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-cerning the spillwey and outlet workuun
- adeguacy of the- designs prOpOsed for th

“fﬂ'.,, ' upltream and downstroam from tha crast. on: thr capacity? fwt
' ' | way, the-data to be. uaed for deoign purpoaas.i‘Charss of ihaae,da =
; are preaenaed but more extensive studtas have’ been nnde -ince.:and :
;the resulis ‘ef these are. presented in Laboratory Eeporte HYD 118" and.LSE




vslocity flow %o nondestructive form and praventaacour.

‘riverbed which might ondanger the structure

singly or simultaneouuly

Summarv of Results.‘ mhe exceusive eroeion of;the floor

stream. faca of the dam. The approach conditions to t: e
‘were of sunh nature thaz 1t was - nnnecessary to change th
verticel shape e o o :

’ effectivo stilling pool for the apillw&y flow vas 1ndicated(yprov1&1ng.
‘the pool - rloor nas rained two and One-half feoat (prototype). shortened
fapproximately seventaen faet and staps and sills uere placod on the apron.
| ‘Humerous tests were required varying the :shape anu allnemens of: tha fﬁg

‘ ving»walla at the end of the pool. to odtain & design that would prevent

7 *310988179 _erosion of the floor and slopes of the channel between the SRS
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mixture of two pares. ccnont to ono part of moulding pla-tor.,'cartful  ‘, e
‘seresding and rapid handling prodncod~' inooth tininh. !hc h&xturo e
used for this pnrpolo vas’ ‘chosen’ boc&ua “‘f ltnknogligiblo vol
_chnng- during the hnrd.ning pnriod 0r03t piu:ulctnrc vore fna ned
the bdesnte befors ths: pauring uus dono.. A -ocon rnut nhnpo wnn nadn
eimilar to the first but. 'Il caut in piloo L“- R -” :
The floor of the nuillwny chann.l 1nnodiat01y dovnltronm rron tho i
orest was shaped of bents’ faced: with 1-1nch Vho ingf.ovored with 25— ké
‘gage ¢alvan1:nd -huct 1ron. Trniniug unll 8f:woo _lcrcvcd to thi-
floor formed the main splllvny channel, ‘ ‘ﬁ“»‘ C : " S
The junction of: the creat nnd hoad tank lal -nde vntartigh -hy :
'nnld.ring. The spiliwvay chnnnol ‘was. joinod to the tuiluntcr tlnk ‘ﬁliiﬁ
like manner, ‘ T I Fl R S i
The stilling pool at the end of ths spillvay chnnn01 con|1 :
' a false floor, training. vnlls. #ills, and; wlng-vallc. All except ‘n' "” |
latter were conltructod of: oil-traated redvood..;‘,'." T g

duction of the downstream contouri ~as made- posllble by fal onlngb r  |”7"'”ﬁ
rode of the proper length to the tank. floor.‘_"‘ i 1f .
Metal channels sdged with- galvunisad lereen -nd raised nlightly '
off the floor providoi rapid draining to: fncilitate photo;; phing
‘betwesn runs. — ' R R R
The ontlet uorkn at: tho npltronm ond of tho Mt1111ng pool}co
sisted of metal transitions and a: dtvor;ing reduoo“cxit-channal.

outlet Iupplr wa® convaysd: from a lllll portable 90—degroe V-notch

waliyr to the transitions throngh ooppar tnbing. 8 i
The model, with sll- recommonﬂ.d features: 1nc1uded. 15 chovn on
“Plgures 5 and 6. ' ,
The tallwater regulator was of the variable-haight ‘weir :type: ‘son-
sisting of a canvu--eovorcd gate, hinged at,the,floor‘and:controlled
by wirs rope and a pipe supported over the model. A car“ltiorihg vheel




B = Looking upstrsen

1:60 MCDEL CF FRESNO DAM SPILLWAY WITH
RECOMMENDED LESIGN FEATURES INCLUDED
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L footing upatreum from the crut '.l'he drawdmm fron L
~“ithe spillvay:caused:a lateral’flow: from: the: right alnng;thn fme of he
idam, - whichs 1ntar£orred with the. longitudinal flow in the: approo,eh- |
'::};channel. prudncing a lurge swirling Jet adjenunt t.o the: brsin!ng.,‘nu. v
eauung this acour (!igures 63 and C) Tha diatnrhanca. ntondnd dm
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FIGIRE 8

B = Flow conditions in approach and around wing
walls, Diacharge 51,000 sacond-feet

C = Scour caused by dischargs of 51,000 second-feet

FLOW CCNDITICNS AND ERCSICN IN APFROACH CHANNEL
OF 1:60 MODEL CF FRESNO DAM SPILIWAY

CRIGINAL DESIGN WING WALLS WITHOUT RIPRAP




f\“ - FIEae
? h. st ling

~pool action, - Although the erouion adJacont to tha wall,_aul 8

- reduced. lnterinlly by adding riprap ;o the np-trcam tOpogrnphy.

"yvaa deemed ndvilnble to obtain a wal denign whidh vould corrac”;tha

riprap: olittod ST e :
“For. ccuparllon. thu marinum flougfiﬁmffji
- .type), or 1.83 mscond<feet (modol)f"”H' hrc *this ‘phay
the inv-utigation._ ¥ 4 dl:ign shapdd% f: an 1nc11nod ellip_'cal
' “der, used: snccaalrully on; a pravioﬁs modelﬂ ‘ ' :
’ ‘Inclinnd nlli'ticai wa11._g

noted ‘wag! then teltad.,;f. e

Vertical iigg:!glls. <A vertical wall,with _
(design 3 Fignre 7). sho-ed a decidad 1mprovement in urfacchondit ns
‘but gave only alight improvemant in} tha orosion of, h" approach Nannel
imnedistely. uputream from’ the right and of the crest ,Fignra 93 e
failure of thia well. [13 perfcrm a; vell aa the 1ert wal' vaswascribed
to the difference in the direction of flov toward 1t,3 ; t

moving: the wall up!tream and 1”°r°551n§ the radiua of the
‘investigated, R : .- S 2

radius corve, ‘There was a slight 1ncrease of erosion so an- entirely
new shape was: selected ‘for the naxt test, ' '

Werped- Iigg—walls. A warped wall consisting of a combinat101 Dfaa
vartical cylindar. an. inclined ellirtical- ¢ylinder, and a WATD was
instelled (design 5, Figure 7). The surface disturbance on the warp

15
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was slightly more than for . . : :aazgn‘a er 3, but. :ho cronion'vna,

redused to a negligible smount %FlgnfiuSC)._ Potassiun: pornanganata dye;‘f"

“iatroduced into the water naar tha outer- cdgc of tho wurp. diuclo-od .
stroaning flow from the trannition to tho creit. Thiu doaign was:: con—7“
sidered setisfectory and recommended as A tontntive aolution panding

resulte from succesding tests on limi lar dullgns.; In ordor to: limplifys‘;h ..¥£

the wall, the 1nc11nad,a111nticn1 cylind-r was: elininatad 1nﬁ"
.tent,

A wall, consisting of a vcrtical crlind-r 1nmediatoly.upltroam frqm;fn

the crest, with a warped surface connecting 1t toa 3:1 slopc on tha np-;“"”'

'streanm face of the dam (design 6 Tigure 7), wasg 1nvestlgated., The e

-surface sppsarance at the wall: was practically the: uane as for deni;n 5.1~.33n1\?

A 1ittle more srosion cseurred nnltroan from' the: crout and. adJaeant to
“the wall, This 1ncraaae in eresion uau probably duo to ‘8 chnnge 1n ff
eurrents caueed by the lsss ltrenmlined ahapo of the tranlltion.4 e

The shaps of design 6 was nltered to reduce ‘the: aroa in which tha S
sddy formed adjacent to the wall. This was nceonpliahed by plaeing tha‘f‘ 

scresd lines for the warped surfsce normal’ to: the- crent axil (dunign 7, S

Figure 7). The change did not affect: the aurface dilturhance.; The :
srosion along the base of the warp and upstream from the cr-st wn- })_n
increaszed. Bven so, other variations of ‘this. nhapo unra triod o
Alterations to design 7 were made by moving the top edgu of the‘ o
wall upstream and reducing the nngla of ‘the balc of the uarp with the :
venter line of the spillwey channel (design 8. Tigure ?J. Thia deeign
gave more surface &intumhnnce and orosion than eithar deuign 6. or 7 _
This condition wes appnrently caused by the nhrupt changa 1n direction
of flow csusel by the transition wall, It was believed thnt a more ;;, _
gradual transition botvonn the face of the dan and the - npillway channol o
would improve the flow conditions. e ‘ SR
A WY, 25-fo0t radius curve wes placed. at the. top of the: wall (ole-'

‘wation 2588,7), and the warp surface changed slightly (d@aigm 9, Flgure

100 The water flowed over the upstream ocorner of this wall. sc & parapet

three feet high was placed around the edge of the werp. Flow conditions

414 not change materially from those for design &, but the erosion wae

somewhat 10:8.(F1gure 1JA)., Farther improvement was desired so minor
‘changes were wmade for subsequent tests.

17
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The vertical purlpit wlo renoved from dloign 9. the- lptllvay lldﬂ

of the warp curved ‘and {ts top: rnllod to- clovation 2595 0 (dalign 10.iﬁﬁ“' '

_fr!gnrl 10). MNow conditions 1mprovod. but the erolion ronnined abaut?iflu
the same as for design & (Figure: 11B). 'The: resilts- voro conparnbla ;

Wit thowe for dssigm 6, the surface: conditionav‘%betng slignnly: b-tur_' B

and the erosion slightly vorso. !ho dirforenca val lﬂlll, hovcver. R EED
and ‘Ony choico ‘between” the: two vould dopend on.. oase of conltruction
" rather than hydraulic-action, SRR o R e

The A1fficulty in conlbructing the unrpaa trnnlition- to,
~‘thus far was: forne-n. thna e simpler delign vas sought.u :
11ar %o design 3, oxtupt for the pastd slopos. wa oonltrnctod (dolign
11, Figure 10). Thers was a slight tnrfaca dilturban'”ﬁnnd a hnd";cy>
for the approaching aurrent’ to. roll againlt tha vorti ll:vnlllhcf re: g

1t entered she spillway: chnnnol Eroaion ual nesligiblo <F38ure 12A). ;'i o

but the vertical part of" the vnll roquirnd lubutantlul rooting,ianﬂ =
the d-pth of. excavation: roquirod to: provide this: footing nado the dnligdﬁ

too expensive., Morsover, 1t was considared inadvilabla so cxcavnte nnchff'fﬁﬂ”

& large quantity from the dam prOpur.

Another varp was constructod in: un utt-upt to- eliminlte tho obJac-“fi 

tionable fcaturos of the previous: dnsigns. The surface nhapa was

‘generated dy passing: a 'trli&htOdcﬁ llﬂng two screed linel while keapingﬁﬁ o

4% -normel to the spillway centorline (d-aign 12. ?1gura 10) :
- hydraulic comditions with this- ‘wall. vore aimllar bnt alightly leas
-severe than for the originnl dcaign (rigure 123). nnd was’ thoroforu |
unsatisfactory. A :

The warped section of the wing-uall in d-uign 12 was moved 25 feet
upstream and a 25-foot uection of. vortical wall placed botwnen lt and .
the spillway (deeign 13, Figure 10) This._in effact, moved the drav-
down region (between the re-arvoir 1o the spillway channol) fu:thar o
upstream, but resulted in no 1nprovemane 1n flow or. orooion condltioha.i"

Its ineffectivenees was attribnted to the comhination of shallow appronch_ ‘

and transverse flow,

At thie point it was thought that_further investigation was unnec-
eseary. Several of the wing-wall designs up to this point were satisfac-
tory with design 5 outetending, This design wee recommended for the
Tight wing wall of the Fresno Dax Spillway.
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Originnl Crest Deaign. The original: erout (lixura 131). !1th
th; ariginal right’ wing-wall, was cnltbrntod to anccrtnin th-Jiptll-
way capacity with the re-orvoir nt olovatton 2591.0.\ !hn dlschirg ;
was found to be 47,000 locond-feat or: h OOO oncond-fost lcts than . thi
derired capacity of 51,000 sncond—foot.. !h' raa|on for. the low dtl-
charge was investigated: when oompntation f _ Y ”‘n  5”
fest of crest length would be neceleary tondhtain thc k OOD aocond-
feet., 1t was believed that the nwirling Jnt, whlnh forlnd at,tho
right end of-the epilluay,vith_thin doltgn ving-rnll, contributa
the difference. The design of;the uall van ravilod. But tho 1ncr¢¢
in flow was slight.tnakiné thei
estinatéd additional length of |
t1ty to 51,000 second-feet was
wall design failed to mcrou'e.

.¥inal Crest Dﬁlt‘g._
mataly two feot (Fl;nro 1}3). !his 1ncr|

over tho crest followed a path nearer. thnt%"ﬁ

pressures on the crest were: decreased: noticclbly (!1¢nre 15). ’
These changes in the flow conditions: 1neronlcd the dilchargn LT

coefficient from 3.5 to 3,8, Further louiring.of.th-‘tleor;of.th'_

chute would probably give addiﬁional'nupnbity.lhﬁx'thn:llxilhlﬁfiiw;

with the reservoir elevation of 2591.0 was slightly in ‘sxcess of the
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-and B), (nornal tailvator). lven so. a retnrn’ilov 1nnodinta"

-rapped slape (rignro 1!1). The drovnod condition

*high 8411 und ltoppud qproh. : . ;' ; .
ntudy ‘of” tha‘ralntlon betwoen the tailvater rnutng curvo snd e

“the thsoratical Jnmp-h.ight cnrve (apron elovation 2&97) shows dneper:f

;tailvater- than necessary to: forn 8- good Sump: for diochnrgeu below

80,000 - saeond-foct. and - & depth: too .shallow: for greater diech;rgeu

:‘.(!1gure in. Eovcvor. LY Julp—height eurve - obtained by varying the

2
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tulluvgeon B - Tullwnter €.2 fret belew nernel

Loctnrea PQ00C freend foob

C - Normel tailwater o Tullenter I, fent below normal

Diccharge 51,000 secondefrmt

Bafore test Alter teat

FLOW CONDITIONS AND ERCSION IN STILLING PCCL OF 1:60 MCDEL CF FRESNC

i

DAM SPILLWAY. CRIGINAL DESIGN -~ 9B-FUCT APRCN WITH SPEFPS A7 ENVHAMCE

S SR

7=-FC0T SILL PLACED WITH UPSTREAM EDGE 20 FEET FR(M END CF APRCN




Side view of pool B - Discharge 10,000 second-feet

wortnd tuilwuysr D = Teilwntor Geh Yoot bolow iorial

Discharps 20,000 second=fest

Lorial taillwnter F  Tailwater 2,7 feet below normal

HMecharpe £1,000 recr nd=feet

FLCW CONDITIONS IN STILLING PCCL OF l:60 MODEL OF FRESNG LAM SPILLWAY
CRIGINAL DESIGN - $B-FLCT APRCN WITH STEPS AT ENTRANCE, 7-FUOT STILL
PLAGED WITH UPSTREAM EDGE 20 FEET FRCM END CF APRCN.




R FERY
i " '

'1\ho -pran. thn- Jeerve. as a fnctor of uafoty ngninst uobping out.w

- The drowned candition at. 1ovcr flovs ‘could: Ve alloviato gpartially

- at lnalt. by the use of & sloping apron. at “the: actioniand the \
'Eorosinn for these dicchnrgps were not obJoctionahlc. and itl nne '

*lnlllng ‘the floor: and nhnrtaning ‘the: pool. The third‘-oihod seenod{jf7 :t‘y'y{

more: sconomical- thln sither of the othor tvo. 80 tho modol“”

;,;ultorod .ccordingly for the noxt test.

, . 841114ng Pool Design 2. ' When the’ floor was - raiued”four‘toa g
Ce »nhort-noa 10 feet, and the 7-foot 2111 raplaced 'by ono 6 faet high
”§(dnllgn 2, Mgure 13D), the pool ‘became rough at- 51 000 sucond—faot

' (Pigure 204). ' More erosion occurred. at the apron. cntOff '311 then on -
+_, ..the -original dnulgn. but the 2:1 slope downstream from: the’ loft wins-jﬁ,f7'n
" wmll was only slightly disturbed (Pisure 208). 4 lhorter apron was

'_;lndicltad for the next test, ‘ :

| Stilling Pool Dan;gg_} The apron was. nhortencd an’ additlonal
6 fest, and the wing-walls moved upstrean (design 3, Tigure 13E). |
“¥nis resulted in a very rough . water surface in .the pool with the Jump
forming farther downetirean, The erosion at the end of the apron'was
" 'pot incrsased materially over that for design 2, end there was little




A - Disonarge 51,000 avcond-foet b =« Errsion caused by 61,000 rocond-feet

. Dusign 2 - Stops on apron

G o= Dlschurge b1,000 second-1oet 7 = Eroslon caused by 651,000 second-{'est n

Deniyzs & = Lo stups on apron

l £ - Disennrpe 01,000 secund-fent F ~ mrosion caused vy 1,000 swond=leut

<t UA0h = L0 STERS oL uplon

YLOW CONDUPLCNE AND BRUSICN IN STILIING POCL CF 1:60 MCODEL
CF FRECNC DAM SPILLWAY - PLCL DESIGNS 2, %, AND 4.




Gifferences in the conditLOn of the 2 1 excaveted elope downstream trom
the ving»wnlle. It was neceseary eo ‘ralse: the tailvater 1. 7 feet to-
obtain the most deatradble Jump The Jump uae neerly swept off the
apron when the steps were rsmoved from the upetreem end of the pocl
to determine thatir effectiveneae Hore 1mpact waa noted on’, the 3111 e S
and the height of the roll over . the si1l was 1ncreaeed (Figure 200) :\ 7«:F‘%{

This design was considered- 1nadequata becauae 1t vag necessary to
raise the

tallwater 4. 4 feet to t‘orm a- eetiefactory Jump. Au 1t eeenedi”'.:”"
desirablae

to obtain a eatisfactory deeign vhich did not 1nc1ude thejfj.:jfee w

steps on the apron, ‘the pool rloar ‘was. lowered for ‘the. next te,t.’“:j:ffﬂi’e
St1lling Pool. D"*E-_E “With: tha pool floor’ lnwered o elevutlon;f‘fﬁ‘

2497.0 and the apron length of 82 feet kept conetent (design b, Figuraf

13F), there wans a noticeable decrease 1n eroeion (Figure 203) In allg
the teats

discuseed in the previous paragraphe. bhe deepest eroeien

along the cutoff wall at the end- of tbe apron’ occurred immediately

downstream from each end of the eill The eame conditions. nuted pre-

viously in tests on a model of ehe Bull Lake Spillway. had been'imprmnn:
somewhat by the use of a:sill: having dentale,

_1netead of epecee.»adde-:
cent to the training walls,

The dentale on- the Fr“eno“ ;11 uere there—‘
fore arranged in a eimilar manner (design 4, test 18 Figure 13?)

Only a slight improvement was noted. However. this 1mprovement leemed "

desirable, so & 811l of this: type. wae ‘used. for ell eubeequent teets.,e '
The persistent roughness of the pool
was too short, bdut

the floor,

neened to 1ndicate ehat the"pron:jf~£ff?“5
as 1t wae not. economical to. 1engthen the wall _ ‘
the s1ll was truncated and moved downstrean 80 that the: up-l;e
straam edge was gt the same: statlon as the ends of uhe training walle‘ee

(design U, tess 19, Figure 13F), Although the appSarance of the: Jump :
changed but slightly by

R this lengthening (rigure EIAJ the eroeion was - ‘ S
I e LI
i conglderably decreased, and this 811l was reconmended for nee on the'f; S o
Fresno Spillway,

The maximum depth of scour was - slightly below elevatien 2h97 (the

Pool floor) at the downstrean corners of the apron, and materiel was

deposited againet the 8111 betwsen these aress (Figure 21B). The

sxcavated slope downstream from the left wing-wall of the st1lling
pool was destroyed.

33



A = Diszharge 21,000 sezond-feot B =~ Rrosion ceused by 51,000 asoond-{eet

seslen ¢ = Truneated sill - no steps on aprea

¢ ~ Discharge 01,000 second-feovt D = Ercsion caused by 61,000 secoxd~feet.

Desifn & - Trunceted sill - no steps on apron

E = Discharge 61,000 second-fect ¥ - Erogion asused by 51,000 second=feet,

Design & - Truncated pill - steps on apron

FLOW CONDITIONS AND ERCSION IN STILLING POCL OF 1:60
MODEL OF FRESNC DAM SPILLWAY - PCCL DESIGNS 4 AND 5.




Ay effort ‘was made to provent the :eour of the nlope by chlnging
‘the wing-wall design. A vertical wall ‘was extendad downstreanat an i;
.angle of 20 degrees- vibh ‘the training uall.,thnnce into tholbnnkfpur-'¢7
allel to the end of: the ‘apron. Tha crouion ‘was: eliminated 1nnod1ntaly
belovw the laft end: of the’ 9111 “but ‘a. deau hole vas: dng at the dovn—;‘
ftream end of the wing-uall and 1t wae: not conaidero £|atinfactory.§@.;g
These 1nvestigationa were tnmporarily dafurred when the pool roor
was raised to. eorrespond withtdaligns obtained from modalu toato:
previcusly, _ PP s Vo ' _ RESIE N
$41111ng Pool Deaign 5. *The: pool floor was raised a-llekfoety” o
elevation 2&99 5, anrd:the: andn of ‘the training valls kept at th lanf T s
‘station as design 4 (design 5, TFigure ! 13) Thiu change effacted:a‘ o
3. 75-foot .increase in pool length at: 1tsgantranca, which partially :
compensated for the decreaaed tailvaturifepth caused by raising the f"
spron. The Jump wes not latisfactary and more erosion occurred -
(Figure 21D). The addition of: the - stops in tha pool antranca gava ‘ -
a satiesfactory Jjump with normal tallwaterﬁfrigure ElEJ but oven so. ‘_ﬂﬁﬁﬁ-
the erosion was only olightly dacreased (Figure 21?) '

migze the acour btlow bhe pool cornsrs. Aa the wing-wulllulo vith

included, N ’
Original Deeign of: Dovnstrean Viggm!alll tdistillgggi ool

¥ith the originsl design: wlng-uallu (design 1. Iignre 22) fhe ‘
at the downstream corners of - tha stilling poal nearly reached»tho
bottom of the 8-foot apron cutoff wall 1n several tests., The t:o

ereas of scopur were. always belaw: the apron elevation. ‘even: though the,iiﬂ;5
area was riprapped with gravel - repreuonting from 12-“to 30—inch ma-- |
terial on the prototype. For. this reason 1t wal doemad advinahle to |
determine the cause of the scour and to evolve a means for minimi:ing  ‘
it. The worst conditions occurred at maxipum diacharge. 80 all tests
were made with a flow of 51,000 second~feet. The durztion of‘each, |
run of the model tests at this discharge wzs fixed &t three-guesrters
of an hour, since comparmtively stable conditions were established in
this length of tinme.
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roll on. the utream bsd to depolit materialagainst?th
of the central portion of ‘thet 3111 (Figure 23‘) o

becauge of- the alightly unbalanced flo
chute.

- For- this reason. and because‘of_\he>nece§sity

destroyed: the 211 riprapped excavatedf
wing-wall. A design used succeusfully oni
ture: led to: n»changa An; the wing—vall nbapa.i

Downltream Wing—wall. Dasigg .;o

ure 22) This. eliminated the erasion at th

of the wall,

Wasteway was’ considered. _ A
Downatream Wing—wallj Deaign 3

-poth were €Xposed - to -3 depth varying from k to 6€.ee

_(ngux-e.j 36)..
“The eddy. near the: bank at: the downstteam edge of the wall van? 1 ?_ .
smell, so it was concluded. that the- riprapped snrface was too. uteep. b
Most. of the.riprep moved. from this. area had rolled to the: foot of : the
slope. The wall weesltered in an atteupt to prevent the arosion at

~its edges. _
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-Downstream Hing-valli“niqign'h The . edge -of -the .warp: in dedgn} vaq'
“extended downward to alevation‘ahsg.B. and a: widor band of: riprap placod"a-'
~on the 211:slope (dolign 4, Tigure- 22). The depth of= scour‘along,the L
- right edge of the. warp.was: abunt the: ‘same. as for dalign 13, Uvut :

“ditien immsdiately: do\mstraam fz-om the .l.eft. end- of the' ‘311 was’ emsldamb]yj?‘
‘1nprov|d (Figure 2k4A), Sand’ and: riprap wers: deponltod.li'étead ofumﬂwd S
fromithis srea. The: dovnstruam edge was expoued forfkgdépth of: abant 3
‘feet, even with the wider band of riprap. The design Qa"altered ‘near

the base for the next test, : SRR S e 'u;-'”;.? e
~Downstream- Wing-wall, Deuig__i The wall was extandad from’vd;;idgi;fﬁf~ﬁf

at the downstream end.of. the. training wall toa. 1—1/2&1 slope" ‘aipoint .

60 feet downstrean’ from tha ‘apron. (design By Figure 22) y [

flarad outward at an angla of 5 dogreea with the training wall.; The flov

conditions appeared. tha Bame: as. for design By but the erosion along tha

adges of the wall was. considerahly increased (Figure auB) ”_ o
Downstrsam Wing-wal),. Design 6. The: edga at the'}ahe of trg%warp was

-flarad 10 degrees outvnrd from the training Hall and the downstream adga
“placed .on & 2:1 sloPe (design 5 Figure 22) The flow conditions uere :im»
ilar to those for the duigns previoualy t.ested and wer 'onaidorea satim'k
tory (Figure 2uC), Hovuver._tha eroaion was practicall the same as.for:-
~design 3 and the warp was agnin altered.,gv* ot L "w“‘ “"“ .
. Downstream ‘Wing-wall,  Design 7. The vall waa;extend from the vuﬂuna17
at the end training vall to a 2.67:1 slope at’ its downstroam end (delign 7, .
*Mgure 22), The bace of the varp at elevatinn 2&99 5 flared“at N angle of
10 degrees from the snd’ of the training vall tovard gh“"'onterline of the
pool .and extended down: 0 elevation 2h96 h Flow coﬁdltions werd'cmmpuuhle e
with those for previous designs and the mnximum erosia_.along t Y &
“the wall was about 3 feet below: ‘the. apron (rigura 25A and'l)
portion of the downstream. edge of the wing-wall wan expos to. &
about 2,5feet, This wall, was . considered satisfectory. 'but. t.he wa.rp was chan.ged
because most of the riprap was washed from: tha downstream right corner. and

and without riprap in this area 1n a previoua similar talt the eroeion
‘increased considerably.. S P ._-' I
Dovnntraam Hi_g—wall Design 8. The warp was ertendad from vertical _
et the downstream end of the training wall to a 2,34:1- nIOpe at B diutnnce'i '
‘of 60 faet downstreanm from the end of the apron (design 8, Figure 26). The
streamverd odfe with its downstreanm end at. elevation. 2&9“ 5. converged at
an angle of 10 degrees from the end of the training well toward the center
line of the pool. The erosion~élong-the right edge was about 9 feet helow

the apron slevation end some of the downatream edge was exposed to A depth
of about 2.5 feet (Figure 25D). Without riprap the erosion along the base

of the well wee practically the sams.

39




"9 ANV 't ‘v SNOISETI - TIVM DNIM AYMTIIES KYQ ONSEMI J0O
TIAOR 09:T J0 NOUAY WOUd WYTIISNMOT NOISONE ONV SNOIIIANOD ML
9 U3iseq - Trum Fuia podivy

ELLEI k%) § 3eoj~paoves 030"19 e3.wyos g 06} s g

FIGURE 24

g udiseq - [yea Futa pedray

35683 23]V 3003-pucdes 9p0°1g » TIRyss1g 3593 eJojeg

¥ udtesg - [[w Jum podruy

380 -puooes 000 1g eduauysstg




'8 QNV & SNOISET - TIVM DNIM - XYMTIIAS WYQ ONSTHI 40
‘THAOR 09+ 1 J0 NOMAY WOWJ MYTLISNMOC NIISOMI QNY SHOTLIGNDD MULL

7 udiseg - [{es PUiM WWeLISUMO]

FIGURE 28

*308J-pucoes QOO I° <D rWHSTp J83JV WOTROUT - ( 3903 vI0JAg = )

95 0071 o0 elawmse




 Stalgeengiy

. Sﬁl Et 505.50

TEST 29 AND 30, MPR‘F AT EL. 2‘99 5 OMITTED FOR -TEST 29"

: §Y0. 13489 5,

e Riprop 1"deep -

2.67:1 Slope
“Sla 13+64.5°

Warpad .
\ surfar:e
A\

N

Stes

- Lef? frammy

Sto /389.5°y i

F : -‘_‘,‘L"
1 . Riprap i oeep
1§
b g S
Ia ST LY 4
-0y 5 . ‘,i:'. :
o i

,,ﬂw”m
=

-- Apron EL 2499.50.....0.+>
DESIGH 8,AT LEFT DESIOII l ‘AT RIGNT, TR‘INI”G WALL :

- — " - B T
e Riorop 1°deep 1= \ ﬁ&\?-,’ . ‘R'Pram dm:e"";
”y_ﬂm Ao T '\";,), fr u-v.;s.'gg!
R -.s'tamus\ £

T!'Sf."

' .“DESIGN !1 AT LEFT; DE'SION 1AT: Ilfff MAIIIIIIO“_ ).

b5 cnd__ggrm- 3 D‘f

'--Sfll [ l P505.50:

PRSELS R:prapl"dnp%"‘ih

2671 Siopg ,
Sta 13964.5

ﬁ'nrﬂpﬁ dem :

e, »._,. ‘.L‘

X e49950~ T

&1 2535.00---~

Sfta IE'S?--

Leaft troining aml!

rcér 2

S E1 2505 50

Apron £/ 249950 i}, ..r

DESIGN {0 AT LEFT, DESIEN 7, AT RIGNY TRAINING WALL

TESTS 33 AND 54

Sfa &) \-09‘5-

AJRight [Iraining -woll -

Laft tro:m-

2 G?JI Slogg
Sh: i3 54 5

7 wall

A

roviant E12499.56

= '-S‘ra 13429.50

l?mrap 1 dup

LR
] 00wns_fm_mumro

St Ff. 2499 50 “:::*"’ '

S fas3 *04 50"' A

J’LJLJULILHJULJL]LJLJL.U_U,JLJLIULILJLILILI

C UmITE D S TATED

.Sl E
et ApProR

50550
1. 2499.5

Ty e

".
".

_DESIEN 10 AT LEFT, DESIGN [ AT. RIS_HT TRNNING H"LL

TESTS 38 AXD 37

+

- Right training woll

“33=50B=16.

‘ WL 2
o SEELT20CL;




stream edge were vcry duirablu. ‘but tho mlm dcpth ulong ‘ o
was about 7 fest below. the apron olontiun. e .4

Downitrean !_u-m;. qu‘nl 1¢./1) sndid2. _' | :
occurred along the: strunurd sdge of - the left warp 1n tho pre
tests-this arsa nl,p“od (dul;n 1D.n l‘igura 26).

the downstream odgo of the’ pavunnt. !hin 1ndioated th&

pavamant wers. hoth too short, npocially with the flow eona‘ ‘

the lsft side of the paol. ‘
Other tests were made in which the wu'p mn lnngf.honld (duh__“"_‘
and 12, Figures 26). These . did not provo ntilfuctory. SR o
The anomndod. Design’ of Do\mltrnm Uln;:ulll. :’!ho

performed, !ho maximum d:lsch.argc vu- minuined ‘on the uod.l !’or;'l’j-
ninntes, The condu:lons during und at tho ua of.,_, nie: rnn uro vnry
desirable, Praetioany no ntarul vu moud domtirm fron tho lprcn
with a dischares: of ‘45,000 ‘ | e

uted to the 1mpronmnt of :rlov oonutiona rnulting rrom the: 1nltl.1h-}__-_' .

tion of the n.rp at the ond of tho right,tnins.ng nll. 5 ?lnl;n ? I‘ll
thereore ucmamd. i T L T
Original Dulg__ggjlot Woxrks.  The orig:lnal duign outlata nn e
installed in the. lefttraining: wall (dui;n 1, Hgure! 27). and tho spzu«j e
way and outlets oporand at’ full upuclty. Eror.l.on of thc ripnppod
surface at the right sdge of tho pannant on the 1cft uarp occnrrodf o
& maximum depth of 5.l feet: ‘below: the puvuont. « L
Returz flow was. uppurnnt dovnstron :rrom both: \dng-\mlla. mnr.
1t was much more. prononnena dmntrou froa: the left wall: maing
" excessive orosion. dmging the 211 riprappod slope: (ﬂme 283) |
Outlet lork-. Bule 2. Tho sngle of - the: centerline .of* m Miﬁ
with that of  ths. tpuluy was. changed from 60 %o 30 ‘degrees: o
if some of the-erosion and hack flow oonld be ounmua (nmo 27)
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wauld ‘glve. udditlonnl inprovtment. and chang 1
!ﬁrnoturo vuroxtavustigntod.

‘tloor of the outlet tunnel altered for tha next design (dculgnf
ft.nrl 27). The lhortnning of -
‘ pipes to unite inta. one Jat before reaching the oponlng
*ujf v»*Lg the: lralning wall. This flat sheet.of 'atar paossd over the |111 :7 [
o X ‘t'a .distence of 25 foet from the craining wall and cauaed,solo erollon fwf"
‘;trthc on& of the apron (Figure 29 IR Thi: trouion was not {
‘_ﬂdqtht ‘arrangement for the outlet tunnels was’ connidcrod latilfactory.

Conterning the Bffedt of the Blevation. of thu;'  T‘“
 -Approach and Downlfrcam Floor on the Discharge: Coefficient of. a g%
- “the effect: of the: chute floor alovation QR the

fﬂllchargo of the rresna Spillvny, the denign aection dclired a aorion
i of 498t0 t0 obtain data for use in. tha deligning of. eretts hnting
s lhnllov approgcheas and dovnltrcam channola._ Thesa data; worc for the‘,h ‘
' 'pn:pano of deteraining the . olcvation of the. channel rloor.:both up s
s and downotruan of the crelt. that uould give the rfroct o

Ons grapn (rignrc 30) giv-s the coefficlcnt of dincharget T varios
hauds and floor slevations npntroam..and the variatlon of thc«coeffi'"vﬂ
‘ "bgniiut with channel floor ‘elevation fcr conttan* hoadn o ;12 and IG;HHH
““f ‘The .second graph (Figure 31) shows the dincharge coafticient for o
" various heads and. downstresu floor slevations: and .the variation of - ‘the .
“-I confflclont vith tloor: elevation for 8 oon:tant head of 16 feet. This  ‘
’ _1¢itany 13 continucd on a broader acope and:the results are ! contained |
i h*‘ﬁydrlulio Laboratory Report HYD 118, by J, ¥, Bradley, dated
‘”{’gﬁbecnhor 31, 19kz, '
o CONCLUSI0KS An_n‘ REGONMENDATIONS

‘Left ¥Wing-wall. The originally designed left wing-wall to the
tpiliway entrancs, vertical and curved toward the bank on a 30-foot

46




A - Tunrel outleta discharging 2500 seoond-fest
flow lines ahown by confetti.

B « Brosion osused by discharge of 2500 seoond=-Last,

FLOW LINES AND EROSION IN STILLING POCL OF l:60 MODEL
DAM SFILLWAY - RECCMMENDEL DESIGN CUTLET WORKS.
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topography riprtppad as ohown 1in the- specification _‘awing'(rignre 2.);;_ uﬁ-;wif

It wan thcrarore racommendsd that the original‘shapanotVthin uallkbo
rotainod. ‘ ' ‘ ‘”‘ o ‘”' LHLaE
| Right Wing-wall, ‘The advtrnu flow conditionc, vhtch cansed: déqp 'ff: 
erosion adjacent to .the wall and: upctream from‘ he creut. nado the ‘f“ R
i origin&l dnsign of tho right vall nneatilfact ry f thu dtfforont

shapes teated in the laboratory. - danign;5. rigur' was tho most - do-hl

sirable, As srosion of the approach’ channol vas' agligible (Pigur;ﬁ90) o

and very little disturbance occurred - on the watd
design 5 was recommended ror tha right ond of th‘
design wes used on the prototype structnra (rigu
‘Crest. Luworing the tloor of the origiuai‘chute uat ownatraan

coefficiant of dlsch.rge eurv- 15 lhoun 1n rigure 32._;,J,

St1114ng Pool. The'original Pool, with the: Ro}bock 111 md atepr :

ped sproz, Was doepar thnn nocenuary fcr all flovi

second-fest and 1enl. The oronion near. tha dounttr‘

dssiradle bYecause 1t movod naterial a'ay from the npr:_ ntof o
Purther shortening of _the pool (6 root) na 1n dsuign 3. did not

improve conditions. ‘ A S SOSRES
‘The short pool with. floor elavction 2.“97, dolign u waa satil—

‘factory, sxcept for the erosion along the apron cntoff vall,J Thp change:':

in 811l desipgn, truncating it and placing 1ts upatroam face at . tho aams:] o i

station as the ends of the. training wulll inprared the - pool appoarnnca
as vell as decreased the. crouion. L :

Pool design 5, with the apron at olovasion 2, h99.5 and lmngthancd
3.75 feet from design Y4, was satintactory whon ‘the -ateps were -installed
at the upstrcam end of the pool; and when a wing-uall was placed

50
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downstream from the left 'training: wall.\ At wua tharuforo r-connludnd
that thia pool dolign, tnoluning the nill. or one of sinilnr conutrun-

design for he- dcvnltroam vlng-vllll- Dotign 5 vl! ulad 1n th' proto-Tiixy
“Sype- !trusturo. A A : o :

end of ‘the apron, !ha pool longth 1- dutined al tho diltnnce from
the upstream face of the .s111: to the intcrsantion of tho tloor !1th
the -entrance slope. : L - «fr

Downstrean: ligg—&u11|. The original doaign Iing-valls
excesdive scour to occur alon; ths lpron eutoff val;. ne ‘;tho cornnrs
of the pool at the laxiuun dischargn.' Alnu. tho larga return flov. _
or eddy, nhieh forl-d 1nmad1attly dovnltra-n rro-"neu'“‘flln. wculd

aged by und.rnining at tho downatrcam corao
nntllflctory of the. wnrpod.unlll.,
the excavated- tlapu azd the aprun cntoft.n : ‘ ,
to place as much riprnp dovnutroam fron the apron aa in the vieinity“ S
of the wing-walls. The d.opth of the riprap should be 5 feet 4n 'th'
eritical areas, It was. suggouted that the riprap be plaood“a own
for design 7, ligure 25. and this deuign vas ulod.,‘;j'i

1¢ is ‘believed that the. araslon ot the exeavated alopea on_‘ho

model is mora severe relativuly than that which will occur .onthe }H'fif 25

prototype. The shale matarial ‘on the prototype end 1tu aonpactneg, o
should pravent excosalve orosiun. : el . : )\'

‘Outlat Works. The original doaignroutlet vork: val found to be -
;nnaatisfactory, The Jets. from the outlets strnck the flov fron the

- splllway, ejecting some of the waier . !ron tha lart cornsr of ﬁho pool

';Olusiag an eddy to. form ‘This . condition waa vory serious for At would
‘canse the right. wing wall to ba undarminad Changing thn nngla with
tho coneer line of the splllway from’ 60 o 30 degrees and uaing a .




: 'Lfcoﬁ:('l‘if‘t'i'én.z and

"' ,n.rgcom llll od ;s.ﬁdsftii&f‘tor. thoprotutrpn :




