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INTR0DTJCTloN
Durir8 lhe prsl lew ycrrs. I hrlc roticed rn rpt)rrcnl

incrcrsc in the.isk ol collisio, al our lJ.S. Nrlional l5-Nlcter
(onl.st. This pronrprcd nre to ide lity.nd cxNmine lhc pr-
rrrrcleh thrt inllucncc c.llision risk rnd 1o quLrnlil-! thern to

'Ihis prp$ huikh or th. cxc.llcnl lvork on collision frobr
bilil] publishcd b) Admirdl Nichohs Goodhr in1963.(rel.
I). This work e$rlurted 1bc risk ol (;lnicr/Airl;ne.collisions

'^(r rhr l nir<d Xir!rl,r, \, rh 
' 
ri Hh.\ rrr/ fcr.,linr

rboul l0 irliiers rnd 0 It fliders rirhornc ovcr xllol South
.rn Enghnd (lboul 15.000 vturrc miles). tl! using r scrics ol
.crso.ablc ,ssu mpl ions, r\ilnir{l Gtndhxn rxs able l,) sho$
rhdl el cr/airliner collisiorrs shou!d bc seprrrled br sclenl
hundrcd\ ol )ears.'lhe Air Ministr! !ftrrcnllv liJUnd rhc
risli rL.. nbk bccruse gli(lcA arc srill flriDB over Soulhcrn

h conlrrsr to lhc rrther sprrse popul.ltu of rirlincrs rnd
Flidcrs ovc. lhe U.K. in thc carlr_ 60r- r rtpicrl N rio rl
( onres! i thc Ljnitcd Shrcs ha\ !p lo 70 glid$s conccntlrt
cdslihin leN rilcsollhcsl!ngrlc(*nncti res!llinofeor
t{o lhednrl\) l hc glidcrs slry in closc prox;nrilt id rboul

n hou. bchrc lhc rt..l grlc opcns. ldccided lo{ppl} Admi
l Coodhrrl s rcchniqL,es rnd compdrc his rcsulLsrocollision

rirkrs$cirled{ithrl!ticLilLi.S Naliondkduringliciiler
vrl prior ro th€ srrrr of thc drli llrk This prpc. d.scribcs
thc merho(ll rtrd my rs mptionsrndgivesrhercsultsolthrt
conpr.ison rs \ell rs a p|ramclric look al rclNtive collision
risk in rcnnsof conlcsl size. lifldislriburio .{ndsonrc NlleF

i
I

opcrrlirg Nithif some lolunrc ol Nir sp.cc. $ ithir thdt !ol'
ume sc lirsl exrmine lhc rindor)r polenlidl lor conflicl .s il
.ll pilijts $crc llring blind. wilh no reeJrd lor crch olbcr.
This cslrbl(hcs llre erpccred numtre.oitimes th.rt sonc e\x-
sircrcliof lill he rcquircd ic. the nuNberofch!.c€s r(r'
hunrrn e o. Il thc concent.rtion is fcr! k^!- s.c sill scldonr
bc crll.d on to \c. rnd rhid. ll tlrc conccrrt.diio. is high, $e
nrusl rr.neu!cr lo r!.id colli\i,nr more oi-lcn rnd lhc sitrrL-
r,^n H ,,,nrrcnrl. ,,.1,. r. ln ^,r,1.',1\ n'i.r -.r'.n.n,.. ".,'r'(n.r'd,I.,"r^. t',, rc.'rr.' {\trc.o','fu,rJhl, \(p rr"'r
lhis is nor {hN1 I rm discussing her.. Onl!.ucl)- nnLsr trc
m.ner!cr lo Nvoid in rctu.lcollision. Frlunrtcl]. i1 is sljll r
bis \k):

It is Iclativclr. e!s) 1o xtpl) tl1)b.bilitt lhcort l() cslahl;h
nolcnlixl lor rrndonr collisions Ihrr is r Durel! nrNlheturri-
crl pnr.ss lt is lrr hrdcr lo xscss lh. r.1url ri\k A.l!xl
risk isdclined !s r prohrhlc nunrhcr olcoll;ions tobccxpcct
cd. This $ ould bc eiprtjrscd .\ collisions pcr lhousxncl p.nic-
ipddl'bou6. cdllisions Dcr co.1cs(- or somc si ihr nielAuru.
fio.tun!rel!, in $r.inB, tre do nor hxvc sulli.icn( collision
expcricncc to (turntill our dct!ll nsk We arc f(trced to rcly
moreo lhc nrrrhmalics rnd look !1how n)dnr op|hrlunilics
for.ollision se c.ca!c in ou. i!r.ing Jctivitics. Il $. .cducc
rhe tl\)tlrbility rhrr glidcrs $ il! cncroach on e!ch othcr\ iLiF
spd.c. lher sc reducc lhc .unbcr ol lines sc nrusL rel\ on
ou. fiuDrn rbilitJ_ to scc-rnd .void

I hc |)otcnlirl l;. fun(lonr collisions dcpends or the iollos-

'i
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RISK ANAI,YSIS
The rcchnique lirr cstlblishing collisio ri\k is b red on

prohabilit y thcor!. Wc sk rt $ith thc conccn I rr lion ol Slidcrs

{l) rhe volumeolairspxcc in urc.
(2) Th€ collisnrn cros! section (arcx)

ol p.rliciBnts
(3) Thc speed ol prrticipanrs
{,1) Thc lcn-qlh ol limc lhe):.cmain €xposcd
(5) l hc numbcr of parliciprnts

in thc Nirspacc

(v)

(^)
(s)
(T)

(N)

Tf-( I Nlt At \( lAlt N(l



9

9

I

i

LAL]NCH STARTHot u t
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LOCAL GLIDTR POPULATION VS- TIMI

The 0tuducL olcollisio. crossiect!)n xnd spced A(S) is Llie

futc I {'hich ore glider \{..fs out volumc The l.clor A(S)/
V is thc Irrclion ol rhc ttndl \oLumc $!epl h) odc glidct pcr
unir 1ime. \e .iL. boro\! lrom Lhc kiferi. t]r.orl oi grs
d).!,,,ic\ (rcl 2) (o dcrilc the c\pe.led.unrb.r olcollisions
Sin.e I r\sunrc (h!t all ol (he srilpldncs nbve rl rho!r 1l'e

\r r. sfccd. thc c\prcssioi A(S) (2')rN^ girer llre .!frb..
ol timcs r h.L one prrri.!lrr srilthnc should cncuch oi th.
.iv.loN ol rr) olhd dr.idg ! unil ol linre. hvo{ $e mrsl
.crlizc lhrl cleri sriLfhn. is r lrrgel Jo. cvd! orhct sril
pl.rc!ndlhalirixkcstsotocollide Il renrultltlybv!'l\!c
gcr rhe totcntirl numbcr ol collisions b.t$c.n rnl prir ol
glidcrs fcr uril ot lime. F,irll!. nruhipl]iig by thc dur!rion
ol cxpos!re (T) \rc gdt r !cry usclul cxprcssion

Il Sprrsc lilt *i1l rcquirc thc conleslrnls 1o sh!re r le$
th.m.ls $ iLhir fungc ol lhe grlc Fo. r hls i'c. Irs\rr.e thl
Lhc conlcsl.rls shr.c ofll 1l).€c lhei rl\lh11r.ee).h 10i)0
11. l dirr erer !id rre 0.0uh1ed lon r.lcrs. hciShr lo 6000
1l Thisrcs!lr\if rnu.hsor!llcrlotrlcoittulvolumcol9 ll
(10,) cuhic leer We nnmedialcl) scc lhrt spNhc lilt. b) thcse
as$m in,s- .rn iroerse tmtfic dcnsir) br' aboul 900 rimes.
I e r"1 r^t. c. .* h'iir lr ALil \u' L,l 'u ,h, r i.. (d.e

(l) [ollision crosJ "c.lior': Thi\ i\ verj_ drl]i.ull ro dellne
\ri1lr . ) r..u.a.! I hx!e sidrtll fbd.lled d glid.r rs r li r
equll in lenglh Lo wing sprn Ihcn I xssunrc thrt in crlh
fotcntirlcoLlisi{nr prir sc hrlc onc ship in a l0 d.grcc brnk
(vcrtic!l frojccrion is onc hrll sfrn) rnd thc orhcr llyirg \rith
wings lclcl Thus. l$o \l'its eillcollidc il thc! rre scprrrlcd
lcss thrn onc sprn ho'i/o.lrll) rnd onc hrlj sprn verlic.ll\.
l'or 1: meler shipr thi\ .c\oltr jn i collillor cro\r sec{ion ol'
rboul 50( l5 ): l2i0 squr.c iee1.

(.1) Slreed: I'rnrr tu sldd. soJne glidcA rrc the nrllirg rrd
nnre rr. cruisi.g bcrwccn rhcrDrrls I lsimc thll frrli.i
r: r.'\r.s t" r,[,(.ur' ur o[,1r0 f . f. r".r. r

t"'1. I i..J,.bn(r.\ rhrl,.L li.i..r'. (\rvrdi\.
$!epr lolume rrre o1 6000(1150)-? -{ (10.) cuLric leel pcr

{lli \f\t'' r'i r.',1 , 'r',lI',.i ,r' (

closcly rehled 1o c!cI.ther in the \iturtnr. und.. stud) hcrc
Du.ing rhc i terlll f.io.Io sllrting ! fu.c. glidcrs rrc cntcr
ii! and le.vir! the locll rirsrrcc in r lid! rcll dchncd
.ranner. \Ve lxunch rl r htc dctcnDincd b) losfhnc ruil
rbilily !nd lrcrlinmrncc, u$rllr rboul one pcr nriruLc L:n
dcr or. cu.rc.I .u1cs, in ! dcsign!t.d slrrt cont.st. lhc eflirc

P:A(S) (Nr) '1'l;! (V )

I

I

whcre: P,s thc c\fccted nunrber ol .ridonr collisions il
rhc riil,ns mxkc no rLtcnrln 1o \ee iLtd !!oid I ..ll lhi\ rhe

No$ lct us.h($. ulrcs lir crch ol the\e \xnrblcs lhrl
rviLl rehrr rllol this lo r l)picrl h.ge contcst siturtiot Tlrer
ee flr .rlcuh(e collision NLentirh

rrl Lr (wl ',.f.'. ' lj.(lo,,. t,,.
thc sl.rl g.lc defe.ds hrScl) on (hc di\tnbulion ol liil rl .
contcsl si1e. I hvc uscd l*o c.ses 1o e\xJnlnc thc.llccl ol lill

A Abund.r( lill $ill lel the conl.slNrlr sD.erd ort llr
thLscrsc Irssui e thxt rhcr- $ illdinribule e\enly o!cr r circle
ol5 f,ile riLdi s rnd thrt rnon $ill b. .o klver lhdn relers.
.lrirudc.or higher (hrrr l000lr ovcr lhc Srre (r tdxldcfth
ol:1000 ll) This.esulls in rconlrol rolumeoilJ.16(l0r:)
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LOCAL GLIOIR POPULATION VS. TIME
30 M rN. .oRcro

a tG. 2

neet must fly locally until l5 minutcs aficr the lasl l.unch
and then nrost pilots tcnd 1o slrrl quickly \!hen lhe gate
opcns. Typic.lly rhe sta.l rale is dboul4 ships pe. minute.
Thus. for a tlpicrl 60 ship race. the local glider potulation
looks about like Figure L The numbcr of glidcrs in thc an
space is a lunction oltimc. Thcrcforc,lhc producl Nz(T) that
appcas in our equdtion fo. coliision polenlirl musl be re-
placed by rhe inlegral e)(presiion ,.(n,)dt ThDs. oD. expres
sion lor collision polential during one day of a national con

{1) Po-A(s)/(ir)91Ev)

llyingoneconlen dry in rcally ma.gi al liflconditions r.pre-
sents as mlch risk ofcollisidr xs ten or rwenl1. ye.rs otcor
lcn flying with abu drnl. vclldi(ribuled li11.

Rccognizing this lac1. we mrr considcr srep\ ro mitig.lc
thc situ.tion. tor c\anrple, se highl dccidc to cancei dr\]s
when the snillir crn nol clinrb 1l] gate !l{itudc or inds onlr
onc or two the.nrdls in lhc locrl area. Alte.ndliycl). on these
days. *c mighl nodil,r our .ulcs to cncourage dispcrsion ol
lhc flcct immediaiely ilier hunch. Posibilities he.c includc
L.,lling: Ji.l n.e ,\. ,. h(r rl,:r J ,J.e r.,, nf L, c
immediatch upon rclease liorn 1o$. or lorcing a slan *ilhin
some lired lime altcr laurch

roRctil' s],\RT
Wc c.n usc thc calcrhle(i collision pote lials to ex.minc

lhe benenl ol rhcsc rlternalives. For cxampl.. the l0 minutc
forced stad rule hrs bccn tried i sever.l Wcstcrn U.S. con
tcsts These rules.llos cxch co.reslarl only l0 nriiures in
which to sla.t on coursc. Point Ffrlties lrc assc$cd lbr
excceding th. i.terval and lhc clock crn onl) be rest!ncd by
bnding. For r 60 ship race, thc local populxrio. profilc ld
the to.ced s1.rt looks rbont like ligurc 2.

The lxunch ag.in procccds xt one shjp pcr minutc until .rll
60 ar. launched. The nrns. fiolever, begin altcr only l0
nrinulcs rnd ships enLer !nd lcrvc thc xirsFacc rL rhc sxme
r.1e so thc locxl population ltolds consta.t unlil lhc hu.ch
-ad Th(l.J.,Llnnu',r,ond<,r(,.. . 1e
tants climb lo gatc altitrde a.d sl..1 o! couNe.

Using this new populalion prolile. wc can rgain applyeqr
I 1o e!xluate collision potential lo. the lo.ced slarl. Inlcgre
ll.l nve l ,a etrr. a ( rf) e ,dcr.qL ,,e"-Tij ,,r(\

THE EI'I'EC'I' OT LIFT DISTRIBTITION
We are now in a position to evaluate equrlion one using thc

local glider population shown in Figure l. We will do this
first for the casc of abundant lift and then for sparse lift. The
integ.xted portioi oltheexpresion is the same forboth situ
alions. We i'rtegratcby fartsovcrlhccntirc prc start irtcN!l
r.tpr /l_ I'ir l.l4{ 0 'gili(r ^ .r(rnirurc..

Usins lltis.esuh in equrlion (l) wc gc1

P0(abundant lift): rror6ooorr 11)(r0', 1 (i r.)(,0 ):0 0'1?

Po(snJFc ilt):

The rdtio ot these lwo resulls shoN lh!! onl) onc conlcst
da) of launching inlo spxrse lili shere the enrie neel must
loiier in th.ee local thermah fresents as mDch Ntenlial lbr
coll;sion as about 900 contest days wilh rell distributed
abundanl lilt in the local contcsl arca. Statcd anolficr NaI
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so: Pr,:rrj0(.N0)r15)(ro,)jrrl!i.rl..r:0.0271

Comprring this 10 our brse crsc rcsuk of 0 087 (.urenr
rulcs wilh xbundxrt lift), sc see thal thc fo.ced slft cln
reduce coll;ion potcntill to xboul one third that ofrhc desig-
nrted \1ii.t. SlrrlinS innncdirtcly upon rele!sc; bcrrcr hut ir
froduccs only r \ligh1lurthe. rcducliotr in colli\ion polcnlial.

CONI EST DT]RATION
So lu. $e h.vc con6ned onr.rlcul.lions to onh oi. co.-

rF.rd \ I .., n!rtr..,.t rr., ... rt'.r .n , J .,.,n
'.1\,.u| ,l\1, i('!J..\\,r,,.llo^F, ( ul i.i.rt.i
tial(P.) fd dn erlire nalionrls Iorourbrsecrseolcu.rcnt
rulcs.nd rbundrnt lin:

I,.:9nr:9(0 0E7):0 7tl l

Ihis tclls us th.r during r 60 conrcslrnr nalionals $iLh 9
d.)s ol good lilt !c will expecl thcrc 1o bc i.rrh o.e oppor
I unjl y lor collisidr. (;ivci j rerronrble dcgrcc ol filor3gc. thc
r.Lurl .isk ol collisbi should he o ers ol mrgnitude le$.
l-.vcf iith lRo hrge NNtionrls ltr rerr. we shorld cxpccr n,
go ld scvc.rl \earr bclreer collisions in a tJS Nrtionrls

(l()i_TliST SIZE
Nol. lhrl in our .qurlnri lirr collision polc.lirl, the num

'(,\ f'o. ,t .Jr '" r. rr'p.. I'."r..rr
is ).riLicdi lrclor in dctcmining collision potcnrirl. To e\-
xn'i e 1l'ir. sc cxpress collision porerliil ds ! iunc(idr ol lhe
nunrber ol co lcsrrrls A*unring xbundrir lil1, curcnt
rulcs. rid nlne conlest dd\s rve inlcgrarc oycr rhc popuhtion

ol l.igure oie rid combine conttanr te n! tu ger:

P,:t 47(10.)[N"1 r.\,+!r,]

l.igure 3 shous r err|h oi {his prc n!rt collisi,lr totcntirl
vs. the nurnber ol conlcsl.nls (N). Ihc s!urrc hs cllccr is
rpfxrcnt Fir eu ple. incrcr5ing co.re( \i/e lionr a0 ro tr)
contcstrnts incr.ises colllsion l)orernrl b! rboui ,r0r;

({)N( l-l.st(}\s
In rlri5 prper I hrvc shosn that (hc conc.|( ol collilof

lnleilialcdn be uselul lor !nrllrine rnd comprring rhc ri'k
,l r' n',' ,',,r,n ir"l r'.{'p. I ltid

Onc inrfo.trnl resulr is that il our ll)ifg It doie Rilh good
lfr ,r ., Is,d|'., .1..,. , 1

thould cxpcct to go sclcrxl ycxrs b.tsc.d collisb.s duriig
o!r L.ge n!lion.l sirc conrcsrs. \\ hilc rhis is l!r nrorc oft.i
thdn the glidc'/'rirliner collision potenti!l lourd by Good
hxfl, ir i\ rrobrblv coi\i\Lent $i1Ir risk irhe.cnl ir other rc

'I hc nunrbcr ol contcst!nts hds rn inr0ortrnr be!ring on
lhe risk. aomp!rcd to r nxtioidh.lhc rvcfug. r.gionrl co -

l.st $ilh 20 l0 or liser pcr chss. rnd sc.tucnrirl ch\s
lxun.hirg. hrs iinl]i,licrnl ri'k. $ long !s thc lill is dis
pcrscd Risk incrcrscs dfudrL.rlly *ith unhe. ol cofles
lrnls so (hrl ! nrodcsl incrcrsc fronr 60 ro l0..ntcnafr\ Nil!
iicrer\e risk b), over 50ri

I i11 distrihuliof hrs b) 1rr thc grcrtcsr in]'lucncc o. rhe

l)o1ef1i!l lo..ollision du'ife rhc pre st!rr fhrs. ol x.on1.s1
Nlxrginxl lilt thrt Jiirc€\ all thips lo conccnlr!t. ir r lc$
lhcrm!ls cri incrcrsc collisior l)i)re.ri!l br lwo or thrce or
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derrol mxsnirude. Thus.iust one diry oll)oor lilt crn chansc

lhc probabilit) ol collision fronr one in scvcr.llcan to much

lr/,.rrl,,nJnP.e'\.nr(.r ll{e.1rin ( ol\^n rr:'rri -

, LlrJJrs,rI 8( inr(r!{,1'rl,c.- r._l d".rtn: r(d 'r" I

rulcswccanexpccllo alerageoncornrorecollisions Peryea.
In this pNper I hxvc confrled y cllcuhlion ol collision

ptcnriNl ro the rxthcr \!ell-orgrrizcd Pre slln po.lion ol the
contesr day. Wc should not lorgct llur !he.e a.. olher silua
lions that promoLc crowding. 'fhesc in genc.rl Nre less prc

diclablc lnd Nre harder to .n.llze bul FrhNps no less scri

l (,uIe t J.riJ<.1ro,. nu.- 8J88.l\,r'i'Jr(J\e.
our cross-co!ntry speeds dramaticall), bul it also tends to
concentratc sNilplines during tho cntire flight.

Lach rurn point is also a poinl of itcrcNscd sailplrncdcnsi

The lonc cloud idway on course draws sailpltncs like a

magnet. lurther, se a.c tcmpted 1o hang on to this lii\ until
$e x.c ncarly llyinS blind Ilwedo, N.losc therbilityto scc

and avoid so thlt Nctuaj .ollision risk becomes idcnlicall)
cquallolhecalcul.led collision polenlial. YoD c!n vc.yersllv
drop your survival odds d.amalic!lly in this silutlion.

Lcrrn lo recogniz. those situalions; rccognilion of risk is

an essential prercquisi!e 10 m0imizing risk
On rareocc.siois {e can cxpect to encountcr a conlluence

offactors lhNl greally incrcNse !he collision risk. The cotrbi

nalion ol hrge conlcs I cnroll rent(10ships).sPdrtelilrinthe
loc.l !rex, rcslriclcd !lLitude.engc, rnd dggressile lxsking
shicir to.cc group srarrs dnd grcup flling all clnre lo8ctficr
ar rhe 1984 15 Mcter Nadonals at Ephrat!, washington. The

resuh sa\ I mrd dr encounre^. rn\ludrnB une,,rinnr ..mPc.
tfi.cc ships $ith mrlor dlrndge. and one latality. It wds obvi_
ous to those ofus $ho prniciprled thlt thc risk had infferscd

It is impera!ive thxt contcsL pilols. compclilion rulc m!k_
c6, and especially 1hc lask sellers rellizc thc inrporlance ol
risk m.nagemenl. Conlen sire should bc conLrolled, and pi

lors musl rccoSnizc risk-prone situations. Ntosl inrpoft!ntl),
designated sl.rl rdces should not bc used when sprrsc lifl
restricts thc distribution of glider\. Alternativcs such !s the
forced str11, strd rl rcle.se. dirlance. or cvcn resl dals a.e
lNr nore approfrirlc.

As conrpcting pilols. re halc 1o shirc ther rdls so wc must
lreal thcm .s co rurity lropcrll. Il dt !ny timc. thc trxmc
dcnsily incre!ses 1o thc poinl wherclo! are lorccd to maneu
v.:r 1o rvoid inrnrcdir(c collision. rhen thc risk hrs becon'e

RETtrRE\ClrS
(L) coodhad. N l96:1. The probrhility ol.ollistun bel$een !

.onnrcrcirl rtrcrrll xnd a glidcr. Srilplancrnd (lliding.l€b. l96l
(2) vnrcenli, w.. (rugcr. (l 1965 lolrodu.lion 1o I'hlsi.,L crs

Dynlmics. Johd wilct and sons
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