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;‘-'ineﬁ.ie5r. Colarado, July 31, 1939s

MBMG&A;!DUM TO CH.L..F DESIGNING r]Hu"IE,.R
o ' (h- G- 'Dawoy, dre)

a ;Sub.']Bct-- nydrauhc model study of the s‘ta.lling pool fur the conchaa
canal :Iendwor'ks, Tucumcar:. proaect, Naw hexioo. o

‘ S Imbroduction. The (:t:mchau Dnm in 'bhe Sotrbh Canad:.tm
:Rlver, Yow Moxico, Tigures 1 'and 2), was designed ‘and. eonsi:ruuton
undar the direction of the Corps of- Enginears, Te Sa” 'Amy {The - R
mein dam 18 ‘o gravity type .comcrote strusture having o muximm SR B
- hoight af 285 oot | :and a crost’ lengbh of 1,2.;0 Foote. Inoorpornted .
-:in tho ‘conter of ‘tho ‘main dom -is .n-300-foot: sorvice spillwuy, with-
out grtes, which will pass ordinv.ry ‘high=mter flowss A stilling o
pool 127 feet long, ‘equipped with baffles, lies: beluw this’ sp:.llway-
Penstocks ‘hete ‘been ;provided through the dam to furnish flow for .
future watey supply and power dowelopment. ..Wins dems of a&rth-rook
£111 (figure” ‘2)'extond ‘from-the .abutmonts of the main dem to bigh -
ground 1,000 feet morth from the loft ‘abutmont, -and 4,000 foet smrbh-
east ‘from tho r:.gh.t abutmonte A 3,000-foot emurgency spilhuay i
looetod -ono mile -nerth ‘of “tho mein dam, i'.l.ankod by two oarth-fill
~dikos’ cxtonding o hJ.gh grmmd at «03thor onde m.schargo from ‘this’
spillwoy will onter -the.river. 1% milos downstroam from the moin dome
T..u Gnnchns Rosorvoir vr:'.ll 1mvo o stomg,a ev.pm:.ty of . 600.000 acro-

el .Lhe Comhas on.nal headworks consrts o:[‘ 8 concreto-lined ‘
tumzel through the right abwtment of the south dike (figures 2 and 3).
‘The outlet tunnel, approximately. 700 feat long, .consists of an ll-i‘oot

| jud.mmetar prassure ‘tunnel '328 feot long, extand:.ng i‘rom ‘the  intake -

‘structure. to the: go:be ‘chambore . At this po;urt & transition is. ma.de to
two 90-inch diametur steel outlots, each outlet ‘boing’ providod w:.th a
,‘six-foot by sevon-foot -aix-inch hydruulmally (operntad onergoncy sJ.Lde
- goto just bolow sthe 'trunsition. ‘Prom the guto shamber. to. the outlot
~+ ~gato ‘hoiso, 210 fect, tho :90=inch . Giomotor cutlots ‘aro carried in o
“horsoshoo tunnol 22 foot wido by 15 foot hi@- At tho outlot gato .
‘house & tramition s made in ‘enoh’ outlet t0 6 six=foot by sewn-foot
- ‘gix=inch'reectanguler scction, each outlet being provided with 8 gixe . .
.. .:foot by seven=foot six=inch slide gate, hydrauhcaily_‘opernted, for
L r-agulating tho ilow :lm;o the Comhas cnml (fz.gurea“ nnn S

Do Tha Comhaa cc.no.l 1‘or developing :u-rigo.tion of the Tug:umcn.ri ,
”‘;progect, und the - st:xll:.n(; pool.of the hendworks will ‘b dasz.gnod end’ .
_constructed by ‘the Bureau of Roclamation, ,Unit.ed States Department of

' 4the Ipteriore - Whea tho dosign-of the ennnl wus startod. bty this office,

‘ thc outlots vmrc :.n plncc to stu.tmn 23-&54.58 (flg\u‘o 3). Aﬂ:or tho -
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' ou.nal section a:ad g;rule had been esta.blitlhnd, it WBE moeasury to

i provido & ati1ling pool mim.!en the outlet: ‘gate house 'and the nana.l
. 4o disgipate the ensrgy uai' the: hi@-wlocity Jets isauing from the.

© .. outlete into the tailwaters The meximum operating conditions will ‘o
(0. ooour wt the atilling pnol whan ‘eaoh outlat is: dinohnrging 350 seaond-“ '
7 feet under ‘e maximum hﬂad‘iof 64 feet, or when oaly one outlst ie diss -

oharging the maximum flm\of 700 a.:cond-faet under the mimm haad.

T T - Although tha ao:msn uut dmtrau.m frm tho outle't.s (ganornl o
_j;:pln.n. figure.3) provided: enmhnt of .6 gtilling pool, it would have

o “been diffioult 4o ;prediot. the pool- action during the mnximmn nperati.ngﬂ
' .‘oonditi.ona. Tt would have lmen also difficult to: dssign o stilling -

.pool ‘basause of amasaiva tuihater, whichi WBSB nnuaed by. tha ‘large d:.f-
- ference in elevation between the maximum canal: wmter aurfuoe and the
" invert of the existing . outle\‘!;u. It was. imoasible to’ elimm.ta this !

" unfevorable condition sinoe the position of the outlets wes fixed, azp,d )

‘the - grade ‘of ‘the. oanal oould mot ‘be; changad to suite - Aooordingly,
I ‘-model stu&v waa oonsidersd nmosaary to inveatiga‘be the pool action :
W;iin tha aoooss mrh a.nd to \detoxm;lm 8 aatisfwtnry stilh.ng pool dasigno

‘Ihe nodel. A i‘l;o‘ 15 soula modol wes' built nnd testod

= in the hydraumory of’ the Bureau of Reclamation,’ Denver, -

. .Colorads, (figure 6)e & ahort‘ length of the 90-inoh outlets wes dup- T

" .licated in the models ‘They were built of light-goge palvernesl with
R - bellmouth entranoe provided ah station’ 2249005, and for r:.a.l:l.brs-”'
©+ " tion'purposes piesmetera were @.nstallod ‘at station 25419028 (figure

8)e. Bach outlet ‘wus provided with a reotangular slide gate, the head :
. '~ on the gates being recorded by the pistcmeters, and the toilwoter ,
~ibeing comtrolled by e tailgates 1* Since the entrance to the outlets in -

. 1 the model (statiom 22493005) was not located in a position similar to
. -the prototype (station 16+20400); ‘the maxime head for the maximum -
.. Qischarge was dstarmined by compiuting the prctotype prossure =hoad at
. station 28+19428; the corresponding model welus was then establiahod
‘ by regulating the . alide gn'!;ea- Suﬂ‘iohnt leng;t;h or the moeas cut

o te permit obsemt:.on of 'bhe flou.

" was installed downstresm from the headwall of tho outlot " ga'be houso

Prelminary 'bests were: mde on

*hhe stilling pool- by the access out. (figuros 74 and ‘8A)s

' ‘;anticipated, the- £low oonditions were ‘very poore .When. both outl.eta

" were dizcharging aunder the maximun heed (figure 88}, the pool weas ex? |

- oeedingly rough; the seme was true for the left gate. (or right gate)
discharging 700 second=feet under the maximum heed - (figure 8C)s  The
latter condition was particularly unfavorable, since the high-welocity.

Cnjet ‘issuing neer the side of the access cut caused large eddies and
: _re‘bu.rn flcwr nlong the opposite s:.de of tha poolo For nam'ly o.ll dis- ‘
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tendad admmstrem ‘the longthanf :t'he"‘?modol ‘and - uomplgtelymémm'
tlw aa.ml topography- ‘ o '

: n._ot studisde - Although s, :type ormaign works. sa‘biﬂfa.utorily unaar" i
.”~‘.oértain ~oonditious‘ ‘of proaaure i‘lm.-, t wn.s desirabh :l:o\‘ha.va P




1ine ot' the pool, 1ts hsight exbending to t.he top of ‘ths outlets S
_:‘_'"S(figure 7¢)a This wall guided the issuing jets into the baffle piers,
e and helped Lo prevant ‘excessive boiling at ths water surface, whi.ch
' would have besn: saggraveted i ‘the flow of the: two jeta‘ had come iR
. contect with each othere Figure 9 showe the recommended design de-
w:;.oped from LS stu.dy 1n tlw modal of the mant 'stilling”pcol 1ﬁguro :
‘Z?BC ] ) . ; :

R R The ;punp ohnm:bera (i‘igura 9) varq sdaod o :pemit yflnw e
d.nbo the cenal ‘during low .-reservoir level. When sufficisnt head '
; nﬁrh :aveilable on the outlsts, the dmstrom ‘end ‘of the stilling
01 w.i.ll be ‘closed 'by flashboards. and with tho outlets diacharging

: as cpen channels, the punps will 14Tt the water from the stilling @
- ;pool ‘and ‘izmto the cenal through the channels on ensh side of ‘the poal._

. Each puamp iYL ﬁnliwr 250 sooond-raat. ‘Figuron 10, 11, and’ 12 show -

3 “the model 'of the recommended ‘deeign in uperatiom ‘The ‘effectivensss
".of the impact ‘stilling pool may. readi"ly be laaa “hy cmparing :E:Lgureu

BBmﬁBCwithﬁgwe 11 -nndlz Ea ;

e s Appendix, an’ amlysis is mﬂa_ o
flolr e.t outle'hs is suhmr*gcﬂ or. fraes’ i:a nddit

R OR. - ox ga;te -opanhgsininermnts e
of 031, various disohargea ‘were run and ‘the ourresponding taihlter .'

" ;sete For each setting, the pressure hoad at station 25+19¢28 wes.
- yende Figure 13 shows a plot of the ealimtion, in which the. af-’

ff..i‘ect:.n head, ‘hy is plotted against 4he discharge for wvarious. gate

“‘openingse Due to the amall’ pressures ‘recorded in the model far Oe9
SRy and full—@.te apening. the rh'ba ware ,not consin‘bent and m not sha!m.'

, : It :I.s mmemded thxb piazombars ‘be installed nt Btation
n-19.28 on each’ prototypa outlet. If +tiis is done," ‘the crwn of-
:Lgure 13 w1l act a8 a gulde- for: deteming the. diauharge 0f:the" out.-
dets: un’sil sufficient. .prototype date are taken to- pdjust the ‘model
»curvas to confom w:i.th the -mrwtim bmeen tha model md prototypeo o

L 1 Figuro 14 uhowa pefficients of,,disaha.rge

Ly ef,-the right lide gate for various gate openingse The ooeffioimts
" .are based on the totel head in the model (figwrs 144), '

‘pressure_head plus velocity head at stetion 23+19428° (ﬂgure wa).

. The coefficients increase witdi-the hesd for & given gete opening, b“* .'

‘:they increase'.mora rap:.dly for lsrger gate ‘opéni.ngs- .“The em-vu o.f L




- oeest ‘axéerimenta y‘. '
L tully ;detormi ;

a _rapazoid

““’v}access cut, ev'ren for ‘symmstrien & operation,

wortices developed, nnd “heavysreturn’:flow- along ‘the .

: “'"g.'-aused unstable Ilow: oonditlonso

ssive tailwater. ‘ay.
Vifrecuently ‘begn’: domonstrat £ ‘ ve
‘in the ‘field “that .oven 3 h.ydrauhc Jump_ ;
=« ‘dr e trapezoidal pool. As B
L city reduction g7 less than that for'

‘stilling pocl.of rectangular seo:

' -enanrgy dissipation in’ open chaxmel :f'lmr o
- 'bang;u"lar sect:.on. o

S The :unpnct “t:.lling rpuo;l. which wag ':.adopted Tor: the Teoom=. S
' "nended ues:.gn is e cpecinl type and: wauld: ord:.narlly not ‘be ;used ine
~dess excessive teilwater is proserts: This condition- existaﬂ An thig -
: .;j"problem, ‘8ince the outlets had bean ‘placed ‘before the Conches ‘canal
- v/grade ‘had heen': -establishoé, ‘making it ‘impossibie tore opate the out- :

:‘”’,‘V'_.‘,“.I.ﬂts or tn 'c.hange tha ce.n.e.l ,grade‘ 'l:n suit-
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B. FLOW THRCUGH FUMP CHAMBERS
DISCHARGE 500 SECOND-FEET -
TATIVATER ELEVATION 4164.55

. RECOMMENDED. DESIGN




A, DISCHARGE 350 SE(.O"JD-FEEI‘ :.ACH OU'I'LET MA} IMUM HEAD
“TAILVATER ELEVATION 4166.00

-B. DISCHARGE 700 SECON'D—FEE‘I‘ LEPT nATE
TAILVATER ‘ELEVATION 4lb6 00 .

RECHENDED DESIGN




DISCHAEJ! 350 BECOND-FEET ‘EACH OUTLET; LOW E.'EAD
TAIINATER ELEVATION 4166.00




CRIGURE 13

BE-0-LG2 | Giev vunr prrpraiaree

T e gt T T idea
(w.ﬁ\.v\\\.w agrvemmoien e e
1‘-3-: 2 Nﬁv‘f o

wren

..tﬂm ma_._m :&E HO4. mm>z=u zo:qmm_._«o‘
3Tva6 11 - 531004S 1Ig0K. JIINYHGAH.

mxmoinqux IYNYD mciozou

DarxIA mIN - 1IICOHL :;ul:u..:
SRR T- 2T . TR B LA JVF T
L0 E R o D R T T P E L V)
. n..:m ddgan

(6 CYRL YT RS i

ﬁozooum ,mu_a :f u_w...o NI u.;:_:ua_o

&

e T

Loy

Oua o.vn. Ty jtrly Tt

-

H
H

DURL B i e

3EALOL08G L3S M-y




sae :-.-u’.
R IL T ‘W en. WETSC

2UVB 30016 IHSIk 403 FSUVHITIO 40 §1NII0I41300
FIVI5 611 - 5310A18.1300M IHIVNOAN -
w:tc&aqu NV quuzo.u

BU-HIHUIA .—Ua-ﬂ.h.lﬂ“!-u:.—
MhivRYI1de p0 O e’ s

! u#u«

.mu.n.fnm Em. 1v avap- ZAi190734 ..
m:u& Odwt N&Dmmmtm tﬁ_ numilw hzu‘u_ukmn—u‘ E
L R u.:::o.: ::...lk_

[P

RS a 8:3:

ik .__,‘..3 2




APPEMDIX

leMLYbIS oF FLcw ar’ omx..frs':”'

l. Dﬂtermination of submarganoa.‘ It is I‘requencly naoes-'
sur;y 'l:o datermina whethor a hydrawlic jump will'. fom, or. »whethar the
" flow 'will be. ‘submergod ‘below. regulating sluices ‘or ‘outlotse . To da-:.-‘ 0
',-j'_-'tominu which condition: exists, it is ‘necessary to: d.utarmino fore.

igivon’ geto . opening, dischnrgo, and ! tho corrosponding tan.lwntor dop'th. o

- whother the ‘conjugate :depth relationof the hydraulio jump. ‘hold

If ‘it ‘is found " that the requ:.red walus of dy is greater than that -
Loxis t::.nb, thon the - flow is froc: a:nd ud;jushnonta ey be: made to obta.:l.n

... “itho required dp; ory J.f 3tig i‘ouncl that- the quu:.red d vuluavrs 1888 -

.. “than that oxisting, thon the flow is" submurged and“ ‘*ﬁyd.ruuh.o Junp
"zle.l na'h I‘orm ur_luas nd;jusmn-bs ure m.;do.' e :

A

S F:.sure l.JA ‘shaws the va.rn.ahlas i‘or the still:l.ng pool oi‘ the
'-',Con.cha.u canal . headworks mheros : s

- Total haad on invert of' outlets
dliv Th:.clmoss of Jét af ﬁm _con‘bra.cta
11 -Q.Velbcrby in venn. eorrbracta | .
I ..ffeat:.w head a.t mna cuntrac'ha.
= hTal we.‘ber dep'i:h .,
| r= Head produc ing _f.‘low

su ‘D tance gute is open

‘mvj .

we 1ocity coe*i‘lc 1.m'to ~The affactlve ,hod.dlllmnfy’:be ‘a::pt_‘ixsséd‘;_us
h 1= d’l N —-—- “‘cp':pl-‘o‘ FERIA '.|'¢ eo oj.v.‘oj,'a oo_““a:._:.-',d,p"o_ ) ’:"o‘:""f
oz oguation .1()_.1)_, -é—é-a :c.&z\ (H=dy), which when substituted din. |
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In effest, ‘this . ourvs re
o 1:1- 1, a "uni.t i

S smp]a cmpmti.m' will ’illustrn:l‘:a the nppliution of the |
- foregoing ralo.t':i.m gm-a 15A aml Ipplw lmnm’ va.luas_ nf

H - 83 feet (ani.m rasarwir elemticm 4250-00 Imurt
R _‘ alevation 4147-(!))-.,--_;-«--

, = 19 feet (lh:dmm tnﬂ.atar alm.tm ussam ‘ :zum-t
L y 'l*gv'ntian 4147.00). - e "

& ‘{lhxinm‘rasorvnir clow.tion.' 25040
R 5 ]lmter cleva.ti”"' 1664

.‘fAsmmu the dimhurga :ba' 350 necoml
. “let the pate ‘cpaning : ho 14.50 pnrcent.
et thn ‘coefficient ‘of

.faetthrough oa.ch outlnt, and e
Gom:.der e:xthezr mt:lat mnd

Sl e ‘ ! - 00145 x 7.5 ‘1.
‘i_feat by 7 fae&: 6 mu)s n.nd d1 - Gnﬂﬁ ‘

“jwalue, dz - .15.74, is hﬁs 'I;lmn tho oxiating mlua,‘--' wmch

| _ az - 19.00.‘,
:tha rlow 1s therai'are autnerged. 1’0 ch:sok*l:ha a.ssmd diac '




of ‘bho ou!hlatu and 'tho aml mae ey b 1
-.?oqu:lred ‘12 s furnisheds . 1‘he fcrcgcing azmls :lilna‘hmtu, hmw;-. :

. motusl conditions et the Gomohas Tanal Headworks for which ths model

' .sbudy indissted that submerged flow existeds Purther consideration -,’:‘__

" of the still:lng pool discloses that althcugh e hydraulio Jump could.

© ‘heve ‘been -adopted ‘for oertein high hoad ﬂnn,, ‘mssuming correot. bni.l-

- water oonditions could be’ adjustad, the ;junp would be dromd for . ;
~low 'head flows for the seme’ diacharga. Assming, thomtm-e,x that n

3 _Trhydraula.o :)unp stilling pool is the idea. qolut.ton, ‘4t would have boeu

- ,;.neoeasary, ii‘ -i;ha ;jot distributinx_;had bee;x_ mm'b unifom to ei*thar

V=Theae aolutions ‘ars qui'b - "tisfaotnry. pa:tiouhrly‘
outlete is controlled by meedls velvese A8 a’rule, the.

o . to when''slide’ igetea or needle Talves are used will evidently aspe:d |

‘on the totel hesds " Generslly, needle velves are used wnder high. ha&é
. -oonditions, wharaaa #lide ga'heu “would probably xwt be . atl for mm
i ;grae:bar than. 75 raat. *?,‘. S i
SRR 3. . aot s’cin pool desipn. It;_iia iupossi‘ uthh -
: ‘.'}report to i‘om Ye ony de “rules . nr dssigning an. .’mpmt atill.'m;
. pool, particularly BiLI0e only ‘one ‘model wis ‘gtudied which’ repreaented

* .only one set of sonditionss However, it is believed that a few gsmral _
" ‘stetements relating the warisbles may aid in the design of s similay -

. istrueture. Accordingly, reforring to figura 150,' " ';:fﬁlming ru’.’ma .;

-_a,re oﬁ‘ereda i : '

SR :L. “The width of stllli.ng pool should be,, W "’_‘za, 'I'.wice i:he disa L
‘_‘gtance betvraen 'bhe con'bcr 1ine of the outleta. o

e z. The height, h, of the tmining wall on 'bhe oeszer Jine or tm v
I ‘pool may. be made equal to tho holght of ‘bhe outlatse ‘The" dength :
should at laa.s‘t exband to the toe of the ﬁawnntream bafi‘h pi.eraa

: The height, b, oi‘ ‘bhﬂ bai‘fle piers izz ‘the upetraam rcw me.y _jj :
be,, b - o,ah, and the he:.ght, c, of 'bhe domtream rouwr may be, c. - O.Qh PR




‘heed /ex fd.‘uohmaga. ,Aocarding:l,y. thn uluo of L my
_-'.Inngth ‘of ‘the top roller - ‘the @istance’ “from the head wall to 'ﬂw L
: _;pu:itrh 0f: nond:imotiml“ﬂ;m Etidontly Lis ya; .i‘tmction of thp mouut .
‘ lnoii;y of -mu

T 'M TN B s
Tie Tydrauite Jump , Scp Roller aud -hmammh&m! under o 8luiva. ”“‘“)’

7 Feteral Institute of Teshnology, ' zm'inh, 'Jans 28, 1954s Translation
by ile 'Be Homlg, Buretu im!' mhmation, Damr, 4001&&&93 Tmhﬂﬂ&l .
‘Mnndun Ho. 485. ' :

case ths ;)u't omndg mamny in a?&h&okm ofm;‘bar, _}thus_ ,ems-

ing the. pa:’mt of. _mm:biemi : h!w"tq m 'zmm upstrean ond $o

5@
Aﬂﬁhmlld ihﬂb naa 53_1-0
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