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C)llG of ·:;J-1:: big:;oGt lJ:c�)b]�··:YCI!S th�·.t �rl ):�e:�:!.r;a·c:ton }l;n.glr.1ee1� !"'a<�t.�� in 
tb.G tt!:�eigtJ. of trc:r��:-: 3..t1i.:\.c ay,;,.�u4c-�t:_::�J:8:; 1;-j t.l�e cl:�·.sc;ii:;at:,�L<.:Il oJ� tJ.�{o en0rg�r -e)r 
ll:Lgll�-.,.r,,:ir.;c i -�;·:T 't·;[}.·:��)::.J ·� �!�11).i.n -::,.�ol;:·�-::,�·;! :to -:)11.Cf1·t.-c'2-;�(;:e�.)c1 �'1!1'1�;110\:f;:P "t-Jt�t·ai-:: t"�:to·:J8 :tn 
c2.r12-. .. � s 2..1:1c1 gj_,_J.:���.ea !J.��1r:1 .. �1g a s1.:·->�:::: .... cr:i."L-.��-C�1:L �:.�;.cnJ0 � �4Jb_0!1 t.-J�t·�j8J? flo�,-.;�3 ov·e�, 
·l·� .-;-. -:'!' ·! 1 '""'1· .�·-\r -·� :'""J ,...,':�!'"·\ .-...r .. 1\�.,l�)···) �J.. <.J · � o o ·\.. , ..... _ ,...,,� o=r· a � . ·n·f·�L-··.·> � 71 -··rr.'\ /J�..,:, o� . ., 
'·'...:.-'..1 t...l..._ .. ... . .. :. ,.,•,;l &J .l '-"-' \....•-· ,_, l,.,... .r .. '- -- .... lJ w.l ... \, 4,t,.,� .,,,.,: ,;.i' ,_ - J.. .\ (J.- .1 .. '·' -..• .. ·- ··L t, _ _.,\.:.,. ,.!•..-!.!,.. �� 
:f7.10liJ. t1Z:(,_l"):i? 9� t;a·�0e Ii.J. all ·i·;�!fS.S8 c�!._JOE; t,hc:e2 13 BlJKp��:') .. ��G:7it�:tc�a�:L9 01il b.i8i1=' 
v·eJ..(>ci.·�_;y� fJ.o:� l";.::�:v5.11&; a 1li.g1t ez�3:!?f��l C<)iJ.f��)rl·4�o �Pl1:�s et.1e:;���)YSs if !l)t: 
C�:ls2lip.;�-�-�:7}0. pr·ops.tlJ�:-t- 0 vJIJ .. l �f:.·3BL1J-�� ; n scv,��"":j.·o.g -t;b.u _rj_1i·::t:L' o�;c chBl""J.nol. boC!. 
d(J�·:118t�-.:�;8.Ul!7 £.1"�!3. :��.2.y ezlti�.l1t?;(:JZ· l!::�.;.:l;y· ���:-;i.�c�c:�:::t:!?C:!30 

Il'ne:;:>g)t d.is�3:'Lpt;�·cic·n o '  .f'J.or:i.L:lg �·n:�t�OY.' it· "·'!f;t (�GFl�o;:).J.y �'l.:nd ef.f'lcia:rrt:;ly 
�.-� .. c-�OriiJJ.�';__slJ.or:1 5.il R f;t.tJ.linf� ·};p£;::.n;- �J�1:7.cl1 J...s ;::. ;����··:;� ... 1c�.�U.:?O ;30 r1oG:l[;L18d f!iJ 
t;o ·ti'£'.�.1l:Sforn_ ?:·os·G oi") tJ:1e 1�::..-:'"J.·J·Li\.J {iil·.::rg�· o:C' 'Gl'lc .;��l.-�w J_:r�t-rJ Lt.l�'rll11J.encE; eJ.1ti 
evcn:;;u:1.lly into J.0�:.t., In Pd.:!. F!:?.J th:) s<J.pC1"·-·c:eit:i_:;B.1 f'J.o·· .1.�3 tr>tUJ.t:::.fopmec 
5_n·t::o s�_".bnc: ':t ·':ical .fl�H� L·v�o00.; in some c�U':lCrl ths en<::H'Z'.'T Jr.; o:.1J.y 
:::.;1.:lg.h� .. �-:y. (.�is�:d.po. 't;;:H1 a. .. 1d th::: h5.�ll· .. �_;·".lc>cl t;;r j,:;t; :!.s .:i. v�n··te 1 f�r Gh0:..' dn•r:n= 
st.r.tE!£12\l: ��rl'lGl�-s sc:o-:�-,.:r:. is p·al:�{rll;�s:��tJ.c�. 1.-Ji t-1101}.t rJn(la.nceT'in:� the s·�:::."l1�.c�·;tli:·-;;, OJ: 
-"�ny .. :>t�1er fe!\f·1.l!'J8;3 i:I.C��(' tl:l.c ::;:1.·'-,�o 

rJ:b.e p11Z""i;ose of tl1�-s rc;...ic�:�--:t--; :l;J to � rDB':- 'ri; a b� .. i0f !SVJI!.TEa�t:�y c>f ,Gho 
princ��les of onergJ dia3ipstio!lt prGvont�on rf scour, ��hor factor2 
encm'.::�i.� ,j.'Od :l.n l:.:tg�•.·�vG:toci.-t::;· i'}.01t1., .:u�d t1:.:3 cL\.f:fer�nt tJ1)3S of st:t!-llng 
b�1s;��.tl;; �rit�l1 GAE._!TII.JJ..es fr<)m t!1e e:ng5 .. :i.'l-ee:l.-:li.1£S pr�D.<!tl.cc :1 .. nr tt".Le ·rJni:terl S'-�1ii0s� 
'l'.b.o HI'1 'i.�er ho},·?.is th.:i. s r-opo:r<; HJ _ _  ]. sGr·;m Rs a. convGnie.1.t sununary » so 
mv.ch :nf.3ed�.)<l in th:ts fiold,, both fo:' stuuy nnd :;;>ef"'·:&:>ence.:. 
,.., C.:.o 

Harnock (56) stated that the energy of' super.,.··crl tical f'lmv i� 
di�sip�.ted by one or e. combination of the folloHi:ng m0anag 

lo External resistancep 
2., Impingementll 
3� Inte1,nal resistance, or tur•bulonce,. 

EJ:t.erne.l. l"Csistance m.t\y be either het� .. ;eon the water and the channel 
or betwe'enthe-wllterand�the su.rro1.u1ding air=r•as in the case of a. jet 
BPl"eaa out by a. deflector over a tll'ide area., or a jet discharged from an 

·outlet high above the tail"t..rator.., vJhere the jet is disinteg:c>a ted thr-ough 
a.ir•=cntrainmcnt ranu1 tine:: at times:: in a \·Jldesprend >.. ... ain instead of a 
solid jeta In most ceses external resistance is used to dissipate only 
e, sn1.:.ll portion of the kinet5.c energy fj although in othei�· cases it; 
d:l.ssipates a la:r•ge portion of' the energy" 

1EJ.E.�.-}lg__���t.� occLu•s \·Jhsnever the jet sl::��::kos a poo'l of 1rmter or 
sol-id objects such a.s floor bloc1o\:3o T�1J..s met.>od is not recommenclod"' 
since the f1�ee impact of Hater ac;alnst a struccur>e cause� an intem38 
shock to the st;:r•uctui•e9 dumages the con.crate fac:.G exposed to di. ·ect 
impact (eog.,9 the floor blocks)�> mn.y re ..... ult in cavi�ation� and the spray 



of the watEn� retn.lts in other diff.'l.culties ( Schoklit;sch�·=39) .. 
Inte:z•nal resistance or sheD\., is the most; efficient and the mo�t 

commonly usedme�ans of -energydis.sipation. Here the Hatel" is brought 
to o. state of hig_l-l tuJ.:>bl_:.Jence, trc::msfo:c·m.ing the bulk of flov: energy 
into heat� Th · s is acco:.'!•:J.tshod by elthcr o 1e of the follo�Jing I.J9a•·bz; 

(a) CouTI.tcn�flou � 

(b) Rollerso 
( c) Hydraulic ju.m!)., 
{d) Small�e:r•uin turbulenco o 

f Coun�crflow is achieved by je ·s disc1arged from outlets in the 
opposl">�e �?ails_,Cf n cho.nnel or a bt\sin,,. The jets$ flowin£ in opposit0 
directlorwl' p:r>oclu.co [:;reat turbulence Hllt:li: they meet in the middle of · 

the basin0 

Rol EH"'3 cn.use h:tgh fluid .t�e.sist�mco dm> to lar•ge difforoncas of 
voloci t:vtf.lrOughou.t the fluid., '11J:1ere ere thl'Ge typen of i··ollers="" 
surface roller e.bove the jet, ground roLLer 1nder the jot, and siae 
roll.ez>., 

Th:; ef'1'ic:lezwy of 1..;_1.8 xo:;llG:t' lcp :::cc�.d on its s:l.Z!"J �'.::-!d �i:.:J.p:.l;; o::.:. 
tho V-'31o::t ty�d.:lf:f�;:po:n.co uo"tu-:-�e.r.-. tb.0 jet and tb.:J :..Jt'.(':·::('.EnrJ.L1g Jr:-.y?..z·c of 
l�Jt:,,"t,;OA.:)& f':.._l�� 011 .. G:lf.> 1)o?;.L<1:::t:.t.��r l)l:�n�<.t:\I:1 . .. ��;· .. �r ... t�:'j :}o·ul:.c1c.:..-;·�r 1)3�1.:(t.f:, .':ct:v s ::') t�  t::;J.D 

}� strl:c·t:v.J:.:o,�;o rfjJ�') :...�i!-J.t:.tt, of 0)-:o�.,t:)' cl :!..s�:l �-;_:·.�·�·._1 :1��--·�::·o::-.::;�:� 1.·Y:J.·Cl-;. £.'..�: 
inc�t.l3C�l38 of t1lo -vn:tr!cl:t;�r�.d.:L�f.{\;r:t:0�i.:JD t.�!1d c:�n :1.'c.c; ... :::.!")_:;� o:r tl:ic� '\.T(<L�;.t�}G ·(J�� 
the y-. .&J_o��'}o 11,10 r1i Ds) .. p: .... i:i:�.� .::;_':' :!'·<'•:;.;��z t·Il:·.-�:..1. �:}l:.:- :·�· · .'-'7-��·:)J'· :-\1��:-��(;f . .r�·:�.s �; :�. 
c;ll�Otl.t):1!� �f 0!..�!-f.'., 'fyi,JrJC fi:�·-·:..J·��i.l·f .. J .. .:: � � ��.r ):�".:� fc1D�·,:'. :�:.1 !r'C· .. i.� J. C t�,..:.� '.:��::>;·1 C<.-l ��-"() ·�.J .. •..:l:.··--
uyp0 ··. ��ill.ir:0 '.. :!::-:L1:.:;c 



its efficiency and snoo�h acG1on� and ic th�reforo u�ed �6�Y 
extonsi vel;t. Because of its inpc..r'ta:w�e in tb.e study of stillln3 
btt.sins 11 tho hydraulic ju.mp H:i.l1 be doi7n:i."io ed .:n r.1o:r•o de toJ.l :· n thr:1 
next article of thi�J report� 

S!!lal l � g.;.�a :i. n t-tu"bulen.::.G �-!'! ... e'i1.lovad ·�-:!1en .::J. jet_. di .sc.hru:•gcd from 
0 - t�l-;:- 4• ��b o":;';�_.,.---;.::;-:rl''";7a�.r:�:._��i�"�· P ..... ' t:,,, ,... t "-r� -:-.·v· 'l't'; f,')!') n <"' of' , .. ,.., I(J ( ' "-· b o< -• l'l": '"n··,�r an '.J. ,_.. U Go V Q t; c:;.-,._ t:\: V VJ. � U J. VV' V '-' ..l U «.( . I �V � ... l 1.,.J 4.... (..'"\ •,.1., ),J.....; l..4 ... "U,. t.. •. a. J J 

unt:tl subme .•g-ad in the te.ih?:::.··,:c-Br> 1riher•e it produe,)g eddies on the o(;'(;l;or!l 
of tho basin. �'flis causes o. ·.,taJ::;e of sma. l�·o•v.:�.:;-1 t .. u•bulc.nco in U1.1::: 
•.r<> t ·"'.... { r a. t ·.l• C""' -1-}" <:> "' h ·7 .. . 'f'JOll r., �· � r. ,, 7 y'?�� ' � ) •-;1-. ·l ch ·7 <.• V"' Wij 0 .... '•;"-'l c :l 'Hi.;� { i' ft c:;� '"·"- V ... J...- V . l.. t; L ;. L - ..b .... \-., .40 ,_, ""'). v. \..-� V ... J t; .,. A.A.£. •. �. -l...t>J v .... 1/ - •� ·' .. .;. -.\. � 

dissip�'cinG the ew=.f'!.?gy of th.a �iot.w rt'ho scale of t11.0 t:.u:bnlence :l.G a 
function of bo1.1nd�::.ry pr•ox .... ;.rt;.ity,. 

The UHe of mnn.J.l=graiu tu:.-�-::m� 0mce :l.n oti:Lling basins H2.D reu:;;n·i;l�r 
developed.., In 111cde stud:i.ea of' cutle·c \\01:'�-rs:: hy the UvS,.B.,RE> (?ets�.:�_!r.a 
ard Tc.boP� Jl)., 

Con0 :lc� ·:r J.ng tl'J.G· sil7lplo c; e. co �:r t:.t r�ect9.::1gl.J..J.i.'l:? c:t:c.\st;- ce\3 t;i /�:1. [�r�t:. r:J .. 
level bott;om o:C tho c1v;:.n:r.E-._2. �:. ver;;· sir:i}:-10 me:,;her:l:::.·i.;:1.;;r,_�J. r·.�1t; ·�:to�1;_,hi;;.r t;z:.:rJ. 
be d!v� 1 o •-er'l .Po·�. t'lC\ ].\J'('f) ,-.1;• '>> or. ·' · r· ··-·1�'3': � -j •-·<:- Th'l -· r·�_r:�:::.5.�1D,!J;:l:l",) H'" f01'1'·,'' '-"·- 4c.J �- - j. -"' " - "- J--'-'--�-..vv�, -·•· .., _ , , � ·-· � . ... ::;; _ " ' . ·-·- -'� 

to e.gl"oe qt :ito p��uci.�:;e ... y 1-1i·t;�!. o'b!H1:::>v·c:::1 datQ.,.. 

Let v , P D, t and F'�?.1 be the VfJ::..oci'G�r;J de!:;t;::.. cf f':i.':H; D.nd �--:;,,(:.�:,(,·: 
Nulnber" ... :ra o�n::: 6 c ti \� � ly '! t"!.��J-�)?(}£t.l of' 't;l te -j t.1.! t: ·,-�! :,;r1c1 -�T'? :.\r.::.-�! 'tJ , t.l'.1.c:; ·;:·-�:� �L:)c. �·� :,::· 
�":ln<1 < f;}) ti1. of t'J.o1�1 c1 o··�::(J�r� ���1�1� o.:·�-lt� U��5 .. r.ti£ �}·i�, c., -r;.. :'Jr:.a·l;t�.:n;� · �:r� t�.ct \; 2 .. a��:<;.. \·::.1.. :t n ·-�� ��!�J -� �: � 

'-:0 .. �. dS·�·H.u0l1'Ll�t .t .. :�lli:� 1�110 vi.-.f·.l1,;e 0:2 li"!C)._"f!t:;!.J."t:·l.-l.r,1 \·15� ·��1:1 't���G c};.Di"�30 0.. ,;:;'t;£';.'�jJ._,..._; ;:i:.r(;[� ::�:_;_:. 
\�i. t.t .t..l th0 ::Jo�-..;'��c:r':�c�s c�� ... t;};.e -{ill1l��,!. D.�>.C. x1.:;���-�;·"'!t:5_:\J.�; t1:J.o :"'��?ict:).�:;!l �: .. :.; >:.; j ·):-:t 
tr1e \Jil'�Gl� =t:�:�.;:1 thG c11D.�ll1�::_! .. z. ·t�10 Y;':.�::\.;:Jsf..-\���r (1(ir;:;k;. of" ta.lJ.7.?Li.�J��.; 1:� !�-�.t.;r !.·:; 
cb t;8.5.necl � 

'""· 1 r-:- · · ; : .. -:-:· ... � 
. .  .) .' .., \ I � ,I 

• I 
• 1 ,/ 



. .. • .1 
�.:. . .  d .. . -� .).. 

tt.:: ,[l.,... • •\ ,;, �-� I • • 
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l� :1;...'\\3 
� �-s �-:-.� -. •> 'I' 

v. 

l . .., ) • . .  
. ;... .. 

'r . ..... .,_ 
� 

. . . ��} .. . . 

· .-�"� -·-.'-.,. · . .. . �:�\··.-... ::. r:�·--��1. -;_- :loc..:�-���-· r.:·-:.8 
. : :.:_:· ... .. - ·:_._ .�' tr�::���-J�/ ·:_;r; t-; 

·t�::. � ;·l· .. i:J�, ::--.. e'.;�!r�.,"":����:-�8 ··.r.:::-!:1:·,_G'"� "=' '\� .... 1 #" 
;_..,,., ...... " 

•_ .. 1i!····; :� .. :: ... .:: .. :�:--.:.:J .. :t.C. j12. .. :!.�-- ::.['. CtlS r,.:.�; �7·�·;_;; ·.-:1t' .. �:.; �<C�-�=:�.:;; :::.:1·:.� c:.:.?l:tC�'- :).;_ij;-:.5.IJ£.L":;z)::�g, 
t�!=.tt,.l �--'"l"'�-:-•. ::�(.:,;.""�.;.2c·C ·i;t:; · C:·.�---��:·.:�·�:;.:: o ·. l:.l. (.(/L�_· j_r. ::·.::� ... 'J�;,_: o�f d.1?:J:i.;:�-.-�i::>1J.o I.r:J� G o:� 
:..:�;_::· (} �_ ;.: '"� -�:.:> ·\t .. :_,)�·-. �Jcc,1�.?:.: l!�. -·_� .. r� �.-:�3C)�) :�;).-.:·�� ():!.� --;;ZJ.(.� j1.rr::.;.; :{��tb�� . ., ti��t:·:r! f :!?��}10!: .. 
,-�c;.-r.�·-, ...... .L. -t -:-�-:�-.. .: ,t-,·r-� .. ,,,-... � � ,., ... ':.� ..... -1 ,:..�,.... . ..... .;'.\("'l: ·�-':'I ·. rt"• .; -·� .... '--1 HI '.1·:···-�-t·t .... ..-1-• ... .!. "''l . 
\l. . ;: .�l:J..lv .. � . :.:J..;. !:;. � .. ..... U•.•.£_1 .. . \ .... ,.._s..Jcii . ..! • •  �.'-··'·-•·J \ tll.# ......... ! •. · o� .. -.:1� l . . w "�.i .... � ....... L·.J."- , 

��e �fficlsncy of �he jwap 
tiJt\Ch. 0.\".>. �;:::1:-..: llr .. ·:;, ... i.o CJ_f." t}--��J i·l�1-C1 -t·u 

-

f.n [1.21 01. .. ·-r�!1Jr <':�ss5_po.t:ot" :- r.l.c-I;E:!lc1.::, 
�-11-:: fJ .. �.:-�·J JVj.)·�;:1 Ci. � t}::.E· "0Ge CJ·�� i,;:i.:;. 



The curves 11 pre8e�t).:.1c; jump chara.ct0ri.., tic:;; n::J dil.nensionless 
ftJ.nctlor-:1 of t�c l<'roud(; Nt'...��c::'; ::Jho:J �;rcr;;' c:.o!)e :!01'�0�r.:r.t b':,tt�e-C"n t:_� 
1no.thernatical rclatiionshipn and tho correnpond5�ns oxpel.�ii�l0. t�\l values 
a3 founu by I3aklnneteff and Hn.tz .. e ( Colun.::dn.) ( 3) and by Dliss and Ghu 
( IoH8.) · (Rouse 34�, p o lh6)"' (See fiVJ.I'G on folJ.v\ving· page.) 

For the jurnp on a s1 opiP..[; aprc:nr 'che_ a is no simple cqu£. tion a:J 
for tho hor1zonval ap1•on .. but for f .. at "'· O�)es u.p to 10 Oj, .. J.5�.r the 
level=floor jum formula appl5.Gs qui�·s sntisfactol"ily (6ldc F'or s�ee ul" 
slopes the j'll.mp becOJ'J.9S increasii'l_gly less perfect.�� and actually the:..,0 
-t s only a d1p in the trJo.ter surfnce bet\-.JGOn th8 flou on the steep�s).o )O 



j;::-··- ... . 

... "'.y'!.�.)a 2.:n: t-h� \::d.:�::·JO."i..i·:�'o 1'ho jG·(; ·ID (tlO::�·lf.:': 
i:(\ } .. ! .. Wi:J 3 � ':/:l_ :.; .. ·-� C· :' :l. t.y :J..nd SU�t: :ft?.C;() ton:-:, 1. :::-L� :�1� -rl 3 
::;n t:L".::; H,_·· ';;:jcn ( ?r. n �.y a ,..._r} .l 1Cf :-1' -c, ··n (.,.)I \ , r- , � '<ii.J "''*' J <#' - :0.<..-4 .... . .. � -·(/ • 

--"';:_�:=:..----......r -._..::_ -· 

'·· 

tnc pnol v:rhCI"e it; forms 
( ,�. nndGto:r-m1!1Gd o:'fcct. 

7rL ·t._...J po::.,.- ir·lal chr-:-ll1t1ls vha s:Lr:lp)�c jt:�Trr:, oq:2ation cennot be e�pplled� 
s.n::t the r319.tlrn::ohip b0t� .. ,Jon the j'tJ.r.:t cna:racte ... :i.· tico i."ltl.S to be found 
by tr•:lto.i and e:t•r03:' compu�at5.ons 0<. b:- p ttlnt; 8. ""0t or CUI'VElS b8.8Cd Ol'l 
tJr'1 rwr•:eT.rt.;u ·1 cqunt ... o.J.g 

vJh�?l'o � A � 
= i) 1;': 

Q ... 
v �-

. 
e=> G) 'II � � G. v, A. D ·�· -· �· - ri Y. ..,� -=· I J � ), o � 

'"roe. of chuz ··01 cro::tc·�:r;oct�ion 
avarRee dcp•h of flo� .n cro s-a�c�ion 
disc ax•g· 
ve ocity 

Experimental w·;Jrlt: by l'os0y e."n_. Hsing vc: . .:i.:fied the momenttm1 equc.'c:�ou in 
th:i.s C.:..S9 {Hs5..1'?'.r 20; Po:-�:.y ar:.d HGir·n:1 32)" The 1orl£;th of the jtrnp 
lncr-sa."lGS I•np:!. · ly .,..Ji th the fle. tton:!.LC of the <r :idc··"tor&lls o�· the cham18l o 

Pol� the jur.1:: over a 3t-op Li. t. e J.ovol··,f"� oor c lai."lncl ( o..s in vho 
co.se of cmd � �d .. l: .a) 9 Forst<:::&:• ar:d Sl::l"'ind-3 { 17) found the 1'oll u:tng equ.a. �.�ion;; 

.. i�-2_ f;1;!. 0��-�- ·) ·t· �;_-(-·�(;· -iT;:· z r:?�j �· i) _..,.!'. � y I ...£,..: 

T.liu oquat:lon i'·> so. ved by triaJ o 
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·:�:ll·.) ro.l7.15.LI_t, rl ��·:; c :���;�P�.::��r �:;i�- -: . :t .. �·;:.� -·· t: :� dsp·t1·1 J)3 l s  tl1·3 cJ..� i tic .... ::� Ci �p·Cl·l � 
:. •-;; ;:,:-- l1c :.. : r;� r�:::l C-f .J 4t F�c :,.\�1 t·J :{- c���;.c: ���\::.:� :�. l l�lTJ p:?:�e �L=..n·i; c.2 so 8 jUl.'il].J :,:) i'J.::� t J..o:r.t 
J�C ��; . n s}�.:�·- �-�,, : ::: :  • .., � s Gc.: {\ �-rB1 :� � r  ·tr.s i.. e ·���) J  .. � ·.f;:�, CiO�.� r;:J.arliT� J· � lVh :� el1 c s.r! b 9  
r,:f �L i r� �.: ·co .... ��"")e.rl:S \'i"� :r4 �·; .. ·,., e l l �t s  j_n .. G�:'l\"") 1J :�. �.:l :t J  � ��l1 :'4 s e q:.1 �� t i c,11 i o  ,r�J l�---
:;:ro.�_)J ... " .. ,.:. �Lt�e c .  fi.nlJ. -!:.J.. o... o  11£?.�·:� � o  1:. ·.3 n ol':JD.:� b :·· tJ · :�. '.-�. :;_ c }Jo� .. J�� ';rel") �  thG av .. tho::')G 

�:�:) ;::·;C '·� �:J -�� :;. �  .. i·.!!f3: c:.:p i·p ). c s.J.. �-� ·-: s·tl:4 J s :tn=� :; r.; 2 .. Ct of � .. ·. _ Jr.> oc"u2. tion s i nc ::;  tl1.o­
�.-.r.:.: 1 j ·;.:, o,s� G 'J  ;� �)n. c }.or  cl:� (I 

Pj_'l � \,.e :J·t� 5�l":.L .. �jr E.-c ;o-'1 .. 1.: .. 01 
..;::._ .. _ ..... _ •• ..-.... '"-�-a:o."'�'"''"">!---.1 

On� o:-:: t�e p:41:�,ti(1. � y  r.�1..1.J:�! <) 8 c. :J  f o r• tl'1..... c o�.1o ·f;j::tic ·t.:t  011 of s C :tJ .. l - --!.z 
b�'-�J i n:s � :1. ::: tc : .. ::.;.·ov:::-:n.t dc.rwc; :n.cu n ;:. co-�1:1:' of tho ch�1.l:IK: J. b ..... G. b q :l_o·: 7 u:;?L�luaym 71 
ov.�·-;J.. u ·!; 8 ;9 e.�(: c2op...., ;;..· ·v�u. o t:;_:.:t:e: s "  .. � J1C)L �t il::-,t_;ll···\;·e :: ... o c:L ·G�r· j e t  OJ? el1.e; c t:  of: 
t�::ri;f.:; l., fD4J .. ... '" �  c v·e;:,.� t-}�C) U:tJ.!}:�10 �G c �- 8 �}. 'bt::� d. $  10lJr1.� tl·<-! .. JI,2 f:(110l·1 -�.1.0 :: t:�?ll C t'lJ .. CO :; i t  
;.;.·:;·�/ o :r,,�c 0 ,��?.G 1JG Ct.. !i1.-.. t� "� J: i�\:t. r..nr C8.rl""jt i t  e l  t:.h.oJ:> �tn Sl1 �:�::H?.li S J.on 0:\.'" c.s b,3;:1 
:� e nd 1. ... ,;�i·r�;}1 0 j?  t�t�)� "l':i S 'G:-.?e&r:l � S:;:&.·liOllc t'J C0t:.::� ·i!ITln e d :t .s. ·C o J��- 1Je ]JOO\;·J t:ho s ·t:r.�tte ·:-;u:..l�., 
ma:] e .• . t:_ J. \1[.;0 .!.· : U�D i'o· adnt · on� b1 :. t. e. c 2: .::· "t ". �  . .n P...r:Lolwt of s o on::.' li19.Y b o  
po:.�a ·i scc� "'..ol"' f\::•.' tr a :.- d o  .. rns t.t'Gam. i f  t .. c b o d  mat o r i n..l i s  not hig�ly erodib.,. c �  
a.r:·l tno:r.' :::l m:-c: IJ.o e t:r·uc tw:•.c ::J c lo c e  e nough to b e  'cndnngere<l .,  Altb.ou8h 
·�h0 prob JGm �:l  o ;.· s c our fall in he fi eld o f  BI'o a i on e.x ti n o d :lmcnt. &�:tonl) 
�.;;.l :l ch i. s out o f  t;J.e s c ope of' thi s  r epcr t 1. a shoPt sv .. mma ry of the mu1n 
c:h["'.r •.. c te: :... �.:! ti e s  o f  s cou r' .t·Jill b e  Pl"G u o.1t0d he:r·o Cl 

GilbcJ:o ·'· ( 1.9 ) found tha t  the s c our lng c :tpuc i ty o f  a s tl"G � i:n incr oas o s  
\·7i 'Gh tho ·· nc!' e a s o  in f1 o;.J d l s char ge i" 1-1i t1 the de c:c'sa.se of s l z o  of b ed 
:l'"' tor:... c>.J. e and3i:1�th tr.\0 incroaso in f loH v e l o c i ty ( the s.ve rage incl .. e a s s  

be ing J5. th V ., - ?Jhon the veloc:Vc�r :!. ncr e ase i ri due t o  a di s charge 
in::n.�·anno ) .. Rube'· ( 35 ) found t.hap the weight of the large s t  pa1 .. ·ticloc 
mo ted by a s t1:•ei:u;1 var i e d  t-� i "th V ;J f'o:-,." c oar s e  sand and gravel :�  but 

Taallex-> particJ.es require d  h ighel" ve l.o c i  ties t.1nn inai cated by thi s  
f\:mction.. Ac c ording to G i l  be ts the s i gni ficant vo loci ty i s  th a'c on 
the channel b ed ,  rathe r> than the mean veloc i ty of the cro s s � n e ct i on o  

· A quanti t s.  t i  v e  s tudy o f  sc our HS.n done by Schokl i tsch ( 3:.� ) 9 who 
found 'Ghat the maxim:u_m dep th of s cour ove r the enti re -v idth of an 1.\I"l= 
prote c te d  ri v�r· b e d "  after a prolonged impact o f  tho f1•e e overfall 
ovez• a �tJe ir � i s : 

T i s  the 
·
mD.ximum dep th of watsr abovo the s coured b e d  ( f  .. ) s 

s. :l s the d·· scha.r ge o v e l' uni t Hid,t;h o f  1-Je i :r• ( cfs/ft . )  r. 

h . i a  ��a he�d me asur ed r�om head-water elevation to tai lwa te� 
e 1.e va.1· j_o _1 ( ft o ) �  

dm i o  t 1 e  effcc t ivo c1i n:cnoter o f  tho bod rr.atorial ( that d iame ter 
of whi ch 109& by t.re i ght of tho s &'11ple l �  r-:!.n:_; ::z· ) ( ITli.Jo ) · 



Stuc:.ying s c our dmv-n� tJ.."emn r om culvo::. ... �- . .,ou tl s t r.;. r: '}.aindell { 7 ) . 
0- nd that: the incr ea a in dr3p th and voJ.u.rr..E1 of' seoul:' wJ '··.• t im.c i s  ve:'y 

ruvi at f'ii:'3t and then 1� 1e dep _ Dlo;;.rly e.ppr•oo.c 1.0 :::; t._J.G m::-.x5_r:n,r.m o  I n  
h i�s o X'._:,eriment s .r;  65r6 of' the to t al � co u  .. 1• o c cU.l':t�·e · :i.n 1 2<- 5�.; o f  the '� t: n1 
time o f  scour ing $ anc. 35% to ok tf1e oth8 r 8? , 57� of tho t :  : · 

Rou s e  { 33 ) s t:ud:led the s c oux• e ffo c t  of B. ver 'c:tcal jet on a .  :...e v0l 
sand bed01 and found that � 

( a ) The dep th o f  s c our in unl. fonn mate · ·:i.. .1 dGp.f;n �,::: up 0:1 �b.(-=: .;:: :l z� 
nnd ve locity of the j et ,�� ths mcnn fall-.,vG1oci ty o'E t.hc .l....t0 !'i 8.1 tJ e.n l  
·Lc du:ca tion o f  th0 s c ouri r:!g ac '-'ion ( vc .. r•ying 1..-Jith t11(3 logc.x-· i tbm o f  t l.YYlO ) o 

( b )  'l'he rat e nnd ra. rtr. nitude of s :: m).l., d f� c:r:on s e s  Hi th tho decre'9.�JC:.) 
o f  th;; rut :l o  o f  jet=veloc ty to :nG ..... n f::·.ll=veloc i ty o f  sed .. mei.1 v t  
n.ppl,oaching z erc a n  '·Lt. � rat i o  o.pprCiache s Ul'J :l.  :yo 

( c }  No e qu i J  lb1• lP.l.J c<' s c: onx• c un b o  oxp•:0 c.; 'c � d  in a. I• c }  .. at�. 1eJ -y· 
un.ifo:.-· ,1 mati) ,�.·�. G.l .:i'  tho r-ec0 ·,:::,. 1 of s edir.:ent c ontl n  inc;. a s  a� o::;q:;;) !'l(. ;:rc ·· · :.:.. 
function o f  t ime o .L n.  a mate i al havin,e �:. Hlde panc;r� o f  c i z e�� �  ::J 2 1 9 c'c.ivc 
sol" t ing ta. : o �> p lace " so that the m o s.n f a.J .. l�voloc :i. t:y- of t. 10 .... edimcnt; 
l 5.nin,s the hol e  rJ. �e a � ri.:.cad i J.� .. s Hi th tlw t e.n:3.cn.cy vO o.pprouch e. c t �.to 
of e quil2.br iUi.�l o 

( d �n B c..::notmt o f  s coD' d·::. c:(.,<:-i :.>'.::F' "' �:l th the i:r c�? -- G W O  o:..� s e:�J�.t�l·f'; 
in the inf:l .. ')"i.·T :;. � nt: ... the s cour p.:1 t·._.c:, n. ·HD.l b 0 �o··,�8 s ·i;c...:> .!. l: l z c;ci. l f  

s-:?- d:lment J.ca-:..1 ::t o  G <:!tl2.3. t o  tha t  :-.�hi. ·;:1 the j o t  c o.n S G <.r:..l:.:.., o  

( ( ) 'l-;1_.0 _�s� :'i .. ;·; t  . .. �.YlCO C,.f· ·(;}1 :� br; ,_1 :r:.�J. JtiCl") ::� ::;! to D C O P.!? �3)?'3 b.d. H OL. 5 .. ."�:� 
ab :t l �  '\.:y t o  p(': Q i[d;  ::JtlOf' .. ):· o 

Do -�.di a}l { 11:. ) s tu d5.e d  the e cm}.J:' :�� u-:.:··.:1Cc 1 y 10 ll.o; r 1?.1- d :;ol:· d 5'=� :: ; 
vor-ticf.'J_ �y u :!. c ,  .. hL . .\""G:i.i.·l[:; rbwTi.::v ::.��u U.'!.::. i'Cl 'X1d thSJ.t l; ::. >ch j 6'i.. .S h�n��;. n:?�.G '::i �·cJ.3.::;:· 
t'.a St7.!;1C � 001..1J.? ;; l g c�c_.., ��ci tyo 11 .) e.J�C C) fo1r '"rJ. t;J1o:G s r: oL �� i :rt(�).:;) 0�. E� e t:; � ; .-� ··::::! 
5.:a��l?0 9. � �  .:lrl �cr..:e a �y) i.;7:J. o'!: t ._.i:tt.r::� ':;8:t-"� t!..:l C:ll ·!�110 CtG�6) ..l..:.�J. l�S�� \:j�i. ':l i":: 0. , l·., :. ·:.. --... :::..3-.!. 
c:::>5.tic!:!.l \'·:c:.Juc; t  v� :l.:.·h ftli'·�kD:.:· h:.c::.' <'J :.l:.:F.:J :1. !:. cJ.cp '.:-:1. C:: :�: ��r· :: :-.Di:..c[:; 'G�·1G a e;: ·�.:;.::- o 
TJ.lO ·�:-;.·ol '--' !l2'i:.l ·Oi.l o f  tiY...is ErCr�r_.r g0 0fflc) (; l; J ... B tif"L8.. t. ·�110 9;·{"(;..:1. ... � (}:-: ;L�\l·t· �_:: ]_S·!:�tr 0 .. .  

·1 nc ;:ef�� e D  1..�it11 i n{'J::e�� e i :n .. g tJ.ep-�1'1 ,:> f �,.;2.�:-;c.r � RJ:]U -�.::�� bc<'t .. .  s C C/\'G�".l P. -: ; i/' ) l:> 
1?.1' .-; f.l� g5. r5..ng j,.'>-': 8 ',j  � o  \':\ p:r:>onot.r...:; c t�. :.."' inc;�\- ,,�, ·;_;0?. :Lol'r� cf f .o� Y o  H.:."r ... �·� .,., 
tvj. t��l tl\f) '!! Cn?. e <:r{!!)tJ.!l\, <) l$ c_ [) J.".:E:;Y.� t 1.8 410'r.? 5.. :� ot.:J.;9.l C (:!iJ l)V?.lc n � o�r v cJ;*r�:·: I  .. �Jt­
:tncr-oa.�J·J s . (lr::.�1 ·t::hu � o (J .. 5 . .rns�lt� :t t::J tl1r-c- j1'i f.r;.�:_--; ��l'l') !'") ·f'r: �::�i ·t;��J) C' •3!r;.;0 �'1 r:> ::� : .. �:1\') j' ) � .J 
t�n1.e11 t�:l==> c20 J)'4"!.'!. o:c-: 1,n:�t;c? �.� i ::1  t:,r� Qt.:_):� ·c,:;r'.\J. t.:_lc: · .. 6 Y. 5 .. t� t.:- 8.J, r.:� C(/:.1.�. � :�. :'1 ; .:.:_.:;�J \.·1·�·-... 
g��·"'Jl2"'t���""; 6. :!  .l�f1.� :"J i0.11 o:r: t� .C� j ·.;) "�·,. c -:; (.-lJ .. :_ J S  5_�'1 r{��l,: ��-• ou:� �-1.'.1�1 3 .. �;�1 G·\")�\� �;:l ·!_ __ ;; 

• • "" J-;;'1, ., 1· , -� ... .. . .• '"l - • "'I • c 'i!.1')G.C __ ·c.:r 0.0 C!� t)�· .. � �� :J o l .i"l0 C.i.'1 J.. ·� : .. {� :_:. . ... � c.ol1�::., j.l�Z ct;):p :;rl <..� :�; t.:l�i .. :: ,_! ()f.', '=-� _,_�_:; 
c.b.al'>O..c �,:,�, ··�:l. � t� :> c :;; o:� t��-; v c! ·t;J� ··· :1c� pvc:i.. l l ..... :.c f··..- �c\:Ir :.1.'C.{1 t11e t . :!d5_� ·,·.!�: f:t<., 
U0dcl:t c.r1 n J  .. B o  rJ�'.b .s �.._;ur .. :� la�t; cd ;�olJ. 1'J ,:) 't �! C (:�;·: c ..Lll . .u } c! L1 t,l, :�:.t · t�{�.J 0.8))t::l oi." •J c� c;u.�") 
V ,l"':l0"' F:. 't1. · t:h:> 1 0[:;1.-"::·: :l. ·;_:l·).l'� .::;1' "\:: :·'J 18 " 



ed rna.ter:to.l 
�-�..,., 

sandy lolml ( noncolloldul ) 
Si l t  l oa.>n ( noncolloidal ) 
Alluvial. sil'c s  ( noncoJ.loidal ) 
OI•clinary .firm loa..-n 
Volcanic ash 
St:!.ff clay ( very c ollol dnl ) 

1 A 1 " 1.l.. ( ] 1 • ' .. ) AJ. UV.dL S l.  v S  C O  . •.. O J. G. i.: . . !. , 

Shales and hard=·pans 
Fine s and ( noncollo · dal ) 
Hediu.r.-n s s.T.!.d ( norico lloidaJ. ) 
Coarse sanu ( noncolloidu..l )  
Fin:.) gs.""'avel 
Co&.r <"! e  gi:"'avol , 
Cobble s and s}dr gle s  
GrP..dGd 1ow1 &J.nd cobb l es ( no .ncol J. o i d.�l ; 
Grad�d silt to c obb l o s  ( coll oidal ) 

o 02Q 
o 020 
c 02Q 
.. 0 20 
o 020 
o 02!) 
.. 025 
o 025 
., 020 

.. 020 
., 020 
, 020 
c. 025 

0-. rJ 
., .);:> ., 030 
o 030 

Hin hm:un m "'  &."'1 
�).2C �'£J..J.£P...� .. o 1 ·  

The f'ollmdng corr ·, c t l on s  sh ould b e  m.<::dc1 :1. n s i nuou s  c 8.nal s :  

Dag �ae o� s i nuous ity· 

�----�----�-

Stre.:leh t cam.1.ls 
SJ.:7.gh"tly sinuou s c .nals 
Hodel."'C.te J.y s lnuou o c anals 
Vez.y � i::mous c anal s 

Corz'o s- ond:1.ng v· �.lu.e of iE-O t111 
· ve J..o c :L  ;'·! 

�---·n�.,.._�-.�----'\;..· -- �-·p�·.:_s-.-.._ _..,�� 

Blench ( 8u)  oxtendo<.l. I.-acey .1 � eg:lri>c -Gheo!• - ; p:r<> vioasly 1.Hl G'� l<... 
I ndia f or ch.D.nncl d o r.; ign., an·l :1."'1 tl'Odu c o c1  t..h e  b ed�-.fe.ct;cl" b and th0 s i  dr;::;�� 
r�.c tor !J ll so th8.t g 

-;-YheJ:"G V i n  t;h® flou V 81.o c d. J .y :� D i s  t .. e do·) :� at4d U the uid'c ·' of 
tho cnw_,�el o Blar. ch hns shm-m t�nt th(.1 m inimum s af<;;. ., loc J t;y i:n �� 
chS1.n.ne i s  much J.ouer ( le '" E  the.n : L  .. O f,_)n ,., )  at lot-r f'�·ut-:� thLn �:,t h5.,st-\ 
f'lo·:-w ;; i:OY' tL0 s mne bed m . . '..lt-:.. :t:>:lc'.:� , 

!1l u C 0lJ.::•.n,:; out:i ;�l (:1.r:to:::- :; 
�� ...... �c-.---....>::r;��·a:.u:..� -.3ot .... .a.� -�···" 

Be sid H p:r•.:)Ve!1"t1 CC·. � · :� !: COUr 3 tLs pu:.:-•pO B EI S  f'OY' "tb.·:] CCJ:'ClS t::->t:::c t ioY� C•f 
s t :'D .. li.cg basins l:t n.y be t.') ,J; ;:;y·� c·�"'!lG othol" d iff' 1.cl . . l 'G10 �- :_><.:;�Ttl 1tin.:.5 f:• o.T; 
hl3i:t velo c l 'c:r i'loHt fl _�ll D. ;;,� :; 

{ c.)  J3:r:� :J .::: s :t ,/0 -��· - .. �� ·: :; 1') { b ) f1,:1.2.Sc�  n:r� .. � c.: .: :- -: .., 
{ c � ; tc -;·:; _'\j  .. '. �i. � .:.l (.,'.� .. � -� . . ; ...... � �- \. ... -� ·.j ·� r: t-:.:.:, ·i: _. (.) y�t:..· .?: ·. ? �  .. � - ��:-.. J ..... 'f: l:: (: ;�" . ...:;..!.) .- , ,...4 :  

{ c1. j i':.1Jl��. �· .. �. o:!. C;f". f.' -�.:.1.��0. r�; ���: .: ·� .J t. :-��:� t�J i.J .. ,_�:; �:·.(· t-, (l ;:· �f '-.1 t; J ':.: a C :�·r i·� C 11-: � !  r:� :.· .. 1. 
G.c �!o4";\:! .. r.:2 f) 
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In t;h-:: .fo:::>':igo :ing d J. s c;;;_ :� D :lon L� :·::! :; ;;: o ��.:n. :;:} ci out t .10.t tho hyC.i."!'.:> uJ.2. e 
i a  t;:0.o r:o� �; o �f1� i ,J j� �  .. n :: !nr.:- ::_Tl[� of 0110 2: .. 2-��� .:;_ :i. :; �:� 1l:�£t�:.1 ()l!�. b1.1 t fol�u_o..t :lo:n 
� > i �·liJ' •'t'' q'} '7 · ' "' '" i· � rl ·'- � - •·v' ·'- 1 , - -:� '- ,.,. . -, r� :-, ·' -'-. '-. ., ., ,. ... 1 '' -; ·'· . D ) "' t, J"" ,) ... . : ... =._ J. ;.. .... _.� . .L-t..· �.) .. •.l. !.·� v u..\ . .. ·7 tJ t  . .._ . ... . �·J �:; .. � � .._  u\ ... • .,. ... l•.:. - u ... . •..:.. .... L t. . e. .. !-. t" " 2 ... � ..: 1 .- .;., 

"' :. , 1  q . '1 0.Y> ( C'I .  Tc• ':' I  7,7� -� ,.. (• n n ·�. r '· �. ' ... �.x,-� ·,r,.. . ':'1 t . I" "" 8 '.- - . "' <!;'  f'. s ·r, "'. no .., \.J :- - ·-- · � -· < , : • .  - · · ...> 'II .:L.\ .. v . / '-•··• <•:::> l> u v  • . . .. . _ • ...1 ••• •- _ "· \,.;  v C ·c•-... u .t. c.< 
c :•. f'lf .. � :i r.q 0 :3  z·;..; J. :!.. :l_:(.!.G b H. [�  :l. n "1 i :i :.� c �!.� . .:;. 8 .. � �-:. � G. ('; C t)::.�d.in� ·t;o ·tho ":·] .. '=· J� ion�� 
t; .:: .:� .. _·- :; 011 tl·�,) -:-�r.ii l:·J::��;G!.:> ·J.ep t;l1 2..:r:�� t: ... !O j �.!��I!..r tJJ·::. :t :�:t:�:t ·"'2:: o .. c folJ .. o:;3 � 

c J. �.:.. �� 

C J. at.:! .:; 2 c  .... . � .  n·(.r�J . .  .:. ... o :lght. C"- rve �-J. oJ�tyr: belo'.,; ·�·.he t:?..i J. <·Jf.i.t e :� :r· P.t :l. ;:;� nrvo t} 
• 

C J.�.so 3 o '·"  .._Tur:· ... p""he i :·'1·· .. C l.'f.r c:..:.: nbove t:::� .. -; t;o.J. J.1,ra ::;8 r  rs. t i ng cu·.-.vo c.t 
lo·� di char· �;.a s  and b EJ J. m J  �.� �; h:i. gh d l s ch9.rgo B .  

C l  S 3  L! . ., «>· • JV.:I! �.J. "'· ig _t cu1• · 3  b elo:·J t . .LO tz�i h:�.tep . <?:�ing ctu.,.ve at 
lm•J di s c?la �:'£;;"' c anr::. nb o vc at �- rra a:t l.:WD.IJ.l'ge t3 c 

�--------�------� 
1.W'" .tH . J {�� 

CL A�S� � 
��-.. ,./!1_ ..... _ ... �· 

'Dl�N {���&. 
- CLASS .!� 

.<l1.�.@!3....l.o If trw 'c uili-mter : s u hra.ys lo�;er thun nece m-: ery to 
form a j 1JH!J s the floH vdl l  s u o l!:n  acro s s  the a - p on ( if " hor i z ontal 
ap:.:-on a.t s tream=b ed l evel i s  used )  a t  hlgh velo c 1  ty and s e oUl" the bod 
dot1ns t1�et'.m from the apronl\' a:::: happene d at '\rJilso.n D .... m on t .. ... o T e n.na s s e a  
River•:� A l abrur1a o  T o  prB vent -thl D dangorot,. s c o n c.J. t ionp t .. e f'lm.r can b e  
thPm·m fa::...., t;hei' do1-.rno tr.e.!-)Iilt by u �  turne d bu "' �et ..., or e.pr'oil.f.l Hi tl1 end-:.:;:1. ,l o _.  
s o  t-h at the bed vJ l l  b 0  s c oUl"'Od f.t:n-. ·3nough f'rom th e dan11, td thout 
endange rins tr.w s tru.ctur·e o Thi s is p o s G :!.ble on a soJ.i d-r· o c  . b '3 d. �>  a. 
often o ccux•s at tho head o f  a r£.pld� HhOi."O the t a iltve.toi• i s  sh alJ.ot,r o 
The bod uill b e  s coure d out u.P..t i l  tbe ta:l J.•-:�.� t EJ r• C.ep t;h uill T• e ach th� 
ne ce s s ary jump height d.cpt.h.o and no s c ou ·. :  ;_ ·: 1_ t ake place any more , 
Upturn;;.d buc:_w t s  in thi ro cat< e  '!:JC J�0 UD8d in C <) .:"lO':·:�_ng. ') and Safe Ha.r boJ• 
Dam.< on thG Suzq1.whm'L .a Ri r o r "  Na:r•yl.a.n . and p �  . .-ms �lvanle\ � r•o spoctivo 1.y " 

.,. 



Another me thod i s  to 1 .. ui s e  the tu.iJ."tva ter depth by ex av::-�·(;ing v. 
ool p  or building a lm..: s e  Jonde;'l"y da;:;1 b e lm.r the main da.rn ., or by 

l O a  

louori!18 tho apron o A lo1r1 se condar y d� ·n cr eate s a p o ol Hl th :::;t::.f .li c �nt; 
· ni lTrJe.te �" ·i;o fo rm a jUrflp p the s !?..me thing b & J. ng r;, chieveu by excava t l on o  

Thls has been extensive ly u se d  o n  U lr··�.�h fou .1dH t l ons 2 a s  in Junct lon 
Da.m on the Ha 1.i s "tfJ e  River.:> Hi cl-Ll f:�Hl:r -v:h9re a l m-J dam 28 ft o hlr- t--ra s  
bui lt do"trms ·tre a.m r :r•om th 52 r ·· � high r;a:t.n dam., 

M1en tho apron is lm-:rer•od belm-r �1 -'-·r'EH,,�ryl • ...,b ed 1.o vo 1 �  n cuz•ved G.l)!'On 
c an bo u se d 9  £t:3 in lill'le e l �n Dmn o n  th,:., �I'8nr;.S Zi DGe R j_vB :r'5 /.,laba.r.:>.a;� CZ" a 
s l oping EH:) ct ion bc fm�e t-he hor·· zunt al apronll as in Hor:c: i s  D!:..."l'l on the 
Cll nch R hte r, Te nn::) � w c o ., A slop ing apro.1. changes gP�.c1ually the tail= 
uo. ter depth :� un.til i t  re'"· ci::e v th ·';! nccc :: :J .s.:r•y ju.m: l:.e5.t?)./:; ., 'Ihe sloping 
apron fo� class 2 -v..rlJ.l be �tiP o ly b0lG·.,, e. tl'.:':J O .. ��b �i d  J.;svol o Lru10 
r>� cormllG!lds a � lop e of 1 d� or fla t i.:.o1·.;J e.lt:hc�lgh 1 �3 slcp0� shm-m d fu:l rly 
go o d  reEul t s D  but s l ope s s � e eper than 1 : 3  ahcw a r ap i d  de cre a s e  in 
off i o i £Jncy ,  

Floor blocks rna.y .e.l s o  h e  us :... d i n  this c:le. s s ., al tho up-' they ru" e 
_ot rec oi.J.mcndc;c_» s:J_ nce the c oncrs �o i s  dcr.mg ... ; d  i'l"Om r.tbr.J.s i on at; high 

velocJ tiE} ::L,  

Cle�f:'S 2 c  \tflCi·�� "thr-.: -�q,i l\,;�·��(., �-"} :l s  al�-rr:�rs al)0\73 t�hc �:).� � .;� llc:t. g�nt � 
'li:>o-.._... ,..� ... � th.;:) 1:JC.te:.." f'1 o1.-v5.ng C!.c:,;rn .nn ogc 1 c1. :::·r:i 1-r: D. J. dive u::;.der ·i).�le ·;:; ��... ::..t�D."G t;!:"' .�:::; :: 

i.��C.\f(l ]� �t:; :b.:t£:;1 .,.{-:: J .. o c �. t;:,-:- [\ c.o!:� 8 id'3 :.�.!.:.�l]. ,; C.:l ;·) t��l"lC: 2· ��l·o�JZ �c�:e t o:: C.� :��o . .!i t.�l1 :?..r3 
cl;.� �- �.t! ,�0 bOC (.'(1J.ilJ.;�; st:.v:::·t·C' l� ��� t.}.1G -c �·t 2.:1 .. \. ; i. "� ��j? (\!:: r_,:._ '(; o c1:.£ ::; �G .. 4'i G  :·(':lCJ. 1 i:.c·c:. .J. 
j1.1.F:rp hci&)y'· ·� 

B�tilc1J.ri� c. ho-�:t ��c! :. ·�, :; .. p:" o .. ·1 s.  �:·c.,J. s: �:: .. 7. (.! �.�.)-\.!.£.�1'1 [· b o �/0 �) c : ·._ . ..  r; ..;::· ():.. l · ;�; ��� ·�·:: :1. ·.7� 
p�:. �(!.t/.("'6 a jt:'.:.�!.:_J fot� tlJ . .J \ �4 . ::: :�i .. r .�: �). ... ·.:-.\:.:·-� !' :·�1 �; iJt �':: �..,.0 : 1  o ·�--(.:.,3 ==.• �J:'t �� �:.�i:. ��.�c·:) J v  
l't 1� .. -(�!_::11'lt� a_p i.1CI :.1I• 0::1 ... Gl1 G  �:: ;��:.-· c �� } 112!- ... : · . , 4�. J. :t C C\·� Lf: c:· :�.:1 r_ f' .f:}A ,; :t'j4c:_·�·. J�-�r� ... � �:-.. :.: :.--· "2. 1  
d :.  .. s ch.s:: .. c.'G£ ,, 'l'l-! 5  .. 2 !c ·'.�:lO c i'.:o �-.... :-: 1J O L ' o  ·t;!:-..·:� d}):t:· ·.)n t-70�.:L)w,� }J �:, errG:'i :eo:l.:i r�.1) �;\�·...:: 
·'1 4; .. , f ' C '  · .�-..... � �  .. -� J . . ���J·-:- :!� o �� !":; :-!  �"1:"f�� ��- , -� : � �. J·� � .. -·._ _t : \  -� ..... �- �- r:; �.•. "1 -:. 1 r  ... .... . , . .  "': _,:1 :l. · t  � .... . : .; . iJ�:.L1 
\,� !� -;���: z:; (., : ... ��. :�r} :'J �� r{ 1 i.T :: :_� !i ��J [4 l ;,_ ,- -�:;� r;1 

. •  j 



.�. '''I , ... 

t.J • \ ... . ..  • ... . ,_. 

01.7 ..:..�: .. :�r:-. � � .13 r�rg 
·:.�·::.t: ��:  ... " ... 

u y .. .. .:sJ:'.:: by '·{;.0 bu:�!�::� t·�I �.p' e.Y10. f•J ·::L 1 1 'i.'-.S :.1 .. :o"i). :,·'fn.c :' r ""ller· .:i.n '·ha ·ou c:1..::r:; �; 
c� ·-· t:. �:. [..;� .. � 11::7.:_:: I�o:_ �t_ "..3J."ft cl.c:. ;:1 !j 'i;?C; ?.r:l J"'l:.' J:iJ. 5. -v .;:, l}:;: _("· . ·";.4 (JUJ.1·-l r·ol 2.0:: c?;:-l-·:.. --; �:.� ·llP CJ.e· 
1:!·-;,··· �x�:: .. '�'-.l · ul� �·:L::.:·· -3 f.·.�- - t "':" �.:Etr��-2- i;l1 �·; ;:;1:_!� ��·) ··; ..-. l :: .. :p C.c' . _ ·: . .:.--:e t1..vn ft;tc 9 1'Jl. i.cl� :i. >J 
t:� .. -.-.;.::J_ :�·y r;:. J. L;.c:,.7:J�;; ( . ..:.[:<..r ::; _:t:  �p�.}.:-· :� J:' 2·:· �-: :. ,.J .. }: b·:J ·:: i J· < <-. ' � ·t e (l lrJ.�J.-o.:. �. t:'.1 :l s  o :C tl 
/� ·· :·.� ... r.�.;; :-...: 1 cJ1 '{J , • _i-;.:::.::l ·". :..:�:.;_ :_1 �) · ��_!.· � ·:.·, ..- . ·n :.: : .. �') r; -�;j:; :; it �;;1:':. :; l.�J . . -, b�-., I':I C�ti.o -;t,; c1 by 
c;. :r.�_·J"o. ;;:t1?8 t�i.;..c s -t��· v .: ·�o -�(�c:. ;_��:-�: :��·.(J ';.l�;,r-� C.c . .  � !:;;: :.;-�: e :  .. -.�.J. fro:u ·t-.: o n ·t::_., ,_ c ti11l"3� � 

,: v.':-:k:t :.�. 1YL �ka �s i i D� 8  l�.B �� c:  ���·1 G?:· ;:'��-, �� c �  ... ;�� ··,�G3 l�':}::a c� n. ·t!:le Co.t1lft"JJ :1. a Rivez� ;?  
1 ; :: ;Jl'1: r���·i�c�:-c.!)  � :-1 sl"J.D.J.:t fJ"JJ L�f.'�:!. :.L . :�_:.-;;.__� ::' r. c)  �·{.".�:.Lac.a :-ec.l J .. J�c l"\ �r .. �:t ... ·l �; fo2�mcd .9 
:'�t; \.i :1o ·t{EJ.t(J :J., ·,·Ji J� l b .:1 £t,.rsr' ;.� <�f"�;. :'l·, :: ·G :.? e �.f:l .-; :. > J .. r. lt:.:::� con.s i 0.8 l:>O.b ] .. y ll:p�·YaJ:-;:1 
t.�-n·:1 _;:�.J.:t :'i..J. lg ·b�� e� in. �� o ij:1o f.J �;:\��.�.�;: .. �· 1 a:\; tl""l() ��lJ.7' .r·;:� �-�c:� :� c e;.:�t� J. ng nc, s ��otJ.i.: � �.r111c 
"'. 3 ·:.; l r,.::l CJCC\)_�--:�·· ") 1 �lll D:i:3.0�JJ?C· :�  t.r.rc.;_r :C n;.H ; 01�:. �c�lt; J)�!.1ep0l") R i  �J(J l., .J- tT � S  eS (l ii o 

C lc.. s .:J  3 4,  IrA tb.5. 8 c:o. ;:: o ·;.:;�·1(.; t n :l l�·!2'GC-; r� r�c�t;�1 · .. •:J.o·u J.t� (:.� :1.ri0:')e� ;J f�d " .. · . •1 1 n" · ,.:i-• -::-,·.�'!';;-·;�·.,.,w·'\ g  t u·  ro-�< 1 �-. -· � ---�)· r.J.'1-. -; 0 ,.., .,-r ,_ ,c ("o ...- r:· . .., .• .·-·., , ,  • •  'l-v- :- !:1 -j ..... V ,': ..._«.. � • ._,�' L f-• .b u ·� ·  J . .!.t _.._ J . ..!.\.-..; 3 .J. _ .,._ ,  .. • - · -� ��: l t. • .i..o.t._, V �\. l.• l ,.. C .:.. v :J � .. ..  o�·j 
8 e c o �  c:3.ry d.t.::. •. • l or o :U. l  ne ::tr· -th0 dc,1·.f�l3 'c�· <J <.:::n •) nd f .:1 J.o ve l D.p::ont b:, 
d ... ·pt"c � s :7.ns th-:; apr on� o::• by a �lor; :Lc., c cpP on,r, �d th i ta u -p,, r 3 :nd a'!) ovG 
bo:.1 J.r1 vol a:::-!. . l o·,:rm.• end b ;:d. C":J b:Jd. le ·:r(.:; l o  

F' .0 0 1."' bJ.oc {8 or c1enta.t.od n :i.lls nl<'\Y b o  u se d  su cc e s s fu11y i f' tho 
·elo clty i s  not t o o  [;!.,eat � A t� lou dh�c�v=-�=-t_.c : :  thG blo c.�:::s br eaJ-;: up t� at 

h:tg�1. .... ,_reJ.o ci ty fJ.oH and rai s e  th.EJ tai1.Hc.'cor �- . ,· lc� e. t high cU �J charge s 'chGJ 
b�.o c :.:z brc..,k up 'the nappo that d.i ve s i;1 the h:;.�,r"l. tal ltvater and flm·w 
EJ.1.o ng thQ b o t tom at hig.h. olocl t;:-v 

C*.�ILJ?s"· I n  thi s  c a s e  the taihW.'v0l"' dep tr_ should b e  i n cr��<' .. s o d  
to for·m jt-1-mp at high dln char•go s .,  �rhi s  can b e  done by n lm-J :n � c o  lGG.cy 
dam or by e.n excavated poo 1> but. only v;hen. i t  �:i. ll no t c B,u s c:> ob j e c t ior.w.b l o  
cond.i tl ons a t  l oH d i s chs.r 0 s �  Hhere the tfl.ihJS.t <n'" t.-.ri ll b o  · o o  higl'l ,  
\\'hen thi s  is objcctionabJ.e ,:. a s lop ing ap.�. on wJ.ll p rovido a b e t te r  
soluM. on., 

Lane � 1:.1 c nn s i fi cat:i. on ls bns � u  o n  the hyd:"aul l c  jump D by 
cla s s i fying the s t ill ing bas ins wit;h r e sp e c t  to the po o s ib il i ty of the 
fo rmat ion of' a ... yd1'"0.ul: c jmn1) "  Although no t all s t 1.11 lng b as:Ln.s u ::::e 
a hydraul · c ju.."i'lp for ene rgy dls s lp o:i;:i on.r> s tudying the for'mn tion of o. 
hy ··ro.ullc jump i ::1 hoHeV81' ir:-11 Grto.n·G in mos t c n. s e s  s sJnce the pr-e .  :lmina.;...,y 
c.-:� sie;n of a s t D. : Ung b a. D i.n i s  m os t  usually o f  the hyd!"aull c jump typo v 
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M.d then i. t i. s ch&.ngeo. �  i f  ne ce s s ary, o. c c o:r• d i 1  g t o  i'u.r the:r• imrea t.i.gaJ.-:i or.l 
of the s i t G  e.nd f'loH a..11d n e co:t•di n& tc ._ .. e su l .; s  of rno de l s tndi e s c Ht'lSll 
-the jur.rp�· typG s t i l ling b ac ln :ts not s a·c i s fact;or.y :.> e:t "ther> b e c au s e  of. 
hydraulic or e co nomi c rDasop a t>  o·t;J.J.er t·--_pc o  o1' enorgy di s s iJ.__. at ion ar•e 
used, . such a s  rollel" ac tloni> irr'J:� ':::J.' f8t� t  jmnp r1 e t c a ( Gl _; , I=2 ) o · 

The de sign of s ti ll :i.ng b .f, fLi.r.H� �1. �1 mos tly- b a s EH� on moc'.e l s tu.c H  e G .v 
and to a le B s e::.• extent on pl"0Vi cu s oxp e l"i::.n1co , bt; ·t. no gen�:t"=l de s1gl . 
f011m.ulas v-1er• e aF.:1 Y·':?l t dev0.t.operl , v.lthot? . .f; 1 s --'J!(-'.) de ::J �I. c;ners c s velopGc� 
fol"inulas for> spe ci e.:t '-3f.w e a  of s "i�ll] .. :\.ng ba�d:1s .11 mo z t ly in relati�l ly 
small s tructures " These u:i.� l bo pre B entc� d  in t;he f' ollo-tdng ?:£Ot i c l es v 
de&ling sep arc.��ely 1·7i th e a_("�h C.£80 

Tho p1�1nc ipaJ. d:l.mt�Y1 s 1 on of. the ba.s:i.n is its long ·h , The lon·:�J·h 
of a Jt.unp�-'Gype b:1. s l n  sho'J.ld coY'r'ra spond to i ·c s  Ju.:-�,p 1 ,ngth� \-:7hicL i ;s 
abotl. t; 5 tim0 s the t.8.i1tv-.9 . .'� •3:r dop t:li: acco:;:-d:i.ng t.o Ba,d:ur..-3 t o ff' an�l r-i;:.::czlrd 
( 3 )  e Brovf!1 ( 9 )  po�. L  �s ou t . .  h a·:: the \.;kH�O!'<?: 'c5.c.al len,.��th C8.�'l b s  Bhort(�!!6 ·1. 
to 1�.0% o.f i ts o:;:•igir:o.l "ita .tw 2 by p:�·op e::.."" B t:.•twtur::i.1 me c,!i.D �., 

S"tj. J.1:ll'H7 bas ina c c.n. b� cJ.a;:" s :i.fio0 . ., a c c o:..""ding t ,  t·:.;�;.l� B ',�·uetai."'!:'J. 
};•r· op tn• ti es s :  B.c. f'o . J.mj's � 

HcJ:r·izontal ap:� .. o n :,�  
Sl oi> i:ng upr·on� 
Ch,J.tc b �. "' in�, 
Up t;;,_��"'lo.Bf bU 0.�::(:J t s  
UptU:;:>:t10 d �!.1?.'01·\ � 
hu.mp 9 
So concl·-, ::•y J.c� J -�L.u1,_ 

{ 1 )  
( 2 )  
( 3 )  
U .�r ) 
( 5) ( 6 ) 
{ 7 ) ( 8 ) 
( 9 )  

S�IHl� 1 .... c; -�dn tv_::: · �J.cnc� !) �) 0-1 :,�  
Ho� l m-J bl eke -;� D 

( 1 0 )  
(11 )  

S t ·t l l:l. D_g ���oj, $  
1,1j_ ._; o .Jl.J..CJ.�·.C! OU�� t.y __ -� q s  o 

1-IE,::,y of the :J 3 ;.: _ _  ,_�jo:r 
eJ. �::'.o s -JnlG c;.uxr.:.i s.::."Y 
01� di vl ding l·m11 � o  

t;:y-po �J i ne ;_ u.·�_;:. 
d0 v ·! c·J C:J z  Btl�.(� 

l:n d0 s2.gnin�� bas ]. i13 
enc ot.ln·Gr3:c�c(1t, e..c cc ?�\.,ir::.{j 

·v t11 ·1�s. in fc.E·.t:.J.�0 3 
8.r:> r·�_oo:.' b lG"� k s .:J  

o? 0 'G1l 3 .L' t,-; p .3 C  c..:.:fl 
D il l D � d0 fle v�OFG g 

( .s.) t·-.. ilD:t"l · l1e o-r ". � �- C J. ;:?. :1.'iJc-,-;J·3 t:8 .. i ]  .. t·r.:\·��81� a ]� t) '\J'"t�t.:t · n �. :.1 t�:-l-;; l;::t,2�J_:,-.tG:. 
b ed i r:J  � tT-.7lp:lJ:!�.t� :i.t.;ely � t;t.� .. 'tilC� .; 4 - "!.'��1:� :�: j 0·!J t?t� -�-;· iJ ·B (�. :� �: cl:.2J..·g�! �j O.t. 'c o t1::.0 
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( c )  'YJhen ou t;le1.� ( cento!'�l ine ) i s  l tn,;  ,,:p than bod e leva t :t. o:::1 , a 
hump i s  use d ,  The hU1 p has a slm�)le cu-;_-- v e  o n  i ts up s trC '""Il s :1.da and 
its dol·tn;:;J tr e mn s i de i s  cu.rv�H1 to f i t  the t1�a j e (� tor>y of rnn1'�imu.m jet o  

( c  Hho:n ou'Gl � t  · s o:.ctr�:;-r e ly 1o1·J c an lu-z:) ac t  b !":t s.: n  i s  u � e r  3 
floor blocli.. and an o d-silJ. � 0 1: "1h·" ch the j e t  l!:J.p i nga :3 d :_ rc · tly ., 
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The conventi on<.. 1 typ E; of a s t l l l:i.:ng b n s i.n i s  n p1o.in hopi:?.; ont .':'.l 
ap;:-on. b e lm·.j" n ::l og0G :J p:tllt-my 'fli t_1 a �ue .et bO tT!J0 Si'l U1s::n � A hydr�uli c  
jump is fo :P<i1e d on the . p  .... · o n  and the ftpr cn chouJ.'d b e  l.o ";l� e :cou;;h fOL' 
the jump , e a :L .1., �>.: 5D2:J t?. c co:t:dlng to Edi'ana teff an ... , Matz'-:o ( 3 ) o 
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!"i:; 1;!2,� SO Ol't r 0a)� i:-�e f5. G�lf!.'t i;h:t. s apl-: or... is :r..:. .. , :; 't�t0 !'1C> � � SD..'G� .. 8fEtCt:"') ·::;,-
B01tttion f or · e").:.:;pP.,; di u � :'i.;);.:r�::5. 'Jn.,  �:hn D.:;JJ."' r_ r:. al o t:._d b e  1 ,_:::£:5 r..o c.r;:h to 
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(1:L�tr.\:�:t1S :lO!lfJ 

F<.>:t.,� tsi."' m:d Sk:>:L1.:. D ( 17 )  :::•o con)mGn.d r•. r.J.�1.s·in le n.f::;"· ·h of L j.i� 5D2 
for· an pron �d tb. a. rectv.,.lbrulnr e:o.d - 8 1. 1 1 :- �.; >:>. ··:h doe s  not s e o!'il .. ro 1: G ... , )  
impr> ovsrlle nt of tJ.lfl pl12.J.�1 upron 7 'l1}H3 s L .. l .. L.::. : ;0\to£., pr·e·1..-.en'Gs s c m.tl'"ing {) f 
th v bGd :l.m.n·:�c!.:l. ately b0 .o·-1 th e e.pron � 

One · f thG mos t;' s u c c e f:l ::;fnl e ncJ.� s :!.ll 8 l s  nehbo ch: � s den -�t ed s :H l. . 
Beh'bo ..... ,. ( 39 j :c-s.com�ilen-d:J t ... a l"'o:...J. f.;,1.·ilnc d irnensionr; o f  H be.�dn Hi th h :b · 
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R '21 1.5 

�jr, ',.} r.J�� 
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Sme "(;;ana { 39 }  recomme � da the f o l l o.,.d n . do s:i.gn fo7.' a s teppod 
end·-.. � d ll � 

A Bt·<:lpf:.od o:.1d·� E il l  t-:rn:s -1 : :: \1 5.ri. His t-. d. r, �.:'t:;:ip :l Fl i\1.;:;:�." Dc.>u No -: :; ,, �,rh e.:'8 
r; imJ.ln_., s t01,ped fJ.oo:"�"L :, _c  _ ; � : 3  tr c·-,o G.:: .• :J·.J 1..:U-: 3 f.\o 

J\.no t�-:��· b .tJ. s l l"l dt��;r;}.rt.!:-' ·;.::1 
S0:.7'''Jj.flg 0.3 'i, t'!tlu·i; e  [, :to t: l.Ct. 2::1::1 

The clir:!E"n.IG .. - u ZlrJ o:e tho b n�i.1�  ·�?:\·�� :.; ·i-;e�J �, D.!l(l t��a s :t:t. J. cl.tF.Jl"'> ·:;!.1d O ?I. ti. 
in tl�� C�) B i t;�o. f'"o1"t;:�JJ_l._.f1 £ ,  g 1.VC?'i. ·: �. J ... £.-l c}�c·�(�l�.l.-�t·t:- [; (· .... '1. i, 

.. �· 
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, Jh t .._ . l  � � '  . . . . . ' ( - � . � .. �. e n  1�J� !i!�3.113V'C r s e n �  . .. a. f> E.l ... G L1 � 'D .. · 2  i.:i C.:lC; ��\ . ..._tJ  .. l�:!J C.{l .:/7 i.=2: c, C·�Ji'i:f� 2l:��;,; 
plEic:tng · ,h"" f1r8 t one gt; a d:l. B 'Ca:r t. e :>  frc:i'l dw :co 0  o f:  thc:J ap:J.'tYi1:; aq_;.l.:::.:t 
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s.. di stance !) f:r•on1 th� f -1.:r c t  r.: i: 1 �  0 ou. z: l to 02 c,ro ate:;.� i:;_:.�-E� J. ., 5  t iJ·:,<::. s 
tho l1eacl o�1 tl1e ci�.!U r. Tr.:.e f:t�Pt.: t  t?J iJ.l !-�_!)�:� &r.:.c1r:. t.hEJ f'"lc1-s rt:�l o"l �:r ti.1·:': 2��::::.., �:,.-.1. 
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In c;-eT.H3!.'"· �\ l v  ti:-:te e i  ... d--· 2 :1 11� O�ofJ� e (! t ;:; ·:.i!·1. 8 j <:; t  l1P�·�1C�:-r�0 .. �1 '-.... ::1.c1 :: ·t�.1:� j_ J. :t ::�� -:.� c·. 
'G!:e flo"'if;,. .. \·r:·ll l.e \ ,h0 ctsn·:;3. · ·3 6.  Err.ti·x· L i l l  ex�t�?'! .. r· 0 s  tJ: ... C) for;tn.: . .-� �-Or! o f· �. Zi..l-��:::'..::.i'; �� 
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t·.'i t:hou t F.:> iJ. 1 1.l ,, 
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cou ld b '8  lo�·:el'G(t s ':Phe -,-� · _·· :'�D.1 �!.. J.lJ.g '.J.::.-i; G�' . .: ri:;r·L:�>:: tl::.. a b ·:;, d  v;:;::.---ti � c  ... ;. ::.:.· ;'_:!'�.·�� 
S COUY.'\9 d 'i:;he b ;;� c  o.c eply s btrc l·rl t:1o·1 ' enz:1.t:,I?.g�-:: 3: ing tlh� D t; l,..LlC 'C ' .. H<.; ., ':[::, 0' 
nt.t."ong t-rhirl s 1-:ere e l i·m:ln lead <:--.. i.; :'i the Gl"' o s :l oi.2 '.-J2.� tol0i:,nb l.�> "  

1:,1co::> bJ.oc.-c:s y Ol"' b ::>.ffl0 n ·� ·'JZ"f' r ap e V3 X'Y nnJ. Qi:l 'tlf..' •:' d o n  ..:'.yl"'' nz ;l t.r.i 
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II "-' '" i 1 � ·r, .. t. q " i  .,..., ,'\ "• ' J '=' 1 ,-, � - - •l ·"o v· ,· .·�- '-" ' ·> i  "• .. . � r ·� 0' , + ., "' .• .  1 101' � · c· r• . •. • "'·,- -, I .� ? ·, l"!. -...,\ 'I.J.h " .. .:... .:."�;, {.,./c , :_,. . _ /.. ..., ., \V .. l....- .....,.'1...· :/ :.:_..\_ -� J . .. � ... !./. ll_,o c · � .. -. ...-.. h. . ... .. �·.:_."' 1 .. \ .v .. _,,J' )., ".f', ,_,. :!' .. !.;, f) ;.: �..:; (.;.•ol".-. J:.. .) . ) / :J  
lf! ln g f J. o c-:e l<J�·d!.s :- ha(;. :--:. l e•:tlg t(.� �J:\ C).1�"j2.J· ... . t. ]_lilt--; c ·c.���� t�'i.:J. '1 "t·r.::. t ·.:.::.r.• C�,�� �� ·:�.:.1 <J2 : 
t�l'"" , .,.., r,., .. , l •]h ·i 1 n  Vh ·i <: '"•"" '11�·.�.·· - i ,J· �� ., r<: ·, - ! .,.r ft t:'>c� _(' + .. :�' (; d.c rJ !_;l:\ D ..-.. ..L'""l'•o; ,"- t:1,; • v �r "" vl• · s; 1 · • "-- · o..� ... � v•t- -; •• .... � .,# .t. ' " \...N. �ot.- v .. . ....... cJ ..., .,. , .., _ • _ _4 o{'.. jFm:o €' (' 1.1 £1. < · :t �n The he ·� c:h ·l· A f  ti-, r� 1 J c " l-"<• '.f'"\ .:1 1 ..'8 ·l· ,·· 1 /• , o f' ·t{;-:.. 3 t s. :l!.�·J."J,':j !?':'." 

- :..._-- ��· ·2 • :i. .t;. � ·; • ..:: ::!'� :� f .f· "), ·'·)- t."��;,il��-- , � � :� .:.� r· ·� ··h; t.� �:,, ��;��:� ·� f·' � :'.-.1 �/ ;� ,���\ - :� �-��: . � ('  � · �" � ! - � c f' (\·� . ... , -"- ,·· Q .,:) );} �.,.t1 o "'VJ0�, . , j ... • '\ -' .<• l.l .... :. ...... . _ !:· ... ,Jl) ._ ...._, .... [! .. . t-.. '•' - - -..A �' (;.�. } . .! ... 'v •) J. �... .. .. ,,... \., , , .. .... � [ .. ..:.. � � .. . ..� .... J.·_. _ _. . ... ... '1 -: .t. • .... ... .� t... · , · 
itl •(;JJ.,E, �- r ! .. 'G!.?(J :L c i� .2 };.j·-:��: -.; �-"�L( :� . . J:;_�;:�:! ·) r�:J U 3G 1 �_,:_,_:.; :L I  _ _ : .:'_ ]., C; :}.(J �J:::.... :�_f.l ].'._.:!_ ::J 
e ��_t)0�J..mr.·1� � a;c�; . ..[\)"':-.rtf_ ·G]-l-D�·t r:;.�"�J,\t:"� ·� .. -: :;.. t:t �::;1�.J.. 1. i!:.::.-::j�-� �:-. 3_:.:�� tJ��� �v� �:  :�·J·t, ""• :�:-�<�'v . : :1 
:'.f!. .... -�(� t  t:hL� ��:L<;i.:l c :--,r· t:1.l ';:'� Cit.-:l.-=j ,���1 .. :� �.) .:... �-, :� "-:-.c}:�::::. i. ·:, � .. c- -� : .:.· 1·· ..: ;; · -:.�� ·:.:: 1 j{��' �.: -���- 1 .. � 2 �. ::  .. � � ;  
� .. �1 op t. :1Y.t·�1;::1 5JJ. t;?.:e '$):-:: .. :,.c�zl ..: (l �- · J ·��· .. -� :� �.:- . ...-·:_ :_:I �(; �., :�· .. ,. <..i .: <.: .� �-J �, 
d0p;9t: .. .trli ni_) r:;D. ali. ..� 1.8[_; . .;; 1.\::��.- �· � :.:� i. � r :: �-J c . .. · .. p.l ( '� !,. 1. ! -:;.. � 

i {_ .· ; •. 'I ,_  
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II. � ·  v . il, �'' f: ... � 
.. -..... �lf .... -.-�...-.. . ...::"''aoo- · 

r • '  ," r "l � � 
... � .' . .  � . . 

.. •. ..• 

I 
- �....__ ... �-:-. 

· ... - . •_ !. ... 

�� 

<A) 

-•'Q:· 

fl ··.r 
<�:v ...... _} ·=-t� "' 

-r-·.a...-� .J..J &· n-..� ��:.;> .I "' 

t�.J 

Ui�cn t't-70 0 o:r.� mc :."G .:� 1:> 0�1� of b l o�l<:s e. r' 0  \ . sed, thoy &l� e  O.I' J:·.:mged c:o 
th!::i;; t>.o o·� c cl,o i .l o--le ror,.J face t'l-�':3 i �1t o��.,.v�.:t r:; o�t;;,-�� on the b _o cl:::s :1�. 
'(;._ .. e o t.\lO:t> r m ::- ,  'Ii-J.,;::; s c:no nppJ. �.O fJ to n .!. OU of" f:t.oo:' blo c�;:.:; nnd n 
<lont ::rt:.J d  si.'-- . _ ..,  

}:'J..OOJ.'' clo cl-':s H�:>O obj8(�t;ionf.Ulc· in f3 C:rl 8 G £'�8 ") 0  
oub ject . 0 .. t o  '��.�7i ·t.rt·��i oT� a.-...fl [·.·brB.�J :i.:)11 t·:hon f�J.oci 'l�y 
hAav no dinont� uebria or i c o  is pro L - nt in flown 
f1oe-J to Eho o \;  u ua d8 and �:,n·o.y i nto the ct:l �-.. 

bo eo.u::.lo they uro 
:l� t oo hiGh O!' uh8n 
'J:hey al(W d :t·v·(:n•t 

Hhe x•o : j '"': u coe ffic ien·c dcpe:ndorrt o?J the shape of the b lock or s :l  lD 
de termin& d by a m o  d0 l H t udy c Fo • a n  5. soJ.ated b loc k ::i. tb. a 
v��:-t; :t c al u.p ::; t:r• 3 nm fc;; . .., O  j :..: O o 68 e.ppPox1rola.telyo 
V;)loc i ty . e 8.d at the b J. '  c '= c. 

-vapc :i." p· e ssu ... •e of wat(;:�x· � 
at;mosph. ::. ... i c  p1'0 S:::IU!'O . 

B_.,�-�oJn ( 9 )  p:.::• e ::Jer:c. ' s tt.:o e :za--npl e s  of ab l"'f.l.s :t. on o f  .f J.oo:r-�blo ck.a o In 
C oncha£! DamSJ N{l-.;,._r H0xic o SJ  blo cks r:dja�on:l.; to s i de·=-- -w.ll n  "'rul" O  drur.agc -. on 
dov-m.s tl"C�"Il fac e .;;1 lrJhc:."'i) e ddy nc t5.on c nus ed gl"'avel and debr i s  in f1m--s to 
f)I•:ln.d e.uay c one o t e  to e. dopt:h o f'  12 :. n o  In Norf.o"� J.r Dmn.l' AI•h:u.nsL'.!J .o tho 
bloc .ts HOre damug0d on the up� tl"8Gm fB.ce y gpa ve 1 in t !G .flo�r anJ by 
:l.mpaot o:r hiGh voloclty j ts o In bot ... c .:\. ::J (:  ��- !' hm--revcn->� th o d�Jmsge tJn . . ) 
not dangerous to th0 s tl"'l c turo o.nd. i t. HEHJ .-; � � :.�y t o  :e epa. L:·' o  



l9 o 
For _g_�_!;e:l dar.1.s €:J. dt:rm� e s s o d  z.p!'Ons ;.:i t h  flooA.""=olo cb.l a.nc an end=s ::t1l � 

·:-.s de ve loped�""'throti'gh mod0 l s tudJ e s  by the; C orp s o f  Engi ne <"J:::"D in t 10 · 
' �-='·t e Un.tvers :!. ty of Im.Ja. ( 13 )  0 'fh e s e  c1.ams U. f H) .. �.lly ope:re.te unco :- Glas s 3 �ond:l.\;iom; ( so p "  ll) s and lm-ver i ng the apron emn:n� 'l rJ  a jump :ln no s '· 
c a s e s .. 'lno b locks and 1 i l l  are hs J.p f'uJ.. �L�- th o i  the:e high or lou t a i l  
.� t e r, o  

'Th o  l ength o f  tho s.p::r·o z : c�o'l..:n::J tl' ;)�l .f.o:�LI:n [;;£':.t ·3 ·  :l s  g i v - :.  b y  t�J.e f ol 2o�-!i nt:, 
e<;_nB.tior.1.c : 

i s  J.n 

'T'r, , ., .... ,.., -1 ..., C ,  . .. .  _.. , . . , ".� .s.. -' ,., 71 c•,.., \,:, .. r; .- � ..., .� "  '-, ,.., ., • ._ :,. ·' n -i · h "'"Y T? l.· ·· ·J ,., t.···�rr1 -, , -. ·J ,o no .. � � • .J.\.J U v ..! .. J... I Vl .l l l •:; � .. v ....... -' .. � .1- \.J(\. &..Jo .... " '  ... .... ...; �J �'-1» .1 '-..l � .>o.. .,!. ! .J. f_,f .I ll !.. .: ... _ .l ..'.. 't J. ",.. .L. .._.� i..l J. IV .,...._.e . .;..c.. •• !. .. 1..2. ·. 
L •.,b.--..-. r.·, �(- r��,·,r o f'  ·i· 1�J.. "'' 'uT··• "t. ;·,;-,. ·:> ,, ·7 ·t: "r .-.. f' �1.'1 --l  ,-Jne � o  t. •-' t } 1  r:: 6 ., } .,_,178 QP <"Jl ..,._,:-• o ·S "'" '" ..._ V _ ,. ot J"-" • • ,.; - 'J.l.. """' � -.. '.1 """ •"- !t..I -.. V ..,J - � · .. _ ..._ , .# :..:J c;· l, \ ·- �· t ,./ [I  t -• ' - :0...0 \.--' .. ..  t_;, .., \, . \o-.o.o...-

r• o n..-,.,.,., J' .f>"' .-· -'- ·• 1 '1. -� ·'1 1- h .- .. ·7 ···· ·" o·� .,..,1 , '- 1 e ·•- .., o ·" cu1 ·-er�- • ., "' l·· c' .r> " > , n··l " <·· .-, �. r: 4'0 """ v J.. 't. ;.1; 1 J . v :t \ . ..,. �' Y J  . ... . .  t.. -... � .. u ,., ... t.tJ ... . .!.J. J... �· v �. t..: �. � .v J- · ..... v . uv Q 1.. 1 j. �-�t: .. ..:J �  u ! \,.: . .:,. .L-
ttu.:.b J..nE! roo:��ls ·;o .. c=• tl18 s �;\�t n·G AJ.1tho:#1Y 1ii tl�L l8 s��. J. :J. �L .n.c '3 2-s :t ·n o  Th��- �3 (�C. 3 5. [f�L  l!.0.[3 

- · ·� ·rt (., ·· -r � • · "\ �· p· r. •1 1 � .,� · - ·"l ·, "J ,, . .-., , .. � ·� F� -, f.' ' ' �  1 '� �-" , .:: -� {• .-, > • ., ;., .t1,..'f''• (' "' "' "')'�-' .i J0 ' . ,-, �· .ll ,-, · ) ·;J - I. J. .1'-:J v \..j .,.• .. U \.:0 '\.-". · :.f L I � \...J ... , .. -..) .. t�" ,;.,; tJ (.-'.,. ' ...L, V :_, !> ...;.l .t ..., ,,.:, \ . .." .. � • . :. . , • ..�. { V-..\.:- · "'-· �:) .; . ..:. <,.'.,J..· .::·· .... .. _. ,� .. . � V .L. v • 4  
:1.o :f:'l�.:r· 1.:,hG;�� ni<.' £1 E�1. s  .s.:�6 n.,3 C·2: 8�j f'�":t· --:·; o  �)re:.. r:�.�l o "'G 1:::1e p0�ex�() J. �;� .2 �··,_:;8 .cfl., �. b .].� ��-.!. 
or. ti!.i £1 �..;'rr .. e i�-�5. 118 t;:l:) :�. :� �J i,Srl it::.r;:.7/�1i��cr£l;:i {i. D Y0. :l21�i.iGl.'!.l'l .. vl��1li<: t: .... :;�:!J.�) Clc .::; !  .. :3:':. . 
.t. r: b .;:s · d oz.:�. )�11·-) : :)''ti·c:�: .'. ··: :.�i �.:(�lJ J.)c ::.-:.·�iil::l�l� 

" - '\ '!\ .... \ ... ..... � Q. :r.: 0 v oL�. -t�::> ��:L �) (:.f�� 
F�:'� � �3 �t; ,,. -:-.�·3(� 



.L;..: . . ;; !.: :· . ., �  .. �...: .::. � �· . .. _:. :_·: � - '"";; c; ·� .... � ��.�.;;.::c. � � J.. L�:< .. \ .._ t.  _ _.-L .:��-;s t·�; :t. ·L; ... l ·l::.t1 � :; f.J �� ""� CJ.:�:-; £ 
floo .,_• blo ck:.: ::; c..t-d. rn."). C!1d D ill c :-l £;; :!.•0·..re . D.!H' on� 11r•.;;: coa'.:>d b�/ e.n 
1:);·:�:;_. .. (�:.�::.���r1.s� t:. ... ·-:' ·::. ;: :· :�. � ; :�� c :1e: ::='l_,_c) ·�:.:: ·�;j · ·1. �- J.. ·!j �_.:�- r.. , ·: · ·>.J.H r_; -�· ·.:. {i�� ,... :::.�:... ::J.nc� j·::>:t. ·1�1�.'J _f·]. o�-; 

20 c:. 

.�:ciJ·t::1''l r t'f:.l!.8 �it-:; ::?;J G .. . ·. ir:{3 .1 - tl �,j Ji'J�o�l· ·; -;J ?.;�-i�·-�;.,.�:_: ': .. !.· r�.r;�J. (; \7�:Jn·t.:;._:;�l1y :� .:; r..:c .. ciJ.1l7 i:'-.t.1V 
� , f-. ... ., �� �1 rl r.' '"'- "J"�·- \ -.. . � - . -:.""" l �. : .r, (:' 1 '7 f r' �1 -P1"''! , - ·� t /'.� . . . . ;. .. .  -·.,1.., c- 7' �1 ......... . : '1Y", ,.: .:• .,."' c· o ·:..,. .. ' }? .. '"'� '�- r.J ...... c� ... , L1 c::' .- ... l' · ·• · •· "" .. _. ...._, _ , �; ·.SJ.�, ._ .. . .. - .. � - - ,, ._.\ � ..... �. \, ::;> j J.. •. · ..,_ ...• l {/• . . . . • t..l • .'.--. > ·• · 1 - . .Z. �b ._( A># � - l  • .. ,_. V' . ... '- :....> ,1 --...j;'J 
(1� ... � ... J f •· l-/ J\' ·n ,-. -.. ..-. � .. , J'  .. .  ; """l.l 1'"' ".,.. ,. � c·· •·t·, ·· .· ':" Pj• "';o"'\ ( ..... ·'- ·"l .., .,..� r 1 ·� · · �"', -•.-, (' .�·-J. •. l.... •'·/f1 . ... . t • <. • ._'; .. .... � .  • · · ' ' · · ·..., . . �: ... �: ... : ..... "..•("'1 ·,_; .J.J. :J . .. .., .. ...: .. ! •. � J . • :_:; l.o�:. C ... ! .. � .!.. • ..... ".J"-� .'J  

1 � 3 {F'i� 
Lenn;th of a·t;l:tling basin ( fo:r· F�·1 •� 3 vO 300 ) � 

Height o f  chu .;;e bloc rB o.nd f loor b loc1t::r; : n1 
Hld.th nnd spac ing of bl ocbn � �.ppro::d ma t0J.y 

D i s t ance fr o;.n ups tream end o: .. b !.'. f L n  t o  flool" bl ocks g 1 
J r.tB 

Iviin:i.rr1m�1 di � Ytnnc.;, f'r>orn. s ido \it::. l l s  to clo B � s t. floor �) locks � t D1 

F .. oo:t'" blocks should be placed d<.n:m.s ,r!J n. :a f ... om openings b e ·t'!:Jeon 
chut-!'J block.:; o 

I�loor bl ocks should O C (:Upy hO t r.;  55/& o ::: \).�0 b a s :tn H!d.th o 

Wid th.o r: .. nd spc..c ing� o f'  <�').oo:r- b J. o c  :G P fo � di vorging b asins 1). should 
be i no:.:oe o.aad. i n  prop:)r t i on to tho inc:r- caae in bs.B 1n 1-1idth at 
t.he f' ooY• bloc?.n1 1o cat:l.ono 



He . ght of e nd s il l �  

T a.ilwa.tdJ:� dep th ab o 0 o.pl."On = =  

for Fr, � 3 to JO g 
J� 

maximum depth � 
He ight o f'  s ide t,.ral ls abovo m.u:d.nn.:I.Yn t u l hvo. bsr dep th : g ::e  lJ'i>., ��1'>= 
rJlng \W.ll s  should 
Side Jalls may b -3 

tl"anr�l t i. on o  

have a fJ.ar•c of' �l5c an d  a top slOI.) 0 o ... 1 � 1 o 
.r,.rul1 el or• di vc •go a s  an exte nsi on 01"' tho 

A cu t off wal l of nomi n·1l c 0p th Hhoul d b (.. us�� d . at; tho and of.' tb.8 
bs.si n., 

Entl' .i ned air i s  nagle c tEJt i n  the de s J  . .fjJ.'1 of the b S�.s� r-,, 
The S !� . F o  b e.a:tn i s  mo s t  e cont}; .:i. c o.1 at t.w do s :l .c:>·n. i'.. ou� but 

it .lso pey•fo rr.:,_, t-roll at &"'ly smallor> f'lo J.J " 

Small Dr·op St!n..J.c t  . .' (i .. , �.:.-..---...-..-....-.o.�--.--c�or.-tu.r'�--_.._� �  �·- ·- -

ur,. ... '\ ;.o • n.se o l:  
dn1J tD. o f  flo :1 

l) c ) 

� ·.10 �; ... :� l.ta··;;i��.j3 [:1 . !"" �:t :.; J_.) (:_�· J .�i .�. i·!� ;·;_ L..}·):C 
1 .. \ .... 

.: :rY'��r� ;_ �� (:\ ·c.� :; 5 �) �) <•  �·\ ·'� c. :t ' � J  ::1u._ .. t. 
. .  1 .) .. � ;J.. ,. t # :  :_ ,,., J -·- ' �  ... � ..  - • ( . . ..  �'· '_�·t .-;. 

il�trJ. �lr; 
L�L1-d S. ll 

< • •  



Length of baein 

He 1.ght of end ... · sill � 

The G XC <  .• vo.t6d l�c,ol i n<:; J:'�)£��=d t::'.:lJ.'l;at-.:n., c.1.ep·C.:!:J. and p�·ovJ.d:-";Jc� t�:.e· 
n e ce � sn:r�7 syJc1�Z;(J �)c..:l� EJ::.J. �:. d3z) o �; l t o 

Basvd {.)j:l t�he ·t�·70 :)rG-:..t5 .... ou. G c1.0 s :1 .. g;:J.S :; "t.:le r:;o:..l G otl:-: 3l?"\f�). t �L ")!.-:. S-::zo-:;:7�(;0 
.' '-·d S' -- fl n �  .. }l .... '· ("�,(� �' r.-. ] 1 c  1: .. ,.,..� � } -, "* "' l "" ra L n:""' ,. � J ,e, ·t� o �� ·" r ( 0 '  �� r: ... <"1 -� (r1 •. : · r-: -�1 --, r., 1 -?� ·7 ·;- -� - .. , --; .. " t... V e  ._-.., ., ,_ .., _, ,..,.. � .... '(.!� J. � .. .... . -.:) ... . t..;.\ "-·.-...... � .... � -.. - :J  � ...J ,..., . �. v  ..... 4y "J , t.;,. \.. .. .., J  .. a c;.l, ., .. ., ..,. \.._ ,, ,...1 \!� .• J ••• ...,. •. _ ... .... ;, 

st:r�U;igl:::� d�·op �!':l.J,.J. �-:�y �;.t: lat, J foi.."! l2. 0 ') :':..!1 :!H. 5. "'G.i t::3 l�' :l\�: :�. :: !-In�7f�}- /_:�. ��-� 
St� --io:'1 o  Tl1.ic �rG1""·'-�.:: ·t"'!52�� :1.as Olll;t· G. n  e.· ... Q �:J. :;.I.l ;;-ln•:t o n0  ;:tc:�·.: o J�� flr.:·.J�� 
O�lc,clrs 0 �:ad l'::..�o\:"" �0. t') b e  (!t�:.:l tG FJat:l c 1\:: ,� t cJ::J· :i ...  1 ::! e[:!;t2t:>L1 �t, o 3 C 01.tl� . 2-}:�;:.:��J:..l,t;."k'=� 

o;"fi.v pcot.."L� {;-i:.:'i.l:.!.. o c C;t::.l:>:�'c- 6. on ·cl-.:.G ce:-rce:;."'�·l :!.::�.e "' 



Design for•mulas r. 

\-There 

\'\J"he:t."'� D c e  i s  c:P:i.. ti .:; <?.1 
to c1o s1.F·:1 be�s ius t-:rlth 

Hei·�!:t"i; of r.:: :.ld= D il!. a.ni..l J.orlr;_;:'. �.,;:..··.dl. nr:�.l . :d 1 1 9  Z 
}1axli:rrLL.."71 \-d . ·C.tl o2 3 �  1 r:J.:!. 1 : �  � c 
M1.::�:a h/0 '��. 2 ,. �;;H �  ;.Ly 'G·uo J.c � . .::; :�_ t· :d -1 :-;s.l 

Di ti ,.v��l:1 G•3 f:·��c/Y.l c 0rt..·ti:.�t-·'· .. i:i::.·.) �o s :t l :i. iS ; 

�:1.:.� -� 'l"'_' .:. :; •_;'"; .::: :� : ·.f.��? l• ·=� ?:., .:;.!_:_ 
1.. .. :"';.0 '�. 1. (:: �;: . ..:. 1c·3 :·:' : . .  �c):·,: c . . ; ··· ·' i.:.. :} 

.�. •''\ . .., , 
� .. . . ... ' ·�. . .  �·· 



r . "' .. . - ... .. . . .. . � \ 
. � .J 

�r:: .. (;��· :-�� ��- :�:· o � :::�.r 
i.;o o ., ;r ··· f"i:; r,• 
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3J .. o�J 1:· � r. f�J)� . .  ��J l?3 s.r�.�� C!tt�1 ·Co F3.J:.a i1.":£� 
c,.;. ... ,�:::.".;:. "'-· - � ";!....__.._ - ··-· •. -L..__ o.:.o» u •• ..., _ .......... 'O'f_.. ..., � -.... --.�,.""., .-.�.,., � ---- �-.:: , ;-,:-- ... 

2 (·J;l� t:tl,��R c� ;J J .. v.r;J_ng; f:;•3 -: t :i.o�n �i G t:B c - �:i?0 ;:�c:,�l :r.tg �'-- l'lOi)-1 z o11. ·tal uprort;  � :.� 
:: "' 'i'T "' ··T ·· j "" ..-.L·"'"'� 'T'(.", ,.., .i ' "" ' " <' .,., � ( L"'"l,.. T T � "l ·, ·r t  " ' -=< . ..,. h ,a p·"' ·"' t ·� o- �• <-> r.:>··• '-hP t . ..... J.j .... � V ... .  ....., s..") ·<.: .;. , ..., ,ii .;. � .-.J ,  A �  ,iJ �.I \.. ... \ .. · , ' / . .:. c. ..; .. ,... .;,. ; 0 .� "'""" - , L_ -..c_ ,,., _'; 1 1·-' -"" .' . ,r. t�) _, V - A 3 !.,., --
e � ·:��l 01 1 fZ'� ( i! n  {-'; 1 0  n ·no l ·'i r�l. ·i •·::tf:),.i''\' J c' ' f..1 "7 r, · ·.� �� "' r.:. "l ,):·: i J.·"'r.•' ·� ..-..1'' 0 L.,... ":"i �� -=�n l "' 0 f' ·l ·l· '"' 

.,__, .,.. , , ...., .,  .. .. �.4- -1. - V•� .,:.J .I o ... .. ..  4, , --•· - '-' 1ft. . .  J _. _  • .  , _ �., ,_.... '-' � · ·  J,;' "' '" \_ ; �.;.(. :,/ ,.. LA. ..... _. _. , r....• V J.o - V <...&. 
�·r�;n ·;- . .., ·7 -.!. n .q r.� r> Jl-�·· r., ·;n <' � f:>l 'J {� � -� ·-t ·1 ') '' :::>h ··,p · d·. r � ·e> 1�i- ;:: J. � ]1�Yr• ·1 z c· · ·d ·. � ··� 0 ""�·•,; ·,1 ·i n 'J"'� - :.t c.. .. ... ... 'iu' .. ... ... . � :; ,._ .J.v .. '""'"' "' · ' " " """ to.: • v ...... ... . ..... "' .J <oc.�� ..... 'oJJ ••• <..Jo. (;,. .,  .. .... . .. ..  l,oo .._.""' _ "'"' - o./ • .4 v oJ ,_ t:.A;.cJJ: .., .... - �� 
11, -�,v •. , f"! ·i; ·� r: f c r! 4- , - . � , ,,, . . ,.... ., 1 �1 T'n ·: · � •r·. ·i 1 · D<'ln . t"� ;- n r�c, n ,' 60 ) . 1 he "()· · � 1 ·. m 1 n.a,"'"'r ... t..' _.,. . .. ....... . � ... -� ·-• - ., ..,  .... , ,...J - _ .....,, o..:J ...... v .-:.. v ...... ...... � .... __ , J .� ·cl �od · - 1.. • ' "''' •.• · · - - · · -- .; (� � ., .1 '""'1"1 r. (' l: ·· ·� ·· c1 " �· '' ���- - n /! '"' •"1 "'"!"1' " ' (" 8 '"'' -. il .,., ·t r. �, ·� .,-, r- n ·o""· r; ·,., .,f.:',.� .:l ). lo'l"' r �-i �-· ... 

·J .:..J , c.,... ,.J .. -� ·.:) ;." _ .: ... ' .lJ :.,.\I. 1 .!.� ..... � �"' ,,;. :;.:- .f.·· "- "' ":.. ;..: . -...� '...� .:.� J  ... ... ;!:· � :., �. ,.� _ . . .. ..... /.. .\ t::.:,:)v .. •_,. t.r - A. b .-, ..... v� � · 1 
� s !.olJC o? l g J  ... 0 4)  S�L!.1co 1G11G j �:ill., E-)J):te:r�'1:::.:d ir1 ;; o  t;11�� ;;:;;��J� cl1fll1!!G1 ror tho 
m.t1.�;:.:"u:nun flo;; { 15? � 600 cf's " ) .r · tf..\.c .D.p:.·· ·:Hl �m� l{)�·JGJ:.'•V� b:�T '� t s -s:peni l"Jg t'h>D 
slope to 1 �  7 .,  The e.f'.f'c ct ·o f' lot..rD 1:•ing t�1.e. s.p :r• o-...'. N L'\ D  o£'1't�o� by tho 
ef:f�ct; o:C the F.d;c epe:t" n lop G v  e.:n tJ�· w  (�l:!.eJ.•r, -vns no i 'rl:'CJ:'.:"()VC�nonJ.; :l:n flou 
C{>nO.H;ioLz " l·[flon the 01.. z> Jn He.s f'1a t te:1.e d ngain { l ::  10 } bu t mad�' 30 ft 
1ongcn.�9 s.nd f'lo ol�=b1ocks and t.ll1 C::-ldc� .s l ll i<W�·e a�·:3..::;dt thero t-JHO 
co ns id0:r>s.b le lnrp!' Ovcmer:rt in f'l,.:ri-r c ond :i. tio;.l.E .,  '1'11.�� ju.mp f.ltill e�.t er:ded 
:li1l�o the �,:,_x:J. t channol 11 t ·1ls t:i.1uo .for• lo,,J t a i lua to�· "  In o�d0 r to rr.-1dtws 
tho amount o f' e :;;:ca.vz.tionz;� a m.�:l. z o n.tal 100 f't; s o  ti on llG.S tr i e d ,  
fol lowing a 180 f t  slop · .ng section ( 1 � 10 ) ,  but the flmv v18 • .a still 
1.m.s .tisfa . ... to:.-:-y ., FinaL y a. hor i zontal c:.pr o;·� , 250 f.t long� ·He. s  ·t;p i0d (l  
Thi s  de s :tg-u. Has m ore s a  ti sfnc tory � the ju .. mp L<: ing mo s tly c onfi ned to 
t J.e E. p:r•on l :i..11li "i.iJ� ., '1.1h.G ftn0.l dt� s ign had a. hm· :1.:/,ont;al apron 225 ft long� 
r;j_ -'·h ·tl..;o l"ous of f1 o m• =block 6 rJ� h:i. gh and a � t 0pped Em.d.., s :lll 10 f't 
h� gh o  T'.oi s b f�:Jin 1•T�'-S rJe:i:i l sfac i:.o1•�;r even H:t t�hou t 1�1o o:'.:"�·b loc..rs fo1• flo�m 
belou 100,, 000 cfs , �  bu t t�1.e b lo ck3 H3:ee ne c. e � s  r•y f or hJE;hel"' f.lo�vs , 
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In Shast a Dam ,  C al i. forni 3. ,  c. l : 1 2 sloplne; np:Pon t-J a ...., u s e r  o Thi s 
sl ope \va s  found gl"aphl c  al ly , a s  fol l m-ss ( Varno ck ,ll 56 ) : 

flAX.. TAlt!vA TER 

t·.rl "Gh the P'JOl e n t :t-£mc o �::t. s O�('igin , e l eva-'c:loi!. as o :>.r.J. i::1atc , and J. ong ·ch o f  
Poo ... �� s -b .;, c :' � s "'  no -" · .. '- "' [l l  �'"- 1 ' 1-'o···· ro � ch c� ·i <:> " h ·- y. r•r> , .... . .., ., "')'l J., .;. � , ::-. J. 0. cu w .l w c.. ; .1"" ..:� .!..J. V u  .:. ' v , ' a- iJ ') 0 ..:.. ;� - ·.:.. l - �_ ..... ;.., . -C� ... c'>� ..... · �� - ro 1 C) t,.. l.l \3 .,). 
at u d i s t �mc G hD2 and nn e 1 e-�.rat ·7 on o f  the 1•e r,;:pec ·c :t  vo !1 a tu:;:• n l  ·c n:i.��Nat eP o 
Fr oin ·Ghe s e  1)0 l 1Jc s  8.S C '3 j·l·tefA�8 , r.�1�c s  1;Jc:;? rJ d� a�-�1 t·ii Jci1 tl1e  � 9 s p c c t; i "/tJ 
de··· ·chs D2 -( c oD1Du·ced r·�c-;.:1 th -:::: jl.:J;:·o ec· • ct :: on foY· a ho:C":L z �m t3.l <J"):•c,n )  a s  r t:J d_1 • - 'I; -;;:; r, �-- -:- �� c ;-. ·: · · t o  -; - • , � , '0\ ��- -c �· r?"1"';G ·'- h "" c- 1 r, ·n l" :"l rJ' '< ')�"'Oll · .. 

... _ .., l l� � ll t..:U. J b �" - .A.  ... J v.t-� - u v a.S.. """ b � . t; - . Q u -- v : --l.) c. l ...... ... � 

�-'lo t1.1.c:n" u. se o f  slopinz s.p:;::o::w :l s  :i.n t�?Dl''l Gi ·c. i on s � 
a.p:;:>o£:. s 0 ::.?vo s :1s a chut e p:> Gc e c1i --1s H r: or•i ::o;o�J'G .!::l.J npron " 
"tll'as u s ed L'1 Be.lrihill D mn .. lkn"'th D u!w ta ( 36 ) "  

-------

• P R n r= t  L E:  
!).;�� ·� \·: I L L  'D !' d'."i J tL'D.  

lJr1G �_,e 
Such 

·c.L-8 � l c,·t) -1 7) (l' � - .e.: .. · --w 
a c::.-:ute 

'J.l:he pi m., � "t �J.i 1 s  vJ O �('() extt.:: :�ld Gd ir.-c - the chute to !"'edu(; s tur·htll :;T.r; ::; o v ;:-.; r­
'-ho cb.u te " 1'h-c sidv --1·Jal 1 s  i.·Jer- .:• fl a::.·· od to p2•odu.co t.J:::.:l fo! ·:,;l flo·. :  :1.n tho 
1 .. ) �::>. ,'"'. � •. ::.,_, o  Co· · -1·, ... ;,., .. ,, �, ('"1 ,,  . ., o "',- ·, -,A ,-1 -. 1, !"1 i  ...... ... � "!""\''"'l'"'\ ..L t· -'c�.---- J 1., ,_, c·,. c.: 'rl �- " 1:"' .t- 1,.... ,_, -· . ·I- � c'\ -'-. - .. �. " -.. _;u :.J _ _ _ ... . _ .. } t.l - - U v .t. .. . • .,, .. .. ..f .. . ... ... . ..  t-..... ... t.. l...I.J. C0-1 t...o U Y l-' -'  J.- <.J� t � � .l i 'J J\ ._ .-... V l., . l.J  u __ v v . . .:.. J � ?.::lb 
aJ .. Yno s ·c t l1�; s c;ti.e in botfl c c:. S G f:J  ���1cl tl1e !.� o s1 1 J. t s  t.:·::: � ... �o c �� t l e:� �.,-=-- c ·i; o:�··\i ., 
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1 

sl oping sec tion s , ware u sed 
f'.nda:t'3C<:\i. R anch D s;n 3  Ic1. t:..ho ' 4 3 )  s 

In Fr · ant D arn  the ro aPo 1.��-102 .:.n o c i:r•culm .. ou tl e t s ,  e .. .nd the jets  
d:1.. scharged ou � o f  t hart1 have t o  b e  s pre ud qui c1:ly t o  p�event exc e s s i ve 
veloc i t;y and s e v e�ee eddie s in t ho b a s in nnd s c ou r  belm·r basin, To 
spre ad t ho jets ,  e. b .... ans i  t i ori 11JO. S da s :t gned vJ i th a c ro s s ·· s e c tion ba ing 
o1·Ltpt i c e.l above the c ontcn·-l:lne and rec tnngn l ar belm,r i t o 'I'he 
t:t .. an s l  t :i, on pro :" i l e  i s  c :i .. l'cuJ.. r; }:' c;m the rot t orn and parab o l l c  on · the top � · 
'I'he s t l l l :lnr; h::; s in i s  di V8J."'ging · 1rd th s iuo �1rmlls p ara"bol i c  in plan o 

,.._ / . .. ,,.. · lo ' . 

, .. (\� . .  "\ 00 �tl /' - \ . ��(.'�........__ ·f:!-:-
. , -�=-�_::r 

,_,/"i>/7....-...,-/7_..,:;!;./.l.-l :l � c �ns.!.�::.fr-t.TJcrl 

· - 1\ ' 1'//";7;;>-rr-::> 

I · ,. oF TKRrl'>l I to"-' 
'o 1 , 77� . j  f.t' -1 I TT7777--jr?;r7/.?;7 'J.•,;·'77"T",..-r7r777);777 //)1 
II  /1 u � � . 
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27 0 

In A rkabu tl a D om on the C old:vr10,te r H i  ·t..rer .!1 ru s s :I.  s s ipp:l ( 57 ) , a 
trajec tory chute t-Jas u sed , fol lm-Jed 1· y s teps pe:rpendicul a:r• to 
di ve�ging s ide -wall s , l e ad i�g i t to o hor i z ontal apron w i �h 2 rows o f  
flool�-blocks and an end - s i l l , IJ.'h c  cu""'ved chu t e  spx'e •.:ds the jet  · s inc e 
the vel o c i ty over th e ch te i s  twi c e  the velo c i ty of the j a t o  The 
s tef:>s inc ro u s e  the re s l s 't e.n c c  t o  fl et·J a nd dimirii sh the e 1e r"gy , \·Jhi ch 
i s  eventual.ly d i s si pat8cl by a j'cl1!p on ·(;he api:'Oil o Tho s teps sre 
p a :Ppendi cul m .. t o  s l dc -wal l n  i n  or•der t o  d i s 'G:z•ibu ·� s  t he flmv evenl 
aci,o s s  the b asin ., I / / 

\ 

c---�----�-- - . ---
,...,,..,..,.f)", .,7J-�7.7t 

. . L 1 7777: .:11\ /1 �·t . . /';;7;;7T/ /i-r,r}-;>'?77,?777/i";.- " ;;-'07')7' 'l:;'(';,'j/7 'l: p 1\p ,= 1...\_-,..L 
A l'!. t ·  .�.S V T L  • •  '1 !:>.1'� _. f-'i l � S -

I n  T eopan D am ,  Ohi o  ( 62 ) , p o � e l l e l  s teps woro u G o d ,  p�3 c edad by a 
curved hump on the uppe:.� nprc:-..'1 .  d;;; :.d. gne ,. to p�:>.even t the d}.'Ot-n·.:lnr.- o ·"' 
the jU."i1P o 

,. 

�;;;:;;;.-:;��7.'-'1''-"'�':r7i"?"P'J"Tn·;n 
1-' R c Pt U: . 

In T1ohavrk D am$ Oh:l. o  ( 62 ) � s tGl1S t·;B i e made p o.I'�llel to d · VG1'[·; :1.ng s i  :'L>·· 
wal l s  and t o  the di vid ing wall be tw� en two slu i c ewnys o ( See foll o�i�� . 
p ago � )  
6 "  Upturn.ed I 'u c�x e t a  

_,Q..-�.-.... .--...-....... ._ .. ..,. ..... -�. -·-� 

'llfle untul�;(l.e d 1--- ·�_cke t :t s  e:;;:: cc;1P l ·J ,o: J.:;· i:, 8cd tJl') ,J r-e t o. :!. l •,: s i.: o:;_ .. e l c '.·c. t l o. 
:l. o  abo� ·.e t:hs re(1ul :z• d ju.:mp hc :t � :_-;� (D2 ) ·. in 1,:l1:�. ch c .at;o ·i_·. ho :..u cl,�u ·c :i. s 
L>ollel" t:y-pe d i s s i p n t or ,. Th8 she a t  OJ:' jet  o f' •· u.t·cer plun-::,.:: s in'<; o  ·cf1 . 
t v.:tl�..J.! G ci:.. .. c�] ·£�:·1 :, t.:.ru cl-.:.s ·:-: .. i. :  .. (lt _ _.. :]. c-· . . :: ·:· s C: L iYt ' { t : '  .. d .. .. . '(; t �J '"; 1·':-t .. ; � ; . , �� -- J :�.Y' .�· � · · 
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i c c ordi:n� to Brm\J�l .s the P o s t  impoi:� -'c R· , t  val•i. a 1' 1 c s  in the · b't..!..c 1� a t  do £.:1_ 2,'11 .�� 
2 Pe : ( :t1 the el e v at :t on o f  the e�d . t cbann e1 � I i  th l" G S ") G C  t t o  the buc�re ·(; 
l i p ;  (b ) the s l 07)8 of the bucke t l :t p ;  and ( c )  th het gh"C o f  t11e 'bucko t 
P ·o T?r1 -,., a ""'" 1 -:- ·1 ..-- "'1 y l.. 1 r.1'1- d "-lv� � C:n f'·'- "� "" a' -': ,; o c f' tl"�"' hu �"' , . .., ;. ,.,-,, rl r-> - J4 £.:  o l' 'J.l. _ o �- u .J.. V v - 1 1 . .._ 0 !  .� f. , -:. 1. ,., v . lJ • c.;. .J.. t_, • ....., - -�' ........ ..,� n v  u � J. \...-� -.. 

: 1  slope o f  the buck:3·l; l:tp td. 1.l en m...1.�e 'c:ha t  th-� j e t  Id l l  'c.s · _cl.e fJ. c c tec 
·way f�.:>mn the s t1·e �1n�b d ..  A flat ·co:" s lo�;,3 5. s  l 1.keJ.y to c au s e  sL:.'tiiiO.:'e�;:o. ;:; s 
of t_le j e ·c in the overly ing t a.i l i·Jc.. k ,::-• and h:igh v e::. o c i  t 1. e s  o -;,e ::.� the 
�: l t  H:P e a ,  re snl tinr, in e;:c e s s i ve sc o1D:' o A s tc Bpe:r-· s 1.op� wi ll d.3 fl c c "'::; 

e j e ·i:; t o o  sto eply _, :::• -;::: : � · '.J t l ng i n  a s 1G.l""P dlp oi' t he crou.:1d i"oll nx• inte ' he- 0 ...,. 1• J,. b £> '1 � a> ..,. .1 ,..., p·s.· ·-- ,� · :- -; 1 \·' t� c- ·< · c n o s <: v r:. "' "' 0" ' -' p., ., , g '-'t '· o- - rl �·,p c- o·.-, 01· ·' ·1 o ·:� -. 
• 

""' ..r\.. _ lJ -v U ; t:!.(5 C. l. J  .. �'. J. a,.... .._"W , . '- ·- - ·\O .s ... 0 0  .� V ..:J \.1 U: .• L t) V L · l-7 lJ 'U.o U� .A U . . r..A. lJ .. _ ;;;;;; (...; V �  
� o  ·J d:t v i  d i ng . t-Jal l s  i n  1·uo:i�c t ( be 'I;!,J0-0l� outlets ) G.-." e ·:.:· e c orr1WJ3�'1d.cd t :J  
� !•ove. : rc c:;cc e s s i v·3 s :l de J:•o l _ Grs , vJh'3:n th0 o1;. t J. e ·c .:J  d o  uot opo.!.· at e 
:JMn;:� tric ally . Side . :t'o l l e:..•s ,. OJ.."" ecldl. a s  � dc.ill;';.l£:·3 tha c onc i•e t a  by ub:i:- a s i o:.l. 

O'n ' b • - <"' 1 �,. ! G ' C 1 D ( .,� ' · • Cle r :J. S OI" !' O C .\tS o .:>0� a S O  l\ GGn0:0."' S pcp::J;:• on r !' allO t OU _ 8 G  -?Jll t- !  ) o 

I t  t..ras ment i o11cd in Ch o I - 2  the.t the e?not:.n'c o f  eno•e:,ry d l s s i p ats•j_ 
- cpend s on the vo1ur.w of' the rol l /). • .. Ol" t h e  c &nnci 't"J.- of th · huc1i:e t 
� n  t'1i •• C '"" ""G ) �1.1::-- l• !<:l 1 �  't· .. ,_,-_, n  )'110 .-, ·' ·  C ; ' i'""' QP i '<'.· "" .-. ,.-..

'
., ,,., , . e el ' h C> r'> '·"'l'\·· \.,. l ·: · C --. o - ·1' 1 t.,.") c �..:> 6 .!. 1 ..., .....,. ._. .-:!i U  \_ i  . .:: l i. .- .1 --.; C.t l.....i - ' '""' l:J L  ..... . v l ! ..._ . .... , .l. .:J !) f U \..• l. .!.  · -

1 :; Qg:PG C S  1.-.rl t. 1 it , though ... :0 C. ( .. m:!. ts · that 113 h<:w no tl 9 1 . t0:t' th.:> oT·y 'Co 
· C:Jen·" "  

'l'hG roL l e r  type b1w .. ·: (J t  · '. ! r:n � w ed in LTl'' .:-.c�� C ou . . e o  D e.m ,  �·b;sh:L�g ·:-; ui..'l 
.J. ) . A hyd2aul:t c  jmnp b e� s  .. n �-J a r:l fir s t  <lc f.l i r.;ne d , hu t; i t  P0qu h� _. d 2.. 
· �·vb ol l c  ep£> on c· f ono�:'Tl' ·::m. s t . l e  c:•.!-'J r ::� , ·G�:.' �116. C o:. :!_ ;::; ,.: D ":··11 1!.::- ':!..· J. c s  � ·' 1 � , ..... "! f·"· 0 .... ·• r . _.... �' r)·')/"•. �,, :"�) ") , .. 1 _,;-.. �-:. 1 1  \• ..:; • -") ..- .,j',''• 'L'l. = �� ."L o'!',.";�l,l 1.!.� ."'"': c•, f.,. •".) .. r . .  ;. '']1 • • ,:-,� i-1 • •  � -;-, 0 to ·'· ..l•....._!l.l. .. �·\1 v .L -i, � l.. '..1 J : \ ...... V .L i: .:; . .:.t.J. -. . · -'· 1;.<. .- - - -- - !.- <.: - £� '-' 

G ,J tod 1 ... n clta:r:� t - 1  I �1 ...tll!i_:::-'u\· .::_; :J. f�l ·.:.rL·.l c ... ;;·:c. i t; :� (;t! s r-: 1::. _.,� r·c: r: l, t "_� \�1. s 0  .:"- t..1l' , L"' ·c_ "C :L ·'-; 



;.�, � l :! .. rl .:!.�\-..['l ·: -. -: .�:1 · �: ::>0"1"1 t.�10 r] .:.:::· ::: i f:ll f� e C �·li.lSO 
:1 0 0  C1.Jd_· �o}_ i C:  �;-l8·1..; ·Cr.:�l:' :;. ;::\ t}.1e flo·�� o 

P.ZZJ (.Df'.!C. P.. f:TE. pt ;WtKET :� Ol f.:tt. ot1�lt .J 
i\S5� (oi\J C. �E rt:. t ;-l 1\f: c (� (Jvr�p &A:;; r r: )  

-·�1:l r.-; c c::'JIJf.X'te�·;� i v e  f'i :�v.r-·8 GhmJo cle r:::::.':L·y hm·J rr.rch ;.�;ozoo GCOii(';:n:lc aJ. the 
up'cuY·:nocl hJ.ciwJ.:; i rJ th oj.1 thG ju;·,J.p b a s :t::.1 !) 1-iton the ap.�.·,::n:l h .J.8 to ha 
"":J 'i  s r..d. c o•·t ·., ·7 c:1 O <' ""  i-' I v t ,., c:·�· •11·, 1 "" th•" , .. ,, ..... " -:rt:; -1 o·. :� o f'  ..., �) :u �-o � � _ _  • ...,� ,. i.J - ... .... �,_ " -· v '"' , .... t.. . ..... ..... ....... ,_, _ �· .1•�� .... ... _ ..... � ..; .. .. 4 J 

1-Y.ho_'o sc m1.:;..., c m-J:;::w ·c:..,..o t:m fr.J:::'l d r:rr1 i s  pcr-li1l s s :i.ble , o. t�:'ajeci;o�c-y 
hu. cL�t is used 5 a ·  in thG r:ru_:,�:1 _ :l a:;:-y sp5. 1J.:J8.y o f  IIi:-ea md D .:;;;l 9  Ind:t a ( lO ) o 

I 

lm elevr:.t ed t�:-oa j e c t m"'y bucket Has do s i c:ned for Anchor Dm.1 j)  
Pyor2:L.e; (L�2 ) " Th:l s  i s  n neu dc s :l e::J. ,  dep gPt inE f�c>om con-.;cn��iontrl 
Pl"B.c ·c ·l c e i n  th o Uo S o  ( Gc c o:::·ding t o  the U , S . B .. Ti o 1 s  repo::..,t ) ..,  Hex:lrmm 
f'1 m-J o:--1 spiJ. J.1my i s  1 3 : 000 c fs o 

· 

I 
___ v__ 



,.... 1e buc_,_c t;  u a s  first de s i[�ned. c i :..:><"::n l nr , t-ut cha.::.1£�e d 'c o  p al" al'ol i c to 
�:·ovide a sno o theJ:• curv0 v l thout i :n.c:.."oas i ng tho s i z e of tl" c s t.ruc ture ., 
;. 0 inage fporrl the bu c -.:e t i s  provi "' c d  by tho dent a.t Gd l i p -9  1--w.ving l�_O 1n o 

:. , de  slots in :t t ..  'l'he dE':i.Itated. l ip pi'ov i c h s  a goc.::1. d i :c�e c  :..i o n al c o:nt:::'ol 
:�d double s the length c f j�:; t lli,pact a.1'\:.� L c-:r� st:va s.m-1!-s d ,  thu c :rcdu.c int;, 
�ho d enth o f  s c m11., ..  The sc ou:P a:r' e r:.  st ::cr' ·i.; s  nt 20 ft do1.m s tr a e.:m  fro:tn 
• d • • .1 t 0 0 0 ] /_ 5 ,, • " I 1 c 0 • d the em s �no. L · s  c en t; -81• l S  n-c _ L.., r ·c J. 7- '0Y•. c. �: w c. mn ., onve:::-g:L nc; s :t  e ·� 
· ·al l s  t-Jere u s o d  on the s ·• ):i.lltJa�- . ter-m .I.n�1 t J n;;;.: · Hi th a ?0 f't �Ji d.o ru c k!3 ·1.:: o 
.'nese "LcJa.11 s hn;;:n"ove th o � :� ,)�·• c o{.:.di t l ons and·- ma1w a m o r e  ec ono:m i c nl 
- true tu� · e , 

T·'hen outl e t s  a:c-c ='- m-JGT' thnn bed o 1 e ';f(;, .i on !) e i ·che P  an 1.1ptu?n0d 
n:r•on O i' a hu .. :l) , ( r a c O'm1ci:;:u:t l oi1 o r."" b o th, i s  u serl to I'<?.i. s e  th�} high� 

• .  ;, ] "�� 1 �- ; ·  f1 '"''·' + o  t1� •.:. p�"OY'I"l"· "' .,._ , , ,7 "' '. !/ o-n <1 0  .... � 't� .-- ·l- a � � � -, -tlp r:1ay �. ""' _"f'r. �_ -r� • •. . "' -7 Q l_"'l 1 v  . \. .l v - v :J _. .. �J J.j v .... .L'C.J - £ ..1 -./ - V -.... "-' • t.- U -' .. -• ) "-' , 1 ..... u_ �  J � - v ._, ......... � .. 
wothel"' ' p::•o:;t C!.C'!.If"tl0 ·!:;re u.\"11 , 

An uptn:r-:;.e � ap1?0I:"l : 1cd cr1 fl o o:r> b i o ck s a- H � s  used h'l /1�'1.-:�os·�;-ux·a C <?.:tlul 
Outlet 1.-'o:(>ks ,. Sou·:�h Dcl:o t �l ·  (4h )  Q 

... ... ,� ....... _...'D�.;I.JII-:::: ·-�'--�··�'-·t __ 

.
. , . _. 

-··· h- c� LJl-�!. c:::::-, � �u. ..... Jo;-...... _ ...... '"'" .... ..... � ... - .. ,.,... ........................ _.: ...... _ ........ �--.;u.--

[:� iri ... y-�-··---·-e::;·- - ·  --..J -n-· - -... t---) ---��-....::-:::;;::: _ __ .�---- -·-

i __ _._,_ . 

The f.l oo:�.., l'"'locLs on th:i. s ;::·pron H-:--:: :c·:-;;; c .f e. spec i 2:�l s i-;ape � rf'ney t-JGZ'G · 

pi:"O j ec t� ed n.1 .. :0V'B- 1U.aJr.iurt�T!i JG E:.i }.t·.:rt:: -G r-=; :71 {) s l il0 <? .. l. t)-.;!�3-Y:. bJ .. oc1{3 def-t e c t �?rd jt)·Gs  
U 'pt.,T •.� 1 d ""· n IJ'"J.'l.'"' . b] '"" ' '  1{ c t- ' 9 "0::' j '?1 (1 P. '1"C' 1 'l·� ·! 1:1 t. 'no '•':1 '! r1 f\1 0 ·:-. Q :; ·:·p)'1"'0�JP. J..·"'j n �.v · � t:.·�o- �- .... - �  ...., . .. .. , ..... .... � �  � ·" -- - '" -� .. - �  . .... . . - . ,,1 ... _ \,...L - - \) ....... ... . ! . _, · · "' "'" 
c or1 di ·Gi oYlB ".!' ;_, ·� Ot·-1 t; a :!. J ... ll.� ,�-. ·:_·.:�; · .. � , Tl�-� � �.r , u ; - Y:. r'"\ c .... � � ;� ::. n  o :f'Q ·(· · 1"' a  1_11 oc 1-r � '\7 17 �r>� - Q .,. _ I -- '-' "J . ,a.� � , . '-'' '� '-. ""• ' - • \..1 ·' --.. .� .. 1 ... V '- 4:.. -

r-om1rled to rGc1u. c e  th1a 'G c::: .-· ·  ::.: cy for c s.'V i. t. :::l:i::. :l m1 ()  Eo ·(;h t h o  block.s �md 
tl10 d:t v _  .. c1 i nr� t-·JalJ. l?e duccC ':-�� c; -. 3 s :t 10 l�1 e:tr 3 s  i11 bas l n r:. 

ll cl'rute 1:) a s i ·!1 t-Ja8 fJ .. lt ::; t:  d() E:� :l .. �r::�_J d. �c<r.".> thG Oil t 1. e t  1-lc?·�l{ �; of 
l !fl:z• s e t o o th D at£1 9 C oJ. o:o:'.:.�d.v {h 7 ) ,  1-.�l ·th (� c.k:p:·:·· ,:; E:; s . .:: d 11o:c"i z o:nt �L �; � r.,o:S.19 
tp •,·r.·J ·' '� • • .· . .  :. ,_) 0' ·7 •. , " "''< .,., .Q J- , .,,. '1 • 'l " .,... .. , -,.,� 11 "' r  ,., . .  ,.� -7 1"  � ..:;  -' ''1 - ' '  � ·1 1 • " "" "' .,, � " . <:: c n - " ' ' 7 • � .:.. ... -.L.1. .. • • ..1--�·-··i.:,.) ... . '-� cl� ... t.A_ l.. " �- .., _  ,.. ....... .,;.t ;:,J � "'-- � - � Ill. J,.. ,;l ... t ', ... r . ..... 'J .:. · � --L :.- , _�  t.\. (:.. .!,. ;.• .. ..:t .::: ! � � :.,; ·..;) ,_. .;.5 \:!.l: · J :) 
to ·(; .. .;fO Ofl 'Gl:o t::.;:) ,-� .. ct ·�]_ (� ·t r.; :  .. CC �")�.:�� .. �·.- :.:�-, t r._�. �1-d0--0�� \-?.i ��-· G �-l e 2 B r2J O f  l.i .f1:":,�·��I.i ! \.� t ��"':1_ (; .:.:::l 
o ·� 0 z:� r:l t i orl ;. .. o ::1� <.;1aT-'·�� �..:.�l � J��] .. :t s ;. :---:: �'"� �.;·:. n & C. � G ;? f·:_.\.'3 t."7" t-c t;:l�C-31'";. s :l ti r,:; �  .... -� .r2.l=l �:J t. ::-.:rl 
ell 'rl llr{.g '- -I r:l l , t. o 3.:. ·� cl1�1c .., t. : __ B 11 (J�!-�-�;J ! ··� o :-� �-:c;;.'\;;� :.� ., · F:!. ot:�:(" 1' l O <; �r s  �)8 -:•J C .c(.:: 
flt2�·t1, f�j� f·.n �:> }J..:-:; �i.. ?)·:.. ·:.; ::..:�� �-J �:i.: :; o ,  ·v-9� . -.:·:: -:�x.:1. :: .. )::.:c " t.:-o . .: _ ::::J t·lJ8 c� :7.. s c l i �:i :"r_�1x; . .:>j 
F- e t ��e r  fJ O\.,·J cl5_ n "\; _ _  ,�_ i ··t::i; i c:11 -�j· :.:� :J �) i · ·;_: s .·: :..12 r..�: 1 r� -� o11 t ·1o i.le.!. \� e ;J . :,i�:: 11 � t 1.1 tc: rJ. 5° 
6 c�-r.t1 1�J.-� cr-� t 1!...:; h�::--:·_ !·: c .·��::�� :: J_ I} 
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A s econdary d ar(] :l s 
roq1J :1. :i"ed jump he icht 
de s i r� ... ed fol"' D am No q 

Jl o 

D "· [/'!· r ., , ,..., . · ., � J L v .... v. 

U G '9 d  uhen the t a i lH .tex- i o mu.ch J.m- e ...:• than 1 D ) � ., ... � 1 J • •  ' b •" "" l  ' "'  th .... ,.vl (.') -·-- a' ' 2 a rl .;, G J. _  . •  J.ng · <.u> •• n 'V·, }. ·' f1 e> O C O.-# . ,_ :. ;J .Gill 
1 on St � Luc i e  C n.n al ,  Fl oric� u  ( 61 ) 9 



. · 32 6 
l!.t hi eh flet·Js , t ai l-vmter depth w-� a s  suff'i c i ent to fm.'T:1 n jump in . upper 
pool , �;bile at l m-J floHs , the s e c ondary l ot-r d a.--:1 s e rved e s a c ont:rol ll 
hold�.ng enough t-12.-Ger in urrper p o o l  t o  fol'""tn one j1.nnp ther-e , o.nd a. 
second jmnp \·:as forrned in let·Je "> pool � Tho �ate p :1. E1"S t·:ere . cx tendod on 
the s,l oping · apron t o  improve the jurnp in c a s e  of unsyrtrme tr:i c al g :;;.te 
operation ..,  

Still inr, b a s ins uei::.1.g snw l l -r;:raij1 · turbul enc e r_,.rere rec ontly 
d e s i _,..�ne d by the U o S .  B .  R � foP ou t_._ e t  lr.JO Y'k s  in Enr1 e rs D mn ,  Hebras:-:a,  
Eoysen D am ,  1·1yoming > n nd Sol d :l c ::-· C :::: :ryon D n.Yn >  C ol o:r• ado ( 3J. ) ., 'J.lhe so 
b a s in s  a:Nl c . .1ut e bas i:.[: in. \..rhl ch tho j e ts m•e p:;:"o te c  ted by u c l o � e  
boundaJ.�y unt i l  subme :i.'t;Gt: :l n  a c1.epre s e .s:d po ol > Hhe::.9e the j e ts p::•odu(; e 
eddi e s  on t he "bot ·t om of t':le po-ol . Thi s d c s i g�1 H"" s found to bG m � ···G 
e c onornic al th an a hyd· · aul·  e; j i�J:i1p b�s i n  Hhl ch i."e qui :::'GQ long chu·c e 
trans i ti ons nnd divi ding ua.ll s l'- e tv..re en outl e ts o 

Tho defl e c t.O:':' hood V - .S CU:\"·ved f.;l"G':"l:..H J J.ly :;o d L ee c t  th::; j o t 2  O. o1m:!L�:.'C�S 
and · to p::."event b o.�.d ·  J.r; up r-- f 'Ch�: .:·1 o�·1 -. :hi eh mi r;llt. E:tl.D�11C=rg.:. t h :3  1.7ul v-G f; "  
A s t. ecpe::." h o od mi[�ht ho.ve c &U G6d the f1 or:: t o  b � c k  up , b 1 t the l o:..;o . :> 
J 1 P 0 -P +- b "" hood 1'1 a c �- o 1- ;, s t"'- e-r-· .1..""1.:1·-• ,�rl ., ,., , ·. P � ·. c. (·: -; <:< ··- ,., i :-'l' !- ·I r· ·:1 o f ' ?-,1- ,_.. f'"l o-:·- .  • ..l v \.,;t - u '.J • _., v ,t-" -· � ...... v '-:" v. _ vov - - u ..t. -� •  "' u _ . .... u. ..t \'J.J.-J ..... _ '" " J  
l•Jhen only one vo.lvo j_ ;: r". : . .; c ll.ar-e:;lr:t.; o Tho l e:1s� th o i' t ll i ::o  b e. s i n  I s  o:..:..J.�r 
75 ft a s  c ompered t o  u :. ·. · �: f ·c loag jump 1-' us :t n ., 

�� s irn1 l u....:, pool 1��u.1 c�v r-.Lt r:nccl for f3olcl i. c :f'  C al::'J C::l D £:r·l Out r.::- ·c l:'t:- :·.'�::�-� 
i n  J{or � t:> '· r- -. ·'-i1 H e co "'"· ''· v "' ·i ·.n · ( "l )  '-- · · � - -� "' ')' o·J· , J 8  ; v., p·· vo �- ; lH "'  , j -'- 1 f - ·  ... ..... t.. v l• l· � - - w v k · '-' - -'- .:>-- p li >.. , ·/ J. I. 0 � .l-8 .. •. L- <• .L u V G.  v V  d . u • .  ·> 
�:la:;;:iuum d S. s c ·; t.��.:>P:·.J o f  99 c f's a c::1c1. n :m ax :i.i"HtJ.:m vo J. o � 1 ty o f'  11.5 fpa o 11'6-:::.:r•a 
the d o f'l ec tm."' h ot 5. s n c l :->cul r.:c (l i ve :<"c ing no z zie , df; t r:oc11 ""' d  f:.· ;n the 

o : .) ... 7.t 3 1 C! �: .i_ t J ') f:�  C: Lt. l c  .. · ·(�� r. c�� ; ;-::. t .: "(! � .  y-;�C' �) rJ �  ... t:.-: ; 2  ":" . l  
]' ;1. .-� . · ··· ] 1 c(l  ( " 1  }· l\ �  c: ·i c' -o . ... - :. <'t ... .Ll <! ·c' • ') ' 1  ,1 , �  ·· :· '- '·1 -� - , -, .1 (.'· }; 

-: ...... • L - . v ...... J.. u _ _ -..;) .....: ..... . 'I.J "'� � ._. ' '- · J - - .... · - '--' .. 1 u l  .... .... � ... · -- l �· ·' t..: 



J3 o 

.Lr.t l: oysEEl D r;::-:1 Ch1 tle t Fo:c·ks ( 31 . 2nd !�5 )  fl. de r.o c t c ::..., ho orl 1::as no�u 
� ::ll;i. r: z--�_c t or·�� !> e �J er: thot.� gll t he v·al1.-:-e s  ;,-_�o�� .. 0 t l l ·tec1 1!5° do . ;r.:_�·J:J.�?(lB $ s :l.nco 
�uX'f�{lC 2 vc:.:. JC :l t i e s  ;,:e:::··e t oo l:.5� g}'l nr:1cl t110 �.-.1 �} -=_;c s �·:e :�"G e;�c c) c s :� -\�c: 1) 

C on.v�l.\g:- i n-- l.Jt:.tl �� s ,  t, e ··:�{e -�r: s i d e -- ·:t=.l J_ n _a r .. ti C:. :�. · - · :L d. � _ _  :.g t.,·jal:! .. ;) pl"Jo.,:e C� to be 
rr1c � ·G s t.:t3 i s fac; t c�;y !) l)Tjcdt·. � i r�.g srnaJ .. l -g:..., c.iYl JG-t�:�> -_; :l_6nc s  :ir! ��11c �.., oo : ? T11e 
f:;_. ()--j �·j [l[J .,.:-e:."y D�n:J o th fLncl t1l8 S C Oll:�� sJ .. 5. f�t.! ·(; .-: . r_ir(i .:J V aJ: tr 2 S  t.·J � �? e  t:i.l t ed 2J.;.(J 
Q' -�7.1""'!--1rl"n' "' ·'- ' r; 't  ·r. c co '� i· n' "' .: Q .r" <:' ·j -,., ·'-· o -1-- h , n ool .v � :.��v - l. \...:. ).--;) V lt V- ..J... ...i. V � tJ v 1.J J - \,..· u  - .l � V v _ c;; !:-' · - o  

Th$ 1 o:ng 
of v:l et.oJ $ 
hou se on 

i'Pom the l:.yd!• aul i c  po int 
suppO)."' t  · foY. the pmv-o:.." 



IIoJ. lo�·J E:;. 0 !�o ·:J �3 
� · · �  . ..... ..... -_ ..... ¥ -.....- ... ... �_ .. 

The hol l ou bucket t:as d..:: :::d r;lJ.(; c\ by r:cym:-- ( 27 )  an a n  d:t fl c at:l.on 
o i' the c o:::lvo:Qti on. nJ. h o :··:� z o:!.t aJ. np:-:·on rcl o:·I on oeee spi ll Hay (' · The 
hol lo�-bu�ke t provide s a cu shi on of wate� i n t o  whi ch the ov erfall ing 
she e t  of' �mter f2l l s t fl.LC3. s hyc.�i."' �t� l i c  jur.q i s  then fox•rr1ed . A b ac 4{­
e'"'dy ,, or b .s.ckl ash .? i :J  fo::.·i.r:.ed iu the bu c1c c 'Li  ond d i s s i pate s par•t. of the 
kino 1 6  ensr�y r · tho s . o o t .  be fore the j��P di ssipate s the re s t  of the 
eD.SP ,"f o Ho11o�·J t>ue�i:e �; s Here do s i gnsC. "by f 7eyer fo:.t' tho gate spi J.l·;.Jay of 
Cbippsua R i  VG"l:" Dar. o:nd for tl:,e r; a t o  s p i L:�·:.__.y an slu l c e"!.oJay of' I·:JinnEJ sot a 
Ri v::t;._ D 2r.1 �  

I f  s c our r e l  "" a d u'.!'l :t s  pe_�m:i. s s i l ' .!. G t ·the j o t  2nny b e  l e ft to 
exc av� te l t s oH:... s ti l ..L i:ng P ')o l .. A f:·ca't' su ffi c :'i, cnt depth i s  :re ached 
and the b ed o f  the pool be-e o::.lC a  p c.ved. i•v� t.1  l nrg0 r: J ate:� .. :i. nl t?..S a re su l t  
of the sortin3 ac t i o n ,  tho � c ou �  w i l l  p�pct i c ally cease � However, ·  i f  
s c otn· :i. s  n o  c permi s s ibl e ,  an ar·c :_ fi c i  1 s t i l l :i.ng pool m::1y b-::3 p "ovided .) 

The kine t i c  enm-- - -y of: e. vert i c al j e 'G r.1ay be di s s ipated by 
lmpingment of the j e t Hit.h the t-Ja.ter ln the p o o l  o r  ui th solid ob jec tn 
SLch a s  c arne� bl ocks . 

D 



\!hen the jet i'al l s  fro . suff:tc ient he i gh.  t i. t i s  �:1 f8��n.te g�"a te d 
in the a.lr and fall s  into t'1e pool e, s a Hido spr> ead rain :;jof' i t �  kine ti c 
e ne:t>GY b e ing thu s dis ip f', t e d  by e.iP :i."'e s i s tanco $ ru ther• t han by 
irnp i ngment Hi th the poo l e  · Thi s  �ms the cS\s e i n  Ot-1yhe0 Darn ( 56 ) £>  uh ora 
j e t s  wer e dis charge d from 40 in o nee dle valve 5 1 1 0  ft above pool 
ele ..re. t i ono . 

A n  a�t>tific ial s t i ll i nG p o o l  may b e  cr'"'oated e i ther by excG.-va t :t on · or by th e con-- truction of a s e c ondary c1um 11 as ln C al de rt-!O od 1\.l"ch Dl.!n ( 1 2 )  o 

A cupved c o ac ::.. ... e tc bucko ·t ue. s  plc:.c o d  :iz:. J. :l.ns H5. th the t:i'['.je;d;o:.."y of tlls 
j e t e  t o  r e c e :l •-e i t E  -i.:._:.) ac·� u:.1a t'...ll''i1 i t  up .L-d.;o tiw ove:!:'ly1nt; t--:ntcJ.., �  
For comp l e t e  s til� ins o f  B vert � c el j e t  a de ep cu shion of wate r 1 3  
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