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over a spillway at the storage structure; it may {low into the head-
works of the main Pdﬂﬂ_ or 1t may flow over the suvillway of one or
more diversion dams befove it is finally diverted. Enroute through
the main canal it may iLOW througn several siphons across lnnp.;ect—
ing valleys or it may flow down a chute to finally bLe diverted into
“a lateral canal and out onto the land. At ;«f f these 5Lruc¢u¢es
the problem of energy absorpbtion or dissipatb is encounterec,

have passeq throush a needle Valve cutlet, a sluice gate outlet, or

TYPES OF ENERGY DISSIPATION

In the design of hydraulic structures,
-dissipation may be recognized as Tollows:

"1, External friction, such as betwsen the waler
channel or between the water and the air.

2. Impincement, such as a jet of water striking
water or a solid object.

3. Internal friction or turbulence, such as occurs within a
hydraulic Jump or a roller,

EXTERN AL FRICTION

forternal frictilon can be only partially controllad and
can he depended upon to absorb only a fraction of the energy
in certain instances it may be important. In the case of needle
valves or conduits discharging at a considerable height above the
stilling pool, the friction between the jet of water and the air
literally disintegrates the stream before it strikes the water
surface below. At the Owyhee Dam (figure 1) the 48-inch needle
ralves discharge horizontally into the air 110 feel above the
tailwater. The disintegration of the jets has to be szen to be
realized. The "rain! beneath them scuals in intensity the down-
pour during a cloudburst and it falls all along the arsa bensath
the jets. The stream itself shows very little solid water but in-
stead resenbles a dense spray. As it strikes the water surface it
appears o ricochet and strikes a second time farther downstream
rather than plunge into the pool, This ricochet is due to the
lesser density of the alr-water mixture as compared to the solid
water in the pool. The absorption oi air due to friction causes
the jet to impinge over a wide area and with lar less force than
a jet of solid water. '
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over the bucket 1lip and into ti ible river bed. How , an
error in assumphtions was which we ousht i Thi in a sub-
seguent mo I i

condulit, the pressu radlent is above the cond

sures in the i re a1l oositi"e. Act Uullfj tne co“brﬂ1 ¥as
at the unstrean end and 1 ssure pgradient between the inlet
and ouvlet dropped bLslov f. a maximua of 46 feet or the
difference in elevation betwee; e 1“Let and outlet, Obviously
that condition is an impossibllity in the prototype since gOaOWuuc
pressure 1s approximately ifee below atmospheric pressura., To
prevent cavitation this nepative head should not excead the head
at which cavitation occurs

With these 1lt&u70ﬂo a new design of

e
C
volved in which an HWAS yLaced as near 'hr
ja]

structurally feas 'J
the dam inte
Ilimitations had di “ﬂted a masdomun
outlet control gabtes. A minimum head of aU fcet was
A cone at the end of the elbow reduced the diameter
€ inches to 7 feet 9 inches. This reduction of
exit the c¢ontrol for all heads in exc
eliminated the nezative pressurﬂs.
the outlets Clbc‘* will func
a marmer similar © auring t
Later studies of the outlets

spillway showed a rabther severe s“L1°h
the sheet o water in "1 ln the
condition exdisted
tributad uniformly o the ent > crest alb Orand Coulee.
flector was uetailcd to d¢ilvert this flow over ih: Oanlng.
additional structure permitted moving the condu i
feet downstream thereby shortening the openlng on
dam o distance of 13 feet.

"W HEAD DIVERSION DAMS

An interesting and rafher startling :nCLLbn‘) i mp
to observe on the prototype cause of the turbid conditi

lood water, was wiltnessed L ({igure 12) of th
Canal Diversion Dam on the_- ~ Project in Ari

The dam, orivinally built in 1903 to divert
power development in connection with the constr lbu_o
Dam, was partly nemol1°hbm by a flood in 1918. 1n 1835
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While the amplitude of this vibration is
svmll, the accwmulation o” forces within the dam can
roeuce grPOﬁdav stresses, particu if the natural frequency
" the structure hears.a Cdrtalﬂ re 5 1 te Lhat of the [requency
of the oscilliation of the nappe. il vent may gilve rise to a
movement resembling an earthquake in the prodimity of the struc-
ture.

Grand Coulee Paw will
Lue solution of this

The study of the spillway crest o:
o
28- by 135-{dot drum gates
c

serve as an illustration of the approach

particular phass of spillway design. The &
required an unusually heavy crest in vertical sectlon The problem
was to design a crest shape which woulu colncide with the trajectory
of a freely falling nappe. Bazin's riments for a 2:3 approach
slope were usec in the preliminary desi A model of the upstream
portion of the crest was constr or scale with a sharn-
crested weir at elevation leo.lB. !ﬂ-; file of the lower nappe
was measured using a coordinomster. 1 exCe t agreement was
found between the measured nappe and tha iesign., T
measured trajectory was then duplicated ins of ki i }
compound curve with three radii (figure 15

cluded in the model and pressure measure

L

A region of negative
occurred with this design.
of the crest was too sharp near il !
gatz. To eliminate this Jow pressure r~~¢on,
large curve was lengthened (figure 16), the axis of the c
moved upstream, and a parabolic curve introduced to connsc
simple curve to tue 0.8 slope of the downstream face of
way. The tests on this section showed that the low pressure

LI

had bLeen eliminate@.

STILLING BASINS FOR é%ﬁ!& STRUCTURES

So far, this discussion has dealt primarily with major
structures, but the principles involved are applicable to the de-
sign ef small structures. Two groups of small structures on which
considerable study has Leen made are outlet works for eartn-fill
dams ancd drop and chute structures for canals.

BARTH

The problem of sceur prevention below earth dam outlet
works 1s being encountered with increasing frequency. Laboravory



















,-a= Maximum design value

,-Chute blocks

Floor blocks-” e ,_} ~--Sand or rock
R .excavation
T LCut-off wall

& Rectangular Sti nz® Basin.

the depth necessary to produce a hydraulic jum
™

is about 85 percent of the theorztical depth as
cdetermined by the momentwn formul
may be rai 5 percent of the i

i ﬁmy'be reduced ;oout 25 percent

with no blocis or siW
Lo break the

entering n a number of sma. Jebo’ or
Crease the dgpth at the entrance to the Jump. Th
produces zreate: turbulence, hence greater energy dissi
The {loor blocks and the end sill aid in checking the
and in maintaining the jump within the basin. The
effective in developing 4 ground roller at the end of
which not only prevents sco ring at the cutoff wall but acLudLlJ
causes a deposition of material dosmsirean fron Lﬂe si11,

a. This means that
neoretical depth. Furtl

CONCLUSION
It is not anticipated that the nessr futu
m&ny structures of the magnitude of Boulder, Grand
nasta dams, but from the applications which nave

uusseq, it can be seen that the mdthods of design e
refinement of their thrdUiJu properties may be ang
structures. This fa 18 being recognized by GO_”“
wnd as a result, structures formerlv designed entirely by

are now being roper“ d to th drauvlic laboratory




