeob Ee Wernock, ‘Rusocreh Epgincer.
R Thu modul of thu outlet works was bsgwn wider the supar-

- vision of J. B. Driaske, hssistent Enginwer, and somplouted under :

‘the -supervision of D. P. Barnus, Assooistu Engineur, F. ‘Lo ‘Panuzio, -

1
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- hssistant’Engineer, was in irmediate charge of the testing which
was condueted by R. K. Viersk, Junior Engineer, Construstion
and revisions of the modsl wers directed by N, M. Martin, Assige
tant ‘Enginser. ' The section of the reéport deeling ‘
‘studies was prepared by Don C, Wead, Junier Eng

. . The spiliway model was initiated under the Supervision
- of Whitney M. Borland, Associate Engineer, and camplsted under the
‘supervision of Jeames W, Ball, Assistant Engineer. J, N, ‘Buswall,
Assistant Engineer, dosigned the model, supervised‘thevc_o:;atruetim
-&nd testing, and prepereq the pertinent sectien of the repert, The
-~ tusts:.wery. conducted by D.. M. Lancaster, Junier Enginger, with the
.- -ossistance. of G, R, Filler, Llaboratory Atde.

Those studies wero mads under tho ganeral Supervision of
Jo Lo Savago, Chiof ,De:ssign‘ing-ﬂnginufer, -and Arthur Ruottgers,
Senior Enginoor, A1l unginecring work of ‘the Bureay ‘of . Ruclama - -
‘tion is.under the direction of R. F, Walter, Chiur ‘Engincor, and . o
~ o6ll activitiss of the Bureay are unduer ‘the direction of 4, C, Pege,

. Commissiencr, = - R B

por 8ooRo of tusts. Tho model of the.
- "studiud to previde
,.and to ulim

dreulic hump cud sil1; and to
. ‘Pequired-downstroem fram the.
 the strusture. R

:  Tho spillway wes ‘kewiso studied to obtain ¢ celibrax
tion curve forithe 6otss; to vliminatu any wsetisfectory flow con-
ditions. through -tho gatus end dewn the chuty; to devolep o satige. .
: fo.ctonr-stillings-pdol‘;-l'nnd to.d,«zturminuxthe.‘.uxtont of riprap re- = -

- -guired devnstruem frem ';}‘;h«_i'stilling‘?,@l?

4. Rusults and panc lusion. " Tusts on the outlet

".“;,yid':lded' date for tho proparction of & enlibretion eurvy., -

vorse ‘flw‘co_xidi_timi,\dormstrabm from the gete svetion was ;alim;-j L

“‘neted by ‘spocifying ‘-g_'gut_o .,opa;-uting‘-pr@grnmo ~Tha lattor. presa.

o _du’ru_pmy@d‘tos-bu.:moru‘ucbnanic'alpthﬁn;incros.aing.th«a length of

the tronsition,” ‘The:hydraulic:hmnp.‘us.;d inf.t}m"finnldsaigxi“ih .

conjunetion witﬁzthu'ddntatsd‘itop tnd Rohbeok.sill producedfantigy'_f-fﬁ*

- feetory sty 1ling«pool cenditieons for .l
. Tiprep propesod in thy final dusign.




‘the stilling-pool structure, with véry -litﬂb-érosibn\at;,.mu‘imm‘
dischargs. ' : ‘ - :

o - The approach trensition, gate section; and chute of the
spillway model had smple capacity for a discharge of 12,000 - .~
second-fest, 2,000 second-feot.above the design maximum. Even
‘higher discharges may be handled unless . interference with the flew
by the gate counterbalances is objestionable, The nagative ‘pres-
surgs on the erest for smell gate oponings (reserveir olevation
5805,0) wure. not considered serious busause of their small magnitude
and becauso of the remote probability that the gatas may be coperated -
under thesu conditions for moro than a short puriod.; The transverse -
waves in the chute will not affect the ‘setion of the stilling peol
‘adversely or incresse the erosion of the streem bud. The discharge
curves imeluded in this report will be kelpful for deturmining
the flow in the stroam buelow the dam in‘time of flood. The stilling
pool was shortened 18 feet snd its floor raised 2 foet with en ade-
' guete hydreulic jump still forming on thu epron., A symmotrical’ '
81ll with large und tusth was found to by mory satisfactory than
an unsymnstricnl sill with: tevth eand spaces of egual width through-
outs A dermtated stup placed whure the chute entors the pool was ‘
found to be very effuetive in kuoping tho jump in the pool et:ab.
normally -low tailwatur elevations and to have practionlly neo uffoot
in preventing uresion dewsstreanm frem the sill. Riprap plsced =
,ovar an arga oxtunding 50 fuet dowmstroem from the pool saerved es
‘2 eentrol svetion and prevented the jump frem swueping out'at even
- the lowest tellwoturs. : Lo ' L

- -

CHAPTER II - MODEL TESTS OF OUTLET: WORKS

‘Outlet Works Model

, §¢ Model of outlat works: The model (fig. 7) was built
‘on o seale of 1330 In the Domvar Bydraulic Laborstory. Tho water
¢ vwae supplied to the heod tenk by pump through o circulating ays-

" toms  Aisix-insh pete valwe ceatrolled tho flow of ‘watur from itho :
- heed tank ¢o tho modul.  Tho metol divsrgingtransition split the - -
©.- discharge .from the. sixeinsh valve oqually batweea the two metal -
“horsesheo tunpels. Plesanvtors installed in thu sides end bettem

.of the upstreem horsushou tunnule wore connested to.a menometer
“bourd to messure the head on the gatus. Tho trensition te the gates
(£igss 7 & 8) was formed with plastur of paris botwoen equally
spacud- tamplates cut to-canfomu to the inside of the tuwnnels. The
- upatr.am restangular tunnsls wore formed to reprusent the prote-
-type gootion eonmtaining the cmergeney getws. Thosv will bu referrcd
to cs gatus 1, 3, .5, and .7 numbered from loft to.right locking
~downstreom.  As thesv gates aro not 4o be oporated often, only tho.
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gete sills wers constructed (fige 7). Piozomsters were provided
to measuru tho head in the rectangular tunnels immediately up-
stroam from the gates., The operating patos, whish will be re-
lerred to es gatus 2, 4, 6, and 8 numburad from left to right
looking downstruam, were emstructod of trass to simulate the
S5-foot by 5-foot slide gatus of thu prototypo (fig. 8).

- The transition from the gatus was construatud in two
perts (fig. 'Bgr: The upstruam portion canslated of ‘four metal
tunn:ls with g-ineh radius leathor fillets; tho dewnstream por-
tion was lormed in a split mold with plastur of paris pourmd
arowd two woudon geres. Tho mold was contained in a shoot-matal
‘box to which wurys boltud thu adjoining:-perts. Two metel horsu~
shos tunnals (fig. 7) ware coastructed with remcvable tops %o
pernit observation of the flows Thigy uxtonded from thu trsansi-
tion to the stilling pool bax. ' : ‘

The stilling pool bex was § fust wide by 12 fest, 83 -
inchus long and 1 foot, 93 inchus deop, end was supported an.e
woodun frameworks. The box was lined with 24-gagu galvenizod
shuet mutal. A6 originally duziged, the stilling poeol (fig. 7)
was construotud of wood supportud on 2- by 4«inch joists. The
tallwater was controlled with a hingud gate at the demstrvem ond
of the stilling box. 'Thu tailwetur vluvation wns obsorvud in a
mananoter mountad on thu side of thu tank. ~The wator passed - -
ovur this hingud tallwnter gate into o reburn fiume., Tho dischargo
wos measurud ovar & 90-dugred Venotch wuir lesated butwuen tho
rotum flumc and the pump sump. ' '

Tho hoad ‘on the wuir was measured with two heok gegos
locatud in stilliing welis, and the vluvation of the wnter in tho
huad tank was obsurved in a mencawter mounted an thue gide of the
tank. The wator surfeco end uroszion in the pool wuro mossured
with a point geygu meuntud on rails parallul to the medols

The hydraulic humpe were oemstructed of 24e-gage gal-
venizud shuet mutal pleced over redwood fremes, and the sills
wuere made of sugar pino boilsd in linsuod oil. Sand was uscd £o
roprusont the oxvavated river bud in the orosion studius. o

6o Slopu oorrustien of medul. Due to thu -imbility"fc |
trensfur the volus of KUEter'a "RY on the prototype to o dyneme
ically similar value an tho modol, it wos neovssary to imorease
thy siopo in the medyl $o corruct for the dissimilarity. Assum-
ing tho gatss to b tho comtrol sustion, nince abowe this point-
thu water is undur prosswe, the hydraulic lassus in tho proto-
typv wure camputud as follews: - B

(1) Thy eemputud protetypo .ics.s in "tlhtaj:ti'nm'itién'-— 175




o

(2) The computed prototype snurgy grodiemt = 0,074,

"(3) ‘The length of tunnul = 216,30 fuot.
L (4) Hoad loss in tuindl gquals '0.0374 x 215430 =8:06 fuet,
©ond the'total loss is 8.06+1.75=9.8L. © -

N R e . Slops {model) 7'={N§Mﬁﬂ3 (Scale
_(?},__-ﬁy;_s#ai}aritv:- g'r‘P"'r—_"fopu {protatyps) ( “{prototypel] P

" Using en N of 0,010 for the modul and an N of 0,013 for the
- prototype,the retio of slopes is Sm o= (0.010)2 V(so)l/s = 1o84.
' - (8) The ‘inerecee in frietion Slbp,u.= (1'.'84“- 1,00) = 0484,

ond the oxcess hond loss is 9481 x 0.84 = B.24 feut,

. (7) The'prototypy difference in uvlsvation butwoen the - gote
sill end the tunnel outlet = 10,67 fuet, and the neeesscrydrop dn .
the medil = (10.67+B8.24)0.4 = 74564 inches. R I ‘
: . %.Tha model-of thu ‘tunndl-wes slepud to preduco =z drop from
the getu sill to the tunnel outlots of 7.564 inchuc. Since the
-operction: of the portion of the modyl upsirecm fram the: goty sces
‘tion wos indupendent. of ‘the slopu, cll of thu modol was pleGed on
“the seme slope o5 thu domstreem portion %o ‘freilitote construetiom,

. Dischorgo Conditiens Through Control Gote Suction

- . T Calibretien ef potus. 'The model was initinlly cssembléd
‘dowm to cnd including thu gato section (fig. 7 and plate 1&). Tha
cantrel gatus will be referred to o5 gotus 2, 4, 6, and 8 mumbured
from leftito right looking dewnstreome A small V-aeteh woir, placed -
demnstreoam from the gote scetion, was usud to muasure thu discharge o
“through ecch gete. Eceh gote was calibreted soparately with full,
thryc~-quarter, enu-helf, ond ane-gquorter gote epenings {platc 1-4,
‘<B, <G, und D). The colibration surve (fig. 9) shows thu disehorge
for ony gotu opercting alens, cad for £ll gates operating unifermly.

" Hydraulic Action in: Ugstrcém-?éﬁim-of
‘ Oub let Gote rc.nsitianl.

RN - B Flow .-:'omiit‘idns. : ‘;'I'h-.x_- ug,estruam Vpo::'tien of t}w ou:tlcft
- oty tronsition (Figs. 7 cod 8) wes.cdded to the gate seotion, ond .
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the hydraulic metion was observed for different gate .openings.
As the gate opening was inoreased, the transition tunnels )owsd
frae until a pgate opening ‘of 97 percent wes reacheds At this
point the tunnels.flowed full. Figure 9 shows'the weter surfaces
at the dewnstream end of this portion of the transition for threas

. Cifferent ‘gate openings and for . els flow As ‘the.
£etes were closed, the tunnels flowsd full until an. opening of :
-36 peroent was reached, after which the tunnels flowed fres. Plate.
1-E, =F, =G, and -H, shows the flow in the tumnsls for difforent
conditions of discharge end gate cpenings. S o

9. Effuct of air vents, Air vents were placed imme-
diately downstresm fram The gate seotion to aurnte wach transition -
tunnel. . The use of sevorsl slevves of tuelescope *ubing provided
& convunient method of varying tho size of the air vont. It was
found that a tubo with an inside diemetur of 3/16~inch wns the
smallest air vent that would allow the water in the tunnels ‘to
flow free with gates fully open. iPlate 1l-I and -J shows tho ef.
fucts of the air vunts on the £lew characteristics, ' =

Hydraulic Action in Downstreem Pertion
‘ ' ‘Gate Trensition :

10, .Flow sonditiems: The deamstream portien of the
transition (fige, 7 end 8) was added, and the top of the transi-
tion was removad to facilitaty observation-of the flew. The T low
fram the two centur gatu tumnels produced satisfactory flow cendi-
tiens in the transition tunnek, but tho flow from the two outaide
gate tunnuls gave advursu flow conditicne,  Plats Z=A, <B, =C, and
-D shows tho flew senditicns with al), E8tus open an oqusl amount.
Plate Z-E, -F, <G, and -H shews the flow with one side gate (goto
2) &nd ‘one centur gate {gate 6) sut equally et vericus -openings,
the rapaining two gates baing ‘¢ losed, . R

| - The edvurso flow ceuld hove bean aliminated by ‘increasing
the length of .the transitien which would khave allowed tho water to

_ change direction less abruptly. ‘Beeauss ef +tho increased gost of -
_such a ‘ohangu, howevsr, it was- cons idured ‘preferable to establish
& gatu<gparating schedule, As it will net be necesacry to dischargo
4,000 seoond-feet eontinuous) s 1t 45, therefors, recesmendod that

- the two inside gates (4 and :6) be eporatod for normal disoharges
‘dnd thet the two - outsidy gates (2 and 8) bo-oparated only when nd-
ditionnl cagaeity is ‘needed, . ‘ ‘ SRR

-

’Originzil Desigr{ of S¢illing Pool |

R ‘ ins d stilling pool. The .
modul of the orig £ poc g (agss T AW, Tomd
‘Pirte 3) uxhibited thrue unfoverablo ‘flow chorastoristiss, =
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(l) The hﬁraulic jump formed ‘inside thy tuinels at maximm
diseharge when the’ tailwater (fig. 10) wes five feet above norisal
(plate 4=A). This would be the tailwoter condition 'for maximum
.disoharge over the spillway. The foming of the jump in the tun=
‘nels ecaused them to flow full, and: duc to tho inorenss in fricticm,
the tunnels eorntinued to flow full even afier the tu.ilvmtur was

"1 decressed. Aoration of the. horsashou tunnels digd nqt remove this ‘
N uni‘avorablo chnractsristio.

(2) For. mxim\m dischnrge with no“mo.l tailweter, the Jump

}_{..'femed at the dosnstreom end of the splitter pier (plate $B).
' “Plete 4-C-shows the flow in the pool with no tailwnter, Figure

. 10:8hows the weter aurfece profile in the stilling pool for maxi-
L ‘mum dischurga end normal tailwnter elevetion.

LT (3) When the flow fram. thﬁ twe tunnals was: unbo.lvmcd, ad-
; versc flow conditions were prodused in the atilling poocl. This
. oansed the hypdraulic jump 4o foima in the tunnel earrying the smell
‘diseharge. Plate 4-D shows e dischergo of 2,000 secand-fest
~through the loft tumeol. Differemt types of hni‘i‘le plors i‘ailad
' f-to deorense tho hgliecal flow in the pool. _

. To eliminate tlm unfmcrablea flow ocmdit ions i‘b WS
‘necessary to resart to other mouns of swpending the jets oot of
rcming the jump to forn- dmatrem fron the tumel mxtlat.sa

Study c:t‘ ijﬁﬁmnll@ Hmya

. OS5 o hydrnulie hwags -of
wvarious dosigne (11ge 10, wero stuhisd 68 o meens of spreading
the jet from the tvmnala ond of faming the jusp 4o forn dewn~
atream from the tunnels for all cembinations of gate opening and
disohnrge with the tollwetsr 5 fuet obove normol. Humps 1 amd
¢ epread the jet satisfactorily omd held the Jump dmtrm fm
tho t\mmal out.lets. The. poel hmwr we vury rma,gb. o :

; , J. high fin mam-md ﬁlmg thﬁ am lmu nf tha pml o
and along esch wall with- hump 3, but the water surfzes in the
“posl (fig. 11) wes quivt end the hydroulic jusp wes well formed.
-and well pleced. The: hydroulis Jump for hep 4 was too far wpe..

. streom cnd fluctuated umidem.bly, esnta.ﬁ.ling a-vory rough water
- surface in.tho pool (fig. 1l). ~Hump '6 improved the Clow in- tho
peal.(fig. 11), but the: l'q,ﬁra.uliu jmap formed- tao far. \@B‘ti‘m

Tor- stabili.tyo o

18
_‘wr\s m.dﬂ w&.th

-"’"i'ﬁ':;‘“i'irﬂ PP eF%ha dwm Mramﬁw Toraed the %una _
‘ " appears to be that desoribed in PHydraulio Medsl Studies fer
. tho Wille Cresk Dun™ by George B. Bsmes, Case Sehoel of Applied
- ‘Soiense, Cleveland, Des., 1834. The seme device wan. muhmqm‘*l;v

ﬂﬁ;uaod by Me, Bornss an at least: a@@m ather dem mﬁd@l@. R
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in tha modul 5" i‘eat in pratotype) Thu pool woe rough with thn
cflow censentratad. in thy: senter. Ratum flow oocurred ‘alang toth -
-8ides (fig. 11). At-sertoin discharges: ond  gate combinatiens, W
desirable ‘halieal: {iow ascurred 'in the: nool. -Hizp ‘6, the ssmifinal
- ‘Gesipn. ovolvod from ‘the fcmgoing studms (fig. 10), k,roved am:ia--
factor'ya : .

De‘temimtiun of Stillirg Poal Dimenaions

M. Nidth of atillmg anl mdx.diver snco.- of side wnlls. -
Hump 6 n.n.orig mﬂy construdtoed wos SU- 3. wide -in the medal: @
~:(f4g+. 10 and .plate 5-i), With a: dischnrgo ‘af 4,000 socwd-i‘eot
o (plate B<B) the jet ot The top.of ‘the hump spread to chout 8ix
:inches ‘on either side of the centor lins. ond continuad ‘this width

“throughout ‘the ‘leagth of the pools :Pi00os .of ‘sheet. metel: ‘ploced ton

eit}mr side of the jut proved convonient ‘for detuminmg the. correct

; nngle of flare for the sidc walls: Platy 5-C cnd" fizuro 12 ehuw
the sumii‘ixml dasign wit.h th.o correctod aido-«wmll flara. _ -

15, Lenpth et stilling i ool. Studies for' dutamining 'the

prope.v leng'hh af - st1l ing potl-and. positign of “the sill Wﬂl‘@ made.  an

“Ahe semifinal: dasign using the flnrmg sidewn'f 1s, ‘hump 6, a: dontated
stap, ond various Rehbook sills (fig. 12}.  The demtatud step.was
plnced ot the downstreoam end of the hump, . and tho distanss freom: the

“ dentoted stip to the sill wos:than waried. Platos 6. ond 7 show the
_eharocter-of the flow and ‘the goour: prmiuced by thres difforent '
longths. of -peal. Figure 13 shows the water: ‘surfnce profilos and’
‘scour for four diffurent lengths of pael. It was: found ‘that ‘tho
pool ceuld by shortened vri*hout ‘detrimental offect, ond this. revi-- -
‘sion was inecerporated in the" -semifinal . des:.gny The behavior of :this_d :
rav:l.sed design wos ,satisfactm'y. oy e e T e T

Style of Sill a.mi Rev«.:’hnmt

_ lb. Dentatad and Rah.bgck sin.‘_ Differ(mt da 1915 of
' Rehbesk: s:.ll Wore Ink with o dentcted step (fige -
“12)s 8ill G produced satisfo.etmy i‘law dmditmns ond this pool \
1e.yout wes then used’to. study somamu" :I‘cr the. da 1gn o:i‘ the. mv&tu e
m.ent. : T _ y : _ S ,

S 1T Revet:nunt.. 'ﬁith s:.lx. G and paol 4 uhfur@nt re*wt- s
nem: plons {fig, 12) were studz.ed 4o .detormineg the extent:of. rlp- o
‘rop necessery to insure stzbility-of the astilling psol strusture. . -
‘Revetment ‘scheme 3 which wos constructed of send (plate. B=A ond "B} © -
shows 'the: need of riprap for protoction nguinst ercsions Revn'&amxrh R
‘scheme 5 (plate 8+C and <D) was of ths same type .us 3 exeept that
‘the river bed wes ripinpped. Pleto.9 shows the orosien and watar

surfaccs with: revetmemt schomes 4 and 8. E-igum 15 shews the mter:-‘]_
surface ond eresion of riv 2o ’bud I‘or revetmt schmaa -3, 4, 5, a
.Jid 8. ‘ v : :

..‘

18 _"Sem'ifin:"xl.dési@_‘_._ - 311_1_:1, :;&-Azi‘xodifig,ntig:'x,:,ci‘ a1
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G, tad ravatmrmt ‘schome ‘10 (plo.t:u 10-.:1.) TG to‘ata‘d ifor varlous: .
igatu cumbinations to dJeturnine the finol ‘aotion in‘tho pools

. Figure 16 mnd; ‘plate 10-B show the ercsion and woter surfoos ‘for:
‘o imm diachcrga end pormal toilwoter: alovstion. “When the tnil—,
weter wes § fost (protetyps) cbawo. noracl (fig. 16) no sreslon: of
the 'Tiver bed :oscurred. With:cn unbdlonged £low of 13,000 sesond= " " |
‘Toat (fig. 16 ond plute "10aC ) iwory ‘1ittle-eresicn ‘oceurred cad the’
Tlow sonditiens in.the pool ware: satisfestorys. 'With:g’ ‘balonead -+
“flow -of 12,000 :sesmd-Ieol (fi.g, lb), no ‘socur ocom-r@d und. “low
.senditiane wure nntisi‘cm:ory ‘ o

. Th.a semifinal’ dusign was uscd as’ ‘the finnl dasim emapt e
far minor chongss ‘dn the edvetssont ond 2lape of the hwspe ‘Simse
‘thesu whangus werg mede for costrustion ronsone enly ond- eoulél
-produce no o.dwme hyﬂmu&ic M‘bi.m in L'tlrm m@del, thay Wore :mt
tustnﬂ.

1‘9» Rmam pdod deﬂ Tlrm maulta out’.lined in em

o 1£@rsg'kaing porogrophs LAy D ¢ DI J.y recapitulated to:indicate: pma_f o

cisely'the finally re@emmm& design ‘of of the outight works: atinmg
‘pool. Tha pool itself, hump G, proper aide wolls, apd sill Biinl
Ats odopted: pesitien are shown in figure 14 as. ‘Posl 4 R@N‘hwb SR
schems 10 is -shown in figure 14, axnd plotc 10 is.e phat@gmph m‘ :
:the whole as finclly testede

| CRAPTER ‘11 - TESTS ( GPILLVAY KODEL

Spillw&g_ii@dﬁl

L ‘20. Cansbmc:tian e:f :wdeh A -mode)l of the. Bull m :
" apillwny eonsisting afn: “Tatoke seation, gote aoot:!.m, SRR
_&hute, poal and sond- ‘box: was. emstmtad ‘o« acale of 1330’ (fige‘ L
'37) in the.Colerade Stote; ‘Collegy Hydpaulie ‘Laborctory ot Feet
Collins, Celerada. Tho' head -tonk was built .of wood and lined: w&th
light shest metnls The- werped walls of ‘the intoke: gecticn were
‘mrdo ef ‘conorete. The piers ond gate seotian winlls ware: @ens‘tmtac&
ol rodwood, the gatus and. srust of Z0-zage . galmixud .sheat irean.
The chuto ond peal woro mede of .weod, and- Yingd with 27=£0g0 gml-»

vanized irene 4 lerge weeden bex 1insd with light shect motoliuma a5

filled with sand to- mpa-esam ‘tho :river bud ‘downatres frem: Ahs
. ponls. An adjuebabis: wair: on; ﬂm mmi -:31‘ thn gond b&z WRE mmd t@
‘ mg\;ulatﬁ tho tﬁilmt:sro

RS Thr.s maumir ulumtmn m mc.sumd with & how 8 m'* :
N ﬁilling wull: attoched. by hosu to.: 3icamter cpaaing mgaé—‘z  :
| s‘t;.gmﬂ '&:m&: AAG flsnt 880 was - uaud %o m&@rd!. 'tlm taﬁm;&wr _olmnu

B mu s (0 . S . :
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s Wat@r wos supplie& to tm medel by grnvit'y from o 30,000
‘qublosfect reservoir. Flow from the reservoir inte o weir bax
1345 feat long, 10 fout wide, and 7 ‘feet dasp, was reguloted. by
‘hondeopersted gatws. The quenfity ef water wons msasured owr:n
volumstrionlly colibrated 2-foot Cipalletti weir, ond was then con-
duoted to the medel through o 2-faot ccnorete semdudt. After it
hod paseed through the medel, ‘the water wes returned to the ‘reser-
voir through n pump whoae mxi.mumc cpacity is rated e.:ﬁ: ubout oight

‘ aeunnd-si‘uat.

»;socticm wes wry sm.isfnotory ond no att emp‘i. we.s ma.d bo nhan.ge tna
«m-iginnl design. col S _

S The prassure. distrlbutim {rig." 18) on'the grust was
‘measured ‘both with and witheut: the getos in eperatlien. . Slight
‘negetive, proasures.ware notad for dischorges of 2,500 and §,000
‘:seconﬂofeeet with the reservoir woter surfoos ot wlavation 58060
A swith the ;gates in-operation. ‘Fres f£low over tho arost geve

positlw pressures for oll discharges. Water surfoace profiles. (fig.
18) on the conker line ef the middle gn‘aa ware fiso tn.ken i“mr
: wrieus dischnrgqs..

v

Dischos rgz-oaeffisionts (“ig. 18) wore ebtninud Tor frea it

‘flow as wull cs for waricus gate opanings , tad & discharge diagrom
was prepared (fig. 18)e. This dicgrom shows both the froc flew:-and
. flow for different gnote openings end reserveir ulamtions. ALY
' _'-‘tln"au ctus ware operc.tud unifomly. ’

: . 22 Tho ghute, The section was. connected tc The- stilling
“.pool through ¢ ehute with parellul sides. The Joining of the flm
from sdiccent getes ‘dewnstrucm from the thick plers (fig. 17}

- etugud transverss woves in the chutu.(fig. 19). Tho offects of
‘these woves continue into the stilling poel. I«Ixmmraus dosigns of
‘the downstroem onds of ‘the piers were tuatod in onm attempt to
_oliminnte thesa wavus. Some improvoment wos noted for a fow of

the designs (figs. 20 end 21), but it wos not-oensidersd suffi-
ciznt to justify thu cdded expunse of plur censtruction. The

water surfese seress the chute at wvaricus stetiens wos mucsured
with the original plers in plcewe. (fig. .19), znd ¢ rucsencbly wni-
form oross sustion was noted at stotion. 4425.0.whore tho jot anterad
the pucl. Vulesity mscsuremonts were: t-akcn for o-disoharge of ‘
10,000 sccond-fuwt rt stetion 4425.0 with no slepe corruction op-
_pliwd to tho -ohute f loors  Tho mecsured’ musn volesity, found to be.
'59.4 Tuet por svcond (fig. 22) checled tha caiculetsd méen velocity
of $9.,2 fust per sucond ot tho some scetimm. For this reasen.the
tosts an tho stillin.g paol wure mede with ao slepo oorrﬂctiona
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W'zarismnl Pool With ERE I LG0T LAVEL:

‘strear-ond at.station 5-«-00.0 wAs MW thmn cdoguate ‘for o dis-
-oharge o 10,000 second-feat, 'A-zatisfectory. jm@ fﬁmad in. tm
3 pwl without the usa of & ﬁtap o si‘L en the apmo :

, . Pour’ tests wore aode: u&ing szm.d domatroon froa tha ,
.rnprcn to atudy the effectiveness of the symustrical sill, don=
tated step, ond solid step (fig. 23) in proventing ercslom of .
“ho stream bed. ~The resuits of these tests (fig. 23. end plate . -
'11) showed that the symmetrisal ‘zill wes very: sffestive in pree
‘venting ercsion of .the river bed,. ‘end thetweithor the deontoted
.step ner the selid step aided in. mm:raprwmwn Aomsstroom. rmm
‘the opran. The tops-of ‘the ‘braas reds dn the plotures indloate.

the originali send bed. ‘Tha: ,zt@m wers . af fwatiw An b.@lding the ‘
 jump in tho pool at tailweter elevntions mush lewes thas nommei. iy
‘Ae the. i‘aresaing Lot indiscied. mn@m ‘tailunter dspth as well 28 ‘
nore than suifiaim pml lmgth, *"i:irw SpEon WeS ! misvad mﬁ the
pool ahartmdo Sl L o Coo .

zx&,, eoomupnded desim, T!rm' gm:mi fiocr WS - rﬂia@sl'twu =
faet from ulswatlion D726.0 to oiswntion B727.0 and the strusture
was shortened 18 fesgt, from mtaﬁiw 540060 40 448260, A tentoo
tive rocamended ‘dosign had o dexteated .atep ot statien. 4425,0
-ond oe msymwstriesl s5ill (fig. 23) plased with its dowmstresm
-6dgo: ot stobion 4481.25. The stop was used to: kaep the jump
i%hin tho.pool at sbnormally sheilew: tailwoters cad the unsyme
me?.rmal gill.wes used busause it simplified tha @xpmim-jom‘t
spnoing. Test: 16 on thizs arroungement was cosporable to:ths ore-
‘aion tesiis on: the. origincl pool, tmd: tim BROW: dmtt‘ewn fz'm
‘itha a.prm. was not serisus (rigu Z‘%). :

In: thn i'iml memmml@d d,migz, tha dmtateﬁ s‘tap s
.omitted b@m.usc At was found Lhat o 50-fout: astrip of ripmp dmm~

ostrapm fegmitho aprm wns woaslly- of fustive in kooping the jump
in tho pool.at abaermmally lew tailwnter alevotionz. The unsym-
~metrical '8ill wes cleo rep.luced by the. mymwtrmnl 211l becouse
“the ereaion vms mm wwra dmstrem frm tm on-:is cai‘ the
fm’m@ro

‘This dasign was setisfostory for all diseharges {plate
©12). " He seour/escurred whan 50-feet- of: three-foot z':‘.pmn oS
< plosed downstrosn Trem the sille The tailweter squld be: dreppad
4% feet bolew normal nt o dissharge-of 10,000 seocad-fect withuul
‘gausing the 'jusp to swaep off the cpron {plate 12).  Cengider-.
able aplosh wos aoted in the. poel ot the nexinuwm’ dmig& dig~
~eharge.  Small drops of water froguently. attainsd a helght of =
e foot (medol) ‘abave:the’ twp af %w atinmg p@o‘ mllg‘ 'Enri@w_
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