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BUREAU OF RFECL-. -, .
FYDRAULIC aRpianmny
UET TO ER REMGVED FROM -~ lEbd
Dunver, Colorado, August 8, 1934,

Engineer J. E. Wornoclk
Chiel Enpinecer

Report on inspection trip to correlute present hydraulic
design practice and the operation of structures in the
field.

l. u mccordance with your instructioms of April 28,
tru Holse-Psiuite end Owyhee project: were visited from May 17 to
¢¢ m.i the Yuking project from Nay 25 to June 6. The flood flow
conuitions through the construction st Grand Coulee Dan were ob-
gervel o. June 7. ‘While not included in the itinerary, slops were
mede on 'ne refuri trip to observe such conditions as might prevail
st Juciuior Lridie, Sull Lalke, flcova, Fathf'inder, and Seminoc Demse.

2. lile meny types of hydreulic structurces were obe
served, emphesls in this report will be placed on the problem of
canal drops, chutes, end inverted siphons as the chief difficulty

of operetion lies with them. Insofer e&s possible comtacts were
rade with the operetion and meintenance staffs to obtein their
viewpoint. In prectically all cases, both still and motion pic-
tures were made of the structures in operation. Typical examples
in this report will be illustrated by the uce of the former, and
the latter hew beer edited for demonstration purposes. The struc-
tures studied ere classified as follows:

Canel drops and chutes.
Canal siphons,

Spillweys and outlet works.
Fishways end fish sereens,
liisce llenuous.

CANAL DROPS AND CHUTES

%e BSince the problem of drops snd chutes hed been ctudied
in the laboratory during the past winter in the case of the remode 1~
ing and replacement of certain structures on the Sun River project
and since tne general problem of developing & more satisfactory
cunel drop structure is now being studied in the leboratory, con-
cideralle time was spent in studying such structures in the field.
The drop structures observed have been classified as:




Trepoazoidel inelined drops.
Reoctanpgular inclincd drops.
Rectangular weir draops.
Traporzoidal weir drops.

A typr of structure known as a check drop end constructed in
the Sunnyside lein cannl will be discussed ac & special oanse.

4e Many cxamples of the first two types of drops were
exanined dwring the trip. Without exooption, the trepezoidal in-
¢lined drops wore functioning unsatisfactorily while the f'low condi-
tions in the rectungular inelined drop were very goods The design
of Llio typieal drop utilizing e trapezoidal section in the stilling .
pool has beun found in the laboratory to be {fundementnlly wronp and
the cbservetions in the field verify thoge findings. Every structure
of this type oxamined behaves in the seme menner and appoars to be
grossly undurdesined, vspucially where used in vesily eroded soil.
The highevalocity jet dovm the slope of the drop is concentrated
in the conior of the structure by tho sleping sides and this Jet
prevails through the structure with practically no dissipetion of
encrpy. The enorgy is fimelly dissipated by boundary f'riction on
the floor o the ehannel but the turbulent -one cecompenying the
dissipation continues for o consideratle distance downstream with
sufficient force to scour the banks even et flows below capacity.
For instance, on the Cwyhee project at station 137+00 on the King-
man latersl (figure 1), the original riprop was soon piled in the
center or the canal below the structure. lieavier riprap did not
stay in place primarily because the most severs turbulunce oceurs
downstream {rom thy structure instusd of on the concrete Bpron.
The riprep was finally grouted in place to hold it. The extent of

Owmyhee North Canel Leateral 10.5 Owyhco Kingman Laveral
(Spsc. 681-D, Drewing Koe. Ste. 137+00 (Spec. 577,
40-D-2074 Drawing lNo. 48-D-845)

FIGURE 1 -~ KYDRLULIC CCNDITIONS I TRAPEZOIDLL DROPS
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maintenance ean be seen in the photograph. Smaller structures of
the same type, such as used on North Canal Lateral 10.5,have pre-
sented similar problems of maintenance. The lenpth of stilling

pool was insufficient end the turbulemnce was partly in the poul and
partly on the riprap. In those cases, because of the lesser anergy
content, hand-placed riprop has been sufficiunt protection. On South
Canal Lateral 17.7 in e distance of 1,1 miles, there is & series of
22 drops, ineluding the turnout from the mein canal., The Lirst five
of tlicse struotures at the upper end of the canal wore cbservod in
operation in company with Watermaster George A. linycosk at lyssa,
Orcgone The turnout drop (Spuc. 619, Dwg. 48-D-1093) with a designoed
erpacity of 66 scoend~feut hes & rectengular pool in which e hydraulic

Irapezoidai Drop at
Sta. 2490 Turnout Drop

FIGURE 2 - STRULCTURES IK OWYHEE SOUTH CAUAL LATERLL 17.7

jump forms (figure 2) whereas the other structures in the leaternl are
of the trepezoidal type. The dissipation of energy at the turnout
drop is entirely within the pool and according to tiie watermaster,
very little maintensance has been reguired. On the other hand, at

the trapezoidel drops irmedistely downstrean (fipure 2) whore the
same amount of wnter is flowing, about 50 -feet of riprap has been
edded to stop scouring. ZEven then tie disturbance extends down-
stream to the end of the riprap. Another fault of these particu-

lar structures has been the deficiency of the cut-off wall at the
upstream end. Luring the {iras nmonths of operetion, practieally
every one of the trapezoidal siiructures wns undermined at loast once
and some of them more ofton.. The maintenance crew extended the ecut-
off valls vertically dovmward st least four feet below lateral grade
without sloping them to correspond to the banks of the esnal. fThe
additional cut-off wall and the additional riprap finelly stabilized




the struetures. It night be well to emnpiasize the dusirability of
constructing cut-off wnlls with vortical insteed of sloping ends as
this particuler point was encountered at sewveral phesus. A line of
sirmilar drops in e lnteral on tho Vele project was deseribed by
Supurintendent J. S. Noore at Yekima as an "opurator 's nightmare."
Thu scour and Seepagu question on a similer line of structures on
the Kittites South Branch cenal uxtension was solved by paving the
letoral between the drops.

-5« The more recent design of drop using the rectangular
pocl in which e Jump forms was observed or.ly on the Owyhse project
and the operation in every case wes satisfactory. On the Jacobson's
Guleh Fick-up, four of Lhesze structures (3pec. 944-D, Dwg. 40-D-2626 )
were in operavion (figure 7). hile the flow in them vas only o

I

f

Fipure ¥ - Recten;vlar Ineclined Lrop in Jucobsonts Guleh Pickau
Gtation 74+40 (Spec. 944-1, Ivgse 16-D-1026 and 40-D-2626 )

fraction of their capecity, tiey [unctioned far better than the
trapezoidal nool under similar circunstances. hnother examp le of
thiz type wes examined at stution 122425 on the Qrylive South Canal
latoral He7-Febe Unfortunately, it vag enly flowing & seconda=fupt
#iile it -i5 decipned for 24 second«feet but it cap readily be seen
(tigure 4) Lhet the turbulence is conf'ined to the sLtilling pool,




On drawing no. 40-D=262G, the wing wells are shown at right engles
to the center -line of the letoral. This ceuses sharp corners at the
entrance which tends to orowd the stream to the center of the drop.
The wing should be curved in plan or placed et an angle of about

‘45 -degrevs to the conter lino. The prineipal objection that could
be obtainud to this type of structure was that of uxcessive lirst

Figure 4 - Restenpgular Inclined Dron et wiyheoe South Canal
Interal 5.7 = 2.5, Station 122425

cost. Appearonces are that same savings sould be made in the
present structures by réducing the pool length, particularly ir
dentates or sills are used at the end of the pools This excess of
length has been previously neted in the laboratory and was veriried
'in the field. The exact emount of roductien can only be determined
-at the conclusion-of the studies now in pregress. I4 is the belief
-of the writer Lthet-if the cost of meintenance of +he trapezoidal
inclined drops ‘wore ndded to the f'irst cost that thoere will be little
cost difference between a trapezoidal inclined drop and e properly
designed rectangular inclinesd drop. To dato we have found no wey
te properly design o trupezoidsl inelined drop. Furthermors,. it

is recommended that in future dosigns, a single rectangular chute
be used where poscible instued of & sories of drops.,

A 6o £ third type of drop (figure 5) found on a latural of
the Gen Diztriet D-line is refurrud to as o "rectengular woir drop,””
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Figure § - Rectanguler wWoir Irop in Gum Distriet D-Line

Although this structure is in an ercdible meterial and has been in
-operation several years, there is no evidence of s@rious scour and
little meintenance has been required. This ‘structure was particu-
larly interesting in comperisen wits conditians found st a check

drop structure on Owyhes South Canal Lateral 5.7 - 2.5 at station
312455 (figure 6). The latter structure is & cstandard no. 10 rec=-
tangular inclined drop such es shown on drewing no. 40-D-2626 with

Figure 6 « Flow Conditions in Inclined lectangular Lrop et
Station 313+55 on Owyhue South Canal Latoral 6.7 - 2.5

slots fermed iu 4L~ sido walls et the .erest in both this structure
and the .on¢ Leler so thet checl: bperds could be inserted to reise
the water curface in the lateral above ond Lelew io adnit water to
the turnouts. Vith these check boards in ploce, the conditions were
very poor beceause the chuck board ion the crest osused u disrupted
flow dovm the inclined portion and the excessive teil watar belew
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‘eaused drowning of the jump. It is one thing to design a structure

for a given set of cunditions and snother to heave them completely
altered in the field as s the case when cheok boards are inserted,

A drownsd hydraulio jump is undesirable in that the jet of weter
continuss through the pool causing soour in the chennel delew. It
wos in this connsotion that the rectongular weir drop in the Gem
Distriet D-line proved interesting. A drop .of this type or & modi-
fication thereof eppears as a possible solution to the problem of
checking in drop structures. The head could be varied to meet any _
irrigeting condition and the structure will still funotion properly.
Furthermore, it does not appear to be on oaxpensive structure. Ibts
effectiveness in preventing scour in the channel below could prcbably
be improved by a study of different shapes of floor. It is suggested
that an attempt be made to design s satisfactory structure of this

'l'.ype. :
7. A fourth type of drop is illustrated in figure 7. In

Figure 7 = Trnpazoid.o.l Weir Drop in Kittites Horth
- Branch Camal lateral 17.7 -

this case, it is &n B8-foot Cipollettl welr used to measure tho flew
in Kittitas North Sraoneh Canal Jateral 17.7. After Tfive years of -
operation there is no evidence of scour,which can be accounted for
by the faect <hat & lerge amount of the energy in ths free-falling
sheet of water is destroyed by impact on the uxpoased inclined slope
end by the fact tmat the soil is gravelly and nonerodible at this
point. £n improvement could bv mado, however, in the upstream proe .
tection in this structure. 4 slab of concrete conforming to the
section of the leteral uxtunds about thres feet upstroam. In the
early spring, pocket gophers, fivld mioe, and sepe rats favor the
region beneath thoese slabs in hunting for tender roots. When the
cenal is sterted weter flows through the passages maudo by thu rodonts
undermining the structure. The maintonance dupsrtmunt then has




difficulty excavating under the sloping slab to puddle the warth
and form & tight seal. If, instead of paving the slape, vertieal
wing walls wore placed Bt an engle of 45 degrees upstrevem from the
cross wall intersecting the canel bank at or slightly above maximum
water surface, a puddle pocket would be formed on eash end of the
cross wall, During construction these pookets oould be backfilled
by puddling. -Later, ‘if rodents get into these sealing pockets,
tholr passages ocould be closed by wetting end rodding. If it ig
nacessary to excavate, it is a simple matter to backfill, '

8+ As mentioned in paragraph 3, the check drop used
on “the Sunnyside Main canal is & spvcial case. The originel de=--
sipnad oapacity of the canal was much less then that now being ocar-
rieds As the demand inervesed, larpger guantities wore handled.
The resulting increase of velocity sooursd the canal to such an -ox-
tent that u sories of 25 or 24 chuelk drops were constructed in the
canals Tho scour downstream from at loast 1B of these drops has
been & source of cantinuous trouble siice the drops worce constructed.

‘Figurc -8 « Drop 2 «t Station 156+00 on Yakime Sunnyside Main Canel _

Thu first two ware desipgned for a capacity .of 1,076 second-fest -angd
for many years have been handling 1,300 :seoond-feet. Attempts to
© :8top this soour have been primarily by riprapping, but little .or no
" improvement has been accamplished. At Drop 2 {figure 8) “the width
‘of the cenel e short distance downstreem from the -ctructure 4is .at
‘least 50 percent groater than the normal width, and Superintendent
‘Moore says thait the hole in the center is about 15 feet dwep. The
'sizo of the hole scoured bulow these structures is oxcessive oonsid-
oring the very small amount of drep. The stream of water through
the -control is concentrated in the cunter of the canal and the ‘high
“wrloeity prevails for sovoral hundrud feet downstream with little
dissipations .As this ‘high velecity water leaves thu drop, thore is.
8 differonse in weter lowvul.dus to the volveity, ‘haad. This causcs

e
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ar inflow of water on sackh sido near +he gtrueture. This inflow is
‘herafai; (i, as it ceuses & heavy flow upstrean to replace that care
ried awe: Yy the highevelocity streem; and (2 as it disrupts all
nderes tovard ire formation of e hydraulic jump. To completely

‘solve tiis prebler it will be necessary to meke e model study of e
trpieal strueture., It is telieved that the mejority of ‘the faults

carn be remedied by extending 1he abutment wall sufficiently far downe
streer co it the adjucent watur will not be dravm into the strean

and a aydrzulie jump is permitted to form. The "intermediate treine
cingz welic were included in the iLershall Ford stilling pool for this
sars purposes. 1ne flowr conditions tarougl the structure ‘itself ean

Ye greatiy izproved ty streanlining the steel brackets witich suppornt
the flashzoards. Considerstion has bLeer Liver for several years to

8 redesim of these structures and Superintendent Loore at Yakime

nes suimitted & reciest for thiz redesign. Design end construction

of' & model is in prorress now end it is planned to proeccud with the:
study so tzat plens for renodeling one or two structures will be avail-
atle by Octoter 1.

Yo Tha cuzsel ehutag inspected ce. Le divided into three

groups asecording 4o eroz: cectiog, Ezarples of eemech are as follows:

(1) Rectangular caute and rectesgular 590le—-

(&) Curhien Soutin Cannl latern® 5.7, atetion AT1450
(.fi,';urﬂ 9)- . :

(Y} Guynes Lort.. Canal lnteral 23,6 (fipure 10).

(¢ Yettao Conml {fijure 11).

(2) Trepozoidel chute. gad rectensular pool,--

(a) Cwyhwe Zortn Cron) lnterel) 3,7, station 7+40
’ (1.'i[‘ure 32 )c )
(b) Owyheu Soutl: Cennl loterel be7, stetion 26+50
(figure 13},
e Guyhes Ldvencwnmunt letorel, stution "1+50 (figure .14).

t

(3) Heetengulor chute rnd trapuzoidel $ooleas

(&) Owmyhou litchell Dutto latornl, sintion HE+80
(fipure 15).

(b} Coyhea Zorth Canel, stabion 2477400 - Jacobson s
Guleh desteway (Lirure 16,

(c) Kittitas ¥ippel Creov dnntowa; (flpure 17).

dith the =zception of en wriwweassary ddsturbuncue i tio pool of thy
~chute on the Labton Conel at fla propotud :ite of 1w labton pumping




‘plant, all of the chutes in groups 1 and 2 were functioning in an
excellent fashion. The action in the pool of the chute at Owyhee
South Canal.lateral, statian 471450 (figure 9) can best be described
&s a "thing of beauty." The chutes of group 3 have reguired congid-
erablo maintenance to prevent serious arosion both in the stilling
pool end downstream from it.

Figure 9 - Chute at Sta. 471450 on Crylive south Cenml lLateral 5.7

10. Thu designed cepecity of the chute at station 471+80 .

(Dwge 48~D=1944) is 26 second-feet. The -discharge in figure 9 is
practically full capacity. The flow down the chute and through the
hydreulic jump was well distributed with no back flow. Even .though
tho weter from the chute enters the Gem District Canal at an angle
of 30 degrees there is no erosion except a little "beaching" due to
surface waves. A small chute on Owyhee North Canal latoral 4%.6
(figure 10) with & dro; of 210.5 feat and a designed capacity of

(%
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‘7 second-feet was operated for the firgt time -on the dey of -the

writerts wisit. The structure was .designed by the field office end
there was rmch skepticism as 4o what would happen when it was opar- »
‘eted. A flow of l.l second-feet while far from the designed eapacity

‘behaved very well and there was indieatien that the pool would handle
‘the ‘maximun capacity satisfactorily. The vaves -of water and air
-shown in figure 10 are very interesting and will be discussed at
‘length under Jacobson's Guleh Wasteway whare the same phenomenon

was observeds At the Mabton Canal Chute (figure 11), which is alse

Filow in Chute and Pool Flow Entering Fooli from Right

. FIGURE 11 - MABTON CAMAL CHUTE

s field desiru, the flow conditions would have been good except far
one error in design. The chute has very slightly sloping sides and
‘ths pool sides are vertical. in offset -on each side was inserted
to care for the difference in slope. This offset allows baok flow
in the pool which disrupts the dissipation of energy.

.11, The chute at station 7440 (figure 12) on Owyhes Nerth-

Cenal Lateral 38.7 with £ designed capacity of 26 second-feot was
‘performing nicely with e {low af 15 second~feut.s There was no
evidence of scour bulow end little meintenancu has been requirud.
The dusign of this structure is shown on drewing noe .48~-D=1591,
spocificetions noe 725-D. Thu chuto at station 26+50 {figure 13)
on Owyhue South Cepal Laturel 5.7 hes.a dusignod capacity of 126
second-leet and was [lowing al approximately 60 second-feet when
examined. .There was some "beaching" 'in the cenal Lenks due to wave
action ac can bLe seen in the upper center of figure 13, but there
was no evidence of ground scour. L sinilar structure (figure*l&)
at the end of Owyhee Advancement lLateral (Speoc. 665-D, Lwgs. 482D
1260.end 12€0) hag a capacity of 18 second-feet end was carrying
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4 sucond-feet when inspected.3'The Jet of water down the chute was
shooting into the pool on the left side and & return whirl or eddy
current which develops on the right, flows over the jot disrupting

FIGURE 14 - CEUTE FOU. AT .5 . v+30 O OWYHEE ADVANCEMENT LATERAL

the feeble attempts to form a hydraulic jump. The lower end of the
chute should have been flared much more gradually so that the sides
of the transition would be vertical., A rhatograph of tie complete
structure could not be obtained bucause of & wooden flume over it.
Considering the second group of structures as a type, it appuars
that if the transition between the sloped paving in tlw chute and
the vertical poo0l walls is correct, the combination is & good ono,

12. In the third group of chutes, the flow conditions in
the chute portions were satisfactory except in the Mitchell Butte
lateral Chute at station §8+60 "Snec. 567, Iwge 45=D-639) (figure 15).

swrsulers s in Fool Spray at Vertical Curve Jet pntering Pool

FIGURE 15 ~ CHUTE £% S{ATICL 88+60 ON ONYHSE KITCHZL.L BUITE LATERAL

13




Thers the vertical curve is too sharp and the water tonds to spring
free from the channel causing considerable spray. It was stated in
the fiecld that at the time of construction, it would have been nsces-
sary to fill under the chute portion to conform to the specilications
and that the steep portion of the structure was moved back into the
mountainside ‘o obtain an undisturbed foundation. It wac conjecturod,
but not confirmed, that the vartical curve was nct pltorud in the
change. If that is tho oase, the chenge should not affect the [low
conditions. The trouble eppears to be one of designing a vertical
curve in which the degree of curvature is greater than the natural
trajectory of the water streau. The same condition was cbserved by
Assistent Engineers Thomas and Wilsey on Kittitas Main Canal Waste=-
way, station 1148430 and has been reported as existing on & similar
chuto on the Sun River Spring Valley Canal at station 677400, The
designed capacity of this chute is 200 second-feat, the maximum flow
to date has boen 168 second-fuat and thu flow at the time the photo-
graphs were made wes 115 sucond-feat. As this spray condition in-
erutses in severity with an inercasing dischargs, there is samo
doubt whuther 200 sucond-feot cen bo carried past this vertical
gurvue. In the stilling pools tho samo turbuleneo or viel:nt dis-
turbance consisting of unstablu and fluctueting boils, vddies, and
‘whirls occur as in the drops of the trapozoidal inclinced type pro-
viously describved. The jet of high-velocity water continues through
the pool to the dowmstream end. This jet carrias away the water in
the pocket on each side of the transition and the water flowing in
to replace it causes the eddy on each side. Despite ths large size
of the pool, the disturbence oxtunds beyond the cnd of the poole

‘The roclk fill in the chanm=l opposite th: end of the Wippel Creek
Wasteway on the Kittitas Horth Eranch Cenal as shown in figure 16 is

Turbulerce in 5tilling Reeic Fill Opposite End of
Pool Lined Pocl to Checl Eresien

FIGURE 18 ~ CHUTE AT EITTITAS WIFPEL CREEBFK JASTZHAY

- r

‘14




i

rute evidence of the maintenance required to cantrol a struoture of
this design., When the pool of the Mitchell Buite Chute wa.s unwater-
ed last fall, a hole was found in the middle of tha stilling pool
opparently cut by the nmilling action of rocks ¢ither carried down
the chute or carried back into the pool by the severe return eddy
vmich prevails cantinuously. Photos 1306 and 1307 (Owyhus) showing
the oxtent of tix hole were oxamined during thu diseussion of this
damago. Although vxtensive ripreapping hes alruady bueun done along
the canal bank downstream from the pool, thure is still 50mQ erosion.

13, Considerable time was spent ot Jacobsan's Gulch Waste-
way (figure 17) studying a wave phenomenon in witich the lower or

dnve of iir and later Low: Wave in Poog. LRusaee
Steep Fortion of Chute by Traveling Wave

FIGURE 17 - JACOB30H'53 GULLE JESTEWAY AT STA. 2877460 O OWYHEE NORTH CANAL

boundery layer wes traveling at a considerably lower velocity than
the waves on top. This curious condition was first studied where
the chute entered the stilling pool. #hilo the Llow wis only about
S secund-feet there wag considerable disturbance as eae) of thege
viaves or zlugs of eir and wotur reached the pool swrfacc. The first
reaction was thet these VBVGS vars cuusod by the entrence condition
&t the upper und of the chuta. subsuguent vxaminetion discloscd that
sueh vas not the cege. Beginning at the Upper end the water flows
dovm the first seetion of the chute vwith a ripply surface resembling
curly hair. As it posses the first vertical curve, very distinct
waves form vhich pradually draw epart as the velocity of the water
eccelorates. /45 tiese waves pasc over the last vertieal curve, they
absorb air to such an wxtent iLhat they pive the imprussion of having
heen infleted. In Ligure 17, thu pieture on thu loft shows a wavy
Just es it formud bulow the first vertical curve, the centor photo
shows & close=up of & wave ag it Iu3ged down the stuep chutu Just

15




before it hit the pool, while the lagt picture shows ths disturbence
in the pool caused by an impinging wave and two other waves approach=
ing the pool. They aru traveling so fast that only a fleeting

glance is obtained of them. An idea of their speed can be ohtaineq
from the faet that the pictures were made with a shutter spuegd of
1/300 second, In this particular cuse this peculinrity of f{low might
be said to be aof no significanco, but the same condition was feund

by Thomas and Wilsey on the Kittitag wasteway, and Nr. Fred C,

Seoboy during a recent visit to the laboratory described o similar
condition in Caliiornia wiere o flow of 20,000 seeund-feot could

be discharged in a chute but hegcause of thig wave condition 2,000
second-r'egt could not be handled. The cause or probability of this
occurrence is vapue ag vet. Additional study may disclose the mechan-
ics.

CANAL SIPHONS

l¢e The flow conditions &t the followin; canal siphons
were vither examingd personally or discussed with the operating staff:

Owyhee - Specifications no. 999, drawing noe 483-~D-950.
Sniveley - Specifications no. 559, drawing no. 48-D.585.

Kingman Llateral - Specificotions no. 577, drawings nos.
45-D-E52 and 853,

Malheur - Specifications no. 398, drawing no, .45-D-953.

DPoad Ox - Specifications nos 398, draving nos 46-D-081.

Yakima Riwer - Specifications no. 434.

Weed~swa llower type on Tieton Main Canel,

Ring Hill.

15. The chief complaint on the Owyhee project was the
difficulty in oporating the needle valves which drain the siphon
barrels. The worst case was that ol the Lalheur Siphon where the
comections for the conduits leading to the needle vaelves are on the
bottom of the siphon barrel. Debrig ol every desecription,such as
dead jaci: rabbits, seg2 brush, tumble weeds, sand and aravel,is
dragged alons the bottom or the siphon by the current and is de-
posited in these openings. hen it is necessary to operate Lhe
velves, the debris ig matied over the upstrem: end of the needle
and-cennot e dislodged éxcept by removing tle valve. One of the
needle valves at kalheur Siphon has been taplaced by a gate valve
through which trasi can be flushed.  Sinilar trouble was expurienced
at the Xingman Laterel Siphon whure the outlet isg on the top of the
carrcl endé at the Saiveler 3iphon where tie outlut is 45 degrous
from the bottan of the barrcl. Littl: or ro troutle has occurred
at the Owyhee Siphon where tie opening is 45 deyrees from the top.
this leads to the ¢melusion tzat there are +we types of trunsporta-
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tion causing the clogging; (1) the dragring of heevy mtorial alonp
the bottom of the pipe, and {2) the flotation of light materia]
tlang the top of the.pipe. The latter seems to predominate ang
causes ‘the most trouble ag at Malheur,while at Owyhee apperent ly
-neither type of material is depositod, ket is the correot con-
¢lusion, then:the‘vaIVe;openings should by blaced on the side of
the pipe with 8 herizontal cuntoy line. If thet ig done, an addi
‘tional walve, preferably of the slde-gate type, can by placad on the
. bottom of the pipe to opurate under low head to flush the deposited
'material.and-cumplete‘the draining of the pipe after the head hag
been ‘lowered by the main valves, i

16, Practically al] of the siphons studieg and particu-
‘larly the long ones had g diffieulty of operation which is common
‘knowledge in the i siphon barrel ig designed for
: tive vnlue of Kutter's "n",

tunlly
in the dosign. As g result there ape long poriods
there is an txeess of hend between the inlut ang
outlet ends or the siphon and the water surface in the inlet barrel
5 8 .considerable distance below the grady of the approaech ccnal,
This condition Causes disturbance in the pipe, resulting in vibroe
tion and violent entrainmont of nirp,

17, The worst “8se of this vibration ang eir entrainment
Was seen-at -the Glenn's Ferry Siphon Across the Snake River on the
King Hill project. The water f] wood-stave pipe above
critical»valocity an : ical stage from 100 to
' 1Z~inch vents havo been
vals beginning about 100
feet below the entrance. The Piping to these vents hag boern ¢ xtended
up to the siphon entrance as shown in figure 16,  Ls obsurveg on
this particular occasion, no. 2 vent (numbaring from the top down)
blew air about 80 percent of the tine, Aftor o lull during which
all vents were guiet, no. 4 belehed practically solid water, then
noe 2 resumed blowing, first air end water, then eir only duriag
the 80 parcent period. There is g very noticeaile vibration of the
conduit in the region of vents 3 ang 4 wiich can Ye seun by the ayo
or felt by the hand. psir Was escaping throupl craeks ot vent 3 and
water was Squirting through cracks bolow vant 4. Vaptg 1 and 3 did
not funetion during my visit, ¢ turnout valwe about 150 f'eat LYolow
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Flow in Approech Channel Vents at Inlet to Siphor Vents at Inlet to
Siphon

FIGURE 18 - ENTRANCE CONDIT IOHS ‘AT GLEWN'S FERRY SIPHOI O KING HILL PROJECT

vent 4 blows air occasionally and becomes badly clogped with weeds.
Weeds also occasionally clog the vents whieh may heve been the reason
they were not working. A surge tank has been conatructed about 150
fest back of the outlet of the siphon (figure 19). According teo

Surge Tank fbhout 150 Fuet Close=up of Surpe :ank Flow Conditions ut
Fran Oullet Siphon Outlet

PIGURE 1S - OQUTLEP OF GLENHI'S FERRY S 1FHOK Ol KING I'ILL PROJECT

the ditch rider who has been on that Job for eight years, a great
improvement waz made in the f'low conditions at the entrance. Prior
-to thut the inlet had neted like a bellows. Conditions similar %o




! phons but are not so obvious because of the
Inore rugged construction a8, for instence, the steel pipe and cone

crete conduit at Malheur and Dead Ox Siphons.

outlet le,

motely at the inlet e in the approach

canal above the intake portals The diteh rider could regulate this

adjustablo hump Bs part of hig routine duties. The hump itseler

should have slopes sufficiently flat to pass any entrained debris.

An 8 utomatic mechanism controlled by a flgat in the epproach canal
i is hump in case of

i ontributing dreinage aree.
idea is embryomic but it is believed to have possibilities,

19. 4 siphon with a weed-
to replace metal flumes across low
the Yakims project.

way culverts where wes

Figurc 20 - Entrance <o fived=Sun L lawer
Siphon on Tieton Canal

end are carried into the culvert. The shape of the entrance pre-
vents the collection of the weeds by rolling them into the swifyt

part of the stream ang literally awellowing them. The acticn of the
structure has been very satisfactory,




SPILLVEEYS AND OUTLET ORKS

20e¢ The rollowing dems were visited during the trip. The
inflow into the storage rescrvoirs has been sulfficient to fill then
and &s a'result severel spillways were seen in nction.

(e) Owyhee (h) Cle Elum

(b) Bleek Canyen (i) Kmchess
Arrowrock () Keechlus
Tieton _ (k) Bumping Lake
Tieton Diversian (1) Grand Coulee
Wapato Diversion (m) Bull Lake
Sunnyside Diversion .. {n) Alcova

2l. At Owyhee Dam the reservoir wes sufficiently rilled
to ellow & flow of 3,000 second=feet to be releesed either through
the glory~hole spillwey or needle valves. It has begen realized for
some time thet the behaviar of & jet of water from & model needle
velve wes quite radiocmlly differemt from the pretotype. The disine
tegration of the jet from the prototype walve a:s it strikes the ejr
has to be seen to be realized. The sction of the Owyhee velves
wes observed both fram a vantege point immedietely beneath them and
from the cnd of the observetion gallery in the left sbutment. From
the lirst point the "rain" beneath the jets equalled in intensity
the downpour during e severe thunderstorm and it Tell all along the
area beneath the jets. From ths secand point the impect of the rem-
nants of the jet could be seen as it reached the surface of the '

stilling pool. .Ls the jet strikes the surfece it appuars to ricochet
and strike ‘e second time ferther downstresm rather than plunge into
the pool. This is due to the lesser density of the air-water mixture
in the jet as compared to the solid weter in the stilling pool. Seo
far as the dissipation of energy is concerned the absorption of air
causes the jet to impinge over a wider ares and with less forece then
~a jet of solid water. The ring gate in the glory-hole spillway was
menipulated gufficievtly to pive discharges from 1,000 to 3,000
second-feet. With a discherge of 1,000 second-feet, spray wes inter-
mittently ejected sufficiently high to be carried by the wind eonto
the operating platform. As the gate was lowered and the discherge
increesed the ejections ceased. Outside of the inconvenience,this
spray is causing no damege. With the 1,00C second-foot discharge,
the flow into the stilling pool below was undisturbed, but es the
flow is increesed an unexpuocted disturbance occurs which, so far as
is known, was not detected on the model. The stream of water from
the spillway tunnel creates waves on the surface of the stilling pool.
These weves travel scross the canyon, reflect, and return. As they
strike the oncoming higheveloeity stream from the tumel an incident
occurs which for lack of a butter term is called an “uxplosion.".
#With this particuler flow the sprey from the explosion is thrown
two-thirds the distance up the adjecont c¢liff. The cervteker says




thet with lergor discharges this spray is thrown to the
©liff. Figure 21 shows three different explosious.

itz 21 e DISTURMANCL il LU oullFace JAVES 1M STILi.ikG POCL
COLLIDING WITL i:IGH-VELOCITY STREA) FROL. OWYHEE SFILLWAY
TUNESLs DISCHARGE 3,000 SECOND-FEET

¢l. At Black Canyon Dam particular interest was paid to
the gquestion of vibration at certain gate-opereting cunditionz. As
described by Mr. George R. larson, Assistent Engineer, the vibratiam
acecurs when about one foot of water is flowing over the gnte. This
vibration problem hes been studied in the Fort Collins leboratory on
the 1:40 model of the Grend Coulee and Shasta spillway crests and the
cause is believed to be the lack of serstion et vry low dischaergese.
At certein flows the path of the sheet of weter is practically var-
ticel and of sufficient thickness to seal apainst the piers forming
an air chamber between the downstream face of the drum gate and the
sheet of falling water. The air iz evacuasted by the falling water
and the pressure is lowered in this cheamber. The sheet of water is
pulled beck toward the foee of the drum gate until the surfece tene
sion of the weter can no longer support this low priecsure. The sur-
faco of the watur is broken, air rushes in to relieve the low pres-
sure, and the shuet of weter springs quickly back to its true trejec-
tory. The vibration evidently is ecaused by the letter. 3ince the
eir space is relatively small, this evacuation of air and relief
occurs at short intervals. Mr. Larson could not estimate the fre-
- guency of thiis vibretion but the intensity was sufficient to be felt
in his home some distence below the dem. When the gate setting is

such that the vibretion occurs, & slight changs of positien by either

- raising or lowering vliminetes it. Figure 22 shows the conditions
2t which vibretion otcurs on the model of the Grand Couiee and Shaste
spillwey crests. The vidration can be stopped by admitting aeir to
replace that carried away by the overflow. On the model this could
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FIGURE 22 - AIR ZONE UNIDER LRW G~TE IN RAISED POSITIOK ON
1:40 MCODEL OF GRAND COULEE ALD SHASTA SPILLWAY CRESTS

be done by breaking the water .surface with a pipe or stick .or by
inserting wents through the piers. It is believed that :a -.camplete
cure of the vibration at Black Canyon .Dem could be obtained by air
vents through the pilers into the zons beneath the gate in its raised-
position. The flow conditions with the gate partly lowered are
shom in figure 23.

22. Eight of the 10 sluicoways at Arrowrock Dem were
.xdischarging & total of about 8,000 socond-fwet (figurv 24). As
~ ‘at Owyhee, the jets from these sluiceways start to ravel as soon as
they strike the air and by the time the jet strikes the vmter sur-
face below very little remains of what might be termed a jet.
The inflow of air into the sluicewany vents, the entranoces of which
are below the balustrade noar the top of the dam, causes & disturb-
ing noise similer to several large trucks backfiring or machine guns

22




FIGURE 23 -=

FIGPRE 24 ~ L1Gu: SLUICEWAYS AT ARROWROCK DAY DISCHARGING 8,000 SECOND-
FEET

in action. While it may not be causing any trouble besides the
annoyance toc the worlmen and visiters, its elimination would be de-
sirable. It is possible that a change in shepe of the entrance would
eliminate the noise and at the same timy admit more air into the
sluiceways which would be desirable as a means of reducing the low
pressure and consequent cavitation at the needle control valves.
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The reservoir at Tleton Dam was practically full with
ond-feet of watar flowing over the drupm gates. One
© was operating 15 parcent ‘open. This valve was
corditions in the stilling pool,
cols The hole
ontinued operation deeg not producy any
This pool was of special interest because
af the studies made on a Sinilar peol for the Grassy lake outlet woitks
in-whieh o survey of the Tieton poal was used a5 a basis of design.
-vhile the 2,000 second-feat Tlowing in the Tieton spillwey channel
was only a fraction of the £C,000 second-fuet with 8 feet of water
ovur the erest or §0,000 second-foat vith 12 feet over the orust,
the disturbency in the stilling pool was sufficivnt to show the necd
for an uxtunsivwe progren of reconstruetion. The loft Stilling-pool wall
has been washed canpletely away and the right wall has been under-
mineds. Repairs have been made to the right wall but it is very doubte
ful if & flood of maximum capaocity could be handled. With the left
wall of the spillway eampletely removed, the strean down the spill-
way channel plunges into the pool and a large eddy forms which nulli.
fies any tendency toward the Tormatian of s ‘hydraulic Jump or a
roller as m natural means of dissipating the 9ndrgy. A survey should
te made of the prusent pool and a study of a design made to corruct
this condition. The flow in the spillway channel was an example of
air entrainment anq velocity retardation which is being studied in

connection with the design of Shasta Dan spillway. The drain outlet
at station 6+70 creatas

8 surface disturbance in the center of the .
‘channel. Thigs disturben 5 of a cansiderable
quentity of air, 4t a P
thas i

8pparent additionnl ggour,

Flow ... uig Lyt Dowants N
‘Fron Verticel Curve

FIGURE 25 -~ FLOW 1IN TIETO. SPILLAY ¢

SHOWING ENTRAIRMENT OF AIR LND

Fivaas sudiats ly Lbove
Stillin; Pool .

{ANNEL BELOW STATION G+70

VARIATION OF VELOCITY
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air while a tongue of water down each side traveled at s higher
veloclity end corried less eir. Farther down the shammel, & point

was reached whore the effect of the channel sides end the drain oute-
let was 'lost and the water wag carrying a large quantity of untraned
airs The same condition was later swen at Cls Elum, Kachuss, and
Alcova Dams. No estimate of the entrained air end velocity can be
made without actual memgurements but there certainly is air entrained
in large quantities and the actual acceleration of the flow is less
than that which would be expeoted.

24 The flow oonditions at the toe of the Tieton (figure
26), Wepato (figure 27) and Sunnyside (figure 28) Diversion Dams

FIGURE 26 - HYDRAULIC JUMP FORLING Ol -L8FT END AND WASHMING OUT ‘ON
RIGHI' END OF TIETON M.IXN CANAL DIVERSION DA

were similar oxcept that excessive welocity of appreach on the right
end of the Tieton Diversion prevents the formation of a hyiraulic
jump at the right end of the apron. On the laft end, it forms satis-
factorily adjacent to the face of the dam, and various stages exist
(figure 26) between the two extranes. The longth of apron, however,’
appudrs to by sufficient to prevent eny dustructive scouring dom-
strean. The excess velocity-of approach is caused by & bend to the
left in the river immediately abpve the dem.

25, The center gate at Cle Elun Dem was raisud about

- four feet at the time of my visit. The flow from the gete spread
laterally dow: the channel and & wave refleoted from wvach wall to
form a fin below. IHowever, the distribution of flow at the verti-
cal curve was practically unifornm; so the flow into the stilling pool




FIGURE 27 - CUNDITIONS AT WePATO FIGURE 28 - LIYLRAULIC JULP
INDIAN PROJECT DIVERSION DA BELOW SURNYSIDE DIVERS ION
FiW 2,300 SECOND-FEET DAM. FLOW 1,400 SECOND<FEET

‘was well distributed. The cheracteristic flow pattern in the channel
bears e very strilking resemblince %o thet observed in the model,
“Although & fair-sized flood hes been passed through the spillway,

no erosion is evident dovmstream from the pool end the structure is
funetioning as enticipeted in the design. The outlet works are a
different story. While the structure wes not in operation et the

- Flow in Channel wita Center Flow over Crest of .Chaurnel Close-up of Flow Showing
VU ‘Bate Partly Open Showing Mixture of Air . Entrained Air
o With Water
FIGURE 29 - FLOW CONDITIONS IN CLE ELUNM SPILLMAY CHANI - DISCHARGE APPROX.
4,500 SECOLD~FEET '
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Y
time of this visit, it was seen in opuration two Yuars previously
during an unofficial visit. At thet time the air vent near the downe-
-gtroem end of the conduit wazs ejeoting en air-water mixturu at laeast
100 fuot into the eir. This vent has sincu been pluggod. The ohiof
‘diffioulty with the structure is the lack of suffisient sonsideration
of the effeot of eir an the operation. The streams of weater from
the portals of ths ring gates in the tower fell toward the center of
the tower and beocmuse of their high veleoity, ravel and ebsorb largs
amounts ‘af eir so that the flow at the bottom of the tower is highly -
-setureted with eir. The only place from which eir can flow to re-
- place thet carried eway by the stream is from the top of the tower.
When the structure wes first opuratod, the doors and windows in the
control housa wers pulled inward due to the vacuum. Subsequently,
‘air vonts around the side of the building have buen provided to olim-
inate this troublo but the operation is not completely satisfactory.
Befare & similar design is prepared, a model should be studied to
-aliminete excessive vibration at the gates. In fect it is probeble
- thet .effective studies on & model of the Cle .Elum outlet works sould
be made with e view towerd elimineting the present difficulties.

26s The flow conditiens in the Xachess Dam snillvmy chane
nel were very similer to those in the Cle Elum spillwey excaspt thet
there was only one control gete instead of fiwe as at Cle Elume This
gate was raised to provide e flow of about 3,000 second-feet in the
chamnel. ' The distribution of flow soross the stilling pool was uni-
form ond the severe disturbancs due to energy absorption was confined
to the pool. The outlet works wero not in operation.

FIGURE 30 - FLOW IF KACHESS DAE SPILLWAY, DISCLARGE ABOUT 3,000
SECON D=F EET




27. The flos over the spillvmy at Keechllis Dam was not
sufficient to show the behavior with quantities eppreaching maximume.
‘Photographs of ‘the conditions are shown in figure 31,

Spillwey s Jeqn inom Top Spillwey as seern rom Lower
of TiEh End of Side Channel

FIGURE 31 - HEECHLUS [AL. SIDB-CHANNEL SPILLWAY

28, A small flow was passing through Bumping Leke spill-
way ({igure 32) and one gate in the ocutlet works was opened completely
to demonstrate the action of the discharge chamnel belew. Although
a previgus flood filled the apillway channel to within 12 inches of
the top of the {rame channel, no damage was dono and the natural

e

Wﬁu

Flow in Splllvmy Chnnnel Flow From Bnd af Splillwny  Flow Conditions in- Out-
Chuannui iot Vorks Choaanel

FIGURE 32 - BUMPI;L LAKE SPILLWAY AND OUTLET VORKS




stilling pool below: functimed satisfactorily. The outlot-works
tunnel now discharpges iinty.a trapezoidai-lined ohannol which e x-

“tunds wbeut 1,000 fedt to the old erook:

btod. The velocity inthis

channsl is above eritiesl and the conditions may be classad as good,

-88 segn ir’ figure 32. 'When the dam wag.

first built, a series of

-baffles were built soross the chanmal et e point below the tunnel
*to retard the wvelooity and allow the water to flow awey with a low
‘velec ity and prevent deowr of the channal., The seats for thege baf-

Tles can be gean .in A photograph. So

mich troubls was sxperienced

- with clegging thet it was finally decided to pave the chamnsl %o the
river and allew the high velesity to prevail. The econditions in the

chamel are new very satis factory.

29. 4-stop was mado at Grand

Coulee Dam on the return

trip. The river discharge was 361,700 sgecnd-foet and was inoreas-
ing slightly. The similarity of the flow conditions to these in the
model was very promounced, the prinoipal difference being ths en-
treioment of lerge amounts of air in the prototype structure where
the water surfmcu is broken by flow over obstructions. The rmagnie
tude of the structure nukes 1t diffioult to get photographs .compar-
able £o thosv made on the model but three are included whieh show
the conditions insefar as poagible (figure 37).

LLOVe Py From Tor of Bloek 4C From dost Viste House

Plent Site

FIGURE 33 - CONDITIONS 4T GRAND COUIEE LA WITH
(Juno 7, 1338)

FLOW OF 381,700 SECCHD-FEET




T . %0. The outlut works at Bull Iakv Dem (figure 34) woro
‘opurated to dumonstrato the béhavior of tho atilling pool. The
raservoir was at olevation 5786.0, piving & head of 27 feet as com-

pared to & maximum of 67 feet. The hump in the stillinp pool de-

P &%

Cne-iall Upen A1l Gates Full Open
tpproximetoly Dischorgs Approximatel;
§50 Sesond-Faet 1,300 Secomi-~-Faet 2,60 Seocond-Feet

L1l Gates Onewiuerter . All Gates
Opon. Disoharge Approxe Discharge

W4 - CONDITIONS Id BULL JAKE DAl OUTLET AORKS - RESERVOIR BELEV. 5765.0

Migned to sprerd the flow fron the two conduits regordless of the

Jamber of pites operating functions as designed in the medel giving

. iR uniform distribution of flow acroas the pool with the ‘hydraulic

Fjump forming immedistely downstream {ram the humpe The two getes in

".one ‘eonduit were fully opened presenting a very unbelanced flow con-
Aitian. .Although there was considerable disturhance nsar the pertal

of the -conduit it did not carry over the hump.

31, Ths roservoir.at Alcova Dam was at uvluvation 5466.41,

. or 8.41 feat above the fixed orest, and the gatus were discharging
. 4,000 geeond-foot and the outlat works 450 sueond-feuts As had been
.previously seen at Cle Elum end Kachess Dems, the flow in the spill-

‘Amy wes entraining & lerge emount of aire At this particular flow
e entrainment begine near the lower end of the first vertioal curve
low the gate. Aeccerding to Superintendent Austin.as ths discharge

praases this peint of air entrainment noves gradually down the
#lo This subjeet of entraimment and its possible retardation

splllwey and e progress report oa it has been recently completosd
f¢ Assistant Pnginuer C. We Thames, under the title “Studies ef the
r of Water in Open .Channols with High Gradienmts:" The writer,

~




howaver, attompted to ©0lleot such fregrants of information as availe
‘2ble on the subject during this trip. The discharge of 400 second-
feet through the needle vaives was not sufficient to give any indi-
cation of its behavior. However, Assistant Engireers C. W, Thamng
and E. F. Wilsey hed visitog the astructurs on May 18 whiloe  onroute ‘
‘fram Cle Elum, Washington, 4o Uenver at which time 3,800 second-eat -
-¥ore being discharged through the needle vaives. The action in the
Qutlet-works stilling pool was quite rough with & severe wave broplk-
?’15 over the top of the wall at the bresk in alinement. The oxtant
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Spillwey as Seen fruam the Tlew Yandiviens uith Dige Flow L 3pillvey Chap.
Highway Bridge charge of 4,000 Second- nel Enturing Stilling
Feet Fool '

FIGURE 35 - CONDITIONS IN ALCOVA SPILLWAY CHANNEL

-of the splash is indicated by the wetted area in Tigure 36.

ereded by the waves cen be seen in the upper r

splash is more severe on the right side of the

tentration of [low on that

tbove. The design of the e : TS 45 not cousidered as
satisfactory. the first place, the needle valves ‘dissherging

into they tunnel ecreate & Llow condition which is unsatisfactory, ‘
~Furthernore, the combination ef the bend in the tuonsl .end the 5till~
ing posl with sloping sides ereatus Axcessive turbulenve in thu
stilling pool. In faet, thure saums to be no definite digsipating
action in the pool beyond that self out."

Iz is suggested thet the i

ratier olosely snd frequent inspestions be ms

structive action by the turbulent {low caused

4
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lunnel Juiiet : wondktians in Stilling PFool

FIGURE 36 - (ONDITIONS I ALCOV: UTLET WORKS STILLING POOL WITH .DIS-
- CLARGE OF 3 »800 SECOND-FEET

FISHWAYS AND FISH SCREENS

S2« During the course of the Srip, lishways were in-
spected at Viillamette Falls near Oregon City, Oregon; Easton Diver-
sion Dam; Bonneville Dam; Roek Islend Dam and Jackson Lake Dem.
Fish screens were sgen in operation at Tieton Canal Intaice Dem and
Sunnyside Main Cenal Intake Dem. The general design of the I'ishways
or fish ludders was of particular interest to the writer because of
the lack of previous contact with that type of hydraulic problem.
The contrast between thu ulaborate leyout nt Bonneville Dam and the
crude design at Willamette Falls was very striking. However, the
ladders at Willemstte Falls have boen in operation meny years ang
the pessege of the figh upstream eacl: spring has been entirely sat-
isfactory. The menipulation of the pondage above this dam by the
paper mills at Oregon City has afforded an sxcellent opportunity
for the study of the migration. The mills operate intermittently
and the flow over the dam werius over a wide range in e shert time.
When the turbines are using the water, tho flow through the figh
ledders is small and ic attractive to the fish. Whun the mills are
not opsrating all the water is flowing ovor the dem and the fish
ledders are flooded. lhen the latter oceurs during migration sesscn,
& large number of salmon collect. at the Toot of the falls and male.
no attempt to po over the dam. Within a few minutes after the tur-
bines sre started and the low in the ladders is reduced to noymel,
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the sulmon stert through in such mannper es teo practically (1ill each
pool in the ladder with figh, The period of actual operation at
Bonneville Dar has been 8¢ short that 1ittle data were sveilable as
to the actual'ﬁfrioianoy of the ladders. In faot, those .in charge
of the fish handling were more concernsd with the fingerling nigra=
tion downstream then with the fish migration upstream. "re muchanie
cel Pish sereens belew the entrance te the Sunnyside Main ¢t and
the Tiuton Hein eanal haws not besn untirely satisfactory pai:icu.
larly bLuetuse of thu poor distribution of volesity of appron:h '.u
the sereuns. At Jeckson lake Dom (figure 37) tho only water buing
releascd was thy flow through the fislwey. Apparontly tho stroonm

View Showizug laclk ny Close=-up of I'low From
Tail Water Fish ladder

FIGURE 37 - CCHDITIONS #T FOOT CF JACKSON 1AKE DAM

"below had been dredged for some purpose -and as a result the itail
water was too low to afford & continuous passage for fish fram tha
river into the fislway. Several dead fish wore lying -on the con-
crete deck below the sluicewnys where they hed perished .in their
attempt to pass the dam. Either sufficient water should be ro
leased or e barrier should be placud balow to provide sufficient
tail water for. passing the fish. Thiz suggustion is based en the
prumise that cgoperation is being given to those -intervsted in the
progervation-of ish in the State of Wyaming. '

kI SCELLANEQUS

53.  Severcl items wero called to my-attention which hove
‘not -bsen previously diascussed and whickh should be of .interest in




uture . danigns, They will esch be - covered in the following dis-
sussiom. . _ '
is a transition 'frem
on 710450, The turbulence '
by the change :of velooity due to tho in-
verease of nroafaned.zrmhmtion:or.-ulupa "has ‘citt ‘into beth ‘banks. This
figea 'cmditim;.pm‘miling -whorover there isg a transition fram 1lined
‘-;rtoAunlimdssaetim, -but it 4 aggravated at this particular point
By a curve i : 1 immediately sbove the change .cf asotion
f :the turbulense en ‘the right bank.
this sondition ‘is worse ‘at

FIGURE 38 - TRANSITION FROL LINED TO UNLINED SECTION
AT STATION 710450 - KITTITAS MAIN CANAL

Considerabls trouble hag baen found in the operation
of turnout gates in lined sedticns of cenals whers the gate is
Rounted vertically in e récess, The conditien is uven wWorse whare
the bottem of the vecess is in the samo horisontal plano as ¢ho bot-
tom of the omaal, A typical example is shown on drawing no, 33-p-
258, a.copy of which ig ‘attacheds The whirl or -eddy caused by tho
reooes drews meterial into the s8%e clogging it. Whore the bottem
of the gate recess is in the same plane as the:bottom of the capal,
gravel and sand trensperted by the o&nalare also dravn into the
and held by the mat of floating debris already collsetad,




(meTe severe casas, ‘it has ‘been racussary -to’'fadten logs ‘along -the
eanal lining:above the gate to divert the floating debris. A solu-
“tion to .this clogging would be %o plece the 'turnout gates flush with
the ‘aloped lining in an inclined positien and place the bottom:of
“the pates fram-eight inches to oms foot above the bottom of the
:oapils The first.change zhould maks ‘the gates self-cisaning so far
es Tloating debris iz centerned and the second wi.ll ‘prevent the en=-
trapping of sand end gravel. .
"36, ‘The exposure of the coherete barrels -of the siphons’
was. callead to my attesntion by Marager V. W. Russell:of the Yakime-
:Kittitas project and the suggestion was made that ribs be placed
~around-the -cutside ‘of the barrel particularly oen the exposed side
%0 . support -an earth cover which would reduce the -temperaturce varia-
*tion from sun exposure. The suggestion is believed to:have wuch
marit. . ’ '

‘37, In"the Nameum Cresk Wasteway:at atation 886+06.0 on
“the Kittitas Nerth ‘Branch Cenal (Dwge 33-D<486, Spoc. 496) a 2-foot
Be=inch.by 2-foot 10-inch.ructangular culvert wae provided to earry
ithe narmal flow of Naneum Craek under the canfls. This culvert hes
right-angle bends near'the entrance and outlst. Floating bits of
timber eateh in tho .outlet bend and cannat 'be removed until the end
:of’ the .sesson. Much better flew conditions would have boen obteined
with an improvemsnt -of the: alinement particularly at the outiet.
The flow fram the -culvert is:shown in figure 39.

FIGURE 39 .- FIOW FROM BYPASS CULVZRI UNDER
NANEUM CREEK WASTEWAY - KITTITAS NORTE BRANCH CANAL

87 The gquestion of reservoir pgages was discussed At
some lvngth with Supurintendent John C. Austin at Aloowe Dem. The
gage installsd during the sopstruction of Alcova Dam 1g & moroury
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¢olumn with an air line to thu reservoir. In its gperation the air
line is pumpead full of air end the pressure dus to olevation of the
reservoir balances ths colum of mercury. This ssme type of page has
been installed at other resorveirs end it is understocod that they
aro not satisfactory. While at Alogva, the writer coperated that gage
sovoral times to study its faults, In the first place, the length
of air pipe is so extensive that 1t irs & major tesk to £ill the line

with the pump providsd, Saveral successive oporations produced no

lile readings. Actualiy the cperators prefer to use a steff page
in the reservoir rather than attempt to gperate the mercury gage.
One cauze for the inconsistency of the resdings may be condensation
due to the lowor temperature in the 'leng air line. The temperature
of the lins is mueh lower than the air :ln the control houso and the
temporsture of the air pumped into the line is raised by tho pumping.
Lealcs in the air line may be ancther cause but in any case the dif-
ficulty of operation is pressnt. A possible solution, if condensa-
tion is the smuge, would be the use of compressed air from a tank
so losated as to.have the temperature of the material surrounding
the air line. Ancther solution and ons which goems more logical °
would be the installation of en entirely.different type of gage -~

e taps gage in a well with an clectrioal contact to :indioate the
positiou of the water surface. A homeemads affair of this type is
giving very good service end with soms medifications could be used
¢to advantage elsewhera. At Pathfinder Dem, weslls consisting of
galvanized pipe with flanges on top have been installed on the granite
rocks at various positions so as to cover the entire range of resoi-
voir fluctuation. A mstel box conteining a reel and stendard metal
tapa is bolted to the flenge of the well whish is appropriate for
the alevation of the resorveir. A specinlly tuilt.brass cese at-
tached to the frec end of the tape contains a flashlight, standard
in every dateil except the switch. Instoad of the ordinary switoh,
two contact poimts project through the bottom of ‘the case. Az the
fleshlight indiecator is lowered in the well the contect points touech
the water surface switching on thelight in-the top of the case. The
bean. of light is reflected by e mirror placed sbove the top of the
well in the cese. Two phetographs of the apparatus are shown in
figure 40. The incorporation of the well in the dem would be one
improvement and the use of & neon glow light in the gage box with
the stesl tape as one side of the circuit ond the water and well
cnsing &s the othur would produce a mere sensitiveée instrument.

SBLARY
38, 1In conclusion the following {eatures bear emphasis:

(1) Many of the sarlier designs of ¢hutes and drops in canals have
& trepezoidal section and are not functioning satisfuotorily. More




Gago Bax with Light Casg Brass vLight Cage Raisod
Lowored in Well from Well .

FIGURE 40 - RESERVOIR GAGE AT PATHFINDER 'DAM

recent designs bave incorporated the reoctangular sectien in whish a
hydraulic jump provides adequate digsipation of ensrgy. After in-
speoting these structures with flows approaching capacity, the opin~
ion is resched that savings in cost could be made by -shortening the
structures and-shanging the proportions slightly. The study ocn that
.prollem @5 applied to canal drops is now in progress in the labora-
‘tory end is producing the desired results. It is intended to con-
tinwe this study into the field of chutes. It is elso plamned to
gttempt further savings in cost by using sloping sides to.reduce the
‘emount of concrete needed for stability. Previous ‘hydraulics studios
have not, howower, produced much encouragemert along-that ling.

(2) The .design of long siphons such as Malheur and Yabima secms
to be & subjest for considerably more study such as oan enly be
given in a laboratory. Ths renge of operating conditions to.whisch
‘& siphan is subjected geems to indieate the necasalty of & omtrel
- vdovice near the cutlet end to mmintain better flow conditions at
+the entrance. Also furth-v study needs to be given to ths locatien
- of the.drains at the lowermost point of the giphon as present dif-
fieulties with clogging and air b lueding are¢ a source-of meintenance
exXp3nsc and annoyancas. ‘

* (3) Those structures on which modél studies have besn made or
- _-which have been designed using deta from other modal studies are
" functioning as desired. ‘Little has been ascomplished in the ccordi-
" nation between model results ‘and protetype performances prinoipelly
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because of the ldok .of adaquate ‘squipment and the infrequency of

‘the ocourrencas of maximum flow conditions. Visual obserwetions
are, howevar, reliable eriteris in ocertain seces both in the labor-
atory and the field. Coordination of visuml obaervation shows a
remarikeble similarity in all phases exsept the entrainment of air.
The phenomenon, as sasn in lesser discharges, haw its adventage in
that there is a resulting retardation of valooity of the sir-water
mixture. The disadvantage, .of course, is the nsed for greater fres~
board, particularly on cenel chutes, to handle the designed capagity.
This subjeot is inoluded in that of flow of water in gpen chamnels
with high gradients about which little is knewn et the present.
Bucause of tho vory nature of the subject, the only approach known
at the preaent timo is that of obtaining pertinent data by fisld
moasurements. Nathemationl anelysus can be made but the rusults
‘ecntain empirical cowffioients obteinable only by actunl meesura-
ments. Some progress in this linw has beon made rucently but o
gront deal more will be nouded tv complute the story.
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