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Th pmet leoe- of irri-atiara is * eeosrirr;-  in w;w  , }*ice 

of th, °4orld to M p'l -at natwal mveivItntlan is order ghat 

s. t# vater may V;e rmtde t; :rAlable to the law to T-Ww"it em 

-w.- 

up= tb is nrUfWal vxMl ' or vm M T"e irr i :-at l on "tea >Aw 1. 

do so c"fix3- d camse total f'allure of 4..~ entire *,-aUrprioe. 

refore., the mat destgra or the ma,  feet that Wliec- 

tterly foss the IrrL~tton #,:stew Is extroaly tupwt.sat. , 

of the mzwrous 4 i-."U ProClem is 'proper frestanxd allowmees 

!.n A'4wh of tax- coqponmt Iffi=er  of the system. 

Ite term fr~eloc as use. In tf,e Wwtice of irrl sn-

tion hyft=l.ies =W be .effaced an t-tic- .*rtieRl distouwe that is 

left between t;!* norml opemtln meter 1p-,,el SW t~w tarp of 

t:M sides of M OPM earkhtit,, OW itrest of a Uaw, f-t.e.,, to 

vext overtoppim, Vii' to twititl.,emies in 4owi m nW to cq?cw ! 

tion. :fir purwoesr of desigl,E  freeboard is uwially consilere *' 

to to s, bind of consteat uridth ~..xtevAin the le th of tkw  

trLaCtitx'4'. ZA actual w peration thU 1 d is geuervM`'  

is iQt' over a ►ide t'sA',,) . 

Vim Pmetse emcwt of froobo"Al to aLUw akmwt he 

deteta bied by purely analytical met ols. Rational, solutions 

any eatehlish a %*Iw vrithts lWtoll  but the optimm muctont is 



,- o1a!rwd primarily by the ogjartermh and J"-iwnnrt of the  

In -,enearsl j, fftebsnrd albs In irrf:;,natim -xwir s 

am LUMVIKm -r,:,  tYo Umportmat slid: oPVwin=..  hors. Of 1xime  

commidwatim is Ube fact Vat the initial, rill --ontimod safety 

of the vor'L met t. bee ammood. Tv mill this ropireammot a 

:,mmmis froeboari is Wiczte4. On the other tear►r # eid em-

tim aasctat be TIvma to eeormy of earistmetion. A mialwAs ftee-

board U t±aem inferred. A dearamme In Initial host am meeesrr- 

Belly be acco Busted by mlatmizim freeboard sllt Maas. 

Howvvw,j caution must be a'.zmoeiieed to pm ,"t l reisiA; a 'h 

ml +tMl+un 8 to 'tfis extent that Operation and mai.ntemace costae 

gill. be  :=r*mm*, resulting In .meter over-ell ex,,Atari.ftures. 

tcb practice is ft" ~ my &Iso ~~ tt~ rlp3.'~L~ 0_41• 

the sure in jeopardy. 

•xiUm e4ftlemme aw jUL- t PU' amb an Important 

,fit la ostmblishUg p p z freaboaa d i,Llmh11ams its design, 

this disawAmdWa of the ee weed includ9s periaxipal y the influ-

ewiw, cormideratUm. In Uwtaactm vhere an approximate 

rational solution m W be obtsiaaartP&,p t"re ne *ds involved am 

:gibed,`nveb aazbo s23owsmea tan eoaa wa crm&M aeeat'e Inelta4ed 

wbwe appropriate. 
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with xesps+ct to optimm ft eU3erd al.lor+aGa"s, there 

are a =x*,er of wasideratioas that #Wly spMmU'°  to all types 

or irrIOAtion VWksa. 

RW i Probably the =Wt UWW tint 

of these, *ad am that shw1$ deceive early attention, is a< 

ouvAil, review of all criteria constdeml ir, the 4esip;n. It 

V* :Maas of all eagirleal coeffieleuts any rftdily SW. aeeu- 

rstetly be ftteruiraad and all. 1-.y-lrmlle fervaUs Involved are 

v*U r flm d, the ncnal eater surfhm say be *xpec to d to follew 

that calmlated. In such ImOtoome liberal freeboard a lleaancr s 

are not justified. On the anise hMW If all elite eontrollin-- 

t,S d t i am wt trnrree isely :-wvm or f t t ore is reasm to 

bel.iatm that ame fact , wAgh as frtettUm ermft elentes  are 

nGt sell 6*ft gad or aW ebmge ?a*Jy after *Vest Ion Itas 

boom, mom ft'eabwd 11M W be sweesawy . lawo are mw ,factors 

that influence the A4tim of freeboard as will be stouu later,. 

tipiial f'~Qdlii @Pati0011.  In awitiora to iesign 
W IIYI nl 1i~~I~.~iI+I wi.IM ~IIII\ II~Y~ 

em!li. matiow,. the ctrl ad off' qw atttou of tbo systim mist 

anticipated. It it mW removably be mqaeted that operatics 

;rill faUOV cloealy the prtt ra ujam which the &wigs v" %-aeod, 

low tt+ardlaaapr v1U bs 'pried . ftWvWv  It fW see rya 

radiml darpsrianm Mr devolop, fterrbcard sbcold be Yadmed 

aeeoxd as . AS as ale, us I" *W ba ftsi:-rje4 beer' 

ki 



nornal operation at a statead d isetar -;e lbut of tt a putt saaz ies 

fcw sit inteervalm OOU. If a probability extaft Unt the 

peak t1ows will not, be eeNWined to short pertWo vtM Operstice 

of the eentiree System is acccuplislwd, inch Itembeaerd uuy 

be :wc sewry to ym v iie for this crs►tfa . 

size, The aim of the eaasi or structure vin tat'2u- 

e um the i"r d. Ira f"IMUSI, the 3tarrw the strwture the 

wee►tesr the freebouri. This nay be duee to uove-ftainties so" 
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e ant ioilatw4i In warks of ~Tew ^ ws'r'xi ~•+sc~ . Probably ly the . "t 

he larger i Ri W4 6. In =MR:, Iftetwbee ftilu Tw  of a majUr s ue` 

Pure vould je op tl dive or ppftit)Zy -*ww emplote fRiluTe or 

the Open "14= Of the ee'1i3" system witA a "que L' "truction 

of maAable arty and eoW ste law of croTm. "Nee role 

tbat the stru ture p1mys with rrecieeet to the o"rutian of the 

wtwle" sbould be e:aeAnUicred a»d freetxxwd be allov*4 gate 

pith its fqpwimimem• 

Locatum. locattan of the +wks- with r+elatiaa to 

thick popstLw ited and hits :ieveloped ass bas a deRfireite 

bearing m lsrsiwomerei. A Mmeamet of water etretrtopvtng 

s comma or small dim located 1n a remote argw *t  result in 

very little inapv  it heel ver6a not a 0a rviso saftwamovd, 

vmw Soo at eat wat.+er t Gomm s uw. v ' pales ff 

relespea tat* thieckly se=ttled or hirJa7 de welerped tedustrUl son". ". 
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C? haste. .'If ate enteree Into freeboard. tatalculatiow 

principal) retprd to the formation of ice, wbetber iae 

rem ~oirs, at dive"loar ism,, or in conveyomoss ed eftiated 

struettires. Irri tion ceaaaaeals eye nft~=Ily not ox*ra►ted in 

freezing stbaeer; but r aaea power ;_!V raeticm facilities am 

irite,,;mted Into the system or stm the abmmels aaeW aetruett av e 

serve to f M off ootreem atone 0  3ear*o"ma aperst Ada my he 

required. 

The ef'f ct of a ell ete ice cower tact a canal. 1s to 

pmwtic&llla' *mible the wetted periw.te.r and, Vie, for a given 

area. to reduce tae hydraulic radius one-balr, 2Alem Is Alm 

saw iumm*ve in frictioaa head Aue to the greater frictional 

eerfidct of the undermath ice aeeart eer as eoqpwwl with air 

sWW.1, l eft *s MW lYtaM WA OMM the iistar ra'aea 1.0 

ruse above norawa. I! the Ong alt-.  of the conal or 

strue ture to to be ,ecsi ttai and the am* throueaaaazt the y esr, 

mule allawmaae a got-be mWo for this redueei caps ity vben 

iaee my be pros", Add itional  rreebosed stay` be reimireei at 

storso mod div mt nt duos  in all eovvoyawe and other strue- 

t res,;  and in other wor",.s throu4-meeut the systw- if Ute preaew e 

of ice is Out is i latead. 

qtr deviate. Aaaeo ber item to be inal.:aftd in  the 

diseuselow of desio tfea:two is tbat adlr" way of qty tw", 

Unite ,''~tteml Ilealoglaa "karvey iWer lu ly Wit.  No. 187 
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aboaeels excavated In earth Owy my be limed. Purthermore p 

tbey my be on *lap* neat mw flov to be abo o or b$lv 

t:ritisal, cif. 

The opttow treeboarl to ally in the desiM of 

chenwls, wbether limd or unlined, wbere flow conditions arty 

that velocities are minta1sed beelOV critic, art only 

be deterniaeed attest' ere oar at r of ar  iagflta wIW ftoto e. 

-500WAM "am,  Comitumns vV47 xtdolyo  it is not Possible to 

3evise Pmetse f+oeeaelAw tbat embody all factors in their t:ve 

latiaar sip,. %ch "gvism or reach of caa►vwjanee mist be 

!leW ted, severately before ee rU*l. *aw bm ions con be dray n. 

condi toss lxvrsbeeeurd. Tbe local 

condittow a ftet _r free'lxak* d of either Used or unlixst-I 

comals egad. latessle In vhIah flow is above critieal leAt. aill 

re consider first„ 

-to frt ekkor4 is nolRe~eiUy mil bar: the size of 

the conveyamm, eapec ial U as repirds of flowl the wind 

a cttonl the li;:selihvod or fttlaW cw stwo water entering the 

+ OMI Wd raising, the Mater le"11 the probmbiltty of *xeeft 

water +%* to Lrck of rpslat itm of ri lov; the locat toes, vb9#her 

to cut or fillf the locatum With respect ,to terrains  then 18, 

the Smad slope Ott olsx to the meter line; the al.i tnts 

*dneQ►lser reelativoly atrauu Or 0,  1' MW eertrsverss the sell 

teristt~l pe~lati~ mss# ' ~ flwc~atiae~,s 

asses to Opeerstuns et abee goes$  twoo tat  ! Ming or  Vowel" 
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plenty, or other Anxetwvs.,  ml the possibility of ebmases In 

corryW amity &m to •,e or aentmal growth. 

iacw emmentIt roymling sig a of vor~ts in paMtmal 

haw boo mkIe vrevUmnly, Awn larem quentities,  or w&te»- are 

'%*la3 emwered in openeh ls, rredbamr4 allowmet3s are 

-Aam l y gr estw, tbm for small" eamveywaeea. As vtl1. '!'e po intei 

out later, the depth of flow in eamal,s is iavartant when vind 

How's w* amm eared. 

wind, "we are,  a or Vvee that VIM my intla-

ewe the f '1m in a ammal, In mmog irrigated areas in the 

vsat rn tloiW staMt" strong vtoft bUys sand into the Cana .s, 

WA back the flow if blovimng umtrwm,, sowotiimees fill a canal 

vItb tu*leveols of Rueslao-thistle or other plats.*  avi cl"eate 

sse a ors that smW reseh *omUA eibI* mpgnItu4*. . 

Amm *W Is blow into the camal the section to 

I I - A. his wadeetum in sectum "W not eWw ems n 

in flat as Vw refteti n in vaLwity cammed by the tomrsamod 

411 ode of t ' ottcmz due  to tbs ~ of OW OMWL 'ms 

aWliees esymULUI in li ad camls. "M ewsd drifts ftm-

strew, 1n deep, L-M**Oar pvc seta enrd. MW entirely cbMW the 

ehazWterr of tAe ioottA of a  m*a Wy Bawd =*I. On the other 

:eeurxl, vat "scion with very five Milt %my flov wr+e finely after 

the silt has kited in a mmmth cost ovw slow irregslarities 

ex etting in a mw cost. i3lcmr mod mw alsce suM dam t o 

imali;mod sides st oemoVeft Umd eftnals until It ImOdws timer 
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Airectims am narml oblique to the can al ban,.s +;s  not 

- .d'. 'hr s'1 ";fm'- t o to r F to 

•. m' ig - 

Tho fact tbot a awmal is rwely straigbt wt  

or a l0iMat,  mmt ~ Ama to eboompm in d1x4mvtt*a of tJ* caml. 

17m ice" smOme will rise#  sms t an avvrec is aO amwuut, 

--ow v` vlad a '! ot,,, at pobfts 1iM1#I a tb* eaml -to shtltere 

by the bwIm utiob f t* follow rsadm wkjftt tka 

kVWtXGM Or 40000 V$ AU, 

The MW3u sour" "f #i -'at Ott V& ghte is 

oboormt1amal Wa tau, aoirt fanmbw 'Mead or. the wort ar 

Tboms Aevemom.31 's vwk was sued 3~ by D. D, 

►rte V  ma D. A. Mast . s l*s vwe dUva 

the W of semalls acrid ate %I  but the romIto *" ate_ 

to sam ortmt to tba std at aav wtim in "evrvairs aid in 

anew *E. 4matrMuou or 

AsUes in -Uttm to Brgi- 

taoarrr, United States AnW ftttsd SWM Goverment Priatim 
I # D.C. , 17 

ar"MOSSMIMS." ftmm~kl 19-4 VI 
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*ans38. m m U we seldm whataht#  lie " "tlwticm of 

feteb is dif fim t. Became v~r Uwafflatmt vo*tbor ftta,, 

VW ael+ocitias aW directlaw cam rarely be =letermivad u-

mte ' Aw a►  partieuW lamlity in whieb a coma viU be cm- 

struetsd. fir, if the beet eattwte pmstble is mule of 

tbuw varisib.les sal the eattated +erpiarlml rolattombips seed*  

the bwLght of the 't avas to be expo~ awt be calculrated vi.th  

a fair do of aoaursay. 

Fcv a gigs rte volocity, V, in }piles per Uour, amd 

a faWltp r,, io uLUa., tk* vftva 1o3 i ct i   h., its ft et., : +Ild Oran 

tvou i to areat, my be eatimmW for wry 'f#'V'!' wttkt the &4,4 of 

the ftuowug forma"..  

FOr V of F: ,fit` tbW 2`,r Mile$ 

h a 0.17 V " (1) 

and Dor values or r u" t w 20 ad 

h a '.r.17 Vv—r t me -  

Tbm a are the owi r i i ronman claeyaehGrW rrm stud wo ca 

iulmd matwo by D D. Grti,lUrd with wop2mvtal Rata by 

D* A. HODU !r. 

lih~ t on tk—m Derr roumhe rose votr by the 

DWMM or :oohed is the rallowing mWiariosl. 

test Aw . vem bwW 

h - 0.^?5 (v - 8.5) 43} 

Um the ftbeh aw combmt art 5  *Uom. This form U g1vw 

sills # IS to 00 tao above fcp-. wiTA volocitim betvam 

0 amd 70 mitts ice`  how# 

u 



Co Miss saV* hot -lift for  ww  vind VelEaeity tars►  21 to 7' 

L,,IU* W bmw a fit,  a fetch of Crum 2 to kc mil". 

egattow qc 1 vhlch this clart Is ma" we fOr Hein 

Baer at MRS; but aline the velocity of nm at V* water 

wallUee in a gal is only aUut '~ pwa nt of the umal aaxiarA-1 

VU d, Varsity, tb eir &WlimtUft to armaC ai , results is an error 

dw to the aim of the vwtor or about + 5 rwomt or 

six I taly 43 Wit,, 'being plus for s der viz ani 

alma for an uVatram vial. 

III tjo Coaputatiou Of trawr Watt, the laxt om gec "blw 

vW velocity wad Maximr Petmh over which Wits v W will act 

a xat be e*Uw&W as rloeely as pR w1ble. -Siena* velocity hfts 

frm 3 to 15 tines the tafluaa:m on vav a hs#,&t as ratchr  for 

Uw s4eer vial -t 0* ex0ept to "Wasma eaes, the mt riaem 

wavo he! t Vill Ocima ` with the MXUUN VW Vel" ty. 

mat by -%w1ous investigaticom shov the 

orwt at the Mtge to be abaput 2/3h abm flea stin"ter leve'l 

in da W Mttw and rising attU hider iu sba23XW water. From 

the ane #a ets of W11ara s Aolitor„ U my  be ahoy that 

for , with d,-;- 1.Nh 

2 8W 

for #M.'il m Mriaw VwMas  with d -<1.. 14 

R-A 
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Figure 1--Curves for determining height of 'waves. 
+0 1(0 LO 

(Figure wil Apage 1Z of paper "Considerations 
Affecting U. S. Praetice,  in P!:oviding Preeboard 
for Irrigation Works," Reeves and Thomas, U. S. 
Question No. 3.) 
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for r, l.Ul Mrve but lase Shutt for a nave= striking norteeetl. 

theoretical vat of height of wave above st iUvw ter 

fell, b., aW trMV*1 315taM* qp slupiag books, bo,  my be 

Ila - 1 1104 as foilo": 

b0_ (a) 

wbwe is the Me betigbtt sbwo stillwateer level, bo  is the 

travel dish up the slapbW "bps, and j to the betufta 

the slttxed Mtge cilre tiou and the tacks. The aw,ie, 4 dOPM18 

upon the d1nens1orm and rouSbam of the camel *0 the cbsrato- 

terilties of the origiml wave. she Mute of for a l is 

*0114, so the height of Pave above etillvratear, ho, and the 

tz*vel distwwo uv sloping ms`s, bo, are *nme rtielly the sas 

as f+aac a Parallel %ave. Furth, simm tba value of a is 

wailer than g1vm by Figure 1 for save* ad,f aeont to the bW s, 

the ism to b*16bt due to an otllgae direction is apyreml-

mteel y offwt by Ow dee rmm In wave height due to be w' 

rest. For ftsipr pmwm:  ' the follswring forma" me be 

safely,  

bo :a 

the value  of a to tsu m from Fi,vre L 
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As was ststod at tae beginnink; or this lisocussionp 

the lbena lsa ter **1cWAtUK wage b6igbts vere iev&1*5*d 

eeaepiri+esl t.ly aad am the arm 4 .i y uaee+i in this eountry.  . 

*Ymvar,, mare xeint routioeshijs dewlap" by svrsrdrura as d 

Aak §l  SW observations ma40 at %1*sr 10,ket  Callfamiat  aW 

Abbot'* tastmip Caif+arotat-Y on relatively small bodies of 

iaater ObMM be adopted *am. tvadiaea by  the C. -rpe of Zrgt wrs j  

TIPWXMW~111, of the AraWO  lAki -Stat"e  by mww of tostrumnta 

installed in the room-voirs eareat+ed 'Fort ?eL— ( tam) and 

DAMU g ( r̀e=#) ism and in Lake 4i ooebwbee (Flarids) to obtain 

reliable l ia, an VW *p  vams#  vW art-,W, amd wave runup, 

vtU uvioubtaily Arid to current knowledge meb factual data 

4hirh am lead to a antlasf etory solution of tare behavior of 

wxw". 

t'#ti & or OtOM mater.  '!he poesibililty of dram 

or amt taater enterliag taw ampal bras an Important Wluewe or 

ft+aeaat a rd a.Llowmao". It is x vl y - 16somadeally ivee ble to 

et the obariml is ewh a WiW as to *=loft all dEra to age 

or atoartxr vaster r wsot'f. Good design praetioe to to * lade 

the crasle as mradh of the etcwu waste=' as #s econom.l.cally 

'wrdrup, H. Us  # and *Mk y Us  A. s  ;P Vtod Waves a6M 
%MIA PrInCiplas in Forecoatingo-  utso.ellaywoo Pubxicatiow 

:L V. 

Hasa, no Ass  "The Problem at wave Aetlsar oat Barth 
alopess  sliawsUm W C. L. BroUnb 1dar *M I.. A. -,Puti of 
NOW go. *72j" buinove-ti.oms A.S.C.S.s  19510  Hal ilr, p 139e. 
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f'MSible. Thta Win PM-Vet WWh CaastT sratUt*UWWO. fir•, 

atom vataw may  mbar the sys .~ in Vartato quantitf.ee« In 

this eft, additioual amity na:St be prov ided tai Carry  the 
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Figure 2--Flov overtopping canal lining at curve. 

(ri ur* to bo incorporated. in page 1'7 of paper  
"Considerations Affecting U« S* Practice in 
Providing Freeboard for Irrigation Works," 
Reeves and. Thomas;  V* S,  Question Nn. 3« 
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3  BOTTOM WIDTH, WATER DEPTH AND MINIMUM FREEBOARD 
2  UNLINED TRAPEZOIDAL CANALS WITH P/2:1 SIDE SLOPES 

Curves plotted from information in Reclamation Manual 
Vol, X, Design Supplement No.3 to Part 2. 
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Figure 3•«k aimm freeboard for unlined trap*z aidal canals. 
fort.0,0 

(Figure to A~ ;L2 of r "Considerations 
Affecting U. S. Practice is Providing Freeboard. 
for Irrigation Works," Reeves and Thomas,. U, S. 
Question No. 3-) 
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Figure 4--Dimensions of lined canals. 

(Figure to be incorporated in page Z 3 of paper 
"Considerations Affecting U. S. Practice in 
Providing Freeboard for Irrigation Works.," 
Reeves and Thomas, U. S. Cuestiou  No.  3-) 
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Fib 5—Freeboard  for lined canals. 

(Figure to be itworporated in page 2 3 of paper 
"Cnnsiciarations, Afftcting U. S. Practice in 
Providing Freeboard for Irrigation Works 
Reeves and Thomas, U, S. Question No. 3. ~ 
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Figure 6--Waves forming do-Wmstream from transition section - 

(Figure to be inserted in page 2 6 of paper 
"Considerations Affecting U. S. Practice in Providing 
Freeboard for Irrigation Works," Reeves and Thomas )  
U. S. Question Na.  3-) 



Table 1 

QUIDS FOR FREMARD ALU MANCPS IN OPEN TRAII9ITIOAS 
Water Depth. Up to 12.0 Feet I/ 

i Transition u trees from structure Transition doen.tream from structure 
Structure petnam a traam and Upetrees a etreast sod  

FOR LIM CANALS 

crops
J 

Inverted e#ho and culverts 
oam ,er un,og--r..n,—J:oam as acr -w---seen 
:Sean u ror lining--Mini— 3/:mce  that at upatreen end 

mean s nor -ii.ing Poo, 
:mce that at doenntrem and 

oem nor .iZ" 2j cum 
:seine ne ror lg--Mini— 

Flums _ :Same as for lining--Nini®un /:Sane m for lining--Minimum 3/ :Sans. ne for lining--Minions 3/ :Same as for lining--Mininun 3 
Tunnels :Sam as for lining--Minion /:Sean as for llnixg--Minissm :Sam ae for lining 5/--Minisye 3/ :Sean as for lining--Minimum 
Checks (when standard transition. — used) :Sara as for lining--M1n1— j1:S— as for check structure :Sane ae for check structure :Same as for lining--Mini— 
Measuring devices (when standard trmaltlona are ueed)tssae as for lining--Mini— 3/:Seas  as for structure for mn.uring device:S— as for .tructure Yor me uring device:seat a. Yor lining--Mini— 3/ 

FOR UPLIM CANALS 

In..rted siphons and culvert. :Mini— R :mce that at upstream end :mce that at dwnstrem end :Minisun 3/ — 
Flumes :Mini— 3/ :Sean as for Plus. :Same a. for fluse :Minimum 3/ 
Reaches of concrete lining :Minisua / :Sean as for lining :Sane as for lining :Miniss 3/ 
Tunnels :Mini— :Trice that at upstrem end :mce that at d—.tream end :Minimum J 
Checks (when standard transitions are used) :Minims 3 :Same as for check structure :Sam as for check structure :Mini— 3 
Measuring devices (when  standard transitions are used) 1 :Same a. for structure for esaawing device:3ame as for structure for ma.uring davice:Mini— 

1 For water depth. over 12.0 feet actual site conditions and design considerations will govern freeboard requirement.. 
1 For discharge. up to 100 cf.. Higher discharge. require special considerations. 

J Mini— allowances 
Water —  

P th (ft) Freeboard 
to 

5.1 to 7.0 1.25 
7.1 to 9.0 1.50 
9.1 to 12.0 1.75 

mini where the cutlet transition Joins the canal should be u given in 3/, except that mccunt of waves Yaws the pool, for pool :lue. of ~, Figure 9. from 200 to 3,000 
the freeboard may be inereased by amounts varying on a straight line between 0.125 time the pool ~ aboard for ~ equal to 200 to 0.25 time the pool freeboard for ~ equal to 3.000. 

The top of the transition should be level from Junction with lining to tunnel portal except that if required it my have a unifom slope m that at the ports, it will ant be loser than the 
intrados of the portal arch. 

Table based on information condensed fro. Reclesation Manual, Volume X, Design Supplemnt No. 3  to Part 2, Chapters 6 and 7. 
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Table 1--Guide for Freeboard allowances 3n open transitions. 

(Table to be page 27 of paper "Considerations Affecting U. S. 
Practice in Providing Freeboard for Irrigation Worksq " Reeves 
and Thoms .. U. S. Question Igo. 3-) 
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Figure 7--Air entrainment and surges in high velocity flow. 

(Figure to be incorporated in page 28 of paper } 
"Considerations Affecting U. S. Practice in 
Providing Freeboard for Irrigation Works " 
Reeves and Thomas, U. S. Question No. 3.1 
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Figure 8--Waves in chute flow caused by entrance conditions. 

(Figure to be incorporated in page 27 of paper 
"Considerations Affecting V. S. Practice in 
Providing Freeboard for Irrigation Works," 
Reeves and Thomas,, U. S. Question No. 3.) 
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Figure 9--Freeboard in chutes and stilling pools. 

(Figure to be incorporated: in page 30 of paper 
"Considerations affecting U. S. Practice in 
Providing Freeboard for Irrigation Works," 
Reeves and Thomas, U. S. Question No. 3.) 
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Its weme an the va-twe of the hied imtor« 'nw win 

errmu ova # s war may reaalt to vied way or vind of f  

otherwise knmm as sett. Sither will 
~ emA 

a rr

f

s 

 stilluater ;

°
y~

wa ter 

il  

proteetlj= of the wmtrom at r  simep loMtUms  mall f< rtav(-* 

of the 4m s: also to be iydmi4ered. 

I%* total nona1 fr*Wb+dw4 rapiremmt, is ctov4xte<7x 

lay rMin .: t%e f'loW water rise, height 0 m"oo  wam -x 

>a of %bose fmat4rs tbauU iwluU a proper mr7ta of safety. 

y~aftOWU *_r Triad. As sta*xd abo-o, f': eebo *4 =at be 

mi to i~t +a=e't.~'Y of t star fi aee 

%bo surbi4e of the f wounded as# . Tr boight ref t> Waves  

trill, dapead on the rasegr mir f h, gird velm ity o} an., to 

extmt sa atTectin.1, freeboamd r irmomtx  on tte stoeya*" of 

t W upstrem *IN* aml the to of pmtoeetiv* sateri al. 

the offtet of seialmsp vLod t-ep* wave helght# sod wave 

uadu2ation of the Uk* mwftft• he W myvary frm a 

fev 'r` Unto sw 1, . Wt. set is Uw astkol dis- 

platoomt of weer is a la .e dw -to very strut or ocatIVOW  

vimis. AAw ftva #,fit vindmzd and of the lakA ar reservoir 

Is ill Wood fto Immmord and. 4ave rump Is the 
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Wight, ab illwater 1 1 to vbich t3ae saw WM fo3lov 

up the e of the Ina. It tea tvm cry to 1,,roro poteb e 

effea a., except VhwV view has sir h phommem to 

exist. This information is aNalla't.le fbr large W i*s of aatxrry 

s+ as the nrewt lAwea,, but =W &11owmwo Poor swiebe effsat In 

as artit`icia l body of taatxr,  vouM be arbitrary. 

# 
-.,!N 

.. " *xt 
1k .  

it) Vh1chw 

V 1s the vW velocitys, in moil" per hour 

F is the foteh j, In mid 

D to the av'.1 mp dopth of 'Mator to tko fir in rloet 

A is the =Wlo of incidowe of the xa'ves 

It bas bees owotowrw to We D as tvo-thirft of the xarie 

4e.th or tbko reservoir at the beel of the'Um. 

pmV diti=03 infolvatift c this subject that ray ?rs 

eomitto* on :514er Protectim of the Comittee on : tic Dome of Uw 
'Awbonlas a & *1*" Divtolm, Proomodlags of tka  

ne rÀ Vol A, No. 4-5.4 P W5 
Monte Of OLUM oa 

L a rch at the fttiomi %wemu or "Junurdsr  
fthrumrY 1:453r Val 5 . to. 20 V  f. 

"V'W Set-up and Wawa in aftalm #firv" d al 
Amr4 s at uonoorI4 Jum 4.;:2. 
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rode use of it extirra'ive std appears oecew* y or ;Iesir. 

able* 

Ttw for"Lla8 for Ott?' VKV0 1*ight generated  by 

wtaft bow bom given previaxalv urder the et&jeet of eenals. 

Yawtore ehieh lilt their a►ee ffi►** the Wflmenee of tae 

sk i. tto mear' it t , dixction of t1w 

~IIUW v 1W*, sal the sbaps of the reservoir. Is momml., 

*e* to dais►  reatf ve to Ow het-oit of i0vet +are the waded 

►tar a trot yet ~1tvM►i „ apt is a row isolated eafts. 

'x'be Offlactive fetch is ill eamidered as the 

uorwal d istame ftm the viedvard sib of the vmser-vo r to 

'h*i d itze&i. The etteetive fetch may have a 

curved pahg  as ixa th* mm of a VW ea"pig dmm at slightly 

cAvved vane betvaaa high land ridf*s ?t* pm*abi.ltty that 

the erfeetirve fetch my' dateratmd by a etiarwed thy, rather 

thw '+aye aU st.awi# ►t vase„ explsiv $am of the e;teeptiomally 

o,), vet smatims observed In long wizdir4 emirs. 

Although tba 31tevesa olii f'or m%1&G am still Ix 

Smaml , erpex ieam to& Wwwad tint its 10 not 

reli l* Indication of oritioul, wave b*U tsp ocessions  

bovi 't it Alich Vwft bw4&4 tx bow exceed tbome  

A,vm .by the fammUs. Aecwdia4yr  wave bei compvtod  

f vm the ftrmi aboaM be + fit art ag mKIM a sad: s 

~i fve at than tm v l eve►ts: 

I =W a strAzat da"m Pu rtba r ros arch 4md atWy at 
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thic probleu are iqxwboat to the mg 

NO of tbo 3twommem litor. or other eartriml thod* sit 

I* tervemd Vitt julammit. 

UMW rl46 bo s* iWW-tant eameWamatUM in 

m um Im%mm e. 'fie pmwiot* 31sc uss2on an rimer of save creet 

above stifix° Ur#*l vbm the wave s tri3ms an rabstmetion&  

UMMW tt* t Of 08MU„ Will s AVPV to dOW. " 

suve of the op*trem t!Wo is the major ftet, 

do*,*  stetbar t  be  Smvi ys +prreh,, or but+trsss type, shouIl 

be ealculaW to sccardame VIO the awl coM iderat ims 

et# 3 Above, ususur, no s441.1tia"sl *Pima idem- 

tics am iwmlvad in the mleul^ttora for f9reb'ri for these 

typft of dam, l ium the upstrom t of s cone mw cwt my 

be ve t i oul, or nowly so, it =at be torm # a mi.M. %bat setvres 

rise ft 4*61a its ardtwxy hetot Oo" stt3. b r. 

amxw*l pmactioe to to s .tom fres%owd in even testa  a2tts q;h 

.~ illi t. = 

A 7 't n S, _ [ ^taw R a t o l 

1 
Ad"ma for earth 4ow is very  

brS wt l at. ct earth im ftil-urm base rewtUmd i'!'best rtoVgUW 

dmring flood oondlitium commed by iwAsomets rVedbourd or spit 
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Oftaa1tr. In OdditUft tO the OMMMU1 00MI40MUMO xwtlUWd 

fir, the ateepoeow of tie uVwu** at sly of the ism and the 

depth of facet paitrtatitx fly reTrevent tbe vajor opeci,al 

,eyowdn rorees esaertwl by Va►m eexttioa axe ordiourily 

uw4iObU with respect to am earth 4&=. Concern Is a bUfly 

with the effect of am#ton eel mtw*tiou. roes overtopping 

the *rest vim, rro-Ime 4ostrwtive erosUm, #.rA spray will 

vatuet!to the aftak~ beiv oorual uwteer surfWe and the 

Crewt" 7be r"uIt will bee alcuAdag, of the strew fie, 

usetakU a ~=Out crrditlssws, aull oWartmulty ror Ustruetive 

frowt satlnn in oold a ice. 

nw atewyncas of Uw upetreen *U*w owed the renterW 

Frith vhlejh it is esur. ued 'Mill. brwe effect cc the exOmt 

at the Leave travel* waves will sit biter on a fleet than au  

a eel+ sloyav  seen., in oxmwe of their ova WOtp or. -tomj*4-a-. 

tively fut *100". i or their energy Vill. be leatr ed ~ t. 

travel over a rough warfamop match as ftoW roe- or ripmap, 

than over a smooth w=16ce smut eerier a eooareU javen1wnt. Them  

Is so exact laftwMt Oft th"W vbwxwwm;i step the # boar;l 

Vnwisim in, tbeax+ flarop a matter of ezVerUmmg jm'd4pmoutp and 

00catiumatum of lei faut+arst. one rale for eaVe refti+ to to 

talbe 5 tlaeee the vwwe bAdght*  m maturltd vertically from tbo 

stIlIVOW lam.#  and comalder this the enae3=et keldht to tiled 

#a Vwft eul arm up an Ow Slolrue feree C tbtr 4014. 
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earth. reoervairs Ues ttow I  -Mile 

10"g# ; UOM" committee R/ ryas a uinlvw  

fre4ob*trd a12o4s o a 2 bot in vem c1ivaixw ond ". twat in 

the norvwm Unite,  Afttes. 

laripy Utz of 'ester. v wv #3c'`5oszij=a vhim a 

AiversUft do= ads ser"s to reroguUtA tb6 f1m in the six  

and oomidevvbl* vat*r mW ?ae stared. U the ealeulatio of 

v 111 aA for a dlywelm scat  the silo of i Upstreow- 

frw- 

 

the struet,um, its Impartwum, and the posfbili.ty►  of 

his wloggiog Ue o"rflm sestiu =nt be *ash« 0 

r4le that stay be 4soll f r the calcuUtUm of Ord for the 

DowverfUv lion of a d,ivftosiou dam is to 4LUm e viui,een 

of) fbet. The preetiee in the ri rem of R+ec sti to to 

u the pool water eaa c* elevatUm vAth f 1w over tb*, 

ovwTlm vctIm far the z17  :-yser flood, t o to oalculate the 

aurf%ft *2vaatiaa fbr a l:-%)~ear f'io . 2f the water 

elevation for the 1 - - war flood is ovw 3 fe*t,, . r 

fib is used. MOM 1ATOrtv=t $i'+er *Un WV brtag 

ilp i i 11 vi21 baw m fr eeeboap In exams of that Udietted ate. 

IV SW SiWTA Vi axama of ?7onl4 a rar daft 
Projeats, Ma'tiaml € ebwAra/a CowdtUaf Vat ted Stm*** +ear t 
"'riutlM Ortices  'AAhtvgtms  D.C.  
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'fit 'tvq:) ,.Ovnww ftm P" wit *apnvgz p K 

wn jot~~ 

aq:~ ft3 4vtnvtw joi pawn *I 3n aru wo 

ftjv~w-ssq&V UT 4towl mi-I  1—  a AM am *"P TOPW  

-sit-,  Qql wt gvmwod push** mft *AM* swilv= M. = 

jo ; "wt owtv ftitnv^so owtsj ,resat  jT moi4vrrwpm  
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Th" SVM OW bo vWryA*$trwtIv* to PMW imstallatiaws, wA., 

in ao Umtsums.*  additional eurftlz MUS bum beep WdW 

atow the OWTAl tratnUW van to mwtatl the spread of thin 

Ov"W toto at"" mmtats lag Oleetrl-Al etmilrx". t. 

1,~FVAV W WMET ~MKS, AT tM 

"W Oww"a mi" PrOVIOA4ay given win *W17 to 

freebasxd allawmaeft for mall *tilliM pmIs fbr spillvars 

awl outlet vae-A at imm. ~S  in Most tmt"K"t  thege 

at.raa~u-as attain etxikb)A px~aptarttomw and re"Ire at eow-

ejAcmttaw. FAmb =at be cIA 14gred an the basis of j,-rwm!jUW 

loola cam"tUm, lrmU4 wAMvI #Wlloe am often -"uived 

to fix the hoiott on" lorgth of the trainixg, val:U, 

0 ~71= 
.t 7 , xn M,_ S _= M A -7 110 ; - "-- -, A 5 1 =7 - I 7_77  Z W-'% FVN_r~ ~ 

in OU Irriestim woe-m to on extrew*4 lavortamt clesLap ton-

dieUtes , amm ervattve ftneaboard.. **w-t the 

fWat that tko waftty and amt1mad apomtIm of the vorl.s mwt 

be assured if the privexy pwpw*, mmlyr  that of 4elivertag 

vatar for trr last arm of --rag*,, to to be ftMIled. Pallure of 

the most wM Umw of thaw crqx cmU be am evamade diswter 

to a develoW ersm,*  There0we, it vay be falm eocnmW to 

rcavue Minima rrOORKW'd axuxftucm.. 

TY Me camiderstion Is given to UU the LUr1wwcUw 

fectAws mt tarts in this VVw and the --mll-tions *%U*Uw Is the 

fie ld we carefully sawlymd, ad*qmOe fkvebmrd *bpA3A msul*. 



This pater :Tool* oh eTly with the e0owideratious 

that inf3mense,  rreabvard ally in Irr- tMatiee wowrks. In 

ftoftow ehem app xhal►te ooluttoft My be obtalmed by 

xW i - - - 1 notbodu f We mwWwAs imolved am described* 

RuUw in, oamoo ww4p in the WW :qtwteo axe 

►ruts. 

Doom o hVftwaice is not an exatt aee#enr mp the p - 

*Up mormt of t9elWboord to *Mw cRmot bar wised blr 

ptu ly aaalytieal =Hka s. '.'lomrare, tho experience and 

.T%ximent of the 4MISO r dram,  Vith 4mroftl Smalysts of 

Ue conditlaw pre Ming at ewh particular loeslity are 

hot factors is a -161-b i1 waver rr eebaard 6120"We". 

Stem the Bu r+ewi of PA*InntU= teas built a lax" wxt*r of 

edaglate irr~Wioa *Wotws, eonsidexal+le *Mwrtem* bias been 

gdmd Ibis tso'isae+e !fie aao pmxlble the 4evolop+aant of 

paldia* Aw wee In desIgmiag t`radmax-d. A xaa m of t2aa w 

mmUm am imeluUd  to the pow. 

First# tbere is a►  *f Coevomien of tb* iftm- 

blow !f f̀+eetiM f'reebowd that applr swersUl to all irr igs-  

t1m t Orks. Amove the we: safftyt  SOOMW of desipp s  

critical evabatim of +eU. ier, eri.terr#sf  raaza r of Optnati+* 

of the eorWl~ marks, si" mad iqWtwcos, locatims  elivAt*j  

and Ow SASNAW at otiesr rtg Jeri iaree] t in the w r}.a. 

'Lids 41sev"UNK Is tbLlvW by a reyitr of Mw ftatm that 
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nS`luenoc fredboard allowanaw in comaUlp uuwals, sad fleas 

'3iebos, wttic and vitbout bard surtwo liniaM. Plan abwm 

and %*lov ceritival volmity are evwdMd. The inrlasome cm 

beWbowd of AeS+A of dear, viand atctUia*  entrance of atma 

mbw, , regubaticas 4me to qjeratimp  19 atum, etl ice, fail 

chwicteristics, suddies ftwtuaticos of viater eurri`a ft,* avid 

bible ebwape in o7arrging +amity of the systen from 

atck , - aieaa evamej, are: +aevab atedE. There .tai a eac tim :evot 

too waa<VW*#  as they bavu as ixWortant Iswring an frys*m -rt 

both to cwm%U w d at dress. 

"flee ffiwtors that aunt be comidered vbm m'!-Ing fraae-

Yoard ally in tbe+ v a rioo s types of struetures in the irri- 

ggatUae q i t i we ereted &W their wity ire &"amaw. 

This is foUow&4 by s covwv4e of the ireeebow-i cesa VWrajticas 

fbr dzaioae ebamw1s and levees co fly abannsls. 

closee frith a diecussion of the diffemt 

afflectia of w1aft on reew-voUvo  mach as eetebe, v1*1 mavon ,mud 

set-W, and rwaW of wavaeae sad their iaf2vew* asp fY+eatoard. for 

do*. iae we given *having the amount of frabbow'd a llowi_ 

at aelacte6 camerete., mascawy sW oarth etoraw & wee, awd 

dlvrr*Um dtaaw. Coaditlews aff ttsg fraedboalad is spillways 

and antUt vats for drws we explained.. 

Ma &%rtbws belietw tw imwe IMartant, ctanaidsrations 

am set :fib, and if each is gives peolper at tip n In rels-

tiara to existing fLeu a0muti+aa m, adAqnats tteeb$04 shouu 

result. 
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