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w~o~..C: wjde.Jp.acl •pp!U:allotl i.a .rmJDc .weaml'Jrlw 
uaJysil. !lie Jos-huloa Type m ctasuibcW. -
~ell formally ac1optal fM flood Oow aaalym ia ~ 
Uniwl Stak:. by Ca:lcnl ~sadcs. wbaa& Ulc O..l'd 
Type I diurib.ruoa a ~ ia De Uur.-4 
Kingdom. ns. report devrlbcs • appJkatioa ol~Dtne: 
of these 1Joo&t Dow a.Uitical JDd!lo4l 10 I'DCk!aD daaa 
in onScf ID pftCJ"~ lang4C:nll r&CIUIUICC ~'&l 
mci.;.[;Ul1117.1rds,. ad 10 qeimrc di!I"·r.c: n:but Dies 
:m Los A1a1DIX eoary amc sy~y JQCDrai 
tiznc: scrica. 

~Us llaYC bcca~ .t &k rode~ 
at Terhn.i.."'al JUa1.: ud 41 (TA-: Ud TA ... l) si11Cr 
lhae ~ ~ ~llcd la 19-W u.s 1971. 
lt"$pc:.aiVCI)'. A Slllllmlry or UtcK aaaaJ .JOd;Uft 

in. .. pc:C1ioa ft'POI'U is li&u:a1 ill }.(d.ic [3}. ~ ~ 
'll•l:'te 'IUCCt &o ~ u aua:al md:t.&Il ~net 
ir.ic:s. ~- dQancd try Oow J"l. far~••fYSis. 
Act'Ofding lO llae &UpcclioD n:pons,. ll k:»l ~-+ 
SCp.1DI.: ~ C\ICioiS blve bccD~ at tt...K 

:wn J"N"k c:a:cbczs beflillmll94.1aad IQ93. J.di\.·~.t 

J\lid: ~pas variat bctwccn arpnWiaa1Cly 300 •Ad 
ll.OOO pcK&Dds.. For thole ~ wllcre DO rodJj.Jl. 
u·c:r recui'W:4. Jt -...'~~ au~~med lbat ~ ouc povtd 
MCk!&D G«U:'rr:L 1\b uautaptioft WU a~ck 10 

prcsaw: the cootiauma uLD~ of U.C .a111111:1l 
exccc:dazc 5C2"ia u cxpla~ bdow. This Krio wu 
&hen anaJytd u.Wtg a 101I1iDdy actq'lcJ ~ fSJ. 
Tn~ cmnputcr propm 'WII oripully dc:aiptd Cor 
.st2t.iuiaJ ualysa olsbam Dood·Oows usiDJ Ult ao,;. 
Person Type m d~'bullon in at COIIIpmtiolt nf 
!rtqucaey aarYG [6). However. it is also IPPlW:able 10 

tht' rn.:J.:f:.n J'I'Obkm m .r..o. ~~ Cinya.a. u 
cxplalA(:d btJow. 

A.~ALYSIS OF OBSEitVED ROCKFALL 
DATA 

Fcrr the J'UTPOIICS or IU rrpoft. IUOrdcc1 rock!all 
,._.Q~ 1& tJac TA-l a.cl TA-41 rock c:a~ aJ~: 

tlnkd e:aCl.ly l1Jc.t Jlak Oood fi~Wo'J CDmiMftl:' 
ohservcd by tbe U.S. Ceo1oskaJ SIUYCY (L'SGS) ~' 
numtrvus Sl!Qm pJirc a~tio~~~o t1uou;bo1t tllc utit'u. 
1'ypiaUy Ulc: peak a:untal Oood now 1s oblaincd !rom 
a '-'Ontimwn&&Jy oblcrwcd Dow IUOJd (or a pania.lar 
wa:er yt.ar (i...c.. Oc:lobcr-Scplembcr) ., Ule tJSCS :n a 
iivc:n atrc.alt'l gapq sul.ion. A acqu.cmlal lime KnCS 

oC tbcse puk Cows ia coDcc:Uvcly JC!cncd ~ u an 
annu:al maldmum anic5 &Dd typany com Ia 20-JO l'' 
lt\Cm azuwal pcab (or ~ or reconl). on .. tiaw. 
bowcvct • .a panial dwalion series~ a~ ~lcc:tcd fur 

... .. ..... 

.maJyW. ~. JVnkl d11Dlloa JCla • clcWic4 u .a '::-. 

.m-ot ... lbt • ~ 110 tllat iadividual Oaw . -
mapia:wics m J~ater tbD same: J'ftdtODed buc ~~ 
value. bl DoCid flow JIM.ia. ... bac value ia -.&ny ; l 
ldec2l::d 10 WI. tbe fiMl .us!lcro! ~ iD tll.c ::.. 
ICrics il cqaaJao &K- 8UDba' or)'Q2S ot JU:Ctd. 'tk ··. 
rmaJtnc~ dJJClioa Kria • mas. JC!'cmd 10 .. u . .., 

/ 
amsaal acccda1)(1" IICDt&. Halc:c !« ma.mDow data. 
cilllcr lk pani.aJ du:a1ian ar ~I C"'/''"eJfaJICC wic:s. .. 
rtJ1Y ~ ICVCDJ ildMduJ pcUs JCalaicd ia l!lc ·.; 
pme water year. aclmay aJio 8¥e JGmC wucr yaa. 
wi1ll aa peak now. tat cra:alll 1k buc wlac.. Fer 
J=c:Dcal pmJIOICS. u .auuJ aa:cd•Jic:r ICl:ia lad 1llc 
conapoiW1biJ amzual ~ series do :.ot. c1itfo­
;rally c:x=pl ia die vab:s .&t 'Jow 'JUpdhwk 

Tilt ~ rcclWl1 series obbmed .r..om Usc 
TA-2 ud ,-,....al impcaioc rcpG~U s!low.i be ~ 
.u ~n •Ja~Ual e:u"CCedaJJa ...ns 'beaVK iMivM!u.t 
=pccticJts wac ~ ~c:d ar iftlaov.als 
a..~ ()DC ycu. 'From 19SO 10 1970. dlcrc '4III'C:n: ao 
~ amw.aJ ~ :at m. T.N2 IOdt 
oiCbcr. ~ • uses apccrion u. 1cno 
n:cordcl ·~)' lS Wividu.al roc:Jd:alk that 
\aiCTe reume4 oa 1K roct c:atcXr d~ tl2is time 
~ (~Call Uaa' lk rock aldx:r at TA-41 ._..., 
C"ft~ in 1Q78). Bcause'IIIC'doDOtlatowCXICUy 
which roc._~ rat m :aay ~ yarbcrwca. 19SO u4 
1970. we dcacd 10 uatlk 1'08ftb!g series as a paruat 
dlmJioa JCri&:S WJJll J buc YJJUC or ODe pouDd. &lid 
obtaine-d the amwal ~~Cries- 'Tbc mt.cquem 
analyaia n( ~~a &Manned 1b be statiuiany 
•=ilu 10 u ~~ m.axlmum ft)dd"aU Kriu i! nsat 
~we~ available for aaalysl&. 'tbc nnampcioD U»t 

an azmul ex~ M:ria. nd izs com:spoadiDg 
tMu.al ma:maum s.aica ~ ~rSy idCDUC:Sl 
remrruo:-ildetvll roubs Lr. Cully supponal by 
au.merous flood·Oow am.lyscs ccDCStaatd 1hroughout 
tk WDd4. Ho~ 110 ocbc:r rockf.U1 .scrio :src 
available U. tile lllmiDn: or at .Lo& Abmoa &o con.Cln:2 
UU. .uwnptiOL 

T'we: !req\ICOC)' a.Wysis procr;~ Cor either u 
IDftUII arcedUC't or IDDG~ muADlUt series is 
Jdctial. FIJS.l i.odividu.al oblavatkmx .a~ araa;c-d ~ 
~& orlkt ofmapi&udc. a.d cada ~a1ioo. ~ 
1heD ua.ipcd aa order munbcr 1ft !hal conupalllls 10 
tbc 'l2Dkcd valYCS. Tile prcba~ of c:xcccdnce (P) 
o! U)' fiJiked C'IICDl '- \bca oblaiud Clam. A •'*'a~ 
poiil.ioD. ronnull. Oac atmous formaJ.a Ia S.l.mply 
p • m/n. wbeM D i.a alae tcKal D&nftber O( obsc.lvatiotu.. 
A munbcr oC miaor rdiftCiftCIIK 1.n thuc formul• lw 
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CO.'Oivad owr ~ yet" r-J. IA lla1a allldy, lk 
Ci:ir::oncn (on:tW. was Ide~ bccnse it aa:.oWJll 
Co:- ''ariatiom ia surplc size. A pJOI or rock wcipt 
(RW) vczsu l' compkla. 1k !rcqotDC)' aDll)'lis 
pNCcdlli'L Jlccall !.bar u.t tEOrm::acc i~~.~eMl (T) ia 
just tbc iavmc o! P: faall.bannoft. T PI uni11 o( yean 
kau.w: our wries iJ •• •=-' cmc. JC\Kse dill plot 
a!\ a &tnipt line 011 ooraaal probabillry paper. ta tbc 
undcri)'DII a.&atistial dlwibl.n;on i& DOJIDIJ, Hoe.wcr. 
rnuy cavirallmQII.al 0.11 ICU cxhl.bi& a piDDOUDCC:d 
r:br stcwncu, a.d tAt da1a taN!oCDUoD 
Y• Jog(RW).of~ee rcvralialopnmildiamt.!Uoa. Ia 
Nllcr wonts. a FPb of ordered "i ~~~"' P or T 
(l:.;l.:lures l stni~t Jiu 011 DOJWJ P~Gblbilil)' ptper. 
;.~,.~uy llw. lollo'Mrmal disl:n"t.nion II a •pedal cue or 
tbe more pncnl log-PealloQn Type W cUauibuboa 
tlr;g\ISe Ulc ~~ II n:dw:ed 'Ia 2.C1'0 b)' 1.1te 
lo~:Jn'lhm.W: ar:u1.1fnnmtioL 'nc: cmpll.uis oa 
Obl:liNJI' I SUii;hf Ji~ is stft'ascd d CDifaeerilll 
•l'Pli~tions t-:~usc c:xtnpoladon &o luJc reauxacc 
int.:r..W ~ nwk ~cr aimpl!' by •lii1Uid~1 U. 
atoi~:bl Unc. A aK'I'e complete \Montical ~ion 
ma~· bl: CO\Ul4 u1 p111Yio..aly ci&e~ rdc:r:NU. Result~ 
crthis aulysiuu.ss:cn wr the nxldalt time saics !or 
t.cu. Alamm. CaayU11 ls approxlm.lad)' lopcmna.lly 
di.Lrri,uted. F.::".hcnno,._ J.bcy iDd.icate 'that die 500. 
~'Car rodo!~ll C\'ClL will ~ appnmma&cl;v 4IJ7 10m il 
au: 'tQi~·!inc cxt:a-polatio& is YILid. We CUI 

Ut:;lf'O\Ie upon th1r. utimaiC.llownc:. u SCCJl below. 

C~'ERA.TION OF SYNI'HETIC 
ROCKFALL DATA 

S!'nthetic ~ow JCM:DUon mdbod& have 
~ecmt 1 wcll-at~bliUa!IOOI til Cltllracctn21: pnaic:c. 
T~ cublc ~'Iter tacwra& p1auen ud uciMaS to 
more tbcro~ CMlua~ daips !Dr JljP"w1y 
aJvens. tlOOdoCOilUOJ lcvcca. ~ ud otbcr 
ir.1~-orum S1:nlc:atU. It slKlul~ to: IMM~ bCJ'IIIf"':'U. liYl 
,.yr.J.bdi.c: lULl bCN:mli~q;""bcmo do DO& ~poGt" 
l"lbi.ervatiouJ reeonll. 1lwcad lklc ledlaiq\la 
i.:n-prove the qua:.iry of cSesip. cstimalcs UtaL I~ cadit 
with Wb.atc'IICJ' n=c.oniA .UC avaiUUc. Mally oC tk:sc 
1edm1qucs arc 111mJ1Wi:zed by F~ ud ladcloa [71-
~ior& ot ~ •cduliq~M:S 10 otiMiwll iDCkra11111ta 
is allli&bt·Corwud. nd aq..u. ., ad4hioul 
bt.umptioaa. 

Pcmapr. tbc ~plot aymJadic ~ sczc:atins 
scdwqvc 'C.ak.ca tlM fOftl\ ot • ~ !All prod1ICI:& 
i.n4ividual time sc:rio valacs wi&a JCPID&e 

doe1cmtizmtic: aD!i msdom tompaDc~D. ne JIOito.ttro 

J:.!)n· .1.0 ... ouot.Q~.I.O<ttl•_. .:), o. 1 
.I. 

d~COillpux11111bould :..c deaiped 10 n:ika 
1111 pcmi•100r ia die oblcrYcd dltl SC1. while lbc 
r:~lldola ~ il wuaUy UAmed 10 ~ 
~7 4ilcribclld wftla aro JDWliDd ~nml'll 
\laftalct. lA additiotl. ODe pmlly makes lhc 
II'II})ONJII awunpOon Uut 1k cam:JaiJOll ~~Ween 
Mq1ICJdial 1'Ddl:talJ wJua dqcld5 oaJy em lk Iinse 
ia\a¥11 lltftlea tk:R valoa, aid Ulat tkia crpccttd 
pasiltnac taUJas QmiCIC And II U!dcpcndc:m nt 
JOCktatt •pilll4c. nc rauttiaa la&-onc. or 
Mvmviaa. ~oyatbcW: rac:Jdal1 JeDemu.g ldlcmc 1m)' 
be wriltal a: 

wberc RWi is rbc rDCk ~ipt or kh member oC umc 
:cries. :rbu' is lAc ~ mean ~U Wcl~ r is 
the oblcrvc..l 111-oac Krill ClllftClation c:odlldent. an4 
Cj la • ,.mkntJ .::ompoJ~CDt wtth ZZtO man •nd ca:as~r 
~rilxe. 

U' R.W iA equation (l) ~ uorm.1Uy Wsuibu~ 
&aQ c zmJSt alto be noma!. It '\lie select a ncnnaUv 
dllofn=.~ "-o:riaU)· Uldepcndcat JSadnm variable. ~­
with :zao mean an4 \&All wriaDCIC. tkZL '11/C zn&!" write. 

wbc.n: J rqnac.au die :naad.an! devi.a1ioft !rom our 
o~ rockf&n time scrica. Eql:atioas (l) and (:) 
J1"e a .P.U:leovian JC~~oCDriat; ldleme taat Will ylC.l" ~ 
lltlr:m.~'ly d~n"bu~ syDiba.k :vdd:aJ1 IIC1'icl Uut 
~u the oblervccf ~~~CU. vui.ancc. a1ld las-or.c 
aerial c:cndatioa c:ocmdc.Jil or l2lc OliPJal I'Oekbn 
r.c:s. Tl.CC rcllboalaips &a)' that ••Y pva roddan 
..-etpt in OIU' lyru.bctic JCriu clqeDds oaly = Ulc 
~ n:ICk!.1JI -.,:izht ID4 ~ ZJibdoZZI 
~ 1'b serial clcpcDcbcic ma'! be dUXiaaJt ro 
p;.~ny Ju:stif1 m aacral. t.t il • om-a 
cbmaQUsjc or~ Cll'll'im11:ZDCS1 time serio. It 
a;. waatillJID m. mat~ a • ~mst 1ag-o11e 
JCrial comlaUGa ia tk IDCktaU 4a1a UiU1 we mak me 
loprtUaaic uu.I'OJ'ID.ZDoa. 'I • loa JRW]. 

A~ JDC:Dtiollac.llcrK f«tllc ~~ 
dist.z1batkJa stm uaa equeom (1) -s (.!). .....u Y 
ftJ'laQ.q ]tW. Xb.t. r. ua • DOW iCpaCICIU tllc aK:n,. 

llJ-oee scml c:c:relllioft ,..,...a;rictt. •Dd ~ 
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<l.cviatiou. rapctUwly. o(\be loprilJmL AJkzlliiG 
rq1.121in• (:) .. "ilh ios-tJUS!OtZDed d&tl. we aat -=z. 
~ul'orm. U5i~ 1tW • cxp b J. Now our a,.alld.M: 
~encatton SCAo.""me wU1 ~ die ot.crved 11101.. 

~UiiDC:C. strwDcl&. ud tq..oDE Krill COIIUtioo 
codlidem c: 111c 1oprttJuus or ~ ~~ ~ 
J.C:ria. Bccaw.c or l.bc la'~';C J'IOI.iu~ akcwDcu ia ~ 
ori(inll n:w=u..n JoCrio.. tX. ~..tomalioa W¥ 

\&Sed sa * ayQedco da&a ~"'a sdcmc lor to. 
Alamo& Caayoa. Om- analysis datJy J.lloM &bar t2lc 
las-one serial colrdation aw UtwDcss. ot Pe onpr.ll 
i.:riCS 1«. aot prncrvcd ia U11: syntllctic dli&a. l1 ~ 
boo DOted allat Ada pn:scrvallon k ~oe~~Ktuno 

imromnt. aad scclan!qves P~l Qist Cor C&ariJIC ~t 
''-'W.Iic'ill ~5 from t1Jto: Clrip~l series will he 
ll"AinuiaeG in lhc s)'JIIhclk: &cria. 1\cac pmcolura 
were DOt eusployed in th.is swdy. howncr. 

1'be cml)' qaest&M that mnai.aa for die ~ 

~nc:nliot\ ol rocldalldw '" abc a:iti.ation ~Ul'l: 
r:,r cqv:ulnn (1). F~dag ud J;.cba.n [7J agscaa lll.ll 

any convc:aie11t inil.i;l v.a1ut Cor RW or '1 m&)' be 
~lcctc<!. aJI.Il lllo: ~~cd mall ia • logical QC)i«. 
Tlley also ~mmen<t lbal lk tlrst SO aynU.;.sc 
IOI!k!aD VAI4acs be diianH:d bcat&YC &lac mol)' 

fiOI.eJUially br illOucnrcd by tbc M:lc:lion or aD inl&i:&l 
v:ll~~e !Dr R.\\'. !his proc:~llrP wu !nllowcd llt":"C. 
F'l~n: ta naws 1 )o;o-l<"; piN oC'T "mua RW Cor UlC 
t.~ntllctic- roclo:UII Lime scri.C!II nluinc:d Irmn £411L1z.it,u., 
(:)aNI l2'J. aj u~inJ: the: lnprilhmic:all;; uaasfomcd 
«1.,~. Syntbc1icaDy pnentcc1 otatfNil cUll for \8 ru'l 
wen: obQIJirtl from &he Slmt compuw:r progn111 {$) 
prcviouly employed. lor ou~ o~d enics. bulls 
t~: lhl.ro a:'l:lly ..... i.;,.::oh: thllr ,.,.. synth~tlc mc~n thue 
~rrics il alk' "'sn .. mn.1il;: cli-:lribu!Cd, aDd that the $r.n. 
year rod:!all C\'I:DI wiU be :spruox.imau:ly 187 "'"" !t 
~ imponant 1o DOte that a ajgnifaal re.duaJoft iat~ 
N;njNdC or !be ~yc:&T mdWrll.:WIIt ,.,IS O~II':'J, 

alone with 1 t'nrtapandln' lmJ'I'MICII'ICDt in t~e 
C'\'lnr.d~ i11tctvals. Nolc toat tk obkrvcd dill :s:c: 
still cont::iDt"d within tbt' ~yntbnic cossr.ldcacc iftla'V!.a 
sJJawa in F'18UJC u. We: CON:hade Ullll tile •Y•~uc 
dit.a gcncnuo11 procedure rcptUCnU. .sa obYil'\l.l.\ 

bnprovcmcm upoo more uaditio.aal atni&bS.Iitte 
CXUJpolation rcebnlqua • 

AcconSIDC 10 cqyaliou (1) and (l'). our 
cynlhatlcally genenatad roc:Jt!aU data ICC only ~JII.Is 
ost the mc:a~~o szand&rca dcvi&Uon. •IW &he Jaa-oae ter.J1 
correlation ~nl rmm &lac oblc2'vul acno. 
'Empirical 1twUa. bave Down 1llll lbc au:aa .1.11iol 
sc.nllanJ dcvU.t.ion an: lftUCL more: 1lpiOc:au th:n 

cQcr wtilliall pmlndQI. u. p:odvci"C goc4 
JYJfbc'dcaDy ,.....,., ICtics. Fommatdy Dele 
tiom~ paamcsca •• Jllr.cd by our ot.avcd 
seria:. fu~ 'IX-· Uld IIDDdard d~ 
an: Mt IJdiiJQCII"if by die Clfdcr o!Use oblaw:d da~ 
~ tie Jac-cme ICria1 c:or:dadon eodiidc2lt iL 
R.ccaD taat CSIT ~ ~1I d.ala compriK aa 
&AMal cxcctdlace JCries Wkre tk acDUt ontcr ot 
•rroud "'ddalk ... Del( tlca tully~ Bcxe • 
J)at211de:r RDii&Mry qlaCitioJa arilcs. E.zactly wDt 
i.AO.CC.: doca !Kla~ ICNI comlation cocmdcrtt 
~ aa uw: taUltiag ~ scrics"! Fipn: lb 
avm:aanza t!Ua ~~ oa pmUaaJ ~ 
'-.:i;!ltl. OZIC JUY COIIdiMkWI. itaatUCDti~J rock!ialJ. 
io t.o. Ala a:. C.ll)'Oil ~ 1'IQt JC:ially comlltcd ra..c... 
r • 0). tlln Ute ptrdlaed jQJ..yar r.xktall C\/Cftt will 
he •ppaximascly ~ toa. ~. lopril!l1m o! 
1llc caerwd a..D.J~Ul ~ncr: ~zus are ~hal 
.tdalat ~ r • 0.36. 'nlua * prcdJCICd $00-yar 
JI:ICktAl1 cYc:ar shoaJ4 cicoc:aac: (or ~valva ol 
r. Note tlr.at r may vary ~ 0.0 (a..c.. no ~ 
5C'ial condatiCMt) and 1.0 (l.c.. perfect lag-oec: semi 
,"'f''daUoll). One C'011Cl1Kla \bat smail cmns i.n 
ohlerve4 f' wflJ nGC U\ll!ldy &lf«t &k preai~d 500• 
yarJIId.1an cvat iD ou.n~ ~ion ICbcmc.. 

OK C.l quesaioa n:maiDS. .b il pbyabl!y 
pnuiblc for :1 100 10 200 1M mc:k 10 (.It from tk eli"' 
a~Th2.ucl TA-41? 'nc: :nw"''Ct' to thii q~ 
4epcwa upon the seocnmk spacing anc1 oric.!Qtion o( 

cxilll.Dg !actwru iD lk BaaAtliu T~ \Uilta ab:Nc 
UlCK ledawcJJ I'I"CU. ~Oft c;,( ~ zQo.'11U'l'S 
wm dlm1Jy in!lucnc"C t!ac shape: and ~ZI: or :~ny 
JlOt.mtlaliiOCicfJitk. UlUru~Jy. I"CCCk ~nsiry ,..d thn:c· 
clirftCftSioul bloek geomcuy dc:tcmUoc: roclr!alf SU.c:. 
Etr'otU tbaf will &Uy (l1Q11Ufy thls qyestJo.n are 
cum:ntly u.:ackrway. Prclnnin~ry cvalwtlona. bowever. 
wgat that large tDCk!all& cx.ccciia_; :00 tot&£ .uc 
iMt.ed poui.blc. 

DISCUSSION AND CONCLUSIONS 

This p.pcr w ~ucmp4Cd 10 dc:raomtacc our 
co~atiotl tllat ty~UciiUy JC71CQIC"d ro.:k£•11 lOCria 
gn lmp10vc our ~imALion IJr lona;·tc:r.n rcL''.ufi:~.~X 
ilncTY&I events. 111 otbc'r words, ll proviclo us with a 
I~.CC:rnallc mcU*oJOIY Of ~ClltoiJiftl CI¥C'tty 
COftliCJ'ValiYC da.ip crtbnata Cor uaallftl pbcnomcM 
b:~zarcSs like roc:kUih and OoocSJ. ~ appi"'Ocho 
art well Clllblishec1 m ft\ID)' ~na:rln.; l1cl~ md abe 
cxtcnalon made hcTC KCW nah:Dl. 
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·Ia ~ 10 the &bow:. we ~ ** avr 
~·mhtl.ie rockt&ll ~ 10 a&imatc Dla ot clUf.~cc (4] 
.retruL "l'hii QUDJ~U~tJoa. JJ ~~ M: bnw 
Ulc lOCk caldla' Jca&lla. c:Ua lldaM. JOCk dnlby. alld 
1.0\lJ I'Dclc ...:lp 1 ... t wDJ fall di.IJba& IOIDC liallliw:4 {S] Hyd:aolosic !qi•"MM Cadu. "Floo4 flow 

Frcq-=q Anll)U. • Men SUJck t.o comp&W:r 
PfOPm 7%J-')C6.L7S50. 'Wala' Jlaawcca 
CaiU. U.S. Almy Carpi oCEqiaa:s. Davia. 
C.JJiontJa,. 1912. 

rime iakn'2l. Hac we s1mply eomp.ac lk 11/eDJ!t. 
clia-Cace ~ 1Aat ...W yicWl o.r ~~:d 
met wJumc. For die O.p Weal Sac,~ :pJOCrAill~ 
.vs,rcsa. I.UJ IJic cWr-t.« • mDat.c' ,, 
qpronmalely 2..3 cmllDOO )CUt. nil IOIDII:WIIIt 
limp~ lppraldl JnObibly ... reaWalta Qc ICftlal {6] Wam Jaocaca Cou.Dcil. ·~ Cor 

Dctmnial• 1Jood Flow fn~a. • 
&udia 17 .& &ncdu liB, Wuliqlou. 
D.C..l98L 

DIC ol"·clia·fac rebUt bec:auc •r l)'.lllk* IC11CS i.l 
'" aiUIIIll rxcccdl.ace o.e llllt doa Mleo::oul for aD 
l'tl(' kb Jh. It 11itJ COIIlplla {Ivan bl)' • llcrwatcr. 1C\ 
ptc'lrioua 5&ilDik1 ot 13-l-4 ca11000 yalll [9]. w .a.s 
cm'l000 )'CIIS (10), Ddcnlaiullru of liac DICJ. i.a [7! M.S. F1c:riq ..S B.B. 1acboJZ. 1Yntb£tlc 

SrrgmDQM. AIDericu Cic:opll)'lk:al tJcUoa. imponaat bcaUJC 1!le maa 11Jf11 mo 1lled tor trt~~eh 
dlspoW ollow·lcYcl ~Clive was!a. Baa: ·~ " 
impon;~nt 10 a«un&c!y AtiswMc' I!Jow Jollc ooc m:ay 
tU50JI&bl)' ~ ~~ arud.. 10 JU~aiD ullact 
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