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.Pl~.:fr:26-42 7 

A. Overall view of Fontenelle Dam spillway 1 :30 scale model. 
Discharge = 20,000 cfs. 

IPl54·D-26426 

B. Closeup of flow in Fontenelle Dam spillway. U-shape spillway 
showing submergence and flow concentration on right side. 
Discharge = 20,000 cfs. 

Figure I. Fontenelle Dam spillway model studies. 
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A. Flow appearance with three conduits operating at 
19, 000 second-feet maximum discharge. 

B. Riprap protection in c·hannel below stilling basin. 

Figure,. Hydraulic studies of Fontenelle Dam outlet-works 
stilling basin, 1 :24. 7 scale. 
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PX-D-25878 

A. Reservoir area and spillway entrance structure. 

B. Tunnel-to-stilling basin trajectory- -
20, 000-cfs diversion flow. 

C. Stilling basin performance and riverflow conditions 
for a diversion flow of 20 , 000 cfs. 

Figure 3. Yellowtail Dam spillway hydraulic model studies, 
1:50 scale. 
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Figure 5. Model of secondary louver structure, 

fish collecting facilities, Tracy 
Pumping Plant, California, 1 : 6 scale. 
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PX-0-25881 

A. Chute on 3:1 slope with 6-foot spacing between 
baffle block rows. 

B. Flow appearance at 500 second-feet with 9-foot 
spacing between baffle block rows . 

Figure ,. Hydraulic studies of Willard Canal baffled apron drop 
structure No. 1, 1:10 scale. 



A . Downstream face of 
auxiliary gate. 100% open. 

B. Discharge at max . reservoir 
elev. Gate 30% open . 

Figure 1.. Hydraulic model testa of auxiliary 
regulating gate, Twin Buttes Dam. 
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A. Right diversion tunnel with 
deflector wall downstream 
from portal , Q = 50,000 cfs. 

' <' 

B. Right diversion tunnel with 
superelevated deflector down­
stream from portal, Q = 50,000 cfs. 

P5 57-0-23 825 I 

C. Right diversion tunnel with 
low, curved, wall protect-
ing canyon wall, Q = 50,000 cfs. 

Figure 8. Hydraulic model of Glen Canyon Dam Divers.ion Tunnel 
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Figure y. 1 :24 scale model of a 16-foot sheathed and unsheathed 
timber bent. 
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Figure 10 Air test facility for study f)f boundary 
surface resistance coefficients. 
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Figure It Canal capacity studies. 
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HYDRAULIC 

G. I.•-

Hydraulic Characteristics of Vertical Stilling wells 

A study of vertical stilling wells originated from the problem of 
converting watertlow of high-energy content to one of low•energy content, ·· 
such as unwatering certain structures which contain water under high 
pressure or supplying irrigation water to earth ditches from high­
pressure condu;Lts. Investigations of particular structures and 
operation of completed field structures have established the feasibility 
of the stilling well. 

Area, depth, and shape of well for various discharge$ and entrance 
velocities are needed in generalized form to establish design criteria 
tor wells square and circular in cross section. A limited number of 
tests has been conducted to determine the relationships between well 
area, well depth, and amount and velocity of flow for wells of circular 
cross section. Some tests pertaining to wells of square cross section 
with regulated flow have been ma.de but many gaps in the data do not 
permit its general use. 

Stilling well structures developed for particular projects are discussed 
in Hydraulic Laboratory Reports No. Hyd-237, 244, and 277. Developments 
to date, however, permit only limited use of the stilling well principle 
in design considerations. 

Accomplished FY61 

Project Services--General. Study was not pursued because of more 
urgent work. 

Scheduled FY62 • 

o. I. --

All test results obtained to date will be consolidated and 
evaluated. A suitable model will be constructed and tested to 
obtain additional. data on the flow characteristics of square wells. 
The study will be extended to include an evaluation of circular 
stilling wells. Design charts and tables will be prepared for 
presentation in a progress report. 

Hydraulic Jump and Energy Diesipators 

One of the greatest areas of uncertainty in the hydraulic design of 
water conveyance structures is the stilling basin, energy dissipator, 
flip bucket, or other device used to reduce or distribute the excess 
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energy 1n the nowing water before it ie discharged into the downstream 
~el. Until research into these structures began to produce usable 
results, there was insufficient backgound experience to design an 
energy dissipator with sufficient accuracy to estimate the ultimate 
cost of the structure. The objective of this research is to develop 
the many possible types of energy dissipators including hydraulic 
Jump and impact-type stilling basins, flip buckets, and baffled 
aprons for general use PO t.hat laboratory development work tor ea.ch 
irldividual structure will be a minimum. 

Of primary need were hydraulic Jump stilling basins tor overfall spill~ 
ways or canal drops. Five types have now been developed and generalized. . 
so that they may be designed for most combinations of h~ad, height ot 
tall, and unit discharge. Also needed were roller buckets, impact-
type basins, flip buckets, and baffled aprons used when hydraulic Jump• 
are not feasible, and special purpose stilling basins such as used on 

. _outlet works controlled by valves. 

A series of progress reports has been issued on the completed parts 
ot the overall program. Hydraulic Laboratory »:!port No. Hyd-399 cover• 
the five hydraulic Jump basins and an impact basin. Report No. Hyd-415 
covers "Slotted Buckets for Hi8h, Medium, and Low Dam Spillways* * *•" 
The above material has been published by ASCE and is also available aa 
Engineering Monograph No. 25. Report No. Hyd-446 covers the hydraulic 
design of a special purpose stilling basin for outlet works utilizing 
the hollow-Jet valve for tlov control. Report No. Hyd-445 (ready tor 
duplicating and distribution) covers the hydraulic design of baffled 
aprons or chutes which may be used where stilling basins are not 
feasible. A paper, "Improved Tunnel Spillway Flip Buckets," published 
by ASCE covers a partial study of the buckets used at the end of high­
velocity tunnels flowing partially f'ull. 

Miscellaneous data pertaining to the above studies have been obtained 
from laboratory tests and field performance of the recommended structures 
tor the purpose of clarifying certain design procedures and proving 
that the proposed structures operate satisfactorily and perform to the 
degreee intended. 

Research of the type discussed above is continuing although results 
have been published and used for a period ot years. Modifications, 
additions, or deletions of the general rules and limits are periodically 
required as experience is gained in using the material as a guide in 
hydraulic design. The continuin8 program will, therefore, be directed 
toward completion \ of Items (a) and (c) below, modification where 
necessary ot Item (b) and starting or plannin8 of Items (d) and (e). 
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(a) 

~!~ 
(d) 
(e) 

Baffled aprons or chutes 
Hydraulic Jump stilling basins, flip buckets, impact basins 
Stilling basins for outlet works utilizing the hollow-Jet val<Ye 

:for flow control 
Energy diseipators in a tunnel 
Stilling basin for submerged spillways. 

Aocomplished FY61 

G. Iq Report No. Hyd-445 covering the hydraulic design of 
baffled apron energy dissipators on 2:1 slopes, Item (a) above., 
was completed and is being duplicated and issued. This report 
also contains a photographic record of prototype experiences with 
this type of' energy dissipator. Performance records and comments 
by field operating personnel prove that structures designed 
according to the rules given in Hyd-445 may be expected to perform 
satisfactorily. Two baffled aprons on slopes flatter than 2:1 
(not covered 1n Hyd-445) were investigated to determine the 
baffle pier spacing required. Some data were obtained which 
ind'icate that the spacing may be increased. Data are incomplete., 
however, and the findings will be reported as a separate study. 

Testing was continued to obtain dynamic pressure data on stilling 
basin appurtenances which are apt to produce cavitation and struc­
ture damage and on training walls subjected to impact forces. 
(These tests are a continuation of the material reported in 
Hyd-339, above.) Preliminary tests using piezometers to measure 
pressures were made on a typical. chute block for a range of now 
depths and discharges. The effect of tail-water depth for a 
given flow condition was also investigated. These tests indicate 
that incipient cavitation may occur at lower velocities and unit 
discharges than first anticipated. More data are required, 
however, to establish the limiting conditions for the use of 
chute blocks and baffie piers. 

ibere is a recent trend (based on recommendations from hydraulic 
model tests) to eliminate right-angle wing walls used as a lateral 
support for the training walls at the end of a stilling basin .• 
Eliminating the wing walls allows the tail water to form behind 
the training walls and results in better hydraulic performance 
and lower structure cost but increases the need for a better 
understanding of the dynamic forces acting on the training walls_. 
Large instantaneous unbalanced forces m9.y ca.use an improperly 
designed wall to vibrate or deflect sufficiently to cause failure. 
Several model stilling basins being tested primarily for other 
reasons were equipped with pressure cells and the instantaneous 
forces on as ma.r:iy as six points were recorded simultaneously on?.a 
six-channel direct writing electronic recorder. ~e data obtained 

t .. 3 1 



were analyzed and used to provide training wall design forces. 
l)e.ta from the several basins have been inspected and it appears 
tho.t general design rules may be developed. Mo:re data will be 
required, bovever, before accurate general conclusions may be 
drawn. 

A testing flume 3 feet wide by 3 feet deep and 15 feet long, 
having a glass observation panel 8 :feet long, was constructed to 
study Item (c) above. Two 4-3/4-inch wide slide gates (one ot 
'Which is an exact model and the other a good approximation ot the 
Palisades-type gate) have been insta.l.led in the :flume to provide 
!"low controls for the side-by-side stilling basins to be developed. 
The gates disc.barge onto a sloping floor and the issuing jets 
a1-e confined between diverging walls. Testing and development wort 
bas been started. Water surface profiles have been obtained tor 
25 and 50 percent gate openings for heads up to 12 feet, which 
represent a good start on the data needed. (Heads up to 50 feet 
and gate open:1.ngs of 75 and 100 percent will be investigated.) 
Measuring techniques and a plan for eval.uating the necessary 
variables have been developed but will probably requ~ modii"ica­
tion as the testing progresses. 

During the testing of the Yellowtail Dam spillway flip bucket, 
hydraulically deaigned from the publication "Improved Tunnel 
Spillway Flip Buckets" a.nd described above as an incomplete 
study, it was found that the method of introducing the flov into 
the bucket had some effect on the shape of the jet leaving the 
bucket and in the number of \later particles (of considerable size) 
which became detached in midair from the ma.in Jet. Investigation 
and improvement of the entrance flow conditions provided additional 
design cona:1.derations necessary for supplying satisfactory flip 
buckets for use on tunnel spillways. More data than can be 
obtained from this single model will be required, however, to 
define limiting entrance conditions. 

The impact-type etiJ.ling basin, a rectangular box-like structure 
discussed in Report No. Hyd-399 and usually constructed of concrete, 
was modified by hydraulic laboratory tests so th.at the rectangular 
concrete box could be replaced by a length of corrugated metal 
pipe. This made the basin suitable for use at the end of a 
highway drain pipe to prevent erosion of the earth embankment. 
Standard prefabricated stillbg basins low in initial and 
maintenance cost therefore become practical for installation in 
many locations other than highwv.ys. Alth0l1gh only one basin, 
capacity 2 cubic feet per second, was tested and developed, the 
research points the way to future tests to develop a variety of 
basin sizes which can be preff.l.bricated and installed at less cost 
than the rectangular concrete basins. 
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Scheduled FI62 

O. I.--$ 

Testing and development will be continued on all subjects 
reported for FI61, assuming that time, opportunity, and funds J>erm.1.t. 
The data obtained for baffled aprons on slopes of 3:1 and 4-1/2:l 
will be analyzed and recommendations made for baffle pier spacing 
on slopes flatter than 2:l. Further testing on an existing apron 
may be necessary before general rules can be formulated. Testing 
of chute blocks and baffle piers for incipient cavitation pressures 
will be continued, probably using pressure cells and the 6-channel 
recorder to obtain a continuous record of instantaneous pressure 
fluctuations. De.ta will be analyzed as it is taken to define 
more precisely the course of future testing. Pressure fluctuation 
on cantilevered stilling basin walls and the effects of' entrance 
flow conditions on pucket Jets will be continued if' the opportunity 
arises on existing project models. Attempts will be made to 
generalize .: the data on band and to correlate any new data with 
those on band. Development of the stilling basin utilizing slide 
gate controls will be continued. Tests will first be conducted to 
correlate the Froude number of the gate discharge with gate 
opening and operating head. A basin type will then be developed 
and generalized. 

gperation and Design Characteristics of' Siphon Spillways 

Studies of the operational characteristics of' siphon spillways were 
begun several years ago when experience with this type of structure 
indicated certain deficiencies. Inconsistencies had been noted in 
regard to the heads and times required tor priming in identical designa, 
and discharges often differed from design values by as much as 30 
percent. 

Two siphon spillways of conventional Bureau design were built to 
1:4 scale. Extensive observations were made of pressures throughout 
the barrel, heads and times to prime, and the influence of different 
torebay rates ot rise on general operation. Concurrently, a detailed 
study was made of technical literature to discover the progress of 
siphon development and to develop an improved design for testing. 
Earlier results were published in Hydraulic Laboratory Reports 
Bo. Byd-108 and 335• 

Following many attempts to improve the conventional design and the 
analysis ot data from a prototype test, an improved design embodying 
principles ot French and Italian structures was constructed and tested. 
Test data were anlyzed to formulate general design procedures for the 
improved siphon spillway. 



ibe results ot studies on both conventional and improved designs were 
reported in a technical paper published by ASCE. Field structures were 
reviewed for adaptability to prototype testing. 

Accomplished FI61 

Project Services--General. Test equipment was designed, fabricated, 
and shipped to the Hammond ProJect tor permanent installation in 
an, improved design siphon spillway on the BaDJD.ond canal. Contact• 
were maintained with design engineers to make provisions on 
design drawings for installation ot this equipment during contruc­
tion. Future field tests will include measurements of discharge, 
pressure, and pr1.m1Dg times ot the siphon. 

Scheduled FI62 
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ulic Characteristics of Pt eline Distribution S stems and 

Pipeline distribution systems are being used more extensively in 
localities where cost ot right-of-way acquisition is high and where the . 
usual canal losses by seepage and evaporation make irrigation costly 
or infeasible. Otten these systems operate under heads of more than 
125 feet. 'l'he regulation of flow from the high-head systems introduces 
problems of dissipating the energy of high velocity Jets before 
releasing the flow to the land; protecting the system c0nq>0nenta from 
cavitation, vibration, and water hammer; controlling surging; regulating 
pressure to obtain constant turnout deliveries; developing suitable an4 
simple automatic regulators; determining hydraulic losses; and 
establishixlg entrance condition requirements. 'l'.be intormation now 
available is scattered and inadequate tor effective resolution ot the 
problems. 

Testa on small and moderate size waterworks valves have established 
operation and cavitation characteristics tor moderate heads when the 
valves discharge into sudden enlargements. Thia information is 
presented in Report Ro. ~-337. Limited studies have been -8.e using 
sudden enlargements tor energy dissipation downstream from a valve 
operating vi th heads up to JI()() feet. More general studies have been 
made with 3 orifices and a flow noszie placed aiDgly in a 3-inch pipeline 
and operating at heads up to 150 f'eet. 'l'he latter data were analyzed and 
published as a technical discussion in the Journal ot Basic Engineering, 
.ASMB, March 1960. 



Accomplished FY6l 

G. I.--Detailed studies at heads up to 550 feet were mde ot 
flow conditions near and downstream from 3 circular concentric 
orifices placed singly in a 3-inch-diameter pipeline. 'lhe 
orifice-to-pipeline diameter ratios were 0.327, 0.530, and 0.857. 
'lhe cavitation indices, K, where cavitation was first audibly 
detected, were determined for three orifice-to-pipeline diameter 
ratios. A significant'" finding was that the K value for 
incipient cavitation for any tested diameter ratio remained 
constant regardless of changes in upstream head from low values 
up to 550 feet of water. Thus, cavitation indices established at 
normally available heads may be confidently applied to similar 
systems operating at very Imlch higher heads. 

Severity of cavitation directly affected pressure distribution 
along the pipeline downstream f'rom the orifices. With incipient 
or very light cavitation, the pressure distribution was about the 
same as with no cavitation. However, as cavitation was intensified, 
the now pattern changed and recovery of head did not begin until 
the flow bad moved farther downstream in the pipeline. '!be amount 
of head recovery eventually achiev·ed progressively decreased as 
cavitation increased and the energy losses, therefore, increased 
with more severe cavitation. 

The coefficients of discharge for the three orifice-to-pipeline 
diameter ratios were not affected by cavitation when the 
coefficients were based upon downstream flange tap pressure 
measurements. The coefficients based upon pipeline pressures 
measured farther downstream changed appreciably as the cavitation 
increased. This phenomenon was directly related to the change in 
pressure distribution noted when cavitation became severe. 

The velocity distributions in the pipeline at Stations 1, 2, 3, 4, 
5, and 9 diameters downstream from the orifices were not greatly,;, 
affected by slight or moderate cavitation. Further increases in 
cavitation severity caused a progressively delayed redistribution 
of the' orifice jet into uniform now in the pipeline. Most ot 
this redistribution was accomplished in the relatively short 
distance of 4 to 5 pipeline diameters tor all but the most severe 
cavitating conditions. 

Attempts were made to determine the nature and frequency ot the 
instantaneous variations of' pressure on the pipe walls when 
cavitation was occurring within the nuid stream. This information 
would be invaluable in economically designing structures where 
these conditions will be occurring. Difficulties encountered with 
pump-induced vibrations in the laboratory system prevented obtaining 



usable data. The transient pressure studies were deterred until 
tests can be made from a high-head water source, such aa at Estes 
Powerplant, where the head is obtained by tree tall from a reservoir. 

Special instruments were needed to make velocity studies across the 
pipe passage downstream from the orifice and to make the transient 
pressure studies. A three-hole, cylindrical Pitot-static tube va1 
constructed of 1/8-inch-outside-diameter and 0.017-inch-outside­
diameter stainless steel hypodermic needle tubing. Suitable mount• 
and special bosses and seals were installed on the pipe to receiu 
the tube. No electronic pressure cells suitable for the high 
heads and rapid pressure fluctuations ot the flow system were 
available in the Denver Laboratories tor measuring the transient 
pressure conditions. Three conmercially produced cells ot '.J 

appropriate pressure ranges, frequency response, physical size 
and type of signal were purchased for the purpose. 

11:>.e test data were analyzed, plotted, and readied tor eventual 
use in publications. 
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A heavy-walled transparent plastic pipeline will be placed 
immediately downstream from the orifices so that the flow pattern 
with and without cavitation may be observed visually. Strobe­
light still photographs and high-speed motion pictures with cyclic 
rates up to 3,000 frames per second will be taken to obtain 
permanent records suitable for publishing. 

Studies will be made to determine the operation conditions when 
cavitation in the nowing stream causes no damage to the pipe 
walls. The studies will be extended to determine the nature and 
severity of cavitation erosion when wall damage begins to occur. 
11:>.e data obtained tor the three specific orifice-to-pipe diameter 
ratios will be directly useful tor design purposes for a range ot 
diameter ratios. 

A comprehensive report will be prepared on the studies ot high­
head orifices used in pressure conduits. 

Cavitation and Head Loss in Conduit and Penstock Branches 

Subatmospheric pressures ot sufficient intensity to cause cavitation 
damage have been encountered in branches of large conduits which convey 
vater at high velocity. Better shaping ot these passages would 
alleviate this condition and reduce the head loss. However, little 
information is presently available tor design. 



Thia research will consider the relationships of Ill optimum angle ot 
branch with main conduit for manifold branching, 2 angle ot conver• 
gence of branch cone Junction with main conduit, 3 arrangement ot 
2- and 3-way branches from and to a single conduit, ( 4) pressure 
distribution for various arrangements, (5) head loss caused by the 
branching pipes, and (6) the distribution of' discharge through the 
branches. 

Research on structural vibrations due to turbulence bas not generally 
been included in previous programs. Work by von Karman shows that the 
vortex trail behind a stationary cylinder can cause forced vibrations 
ot the cylinder and possibly its ultimate :failure trom fatigue. 

Various hydroelectric power companies report that they have severe 
vibrations in their penstoclts which may be due to turbulence in 
manifolds and at Junctions. Therefore, structural vibration due to 
turbulence should be included in the studies. 

Because of the lack of information on hydraulic losses 1n branched 
pipes and on the correlation of losses between relatively small model• 
and the 1r prototypes, piezometer installations have been made in 
prototype structures. Some of' the penstocks and pipes have already been 
constructed and are in use. Programs for the measurement of losses are · 
contemplated and the measurements made while the outlets are in use. 
Information for design and correlations with future model studies will 
thus be acquired. 

Locations were established for piezometer orifices in the liner plates 
of the center rectangular bellmouth entrance of' the Glen Canyon tunnel 
plug outlet works. 

Accomplished FY61 

Project Services--General. Tran8lation from the German article, 
"Resistance to Flow in Branch Pipes," by Grass and Liith was 
reviewed, and the results were compared to previously published 
Bureau and British head-loss coefficients. This review showed 
wide disagreement in the magnitude of' the coefficients. Since all 
were based on relatively small scale models and pipes and test 
data were not available for the translation, no definite reasona 
for the disagreement -could be established. 

Pipe designs for various structures proposed tor construction by 
the Bureau were studied for possible installation of piezometera 
for measurement of' head loss for design purposes. 
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DowD:Pull Forces on Coaster, Cylinder, and FiXed•wheel Gates 

When gates are used for control or emergency closure of penstocks and 
outlets, large downpull forces (forces tending to pull the gate closed) 
are often encowitered. To design the hoist and gate support properly, 
knowledge of' the forces resulting from any closure of the gate is 
necessary. Similar information is required for cylinder gates. Needed 
information includes (1) pressure distribution on the gate bottom for 
different ratios of gate thickness to lip extension, (2) effect of 
recess above the gate in the face of the dam., (3) effect of gate slots, 
(4) effect of aeration on pressure distribution, (5) gate seal shape 
and location on gate, and (6) more field confirmation of laboratory 
data. 

Generally applicable data and criteria have been compiled from laboratorJ 
tests and are presented 1n Hydraulic Laboratory Report No. Byd-130. 
Additional information, including the use of air models to determine 
downpull forces, is conta~ed in two technical papers published by ASCE. 
Further laboratory and field investigations are necessary to establish 
the effect of the physical characteristics of the gate setting on 
downpull force. 

Downpull force data have been obtained on two of the service gates 
in the Palisades Dam outlet works. These results were analyzed, and 
a .teport is being prepared, including a summary of' pro~type tests made 
to date. 

Limited data obtained from one model gate were analyzed and are 
contained in a discussion of a paper published by ASCE. 

Accomplished FY61 

Project Services--General. Preparations for prototype tests on 
the Navajo Dam auxiliary outlet and Glen Canyon Dam tunnel plug 
outlet gates were continued by makiDg arrangements with designers 
to provide fittings in the control systems for connecting test 
equipment. Review of technical articles was continued and 
pertinent references on this subject were added to the file. 
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Air Demand of Gates and Valves in outlets 

!lbe use of gates and valves for "in line" regulation of flow in closed 
conduits requires admission of air downstream from the controls to pre• 
vent severe subatmospheric pressures, cavitation, and vibration. 
Empirical relationships are currently used to determine the air-vent 



aize or the free air space needed above the flow to prevent these 
ad.verse conditions. The use of these present empirical relationships 
4oea not assure adequate aeration or the ioost economical design. Thus, 
further coordinated mod.eland prototype testing is needed to develop 
and verify generally applicable and more realistic relations. Data 
obtained and analyzed by the Corps of Engineers are a help 1n this 
direction, but a wider scope of material is needed. To obtain part 
ot these data, provisions have been ma.de to install, during construction, 
A r1tot tube in the air duct of the NavaJo Dam auxiliary outlet works. 

AccoM,Plished FY61 

;.·.,: ·Project Services--General. Air demand studies were conducted on 
a laboratory model of the ·;.Trinity Dam auxiliary outlet works Jet 
flow gate and a portion of its downstream conduit. Tests were 
made at heads of 10, 25, and 4o feet to provide data over a range 
of Froude numbers likely to occur on the prototype structure. 
Downstream conduit lengths of 3.7, 7.4, ll.2, 14.9, and 18.6 time• 
the width were tested to determine their effect upon the air 
demand. In general, the demand increased rapidly with head, 
rapidly at first and then to a lesser degree with conduit length, 
and erratically with gate opening. 'lhe greatest demand occurred 
at 100 percent gate opening. The data were analyzed and expressed 
in dimensionless parameters and published in Laboratory Report 
No. Hyd-472. 

Installation drawings of the prototype Trinity gate were studied 
and means were tentatively developed for installing air measuring 
facilities at the structure. When reservoir and downstream channel 
conditions permit, prototype tests can be made. Such prototype tests are 
an essential feature in the program to establish a correlation 
between model and prototype results. This relationship has not 
yet been established because of inadequate opportunity to obtain 
detailed model and prototype data on the same structure. After 
satisfactory relationships have been established, accurate air 
demand predictions can be made confidently from model studies ot 
prototype designs. 
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Field conditions permitting, studies will be made of air demand 
at the Trinity Dam auxiliary outlet works and at the Na'V8.Jo Dam 
auxiliary outlet. As soon as the Trinity prototype data become:c; 
available, correlations can be attempted with the existing · 
laborato17 model data. In the case of the NavaJo slide gate, 
piezometers and other flow measurement provisions have been 



included 1n the construction of the facility. When prototn,e 
data from this structure becomes available, a detailed model v1ll 
be installed to obtain laboratory data tor the slide gate 
installation. Prototype data, presently on band, of the d.ir demand 
at the Shasta Dam Jet flow gates will be evaluated. The existing 
laboratory model will be rehabilitated and tested to obtain 
parallel model data. Model prototype correlation ot air demand 
at these structures will then be attempted. 

Development of cavitation-tree Gate Slots 

Experience has proved that expensive and troublesome maintenance is 
required on the surface downstream from conventioDB.l, high-bead gate 
slots due to damage incurred by cavitation erosion. Because slide gates 
of various designs are used extensively by the Bureau, this problem ia 
or considerable importance. 

I,aboratory studies have indicated that practical cavitation-free slot 
ahapes can be provided for gates discharging at partial openings under 
high heads. These results were used in the slot designs of various out­
let works gates and were published by .ASCE. 

Although a cavitation-tree gate slot has been developed, additional 
prototype studies are necessary to confirm present design criteria tor 
various slot sizes and gate settings. The data should be extended to 
permit the use of slide gates 1n high-head instal.lations where danger of 
cavitation has thus tar prohibited their use. 

Information tor piezometer orifices was prepared tor specifications 
drawings of the tandem slide gates to be installed 1n the Navajo Dam 
auxiliary outlet and in the Olen canyon Dem tunnel plug center outlet. 

Accomplished FY61 

Project Services--General. Delivery and installation schedules 
tor the Navajo Dom auxiliary outlet gates have been followed, an4 
plans were formulated for specially preparing the tlow surfaces 
around the piezometer openings. Treatment of the now surface baa 
been delayed by late delivery and installation of the gates. 

Scheduled FY62 
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Instrumentation for Acquiring and Recording !W!raulic Data 

Instrumentation tor fiuid mechanics research requires continual study 
to provide increased precision and detail ot measurements. Many 
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instruments are developed by industry and research organizations, some 
of nev principle and others new adaptations of well-known equipment. Many · 
measurements are still curtailed by lack of adequate instrumentation an4 · 
insufficient time to find methods ot application to specific problems. 
'lbe objective ot this program is to provide at reasonahle cost modern 
il'latrumentation for improving the quality and quantity of data obtained 
trom laboratory and field studies. 

Accomplished FY61 

Project Services--General. ·- Selection of 7 pressure transducers 
ranging in capacity from 2,5 to 500 pounds per square inch were 
made from specit'ications surveys. These:'and other available 
tranducers were used for dynamic pressure measurements in the 
Twin Butte outlet works, Fontenelle outlet works, Fontenelle spill-
way, surface irregularities and energy dissipation studies of --
sudden enlargements. Pressure transducers in the 0.1- and 
0,5-psi differential range were used in the measurement ot head 
loss caused by bridge piers and the velocity distribution in the 
air test facility for surface resistance coefficients of concrete 
surfaces. A small amount of information was obtained on the 
capabilities of the shear tube from surface resistance studies 
in the air test tacili ty of the canal capacity studies. 

Considerable literature was reviewed to assist in the evaluation 
of tape recording systems and new equipment developed by private 
concerns or offered by manufacturers. 

G. I. ·· Facilities developed tor the evaluation of the dynamic 
response of pressure transducer and connecting systems were used 
to evaluate the pressure leads of project and research studies. 
These facilities and operating models in the laboratory were also 
used to extend knowledge of system response to cover normal 
laboratory pressure studies. A progress report draft of these 
studies was prepared and included curves and tables for inter­
pretation of records. 

A towing facility for rating and study of the performance of lov 
velocity measuring equipment was installed and operated in ithe 
30-inch laboratory flume. The usable velocity of the carriage 
ranges from a few hundredths of a foot to 2 feet per second . 
although 5 fps is possible. 

Study of the high frequency response total head tube disclosed the 
possibility of its use as a miniature hydrophone for pressure 
fluctuation studies. Availability of small ceramic transducers 
increas,s the fruitfulness of endeavor 1n this field. 

la 4\ . 



Studies ot technical. publications and commercial periodicals 
mater1all.y assisted in improving our methods and adapting them 
to engineering problems. 
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Study of the dynamic response characteristics ot pressure cell 
systems will be continued to establish curves and tables tor use 
in interpretation of oscillograph records from laboratory studies. 

Development and calibration of the SR-4, linear variable diftereD\11 
tial. transformer, and thermistor velocity meters will be continued. 
A recently developed propeller-type meter of variable reluctance 
will be studied for possible application to laboratory studies. 

Search tor a tape system titting the needs of the laboratory tor 
recording transients beyond the capabilities of our direct- ' 
writing oscillographs will be continued. 

Development of pressure-head tubes for direct measurement ot 
shear and for high-frequency response to fluctuations will be 
continued. 

Technical publications and manufacturer's information will be 
reviewed to determine the usefulness and adaptation of new 
instruments to laboratory and design problems • 

. Determination of Minimum-size Riprap for Channels 

A better method of determining minimum stone sizes tor riprap protection 
of riverbed and banks downstream from stilling basins or other discharge 
structures is needed. Many -maintenance reports indicate that a common 
fault of' existing structures is undersized riprap which has been moved 
or carried away sufficiently to permit excessive scour of riverbanks, 
bed, or both. 

To temporarily fill the need tor a sound method of determining proper 
stone sizes, data have been collected and analyzed 1n terms of prototype 
performance and general laboratory experience. This material. is 
contained in Hydraulic Laboratory Report No. Hyd-4o9. The report suggests 
that the submitted curve, stone diameter versus bottom velocity, be used 
to determine the minimum stone size. However, data are needed to 
establish the effect of interlocking pieces, the effect of stone shape, 
the optimum percentage of minimum stone sizes in the riprap mixture, 
the effect of method of placement, and other variables encountered in 
the field. 
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Accomplished FY61 

Project Services--General. Tests on riprap protection of channels 
downstream from typical culvert exit transitions were deferred 
because of more urgent work. 
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Friction Losses in Large Conduits 

ibe predominant size-controlling factor in the design of large diameter 
condu~ts and tunnels is the resistance offered to the flow by shear of 
the solid boundary on the fluid at the interface. An increase in 
surface roughness produces an increase in shear forces and the conduit 
must be larger for a given discharge capacity. Nwuerous relationships 
have been developed to correlate experimental and theoretical analysis 
of surface resistance head loss in both small and large diameter conduits. 
However, there are still many areas of' investigation required for 
correlation over complete ranges of operating velocities and corresponding 
Reynold's numbers. 

Measurements of head losses and velocities in large conduits are more 
easily obtained when preparations are made during design and construction 
stages. Satisfactory methods of measurement and classifications of' 
surface roughness have, so far, escaped the efforts of engineers. Full 
understanding of surface resistance ori large conduit capacity requires 
a firm correlation with a reliable classification of surface roughness. 
Until such a classification system is developed, data must be obtained 
to cover general ranges of surfaces roughness produced by various 
construction methods and materials. 

Accomplished FY61 

Project Services--General. Friction loss tests of' the Eklutna 
Tunnel were performed. These tests covered a Reynold's number 
range from 4.4 x 105 to 5.9 x 106 for the 9-f'oo~diameter 
concrete-lined tunnel. 'lbe test results have been analyzed 
and furnished to the Division of' Design. Two plaster casts of' 
typical tunnel f'low surfaces were obtained during an inspection 
of the tunnel. 

Four casts, description, and photographs of typical flow surfaces 
in the concrete-lined Fremont Canyon power conduit were obtained. 
Piezometers were installed in this conduit during construction 
tor friction loss tests. Equipment was purchased for these 
tests and preliminary planning for equipment installation was 
completed. 



Sixteen sample flow surfaces f'rom Clear Creek Tunnel were 
obtained f'rom the ends- of 6-inch-diameter concrete cores removed 
from the tunnel lining. Piezometers were installed in this 
tunnel f'or friction loss measurements at some f'uture date. 

A literature search has been maintained on the subjects of 
friction losses and methods of identifying surface roughness~ 
Some of this material may be valuable for revision of Engineerin6 
Monograph No. 7 to include test results obtained since this 
monograph was published. Twenty-six sets of large conduit 
friction factor data, not included in the monograph, have been 
tabulated and plotted. 
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A test program and nessary equipment will be prepared tor friction 
loss measurements on the Fremont Canyon power conduit. '!here is 
a possibility that a turbine acceptance test will not be 
performed at the Fremont Canyon Powerpl.ant and a discharge 
calibration of' the turbines will not be available. Revision ot 
test plans and equipment requirements, therefore, may be required. 
If water is available and power operations of the pl.ant can be 
satisfactorily scheduled, the friction loss tests will be 
performed. Other funds are scheduled to cover the cost of field 
tests. The test results will be analyzed and prepared tor 
publications. 

Information from current technical reports and periodicals will 
be analyzed and pertinent data compiled for a revision of Engineering 
Monograph No. 7. '!he search will be continued for suitable means 
of' measuring and expressing the surface roughness of construction 
materials normally used in conduits. Plans and details for 
install.ation of test facilities for measuring friction losses 
in suitab:Le conduits during the design period will be prepared in 
cooperation with the designers. 

S cif'ications Finishes and Tolerances for Irre arities and 
Mis inements in Concrete Surfaces Subjected to Hi -velocit Flow 

Ma.Dy spillway and outlet works structures have concrete surfaces over 
wl11~·, water flows at high velocities. Irregularities and misalinements, 
if' permitted in these surfaces, may cause regions of vapor pressure which 
will produce cavitation damage to the flow surfaces. Adequate l.control. 
of' surf'ace irregularities, therefore, is necessary. 

'lbe lack of information concerning the cavitation tendencies of these 
various surface irregularities has resulted in the adoption of cl.ose 
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tolerances and stringent specifications for concrete finishes. The 
surface treatment necessary to meet these specification requirements 
often proves costly. This costly treatment can be reduced substantially 
by a relaxation of the specifications. A thorough knowledge of the 
cavitation tendencies of various irregularities is needed to ascertain 
whether or not a relaxation is possible. This knowledge can be obtained 
1n the laboratory using water tunnel test facilities. Representative 
Joints, humps, offsets, depressions, etc., can be placed in the test 
apparatus and subjected to high -· veloc1ty flows and low pressures. ibe 
pressure-velocity combinations producing incipient cavitation can be 
determined and the critical cavitation index obtained for each of 
several. sizes of the various irregularities. 

Preliminary tests on sharp 9()0 offsets, protruding into the high 
velocity stream, have been completed and are ~eported in Hydraulic 
Laboratory Report No. Hyd-448. Limited tests also were conducted on 
several beveled into-the-flow offsets to determine their cavitation 
characteristics. 

Attempts have been made to study the cavitation potential of offsets 
away from the flow, but the existing laboratory water tunnel proved 
1Dadequate for this type of testing. 

Accomplished FY61 

G. I. Tests were completed on various into-the-1'low offsets 
with beveled or chamt'ered edges on slopes varying from 1:1 to 
1:24. The studies were extended to detennine the cavitation 
potential of various offsets with rounded corners. The height 
of offsets with beveled or rounded corners ranged from 1/8 to 
1/2 inch. From these tests, tables or charts will be developed 
from which pennissible tolerances for any particular pressure­
velocity combination may be selected for most irregularities 
found in concrete surfaces of hydraulic structures. 

A preliminary study was conducted to detennine the relationship 
of offset shape and the maximum cavitation cloud size at which 
cavitation damage will not occur. These preliminary tests, 
although inconclusive, indicate that mild cavitation may be 
tolerated on some surface irregularities. 

Preliminary tests also were conducted on shapes representing Joint 
filler material protruding into the flow. 

The above-mentioned studies were conducted in a water tunnel with 
a test section 3 inches in depth. The boundary layer thickness and 
degree of development of the turbulent boundary layer probably 
affects the pressure-velocity relationship for incipient cavita­
tion. To minimize these boundary effects, a larger test facility 
having a 6-inch depth of water over the test surface is needed. 
Plans and shop drawings for this new test facility were completed. 



Scheduled FY62 

G. I.--$ 

The new test facility with a 6-inch test section will be fabrica.-ted 
and instal.led. Photographic records and visual evaluation of the 
cavitation cloud for various irregularities will be made through 
a large window in the side of the test section. 

Test results on beveled and rounded offsets conducted during FY61 
will be evaluated. Certain tests on square, beveled, and roUDded 
offsets will be repeated in the 6-inch test facility to evaluate 
boundary effects and to confirm that the test results are 
applicable to prototype conditions. 

Tests to determine the damage potential of mild cavitation for 
various irregularities will be continued. Tests on shapes 
representing protruding Joint filler material will be completed. 

The test program will be extended to include an evaluation ot the 
cavitation potential of grooves or construction Joints both 
parallel and normal to the direction of flow. These results 
will be included in a progress report. 

Side Spillways 

Tb.ere have been demands in recent years for design information relating 
to side spillways. Although there is considerable information available 
on the subject, correlation is ls.eking. The usual procedure has been 
to: make the best use of the material available to complete a design, or 
to rely on hydraulic models to resolve the immediate questions pertineli.t 
to the specific structure. 

The purpose of the study would be to develop basic design data utilizing 
an analytical approach and hydraulic models. The study would include 
two very closely associated parts: {a) a study of the parameters 
involved in the flow characteristics in the channel upstream from the 
aide spillway and in the spillway proper { this type of structure is 
generally termed a side spillway and serves as an emergency structure 
to release excess flows from canal.a), and {b) a similar study of the 
hydraulics of a channel downstream from the spillway with relation to 
the overflow weir (this type of structure is generally termed a side 
channel spillway and is normally used in connection with reservoirs; 
the flow may enter the channel from one or both sides, or from one or 
both sides and one end). 

Available information for both {a) and {b) needs to be extended and 
reduced to a form readily usable for design by {1) an ana.l.ysis of all 



available technical. literature on the subject, (2) correlation of data 
' previously obtained in the laboratory, and (3) extension of the available 

da~ by means of hydraulic model testing. 

!the file ot information and references has been kept up to date by 
adding material gathered from the technical literature. One report ot 
work done in Yugoslavia on a labyrinth-type crest may add considerably 
to the data on this subject. 

Accomplished FY:61 

Project Services--General. Material from previous laboratory 
model studies was gathered f'or correlation studies, and pertinent 
references were added to the files. Additional data were obtained 
from a model study of Fontenelle Dam spillway. 

Scheduled FY62 

G. I.--$ None 

Air Requirements for Tunnels and Siphons 

!there 1s a need tor the determination of the mechanics of the escape 
of air absorbed in water when the ambient pressure is changed and for 
criteria to determine the quantity of air to be exhausted from the 
system. 

In the case of siphons, for instance, air entrained in the water by 
natural means, together with the larger volume resulting f'rom agitation 
by pumps or energy-dissipating devices, may collect under substmospheric 
pressure at the high point in the conduit, preventing continued operation 
of the siphon or decreasing.its capacity. Should the accumulation of 
the air be sufficient to adversely affect the capacity, it must be 
removed by mechanical means such as an air pump. With existing 
knowledge, the designer is forced to estimate the quantity of' air to be 
released from the flow. Obviously, the estimate must be on the side ot 
safety and may result in a costly structure. 

!I.he program includes laboratory investigations to determine the basic 
principles governing the rate of separation of air from solution and 
the flow of air in the rarefied state; the selection of instrumentation 
for laboratory and field measurements; and prototype observations to 
simplify and confirm laboratory results for design use. 

References and pertinent data have been reviewed, and assistance 
regarding tunnel freeboard and rate of' air ejection from pipes in 
irrigation systems was given to designers. 
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Accomplished FY61 

Project Services--General. Locations for field tests to measure 
rates of accumulation of air in siphons were studied. Since 
automatic pumping systems have been installed on the siphons at 
the ends of' the Grand Coulee Pumping Pl.ant discharge lines for 
removal of accumulation of' air, this site was tentatively selected 
for field tests. A file on the subject was kept current by 
addition of' new references. 

Scheduled FY62 

o. 1.--$ None 

Crest and Transition Section for Morning-glory Spillway 

!I.be best available hydraulic design information for morning-glory 
spillways is applicable only to structures which are so located in the 
reservoir that the approaching flow is radial with respect to the 
circular spillway crest. These design data were obtained from tests 
on a sharp-crested circular weir and have been published in the 1956 
ASCE Transactions. 

Seldom, if ever, are radial approach conditions encountered and 
information is needed to modify the ideal spillway shapes for safe and 
economic use on spillways where tangential rather than radial approach 
flows exist. 

Spillway profiles used by others and published in the technical 
literature have been analyzed and the various features such as profile 
shape, diameter, air demand, operating head, and discharge capacity have 
been compared. In many instances, costly oversized crests have been 
used to prevent the spillway from submerging and/or forming an undesirable 
siphon head iD the shaft with resulting cavitation pressures. 

Laboratory research has been started to solve some of the design problems. 
One morning-glory crest was constructed and tested in an existing 
facility and the data used, along vith data from five profiles !Dwsti• 
gated during the Trinity morning-glory spillway model studies, to gain 
further background as to the best method of attacking the problem. 

Future research will be directed toward establishing design criteria 
which can be used to obtain a minimum spillway profile consistent with 
safe and satisfactory performance. 



Accomplished FI61 

Project Services--Oeneral. In constructing the Whiskeytown 
Dam morning-glory spillway model, now undergoing tests in the 
laboratory, provisions were made to study the effects of 
tangential flow as a research problem after the project tests 
had been completed. Twelve radial rows of piezometers, twelve 
to the row, were installed in the spillway crest to measure 
pressure differences caused by various combinations of radial 
and tangential approach flows. 

Topography near the morning-glory crest was made removable so 
that tests may be made with truly radial and truly tangential 
flows to be compared with semitangential flows. Preliminary 
sketches were made of topographical features which affect the 
spillway approach, such as the sloping face of an earth dam or 
a hillside at various distances· from the spillway. The 
investigation will include the effect of different approaches on 
the spillway discharge coefficients, the operating head to 
spillway diameter ratios, and the spillway profile pressures. 

Scheduled FI62 

O. I.--$ 

'lhe existing morning-glory spillway used in the Whiskeytown Dam 
tests will be tested with various arrangements of topography 
to evaluate the effects of tangential approach flow. For varioua 
approach flow depths and typical obstructions to radial flow in the 
area· adjacent to the spillway, the 144 piezometers in the spill­
way will be read to determine the pressure changes resulting trom 
changes in approach flow characteristics; depth measurements 
over the crest line will be taken at intervals around the crest 
and correlated with the pressure measurements and the distance 
to the adjacent boundaries; and, if time permits, attempts will 
be ma.de to generalize the findings for use in designing a 
morning-glory spillway. 

waves in Canals 

Erosion of canal banks by wave action creates a costly maintenance 
problem. The canal becomes hydraulically inefficient and unsightly. 
Studies have been conducted in canals on four projects in coordination 
with the Lower-cost Canal Lining Program, using anenometers, staff gages, 
and camera equipment. some phases of the testing program have been 
examined in the laboratory where control of variables is easily 
accomplished. 



Accomplished FY61 

G. !.--Hydraulic Laboratory Report No. Hyd-465, "Progress 
Report 1--Bank Erosion Due to Surface Waves in canals," was 
completed and issued. This report included prototype vind and 
wave data from canals on four Bureau projects and the results ot 
laboratory erosion tests of earth material from Driftwood canal, 
Nebraska. 

Similar laboratory tests of earth material from Kennewick Ma.in 
Canal, Yakima Project, were conducted. These data were compiled 
and analyzed (or inclusion in a future progress report. 

Field equipment for measuring velocities and direction of v1nd 
and heights and frequencies of waves was installed on Driftwood 
canal. 

The amount of erosion on the banks due to waves was also measured. 
Because the vind velocity was insufficient during the FY61 tests 
to correlate the measured variables, the equipment will be 
reinstalled and the tests repeated during the 1961-1962 irrigation 
season. These tests will be conducted under the Lower-cost 
Canal Lining Program. 

Scheduled FY62 

o. I.--$ None 

Discharge Coefficients tor Radial Gates 

Radial gates are used extensively on spillways and in irrigation systema 
to control rates of now and water surface levels. Normal and flood 
regulation from storage and diversion dams are affected by the hydraulic 
characteristics of these gates. Intelligent and orderly operation of 
the systems normally requires that the rate of flow passing the gated 
structures be known to a relatively high degree of accuracy. 

'.lhe radial gate is used to close an opening in a structure. Hence, 
the boundaries of the flow orifice are fonned in part by the structure 
and in part by the gate. The wide variety of shapes which the 
structure may assume, together with the extensive choice of physical 
dimensions, shapes, and settings of the gate itself, combine to create 
an almost infinite number of combinations which affect the rate of flow. 
Therefore, detennination of discharge coefficients through a structure 
utilizing radial gates for control is not readily solvable by analytical 
means, and an empirical solution is necessary. 
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Needed information includes the effect on the discharge coefficient 
of (1) the radius of curvature of the gate leaf; (2) the ratio or 
breadth to height; (3) the rel.a.tive position of the hinge pins; (4) the 
submergence, both upstream and downstream; (5) the profile of' the bottom 
of the structure adjacent to the gate; (6) the alinem~nt of the sides 
of the structure (assuming that the structure has only one gate or 
that the gates are separated by piers); and (7) orientation of the 
structure with respect to the approaching flow. If there are no 
separating piers between gates, other questions arise. 

Many tests on model gates have been made over a period of several years. 
!!he test data have been analyzed and the results and conclusions 
presented in a paper published by ASCE in 1959. This paper indicates 
that progress has been made, but that further testing and analyses are 
necessary to establish general design criteria. 

Further analytical studies of unsubmerged radial gates were made, 
utilizing the available data on gates, discharges, and gate-setting 
shapes. An equation was developed for determining discharges throush 
a partially open gate taking into account the numerous variables. Use 
of this equation has provided discharge quantities which agree very 
cl.osely with those obtained by laboratory calibration. Further 
verification of the formula is required, however, over a greater range 
of gate and structure shapes than is presently available. This can be 
accomplished by hydraulic model testing using a l.a.rge radial gate. 
Drawings of a model of a test radial gate to be installed in the large 
4-foot flume in the Hydraulic Laboratory are complete. 

A thesis entitled "Discharge Characteristics of a Taintor Gate on a 
Spillway," by Zynowij Miroslav Glowiak, was obtained from the University 
of Iowa. Material in the thesis will assist in evaluating the importance 
of variables involved. 

Accomplished FY61 

Project Services--General. Model tests were deferred because of 
more urgent work. 

Scheduled FY62 

G. I.--$ 

Progress on this project will be dependent to some degree on 
completion of the baffle pier and chute block pressure study 
described in "Hydraulic Jump and Energy Dissipators," since 
both are scheduled for testing in the same glass-walled flume. 
Construction of the gate will be completed for instal.la.tloni. in,1 

the 4-f'oot flume or another test flume. Testing will be 
initiated to obtain data for checking the proposed formula and 
extending the scope or presently available information. 



Boundary Shear Studies 

Problems concerning the design or noneroding channel embankments in a 
variety of soils are referred to the laboratory for study and recomnen­
dations. A laboratory method to quickly determine boundary shear values 
is greatly needed. It is proposed to design and construct a laboratory 
apparatus to read.Uy obtain this type of information. The test facility 
will consist of a short recirculating flume in which velocities and 
depths can be varied. Velocity distributions will be measured in a 
straight reach and boundary shear values computed therefrom. 

The flume will be calibrated in such a manner that boundary shear value• 
can be determined quickly from hydraulic measurements. 

Samples of prepared and undisturbed earth materials from canals and 
other channels will be tested at various moisture contents to determine 
their critical resistance to erosion. 

Accomplished FY61 

Project Services--General. A short recirculating flume was 
designed and constructed in the laboratory, Instruments and 
testing equipment were assembled or constructed in preparation tor 
initial tests. 

Scheduled FY62 

o. 1.--$ 

After the flume has been calibrated, tests will be conducted on' 
soil samples from existing canals in the field. Samples will 
include various classes of cohesive materials to obtain test data 
on a range of typical soils. Test data will be plotted to 
develop general curves for correlation with prototype and other 
available data. General design criteria for earth canals will be 
developed. 

canal Capacity Studies 

Designing large canals is a complex problem where the head loss is 
affected by the important factors of size, shape, and grade and the 
cumulative effects of lesser factors such as structures, crossings, 
inlets, turnouts, checks, and other local items. Although the specific 
quantitative effect of each factor is ·:not accurately known, the design 
procedures developed over a number of years and applied by engineers 
vith broad experience gave acceptable results. · 

Recent experience indicates design procedures used success1'ully tor 
determining the capacity of small and medium sizes of canals are not 
adequate for large concrete-lined canals on comparatively flat grades. 
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Tests have demonstrated a capacity deficiency of approximately 20 
percent. Consideration of the deficiencies led to a decision to 
review and evaluate the adequacy of current design practice and to consider 
the need tor research and testing to develop improved methods ot deter~ 
mining flow resistance. The program evolved bas the following 
objectives: 

1. Develop explanations of the observed hydraulic behavior of' 
canals known to be deficient in capacity. 

2. Develop hydraulic design procedures for interim use while 
field and laboratory studies are conducted. 

3. Develop a comprehensive fiea.d and laboratory research ef'tort to 
acquire data to provide a firm basis for refinement of design 

_;:.,,:·.:,procedures. 

Initial studies will be primarily concerned with concrete-lined canals 
v!tij a later extension to include earth canals and closed conduits. 

Accomplished FY61 

Project Services--General. Technical assistance was provided 
project offices in Regions 1 and 2 for conducting prototype tests. 
Equipment was prepared and supplied for measurement of water 
surface levels and velocity distributions in test reaches of 
selected canals. Prototype data obtained from tests were analyzed 
to compute surface resistance and structure head loss coefficients. 
A propeller-type current meter system, including recorder, was 
purchased for ma.king simultaneous velocity distribution measure­
ments in vertical planes across prototype canal sections. Thie 
equipment was satisfactorily operated in the laboratory but has not 
yet been used in the field. 

Laboratory investigations of the resistance coefficient for 
various bridge piers were carrd:.ed out for use in design require­
ments. A laboratory test facility using air as the fluid was 
constructed and tested to obtain surface resistance coefficients 
of typical concrete surfaces. Velocity distributions and head 
loss measurements were used to evaluate the coefficients. · One 
concrete surface of woo~ float finish was studied. 

A letter of inquiry concerning current hydraulic design practices 
f'or large concrete lined channels was prepared Jointly with the 
Canals Branch and sent to 29 organizations throughout the world. 
Information received in reply to this letter is being summarized 
and current literature was examined to learn of new deveJ.opments 
in the field of open channel hydraulics. 



Scheduled FY62 

G. I.--$ 

Technical assistance and equipment will be provided tor scheduled 
tests in Regions l and 2 :for large concrete~J.ined canals. These 
tests will be directed toward evaluation of the first 30 miles ot 
the Delta-Mendota canal a:fter the recent cleaning and the Trail 
Lake Reach of the Main Canal of Columbia Basin Project. Tests 
on the Madera Canal and the Friant-Kern Canal of the Central 
Valley Project will also require data analysis. 

Laboratory studies of boundary surface resistance coefficients 1n 
the air test :facility will be extended and correlated with 
analyzed results from the :field. Laboratory pier loss tests will 
be completed and a report finished to summarize the results and 
compare them with field measured values. 

As requested, assistance will be provided to the Central Valley' 
Project in the measurement of structure losses of bridges on 
skews and curves. Data will be analyzed from the Delta-Mendota 
and Friant-Kern Canals as applicable to specific capacity deficienc1••• 
Field measurements of skew-bridge waves for model prototype 
correlation will be requested. Development of equipment and 
techniques will be continued to supplement the slope and water sur­
face gages presently being used in :field measurements. 

As information is derived from laboratory and field portions ot 
the overall program, progress reports will be written tor use of 
field and design division personnel in establishing tentative 
design criteria. 

Standardization of Design of Small canal Structures 

Canal systems contain many small structures such as drops, turnouts, 
wasteways, overshoots, culverts, transitions, and bifurcations. 
Velocities of flow are usually low as compared with large structures, but 
efficient energy dissipation and proper :flow distribution are essential 
to prevent undercutting at the structure and damage in the downstream 
canals. Head losses at most of the structures should be a minimum tor 
economical operation. Proper design is important because the large . 
number of' structures involved in a system may mean that poorly operating 
or uneconomical designs are repeated many times. 

Model. studies have been made on a number of individual. designs, but 
because the structures operate under such a wide range of conditions, 
standardization of designs is not yet possibl.e. An orderly program ot 
laboratory studies to achieve this standardization is progressing. 
Broken-back-type inlet and outlet transitions for connecting canals to 
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pipelines and culverts have been studied. Modified broken-back designs 
incorporating short closed-conduit expansion sections were also studied. 
Eventually, a field test program to verify the laboratory results will 
be included. A part of the data was published as a University of · 
Colorado thesis for a Master's Degree for a Canals Branch engineer. 

Accomplished FY61 

Project Services--General. A transition structure consisting 
entirely of a closed conduit expanding section terminating in a 
headwall normal to the canal ,was constructed and tested 1n the 
laboratory. Tests with the structure serving as an outlet showed 
that the'-'energy losses were reduced to a value of only one-tenth 
of the difference in velocity head from the pipeline to the canal. 
This loss is but one-sixth of the value measured with the more 
conventional open, broken-back-type transitions. Velocity 
distribution studies showed that the flow patterns were reasonably 
good at the transition outlet and additional tests showed that 
the scour in the unlined canal section was somewhat less than 
that found with open transitions. 

Tests were also made with the structure serving as an inlet. '!he 
performance was entirely satisfactory and energy losses of about 
0. 4 of the velocity head difference were the same as those obtained 
for the conventional open transitions. 

Data obtained 1n the velocity distribution studies with outlet flows 
indicated that the rate of sidewall exJansion of the closed 
transition· should be reduced from 6-1/2° relative to the centerline 
to about 5°. This change is expected to provide equally good 
retardation of the flow and recovery of head and to produce an 
even more economical structure. The less divergent transition was 
constructed and installed 1n the laboratory model and ma.de ready 
for testing. 

A progress report on the entire series of inlet and outlet transition 
studies was started. 

Scheduled for FY62 

G. I.--$ 

Detailed studies will be ma.de of the revised transition operating 
as an inlet and outlet. Energy losses, scouring tendencies on the 
canal sideslopes and invert, and velocity distributions at the 
structure inlet and outlet will be determined. The first tests 
will be made with the pipeline approaching the transition horizontally. 
A se~ond series of tests will be made with the pipeline approaching 



on a 2 to 1 upward slope. After the comparative scouring 
tendencies of the transitions have been obtained and evaluated, 
tests will be conducted to determine minimum riprap sizes tor 
a range of velocities 1n the transitions. 1b,e progress report 
on all the transition studies to date will 'be completed. 



SEDIMENTATION 

G.A.E.--$ 

Sediment Control at Diversions 

Diversion of water from streams with alluvial beds into irrigation 
canals presents difficult problems. One important problem concerns 
the necessity of conducting the strea.mbed sediment material through 
the dam structure and preventing its entry into canals to avoid 
costly reiooval by other means. 

Designs of several diversion structures have been developed to 
· cause the maximwn amount of river bedload to pass through the 
sluiceways and bypass the canals. Both intermittent and continuous 
sluicing methods have been investigated. The types of sediment­
excluding facilities developed and tested include: (1) curved 
guidewalls approaching the headworks and sluiceways, (2) short 
tunnels upstream from headworks and sluiceways, (3) overhanging 
sills and other specific devices at the entrance to headworks, 
(4) bottom and surface guide vanes, and (5) other sediment-control 
devices such as the vortex tube. 

The development and hydraulic model testing of the headworks and 
sluiceways of some of the structures are reported in Hydraulic 
Laboratory Reports Hyd-275, -316, -384, -385, -419, and -451. 

A paper on sediment control structures was published in the 
Proceedings, Minnesota International Hydraulics Convention, 
September 195 3 • 

Accomplished FY61 

Pro.1ect Services--Genera;l,. Tests using project funds were 
completed on the hydraulic model simulating the Socorro Main 
Canal headworks at San Acacia Diversion Dam. Three arrangements 
were tested: (1) bottom guide vanes upstream from the existing 
headworks; (2) a siphon with sediment blowoff under the low-flow 
channel; and (J) a flume over the low-flow channel with a sediment 
sluice into the channel. The third arrangement was constructed 

. at San Acacia Diversion.. Hydraulic Laboratory Report No. Hyd-479, 
describing these tests, was compiled. 

Research was continued in the same test facility using surface 
guide vanes for sediment control at the headworks. Tests were 
made using 3 lengths of 4 vanes arranged at 5 depths below the 
water surface, at 3 0.J.-igles with respect to the channel wall, 
and in J positions with respect to location of the canal headworks. 
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Field data were obtained on Woodston, Bartley, Superior­
Courtland, and Cambridge Diversions showing total sediment 
transport and division or sediment load between headworks 
and sluiceway. Two di versions had curved guide walls, the 
third had curved guide walls with an overhanging sill, and 
Cambridge Diversion had no sediment control other than a 
sluiceway. Total sediment transport is qeing computed from 
data using the M:>dified Einstein Transport Formula and the 
IBM-650 Computer. Bedload is being computed using several 
bedload formulas. The results are being compiled in a 
report. 

Scheduled FY62 

G.A.E.--$ 

Tests will be continued to further develop the optimum shape, 
location, number, and spacing of bottom and surface guide 
vanes £or use in controlling sedi.Joont at di versions. These 
data will be compiled and arranged in general form for 
application to future designs. 

A field study is planned to check the effectiveness or a 
short-tunnel type or control arrangement. This study will 
include sampling of sediment loads passing through the 
sluiceways and those entering the headworks. 

Stable Channel Shro,es 

Straight Channels. Research studies to improve design of 
unlined and earthlined canals have been made during the past 
several years. Data were collected from previous studies of 
field canals operating in noncohesive earth materials. These 
data were analyzed with other laboratory and field data to 
develop a theory utilizing critical tractive forces or noncohesive 
material combined with shape characteristics of canals to assist 
in design. Laboratory and field results and the development ot 
the tractive force theory for design or canals are given in 
Hydraulic Laboratory Reports No. Hyd-325, -352, -358, -366, and 
-393. Two papers have been published, one in the Proceedings or 
Minnesota International Hydraulics Convention, 1953, and another 
in ASCE Transactions, 1955. 

Studies have .been concentrated in recent years on canals built 
in cohesive earth materials as a part or the Lower-cost Canal 
Lining Program. Field tests have been made on test reaches 
selected in five regions to determine erosion characteristics 
and the tractive forces (or shear) that produced erosion. 



Undisturbed and sack samples obtained from each test reach· 
were subjected to shear tests in a hydraulic shear testing 
tank and standard Atterberg soils tests. Vane shear tests 
were also made in the field and on the undisturbed samples 
brought to the laboratory. The purpose of the field and 
laboratory tests is to correlate standard or other soil 
tests with critical or starting erosion values for use in 
designing future canals in cohesive materials. General 
Laboratory Reports No. 21 and 22 have been issued and include 
data from Laboratory Reports No. Hyd-4J5, "Progress Report 
or Canal Erosion and Tractive Force Study--Lower-cost Canal 
Lining Program," February 1958. 

Accomplished FY61 

Project Services--General. Progress Report. No. J, "Canal 
Erosion and Tractive Force Study (Correlation of Laboratory 
Test Data)," was reviewed and issued as General Report 
No. Gen-26. This report was prepared in coordination with 
the Lower-cost Canal Lining Program and is also listed as 
Hydraulic Laboratory Report No. Hyd-464. The laboratory 
test data in the report included the critical tractive 
force as measured on a shear testing machine, the plasticity 
index, density, shrinkage limit, vane shear value, percent 
maximwn density, and gradation analysis of the soil samples. 
Multiple linear correlations were made utilizing the IBM-6,o 
Computer. One hundred and four correlations were ma.de from 
the data plotted in zones parallel to the A line on the 
plasticity chart and by using various arrange~nts of the 
variables. 

Possible test reaches were selected to establish a field test 
facility on Farwell Main Canal, Nebraska, which is currently 
being designed. From soil tests of samples obtained from the 
field, final selection of test reaches was made. Three test 
reaches (one designed to remain stable, one overdesigned, and 
one underdesigned to erode), will be built during regular 
construction of the new canal. 

Scheduled FY62 

G,A.E.--$ 

The three test reaches will be designed and built during 
regular construction of Farwell Main Canal, Nebraska. 
Instrwnentation will be planned and assembled for tests 
when water is first delivered in the new canal. Data will 
be obtained to check laboratory results and to determine 
the correlation between field observations and laboratory 
results. 



Curved Channels. Maintenance on curves or canals has been a 
problem for macy years • In trapezoidal earth end earthlined 
canals, scour on the outside and depos:i.tion on the inside of 
curves have increased the cost of maintenance • Reconmmdations 
have been made to shape the canals in such a we::, as to reduce 
this scour and deposit. Research studies have been started, 
including collection of data from field canals end constructing 
a hydraulic model in the laboratory to determine the various 
forces involved as water moves around curves in canals, and 
to study the effects on scour and deposit by changing the 
canal -shape or direction or the flow currents. Recent observations 
in the field have indicated that a 4:1 slope on the outside or 
the curve and a 1:1 slope on the inside of the curve gave less 
scour and deposition than symmetrical sideslopes of regular 
trapezoidal shape. 

A trapezoidal test flume, 50 feet in length and with one to 
four curved sections, has been constructed for curved channel 
tests. 

Accomplished FY61 

Project Services--General. Because of priority work the 
hydraulic testing flume constructed for the curved channel 
teats was us$d for bridge pier tests. The flume ' was 
refurbished and inst~nts for measuring shear and velocity 
distributiob.s were designed and partially fabricated. 
Additional literature was obtained and reviewed, including 
a recent study at a technical university. Additional 
information was obtained from 9perating projects concerning 
problems of scour and deposition on canal curves and 
maintenance being perf orrood to keep channels in good 
condition. 

Scheduled FY62 

O,A.E,--$ 

Measurements of velocity and shear distribution will be 
continued in the hydraulic flume. Studies will be made to 
check results obtained from fixed-bed flume tests in another 
laboratory. After completing the fixed-bed model tests, the 
movable-bed material will be used to further study the mechanics 
of SCO\JF and deposition. Various changes in cross section and 
devices to direct the flow will be tested. 



Channelization and Bank Protection 

Use or steel jacks and jetties for bank protection and channelization 
has been studied during the past few years. Steel Jacks and Jetties 
have been installed in local areas on rivers to protect highways, 
bridges, railroads, etc. Through the use of two hydraulic model 
studies, formulas : and graphs have been developed for use in 
choosing economical layouts for jetty fields. A fixed-bed, open­
channel model was utilized to determine relationships between 
depth, Froude number, density, and number of lines of steel jacks, 
and velocity reduction and recovery downstream from the lines of 
steel jacks. Another hydraulic model study was made, simulating 
a prototype layout of Casa Colorada area on the Middle Rio Grande 
River. An unpublished paper gives results of the early model studies. 

Tests have been made on the movable bed model to verify data obtained 
in the field, to extend the range of discharges, and to determine 
the deposition and scour characteristics of the jetty field. After 
completing the series of tests on the Casa Colorada model, the 
roovable bed distorted model was modified. The walls of the model 
were changed to provide almost constant width of the jetty field 
channel and flood plain. To make the results more generally useful 
tests were made with steel jack tiebacks, spaced from 250 to 500 
feet, and with the discharge ranging from 5,000 to 15,000 cfs. 

f;t:o,Iect Services--General. Data obtained from tests conducted 
on the hydraulic model and data furnished from the field were 
analyzed. Additional relationships were obtained from these 
data and a recommended procedure for designing Jetty fields 
was developed. Hydraulic Laborat6ry Report No. Hyd-4 77, 
"Hydraulic Mxlel and Prototype Studies of Casa Colorada 
Channelization, " which includes the data obtained from the 
JOOdel studies and field measurements was reviewed and issued. 

Scheduled FY62 

O.A.E.--$ 

Additional data will be obtained from field installations on 
the Middle Rio Grande Project. The data will be correlated 
with the hydraulic model studies. 



Weed Control by Shading__with Sediment 

A study has been conducted in coordination with the weed control 
research to determine the effectiveness of suspended sediment in 
reducing growth of water weeds. The study was started after 
reports had been received that sediment had been Jetted from 
Angostura Reservoir for the purpose of reducing weed growth in 
Angostura Canal. In several published reports, statements indicate 
that suspended sediment in canal systems has reduced water weed 
growth . .D3tails of concentration and type of sediment or types 
of weeds are not known. Research has been conducted to answer 
questions concerning control of water weeds. 

Tests have been made on three types of pondweeds, using three 
different concentrations of commarcial sodiwn-base bentonite and 
natural-occurring bentonite-type sediment obtained from Angostura 
Reservoir. The suspension was maintained by pwnps mounted on the 
sides or 55-gallon drums, equipped with specially designed apparatus 
to maintain various concentrations of sediment in suspension. 

To evaluate the growth response of the plants to shading by sediment 
in two different growth stages, both ungerminated plant propagules 
and established cultures were exposed to the environments of 
suspended sediment concentrations. 

Solar radiation measurements made with a limnophotometer indicated 
that intensity and spectral quality of light were considerable in 
water containing suspended sedinents. The reservoir sediment was 
more effective in reducing radiant energy levels at much lower 
concentrations than the commercial bentonite. 

Data from this study indicate that low concentrations (50 to 100 ppm) 
of suspended sediment create sufficient shading to produce significant 
growth reductions of submersed aquatic plants. In general, however, 
the amount of growth reduction noted would not be considered critical 
to the survival ability of the plants. The data showed that sediment 
concentrations greater than 1,250 ppm would be necessary to affect 
their survival ability. Maintaining concentrations of fine sediment 
above 1,250 .ppm, by weight, in rost canals appears generally unfeasible. 

Accomplished FY61 

Project Services--Gen™-1. Hydraulic Laboratory Report No. Hyd-450 
(Gen-27), 11Some Effects or Suspended Sediment on Growth or Submersed 
Pondweeds, " was duplicated and distributed • 

Scheduled FY62 

G.A.E.--None 

No further studies are contemplated during FY62. 



Relating Suspension and Scour or Sedimmt to Channel }lydraulig 
Characteristics 

It would be extremely useful to be able to predict the size or 
sediment that will go into suspension when the hydraulic cliaracteriatiaa 
or a water channel are known. This information is needed to solve 
problems of scour and deposition of sediment, particularly at 
diversions. The first part of the study is planned to include a 
search and compilation of field data such as can 'he found in the 
water supply papers of the Geological Survey, The size and 
concentration or sediment found in suspension will be related . 
to functions of velocity and shear. 

The second part of the study will be the construction and operation 
of a flume to determine definite parameters relating maxinP.un sedimant 
size and concentration. Relationships which can be made from 
available field data will be checked in the flume · study. The flume 
will be used to fill in areas where field data are lacking. One or 
the main points to be determined is the depth that a confined open 
channel will reach when water flows on an alluvial bed and when the 
size and gradation of the sediment and the hydraulic characteristioa 
of the flowing fluid are .known. 

Accomplished FY6l 

Project Services--General. Data were obtained and analyzed 
from published sediment studies and from one unpublished 
study. The data were arranged and trial correlations were 
made, 

A tilting flume was designed and plans drawn. The hydraulic 
system will be capable of recirculating water and sediment. 

Scheduled FY62 

G,A,E.--$ 

If preliminary correlations or existing data show promise of 
producing usable relationships, complete correlations will be'.1 

me.de using the IBM-650 Computer. 

The tilting flume will be constructed and tests will be started. 
The flume data will be related with correlations developed from 
existing data. 



F.guilibrium Beach Profile in Reservoirs with Noncohesiye Earth 
Materials · 

Very often Bureau reservoirs are located in areas of noncohesive 
sandy materials. The equilibrium beaching 11lope of the reservoir 
banks becomes an important consideration in purchasing rights-of-W&Y' 
for the reservoir site. Such variables as height and frequency or 
waves . and large fluctuations in water surface are determining 
factors in establishing the equilibrium slope of a beach. 
Considerable information on equilibrium r~ofiles of ocean beaches 
is available in current literature. However, additional information 
is needed to adapt these data to the wide range of sandy material• 
fcnmd in reservoir banks. 

Accomplished FY6l 

This is a new study to be started in FY62. 

Scheduled FY62 

G,A.E.--$ 

A study will be made in the Hydraulic Laboratory wave flume 
to determine the parameters from which equilibrium profiles 

· or future reservoir beaches can be predicted. Four or five 
uniform sands will be teated at different wave heights and 
frequencies to obtain initial data. 



WATER MEASUREMENT 

Q,A,E,-$ 

Constant Head Orifice Turnout 

The constant head orifice turnout is used in place or the more 
comoon turnout-weir combination. This device has the advantage 
or not requiring the llll.IOOrous adjustmmts and walking involved 
in using the gate-weir combination. 

Questions concerning the effect of changes in physical features 
or the structures on the calibration have arisen repeatedly in 
recent years. Soma questions have been answered, al though w1 th 
reservation and restriction, resulting in design changes which 
approached a new standard. Many questions remain to be answered. 

A 1:2 scale model of a 24-inch slide gate turnout was constructed 
and testing has been completed. 

Accomplished FY61 

Project Services--General. Data analysis was continued in 
preparation for completion of the report. These test data 
for:ued a basis tor answering llll.IOOrous design questions. 

Scheduled FY62 

This study will be completed as a part of "Turnout Gates. " 

Critical Depth-measuring Device 

The need for standardization and calibration of a critical depth­
measuring device is evidenced by continued inquiries from design 
and field personnel. The Parshall flume has been calibrated and 
doc~nted in use, but its rectangular cross section is not always 
readily adaptable to the trapezoidal section of canals and laterals 

. without expensive transitions. This study is for the purpose or 
better defining the needs and exploring the development or a flume 
with a section shape compatible with canal design. Current and 
past literature describing methods of measuring irrigation water 
by devices or this nature was studied for application to current 
problems in water measurement. The Agricultural Research Service, 
using facilities of the Colorado State University Hydraulic 
Laboratory, is developing flumes for this purpose. One report 
"Trapezoidal Flumes for Open Channel Flow Jkasure:ioont, " dated in 
1958, shows that progress is being made on this problem. · 



Accomplished FY61 

Pro,iect Services--General. A paper "Unification ot Parshall 
Flume Data;' by Sydney Davis, Visiting Associate Protessor, 
Cornell University:, was obtained and reviewed. This paper "' 
appears to be a notable attempt to combine the individual 
flllm3 calibrations under one series of graphs and equations. 
Further investigation or the effect or varying the side 
angles or bottom angle is suggested for perhaps not nx:,re 
than three flume sizes • Such an investigation may confirm 
the generalizing equation derived from the study. Search ot 
literature sources was continued to provide references and 
to determine the necessity for a Bureau study or these 
devices. 

Scheduled FY62 

This study was transferred to "Study of Measurement Structures 
and Methods Producing Minimum Head Loss." 

Weirs Having Velocity of Approach 

Errors in water measurement with weirs are caused by a number or 
factors, including the depth or water and velocity distribution 
in the pool upstream from the weir. As the velocity or approach 
to the weir notch increases with a decrease in water depth caused 
by sediment filling the pool, serious inaccuracies are incurred in 
measuring the discharge. The IJUI'PPSe or this study is to rationalize 
the probable erreot or the increased velocity and changed velocity 
distribution on the discharge. 

Accomplished FY61 

Pro.feet Services--General. Literature reviews were kept 
current and publications were used to assist in providing 
weirs for inflow-outflow discharge measurements or seepage 
losses. A J.5-foot weir, 1-root high with full contraction 
on the blade and partial contractions at the vertical sides, 
was rated in the laboratory 4-f oot glass-sided £1\llll! . A 
memorandum report was prepared to compare the capacity curve 
of this weir with the head-discharge curves of standard 
suppressed weirs and fully contracted weirs •.. 

Scheduled FY62 

G,A,E,--$ None 



Turnout Gates 

In general, the measuring devices used in the irrigation systems in 
the United States do not control the flow. To accomplish measurement 
and control of the flow at a turnout from a water conveyance, a gate 
or similar control must be provided. If this control could also 
serve to measure the flow, economy would result. For this reason, 
there has been an increasing interest in the use or single- and 
multiple-gate turnouts, available commercially, but accurate knowledge 
or their measurement capabilities and operational limitations is 
lacking. Past years of inv~stigation have yielded calibration and 
other pertinent data on meter gates, Hydraulic Laboratory Reports 
No. Hyd-314 and Hyd-4 71. The devices studied are only a minor part 
of such available equipment. General studies on the influence of 
headwall and approach channel design on capacity and performance of 
gated pipe entrances have been made and are reported in Hydraulic 
Laboratory Report No. Hyd-422 • · 

References to a number of gate calibrations have been obtained, and 
analysis or the data will probably show important gaps that must 
be bridged by laboratory studies. 

Accomplished FY61 

Pro,lect Services--General. Hydraulic Laboratory Report 
No. Hyd-471, describing the results of capacity, accuracy, 
and operational limitations of one type of screw lift gate 
was issued. Results or the J6-inch gate calibration by 
the Salt River Valley Water Users' Association were not 
received, and thus incorporation or the results in general 
form with other available data was deferred. 

Scheduled FY62 

G.A.E.--$ 

Reporting of the constant head orifice turnout study, deferred 
because of more urgent work, will be completed. Search will 
be continued to obtain information on reliable gate calibrations 
for inclusion in a generalization of characteristics. 

Analysis or Devices for Design 

Experiences or the Bureau or Reclamation have shown an intense need 
for adequate measurement and accounting or irrigation water for the 
best utilization and conservation of this resource. In addition to 
accuracy, there is need for economical standardization with 
simplicity of design for construction and operation. 



To simplify the selection or water ireasurenent devices and bring 
about a · standardization or the devices developed in the past with 
those now in prominence, the relative nerits or each have been 
~ompared to form a source of information. 

Accomplished FY61 

· Project Services--Gen.eral. Turnout gate reports completed 
during the year and reports on adjustable and compound weirs 
were analyzed to determine their relative marits. 

Scheduled FY62 

G.A.E.--$ 

Information acquired from laboratory studies, field investigations, 
discussions with design branches, and from literature review will 
be used to assist design groups in determining the capabilities 
or maasurenent devices. 

Compound Weirs 

Many water neasurement devices are located in remote areas; they mst 
operate over a relatively large range or discharges with an acceptable 
degree of reliability. Weirs combining conventional and reliable 
shapes have been used to extend the range or discharges for which 
a single maasuring device will give accurate ireasurements. Literature 
research disclosed very little information on discharge relationships 
tor compound weirs. From the meager information of this search, it 
was concluded that a compound 11V11 notch weir might be the most readily 
adaptable device for ireasurement or a larger flow range. 

Accomplished FY6l 

Pro.ject Seryices--General. Analysis of data from studies or 
ti ve compound weirs was completed. The test weirs included 
a 1-foot deep, 90° V-notch weir combined with (1) vertical 
sides above the notch, (2) level crests 2 --feet and l · root in 
length at the sides or the notch, and (3) 15° upward sloping 
crests 1-,root and 2 --feet in length. A report draft of the 
investigation results was completed. 

,Scheduled FY62 

G.A.E.--$ 
Change of discharge characteristics prevents extrapolation or 
the capacity curves for crest lengths larger than those tested. 
Further study will be made to find a nethod or extending the 
rating curves. The report will be finished and published on 
completion or the extrapolation analysis. 



Ad.fustable Weirs 

Many adjustable weirs are in use on irrigation projects, and nx>re 
are being installed at water division and terminal points in 
distribution systems. These weirs having an adjustable crest 
height are used for raising surface levels for upstream water 
deli very and for measurement of water passing over them. In many 
instances, more than one adjustable weir is used at a division 
point. Under these circwnstances, the placement of the weirs 
and the selection of the proper points for head measurement 
become important problems. Laboratory investigations were 
undertaken to better define the hydraulic conditions controlling 
the flow through single and multiple combinations of these weirs. 

Accomplished FY61 

Project Services--General. Analysis or test results on a 
2-foot commercially produced adjustable weir were finished. 
A report draft was completed and will be published. 

Scheduled FY62 

G.A.E.--$ 

Study or Measurement Methods to Improve Water-loss Records 

Importance of good measurements in an irrigation system may not be 
fully appreciated by all who are responsible for dispatching water. 
One must be aware of what constitutes acceptable practice and steps 
necessary to improve accuracy for more equitable distribution and 
conservation of water. To improve measurement conditions, ultimately 
raise the quality of measurements, and to provide reliable water use 
figures, an educational and assistance program is indicated. Prelim:.tn­
ary discussions disclosed that a school might not produce as nuch 
benefit as actual measurement and recording of water use by improved 
methods. Water use figures would be assembled and made available to 
various planning, design, and operation offices. 

This program plans for more accurate determination of system seepage 
loss and waste and for a compilation of water use figures. The 
program would include determining the average consumptive use of 
water on representative farm .units and a survey by questionnaire on 
the methods used by the projects for measuring water at points of 
diversion from streams and reservoirs. After analysis of questionnaire 
results and consumptive use figures, the need for further action would 
be determined. 



Accomplished FY61 

Information was added to this phase or the program by application 
of our present knowledge to the inflow-outflow method or discharge 
measureirent. Data furnished from two si tea ( one in the North 
Platte Project of Wyoming, and one in Kansas River Projects, 
Kansas) were used in determining the problems that arise from 
a study of losses on an extensive length or canal and lateral 
systems. Work on the preparation or information questionnaires 
was curtailed because of emphasis on other phases or the water 
measurement program. 

Scheduled FY62 

G.A,E.--$ 

Results available from past application of principles involved 
in measuring continuous water loss from an operating canal­
lateral system will be analyzed. Requests for copies of 
operating records will be made to assist in selection of a 
system where improved devices could be installed to evaluate 
the accuracy of water-loss measurements. 

Summary of Available Information on .Measurement of Irrigation Water 

To quickly and accurately answer questions arising from correspondence 
or personal inquiry, a current and complete reference file on water 
measurement mt.hods is required. The laboratory file is maintained 
on this basis to reduce the time necessary to answer these questions, 

Accomplished FY61 

Pro,1ect Services--General. Files were maintained and abstracted 
for use in bibliographies. 

Scheduled FY62 

G,A,E,--.$ None 

Small Flow Measurement Devices 

Interest increased in devices for measuring discharges considerably 
smaller than normal flow rates as evidenced by writings of universities 
and Government organizations. From searches made during the year, 
there appears to be little information on the subject, but several 
studies are being pursued. 

~ 70 



Accomplished FY61 

Pro,ject Services--General. Additional information was 
obtained from a review of a progress report of studies 
by the California. Agricultural Experimnt Station, University 
of California, Davis, California. The studies covered the 
hydraulics of surface irrigation systems and the report 
briefly described progress in the study of the titration 
roothods. 

Scheduled FY62 

O.A.E,--$ 

Studies will be extended and applied to specific project 
requirements as established. Development of measuring 
equipment to meet these requirements will rollow. 

Control Notches 

In recent years, multiple- and single-notch controls have been 
installed in many canals for various purposes • Since the notches 
normally are designed to form a control in the conveyance, the 
possibility of using these devices for water measurement should 
be evaluated. Also, more information is needed to determine 
whether or not operation of these structures is satisfactory. 

Accomplished FY61 

Pro,ject Seryices--General. Work on the study was curtailed 
because of emphasis placed on other phases of the water 
measurement program. 

Scheduled FY62 

G,A.E,--$ 

Records of operation and calibration data will be requested 
for known installations of control notches, and report will 
be prepared. 

Dethridge Wieter 

The Dethridge meter is a device for obtaining a positive self­
integrating rreasurement of delivered water. It has particular 
application to measurement of deliveries of iITigation water fran 
open channels. The meter consists of an undershot water wheel 
working with small clearances in a short, specially-shaped flume 
that forms the outlet for supply. The discharge rate is controlled 
by a sluice gate at the flume entrance, and the quantity of water 
discharged in a:ny period is recorded directly in acre-feet by a 

· specially-geared revolution counter linked to one end of the axle 
of the wheel. 



Accoroplisbed FY§l 

Proj~ct Services--General. A Hydraulic Laboratory Report 
summarizing available information on this device was prepared 
for duplication. The report will provide ready access to 
material for answering of questions. 

Scheduled FY62 

G;A,E.--$ None 

Study of Neas:µrement Structures and Methods Producing Minimum Head LQss 

The need for measurem:mt methods that produce accurate discharges end 
a mlnimum of head loss is evidenced by contizmed inquiries from design 
end operation personnel. The imans of measurement may be a structure 
or a flow additive detected by equipment external to a sensing element 
in the canal prism. The Parshall and trapezoidal flumes are structures 
representative of devices producing a nd.nimum of head loss. Although 
the Parshall flume is rated and documented in use, much remains to be 
done on the trapezoidal flumes. 

Newer methods of using radioisotope tracers are in an experimental 
stage and possibly offer discharge measurements not obtainable with 
any other device. Sonic and electromagnetic devices offer fields of 
investigation to determine possible applications to open end closed 
conveyance discharge measurements. 

Considerable interest was evident during the year in the capabilities 
or tracer methods of discharge measurement. Several papers on the 
total count method of measurement were acquired and reviewed in an 
effort to keep inform-ad. References were also sought describing the 
"integrated sample" method of radioisotope measurement. This method 
is oore closely associated with the chemical methods of measurement 
and may be s\1.bject to similar lind.tations of proper sampling. 

Accomplished FY61 
1b.is new listing is a broader study combining "Critical Depth­
Measuring Devices~ with other methods ot measurement including 
radioisotope, sonic, and electromagnetic devices. 

QQheduled FY62 

G.A.E.--$ 

Greater effort will be concentrated on understandilllLradioisotope, 
sonic, and electromagnetic methods 0£ discharge measurement for 
application to Bureau structures. Contizmed contact will be 
maintained with organizations developing new approaches to the 
use or critical depth-measuring devices, such as trapezoidal 
end Parshall flumes. 

~ 72. 
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suuaa • ••1111·• ~-~ Pl.d\.t .1M\ (~ ao, 1960) 

,,_. •• &'I -~- JU1o 8oSaH iii r.nmo. 
...s w lk'tM..-lft tork t111111Wnt,--ooto 1?-
19, 1960 (lo ....... 16,. 1960) 

SM»llt lau 1u11nrmnnu, a.s. ProJHt.1c w,o.11t1,. 
am oa...,- Ct1D1J. , .._ 1IUisa hoJttcrt.. V'lab­
J.onl'...-n OINl Lim111 tJ.'!Qlftll (lo,,__. 9., 1960) 

~ of JWl'tb Ult ftlqt lttll MW& 0, 1llil 
c.,a ot 11&S1111~•, ,-, ••••• 'flll1AIILY' av.ri-,., • 

J!.Ur-. ot ... 1 .. 'Uon 111nuc •t. ..........,. 
~ ~ - 9 to 12, 19'0 ,,_ 10, 19'°) 

tu:rltila ,.,. ...... '°2 ~ ... -
'1111 uall at ONla 8P'&ap ~-ia1a, Dl'd•oa­
_. If.WI' 11Mb Pl-o,... (llcnlldter 17. 1960) 

~ ot D1au fam:111 ... ~u•• or 
l>.J'l:ftlliUO ~-'"'"'· &.1•• (,.,, .... 12, 
1960) 

8111 un:t ..,.. ~ 41ffNtca «•• hMt• 
11,- IIUII · ....... ...._, (-l•Nr 9, 1960) 

Yul\ W ,Ur ,... ... .., W O'bllia CIMip OIi 
... u..J Sdoz•llolt ~ --~ ...n ta.s1s.v <~ U, 1961) 

111.s, flalt _... ta ....uoa nth toaala:\ta 
..,i .. itCIII· ... m ... ... • lu!a ......,..., 
(........,. 17, 196.\ 

o. ,. 11w, 

c ••• !bolll• 

c. ,. 'Oaall• 

, .... .. Ml .. 
fl, p'. J) ~')lter 

,. ,. lllll 

lv*...uu4 
a, ll. Ital S 
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0'111.I .... J:NIPr• ( ... , 16, l.961) 

oou ............. (IIINb 16, 1961) 

Al~ flll 11111&« a~ 11IR1b Putu 
~ ( .... u, l.961) 

.,_. ... ._...._.mOlYU~ 
ft.w. ...... 114 'IO laW 11 ·-·· (Iii¥ ,, 1961) 

~ Ill C.•1111 .... -- ....................... 1*1 ... ~ I.ParM-,.~ •• VD1--.v 
u,,tl 24, 1961) 
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EI,..l 
Rev. 9-60 DIVISION OF ENGINEERING LABORATORIES 

p t ercen age o a or s r u ion u y , •f'llol&cio. roug fl b di t ib t· J 1 l th h .._ ___ ~ 
'I t'IIL'I 

- -
Division Lab Division 

Feature Office Cone Chem Hyd Earth Services Act-ual Budget Expend. 

DIRECT CHARGE - TOTAL ,1.a 1 ... , •. , IJ.6 "·' 79.0 ,,., IJ.4 

Bureau Projects ••• 74. '9J. 74,1 "· ,,4 11. • 
·rndividual Projects •. , .... "'· 71J ,., .• 4?. 13,7 49~ 

Project Services-General ••• ,. . , n., 17 • ., 1?.t 20.! 
. 

Manuals & Publications o., 1.1 o., l..O 0.4 0.1 o .. , 1. 

Tech. Info. Services ,., o •• 1.1 a.a l. 1.J 1.6 
-

Technical Studies 0.1 o., - - .a - ... o.J 
. 

Eng. Meth. & Matls Res. u., a., it.I ,,., 1,., 11.1 ~.c 16.? 

Personnel Act. & Serv. - 0 .1 - o.t o.J - Q.2 o., 
.._ 

Property Mgt. Service - - - - 0.4 - 0.1 OJ. 

Non-reimbursable research l .. fl 1.t 1?.8 6 .7 7J. ,.o ,., 10J. 

Outside Agencies Q_D a., 1..2 1 .1 1.4 o .. , 0.9 1.1 

Foreign Activities o., J.o o .. , 1 .1,. 1 .1 o., 1.4 1.4 - - - -- lJ. 1. ., 
Fabrication Orders - -- -GENERAL DISTRIBUTIVE ,a.7 1,., 11-4 11.4 u.a 21.l u., 16.6 
EXPENSE - TOTAL 

1,T , .• 1., •. , J,9 u.o 4., ,., 
General Operating Expense 

Employee Benefits & Welf. - - - - - - - -
Equipment Maintenance OJ. J.J 1 .. a :a.., ,.o 1,., 4.0 ,.o 
Bldg. Maint. & Alter. - - - ., 0.1 • 
Misc. Ad.min. Expense 1.6 o., o., o., 0.6 .... 

0.4 0.4 
, 

: 

Indirect Eng 1g Expense Sl.O ,., ,., 14., U..J ,.1 10.9 u.1 . 
Administration 11., a .. J ,., 4J ).6 a., , .• , 
.Staff Development ~ 

.... o., 0.4 1., 1.7 o.a o., 
Prof., Interagency Coop. ,.a. 4.4 1., ,., J.1 o., ,.1 ,., 

· Tech. Info. Serv.-Denver a., o.a aJ 1., 1.1 1..4 1 .. , 
...... 

Tech. Staff Serv.-Labs 4.1 1.1 1.1 l.9 1.7 1.6 1. - - -Tech. Stds. & Procedures 0.,4 o., 0.1 0.2 o., 
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f ~ {," l 
'I) 

Bureau Pr~ect Work 

Outside AgencieA ,,. 

Job Number 

I 

F'oreiB!! Activiti~~ 1 
!'abrication Ord~i:_:~ 32-8900-0-

E:mElo~ee Benefas & Welfa e 
~mp oyee recogruffon 121-3301-0-0-5 
C:ivil Defense participation -6 

t;:;1ui~ent Maintenance 
·-=r::a ratories 

Auditorium sound system 
Photo-elastic Laboratory 
Electric load analyzer 
Office equipment repair 

21-3302-0-0-3 
-4 
-5 
-6 
-7 

BuildingE1a}nt.&Alterations 21-3303-0-0-

1-----1------+----+--- ·-·-· ~ 

Misc. Administrative Expense 
X::aborafory 1,;. ollice tour -3306-0-0-10 1--~=::....-i-..uje,_µ.....L.1---4----+--· ___ -· _ --~ 

Office moves -11 1-----1------+----~ 

Administration- -General 22-4400-0-0-1 

Staff Development 
S1:udent engineer training 22-4401-0-0-1 
Rotatlon Engineer Program -2 

• Chromatography Course I -12 1------1-------4-------'~-------· _ _ __ 
Or.1entation for GS-12 Engr. -14 ...__._;.I_S-"---+------+------- _ _ __ 

~tten ance at meetings 1- -
Technical papers 
Feder al, state & civic groups 
Tech~lcal group participation 
Safu--7 ,,1,f f 5 ~ 

/57 'j- )ftf :J ,&9 

-2 
-3 
-6 
-7 -~~------



r.I,,.2 (Pli&e 2) 
~eil. 9-60 

_,,.-'·-~-- ·-, ... ·-

Feature 

... ...... , ........ 

Job Number 

Tech. Info. Service- -Denver . 
'Oomest:l.c · visitors 22-4404-0-0-1 

· Technical inquiries -2 
Statistical compilations -3 
Articles and papers -4 

· Engineering monographs & -5 
technical memoranda 

Technical Staff Services- - 22-4405-0-0-7 
Lah -

Tech. Stds. & Procedures 
Standard specifications 22-4406-0-0-2 
Federal Spec. for pipe -4 

PreE, of Manuals & Publications 
Reclamation Instructions 23-5501-0-0-1 
Concrete Manual -2 
Earth Manual -3 
Paint Manual -4 
Water Measurement Manual -5 

Tech. Info. Serv. (Project Serv.) 
Prep. & display of exbibits 23-5502-0-0-1 
Foreign visitors -2 
Technical inquiries -3 
Statistical compilations -4 
Articles and papers -5 
Russian Tour -16 

Technical Studies 
· Data Analysis- -Earth 23-5503-0-0-2 

dams 
European Dam Study Tour -34 

. 

Personnel Activities & Services 
Recruitment- -College 23-5506-0-0-1 

contact 
Board of examiners -2 

Proeerty Management 23-5507-0-0-
Services 

,.;i. or -;t · , al. ve - rro-;-:>ent"Tn ltate ol 
'i : l ;, Pnde(f /t!X-1 % of time ex:pendi 

Budget • > daie Branch D1v1s1on · ture 

IR(J 0 J,,,rl,1, ~ 7 
/_')00 .,/S-X~t...:>--
Joo ~{,, /, ,f""J 
~Co t:..r,1. / ,f' 
urio I..JU.?, o? 

~o 'f5J;,2. ,Ob 

_.t:;s-oo ',L,P'/t:;,/J~ 

I 
i 

. 
,400 ,2.. ',IO 7, )...{, 

/ {)() r') 79a :/ .";J 

,;2. 0 () 0 /"?I? Q, I!; ,:;- -
1 S'"?, O ? 1 RqR'4 

q {) () /-4/"J, 7~ 
~c _?'fv...A~ 

.. 

t;. 70 (J ,'{"y:1,~S 

J.5°'00 II •. 2 l. ,/. { 

9So 4 if.R'O 
c:2'f5"0 .;ll <j I I ;t'/ 

14l 



I 

~n~rg. Methods~ l'v1.1tb. !{es. (Non re1n!l> 1 
~~~~~:;.: l - - -- ... - ·-··--- . rrmr-n ~i ~ !! 

Cement, po·,.znl.,n f-, :\dni1x. -2 - l 
Hydraulie - :3 - l 
Oxygen contenl - :, ) 
Earth l 
Rock foundations 
Bituminous n,:11 f' rlc-l l 
Hipr-ap 
Evap. rt'Ju.·t. m,d'b & n.t'tl1 , ,.! 
Paint and l'OtTt 13iori 

Plastic:; 
Sµedal trdmi 1uE>s 

-l 
. •i I 

.4 -i 
- ) 

- j j - 1 
.. Li - '.? 

- (j - ! 

I I 

Rate oi 
expehdi 

ture -~~--
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DIVISION 'OF ENGINEERING LABORATORIES 
TIME . DISTRIBUTION RECORD 

BRANCH 

SECTION 

* t TIME IN MAN DAYS •00.2.~ AND HOURS DURA T ,u N 
R EF JOB PROJECT SBOJIB , FISCAL YEAR 19 L TOTALJOB MONTH / H AR 

"B" NO NUMBER '!Ilia ff IAL. THIS TOTA Al.LOCATION IIAL . TO ~STIMATE ST~R ; · ff'\,: ~ 

!2!.... 1----+----.,-----t-·-------------~~:::.::l,=:=;~~"w_o_ . .;...IM..:..OlfTN ___ L...;:·Oll=IG.:,...- R:.:.:E:...:cV+. _F_W_;_D_. _oA_T_E~'_,:o:.:.,R.:.,:IG._. . ..:,R.::..EV.:.:..·+...-- " " 
l-A0-76-01-03 Equipment ~ipnent to Regi on 1 / . o ; / ; 
l-222-06-6o-Ol ilUocJt 23 wtenl.87St.a, C1P / e, / • / 1 
l-11222-22-35-01 0.TitatiOQ.j)aap•-0.t.let. COD.d--OCD L o ,._ 
l-lJ15-ll-Ol-Ql 'l'\&rbloe '?eU•4m 8gp Pplt--Rope a / ! 1i: .t,_ 11" ./~ 

5721 377 2:214-00.30.:01- CODnn,.uce J:Qaci~ ot C~ Y~ Cuala *'# 31~-7Jao,~oo, 
5734 402 2-214-05-51-01 J>elta-Neoocna-~bh ProtectiOD-Jl'raq StJ fO 

1 
(¢__""; 3 '-3-:-/~tJ. 

j 2-214-o6·-6o-Ol J llldera Bxteuiaa Diatribution 87•, Cf ~ , _;, ~ ~ } 
2-R214-22-82-0l ,Sh&ata Du Spiry J>eaip . v 7 -"- . I 
2 .. ~1t1~ol-Ol-Ol ~ty s»1Uw7 --- . . .. -- f-- __ 'l;__r;_ --~ -"'~ -" l'trWt.y AWt OIi Qate Calibration . , 10-. D /" - . 10 , I 
2-416-01-04-0l Whiak.ey-t.OVD. Du Cant- I O O O 1 ~ 

5381 381 t " Whiu.e;rt.own ~ Model. '. ~ ~at. '. 11~ u!:17,).2.10 , 
2-416-05-01-01 jClear Creek Tlmnel . . '7' ,_ "' . f ~ - . /~ 

__ .. 2~416-Q5".~-o;i.._ iliww Crcu.. Co.at UimAel.) ·-----;-f-· a.. ... 12 ____ .. 

1

2-540-o6-0l-Ol jF1rst Stage El.J)Qrado Diat Sys Cont , , / - o / ~ o . 
384 " ElDorado Dutr IS79--Cla;rt.on Valve 1 13 /.3~ r,,s!, .2. ~7! ~· S3!I 

2-!1885-98-02-0l ,Santa Inez Jl1Ter Water Cona D1atrlct ' !t o - . - j 
;2-00-00-03-01 jsan Lui s Pumping Plant o . j_~ .-z_ ~ tr . 

- --·--- . -- ---+-

. ~ -~ - - ··- -- ~--- 4~ 

I 
I 

1 ·- . . -·- ---- . , ·- - --·-·- - · ·-·--,----+ 
• 14-0154-0l-Ol-Ol !Fontenelle Dam Cont, Seedak&dee ProJ I j 3_.. o .3 ~ . j 

5752 1 403 • " FoatenelleSpilln;rNodel 'i'!_7/ ,1()7~.1'11/:l.$(£/J.j! , 
5757 

1 
404 " Fontenelle Outlet Works lt>del · ; 7~ 7" 7.7, , 'I!., 8 ~"'.. nt; 

l'--.....n_.i4-G343-02-01-01 !Baaond Dheraion Dul l ! .3 J O c.3\ ~ . I 
~~::93.~3-95-Ql-2.l ~ ~in C&na~I~! _!le~ico . 1 .-.;.-~---t - ~. 

4-482-01-02-0l !~ Du RehabUitatloa , 1 
/- . ;:::, • / ~ . • 

I ; 4-482-05-03-0l Colbran Canal, llonbaa CottoDVOOd Conti' I . ~ e, t:J I 
1 

, 4-0511-01-01-01 !era~ord Dua , o o t:J 
;__......., i.-0519.01-0l-Ol ILeaon Dam, Florida ProJect--Cont I : dt : P c3f_ ,5' . 
~ --..... , 4~?E!-Ql-Q4-0l.._ ..i.C~~ey p.a._ ge«>J@!-1 ~ .. t. _ ::.1 ·· _ 1 _ ....1,-f:. _ ~-Lf!.f .. J .. !J ~ 

4-526-03.01-01 1 Pua,p Plant lo, 1-::villard Canal, Conti 1 • .3f. tJ af. ~ . " ! WU.lard Canal Battled Apron- -Weber B , S'o-!j 33 . 1,,.3 . o . t,.J o7 
4-0557-0l-Ol-Ol . Olen ~OD Archite!)t.ural Nodel '1 /6~, /5 . / .0 • tO . I e, ./". I " . Olen Canyon Du ~xy Cont , jl--!- o :,t~ , 

I 
·- . " . O.~a .ca»,xog. __ ~ Teft•_. _ _ . .. J ... :._ a'{; t:J ... 12~- --

" ,Glen Canyon Dul• 8pvJ Cont I 7-. t:J .7!: . 
f--.... _ __... 4-0557 •0l-Ol-02 . Olea c,.a.yon Tunnel • OW Conf . {!) t7 . ,!) , 

~i--3%9--. " Olen Canyon Tunnel Plug OW /6!!~~1 - ,,/l8 
1 

, .,,1.J If" ; j : 6-57 
4154 ; 302 , 4-0557-01-01-03 

1 
Glen Canyon Spillw.y IS" J , ;17.- ;,if /tj~ . • I 6-56 

5641 , , 4-055.l·ll·Ol-Ol , O C fo!{erplan-·C..'d~tl9n Teat~ /.. . . ~ . ~ ...t2 ~..:!" _!R ... 1 •. -- - !I 
4
_
57

. 
5642 f 318 , il-0591-01-01-0l Flaaing Gor&e Bplllw.y .3 . .3tJ ~/{,~ ~(.±'. ,7() t 

4-G7ll-Ol-Ol-Ol la-.aJo Du &Dd Jle• Coot I t:J O B ' 
51t(Ck._336....- " :1avaJo 8piUva1 •Au OW .:z.., "l : ~GJt: 5~~6 ' ~l' I 12-57 

1--3Y1-. " ! aavaJo Outlet Woru 1 :J..,, . o 11- • :12-57 
l. __ . - ~-Q51.~-~~..03 _ Ritle Gall Daa--Silt; Pra~ct. _ _ _ ; f? 2--......i..._ ...._ __ --- ___ ___. . 
1~, - Es esbop tille--lncllMle• charge• to ~er 1'" nUllbers thia ff, 

-l-·-- -
I 

*B14 ttae--tnc:lwSc• cb&r&•• to di1contipue4 .,.,,.....at.a, 
t Do oot cbarge to ahop maber or &Higmaent it croHed. 

RH,4ARK S 

jc0111P1e_~ 

• lb'd.-41+1 • -lt61 1e~ .... I 
l""'..i,72 ............ " '!Il l 
I I 

t 

, Co.,leted 

Coapleted 

'lfyd-468 1Hued 
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/ DIVISION OF ENGINEERING LABORATO RIES 
I TI M E DISTRIBUTION- REC ORD 

I BRAN CH 

SECTION 

[~ TIME IN MAN DAYS * j REF : JO B PROJECT SHOPS - FI SCAL. YEAR - 1961.. · 
"B'' 1 NO NUMBER 

I 
FEAT U R E 'l'hS.I ff BA L. THIS ;-- lllOC.Af"10N 

I. FWD . MONTH TO AL ORIG. RE, lo. I i -
-- ~ 12-6195-0-73-01 ' Foreign Observer (Iran) t . 

I 112-S.~-OO-Ol-, State ot Callt, Dept ot Water haou.rcea--C nf /3 ~ 7 ~t 
5959 407 1 

" Oroville Di version Tunnel s 1 & 2 /5 "o 
1 

,17!. 17 ! 

I 
5960 I 4o8 t " Oroville Outlet Works , &0 /.t.J.-. l:J. J f Oroville Powe r Intake j ' -- --. , --- Oroville Spillway 

I 
I rcmIGI AtflYii'DS 

. -r 
I . 

1
13-6195-00-92-01, --Tra1neea , 

~13~6301-00-01-03'. -~0¥7 Mt.n8-~Allatralian Train... I -
, 13-63()1•00-01-05 , --oen 'l'ech SerTicea , 
: 13-630l-OO-Ol-09i --Auatralian Observer l 
113-6301-05-0l-011 --.Ad••Snab7 Junction Shatt 

I i3-6305-00-00-oi.!-~~in&-~1Jl~te, ~c--Yan Jiff . ' 
!13-6305-00-<>2-11, --rorei111 Trainee (Thailand) j 
I I 
;1--6195-00-22-011--Forei&n Trainaea · j 

f - - f-l-·6195-00-23-01. --PDreip Obaenara.,. ... 1'ach Coop Prag 1 
. 11--6195-20-00-0l, - -General Tech Service• I 
~ l · " j --Kol"Nll JIJdrau.lic Laboratoey--ICA . 
! , 14-6195-20-09-0l --"Backatopping'' Niaaion to Etl!,iopia 
i ,14-6195-20-21-0l --Backatop--Gen Tech Into--'l'Urkq 

~· "-. () 

t- . $' --- . -· -.; -

I 111' 2- "~ 1 . t) . '/!L 
0 " o . ~ 

o . 0 r --tl4-6J.95_48-Ql-Ol, --En&r& AdYiaoey .8erv1cea _ 
i ; I 

- -1- - f-'---"~~o~..,....--
S1- go 

5814 
2755 

I i ! JORIIGII AC'1Tl1'1'IIS 'l'OT.AlB 
i I 

! __ _l~-3J91-00-()()..C>_5 :JWw"m St.lllI.lARJ-~E!!JpJ.oye~ B•eo& . 
• I 

! 21-3392-oo-oo-03J EQUIP. MADT--Lt.b, Meters 
j21-3302-00-00-031BQUIP. MAil'l'··Laboratorie~ 
121-3302-00-00-ol.

1
--Allclltoriua sound s79tea 

. 21::JJ~-00-00-0'J 1 •_•Off~C! !~lll!M.q_~ -~lr 
l 
I 

I 
, 21• 3303-00-00-02 , BLOO NAill'l' & AIA'IRATIOIS•-Blda 56 

I 

- , - - j -

~. :a~~~~lo1

~ -~~':• ottt,e -~ -J .. i -

_ _ 1!_ t;J __ L f . -3 . 

95::ff" :J... <J ?[° ~() . 
I t:> / "-

- I __ tJ _ . / __ 61. 

~~------- -- ------- ------- J _ _ ---

-- - - ~r 

•_o_Qg_•_ A~D_HQUBS- 1¥0 UP.t.' -J 'I- . 
TOTAL JOB !ttl0N ''1 YE AP 

BA L TO ES Tl !ttlATE t ,;1 .., 
l'WD . DATE ORIG' REV STAR ._ !-"~-• 

l 
I 

·· t · 

1 
I 

L 

I 

I 
j 

"i 

I 
·1 
I 
I 
I 
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DIVI SION OF ENGINEERING LABORATORIES 
TI ME DISTRIBUTION RECORD 

BRANCH 

SE CTION 

ByvauUc Laboratory 
; 

'HF l • 4 , • 
En: of 

'rAT LFlscal Yc,1:· 
-· - ~~ ... .... 

~ -, 

REF : · 
NO 

JOB 
NUMBER 

I PROJECT 

F EA TU R E 

TI M E IN MAN DAYS • 00£· ANO HO URS 'OIJR.Ol ,-~-, 
SHOPS -FISC.Al VE AT -i9pL ~=-- -_JOTA_~~Q_f! --_ - ~MONT ,< , , , AP . 

Thia ff BA L. THIS T TA Al.LOCATION BA L T O EST IM /.1~ I lMP 1 ·y 
,_ a "l'WD . "4DNTM O L ORIG. REV ! FWD DATE OR,G R~ \ ~ _ I,, _ 

I 
I - . 

I 
I 
I 

I 

22-"00-00-00-01, AlJCIBlftRATIYE 
1
1 

" I --P'arei&n Currency Beaearch 
I -
I 

I ! 
! 22-'tJ.OJ.-00-00.:01' STAff -mYEI.DP.-~Stud~t EDgr Trainiq 
, 22-4401-00-00-02, --Rotation ln&r Training 

22.i.403-00-00-01-T PR0n88IOIIAL, IIf.rJ:BAGEllCI a. O'l'BIR••Att. Meet. 
, 22-4403-00-00-02· --Technical Papen 

1
22-4J.03-00-00-03, --other Participation 1n hd, St, Ci~c 0roupe 

' " · 1 --1961 Buie Reaearch 87aPOai1111 
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