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FOREWORD 

11It is a proper function for industry to do basic 
research--a proper function but not a responsibility, The 
responsibi1ity lies with the universities and government 
laboratories. ***Industry should support basic science as 
its normal contribution to society, but its obligation is to 
produce better products and ste_p up the efficiency of pro­
duction," Iron Age , by Dr. Lawrence IL Halfsted, Vice 
President and Director of Research, General Motors Company, 
and f-ormer Director of .Reactor Developnent, Atomic Energy 
Commission. 
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HYIRAULIC lABORATORY 
Division ot Engineering laboratories 

Commissioner ' s Office 
Denver, Colorado 

July 1, 1957 

SECTION I• IN'J.'RODUC'l'lOB 

1l'h1e is the s venth annual summu•y report on the operations 
of the Hydraulle laboratory. Several aspect• of thi year ' s experience 
in the Hydraulic Laboratory are especially striking. The tirat is a 
number or caiq,lex design and rebabilltation problems which were 
referred to the laboratory-. The Colorado River Storage ProJect will 
continUe to develop numerous bydraullc problems which can be solved 
1n the laboratory; 

The second most striking a pect of thie year ' s work was 
the part the Hydraulic Laboratory had in training engineer• on the 
Rotation Program. 11.fteen engineers had a 3-montb training experience 
in the I:cydraulic Laboratory during the 7ear. Tb.is, ot course, came 
at time when the heavy workload developed . 'lhe addition ot 
inexperienced etatf contributed to incr ased coats of the various 
laboratory design studies, king it imPoasible to stay w1 thin the 
original estimates tor several laboratory proJects . 'l'b.ree student 
engineer trainees were taken on during the 3.. r month period of 
1956, three were ployed for the rot 1957. 

Some asaistance was rendered by this branch 1n the 
Coll ge Contact program, Two trips to engineering colleges were 
made by the chief of the branch with a repr aentative ot the 
Personnel Branch~ ven schools were viei ted, one of them tnce . 

C008iderable a1siatance was rendered the ll Busi1'lass 
Administration in arranging a 2•daf exhibit in Building 56, Denver 
Federal Center, in October 1956, 

'!he lfy'(lraulic Laborato17 cooperated with R gion 7 
representative in king arran nts tor the four-State Irrigation 
Conference which waa held. January 10 and ll, 1957. 

Employee interest in protesaional edvancement bas ahov'n a 
continued inc"8ae in the psst year. or the 15 hydraulic engineers on 
the ataf'f', 14 are now · bers- of a professional engineering aoeiety . 
A nunib~r of papers have been prepared and presented at various 
engineering meetinp . Details are tound in Section vn. Ten of the 
staff have acquired M.S. degrees in engineering. Two others are 
stud¥1ng toward advanced degrees . 



The Hydraulic Lebontoey statt orpnir.atiou structure-. tilled 
in by praaotion in the h1 grades; two add.itiona vere •de to the 
atatt at grade •7. 

1be nope of inVeatipt1cma1 aip atud.1.••, an4 reaeercb in 
the ~ulic Laboratory bee vi oui&mlbJ.1' in »at 5 ·to lO 
years. Our laborator,' practice ba4 not been discuaaed. ¥1th a wal1tied 
autaide CUUNltant 411r1ng tlua time.. cordingl.¥1 nr. Arthur T. bPen 
vu ea• conaultant with broa uper ce 1n hydraulics and 
nu14 aecbanics to rev1ev adviN upon. our pre t pnetieee. !be 
a,menl feeling of the aemben of the B:,dnulic labontory •tatt 1• 
tbat tit •• 4fftve4 t.raa nr. XJ'JM!ll•• v111t. a. •evenl 
~1 far tbe illprov r•ent of certain ~• of obta1n1q 

ewqing deta fl'OII model atudi a, but in l imicated t 
our procad.urea are 1n l1ne with ·tboae uaed by o we11 .. 1mom 
or sattona and autbor1tiea. 

Coet•.. A CU%'tl017 a ot aodel atutb° COflta we to 
:naiDe the relation of eat coat. to tbe actual coata 1ncun'ed.. 
ty laboratory studiu tor ch finance da re anua l 

1ndicated t., in 1, the actual coata tor ulic :boratory 
atatt an4 hop vorlt the illeted coat • rte.q 
l•l/2 pwcent.. llydraUlic l.eboratory atatt eoata varied bul. a 
llinima of 50 percent of the estilllllte4 coat. to a lllx1ln.lA of 225 
percent. Shop coata ft1'1ed. trca • ot 5l. rcent to a •xilm• o'l 295 t ot the illlt.ed co.ti. ulic laboril ry 
ataff costa .. tilla ta in lO ot tbe 20 proJecta 
a l:yMd. coats the etrt:bla1*1 1D l2 ot the a> 
proJecta. ~ tor deviati frca the e•tm c:osts 111ey- trca 
Job to Job. Suttie. it to y that it ta verr difficult o rtaualise 
the ty;pe a scope ot all of the probleu 11~ to be encountered 
bef. te•t• are atartect. 
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SECTION lI - STUDIES FOB BUREAU PROJECTS 
DESIGN, OPERATION I MAD'l'ElW{CE Alff) RIHABiffiATION 

The problems referred to the l.&bora,tory continued to be of 
increasingly complex nature and an int.erea.ting variety this year. SOllle 
of the more difficult problems included the investigation of high 
pressure turnouts, the Trinity Dam morning-glory spillway, and sediment 
problems of a varied nature. There was ·en increase in the requ$sts 
from other divisions and branches for analyzing diffieul.t hydraulic 
problems. 

The following studies constitute the major laboratory 
studies condu.cted in this category -of work: 

Boxsen Dem Outlet Works and §pillwaz 

Test.a -were performed on the outlet works at tklysen Dem 
to verify predietiona of performance made dur.ing the hydraulic 
model studies. 'l'he outlet works utilizes two 48-inch hollow- Jet 
valves tilted downward to diseharge between pairs of wedge& which 
compres.s the hollow jet. The stilling basin is short compared to 
e.onventio:o&l designs and is the first of its kind. It was predicted 
du.ring the model studies to develop the new ty:pe .stilling basin, which 
is constructed as pert of the powerplant structure, that performance 
would be better than for previous ba&ins construeted. 

Field tests _With the valves open 100 :pereent and reservoir 
only l. 5 f'eet below normal ope.rating pool level ,5howed that performance 
was elecellent and exceeded the ex:peete.tions. 

Ti?gts included (1) . le:ft valve open 100 perizent with and 
without the adjacent turbine operating and the .right valve elosed and 
{2) both valvee open 100 percent with and. without both turbines 
operating. There ia no dividing wal.1 in the tail.race between the 
dr.a:ft tube outflows and the outlet works outflows. 

For all combinations of discharges the .structure performed 
in an exeellent manner . 'furbulenee and water surface disturbances 
downstream from the outl.et works were only slightly more intense 
than downstream from the turbine. Flow e-onditions in the tail.race 
were exeeptionaJ.4r good and no noticeable effect on power production 
was observed when the outlet works was in operation. 

The knowledge obtained by t.esting the Boysen Dam outlet 
work& was particularly valuable 9-ince two similar_basins have been 
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, . 
constructed. on the lcon Dim (not yet operated.), and a similar baain 
is to be bUilt into the prQposed Y ll.owtail Dam Power.plant . '?he test 
reeulta provide additional assurance that the ralcon and. Y llovtail 
baaina will operate a intended ·and that the general pr · c1plea ot the 
basin eign may be included in future proj cts . 

The spillway alone was also operated tor discbar91s ot 21000 
and 4,000 eta and the performance of the ~ul1c Jump stilling basin 
was valuated. The pillva7 psrtormanc waa excellent and it was 
at ted that the basin will tel1 handle the design diecbarge of 

20,000 cts . 

A 1 :88 scale model of the Olen canyon diveraion tunnels wa 
constructed 1n the Hydreulic laboratory to check the al nt and 
levetion of the tunnels With reapect to th river channel . During 

construction of the dam the normal rtver tlov Yill be diverted through 
two tunnela--one on either ide ot the river channel. Each tunnel 
will be 50 feet in diameter and. approximately 2,800 teet in length. 
Upon ccapletion of the dam, the upatr portion ot ach div rsion 
tunnel will be plugged. and the downatreaa 1,000 feet ot the tunnels Will 
be lined and. used. to carry the spill y flows. The two tunnels ere 
designed tor a diversion diacharse of 130,000 s cond•feet 
and 284,000 cond.-f t tor apillway nowa. 

In addition to checkin8 the al1 naaent and elevation of' the 
tunnels tor both diveraion and spillway fl.ova, the model was used to 
:make preliminary atu.di sot the 1ze and bape ot the f'Up bucket at 
tbe downstream portals ot the tunnels and to obtain data on the water 
level drawdown 1n the powerhouse tailrace tor various spillway flow • 

Anchor tl$m BJ?1llwey 

Hydraulic model. atudiea were •de on a Qillway tor .Anchor 
Dam . '1'he is an eerth truoture having concrete-line hora shoe 
tunnel apillway de igued to diachar 7,340 second-feet . 1'1e tunnel 
i approximately 900 t, t long nd ia l2 feet in naninal diamewr. 
1be ups portion of the tunnel is tapered and inclined 50• 'fr 
the boruontal. 'l!le drop i about 159 t tin elevation tr<lll the 
spill y crest to the tunnel :tnvert t the dovnst nd of the 
vertical bend. 1'tle 4ovnat portion ie nearly horizontal and eontaina 
s 200•foot•radiua, 25• horizontal bend , It wa . necea ry to revise 
the 9Pillway entrance topograpb¥ to obtain sat1 t. ctor.y tlow in the 
spillway i,proach are end upptr encl of the apill y tunnel trana1 tion. 



r • 
At the downstream end of the tunnel it was necessary to add. a directional 
vane to the crow of the tunnel to prevent flow in the horizontal bend 
from spiJ'l+l.ing over the erown of the tunnel. ·'!he vane also helped to 
maintain a clear ventilation passage through the tunnel. The junction 
section was found to perform in an excellent manner tor all .combinations 
of spillway and outlet works flow. The joining of the spillway d.iseharge, 
4,000 cfs, with the outlet works discharge, 64o cfs, i& accomplished 
very smoothly . Pressures throughout tbe junction see:tion veri! satisfactory, 
the minimum pressure be~ng 5 feet of water below atmospheTie pressure . 

The combination hyiraulie•jump-stilling•basin and flip 
bueket perf'ontea. well for all anticipated nows. The stilling 
baain will retain the by(raulic .Jump in the basin tor flows up to 
about l , 300 ets. For greater flows tbe jump sveeps out and the basin 
becomes a flip bucket. 'l'b.us,. the basin will provide smooth flow in 
the d.ownstream channel for flows well above the irrigation water 
requirement , 64o c~rf. 

Glen Canyon Erosion Studies 

Erosion s,t.udiea were made on samples of the Navajo sandstone 
through which the SO-foot-diameter d.ivenion twmels of Olen Canyon 
Dem Will :pass to determine it a tunnel lining will be required for 
the diversion period, ho tunnel's about 2;80o feet long are to be 
drilled, and their combined. diversioa capacity will be 130,000 cfs. 
After completion of the diversion period tbe upstream two-thirds of 
both tunnels will be plugged and e}Ja.ndox).e4. The clownst.rea:m Portions 
will then be util:t:zed as part of 'the spillway tunnels . 

~e first teat.s were made by passing a stream of clear 
water $tr8,igbt acro:s.s the flat teet surface at velocities from 20 to 
72 f'.pa . Practically no erosion was produced. by 53 hours ot operation. 

1'he second teets were made by directing a _stream of clear 
water down:wa.ri onto the test surface st a 25 • angle at ve·loei ties 
from 4o to 110 fps. Very little erosion was produced by 4.2 hours of 
operation. 

ln. a tbiri. series of tests fine sand was added t.o the 
flowing water to rep:teaent. sediment in the river. The stream imp.in~ 
on the te.et. aurfa.ee at a 15 ° angle, and produce4 eoIUliderable erosion 
after 4 hQ:urs at 20 fps . Pour hours of operation at 30 fpa produced 
a mueh greater degree of erosion. 
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Glen C&nyon Dam Spillway lk>dels 

A hydraulic model (1 :63.48) contain-a the f'eaturea of the 
arch ,dam and. includes the excavated approach channels to the spillways, 
'the crest aeetion, the tunnel portal& and tunnela, outlet works, 
powerhoWJ.e and approximately l mile of downatream river channel. The 
model i& 27 feet wide and 90 feet long. 

The prel:intln.c.:.J· tests were eoneemed with the adequacy of 
the excavated app~eh channels, the eppearence o.t the flow entering 
the tunnel•, the capaeity of the $p,illwaye, and the pressures on the 
spillway crest. 

In the preliminary lsyou.t the approaih ehann.el to the left 
spillway- ws 400 feet -wide at the canyon edge and converged to 100 
f'eet a.t the apillway e:re,t. The right side approa.eh c:ha.nnel waa 500 
feet 'Wide at the canyon edge and converged to 100 feet at the 
spillway cre•t . The lll!Odel inve•t.iga.tions detemine.a that the entrance 
to each channel eould be reduced to about 210 reet at the canyon edge . 
The. 100-foot widths at the spillway crests were not changed. The 
nal'l'ower channels reduced the amount of rock excavation by approximately 
440,000 ·eubie yards. 

The flow velocity was increased frGtIJ. an ave.rage of about 4 
feet per second in the prel:iminery channels to about 15 feet per second 
in the modified channel• · However, the flow became more st$ble in the 
llOdified ehanneh resulting in more uniform water aurtacee in the 
tunnels. 

The i,nodel t.eets indicated that presBUres a• low as 20 feet of 
water below atmoapheric vere pouible on the sidewalla of the transitions 
at the tunnel portala. 1'bis pressure ws c.onaidered near the c&vi tat ion 
range and it was reeamnended that the tra:n.Sition be redeeigped . A 
revised 100 .. toot-long transiti,on was installed in the left tunnel to 
replace the preliminary 70-foot•long transition. The now appearance 
in the new transition was satia.faetory and prestmre mea.aurementa indicated 
that there were no subatmospheric pressures on the invert or sidewa-J.liL . 

~ests were al.$0 made Vi th the cireula-r invert of the tunnel 
continuing downstream through 'the 'transition and rectangular section 
to the flip traJectoey. By elimiMting the transition and rectangular 
•ect:ton tbe amount of ~eava,tion a-nd ~ccu>lex concrete form work 
would be reduced. !'be flow appearance witb this approach to the flip 
bucket wa.s satisfactory. After:.leaVing the bucket the flow was spread 
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over a wider impact area in the river channel producing good energy 
di-ssipation with few eddy currents in the Vicinity of the poverplant. 

!be a.ownstream section of the model is being rebuilt to 
ineorporate a revised outline and location for the powrpl.ant . The 
modified model powerhouse will be eonstrueted so that the proper fl.ow 
quantities can be discharged through simulated penstoe-k outlets . This 
will ke it possible to observe t he effeet of nov t.hrougb the 
pow:erplant , river outlets, and spillways, and to deter.mine Whe.'ther 
they are 1n the correct relative positions . It Yil.l elao provide 
proper flow .conditions in determining the difference in vat.er surface 
elevat.io~ between the powerplant and a point approximately 3.,000 f'e-et 
downstre&Jll frODl the powerplant . In the preliJninary model , without 
flow through the powerplent and with the spillways discharging 276,000 cts, 
the water level at the poverplant is approximately 15 feet lower than 
the water level 3,000 feet downstream. 

Surge Tank2 Clear ,Creek Power Conduit, Trinity River Division, 
Centra1 Talley Project 

The surge tank on the 56, 000-foot-long, 18-foot- iameter 
Clear Creek Power condUit. will contain and gradually reduce tbe normal · 
turbine flo-.r of 3,200 cf$ when simul.taneous l oad reje~tion occurs at 
both generators. . A model atudy was re.quired since the surge tank 
installation is unique , cozrsisting of a 16- foot -diamet.er · tandl)ipe 
21.0 f'eet high opening directly into the eond.u.it; a tank 44 feet in 
diameter concentric to the .standpipe and 195 t"eet high; and a ,catch 
ba$in or retaining pond extending ol)t han th top of the tank 
capable of holding 8oo rOOO e.ubic feet of water . J'our rectangular 
Port& located 1n the valli of the standpipe 9 f'eet above the top of 
the condu.i t connect the standpipe to the tank . '!'wo model studies 
were ma.de, one to determine the discharge coeftic:ients of the ports , 
and the other to study the act.ion of the water a.a it spills from the 
top of the standpipe into the ta.nk. 

port coefficient was determined by calibration of a JllOdel 
utilizing air as the test fluid . Charts were prepared showing the 
coefficients of' discharge for flows. tran the standpipe to the tank 
and from the tank to the standpipe. These ch.arts enable the 
determination of the eroaa aeet.ional area of the ports such that 
the total. flow o'! 3,200 cfs Will peas from t~e standpi}le through the 
ports and into the tank vb.en the water surface in the standpipe is 
4o feet sbove that in the tank (a design requirement) . 
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'?be flow o-r water spilling from the top of the standpipe into 
the tank was stud1.ed in a l :18 aesle hydraulic model. The cleaign 
rec - nded for the top of the standpipe included 4 piers triangular 
in cross section. and 2 feet high to split and aerate the · jet, and n 
overhanging lip on the out.side rim of the pipe t.o prevent flow trcn 
clinging to the outs.ide of the pipe and to reduce the tendency for 
the water nappe to flutter. 

An_gostura Diversion Works 

Model studieti1 were ccapleted on the investigation of the 
sediment problem at the Angostu.ra Diversi.on Works, Middle Rio 
Grande Project. The recommended modifications e.volved fr<:m the 
model study are : (1) Placing parallel curved walls so that they· 
form a 30-foot wide approach cbanne.l to the head.works,; (2) install an 
overhanging sill or corbel in front of each bay of the heaclwol"kS; 
(3) extend the right approach wall downstream &o that it biaects the 
river · luiceway and make proviaiona for opening eith :r half of the 
slw.cewy independently; and (4) optionally, to place a, vortex tube 
in the overhanging .a,ill of the last bay. A sand pump capeble of' 
pumping approximately 20 d's sgaiut 15 feet of head would be necessary 
to draw water and sand fr,am the ortex tube. 

In the unmodified dive?"sion works, the ratio of sediment 
concentration in the headworka to sediment concentration in the aluiceway 
was about 8 :1. For the re<:amnended modification the •ed:tment concentra ­
tion ;ratio was 0.02.:1 when the vortex tube was operating and 0.18:1 
without a vortex tube. During all teats the ratio of flow through 
the headworka to flow through the slui..ceway was 3 .• 33 :1.· 

~inity Dam llorni§-gl,ory S;piUway 

When construction of the 1:30 scale model of the spillway 
had proceeded to the $tage at which hydraulic teats ot the stn1cture 
eoul.d. be .· de, aeven piers were used on the crest and a 90 • segment of 
the crest was bloeked off to provide an opening ror tilation at high 
spillway diseharges. The purpose in blocking otf pert ot the crest 
was to determine the feasibility of eliminating an al,r vent aystem in 
the structure itsel.f. Sinee only a short vert.ieal section of tunnel 
below the orning-glory throat wes in place, and no topography 
~urrou.nding the cres.t ha been constructed, the tee ta vere only 
exploratory in nature. 

Tests at five different diechargea up to the maximum of 23,800 
eta were conducted. Thirty-six piezometers, in three rows of' twelve 
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each, vere used to measure the pressures on the crest and in the throat 
regions of the .spillway. Maximum negative pressures oecurred at a 
point Just d.ownstream of the crest in each p1ezometer row and amounted 
to minus 14.5 teet of water for 20,000 and 23'76oo cfs. The -severity of 
the ne~t1ve p:reaaures was due to blocking off part ot the spillway 
crest. !ests were then conducted with flow straightenine; vanes and 
crest piers made of light sheet metal. Operation with the features 
scaled to dimension was not nearly as satis:t'actory as with the thin 
sheet metal vane&. Flow patterns in the tunnel below the vanes were 
erratic and there was a tendency- for apiral flow. The principal 
objee.tion, however, lay in the re&i,a.tanee ottered. to the passage of 
debri8. Above a now of 20 ,000 cf's about 8o percent of 4- toot-diffllleter 
by 4o-foot- long logs became jammed on the pier or straightening vanes. 
This scheme was thus abandoned. 

Another series of t~ta was made using a -single diametrical 
straightening vane extending between elevation• 2325 and 2350, plaee.d 
for the best tunnel flow :pattern,. and a 11 unaerated deflector in 
the shaft just above the upper bend. Crest pressures we.re unsatia:faetory, 
approaching a negative 14 feet of water at 20,000 efs. Flow patterns 
in the tunnel were excellent for all discharges . The straightening 
vane 1 however, offered objectionable resistance to the passage of logs . 

Changes in the topography were made to improve the :approaches 
to the morning glory. The berm ws lowered another 6 fe.et to elevation 
2358, and the natural hillside behind and to the left of the morning 
glory was excavated to the e 2:1 .slope. '!'he left approach area 

" " 

became larger, allowing a greater proportion of water to flow along 
that side, thus increasing the crest discharge coefficient . 

Teats were msde on an aerated deflector placed near the 
point of curvature at the in:s~ ot the, upper bend and tbree rib 
vanes placed in the entraru:e as the tlov straigbtenens. :tlov 
patterns in. the, tunnel were satie:f'11ctory, ev.en though the aeparation 
of air and water sees was not a.s clear ¢ut as it had been with other 
seh s . 

Tests to de1'ine the .spillway hesd-diseharge relation hips 
for -nrious defle,etor and rib vane size a and arrangements in the 
tunnel shaft have 'been concluded. It was apparent from these testes 
tb,et maJor ehanges in adjacent topography and in the crest profile 
prod.nee only l!linor effects on tunnel flow pettern.; therefore, the 
placement and Si$ea of defleetor and rib vanes could be tentatively 
seleeted. Efforts have since been concentrated on developing a 
&pillway erest profile with acceptable pressures . J'our profile.a 
have been tested; the beat. shoving a maximum negative presaure of 
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6.3 feet of water. This is a substantial improvement from the minus 
14.5 feet of water measured in the preliminary design. The diameter 
of the latest spillway crest is 60.25 feet; that of the preliminary 
shape was 53 feet. 

The size of t he deflector in the shaft above the upper 
vertical bend has been inereased. The deflector is now 25 feet 
high and projects 6.85 feet toward the axis of the spillway shaft. 
It is placed on the tunnel centerline 5 feet above the point of 
curvature of the bend. A duct will be provided for supplying air 
below this deflector to provide a free water surface in the tunnel 
below. 

The elevation of ·the berm adjacent to the spillway morning­
glory entrance has been fixed at 2.,358. The model tests indicated 
that t his berm should have a minimum width of 6 feet. 

Considerable reshaping of the topography on the left 
approach to the spillw: y entrance proved necessary to secure an 
acceptable balance of' flow around the crest. 

Future tests will be concerned with positioning the pier, 
varying its length and height, end measuring pressures at critical 
points on the aerated deflector and rib vanes in the shaft. 

Trinity Dam Outlet Works 

Extensive tests have been conducted on t he 1:28 scale od.el 
of the hollow-jet valve stilling basin and flow channel downstream from 
the basin. These tests . show that the basin length should be reduced 
fran 135 to 123 feet and that the length of the center training wall 
should be reduced fran 70 to 35 feet. The shorter basin improves the 
performance in that .the flow currents for the design flow travel the 
full length of th~ basin floor before they rise to the surface; therefore, 
upstream undercurrents cannot develop to move bed mat.erial into the 
basin which might scour the concrete surfaces. With the basin length 
red.ueed, it was necessary to shorten the center dividing wall to 
prevent flow sweepout when one val.ve was discharging at maximum head • 

. further testing is teing conducted to make sure that the 
basin will operate properly over a Yide range of tail water elevations. 
The tail water might be very low when the outlet valves are initially 
opened to discharge the design flow. It may be necessary to lower the 
basin floor to p?!frVent flow sweepout for this initial condition. 
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Water surface profile data are being obtained in the stilling 
ba~in for various combinations of discharge, head, and tail water 
elevation. The water surface profile data will a id in the design of 
the basin walls. 

Paonia Dem Spillway and Outlet Works 

A 1:36 scale model is being tested in connection with the 
design of this hydraulic ,structure. 

The spillway is the side channel ty:pe and consists 0f a crest 
structure, a rectangular chute having a drop of 179 fee,t in a distance 
of 537 feet, and a stilling basin. '11he aide channel structure is 
approximately 200 feet long, has a floor 20 feet wide and varies in 
depth from 23 . 5 feet at the upstream end to 35. 5 feet at the downstream 
end. The floor of the chute which conveys the flow fran the side 
channel structure to the stilling basin is 30 feet wide at the upstream 
end and 42 feet wide at the downstream end. The stilling basin is 
42 feet wide by 120 feet long. Its floor is 23.6 feet below the 
expected maximum tail water elevation . 

The outlet works consists of two 2-toot-9-ineh square slide 
gates diseharging into a. 10-foot-6- ineh-wide tunnel that intersects 
the floor of the spillway chute 67 feet upstream from the upper end 
of the stilling basin floor. The complete spillway and only that_ 
:portion of the outlet works tunnel adjoining is being model tested. 
lni tial tests have shown the general concept of t:l:.i.e preliminary design 
t o be satisfactory. Modifications of a minor nature will be developed 
to improve performance where deemed neces.sary. Spillway capacity is 
12,000 second-feet and outlet works diseharge is 700 second-feet. 

Relief Map of the Colorado River Storage ProJect 

. At the request of the Region.al Director, Salt lake City, Utah, 
the laboratory ahop completed 10 rubber casts of a 47 .. by 00-inch model 
or the tJpper Colorado River Basin. Distribution of the maps is to be 
as follows: Regional Oi"fice, Salt lake City; Washington Office; 
Glen Canyon Dam; flaming Gorge Dem; Governors of the Upper Basin 
States; Denver Office. 

· The model is built to a horizontal scale of 1 :633., 600 and 
a vertical seal~ of 1:120,000. I t.s borders ex.tend beyond the basin 
to encompass Idaho Falls, Denver, Pueblo, Albuquerque, Flagstaff, 
and Cedar City. Emphasis is given to the basin area and the features 
of the Colorado River Storage Pl"ojeet and participating projects . 
Orientation is aided by inclusion of the principal rivers, streams , 
cities, t owns, rail.roads, and highways . 
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Geopp.ysical Velocity Measurements; Flaming Gorp, Utah 

laboratory technical assistance we furnished to the 
Engineering Geology Branch to mea,sure the speed of travel of seismic 
waves in foundation rock at Flaming Gorge Dam site . to ascertain t he 
value of Young•• modulus of elasticity for the rock in place . Thi 
is the second time this particular type of geopeysical iJlvestigation 
has been applied by the Bureau, the firat bing for Monticello Dam. 
Portable equipnent wes used in the second inveatigation because of 
the dU'ficuJ.t terrain. Three cored drill holea and ten different 
aurveyed surface line• were used to obtain data . Core drilling data 
were available With which to correlate ·the aeismic results. Compute .. 
tions indicate that valuable information was obtained for design 
purposes. 

Woodston Diversion Dam 1 Kansas 

A 1:8 seale model of the headworks and sluiceway of Wood ton 
Diversion Olm was tudied in the Hydraulic Laboratory . This structure 
will be built on the South Fork of the olomon River in Kanaas on the 
Missouri River Besin ProJect . 

'1'he purpose of the stud¥ waa to establish the best pos ible 
arrangement of curved.guide walls to reduce to a minimum th s diment 
inflow into Osborn Canal beadwork • An 8-foot•vide tiiuieeway and a 
7•:f'oot .. Wide headworks were studied. Thee sential features of the 
design consist of .the curved gUide walls, the canal headworks w1 th its 
curtain wall and overhanging sharp•edged sill., and the sluice gate. 
Thi arrangement improv d the sedillent handling performance compared 
to designs without the ediment xcluding device . 

Cavitation with Hish VelocitY; Jet 1n SUdden lnlarsem.ents (Davi · Ag.ueduet) 

Some recently designed cloa d conduit irrigation distribution 
syatems make flow releasea at high head.a through part4' opened gate 
valve,. Cavitation can occur in many of these control structures, and 
these cavitation forces can destroy the valves and downstream conduits 
under certain conditions . Much work has been done in reeen\ years at 
heads up to 150 teet· to evaluate m thods of preventing damage in those 
structures where cavitation will b inevitable . One of the most 
effective method.a i to provide an oversize conduit downstr am frooi 
the control valve eo that the conduit boundaries are outside of tb<!l! 
area of caVitation eollaps end therefore not subjected to d.e&t.ructive 
f'oreee. Test8 made in the lf¥draulic laboratory thus fls.r indicate 
that this oversize conduit should have a diameter about 1,4 tiaes the 
ve l ve diameter . 
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Distribution systems are now being planned with operating 
heads of about 4oo feet. These heads are mu.eh above the heads f"or 
which the control structure operating characteristics and design 
requirements are known. 'l'he phenomenon of eevitetion is perverse in 
that its nature does not allow its detailed study under reduced heads, 
as in the case of the usual scaled model. Therefore, to stuey- the 
conditions to be encountered at high heads, laboratory tests must 
be made at high heads . 

The first studies- were made With a 6-inch-diameter transparent 
pipe placed imnediately downstream of a 3- ineh gate valve . The clouds 
of cavitation bubbles produced wb~n flows up to 1.1. cfs were passed 
through the pertly closed valve with differential heads of 230 to 630 
feet were readily visible t hrough the pipe walls . Cavitation inclex 
values, K, of O. 050 and O. 292 were produced . In this ease, K equals 
the drop in head from the pressur-e measured some distance downstream of 
the valve, to vapor pressure, divided by the drop in bead from the to~l 
pipeline pressure upstream of the va1ve to the pressure head measured 
some distanee downst-ream . Severe vibration and noise were present 
during nms witb the lower K values, and as the higher values were set, 
the vibration and noise decreased . 

Tests msde previoualy with heads up to 150 feet, valve 
openings to 25 percent, back pressures of about 15 feet (K = . 31), 
and a dovnstrea:m pipe diameter 1. 75 times the valve diameter s howed 
th.at no cavitation erosion vould occur on the interior of the ~ipe 
downstream from t he control valve . To determine if erosion would 
occur in a Similar installation with a 400-foot upstream head and a 
1- to 25 .. foot downstream head,. a 24- ineh long concrete pipe, 5 .25 inches 
inside diameter, ws installed. just downstream o'f the 3-inch valve. 
A 6-hoar test with the 1- foot doYnStream bead produced considerable 
erosion an the top of the pipe aboat 6 incheB from the inlet . A 
similar te&t with the 25 - foot downstream head produced no erosion at 
all. The K values during these test& were 0.07 and 0.14, respectively . 
Other testa ere being made on other pipe sizes and on impart- type 
stilling basins . 

Other Projeet Work 

The foregoing paragraphs of this section describe the major 
laboratory studies. In addition the staff was required to assist in 
the analysis and solution of numerous minor problems covering a wide 
scope in the hydraulics field . 

These minor studies may be identified in the Division or· 
Engineering .Laboratories Time Distribution Re.cord found in Section X 
of this report. Accounts of t hese studies may be found in the Daily 
Record of the Branch . 
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SECTION III - STUDIES FOR OU'l'SIDE AGENCIES 

Valve Tests for GSA 

Hydrostatic tests on a number of valves ranging in size from 
3/8 inch to 2 inches were made for the loeal office of the General 
Services Administration. The tests concerned mainly leakage through 
castings, leakage through the leaves, and leakage which would }lre1rent 
paeking of the valves under pressure. 

Cooperation with Cor;ps of Engineers- -Strain Gage 

The Engineer Procurement office of the San Francisco District 
requested the laboratory to aasist in the inspection of t heir new Brush 
strain gage and recording equipnent to be used in measur ent of stresses 
in dynamic loading of Quickway truck and shovel uni ts . The new test 
equipnent wa s inspected, put into operable condition, and several trial 
tests were conducted to acquaint the Corps of Engineers inspector with 
t he use of the instrumentSc. 

Glenn L. Martin Com,PBny 

Fluid measurement problems attendant to t he production of 
missiles were discussed wit h the Production Control department 
engineers of the Martin Compsny. An inspection was made of the 
laboratory £acilities to determine whether our facilities were adequate 
to calibrate liquid flow meters and gas meters. It was agreed that 
the liquid meters could be calibrated in the Bureau laboratories until 
the Martin Company had finished its laboratory r cili ties. No further 
inquiry has been made by t he company. 

General Inquiries from Public Agencies a.nd Private Institutions 

liumerous inquiries are made of the laboratory staff. Some 
are by telephone; so e are by visits to the laboratory. Many are 
consulting engineers in t he vicinity or those crossing t he country 
stopping over in Denver to visit the laboratory . 

Bureau of land Management--Lectures on Hydraulics 

The Bureau of Land Management :requested a half- day lecture on 
the general tqpic of energy dissipation in connection wit h the construc­
tion of small earth dams and low head structures of the most simple 
and inexpensive type. A half-day lecture and demonstration was given 
to a group of approximately 25 field men of the Bureau on the afternoon 
of February 12, 1957. 
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Cooperative Study With GeologicalSUrvey 

A preliminary planning meeting was held with representatives 
of the Quality of Water Branch and the Surtaee Water Branch or the 
Geological Survey whieh i s considering a research project to develop and 
study a bed.load sampler suitable for use on transported material t he 
size of pea gravel and larger. The Survey is seeking suitable 
hydraulic laboratory facilities and the Bureau or Reclamation was 
approached because or mutual interest in the problem and the possibility 
that facilities now in the Hydraulic laboratory might be suitable at 
least for preliminary testing of the developed sampler. Further 
negotiations may follow if the Survey determines that the Bureau 
facilities and their availability are suitable for the requirements . 
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SECTION IV - DESIGN STUDIES FOR FOREIGN GOVERNMENTS 

Tooma-Tumut and Tooma-Eueumbene Control Structures, Au.stralia 

The hydraulic model studies on these structures have been 
completed and a final report, Hydraulic Laboratory Report No. Ryd-429, 
entitled "Hydraulic Model Studies of the Control Structures for the 
Tooma-Tumut and Eucumbene-Tumut Tunnels--Snowy Mountain Hydro­
El.eetric Authority, Australia," prepared and issued. 

Tooma-Twaut control structure. Studies made to improve the 
downstream transition design resulted in a simpler and less costly 
transition downstream o:f' the gate frame . The tests showed that the 
18-foot-long, constant width conduit section vas unnecessary between 
the control gate and the start of the transition to the round tunnel. 
The section vas emitted and the transition was moved upstream to the 
gate frame. 

Studies directed at relieving the negative pressures that 
occur on the lower valls of the control gate at small gate openings Vlih 
submerged flow at low back pressures were not completely suc.cessful. 
Actual.l.y a design was developed that eliminated the negative pressw:es 
and that produced exceptionally smooth, spray-free releases. However, 
it involved a sea.l problem that was new and somewhat complex, and 
it was not felt advisable to pioneer the design on these gates . !he 
Palisades-type slide gates will therefore be us~d without major change 
and gate settings between O • and 5 • must be avoided during submerged 
operation with low 'baek pressures . The above studies- are diseussed in 
Hydraulic Laborat ory Report lfo . }\y'd-432, entitled tlHydraul.ic Model 
Studies of the Effe~t of Moving the Slots Upstrea in a Slide Gate, 
and of Reducing the Slot Size Near the Yloor. " 

Tooma-Eucumbene control structure. Additiona.l piezometer 
were placed in the tunnel section downstream from the control gate, 
but no objectionable pressures were found , Tests vere made wlth a 
s.quare conduit downstream from the gate and w1 th the circular tunnel 
extended up to the gate. The performance and the tunnel wall 
pressures were about the same in both cases. The simpler design with 
the circular tunnel extending to the gate will therefore be used. 

Yanliee SpiUway 

Hydraulic model studies were completed on Yanhee Dem spillway 
for the country of Thailand and a final report, Hydraulic Labore,tory 
Report No . Hyd-428 "Hydraulic Model Studies of Yanhee Dam Spillway, 
t.anbee ProJeet, 'l'hailand" prepared and published . The dam is a 
concrete arch with a crest length of epproximatel.y l,54o feet and 
rises 505 feet above the riverbed. The maximum capacity of the nffl'Voir 
impounded by the dam will be 9,890~000 acre-feet. 



The spillway, designed for a maximum discharge of 212,000 
second-feet, has a concrete overflow crest 144 feet in length which 
spills into two concrete lined tunnels, each about 1,300 feet in length 
and 37 feet in diameter. The spillway twmels discharge into the river 
channel where the erosive energy of the floodwater is minimized by flip 
buckets at the downstream ends of the tunnels. Flow over the spillway 
i s controlled by 4 radial gates, each 36 feet wide by 57 feet high. 

The studies were conducted on a 1:77.37 scale model to 
investigate the s:pillwy approach eonditions, the f'low characteristics 
of the spillway overflow crest and tunnels,. and. the effect of the 
spillway flow on the downstream riV'er channel. 

The mod.el indicated that the preliminary spillWlily approach was 
satisfactory except for a flow disturbance at the left pier. This 
condition was corrected by ext.ending the left pier about 14 feet into 
the reservoir and by increasing the v.idth of the pier nose. 

Changes were made in the length and curvature of the transitions 
:from the rectangular tunnel portals to the circular tunnels. Flow a.t 
the downstream end of the transitions tended to separate from the sides 
of the tunnel boundary. The curvature and length of the transitions 
were increased to provide satisfactory flow conditions in this portion 
of the tunnel .. 

To spread the spillway flow over a larger area of the river 
charme.l, the right flip bucket was moved about 8o feet downstream from 
its preliminary location. The radius of the buckets was also increased 
and the bucket lips were raised about 6 feet in elevation to steepen 
the trajectory of the jets leaving the buckets and to reduce the 
drawdown of the river surface at the powerplant tailrace. 

Additional data obtained from the model included head 4ischarge 
curves, water surfaee profiles in the ·spillway tunnels., piezometrie 
pressures on the crest and transitions~ river surface drawdown curves, 
and proper procedure for operating the gates. A motion :picture of 
more than 8oo feet of film, in color, was prepared with titles to 
describe the spillway model studies. 

Wu-Sheh Dem Spillway 

Hydraulic laboratory Report No. Ifyd-4JO, ulfydraulic Mod.el 
Studies-.. wu-Sheh Dem Tunnel Spillway--Wu-Sheh Dam Project--Taiwan, 
China. n February 7, 1957, was prepared a.nd published during t he year. 
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Murrumbidgee-Euc'Qtl.\bene Tunnel--FiXed-wheel Gate and Stillin~ Basin 

One of the transmountein diversion tunnels in the Snowy 
Mountains Project, Australia, will transport water from the Murrumbidgee 
watershed to the Eucumbene River basin. A 7- by 8-foot fixed-wheel 
gate near the tunnel entrance will control the flow to a maximum of 
600 cfs; the head at this gate may be as great as 145 feet. fen feet 
dow.nstream from the gate the high velocity flow will enter an underground 
stilling basin 18o feet long, then a concrete lined horaeshoe tunnel 
50 feet long, and continue to Ada iniby Re-servoir on the Eucumbene River 
through approximately 10 miles of unlined tunnel. 

'l'be fiXed-wheel gate is 25-3/4 inches thick and the ga.te s-lots 
are 2-1/ 2 feet wide by 2-1/ 2 feet deep. These proportions have not been 
:previously used by the Bureau. The stilling basin is unique: it is 
quite narrow, has a 4-foot stepdown bet-ween the gate frame invert and 
the basin floor, and the elevation of the bottom of the horsesho,e tunnel 
is 16 feet higher tbsn the baein floor. The des.ign possessed so many 
hydraulic indeterminates that model studies were deemed necessary to 
assure a cavitation and vibration free gate installation a,nd an adequate 
stilling basin. Construction work has been completed in the laboratory 
on a l :-10 scale model of the gate and gate chamber, the stilling basin, 
and the horseshoe tunnel downstream. Testing vill f ollov. 
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SECTI 01f V • SPECIAL RESEARCH STUDIES 

Low r -coet Canal Lining Program 

~active force . and eroeion tudies . This work is being carried 
on cooperatively with the Earth Laboratory Branch and the aceanpliehments 
may be considered the r sults of the joint effort . 

During 'ff57, :tield data have been collected from 11 reaehe 
ot canals 1n a range of variation of earth materials end size ot cross 
section. In one reach data. on the hydraulics and the characteristiee 
of the · arth materials were taken on two curved sections . The canal 
reaches wbieh have b en stud.ie a.re in Regions 2, lt, and 7. · 

The field data procured from the above test reaches 
have been partially processed in th laboratory offices . Further 
procea1ing will be requi:red as additional data are gathered. This 
proceesing Will include studies regarding the pattern or trend of 
the data and determining the trends with a view of definitely 
establishing a relationship or relationships between the hydraulics 
and earth properties. 

Two field trip reports covering the details of securing the 
hydraulic data in the field have .be n prepared and IJ.stributed to 
members of the U>Yer-eost Canal &,ining Committee. The two report 
are: 

l. Obtaining hydraulic data for erosion and tractive force study 
of unlined and earthline4, canals, Region 7, It>wer-cost canal Lining 
Program, by Phillip r. Enger., dated September 6, 1956. 

2. Obtaµ.ing hydraulic data for erosion and tractive force 
tudy of' unlined ,and -e9.rthlineci canal, Region 2, Lower ... co t Canal 

Lining Pros.ram, by Phillip F . Enger, dated September 10, 1956. 

The report on the test in Region 4 is being prepared. 
' '• 

During the current f':{scal year, personnel of the Hydraulic 
laboratory hav: designed, constructed, and calibrated a "Vane Shear 
Tester" to aid in determining physical properties of the earth materials 
in the canel sectiona. This apparatus was used in the field studies 
aeeompli, hed during the past season in Regions 2, 4, and 7, The 
equipnent worked quite well and should prove to be a valuable aid 
in the stuczy . · 
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A draft of a report covering the construction, calibration, 
and use of the rrvane Shear Tester" has been completed. 

During the current fiscal year, 29 test reaches of canals 
have bee~ selected ror study. These reaches are excavated in various 
soil types end have a range of hydraulic conditions including consider­
able spread in discharges. The cross sections vary from small t o large . 
Soil samples have been procured and are being analyzed in the Earth 
la~... Hydraulic data and addit ional observations on soil 
p1"9perties will be made during t he irrigation s~son in FY58 . These 
seleeted study reaches are in Regional, 4, and 5. 

The foll.owing field trip reports , covering selection of 
the abov:e test reaches, have been prepared : 

1 . Sel ection of field .s ites and obtaining soil samples for 
canal erosion and tractive f'orce studies , Eden ProJect, Region 4, 
Lower-cost Canal Lining Program, dated October 17, 1956, by E. J. Carlson 
and John Merriman . 

2, Selection of field sites and obtaining soil samples on canal 
erosion and t ractive force study, Paonia Project , Region 4, and Minidoka, 
Yakima, and Columbia: Basin Projects , Region 1 ., Lower-cost Canal Lining 
Program, dated January 21, 1957, by E. J. Carlson and J. Merriman . 

3. Selection of field sites for canal erosion and tractive 
force study, 'l'u.cumcari and W. C. Austin Projects, Region 5, dated 
February 12, 1.957 , by W. G. Holtz and E. J. Carlson . 

The results of the studies completed s:o far are covered 
1~ a progress report, Hydraulic !Bboratory Report No . iyd .. 435 . 

Considerable evaluation of t he program as a whole has 
been u.de from time to time. 'fhe findings of a recent cont' erence of 
Hydraulic and Earth laboratories personnel were definitely positive . 
No revisions in techniques or program were recoomended. The 
procedures being :followed were found adequate e.nd proper and continua­
tion of the program was recommended. . 

Tractive force flume studies . The studies being made in 
the large laboratory flume to determine the distribution of traetive 
forces and _ establish a -correlation with site of material remaining 
in place for various tractive force-s was continued. Manpower was 
not available t o make addition.al runs in tbe flume . However , 
analysis of the data and preparation of a report of the studies made 
us.ing pit-run gr.avel from the South Platte River were continued . 
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Erosion studies. This study was continued in F'l57 to 
establish better design criteria. lnformation on the frequency and 
magnitude of wind-generated waves in canal was obtained from two 
eites in the field. One site was 1n the Delta-Mendota CSnal and the 
other waa 1:n a eaDBl on the Imperial Irrigation District. These data 
have been processed and additional data being awaited. 

Equi}llent and instructions were ?ent to other locations but 
conditi<;>ns were not conducive to obui.iniug the desired information 
during the fiscal year. Personal contacts with field :personnel •de 
during the year will help to alleviate this circumstance in the future. 
Arrangements have been completed for obtaining some of the needed 
information during the approaching irrisation .season on the Tucumcari 
and Eden Projects . Similar arrangements have been made with personnel 
on the North Platte Project and vill be carried out if the needed 
equipment is available. 

Adequate information was not obtained to design the model 
proposed for inatallition in the hydraulic laboratory to 
further these studie with a view of determining the optimum 
protective measures to be taken to insure against beaching of earth 
canal banks as a result of wave action . Search of the literature 
available has been continued and.'so:me helpful information has been 
obtained. 

Although progress on this study has been slow, the positive 
information gathered to date indicates\ that the height of wind-generated 
waves in canals may not be of the magnitude envisioned at the outset . 
liovever, numerous instances were observed where beaching is a costly 
maintenance problem. Continuation, of the stud,y is ree01DJDended to 
yield the data neees.sary for design and operation of' the hydraulic 
model anci furtherance of the general study. 

See:page St udies 

Pondini method. During the year no fi ld evaluations of 
trial linings with respec.t to their abiJ.ity to prevent seepage were 
made by this method either befo:re or after lining. Two exceptions 
to this etatement are to be noted under the sediment lining program. 
No requests for assistance were received from the regions. 

Papers on the au"bject of Canal Linings pr sented to the 
Third Congress of the International C. ission for Irrigation end 
Drainage were r,eviewed for ccm:ments on this method of determining 
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seepage losses from canals. Although some criticism., which is known 
to exist., is apparent in the papers, the ponding method of determining 
seepage is generally accepted on an international basis as being the 
most positive procedure . Review of the l.iterature was kept current 
during the year .. 

Electrical deteetion studies. A new uMillivac" voltmeter 
was purchased during the year with non~LCCL funds and primarily for 
uses other than ICCL work . This inst rument is specified to be more 
than 100,000 times more sensitive than conventional vaeuum tube 
voltmeters and will easure potentials of one one-millionth of a volt. 
Therefore, it appears that this instrument will aid in the solution 
of tae problem of locating seepage paths from. canals by tracing the 
electrical field generated by seepage. !fhe instrument will be 
available for this use . 

Some work has been aecomplished toward designing and building 
equi;pnent to adapt the ins,trum.ent to use in seepage detection . Aneillary 
apparatus vill be developed and constructed. Preliminary laboratory 
tests were started near the close of the fiscal year. rield trials 
are contemplated at a site in Region 7 to exi,lore the potential value 
of this equipnent . 

other means of determining see;eSf: losses. Parts for 
seepage meters in use on proJeets and other assistance in t he use of and 
interpreting results from these devices were provided trom time to 
time throughout the year . 

Developrtent of devieea and teehniques for determining 
seepage losses fran. canals as reported by others throughout the vorld 
were studied with a view of improving the methods we now use . It 
was noted that the technique waed by Lancaster some years .ago to 
t reat a repres.enta.ti've area of canal perimeter with bentonlte by 
t1Se of the seepage meter is now b~ing used by others . 

It appears tbat adequate data are now available to make some 
comparisons of' t he different techniques being used. A .study of this 
information might permit establishment of tr&nsfer factors for use in 
comparing data derived by use of one technique to those derived tram 
other methods. 

Evaluation of Sediment Lin~ 

Late.rel lz Interstate Canal, North Plat~e P.roJect . Ponding 
tes·ts were •4e at ·. t he · el.ose of the 1956 irrigation season in the reach 



of Lateral 1, Interstate Canal, North Platte Project, which was sediment 
lined with bentonite in the Spring of 1956. The results of these studies 
are included in the field trip report of November 26, 1956, from Warren B. 
lkBirney to the Assistant Commissioner and Chief Engineer. These results, 
when compared with the data obtained from similar studies made at the 
close of the 1955 irrigation season, permitted an evaluation of the 
bentonite lining . · The results of the ponding tests shov no benefit 
from the lining since little of the bentonite remained on the canal 
surface and an insignificant amount penetrated into subgrade materials . 

A study of the data ga.thered before and after lining from 
ground water observation wells, inflow- out.flow records and other 
sources was made . This study also led to the conclusion that no 
benefit was derived from the lining insofar as seepage losses were 
concerned . 

A comparison of the data derived from the ponding tests is 
contained in the field tri:p report referred to above. 

tateral 7. 2 · ostu.ra Unit Missouri River Basin Pro ect. 
Ponding tests were made at the close of the 195 irrigation season in 
two reaches of lateral 7 . 2, Angostura Unit,. Missouri River Basin Project, 
which were s.edunent .lined with bentonite in the Spl!1ng of 1956. Tb.e 
results of these st:udies are included in the field trip report of 
November 5, 1956, from Phillip F. Enger to the Assistant Commissioner 
and Chief Engineer . '!'he results of these tests, vb.en compared With 
those obtained at the close of the 1956 irrigation sea~vn; show that 
the lining was effective in reducing seepage losses in one ponded 
reach of the lateral while in the other ponded re.sch no apparent 
rednetion was. effected by the lining. 

The report recommends that the reach of lateral which showed 
positive results from the ponding tests be studied in the 1tll;]].. of 1957 
to ascertain whether or not the lining ret.ains ite effeetiven~ss in 
the reduction of seepage aft.er two seasons of operation with a winter 
:period of no flow between the t.wo operating see sons. 

Flu:me studies. A report, 11Hydraulic Flume Tests Using 
Bentonite to Reduce See:pagefl covering the hydraulic flume studies. made 
during J'Y56, wa~ prepared during FY57. The study included tests 
using a fine uniform laboratory sand and material from Horse Creek 
Lateral,, North Platte Project. The bentonite ueed was ... Volclay,tt a sodium 
base material . .. 
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Sedimentation 

Channel stabilization. A hydraulic model s tudy is being .con­
tinued to determine the most economieal Kellner jack and jetty a.rrangements 
for protection of levees &nd inducing channelization . Two models are 
being utiJ.ized . A 1 :16 undistorted model is being used to study various, 
jetty spacings . The second model was built to a scale of l :14o horizontal 
and l :22 vertical. A l ight plastic is being used in the modeJ. to 
simulate suspended sedilllent , and fine sand is. used to simulate m.ovable 
bed material. Field data have been taken of the prototype installation 
and will be used to verify the model and to adjust its roughness so 
that fl.cod flov predictions can be made. The progress of the study 
up to August 1956 was presented in the paper "Use of Steel Jetties for 
Bank Prote~ion and Channelization in Rivers/' by E , J . Carl&on and 
P. F . Enger . 'i'lle. paper was :presented at a Hydraulic Diviaion meeting, 
ASCE , Madison ,. Wisconsin, August 22- 24, 1956. A ~draulic Iaboratory 
report giving the results of the studies to the present time is now 
being prepared. 

Sediment removal . Several types of sediment removal devices 
have been tried in connection with design of specific diYer&ions 
from stream& carrying large amounts of sediment. Advane~ent. in the 
study of such devices this year consisted in the extension of recent 
model data . Two such studies were ma.de this year : (1) Sediment 
Control Arrangement for Ango.stura Diversion; (2) Woodston Diversion 
Dam. 

Hydraulic. laboratory Report No . Hyd-419, "}lydraulic Model 
Studies to Deve.lop a Sediment. Control Arrangement for Angostura 
Diversion,. Middle Rio Grande Project , New Mexieo , " has been prepared . 
The study waa made with a l :10 scale model. The sediment exeluding 
devices studied and recommended as modifications were an overhanging 
fb.arp•edged headvorks ·s ill , curved guide walls, and vortex .tubes 
powered by pumps . Operational recommendations were also made in the 
report . 

An analytical and economic study waa made to determine the 
effectiveness of a curved guide wall sediment excluding device t o be 
incorporated in the design of Woodston Diversion Dam , The study was 
made by cOJDll)8ring characterist ic$ of Woodston Diversion Dam vith 
other divel"sion dams which were :modeled by the Hydraulic ta.boratory . 
The pre-limi~ des ign was based on this &tudy ,. and the Hydraulic 
Laboratory~$ since been authorized to perform a model study . 
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'l'raetive foree studies. In addition to the extensive 
inveeti~tions being conducted in the LCCL program the Ryib'aulic 
Laboratory hae b en running tests on noneohesive material in an 
8-t'oot laboratory flume . Data taken on a pit•run gravel canal 
section were processed thia year and a report is being prepared. 
The data will be us d to determine a correlation between velocity 
distribution and tractive force distribution . Sieve ana.J.yses ot 
bed material transported as well as that remaining on the bed. have 
also been obtained. The data will be valuable in improving deaign 
criteria for unlined canals to be built in noncohesive ma-terials. 

A tractive force teeting apparatus was designed by the 
canbined efforts ot the lfydraulic and Soil Iaboretorie. Shear is 
induced on stands.rd 8- inch-diameter e<>il samples by rotating vanes 
immersed in water . The ap:pe,ratus is being calibrated using Pi tot 
tubes to determine tractive forces produced by each speed of rota.tion 
of the vanes . The tractive force that the soil is capable of with• 
standing can then be r ad :tran calibration curves and used as a baeie 
tor canal design. 

Flocculating a~nta . Teats were continued to determine t he 
effeativenets of :flocculating agent of three different companies in 
settling out euspended. sediment~ Tests were also made to determine what 
minimum and maximum size ie atf'eeted by flocculating agents . ttHydraulie 
Laboratory Report lo . Byd-420, Progr s Report No , II, Prel:lm1naey 
Investigations in Hydraulic laboratory ot Plocoul&ting Agents" 
describing the above teats is now being reviewed. 

Cana.l wave studies . Da:ta on surtace waves caused by Wind.$ 
are still being collected. Equipnent and in•tructions have been sent 
to field locations . The ~ta are being ena:tv;ed to d.etel'mine a 
· aorreu.tion between wind velocity and vavet heights for various 
canal conditions.. The ultimate goal of the •tud¥ is to develop 
design criteria tor protective blankets tor preventing the be cbing 
action ca.used by waves . 

Water Meaeurement 

Nume:-ous reque1t1 have been receiv d during the past years 
for· information t"eletiv to tbe deflection meter used by the inter­
national Boundary and Water Camni•1ion. Considerable information 
wae. 8lthe:red on this device by oorresp0nden¢e and field 1nspeet1ons 
several years ago i but the material ha4 not been consolidat d . :During 
ff 57 the available data were organized and a, embl d into a memorandUl'll. 
This memorandum makes our etore of knowledge on the devic readily 
available to our own or~nization and others . 
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A paper "Common Errors in Measurement of Irrigation Water," 
by Charles w. Thanas, was completed during the year . This paper was 
submitt.~d to ASeE in January 1957 for consideration resard!Qg publieation. 
Advice was received in late April 1957 that the paper had been approved 
for printing. It should appear in printed fOl"Ul at an early date . 

A paper "Structures and Methods for Measuring Irr::.gntion Water," 
by Charles W. Thanas, was prepared during the year and •ub:mitted to the 
'!hiri Congre s of the International Ccmiussion on !rrig;ltion and Drainage 
held in San Francisco in May 1957. This, paper is printed in the trans• 
action of the meeting under '°1estion 9. 

A thi,rd paper, "Water Measurement and Control at the Farm 
Turnout/' by Charles W. Thomas, has been ~ample'ted and propoaed for 
presentation at an ASCE meeting and later publication by that society. 
This paper diseusses devices and methods in use in various parts of the 
vorld. 

Some modification work was accom:plisbed on the battery operated 
mechanical counter for use Vith the pyf!JD.Y-type current meter previously 
developed in the laboratory . This co:un:ter has been used throughout the 
year on various studies and t he changes mentioned above were indicated 
by the use. 

A review was made of the information currently aw:U.able 
on dis.charge coefficients for radi 1 e'lites . Data gathered on the 1956 
flood. releases from Canyon Ferry Dam were procea,:ed and Report !Jo. 
Hyd-433 was pre]?Sred eovering the results of the study. A project to 
be conducted under the hydraulic research program for future study of 
radial gate coefficients wes formalized and p:roposed for incl.usion in 
the FJ58 program. 

A study was made in the laboratory of a 2- inch magnetic­
type flow metel" manufflctu.red by Foxboro Ccmpeny . This study showed 
the meter to be quite cons,istent and accurate when used in clear 
water . Proce-&sing of the data will be completed and s re1>0rt issued 
in FY58. 

Revisions were made in the pendulum-type low velocity meter 
built during n:56. '!'his ter J1as not yet been calibrated because 
of laek of adequate f:acili ties. 

A 1.indted stuey was made of a Clausen-Pierce weir rule 
whiah was borrowed from the Yuma Project . The results showed that 



ihe order of a ecuracy was not good. and was essentially a.$ fou:nd in 
preVious st.udies. 1!1.e data are being processed and a memorandum report 
will be prepared . 

Because ot repeat ed requests f'ran the Design Division relative 
to the conrtant .. head orifice-turnout des-ign and calibration, a program 
of etu.c:cyr of t his device W$-~ f'ormulated for execution in ry58 . Arrange ... 
ments were made ·for "Professor Marvin Bogema of Cornell University to 
work on this project during the Summer of 1957 . 

Additional work was. done :duri.Jlg the year on the data derived 
:t'rom the limited study made on an 18- inch Cippol etti weir relative to 
loca,tion of the head e,age . A memorandum report on the stuey is in 
proe~ss' but has not been completed • 

... '·..;, ·. 

During the year considerable di:seus$ion was carried on with 
the :Design l>ivia,ion and. the Division of Irr1gat1on O,perations regarding 
the standardization of' water measurement devices . Slides and notea 
were prepared for the latter division f .or use at 0$1 meetinge . Informa­
tion was also furnished for use in the~ releases . 

Work was carried-on throughout the year on the hydraulics 
of squaire-leaf turnout gates . Particular attention was given to flow 
con.di tions in the turnout entre.nce . The results of these studies are 
covered in Rydraulie Laborat ory Report No . lfyd•422 , These results 
CO!lbined with those from previous studies on s:quere- leaf turnout gates 
will provide information for improving the calibration tables for 
this type of gate . lfue studies 1l18de during previous years were 
primarily concerned with the Denver screw- li:ft gate and a ·draft of 
a report is avail.able . 

Tbrougbout the :,ear information was gathered for revision 
and eorreetion of the Water Measurement Jfanual. lt is not proJ;)Osed that 
this manual will be republished in the immediate future . 

Reviews of proposed de.signs for measuring in$tallations 
have been furnished the Design Division from time to time throughout 
the year . Consultation ha& been provided the Di.vision of Irrigation 
O,Pe:r.ations concerning the ~lution of Ol)era.tional problems ot 
measuring devices on tbe same basis·. 

Periddieals ,, reports and correspondence were utilized as 
a mea~ of keeping abr1'ast o:f national and inte1-national developnents 
in the genel'.al s i:.:l>jeet area of water measurement. . A limited amount 
of t unsle.tions of foreign articles was aeca.nplished. A file of these 
reports is maintained ae a part of the program. 



The Hydraulic Laboratory General Investigations program 
for FY57 conaiat M of 14 projects, the designstiona of which were 
published in Augus,t 1957, and transmitted to the Assistant Canmissioner 
and Chief Engi.nt:;:r by memorandum dated Augu&t 23, 1956, from the 
Chief, · Division of Engineering laboratories . 

Reference i& made herein to the brief descriptions of the 
14 hydraulic projects for Ff57 . !he proJeet numbers retain the 
same identity as in FY:57 . Descriptions of new projecrb,, Nos . 15 
to 19, contemplated. far Fr58 are given in paragraphs following . 

Aeeanpl1ls.bments attained so f'ar on the program proje.cted for 
PY57 are not.ed on the tabular summary. Narrative description of the 
s.tatua of the proJ~cts follo'ifS the summary. 

\ 



TABULAR SUMMARY OF HYDRAULIC 
LABORATORY GENERAL INVESTIGATIONS 

BY CATEGORY 
1. 2. 3. 

FY57 projects 1'Y57 projects to be : FY57 projects to New projects for 
accomplishments : continued in FY58 . be discontinued . FY58 . . . . 
2. Third :2. Hydraulic jump and :1. Hydraulic char- :15. Specification 

Progress energy dissi- acteristics finishes 
Report-- pators of vertical and 
Hyd-415 . stilling tolerances . 

:3. Operation and wells for irreg-
4 . Progress design charac- : ularities 

Report-- t.eristics of :6. Cavitation and and misa-
Hyd• 22 siphon spill- head loss in lignments 

ways conduit and in concrete 
5. Progress : : penstock surfaces 

Report-- :4. Standardization of: branches subjected 
Ryd-337 design of small : . to high . 

canal structures:7, Cavitation- velocities 
7. Summarized . erosion of . . . 

in ASCE :5. Hydraulic charac- : roughened :16. Side 
paper, teristics of surfaces spillways 
"Cavita- pipeline distri-: 
tton bution system :9. Air demaud of :17. Air require-
Damage and related g,gtes and ments for 
of struc:bUres . valves in tunnels, 
Rough- : conduits control 
ened :8. Downpull :forces devices, "\ on: 
Concrete coaster, cylin- :13. Determination siphons, 
Sur- der and fixed of minimum and 
faces/' : wheel gates . size riprap : outlets . 
October for channels . . 
1956 :10. Developnent of :18. Discharge 

cavitation-free coefficient 
8. Progress : gate slots . for radial . 

Report-- gates 
Hyd-421 :11. Instrumentation 

for acquiring : :19. Crest and 
13. Progress and recording . transition . 

Beport-- hydraulic data section for 
Hyd-4o9 ., morning-

:12. Outlet works glory 
stilling basins . spillways . . . 

:14. Friction loss 
tests in large . . 
conduits 



CATEGORY l (Projects completed) 

7. Cavitation-erosion o:f _Roughened Surfaces 

This project was summarized by the paper "Cavitation 
Damage of Roughened Concrete Surfaces" by Donald Colgate, prepared 
for presentation at the 1.956 annual convention, ASCE, October 15-19, 
1956, Pittsburgh, Pennsylvania. Thie exploratory study demonstrated 
that a simple laboratory test can be made to determine and evaluate 
the cavitation potential of any surt'aee. Having reached this limited 
objective, work Will be discontinued. However, further lab.oratory 
studies mus.ct be made at .SC11D1e future date to permit establishment of 
criteria which Vill enable the designer or field engineer to state 
·with confidence tbat a given surf'aee texture will or will not induce 
cavitation, 

CATEGORY 2 (Projects to be continued) 

2. Hydraulic Jump and Energy Dissi;pators 

This project has proceeded through the second Progress 
Report Hyd-399 dated June 1955. Several hundred copies have been 
distributed for comments, criticism, and suggestions . Additional 
data for this topic have been obtained during FY57 and tbe report 
has been revised accordingly . 

'l'be third Progress Report Hyd .. 415 , "Slotted end Solid 
Buckets for High, Medium and Low Dam Spillvays, " va.s issued July 1956. 

Work toward revision and improvement of published reports 
will continue. Additional date will be added as deemed necessary 
in the light of experience . 

Further testing will be conducted on the overchute--ty:pe 
of dissipator where baffle blocks di tributed over the entire length 
and width of the chute dissipate the energy in the water as it falls . 

3. Q.E!ra-tion and De 1.gn Characteristiee of Si;ehon Spillways 

Observation of prototype siphon spillways reveals that 
a considerable number of the structures operate improperly, either 
not priming fully or even partially, or discharging at a rate far 
removed from that upon which the design ws based . '!'his indicat;es 
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a need for revision of de8ign criteria . Limited t esting of the 
new des.ign of an emergency siphon spillway was carried on during 
the year . The siphon is of the fixed- crest type with a conventional 
siphon breaker pipe . Intake, crest section, and siphon breaker are 
proportioned as in our standard design; the flow, however, is 
directed down a (:J) • slope to a lower basin in whieh a water seal is 
obtained, removing from the inf'luence of atmospheric :pressure the 
entire siphon barrel., fore bay to outlet . On the slope two adjustable­
angle lips are in place to deflect the water to the roof of the barrel 
at or near the i.eal point in the lower basin . These lips have been 
placed at tvo arbitrary elevat ions and are used separate-4' for 
determination of the optimum location . 

A comparison of the effects of the lips on :priming time 
and crest heads required for full prime shows the lower lip most 
effective in reducing priming times and heads . It is located 
about one-third of the distance up the slope above the basin . As 
the angle' of projection of either lip is de,creased from 45• t he 
time to prime and crest head in-crease for a given discharge . The 
new de$ign primes at a discharge less than 25 percent of that required 
for the standard design, and it does so at a crest head about 15 
percent of that formeriy needed . 

'l'b.e measured coefficient of discharge for the new design 
iB 0 . 62, while the coefficient for the standard design is o.86. This 
decrease means that for similar barrel sizes tlle new design has a lower 
discharge capacity; however , the lover capacity can be easily offset by 
in.creasing the barrel size. 

A technical paper covering the general operating characteristics 
of both the presently used design and the proposed design is being 
prepared for preseniiation at the October 1957 annual meeting of the 
American Society of Civil Engineers. Sufficient data on the new siphon 
will be taken to insure a sound basis for c.omparison of the two 
structures . Du.ring FY57 time did not permit investigation of auxiliary 
means for air control in achieving partialized operation . This will 
be aeeomplisbed in FY58 . 

4. Standerdization of Desis;i of Small canal Structures 

canal EJystems contain numerous smell structures such as 
drops, turnouts, overchutes,. wasteways, eul11erts, and bifurcation 
works. Many of these incorporate energy dissipating devices vhich 
are quite different from the conventional types . Efficient energy 
d.issipators and transitions are essential to :prevent under.cutting 
of the stru~tures lkld damage to the earth canal sections downstream . 
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Because of the large number of structures involved, a poorly 
operating or uneconomical design Will be repeated many times before 
the deficiency is discovered. Although a .number of designs have 
been tested individually by models , standardization has not been 
established as the structures operate under such a wide range of 
conditions. 

Research studies will be made to standardize designs , 
and will include an orderly program to observe and check prototype 
installatio.ns designed in accordance with findings in the laboratory . 

During FY57, a study was made to establish limitations for 
turnout entrance structures; a report on this topie {Hydraulic 
laboratory Report No. Hyd-422) has been completed. 

Studies for the design of transitions from culverts or 
inverted siphons to canalE. will be resumed during n58. '!he designers 
have asked several questions concerning outlet transitions during 
the past year and mo.re data are needed to answer their questions . The 
idea of using a "closedn transition to decrease lo&ses has, been proposed. 
As a result, several shapes have been built and will be tested using ail! 
as the test fluid. It seems desirable that work on this project be 
continued at an accelerated pace . A report vill be prepared during 
FY58 on the results of the air tests. 

;. Hydra.w.ic Cbaracteriatics of Pipeline Distribution 
System . and .Belated Structures 

In localities where losses by s.eepage and eva:poration from · 
open, lined,, end unlined ditche . niake irrigation costly or unfeasible , 
it is becOBling eommon Bureau practice t.o use pipeline distrib11-tion 
systems ope.rating under heads up t.o about 1.25 feet . 1fhe regulation 
of flow from such aystems introduces many problems., including·: (l) 
the diaaipation ot energy fran high•velocity jets ~fore releasin.g 
the now onto the land; (2) protecting parts or the system from 
damage by cavitation, vibration, and water-hammer; (3) controlling 
surges induced by auto-oscillation or sudden changes in flow require­
ments; (4) regulating pressures to give constant turnout quantities; 
( 5) developing simple autanati<: regulators; and ( 6) determining 
hydraulic losses for various parts of the system. The information 
now available is widely scattered and not adequate for resolution of 
these problems . 
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A canprehensive report, Hydraulic laboratory ReJ?Ort No. Hyd-337, 
on means of eliminating or minimizing the cavitation and damage to 
valves and pipeline walls has been issued. Demand for general design 
data on high head turnouts has accelerated during the past year. 
Testing of high head turnouts will continue with particular attention 
to expansions and baffles downstream fran the control. 

8. Downpull Forces on Control Gates 

When gates are used for control or emergency closure of 
penstocks and outlet conduits, large downpull forces {forces tending 
to pull the gate closed) are often encountered. To design the hoiat 
and gate S-upport properly, knowledge of the hydraulic downpull forces 
is necessary. 

Improvement in methods of study indicated by previous 
investigations has led to more comprebensive data and a direct approach 
to determining downpu.1.l forces. Needed information includes 
(1) pressure distribution on the gate bottom for different ratios of 
gat e thickness to lip extension1 (2) effect of recess ab,:,:-ve the gate 
in the race of the dam., (3) effect of gate slots, (4) effect of aeration 
on pressure distributionj and (5) gate seal shape and location. 

Some spec:ial studies performed on this subject are reported 
in Hydraulic Laboratory Report No . Hyd-421, February 1957. Only a 
limited number of laboratory t .ests will be possible during FY58. 

Prototype studies on the fixed-wheel gate at Glendo Dam 
supplementing the laboratocy tests have been planned. '!'he laboratory 
studies differed from previous down.pull investigations in that air as 
t he flowing fl.uid in of water was us.ed to compute the anticipated 
downpull force . . Since downpull for.e:es computed from hydraulic model 
t ests have compared favorab;t;y · ith subsequent prototype measurement.s, 
it is highly desirable to ~x our knovlede;e of gate downpull forces 
by comparing the a.ir •tttdy re.sult.s with measurements made on the 
Glendo S13te. Purther p.i:·eparation for prototype tests will be made 
during n58. 

10. Development of Cavitation-free Gate Slots 

Experience has proved that eX!)ensive and troublesome 
maintenance is. required on the .surface downstream from conventional,. 
high head gate slots due to damage incurred by cavitation erosion. 
Because slide gates of various designs are used extensively by the 
Bureau, this problem is of considerable importanc.e. 
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Studies so far have indicated that practical slot shapes 
can be provided for gates discharging at partial opening under high 
heads. Continued research is needed to better establi.sh the effect 
of various design elements on cavitation formation, and ultimately 
to yield a practical cavitation-free slot. The study should be 
extended in a general way to permit the use of slide €'1ltes in high 
head installations where cavitation would otherwi&e make them 
prohibitive . Recent studies were performed for the design of the 
control ~te structures of the Tooma-Tumut and Tooms .. Eucumbene tunnels 
in Australia. A progress report will be prepared during FY58 to 
sum:narize numerous tes.ts made in the past and make the dBta available 
for design. 

11. Instrumentation for Acquiring and Recording Eqdraulic Data 

Good instrumentation is essential to making accurate and. 
efficient hydraulic studies. It is important that we keep abreast of 
latest developments and investigate improved techniques so th.at the 
instrumentetion used in both laboratory :and field studies will be the 
most competent available . Work by others will. be kept under review 
and instruments designed and modified as op:portunities for improvement 
are presented~ 

Specifications were written far the :procurement for a .limited. 
amount of equipnent and instruments last year . Application of the 
highly developed instrumentation ineluding the hot Wire anemometer, 
turbulence meter and pressure cells will be advanced during n58. 

12. outlet Works. Stilling Basins 

Considerable time is devoted to model studies of outlet 
works etilling basin.a for individual df:un& , Often there u insUf'ticient 
background experience even to approximate a firt.t design closely 
enough to make a good estimate of' the ultimate eost of the stru.eture . 
The obJ:ect.ive of this research is to develop several types of 
$tilling basins for general use s:o that extensive laboratory develo~nt 
work for each individual case will be ~ceesary. 

The complete :program may require developing as many as. six 
dU'ferent types of basins including those for (a) discharges from. 
hollow-jet Talves, (b) discharges from pipes or ~onduits flowing 
partially full at lov velocity and low discharge, (c) discharges from 
aluices or tunnels flowing partially full at higb velocities and/or 
high discharges , (d.) dischar~s where energy mu.st be dissipated in a 
tunnel, {e) discharges into spillway .stilling :pools, and {t) dis.charges 
into vertical stilling well&. 



An example of type {a), known as the nBoysen" type., was 
developed by the laboratory f'or use on Boysen., Falcon, and Yello-wtail 
Dams. This type is especially notable for its relatively low cost . 
Further research will provide data so that the basin can be quickzy 
adapted to structures having greatly different head and discharge 
reg_uirements than those already tested . Some general data were 
obtained in FY57 frcm tests on models previously used for specific 
projects. Tests of a general nature are being performed on such a 
model; a progress repcrt will be :prepared during FY58. 

A basin known as the 11Franklin Canal" type has been develol)ed 
:for use on some 35 canal drops on the Franklin Canal. This type (b) 
is primarily tor low heads and small quantities of water. This study 
has been concluded and reported in Hydraulic laboratory Report No . Byd-399. 
During FY57, studies were extended to a modified design ( c) combining 
a basin and well for valve-controlled high head :pipe turnouts. '!'his 
study will be continued in FY58. 

14. Friction Loss Tests in Lar§e Conduits 

Head losses in :pipes for the purpose of computing head loss 
coefficients have been measured in laboratory and field investigations 
from time to time . Many equations have been. derived from the results 
but there is uncertainty in their application to the design of large 
conduit'3 because the majority of the tests were made on relativel,y small 
pipe . Closer evaluation of :f'riction losses could save considerabJ.e 
in construction costs through reduction in size of conduits. The 
current need for additional information in this subject area is in 
connection with the planning and design of the Gulf Basin ProJect in 
Texas . The e.c.onomic feasibility of this entire deveJ.opneut Jil$y be 
dependent upon reducing the size of the very large primary conveyances 
which include a large proportion of closed conduit . These eloaed conduit 
reaches are necessary becauae the general alinem.ent is across the 
natural drainage syatem. During the year aaaistance was tendered the 
De.sign I):tvision tmrard an improvement in. practical app1ication of 
friction loss coefficients. A letter was dratted for dispatch by the 
Canals Branch to des.iguing agencies throughout th.e world . Inquiry 
was made regarding current design practice regP.rding fricti.on loss 
coefficients . The information acquired, which was considerable, ha.s not 
been .completely analyzed . These date will. be ,combined with those 
obtained from a search of the literattll'e. 'Jhis seareh, including some 
translation, has yielded additional knowledge on the subject during the 
past year and will be continued. 
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The data obtained from the field te-sts of the large siphons 
on Columbia :Basin Project have been analyzed and a report is being 
prepared; ffhe report will be completed in FY58 . 

At the time field pert'ol"l'Danee tests were made on the turbines 
in Eklutna Powerplant sufficient observations vere made of flow conditions 
through the pressure tunnel to permit calculation of friction factors . 
The derived data vill be processed during Ft58 . .It is hoped that this 
information may further the knowledge on the subject. 

CATEGORY 3 (Projects to be diseontinued) 

l . Hy4raulie Cbsracteristics of Vertical Stilling Wells 

A study of' vertic.al stilling wells originated from the 
problem of converting wateT flow of high energy eon.tent to one of 
low content , .aueh s unwatering certain structures 'Which contain 
water under high pressure , and supplying irrigation water :fran high 
pressure conduits to earth ditches . The investigation of three stilling 
well structures of> square croas section and the operation of two field 
structures have estsb.11shed the feasibility of the stilling well . 
Develop:nent of the project to thia point permits use of the principle 
in design considerations and the project will be discontinued. 

No work is aontemplated on this projeet du.ring Ft58 . 
However , vertical stilling well.a from which some infonnation bas 
already been obtained are available for a laboratory study. Area , 
depth, and shape of well for various dis.charges and entrance velocities 
may be obtained to establish design criteria . Tests at some future 
date should consist mainly of obtaining ,data :for the c.ircular-type 
well. 

6. €a"°itat..ion and Read Los.s .in Conduit and . Penstoek Branches 

!his. probl is an i!D.portant one bttt it will have to be 
postponed until 'Bome immediate need arises and time and personnel are 
availabl.e to pursue it . 

9. Ai:r Demand ot Gates and Valves in Con'd\iits 

This project has been deferred becaus.e of mo:re urgent work .• 



13. Determination of Minimum. Size Bi;erap for Channels 

A progress report, Hyd-409, has been published covering most. 
of th-e work performed on this project. Although :further data are needed 
this proJeet has been discontinued because of more urgent work. 

CATEGORY 4 (New projects) 

15. S ifieation Finishes a.nd Tolerances for Irre 
an ·Miaaline:ment~ 1n Conere ·e Surfaces Subject 
Velocity F:low 

rities 
to RiE 

Many Bureau spillway and outlet works structures have 
concr,ete aurf'aces over which water flows at high velocities. Certain 
in-egu.larities and miselinements., if permitted in the.se surt"aees, 
cause regions of low pressure 'Which will cause cavitation and 
cavitation-erosion when vapor pressure is reached. It is,therefore, 
i.ro.portant that o:ff'seta, bulges, grooves, joints, misal:1.nements. and other 
surface irregularities be eliminated or redt1Ced sufficiently to prevent 
the occurrence ot vapor pressure. 

The laek of infonnation ooneerning the cavitation tendencies 
of these various surface inegulsrities end the uncertainties. regarding 
the application of test data to predict the point of incipient 
cavitation for the prototype structures have resulted 1n the adoption 
of rather stringent speeifications regarding the construction finishes 
and tolerances for these fl.ow surfaces. 

The treatment of these surfaces to make them com.ply with 
these stringent specifications often proves quite e,ostly. Much of 
this extra cost could be eliminated by a relaxation of' the specifi­
cations. A thorough knowledge of the cavitation tendencies of the 
various irregularities is needed to ascertain whether or not a 
relaxation 1-8' po11sible . Th.is knowledge can be obtQined through 
hydraulic te&ts using f&eilitie& similar to thoae employed in a 
recent at~ eoncerning cavitation of roughened. concrete su:rfaees. 
Bepres.en'tative JQints, humps, offsets, depressions, etc.,. would be 
p,laeed in the teat apparatus where they would be subjected to hign 
velocities and low pressures.. Pres.sure and velocity conditions for 
ineipient cav1tat:Lon would be determined and the critical c,avitation 
index obtained. for each o'f several sizes of tbe various irregularities. 

~ project will extend over a period of posaibly 3 years 
depending upon the time available to pursue it. During FY58 it is 
proposed to seleet tor study one or two of the sbapea most eommonly 
en.countered in the field . 'rbese exploratory studieQ will 8:erve to 
guide the remainder of the program.. 
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16. s~ SJ!ilt!!l! 

Req~ta tor 1nt01'1Jllti<m neceaar, in tbe deaign ot aide 
apil1 p baw been rece1vec1 1D. the l.abonitaly 1'rQll the cleaiSl 
cUvtaioil penoclicalq :ror a r of J'ftl"ll• Althouah re 1e 
coa.ileftblAt 1Dfonatio.a availeble on tbe ~Ject I COJTe1*tUC ta 
la-cJd.Dg.. U. UIUlll ~ baa bets to •• t.be b6st UN ot tbe 
ate:rul "81.labl.At and CQQlete • 4ea1p Oi" to req all ~ulic 

la to reaol~ the ~te queatiou s,ertuent to the JJPJC1tic 
nl"UCtUN. 

!be lNr.POM <1l ii. •tad1 wou.14 be to 4ffelop l:eaie dea1gn 
data u'tiluing . n tmaqtic?al •P.PfQllcb am ~ulio 1JICJ4ele. 

1'tl1- •~ ahoulA 1- · i.Ml"ed in two 'IV¥ ~ 
aUQCltaW rta s (•) • n of tbe pu,meten 1.JXYolwd 1n the 
flaw ebaracteratica 1D the cbanru,l. ~ •14e Q1U.y 
am ill tbe •»Ulw;r ~ ( ~ of trtl'UCt\lre u ·rau-, 
wnwr4 a •i&t ap1U.y am Mrvee •• an el!IU atJ"UOt\11'9 to rei.ee 
ace•• flow• fl'Olll cat111le)1 and (b) •iaUar •~ of tbe h;'rdr9Ul1ca 
of• channel~ frQa tbe Apil1W117 With relation . the OVC."t1ow 
WU' (-W. type of ·~ 1a ll;J a a14- Oblm>el. •Pillwy 
and 1# DOl.'ll&llJ uae4 1n .ction Vitb ~in• flwJ t'l.cv -, :tel" 
tbe channel trca one or 'both ai! , or tran .cme or both • s 
en4). 

In regu4 to Fart. ( ) , ·&W1lable Wonat!ltion V1ll be extendet\ 
n4 nduce4 to• :tom :reitdil:( ua.ble by 4e i&U1Dg ~ • 

followa: (l.) an analpie vou14 be · ot au aYailable teoblucal 
11temtui-e on tho tUb.1.eC'tJ (2) «>r:relati(!D or ta~ obta1*14 
m tbe 3-bontQJy ¥OUl4 be atta;,tedJ and (3) etudiett VO\lld 11148 
on alatina bJ4J'aullc a>&tla to obtain a&Utirml aeceau17 mtormtim .. 

Dm'1n8 n,a, 1t u ~ to an ~ ot tile 
naUable ~t1clll oa. tiMJ Ject a.Q4 t.l"aUlato pm.1Det'lt torei · 
articlea.. &:1:19 eorrelatim ot tbe Ulflliblel tecbnicel. m!Ol'llllt1<.m 
vm al.so be ..-• tt a contaswl•ted. that • project d\ldf vUl 'bit 
llll4tJ ~ 1158 .. . e propoae4 aicte WU'• If tht• JIOClel beeclMa 
ava:Uable it couJ.4 be UMd. •• • fa<:1lity to ·start the labo:r'atory 
att.1IU • 



17. Air qui~t• for Tunnele, Control Devices I Si~ nd 
outlets 

D.ere 1s a need tor the deta'mination of the mechanics of 
the escape ot air absorbed. 1n water v:hen the ambient preasure is 
changed end for er1ter1a to determine the quantity ot air required. 
by ejector action to prevent the f0l'Dl8tion ot pressures conducive 
to cavitation or vibration. 

In the case ot siphons., for instance, the rel se of air 
entnined in the water by netural means to@.'etber with tbe larger 
volume resulting fran sgitation by pumps or energy...Mssipeting 
devices Will collect at a high point in the conduit preventing 
contin\led operation of the •ipbon or '1*ereaa1ng its CSJ>8city. Should 
the eccumule.t1on ot tbe air be sufficient to dveraely affect the 
ca_paci ty ot the ~ulic carrier, the obstruction in the form ot 
an air pocket can only be remo~ by mechanical means web. as n eir 
pump. With existing knowledge, the deaiso.er ia forced to est:iJlate 
the quantity of air to be relessed trca the now, . nd if it u 

ssumed that a vent or mec.banicel means ot removing the air is required, 
a aecond estiJmtte au.st be de to determine the size needed. Obviously., 
thee estimates must 'be on the side of safety resulting in a costly 
strueture. 

The other pb,ese o~ the problem at ing :fraa those des1gus 
neeea rily introducing air to prevent the :fonrulation ot exces ively 
low preesuree requirea a knowledge presently insufficient to evaluate 
the quantity ot rare,ied air in terms of the sise of duct connecting 
to the atmosphffe. A detennination of the data fraa a hydraulic 
model does not permit transference with certainty to the prototype 
etru.ctures beca.use or the int.roduation of unknown !'actors, aueh as 
the etrect of the incre sed velocity ot the ter Jet involved or 
the aotion of the rou.gh contour of the water stream cc::mpBred. to e smooth 
aur:race obtained in the laboratory. 

1lle pro-gram includes the laboratory in'leatigation to 
determine the beaie principles governing the rate of separation o-f 
air tram solution and the flo'W' o~ air in the rere1'ie4 state, the 
selection. of instrumentation tor laboratory and t1el.d i:le8surementa J 
and prototype obeervations to simplify and con~irm laboratory studies 
permitting an analysis usable by the deaigo. engineer~ It is proposed 
thet in n58 an invento17 o~ all intormation available on both phases 
or the proJect will be prepared. Prototype instllllations Will be 
reviewed. f'o:r possible sites tor field. study. '.lb.is aesemble.d intorma­
tion will .serve as a basis to better detine the problem and. f'um up a 
future program. 
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18. D.tschar ge Coefficients for Ra.dial Gates 

Radial ~tea are used extensively in irrigation systems 
for rate of flow and wt.er surface level eontrol. Normal and fiood 
release& free storage dams, and at diversion dams and regulation and 
con'trol ~ the eonve¥Snee systems,, are effected by the use of these 
sates. Intelligent end orderly operation of the sys,tems normally 
requires that the rate of flow passing the ~ted structures be known . 
1be need for accuracy of measurement is i.epend.ent upon conditions 
existing at the eite. 

The radial gate is used to close an opening in a 
&tl'l.lcture . Hence, the boundaries of the f1ow orifice are formed 
in :part by the structure and in part 'by the ePte . !he wide var.iety 
of shapes whieb the s'tructure ms:y assume , toabt her with the extensive 
choice of physical ·dimensions, ab.apes, and settings of the fY!te itself, 
combine to create an al.most inf'inite number of combinations which 
affect the rate of flow . Therefore , dete·rmination of diseba:rge coefficients 
through a structure utilizing radial gates for eontrol is not readily 
solvable by .analytical means. An empirieal solution is thus indicated . 

Needed informat ion includes the effect on the diseharge 
coefficient of : (1) the radius of curva.ture of the e,ate leaf; (2) 
the ratio of brea4'.th to height; {3) the relative position of the 
hinge pins; {4) the submergence both upstream and down3tream; {5) 
the profile of the bottom of the structure a.dj.aeent to the gate; 
( 6) the alinement of the sides or the structure (assuming that the 
structure has only one gate or that the ptes are aeparated by 
piera . If there are no separating piers between gates other 
questions ariee}; and (7) orientation of the structure with respeet to 
the approaching flow. 

A program including J.ibracy and hydraulic model researeh 
will develop adequate data to determine discharge coefficients for 
radial pt.es tor use in deaign and 1nitia,l operat.ion . 

'l!ei;;t.s on selected types o'f gates and structures could be 
conducted in the 4- foot-wide laborstory flume . The pemissible size 
of' model whieh r•:y be used in this fa.eili ty is considered adeqWite 
to alleviate sucb eritieism as has been directed toward some previous 
work on very smsll models. Unless the results o:f' the laboratory flume 
.wtudies eo indicate , · prototype observations are not considered 
nece8&ary to ~n initial solution. 

In ma, a review of the information available in the 
laboratory would be aanpleted . The January 22, 1951 memorandum on 
discharge capeeities of radial gates woul.d be revised . Preparatory work 
such as design and :fabrication of a large model would be started. 
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19. Crest and Transition Section for Morning-glory S;fillvaz 

It is, known that adjacent topography or structures exert 
a decided influence on the hydraulic action in the morning-glory 
spillway and transition which follows . One way in which a<J4scent land 
maues affect the spillway is to cause unequal operating heads on 
different se~ts of the crest. 

The height of' the crest above the surrounding berm is e 
factor which euters into selection of a deaign coefficient of discharge, 
and the width of the berm may veil be important, 'too. 

tt .is proposed, that a program be developed for the evaluation 
of the factors known to be important in design of morning-glory spillways. 
More particularly, it ia desired to an-ive at empirieal coefficients 
which will eru:tble the designer to allow f'or unsymmetrical approach and 
to adjust profiles t-0 operate at or above atmoepherie pressures . !he 
existing Trinity spilltray model ean probably be used during n58 for 
investigation of the effect. of unsymnetrical approaches . It is entiei• 
pated tbat as the work :progresses additional separate facilities Will 
be required~ 

The work done on the Trinity model 4uring FY58 will assist 
in determining the extent of a program, and a more accmrate estimate 
can then be made for tuture work . 
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SECTION vn .. NONDESIGN WORK 

General l:les.er1Ef:ion and Identification 

At the beginning of' ff57,- the various overhead jobs we~ 
regrouped and redefined in order that all changes not directly 
chargeable to project work can be collected under definite account&. 
To assist the reader in visualizing the types of ·vork ®vered in 
the nondesign bud.getJ brief descriptions of' the various budget items 
are given . 

.Al!llNISTBATION (Direct labor•-Reporting Branches only) 

0-3000-0-0 ... 1 Administration, miseellaneous, .incl.uding former 
Clerical and Stenographic 

** For General Administration, the number is primarily for 
use ot supervisor&. SUpervi8ors, however, ehould distribute 
their cbarges to the wrious jobs in their unit and use 
this number only on astdgnmenta entire].y unrelated to 
project and research work, such as preparation of job 
sheets, efficiency ratings, budgets, and estimates tor 
outside work for Which funds have not yet been advanced. 
Tb.is number is also for use of the secretaries when their 
work is so general that there is not enougb. time spent 
(l hou:r or 11Lore) on any one phas,e to justify a charge 
to a epe.eifie activity. When an hour or more is spent 
on a specific aetivity, the eharge should be to that 
activity. others my use this number when substituting 
for the secretary or when doing clerical work of a 
very general nature (tor example, filing accumulations 
of bulletins, technical journals, miaeellaneoua correspondence, 
etc.) that ean not properly be -eharged against ot :;work 
in the un.1 t. 

YDm 'mADilfG, co~,, A!fD :BEVIEW OF FlEU) A&l'IVITIES 
(Formerly A&ainistrative Services) 

0-5000-0-0-l Field Engineers Laboratory Training 

The preparation for and conducting of laboratory training 
programs for field engineers when such a program has been 
authorized. 



0-5000-0 -0-2 Construction Engineers Confere nce 

Planning of or participation in such conferences whe n 
authorized. 

0-5000-0 -0-3 Conferences with Bureau Personnel 

Time spent in discussing ge neral problems, not chargeable 
to specific project or r esearch numbers, with personnel 
from other branches, divisions, or offices of the Bureau. 
Most conferences are chargeable to project or research 
activity. 

0 -5000-0-0-4 Safety Engineering 

Safety inspection and construction of safety devices . 

MEETINGS, CONFERENCES, AND PANELS 

0-3002-0 -0 -1 Meeti ngs- -Civic , Professional, and Scientific 

** To thi s number shall be charged the time of an employee 
while attending, including travel to and from, a civic, 
professional or technical society meeting, such as ASTM, 
ASCE, etc., when the attendance is authorized by the 
Commissioner . (Preparation of papers to be presented 
at these mee ti ngs shall be charged to Preparation of 
Articles and Papers, 0-3003-0-0-6.) 

0-3002-0-0-2 Meet ings--Public and Private Groups 

Official attendance at a public meeting, such as Chamber 
of Commerce, League of Women Voters, study groups, etc . . 
Usually, the deciding factor between this and the previous 
number is whether Commissioner's approval must be obtained 
for travel involved. 

PUBLIC RELATIONS 

0-3003-0-0-1 Preparation and Display of Exhibits 

For use in preparation of displays for exhibit here in 
the Bureau for public information purposes; at colleges 
and universities for Engineers ' Day; or at technical 
conferences and conventionse 



0-3003-0-0-2 Domesti c Visitors 

** Time spent with visitors to the Laboratories, i ncluding 
represe~tatives of industry, seeking information or for 
discussion of special subjects not related t o a specific 
project or research activity. (Tours should be charged 
to 0-4000-0-0-24.) 

0-3003-0-0-3 Cooperation with Technical Societies 

General society correspondence, commi ttee correspondence, 
review and comments on technical papers prepared by other 
socie ty members. In general, cooperati ve test programs 
will be a logical part of our research acti vity. 

0-3003-0-0 -4 Foreign Visitors 

Conduc ting foreign visitors through t he laboratories and 
t ime spent-. in discussions wi th foreign visitors 1,1hen no 
funds have been provioed by the country represented. In 
most instances, foreign trainees and foreign observers 
have funds provided by the country represented and an 
appropriate job number in the "6195 " series will be 
made available. 

0 - 3003-0-0-5 Technical Information Services 

** Answeri ng requests from the general public, foreign or 
local, for technical i nformation when the exchange of 
corresponde nce is not directly related to an active 
foreign or Bureau project or research program. (This 
type of work ,ias charged to "Cooperation with the ~lie" 
number l ast year. ) 

0-3003-0-0-6 Preparation of Articles and Papers 

** For use in preparation of all articles and papers for 
publicati on in magazines and technical journals, and for 
presentation at society meetings and conventions. 

0-4000-0-0-24 Laboratory and Office Tours 

Conducting visitors on tours of the office and laboratory 
facilities, open houses, inspections, etc. 
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DATA AND DATA ANALYSIS 

0-300 11 -0-0-l Preparation, Mai ntenance, and CollectH;t,; Jf 
Data 

Preparation of monthly and annual reports on laboratory 
activities 1 review of technical literature or otherwise 
gathering statistical or technical data for general 
purposes and future reference . Comple ting laboratory 
reports of tests or mode l studie s of project work when 
production order for the specific project is closed and 
cannot be reopened. should be referred to Dudgeon for 
proper charging. 

STANDARD DESIGNS AND PROCEDURES 

0-3005-0-0-14 Preparation and Review of Standar d Specifications 

For preparation of standard guide paragraphs for Bureau 
use in future specifications , and review of Federal 
specifications . 

~ 

BUILDING ALTERATIONS 

A specific job number will be issued for each authorized 
alteration. 

MANUALS AND PUBLICATIONS 

0-3006-0-0-1 Concrete Manual 

0-3006-0-0-2 Engi neering Monographs 

0-3006-0-0-3 Earth Manual 

0-3006-0-0-4 Paint Manual 

0-3oq6-0-0-5 Manual on Measurement of Irrigation Water 

0-5001-0-0-1 Reclamation Instructions 

0-5001-0-0-5 Low Darns 



LABOH/\'T'('RY TNi/ES'T'IGNT'JONS 

0 -3007-0-0-1 Concrete 

0-3007-0 -0-2 Cement and Pozzolan 

0-3007-0-0--3 Earth 

0 -300'7 -0-0 -l~ Hydrauli<' 

0-3007-0-0-5 Structural 

0 -3007-0-0-6 Bituminous 

0-3007-0-0-7 Chemical and Radioi sotnpP s ( Specb. l. 'I'ec hni ques ) 

0-3007-0-0-8 Paint and Corrosion 

0-3007-0-0-9 Rock Foundations 

0-3007-0~0-10 Riprap 

0-3007-0-0-11 Evapora tion Control 

0-3007-0-0-12 Hungry Horse Test Cores 

0-3007-0-0-13 Weed. Control (Expanded cooperati ve program) 

REPAIRS, MAINTENANCE, AND INSTALLATION 

0-4002-0-0-1 Engineering Laboratorie s 

Repair, maintenance, and installation of Laboratory 
equipment. This number is primarily for the use of shop 
personnel. I t may be used by other branches, within t he 
allocations provided, in the maintenance of laboratory 
equipment whi ch requi res speci9-lized techniques. 

0-4002-0-0-2 Electric Load Analyzer 

0-4002-0-0-3 Photoelastic Laboratory 

0-4002-0-0- l~ Office Equipment 

0-4002-0-0-5 Auditoriwn Operation and Maintenance 

The three numbers ending in 2, 3, a nd L~ are for use by the 
laboratory shops. The l ast m1mber, A.udi tori um Operation 
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and Maintenance, is to be used only when the operation or 
maintenance has been requested by the Property Branch. 

1.... 

EQUIPMENT FABRICATION 

0-8900-

The "8900" series is used for fabrication orders which 
are required for fabrication of all nonexpendable property 
regardless of its purpose or disposition, and all expendable 
supplies except those for immediate use by the laboratories 
on existing, authorized jobs. Fabrication orders may be 
initiated by forwarding a request on Form ASD-810 to the 
Laboratory Services Branch, where a fabrication order will 
be prepared and routed through the proper channels for 
approval and assignment of a job number. 

SPECIAL STUDIES 

0-8o01-0-0-l Sedimentation Studies 

0-8oo8-0-0-l Weed Control Studies 

0-8o09-0-0-l Water Measurement Devices, Development and 
Standardization 

0-8o30-0-0-l Lower-cost Canal Lining Program 

LEAVE 

All special studies are charged as a direct charge in the 
same manner as project work. 

0-4100-0-0-1 Annual Leave 

0-4100-0-0-2 Sick Leave 

0-4100-0-0-3 Holiday Leave 

0-4100-0-0-4 Military Leave (not military furlough) 

' 
0-4100-0-0-5 Court Leave, Jury Duty 

0-4100-0-0-6 Administrative Leave 

0-4100-0-0-7 Civil Defense Leave 
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OUTSIDE AGENCIES 

Job numbers i.n t he ''6000" ser .i.es except "6195" and "6300" 
are used for work performed for other Government agencies, 
a.nd private .industry or i ndividuals, on a contract basis; 
in case of other Government agencies by transfer of funds 
on SF-l08o . There is a different job number for each 
contract or agreement. 

FOREIGN ACTIVITIES 

The "6195" and 11 6300 11 series are the project numbers 
assigned to work for fore ign countries, whether it is 
an engineering assignment, in-service trainee, or foreign 
observer. 'I'here are different account numbers for each 
category as well a.s for each country. 

PROJECT WORK 

An~, work performed in thP. la.boratory which is related to 
current Bureau projects should be charged to project job 
numbers. The direct labor charge may be divided among 
several projects in 1 day. Minimum charge is 1 hour, 
Timekeeping, cleanup, supervision and administration 
(except c1s noted under General Administration) are 
logically chargeable to the proj ect and research activities 
in progress within t he unit. 
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S~cial Activities 

1. . Staff Committee Activitl 

H. M. Martin 

H, M, Martin 

J. w. Ball 

C. W. Thomas 

Member, Incentive Awards Committee, 
Commissioner's Office, Denver 

Member; Chief Engineer's Committee 
on Professional Activities 

President, Denver Interior Credit 
Union 

Chairman, Water Measurement Committee 

2, Professional Activities of Hydraulic Laboratoq 
Staff Members 

Name 

Martin 

Ball 

Wagner 

Peterka 

:!,lei!!,b@rship 
in 

: Founder 
Society 

:Member, 
ASCE 

:Aaeooiate 
• member • 
: AS"!E 
; 

:Member, . ASCE . 
:Member, 

ASCE 

:Membership in 
:other Techni­
:cal Organize­
: tions 
:Member, Inter- : 

national 
Association 

Registered 
Professional 

Engineer .. 
State 

tor Hyd :Colorado 
: Research 

:United States . . 
Committee on: . large dams . 

:Reel.ams tion 
: · Technical 

Club 
:Reclamation . Technical :Colorado . 

Club 
:Reclamation . . 

Technical :Colorado 
Club 
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Other 

:Member, Exe 
Comm, Hyd 
Div, ASCE, 
for 5•yr term 
ending Oct '59 

:Reviewed one paper 
proposed for publi­
cation in ASCE 
in past year 

:Reviewed one paper 
for ASCE and comment, 
on several others 

:ASC'E Hydraulics 
Division: 
a. Member, Committe 

on Design 
: b, Member, Task 

Force on Cavita­
tion in Hyd 
Structures 

c. Chairman, "Task 
Force on Spill­
way and Crest 
Gates" 



:Membership :Membership in • Registered . . . 
in :Other Techni- .. Professional . 

Name . Founder :cal Organiza• . Engineer- Other . . . Soeieti tions ! State . . . 
Rhone :Associate ·• :Member, Hyd Division, . . Member, . \SCE Task Force • . . ASCE . nFriction Factors . . . : ui Lar~ Conduits" . 
Beichley :Associate :Reclamation . :Member, Civil . . Member, Technical :Colorado : Engineering Corps, . 

: ASCE Club ! Naval Reserve 
Simmons :Associa-ge • . . Member, . . ASCE : • 
Colgate :Associate :Member of Hyd Divisior . Member, ASCE Task Foree on . . ASCE . . 'tAerated Flow in . • . : OJ?en Cbarmels" . 
Thomas :Member, :Colorado :Member, ASCE Committee 

' ASCE . on the J. c. Steven1 . . 
: award 

:Inter• : 
national : . :Reviewed one :paper . 
Associa- . proposed for pub• . 
tion for . : lication by ASCE . 
Hyd . . . in past year . . . . Beseareh . . . 

: . . 
:United : . 

• 
States : . . 

: Committee: 
on Irrig•: 

: ation and: : 
Drainage .. . 

: 
:United : 

States 
: Committee: . . 

on Large 
Dams of . . 
the . : . 

: Inter-. national . 
Commis-sion . : . 
on large : 
Dams . . 
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:Mlmberah1p a&i&iihl:p in . t li~iii l 
; iD ;Other '?eclm1• l hotee•toml : 
• Pounder :eel Orpmu... : lngSXMter• : 
t Society : ticnt i State ; 
'ikiolm:liation: ' : : 
: Tecbn1eel s : : 
:Club ; ; s 
J : : ; 
:Pour State• : : : 
= Iffi•- ; : ; 
: tion : t : 
: Council S 1 l 

llcaiiiiiy :aiclulllition : 
: Meber, : !ecluucal : : 
: ASCI : Club : ; 

Dexter : :;662 ifei t :Cla•nort 'tor M • .... 

• ii'* IA 

r 

: : am Dev Unit: : dAtgree casrplet.edJ 
: : Ua1W : : aov workina on 
: i Stetea A:nrf : : theaia 
: : : : 
: aReclmnlltion : : 
: : 'l'e<tbnical : : 

• lrJJ . . 

cJunior 
t Naber. 
: ASCB . 
s 
: 
: 
• • 
: 
~ • 

:iicliiiliion 
t: '?echnical 
: Chm 
: 
; 

• • 
: 
• • 
• • 

: 
:Vlr.:a . 'Sil'IIUJ iii I 

• Div, Colol,lclo 
: •Gtion., A.SOI for 
: llll•t Yftl" s •acted 
: cbait"llln tor ct.:lllina 
: ,.er .. 
:ClaMW0.1'k tor a4ftnced 
: •P'" ecapltltej 

Sii.! . I . . I 
l .t!OY wqr!!g ·~ tl?f•1 
tl'Bld.nl m._. counea 

• • 
• • 
: 
i 
f 
i 
l 
JJ . bf • lti 

I : 
:Jlltional : 
s iet7 ot : 
t Profeoicmal, 
l !el!!!!!! : 
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:: at Un1ver•1t7 of 
t Colorado 
: 
I 
• • 
• • 
t 



·' ; f 

Name 

Kuemmich 

:Membership 
: in 

Founder 
Society 

:Membership in 
:other Techni• 
:cal Organize ­
: tions 
:Instrument 
: of 
: .America 

:Reclamation 
Technical 

: Club 
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Registered 
: Professional 

Engineer-
: State 

. . 

Other 



VI 
l..;J 

3. Pro:fes&ional Pspers-.. Presented DuriJ:!S F.!57 and in Preparation for eaning Year-­
;!!ldraulic Illboratory 

Author Meeting : Place 

Martin 

Title of Pa:per 

: "Glen ,Canyon !em" :Student Chapter :Tuscaloosa, 
: A.BCE., Univer.sity Alabama 

of Alabama · 
Ball :

0 Cavitation Character- :Fail Meeiing, :Denver 

(Co ... Authored 
with J. C 
Schuster) 

Ball 

istic:s of Gete Valves: ASME 
: and Globe Valves Used: 

as Flow Regulators : 
Under Heads Up to 
About 125 :Feet" . . . . 

:"Hydraulic Studies of a :IA.HR 
: Vertical Sha~ Intake: 
: to a Pressure Tunnel" : 

:"Hydraulic 'Design 
: Studies for a 
: Cylinder Gate at 
: Bottan ot Vertical 
: Sbaft11 

. . 
:ASCE. 

Peterka :'1The Hydrau.l.ie Besign. 
(Co,.Authored of Stilling Basins 

with and Associated 
Bradley} : Appurte-nancesn 

Peterka 
. • 
: tr Preparation of :ASEE 
: If$draulio laboratory : 
: Repartsff : 

/ 

p 

. . 

:Li•bon, 
PoDtugal 

. . 
:r 

:lthaea., 
New York . '. 

( ' ' 

• • Date • . Paper Published . . . . 
:?ebruary 14, :?:telcl Trip Report 

l.957 : attachment 

:September 
: 10-12, 
: 1956 

:July 31, 
1957 

- . . 
L 

:June 20, 
: 1957 

:To be publi&hed in 
: ASME Transactioll8, 

1957 

: 

: 
i'lo be published later 
: Proceedings of the 
: Congres 
: 
:-To be prepared for 

. ; . future meeting 

: 
:Seheduled for publication 
: in the AS.CE Tournal 

. • . . 

of Hydraulics 
Division 



Author 

Beicbley 
and 

Peterka 

Peterka 
and 

Beichley 

Simmons 

Colgate, 

Be.icb.ley 

. . Titl.e of Paper 

1" Bydra.ulic Dea.ign of 
: Solid and Slotted 
: Spillway Bucket•tt 

: "The Hydraulic Design 
: of Hollow-Jet Val:ve 
: Stilling Basin.&11 

: 

. . . . . . 
: 

: nBydraulio Downpu.ll. on : 
: Gates" 

. :"Cavitation Damage of 
: Roughened. Concrete 
: Surfaces" 
:

11overrlow Weirs" .. • 

Meeting : .. . . . . . 

• . 
: 

. • . 
• 

Place 
. . 
·• • . . . . 
. . . . 
: 

: 

O:lte l?aper Published 

:To be presented at a 
: future ASCE meeting 
: and for publication 

. . 
in Hyd Div Journal 

:To be presented at a 
: future ASCE meeting 

tor publication in 
: B'yd Div Journal 
:To be prepared for 

presentation at a 
: future ASCE meeting 
: for publication in 
: !!Yd Div Journal 

:Pittsburgh,. :October 19, . :Paper will be published 

. . 
Pennsylvania 1956 : in Hyd »iv Journal 

. • 
:To be prepared :for 

presentation at a 
future ASCE meeting 

: for publica.tion in 
: Hyd Div Journal 



Author i . ':itle of Paper 
tStruotur,es · end Methods: 
: for Meaauring 

. . . . 
: MeetiXlg : Pl.see 
:'l'hird Congreas, · :San 
: International : F:ranc.isao, 

: 
: Date 
:May 1957 

.: Irrigation Water : Commission on : California : 
:· lrrigation and : 

: 

:Camnon 'Erro;J;"B in 
: Measurement 0£ 
: Irrigation Water 

·• .. 

: Drainage .. . 
:Presen-ted in pa.rt :Deaver, 

.Irrigation and : Colorado 
: Dr•inage Con• -: 
: f'erenc:e-> Ir.rig-: 

ation and 
: Drainage 1>1.v, : 

ASCi 
: : 

:Veloeity, Scour and :Seventh Congress :Lisbon., 
: and Pressure Meaeure• : of the Inter- : Portugal 

ments from Three : national : 
: Models tst the Same : Association tor! 

Structure : Hydraulic : 
· : :. Research : 

:Water r.aaurement and 
: Con-trol. at the .Ferm 
: ffµrnout 

: : 
:Joint :meeting of :Denver, 
: the ilydraulies : Colorado 
: and Irrigation : 
: and .Drainage : 

! ·-------_____ : -_l)-1.v:i&1one' . .. 
.. . . . 

Col-0l'Sdo Section 
: AS.CE' . . 

. . 

.: 
:Tentatively 1Port.J.and,. 
: ached.Uled for : Ongon 
: ASCE Convention: 

:September 
: l.955 

:July 1957 

: 

: 

:September 
: 1956 

. . 
• . 
:June 1958 . . 
·: 

Pa;e;r Publiehed 
:Bound Pr~print& 
: Will be printed in 
: publ.ished Transaction& 
: of 'I'hird Congress 

:Aeeepted i'.or publ 1 cation 
: as ASCS 1eperate 
: April 1957 

d3ecanes part of Proceed• 
: ings of Seventh 

Congrees July 1957 

:Paper eom;pleted 
: Publication pending 
: f.inal program fo.r 
: Portland meeting . . 
. . . . . 
• •· 
! 



VI 
0\ 

Author 
Carlaon 

(Co-Author 
Enser} 

Schuster 

Co-Author 
J. w. Ball 

lk:Birney 

Glover, 
Themas, and 
Dexter 

! Title of Paper Meeting : Pl.ace 
:"Use of Steel Jettiea :Hydraulics • d1son, 
: for 1'3ank Protection : Divi,sion : ·· Wis.eonain 
: and Channelization in: Meeting ASCE : "-
: Bivers" : : 
:Penetration of a Jet :Course in Experi .. :Iows City, 
: into a Co:tmterflow : mental : low. 

Techniques State 
: Uni veraj, ty of 

lows 

. . 
:Bydra.ullcs Studies o.f a :Seventh C~ss :Lisbon, 
: Vertical Shaft Intake : of the Inter- : Portugal 

. : . to a Preaaure Tunnel : national 
: Aacsoc1at1on for: . . : tf;ydraulic 

Re_search 
:sane Experiments with 
1 Emergency Siphon 

:ASCE, .Annual. :New York 

: Spil.lwaya : 
:Anaqtical DeveloltJlerita: 
: and Applied Practices: 
: of· the Sslt Velocity :-
: Me,thod ('l'i tl.e : 
: Tentative Only) :. 

Meet.ing Hyarau- : 
lies Division : . 

~te 
:August 1956 

: Paper Published 

:Seven Exploratory 
: Studies in Hydfflulica 
: lal)er 1038. Journal 
: of the Hydraulics 
: Divis.ion of ASCE n4 
: August 1956 

:July 1957 :Becanes part of Proceed• 
: : in.gs of Seventh 
: : Congress July 1957 . . . . 
. . 
:October 19-57 : 

: 
:USGS has suggested. 

submission to ASCE 
: for publication 



4. S,J2E:cial Publications 

a. Films completed and available for showing: 

Title 

tanhee Dam Spillway Model 
Study 
900 feet o-r film; color; 
silent 

Yellowtail Dam Spillway and 
Outlet Work& Model Study 
1,050 feet of' film; color 
and blaek and white; silent 

Iovewell Dem Outlet Works and 
stilling Basin 
270 f:eet J color;. l.6 frames 
per second; silent 

Casitas Dam Spillway and 
Outlet Works 
310 feet; color; 16 tramea 
per second; ailent 

57 

Comments 

'!'his film shows the hydraulic tests _ 
to develop the spillway tor proto­
type construetion. About 200 feet 
o:f the film illustrates the method 
of eons,tructing ~aulic models , 
including the placing of topography 
in the mod.el and the fabrication 
of transparent plastic transitions 

This film includes eons.true1;1.on of 
the model; developnent of the spill~ 
way beginning vi th preliminary 
design; and the d.evelopne-nt of the 
outlet works 

Shows an oousual outlet istru.cture 
controlled by a high head radial 
gate . After leaving the jump type. 
stilling basin providecl. with a cover 
the flov enter& a bifuxeation with 
one leg leading to a wa&teway and 
the other leading to a measuring 
structW"e and oanal 

The film shows an unusually long 
and narrow earth dam spillway 
that narrowa from 50 feet to 25 feet. 
near the erest. The spillWly flow 
and outlet works both nter a 
jump type &:tilling basin . Of 
partieul.ar interest are studies 
showing sl.ug•like 'tlov on. the 
spillway at small discharge.a and 
its effect on the stilling basin 



b. Films in :progress 

(l) Vaquero Dam outlet Works. P'low in approach conduit 
and action in stilling basin 

(2) Trinity Dem Spillway. Approach and mo:rning .. glo:ey 
spillway 

(3) Anchor Dam Spillway. General study ot entire 
structure 

(4) Hollow-Jet Valve Stilling Basin. Illustrates 
typical limiting de1ign conditions which can be 
applied to any generalized stilling basin design 
of this type 

(5) Palo Verde Dam Spillway and Canal Headworks 

(6) Boysen »am Spillway and Outlet Works . 
Prototype film to study prototype performance and 
model conformance 

(7) Paonia Bam Spillway and outlet Works . 
Approach, chute, and stilling basin. outlet 
tunnel junction with spillway chute 

(8) vfu ... Sheh 1)am Spillway. Entrance, tunnel, flip 
bucket and river channel 

(9) Glen Canyon Dam Spillway. General overall 
study with particular emphasis on the entrances 

(10) Wave Studies. Prototype waves in canals 

(ll) General Sedimentation. Containing Woodston Diversion 
Dam model, Casa Coloraaa Channel model and prototype, 
and tractive force field measurements 

(12) Cavitation. Mostly high speed color photographs 
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to Region 4 Director ' s office tor presentation to the 
State of Utah; Copies 4, 5, and 6, ccmplete and being 
held in Denver pending formal presentation to the 
States ot Wyam.ing, Colorado, and New Mexico; Copies 
7, 8, and 9 almost complete , to be displayed at 
Glen Canyon and Fl arn1 ng Gorge Dam i tea and 1n the 
Denver office; opy 10 yet. t o be cast and painted will be 
used as a traveling exhibit by Region 4 . 
In addition to the above one other cow has been 
canpleted and one more he$ been authorized. The first 
of these is now in U4e by the Technical Information 
Brench in Denver ~s part of a portable display . The 
last is tQ be mPde at the request of the Division of 
Administrative Services in Denver. 

(2) "Small Business Procurement Clinic" exhibit in Building 
56, October 17 .. 18, 1956, Cooperated with t he Small 
Business Admin1$tration in space alloaation, planning, 
programing and installations for the displays and meetings. 

(3) Weir Demonstration 1'::>del , · -This workiug model was conditioned 
and shipped to Albuquerque for display at the New Mexico 
State J'air, Sep~ber 29 through Qetober 7, 1956. The 
request for this use ot the model was made by the 
Project Manager at Albuquerque, New Mexico . 

(4) Display Model at Hoover J)em . • -At tne request of the 
Director of Region 3, the leboratory mod.el InBker was 
sent to Boulder City on a. 4-week detail .(M,arch 11 
through April 5, 1957) to revise t he model in the 
exhibits building at Hoover Dam. Palo Verde Diversion 
Dam and the l)l'inoipal features of the Colorado River 
Storage Project were added . As t he model ie distorted 
and these features vere not anticipated in the original 
construction numeroue,modifications were necessary to 
make the additions possible . 

(5) Colorado-Big Thompson ProJect .Model . --Under the direction 
of' Region 7 this model was ~ted and shipped, on 
Ap~il 4, 1957, to loveland, Colorado, where it is now 
on display in the Loveland Museum. 

(6} California Relief.Hap . ~.-Aa authorized by letter 0£ 
April it, 1957, from the Dir ctor of Region 2, four 
rubber caets of the small California 1118P were made and 
shipped to Sacram nto . A plaster east or this model from 
t he 1893 Columbia Exposition was donated to ~nd restored. 
by this office sane years ago . A mold made at the time 
of restoration was used in complying with the above requ~fjt~ 

I, 



(7) Architectural Models in Buildine 53,--A requisition has 
been received from the Property Branch of this office to 
rehabilitate and paint 11 of the models now on display 
on the southwest mezzanine of Building 53. Due to the 
workload of previous commitments a start on this request 
is not anticipated much bef-0re the end of the calendar 
year of 1957. 

(8) Model Estimates.--In addition to the above work cost 
estimates were requested and furnished for the following: 

(a) A model of Region 1 for the Regional Project 
Develop:nent Engineer in Boise, Idaho, through 
the Director of Region 7 in Denver, August 1956 

(b) A large model of Colorado showing streams, canals, 
ditches, and irrigation districts for the State 
Game and Fish Department, August 1956 

(c) A typical Reclamation multipurpose project model 
for the Department of Commerce through the 
Technical Information Branch of this office, 
November 1956 

(d) Models of the Garrison Diversion Unit and the 
State of North Dakota for the Garrison 
Diversion Conservancy District through the 
Director of Region 6, January 1957 

(e) A finished copy of the Upper Colorado River 
Basin model for the Utah Water and Power Board, 
January 1957 

(f) Architectural Model of Glen Canyon Dam. The model 
would include the following features by phases: 
initial--powerhouae, adjacent parking and outlet 
valve house; second-~dam, spillway entrances and 
exits and surrounding topography; future--bridge 
and switchyard. area. The model without switchyard 
would be roughly 8 by 14 feet at a scale of 
1 11 :20' 
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'.ffyd.-422 

H:yd .. 425 

Hyd ... 426 

SECTION VIII - !ABORATOBY REPORTS,. PAPERS, 
PUBLICATIONS AB!> PIEW TRIP REPORTS 

ISSUED DURING Ft57 

Hydraulic Model Studies of Palo Verde l>iversion Dam 

Progress Report III--Researcb Study on Stilling Basins, 
Energy l>issipetors, and Associated Appurtenances 
Section 7, Slotted and Solid Buckets for High, Medium, 
and Low Dam Spillways 

Hydraulic Model Studies-·SerVice Spillway-... AJ.amogordo 
Dam Enlsrgement 

Hydraulic Flume Tests Using Bentonite to lteduee Seepage 

Hydraulic Model Studies o:f Vega Dem Outlet Works•-Collbran 
Project, Colorado 

Hydraulic Model Studies to Develop a Sediment Control 
Arrangement for Angostura Diversion, Middle lUo Grande 
h'ojeet, New Mexico 

Model Studies of Hydraulic Downpull :r·orces that Act on 
the Palisades-type Regulating Slide Gate, and on the 
Glendo Fi.xed-wheel Gate 

Flow Characteristics in a Pipeline Downstream £ran a 
Square-cornered Entrance 

Erosion Studies on Sandstone Through Which the Glen 
Canyon Pam Diversion Tunnels Will Pass••Glen Canyon 
Dam--Colorado River Storage Project 

Measurement of Effects on the Gorge Powerhouse and its 
Equip.o.ent and Tunnels During Blasting in the Adjacent 
Rock for the Department of Light1nf$•-C1ty of Seattle, 
Washington (Issued as Structural Research laboratory 
Report f3P .. 24) 

Hydraulic Model Studies of Stratified Flow over a Weir 

Erosion Studies on the Earth .Materials from the Site of 
the froposed Unlined Emergency Spillway at Po1a Dam, 
Washita Project, Oklah0t!I$ 

Hydraulic Model Studies of Robles Diversion Dam Spillway 
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Hyd-428 

Hyd-430 

Hyd-431 

Hyd-433 

Hyd-434 

Hyd-435 

Hyd-436 

Hyd-438 

PAP-87 

PAP- 88 

PAP-89 

PAP-90 

PAP-91 

PAP-92 

PAP-93 

Hydraulic Model Studies of Yanhee Dem Spillway 

Hydraulic Mod.el Studies--Wu-Sheh Dem Tunnel Spillway-­
Wu-Sheh Dem Project - -Taiwan, China 

Hydraulic Model Studies of Nimbus Dem Spillways-­
Folsom Unit- -Ameriean River Division--Central Valley 
Project, California 

Model-Prototype Conformance of Radial Gate Discharge 
Capacity- -Canyon Ferry Dem 

Design, Assembly, and Use of a Portable Vane Shear 
Tester 

Progress Report of Canal Erosion and Tractive Force 
Study--Lower-cost Canal Lining Program (issued a 
General Report 21) 

Hydraulic Mod.el Studies of Howard Prairie Dem Outlet 
Worke --Rogue River Basin Project, Oregon 

Hydraulic Mod.el Studiea of Anchor Dam (Earthfill) 
Tunnel Spillway and Outlet Works 

Model Studies of Clear Creek Power Conduit Surge 
- Tank--Trinity River Division--Central Valley Project 

Use of Steel Jetties for Bank Protection and Channelization 
in Rivers 

Cavitation Damage of Roughened Concrete Surfaces 

Camnon Errors in Measurement of I rrigation Weter 
' 

Model Studies--Clear Creek Power Conduit Surge 
Tank--Trinity River Division--Central Valley Project 

Cavitation Characteristics of Gate Valves and Globe 
Valves Used as Flow Regulators Under Heads Up to 
About 125 Feet 

Velocity Scour and Pressure Measurements from Three 
Models of the Same Structure 

Hydraulic Studies of' a Vertical Shaft Intake to a 
Pressure Tunnel 
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PAP-81 

PAP•94 

PAP-95 

FTR 

FTR 

Results of Tests to Determine the Merits of Constructing 
Baffle Piers With the Upstream Face Vertical and Normal 
to the Sloping Floor of a Baffled Chute 

The Preparation of Hydraulic Laboratory Reports 

"Deflection Meter11 International Boundary and Water 
Commi ion 

Field Trip to South Platte Supply Canal to Obtain Data 
on Canal Erosion snd Tractive Force Study--Lower-cost 
Canal Lining Program--July 30, 1956 

Performance of Outlet Works and Spillwey--Boysen Dam-­
Boysen Unit--Missouri River Basin Project--August 11 1956 

Trip to Colorado A&M College , Fort Collins , to Discuss 
With Dr. M. L. Albertson and Professor D. B. Simons 6ta 
and the Proposed Report on Tractive Force and Hydraulie 
Data Obtained on USBR and Other Canals- ... July 26, 1956 

Obtaining Hydraulic Deta for Erosion and Tractive Force 
Study ot Unlined and Earthlined Canals--Region 7--wwer­
cost Canal Lining Program--September 6, 1956 

Obtaining Hydraulic Data for Erosion and 'l'raetive Force 
Study of Unlined and Earthlined Canals .. -Region 2- ­
Lower-cost Canal Lining Program--September 10, 1956 

Attendance at Hydraulic Division Meeting--American Society 
of C'ivil Engineers in Madison, Wisconsin- .. Au.gu.st 22 .. 24, 
1956 . 

Selection of Field Sites and Obtain Soil Samples for Canal 
Erosion and Tractive l"orc Study- -Eden Project, Region 4 ...... 
Lower-cost Canal Lining Program--Oetober 17, 1956 

Seepage Meaeurement for Bentonite Sediment Lining 
Evaluation-•lDWer-cost Canal Lining Program--Lateral 7.2-­
Angostura Un.it--Missouri River Ba.sin Project•-November 5, 
1956 

College Contact Program-•November 6, 1956 

Friction Loss Tests--Weber Branch and Weber Coulee 
Siphons--East ww Cana.1--Columbia Basin Project- ­
November 16, 1956 
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FTR 

FTR 

Seepsge Tests--Lateral 1, Interstate Canal--North 
Platte Project--Lower-cost Canal Lining Program-­
November 26, 1956 

Selection of Field Sites and Obtaining Soil Samples 
on Canal Erosion and Tractive Force Study--Paonia 
Project, Region 4, and Minidoka, Yakima, and Columbia 
Basin Projects, Region l•-Lower-cost Canal Lining 
Program .. -Janua.ry 21, 1957 

Attendance at the Annual Convention of the American 
Society of Civil Engineers in Pittsburgh, Pennsylvania-­
oetober 15-20, 1956 

Selection of Field Sites for Canal Erosion and Tractive 
Foree Study--Tuoumcari and w. c. Austin Projects, 
Region 5••February 12, 1957 

Attendance at the American Soci ty of Civil Engineers 
Convention--Jackson, Missisaippi--February 18-21, 1957 

Trip to Hoover Dam Relative to Addition of the Upper 
Colorado River Basin Features and Palo Verde Dem to 
the Display Model--April 10, 1957 

Seismic Field Studies to Determine the Modulus of Elasticity 
of Foundation Rock at the Olen Canyon Dam Site--Colorado 
River Storage Projee5•-Glen Canyon Unit, Arizona--
April 10, 1957 
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SECTION IX - PERSONNEL 

Total 
Permanent Annual Temporary Milita;cy On 

Date EmElorees Salaries EmElozees furlongb. Trainee Detail 

l-l-51 47 $211,885 1 6 
1-1-52 41 219,035 2 1 l 
1-1-53 39 219,445 1 l .... 
1-1-54 30 178,145 l 3 
7.1 ... 54 25 162,170 1 2 
7-1-55 21 127,000 2 _.,. .... 
7 .. 1 .. 56 20 134,595 *l 2 3+ ·-6 ... 30 .. 57 22 153,735 1 **O 3+ 1 

*90-day appointment of Henry A. Babcock . 
**Reinhart resigned; Norman dropped from military furlough status . 

-tEngineering stud • working for the summer . 

During the year, tw,: additions were aade to the staff: 
W, W. Sayre , li¥'draulic Engineer GS-7 (promoted to os ... 9) and Russell A. 
Dodge , J'X',, Hydraulic Engineer GS-7 (promoted to cs ... 9). James A. 
Liggett GS-7 was transferred from Klamath Project but plan; on ret urning 
to Stanford University in September to pursue a doctorate degree in 
civil engineering . 

Paul Marquardt 
Glen Logan 
T. E. Backstrom 

Micha.el B. West 
Donald W. Hapke 
Richard w: Kramer 

Hen:ry Babcock 
Donald G. Leitch 
Marvin Bogema 

Summer f;rainees 
1956 

Engineering Aid GS-4 
Engineering Aid GS-4 
.Engineering Trainee GS-3 

1957 

Engineering Tra.inee GS•4 
Engineering Trainee GS-4 
Engineering Trainee GS-4 

un1veraity Faculty 

Hydraulic Engineer QS .. 9 
Hydraulic Engineer GS-7 
Hydraulic Engineer GS-ll 

66 

(CU) 
(OU) 
(CSM) 

(MIT) 
(cru) 
(tehigh) 

Summer of 1956 
Summer of 1957 
Summer of 1957 



Rotation Engineers 

The following rotation engineers received 3 months 
experience and training in the Hydraulic laboratory during FY57: 

uiwell Hoy 
N. E. Taylor 
Phillip Tryon 
W. w. Sayre 
A.H. Mueller 
lsao Kuge 
W. R. Stoneman 
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William G. Allen 
Richard Sager 
William A. Lidster 
Richard P . iotelly 
Herbert Weinfeld 
Dal.Tell W. Webber 



8ECTlON X • TIME DISTRIBUTION BY CIASSIFICATION 
OF WORK - SU1+1ARY FOB ft57 

This section consists of three pa.:rts, as follovs: 

a . Percentage o.f .Labor Distribution for FY57 
(July l, 1956 to June 30, 1957) 

b . Labor and Leave Expenditures-.. ft5&,. ... Hydl'aulic 
Laboratory Branch, by :feature and job number 

e. Engineering laboratories Division Time 
Distribution Record for fiscal year lfith List 
of Accumulated Shelved Work Items 
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El-1 
(8 - 56) 
Bur e au of Reclama ti on 

ENGINEERING LABORATORIES DIVISION 

!Division 
Feature Office Cone. Chem Hvdr. Earth Services 

Admin. Engineering \:Li: " 
,. ' 

:.,c .. Y, .. tJ 

Admin, Services .b .;..) • - l.. !> 

Mtgs., Conv. & Conf. ..... , • ' . l .. ! . o., 

Public Relations .;;.·::;, • . . ' .... ..; 

Da t a & Data Analysis 4 . , j .. • ~· 
Std. Designs & Proced. ... • . • .. ... 

M a nua ls & Publications .. .. . - ... 

General Studies • • h:i I,.. • ' l ~ 

R epairs & Maintenance 
.. _ 

• . . ., • ~, 
Fabrica-i ion Orders .. ... .... ..... .. .. .. 

Special S udies • . . I• -• • ·-
Proje cts '.} .5 , • ... 1, • . " 
Outs ide Agencies • • • •) " • 

-
F oreign A c tivitie s ,. • • • 

,._ .. .. .. ... .. 
Offi ce & Lab. Alteration 

.. ... 
• • . ... 

Leave i s distributed to all items . 

l n rc 1 u,1· - Hi·cl:1tn .,iio11 ·· [)~nv,·· r, C'n l t1. 

Division Rate of 
i\.ctual Bude-et E xnend . 

; , ·" l , U 

• l .i ,. ) 

. •• I . 
.... J .. , , .. .... 

• . •l • 

• .1 .r .c 
. .. • -. > 

~. , .. • 

._ .; 

. • . 

. . • 

• • • 

• • 

. .. 
. • 
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EL-2 (Page 1) 
Rev. 7-56 

Feature 

Administrative Engineering 
Gen. Admin., Clerical & Steno. 

1 

Administrative Services 
Field Engr. I.ab. 'fraining 
Safety 

Mtgs ., Conv., Conf., & Panels 
Mtgs.--Civic, Prof. & Scientific 
Mtgs.--Public & Private Groups 
Constr. Engineers Conference 
Conf. Bureau Personnel 

Public Relations 
Prep. & Display of Exhibits 
Domestic Visitors 
Coop. with Tech. Societies 
Foreign Visitors 
Technical Information Service 
Prep. of Articles & Papers 
Laboratory & Office Tours 

Data and Data Analysis 
Prep. Maint. & Collect. Data 

Standard Designs & Procedures 
Prep. & Review of Std. Specs. 

~epa irs! Maintenance & Install. 
Engineering !Bboratories 
Elec. Load Analyzer 
Photoelastic lBboratory 
Office Equipment 
Auditorium, Operation & Maint . 

Offj_ce & Laboratory Altera ttons 

,Job 
Number 

0 - )000 -0-0-1 
,., 

-
0-~000-0-0-1 

_), 

O-W0 ::> -0-0-l 
- 2 

0-'JOOO-O-U<) 
- ~ 

-.J 
0-3005-0-0-1 

- '5 
_Ji 

- '-> 
-6 

O-l1000-0-0-2lr 

0-30011-0-0-l 

0-4002-0-0-1 
- 2 
- 3 
_L1. 

-5 

0-4003-0-0-

L:Juor & Leave % spent in Rate of ~-=-:....c:..=-=--=--=--=---.:.....:..-l 
Annual ·Expended of t:i.me Expendi-1---"'-_.____,_,_ ___ _ 

Bud.get to date Branch Division ture 

f----c---=-"--!-c-,;~..;=..,,,.....,,,.;.a,,1----+------+-------4 
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Feature 

Manuals and Publications 
Concre\e .Manual 
Engineering Monographs 
Enrth .Manual · 
Paint .Manual 
Measurement of Irrigation Water 
Reclamation Instructions 
Low Dams 

General Investigations 
. Concrete 
Cement & Pozzolan 
Earth 
Hydraulic 
Structural Materials 
Bituminous 
Chemical & Radioisotopes 
Paint & Corrosion 
Foundation 
Riprap 
Monomolecular--Surface Film 
Hungry Horse Test Cores 
Weed Control--Expanded Program 

Fabrication Orders 

Special Studies 
Sedimentation 
Weed Control 
Water Meas,. Devices 
1.c.c.1. 

Project Work 

Outside Agencies 

Foreign Activities 

• • • 

Job 
Nwnbc r 

O-WOo-0-0-1 
-2 
-3 
-l+ 

-5 
0-5001-0-0-l 

-5 

0-3007--0-0-1 
- 2 
- ) 
-l+ 
-') 

-6 
-7 
-C) 

-9 
-10 
-11 
-12 

Cost Center - -------'-=-""""-------­

I),J te of this report __ _,__-=-"------

L'.l uor & Leave % spent in Rate of 
Annuu.L f~xpended . % of time Expendi-
Budget to date Branch Division ture 

----- -------+------+-------<-------1 

----- -----+-------+-------<,------

-13>-----.,~-~--+r~---+-,-~---t-----+----+--~~ 

0-8900-

0-8ool-O-O-l 
0-8o08-0-0-l 
0-8009-0-0-1 
0-8o30-0-0-l 



IL-4 
.,,. 16) 
et.HtlAU o,r JtlCLAll&ftO. 

DIVISION OF ENGINEERING LABORATORIES 
TIME DISTRIBUTION RECORD 

BRANCtL-- - ---- - ______ lfyg.nt..J.\J,_i_c_ -~b_Q.~¥?.~------ -------1 SH EEL~- _OF --~-
Fiscal Year 1957 sEcr,oN ______ ___ _____ · ____________ ________ ____ ... __ ___ __ ____ oATEc...a.R,.:c.r-J~Flisi-

REF. 
NO. 

JOB 
NUMBER REMARKS 

c--- 0 -3000-0-0-:_l __ c..Administrative Tlabor only} -----+---+-'°'.,~:..",'-+ //3 _ _ _____ _____ _ 

0- ,000-0-0-1 Clerical & Steno=anhic --1---11--- ii - -+--+--'°=-='t',..__+-<fl.._'I<.f-~---1----,- - -+-~----4----·t------··----- · _ 
.._ ___ +:o:..,.:,..,<=1000:-=-_"'o--o=--c-2~--Ps"'t"'ud~e:.::n~t~e~np:r~~t~ra=i:.!nc::.~=nr1:.::0_1t ____ -+- --'--_,_-::_-::__·-__ -_+--+-,,"'<.&..17.,+---+-''L!:s--,o+----f----+-- +--+---1---1f--- -----·-· ·--:---
1---~~0=--~'c'OOO:.=..:::O-O-l Rotatee Trainina Pro=am ·- -- J,17!.. .n'J - ---l---+---J-----------------­

i 

'---- +~n~3002-0-0-2 ==. ~::~:. ~~"~ r:~:at~~~---L--- ~ ~-=~l-~£ _'"-~a, _ - ---+-1------_-_-_,1-__ -_..._~-=- =J __ 1 _____ --_-_-_ -_-_-=---- ---~ 
ln-,ocn~ - t>..-- .. il~sn n9 ov'hibits -- ~~ -~ 1~-1 .:: 

l---4-0Q.-::_:, ,~OOt.3.=.,-0Q.-::lO;!_;-:Z_?_+t"l.2Dl"-~n+t.;•~-;_Y1.vi,tljd' +m"~:§.::;0
- -:_:-TLJ:'nlf_1'~Ren;wst,JLs __ +--t--+---t--t---:;~r--f~;:r---i--+--t--t-:--- _l;..__--1------------t 

l --..l.10~-~·~ooli::•-~O~-QO~-i_,_--l-Cr~oo?.Ql•n~w~·•,.Yl+k~T~o~.:.n_'h~-g·~~·~-~·~·a--~---l--+--+i'__ Qg!.. ,.,b~ --+---..;__----!~----------~ 
() .. ' I ~/~ ~ ;, I I - ,nn,_.Q±L_ Eoreign visitors (unas~~'----L---~- l-----f-1--+""": ,,,.~.:!.~--j-P

7
:"~..,----+---t-- -+--- ------r---~-----

0- •00•-0-0-"i 'l'P~h Tn1' C!o~,--rn-..~os. ' I II -------r- '7".>!,. 7~ I --~----------! 
n_ ".>fV)'l-0-0-6 t:>..-- --+. -, .. _ J!. -----a --- - ---+---'-----I-~----+..L..~-l--1..L~----+----!------+--- l---:---·---- - ------ _.:__ 

:n_ .,""• -0-0-Q -- 0--1--~+•n- - , ..... -1 ...... C!+--- i /::J..! 

__ · ___ :___ 

._ __ --->..;n><.:-.JOQ4-0-0-l __ [jl"IAL!!l],T&._.AJLR."ll.l'ni:.:,t-1&._.A._ll_WA __ ,,,. 
11 

v:JJ:L.ada..;l "L...- ------~+---H4r_-·--l---f-----+---+----+---L ---1----+H-!y_d __ ~;li~l~6-is_s_u_e~d-----i 
I _?i.~°i.Lll---__'.'."-'------J--=-:..:-J ••J. ''.!!.Ill -~!mio.....!-:nJ-· '.lll~ID!::11:1; __ - -~ 
~ Hyd.::1i°02 in Dunlicatina ?711 " ·" 1.1 - - - .• 

-- . -'"'o.!. J-::V. L __ j_ _______ j___~'l'nj;,_t-.a.nl:la:L!O:l,;-:.;">3Q!;fV'\!!t._1
• ________ -+-~--,--_:___~-t--r,,:2Q..:T __ -f~+----r--t--t---t---t---j'------------. 

1----!--i--'--t'---+--~---~--+----~----------------­-· - -o-_ ,-""-"::°ci __ -o--·.-,---- l-"'----.•-.. -"-c,·-•.. --~------~.,- ----.-,-"-" -- ---. - · - :- ---+-===i~'---l __ j..L-'.L--1-1 ---4--~-1----1----+---~--..-.----+---+----
'--· n _ ".>(V'\" -n-n_, 4 T>--- 11. ~ .. u RtA-.. "~-a '/ I t L '---- --1----_J-+-+--- , 
1-----1~-------~------------------'----..__ _:__ , '-+--:--r--+---+- I ·-.-l.---i----1------------~ 

()_ •rY1h-0-0-? "'--•----' -- ·-'-- • I / / 

,J. 

L _ _jlJ0~-:.:33i:oo6~1.:-~0~-Q0~-2__c;_~W~a~t&,rPr:_~-M"S!.ID!:lllltll1.._.1!!!1 mD.m1-"11tD·.L , ___ ---{---- l-~--+:' --!---,Ill{_~_'.'. -1'_:+---+-"L'=!+--+- -t--+--t---t--·- -l-- ---- - - -----l 

1--~~-------1-----------------""7- .-~ .. - : _ : "''-o; 
~ o-,007-0-0-4 Hydraulic research, geo --------, -r-·--J.L.(,,2£::i___1--.-1---+----+----+-
L 22.L~ " --Frict-.inn loss tests, lara .. ___ ., ' - -,--t----+--~. 1-----+---1-~----1-----+---f---

1 240 " .v .. ~1-•--1 -+n1•-- --~11" i I ~~. 

Hvd-42<; issued 
~rans t o Assign. N~ 

__£21 .. 
•l• " 
,oci .. 
??, .. 

-- . I r.1] I ±= --1----~! ---!----------- ·-218 " --Jump & energy dissipators · l i j ,lj..::..._ +--- +--
202 .. --Hi,....,..,,... Di'7os =t I -1---+- _ _L _ _ -----+-- ---+ -- --1--- -------- -----1 
2c;6 " --Outlet works stn1•na '--a•-D . -;~ I ~ : .,<7~ r I I 
210 " --Siphon spill.ways ------ ---+--- · '1;;-.i.- · · 
?20 " .C!m<>ll ----1 ,,· i ~ /,, I -' i , 

,10 " ::Fri~t-.<n- factors, lge cond!.u.t.__ l ~iJ'# · -?/!. Y.< · : 1-Jf,r-L 
--Pin,,line dist sys. cavitati~- 1 17 n,r- I /4'-'I '7/ -----4-----+--1---t--+-:------------; 

__ iH <Y'h ._ __ .. L - I ., r- / Y!!i · 

~:~~======~====---_-_-Jt-:.:--;;-:C·"'-~"tnli",1J.!"'1.'t-t..J.R.L.J-.ie.i--lli-~·~~-1r:....nz:a.o.cJtlJ-a:.:-.__-+---,---i'l----+---t--,1--=o-.,t-- -· 
__ ,..ouif-.----- --••-h a ,,..,.,, 

F.T,R. issued 

101 .. --Downpull forces on gates 1 / 

222 .. - -Air demand <>AT.P .. yn,.. • n ___ .. ' i I 0 I I 

2c;c; .. 
2c;c; .. 
22c; " 

_..,t:J 
' L ·- ~ 

$~ 

--f"AVi t-1'roo aa+o S 1 ~+~ ___ ~ _:_-_j '...:IJ'f.{l_j__-4--_+s:z!:~--l---+--+---1--+--+--+--t--------
--Wide offsPt slots ·f'l!M:__:f'rameIT!:!,!R!iL..µ""'u:.7+' --'~- ~--1---+~~-+--~--

--T--,+-··---· D-- Hvrl ilA+<> I 
NOTES: L,:..;;;...;.-=-c..._ _____________________ .:__J_ __________________________ --j 

r 

Interior - Reclam:ition - Denver , Colo. 
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IUR!AU OF IIECLAMA TION 

DIVISION OF ENGINEERING LABORATORIES 
TIME DISTRIBUTION RECORD 

BRANCH... __ ____ ___ ____ Hydraulic_ Laboratory ___ ________ __ _ SHEET_ .. _~ OJ'.' __ 5_ 
Fiscal Year 1257 

DATB,O,b. June 3Q, 1257 

REF. 
NO. 

JOB 
NUMBER 

SECTION _____ _____ _______ __ __ ________ ___ _ - .. --- --------- - -

-- I TIME IN MAN OAYS-+ooo-ANO HOURS DURATION 
PROJECT --- :..___f1SCAl YEAR 19c;7 TOTAL JOB MONTH/ YEAR 

--- FEATUR"' c:; OP BAL. L,.HIS ITOTAL Al.LOCATION BAL. I TO ! ESTIMAT~ START ESTM. 
---- .~ •· FWD. IMONTII; ORIG. REV. FWD . . DATE iORIG. REV. END 

MftMTH YEA-ri 

REMARKS 

0-3007- 0-0-4 Hydraulic research, con't ---- --+--~ ~- _]__ 1 -;;-t---J- ____ L _I ___ --·r __ _ ___ _ 
-wr· ~--------- ·-·----+---_-Baffled apron, Energy Dis ---1-- T I ~..31 _____ ) __ r -+---- ----- -__ --------· 
-·25i-e- " --Cone Pipe exit--Canal di~_~s __ L,2_ -2~ --J---j ~~'-----+--+----/--- __ -!---- - -- -- --------~ -
~- -HYDRAULIC RESEAR'H ~7-0-0-4) Totals _____ _____ -4 _ _ _J__JS7_1i__ ~ __ ---+- ---- ____ ; ___ _____ _ 

1 1 r- , i 1 - - -- - - -------· 

0-3007-0-0-7 Radioisotopes . ----------- --.~--~4---/ I / i ------- j---+--
.... ~---=--=--_ ... _-o--=300---'7-0-0-ll Evanoration Control .. ----- - ---~~ -- --- ---f-- -f -~-...2... ~--~--'- - . --- ---- · -~-1~--=-~-~- -~-~-- ---=-

Can:,..~ 0 -4000-0-0-2• r.oon with nubli" ------ _ . - -j--- r- , ,i~- - ----;--- - - --------- - -
0-4000-0-0-24 Of'f'i"" R. f,.b tm•-~ :~ ! Jo ~q 

1 
--

0-40~0-0-l Ro>m•- R. MR.4 - ,,J j 1W__::__ _£.2 · r- · ----t--+------------1 
--~~ _/ _____ ._ I i «~r .:l/ -- ·---+--o-4002-0-0-s Blna .,,., A,,,H+~-•um. ex;pense ' -- 1 --+-----------·-

j ;, 
-·--if--0- ---4-l-N\-_()-_-,()-_-,--f--,-"-"-"n.-l-la-nu_a__ I i l-5".u""' I ----+---1----- -- -

0-4100-0-0-2 8if'W- lo>AVP ----ae---l-
1 -+-_-,·-$! ,II_/-:;~ +-t -1-- ---i-----<f-----------=--=~-

0-4100-0-0-4 Mi 1 itary leave I -.,c.f' 1 ! _ ___. _______ _ 
r-- 0-4100-0-~ Court ~[YV_!;:e ____________ +-;· --t---- - ' ,1,/ -~=-=--,--r'----
1---i-~0.=-4~1~00~. ~-~0~-y0_~-6g__+8AmD.nmi~nlllii~il·~.I:a~~-J.YJ,~-~,~-:a,y-".!L_a ______ ___j__ L..__..2 __ ::J ___ "_ ---+-----+~~ 
1---l-.!:10.=-4~lg00,>Q:-;b0!;:-Q0.=-7L_J_.Q.r'i vy·i1.1una~P~an~o,p,:_ __________ +-i' - +--1----+--+--"/'--+l-+--t---1''----t-i--+'--11---+--+-----------
1---+--------+-------- --------·~-~-----+--+--~--+----f--· --+----,- ---- -·~----- !-----1------·------------

0-S000-0-0.=-3-<_J_MMttgia,s~-,._j"'!Y,r·-:e11,;--"1,LJ~~IIW,a·1.1._ _____ ~ 1 - +-----lf--~--j----f-,L-L-==t---f"!"....Lt-----+----+----+---l----+---~----------l 
' - ---+--+---+. - -----+---+------------

0 -6202-0-l,-? .,_ .. __ , n lo '1'ao+i -- "--•• -ea.._ ___ __,.l_-<,r-·-+--L: --J--+LL~--+--+----l---+-
0-~?07 -0-?-1 n.,---·· nf' ~-~---1 c,.,-~1,, ""' 

I 

'7 9..._ ..,,.,., -

I 
,~ -i 
t?f I 

d 3 ---
?"~ /~ 

' 

--
280 

0-6217-00-02-0S "'•- of' r~nn Man,,_ .. a,cg.,.e .. me..,n.._t.._ ______ .----+- ------+-
1 _.....,,.....,..._~-+-- - --+----<~--- ---11----+---+-----------

0UTS Tnli' A ( t:'>IVl_t:I N\ \ TQ,lJUr.aJl.JaSi__ _ __ -"-----.;......--+-+-·--+----l--1JC!C_+----ll-'--'c.+--+---l!----+----t---l---l---------------

~--+-0--6-l-.Q-S-.--0---22----l--+-li',o--a-1----.. -__ -,_-__ -_-------·------+-~ _ _:-~~---!.---+-"/"'"_?,__~=+----!---+ -->----+--+-__ -----· __ -------------
0-61Q<;-0-2'!-l 'C'~-a4 = • ·+ j • f" t 

1---+~0.=-6~1,!,.;0~CC-'.-"0~-'-l...17<.=-l=--t_.,,v~--T"~, n _v __ _: _ _ ..... _,. I ___ ,_ _ ___,_l_,/'-'',/J"--'-~--1----+-- ----+----+- ---+---+---- --------------
0-61Q'i-20-7-l Tnnin--R, M • . Tnhnann --4--+--+------4---+-L/_~ ~-- t--- ----------- -------1 

0-61QS-20-0-l "~" "'•"i,, C:,a..-ui"ao /- ! ---1---+---+'---+---+----I-· ------
c====r~0-.=--6R,li,:QQ:.c;·-:.i;2.Q8!.=-~014,_-::!0L,i....t.110.;i.•11!!." 0 "111,!_"J.n...!WlmL.JJ!I ( RPwt;V1u-:lL·.Q:L _..,_i;:i:.--•u+;.i:-:.LL-•lJ...1.-\ __ j----f-+----j----!c...L /~.:2~~I---c.fL/..1.-,,-----/I--+--+-- -- I 0-6,01-0-1-• • ___ .. __ ,._" ~-•---- ,.LLI ~ I 1 -+-----<- __ _,__ _________ _ 

284 Hvd-429 bein~ reviewed 
/ Hvd-4,2 beina reviewed 

0~6,01-oc;-07-01 ... ·--·---·-··-'--- n,,._,, ___ .... _ ,, __ ... <2 

,17 " ·- ~-----...,~ T"+-1r- v,,:, /'1L -,o!! -act 

285 0-6,0S-01-01-02 ..,.,,._, Rtudv VA_.., __ --0'··-·· 1'11~ /:_~ /d4' Hvd-428 in Dunlicat~-

,___-+-0~--6~;1~Q05-0-2~2;__µ'Yl..!YlanHl'1£ee5LJ+d·-~·~"....,"...,....._0 _________ -+-+---!---:------l---t-~7:i~~-:+---+:;;=1l--+--1--+---I----+--+--~---------'--~ 
26 'I 0-1'>~7-01~011,,:-~()?~lu.&'..W ""'••.1:,g,,ai,,..!Jt)d~L~el..!S~t~u!!:!.tdv _______ ..1----l--l;dl:l ~,;oL--...L.-W"'L!"~-,...J.£?,.~~:...L--.l----1.---L_--1 __ _L _ _J.!!,HVl!•d!;-:.!;·4~, '!~O_i!;.!S~s~u~e!;!.d ___ _J 

NOTf;S: . 

Jntertor - Reclamation - Denver. Colo. 



P A&OI.AIIA TICHI 

01v1s·10N OF · ENGINEERING LABORATORIES BRANCtL-----------------~~!~-~~.!'.!'-~!7-. ___________ 3 5 f~l!fr Ye~·· 1957 

TIME DISTRIBUTION RECORD SECTION.. ________ ----------------- ·--- -------------------- DATE s:_._o_:,.~~,.l_µµ_tt .3~-},,~57 

\ TIME IN MAN DAYS--+000-AND HOURS DURATION 
REF. JOB FISCAL VE:•AR 19.5'Z.. TOiAL JOB MONTH/ YEAR REMARKS 
NO. NUMBER BAL. THIS 'ivi'AL 

AW>GATION BAL. TO ESTIMATE 
START ESTM. $" 

ENO FWO. Mlllffl ORIG. REV. FWD. DATE ORIG. REV. 

0-6397-01-01-0l Wu Sheh, general - fl ~ 
- P'OREIGII ACTIVITI B I bl95-h '100) Totals -7! ""' 

1.77 n_Anm -0-0..:1 ..,_ .. -- ..... «~ <I .,/>r 
l6 " _ ro.o1...:;.'h.1- - "'"·-" .'f"..:l 

.,iv; " __ .,_ ... __ ... --..... 1 ft ........ _ft v,9~ 
87 " __ ....... _ ...... _ 1Po ...... T>nT>_Anl..-a _ ... ,- 71~ --

?t:.r. " - ·- ,, .:1,£ . Hyd-417 issued --... - {n .Ann1 _n_n_ 1 \ ........... 1 .. ,:,.,,,_~ 1-:w ... 

n .Atv\A_n_n_ 1 U--'I l"'nT>+¥n 1 ' ,;r 

,Ali n-Anno_0-0-1 U .. + ... - - --- :t , .. -,.( 

1Aa ', " --!Hi••-- -4' Tffr\7\All-- -+a¥a 0 
?al: " - ,...,_~, -· ... ___ .. _ :;! 

7 " - " ... . .:I ·-" __ ... .c -- .... .,,. ..;ii_ ... --- .,. t 
70 " __ n..,va¥ an¥~-1i4>+ a,-..<+-- -•- ,~~ 

,jc.Q ff __ .,.._ --+ ...,/,..,.. -·-- cl"I. ~ Rvd-422 issued 
~16 ff --••um•tic F1nw Met.er ~!,. .r 19~ ~ 

WATBR MIAS fO..MOOQ-0-0-ll Totals "?'74'1 ')Q,OII . • 
; ... 

152 O-Bnm-0-0-1 Tl'CL. llen , . d'7!. 
200 " --lhoosion & tractive force ~'7L HYg-~~'t 9e1.ng,revfoweu 

307 ff . --Permeabilitv & s••-- ',,//~ . _, 

305 " --Evaluation of sani-nt lininas 9~/!. IRvil-417 h,,ina revi.,.w~,1 
"!(x, ff --!CCL annual renrirts ~.,~ 
247 - " --Waves in canals k 

279 " - - -8ediment Flocculatina RDenta /~~ HYd-420 being reviewed 
IDWIR-COS'r CA1U.l LI1filfG (0-8o~-O-O-l) 'l'otals L2c-7- l'l'>Q 

' 

0-9100-0-1-2 Ina1> Bureau atructn.,..s :'I.::: 
0-9100-01-01-01 Colle1te-Contact .~" 

TOTALS {0-9100) , .,~~ .. c-

O-l:S900-0--=t..H2 Pab--'l'Pa.,;.iatar - , 
-~ IComnlete 

0-8900-0-3-95 Fab-..r•l. Iron "l'anlr ., ., IComt>lete , 

' l-222-05-12-05 Potbol111s -at ,.. .. ,-..t'!)t _ ... ~ ... ·- ., ., . • , 'llvil-411 faana,I 
l-222-05-37-01 Wahl.Ulut sinhari---..;,,_~, -- •• +. l"an·. " 0 
1-222-0'i-40-0l ,,...ft,... + .. " & aillhon . . ~ii ._ .. fth .3~ 5 lrnmnl.ete -
1-222-06-40-<>4 lat. . 'Rl oclt ,11Q..r111> -i;.. 

l-R222-22-<Jtj-Q2 lnTeat. OW Gat.,a. Gr l"!nul- D 7~ ,t'!' 1 ... -, :. ... _ 

1-3-05-03-01 Black r.anvnn Inallll!lction .., ... 4!' 
l-33-ll-01-01 Roa PP--Yak Pro.1 {Canf) <!: '! 
1-415-01-0Z-Ol -- er D. -- 1lR1> 

are- ,L J., 
NOTES: 

/ ' I ~ .. 
Interior • Recl-tloft • Deavu Colo. 
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8U11£AU OF "lCLAIIA?ION 

IL-4 
(FIi l•J 
euR"EAU OF IIICLANATIOflf 

DIVISION OF 
TIME 

REF. JOB 
NO. NUMBER 

'104 1-412-01-01-01 
1 _1, 1r::;_11 -01-01 
1 ~L.r::;/;_rn _rv::_01 
1-4c;f;_U-Ol-Ol 

?7() l-4c;6-11-0l-Ol 
l-???-0<;-•0-01 -· 

---- i-566-03-01..::Ql__ 
l-A84<;-7-:t-61-01 

?-0-•l-07-01 
2-?14-0•-01-01 
?.-41•-01-02-01 
?-4lh-00-02-0l 
?-4l!;i-Ol-Ol-Ol 

?OQ .. 
.,, ., .. 

2-416-02-01-01 
,11 2-416-0'i-Ol-Ol 
oi:: ?-48<;-01-01-01 

?_48c;_11-01-01 
2-48'>-11-02-01 

!?Ai 2-c;7c;_Ol-Ol-Ol 
2Qc; " 

2-767-01-01-04 
?-767-02-02-01 

,___ ~7-oc;-0,-01 

~2 ·-.S'i-02-01-02 
,_,A"-02-01-02 
._L.r::;_00_02-01 

?01 4-48?-01-01-01 
4_c;26-oc;-oc;-01 

'11 < 1,._c;,;,i::_oc;-oc;-01 
4-'i'il-01-01-01 

,, " " .o. 4-'>'>7-00-01-01 
4_<;<;7-01-01-01 
4_c;c;7-01-01-0l 

"'"" L._c;c;7_m -01-m 
4_c;c;7-0l-Ol-02 

':100 4_c;c;7-0l-Ol-02 
,()1 4_c;c;7-01-0l-02 

·' .,a " 
,O? 4_r::;r::;7_n1 _01 -0< 

NOTES: 

-
ENGINEERING LABORATORiES BRANCH.. ______ _____ Hydraulic_Laboratory - ---- ----------- FfrJH-r~ar°"I951 . 
OISTR IBUTION RECORD SECTION __________ ----------- --- --- ----------- ----- ----- - OATEg~9~P:~y°t'!,ltl~_.3.~~-l95J 

TIME IN MAN DAYS-+ooo-AND HOURS DURATION PROJECT FISCAL YEAR 195l' TOTAL JOB MONTH/ YEAR 
REMARKS FEATURE $}I/JPS BAL. !TH1S iTOTAL IALLOGA TION BAL. TO ~!'_~ATE START I ESTM. FWD. iMoNTlli ORIG. REV. FWD. DATE ORIG. REV. , END 

Howard Prairie outlet works # ·" I/- . /~ J.< 7/~' __ H;y:d-4J6 in Dunlicatimi: 
Green Snrina PP--Bald Mtn-nenstock l , / / 
t>..lisades snillway -

Hvd-~O -- ~-~ -4 t! issued 
Palisades Dam 0 
Palisades Penstocks, Hydro. Test 1 /0-' /'7 7ir q_s-
Esnuatzel Channel ( Coulee J -~-~ ~-4--+~ Chandler PllmE & PowerElant ----~- .-~~---:~ L...-. ___ - - canceled ---· - - . -ln.nrhee outlet works rehab --~--

- --4-1 -"+------.- -+-. "omElete 
1 : t I 

I 
Cast- Mavvood Calif IIBP ~ 1 7 Comnlete 
Tracv Pumnin11: Plant /~ J. Letter sent to nro1ect ~nticello Dam snwv Conf : !t ~?- ... I 
Clear Cr ..:onduit--CYP (Conf) /,<" /P ' 

j 1.1! / t! ' Trinit;y: Dam SEHL & [M (Conf) ' g':t, ~~ . 
-'l'rinitv snillwav I.to .. ~ ··-~ :,_;(/ti', ?o7~ /¥') :-~ I 33.3J W$Z 
Trinitv (J,I stillina basin ~-? .30 L.'.17 1 (}'4! 9'J /9./~ Also see lj:-591-01-01-01 _ 
Lewiston Div Dam--Trinity ,~ ~ 1 ;I. e ,, 
Clear Creek Suue Tank (Trio~~' -- :z '] I .1 . .,. ; st.~ ."i? Renart in Dunlicatin~ 
nimbus Dam SnillwaY t gJ, ,l__,O Rennrt in Dunlicatinll 
Folsom Pumnina Plant ~ I I 7 7 Complete 
Nimbus Pumninll Plant · I ' ' I 9 <J Comnlete • 
Vaauero Dam O. W. '7'1.!-. 7r; 9&-2 /9j""°'.! ?//- If~ /~,< 
Vanuero Tanered -te slots 7 /1 .. ~ .1 Y..r-& Hvd-4•2 beina reviewed 
Casitas Dam reservoir aa.ae 1.-:J nt I/ 

Robles Div Dam--Ventura Proj /f"!. .tP Hyd-lj:27 issued 
Ventura RP--OJai Pres Belt. Conf ~ - ~ 

Palo Verde ~el Studv I ll- ,a.! /"q;z_ 11"_77 Q/,riJ Hyd.;400 issued 
Palo Verde--disDBOtle model 9 ./C I .!!" 0 V Complete 
Hoover Dam Exhibit ., ~l 

~ " romnlete 
' 

Ve= Dam /7~ i,o Hvd-418 issued 
De.vis Anueduct Conference 6 '7I-
""'vis Anueduct !Weber Basin Pro.1 l ~! I ,,.r. ! :I~ ,,,,,i Trans to_ ·o-4007-0-0-4 
Paonia Dam & Res. 11:en 3 -"< 
Paonia Snillwav & ™ ~el a~~ ,1/ I n,,~ I/..~ 
Relief model Colo Riv Stor /.!II // ,,; ,_ -- ~§'"' 
Glen Canvon D & Snwv Conf ! ~ 5' / 
Glen ranvon Geonhvsical ~'.I u .. ,,,.2.$, r.omnlete 
r.1en ranvon snill ..... v : .u.oJ .,,~ ./ 

f'a---'--" 
Glen Canvon Tunnel & ow Conf : /:~ 5 I 
Erosion studies--sandstone 37, !>1• .. ,w." fl'. HYd-42~ issu~ 
Glen Canvon Div Tunnel 7~~ .,, 

I~~ 
Glen CAnvon Tunnel Plna (1,1 "'' /,, $$ " 
,., -- "--··on snill""'-v L...,.,.J "'-- I L:1_.,,. ./ 4 .. Trans from 4-5'>7-01-01-C 

-

lnter1or - Reclamation - Denve!". Colo. 



\ 

EL-4 
fFII Ill 
9'.Htl:I o, lll(C:I.AMATION u 

DIVISION OF ENGINEERING LABORATORIES BRANCH.. ___ __ _____ __ __ Bydrwui.c ..IAhw:at.<ll:lt--- _ - - - ---- - - - SHEET __ 5 __ OF_-5 ____ 

TIME DISTRIBUTION RECORD SECTION..-- - - ----- - - ------------------ - - - ---- - - ·-- - ---- -----
Fiscal Year 1957 ,. 

OATE _cLo~l'.:.~une_~~~5 
TIME IN MAN DAYS-000-ANO HOURS DURATION 

REF. JOB FISCAL YEAR 19'>7 TOTAL JOB MONTH/ YEAR 
REMARKS 

NO. NUMBER BAL. THISL-AL IAUOCATION BAL. TO ESTIMATE 
START ESTIii . ~ 

FWD. FWD. DATE: END NOJITII ""' ORIG. REV. ORIG. REV. 

4-557-11-01-01 Glen Canvon 1Y>Vert>lant r- 9~ I 7 1 I. Shil)IJlent of equip comp 
'112 4-5Ql-Ol-Ol-Ol Fla111-ln<> f'.nr<>o CM still-In<> basin "~ . ..- ~-"'~ q_,; See also 2-416-01-01-01 

II FlAmina ~ fr"oni'l ,.2~ = 
'118 II F}Alll-1 na f'.nra .. sni 11=~ ii',)... /1111 'Y:! -,< 

4-5Ql-Ol-Ol-o4 li'laJDina r-.n .. ae Seismic Studies ~-' ;li Complete 
'10'1 4-5Q4-00-0l-02 1>-1-1 .... mod.Pl l"olo Riv .. r <:!+nr Pl-ni .<f"' Cane chg to 4-557-01-0 -01 

4-711-01-01-01 ffavajo Dam (corresnondence) ~ "' -- -- - --·-.- - --··-
-

5-0-11-18-01 Shin weir JDOd.,l to Albunueraue .:r I Conmlete 
2Q'I 5-16'1-02-01-01 Ananstura Div Sediment control 3!-, t.~ IL¢ /,!JO /,P,t} /??':: ;u,o 3/~ Report issued 
277 5-161-00-05-01 Casa Colorada channelization tJt?-:q~Z ,,_,t ?.-, ~J 31'1.1· .. 394.$_ I/ Report being reviewed 

5-R25'1-22-02-0l Platoro Res Ge.Qes -:t!:: , .< /.!f /./!. Complete 
5-810-00-01-0l Washita Proj --Foss Dam Ero tests "? Hyd-426 issued 
5-810-01-01-01 Fort Cobb n..m ow & snwv ,.,_., I • I 

I 
6-26-01-01-01 Buffalo Bill Dam Rehabilitation ' 

i~ 7~ 

2Q4 6- 'l 'IQ-01-01-01 Anchor n.,.., snillwav & outlet wks VL~~ //-"" .:f...t J.:>_.e JU.,t; /,L.::i~ /tl,tl,2 .3/~ Re~ in DuPlica t i na 
55 6-459-01-01-01 Yellowtail Dam & Res--MRllP ' 7 ? Shelved--Rnt draft conm1 

6-4hh-00-1l-Ol 011:1 ..... + ... ~v"--Mn-/'IAno n-lv ~ ~ 

274 6-84-01-01-01 '!'-Ibo .. n.. .. ru <:!+-111 _ U..a.in /I! ,, #)_ - Reoort in Duplicating 
~ 

6-84-01-01-01 Tiber TlR.m .2 /_ 
·/ -H.l44-i::i::-Ui::-U.l Al.cova Tunnel n! Comnlete 

~ 7-3~8-0~-o4-02 Roil W-111 nu ("-rp,aJc TlR.m ( r'nnf') i I I 
_ 7-24'i-11-o8-01 r'nlorado-~ia - pp • A .z. 

7-128-05-12-01 n..-1. f'twnnn f'ana 1 -r ~ _,.. __ '\,,._ .. ~,.- ~ ~ 

7-128-05-11-01 tlnn..r •eker """""l 
.,. 

~ 
287 7-449-01-01-01 Glendo .. ---,11 strnH .. ,. ,,_ 7J. .2 ,.. -,!! /{L. /L.!- /,in pt.P-77 issued 
2'1Q 7-44Q-Ol-Ol-Ol Glendo outlet wo .. 1c .. .,,:= / lll=rl-41 'I -I ...... _;i 

282 7-449-11-01-02 Glendo hvdrostatic tests ./9 /Q -~ r,, u., !. /_"1~-~ 3/-
7-449-11-02-01 - .,.,,,,n_l __ Pn+n4'4nrl_ .. n.. .. 3 L 

, 
r 

_ 21..3_ 7-44Q-ll-02-0l Boulder Cr ~unnlv f'anal 0 :uvrl-407 -laanoil 
- - 7-468-01-111-01 Webster n..111 .!. !. 

U4 7-4"8-02-0l,.-01 Woodston Headworks & Sluir .. wav LIi /:.<L /LY..£. 
,....., •Renart in progress 

/ -'+ou-v,;-U.L-Ul. Woodston Div Dam Spill. lr',wml-·-
8-718-11 -01-nl 'lllrlu+na - '•n+ .2 _., ~ L. IComnlete 

... 
Can eled 9-8oo-O-O-l """" nf'i' _ ... 1-1 n• u.o+ ... t'\ 

Q-8oo-O-l-l Oi'i'i ,..,. ~~ ... 1 -1 -- w•+•- ,,,, ,_,,. 
' 

9-li'Anl-74-10-07 llnn-1.n .-.. .... -1 .. .,,., .. r.T - r-

. 

NOTES: -

- -Inte rior Redamati- - Deaver. Colo. 
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DIVISION OF 
TIME 

REF. JOB 
NO. NUMBER 

21 
22 
25 
15 
40 
49 
52 
59 
61 
75 
76 
77 
86 
AA 
8a 

90 
110 
111 
125 
119 
140 
141 
143 
151 
180 
224 
241 

Brae eted Ros. in Re• 
Tc ~} or CF'! and/c 

ENGINEERING LABORATORIES 
DISTRIBUTION RECORD 

PROJECT 

FEATURE 

Soillwav .1et insufflati6n, Gr Coulee Dam r.BP 
Air demand studies. riv,..,. nu+lets ~ .. n..A l"nnl A< 

Soillwav and diversion scheme. Davis n..m nnP 
Calibration of 8-in. s-rli~ deflection =t,..,. 
Salinitv meters rennrt Sac'to-San Joaauin n..1+ 

Soillwa~ velocities, Shasta Dam, CVP 
Weir stands ll'vet•.,. & Saucelito Irr.Dists., r.v1 
Soillwav data, Falcon Dam, IB&WC 
Velocitv distribution. s-,.,.1-tna def'l ..... +.ion mete1 
Stream-a .. aina devices ( in coon. with n:~r_q) 

Pumo flow indicator Tracv Pnmnina Plant CVP 
Freauencv resoonse of oressure cells 
SnR-rlirur meter. Mohawk Canal turnouts 
Calibration of 12-inch Sna ... lina lin• meter 
r .. 1-tb ..... +.inn of' 8--1 ...... -... c,....,.,., _-1-- 1-1 .... -+ ..... 
-Calibration of 12-inch 5 ...... .,., deflection -ter 
Sediment S"""'lina f'a"lbrida• n-tver. nn.. VAlU> 

Comnilation of data. desiltina works 
Be""-tive-oressure crest strnH •A 
Soillwav. river outlets. & 1XJW1!rn1ant. "°'•st& n. 
Gila Pum>irur Plant flan ...,.tes. Gila Pro.1ect 
Pumn dischar11:e sinhon elbow. Grand r.ou1- r."Rp 
Hvd characteristics. Shasta river outl.,ts. lover 
Reslonina tailraces & river chann•l Gr Coulee 
Flow eharacteristics. Sna-rlina on..n-flow -ter 
Chem & Pressure discb. meas. in 1ar- conduits 
Red Bluff snill .... v model studies. CVP 

""U Col. show Shon tiae ('!'bis aonth--this rt--
Total) if caan, Add to HYd T•b tiae to 11:et 

rt ~Ile IUfll.iDst Rvd burur..t excel>t where followed by(*) indicat-lno 
Sil! mrate mll'l-,t, 

... 
\. 

. . . 

NOTES: -- ~ 

' -
I 
I 

BRANCH.. --------- -- - Hydraulic Laboratory--------------- SHEET __ ! __ OF ___ ! __ _ 
SECTION ___ ___ __ ______ ._ _________ ---- --- -- -- ---- · ______ ----- -

Shelved jobs 
DATE J~_._Q.l)_, _ _.rime_iq,,,.195 

MftM•w· A 

TIME IN MAN DAYs--oo.2.-AND HOURS DURATION 
FISCAL YEAR 195.7 TOTAL JOB MONTH/ YEAR 

BAL. THIS ALLOCATION BAL. TO ESTIMATE ESTM. ' REMARKS 
FWD. MOtffl TOTAL 

ORIG. REV. FWD. DATE ORIG. REV. 
START END 

16 40 ' 7-~ Indef Hyd-J65 to be written 
35 6o 7-4Q n 

17 107 lj,.-49 .. IHvd-346 to be written 
26 35 11-49 .. 
8 15 3-50 .. 

-16 10 6-50 .. 
223 285 11-50 It (6)# 

28 . 55 1-51 It 

l:H 80 2-51 ti 

110 200 6-51 ti 

b~ 73 7-51 It 

23 40 7-51 It Test1;1 COIIIDleted 3-53 
310 162 9-51 " (11}#' -

2 20 10-51 " 
2 20 10-51 n 

1 20 10-'51 " 
156 185 12-51 " (16)# Tests comn. 11-52 

44 200 l:949 " 
"18 c;h 12-51 .. 
0 100 l<HQ " 
2 52 2-52 " 
7 40 3-48 l, ·n " 
0 ~ 7-4Q " 
7 ~ 1Q45 " '"' . 

21 66 7-52 " 
148 251l 7-53 " (2)* 

14 18 11-5~ " Mellor= to be written 

< .. 

' I ' 

~<. 
·- i . 
. 

I 

' 
' 

' 
. 

--
' ......... t3 es, •DIMW,c.19. 

·I 



se:cnaw a ... DWXIB'l mr•• 
I • • 
t 1~,1~ 
tlbit1al I 

0-300()-o-o-l •• 7,,00st 7,000t• 7,5(] 
•2 = ·~· 1.,JSOt 1,1' 
•3 I l 3101 2,l<l 

I : • • 
• l : • 

0-,000.0...0.-1 I l 50• ' .q. ' : I 

' r : 
!9,e CODY I Cont. Na4 '-'la # I : 

l:;:-oiYlo, hot iiii fmtw.c 0-~ -0-1' 1,300, 1,,00, l,5( 
Uc ant M1r1tte Orou,pe. -2 t & SOI • • 

CCI.Wt:, lngS .... Cmfi 0-5()()()-().0-2; .. : • 
ec.t "9l"9Cll.1'll1t1 •3 I 4,300: 3,00C>t 3,0I 

1 l l 
lie Rlla'ttcna : • : • 

irii, iii! mapj"ay ot 1Dib1ta 0-3003-0-0•1: 1,300: 900: 9 
~cV.S..1toN •2 : i.oo, 1,100: 1,11 
Coo» WS.tb tech 1etie i; 3,800s 4,.000t 4,o 

'°" lsiW"e 1.,.1001 eoo, 8 
l l'ntl t1an _, t l,S,01 3,,000, 3,0 

fnp .-t:1.c1ea am :,-pera -6 : 1,000: 2,500: a,, 
Colleot1m ..i ns.,.s,..t1on ot n.ta -1: .... : - I 1 
!bl Uoo Stort- ~' - • S.00t 'i.i • 

PUii ' l l 
kbo:rator., and Offl.oe ~ O~a4: 1,000: 1,000: 1,0 

(Nblie 1.Mpeet~, hol.M) l • ; 

• s : 
Date · DIM Qr& ; • : • &ii liiut ... r»ta 0-30()4.o.o-1 • 3,000, 3,500: 3., 

1 : C 
1 I . • 

0-3()05-0.,0.,.141 3()0s ,001 
•l I l l 

l % ' : • • • 
~ls e.aoo. a,,oos 2,, 

-a' • l • 
... 3 • I t 

: • s . .., l 6'0t 6'0t $ 
I J • • 

o,ttee aid~!!!%~ : * f 
().q()Q3-()-0- l t 1 



I 

BUOOET ESTIMATE 

Manuals and Publications 
Concrete Manual 
Engineering Monographs 
Earth Manual 
Paint )kmual 
Measurement of Irrigation Water 
Reclamation Instructions 
tow Dams 

General Investigations 
Concrete 
Cement and Pozzolan 
Earth 
Bydra._ulic 

Structural Materials 
Bitumino~ 
Chemical and Radioisotopes 
Paint and Corrosion 
Foundation 
Riprap 
Monomolecular--Surface Film 
Hungry Horse Test Cores 
Weed Control·-Expanded Program 

Fabrication Orders 

Special Studies 
Sedimentation 
Weed Control 
Water Meas :flievicea 
tcCL 

Project Work 

outside Agencies 

: 1957 : 1958 
: Initial :BeVised: In1 t1al 

Q ... 3006.0-0 .. 1 : 
-2 
... 3 
... 4 : 
... 5 :$ 

0.5001-0...0-1 
-5 : 

0 .. 3007-0-0-1: 
-2 
•3: 
.. 4 : 

-5 
. . 

-6: 
.. 7 : . 
• a : ; 
-9 
-10; 
•llt 
-12, 
-13: 

0•8ool•O•O- l : 
o-BooB-0-0 .. 1: 
o-8oo9..o .. o-1 : 
o .. So30-o-o-1: 

. • 
200:$ 

l 
: 

. • 
200:$ 

: : . . . . 
16,800: 20,250: 20,000 

: (+3,000 
: for sho:s; 

• • 
. . 

' . . ,. 

200: 200 

11,200: 11,300: 16,775 . . . . 
7,lioot 8,300: 14,375 

l0,350: 10,350: 14,115 
• • . . 

: 58,900 : 66,000: tSo,000 
: : 
: 2,000: 500: . . • • 

500 

Foreign Activities (Including Trainees) 

0-9100-0 

: 9,000: ll,000: 6,000 . 
• 

: _____ 1..&., ... 200_. _: ___ _ 

Regular Payroll, 22 employees Total 

70 



t 
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