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ABSTRACT

B ?_Hydraullc model btudles were" performed onia1:12° St.ale model of
‘the-Azotea Tunnel Inlet Junction to find a configuration which. would
minimize’ head losses through the. junction, to determme critical -

‘r;_dlmensmns of ‘the structure, and to‘establish canal water depths.’
.““The purpose of the junction is ‘to combine the flow from a feeder T
- canal with-that from'the’Oso Tunnel- 1nverted 51ph0n and direct tb1s;_'7‘j-'_’_ B

. -combined’ ﬂow ‘into: th.e Azotea Tunnel.. The' recommended de51gn
~minimized head losses between the. siphon and the ‘tunnel by means
of a'bearing wall placed in'the flow:stream which. accelerated the
“:flowileaving the oanal thereby ‘making the umtmg flow: veloeltles
.from the canal-and: ‘the siphon almost equal. This. s1gn1f1cant1y re- -5

duced ‘eddy formation and tended to eliminate retardation of the .’

51phon flow.: ‘The‘bearing wall'also reduces the span length of a L

roofiover the:inlet: Jjunction.. The flow conchtlo'ls with:this. conf1g--" :
uratlon were ‘goodover a. large range: of 51ph0n “canal,. and tunnel -

“Fairly accurate estimates of losses’ through a system

“which; is’ not:geometrlcally similar to:the Azotea inlet junction can -
" be obtained by application of imomentum and energy . equatlons over -
~Itwo: control secttons An example of thlS procedure 1s glven m the

DESCRIPTORS-—-hydrauhcs'/ *model tests/ ‘*hydrauhc models/:
head _losses[ hydrauhc‘_structu_res/ canals/ :siphonsi- tunnels/




T UNITED STATES
y DEPARTMENT OF THE INTERIOR
BUREAU OF RECLAM_ATION

LOf'f'lce of Ch1ef Engmeer o 'Report No. Hyd 551
; - ‘Division'of‘Research .~ '~ Author: H. T..Falvey
- *Hydraulics Branch - '~ ‘Checked by: W, P S1mmons
‘Denver, Colorado - .. Reviewed by: W. E. Wagner
- .December a7, 1965 L TR __.Submltted by H M. Martm

'I

HYDRAULIC MODEL STUDIES OF THE
o "AZOTEA TUNNEL INLET JUNCTION -
SAN JUAN CHAMA PROJECT COLORADO

P'URPOSE

A model study of the Azotea Tunnel Inlet Junctlon was conducted to .
.develop a. configuration which would minimize the loss between the o
ssiphon:and:the.canal,"to.accurately determine critical: d1mens1ons S

~-of the junction, and to obtain:information to. establish the’ mvert
"i-'elevatmn for a: measurmg flume in: the feeder canal

CONC LUSIONS

1 De51gnA wh1ch prov1ded a stra1ght ﬂow path from the s1phon S
_‘;-barrel ‘to‘the: tunnel ‘produced lower. losses between the siphonrand

tunnel-than; De31gn ‘B, wh1ch requlred the 51phon flow to turn through“
n angle of 15°; (Flgure 4) : _

C o2 Mlmmum.loss G «between the S1phon a11d the tunnel were obtamed
' w1th-:.De31gn Athavinga bearmg wall ‘12 feet. long placed: between the -
--;31phox_1 and the canal at’an angle of 7- 17/ 20 relatlve to the tunnel center—-
the recomm'ended_ des1gn) (Flgure 9E)
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INTRODUC TION

j’The San Juan -Chama Pro;ect is a part1C1pat1ng pro;|ect of the Colo- |

V':::f____f_-_,rado River. Storage Project and will make possible the diversion'of

“about 110, ‘000 acre-feet.annually. from the upper tributaries of ithe

" :San.Juan’ RIVEI‘ in‘the Upper Colorado River Basin, through the Con- ;
.-ft1nenta1 Divide, .into the Rio Grande Basin in New Mexico {(Figure 1).-

. .“The: d1verted water W111 provide an: 1rr1gatlon water supply to the
~-1and in‘the 'Rio Grande Basin.and serve as a supplemental water _ P

b 5;___-supp1y for the Middle RlO Grande Conservancy D15tr1ct

_.'_The prOJect's d1ver31on fac111t1es w111 cons1st of three concrete

. 'diversion:dams, one.on the /Rio Blanco, one on the. Little Navajo =~ ©
“River, and;one on the Navajo'River; feeder canals from the head-"

i _‘-'_.works of: the diversion-dams-to the tunnel inlet: structures -and the .

. “Blanco; and ‘the Oso Tunnels which collect’the-diverted water: and
: ;-pass 1t under the Contmental D1V1de through the Azotea Tunnel

| :'The 1nlet Jt.nctlon structure to the Azotea Tunnel serves to -ombme . '

:theiflow brought by the feed=r canal from the diversion damion’ the .
_,:NavaJo River. with the flow commg from the:Oso Tunnel: (Flgure 3).

T f—The inlet junction: structure consists of a transition from the Oso:. .
‘Tunnel inverted S1phon :the’ end ‘'of the'feeder canal, ‘a junction’ com-r“ia__'-.-‘-.'

“+bining these- two"ﬂow passages and A tranS1t1on 1nto the Azotea
Tunnel (F1gure 4) DR R L 3

unct1on conflguratlon wh1ch would mlmmlze the losses: between

e 51phon and: the tutinel,” .as; well as to mvestlgate the. combmed '

ow conditions,  In" addltlon the model study Was used to obtam
7‘c_ana1 water depths




_ "through a. horlzontal angle ‘of 15° before entermg the tunnel (Flgure 4B).
“In:both cases, "the included angle between the canal and the siphon was
' mamtamed at 30° .

' '.:Dependmg upon the quantlty of upstream ram.fall and the downstream

.. ‘water commitments, discharge can vary from zero to.a maximum of .

550 cfs: (cub1c feet per second) through the siphon and from zero toa
-~ maximum of 65 cfs through the feeder canal.. The maximum com=~
. 3-b1ned flow in the Azotea Tunnel is limited to. 950 cfs. -

T

‘THE MODEL

:--The studles were conducted onal:l2 scale model Included in the’
‘model were about 20 diameters of siphon piping, the siphon transi-
‘tion, - a- length of diversion canal equivalent to 72 feet of prototype

.candl; ‘the junction, & transition from the junction to the tunnel, jand
~about:13. dlameters of circular tunnel-downstream from the ;]unct1on

‘ -'(Flgure 5); Although the contractor has the option of constructmg

" either a- clrcular or-a horseshoe: tunnel only the c1rcu1ar tunnel
P was: tested (in the model (Flgure 14) L I ; :-

s -:Dlscharges thro.lgh the s1phon were measured W1th cahbrated Ven— )

turi meters located. permanently in the laboratory,” The discharge .
_through the canal was measured with a portable Orifice-Venturi
meter: whlch was -placed about 22 p1pe diameters downstream from -
-a-portable: pump and about ‘30 p1pe -diameters upstream from the -
:head box :which led.into the canal. - Swirl from the portable pump
“'was minimized through the use of a flow stralghtener which con-.

: , “sisted of: paralle] plates about 3 feet long that were welded to the
;:-'-"i"1n51de of the 8-inch- dlameter pipe. 1mmed1ate1y downstream from

:the, pump. - 'T‘he water- depthor piezomet#i¢ head was determined: :
in‘the canal, \‘ 51phon ‘and ‘tunnel.by connecting st1111ng wells to. p1e—

" ‘zometer ‘stations.in these sections and by measuring-the depth.of .

~-waterin, each of three stilling. wells with.a point 'gage: (Figures 4, -

_ nd:6). :_e].omty traverses at the tunnel and the canal measurmg

stations: were made with a boundary layer-type, total head tube.-

At the 51phon measurmg statlon a three-hole cylmdrlcal probe was -

IHEINVESTIGATION

“and a tallwater pth of 8 '78 feet o
g station.” . This’ depth corresponded
t the max1mum tunnel dlscharge -




of 950 cfs ina clrcular tunne1 (F1gure 3) The rat1o of the" ﬂow ‘_--
rate in’the candl to the flow. rate'in the siphon was ‘varied between-
20 and.1,:0in mcrements of -about 0..2. " For each increment, the =
" :combined flow. was: adjusted to total 950 cfs and: then the: p1ezometr1c
. elevation‘at .each of the three. measurmg stations was read, "This.- -
procedure was" repeated with various mod1flcat1ons in-the’ Junctmn S
structure: until one’ was ‘found ‘which: resulted in “the ‘minimum head.» ..
‘loss between ‘the _.51phon and ‘the tunnel,  ‘For this’ optunurn ‘condition,
“the mcrements ‘were repeated for a’ combmed ﬂow rate of 475 cfs
in the: ‘tunnel: The ‘testing with: De51gn Bwas: begun in‘asimilar _
‘manner; however, ‘it'was: qulckly seen ‘that the addition of walls, etc.,.
would ‘neither decrease the 16sses’ ‘between the’ ‘siphon and the tunnel '
nor. 1mprove the flow: condltlons. . Therefore the- complete range of
L loss values was obtamed ‘i’or the or1g1na1 conf1gurat1on only




L _'.'950 cfs in- the S1phon and no flow through the canal the canal and
““tunnel factors were determ1ned with :950 cfs in-the canal and no flow.
: "’through the siphon.” ;Since these values. were so'close to 1. 000, ‘and
irice thelr,_mclusmn in the equations- would" add .an unwarranted re- .
nement 10 the measured head 1oss values all were assumed equal S

550 CfS. : and Qcanal/dﬂo Cfs These
S:cor -espond to a range of o =0, 421 .to -0, 684 when the
tunne]"‘ls ﬂow1ng at maximum capacity. - The. range =0 to.a = 1. 0
' ""n order to more accurately determme the shape of the

eft canal wall with ‘the; tunnel inlet (Flgure 4A);
ned'vnth th1s conflguratlon were used as. an




- It was anticipated that a roof would be placed over the inlet junction.
‘To keep the spans within tolerable limits, .some type of supporting
‘memkter .in the flow stream was deemed necessary. The second mod=
ification consisted of a 1-foot-4-inch diameter post located within the
- junction (Figure 9B}. - The intersection between the canal and siphon
. wall was.rounded-with.a .9-inch radius.  The losses with the post were:
- “‘much greater than with the or1g1nal deslg'n because of flow separat1on

‘behind the: post ' c _ G : :

"The th1rd mod1f1cat1on conS1sted of a bearmg wall 12 feet 0 1nch long
_{Figure:9C}.  The length of wall'was chosen for structural reasons and e
"-consequently no’other lengths were tested. . This wall tended to slightly -

'1ncrease the loss between the canal. and the tunnel because the wall acts . -
-..as a restriction to'the canal flow. - ‘However, the loss ‘between the si-

;f.phon and ‘the tunnel was. substant1ally decreased. The effect of the wallf 4
was to.accelerate the flow leaving the canal, thereby making the flow ;
. velocities from ‘the canal and the siphon almost equal where they -unite.
: Makmg the flow velocities approxnnately equal significantly reduces -

. ithe eddy ‘formation in the junction.and tends to eliminate the retarda- e
" tion-of the siphon flow: .These effects account for’ the reduct1on in loss:
.+ - ‘between the siphon and:the tunnel with.a bearing wall.. A 'wall placed

. - at 7-1/2° relative to the tunnel centerline re_sulted 1n the lowest losses

. ~for. this: type of - modlﬁcatmn (Flgure 9C)

'L,-‘ConS1derat1on was g1ven to thé. poss1b1l11:y that a wall whose top was
#sloped.in the downstream direction m1ght provide a better matching

-':.'_of the two flows ent ering the junction. The tests showed that the oppo-f"'-* "

" site: occurred and the sloped wall produced hlgher losses (Flgure 9D) L

'-lzill_jDe51g_r_1 B ‘--Tests w1th th1s des1gn 1nd1cated an increase in. the loss’

- Coefficient between the siphon and the tunnel with respect to theun= - -

modified" Design-A: (Figure 10); Spot checks with a'wall such as ‘that
used in: Desngn ‘A’indicated a ‘further.increase in this loss. coeff1c1ent
Therefore; this.design was rejected even though a: decrease-in the
”*.'.loss coeff1c1entf'between the canal and the tunnel was noted

‘ .'..;Recommended“Dem@ —'-The opt1n1um de51gn from the standpomt of w2

educing: the losses between the: s1phcn and the tunnel is Des1gn A f ot

nterhne and whose top: 1s hor1zonta1 * Thls
ith. one- half of max1mum d1scharge or .




rz'Fl.ow' Conditions with the Recommended Design. --The re'ason'fdr th"e S
. decrease in loss between the siphon and the tunnel when a bearmg
- wall 'was 1nserted into the junction was explained in a previous sec- -

tion. In general, ‘the flow conditions were very good with a. bearing
wall placed at 7-1/2°to ‘the tunnel centerline. A very graphic pic-

. -ture of the improved flow-conditions due to the wall can be obtained
- by comparing ‘the {low: conditions in F1gure 11, . The water surface

. throughout the Junct1on and_tunnel inlet transition was relatively

B "'---‘smooth No large stand1ng waves were observed in the downstream

s section of tunnel: although a: tendency for their. formatlon was noted in -
~ the- velomty traverse at the tunnél measuring station. The zone of

e .Separation at the end of the bearing wall might be decreased ‘some-

- what by rounding the end of the wall. Although tests were not made .
-with the end of the wall rounded, 'it'is reasonable to expect that no -
:S1gn1:f1cant changes in the water surface roughness or loss coefﬁ—

el cients will be observed by makmg this change

..#

: :'-A sl1ght tendency toward separat1on and.- drawdown of the water sur-
. face was-noted at the curved: portion of the left wall of the 3unct1on
.where the canal joins tunnel.inlet: (F1gure 12)." This drawdown'could .

/" ~’be reduced by: using.a curve: whose radius was larger than the 18-foot
. /8-inch radius‘used in the studies.. The amount-of drawdown and sep- -

~aration is not" large enough to cause . concern, but it 1nd1cates that a

2 :'-smaller rad1us should not be used

.,--;‘L '_-Water Depﬂ’ls in-: Canal and Junctmn -=-The depth of water in the

SR ccmputed from S

' Canal.at the station from whlch the losses were determmed can be

2
L 4 tunnal
‘-'?canal y*I:'u:u-mel 28

where '_ y flow depth at stat1on (ft)

Q : d1scharge 1n tunnel (ftSISec)
— loss coeff1c1ent between canal and tunnel

cross—sectmnal area of the ﬂOng Water 1n | 3
the tunnel (£t ) e _ SRS R

‘*flow rat1o f':‘, f o

_J:Eference in: 1nvert elevatlon hetw
stat1on and- tunnel Station (ft).




S ";‘-The canal depth has been computed ‘on th1s ba51s for the _}unctlon o
“with a bearing wall' at 7- 1/2° to:the tunnel centerlme for the max-.
imum ‘discharge in‘the tunnel. (Flgure 13)." This canal depth.can IR
“also be used as'the: depth at-the 51phon outlet for the determmatlon e
f freeboard requ1rements R : -

'f The depth at the mlet to the tunnel trans1t1on can be obta1ned ap-dn'.‘ L
‘--fproxunately by solvmg the thlrd degree equatlon s

SR A g
L 3 e b + -(Q") tunnel RN
' ._'yin:‘let- ;-_[yﬁunml tunnel yinlat _ 2g b : 0

s where bz =.one- half Wldth of 1n1et tran51t10n

L .“‘.A d1scuss1on of the assumptmns used in- der1v1ng the equatmn s

S r'f'-presented in the’ Appendix. W1th a: dlscharge of 950 icfs in the Azotea

.~~~ Tunnel, :the computation ylelds a-depth of 9.8 feet. This agrees fa-
. .vorably: with- depths ‘obtained in ‘the model (note- flow depth at’ 1n1et to
'-tunnel tranS1t1on 1n the photographs in Flgure 12) ' . :

- .'ffPred1ct10n of Energy Losses through S1rn11ar Junctlons

v jThese results can be d1rect1y apphed only to Junctmns whlch are e
'j';geometrlcally ‘similar to'the Azotea Inlet Junction and whose dis- -
" .eharges are rélated to-the Azotea discharges by the length’ scale R
. to thefive-halves’ power Normally,x such ideal cond1t1ons wﬂl R
e _fnot be encountered ' _ Lo S RO

-’Fa1r1y accurate est:.mates of losses through a’ system Wthh 1s not
.g-geometrlcally similar to-the Azotea Inlet.Junction can be. obtalned S
‘by:the: apphcatlon of momentum and- energy equat1ons overtwo. con-‘
_:.trol sectlons An example of thls procedure is: glven in theJ

_,;Example of Head Loss Computatmns
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Figure 6
Report No. Hyd-551

PX-D-48769

Stilling Wells for Piezometric Head Measurement

AZOTEA TUNNEL INLET JUNCTION

1:12 Scale Models

21




Three holos

=
| l-_!.
P465-D-50919] |
Boundary-layer Total-head Probe (left) s

and Three-hole Cylindrical Velocity Probe (right)

AzomeA MTNNEL INLET JUNCTION

ad and Velocity Measurements

22
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Figure 11
Report No. Hyd=551
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"B. Qcanal * 650 efs; Qgjphon = 300 ofs; a=0.684 B. Qgana] ® 650 cfs; Qgiphon = 300 cfs; a=0.684

Deeign A Design A with bearing wall 7°1/2° to tunnel ¢,

AZOTEA TUNNEL INLET JUNCTION

Flow With and Without Bearing Wall - Design A

850 cfs in Tunnel
1:12 Scale Model




Figure 12
Report No. Hyd-551

Qeanal = 650 cfs

Qsiphon = 300 efs

a = 0,684

AZOTEA TUNNEL INLET JUNCTION

Flow Conditions and Inlet Depth to Tunnel Transition
Design A with Bearing Wall at 15° to Tunnel

950 ecfs in Tunnel
1:12 Scale Model
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The .momentum and or e along EA in a d1rect1on parallel to'the
tunnel centerlme-" are equal to: zero._._ ¢ L ACR o

.,Thus equatm“ 1the momentum ,entermg the ;-.control sectlon plus the
forces ‘acting:downstream with- :the momentum'. 1eav1ng the control

section plus-j “he_forces actmg upstream g1ves




: ‘Secondly, the strong dependence upon B 1nd1cates ‘that the loss o
" ‘througha compound structure ‘cannot be determined by summing

-~ the individual losses, since each component-of the compound struc-
“““ture has an effect on the velocity distribution entering or leaving

| _‘nther components. . Therefore, to- determine the loss through com-

- ‘pound structures, either prototype or model measurements are
. required; or the: probable veloc1ty dlstrlbutmn through the compound

;structure must be estlmated

. “In the model the. followmg values for the momentum correctlon
:factor were obta1ned for Des1gn A hav1ng no mod1f1cat10ns

Ao

';f__srAn =1 03; a = 1.06- ®, ::1.09

| ﬂ was found to be equal to l 223 (1. D + 103 Cl-') by solvmg Equa—-

‘ t1on (1) for: the ratms @=0 and a= 1.0 when usmg depths deter- '

" "-j'mmed from the model

T ::Subst1tut1on of the B values and the prototype d1men51ons 1nto _
. Equation (1) will y1e1d the followmg‘equatmn after d1v1d1ng by 7

" :,:‘»_f".,.,;and s1mp11fy1ng eh A o o | '., :

L -}'_.: 2
11 955 yazg - 1.sau(- m + sv-sae)2 + 1,715-233 =

A.'.B

f - 537.299 + 316.1&91(1 + 0-360a) - 31**-360(1 -'0)2 N

i _‘T;Solvmg thlS equatmn for ;y' w1th var10us values of cz g1ves

_ f-":"°'--25‘7 '---4‘.0.50-, *70.'75, ';1;00 .‘

:"A'iq’wnh De51gn _»Nol 1 and the sharp corners on the wall between the_ -
_:;._tunnel and the canal _ the momentum correct1on factors become :

Cw 1.338(1.0 ¥ o.:l.Bga)
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,"mraummmrmmdwmmﬁhamMmmmdwmmemrm
| Testing and Meterials [ASTM Metric Pructice Culde, Jaruary 1964) except tbat additionsl factors (=) commonmly used in
" the Dureau have been afdded, .hn-therdiwuaaiunctd.eﬂniumui‘mmnutieaa.ndmtlnummpgeam—no.t-t.ha
V.Asmuetrie Prauu.ce Gulde, .

l!:e w.ﬂ.n unita and conversicn factors adopt.ed hy 4he ASTM are‘baae& on ‘thﬂ “Intu'nntiml System of Onite™ (designn‘bed
- 'SI'for Sycteme Interpetional d'Unites), fixed Wy the Internaticoal Comnittes for Fedghts and Mesoures; ithis gystem is
. ..alon jowan a3 the Glargl or MESA (meter-idiiogrem (mmas)-second-empere) system. Th.ts mratem hai beeh adnp-t.ad by the
- Loternxtional. m-gamtinn Lor St.andudianticm in ISO Recommerdation R-31. - . .

'n:eme‘r.ri technical wit of farca is tha mog:u-fme, this 18 the faroe vh:l.oh, when applied to a body having a

. wapa-of 1 Xg, glves it an accaleration of 9.80665 m/sec/pec, the stapdard aoceleration of free fall towsrd the earth's
“ospter for sea level at 45 deg latitude, The metric umit of force in S5I udlts 1sthenertm(n), which is defined as
ihat ferce which, mben mpriied to a body having a mass of 1 Xg, gives it an ecceleration of 1 m/sac/sec, - These wrdts
-mnmr.bedistﬁmmgdmthn(inmm}lacu.ltdghtatabothnmgamaoflig,mtia,theweightofa
1

4hat foroe with which & body is atiracted to the earth and 18 equal to the mass of & body mltiplied by the
acoeleration due to gravity. However, because it 15 genersl practice 1o use "poud" rather than the technioelly )
curmtm "pogd-foroe, " 4he term "iilogram® (or derived mass unjt) hes been used dn this guide Instead of "kilogram—
Loree in;:pn-eni.ngthecumaraimfammrmeu. 'ﬂmnmtmunituttmeuﬂlﬂnﬂinmaaing use,nnd.ls -
espential umlts. .
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Azoten Tunnel. . The réecommended desim
etween the siphon and the tunnel by means
the flow stream which accelerated the
P : :

stimates of losses through'a syste:

] ilar 1o the Azctea’inlet:junction ca

Hon of momentum and energy equations ove
n example of this procedure. is given'in

- and to eatahlish canal water depths. . -
: Junction is to'cor§bine the flow-from a feeder: .

“cans ‘from the Oso Tunnel inverted siphon and:direct.this
-combined flow into the Azotea Tunnel../‘The recommended design,
minimized head losges betweén the siphon and the tunnel by mean
wall placen :
h alj

- appendix to the report.

: ‘ﬂ;.tai-a"ulié made_l atud ﬁéiie“pér'fémed;oh #1:12 scale model of

he Azotea Tunhel Inlet Junctioh to find o configuration which would *
minimize héad loases thiough the junction,: to determine eriticat”’

;dimensions of the structire, and 14 establish canal water depths, ~ -
" The parpose of the hinction is to combine the flow-from a feeder -

canal with that from the Oso Tunnel inverted Biphon and direct this = -
combined flow into the Azotea Tunnel. { 'Thé recommended demign- - °

o minimized head losdes between the siphon and the tuniel by means
. -of &'bearing wall placed in the flow. atream which acceleraled the
" flow leaving the canal, thereby making the uniting flow veloeities:
.- from the canal and the giphon almoset equal, This aignificantly re-
“duced eddy formation and tended to eliminate retardation of:tha
" siphon flow."- The bearing wall alsd reduées the span length of &
.. -.toof over the inlet Junction: :'The flow conditions with this config- -
7 wration were good over a large range of sighon, ¢anol: and Winnel:
©.digeharges. - Fairly accurite estimates of losser thi'ough a system

‘which-is not geometrically aimilar to the Arotea inlet junction can -

-, - be ghtained by application of momefhlum and energy equations over -
“ iwo eoditrol sections. -An example of.this procedure is given in the .|
. .r_ippendix,tu thereport. Sl T R 8 o .

- ABSTRACT,

- Hydraulle model studiesa -were performed on a-1:12 scale model of
. - the’Azotea Tunnel Inlet Junction 1o find a configuration which would.
~minimize head losses through the junction, 1o determine critical -
' 'dimensions of the structure, and to cgtablish cbnal water deptha,
“-The purpose of the junetion is to comblie the flow from u feeder -*

" conal with that Trom the Oso Tunnel inverted siphon:-and diréct thia

combined flow into the Azotea Tunnel, " The. recommended design.
minimized héad losses between the siphord and the tunnel by means™
of a’'bearing wall placed in the flow stream which actelerated the. -

“flow leaving the canal,” thereby making the uniting flow velocities
“from the canal and the siphen almost equal,’ ‘This significantiy re
. duced eddy formation and tended to eliminale retardation of tha !

siphon flow. : The béaring wall also reduccs the span length of a™
voof over. the inlet jinétion:- iThe flow. conditions with this config-:
uration were good over a'large range of siphon, .canal, ‘and tunnel
discharges. . Fairly acciraie estimates of losses through a Bystem
which'is not geoimetrically similax to the Azotea, inlet junction can
be obtained by application of mementum and energy, equations over .

" iwbi control sections. " An exampie of this procedur<is given in'the’
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