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Report on inspection trip to correlate present hydraulic 
design practice ~nd the operation of structures in the 
i'ield. 
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i. i:: accordance with your instructions of April 26, 
tY..~ Boise-P,~'utte and C%.Thee projectz were visited from May 17 to 
24 ~:.~ thf~ "~ukJ~ project from May 25 to June 6. The flood flow 
con~:itionz thr~uch the construction at Grand Coulee Dam were ob- 
serv+,.d o.: June 7. While not included in the itinerary, ~tops wer~ 
made on ~:~c r~:turn trip to observe such conditions as might prevail 
at Juc::::~:, bd:c, ~ull Lake, Alcova, Pat!~'inder, and S~ninoc Dams. 

2. While many types of hydraulic structures wer~ ob- 
served, emphasis in this report will be placed on the problem of 
canal drops, chutes, ~,d inverted siphons as the chief difficulty 
of operation lies with them. Insofar as possible contacts were 
made with the operation and maintenaz~e staffs to obtain their 
viev~oint. In practically all cas~s, both still and motion pic- 
tures were made of the structures in operation. Typical examples 
in this report will be illustrated by the use of the former, and 
the latter ha~ been edited for demonstration purposes. The ztruc- 
tures studied arc classified as foll~.~: 

Canal drops and chutes. 
Canal siphons. 
Spillw~ys and outlet works. 
F!shways and fish screens. 
P.'~i.~ cc llanuous. 

CId;AL DROPS AND CIlUTES 

S. Sine6 the problem ol" drops and chutes had been studied 
in the laboratory during the past winter in the case of the remodel- 
ing and replacement of certain structures on the Sun River project 
and since the general problem oi' developin G a more satisfactory 
c~nal drop structure is now bean C studied in the laboratory, con- 
siderable timu was speat in studying such structurms in the field. 
The drop structures observed havo been classified as: 
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(i) Trapozoi~.l inclined drops. 
(2) Rectangular inclincd drops. 
(Z) Rectangular weir drops. 
(~I) Trapezoidal ~ir d:.ops. 

A t,~c of structur~ h~own as a chock drop and constructed in 
the Sunnyside l~iain canal will be discussed as a special case. 

4. Many examples of the first two typos of drops wore 
oxm.nh'od d~u'in~ Zhu trip. Without exception, the trapezoidal in- 
clined drops wore functieninc unsatisfactorily while the flow condi- 
tions in the rcct~zular inclined drop wore very Good. The design 
of the t~pical drop utilizing a trapezoidal section in the stillin G 
pool has been found in tlm laboratory to be fundomentally wrong and 
the observations in the field verify those findings. Every structure 
of this t~-~c examined behaves in the some manner and appears to be 
grossly undurducigned, uspecially where used in easily eroded soil. 
The high-velocity jet dm.a~ the slope of the drop is concentrated 
in ti.c center of Zhe structure by the sloping sides and this jet 
prevails through t~m structure with practically no dissipation of 
en~rL'y. Th; energy is fi~mlly dissipated by boundary friction on 
the floor of the cl~lel but the turbulent zone accompanyin~ the 
dissipation continues for a co~miderable distance downstream with 
sufficient force to scour tlm banks even at fl~vs below capacity. 
For instance, on the O~-jhee project at station IS?+O0 on the Kin G- 
man Lateral (figure 1), the original riprap was soon piled in the 
center of the canal below the str~:cture. Heavier riprap did not 
stay in place primarily because the most severe turbulence occurs 
d~stream fret., tl~ structuru instuad of on the concrete apron. 
The riprap ~s finally Grouted ~ place to hold it. Thc c::tcnt of 
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O~jhee North Canal Lateral 10.5 Owyhoo Kin~mn Lateral 
(~p#c. 681-D, Dravtin~ No. Sta. 137+00 (Spoc. 577, 

40-D-2074 Drawing :30. 48-D-845) 
FIGURE 1 - IPID~'~ULIC CONDITIONS IN TPJ~PEZOIDAL DROPS 



maintenance can be seen in the photograph. Smaller structures of 
the same type, such as used on North Canal Lateral lO.5,have pre- 
sented similar problems of maintenance. The lenb~h of stillin G 
pool was insufficient and the turbulence v~s partly in the pool and 
partly on the riprap. In those oases, because of the lesser energy 
content, hand-placed riprap Ires been sufficient protection. On South 
Canal Lateral 17.7 in a distance of 1.1 miles, there is a series of 
22 drops, i~ludinG the turnout fr~n tl~ main canal, The first five 
of these structures at the upper end of the canal were observed in 
operation in company with Watermastor George A. liaycock at l~.yssa, 
Oregon. TI~ tunxout drop (Spec. 619, D~ g. 48-D-1093) with a designed 
c,~pacity of 6G second-feet has a rectangular pool in which a hydraulic 
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Trapezoidal Drop at 
Sta. 2+90 Turnout Drop 

FIGUP~ 2 - STRbCTURES IN O;TYHEE SOUTH C.tfi~AL IJ'.TE~tL 17.7 

jump forr.~ (figure 2) ~ereas the other structures in the lateral are 
of the trapezoidal t~ne. The dissipation uf eneruj at the turnout 
drop is entirely within the pool and according to ti~o v~termaster, 
very little maintenance i~z been required. On ti~e other hand, at 
the trapezoidal drops i,.~,.ediately do~.mstreaz.~ (figure 2) where the 
same ~mount of ~ter is flaying, about 50 feet of riprap has been 
added to stop scouring. Even then the disturbance extends do~- 
stream to the end of the riprap. Another fault of these particu- 
lar structures ~s been the deficiency of the cut-off v~ll at tile 
upstrea~l end. Durin C the '/ireS-months of operation, practically 
every one of the trapezoidal st~etures .^~s undermined at least once 
~ud some of them ~re often.. The maintenance crmv extended the cut- 
off walls vertically d~:~rd at least four feet bel~v lateral Grade 
without sloping them ~o correspond to the banks of the canal. The 
additional cut-off ~.~ll and the additional riprap finally stabilized 



the structures, it might be well to ampha~-izo the d~sirability of 
constructing cut-off ~alls with v~rtical ir~tcad of sleoing ends as 
this particular point was encountered at sewral phasos~ A line of 
similar droos in a lateral on the Val~ project was described by 
Suporintaudont j. S. ~Zoor~ at Yakivm as an "op~rator,s nightmare." 
The scour and so~pagu question on a similar line of structures on 
th~ -:'ittitns South Branch canal ~xtonsien was solved b:,, pavin~ th~ 
lateral bet~,~en th~ drops. 

5. The more recent design of drop using the rectangular 
pool in ":;.hich a j~ for.ms was observed only onthe (>.~hee project 
and the operation ~ eve~- case ~as satisfactory. On the Jacobson,s 
Gulch Pick-up, four of these ~truetures (3pec. 944-D, E~,vg. 40-D-2626) 
v~re in operation (figure Z). ;~.ile the fi~ in the=. was only a 
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Fig,~-e :~ . Rect~,ncular Inclined Drop in J"cobson's ~Gulch Pick-up 
Station 73+40 (Zp~c. 944-D, [~igs. 4[~-D-]92G and 40-D-2G2G) 

fraction :of their cal, acity , t;~ey I~Jnction~:d far bettor than the 
trapezoidal ;,col under similar circum:;tances. Another example of 
this type :.~:: examinud at .~tation 122+,.u on the O:zyhoe South Canal " ' Of" 
Lateral 8.7-2.&. UPJ'ortunatolb, ' it :'m:: only f'l~ving 6 second-fuet 
• nhile it is d~=ign~d for 24 ~ocond-l'eet but it can readily be se~n 
(figure 4) that thu turbul.unco iz coni'inud to the stillin[~ pool. 
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(~: dra~rin~ no. 40-D-262G, the wing, walls are shm-m at right an~les 
to thu cuntur ~line of the latural. This causes sharp corner-, at the 
entrance which tunds to orcavd the stream to the eunter of thu drop. 
The win E should be curvud in plan or placud at an anglo of about 
45 d~greus to thu center linu. Thu principal objection that could 
bu obtainud to this type of structure wa.~ that of uxcussive first 

Figure 4 - Ree%angulsr ]nclinud Drop. ct %::Vhu~ South Canal 
Lateral 5.7 - 2.~, Station 122+25 

cost. Appearances are that sane savin~s could be'made in the 
present structures by redueini~ the pool length, particularly if 
dentates or sills are used at the end of the pool. This excess of 
length has been previou=ly noted in the laboratory and was verified 
in the field. The exact amount of reduction can only be determined 
at the c onclusic~of the studios now in progress. It is the belief 
of the writer that if the cost of maintenance of tim trapezoidal 
inclined drops :wore added to the first cost that there will be little 
cost difference between a trapezoidal inclined drop and a properly 
des igned  r e c t a n g u l a r  i n c l i n e d  drop.  To da te  we have found no way 
t c  p r o p e r l y  des ign  a t r a p e z o i d a l  i n c l i n e d  drop.  Fur the rmore ,  i t  
i s  recommended t h a t  in f u t u r e  ~ s i ~ n s ,  a s in~ le  r e e t a n ~ u l a r  chute 
be used wh~re possibl~ instuad of a sorius of drops. 

"- 6. A th i rd  typu of drop (figure 5) found on a intural  of  
t)~ G~z~ Distrlot D-linu is r~/'urrud to a~ a "r~otan~ular weir drop."" 
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Figure 5 -Rectangular Weir Drop in Gum District D-Line 

Although tl~is structure is in an erodible material and has been in 
~e~ation ~everal years, tl~re is no evidence of serious s c o u r  and 
little maintenance has been required. This structure w~s particu- 
larly interesting in comparison wltn conditicms found at a check 
drop structure on Owyhse South Canal Lateral 5,7 - 2.5 at station 
31Z÷55 (figure 6)., The latter structure is a stamdard no. lO rec- 
tangular incl~ed drop such as shown on dravrin C no. 40-D-2626 vrith 

,e 

Fi,,~ure 6 - Fl~,t Ce:mi¢iorm in lnc lined ~.~ectansular Drop at 
Station ~13~55 on Ov~h~e South Canal L~toral 5.7 - 2.5 

slots fo~m;d i n  th,, ~ide w~lls at i the crest in b o t h  t4is structure 
and the ,one bele:t so that check boards could be inserted to raise 
• he v~ter surface in the lateral above and below to admit water to 
the turnouts, Witl. these check boards in place, the conditions'were 
very poor because the chuck board ion the crest caused a disrupted 
flow down the inclined portion ar~ the excessive tail water below 
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caused dro~aln@ of the jump, It is one thi~ to des i~ a structure 
for a given set of o~diti~s and another to have them c~pletely 
altered in the field as is the case when cheek boards are in~erted, 
A drowned bydraulis jump is undesirable in that the Jet of wa~er 
continues through the pool oausi~ seou~ in the channel bel~w, I% 
was in this ccm~sotic~ that the rect~ugular weir drop in the Gem 
District D-LIm~ proved interesting. A drop of this type or a m~i- 
f i o a t i ~  t h e r e o f  appears as a p o s s i b l e  s o l u t i o n  t o  the problem of  
cheek in~  i n  drop s t r u c t u r e s .  The head could  be ~ r i c d  t o  mee~ any 
Irrigatin~ co~&iti~a and the  structure will still i ~ t i ~  p r o p e r l y .  
Furthermore,  i t  does not  appear t o  be an ~xpensive  s t r u o t u ~ e .  I t s  
effectiveness in preventing scour  in the channel belc~ c o u l d  probably 
be improved by a study of different shapes of floor. It is suggested 
that an attempt be made to design a satisfaet~my s t r u c t u r e  ~ .  this 
type • 

7. A fourth type of drop is illustrated in figure 7. In 
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Figure 7 - Trapezoidal ~ir Drop in Nittitas North 
Branch Canal L~teral 17.7 

this case, it is an 8-foot Cipolletti weir used tO measure the flow 
in Kittitas North Branch Canal IAteral 17,7, After five years of 
operation there is no evidence of scour,which can be accounted for 
by the fact that a large amount of the energy in the free-falling 
shoat of water is destroyed by impact on the exposed inclined slope 
a~t by the fact that t.h~ soil is gravelly and nonerodible at this 
po~mt. An improv~nt could b~ roads, however, in the upstream pro- 
tec.'tion in this str~cture, A s lab of conoret~ conforming to th~ 
s~ion of tho l~tural ~xt~nds about thre~ fact upstroam, In the 
~arly "spring, pocket gophers, fiold ~ioa, and sacs rats favor the  
region bun~ath thoso slabs in hmrtlr~ for ~snder roots. Whon tho 
cereal is started water flows through thd passages made by thu r~ts 
undermining the structure. The maintonanoo d~partmont then has 
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difficulty ~xcav~tin~ trader the sloping slab to puddle tlm ~srth 
and form a tight seal. If, instead of pavingthe slope, ~rtical 
win~ walls wore placed at an augle of 45 degrees upstream from the 
cross ~all intersecting the canal bank at or slightly above maximum 
water surface, a puddle pocket would be formed on each end of ~he 
cross wall. Duri~ construction these pockets could be backfilled 
by puddling. Later, if rodents ~et into these :sealing pockets, 
their passages could be closed by v~tting and roddin~. If it is 
necessary t. excavate, it is a simple matter %o backfill. 

8. As mentioned in paragraph 3, the chock drop used 
on the Sunnyside Main canal is a special case. Th~ original de- 
sig~ed capacity of the canal ~m~s much less than that now bsin~ ear- 
ried. As the demand increased, larger •quantities wore handled. 
The resulting increase of velocity soour ad th~ c~nal to such an ~m- 
tent that a series of 2S or 24 ch~ch drops were constructed in the 
canal. The scour downstream ITc~ at least 18 of these drops has 
been a source of continuous troubl~ si:~co the drops wore constructed. 

,! 

,Figure .8 - Drop. 2 at Stati~: 156+00 on Yakima Sunnysi~u Main Canal 

The first two were designed for a capacity of 1,076 second-fenCe and 
for nanyyears have been handlin~ !,~O0 second-feet. Attempts to 
stop ~his scour have been primarily by riprappin~, but little or no 
improvement has been acoamplis~d. At Drop 2 ~figure 8)%he width 
of the canal a short distance downstream from the :~tructure Is at 
least 50 percent ~reater T~han the normal width, and Superintendent 
Moore says that ~e hol~ in the center is about 15 feet deep. The 
-size of th~ hol~ scoured below th~so -structures is excessive consid- 
ering the v~ry small amount of drop. Th~ stream of water through 
:th~ control is concentrated in the c,nter of the costal and the higeh 
,~a.locity .prevails for several hundred feet downstream .with little 
dissipation. As .4~Lis ~hi~h vuloc!i~y v ~ t e f  lea~es ~J drop., ~l~re is 
;a" :dlfferonc~ in w~ter lovu i ~duo :to _the v~Iooi~y~:~ad, Thls c a u s e s  
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sun ~-zfl~.: of .~.ater on each:side near the structure. ;This infl~v is 
i.~r--.'~ui; (!.~ as it causes a,hea-c: fl~..: upstre~n to replace that car- 
ried:a~m~j Lythe hi~-~-velocit.: stream; ~n¢l (2~ as it disru.pts all 
-re--de:me:.- tc~ard the retd..ration of a hydrau lic jump. To completely 
'solVe t'-'i3 prohle-, it will be necessary, to make a model study of a 
t~ieal:structure, it is beli.~%-ud that the majority ,of 'the faults 
e~n be .r~_edied bY extendin~ the abu~=n~nt wall sufficiently .far d~vn- 
streav .-o t~mt the adjae~t rmt,~r will not b~ dra,:m into the :strewn. 
s~ a hydr.'-ulic jump is permitted to fo~i. Thu intermediate train- 
in[ w~!i~ ~ ~,erc included in the Marshall Ford stillLng pool for this 
san-j p'Arpos~. The fl~ conditions throuc.h thu structure itself can ,i 
be greatly i~roved hy stresr_ILninc " the steel brackets which 'suppor, t 
the £'lauhb~ardso C~nsideration has beer. [-'..ivu:; for severalyears to 
a rede-~i,.-n of these =tr.;cturu= and Superintendent ~:.oorc at Yakima .... 
has suh~.itted a request for t.":i$ redesign. Desiv~n nnd construction 
of a model is in pro[Tess n~.¢ and it is pl~nned to proceed with the 
stud-..' so that Dl~r~ for ~.:odelinG one .or two structure~ v;ill be avK, il- 
zble by "October Io 

~', Th..- ca.'~i chut,~r, inspected c,~: he divided into tbmee 
i~'~.-'P= accordi: C to croz~ zection. F.xa~:~nles of earl: are az foll~vsi 

(i) R~cta~.gular chute and rccta.:gular pool.-- ' 

(~2 C':rj:':ee South. Carat! Imtera! 5.7, station' d71+OO 
(. fiL,-~ro 9 ), 

(b) O¢I~neu ;~ort,. Canal lateral 43.6 (fi[..ure i0)o 
(.c) L:abto:..Cu-.~l (fi;91r ~ Ii). 

(2) Trapezoidal chut~ and r~ct,,n~ula,- pool . . . .  ' 

(fi6uru L~ ), 

(c) O::Jh~u Ady&[m,~::~nt i~tur&.l, ::t~tion 9+50 (figure ::14,). 

(~) Hcct~n~ul~r chut~ ,.r~ trap~zoldr-'l pool.-- 

(a) Otrjhdu !~[itcLul! ~utto iaturt~l, ::tL~tion ~J8+60 
(fiHure 15). 

(b) C',.~,.h,3~: ::ortL Canal, ,,tatAon ~.b774C0 - Jacobson'~ • # , t 

(~uleh tT&s+,O'~SJ (l'i;~ul'O I(5), 
(c) Kittitas Ji[~'pol Croo~. ,~:~stuvls;/ (fi[;uro 17). 

,.~'/ith the .::xcuption of ~= um1~c:a~.'.'a,'L. • dlnturbun~u IsL tLu pool of' the 
chutu on the Lmbton C~.nal at tL0j propo:;ud ;:itu oi' IJ:u ~,~abton pumpin~ 
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plant, all of the chutes in groups I andi2 w~re functioning Inan 
excellent •fashion. The action in the peel of the chute at 0wyhee 
South Canal:Lateral, station 471÷50 (figure 9)can best~be described 
as a "thing e~ beauty.,, The chutes of group 3 have required consid- 
erable maintenance to prevont sorieus erosion beth in the stilling 
pool and downstream from it. 

Figure 9 - Chute a~ Sta. 471+50 on C:',yf~u~ South Canal Lateral 5,7 

lO. Thu designed capacity of the chute at station 471+80 
(D~. 48-D-1944) is 26 second-feet. The discharge in figure 9 is 
practically full capacity. The flow do~ the chute and through ~the 
hydraulic jump w~s w~ll distributed with no back flow. Even ~thou@h 
the water from the chute enters the Gem District Canal at an angle 
of 90 degrees there is no erosion except a little "beaching" due to 
surface waves. A small chute on Owyhee North Canal latural 4~.6 
(figure I0) with a dro~: of 210.8 feet and a designed capacity of 
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FIGURE ilO .... CHUTE ON OWYPLEE NORTH CA~AL ~T~ .6 
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i7 second-feet was c~erated for the first time onth~ day of the 
wrlter's-~risit- The structure was,designed by the field office a n d  
there was :much skepticism as to what would ]-appen when it was oper- 
~ated. A:flow of i.I second-feet while far frumthe designed capacity ~'~ 
:behaved very well and there was indication that the pool would hackle 
~%he~naxlmum capacity •satisfactorily. The waves of water and air 
:shm~n in figure I0 are very interesting and will be discussed at 
~Isn~th under Jaccbson's Gulch Wastevmy where the same phen~nenon 
,was observed. At th~:Mabton Canal Chute (figure ii), which is also 

~:low in Chute and Pool 

~. :.~ , 

Fl~ Entering Pool from Right 

F IGbq~E 11 - 5~.BTON CAI'L~L CHIW~E 

a field desigu, the flew conditionswould have been good except for 
one error .in design. The chute hasvery slightly slepin5 sides and 
the pool tides are vertical. An offset on each side was inserted 
to care for the difference in slope. This offset allows back flew 
in the pool which disrupts the dissipation of energy. 

ii. The chute at station 7+~0 (figure 12)on Owyhee North 
Canal lJatural 38.7 with a desiLulud capacity of 26 secaud-fe~t was 
p~rferming nicely with a fl~; of 16 second-i'~et. There was no 
evidence of r.cour b~low and little maintenance 'has been required. 
The design of this structur~ is shown on drawing no. 48-D-1591, 
specifications no. 725-D. The chute at station 26+50 (figure 13) 
on Ovrjh~e Souti~ Car~l Lateral 5.7 has a desired capacity ef 126 
second°[~eet and was fl~:ling at approximately. 60 second-feet when 
examined. There was :ome "beaching" ,in the canal banks due to ~ave 
action as can be sc~ in the upper center of figure 13, but there 
was no evidence of ground scour. A similar structure (figure 14) 
at t?~ end of Ov~jhee Advancement Lateral (Spuc. 665-D, E~vgs. @B-D- 
1250 and 12C0) has a capacity of' ~8 second-feet and w~s carrying 

i ,~" " • .:~:~i~ • 
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4 second-feet when inspected. : ,' The jet of water down the chute was 
shooting into the pool on the le~t side and a return whirl or eddy 
current ~ich develops on the right, fl~.zs over the jot disrupting 

FIGURE 14 - CLqTIE .~O0~. ;~T~'/~. ! .~30 ON O?~h~.EE ADVAECFAZENT LATERAL 

the feeble attempts to form a hydraulic jump. The imver end of the 
chute should have been flared much more gradually so that the sides 
of the transition would be vertical. A photograph of ti~ complete 
structure could not be obtained b~cause of a wooden flume ~r it. 
Considering the second group of structures as a type, it appears 
that if th~ transition bet~-een th~ sloped pavin~ in t~ chute and 
the vertical pool walls is correct, the cmnbination is a good one. 

12. In the third group of chutes, the fl~v conditions in 
the chute portions were satisfactory except in the Mitchell Butte 
Lateral Chute at station 88+g~0 "Spec. 863; £vzg. :~-D-689) (figure 18). 

i 

--.~--~.,-.~ -':. ~"oel Spray at Vertical Curve Jet ~Lutering Pool a' 

FIGURE 15 - CHUTE AT S~ATIOL 88+60 ON 07{YHEE ~ITCH,_'/L~ BUTTE LATERAL 
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There the vertical curare is too sharp and the ~ter tends to spring 
free from the channel causing considerable spray. It was stated in 
the field that at the time of construction, it would have been n~oes- 
sary to rill under the chute portion to conform to the specifications 
and that the steep portion o~ the structure was moved back into the 
mountainside to obtain an undisturbed foundation. It was conjectured, 
but not confirmed, that the vertical cur~ was not altered in th~ 
change. If tlmt is t~c case, the change should not affect ti~ 21o~ 
conditions. The trouble appears to be one or designing a vertical 
curve in which the degree of curvature is Greater than the natural 
trajectory of the water stream. The same condition was observed by 
Assistant Engineers Thomas and Wilsey on Kittitas Main Canal Waste- 
w~y, station i146+30 and has been reported as existing on a similar 
chute on the Sun River Spring Valley Canal at station 677+00. The 
designed capacity of this chute is 200 sucond-femt, thc maximum fl~ 
to date has been 166 second-feet and the flow at the time thc photo- 
graphs w~ru made was 118 sucond-feet. As this spray condition in- 
cruasos in severity with an increasing discharge, there is som~ 
doubt wh~th~r 200 second-feet can be carried past this vertical 
curve. In the stilling pools the same turbulence or viol.#nt dxs- 
turbancc co~sisting or unstable and fluctuating boils, eddies, and 
whirls omcur as in the drops of the trapezoidal inclincd ts~u pre- 
viously described. The jet of high-velocity water continues t:~ough 
the pool to the downstream end. This jet carries away the v~ter in 
the pocket on each side or the tr~_us it ion and the water fl=~in~ in 
to replace it causes the eddy on each side. Despite the large size 
of t/~.e pool, the disturbanc~ extends beyond the "and of the pool. 
The rock rill in th~ channel opposit~ t~ ~nd of the Wippol Creek 
";~asteway on the Kittitas North Branch Cana~ as sh~.vn in figure 18 is 

~' ~!. ' 

~urbul~noe in Sti fling 
Pool 

Rock: Fill Opposite End of 
Lined Pool to Check Erosion 

FIOUR~ 16 - Chl;TE AT KITTITAS WIPFEL CREEK JASTS.~Y 
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mute evidence of the maintenance required to control a structure of 
this aesign. Wnen the pool of the Mitchell Butte Chute w~s:uravater- 
ed last fall, a hol~ was found in the middle of the stillin 6 pool 
apparently cut by the milling action of rocks either carried down 
the ohut~ or carried back into the pool b y  th~ severe return eddy 
"~ich prevails c~utinuously. Photos I~06 and i~07 (Owyh~) showing 
the uxt~nt of t t ~  hol~ were examined during thu discussion of this 
d~mag~. Although uxtunsivo riprappinE has already buun done along 
the canal bank downstream from th~ pool. there is still some erosion. 

I~ C • • ons~derable time "~s spent at Jacobsen's Gulch Waste- 
~'~,,,' (figure 17) studying a wave phenmnenon in vH'ich tte lower or 

; / ave  f 'Jr:ai-nF'. r t t  "'*- 
,,ave of J~ir ar~ .:ater Du~. Wave in ~oo~ ~,aus-,w 

Steep Portion of Chute ' by Traveling Wave 

FIGUP.~. 17 - JACOBSOZ~,S UU//Jh ,K~STL~,:;Ay 2T 
: STA. 2877+GO Oh OWYIf~E NORTH CANAL 

boundary layer [~as traveling at a considerably l~aer velocity than 
the waves on top. This curious condition ~ms first studied where 
the chute ~ntered the stilling pool. /Chile the fl~ ~s only about 
5 sec,md-feet there was considerable disturbance as each of these 
vmvus or slugs of air and wut,~r rcac!-ed t~ pool surface. The first 
reaction ~s that these ~vus v~rc caused by the entrance condition 
at the upper end st' the chuto, oubs Jqu~nt uxamination disclosed that 
such vms not the case. Beginnin~ at the upper end the voter flows 
d~m the first section of the chute with a ripply surface resembling 
curly hair. As it passes the first vertical curve, very distinct 
roves for~,, v,hich gradually draw apart as the velocity of the water 
accelerates. As th~su v~v~s pas~- ov~r th~ last vertical curv~, they 
absorb air to such an ~::tcnt that they givv th~ impression of having 
b~un inflated. In figur~ 17, tn~ picture on th~ left shows a wave 
just a:: i% formud b~iow th~ first vertical curv~, the c~ntur photo 
s),~s a clos~-up of a wuvc as it i,ussud d~n th~ stv~p chute Just 
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before it hit the pool, while the last picture shows t h e  disturbance 
in t]~ pool caused by an impinging wave and two other waves approach. 
ing the pool. They are traveling so fast that only a fleet h~g 
glance is obtained of ~em. An idea of their speed can be obtained 
from the fact that the pictures were made with a shutter speed of 
l/S00 second. In this particular case this peculiarity of flow might 
be said to b~ of no significance, but the same condition was found 
by Thomas and ~ilsey on the Kittitas wastewav, and ~ir. Fred C. 
$cobey during a r~c~nt visit to th~ laboratory described a similar 
condition in California where a flmv of 20,000 sccond-f~ot could 
bc discharged in a chute but because of this wa%~ condition 2,000 
second-feet could not be }mndled. The cause or probability of this 
occurrence is vague as yet. Additional study may disclose the mechan- 
ics, 
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CANAL S IPHONS 

14. The flow conditions at the following canal siphons 
wore ~it.her examined personally or discussed with the operating staff: 

(a) O~,h~ e S " 
" peczfications no. 559, drawin C no. 48-D-950. 

(b) $nivuley . op~cifications no. 559, drawing no. 48-D,585. 
(c) Kin~na_n Lateral - Specifications no. 577, drawings sos 

48-D-852 and 853. 

(d) ~alheur - Specifications no. 598, drawing no. 48-D-958. 
(o) Dead Ox - Specifications no. 898, drawing no. 46-D-981. 
(f) Yaki.ma River - Specifications no. 484. 
(g) W~d-swallower "type on Tioton ~ain Canal 
(1%) King Hill. 

15. The c h i e f  Compla in t  on the O~'hee p r o j e c t  wa~ the  
/ difficulty in operating the needle ~Ives which drain the siFhon 
barrel.. The worst ease was that of the 1~[alheur Siphon where the 

i eomlections for the conduits leadint to the needle %~Ivcs are on the 
button of the siphon barrel. Debris of ever}, description,such as 
dead jack rabbits, sag.~ brush, tumble v;e~ds, sand and gra~l,is 
dragged along the bottom o~ t}.~ siphon by the current and is de- 
posited in ~ese openings. Jhen it is nec~s:~a D. to operate the 
valves, the debris is ,hatted over the ups tre~z end of the needle 
and cannot be dislodged except by removing t}~e valve. One of the 
needle v~Ives at ~lheur Siphon has been l'u?lacod by a gate valv~ 
throu~% ".vhich trash ca:: bu flushed. Similar troubl~ was experienced 
at the Kini~a n Lateral SiFhon :';burs the outl~t is on ~.'o top of thQ 
barrel and at th~ Sniv~l~v Si:d~on ~vhur~ the outl~t is 45 dcgr~ s 
from th~ bottc~, of the barrel. Littl~ or no trouhle has occurred 
at the (~D'hee Siphon where the opening is 45 decree s from the top. 
This l~ads to ~e conclusion that there are two types of transporta- 
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tioncausing the clogging; (i) tlm dragging of hea~ mat~ria~ along 
%he bottom of the pipe, and (2)the flotation of light material 
along the top of the.pipe. The latter seem~ to predominate and 
causes the most trouble as at Malheur,while at ~'~hee apparently 
neither type of material is d~posited. If that is the correct con- 
clusion, then the valve openings should b plac~,d on the side of 
the pips with a horizontal cuntor lin~. u . 

uo~l;~m of t h e - i - -  ~ -  - ~  - -  ~ ' ~ - ~ ; = ~ u  t y p e ,  can bu n l a c ~  ~ -  ~ 
. . - . . , - , ,~ ~u uporalx~ under ~0"" u . . . . . .  = -~ ~,* ~au 

,~aU ¢ 0  flush the deposited material ~ud Complete the draining of the pipe after the head has 
been ~lowered by th~ main valves. The openin~ cn the Yakinm River 

-Siphon is on top and is a source .of troubl~ from the .larg e volume 
of entrained air caught as it passes the Opening. It is possible 
that thu air would not be such a problem if the opening would have 
"been on th~ side as the air h~,s a tendons# to trav~l along the top 
~of the pipe in bubblos. 

16. Pr~ctioally all of' t.'.m siphons studied and partieu. 
larly the long ones had a difficulty of operation ~:ich is common 
knowledge in ~the canal sections. A siu} , " 
ajm~ximum capacity usinz a con~,~---L .o:,,earrel is designed for 
• ne~ an all--- .... ~ ,^~ ...... .~vu va~ue of Kutt°r,~ "-,, 
siphon seldom flows at c~ac~i: ". ~ . ~ u e .  ~o r  contingencies. The 
-ration ifn~d~ flora y "¢Y aau murzng the flrst years of e - 
loss ~a , ._ .~t cap a~z~/,.thu friction factor is a op r 
_~ . u An ~no aos~. A .... • .... ctually 
oz operal;ion when ths~ ~ o-~" o a r.usul¢ 1~,oru are lon ori 

....... -excess of head between the inlgutP an;de 
outlet ends of the siphon and the w~ter surface in the inlet barrel 
i~ a oonsiderabl~ distar~o below the grade of the approac.*: canal. 
This eonditlon causes disturbance in the pipe, r~sulting in vibra. 
tion and violent ontrain~.~nt of air. 

17. The worst case of this vibration and air entrainment 
was seenat i%J~e Glenn.s Ferry Siphon across t1~e Snake River on the 
King Hill project. The water flows into tl~ wood-stave pipe above 
critical velocity and lpasses through the critical stage from 100 to 
150 feet downstream from t}~ ~:trance. Four l~-inch vents love been 
install~d at approximately 2S-foot intervals beginning about i00 
feet below the entrarme° The piping to these v~nts ;ms been extended 
up to the siphon e~trance as sho~ in figure 18. As observed on 
this particular occasion, no. 2 vent (numbering from the top de.m) 
blew alr about 80 percent of the t~J.le. After a h:ll during wPieh 
all vents were quiet, no. ,l belched practically solid :~ter, then 
no. 2 resumed blowing, first air and '~ter, then air only during 
the 80 percent period. There is a very noticeable vibration of the 
conduit in the region of vents 3 and 4 which can be se~n by th~ ~yo 
or felt by the hand. Air ~s escapinc througL cracks at vent 3 and 
wmter was squirting throuth cracks bul~ v~nt 4. V~nts I and 3 did 
not function during my visit. A turnout valve about 150 fcct below 

; .... ; 7 
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Flow in Approach Channel Vents at Inlet to Siphon Vents at Inlet to 

Siphon 

FIGURE 18 -ENTRANCE CONDITIOiIS AT GLEI~,S FERRY SIPKO[~ ON KII~G HILL PROJECT 

vent 4 blows air occasionally and becomes badly clogged with weeds. 
Weeds also occasianally clog the wnts which may have been the reason 
they were not workin G. A surge tank. has been constructed about 150 
feet back of the outlet of the siphon (figure 19). According to 

$urco T,,nk /:bout ISU F,~ct Clo~c-up ol SurL, c ~a/:k Fl~v Conditions a t  
Fr~n Outlet Siphon Outlet 

FIGUI~ 19 - OUTLEt' Oi" GLFI~IJ'S FERRY SIPHON 01.' i[I~G /'ILL PROJECT 

the ditch rider who has been on that job for eight years, a ~reat 
improvement was made in the .fl~v conditions at the entrance. Prfor 
to th~.t the inlet had acted like a bell~vs. Conditions similar to 
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these exist at other siphons but are not so obvious because of the 
more rugged construction-as, for instance, the steel pipe and con- 
crete canduit at ~alheur and Dead Ox Siphons. 

18. A possible solution of this excess head problem, 
especially on the Ic~ger structures, would be the inclusion of a 
regulating device near the outlet end of the siphon. This device 
would be a variable hump installed in a rectangular section of the 
outlet leg of the siphan and its variation would be controlled re- 
merely at the inlet end to raise the water surface in the approach 
canal above the intake portal. The ditch rider could regulate this 
adjustable hump as part of his routine duties. The hump itsolf 
should have slopes sufficiently flat to ~ass any untrained debris. 
An autamatic mechanism controlled by a float in the approach canal 
could be installed to lower this hump in case of excess flow condi- 
tions such as a cloudburst in a contributing drainage area. This 
idea is embryonic but it is believed to ihave possibilities. 

19. A siphon with a weed-swallower entrauce has been used 
to replace metal flumes across icvl points on the Tieton divisiQn of 
the Yakima project. The entrance (figure 20) has been used on high- 
way culverts ~here weeds are blown into the ditch in large quantities 

FiGure 20 -~2~tranc~ to ~uud-S::a!low~r 
Siphon on Ti~ton C~ml 

and are carried into the culvert. The shape of the entrance pre- 
vents the collection of the weeds by rolling them into the swift 
part of the stres:~ a~ literally swallov~ing t}mm, The actica of tl~ 
structure has been very satisfactory. 

!9 



Q 

m 

0 

SPIL~'/AYS AND OVfLE~ JO~'hKS 

20. The following dams were visited during the trip. The 
inflow into the storage reservoirs has been sufficient to fill them 
and as a'result several spillv~ys were •seen in action. 

(b) Black Canyon 
(c)  -rrowrock 
(d) Tiet  
(e) Tieton Diversion 
(f) Wapato Diversion 
(g) Sunnyside Diversion 

(h) Cle Elum 
(i) Kachess 
(j) Keechlus 
(k) Bumping Lake 
(I) Grand Coulee 
(m) Bull Lake 
(n) Aloov  

2.'.,. At Ov~jhee Dam the reservoir was sufficiently filled 
to allow a flow of 3,000 second-feet to be released either through 
the glory-hole spillway or needle v~lves. It has been realized for 
same time t.hat the behavior of a jet of water from a model needle 
~ive was quite radically different from the prototype. The disin- 
tegration of the jet from the prototype v~lve a~ it strikes the air 
has to be seen to be realized. The action of the Owyhee valves 
was observed both from a vantage point immediately beneath them and 
from thu end of th~ obser~tion gallery in the left abutment. ~cn 
the first point the "rain" beneath the jets equalled in intensity 
the downpour during a severe thunderstorm and it fel,1 all alon G the 
area beneath the j~ts. From the second point the impact of the rem- 
nants of thu jut could be seen as it reached the surface of the 
stilling pool. As the jet strikes th~ surface it appuars to ricochet 

and strike a s~eon~ time farther downstream rather than plungu into 
the pool. This is due to the lesser dunsity of th¢ air-water mixture 
in the jet as compared to the solid water in the stilling pool. So 
far as the dissipation of energy is concerned the absorption of air 
causes the jet to impinge over a wider area and with less force than 
a jet of solid water. The ring gate in the glory-hole spillway was 
manipulated sufficiently to ~ive discharges from 1,000 to ~,000 
second-fe~t. With a discharge of 1, O00 second-feet, spray was inter- 
mittently ejected sufficiently high to be carried by the wind onto 
the operating platform. As th~ gatu v~s lowered and the discharge 
increasedthe ejections ceased. Outside of the inconvenience,this 
spray is causing no damage. With the l,OOO second-foot discharge, 
the flow into the stilling pool below was undisturbed, but as the 
flow is increased an unexpected disturbance occurs which, so far as 
is ~nown, was not detected on the model. The stream of water from 
the spillway tunnel creates waves on th~ surface of the stilling pool. 
These waves travel across thu canyon, reflect, and return. As tI~y 
strike the oncoming high-velocity stream from the tunnel an incident 
occurs which for lack of a butter term is called an "uxplosien." 
With this particular flow thu spray from the explosion is thrower ° 
two-thirds the distance up the adjacunt cliff. Th~ caretaker says 
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that with larger discharges this spray is throm~ to the top of the 
cliff. Figure 21 shows throe different explosions. 

_ ±~u.~_ ~i - DISTU~P/,:'~ ~.< ~ ~o ou.~d~.u~ ,J~o i~,! STiLL,,~G POOL 
COLLIDING .{IT/. i:IGH-VELOCITY ST.~.. FROi',. OW~fHEE SPIL~¥AY 

Tbq~I,iEL. DISCKARGE 3,000 SECOND-FEET 

21. At Black C~nyon Dam particular interest was paid to 
the question of vibration at certain gate-operating conditions. As 
described by E~. George R. Larson, Assistant Engineer, the vibratiun 
occurs when about one foot of water is fl~ring over the gate. This 
vibration problem has been studied in the Fort Collins laboratory on 
the 1:40 model of the Gr~nd Coulee and Shasta spillway crests and the 
cause is believed to be th~ lack of aeration at w~, i~ discharges. 
At certain flows the path of the sheet of water is practically ver- 
tical and of sufficient thickness to seal against the piers forming 
an air chamber between the downstream face of the drum gate and the 
&beet of falling water. The air is evacuated by the falling water 
and the pressure is lowered in this chamber. The sheet of ~ter is 
pulled back toward the face of the drum gate until the surface ten- 
sion of the water .c~ no iQngcr support this low pressure° The sur- 
face of the w~tur is broken, air rushes in to relieve the low pres- 
sure, and the shu~ of w~ter springs quickly back to its true trajec- 
tory. The vibration evidently is caused by the letter. Since the 
air space is relatively small, this evacuation of air and relief 
occurs at short intervals. Mr. Larson 60uld not estimate the fre- 
quency of this vibration but th~ intensity ~ms su£f!ci~nt to be felt 
in his home :some distance below the dam. When the gate s~tting is 
such that the vibration occurs, a slight change of position by ~ither 
raising or lom~ring elimina%~s it. Figure 22 shows the conditions 
at which vibration occurs an the model of the Gr~.d Coulee and Shasta 
spillway crests. The vibration can be stopped by admitting air to 
replace that carried away by the overflow. On the mo~el this could 
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FIGURE 22.- AIR ZONE UNDF~ DRL~ G~:TE IN RAISED POSITION ON 
• 1:40 MODEL OF GRAND COULEE I~I~D SieSTA SPILLWAY CHESTS 

be done by breakin~ the water surface with a pipe or st iok .or bY 
insertinE vents through the piers. It is believed that ~a complete 
cure of ~the vibration ~at Black Canyon Dam could b~ obtained by air 
vunts through the piers into the zon~ beneath the ~ate in its raised 
position~ The fl~v conditions with the ~te partly lowered are 
shown in figur~ 23. 

~i~i ~_ 

22. Eight of the I0 sluio~,~ys at Arrowrook Dam ~r~ 
~ii!~disoharsing a total of about 8,000 socond-£eet ~fi~ur~ 24). As 
iat O~2hce , the jets frcn these s luioev~ys start ~to ravel as soon as 

' they strike the air and ~by the time the jet strikes the water sur- 
face balmy very little remains of what .misht be tormeda jet. 
The inflow of air into the s luiceway vents, the entrance6 of vd~ich 
are below the balustrade near the top of the dam, causes a disturb- 
ing noise similar to several l~rge trucks backfiring or machine 6uns 
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FIGURE 25 .- T~'~O'~ABFT DRUM GATES AT BLACK CANYON 5q.:,. .~'~.LF LOWERED 

m 
~FIG~R~'. ~4 --ClaAAI 5LUICg~AYS AT ARRfPaROCK DAM "DISCHARGING '8,000 SECOND'"" 

FEET 

in action. While it may,net be causing any trouble besides ~he 
annoyance to the workmen and visitors, its elimination would be de- 
sirable. It is .possible .that a chan~e in shape of the entrance would 
eliminate the noise and at the same t im~ a~nit more air into the 
sluicemays which would be desirable as a means of reduoin~ the low 
pressure and causequent cavitation at ~the needle control valves. 
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2S. The reservoir at Tieton Dam was practically full with 
about 2,000 second-feet of vmter flcwin over t 
60-inch needle valve was ~erati---~ g _ he drum gates. One 

-~ ~ Ao percen~ open. This valve ~s 
manipulated to shay the turbulent e~&ditions in the stilling pool. 
Vo difficulty has been expurienoed in this stilling pool. The hole 
eroded has ~tabilized,and continued operation does n,~t produce any 
apparent additional scour. This pool was of special interest because 
of the studies made on a similar pool for the Grassy Lake outlet wo~ks 
inwhich a survey of the Tieton 
• '~ile the 2,000 second-feet pool was use.d as a basis of desi n, 

flowing in the Tzeten spilhvay cBmnnegl 
was only a fraction of the S0,000 second-feet with 8 feet of water 
over th~ crest or 50,000 second-feet v~ith 12 feet over the crust, 
thc disturbanc~ in the stilling pool was sufflciunt to show the nuud 
for an extensive program of reconstruction. The left stilling-pool wall 
has been vmshed completely av~y and the right wall has been under- 
mined. Repairs }rove been made to the right wall but it is very doubt- 
i~l if a flood of maximum capacity could be handled. With the le~t 
vmll of the spillway completely removed, the stream down the spill- 
way channel plunges into the pool and a /argo eddy forms which nulli- 
fi~s any tendency tmvard the formation of a hydraulic jump or a 
roller as a natural means of dissipatin& the energy. A survey should 
be made of th~ present pool and a study of a design made to correct 
this condition. The flow in the spillway channel ~s an exa:~ple of 
air entrainment anc velocity retardation which is being •studied in 
connection With the design of Shasta Dam spillway. The drain outlet 
at station G+70 creates a surface disturbance in the center of the 
channel. This disturbance causes the absorption of a considerable 
quantity of air. At a point Lmmudiately downstream from the outlet 
th~ Water in the center of th~ ohar~uul and along the ~xtreme sides 
~s flowing at a l~vur v~locity (figure 25) a~ carried considerable 

r. -°b 

/ '  , ,,, 
r 

Flew .L'.~.,; ~ c i ~ "  Do,~:'~t~ ,:~m : ~ . . . . . .  " . . ~ d i a t ~ l y  Above 
From Vertical Curv 9 

Stilling fool " , 
FIGURE 25 -FLOW I/'~ TI~-'ZO.; SPILIIIAy GJ,'A/~IJEL [~ELO~( STATI0i,[ 6+70 

SHO.III~G E~/RAII~ENT OF AIR /,SD VARD~TION OF VELOCITY 
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air while a tongue of' water down :each side traveled at a higher 
velocity and carried less a i r .  F a r t h e r  down ,the channel, a p o i n t  
was reached where the effect of th~ channel sides and th. drain out- 
let was ~st and ~h~ water was carrying a lar~s quantity of ~ntraned 
air. The smau condition was later suen at Clu Elmn, Kachuss, and 
Alcove Dams', No estimate of the entrained air and velocity can be 
made without actual measurements but there ee~ainly is air entrained 
in large quantities and the a~tual aoeelerati~ of the fl~v is less 
than that which would be expected. 

24. The flow conditions at the toe of the Tieton (figure 
26), Wapato (figure 27) and Sunnyside (figure 28) Diversion Dams 

.... ii ̧ 

FIGDq~E 26 - HYDRAULIC JUMP FOR~IIh:.. O~: o~I' ~D A/~D "~tASHING 0D'~ ON 
RIGEI' ~D OF TIETON ~~IN CANAL DIVERSIO~.; DAM 

were similar except that excessive velocity of approach on the right 
end of the Tieton Diversion prevents the formation of a hydraulic 
jump at the right end of the apron° On the isf~ end, it forms satis- 
factorily adjacent to the face of the dam, and various stages exist 
(figure 26) between thc t~o extremes. The l~ngth of apron, however, 
appears to bu sufficient to prevent any destructive scourin~ down- 
stream. The excess wlocity-of approach is caused by a bend to the 
left in the river immediately above the dam. 

25. The center gate at Cle Elum. Dam was raised about 
four feet at the time of my visit. The flow fr~n the gate spread 
laterally don: the channel and a ~vave reflected from each .t~ll to 
form a fin below, H~vever, the distribution of flow at the verti- 
cal curve was practically uniform; so the flow into the stilling pool 
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.FIGURE ~? . C0~;DiTi0/;S AT V&~A~'O FIGtq{E 28 - LTDRAULIC JU~ 
INIIIAN PROJECT DIVERSION DA~ IIILOW SUA~NYSIDE DIVERSION 
FLOW 2,300 SECOND.F~T ll'M. FLOW 1,400 SECOND~T 

"~s ~ii distributed. The charaoterlstio fl~ pattern in thu ohammsl 
bel~s a very striking resemblanoe to that observed in the model. 

Althou~h a falr-slzed flood has been passed through the spillway, 
no .ermion is evident downstream fr~ the pool a n d  th~ s~ructure is 
fUmc%ioning as s~ticipated in the design. The outlet works are a 

..:. :~iffeMzat s.t~,.. While the structure ~s not in operation at the 

I ¸ .... 
i., !'i • . . . .  , : .  . a  ~ ~,.,..~" : 

. . . .  " i " ~ " " ~  ~ / ' ~ ' : 
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~i ~i.i~ .:': '~te PaztlyOpen Shying Mixture of Air Eat~ained A~r 
",. :. With Water 
./~!,~.- FIGURE 29 - FLOW CONDI~IONS IN CLE ELI~ 3PI/22~y CKKNNEL DISCHARGE ~.PPROX. 

~, S00 SECOND-FEE~' 
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time of this visit, it was seen in operation two years prevlou~ly 
during an unofficial visit. At that time th~ air vent near ~he dswn- 
stream end of th~ conduit was eJooting an air~ater mixt~ru at l~ast 
i00 feet into thu air. This vent has sinou been plugged. The Ohigf 
difficulty with the struoture is the lack of suffloient oonsideration 
of the effeot of air an the operation. The streams of water :from 
the portals of the ring gates in the tower f~ll toward the oemter of 
the tower and beoause of their high ~Iooity, ravel and absorb l~ge 
amounts ~of air so that the flow at the bottom of the t~er is highly 
saturate~with air. The only plaoe fram whioh air can flew to re- 
p l a o e  that oarried away ~by the stream is from the top of the t~ver. 
When the structure was first operated, the doors and windows :In %he 
control house wer~ pulled inward due to the vaouum. ~ubsequent!y, 

air vents around the side of thu building Im~u been provided to elim- 
inate this trouble But the operation is not oamplotely satisfactory, 
Before  a s i m i l a r  d e s i g n  i s  p r e p a r e d ,  a mode l  s h o u l d  be s t u d i e d  t o  
eliminate reXOesslve vibration at the gates. In fact it is probable 
that e'£Seetive studies on a model of the C1e Elum outlet works oould 
~be made with a view tc~.rd eliminatin~ the present dlffioulti~s. 

26. The flow oonditiaus in the Eamhess Dam snillw~y chan- 
nel were very similar to those in the Cle Blue spillway'except that 
there w~s only one oontrel gate instead of five as at Cle El~u. This 
~ate was raised to provide a flmv of about 3,000 second-feet in the 
channel. • The distribution of flow aormss the stilling pool was uni- 
form ~nd the severe disturbanme due to ener~ absorption was confined 
to the pool. The outlet works were not in operation. 

FIGURE 30 -.,FLOW I~ KACHESS DAM SPILLWAY, D~SG~ARGE ABOUT ~,000 
SECON DAFEET 

0 

•I 
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27. The flu.v 'ever the spillvmy at Eeechl~s De=A WaS not 
sufficient ,to show the behavior with quantities approachin~ ,maximum. 
Photoz, raphs of the conditions are shown . In figure Z I. 

of 
Spillway as ~ec;'~ From L~.~er 

End of Side Channel 

FIGURE 51 - KEECHLb'S 5~&. SIDE-CH~/{~L SP!LL;;AY 

28. A stall ,flow was passin~ throu~. Bumpin~ L~ke spill- 
way (figure 32) and one ~ate in the outlet works was opened completely 
to demonstrate the action of the discharge chaDn~l belch-. Althou~h 
.a previous flood filled the spill~ray channel to within 12 ineh~s of 
%he top of the frame channel, no damage was done and the rmtu~al 

- 5 ,  

i 

. I  

FIo~ in S/Jillvmy C}u.nnul Flo~v i"ro:~ ~n,~ of" Sp!lh.~y Flo~,r Cond~tlon~" ln-Out- 
Ct.~nnu ~ lot ,;'ork:; Cha~IIAu 1 

FIGURE 32 - ~t~PI~:S /2~KE SPILLWAY AND OUTLET ",VORK~ 
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s~illing peel bel~v~fu~otic~ed sa%isfac~er£1y. The cutlot-~¢or~s 
tunnel now discharges ' i ~ c  a t r a p e z o i d a l - l i n e d , c h a n n e l  which ~x- 

--funds ~ b ~ t  1,000 f e a t ' ; t o  ~he old  c reek i -b .~ .  The v e l o o i t y  i n t h i s  
c h a 4 ~ e l  i s  a b e ~  c r i ~ i o a l  and t h e  c o n d i t i o n s  may be o ~ s s e d  as, ~ood, 
as seen in '  figure :~R, When t h e  dam ~s fi~st built, a s~ries of 
..baffles were built~ross %h~ channel ata.p~int below t h e  ,tunnel 
':~o re~ard ~the ~l¢~Ity' end allow the w~ter ~o flue away with a lue 
'~elecity~,mnd p~eve~t ~ o o u r  of the channel. The seats for these baf- 
fles can be seen , ~  ~%h~ phcrto~raph. So much trouble w~s e x p ~ r i e ~ e d  
with cloE~in~ +h~:,It was finally deoi~ed to ~ v e  the channel to the 
river and allue ~he hitch v~Iccity toprevail. The eonditi~ns in the 
cha~ne i are now very  saris fae~ry, 

29, A.stu~ was mado at Orand Coulee D~n c~ tlm return 
trip, The river disclmrEe "~s 361,700 second-feet and was increas- 
i~ slightly, The similarity of the flow c~nditlc~s to those in the 
model was very pronounced, %he prinoipal difference beln~ the en- 
$raL~mant of large amounts of air in the prototype structure where 
the water surface is brogan by flue over obstructions. The magni- 
tude of the s~ructure .~kes i~ diffi~ult to Eet photographs ocm~ar. 
ablu to thos~ made on the mc~el but three ar~ included which shay 
the con4itions insofar as possiblu (figure 5~). 

, : ~! '~.  d ~ "  • 

F r C ~ x  ~ .0  ~. d',~:.. ," . , . ~ O V u  ':-, . . . .  

Plant Site 
Fro= To~ of  Block ~ 0  

!'!"7 

~ : , . ~ 5 / .  ~: . . . . .  

L ! , i . i : /  : 

FIg~q~E ~3 - CONDITIONS AT G~,ND ~OULEE ~A;.. ',,'liT:, FLOW OF 561,700 SECOND-FEET 
7, 19ss) 
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"~" . ~0, The outlet work~ at.Bull Laku D~m~(fi~r~ 34) ~uro 
~opura%ed to dumonstrato the b~havior of the stilling peele Th~ 
reservoir ~a at elev~ti~ 57~5.0, ~iving a head of 27 feet as com- 
pared ~ o . a  ~ x h a u m  of 67 feet. The hump in ~he stillin~ pool de- 

.! 

. . . . . . . .  r ̧' j 
All C~tes One-.~uart~r All Ga~e~ C~.~e-h~,l~ ' ~?cn All Gates Full Open 

Open~, Discharge Approx. D l s o h a r g ~  Approximately Disehar~e.Appr~x~ma~!F 
6~0 Second-Feet 1,300 Secoa~/-Feet 2~600 Seeond-Fee~ 

• ~4 -iCONDITIONS IN BULL LAKE DA/~ OL~'L~ ;~DRKS - RESERVOIR ELEV. 5765,0 

i e~'~to spread ~he flo~ fr~n the two conduits regardless of the 
• ~ ~ i~er of ~tes ope.r~ting functions as designed in the model ~iving 

• ~ " ~ , u n l f ~ m  distrib~ion,of:fl~ across ~he pool with the :hydraulic 
~ /i~:Jump forming immediately down~trea~,, fr~n the hump. The t~ ~ates in 

one c o n d u i t  were  f u l l y  o p e n e d  p r e s e n t i n ~  a v e r y ~ u n b a l a n o e d  f l c ~  c o n -  
, ~i%i~n° .Although thure was ounsiderable disturbance n~ar the portal 

of ,the ~conduit i% did not carry over the hump. 

.L ': i 

31. Th,~ reservoir ~t Alcova Dam w~s at ~levation 5466.41, 
or 6841 f~t above the fixed crest, and the gatus weru discharging 
4,000 see.end-four and the outlet w o r k s  4~0 suc~-fe~t. As ~ d  been 
~previously seen at Cle Elum and Kaohess Dam~, the flow in the spill- 

y ~as en~r~ininga large amount of air. At this particular flow 
entrainment begins near the louver end of the first vertieal curve 

low,the gate. According to Superintendent Austin as the discharge 
:reuses this point of air entrainment moves gradually down the 
~nelo This subject of entrai~snt and its possible retardation 
~v~l~Ity is beir, g studied in connection with th~ design of Shasta 
spill~y and a progress report on it has been r~cently completed 

iAssistant Engineer C. ~. Thumas~ under "the title "Studies of the 
~' of "~a%er in 0p~n.C.hann~Is with. Hi~. Gradients," The ~rltor, 
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h~.~over, attempted to coll~t such fragments of inform 
able on the subject durin: thi~ +~ , ~ , _ .  ~. . tion~:as avail- 

..... ~. ~n~ u~scnarge of 400 second- 
feet through the needle vaives.va~s not sufficient to give ~ly indi- 
cation of its behavior. However, Assistant Engineers C. W. Th~nns 
a/%d E. F. ";filsey had visited the str~cturs on }a~y 18 while :onrouto 
~fr(xm Cle Elum, Washington, ~to Denver at'which time 8~800 second-feet 
.~w~re being discharged through.thin needle valves. The action 
~utlet-works stillin ..... ~ . . _ , .  . _  " "n the 
" -- -~ ,.,~,,A w,~ ~ u ~ z e  rough with a s e v e r e  w a v e  . 
~g over the top of the wall~at the break in alinement. The e~ ak 

~m 

t • 

Spillway as Seen from the 
Hi &hway Bridge 

• "~%%: "7".. • 

: % 

• L . .  

F,Lo:.~ ~-'.,ndizionz ..;i~ Di,~- Flov., i~: S p i l ] v ~ y  Cha:-,. 
chnrge of 4,000 Second- nel Enturing Stilling 

F~t Pool 

FIGURE $8 - CONDr/ION8 IN ALCOVA SPILLWAy CHANNEL 

of the splash is indicated by the wetted area in figure 36. A hole 
eroded by the "~ves can be seen in the upper right-hand corner. The 
'splash is more severe on the right side of the pool 4ue to the con- 
centration of flow on 'that side caused.by .the bend in the tunnel 
above. The desig~ of the entir~ outlet works is not co;sidereal as 
satisfactory. In the first place, the needle valves disQharglng 
into the tunnel cr~,~e a fl~ condition whleh is unsa'~isfaetory. 
Furthermore, the combination of the b~nd in th~ %unn.l and ~h~ ,still- 
ing pool with sloping sides creatus <~xcQsslvu turbulence in the 
stilling pool. In fact, there seems to be no definite dissipating 
action in the pool beyond that of literally "wearing itself out," 
It is suggested that the behavior of this outlet works be watched 
rather clQsely e.nd frequent inspections be made to detect any de- 
structive action by the turbulent .flc~v causeM by the needle valves° 

/ 

~L: ̧ ~,: :~ ;-;4 !~J ~:~ ~' 



+ , + . +  

• :: ,+,?~+''+~, ,+ +"+i. .: . ,+~ "+ .++  +.'~'.-,~j~,+ . ~ . : , + .  " +  + . . . _ : + "  
+ . + ~ " + ' ~ A  + v  . ~ " -+~ - -  ++:+." . , . + , , 3 ~ . ; ~ . + ~ , . - ,  " ' " + 

=~-~+- +-.~+.~<-- ,++~:~-"+'"+~ ++++!" +~ ,--+=-aT-. + ..... • . + 
• . . -  +~,.+ + ~ , m "  ~ . ~ - - D  +--+ ~ +++",, +- + + + ~  - '+ ~+~'++++ + ~ - • 

~ . , , , - ' ~ 7 ~ + _ _ + + + + . ~ _ .  • , , .~,,~+ ,. -.+,:+ ++~ ~ . . ~ -  +---~+.+ ++.- - + - +  _ 

'i unne i Out let 
~onditioas in Stilling Pool 

FIGURE 56 - CONDITIONS I~ A/IOVZ OUTLET WORKS STILLING POOL }'liT}: DIS- 
CiL/./~GE OF S,800 SECOND-FEET 

FISHWAYS ~J{D FISH SCREENS 

32. Durin~ the course of the trip, fishw~ys were in- 
spected at ~lillan~tte Falls near Oregon City, Oregon; Easton Diver- 
sian Dam; Bonneville Dam; Rock Island Dam and Jackson Lake Dam. 
Fish screens were seen in operation at Tieton Canal IntaEe Dam and 
Sunnyside Main Canal Intake Da+m. The ~eneral design of the fisln~ays 
or fish ladders was of particular interest tothe writer because of 
the lack of+previous contact with that type of hydraulic problem. 
The contrast between thu ulaborate layout at Bonneville Dam and the 
crude design at Willamette Falls was vary striking. However, the 
ladders at Willamstte Falls have been in operation many years and 
the passage of the fish upstream each sprin~ has been entirely sat- 
isfactory. The ~anipulation of the ponda~e above this d~n by the 
paper mills at Oregon City has afforded an excellent opportunity 
for the study of the migration . The mills operate intermittently 
and the flew over the dam v~rius ovur a wide ran~ in a short time. 
~&en the turbinus arc using thu water, the flew through thu fish 
ladders is small and is attractivu to the fish. When thu mills aru 
net operating all the water is flowing over the dam and th~ fish 
ladders are flooded. When the latter occurs during migration season, 
a large number of salmon collect at the feet of the falls and mama. 
no attempt to go over the da~a~ Within a few minutes after the tur- 
bines are started ar~ the flew in the ladders is reduced to normal, 
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the salmon start thrnu~h in such manner as to practically fill each 
pool in the ladder with fish. The period Of r aotual operation at 
Bonneville Dam., has been so short that little data were available as 
to the actual efficiency of the ladders. In fact, t~ose i:: charge 
of the fish handlin~ vmre more concerned with the fimgcrling~ ,:,igra- 
tlon d~vnstream than with the fish migration upstream. The z-~c},ani- 
eal fish screens below th~ entrance to th~ Sunnyside Main ~:~' . . ' , !  and 
the Ti~ton ~in canal ha~ not be~n entirely satisfactory pa~.:~,,,u,+ 
larly Occause of tho poor distribution of velocity of app~o,~;h ,,~ 
the screens. At Jackson Aakc Dam (figure i ST) the only wat~r bc!n~ 
r~leascd ~s th= fl~v through the £ish~ay. Apparently the str~.~ 

/ 

View, Showin~ Lac'.: ,~f Ciose-up of F I ~  From 
T a i l  W a t e r  F i s h  L a d d e r  

FIGURE 3 7 -  CONDITIONS f,T FOOT OF JACKSON LAKE DAM 

~ b e l ~  had  been dredged for s o m e  p u r p o s e ,  and as a result t h e  frail 
w~ter was too low to afford a continuous passage for fish fram ths 
• river into the fishway. Several dead fish wore lying:on the co~- 
crete deck belm the sluiceways where they had perished ~In their 
attempt t o pass the dam. Eitl~r suffic i~ut water shouid be re- 
leased or a barrier should be placed below to provide sufflci~nt 
tail water f o r i p a s s L r  ~ the fish. This suggestion is ~ based l on the 
premise that cooperation is being given to those interested in the 
preservatio~of fish in the State of Wyoming. 

MI SCELLAI~OUS 

2,3° S e v e r a l  i t e m s  w e r e  c a l l e d  . to m y : a t ~ t i ~ a . ~ h i c h  l'e~ve 
• n o t  ,~bmetn~ p : r ' . v i o u s l y  d A s o u s s e d  and  w h i c h  s h o u l d  b e  o f  ~int, ea"et:t  Ln 

~ i!r~ ~̧ :: ::i ~ 
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~ 'ure . :de~ . ,~s .  Thor:will  each-be,.c~Jere.d i n  ~ e  ~oll~v£ng..dis. 'OtlSS:[~t, 

34. In ..the Kittlt&s Mala.:e~l~ there is a tranSltioa ~om 
l ined to u n l ~ d  earth ~e¢¢t~ at stattem 710+50. The turbulence 

,er~ase of ar~a;~ud:red~ction:of slope~.lms '.o~t i n t o  both!banks. Tht~ 
::.is, a c~adlti~..p~s~iling wt~Pov~ r th~ Is_a transl%lon i~.om lined 
';.~. unlined seo%imm, :but i t  :Xs m~ra~%~<l at 'th~ Pam%Icular, point 
-.'-~y a ©uwve ~ ~o-:cho~mel ~nedla~ly &b~v~ :.the chal~e,o£ see%ion 
.~h~h ~auses a o~o~nt~agi~ ,. Of-i~h~ turbulence on ~: r i ght bank. 
A°~°l'diuE %o3up~rin~nden%,.d.S. MooPe t h i s  coadltion ~iaworse 'at 
1~ea~ti~nal oapa©itles than:at'~x~mum. The ripr~p n~oessa~y to 
s_%abllize.th~ bank a t t h i s . p a r ~ i o u l a r ,  olnt - 
:r the llnlng.,ms ear~Isdthrm~. ,~,.~___,Is sh.~m in "figure S8. 

~Id,o~ur ~n the ,.lined, se~i~ and the scour would l~ ,avoi~d. 
Ig Is:.-suf~ea~d..~hat.glm "lined ~r~n~it~n be used :in i~u~ designs. 

FIGURE 38 - TRANSITION FROK LINED TO UWLI/~D SECTION 
AT STATION 710+50 . KITTITA8 MAIN C$14AL 

35. Considerable ~rouble has .been found in the opera%ion 
of tuPn@ut gate.s in fluid s e o t i o ~  of'cemmls wh~re the gate is 
noun~d, vertlca~ly in a recess. Tim oonditi@n is even worse where 
the bottom of the recess is In t~J same horizontal plane as the bot- 
tom of th~ esnalo A %yploal example is shown ¢n drawing no. ~3-D- 
288, aoopy of which is at~oh~, :The whirl or .u~ly oau~ed by the 
r¢ooss draws matorlal late the gate clogging i t ,  Whore the be%tom 
of the EaSe recess is in the same plane as -the :bo~kom..of the canal, 
g r n ~ l  and sand transported by t ~  o a n a l m  also.drawn into the gate 
and held by the mat ~f floatlnE debris already colleO~d° ,In the 
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~ m~r~; severe.+oases, ::It .hxs ~ been. meeessary to' fasten :.~oi~s ~xlonG the 
~ean~l lin~+~,above-.~he~aTa~ ~ t o . d i v e r t  t h e  fl~tin~:debrls. A solu- 
:%~on 'to ~this ,elo~in~ ~uld be ~o plxoe ..the :turnout iEates flush wlth 
~ :slop.ed l ininj~ ~in an i~clined:pesi~ion and p l a ~ e  t h e  bot to~  ~of 
!T~, ~tes fru~:ei~h~ :ino~s %0 on~ :~fo~t above the ,,bo¢~o~ of the 

>~:eamal, T~-firs+%..chan~ : s h e u l d  ma~.+%he ~a~s self-olsanin~ s o  far. 
as floating. ~bris/is oence~ned.and...%he s e c o n d  wi'll + prevent the en- 
trapping,of sand and Eravel. 

36.  The exposure of  the concrete barrels ~o£ the siphons 
~s ealle+d!to.~.y attenti~'byMa~n~er V. W. Russell of %he Yakima- 
Kittitas project and the:su~estion was made that ribs be placed 

- a r o u n d  +..~he +cu%s~e ++~ the barrel ~ particularly cn %he,exposud side 
'.'to +sUppor~.an  earth cover~whieh.would reduce t h e  .temperature varia- 
:%ion Prom sun exposure. The suggestion is believed to:have muoh 
merit. 

:37. In,the ,Naneum~Cruuk Wasteway~at station 886~06.0 
+%he~Kit~itasHo~thlB~mch Csnal (l~g. 53-D-496, 8 p e o .  ~96)a 2-f~ot 
6-tn~h+,by-g-foot lO- inch . r .dc tan~ular  c u l v e r t  Waer.provided t o  oart-~t 
+the~n~mal,~low of!Naneum++Creek+under .the oamal. +This ~ulvez% :has 
right-anEle~bends near+',~he .entranoe and ,outlet. Ploati~bits +'of 
timber oateh in the o~. ~ I ~ ~d o ~ ~ ~ ~ removed unti+l the end 
:of tl~e:~as~. :Much:better f+l~ c~ndi~Io~s ~w~ul~have b ~ s n  obtained 
with an ~mpro~m~nt of the:alinement pa~ticUlarl y at the outlet. 
The £I~ free,he oulve~t is:sho~n in £i~ure $8. 

~ " | l~ 

FIGURE ~9 ..~ FL~# FROM BYPASS CULV~R~ UNDER 
NANEt~ CREEK WA~TEWAY - EITTITAS NOP~H BRANCH C~AL 

. 37 .  The q u e s t l ~ o f  r e s e r v o i r  g a g e s  was  d i s c u s s e d  a t  
some ~ n g t h  wl~h  S u p ~ r i n t e n d e n t  John C. A ~ s t i n  a t  A i c o ~ a  D~m, The  
g a g e  ~Ims%alled dur ing the:+~onstrue~,i~ O£ AIo~ Dam is a mo~ou~ 
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o o ~  wlth+an air line to the reservoir. In its .opera&ion ~he air 
li~e is pumped !full of air end the pressure due to elevation of the 
r e s e r v o i r  b~]Auees the eol~n of mercury. This same type of ~age has 
been ins~.e, l l e d  at c~her res4~-voirs r m ~  i~ I iS ~erS~ ~ha~ they 
are not sa~isfact0ry. While at Alcove, the writer operated that gage 
several times to study its faults. In ~the fi~et place, the length 
e~ air pipe is so extcasive that it is a major :task to fill ~.e line 
with the pump provi~d. Several successive ~operations produced no 
+like readlngs. Actually the op~x~ters+pre~FL:te uoe a.s~aff ~age 
in the ~eservoir rather than et~cempt to operate the ~reury g~age. 
One cause for the inconsistency of the readings may be condensation 
due to the lower t~mperature in the Ioz~ air !lin~. The temperature 
of the line is much lower than the air An ~he control house and the 
ten, stature of th~ a i r  pumped i n t o  . the :line is raised by the pumping. 
Leaks in the air line may be another cause but in any case t~ dif- 
ficulty of operation is present. A possible solution, if condensa- 
tion is the ~ause, would be t~e use of co~pressed air from a tank 
so icoat~d as t o . i ~ v e  the temperature +of+the material surrounding 
the air line. Another solution and one which seems mere logical 
would be the installatlon of an entirely+differen~ t ~ e ; . o f  +gagu - 
a tap~ gage in a well with an ~l~etrical contact t o  !indicate the 
positi~A of the water surface. A home-made affair of this type is 
~ivin~ very good +service and with some m~Ificati~ns could be used 
to advantage elsewhere. At Pathfinder Dam, wells consisting o£ 
~alvanlzed pipe with flanges on top have bee~ i ~ s t a l ~ e d  on the gr~nite 
rooks at various positions so as to cover the entire ran~e o f  resex!- 
voir fluctuation. A metal bc~ containin~ a reel and standard metal 
tape is bolted to the flange of the ~ell which is appropriate for 
th~ elevation of the rosorvolr. A sp~clallybuilt brass case at- 
tached to th~ frec end ofth~ tape contains a fl~shlight, standard 
in every detail ~xcopt the switch. Instead of the ordinary switch, 
two  contact polnts project throu~ the bottom .Of +the ease. AS ~he 
Cle~hlight ~ndioator is lowered in the well the contact polnts to~oh 
the water surface switching on ~heli~ht in the top of :the ease. The 
bean, of !i~ht is reflected by a mirror placed above the top of the 
w e l l  in  ~he e a s e .  Two pho toEraphs  o f  t h e  a p p a r a t u s  a r e  shown i n  
figure 40. The incorporation of the well in the damwould bu one 
improvement and the use o f  a neon gl~ light in th~ 8age box ~'ith 
th~ steel t~pe as one side of the circuit m~the w a t e r  and w~ll 
casing as the oth~r would produce a more sensltivo instrument. 

S D~ARY 

$8. In conclusion the followin~ features bear .emphasis : 

( ] . )  ~,~4~y Of the  +~r l~ ,e r  ~.~i~z~Js oP c h i c +  i~L~d d r o p  tm i l  ~. eal~als ~ .Ve 
a trapezoidal section and are not functlonin~ satisfactorily. More 
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Gage Bux with Light Casu 
L e e r e d  in W~II 
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~rass Li~)~t C~ Raisud 
f~cm Well 

FIGURE 40 - RESERVOIR GAGE AT PATHFINDER :D/~ 

recent desi~s have i ~ O ~ p o r a t e d  t ~  r e c t a n g u l a r  section in whioh a 
h y d r a u l i c  jump p rov ides  adequate  d l a a i p a t l o n  of  e n e r ~ .  A f t e r  i n -  
s p e c t i n g  t h e s e  s t r u c t u r e s  w i t h  f lows approachin  E c a p a c i t y ,  t h e  opln- 
ion is reached t h a t  s~vings in cost could be made ,by shor~enihg the 
structures an~ ~hangin~ the propo~Ic~s slightly. T~ study ~ ~hat 
pro~le~ as ~pplled to ~nal drops is now in progress fin the labor- 
tory and is producing the desired results. It is intended to eon- 
tin~ this study into the field of chutes. It is also plam~ed to 
attempt f u r t h e r  savin~s in  c o s t  by u s i n g  s l o p i n g  s i d e s  t O  r, r e ~ l e e  ~the 
a~can~c of ccncret~ needed for stability. Previ~s h y d r a u l i c  s~udlos 
have net, however,  p r o d u ~ d  mu~h onnouragemen~ a lon  E %hat line. 

(2) :The des ign  of  long s iphons  such as:}dalheur and Yaktma seems 
t o  be a s u b j e c t  f o r  c o n s i ~ r a b l y  more s t ~ y  such as can  ~ l y  be  
g iven i n s  l a b ~ a t c r y .  The t e n s e  o f  o p e r a t i n g  c o n d i t i o n s  t o  which  
.a siphon is subj~d seems to indieal~ the necessity ~:a c~trol 
~d~viee~near t h e  o u t l e t  end t o  m a i n t a i n  better f l ow  o o n d t t i ~  a t  
; the  e n t r a n c e .  Also fro-thor s t u d y  needs  t o  be g t ~ n  t o  t h e  I o o a ~ i ~  
e f  t h e ~ d r a i n s  a t ~ t h e  lowermo~t p o i n t  of  t h e  s iphon  a s : p r e s e n t  d i f -  
£ i o u l t i e s  w i th  o l o g s i n  g and a i r  bleedlng are  a s o u r c e  :of m a t n * ~ a n o e  
expense and annoyance.  

(3) Those s t r u c t u r e s  on which model s t u d i e s  h a w  ~ e n  , a ~  or  
• wh ich  h a ~ e  been  deslgned u~Ing d a t a  £rom ,. o the r  model s t u d i e s  a ~  
ft~Iotiming:as de,  t r o d ,  L i t t l e  has been accompl i shed  in  t he  o G o r d i -  
nation between m~lel resul~s and prototype performances prl=oipally 
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because o f  t h e  l ~ k  o f  adequate equipment  and the  in f requency  o f  
%he occur rences  of maximum flow c o n d i t i o n s .  Visual  o b s e r v a t i o n s  
a re ,  however, r e l i a b l e  c r i t e r i a  in  c u r t a i n  oases both  in  t he  l a b o r -  
a to ry  and t he  f i e l d .  Coord ina t ion  of v i s u a l  o b s e r v a t i o n  shows a 
remarkable s i m i l a r i t y  i n  a l l  phases except  t h e  en t r a inmen t  of  a i r .  
The phenomenon, as seen in l o o s e r  d i s c h a r g e s ,  hae i t s  advantar~e in  
t h a t  t h e r e  i s  a r e s u l t i n g  r e t a r d a t i o n  of  v e l o c i t y  of t}~ a i r - w a t e r  
m i x t u r e .  The d i sadvan tage ,  el '  course ,  i s  t he  need f o r  Erea te r  f r e e -  
board, p a r t i c u l a r l y ,  on  canal  c h u t e s ,  t o  handle  t h e  des igned  c a p a c i t y .  
This subject is included in that of flow of water in open cha:mols 
with high cradients about'which little is known at the present° 
Because of t h e  v ~ r y  nature  o f  t h e  s u b j e c t ,  the  only  approach known 
at thu present time is t}~at of obtainin G pertinent data  by field 
measurements. Uathematioal analys.s can bu made but the results 
contain e~pirical coefficients •obtainable or.ly by actual measure- 
ments. Sane progress in this lin~ has been m~do rucently but a 
groat deal moru will bu nouded tu compl~tu th~ story. 
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