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velouity is quite high for the tjpe of materlal encountaqo” )
aem - site. Should rntrogresslon of‘mwe”rivervdownStream @mmuytha

: ;greater than - i o
per second : [ a’ fBWJnilautdown;the
river whare . tne bad materlal ' ' e
of & fest ‘per’ Jecondg ;

Numﬂrous ﬁypes oT tepped”aprons an"
were trxed 1n various posztion 5 ‘

.adgacent to ﬁnehﬁd; Americad, analg itake
“ticn of the bed 1load:’ of'51lt:ﬂanr1ed“:"
;tne water ig allowed '

_ 2 , W e Pro
>elevatxon 154.0 upstream fvnm the dan undur whlcr hrde’’ "ow_
'shae; plllng udJl be*drrven to: -

Jump mull form nnd two-
“this apron._ b

_ as,lﬂ‘_
reapect, slmllar to that af the dam in thax 1t was pertinent that

tlie sluiceway stklllng pool operate satisfactorlly for a w1de rang C

of tallwater condntlons to guard afalnst any unforeoeen change Jf
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riv:-r condltmns._ As orig;na...lx..deslgned the,
operatad ‘sati sractorily i‘or only




axis of the dam. Proflles of
“oby alned'wnvh a wovablﬂjp01nm

he slidv
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+ wplace, Plft qn-JVawlﬂgg :

'””the floor of the ilﬁme*at the dawnstrean*bnd.“

‘bolted to ‘the, end @2, the downgﬁream,apran. YA saﬁd<bed ﬁés con-‘”
structed below the s1117 5o study“er031on yn.thls “3F10n¢f rour

; "plezometers were 1nstalled along,tnu centar dine of - tie apron bo
‘hu;measure pressures on the flodr,of the stllllng pool. Rubber tubes
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‘ “The‘plezometer eadfng hoerd. (pla
* atross the top * connected-bv ‘hoge 16"
Tore the” startfoﬁﬁ‘

: :—‘bp\erd‘aiq’g . igue

entrarpedf

o suarted. Tne mep” 2
s used’'to Jiny rease_mp‘ a
arranganent was

max1muh dlvcharge"per‘7

. Figare -sEe i
crlglnalJy d651gnad”and test
water sﬁlfaue Ior'thn

sloplng apron ' for .all xp_f““

v

“TJW1th the honlzontél ool

) . ‘Qdel:wasﬁn An s

R ‘results must be‘gudged4only 1n~a“qualltat1ve;or 'nchi; :

. /By:using th@?samexeiza sand “throughout:.all ‘the #stg even though L

it was too large ‘t.served” as :a -basis of” CCm arlsonJin determlnlng
which: ofztne pool” layouus produced the laast scour. of thc gund -bed, -

"PlatequA and B-:show. ‘the’ ths—dam as. erplnallv d351gned erccpt that o

‘ the .8il1l" on tnc ehd of the - pool floor is not tho orlgingl. Photoqrapnv‘

Y and D show the stllllng pool 1n actlon durlng one of ik e\prellmlnarv
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A. ORIGINAL SPILLWAY. B. ORXIGINAL SPILLWAY,
SHOWING SAND BED.

’ C. MAXUY DISCHARGE 86.6 SECOND-FERT D. MAXIMILS BISCHARGE 66.6 SECOND-FEET
- S PER FOCT OF CREST. PER FOOT OF CRES?.
TAILWATER ELEVATION 167.3. TAILWATER ELEVATIOR 166.0.

CREST LENGTH 1732 FEET. POOL FLOOR AT ELEVATION 162.0.




dam ia’ shown on figure 8.

ing wnrks,‘the ‘regimu, of th
ably dug to i
_npool capable 01 opor

’proceeded;althou;h the
emalned ons%ant‘

, Test b-l (fi’g.‘ﬂ, 6) was, )
test 3.1, orcept a.Rethck ulll JQS 1nstalled on a rectangular 5111
2.2 faet nl;h., The water,uurfaups 1n the pool were observod at 9 ;

. T
T L7 A

IThe lengtﬁ of the. pool floor &s Creferred to throughout this report
will be defined as that- length of ‘horizontal paving from. the - B
point at which the.sloped apron: 1ntersucts 1t to the downstremn"”
end of the sill, .~ = =
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f...and bed vas mp
it is evmdent tbat the w@k'

to’ flucuuate. LA
. and. the vater ‘surfe dnthe
o exper;ence"’t i's evide :
rlver bed on th aterisu

g Threb dlfler nt 1engths.w r

1 0?2 1,300 and’ 1,733 foet, eI
'of 140 lla.é and 86,b,sec0nd-
© the Spll1WdJ, tie lcss &lffl"ul
dl“Slpatc pcr foot of‘ pallnay

C o

“B.

Scour mests'”:

\Jl (flg. 9) thc layout vas very ;imilar to that
in test 5~l, chept that. the dischergé-per foot of' crest. was 1eduned
to 115.4 sscond—feot The reductxon in dlscnargu lussaned the

(XN




‘ »uu._oon. Bamu ue.:.w-mﬂ

- , oo T e e gy, ‘HGILYASYE LY #0074 Y004 ,
L) T8 SIS H0T §I00IWNS SR T : :
2| (vs OMY SIOVANE MALNA 40 93140u| _

W ._.ta IVIMIdNT

Y su._u,eu?...._a

= =Ty SN AR

S22 0 gLy "._-n .:u 1)

ol
=y

~ D Y u._..a.:ii:w,m
~i

has

-ASIHI IOy 01 Cfwemn

HOY 0NN 6f M3iav 3wgos oxvsTy L

- et ] . B S o;
OB kou Fabian 3ovaung . g ! i :

LEIOLT TS

¥ 2inNIN bS
ey

=y PENCLL A

B
B - — -




scour as would be axpected. ! taken 37, o

54, and 59 minutes aeftor the start of the test and tho sand surfaccs

-muasured belore end ‘aftsr the test. are\plotte‘ or - tes :

this case,” the front:ofaxhe Jump advanced up “the . d

progooded, as & d;kA was il

thb w1 rectlve aren )

_ Test 7-2]  
upstreail, reducing ool let
the original floor survod as”"”
hf* rna*ﬁmum discharg -'anc‘.

‘ *poollf

‘wat oT suria0u advanccd up h ,dam as‘tc

dn tast 11-2 Eros;on W&a
._when the Jumn reftithe poo

; 14 “14-2 (Pig. 10 ,coq inue to. 1llustraVe the .
-~.dlsddvantap"" of these layouts at ‘th lowc
this cdse, the helght oi the 511 2
and tho sand Ybad
‘though slightly. bott
two Lests, 281
vater depth.-

- C. Crcst-lungth l 7u2 Fee& Ponl Tloor at ulevatlon 162 0

ﬁ]a,f Gomnaratﬂvb Tcsts

_ Twunty—sgven comparathc tests: wtre ‘made: ap thu»maxlmum
dlschargv of 86.6 sccond—fbet por foot of crest for & :1,732-Toot
crost-lonath with the pool flocr at. ﬂlcvatlon 152 Thy runs
differad only in rbsp*ct 10 mlnor nhangus, -such a¢ thy type of Slil
lensth- of pool, and shapc and type of tha sand bud The layouts Ior
twelve of the most o arcsontatlve runs chossn from the {roup are ’
shown on figure 11. The Sllls used are shown in dutall on Il“uru 7a
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An acouruto*accouut'of ﬁnarshapos‘of $hu sand beds was not Leptf' ’
for this vetyof.rung; Durin, thesu run ”partlcular ¢nturust mas"*
“ipaid to- Lwo 901nt5'”' : : EE :

tbo Dool;‘“

; . -tho! el lwator*dept
i l sjoplrg apron mas rup’aced by‘onu;,'

Hl:thu frontiof thy Jumn to: a“short

ious :discharges ‘aﬁﬂ tallm erkdopths
_ crcaqud thp F
ware made‘
' most zepre SbntathLvOf:
. The lavotﬁts -*fdi*fl;‘éréfd.:iiriv

juagod ma-nly frmu th
The pool charac erlstncs for. the X :
',shown :on flguro 15, Thcr vias J;du}” rlatlon 1n thb tdlltmmer D
N ran“u for those layouts which: dopﬂndgnot only orn thg lcngtﬁ of apron“
" and type of sill. but ulso on’ “tHo o shayj and ulc"ablon of tha- sand|bod‘, :
downstream from the sill, Gontrary to proctatlons, tnu mo st compll-_‘
catca types of u1115 -and qtuppud uprons gave the bbSt rbsuits. In*; '
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tho asual case, thL simnlur onus ara thu mostvsutlsractorv.ig""
out" 42 1nd 48,

the bods 111t ‘j:f ”' ) o
ol the sJ]ls nnd_stg 1ﬁd_aprons woulH ba comp]
sald, ahou 1haab tvo layo'tu ﬂub.:auuntly.f'

‘surfﬂcé b.low'thefSlll r¢ included in this

thonest wromislng 1ayout= alovno Laur

tosts @l and 22 {rig, 1 )flthb layouts a;

the - slieps of thc_Jar 4d below the 's111, :

layout 854 rig, 13). -4 dontatud "3‘,(G 1 f iz

on the oud ol Tha Hlodud apﬂon anl a dsntated”

placad on tho ond. cf & pool: flocr _

tended 14 Toct aomngtruam 1roa thn slll and taﬂ bc,

riprap to pruvwnt ﬁham from chun~1n¢ ahape durlng t

- shows the waier surface plottnd for {hemaximun dis harge, ,
thres dilferent tallwater e’evations' namely, ‘169, O. 16640, ‘and;
163.7. Conditions ‘were- quite satisfactary Tor ths Tir; u
secondary  jump Tormed ‘when' the'tallwuter wasg: lowu¢u

Teterence %o layout 33 (fig,/15). shows 't tallWate' enge

Plate II-4 ghows the" laycut for test 21'; latos TI-5 a ‘a-Cshow
the pool -in. operation. for a diacuarge of anproxmmutely 115 seconﬁ- :
Taet per fool of crest Ualnﬂ Lbwo tallwater ﬂlﬂvations, nmnely, 166 0:
and 16%.7.. The” acondary-gump earn Ye. s:en on. photorraph;c _
II-D ig a gide view 01 the Jump for: ihe same dlsuharga and?a'ta_l
water slevation -of 169, O.‘ in_test 221, “the’ tallwatcr ev ’
‘was dropned to 162, 6, -and’ uhe hlﬂh bed direct ¥ downvtrea fran the
sill prevented the. formation of .a sacondary'jump. On the_other hanu,
the bed velocities were. much " htpnﬂr njtest 22— L ; S
which is a very andeslrable fnature i

low depth are resnon°3b1-”

hed zin tnst 22— l.

1%@ layout in ta t ’G-l (flg.,lﬁ) was; sxmllal
tests 21 and 22, except thdt 'heupoogﬁmms lenﬂtapned o
the riprar was Jeplaoud hy ang Teveled to Llevatloq 1520
zst vas made at the- mexinun dlSﬂrarg of 114,86 second- feuk‘
of crest and a tallwater. e]evatlon oI 168,11 A.profila was mdde cf
tho river bud atb the end or & bO-mlnutn run,

Jests 36-1 57-1 de 68—1 (r1 17) show pro 1leb of tqa
water and sand urfdc es obtulned on pier layouts Tor the - naximun
discuarge and tailvater aepth. In test 38-1, =suall stdggered plers:
(K-, f£ip. %) =ith vortieal faces upstream were placsd on the end of

25
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Av SET-UP VWITH DENTATED . MAX DIS G 6.7 SEC.-FT.
STEPFED APRON AND REHBOCK T el w

PER PODT OF CREST,
SILL. TAILWATER ELEVATION 166.0.

C. MAXIMOM DISCHARGE 115.3 4KC.~FT.
PER POOT OF CREST.
TAILWLTER ELEVATION 163.7.

U, SIDE VIEW 0P JUMP WITH DISCHARGE
.- OF 1156.7 SECOND-FZET PER FOOT OF
CREST. TAILVATER ELEVATION 169.0.
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pool floor 39 feet lonh..-
to.these tests. Plate 1II-A is~a vi
60-m¢nute Tun, and plate III—D 51101
_discaarge ‘of 115, 4"ecpnd- , e
“elevation ‘of 166,0 : -1, the. large ot
Tig. 7) were- Pla 'h,thelr vart'caI’faces'downstream o 'a pool_
floor 40 5 Teet- long , ‘ '
after Y Gﬂ-mlnute ‘Tu ln “pl t“
‘it was leaving the :poolitor
dB-;, the seme: large plers’
- the pool floor, except?tr
(plans III-C). y
leaving the pool in ] o\ T, llwi
In none of the three tests "osion ‘o Tthe sand bad appgpclahle,y
howaver the sand in 'ase‘mas graded un Tornly ¢ :

respectlvely, on flbure l? ifﬂvferrlng 4
it can be Seent thutithe tallwat

Layout 20 I i

5.7 feet.-'

‘ Tests 29—1 ?30 L, .and 31"
‘ licates of tests” 61,1371, ‘and.

was. anstalled on the lqu‘g ap on.
31-1, “in. which the. 'small-p:
downstremn ang. lesslpfo'puncad i
piers were placad muth thﬂir"vert

: r’late V—A i
after ‘A 61-m1nufe TUn,..
-8 87-minute run, Test 29- l“kfi
“bast resulbs wnlln u31ng plers wey
ingtalled with theiry vertucal 1ac”
2 Ptrue fmom the: standp01nt of °r051
“ing thls tegt was 'negllalole aa;c
: V-C None of" thw three tests
“ runsu There are wwo" layouts, however'“that' ¢
' 29-l,w Laysut 38 on. TFigure 14:is the seme’ ‘as ) 110
Sl-l, except thdt the. plers are ruVﬂrsod.;I'ayout édcffls,J =
the sane as tinul in test: 89-1, cxcept thaet the pier spacings. ar
slightly different, La,out 38 (L1 _u) shows g“ta11WPter
of D4 feet vitn a mininwss tallwat 1 y
out 42 shows a range of 11.0. ie@t with'a mlnimum taxlwatur levatlon
of 157, G waich is reparded as very~satlsfactory charact 1ﬂt1cs.zh
Unusual results were obtained by the use of vdrlatlons cr the com—
pound Rehboclk gill- (sills F-1, H-l, ‘S-1, and T-1 on flpure 7)e In. "
test 44wb (fig, 19) sill 8-1 was 1nbtalled on the end of a pool‘floo“x‘

® "
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4. SET-UP WITE SMALL PIRRS. B, 912-UP WITH LLRGE PIBRS.
VERTICAL ¥i0RS UPSTAELN. VESTICAL FAOZS IOWNE?REAM. -

C. HIR-UP WITH JARGE PIDRS.
VIZRIUAL FACDY UPSYREAN

D. BHALL PLERS VEITICAL FACKS UPSTRYLM .
- DIBZHARGE 116.4 SBCOND-PrES PER FOO¥®
GF CHEDT. TATLWATER RLPYAFTOX 1685.0.

PIRRS ONLY.
FEET. POOL FLOOR AT EJLEVATION 180.C,




ACES DOWISTREAN.

«4 STROND-FEET TER FOOT OF

TATkn ELEVATICH 164.3.

”

3. LARGE PIZRS - VERTICAL F.
DISCHARGE 115
CREEST. TAI

EET PER FCOT OF

- VERPICAL FACES UPSTRHAL.
TATLWATER ELEVATICN 162.6.

DISCHARGE 115.4 SHEICKD-F
CREST.

A. LARGCE PIERS

BAFFLE PIERS OHLY.

PLATE 19

PER FOC? GF CREST.
52.4.

D. DISCHARGE 115.4 SEDOND-FEED
TAILYATER ELEVATION 1

ND REHBOOK SILL.

POOL FLOCR AT ELEVATION 150.0.

8
g
3
i
:
<
-

T
TAILWATER

CREST LENGTH 1300 FEET.

« DISCHARGE 115,4 SESOKD-
ELEVATION 166,0.

FER FOOT OP CREST.

-
~
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SAND BED AFTER

C. LARGE FIERS - VERTICAL FACES
UPSTREAM,
62,5-MIRUTE HUN.

180.0.

SAND BED APTER

67-KINUTE RUK.

-POOL_FLOOR AT ELEVATION

DOWNETREAK.

g
H
:
.}
B
:
By
8
3

'DEKTATED STEF AXD PIERS.
CREST LENGTH 1200 FENT,

SAKD BED AFTER

POWNSTREAX .
61-MINUTE RUF.

A. SMALL PIERS - VERTICAL FACKS
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40 fest lonp, The stapped apron was omittud in this case.j
of the send bed was’ practlcull‘rnagligihle.ﬁ{ -,
layout and send bed photographed after O%mi uteﬁgﬁn

no coapavative run mmads Tor this layout' ngd: ‘Tesul
water rBA{ is un}nown.

Tosts 4 4-2 and 44-3 (rigi
pool floors 48 and 40 feet. lon 'rESpect 1
G-1 was arain installed on’ “the” end- of {ha sloping -ap 01
and -G showsthe luyouts :and the g h.8 '
duration. Zrosion in. -each: caq 8.10 1ceable.
is similar to the layout for- test: 44-2
and sill H-l was ‘uged: 1nvtead ol“sill S—l
layout 48 hasg a fallwatar ‘range’ 3t Wi
elevation of 159,1 Tor the meci muin: . discharga. This 1
best layout tried. 1t should ‘he' Tnoted, houaver,
portion of the Yad Ior layout 48 was~at al”v'
whila for test 44w (fig. 19) “tha“ bad wa
higher bed should . produre the’ wider
- shows side vinws of the: hydlaullc Jump.~o
(fig. 19) for the maxlmum f£low and tailwe or
182.4, respectively. “-Dropping the ! rlver& Y
152 dccreaqod tha tailwater‘range by approx.

0f the numerou til]ing pobls teqted, layouts‘é”,andﬁéa‘
(Tip. 14) had outstandlng Lharactcristnc.‘ especiallv WIth reqpoct
to the mlnlmum dl1omabl“ tallwata ' My : '

.‘:,

The mutarlul on- utilanp;gdbié‘i

a condengation of the ‘more fdvorablu ‘Tesulis
serizs of tests, A :

4o PPESSURLS OL DGdHSﬂLLuu‘FXCE OP QRIGINAL DESIGN

_A. _hpprosch Fluor At Elevatlon 154.

The pra ssures on tne face 01 tha;dmn were 1nveshxgatud‘by
the inutallation of ilftoen pie OWLFGTS on’ ihu dam facc as- :gho v
on fusure 4, The piezometor dressures and’ matcr uurface maasure-
nents are plotted on figurs 20 For discndrges renging from.38v4a to
166.37 secoud-reet per foot of crest for @ crest- -length of 1,500 feet,
The naxinua desizgned discharge for that crost-length is llo.oS SBC-— -
ond-i'=et per foot,
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The prcssure llnc drops below the dam face)for the maximum
desisned dig qharge.c Avslight nsgativeiprbssuraA y _
d1>cxarpu of' 37,66 second-Teét par: oot of erest, For‘dlachargu.

less than 87,86 second-— fuet p*r foot ‘Of erost. tho pressures‘on tho
dan face are positiva. f- :

As theru is an uncartalnt : i
laws of hydranlic qinilitude wmere a_negat:vu pressur
and as a nzpative preasurﬂ is’ qandugive,t
the practice to aveid: nopative.grusqur 5
thaere vas a nemative prossire pra in
deaianad nchharnv thﬂ‘scctlon ﬁas'revl 3d=t
dition, The Pffctt -of that revision Mul 2
Slight negative. nroqsuru may - not. C a5
probably dcorzss ihelower naﬁpé‘
tact with th. -am Tacs bht:nhﬁre
to eliminate uhu:,‘lv is-belisvad to. Largy
NegErive prosgures,on the oti vl ~should b, awolden aa_”;f
lones has . shomw tLGSU to boro prSlLlu for considereble’ damage
facey of upjllw'r 3, prlale maun thu concr~t~ 1& not o
qualit.,, : o A

I‘

“"SUMLHF that thv re sgrvko dbOVb Impylia ‘Dam,mall
gradually €111 3 ifk silt & izilar-to thu condltion ‘at: LAguna Dem
perative tests wore mads. wltn The-re crv01r fioo‘ at”thrﬂo airt rent
-2levations; namely, 154, l?a.5 cand 1r9 fol' the. maximum- discnarge
©of 115 seeond-roet. pur foou of crest. Thé‘three'tesf are” plottu
on firure 2l. As the 2Servoir, capacity 1ﬁtredace "
veloelty to tho yrust is 1ncrcased ~thus
Lower na pe to spring free of" thﬂ dmn _nd creatq'

TOSSren on the uplll de ok

5. "‘_THEi{EAb*'D'l SCARCE H:f.nfrmw' \
AR ook "RICIENT OF D rsrm 58 (ORI o z}“sm )

Tbn ruldtlon ol “eqd o dec‘urwo optainud on” 1 orlua—_V

fodel ig plottzd on fimurys 22« Tha eurve shows that g. nead of .
0,9 3t WUlL e roqu1“~d to pagz the max”mhm d:SLﬂBPPG of 1&0 009
sueond=Tosb over « erest 1,300 feet in leapth.  Theso tests wipe
with the fLOﬁr of Lha'rQSrrv01v at JLU vation 154,0, 7 -

i 9 the cquation @ = C T, Hd/*, thy coeflicients of 4is-

eherae were eonpulad from the above results,  Thess ers also plotted

wrainet the nesd on o the erast dn lloure 24, Too thiz aaximwn disciiarge

a

30
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x"'

of 150,000 seconﬁ-feot the coeff
0 6'-4.

Tha shupe cf the spillwa
that shown on figure. 26 1o sllanabe'
dovnstrean face of ‘the” dam’ aud provid
soction. The. heLvht of: the creet:’a ?increased
vation 181l.0, the 1o nnth ol ‘the e '
the slope of the. upstream che e
and thz shepe of the downst reap 1a,a=umg_rev153d ﬁo .
nappe ol water- tlow1nv over it for the maximum« 1scnarv
upstrean-and downsg t eq aprons rbﬂﬂiHdeﬂt
tlong of 1H4.0° and laO U respeﬂtlvcly. =

_ model of tlL eriaad Gan
the oririnal onw and piaced iJ tne sama'posltlon in’ the lubor&tory
Ilumg, Twen tV-four DledometPrS heving 1/8-1nch holvs ‘Her
in staguered positions along;‘newt, or the ¢ : '
ure 24, and six additional pPlezometers: vere
zontal pool floor, 'Tha. heud‘and tailvate‘
same po31tlons as in- tha prev‘

'A. Appruach Floo f at Llevatlon 154 Q!

..‘.r

, "Pio omatric DICSQUPL° and uater_ urfdce profiles obualned
from. the revised model are plotted o “fipure °o..mlheﬁcurve desig~
nated as 1 on figure 25 repreaan s 1 ﬁob erved pressares‘on the‘k
face of the dam. for .the maximudi ueulpnnd dlscharpe of: laD OOO;

second-feet,  For this dlscuar‘.  Jie7omeubr110‘un0wed'a slight
negative 0“cs"uro which is c_;" -ule. v '

Jor the pdrtl ] dl charovw, the pre sureS”arc’ ec1dudlv
nositive over the . - nbire foce oP tnedam, - ~Thuy revioed‘so¢11way S
Stis «ows a vepy deflnlto onrovmﬂﬁnt over thn ori~lna1 onpwv
tuis rasuec :

ot N . - e o 5

B,  &ffect Produced bv Siltlnﬂ of Het ervoir

Upo: plotsing the pressures on tka rgv1sad ddﬂ_face iur
the above runs with difrerent ayproscii depths it was found that

e
3
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the nerat:ve pre sure recordod‘at;pj ?omater lD

Aid not ‘change as '

remainder of tha‘p1920meters; :

words, raising the Aloor. of the reservo;r did‘no increasa the
tivae prPSS{TB on uhe down tremu”faco of :

9.

'loor at ievation 154

The/headwdischargn fon; *or-the 2viaad
lmperjdl Den spillwuy ig: shohn or flnL'a“
ol 1,535 feet, the mcqel showed that & Head
-quxrad on the creet fox tha'maxlmumJGLsch;
which igian improvemont ‘over-
- design, th.ﬂdigcharn Lper. foot of c'
dan was of a mcre‘cf;iclent shaga'

, thb caeff1cxanbs of-dischurge “wore computedafrom ne
cquation® Q= L H 3, aud are sncwn on 1lgure as” i

,0f disg chalge ig- .730 for g"

‘head of 9,70 feet on” thﬂ"Creut

ovayr that: obtalnod on-

head ‘on tho ors tthP

or13*1albduu14n_(fig:”

. E
——

; = T
Tue uilccc on thc h;gd di's chdrge relatlon nlp caxdeﬂ,by
the reg ervotr becoming hipd Jloﬂfw1t” »llt “ﬁiCh&inEy'
occur, was smudled hy malidng a’tuw runs on‘the mode i
discharpe vith differsnt depth ‘
study are plottedfon llvuwe 37.”*W1%h th: rcserv01r
vation 175, ths durves show that a heud: of 9?81 fue
quired on the crest for ‘maximn dlscbdr '
disecnarpe mall drop to 3. 62?" T

10, .:.LUT.JY cr QRIV"'? n"D hmzu "-*ac STIILINu Por‘L

As a defifis btudv on tuc cicht bhatetie shapP oF ‘the
river bed below Lhe 11;1nn oool has on the hyd;aull charucutr7
istics of the vool, “@n*v—ona Aiy "ferayt bpi layouts: vcre tried

and the nuuracterlstlc reporaad for “rach, Thu pool layout rmnoxned

tho same throushiout those tes tg oand is QJOW”'JS layout L on Ilrurb
28, Dentated step -1 was used in combinetion with s1ll T-1 (Fig. 7).
on 2 pool floor 41 tect lone. The twenty-ond>hed layouts ave zhown
on Tigure 28, and the 1111n; pool. churactﬁris%.cu ior cach arn

0
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9.82

'9.80

9.78|—

9.76 |—

9.74}-

HEAD ON GREST — IN FEET

COEFFICIENT OF DISGHARGE = -

972}

9.70 }—

152 ISD

Q cLH3/2 -
=1,335Feet: .-
=150,000 ¢c.f.s. -

Dischorge was held -

.constant at I50,000c f. s.
g durmg these runs.

ELEVATION OF LAKE Bé(

TOM

P

P St

HYDRAULIG MODEL 8TUDIES

IMPERIAL DAM (REVISED) ‘
EFFECT PRODUCED ON HEAD AND | 8
"COEFFICIENT OF DISCHARGE BY .

DIPAﬁTMEHT OF THE INTERIDH e

“BUREAU; :0F ‘AECLAMATION
' BOULDER .CANVON :PROJECT

VARYING ELEVATION OF LAKE 8OTTOM|

CHECHED

’3.'.".\!..- - SuBMm |~r'r:nvg;
. RECOMMENDED, ' .
.9;':'_-.5.-- . APPROVED. ...

I DENVER, COLO. T-IT{




— 1 | ] | 1

CURVE BHOWING TAILWATER ELEWVATION RECOADED WHEN
[FRONT OF JUND wAB AT £LEVATION 180.0 0N DAM FACE

.
-}

(prOTO)"

(proTO.

[CyAvE TAILWATER ELEVATION'RE
AT MORENT. JUNP LEFT THE - POOL - -

W FEET.

ida2 ]

z

R

ILWATEN ELEVATION — |

L

N et I .
BANOWING TAILWATER RANGE
ot L

e

UMD DID NOT LEAVE POV
-]

g

s

TAILWATER ELEVATION —IN FEET

8
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BEPAATMENT OF THE Wl ERNH
BUNLAU OF AEOLAMATION
: : CA L SOULDER GANYON BAOJEGT
. Nare BRI Uo7, HYDRAULIC MODEL STUBIES
The stilling pool iayout wds the sama 3 ' : " IMPERIAL DAM (REVISED)
:‘-Xﬂlrr 2::::;:::‘::?::’7::5 ware mode gt o Sunves & e TALWATER RANSEA FOR
ciseharge of 150,000 ¢.1.3 QOHPARATIVE AUNS ON VerDUI S60 LAYOLTS
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'plotteu on the sama shaet.; Tha uppar line indlcates the taxlmatar
alevatlon recorded vihen. the Tront of the’ junip advanced to alevas
tion laa '0 on the’ dam, and tha lowsr. ru_l ¢1narindlcateslthe tall--
water alevaticn rscorded ; ust g

ted linu, chu scale ror‘f"

_graprh .

h ~,Layout L {Lig, .
.faca ut e;evatzon 50 0, ’T

© due to +hd increased:t

o of ‘beds.. Inciﬁentally“iall eds
that thalr shapagicoul

3 ‘mnd 4*usre 5im11ar to layouts
of the bed was ralsed Bk

'shapes anu ;

153,0.,-. Tor beds 55 feet and

-~ .ghows thu tallwater range ;

. the shorter beda {1ayouts 6/ to0 8) the
as thP 1ength of bed decreased

' . Layouus 15 to BO, sive,
axi lcnpths wuth~thulr Aizhest portion
eurves show the.stilling” pool _haract
~the shape and length of b T h
tl”,leOCltv\OVUr thau’was

: In;lavout‘zl, SJ

:t¢an 155 0. : PO

- elevation, e hlgher ' POrtio) , :
- however, were, PXCCdQIEbly h&bh, ana tQWas,necessary to use’ ls ger'"'
' risrau than usual to xéep tA ‘shape of=Ehi bud frcm :

: The dﬂVantanes and dlsadvantanes for. the‘extr me cao
‘aro sun51bly euual, If thu bed igiat ona “of i tha lower elevatious,
he tailuweter range is’ small. LI tha cantrolllng portlon of: tha

bed is high, +the tallwater ranue; is. 1ncre&sed considerably, but

the ‘Velocitivs over the bed era. very hlgh, which' is equally un-" -
desirdble. It is difficult to ohoose & bed between the two  x=
tromes as_tne‘stilling-podl characterlstlce for bsds at Llevatlons

S
B

- 50.




150, 0, 151.0, l 52, 0, and 155;0 show very llttle variation, while

~ tha bods at: elevations 154.07and" 155,0° ‘give the dosiréd tailwater
rangs but are unde51rable., Tha solution 1o thls phabe of the
‘problem then uould be to choo -

'Qiformed ‘over ‘the - 3111 A eachf'jix
.abouﬁ 15 f et domnstruam from: ti

_ cn flruru '5?._ |

S Lavoat au”(flg. 29) was 4 duplicat 42 (1
”14) uynept that the bed was: d"opped to levatlon 150 0. L ch re- -
duced “the tallwater ranse from,Ll to" 7.5 feet (flgs. l ‘and SP)
Thase »lore are shovn as Lai on flpura 7 ' :

-

51,
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S Iﬁ was fe&*ed th*’“
plurs uould ha knccwed off
and a qucstlon arose as to
tive without thc sharp co‘
was put on the upqtream f
and these were, 1n=tallad

the prevmuc test.

curves

than»respaced -agh ho
of tnls dl;ferencef'

were used 1n layout'&
pldte VTI-B -and” tha

row was added as ‘shown i
64, respectively,” (f;gﬂ
Bo showed g tallwaucv '

maxinwn dlscndrge and
respectavelv

,.aO; were not satlsfactary S

[ Layouts b), 60 87 d TE mal A 1ficat:
of bl Rehbock sills 'I‘he sills Svn 8BS Q-2, S-2, T2} and’
on figure 31. W1thﬁthe exceptlou of laycut 87, the tallwater N
ranges were qulte small. and the sills’ showed no excﬁptlonal quall-;:?..:
ties othorwise,: Sill T-2° used in la'yout 67, which had-the’ w:dest

xSGﬂaf‘"w.




LARGE SEARP NOSED
S2r-UP (61).

¢. YIEW OF B3ILL T-2, BEF-UP (87).

CAXS? LRGYH 1356 FER?. POOL FLOOR AT £LEVATION 180.0.




4. SNALL SHARP NOSED PIERS.

B. MAXTANTM DISCHARGE 112.4 - g luxmm DISCHABGI 112.4 B
SECCND-FEET PER FOOT OF SREST ‘ o SEOID-!‘H FER FOOYT - OREL;
TAYLWATER KLEVATION 166.0. ’ ‘ TAILRATIN . mnnu m.s.

- . REVISED DAM. " '
- CREST LENGTH 12336 FEE?. POOL nooa AT ELEVATION 1650. 0.




B. MAXTNUM DISCHARGE 112.4 ¢. MAXD#3 DISCEARGE 11Z.4
SEDOND-FEET PER FOOT OF CREST. - . SNCOND-FEE® PER FOOT OF CRES?.
TAILWATER ELXVATION 166.0. , TATLWASER EIEVA®ION 161.6.

-
’e

REVISED DAM,
CREST LENGTH 13356 FEET. POOL FLOOR AT ELEVATION 160.0.




tailwatev range of the four, was'objectionablera ;#ﬁcieétéd]&

moderate amount of hoili g{actior ‘above the sill. This silliis ..

shown on plate"VII c.

~angd -c BhOWu the; Stl ling ‘poolii - aya
the maximmu discharge .and:the tallwater at el vat"n”_

outstandinrr advantages of & '111"0:{‘ thi typa
stalled 15 the omission o‘ Lthe cu to.‘_ £

,upllft pressures.: In addl +on;]
to shorten the lenpth of the apron®
v-part in lncreaslrfiths lenpth of ‘pa

*and W-2, fig, BL) were tried in" layouts 70, 717'
The aﬂtlon in the pool was excellent, the: ‘
~and the water leav1ng the poq .qu'

 The meximum - tailwater, ranLe ”btawne&f

~bed” at elavatlon 150'

:}fas in layout 72f* ghe ohot gfaphs, ite:
~- pool in action. for'the’ maxlmum‘dlscharge, us;ng rhree ta Lv

_;_tjdepths, namely, elevatlon 168, 4; lGﬁjO” aLd“lc
‘«,*;Photograpth=" e ‘

‘a. POI‘

“;f:i:aﬁfdﬁé own dS.dﬁ? tofD~2 inclusive, : ,
S fige. 7) were LuiermlttCﬂtly 1nstallediou the sloping:apron to'

wvffdetcrmlne which gave the best results
“decidedly the best- or the group, anu 1t

”i{f”tha flnal dcglgn on flgure 23.f

c,’*Coﬁclu ons on Comparatl_e Tﬂsts

Summlng the second set of tests on- thc stllllnr pqgl, R

: _éo'




4. YIEW OF HORNSPY DIFNFUSER SILL.

B. MAZTUIN DISCHARGE 118.4 - , : 0, MAXTMUN DISCHARGE 112.4
SECOND-FEET PER FQOT OF CREST. : " SEDOND-FELT PER FOOT OF CREST.
TATLMATER ELEVATION 168.0. TAILWATER YIEVATLON 163.0.

REVISED DiM.
CREST LENGTH 1335 FEET. POOL FLOOR AT EILEVATION 1590.0.




4. DENTATED STEP AND QQUIPOUND B, UAXTMUM DISCHANGE 112.4
HEHROOK SILL. : © ' .STOOND-FEFT? PER FC)T OF OREST.
TAILWATER ELEVATION 168.4.

. €. MAXLMA DISCHARGE 112.4 D, MAXINUM DISCHAROE 112.4° i
SECOND-FEET PER FOOT OF CREST, SECORD-FEEY PER ¥0OT OF OREST.
TATLWATER ‘ELEVATION 166.0. : TAILWATER ELEVATION 163.4. 7
Jf

/jf
i

REVISED DAM. ‘
CREST LENGTH 1835 FAYT. POOL FLOOR AT ELEVATION 100.0.




;it was . apain Lound - that the baffle piars (or some varlatlon of :

. tham) &nﬂ thu compound thbock ﬂills gave;the mostlpatlsfactory :
results,” Wlth the river bed'a gelevamion‘lSO‘O the'plerS‘ahowedf
tailwater Tanges from 5.4 07, 5 feat Wil the

sill showed & :anr*'lrom Qb0 : z

was 56 (11 29),..&nd: thei b st’layoutfudt

s111 was 71" (flg.qso) S 0 S

. ticability oft the ‘baffle Bl

bock £1l1l was- selectadiln spite

orferod by thn rlr'

. Durlqg the tests.on thas th‘:"'" Lo
stlcks v*th nalls drlven 1n'thalri :

large 1oe,s in’ the prototyp - i :

piers or: sl1ls.~ Soma of” them remalned for a:

of tims™ 01rculat1ng aoout;tn ,

would thump against the Tac of the:

sill, the sticks wore: always inan uprLght p051t10n,
Tor thelr “O“Uldrlty in- avoldlnv th plers.

roller and noved upstr*am tha i

“the direction .of ilow )

"uhls poq1tlon.';;*

. : . o lflnally_
“tateq step G—u was; installed on -
apron and si118-1. (Tig.” 7). was
1.5 feot Aong. o Vater Surfac :
on the, pool ‘Floor. are qhown . ,
tailwater deptks on; fiqures: Su,\ukf
these profiles ruprﬁsent”prc+otjpe
- from the- mndel resilts Tiecs
pressurbs ‘in the buﬂket arc howﬁ op;
N StllllnP pool profllus unre made 1o ald
T of tlese gurhlons 01 tna btructur o

v:e; Paint Tests on the Plnal stx]llng Pbol

. A Serles of palnt tc&ts Wbrb made on the flnal deslgu,
using 4 the. maximum’ dlscharpe.L Theso- are ‘shown’ on platus X1I end S
£IlI. Plate XII-A shows the' pool. looxxng doun strean. and plate_ I;B=’
shows the nature of . the. flow lines along a side wall’ of  the: flunes
Th2 extent to which tue Jet. is flared bw the dentated steps and. 7~

"how the flow’ rises to nearly vertacal medlately upstream from
the sill can be- seen,. Plate XI[—C is an, excellent plcture of the'
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180,600
198,000

TOTAL-Q [ crs. e

Nz o8

T8.04

20,000

8.

:gAM'_

2000 |
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4, SPILLING POOL.
LDOKING DOWHSTREAL,

8, STILLING POOL SHOWING LINES
OF FLOW On SIPE OF FLUME.

C. DENTATED SPEPS - LOOKING UPSTREAM.

REVISED DAM,
RESULTS OF PAINT TESTS.




C. SIDE VIZW OF C(MPOURD BEHEOCK SILL.
LOOKYNG THARCUGE RIGET-HAND FINEOW,

REVIAED DAM.
REJCLISS OF PAINT TESTS.




i ; : ‘Hmhverﬂ,he ‘?”*
‘vrunctlon of the steps ig. to llft part:of “th 3h19 {0
Tbs floor and corrug

SULt ‘of . theée St
wc—thlrds q

Fifrom 41, to 41,0 faet
Rehboek 5111 ‘was ‘increase

;| expansio

: nsequﬂn 1éJ
‘latltude both in thﬂﬂlength'o i
of the olll.w,,vé

‘ As prev1oushy de51gnedi thevnaxamu:, i yoof t
splllWav Was: 150, 000 second-rcu ior 112,.4 second feet per foot 2
of. lenptn of" crest ;and - thb qn mum capacltv of thu 51r»gate Slulce-w
‘way vag 15,000 scconu— t,.maxlng a.total capacluy of 158, OOO EEE
second—;p t. U . ; : A

v

‘ .k¢ the time tnat t}L lvngth of tne splllway was reﬂuced
‘ from 1355 to 1197.5 feet and its capac1ty f;om 150 OOO to 13&,500

[&

70




_‘,second—foet the numbar
 from-aix to. twelve and.
]uacondnfeet so that The

Qﬂtha tilling POOL.

Chhs ;ina.«desﬁgn g
Auescrwbed"abo ;
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IIL. THB IMPERIAL DAM SEUIGEWKY

'y modsl of‘the Imper:aw"' esluicewav Nas=construc‘ﬁd
and testad in the' same laboratory sjthe&dam but inna different
location. A plan of tnis portioh of . the
Tigure: %R.,

" entrifuga- pump into
level tenk: locafed near the cplllng‘ f*theL aborgtory.
“head ni water was. malntaina :

into txm nead regervoiru loq ¥

tank, Water was then supplledj,o the uode

head regervoirs, ' With' thlsfarrangament," ] ¢ Tt}

operated sxmultaneously. : ”ﬁ” _s supplied'd.rectly
Artar_ assxng through;?he e

model, ‘the: watar collectedfin - “

the weir tank where 1t;

: The original Slul evay. odew
. in the Laboratory.on a scala L 0 ; 1 8ac

by shaping a plece‘ot 20~gage]sh ot al ovar 1vefhaavy'mﬂtal
ribs and soldering it in place. ‘The ribs‘in*t ‘

small stcel anglcs, Thc ve pi on’ the :

curvaturu. The gete was plvo 0d *a l/4-1nch b_
of arms whlch cxtonded from ths mod t'

Thu model;uaSvconstructod 1 a*vooden JLlum .'1na,;udth
gheet metals  The. upstream apron was' raprcsented by;thy floor: of
the box., The downstream.qpron, ‘made’ of %ood-and sheet metal
built so that changss could*be : ‘made in this: ‘Pértion of the
ture. A sand box ‘was prOVJded downstream from the-stllling pool
so that th: offoct of. urosion for verious Yayouts could be: compared.
CAn aﬁjustablu wolr was installad at the downstream end of: the-gand -
box to rugulste the teiiwater depths " A piczomstor. connected. 1o, the
box rogistercd thu tallwatar clvvatlon, Piuzomﬁters hav1ng é/lﬁ- ;
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_ wore madc v1th | polnt ‘Bage mounfcd‘wn a\carri&ge"hay operatedf
'alcnm tﬂo 1ovul steel anglas,hono on’ caeh . :sideof” h‘;flume, f

- }S‘f" .
tlcn 147J0., FloW‘through the slulceway was:'to bercontro led by
six radlaﬂ‘gatas each 16 Teet ength ’ :

slope was providgd Just downgtream frm

A

leferent doslgns of sills (flg %40) wer rizd-at the
nd of the horizontal apron'in an ‘effort to, 1mprove “he action in
the stllllng pool and: rcduce orosion downstream.«wI..vas found that
stapped aprons (A-3 to G-3; ‘fig, 40) installed at the-6:1 sloplng
apron were an asset and 2 number of - thesc were 1nte“m1ttantly tr 1ed
in combination with the various sllls throughout the Tollounrg tests-
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B. DISCHARQE &,1l40 SECORD-FIET.
LATLWATER ETEVATION 168.0.
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. Tosts del vend 4ed (flgu 41) were made uith thu_stanpem
gpron, I-3, placed at the and of the' sloping apron and 5111 L-5 i
1nsballod on Lho and of an poolwfloor 45”’ 3 A = '

port will- B
tno,p01ntuat~f
of ‘t:'hq sille
: ey
paving, 53 Iaet ln lxngth qnd
‘mediately downstrumn Trom thu 8111
peved with riprap: for “a .dist \rie 7
et alevation 150,0 and"lopad dowu u
1I-A showa this layou: and ‘ :
at a dlscharge of 18,0 2 feet
of 155.4. The ‘jump ‘was on” tho”ver o'iof Yzaving
depth of tailwater., 'For tho PUrpossd ‘of co‘pa;i )
different on the” tuo halves"of the,sill sill“ﬁzs;
larger tcoth geva sllghtly uttcr ;
Flow uonditlons wero fairly
clavation of 158, 0. (tU“tfé'
dropped to :levation: 15_“
to leave tho: FPOOL.
tnd 2 seridsiof statlonﬁry :
water, woro: ‘progent- downst o ‘
Junp formod near. thso ventur of the st 1}ngxgoo
depths, - This' layout was. uns tistctory for thJ
the tailwater range was- mueht60 -
strcam from thL pool oo hlgh.

A prcdlct, : ‘ :
Th:re is aiine uncart;lntyiconcernlng:t i
sible to ascertein thu‘effﬂctAjouldc i
into tho river from the All« i
have on the- futuvc reglmo of th_ TlV“r _
for any unvxpocted’ tailwntor: condlwlons.,hnt
1t wos thought: best to dusign ling:
as well =5 for the'dem, ‘th‘t‘.
wido ronge of talleuL
ried on to tnls uqd

Tosts . 51 °qd 5—2 (f1 '&1) wure,slmllrr to. thoscipre-
viously deserived,: ch‘nt L= A portion of, thu “smooth p'Tlnh bolow .
ths 811l was roised oae foot 5o olova ation. 151, O., ‘The water-surfoce;&
Profilcs for theso runs show thot:the aighor. peving Below the -
811l inerecsed the tailwetor pan w0 with the result that the front
T the juap .noved upstroan. . Conditions downsirenm from the- pool
Wore worsc thon in test 4, ne raising the meving inercased the
veleocity over it ond this in turn enused vury lorgo stationnry
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062 SECOND-FEET.

TAILSATER ELZVATION 155.5.

C. DISCHARGE 12

,042 SEIOND-FEET.

TAILVATER EIEVATION 105.4.

B. DISCHAROE 12

g
4

. “w’,"
g ‘
&
g

4i LATOUT AS FOR TESY 4-1,




waves to rorm4_<Plate IT
‘charpa of 1n,062 second ”ﬁ;rﬂ

‘ dropped ‘
lavou ‘aiﬂLB show

‘ w&be VLTJ ‘gimil T
3‘.s&ows mhat the fron
_'the pool. ‘

' and the smooth p
IIIfC is. a v1ew

.. 15B8¢0- and 155 S, respectlvely. {
"photograph B Referrlng to “the
&-1 and 8.2 {fig. 42); it..can"bs
uch - 1mproved with ‘the double<ju
,stream.from the stillix 'pool ‘
range. waS“lncreasedn '

I ror tests 1021 ‘and 102 {rig, -k & ‘was removed;
"and the pool shortened.. The pavlng under the secondarywaump was
shortened considerably and a small nontlnuous rectanvula '8

was lnstallad onithe end of 1t. Pl te’ IV-A shows*thi

action for a ngenarge of 12 102 secondqfeet and ‘tai

yation of 155,% :nd B 1sfajr1ew ‘of ‘the. layout T faft r;the-run,;»;'-
The ‘gction of. the dOUblu Jump_was Vary effectlve, the water leave -

ing the secondary ncller was- qulct d erosion of thc ~and bed wes
slight (plate IV-B) O N N 1 I o

A laycut was d931red whicb would produce double jump
for all tailwater =1nvations below 158,0 and one in~ which the
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sacondarv jump ‘would flood out for tailunter aleVations‘ahove loa LI
Tests wers made to. develop a" poolz hat mmuld hove: these ch&racter-f sy
istiess In‘test 10 '(fig.. 42), the 5econdary Jump dig not flood" out,'
.unt11 the tqilwuter reached‘ levation“ 64,44 : ' G

S A laycut identical o et 10 was qsad in. test
42), excspt that sill 1~1"was ,ainstmlled on* ths" pool_r
- IV-C.'shows the pool in.e ction: -for..a- uischarge];fﬁlei,
feet and a tailwater ele,ation of 158 0,:-and Dfshows
the layout and sand'ba ‘taken ‘af'ter. '

co A material,chang wes:made i
13, 15, ana 16, (fig ‘43) : :

‘elevation of. 355 O,f'
run, In this: ‘cesa,
elevatlon of 150 O

“saeondary poo “floor
d“opped to *lavation 159’ ' ,
p charg_
faet and tailwater elevations £ 1580 and 155'
Thae- secondary Jump floodad ou £ ai

; ”a tailwate tio
end D shows 8’ view of the ;ayout“and “sand ‘bed’taken afte
Erosion was som@mhat ey 8 sar: :
lar s:ll.‘ ¥
of 157,5, The hydraulic act*on in.the poo was.ve
~Tor tests 13, 16, and 16, as can be seen fro be p:oflles 0
figure 43, A profile of the sand surface on the center lin
“the. s1uiccway 1s shown' ; " ¥
TG .

B. _Eight 16-Foot Gates - Piers 3;5 and 6.0 Feet Wide

Thap

a.?-névised:Doubléaxumb”rbol‘

7 The consultlng board 2t @ meeting in Japuery 1955 recom—
@?.‘ mended ‘that thc height of Impsriel Dem be increased one foot and

g7
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DISCHARGE 12,068 SXHCOND-YEER. ‘B, IAYOUT PCm TEST 13,
TAILWATER ELEVATION 185.0. AFTER RUN,

D. LAYOUT PO 16.
AFIER RUX.

C. DISCHARQE 12,062 SECORD-PEET.
PATLWATER ELEVATION 152_%.




PLATE VI

Ao LAYQUT FOR TEST 15.

B, DISCHARGE 12,000 RECOND-FLET, ‘ C. DISCHARGE 12,000 SECOND-FEET.
TAILWATER ELEVATION 156.0. TAYLWATER ELXVATIOH 153.6.

DOUBLE <UDMP POOL




Vr

that the sluicewav be alsedlh‘like amount.'_flkf'established the gf
new sluiceway crest at. elavation 163'0. The shepe:nr thc overrlow,
section was chanﬂad;to thatwshpwnton‘figure 4 5

portion was. flattened considerably.
: that eight getes 16 faet in'J'

s Tha mod 1‘w§s partly rebuil
de&lsn-p The' approachﬁand st111i

 ecbndary stilling od'
from the rectangular pool*to;yhe T

*hut of the original design. m

from six to eight;;lnstead( the ‘mod ; )
- the prototype ‘with' “the- two: center gates and
removed.- ‘The" modal discharge €

2, 000 secondufaat per gate

o ol tlgur -
difference betmeen the prototype*and the mode
e view of the revised . daubla-junp Qbﬂ -
operation for & . dlschargu‘of app: Bk

2te ond tailwater elevation ef /158, 0
action for ‘the. same - discherge end aite
Profiles-of the water surfaces:for-t* 5
variety- of conditlons on’ figuros 46
floor are indicated by the broken lines nithe
action in the pool was: very . tisfa
The secondery’ Jump flooded out fo.
158.0 and a-wide taeilwater ranga was
Energy d1331pat10n was very- uffectl
Jump was .comparatively quist i Dhi. ayou
advantage, ‘however, ‘in that: ztrnecessitat_d
eretoe paving. For this reason 'Pnother D
geted, - :

b.ugolngle—Jump Pool wlth Long Sloping Apron

Thu étllllng pool “ﬂu ruv1sed as shown on flgures 48 end
49 and Plate VIII-A, 4 long: apron with a slopa: of 4:1 commenced
17.9 faet downstream from the center 1ine of the crest and extended

101
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,062 SICCRD-FEET,

ELFVATICK 154.0.
,072 SEOND-FEET.
ELEVATION 1524,

5. DISCHARGE 12
TAILWATER

2. DISCEARGE 1B
TATLWATER

=
[=]
B
=
B
3
g
3
i
2
g
g
E
2
‘m

A« LAYOUT A3 FOR TEIT £6.




'_ The werpsd utilling-pool walls’ remolned the’ seme:

- and- plate IX-A,.

- apron, eill N-3 (flg. 40) Yz
‘were also ‘incerporated inthi

“tions to the jet of Jater flow1ng over: th

- Placed on ths downstream ends of t

‘ure 80, The aection. in the pnol:

this casp was et elevation 13800, ~,_: )
on the sloping apron ‘ag’ ehown, and:sill P=3.( _
Tigure 40) was Placed at the end: of -“the’ horizonyelﬂpool rloo
and the sand-. bed below the sill WRS: leveled orf't

89 3 feet downstroam to the flocr,of the stilling pool which 1n
S d.

double-Jump leyout.g Profiles of: the ‘water: surfaee

.. Pressures are. plotted on, figures 48 end 49 for*aqdie
dpp*ﬂvlmotely 2, 000 seco’
tailweter depth Thefjump

: Vmeens of dlssipatinglthe- ne gy,
ype of pool: exhibited";
tailwater range for the maximum dischﬁrge thﬂn daia- the: double
pool. It .can. be noted in" Yest' 26 =3 (fig. 49):7
‘the Jump is- sti1l in the pool for ilwatsr elevati
The single-jump pool: witn;1qugslppiog?dpiqo.Wasa ui
tory in all respects. .Th='dentated ste |
wers very effectlve in this design‘
pool in’ actlon for.a discharge ofg‘
tailwatnr elevetlons of- 154 0 en .

-Jump
i hot th rroot of’

S Ij c .

: As the s1ng1e-1ump pool dlscussed ebove

very long lnngth of paving. elmzler to; the double-J
attempt wag made -

stllling pool: was

ump_ pool’ an ;.
‘to shorten thisg. portion ofi the structure. "
revised us, shown" 1nAth° profilés o

“The 4:1. sloplng dpron<1n“this case o
gam’ from the center line of the,crest

38,7 feet downstr
‘tended 40 feet Ao

as 1nstelled ‘on'ithe end oflthe sloPing
3 placed at the ‘end of.the. stilllng :
eveled to elevatlon 142 0." Thls change
cture dl feet. ‘$mo uddltionﬂl features

_v{a,second set

pool, and the sand bed was 1
shortened the slulceuay stru

of denteted. steps (G-3- flg.m
crest upstream from the first’ eet

geve addltional corruge

, em, maxing pOSSLbl
shorter length of concrete: ‘apron- downstreem from the crest and’a

shallower stilling poel,. " Second addltlonal tail pleces were

he gate’ plers 45 “shown onkblpte
re formerly present below these
urfaces and pie zomuter preesuree

the flnal stilling pool design on fig—\

IX-A to elimlnfte the finsg thut ‘we
plara, Proflles of the water s
ere shown. for: two runs for

was: very, eetisfact ry for: all: SRR
econditions of flow and. tailwater .depth.' For. th-:éSEﬁnme d1scharge:

of 2,000 socond-feet per zate l the jump remeined in the pool. for .
a fe*!water elevation of 50,0, Thie pool woulgd. operate satig-.

factorily for a lower teilvater =levatzon then this but mechenical

110
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~of these on the- smail piers. 4

_.on flgure i54: for & pier. u-O feet{wadc
Cvddth of_the small piers 1@3‘1ncr [

'1rcreased;to 6.0 foot An‘wridth. ‘Tho' ta;lploco produclng tho beSt
- results on this: pier 'is’ shown on’ plate X-A and .draym" hn detazl o
figure 54. Plate X-B, C,~and ‘D, talen - .of ‘the flnal sﬁllling

“tailpiece © o be ontlroly satisfactory. Both tallple,es 1mprove
“flow conditions and. At ds felt. that: they'ara worth thu extra cost"

‘plers. Thc:best:of"thesd‘aroﬁshowﬁi nﬁé}ﬁfhéGIX é#@i

‘dszlcultleSgprohlbnted dropplng of the taml water farther in h
the model.. The final stillmng—pool d951gn is shown on plates
IX and X. Pﬁotograph IXr"éhows t :f ut LBy and: ﬂ*
rshow the pool in operation £o ‘discharge -of 2; OOO second~feet
_per ‘gate: wutF tull-water elevatlons of 216 :

reopectlvely?*

* CQ

At a meetlng ofrthe consultln {boar‘_
the above stnlllnu-pool -desi "wasnapprovéd.
prototype structure is shown‘m Tigure 51. g i
meeting, hcwaveru recommended: th itwelve,gates ,_ﬁffeed°1n
length, be used instead of eiuht o5 formerly decideds { he ad-
ditional gates w111 undoubtedly ‘increnso . the flexlbllltf‘Of the
sluicewny and make - ‘Possible more afflclant flushlng.\ ~
the latest Blulcawny d051gn 15 ‘shovm’: n figure. B2+ A
the final. Denver model. is included: &s Tigure: 55, :
the model rapresented one-half ‘of ‘the . sluloeway. Wlth mwelve gat s,
the finsl" slulceway w1ll havo”a~matnnwn : u
second-feefA L

to irom out the fins created in’ that

parison of ‘plate VIII-B' (w1thout th
plate IX~D:{with the tailpicces

To 51mulate the large p o

operatin; iat a dlscharge ofo'OOO second=fest per. gate-éhows thlé

nocessary_for thelr 1nstallat10n. o S %

A

I
i
\

Ll i
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. (_EPECITGATIONS 40,844

o

A!I exposed. corne.
walls md bridge fahan If chanf!
ercepl os mkd'

Outer 3 of rock f' i

‘ i training dike fo be -
‘Al cxposed corners-of. sfc i p-’aced i {pmp for.:

“cavered with 454T) b A : . 1 First. 5 :

¥
“.For, p;le plan’see Dwg. 215-0-352 , g O Sl g Lo
For ‘pile and .anchorage_ details see ! s ‘ mteiac) 1 'II”“

520\ Woaden - sheet-piling -~

Fbr defmls of: e.psfrwnsbb aprms,
:sheet.piling and other features.. -
naf'sbnwn. see Seclion’ '14-.4' S

t‘_“fg \

- IMPERIAL, - DAM'
N _sa.u:cxwaw :

SECTION .




24'Wooden sheet-

Axis of overfiow weiF

Gah -ah»uch.n ‘symmeiricg). .

-'-l"t _about fhis

E""""""‘““""""*

S g g

L oI

s

176,00
te

Nl A

i

b

Overfiow wair

T

o[ T

e R

2Unit b

)

fing from here

_pi

4,68 and CCaeg D

Sections'A-A
D-D see 1 2/2-D-364
Y Har ‘and seals. sec
handg,

roil see.Dwg

PEPARTMENT. OF THE ANTERICR
‘BURKAL. OF REGLAMATION
BOULLER CANYON PROJECT:
AMERIGAN C‘NA!. SYSTEM- CALIFOJ_WM

! MPERIAL ‘DAM
.s;.ulc:wnv s
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: Em whlc ‘ha rlncorpovated
in 1t the flnal slulceway des;gn:was constructed on & scalelof 1; 40
et the Bureau.iof Reclamaticr ‘hydraulic 1aboratorJ at MOntrosni*
rado, to study g:X phase ‘of “the ysilt’ ‘problem:in :
project. It was: necessary 40 malo- the - flnaf gato 'allbratlon and v f
obtain pressures onithe, overflow fac "f;thls model as the gabe sec—i
tion of the: Denver model wus neVer,rev1sed to
sign. A phoﬁograph ‘of . tha Lontrose,nod :
Profllas of “the. water surfaces downstre

various ‘conditions: of hend, dlacharge and gntqy

In eneh case all twelve tatcs “wer

‘lievod that the TUns -on fluuro 55/ /aro’ representati
1cond1t10ns that can preva11 on tne prouothe”utruct
was .a negative. preusu:o reccraod on’ the sp11 [
evldently the “worst cdonditidn in thc grouy vith
crest. and o large dlscharge.‘ : e

In addltlon to the abovo ts; observation were. made‘onfﬁ“

~ the stilling pool to determlno vhether “the actlon;lr the v i

WOS LS natlsfactory as that: lndthe‘pool £ the §ix= _",

els . Plate XI-B, ¢, and D ‘Bhovr ° "Montrose.'stilling “pool 7 S
for a. fovw: condltlons ‘of alschargo ‘and:tail e :?EiTho Montro e“pool S
differod from the Denvor model ;in that. it had twelve. batcsylhstoud e

of 8ix, . ‘and’; dlvalng.wmlls ox ended;dounstruumﬁfrom tho'two large

‘Plers to.the..ond of tho Stllllnb ‘pool floor drieh :

in the. Denvor modul-:‘w . =

, : Tho dlv1d1nh Wﬁlla aro undoabtqdlv advantagoous vhon only_-Gg}a
one side of the . slulceway isin oporatlonqas is:evident: from photo—*}
graph C. ‘Each’ four—gate sectlon acts as unlt and turbulence and
;wh1r11ng actlon s practlcally cllnlnatod: -adjacont units.

Platc AI B shows all twalvc gatos oporatlng'a 24, OOO soc" e
: ord-foet yrith normal. taily uatar pad’ photograph Dshows the: sqmo conu,ﬁ
- ditions of dlschurge with tho tail wator at elcvatlon 150 ‘&% which
point the jump thruatens +o lenve" &ho jpool. A comparlson of “ghe . -
Photepgraphs "o plate 11 wmth thoso” ‘on plates IXand X shows llttlo,':‘
dlfforence in tho st1111n;~n001 actlon in tho two modcls- S e
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DISCHARGE IN THOUSA
NOTES :

from_ the Oragmals!utcewoy :
shown on: anure 39

AII gates were open on equol
,amount

R R R | v 5.

.NDS o# CF s (an sIX ‘.GA'res)

7"'These curves were. obtauned

DEPARTMENT or 'I'HE lH!’ﬂIIOR
" BUREAUV OF RIGLAHATIOUR
BOULDE YON PROJECT.

.H-.YDRAULIC MODBEL SYUDIES -

IMPERIAL DAM SLUICEWAY

GA‘I‘E CALIBRATION CURVES FROM
_ORIGINAL SLUICEWAY MODEL -

'onAwn SRRV susmitren g
_TRAcED_ ORS.  prcommenedp

cus.cuo SN:B . apsroves. .




CALIBRATION OF GATES

rud1u¢ gates were. callbratad7fcr the orlglnal dészgn flg-VSJ)
on thd Donver: modol., The‘callbratlon urves qonverted 1nto*pro—
totyp% vo.luos by Froude's ‘law: aro*'h"dﬁ jon figure 56,
werel opon an equal amcuntifor“m‘ m.and char
od on figure .56 is for ‘six gntes. 51de fromﬂthls tho grn"l 1
self explanatory. It is: ;nterostlng b0 nota that_t o '
'sluzcoway practlcally roachas'lts
flve feot. : -

f ’ : .
i B.

U

"A,set:of“calibratib ‘ urvosmfor .
'5031gn (flg. 51) obtoinod from’the Montrose modoel
[figure 57, The discharge showm is “for’ twolvo-
ﬂrun, all gotes verc open an cqual amoun 1

i/ comply with somo llmatatlon such as.this, othcr\

i
1"

of p0351blc gato comblnatlons would bocomo and;

‘ﬂfcompar;son of tho callbratlon curvos-for the
design (fige 56) and thoso forfthe;flna ﬂaslgn (flg.; ,
the two sots of curves +o be in fai on openlngs
; odel showlng a sllghtly lar-
s rango For. gate opanlngs
grecter than- flve feet; the rounded ntranco
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