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The writer as a convaunisnt summery, so
rivch neadad 7 and referoncd,
2o Principles of Energy Dissivation
Warncclz {56) stated that the onergy of super-critical flow isg

AY
€4 (&4
dissipatod by one or a ccombination of the fellowing nzenss
Jo. External resistance,
2. Impingement,
3. Intornal resistance; or turbulence.

External resistance may be elther betwecn the water and the channel
or beiweeén uhe wacer end the surrouading air--as in the case of a jet
spread cut by a deoflector over a wide areaf er 2 Jjot discharged From an
outlat high Qbovc the uai““acar, vwhere thes jet is diuintng?at d througn
sir-entrainment resulling, av timean, in a widespreed rain instesd of a
so0lid Jet. In most cases pxbornal resistance is used to dissipats only
& amall portion of the kinstiec enorgy, although in otunerr cases it
d“msJDHVOS a largs port;on of the ensergy.

lnn;nromnan occurs whenever the jet sirikes & pocl of water or

ollu opjects such 838 [loor blocks, This meitlod is not recommendod,
ince the free impact of wabter agalinst a struciturs ceuscy an intensos

JhOO& to the stz uctufsg asmages the conecrets feco exposed to direct

Japaet (s.g., the floor blocks), may result in cavitetion; and the spray
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of the water resilts in other €ifficultles (%cnoL_Lthhwn397o

Internal resistance or shoew 's the most efficient and the most
comricniy used means of ene“gv dissipation. Here the weter 1s brouaght
to & state of nhigh turbulence, tran&;ollirg the bulk of flow energy

into heat, This is acceeriuued by either one of the following mzans:

0

) Couuterflou.

) Rollers.

) Hydraulle Jump,

) Smell-grain turbulenco.

(
(
(
(

Lo TP

! Counterflow 1s achleved Ly Jets disckavged frow outlets in ths
opposifo walls of a chamnel or a basin. he Jets; flowing in opposite
direcilons, produce greal bturoulence wien lJGy meet in the micddle of
the vesin. :

Rollers cause high fluld resistance due to large difforsncs
velocity throughout thoe fImid. There ers three typas of rollers
ﬂurfaco roller above the jet, ground rolliler undsr the jot; and sids
roller.
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3.

1ts efficlency and snooth acbion,
extensively. DBecause of itz lmperiar
bezins, the hydraunllc Jjump

.

next article o thls report.

Small-grain turbu.engq i1z aoh:
an oatle abhove Lai : ¢

untll submesrgsd in thc
of tha bqun. Tnis ca

2d wuen & jet,
% TNy o
d by means of
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, . LR

-
o
s
o

-
?

oot}
o]
) O C

: : -5raln turbulence in the
watsr (rather than big rollers o waves), which is very sfficlent in
dissgipating the ensvgy of the jei. The seale of the turbulence is o
function of boundery proxiniiy.

The nse of sm =
devaloped, ia moedel stud:
and Tebhor. 21). .
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3. Tho Hvdraulle Jump
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When wabter flowing at a cdenih EAﬁ 1@ ritical depth)

upon waber of proper segquent dszuh dout
jurnp iz formed, ’%e hydraulie Junp is

bion x G t Lle O Crvay, 1
in-position relative to the obsecrver, ii
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nctions cf *ﬂﬁ Froudc Mumbe®, shot "c“” ﬂ‘osp “g“"cm"nt n"twecn t
manncunb;cal rclationshi ips and the corrs ﬂpond"nﬁ @3 pef5.9n al valnos
a3 Tound by Bakimctefl and Matzke (Colunbila) (3) and by Dliss &ud Chu

(Towe} (Rouse, 3l, p. 1h6é), (Sec figu“e on following page. )
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For the jump on s sloping eaprcn, thers is no siwnle cqguation ao
for tho horizontval apron, but for flaz slopes vp to 10 or 15%, the
level=floor jump foraula applies quits satisfactorily (64). For steepor
slopes the Jjump becomss Increasingly less perfect, and actually there

is only a dip in the water surflace, between the flow on tho stecp-siopo
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Tor the consuruction of stilling
pooin of iﬁ:: nox ed icw spld
-8t Jhen §a r1’x.1 oF 5ot
the © d bed
rater corry
ILPSaNL, LOUS s
fcunfxd~ch bt a ¢ Jo)
a7 dowasversam 1T th » v chiy €0
evaacturey elose encugh to bo cauan‘sredo Although
cour fall in the field of grosicn and codimentatlion,
he scope of this reporh; o short swmary of the Nvﬂ
£ scour will bs presented horc,

) found that the secouring capacity of o strsam incroases
in flow uiﬂCh&Pgbg with the decrsase of sizo of bed

h the incroose in flou velocity (the averags increass
when the velccity increase is due to a discharge

Neiranse ) . Rubey (35) found thej the waight of the largsest phrtwcle"

movaé by & stream veried with V2 for coarse send and gravel, but
smaller particles required higher veliocities than indicated by this
function. According to Cilbert, the significant veloeity is that on

the channsli bsd, rather than the mean vuJocluv of the cross-gection,.

A quantitative study of scour was done by Schoklitsch (32), who
found that the meximam dopth of scour over the entires width of an un-
protected river bed, a*tar a prolonged impact of the frec overfall
cver @ weilyr, is: ‘

g the maxirmm depth of water esbove the scoured bed (ft.),

s the dischargs over unit width of weir (efs/%.),

I .ig the heed measured from head-wator elevation to tailwater

- : \ -

el on (ft.},

¢; 1= the effcctiVG G¢iameter of the bed matorial (that dlemeter
" of which 10% by welght of tho sample is finew) {mit. )-




Studying scour downstireszm fron culverit-outlets, Bialscell (7
round that theo increzase in depth and volume of sgoour with time is
rapid et f£irat and then the depth slowly epprecches the WMX’Mmﬂo g
his experiments, 65% of tnc total =scour 0L 7wrcd in 12,95 of the total
tine of scouring, and 359 took the other 87.59% of tha tine.

Rouse (33) studled the scour effsct of s vertical Jet on a lovel
sand bed, and found that:

. (&) The depth of seour in unifcim matserial depsnds upon the size
and veleceity of the jet, tho mean Jfall-vslocity of the nauu-i 11, znd
the dueation of the seouriug sction (varying with the lﬁ&GfLulm of timoj.

(b) The rate and magnitude ol zzour QECﬂuaoa with the dscrean
of ths ratlo of jetavhlocjuy to mean falleveTO Lty of sedlmendg .
approeching zere 8.5 this ratio epproach uni:yo

(¢) Fo equilibrimug of scour can be expactod in e relstlively
uniform mqtc:¢u,g the rfze\ﬂl of sediment conti nuing az &n sxpoy
function of ”1wbo In e material having a wlde range of givon, s2
sorting takes p &8COp S50 that Lne i Fota¥ famlevﬂ“ounty of the eedimen
lining the ho 13 riges ateadily, with the tendocney to epproach & &
of squilibriumi,

'

-« o
;

(dY The caount of scouy ducreases with the inew
Loed In the inllow, and ths scour natteen will bacoms

b
) B :

=)

he szdlment Jcad s equzl to that which the job ean

il o o~ e os ooy ~ TN o~ 2- 2 o g L 3 an Sl
{8) The resisbanco of ths bed woterial to geovr depshdy on its
' iSaioe b gy 0 - Ve oy pn
abilivy to resiav shenrn.

120 ecoun: and

e - . = L,
vertical ; J fa VS
2.9 - - - 2 ae
the some 28 e H.'J elso iner
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:ed material

Roughnaess Minin
(Maxningis n)  veloc

Sandy losm (nonCo*loidal)
%11t loam (roncolleidel)
Alluvial silts (moncolloidal)
Ordinary firm loam
Volcanic ash
Svifrf celay (very colleildznl)
Alluviel silts (co]losd~l‘
Shales and harda=pans
Pins sand (noncolloldal)
Hedivm send (noricolloideal)
Coarss sand (noncolloidal)
Fins gravel
Cosrso gr'voT
Cobbles and
Gradsd loom
Gradsd silt

JII”J.&:
ﬂna cobbles {noncollol
to cobblas {colioidal

b}

The fellewing corrections should be nado

Dagroe of sinuousity

-

S“*?“th canals
Slightly slnucus cenals
I sasrately sivumouns canals

Very sinuous canals

o
Y
L)
ol
2

Bilsncn (3a) Yol
india for chanmel deﬁimn& a.&
5 go bthetbs

d Lacey?s
Intbyro

wsra V iz the flow velceliity, D 1s the depth, and VW ths width
the channsl Biench hias shoun thatb uﬁ mininom safe veloelty in &
channal ie much lower {legs then L0 fee.) st low flows than ot hig
flows, for the same bed material,

5. Migesllenscus Fachon:

Besides proventiocn o zeour, the purposes fox thoe consiruciio:
8tillinz basins may b2 Lo uvcecome obther Jdifficultlasz esuliing foen
hizh velcelty Llﬂdg gueh ags

{e) DBroeozsive

o) aplash an

Y LS BRI LI

{c) Ceovitatio
{aj aAbyneion s R

Gebrin,
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ducau the be

020
020
020
.020
-020
025
.025
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035
030
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Cluss le—-sump=nelight curve always
ULVE,

Clagz Z.~-Juup-holiznt ¢arve 2lwaye be

L

rating curvo,

Clasg Sow~Jdumpeleight cures above Hth Lo . curvo ab
Jow cischargss end bslcu wi high dlscharges.

.

Glass de=-=Jump-haighi curve below the tallwaber » 3 curve &b
le:r discharges and fbove a gh dlsenarses.

JUAP FEGHT
CURWE~, A
-,,::1‘5:’9.(-;.’{ / ?? s X‘
T R pe o - 5 4
S| RATHIG CURVE~y 7 - = TRLMPTER
Land R a3 AP IL »
- ‘*é;t’;",.’ HziGhT Qg; y; RATHIG CURE
< S .

s o 53

DISCHARGE DISCHARGE
LASS D | | T CLASS 4

Clagg Y. If the tallwater is always lower than neceszsary bvo
form a jump, the flow wlll swcep across the apron (if a horizontal
gpron at 3uroamwbed level is uscd) at high velocity and scour the bed
dounshream fror the apron, & happened at Wilson Dam on tho Tennssues
Rivsr, Alabama, To prevent Lhzﬁ dangorovs condition, ths flow can be
thrown farther dovwnstresm, by unobturned buckets or aprong with end-sllls;
so thoat thws bed will be scoured far enough Ifrom the dan, wibbhout
endangaring the structure, This is poez-ale on & solicd-roclt bad, &3
often occurs at the head of & repld, waerc the tailustex ie shallow,
Thoe bod will be scoursd out until The tailwstsr depth will reach the
neceszary jumn angp* ¢oprth, &nd no scour =11 take p1eao any mors,
Upturned buckets in thic cage were ussd in Lun "‘nc: and oafo Harboz

Damn onr tha Su”ouaha 2 Rivor, laryland end y'wnvPI ranla, rospoctively.

at




Another method is to railse the talluater depth
pools OF building a low secondery dam below e main dasi, 0‘ by
jouoring he apron. A low scecondary dam creatos a vool witin sullicient

taflweter ©o form a jump, the came thing ecing echioved DY exuav_tlchc
tnig has bsen extensively uszoed on carth foundatvlonz, as in Junction
pem on the Manistoe R¢Vew Michingen, whore a low dam 28 T4, high was
rullt dowmstrecm from ths 52 1%, h¢5n min dan,

lhen the apron ls loweroed below stroesl-0ud 10v&13 a curved anrin
can be uzed, ag in Wheeler Dom on tiwy Tennssoce Rivsre ilsbena, cr a
sioping ssctlion doefore the horlzcntal ap

oS58 s
N, as In Horvis Dam on the
1«née g”@aually the t2il-
g mmrx heignt. The sleoping

Clineh River, Tennnssco,. A sloring apron
waber gvruh, wntil 1t reackes th2 nodecsa

.
- o “'U
epron for class L wiil ba equiLsJJ boloy abrecm-bad lovol, Lans .
rocommends a slope of L or flatier, ald 10~ 13 sleps* showod fairly
good rasulie, lat slopes stseper thar i:’ ohow e ra pild dscreas? in
cfficisncy.
Floorr blocks maey elsgc be usmﬁ in this cless, although thoy ave
not 1reccumendsd, since the concrste ls camaged fron abragicn at high
veioscities.
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¥icor blocks o Centated sills may bo used succeasfvlly 1L iths

velocity is not toe groat. At low digchar co the blockt break up the
kigh-volocity {low and raleco the tellweter, ¢ 2% high discharges tho
biceclis breal up the nappo that dives 3in h tallwater and {iowa
along the botbtom &t high volocity,

. Qlasgs h. In this case the talluater depth hould bz insreasod
%o form & jump &% high dlscharges. This can bo done by a low aacondary
dam or by an cxcavated pool, bul only whoen it will not cause objectionodla
conditlions &t low dlzcharges, whers the tailweter will bo too hign,

Fhen thils 1s objectionable, a sleping apron will provide 2 boticr
solution,

Lenc's classification lq baged on the hydeaullce jump, by
classifylng the stilliing baslins with respect io the possibilitv of tho
fOZﬂ&ﬁAOﬂ of a hy ﬂrqulic Jumo, Althouoh not all etllling bazing usoa
o hydraullc juup or encrgy dlssipaition, studying the formauion of a
hydranviic Junp is how YV e iﬂporuhnv In mest cases, sincs the preliminary
dasign of a stilling basin is most usually of the hydravlic Jump Lypo,



and then 1t 18 changed, if necsssery, according to further inveatigation
of the site eand flow and according te resulibs of model studles. Ilhen
the Jun zmwyps stilling dbezin is not isfactory, elther bec- 18 of
hydraclic or ecouomle reasons, otner Lypes

pes of encorgy disszli p:’lo.i.on are
used, such as roller acstlon, imperlect jumn, etc, ?m. T2},

The design of stilling basing iz rostly based cn model studlies,
and to a lesser extont on m»éwi oS experiencs, but o gensral design
formulas wers am yoi de ‘-‘C‘.nupg ad; clthoush swne desipners cdevelopoed
fommulas for spselel cases of .;Lll?...mg vesing, mositly in relatively
smzll. etructures. "‘hese x-vil‘ be presented In tha followlng articles,

dealing seperatoly with cazh czes.

The prineipal dlmonsion of the baszin fs itz lengihi. The length
ol a jw."- p-UTpe baslin ghould co."“c.’sl)o}‘ to its Juwp ’iemgth which
sbout § timasa the tallwaber doptli; accordin'ff LO Bakhmotofd and I
(3;; Brown (97 points out ?lxeb the Lhaore! lengih can be shor
to 140,3 of 1te orlginal valus, by ,3:::'<mc*= ‘si"*uc? Tal reEnNsS.

y o 3 2 9. o W S < h} b )7 o Ak, et A Lviape. opdbeyeras oo M
S'E;:i.l}.uzg basina cen 08 claesifled, sccording to Linzliyr gtruciural
- o 3 . ooy - - )
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To prevont cavitation, the blocks shoulid be placed far enouvgh
dovmgtrean, where sufficient submergence exists under the sallwater,
The miniomun suonerranyo roquired to prcvont cavitation of blocks and
silla is (Cresger, Justin end Hinds, 12)e
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determined by & nods. stuayc F
2 vertleal upstremm facoe ] = (.6
%w veleocity head at the block.
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Dy® VEpor pressure of wabtor.
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wowm (9) progents two exanples of gbrasion of floorwbl ek3, In
Conchas Dam, Neow ouipog blocks sdiacont to side-wellz wore damagad on
downstresa face, whera eddy action crusod gravel end dODPiG in flow Yo
grind auay concrote o e dopth of 12 In. In Norfoll Don, Arkanseu, ihe
bloclks wore damaeged on the upstrosm faoce by gravol in the flow and by
Inpact of high volocity Jebts, In both czune, leﬁﬁ"cvg thy damsge was
hot dangoerous to the struciture and it was <oy to repalr,
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ding the transitions
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Length of stilling basin (for FFl = 3 4o 300): Ir’i:L%j&%%
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o3
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=
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Helght of chule hlockz an oer blockss Dl
Width and spacing of eiockso: epproeximatsly 3 By

Digtanecs from upstrean snd of basin to Tloor blocks: T3

WS

Minjraur dlstanes from side wealls to clossst Lloor blocks: %-Dl

Plocr blecks should bo placed dounshrean: from opsnings between
chute bLlocky

Y.

Ploor bloecis ghould occupy L0 tn 854 ¢ o basin widtho
Widihs and %ﬂeaingu © fioor blo cL,P ro Onvo ging bhasins, shonld
be increosed in proyorta,h to the inc Pcade in basin width at
the floor bloecks location. ;
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Height of end sill: ¢ == 0,07 Dy

Tallwater depth abgvo Qprom e v ' |;m.J§is 7
for F»y = 3 tc 30g D, = { )i &a
&

for Fry = 30 to 1202 b= 035D
for Fr, = 120 to 300: Dis (s0=£2)D,

~ r~' = s -8 **‘5}5
maximim dopthe L. s b4 ﬁo Fr *

37 =

Helight of side walls ebove maximum tallwover depth: &= %%

. . vy )
Wing walls should have a flape of LSY and s bop slope of 13l
Sids walls may bHs pavalilel or diverge 2s an extension ol the
tranzltion. :

A cutoff wall of nominal dopth should be
basin,
Entreined alr is naglected

used. at tho snd of the

n the dasign of the Laszin,
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Ths S: A. Fo baalin is most cconuical at ths doaign Ilou, but
it sleo perloins well at any smallsy Flows
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The 5111 below the velves, the Tlat portion of the upturned epron and
the hood were designsd to reduce the excessive splash from the jets
discharged on the pfono A crown wes placed on the hump to improve
the digtritution of the flow (towards the side-walls), end thus to
tabilize the hydraulic jump. The sboep parabolic chute and the
dopressed horizonial apron, both tend to stcbilize the jump.

A secondsry dam is uszed whon the toi"vro"e“ ig nmuch loweyr than
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At high flows, tallwater depth was sufficlent to form a jump In uvpper
pool, whlle at low f1OLb, the secondury leu ceau sorved esg & control,
holding erough wvater 1In unper pool to Towm ouc juwnp there, and &
second jump wes fornea in lower pool, The gate piers weros extendod on
il the qloplng'apfon to improve thie jwap in case of uwasymmetrical gate
operation, '

8. Small-erain Turbulencs Pools

Stilling basins u°¢‘U smoll-pal
de3lrned by the U.S5.E.R., for outlet wo
Foysen Dam, Yyoming, and Scglaler {ouyo
basing aye chute basina in whiehr the jJec
boundexy until SUﬁmorghL
eddies on the bottom of & i

ecoaomicel than e hydrazullic juup besin v
transitions and dividing valls Vv

urtrulieciice were *ﬁcenuly

in Enders Dan, llebrusgiza,
e, Colo"ado (31). Tresc
ove protected VY a clonso
oci, whex¢ the jets produse
osiga was Tound to Do wmIrc
i raguired long chute
vt

In Endewrs Dam Outlet Yorks (31) thewre are two 60 in, hollow-jet
valves with & nmaximm dis cla“gc of 1,360 c¢fs, and g maximum jet velocliy

of 67 fps,
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The deflscltor hood was vﬂVVLd graduelily 4o divect the
and’ to prevent v “Lag un of the flow uhish might subnie
A stecper hodd miﬁhb have caus,O the flow to back
lip ef the hood has %c T2 ste io» adoounte Gisyz
whewn only one velve In ﬁ?schaugingg Tha length
75 £t as combared o & L7 Tt loag juwp btasin.
A similay » iuoiprﬁﬂ Tor Soldicw
in Horsefbooth Res 31, n“;Jﬂ' 5 15 in

LY
manmiaam dischiareo Cioo a maximm vel
the defllector hoo ci“ct diverging nows
valve Lo prevent g NS, ne
the hood., Ralls side-uall

of weves.
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The hollow bucket was desipgned by Meyer (27) as & rnodification
c? the eonventlonal horlzontal apren telow o ogee spillway. The
hollou-btuckat prevides a cushion of water into which the overfalllng
shoeh of water Talla, end & hydreulic jwin is then forted. A back-
eddy Jdash, iz fomned in the btuckei and dissipates part of the
kino v of the cheei, telfore the jump dissipates the reat of theo
enevgy W buclkzeis ool by ey fox ‘
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Vhen the jet falls from sufficient height, it is disintegnated
in the alr and falls into the pool ecs a widospread rain,./cf its
eneryy being thus dissipsted by eir rosistance; rather than by
impingment with the pocl. "This was the case in Owyhec Dam (556), whers
Jets were discharged from

3 in. nsedle valves 110 [t abovae pool
elevation.,

4

An ertificliel) stiliin;; pcol may vbe croated elther by exeavation
‘or by the construction of & sacondery dam, as in Calderwoced Arch Dam (12).
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A curvad conorate

tucket wes placosd in line with the trejectveory of ths

jet, to rocelve ite Zrpeact and turn it up ianbc the ovserlying water.
For complets s8%5illing of a vertical jetv a desoy cushlion of water ig
voguired, and model %ostas of Caldaivrood Dem indleated that the jst 1067
only little of its enorgy prisyr Ho gtriking the bucksit, but tho '
perifornancd of ths whole pool wag succscosful, both In model and protobtipo,

When o jet is discherged horizonitally inte a stilling pool, iUs
impact on the water in the pocl end lts scour eflscct on the bobtom of
the poecl, will bs much reduced if tha jet is flered cubt latsrally,
through & jei ¢afliector, beflovs striking tho prool. Such & dallector
was deosignod for the Blueatone Dam {32},
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