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This report delineates the efforts undertaken to determine if there is a need for a
standa~a that limits the maximum mounted horsepower on recreational boats. ‘A defini-
B tion of a powering related accident is derived and presented in the form of 3 decisicn »
[ ) tree. The steps taken to collect a data base, and an explanation of the computer
model desiqned to aid in organizing and analyzing the data are presented with tne
results of the analyses. An evaluaticn of the current standard's effectiveness in ;
predicting powering related accidents is presented along with a list of possiblealter-
native approaches to saving the lives of boaters involved in powering related accidents
Conclusions drawn frcm the data analysis are presented with recommended considerationc p
4] for future studies. Results of tne study indicate that there are a significant number
of tives {over 120 lost =2ach vear because of powering related accidents.” Theseresults
inatzate that there is 3 need for a powering standard. Powering accident mecnanizms
were identified, and detailed accident scenarios were develcped for fata: accidents
within the a%a base. The data indicate that the current standard predicts the high
risk and fataitiy probability for johnoecats which nave high ratios of mounted norse-
» power aivided by tormula rated horsepower, but is not a good pradictor for other 1
boal types currently being manufactured. Tne standard ceems to be less effective €or ]
newer H0ats with larqger horsepower enqines. The data also incicate regional 2ifrerence.
in fatality rates, accident types, and accident probabiiities with the Southeast being
the highest risk reqgion. A 1ist of alternatives that need further investigation in

future effort is cresented with cost/berefit predictions for some of the more viable °
® approaches . ]
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PREFACE
The evaluation of currently existing USCG promulgated standards at a point in .>
time subsequent to their effective date is desirable to understand the changes
created within the recreational boating environment and to determine if the _
1intended effects are being generated. Tnis project was initiated to determine .
if the safe powering standard meets its intended purpose, i.e., reducing the d
loss-of-1ife risks for recreational boaters.
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A STUDY TO DETERMINE THE NEED FOR A STANDARD
LIMITING THE HORSEPOWER OF RECREATIONAL BOATS

1.0 INTRODUCTION/BACKGROUND AND SUMMARY

1.1 Background

Over the past several years, much has been accomplished in the Coast Guard's Boating
Safety Program. Among other things, standards have been promulgated in the areas

of safe loading, powering, and flotation. Each of these areas is now being re-
evaluated/analyzed to determine whether the existing standards should be revised
and/or continued. This effort concerns itself with the evaluation of the current
powering standard formula that has been in effect since November 1972 and the
identification of nossible alternatives for reducing the number of fatalities
associated with powering reiated accidents in recreational boats.

curing tne late 1960's and early 197C's, the Boating Industry Association and industry
representatives made several attempts to establish a viable industry standard for
'>afe powerina" of outboard boats. The results of this effort was an industry stan-
fard krown as Project H-26 of the American Boat and Yacht Council's (ABYC) "Safety -
Standaras for Small Craft." Project H-26 (Powering of Boats) defines a "formula" and
a "test course” methoa for establishing the maximum horsepower for recreational boats.

Jver a periodg from 1972 to 1975 the Coast Guard expended considerable effort in
aiapting tne industry standards to a federal standard. The first (now existing)
$tanaard promuigated by tne Coast Guard was modeled after the ABYC formula llethod,
and decar2 effective in late 1972. Concurrently, researcn was teing perfcrmed by
nsie Lacoritories, tor the Coast Guard, toward obtaining a "performance” standard
L0 Supplesent or rerlace the Formula Standard (Reference 1). The rerort documents
res@acin and andivsis of variocus test courses, boat/motor combinations, and
sPverdl Croiects which were aimed at defining an appropriate ‘est course for out-

Jcdrd Soudls.

As 3 ros,1t 0fF tmis performance study, and of Coast Guard analysis of boating acci-
dent Jara, furtier work in “his area was suspended pending the ectablishnent ot g
nead for o4 powering standard and/or the establishment of a more appropriiate standard
noterms of <afety. Tne effort reported on nerein was intended to detevrine this
need and 0 Jrovide the basis for sucn need using previous research, boating daccgi-
den® data, anaiysis 9f existina powering stendird effectiveness:; and uetermine
AN2TREr e PRl ion wou i De more effectoue 1n reducing powering relgted

ac Lluent o,

A \l\a_c--‘-.v-~*x-;;-_‘.".:‘-'L’LA.‘.-'L.L';:’lLA::'.ln'(lL
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' 0¢ tne previous work has been directed toward a solution (test course) which
yredicated upon the assumption that a "safely” nowered boat must be capabie of
:uting specific maneuvers without exhibiting undesirabie jnstability cnaracter-
ics under full throttle. Many discussions have resulted over this definition.
l-tnrottle stability is certainly needed in some situaticns to avoid loss-of-
trol accidents. However, this is not the only type of powering related accident
, tnerefore, not the only characteristic that should be considered. Otner
racterisitcs are even more desirable when we address the question of "What is

13e boat?"
tetinition of a safe boat {underway) could be the following:

"4 toat is safe under full throttle if, in the process of transacting a
¢pecitic naneuver or operational mode, tne operator has adequate warning of
in Incafe condition or imminently threatening hazard, such that corrective

iaction can be taken in time to avoid its further development.”

ted differently, "a safe boat 'fails' gracefully (becomes unsafe in a slow
gression )’ as far as stability/maneuvering goes.

i

visition o developing a more viable definition than this, the principal purpose
“n1s phase of the safe powering program is to furnish technical information and
{ent data anaiysis to aid Coast Guard management in making the decisions con-

ned in Tigure 1.1,
4 neans v Lhe above ends, we have proceeded (0:
Cerine 1 "powering related" boating accident.

Letermine tne frequency 0f occurrence of powering related accidents

e Dredominant taccident mechanisms" {or common event-cause combinations).

- Suaiaate the etfactiveness of the present formuia in predicting boater

T
[

L1entity 20S51Dhe alternative metnodgs Tor reducing tne nurber of fatalities

cogting feon pnwer related accidents,

e e e e et lants WP I ISR i I U T G B G T ac g PR N N DL UL I ST P U PRI 1 bl
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1.0 Tnroocderationg

researcn {Reference 2 pertorred ., Jyle Laooratories, Codst Guar . .r-ro.se
2archoand otner contractors, 1t 15 apparent tnat the "boat/environierti/operaror i

el presents a very complicated set of interactions.

L/p€ 0T boat hull nas unique underway characteristics. As speed is increased
Totentiy, any boat will eventually reacn its thresnold of instabiiity, wnetner

toan
¢ e ostability threshold cannot be reached. Herein lies tne problem. There

no convenient method whereby the threshold stability speed can be predicted and

isequentiy no convenient way of establishing the safe horsepower applicable to a

‘en voat. Qbviously, it can be done for a particular boat if enodgh money is e

weded. Tns effort would be very costly and, for the average boat builder, it

rrostraight anead mode. The present idea, then, is to limit power such ®

< Te tar zeyond his capability.

coue st nallotyoes are common:  flatbottom, shallow to deep Y, rounded chine, ®
aniril, etc.  cach of these null types has a seemingly endless variety of
iUl fhapes and, conseqguently, a variety of performance characteristics.
“taini.o sare of these shapes perform detter than others at high speeds or in
. S ats0Ttin ionn boats have severe maneuvering problems at speeds around ®
Sl generaiiy, the V ohull ramily can take speeds in the 40 knot range
randie fairiy well and make reasonably well-banked (cuordinated; turns;

“ariiy over 17 feet in ienath usually has enough draa that speeds much

soare 31fficult to obtain regardiess of the horsepower. Turns at high [
PR ow o duit opoats are very “flat" and, as a result, can produce nhign lateral
©oowe s oon occupants. It is apparent that the stability/handiing character-

t/01lal recreational boats are a function of speed and boat type.

wooeeconent of a4 revised formula or a performance powering standard will be
ioatonand costly.  Therefore, the Coast Guard must be assured that such

Sl ent 0 Harranted,

Deouns narean, tne present ciandara 1S providing litiie reduction
PN .0 amwWever, tne ©daoting standarg 1S very inexpensive
sansares doorectlyy. Simply stated, the total

TRt s i taled Wt crlculating tne norsepower capacity 3

CAlE L ING TNE LGt W TR Dndl CADality - edsitly 1SS fihan

S PV S SN PP I 2 R - - e e et e . .
- - L T




o
3.5 Tase 10 - Preliviaary lgentidication of Alternative Approacnes
‘ . - . S . ]
: ceg towards trne igentiftication, feasibility analysis, ana pre-
streltiyerecs analysis of aiternate solution concepts.
o , o laThge InoLne envirgnment, lne operator, Or the poat could
co Lioent ondin oand tnus orevented the accident.  Those possible ®
V1T oeoLinoaster Gr Lreaw Uhe event seguence in the accident chain and
TraT oacL D oennance survivadility in tne event of an accident were identified
sa L o0 Ste powering data. Those cnandges were used to construct alterna-
e vAtet, ennancement concepts and they fall into two general categor- L
. raras arprodacnes, and ¢, ecucation/enforcement alternatives.
o rictaeria, tne standards approacnes address:
®
L, tne current standars
Do toninT 1 aew standard
et rgtareg otner standdrds 1n lileu ¢t a powering standard ®
Cronrorcerent appradcn aadresses alterations in boater actions and
v LS are antended to take tne poater aware oOf the powering
- Lol Soutem Jin oterms F engine size and utilization.. °
Cooe care gl onnt toosonstrue pocsible fatality redusiions as
Ceatians . 0P madny o, 0wering accldent data for opre-1870
oG uotential peneTio YUr o impiementation 07 tne current
o
Lorme Doerein oo ctaert dats Tur post-1972 cratt o shows jitie,
Tt e et b s randard,
.- oo oo fe gerendations
®
L S eyt the e foroance ot tn e et
oot et s e s e et gigniTicant genyera, oon-
®
]
S
B
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4. Determine fatality districution by "maneuvering 5.3 3Clivity, 3rd

"falls overboard" (accigznt type).

5. Jetermine tne mean horsepower for eacn geograpnicai region for
boats in PRAM,

Tne canductance 0° tnese anaiyses gave rise to the fuliowing imporiant points

] “here are reqional differences in the powering related fatality distri-
p o] J

sutions with tne Southeast region having the nighest number of fatalities

and <ne Pac1fic Coast region having the least.

) LonRIoats ara a major contributory poat type to powerinc related fatal-

. 5%371501°5 with & large percentage of these involving fatls overdoard.

. Curca ], ooinciuaing thne ‘onnboats) tne Southeast region accounted for a

~cner sower ratio than ary other region; Sut also sad the jcwest
Cieeae Gcunted norsesower engines.  This again indicates that the
a7, ligntwelgnt, narg cnine beats with swmali &ngines present tne

oeater nign rioes.

. S . ¢ tmeisr owgion account< for mere fatalities resuiting from acon-
e gAlyinT Coures CRdndes Or Taneuvers tnan any otner regiun.
) : C oyt indicats ot care rendencies as ohnb2artioawzoon, the
S5 S, m0a%5 N tne Gata Dase 1S s¢ Tmall o Tnat s LN LsIng
“oArawn witn oa niun teve af configenco.

e




] ine current pOwering stancara wis evaluated in terms Nt severa. risk
Jaranelers.  This showed no irwrzase in risk anc non-compiidance for
Just-regulation boats, tut considerable increase in risk for pre-

rewagiation boats.

S €apaanaticns ars pessicle Yor Lne guseryvel ditferences Yo onre- ond post-
SATUCr Iotd, particuiariy in terits 0! SoaT ceSigR and engine Changes ndl are

STV AN Thne pOwering Torfiuid.

Tmant Sowering Standderd has some veodtiy, as evidenced by 115 Afredtiveness
Cee=137 0 Lot and for johnboats.  iuwever, singce the promuication gv otne
LIaT, T Mt snowh N0 overar, effectiveniss, indicating the rneec Tor tavestigat-
ot e Cgwer NG regulator, concenits and/or improving the current standard.
frat the Current standdra cdn be modified in order to ne mwre
R Cers,oanc for certain noat types. A modest attempr was maas 1n
.ot e tme sopegta, Aant evioLate s affectiveness for different power-
£

Syt woaeyer, tne daty andicane that the current standard ic not effective

) . e 2ty L8

00 oat o tLpes, especially recentiy made hoats.

g et omvestigatiun of the requiatory effectiveness including efforts

tro Tohr ot onne Sate powering project can be found in References 3 and 4.

e ettan oY tne effart to determine the effectiveness of the current

-~

Cr i e o porions existed.  These guestions involved explanations as

. et oLt Jdve the indications oresented. ST 515 CuSsions
0 Juard Soeconnet, 1t was doreed to pursug the answors Lo
. PR I A A7 A (TE RN A B LT o

wbenees e ann O fforences in fatslity disteibution onotne

CELT AT aredsy the Tass DD renort identifies.

.

ol arntelatian tyohodt type and type of aciiannt,

Syt PRt and risk Yoy Jonnboats.  Discuss fatalito

S i e Tated g dyrarent juntwale neigne.

St paTe tne difforence, dn o cower ratio distrivutions Setween

Laf e radna o2t dreas 1aentitied in othe Task 1l renors.

R P P R L i Wi e L
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We have found few statisticalls <iynmi”icant and engineeriigiy 1mpurrtant leasdres
wnich indicate that the formula is e7-ective in determining a sate jpowering level.
Tne most significant indicator found was that, prior to beina promote? as a regu-
jation, the formuia predictea very accuratel, the unsafe powering icvel of boats.
TAis could de true as tnere are ways Jf compiying with tne stinderd, but stiil
defeating it by altering the configuration of ftne boat null. Thi, would indicate
tnat the present formula is 200a. Hut must be refined to eliminate the loop holes

or inadequacies.

However, for the few statistically significant and engineeringly important measures
with positive ingications, there were many engineeringly important measures tnat
gave no statistical merit to the present formula. An example is sncwn by the fact
tnat there is no significant change in the number of fatalities for :0ats in com-
nliance with boats not in compliiance with the existing formula horsepower capacity.
Tnis indicates that the current standard does not indicate an unsafe power level,
and that a different standard should be promulgated.

Parnaps tre most important tinding of Task III is contained in the evidence that
tnere coes appear t¢ o€ avenues to pursue tnat, if developed properiy, will greatly
increase tne safety anc well being or the average boater. One must keep in mind,
nowever, “ha® “or any standard or reguiation, there is a group of people who, for

VArioan roanons, Gnoose ©o o 1cncrve Tre uie and not comply with 1ts stipulations.

Tre “arte Poa T Starddrd 1S NG €< t10n.
Tap e e o 1e o, arotne eva'aation of tne effectiveness ¢f tne o rent powering
STanddarso o

) A terms 0° accident freqguency and severity, the currenl powering

tarderd a5 ot efrective for outboard boats less than 20 ft an

Tengtn manutactyred after 1975,
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) Tre current powering standarad apparently is not effective for outboards
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narufacture dre Considered (1.e., when pre- and post-powering reduia-

tion hoats are not drstinuuishec, .
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Each of three powering ratios considered [i.e., 1)mounted horsepower/
rated horsepower, 2) mounted horsepower/length of the boat, and 3)
mounted norsepower/total weight of the system.] were shown to nave a
significant relationship to accident severity, and to accidenrt type,
wnen both pre- and post-regulation boats were included.

It was found that compliance ~ith the current standard was no more
frequent for experienced boaters than for the non-experienced. How-
ever, boating safety education was shcwn to Jead to greater compliance.

it was Tound trnat the boats in compliance with the current standard
dere sagnificantiy iess iixely to be involved in a fatal powering
1LCrdent tnan tnose that were not in compliance, when both pre-

g poct-raguiation poats were included,

sl aent meongnisms were identitvied end detailed accident scenarios

S al

4 developed for tatal accidents az five accept nodes.

J3.2 0 Task 11l - Lvaltuation of the Current Standard Effectiveness

Sroares tae Tash D1 data base 1o determine if the current standard

Tre locolent praned tity or severity of the accigdents experi-

e Tran twenty cZu. Teet ap length and powered by an cutboard
T cee Lo ot eRveral indicai0rs Lhat measure tne effect i Lne
o tre Doater Gumertus tests have been apniiec o tne
Totneoavenert stdnddrd incredses the safety of tio Doater in

Pret e g T uesTLon 1S untguely different 1o tnhis project as
oo e s el reational onating safety reseacch and develop-

preet, g Mg daater anad toe eftectiveness of a4 standacd

e N eennngre e tnin tne entire boating population. By

St n arfidene wevel n tne resylts of the arg!
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“ooandsoed toe data tor andications of effectiverness., come of
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these accomplisnments and presents soiie of the conclusions tnat can oo drwan from
the data as tnus far analyzed.

Having arrived at a definition of a powering related accident and presenting this
definition in the form of a decision tree, we have used this tree to identify all

0¢ the powering related accidents €or the year 1975 (fatal and non-fatal) and all

of the fatal powering related accidents for 1976. Qver 7500 accidents were reviewed
with 450 of these being selected as powering related. [t was these accidents that
became the sample to be coded in the Powering Related Accident Model (PRAM).

PRAM is a matrix type model that was developed solely for this project from
considerable modeling expertise from Wyle personnel, consultations with several
persons within the USCG, from previously developed models, and a repetitive
review of several previousiy constructed models. Effectively, PRAIl summarizes
and organizes the accident data suppiied by the selected sample.

PRAM identifies accident mechanisms and provides the information for develop-

ment of powering related accident scenarios. t is the PRAM data that was used

as input to the engineering analyses, the benefit estimations, and the evaluations
of effectiveness of powering related concepts (including tne present safe powering

standard).

70 vaiidate the data that wouid be storea in PRAM, each of the 450 acciaents was
independentiy coded by two analysts. 7ne two resulting sets of cite were compared
oy computer checks and a third analyst toc alleviate any gisagre. rr*s between the
two cata sets. Additionally, random sampies from each of the w.¢ iets were
examined in depth to insure tne correctness of all inputed zata.

Having analyzed the data in PRAM, several interesting finaings have biossomed.

Some of these findings are:

] Trere s a need for a powering standard.  This is indicated o, “ne 204
Sratns attricutable to powering related accicents in 1975 and 1576,

alang witn the assuciated 1njuries and property damage.

] several comparisons of pre- and post-requlation boats in the sample
were nade.  The data indicated that the ratio of mounted to rated

noraepower was *he tarme for pre- and post-regulation craft,

3
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Tt can be seen that all accidents are potentially "horsepower rera’cd 1 Stressors
ana subsystem environmental effects are to be included in the cef:.rnition, The

intent of the Coast Guard's requirements for defining "power relatea” acciderts

accigents to be reviewea under this effort to manageable proportions.

Vast emphasis was placed on the task of defining a powering related sccident to

make sure that every possible consideration and circumstance was investigated to
determine the influence of propulsive power on the event sequence and the regulatory
dependency on the man-machine system.

Having defined a power related accident, i.e., having selected & group of accidents
to analyze, a statistical matrix model was developed. This development revealed
refinements for the definition and started an iterative process wnich resulted in

a highly complex definition and comprehensive model (see Figure !'-5). The com-
piexity of tne powering problem is evidenced by the in-depth thought process the
analyst must employ to decide if an accident is power related. Jnce the analyst
decides, his thought process 1s captured 1n the model and utilized in the evalua-
tion pnase of the project.

P

‘though 1t may appear that the definition and the accident model were 1ndepend-

ently generated, the two were simultareously derived tnrough iterative refinements

dictated by edacn otner and tne insignt gained with each update. Section 2.0 dis-
cusses tne development of the definitiun and the development a2f tr> .ael. The
interdependency and simultaneity of the two should be kent in ninu.

Tre analyses done nere answer the question, "Is there a need to irnvesticate the
powering standard that is presently in effact?” The answer is asserrted in the
fact that there were 450 powering reiated accidents involving 269 boats and
resulting in 204 deaths during 1975 and 1976 alone. Tnis is a very stanificant
statistic when one realizes that 1 out of every 14 deaths accounted 3 recreational
poatino was directly involved 1n accidents tnat the present safe ;cwering requ-
"ation 15 supposed to alleviate. This point in itself provides sufficien* reason

for 1n-deptn evaluation nof tne powering probiem.

Several najor accomplishments hdve resulted srom the efforts, on nis Lo ject

and are presented in Jdetail in tne subsequent sSections. TNIS report Sunmariles
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0. Speed - Horsepower 1s direct., related to tne potentier “ur speec.
Sneed, in turn, affects: L
) The reacticn %ime avaiiavie To tne vessel operator to avord an
0o ect
] ine kinetic energv whicn must be dissipated during a collision ®
or attempt at stopping tne vessel.
) The inertial forces acting on the boat occupants curing sudden
maneuvering. ®
. The nody forces acting on the boat and occupants during steadv-
state turns.
) Vessel maneuvering capability, ®
{. irrust - The thrust vector is very important to the position of the boat
in space at any given point in time. Vessel thrust is obviously important
for maneuvering capabiiity, trim, heave, heel, and yaw during any maneuver .o
or straiant-anead oneration. The sudden application of excessiva thrust A
Juring i low-5peed turn can lead to shipping water over tne side to wnich
the hoat 15 turning.
Figure -4 summarizes the discussicn above, showing tnat horsepower can act on the °
SteelLors, Subsystem enyirenment, and acceleratron/thrust, which, in turn, act
denooLoe oocnpants and tne hoat eLements, Sucn that powering reiated acciaents Can
it e
HUMAN ERROR o
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STRESS CRS j}
2IRLo0 )
[’::f) PERFORMANCE
i DEGRADATICN
— ‘ pCOWERING
e L TSN et and/og) N RELATED
Lo {L_,KQ}WEM;RQNMENT , ACCIDENTS o
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A | _] HARDWARE .
— | /AN e FAILURES IR
e NACCELERATION { ] | BN
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SB . :LBSS'OSS' ss)
Further, each subsystem could be expressed as some function of its basic sub- °
elements so that:
Bss - g(Bss '855 ‘Bss '...Bss )
1 : 3 n °®
Oss - h(Oss 'Oss ‘Oss ' ..Oss )
1 2 3 m
! )
Bes 7 k(Ess_‘Ess"Essv' . Essp)

The point of this is that there are some boundary conditions within which this
system exnhibits "safety". Sometimes a small deviation in one of the subelements
can act as a catalyst in actuating other accident causal factors.

Some potential accident causes that could be acted upon or aggravated by horse-

L3

power are as follows: @

A. Stressors - Horsepower is directly involved in the generatiocn (both from
an amplitude and freguency content) of severe noise, shock, vibration,

L) and windburn effects on tne functional capabilities of boat occupants. ®
Tnis, 1n turn, affects their ability to avoid and recover from accidents

~N1ch may occur on the water,

tuhsystem Environment - Noise, shock, and vioration noise neing a subset

w
i

~¢ wyibration in this case) also act on the boat elerents and cauce failure
0¢ mechanical/hardware components and parts, ieading to the occurrence of

certain accident types.

C. Accelerdation - HAorseoower i directly related to the soat's acility to
acceierate, which, in turn, can cause occupants t¢ e thrown sverboard.
However, acceieration can nave the positive effects ot allowing tne
buat to move quickiy away from an impending coilision and spend minimum T
time in transi*inn wusualiy with poor visibility between tne displace- N

rent and tne planning modes 0f aperation}.
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' Also, sudden acceleration or deceleration may lead to a fall overboarc or Swamp-
ing. This partial 1ist illustreates the nany ways in which powering <an contribute
{ to boating accidents. b
¢
-
g The second problem in defining powering related accidents is concerned with the
. reccgnition that the efrect of powering is dependent upon many other elements.
R o .
The basic definition problem can be 11lustrated in Figure 1-3.
POWER BOATING l
k SYSTEM iS,) g = FBy Oy £
) I o
t Ty — < N
BAT CPERATIONS ENVIRCONMENT
N SLasvSTER L——(;H SUBSYSTEM [/;\1 SUBSYSTEM
{ %ss o~ Oss N~ S
| @ : s °
L T RELATED f [ WATER
3CA T
¢ r’WL R tquip. — CFEEP CONDITICN
- - COURSE WATERWAY .
N WAVES foi CHARACTER- ®
et L SHAPE '
Lol Snape] WAKES, ETC ISTICS
LOAD & VISIBILITY
DISTRIB. CONDITION o
(’opgurm'sf TN °
> SrlL AT-
[T&'\Ti\jm,iﬂ‘
[
1
- N ® j
Slanel .90 2OWER SOATING SYSTEM .
Y
- Cpiee 10T mmar e dower boating system 1s composed of tnree hasic ° ]
b e pLLaAr b esten, ooeration subsystem, and the environmental Luabi- - 1
- NV 1* ieaot, t could be expressed as: S
) [ ;
o R 3
s e T S C e . . . e T e T B e T It - o " 9
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1.3.1 Task Il - Define, Mca-., and Analyze Power Relateu A7 .. ..

The purpose of Task Il is to define i powering related accident and establish the P
data base to use in the remainder ot the project and in any subseguent analysis.
It is, by far, the most important task of the safe powering project. Operationally,

i Aaachun i 4

defining a powering related accident is equivalent to defining the samplie to be

coded and analyzed. An incorrect or incomplete definition of power reiated acci- ®
dents biases tne evaluation of the current standard and its effectiveness in

saving peopie's lives and preserving the integrity of personal property. 1f the

definition is conservative, many accidents will be filtered out, tnus giving a

false representation of a highly effective standard because of i minimal number ®
of fataiities and property losses registered. Conversely, if the definition is too
1iberal, it registers fatalities and property losses that could oetter be prevented

pv otner safety standards such as safe loading, flotation, etc. The definiticn

must, tnerefore, be as precisely correct in encompassing powering related accidents o
as 15 possible to ensure t.at the results of the effectiveness analvsis are reai-

istic and self-meritorious.

Tne lefinition of a powering related accident is a complicated and illusive problem. ®
In one sense, we could almost say that any accident which occurs while the boat is

underway witn power 1s powering related. Obviously, we cannot accept such a general
defirinion. At tne opposite ena of the spectrum, powering reiated ac.’dents could

e derned 1w only tngse dirvectly atiributable to boats operatine it “uil speed. ®
COMMon Lense tells us tnat for our resuits to be meaningful res.tic, tne dorinitions

TLSE e somcanere hetween these extremes.

Powering ray contribute to virtually every type of event-defireq acrcident. Ffor
example, 2x wssive speed during a sudden maneuver may result 7 a Cepsiiing, fall
ouersoard, or swamping. High speed while underway straight an2ad mev Zause exces-
sive puunding and snock which leads *to a fail overtoard, injurv, or cullision in
Jnich tne doat is proceeding too fast for the conditions. Too ifittle as well as too
Tuch power may contribute to accidents - for example, in handling .arge waxes or foi-
Towing ~eas wnere ontimum advance speed is c¢ritical, and the ability tn speed up

is important. Furthermore, the link between powering and accidents is not
invariahly speed. The weight of an excessively large outboard engine may increase .‘
tne cniaces of swamping for small boats because af the reduction in freeboard.

dain wiemnisashumfomtssioinmstelumissinasisihtduhuhenhniinedestu —— e e LT RPN S
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52.00 per boat, including Coast Guaru compliance testing. Assuming 4.J u.-
boards per year are constructed, then the total cost per year is less Zhan Il
million. Using a cost of $480,000 per iife saved, only two or three lives per
year need to be saved in order for the existing standard to be cost effective.

Since the standard was promulgated in November 1972, boating industry market
surveys indicate that roughly 2-1/2 million boats have been built which are
subject to the standard. Compliance testing performed by Wyle under DOT-CG-
31538-A, "Perform Compliance and Defect Testing of Recreational Boats and
Associated Equipment," indicates that about 85% of the boats sampled were
labeled in compliance. This information contained in the data sample selected
for this study indicates that approximately 81% of all boats in the field are
in compliance. This, however, includes boa*s that were built before tne effec-
tive date of the present standard.

We are aware cof the fact that the Boating Industry Association (BIA) Formula
standard was in effect prior to the federal standard. If we use BIA estimates
of the number or percentage of boats constructed by BIA members and tc BIA
standards, we can estimate that maybe a third of the boats built prior to 1972
also had a (voluntary) standard in effect (the boats were labeled). From llyle's
experience, prior to 1972 the number of dealers who actually limited outboard
horsepower to that shown on the BIA labels was small in comparison to the number
to do so because of the federal standara. So, in actuality, the situation is
quite complicated, and it is Zifficult to estimate the exact effect ¢f the
existing standard (see Reference 3).

1.3 Project Qverview

A jraphsc presentation of this project 1s shown in Figure 1-2. The dependence o
the current ctandard evaluation and determination of proper alternative .oncents
on tne azequacy of tne adefinition and modeling is clearly seen in tne *iaure. |

s extracely tmportant tnat tnese tasks are correctly and comprenensiyely under-

taxen s nce iny future fask, wnether under this project or sore foliow-on Jrnient

4110 Ltiiize tnem as a starting foundation,
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. Power related accidents account for over 100 fatalities per y=4-
and approximately six percent of all reported accidents

) The current standard formuia isS not a good predictor of risk for all

. . . L . e
boats (i.e., without distinguishing pre- and post-regulation craft)
- in the powering relatec accident sample
° The current standard formuia appear., to be a good predictor of risk
for pre-1972 boats and johnbca*s fall years) e
° Regional differences in power acciden: risks exist
° The potential for sigynificant benefits resulting from amendments to
the current standard and/or other approaches exist, pending more e
detailed analysis
Based upon tnese conclusions and other findings reported herein, the following
rajor reconmendations are offered: e
. A tneoretical andg empiricail sensitivity analysis of tne current standard
formuia should be perfermed
) Field investigations should pe conducted in order to verify the assump- e
ticns of the analysis in this report, particularly those mace with
respect to exposure data
. Nationwide Boating Survey {N3S) and Boating Accident Report {BAR) data e
collection forms should be modified to provide needec powering related
data currently not available
] A detsiied formulation of the alternative powering safety ennancement ¢
concepts, and tneir associated costs and benefits, snould be unaer-
takern
1.4 _Rewvort lontent «
Cubsequent sections of ‘ais report present fne technical approacn and analyoes
SLPPOrting thes» conclusians.,
Section 1.0 presents g detaried diccutoran of the derivation of the detinition of ¢
A powering relatod Gocident and a dereileg chronology of the seiection of tha




acoigent data anaiyzed under thic project. Additionaily, this secticn presents

tne ceveloprent and validation procedures rar tne computerized Powering Related

Afcoident Model (FRAM) and tre danalytica)l results of the analyses on the powering

retated accrcent sample.  Tnis section concludes with a presentation of tne acci-
gent meCnrantsing initiating powering related accidents and scenarios typifying

worgents resulting fraom each mechanism,

SeCtion 3.0 presents a statement of the current standard for the reader's ready
reterance,  Alsn, this section presents the selection criteria and exhibits for

the non-powering reiated sample. Subsequent to this discussion is a detailed
nresentathon of tne efforts to determine the efrectiveness of the current standard
rorrwla ornowreaicting the risk of having a powering related accident with increasing
TOanTe roacseposer in view of several relevant variables. Interpretations of the

cesn ity are Lrovided to assist the reader where appropriate.

ot w0 oresents in detail the analyses performed to clarify and assist in

Ty

2N 1inie g e resyits founa in Task il

Section 500 aresents a detavied aiscussion o7 tne preliminary alternatives to
revedting the “vbe 0f fataitties accountea for in the powering related accidents in

Yaro saltpie.

SO L, arenents tne conclusions and recummendations derived from tne data

AL LY Gur Ty Tntg oroject.

Sl e e er s e jtergtive develowment of the Powering Related ~ccirdent

SR i Appendic g opresents Sne intoructions utilized to tnciude aata

Cree nnnegawertne ceiated accident reuorts, in the PRAM.

. NI SR ST T S P SR S . V. VLl S T S T i el S AT Sl P T S ) e




2.0 DEFINITION AND ANALYSIS OF POWERING RELATED ACCIDENTS

2.1 Definition and Identiticetion of Powering Reiated Acc gents

2.1.1 Criteria for Defining a Powering Related Accident

In order to establish a starting point for defining and identifying a powering
related accident, it was decided to select a small group of accidents from the USCG
accident file and review them for available pertinent data {described below) for
the powering project and to det~rmine the categories into which the accidents could
be grouped. Three hundred .nd thirty-five (335) cases were selected at random from
the 1975 and 1976 accident files maintained by the U. S. Coast Guard, Washington,
0. C. Of these, one hundred and eighty-three (183} were immediately rejected as
being non-powering related for one of the following reasons:

The boat(s) involved were not powered by an engine.
The boat(s) were not underway.
The accident was a fire or explosion accident.

How o -

There were no survivors, no witnesses, and no definite indications that
the boat was in motion at the time of tne accident. (This group did not
include: a boat found with the motor in gear and gas tank empty; or a
boat found beached with apparent grounding damage and motor in gear, as
these would be definite indications that the boat was in motion).

Tne one hundred and fifty-two (3152} accicents remaining were broken down into the

following cateqories:

YEAR OF ACCIDENT TOTAL

ACCIDENT DESCRIPTION 1975 1976 NUMBER
1. Involving swinmer or skier 2 3 5
2. Hit boat or pier 26 46 72
3. Groundging i 5 6
4. Hit suomerged object 15 18 33

L 5. AlT otner 15 20 36
RS 60 92 15¢

This totai was still too large a sampie to be manipulated efficiently by hand.
Therefare, “1:0s we were attempting to identify accident types, and not predict

frequencies, ~e decided to samdle the adbove cateqgories again to reduce the *ile
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down to a manageable number. Althoush sampling a sample is not normally a sound
statistical procedure, we felt that the orobable degradation would rot bte experi-
enced in the accident-type analysis due to the fact that we would not filter and
lose any accident type but would only be limiting the number of accidents in tne
large categories. The sampling plan for this step was as follows:

ACCIDENT DESCRIPTION SAMPLE RATE TOTAL REMAINING
1. Involving swimmer or skier 1 for 1 5
2. Hit boat or pier 1 for 3 24
3. Grounding 1 for 1 6
4. Hit submerged object 1 for 3 12
5. All other 1 for 1 35
TOTAL 82

After reading and reviewing the eighty-two (82) remaining accidents, they were
again sorted into the following categories:

1. Hit Submerged Object

2. Hit Other Boat or Object - Did Not See Prior to Accident or Attempt to
dvoid

3. it Other Boat or Object - Attempted to Avoid

1, Accident Peculiar to Water Skiing

3. falis Overboard

b. Swamping/Capsizing - Hit Large Waves

7. Swamping/Capsizing During Maneuver

4. Swamping/Capsizing During Acceleration

3. Lost Control Prior to Swamping or Capsizing.

After Jiscussing each accicent category and the deqree of powering involvement in
the cuus2 or possible future solution, the following list of accident categories
versiys “eqgree of powering involvement was derived:

Significantly Powering Related

i Trnse accidents where the operator lost directional controi of the

vesser while it was underway and under power.

~

2. Trose accidents where the boat did not respond to the helm as the
operator intended while it was under power.

P
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3. Those accidents where persons fell overboard or the boat capsized or
swamped during a manc.ver,
4. Those accidents where the boat capsized or swamped anu indications
exist that its seaworthiness had been degraded by the sueed at which °
it was operating.
5. Those accidents where a sudden application of thrust initiated the
accident.
6. Those accidents where the vessel's kinetic energy contributed sig- °
nificantly to the severity of the accident and no other viable
regulatory approach appears to exist.
Tangentially Powering Related
) @
1. Those accidents where kinetic energy was a factor but other viable
requlatory approaches exist.
2. Those accidents invoiving a material or subsystem faiiure.
) 3. Those accidents where the operator was unable to detect an object, ®
and a collision occurred, due to visibility problems involving the
vessel's trim or heel angle.
4, Those accidents wnhere the operator was impaired by powering-related
2 stressors. ®
Not Powering Related
A1l other
] ®
Based on tne foreqgoing, the following macnine sort for the powerinq related acci-
dents wa<s derijved:
r !
| RUN =1
) i °
i tiiminate 1f:
| ‘
| Horsepower = zero ]
‘ Or  HOrsepower = unknown ]
) E or Uperation at time = racing °*
i or drifting ]
‘ or drifting, fishing N
l or drifting, nunting
| or driftina, diving or swimming o
or drifting, fueling '
) °
3
23 o
) ® 4




or

or

ar

e
(RN

or at anchor

or at ancnor. fishing

or at ancnor, runting

or at anchor, diving or swimming
or at anchor, fueling

or tied to dock

or tied to dock, fueling

or  unknown

Type of accident = grounding
or fire/explosion [fuel)
or fire/explosion (other)

Cause of accident = ioad related - hoisting or lowering anchor
or misceilaneous - equipment failure (steering, throttle,
etc.)
or miscellaneous ~ starting in gear
or  unknown

Accident descriptors = boat found/body found, no witnesses
or improperly moored
or carbon monoxide poisoning

Cause = failure to detect nazard - submerged object (logs, rocks,
swimmer, diver, etc.)

Property damage = less than $1000
Number of drownings = zero
Nurter of other victims = zero

awumrner of injuries = zero

-
RN

HOTSENOWEr = unknown

Jperation at time = unknown

Casse of accident = ounknown

entire r1le by order of state and within state by month and day.

‘ne abave

Towering

i . -
SYINLC ST

Mnaaty

)

was criecked aqainst the 82 accidents in our file which we accepted as

reirted and tne ¢oding as per the 1975 Boating Accident Report (BAR)
<1 07 the cases we accepnted "passed” the above sorting procedure.

Inewving tne adove criteria against eiant random pages (25 cases per

the 137F opintout sndicated a reiection rate of fifty-four (54%) per-

cent Couiad o0 expected from the above coding sort. That rejection rate is

wer tnan saouic be possiole for the foilowing reasons:

<
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1. Accident descriptors are only coded 5% to 10. of the time. PRarely is
more than one coded. [t was our observation that two or more should be
applicable to each accident. As this coding is unreliabie, it could not
be used for identifying acceptable cases.

2. Not ail applicable cause codes are always coded and often the cause codes
are not appropriately used relative to the series heading. As an exampie,
improper lookout is often coded when the other boat was seen prior to the
accident.

It should be noted, however, that of the thirty or so cases we checked, no "major"
errors in coding were detected, which is a positive reflection on the coding staff.

After the machine sort criteria was derived, the decision tree shown in Figure
2-1 was derived for sorting the accidents into two aroups, 1) powering related
(accepts) and 2) not powering related or tangentially powering related (reject)
files. The decision tree was tested by having someone unfamiliar with the tree
and boating accidents code a number of accidents (15) and check them against our
interpretation. 1007 agreement was achieved. All 82 cases we accepted were
checked against the decision tree, and only one disagreement with our earlier
subjective evaluation was noted. The case was unique and the tree accepted

it, whereas we rejected it.

Thus, frcm the above, it can be seen that identifying and defining rowering reiated
accidents is an interdependent process. By defininag a powering ra2lated accident
one identifies powering involvement. By identifying the powering invoivement, one
refines tne powering definition. For a candidate accident to survive the iterative
selection process, it must show powering involvement at eacn decisinn point. These
decision points are refined as new events are discovered which demand expansion of
the decision tree. Hence, the "small" group of accidents chosen to provide power-
ing reiated selection criteria did so by providing tne powering related definition
and identification mechanisms. The definition, therefore, is a multi-event deci-
sion tree wnere an accident that survives the "tree" becomes "identified" as a

powering related accident.
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2.1.2 Initial Accident Sample

Application of the machine sort on the 1975 accident file yielded 3600 accidents to

be investigated by coders to determine if they were accepted or rejected by the

decision tree. Each of the computer selected accidents was taken through the tree L
with 1200 of them being accepted as powering related accidents. Upen further anal-
ysis and consultation with USCG personnel, it was dec’ded that the definition of a
powering related accident needed further refinement; i.e., the sample needed to be
reduced in size, particularly in the area of collisions and loading related acci-
dents where the involvement of powering was tangential or secondary in nature.

The result of this further analysis reduced the number of "Accept" cases by 497,

(Those accidents that were originally "A-cept" cases but are now "Rejects" are not ]
statistically lost since they will be analyzed under projects in the safe loading

and collision area). The decision tree was modified under this effort to that

shown in Figure 2-2. The differences between this tree and the original tree

are subtle. The first four decisions in the tree are not different. On the L]

-

non-coliision branch (node 13 and below), the change in Figure 2-2 was the addi-

tion of the top decision in that branch, This was inserted to reject those

dccidents where underpowering may have been a significant causal factor, and

P

other accidents that were not related to overpowering. Note that accidents .
involving boats operating at less than half throttle can be included in the

sample, but only if their horsepower per foot of boat length ratio is nigh.

Thus, a smali boat with a large engine, which could experience a powering prob-

lem at jow throttie settinas, is included in the sample; i.a., it can be accepted. 1

For tne ccollision branch of the tree, several chanqes were made. The concep* 1
benind tne decisions in the tree in Fiqure 2-2 was to include tnose accidents

wnere: 1) the operator theoretically had a chance to avoid the collision (ne °
jetected the other boat, etc.), and 2) his speed {lack of time) precluded the

acecution of an effective avoidance maneuver. C(ases where the operator lost ]
control of the boat are still accented. Cases where the objezt of the cnllision

was not Jetected, or the operator did not respond in time because cf alconcl nr ]
nther siressors, ar where the environment (waterway, etc.) orecluded avoidance

Were 20i1i3i0ns whinn the decision tree rejected. [t should be noted tnat tne

decisian <re2e allows for some engineering judgment in cases where the decisions

can pe surmised byt are not directly known. L4
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°
The remaining accident sample was iren interrogated to determine the . .., ¢nensive- :
ness of the information available to the coders. A coding sheet was prepared and a X
{

trial sample of twenty (20) accidents was processed. Results from the sample indi- °

cated that additional information was needed on a few of the key variables in many
cases and that a problem existed in the decision tree for nodes involving throttle
settings and speed. It was also apparent that the decision tree should allow one AN
to recognize a boat that was being operated at a low throttle setting but, due to °

the size of the engine, was actually being supplied more horsepower than the boat

Y

was able to accommodate safely.

Additional research into the problem of determining whether a boat was over powered ®
according to the present standard formula was apparently hampered here because the
coder could not determine a value for "Horsepower in Use" with a high degree of confi-

dence.
- : \ . . N -~ : .
fquation {1} was used to obtain the critical throttle setting to exceed the value
of one-nalf the rated horsepower of a given engine (see References 5 and 6).
Horsepower = K -« (rpm)<-’ (1)
®
T11s relationship has been shown to be close to empirical data and allows border-
J1ne cases to oe processed fuether in the powering related accident cecision tree
since 1t oredits tne operator with using sligntly more horsepower than empirical
J3t3 Tnaicate. e
Thdation (20 was used to calculate norsepuwer in use 1f sneed and weignt are .
r0wn " oe Reference 7. 1
]
°
)
. 160
Speed = - (2) 1
/ Weight/Horsepower In Use ]
“ne relationship of horsepower to throttle setting is shown in Equation (3). ]
. 1
. np ¢ (s Throttle)<=-° (3) ]
L 4
Iy ;
< -
]
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-ailed discussion of the derivation of equations and the impact 1¢ Lne present
dard evaluation is presented in Appencix A, "The Powering Related Model,"

me [1. Conversations with members of the Boating Industry Association and the
i, review of boat manufacturers' literature, and water tests conducted by wWyle
.onrel led to derivation of the formula for computing horsepower in use for a
n engine and throttle setting. This formula was programmed into a calculator
:h was available to the coders. The analyst could then input rated horsepower
mounted horsepower into the calculator and obtain a throttle setting needed to
'ed one-half of the rated horsepower. The calculator was alzo programmed to
svay the horsepower in use and a throttle setting required to produce it on a
:n engine if the speed of the boat and weight of the boat, motor, and gear are
VI, t was found that in most cases, there was enough information about the
t-cal vsariabies in these equations to calculate the desired variables. This
inique filled in informative data for variables that the casual observer would

siude was unknown or unavailable.

»otae c2suiution of problems concerning critical variables, 600 accidents were

furtner processing after jrocessing tnrough the revised decision

2 5N0we Gn ricure 2-Z2,
“.+.3 Finay Powering “eiated Accident Definition

rotee redinanary analysis of the 600 accidents, further re€inement of *the
e, detatang Gelision tree, and therefore, tne "Definition," occurred. This
cent L4t creviauely sredicted because of the iterative nature oF Jderising
oo hased onoexpanding dppiications.  The fipnal definiticn 15 snown in
vor - wner2 an accident 1s defined as a powerina related accident i tne
crnotais o nt o3t oany 0° the accept rnicaes.  As one progresses treough the
Loorne, e o compiexity 0f the definition and the detailed thought process

cyna orodeciding if the accident is accepted at any node becones

- '

wrowe the definition 1t oso complex, it 1s difficult to select any

: Sy o geiorioe a "tyotcad accident that would be accepted it =acn
Voot soeniarios wece deveicped to better underatand tne oo ien:
Ut aS . De Seiected gt ooacn node.

1)
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2.3.1 Raw ". .. ency Distributions

:n of tne information presented or tne following pages was used to evaluate the
tative effectiveness and benefits of powering regulation concepts. 7This is
>sented below to show the tyne of raw data contained within the mocdel. Unique

1/or interesting frequenci=s 1n tne raw data are singled out. Comparisons with

> data from non-powering accidents is aresented 1n Sections 3.0 and 4.7,

TABLE 2-2. STATEZS 7Y ARJER OF FRLQUENCY
OF BOATS [N POWERING RELATED ACCIDENTS

STATE NUMBER OF BOATS REL. PCT.
1Vifornig 4 13.2
lorida 37 7.9
3w York 32 6.3
labaia 20 4.3
ichiyan j 23 4.3
Bw Jersey ! 20 4.3
ortn Caro.ina { 13 3.3
’ =
exas ‘ 13 3.8
155Gum ; 17 3.6
Juth tarniina » 6 i 5.4
f — =
Tiinni : Vi 3.0
i
ont L Ck : . | 3.0
Jnnec S ! | ,: 2.3
I8 RAI 1 T 2 6
, i o
resor. | o : 2.0
rizora ! T ' 2.
i
ne oo 1 I i o
[SAARSY SRERNEN 4 - _4’L | 2.1
Toe T : 2 [ 1.9
1 0 LRl ") 'I 2
n | X
SRRRTY : : 1.7
®
]
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J.c Accident Mecnanisp adentfivation and Scenario Development

> previous sections the sample of powering related accidents to bte analyzed
jentified and defined, and the analysis tool (PRAM) was discussed. This

¢ was coded and the results of that coding are presented herein, with addi-
T analyses. The PRAM data are compatible with SPSS sorting routines and
stical packages. Additional analytical subroutines have been written to
Tare powering ratios and other statistics from the coded PRAM data.

atios tnat have been used in some of these analyses are: 1) nounted horse-
over rated horsepower (a ratio greater than one for a boat signifies non-
iance with the current standard); 2) mounted horsepower over boat length (hp
<i, and, 3) mounted horsepower over total weight (boat + gear + people).
cagios reflect measures of compliance with the current standard (ratio 1) and
L. meacures to be used in alternative powering regulation concepts (ratics 2
.. Tuese three power ratios were selected through consuitation with Coast
wesonnel because of their relevance to the evaluation of the current stan-
trietr potential for the development of new standards and the availability of

2eded nrormation in the data base.

Sute wowering ratic 1 above, one needs to divide the mounted horsepower by
ved rprsepover. A boat that was rated for a 100 hp engine and had a 120 hp
“ounted on it would have a power ratio number 1 of 1.2. To compute pcwer

“ne nounted horsepower is aivided by the boat length to the whole foot,
e “rus, a 120 np engine on a 15 ft 9 in. boat would generate a
Ty o 2 9f 8000 The tnira power ratio is computed by divding the

ooy the sum of the boat weight, the weight of gear on ucard, and

a
o Lencie on board.  For examplie, a 120 hp engine mounted on a &50
SOuotos ot gas and gear and 400 Tb of peopie woula gererat2 a

[P, S D
e Dot D0d.

Lot omgcn 0f o tne PRAM te 15 freguencies for the various codes.
cre, ant forms trne 2owering “eiated Accident Data Base.  The next

caiectt tare detatied roln Tt eoana discussions of tnnoaganings of

(L1t on; Tne detatrics scenario development ard acoident mech-
St o cutmirated ja‘tor, e o Nection 20307
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°
TABLE ¢-1. PRUA L TA BY NODE OF ACCEPTAL
. ‘ ]
POWERING RELATED ACCEPTANCE ! . OF é NO. OF NC. OF o '
NODE (BRIEF DESCRIPTION) BCATS ! RECOVERIES* FATALITIES 2
= ' 4
5 {lost control) ‘ 103 ! 286 3 :
; ;
8 (no attempt to | R j
. - . s . 9
avoid collision) i 3 ; 88 12 °
‘ !
12 {(not enoquygn time ; ) -
to avoid collision) : 5¢ 173 12
14 (fal) overboard cr i " | ]
capsizing during turn) | 7 145 59 ]
15 {sucden application i 3] 5] 22 bt
3T powWer ) :
16 (toss of directional ; g 5
controt) | 20 12 15
17 wave over Jow, i a7 123 34 °
18 {*ral’ overhoard ; 5
A -~ 2
due L0 wave, ; L 135 22
19 zapsiiing) j 44 | 102 21
Fitaiitios erogtear oa, in | ’ 4
ore g - PN wers not f .
Poasael e 2 Jdeiatun tree | !
| M A R I
| i 1175 , 204
S °
SeeevoacR S Taant y oo iow e trye Figures hecauLt 0F urknowns
HOTAC L LaRC dnd DECUSE SUME entrins extcoeaal CDdiQQ Timita-
CoowlL furosome hoats tne code (37=6 or foret wat 43ad).
d 4
. :
1
. <
]
® 4




ch boat that had a powering related problem was coded in PRAM. In olher soder<,
ch as ARM for example, each victim is coded. Since boats are coded in PRA,

ere may be one boat coded for each accident in the sample, or rore than cne if

e accident involved more than one boat with powering problems. If oni, one boat
a multiple toat accident had a powering problem {according to the pow

ng

E‘!";
lated accident decision tree), then that was the only boat that was coded.

e PRAM sample contains (83 boats from accidents in 1975 and 86 boats from fatel
cidents in 1976. There are a total of 469 boats coded in PRAM from 450 accidents

w0 boats were coded from 18 accidents, and three bcats were coded from | accident).

ie PRAM sample is broken down by node of acceptance in the powering related accident
:cision tree in Table 2-1. The number of boats at each node, the nurmber of recover-
's at eacn node, and the number of fatalities at each node are shown. Ceveri)

.pects of these data are intriguing. The probability of recovery {(i.e., nurter of
icoveries divided by total number of recoveries and fatalities) for boaters at node
in the powering related accident decision tree is much higher (0.39) than at any
-ner node. The probability of recovery at nodes 14 and 15 is lower (0.71 and 0.70,
sspectively) than at other nodes. These probabilities are not absolute, since twe
:ars of fatality data are included in PRAI and only one year of recoverv data. Fow-
/er, the relative differences indicate the nodes where siagnificant numbers of fa*al-
>ies are occurring. The fact that at least 31 bheoats were iccepted at each noae and
13t recoveries and fatalities occurred at each node, indicates that the decision

“e

2]

generates a sample that has data for each kind of powering accicdent. Efach kind

F cowering aczident occurs in the sample with some regularity.
2.2.5 Sumnary of «RAM

e Pewering Related Accident Model was developed to orjanice and surmarize nata
;rotne accicents that are powering related. The medel can provide scenarics of
rmon powering accidents and identify the dominant mechanisms of thess accidents.

B¥ aisn provides statistics and probabilities on factors relevant to the 25timg-

o

ten of Cotential benefits attributable to alternative powering requlation concspt

.

wofata *to enaple the evaluation of engineering solutions to the powering cratlem,

C1opowering accicents in 1375 were included in tne FRAM sanpieo, a'ong witn all
1tal powering accidents from 1576, In zotal, tnic represents J80 acoidmts invnlv-
1 163 noats and 2708 fatalities.  The large numner 0f acoidents and fatsilities

Wicates tnat cowering aActidents dre o Ciunificant Srogieni.
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The nex*t five coced variables contain most of the sevevity informg’ - on “gr ~he
accident. Property damage, injuries, and fatalities for the otrerc ez, if any

{fatalities for this vessel were coded earlier) are coded,

Finally, event trees and other detailed information were coded rtor aciidents acoord-
ing to their nodes of acceptance. These variabies were created to provide a ieans
of coding the detailed information that is often available in fatal accident reports,
and sometimes present in non-fatal accident reports. The sequences of interrelated
events in powering accidents are particularly important, and this information is
captured in the event trees and other variables that are specific to each node of
acceptance. The trees were developed to enable engineering solutions to powering
problems by providing data of a detailed nature concerning accident causes.
Solutions (in the form of proposed standards) which break sequences of events in
common powering accidents, or break variable interreiationships, may be tested in
future research. Their effectiveness can be estimated from the PRAM data. By
building this part of the model around the node of acceptance, the key information
that was used to decide if the accident should be in the powering related sample is
coded.

2.2.4 Final Accident Sample

Wyle proposed to sample at least two to three hundred accidents for PRAM. Origin-
ally, it was thought that two years worth of data would have to be screened in order
to obtain a sample of powering reiated accidents of two to three hundred. Wwhen the
accidents from 1975 were screened initially, approximately 1200 were found to be
possible PRAM candidates. Later, revisions in the powering related accigent decision
tree resulted in reducing this number by about 200 or more ac:idents. At that noint,
the Coast Guard and Wyle had a meeting to decide what additicnal accidents, if any,
shouid be sampled. It was decided that the fatal accidents from 197¢ <houid be
sampled *o provide more of the detailed information needed for the sequential event
trees, and to provide more "known" data points throughout the nmodel, since more aata
is typically reported in fatal cases. [t was feit that the non-fatal Ja*ta already
sampled from 1975 would be sufficient to show differences between fital and non-‘atal

pcwering accidents, 1f any.

Thus, the PRAM sample includes all powerina related accidents from 1575 and all
fatal powering related accidents from 1976, These ac:cidents were selected from

Coast auard accident report files using the owering reiated jccident decision tree

described earlier.
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in Figure 2-3 and instructions are presented in Yolane 11 of tree 2207 2 onnical
brief (Appendi« A). In this sec*tion, the typec of duty fto e o "= t=2d and the
coding form will be discussed in geheral, and a few variablec why o~ Gosen soecial

problems will be presented.

Several bockkeeping variabies are inciuded in PRAI and -prouped in tne first set
of columns on the coding sheet. Tne "boat number' and < oded by variables are
included so that accidents could be identified later, and Anaigzot, (ouid he con-
sulted, when needed, during the veritication process. The state, month, year,

and time of the accident are other bookkeeping variahles in *ne same vicinity on

the cnding sheet, along with tne acciaent type.

Boat variables are then coded in successive columns, including boat type, length,
width, hull shape, year of manufacture, and type of power. The speed at tne time
of the accident, motorwell information, and type of steering controls are coded
ne<z. The following four columns are for the relevant information about tne
motor ‘manufacturer, norsepower, weight, and maximum rpm). When speed was not
stated in the accident report, but the throttle setting and total svstem wei;ht
are known, a program on Wyle's HP-37 was written for the analyst tu ute in comput-
ing the boat's approximate spead (for planing hull craft;. 17 was “elt tra: such

an estirate would be preferrable to coding "unknown for speed.

The next several variables %o be ent=ared on the codinag sheet {"course' tnrsugn
"operator skiil/experience") provide some inforiation corcerning tne particular
accigent.  "Course” and "Powering Behavior' are decision tree variaties which
incicate intertional and unintentional confrrol activations invoivirg steering and
the thrn*tis. Most of the other variables to be entered in this 7roud (water Con-
11410ns, visibil ty, etc.) are coded directly as stated an the accident repors. The
iode of Acceptance” refers to tne nede where the accident was accepted into tne

PRAM sampie in the powering related accident decisinn tree,

The rated capacities of the coded boat are recorded in the next several columns,

Several of these are calculated from other known data using Coast Guard standards
and formuias. Tne weight of gear on board and number 07 engines in use are coged
in order to provide more information concerning overloaaing anc tne =valuation of

rowering regulation alternatives.
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Jugen were tnen recycied tor keypuncni . the corrections indejencern' .. Cur ealh of

the ey Toders,  The process lteraton Lntol two complete Jugiinéte 2l CF COr-

reltl s a2t jata were obtainec.

SOl survaee tnis verification

L tgde T ow indesendentiy o0 the came variabie.

LLITL Tt Tven e, 3nprox

e oo oast o ter sercont of
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‘saders. in <he coding of the nowering related accidents, the initial disagreement
“tne percentage of disagreements, column by column, in the comparison of the
tas wcsanoced decss 2f coded data) was approximately 10 percent of the columns.

rate 1o tLa2s kevpunching errors, and some variaoles cover more than gne

e v ey

PRI

Py

oy Thu, the true disagreements between analysts were on the order of 5%. ° 1
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cene”its atiributatie to aiternative Suwering regulation corcepts, as weii as o
cualwate tne effectiveness and need for tho present standard. Furtner detaiis on P
Love ot tnese 1ssues have been developed in Appendix A, particulariy in Volume 1.

2.2.2 Validation of the [lodel

s ooreloriinacy vaiidation of the model was accomplisted tnrough the processing of
nareas torougn PRAN. These scenarios were developea to describe accidents pro-
ciaed through aifferent acceptance ncdes of the powering related accident decision

rrae o see Section 2.1.3).

“rior to the writing of Volume [ of the PRAM technical brief (see Appendix A), 20
won-Taral accidents were processed tnrough PRAM.  The processing of these accidents
Lot uo come modifications in the coding instructions for PRAM and the adaptation of
e varicbles to more adequately reflect the accident data. e

Seouroto o wne weiting of Volume 11 of the PRAM technical brief, all of the fatal
a.cidents whicn had been accepted into the PRAM sample were raviewed. Event trees
' anc uwther 4etailed accident variables were developed for nodes of acceptance in the Y
powering reiated accident decision tree which accepted ten or more fatal accidents.
voohRrst ten accigents were needed at a node in order to generate enough data to
w170 0t e construction of these variabies. These variables were constructed in
s Th ocanture 35 mucn of the cetailed sequential information concerning events [ ]

T soogens s ooessible,

o Lot one valtidity checss descrised above, a PRAM coding vai1atoan pro-
k Do oo zen inoany efrort of tnic king, the model 1s only 3% 4oad as the
T, 3 srotedures geveluped for the data inpuf validation, are usez of

A

EAMD tne maden was developed nrouch consideracie reviews af pre-

e oo dent data, and consyitatior witn Coast Guard and oftrer exgerts.
R S, Tt data in tne developrent stanes adas to its exterr:l veian- °
o oaetatt o and sccuracs inogetining uowering AcctAeats and el -
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sLrAncE procedures are QAN C s d Te T anrd =40 ndun e 1ueni was
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After PRAM was developed, througn :.viewing previous modeling efforts. - ._..ng

accident data, and consulting witr .o.ast Guard personnel, it was Dr- .. . 1n a

two volume technical brief - repredic 4 in Appendix A. In order to capture some of

t the sequentiai dependencies in the events relating to powering accidents, event )
\ trees were developed for each type of accident that was accepted into the PRAM

sample. Thus, PRAM has many of the good features of a matrix model (flexibiiity,

1 completeness) and some of the benefits of a tree model (sequential dependencies,

'i interrelationships). Some of PRAM's specifics are denoted in the following para- L4
grapns.

The model codes information by boat. Other models code information by victim (the
Accident Recovery Model (ARM), and the Flotation Effectiveness Mcdel (FEM)). Only °
vessels with significant powering problemswere coded in PRAM in Task [I. The model

is orsanrrad su trat bookkeeping data are grouped in the first set of columns
vmonta, year, time, accident type, otc.). Boat data concerning the particular

o

oat tu e cuded are grouped in the next columns (boat type, boat length, etc.). °
Foiiuwing tne boat data, accident data are coded (course. pcwering benavior,

activity, etc.). Capacity information is then coded (rated horsepower, rated POB

capacity, etc.), followed by damage and injury information (damage to vessel,

injuries -this vess2l, etc.). Finally

J

event trees and special variables are ®
coded. Tnese variabies and event trees are specific to the node of acceptance on
tne powering related accident decision tree for this boat.

CRAM Coewn Esianed Y omake dse o7 cediction and assessment mathuaniogies °
TevE e M et tnee modeds . cortions of these exist e Lrodrams and analy-
condcues Tan b acplied drrectiy co PRAM. Additional arais,es werce Zesigned
a T T PRAN D wnian gsen routines i Statistical Progotas “or Social Sciences
The s oanalytiea. tecnnigues were developed orimarcily e tae evaluation of P
Towe L D e iation diterngtizes and senet it estimations ssing acnident severity }
art gl
DY suiary, PrAM nas seen deveioped Jus5ing accirdent data, Wyle expertize developed °
from orevious aata anaiysis efforts, and consaliaticns wisr tne Coast Guard. The y
mode. nas owan decigned o pertorm three functions: 1) to summarize/organize ]
powering related accident data and provide scenac~ios of common powering related '}
accidents, 2) to 1dentify the dominan~ mechenisms 5% tnese 4accidents, and 3) to ° ‘
Provide 5%a° 090103 wnd srobabiiitres an 211 rele-ant TiCteri and combinations of ]
ractors 1n trnese accidents. ne model  was used to facilitate the estimation of
d 1
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“«siiration of the 1975 accidents revea ed that accidents involving Farilities cCn-
Latnec 1 great deal more information for variabies to be ccaed fur tre wode’) than
4.4 non-fatal accidents. We therefore sorted through the 1376 file for powering
relizedg accidents involving fatalities. Tne result was the selection of €6 of
‘eeoe cases to be coded in PRAM. The selecticn of these yielded a totai sample

- 4o powering related accidents involving 469 boats [or cases) and 204 fatalities

“neonodel for both years.

ce othe definition of a powering related accicent ard the decision tree are
Somenveous, any safe powering standard, Lo be effective, must prevent or reduce the

cesit, o tnese accidents.

e oeloprent and Validation of Powering Related Accident Mocel

it oTne orevigus section, the method for selecting powering related accidents was
cesuriben. Tnis section describes the development and validation of the powering
colaned accident model (PRAM).  This model was developed in order to categorize and
swnrarize tne accident data. PRAM provides frequency data and other information
anicn con e used to identify orevalent powering related accident mechanisms and

Sen At ions.,
2.2.7 The PRAM

ceqection orocedure ouslined previcusly generated a file of accidents
Toood wn resoect to powering probiems.  This file was used. alang witn
St eea oand data anaiysis expertise, to formulate FRAM.  The scenarios
e nooarmanae rones of the powering related model Jecivinn toee wera

s aen tngn the codel couid accept the relevany 1atoarmation fur

e ownien s very samilar to other analysis models developed for the
s wle, 1t ones ndny variables, ailowing for the coding ot all rele-
4 oo nknown fata does notl preclude the coding of ather known ddata in
tatric-live model.  In models composed of one or ¢ rew large
Cee . unknown data may prevent the decision at @ high node 'noa tree,
<onidnyg the coding of information that 1s known lower in the tree.
oo Mg aen in FRAM. (For furtner discussion of tre differences i these

Lt Led L. e neference o
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Power Related Accident Scenario Noc: i6*

A. Operator is proceeding at high speed across a lake. He hits a wave and
loses control of the boat, which goes into "dynamic instability" and
capsizes. One occupant drowns either due to "sudden drowning," being a
nonswimmer, or being hit on the head during the capsize.

B. Operator is proceeding up narrow waterway at high speed. Rounds a bend
and finds boat in path. In attempting to avoid other boat, loses control
and capsizes. One occupant drowns or extensive property damage occurs.

Power Related Accident Scenario Node 17

Boat proceeding at high speed encounters large wave which enters over the bow
and swamps the boat. One or more occupants drown prior to rescue.

Power Related Accident Scenaric Node 18

3uat groceeding at hignh speed encounters a wave or wake which causes one or
nore of its occupants to fall overboard or fall within the boat. One or more
occupants drown prior to rescue, or is severely injured by the fall within
the boat.

Power Related Accident Scenario Node 19

A boat proceeding at high speed encounters a wave or wake which causes the
boat to capsize. One or more occupants drown prior to rescue.

2.1.4 Final Accident Sample

After all of the refinements to the decision tree were made, all of the 1200 acci-
dents selected by the machine sort from the 1975 file were reprocessed through the
tree. Tne result was a selection of 383 powering related cases to be processed
tnrough the Powering Related Accident Model. It should be noted that eacn "case"
cepresents a single boat, and that in some multiple-poat accidents, mcre than one
Loat experienced powering related problems. Thus, the total number ot powering
related cases is greater than the actual number 0% accidents. 't was felt that
acditinnal cases could be ¢elactea Trom the 1975 accidert file o provide a

croader coverage of boater exposure without gros.ly affsring the total sampie size.

Thate s Tie seenacios 40 AGL encoinDass tne recklessness of boat operators or
Ddssengers, whicn wou'ld be nard to overcome by a powering standard.

-
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TABLt 2-3. M0i7 5 BY ORDER OF FREQ

UENCY
OF BOATS IWVOLVEL . "OWERING RELATED ACCIDENTS

Citi o

1 ®
{ MONTH NUMBER OF BOATS ! REL. PERCENTAGE

August 94 2
L ‘ June 81 1
B , July 76 , 1
; ]

N O oW

C
7.
6.
i Mdy 75 6.
| September 34 : 7.
| Aoril 32 6.8
(. ! March 20 4.3 °
' oCtaner 1& 3.8
{ i “ooruary 12 2.6
’ i GANLdTY 10 2.1
° E Lovanher 2 1.7 o
| } cimper 5 1.7
. L_—_-— “aown ] 0.2 J

-

Yoo LT TRe acclenty Qosur oot tne five neaviest = .po0sSure sonths,  The
rtant ity i gircctly proportizagd’ o esposure, since 75 of ail accirdenrs

cartne WU e cgread in tne same fiue nonths.
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TAELE 2-4. BOATS INVOLVED IN POwtA. G RELATED ACCIDENTS BY 7.7 o uAY

TIME OF DAY NUMBER CF BOATS REL. PERCENTAGE

el 53 11,
R a7 10.
43 9
LS 41 | S
L & ! g.
B 32 5
DL 31 6.

a0~
[
NI SR

IO O OO0 NP O W

v
o f ~
11
s oL
[— o
> v O
. ~

“ 2.z
C 2.6
[ 12 2.6
1 2.6
® S
10 2.0
3 1.7
\ | 3 1.0
4 0.9
5 0.6
3 2.6
) 0.0
3 (.0
g C.0
y . 2.
I {
—_— T AT
’ TIMDOOF DAY
- :‘OA') :‘li )/‘VE:‘: "o e
ACCIDENTS 27 T oF A+

— e

“ -(’ N
e \'\/// < =
i 7/ N
i PP Sl 4 o = -
! i

° IR e wkel Sl clings (AN UHNEN UHNE GHUND SN TN SHES SHNS CHN SN WU S S S

; . - . - 1 16 15 iy 2% 24

L S S S a - R

LU SR WS S VAT S Wl AP S, VAL N S S L S S SN



{'-;-“.-v—-.——"_ - —~—r—T v - p——wr - v T i T

TABLE 2-5. Onlx

X OF BOATS INVOLVED IN
POWERING RELATET ACCI

DENTS BY ACCIDENT T¥Pt

ACCIDENT TYPE NO. OF BOATS REL. PERCENTAGE
Collision/Grounding 180 38.4 ;
&i Falls Overboard/Within the Boat 147 31.3 1
Swamping/Capsizing/Flooding/Sinking 128 27.3 ¢
Struck by Propeller 13 2.8
Other 1 0.2

TABLE 2-6. FREGUENCY OF BOATS INVCLVED IN POWERING

RELATED ACCIDENTS AND ALL ACCIDENTS* BY TYPE OF BOAT 1
’
o SohT TeRE NO. OF BOATS RELATIVE NO. BOATS IN RELATIVE ®
] R IN ALL ACCIDENTS* | PERCENTAGE** | P-R ACCIDENTS PERCENTAGE
E Spen *ntornoat a3 627 298 63.5 ;
Car'n “otorooat . 107 l 21.5 49 10.4 ]
m1gn Part,mance { 15 3.2 g 1
| huxTiaes Serl | 755 ! 1.1 2 0.4 *
| !
i RIETAIEAR B i Y ! 1.3 2 0.4
f {
? e ' , ! 5
! e s i ! O.:_ . 4
| | 5 | | i ,
. riet ! JI() ! J\) = l.]
o | | o 153
| | J \
E [ L Z.J
. -
T
9
o
]
{
9
’v,,l ST (()v‘ ’I},"\ [ ] 1
et aoe Da oed oy an e edt L oes i e ted
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TABLE 2-7. COMPARISON OF NUMBER OF BOATS IN ALL ACCIDENTS PO
AND TN POWERING RELATED A7 TNENTS BY BOAT LENGTH CA*EGORIES 1
L AT LoGTh NO. OF BOATS  «  RELATIVE NO. BOATS [h RELAT [VE *
' TATTA0RY IN ALL ACCIDENTS* | "TRCENTAGE** P-R ACCIDENTS PERCENTAGE L
| _oos than 16 ft 2053 22.53 201 o
| ft 4539 50.8 227 i
' £ 1309 14.5 1 1
{ 367 4.0 ;
l oo 30 3.3 g
L 652 7.3 5 1.1 j
€ $ ol tne ovats having powering related accidents were hoat iengths regulated ]
' e L tangara. ® 1
CLf - FRECUENCY OF B0ATS IN POWERING RELATED ACCIDENTS BY BCAT WIDTH
- - A
W o NO. OF REL . ]
) ROATS PERCENTAGE 5
. o |
S 97 20.7 _
S 74 15.8
63 13.4
i 59 12.6 o
30 8.5
3 13 2.8
1 r- Lo 12 2.6 ;
) ‘ 3 1.2 '@ 'j
i a tio¥: 217
| W — e
LU OF BOATS IN POWERING RELATED ACCIDENTS BY wlLL SHAPE :
) . | NUMBER GF BOATS | REL. PERCENTAGE ° 1
1
:
, 39 ] 2%
| L $ 6.0 ‘
LAY ]/ I ).b .
) ; t . [ ]
! - VoL 1
| ‘ 1
, , | .
~ouns oot o | 1 UL
) I RY N ATRATI J 76 .
- L e 4
- T ) p
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Unknowns for this variable are quite nigh due to lack of manufacturer's information
on earlier model boats, and lack of model specification on BARs.

o
TABLE 2-10. FREQUENCY OF BOATS IN POWERING ACCIDENTS BY YEAR OF MANUFACTURE .
YEAR OF MANUFACTURE NUMBER OF BOATS REL. PERCENTAGE ;“ 
1974 53 11.3 ®
1972 52 1.1
1973 44 9.4
1975 39 8.3
1971 30 6.4
1968 23 4.9
1970 19 4.1 o
1969 18 3.8
1976 11 2.3
Prior to 1968 98 20.9
Unknown 82 17.5
o
At least 42.4, of the boats involved in powering related accidents were built
after the effective date of the present standard (the addition of some cf the
unknowns would increase this fiqure).
TABLE 2-11 FREQUENCY OF BOATS IN POWERING ACCIDENTS BY TYPE OF POWER o
=4 OF POWER NO. OF BOATS RELATIVE NO. BOATS IN RELATIVE
T IN ALL ACCIDENTS* | PERCENTAGE** P-R ACCIDENTS PERCENTAGE
Juthoard 3955 50.3 323 63.9
0 1299 16.7 70 4.9 b
iabeard 2405 3G.9 61 13.0
Jtner 129 1.7 15 3.2
Neariy "G of tne poats in powering related accidents were outboards, the type of
boaLs coverea oy the requlation, whereas only 50.8% of the boats in all accidents were °
outhoarda.. Tne percentage of inboard boats in powering related accidents appears to ;
pe cunsiderably iess than the percentage in all accidents. z
¢ |
1
9
C9
3
-3 tor 1975 *
“*  Yasel oapon only these cateqories used in the table. R
.9
R
51
L ;
. 1
9
LT e s T T L T T e T ';;i




TAzLD Z2-12. FREQUEMCY OF BCATS LN POWERING ACCIZENTS o

l 5PEED (MPH) NUMBER GF BOATS REL. PERCENTAGE

! 0-15 5] 10.9

| 21-30 ‘ &0 &

: (=20 2 4.
2

Z 7
: 41 - 13 .0
| 31-50 6 1.3
i Jdnk., but increasing 16 3.4
? PrL bt Ddecreasing 15 S
| IR 206 eo.

PTtnnio ealh o wnere the speed was «nown, near.y /07 were traveling at soeeds

2 v henant to he safe for onost water crafc.

~

TABLe 2-13. FREQUINCY 0F bOATS IN POWERING
ACCIDENTS BY Tybkp OF ST

LERING CONTROLS

NUMBER OF BOATS REL. PERCENTAGE

'T‘:lul Jl‘c?'{OLS

353 75.

et Lheering
Pled trom Ina. 8¢ 20.

J
1
, 1
e ¥J 20 4.

LY W

rooaocidents inosne data base there is indication thot s crervator

“rerct L0 Change COourse prigr Lo the accident; however. .. tne caies

—

oot condication tnat he drd attemot to change conrse, trore inoalso
car ose 3ud not Tose contrsl 0F tne boat in making nio Correclions

oy C3ses.

Setp gt otne sarnte, tne wrcident 23 not accur Jurirg an o intentional

I3 4
wooard far gunroamately i 0f tnp nasec, vt was nel «nown 1t the
TR T T nane Sognrnn tereonalt oar orne gperators wng el gtiempt

oo these doerdents Yty onot Gase control 0f their boats.  1)5%, of
o sLern, 4 dintentional course cnenge accauntad for about 220 of tno odate,
v agses of Taes ot cant et peing the operator heing drsplaced
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2.3.2 An..ytical Results

Section 2.3.1 presented the basic results of the coding of the PRAI sample, one
variable at a time. In this section, the discussion will concentrate on those
variables and variable combinations that provide significant input to the identi-
fication of powering accident mechanisms, the development of powering accident
scenarios, and the evaluation of powering regulation concepts.

The powering related accidents and the accidents reported in CG-357 are broken

down by geographic region in Figure 2-7.

states shown below:

The regions are comprised of the

Region 1 Region 2 Region 3 Region 4
Washington North Dakota Maine Texas
Oregon South Dakota New Hampshire Arkansas
California Nebraska Vermcnt Louisiana
Idaho Kansas Massachusetts Tennessee
Nevada Minnesota Connecticut Mississippi
Arizona Towa Rhode Island Alabama
Montana Missouri New York North Carolina
Wyoming Wisconsin Pennsylvania South Carolina
Jtah I11inois New Jersey Georgia
Colorado Indiana Delaware Florida

New Mexico Michigan Maryland
Alaska Ohio West Virginia

Hawaii Virginia

Kentucky

Washington, 3C

The powcring problem has a regional character.

In the categorization of the PRAM

cata by states, Alabame, North Carolina, and South Carolina (all southeastern

states, ranked fourth, seventh, and tenth in powering accident, respectiveiy.

The same states ranked fourteenth, tenth, and twentieth in overall boating acci-

aents according to CG-357 data for 1976.

Meanwhile, Washington and Maryland,

which were both in the ten states with the most accidents in 1976 (eighth and

ninth, respectively), tied for twenty-eighth in the rankings for powering
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e
P ST PP U S R




A

7 I
ntoall of ail
Aco1dents Acctdents
vt an frate. and ot oall
Non-tgnale Nen-ratal s, PSR ST AR

arsis and
n- "Pd",r,i] 5

“egian

<) an

sy, ot all

Accidents
Fatals ind
Non-ratals

RoGion o

Voo ALl ACTIDENTS FROM CG-1357 [197%) BY GEOGRAPHIC ReGION

e
f t b:, Y‘ ) Hu‘ a T Crp
! . .
Powering ¢ idents
' [ AN - LT
ifatatls dana
. - R g < .
Nor-Fatals, S of the
‘ Powering
N . foe s .
v Region heoaidents
{ Fatals and
! n-Fatats
\\\ ! 1707 tne Mawering //
— ' Acciadents (Fatals
S N - . 4
~ and Mon-raty
Rea1on
Coansl N oAU LoniTn PO e Ty BASE Y NLoGRARSTE REGICN
Pl ar e STEANTUWNS
G

Ty wo— ey Ry

®

<
e

4

PG U SO Oy

PPN S

PG

A el

LI NP GRS S |

‘AAA__L"JLi




accidents. The tendency for southcastern states to have more powerir . lents
can be shown by the data in the two maps of Figure 2-7. The southeastern states ]
represent approximately one-third of the powering accidents. Meanwhile, the 4
north central region represents less than one-fifth of the powering problem.

This variable was singled out to be used early in this section merely to indicate )
the complicated nature of modeling, regulating, and predicting the powering problem. !
Based on these data (state) one could predict, just from knowing that an accident
occurred in the southeast as opposed to the north central area, that it was nearly ]
twice as likely that it was a powering accident. And yet, it is difficult to

conceive of incorporating region of the country into a powering standard. 1

Accident Mechanism Variables

The next section will describe accident mechanisms and scenarios in detail for each
PRAM accept node. In this subsection, general variables relating to powering °
accident mechanisms will be presented.

As snown in Section 2.3.1, there are three basic accident types in the PRAM

sample. Collisions, capsizings/swampings (including floodings and sink-

ings), and falls within the boat or overboard count for 455 of the 469 boats

in the PRAM sampie (97%). Thus, the mechanisms for these accident types, identified
in the safe loading projects, collision projects, and in-depth collision and capsiz-
ing/swamping investigations, are applicable to powering. However, the powering

accident mechanisms and scenarios represent special subgroups within each of these ]

accident types.

Speed was unknown in 306 (65%) of the cases; therefore. nothina can be stated with
confidence about its role in these accidents. This larae number of unknowns occur- 1
red despite the fact that soeed was estimated when throttle settina and total weight
wera known.

ror 401 caces (26 of the totai) the operato- did not change throttle setting or 1
this inrtormation was unknown. For those who did change throttle setting, 44 N

increased power and 23 decreased power {one unknown as to increase or decrease).
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~vacer conditions could have been a rz22tor for about half of tne aCcCilen.
Tm - 50%), with 38% of the boats in cncppy or rough conditions, and iZw 1in
y rougn conditions or a swift current. For the cases reported in (G-357 ]
re water conditions were known (1376 data, carlier data not available), ®
were in c3alm water, 36% were in chcpuy or rough conditions, and 8% were ]
strong currents. The wind was strong or at a storm level ir oniy 50 {11%) k
tne -ases, and was caim, light, or mcderate otherwise. For the known cases }
orted in €3-357 {1976), 13% were in strong or storm level winds, witn the d
ainds=r in calm, Jight, or moderate winds.
node of acceptance data when viewed in conjunction with the accidert type
1 repirted above, indicate that a variety of accident mechanisms have to be ° ‘
.oribes in order to account for all powering accident scenarios. Tre data :
“arted an *ne preceding paragraphs snow that it 1s not true that a few values
4 fovw ovariables will describe the conditions that are dominant in powering
rsentt . More detailad accident ddata are presented for each accept node in ®
s next .2ction, and commonalities (sources for potential accident prevencion
surars ane standards) are called out there, when possibie.
verity/tifectiveness Variables . )
“ict tnat 234 fataiities are included in the PRAM sample and over 'G00 victims, :
froete T aanitude of the powering problem.  Several variapies were included ;;, 3
St uraer to indicate the cost of these accidents in damage niuries, and " #
foa swsT. WUlier data were included 1n order to allow the evaluatiir of cequlz- ‘
v,oUuuio0 T Tacluding the present standard. }
CGioncy inol tor each o the powering ratios identified previgusiy wer:s cuttained E
Ao Lo 20 osyeceeding pages. Figure 2-2 Snows the number of poats 4t eacn ¢ 1
Gaeot T ctiue. tor mounted norsepower divided by rated horsepower {(the latter 3
eieranet Geotae fornula an the powering standard).  For tne purposes of f
Cox ats were uted, ncludins tnote that woro puilt bofore 1370, Suwe i
Tre e Loats o wWere a0 compliance with the requiatior before it was saunied. ¢ ]
CoenTing Ltancard, 1 effestive, snouid prevent many powering accidents,
Foelae P oscoverity of them when thev do occur. Figure 2-8 shows that
St Tae BRAM saqpple gqora 1 Cutollance with o tne powering standard ing
® <
56 p
]
*
aa oy st o o TS G S PR T G S G I A T L R S AN AL 4



Humber of Boats

149

150 —
°
125 b
™
258 COMPLIANCE (81%) 60 NOM-COMPLIANCE (19%)
100 p— ®
o
75 p—
°
50 =
®
|
25 b
®
Mean = (.847 1 .
| 1 4
‘ °
N A | 1 1 | 1 1 ;
G.25 0.50 n.75 1.00 1.25 1.50 1.75 ]
Power Ratio No. 1 ]
NOTE: 151 UNKNOWNS ®
"
FTOURE 2-3. FREJUENCY PLCT FOR MOUNTED HP/RATED HP FOR BOATS IM PRAM -
57 1
° |
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err eG ACoYIents dinyway. v tn2 standacd were very offecttiye, ther 37, ot 1
4

d__11ents would have oeern pre,ente~. While these data cannot stanc slore, ]
30w 505485 T1.6 0F tre f3CU tnat many owering accidents are not Orevented p

C Dy COrpi1ance wWitn the current stancard

v l-4 arvenent, tne same data for nDoats Suilt prior o 1972 and afrer 15377, -
sepacitel . Tre Curves are rearty Ydentican. Tne Lurrent powering stancancc 'd
ot 1 cer tne Jdictribution of powering ratios for boats involved in those i ]
terts. A5 srnown in the figure, the ~ean Tor power ratin numter one (mourted ‘
Lne mean Tor power ral o ALLED DT )
powev ritec norsepower) was the same ‘0 pre-regulation and post-regulaticn
L. Trie omean 0,350 makes sense intuitively, since many boaters may buy an
we trgt n et sligntly less hursenower tnan the boat s rated for. rather o <
o . e reater than the rating.  inese data can be broken Govin Still o tur-
“re s, teipution Of power ratio nutiber one is tabled only for cutboards
Toer 4 angtn (i.e., only for tnose to whom the standard appiies) the Jata j
. ) . . . . . )
it -4 vesuis. A chi-square test* shows no Significant celationship between
SE A cnd power ratio ((2=1.66, four degrees of freegom, 5-0.75;. This
vt o aaatan in tne distritcution of power ratios after the rogulation was
ed The tes o mgat inunlved in powering acuidents.
L
. A7 ni-, uare feSLS are 4oo4 1n this report.  The purpens of this root-
: cev Ty describe the tests trhat were performed, and some of thae proner- )
©F s is tents. when one wishes to aeternine the cignificance o7 iivTercnces ,
L, e orore’ groups, ¢ Cni-sgudre test may be used.  The auil hypothesis ]
©, e maare gre no Jifferences 1n the frejuencies observed n the frzjuen- ]
“<ocomg oo otre date table. More specificaily, the nynotresis under te<t 19
frgt T two o (0r more) groups differ witn respect to sorie characteristic °
St oaatnorecpect to the relative frequency with which geoup merners tall 1
w. w3, oiceaories.  The hypothes's is tested by counting the nuaber of cases :
wi . grmul whion fall in the various cateqories, and comparing the proportion ]
e e saUn oroup in those categories with the argporticn of cases fron
.. T/ convention, a level of siamiticance ¢f 5 (i.e.. 470,255 15 .
oo 1 3% un acceptable probability of Type [ oerror. Tne dlternative ° ‘
pTeeic fral 15 accepted wnen Ho is rejected is that tnere are differences )
/260 ,roups on Lne observed f{requencies in various cateqories. The differences .
“e “ierher pyamined hv inspection.  Ir sore cases, the contribution <o the chi- g
ey e tation from a sinale connparison (one category; is enouah to wmake  the ]
v Catistooosignitficant.  in these cases, such d cateqory voviously in
ced g o significant difference between the two groups. b 1
*
: e b e e et ot et et oo i B i e A ate e N
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* (continued)

en the data taple is a breakdown of frequencies in a 2x2 contingency table, the b
st is computed as,

N(]Ao-am-fz‘-)é

(A=3)TCrC)(A+C B0y + 4f*!
°
ere A, 8, C, and D are the table entries. For a larger data table, witn r rows
d k columns,
K r‘ (O;A-Ei;)z
T XS ety .
A ) 1J
j=1 i=1 J
ere Oi* 15 the observed frequency in cell (i,j) and Ei‘ is the expected frequency
N J
it ii,3). The Eijls are computed by multiplying the marginal total for row i by
e marginal total for column j and dividing by the total of all the frequencies in e
e table. When the .< value has been computed, ther a statistical table of the
stribution function for .- is consulted to determine the critical - value based
on tne degrees of freedom and the desired level of significance. When the com-
ited .- statistic exceeds tne value that has been found in the table, then H0 is
Jected, otherwise, HO is accepted. In thic report, we have chesen =0.05. ®
cni-sguare test on a 2x2 contingency table is often referred to as a "chi-square B
st “or assoclation” since the rejectior of the null hypothesis impiies some g
s0Ctation between tne two categorized variables; i.e., knowledge of one provides -
me intormation as to the probabie vaiue taken by the other. It aiso indicates
it “ne cell by cell probabilizies are different, such as in Table 2-19 of this d
pert. A ocni-square test on a 2xn coniingency table is often referred to as a
ni-.gaare %est for two independent sampies” and results in a comparison 0f the
@ 215 r1butions across categories. The rejection of HO in this case fmplies that
e diitriputions are not the same. These are the two major types of chi-sguare
'Sty ogsed in this report. o
1
e interecsted reader is referred to:
Ciedet, Sidney, Nonparametric Statistics for the Behavioral Sciences. New York:
MCQraw-Hill, 1356,
. <
Hayes, ~ilitam, Statistics, New York: tlolt, Rinehart and Winston, 19563. :
1
Liner, 300 0 Statistical Principles in Experimental Jesign, New Tork: ]
MoGraw-niL oL 1377,
®

(2]
N

PP L L SR T S D I R I D L L SN S R P I PGPSR G RIS S S IR Y




.

COMPL;ANCE NON-COMPLIANCE 4
[ ]
4

Post-Reguliation Mean = .87

Pre-Regulation Mean = J.35
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ccident mecnanism that is identified at this node is improper loading
ge water in the boat. A typical scenario is:

A boat is proceeding 2t a fairly high rate of speed in rough water.

As the amount of water that splashes into the boat increases, its
lToading effect increases and the rolling motion of the boat causes the
water to slosh from side to side. Soon the operator is unable to
maintain his course and a wave from the side of the boat cauces the
boat to capsize. Without PFDs, the victims soon drown or in some
cases are trapped under the overturned boat.




v . . eman T —————y

vode 18

accidents accepted at Node 18 include falls within the boat and falls
boara that result from a wave or wake. The most frequently encourtered
dent mecnanism for tnese accidents is unexpected boat movement. A typical

ario for this mechanism is:

a) A toat is proceeding at a fairly high rate of speed with the occupants
all seated in their seats or otherwise in good positions when, without
sufficient warning, the boat makes a drastic movement because of the
encroachment of a wave or wake. One or more of the occupants finds
that the movement was of sufficient magnitude to throw him into the
water, where, without a PFD, he soon drowns. In many cases, the
occupants' or the operators' reactions have been impaired because of

their ingestion of alcohol.

sliyntiv fewer cases, the same accident mechanism is invoived in the same
2 0f accident portrayed in the abuve scenario with tne exception that one
nore of the occupants contribute to the fall overboard by sitting on the
k of a seat, on the gunwale, standing-up, or otherwise being in a pocr
ition within the boat. The results are often the same and tfe victim

unders without a PFD.

nede 19
acc nteans accented at Node 19 involve capsizings that are -aused by a wave
wake  Tio o scovient machanism tnat is identified here is collision with a
e. A tyoical <tenario is:
1 £ hoat s preceeding at a fFairly nith rate of speed and encounters

coognowater which enters the beat aver the bow or side as the boat 1s
~oing fao fast to follow the voliing mction of the water. With the
brar being f117ed with water, the amount of freeboard is lowered and
*heo hoat eventually capsizes hecause of tne continuinag action of the
waves. witnout PFDs and. in manv cases, being hampered by the in-

qestion of alcohol, the victims soon drown.
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to prevent it from crarking whea it is in gear and when tne engine
is cranked, the sudden surge tosses the occupant out of the boat.
The victim, then, is either cut by the propeller, or drowns because
he is not a good swimmer and is not wearing a PFD.

Mode 17

iccidents accepted at Node 17 involve boats which were swamped by a wave
: over the bow or side. The accident mechanism frequently encountered

s oscillatory momentum along the pitch axis. A typical scenario for an
1t involving this mechanism is:

) A poater proceeds against strong current or rough water caused by
weather or other boat traffic. Because of the poor judgment on nis
ioad placement or the speed with which he should plough through,
dynamic oscillations of the boat are forced out of phase with the
~waves. This condition worsens until a wave crashes over the bow,
flooding the boat and drowning the engine. Free water in the boat
compounds the problem by reducing freeboard and the oscillations
finally reach such magnitude that the boat capsizes. Without PFOs,
the occupants are scon victims of drowning.

r accident that is frequently encountered involving the same accident
tsmoii.e., oscillatory momentum about the pitch axis) is portrayed in

BPHArIO;

) * poater is proceeding at high speed and rapidly encounters rough
water  Unable to stop, the boater jumps the first wave only to find

-

tne Sow of his boat pitching under the top of the next wave. nat
wave crashes over the bow, fills the boat with water, and drowns the
»n7ine.  The hoat then capsizes and sinks, leaving the non-PFD

warinc occunants in the free water and drowning.




ere were a few accidents acceptie. - ¢ Node 14 that involved anotre: . .
chanism. This mechanism is impact of wave or wake from the side. A typical

AL .

enario for these accidents is: °

c) A boat is proceeding at a fairly high rate of speed, perhaps pulling
a skier. Thne skier fails ar the operator otnerwise decides to make a
turn-around maneuver without reducing speed. While in the turn, the
boat 15 nit by a wave or wake resuiting in a capsizing or swamping
of the boat. Since the occupants are not wearing PFDs, one or more

become drowning victims.
Node 15

)se accidents accepted at Node 15 involve a sudden application of power

ather intentional or unintentionai. The most frequently encountered accident

chanism here is sudden transverse acceleration. A typical scenario for an o
cident involving this mechanism is:

a) Several persons are out pleasure cruising. The operator stops to
drift for awhile or is proceeding along at idle speed. The operator ®
decides to initiate more power and because of his misjudgment or his
lack of experience, doesn't realize that this action will result in
an occupant's dislocation or a collision or otherwise catastrophic
acrion One or more of the occupants ends up in the water without ®
a PirD and diec either from drowning or from injuries received as the

accident initiated.

other accident mechanism identified at this node is starting motor in gear.*

typical sc=rario for accidents initiated by this mechanism is:

b, Ouring a normal day's boating the operator experiences trouble with
tne 2ngire ‘a weak battery prevents electric start, or perhaps the
anaire just ren’t running right;. The operator or a passenger
atlemgts fo crank the engine by hand. The engine has no locv out

Note: These ac.idents were inciuasd 1n the sample becguse "starting in qear’
was not or'ginaliy stated or <ndet as the primary cause cf the accident. L
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2.3.3 Accide~t -echanisms and Scenarios

The development of the provisions in PRAM for identifying the accident mechansims

Andooa o 0 o o o o

that initiate powering relatea accidents, and the detailed scenarios for the acci- ®
dent mechansims, is described in detail in Appendix A. This section uses these - -‘;
provisions to provide an indicatior of the relative frequency of occurrence of o
each mechanism. The distribution of powering related accidents by node of f'; 'j
acceptance is shown in Figure 2-11. °

Accident mechanisms and scenarios were derived for those accidents that were
accepted at Nodes 14, 15, 17, 18, and 19 or the powering-related accident
decision tree. °

Node 14

Those accidents accepted at Node 14 involve capsizings, swampings, and falls

overpoard during intentional changes in direction (course changes). The most ®
freguently encountered accident mechanism for these accidents was excessive

lateral acceleration. A typical scenario for this mechanism is:

a) A boat is proceeding alona its way at a fairly high rate of speed ®
with one or more occupants improperly seated (i.e., sitting on a seat
back, on the gunwale, or on the deck), and not wearing a personal
“iotation device [PFD). The operator starts to make a sharp (i.e..
asnroximately 90°) turn enc one or more of the occupants falls °
overboard, is nit by the boat ¢cr its propeller. and 1« x1iled or

serigusly nurt.

Slightly less often the same accident mechanism {excessive lateral acceleration) °

is 1nvolved in a scenario such as:

bY A boat is proceeding along its way at a fairly high rate of speed with
ite gccupants properly seated in their seats but still not wearing

- o
205, The operator starts to make a sharp *urn and cne or more of
the gccupants are thrown sut v the viplent action of the boat. The
overboard victim is then hit by the boat or its propeiler and iq
killed.
L 4
b
K
. h
N '.q
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TABLL 2-21.  HORSEPOWER: BOAT LENGTR VS. FATAL AND NONFATAL ACCIDENTS

RATIO #2
L
NUMBER OF BOATS
0-3 3-6 6-9 9+
| FATAL ACCIDENTS 82 40 17 25
[ NONFATAL ACCIDENTS 56 88 85 70 °

QTE: There are 6 unknowns for this tabulation.

5 with the other powering ratios before, the chi-square statistic for association

n Tabie 2-27 1s statistically significant (. <=11.51, degrees of freedom = 2. )
.N.035), indicating that the distribution of boats in fatal accidents across power-

ng ratio number three is different from the distribution for nonfatal accidents.

‘he difrerences in the distributions are due to the fact that the boats in fatal

-

iccidents are more heavily concentrated in the lowest (0-0.1) category, while the L4
aats in nonfatal accidents tend to be in the lowest or middle category.
"nus, ail chree power ratios have some predictive power in terms of severity, when
severtny 1s measured in terms of fatal versus nonfatal accidents. ‘@
Thin secticn has presented some analytical results from PRAM, many of which will be
zxpanded 1n Sectinn 3.0 when comparisons are made between powering and non-powering
accidents  The next section deals with detailed accident data. Oescriptions of the »
jccident mechanisms are presented along with scenarios which reflect dominant power-
1no problems.
ThLT o-20 ORSEPOWER:  TOTAL BOAT WEIGHT VS. FATAL AND NONFATAL ACCIDENTS
°
RATIO 43
NUMBER QF BOATS
. 0-0.1 0.1-0.2 0.2+ o
FATAL ACCIJENTS 104 31 6 -]
NONFATAL ACCIDENTS 114 77 13 R
NGTE: Thera are 124 unknowns far this tabulation. f i
. -
S
63 R
° 4
- . . “‘
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is tabled below for fatal and nonfa.ai accidents. Some categories werc oo..apsed
to provide ample sample sizes in each cell of a crosstabulation.

The chi-square statistic for association for Table 2-20 is statist cally significant
(<=9.39, degrees of freedom = 2, p<0.01), and indicates that the distribution of
tnats in fatal accidents across powering ratio number one is different from the
distributicen in nonfatal accidents. 1t appears, based upon these data, that the
formula used in the current standard may bear some relationship to the severity

(in terms of the distribution of fatalities by power ratio) of a powering accident;
however, these data do not include exposure correlations or separate the pre- and

post-regulation boats.

TABLE 2-20. MOUWTED/RATED HORSEPOWER FOR FATAL AND NONFATAL ACCIDENTS

RATIO #1
NUMBER OF BOATS
LESS THAN 0.5 0.5 to 1.0 OVER 1.0
FATAL ACCIDENTS 14 60 25
NONFATAL ACCIDENTS 13 170 36

NOTE: There are 151 unknowns for this tabulation.

“he zni-squdare statistic for association in Table 2-21 is very significant (¢2=54.85,
gqegrees of freedom = 3, p-0.001), and indicates that the distributi.. of boats in
fatal acnigents across powering ratio number two is different from tna distribution
1n nonfatal accidents. In particular, the boats with low norsencwer: hoat length
ratioc an the PRAI data (-9 are more iikely to be in nonfatal accidents. (Again,
tnis coes not ¢onitain exposure information and includes bSoats buiit tefore and after
tne efrent e date of the regulation.) Tnese twn cateqgories contributed 34.75 and

195.69 to tne o staiistic, respectively.

------------
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TABLE 2-19. BOATING SAFETY EDUCATION VS. COMPLIANCE

QPERATOR NUMBER OF BOATS IN COMPLIANCE NUMBER OF NON-

t DUCATION (MOUNTED HP: RATED HP < 1) COMPLIANCE BOATS
| None 134 41
[ At Least One Course 83 8

NOTE: There are 203 unknowns in this tabulation.

Severity Variables

"he powering related accidents coded in PRAM account for 200 fatalities on the
vessels codea and 4 fatalities on other vessels. These four additional deathc were
from bodts which were invoived in a powering accident, but had no powering problem
themselves. These boats may have had a collision with a boat that was coded in
“xsM. The fact that there were oniy four fatalities on these other buats indicates
tnat wnen wuitipie boats are involved in a powering accident (there werz 26 ifotal
“atarities from boats invoived in collisions in the powering samplie) the fatalit ec

are often peopie from the boat with the powering problem.

Creeototal damage to tne vessels coded in PRAM is between $223,000 and 44,000,
eowamage to otner vessels (ones that the PRAM boats collided witn} is
Saeen 25,000 and 565,000, Thus, the total property damage i batween Ine-
Cexrter oang ane-naif milidon dollars.  Thesa figures are based upon summing tne
ae o for Tower oounds) and upper (for upper bounds) values for the oic. usea tor

noet ognotre data base (see Appendix §).

. ata combined for PRAM bgcats and those that tney hit; snow between 31
“aloeremcnths of incapacitation, and two pecple permanentiy disabled. hege
et eeress tre magnitude of the powering probiem as strongly as the [04

feat atiritutadie Lo powering accidents in 1975 and 1975,

e oy o ranion defined previously were crosstabulated with tatal vert s
igents in the PRAM data bese. Oresumably, 1f tne ratios meat.are i

IR}

it mor having powering accidents, tnev might also measure the Lejerity of

ontr TR ds, 1F the Lowerong reature 1S nlgbh, thiis miant ind ats
coece powering accident tnar 1 f Tt owere luw.  tach of these powering rat o
tor




TABLE 2-17. HORSEPOWER Pk 7 TAL BOAT WEIGHT VS. ACCIDENT Tyt

HP/TOTAL WEIGHT
LESS THAN 0.1 GREATER THAN 0.1
Collisions 52 49
Capsizings/Swampings 86 23
A1l Others 77 55

NOTE: There are 127 un¥newns for this tabulation.

If experiarce with the vessel involved in the accident is cross tabulated with

compliance or non-compliance with the current standard, the data in Table 2-18 result.

TABLE 2-18. COMPLIANCE VS. EXPERIENCE WITH THIS BOAT

OPERATOR EXPERIENCE NUMBER OF BOATS IN COMPLIANCE NUMBER OF NON-
ALTH THIS BOAT (MOUNTED HP/RATED HP < 1) COMPLIANCE BOATS
0-100 hrs. 76 18
100+ nhrs. l 94 21

NOTE: There are 260 unknowns for tnis tabulation.

The corrected Chi-square statistic for association in this table is nor-significant
(«¢ < 0.01), indicating no association tetween experience with this boat and a
tenaency for non-compliance in the PRAM sample. A similar result is found for

total boating experience (% < 0.071). When the data for boating safety education
are tabulated (see Table 2-19), the corrected chi-square statistic for association is
significant (+~ = 7.59, 1 degree of freedem, 0.005 < p < 0.01). This indicates

that gperators in tne PRAM sampie who hac some formal boating safety in<truction
were much less iikely to be in the non-compliance category than boaters with no
boating safe*y education. This is indicative of a concern tor general safety

awarenese and education on the part of the boater.
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TABLE 2-15. ACCIDENT TYPE VS. COMPLIANCE WITH CURRENT STANDARD

(POWER RATIO #1 < 1.0) (PCWER RATIO #1 - 1.0)
BOATS IN COMPLIANCE NOT IN COMPLIANCE
Coliisions 113 16
£apsizings/Swamnpings 60 21
A11 Qtners 84 24
WJTe:  Tnere are 151 unknowns for this tabulation,

SCOTaePT tue 1S grosstabulated with power ratio number twe {(norsepower per foot

ot doat lenutn; in Vabie 2-1b. The ,- statistic for these variables is very signi-
Foant LU0, degre2s of freegoin = 5, p-0.001). It indicates that tne propGr-
arogt rosns involved in the three accident type categories differs from une cate-
Wire ot e ot ratio to another.  Capsizings and swampings are less freguent in the
Sapioe oés oo norsepower per foot ratin increases. However, one must keep in mind

“atoaccents initiated by water over the stern are not included in tnis sample.

TrZee Z-16. HORSEPOWER PER FOOT OF BOAT LENGTH VS. ACCIDENT TYPE

' HP/FT
0-3 | 3-6 6-9 9+
oLt sions 21 5] 53 52
I . .
| CAMIIZNNgS, “wampings 66 25 22 14
T e, 51 52 27 29

T2 Tners sie & unknowns for this tabuiation.

s e T v generated for horsepower divided by total hoat weight (power
feons e e o Several categories for tnis ratio were coilapsed to create
3o 0 rac i the tabie.  Tabie 2-17 presents these data. Tne chi-square
. ©otang tanie i. ostatisticaily significant (.-=16.63, degre=es ¢ free-
v me areportion of boats involved in the three accr fent ryne
ST lO R L Tt TSt ogne NC Wl S3%i0 to another.  The two cells in the cateqory
st Iveer ccwacpinge” contributed 12.01 o the gverall - calculation (ricre than
ot taTe e statistical sianificarce of the whole tabley, irdicocing haat
STU vl adrTangs that are power g reiated are iikelv to involve hoats

e g TOLAL LAt o weicht ration
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218
2001~

160
120+

108

801

s

Humber of Boats

| L 4 |
0.1 0.2 0.3 0.4

Horsepower : Total Boat Weight

NOTE: 124 BOATS HAD UNKNOWN POWER RATIO NUMBER THREE

FIGURE 2-11. FREQUENCY PLOT FOR HORSEPOWER : TOTAL BOAT WEIGHT

Accident type 1s crosstabulated with compliance or noncompliance with the current
standard (nounted horsepower/rated horsepower less than 1.0 = complianca) in Table
2-15. Several categories in each variable were collapsed in order to provide ampl
sample sizes in each cell for a chi-square test of association. The statistic
{~-=6.44, degrees of freedom = 2, 0.05-p<0.025) is significant and inaicates that
poats in compliance with the current powering standard are distributed differently
than boats not in compliance. For the noncompliance boats, collisions is the

less frequent accident type, while for boats in compliance, this is the most
frequent accident type. ‘he contribution of these two cells to the chi-square
statistic 15 3.02 (p(,-:3.84)=0.05 for 2 df), indicating that the category of col-

1istons is the major source of the differences between the two groups.
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TABLE 2-14. POWER K~ .J NUMBER ONE DISTRICUTION &0
PRE- AND POST-REGULATICN L7BOARDS UNDER 20 FZzT ifv Linais

RATIO OF MOUNTED HP: RATED HP

.25-.50 .50-.75 .75-1.0 1.0-1.25 1.25¢<
Pre-Requiation 6 31 35 16 10
Post-Regulation 9 26 23 12 11

NOTE:  Entries are the number of boats in the PRAM sample in eacn cateqory.
Unknowns {151) are not Tisted in the table.

Powering ratio number two (mounted horsepower divided by boat length) was computed
for all boats in the PRAM sample. These data are plotted in Figure 2-10. The data
are spread throughout all categories of horsepower per foot, with significant
numpbers of boats in each category. The fact that there are many boats with a high
ratio of horsepower per foot (greater than ten to one) indicates that this measure
might nold some promise as a regulatory measure in the limiting case of a very high
ratio. That 1s, this measure takes on high values for many boats that were in pow-
ering accidents, and may be able to provide a means to discriminate powering acci-
dent craft and other craft. The determination of the effectiveness of such a con-
cept 1s discussed 1n subsequent sections with these data compared to similar data
for non-powering accidents.

A third ratic that was computed was horsepower divided by the total weight of the
system (boat weight plus equipment/gas weight plus persons weight). These frequen-
cies for powering ratio number three are plotted in Figure 2-11. Tnis ratio shows
littie promise for a powering standard based upon the data from boats in powering
accidents.  Nearly two-tiiiocds of the boats with a known ratio of horsepower to
total conat weignt were in the lowest ratio category. This means znat this measure
needs to be very accurateiy obtained in the lower end of the scale (ratios below
0.1, in order to discriminate between powering accident craft and other craft, or

PTog e et v Teiminate well o Tnoany oises

seamra Do mataiaticors were qenerdted ning the PRAM data in order <o aurcue
relationsnias between important variables in the model. Several of these, includ-
ing speed versus boat .ype and people on board versus rated pe ";0ons capacity,
contained sc many unknowns (over 85%) that the tables were meaningless. These are
not inciuded in tnis report. Howevar, several comparisors were made involiving

accident type, powering ratios, and operator skill/experience.

o
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3.0 EVALUATION OF THE CURRENT STANDARD'S EFFECTIVENESS

Having defined a powering related accident and selected a group of these for
investigation, some method was needed to evaluate the reason why the current
safe powering standard had not prevented the fatalitiec associated with acci-
dents. To do this, a group of accidents that was not determined to be initiated
by uverpowering needed to be seiected and compared to the powering related '/
accidents.

Additionally, there was a need to investigate accidents involving boats that
were built before the effective date of the present regulation to determine if
the regulation had any effect on altering mounted horsepower tendencies. Bene-
ficial alterations should be reflected in a decrease in fatalities or accident
propensity for boats built after the effective date of the regulation.

This section describes the process of selecting the non-powering related acci-
dents and the results of tne comparisons with the powering related accidents
cenducted to determine the effectiveress of the current standard in predicting
cr preventing fatalities associated with excessive horsepower outboard engines
being mounted on recreational boats that are less than twenty (20) feet in
length.

3.1 Current Standard

Tne current standard formuia, as stated in Federal Register, Volume 37, Number

“51, Title 23, Part 183, Subpart D, and reprinted here for ready reference,
stipulates:

"The maximum horsepower marked on a boat must not exceed the horsepower
capacity aetermined as follows:

{(a) Compute a factor by muitiplying the boat length in feet by the
maximum transom w:d§h in feet including spray rails if spray rails act
ie chines or par< of the planina surface. 1f the boat does not have a
fall transcm, the transom width is the broadest beam in the aftermost
dquarter jength of the boat.
1;ib53 Locate horsepower capacity corresponding to the factor in Table
33.53.

(g) if tne norsepower capacity in Table 183.53 is not an even myltiple
'f 5, 1t may be raised to the next even multiple of 5.

R Far flat bottom hard chine boats with a factor -f 52 or less, the

f.r-Uwer CcapaCity must be reduced by one horcepower capacity increment
IS Al 2 - L Ll -
BRSNS I I 1N
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: TABLE 183.53 - OUTBOAR. BOAT HORSEPOWER CAPACITY
’ COMPUTE: FACTOR = BOAT LENGTH X TRANSOM WIDTH

1
3
k’ .f factor (nearest integer) is 0-35 36-39 40-42 43-45 46-52 °

Horsepgower capacity 1S 3 5 7-1/2 10 15

r
f HQTE:  For flat bottom hard chine boats, with factor of 52 or less, reduce one
“i capacity increment (e.g. 5 to 3)
— °
No remote steering, or less than
! 20" transom

tor is over 52.5 and Remote steering For flat bottom For other boats
boat nas and at least 20" hard chine boats
transom height ®

Horsepower capacity s (2 X Factor) - 90 | (0.5 X Factor) - (0.8 X Factor -
{raise 0 nearest 15 25
multiple of 5)

'his requlation applies to all outboard motor powered boats, less than twenty

‘21, feet in length and manufactured after November 1, 1972.

‘ne must keep in mind, however, that the November 1, 1972 date is not a precise ®
(3t ‘or boats marked with horsepower capacities. This results from the fact

‘T Liere were standards within the industry, promoted by the ABYC and BIA, in

e a7inr to o tnis date. Also, some manutacturers, in anticipation of the

:ouroval of the standard, marked their boats according to the formula prior to '
“ne affactive date.  This is important to remember when ccmparing the accident

“roLaniiaties for boats under the regulation and boats not under the requlaticn.

I

J.«

Non-Powering Related Accident Sample

i)

“roentanlian an accident file that contained non-powering related accidents that
Lue s corrcelited the distribution of the powering related accidents with res-
Ty type of hoat and power, regions of the country, and severity (fatal vs.

“n-tataig, the 1975 and 1976 USCG accident files in Washington, 0. C., were !

Lsougded and A representative group OF accidents was selected.

et oand ceticiious, effort conducted Sn Task 1] oand discussen 1n Section ]
tre ovepect to define g powering related aocident snowed additianal rerat LJ

et Sy e TN o noN-oNErTNa oo aernt,
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The accidents were considered to be ron-powering related if they wer: .¢ e ted
at any node on the powering related accident decision tree. The total number of
accidents selected was determined so as to approximate the sample size of power-
ing related accidents; the actual number was 4GQ.

The accidents were selected manually from the files such that the ratio of fatal
to non-fatal accidents, the percentages of outboard motors, and the distribution
over the country for the non-powering related sample matched the powering related
sample. This allowed the analysts to test the powering and non-powering samples
equally without having to weight values because of small sample size. Such
equality greatly increases the confidence one places on statistical significances

in comparisons.

One significant difference between the powering related and the non-powering
related samples is that all of the non-powering related accidents in our sample
were taken from the 1975 accident file; whereas, eighty-six (86) of the fatal
accidents in the powering related sample occurred in 1976. This fact does not
negatively affect the validity of our analyses, since the two years can be
isolated in our coding and the 1976 fatai accidents were intended to increase
the event sequence information at various "accept" nodes to better identify the
accident mechanisms and scenarios in the Task I] effort.

Of the 400 accidents selected for the non-powering related sample, 235 were non-
fatal accidents and 165 involved one or more deaths. Comparisons and cross-
tabulations between the samples are discussed in Section 3.4 with interesting

and significant findings being pointed out.

3.3 Coded Information and Coding Form

decause of tne size of the non-powering accident sample, it was evident that a
great deal of time could be saved during the coding effort if the information

to be coded could be streamlined. Since the purpose of the non-powerinrg related
sample was to compare the probability of accidents between boats in compliance
with the standard and boats not in compliance, it appeared that some of the
bookkeeping information (such as state, month, day and time) would be of little
value. Also, it was clear that information unique to powering related accidents

would not be coded for non-powering accidents.
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Since many crosstabulations of variabies between the powering and non-powering
sairpies woula be required, the same ccding sheet format was utilized for both
samples to simplify the computer programming. The resultant coding sheet, shown
in Tigure 3-1, and coding instructions for the samples were identical with the
exception tnat the coders were instructed to skip over the nonrequired variables
and leave the columns for those variables blank on the coding sheet.

"ne coding instructions for coding the non-powering relatea accidents are present-
ad in Appendix B of this report.

Tne same information was coded similarly for each variable regardiess of whether
it was a powering or non-powering accident. The variables and their columnar
nositions that were not coded for non-powering related accidents are:

Column(s) Variable Name

5& 6 State in which the accident happened.
74 8 Month when the accident happened.
9 510 Day of the month.

13 & 14 Time of day of the accident.

25 Motorwell.

26 Steering controls.

27 Motor manufacturer.

33 4% 34 Maximum engine rpm.

35 Course.

36 & 37 Powering behavior.

33 Body of water.

i3 Visibility.

44 Wind.

75 thru R0 Event trees.

it may appear that some of the variables that were not coded for the non-powering
related accidents would be beneficial information for determining overall boating
trends; however, that information is contained in boating survey reports for all
reported boats and accidents. It is more beneficial to use the more complete
survay information than draw conclusions from a small sample if the information

15 readily available. Therefore, we reduced the amount of time required to code
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the non-powering accident sample without (0sing any valuable informaticr tnat
could be included in the BARs.

Results ot some of the earlier analvses and discussions with Wyle and U5SCG person- ®
nel indicated that the johnboats presented a particularly unique problem. To more
clearly ascertain if this was a sound conclusion, the entire accident sample (both
powering and non-powering) was reviewed and each boat was coded by whether or not
it was a jonnbcat type. Additicnally, tne weignt of the boat hull for each boat ' g
in the sample was coded.

The information required to determine the power ratios for each boat in the sample

vias included to establish the number of boats in compliance witn the powering °
requlatior ana the significant difference (if any) of power ratios for boats involved

10 powering and non-powering related accidents.

The follnwing sections discuss the results of the anaiyses performed in evaluating

the current standard,

3.4 Effectiveness Evaluation of the Current Powering Standard

There are several ways in which the current powering regulation may be shown to be o
offective. It may result in reducing the frequency (number) of powering accidents.

it ey result in reducing the severity of such accidents, without necessarily af-

fecting their freguency. Finally, it may reduce the powering accident rate; i.e.,

it wmay reduce the number of accidents and/or deaths per 100,000 hours of boating )
activity ¢r per 109,000 boats. On succeeding pages, each of these aporcaches to

cuarcent powering standard effectiveness are investigated. Modifications to the

~urrent standard are also evaluated. The modifications that are considered repre-

sent merelv muitiplying the rated horsepower by varying constants. Comparisons o

are made between powering and non-powering data.

An importist Conceptual distinction is needed in order to fully cowrprehend tne dis-

cussinns “nat follow.  The distinction is hetween statistical significance and .‘

o .
& e ata a0,

vorurtance (o practical significance). While there may be a statistically reiiatle
fifference 1n tne average distance ot a Hank Aaron home run as opposed to a Mickey
Mantle hoime cun, the difference is not important {nor practically significant) since

sne end rosult of any noime run s the sawe. With respect to the powering accident .'

ot M < e T e - P S e e e e e T L. . et v E T R R T R S A A T
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data, the difference between the chances of having a powering accident with a 10

np engine as opposed to the chances of having a non-powering accident may be statis-
tically significant with non-powering accidents being much more likely to occur.
However, such a difference is unimportant (and not practically significant)

because it merely means that powering accidents are unlikely when the boat has a
very small engine. Issues such as these will arise in the analyses that follow.

The most important results of the analyses in this section are: 1) the current
standard appears to have some potential effectiveness if one looks at boats built
prior to 1972 (outboards, less than 20 ft, but pre-regulation), and 2) the effec-
tiveness does not carry over into the post-regulation boats. For boats {(outboards,
less than 20 ft) built after 1972, the current standard does not relate to acci-
dent severity or frequency. Explanations are offered as to why the pre-1972

data indicate that the standard has potential effectiveness and why the post-

1972 data indicate that the promulgation of the standard had no noticeable

effect on boating accidents.

3.4.1 The Current Standard and Powering Accident Frequency

If the current standard is effective, one might expect that those in compliance
with the standard would be less likely to have a powering accident than those not
in compliance (assuming similar exposure). Table 3-1 presents the theoretical
distribution of data for an "ideal" powering standard, where no one who complies
with tne standard has a powering accident. The closer the data come to this
contiquration for the current standard, the more effective it is.

TABLE 3-1. THEORETICAL DATA DISTRIBUTIOM FOR AN IDEAL POWERING STANDARD

HAD A POWERING HAD A NON-POWERING
ACCIDENT ACCIDENT
In Compliance J X
Not In Compliance X X

Table 3-2 presents the data from PRAM for all outboard boats less tnan 20 ft in
‘ength. The data indicate that those boats in compliance with the current
standard are less likely to have a powering accident than those not in compli-
ance (corrected xi]) = 4,878, p < 0.05). This indicates that compliance with
the standard may be effective 1n reducing gowering dccidents. [f these data are

..................................
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eparated into pre- and post regulation aistributions, a somewhat different

‘esult is depicted.

TABLE 3-2 PRAM DATA DISTRIBUTION FOR CURREMT STANDARD

HAD A POWERING HAD A NON-POWERING
ACCIDENT ACCIDENT
In Compliance 118 124
Not In Compliance 62 37

Yote: Boats listed as being manufactured in 1972 are omitted.

Tables 3-3 and 3-4 present the same breakdown as Table 3-2, except for the pre-
regulation and post regulation (pre-1972 and post-1972) boats. The data for

boats made in 1972 are not included because the standard took effect during the

year (was a 1972 boat made before or after it took effect?), and many manufacturers
anticipa~ed the standard in thier 1972 boats. The data in Table 3-3 show a marginal-
ly significant relationship between compliance with the standard ana the probability
of i nowering accident as opposed to non-powering accident (corrected x2(1)=3-215,

0.13:2-0.05). The data in Table 3-4 show no such relationship (Fisher exact p=0.144).*
inus, tne overall relationshnip in Table 3-2 is based primarily upon the standard's
effectiveness as measured by pre-1972 boats, and hides the fact that no effective-

ne< can be Jemgnstrated for post-1972 craft.

* The fishar exact test is applied in the same Situations where a x* test for a
2x2 contingency table is often used. The null hypothesis is the same. The Fisher
exact test, nhowever, is more accurate. However, 1t is cumbersome to compute in
caces dthe» tnan those wnere the total sample size is small. Wyle has prcgram-
mabie calculators that can compute Fisher exact probabilities for tables that do
not exceed the computational capacity of the machines. When that capacity is
wyceeded, ¢- tests are used instead. Table 3-4 was the first case in this report
where the frequencies were small enough to permit the computation of a Fisher
exact probability on an HP-67 or HP-97. The interested reader is referred to
Non-Parametric Statistics, by Siegel, referenced earlier.
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TABLE 3-3.

PRE-1972 DATA DISTRIBUTION FOR CURRENT STANDARD

HAD A POWERING

HAD A NON-POWERING

ACCIDENT ACCIDENT
In Compliance 72 81
Not In Compliance 36 22

TABLE 3-4.

POST-1972 DATA DISTRIBUTION FOR CURRENT STANDARD

HAD A POWERING

HAD A NON-POWERING

ACCIDENT ACCIDENT
In Compliance 46 43
Not In Compliance 26 15

The data for Tables 3-2, 3-3, and 3-4 were dichotomized by whether or not the
boats in question were in compliance with the current standard. This was deter-
mined by computing a power ratio, defined as the mounted engine horsepower
divided by the boat rated engine horsepower. A power ratio of 1.0 or Tess was

in compliance with the current standard. The standard couid be revised to accept
larger or smaller horsepowers by accepting larger or smaller ratios. This would
be equivalent to multiplying the current boat rated horsepower by varying con-
stants. Thus, if the power ratio criterion were changed to 0.5, then the mounted
norsepower wouid nave to be one-nalf or iess of the current boat rated horsepower
‘as determined by the formula) to be in compliance.

“ne dati w~ere broken down furtner {as snhown in Tables 3-5, 3-6 and 3-7) to show
the changes in the distributions of power ratios for powering and non-power ing
accidents. If the standard were relevant to the problem of powering accidents,
*hen *ngse noats in powering accidents snould have (generally) higher power ratios

znan those in non-powering accidents.

“he results reflect -he same pnenomena as oefore. Table 3-5 shows an overall
sifference in the aistributions of power ratios for the powering and non-powering

accidents (,4<5)=21.834, p<0.001). Table 3-6 shows a statistically significant

difference n tne distributions for the pre-1972 data (o 3)=15.113, p-0.01), while




(

vle 3-7 reveals no significant difierence in the post-1972 data G

).10).

-y

This means that there is a tendency for the power ratios for the boats

powering accidents to be higher than for those in non-powering accidents for

1ts made before 1972, but not for newer boats.

-0.5) contributed 9.06 to the overall y¢ for the tabie.

The first category in Table

3-6

1ce the standard was passed, it has not differentiated the powering and non-pow-

ing accident data by power ratio, or by accident frequency.

TABLE 3-5.

POWER RATIO BY TYPE OF ACCIDENT FOR ALL BOATS

POWER RATIO

0-0.5}0.5-0.75] 0.75-1 | 1-1.25}1.25-1.5 | Over 1.5
3 a Non-Powering Accident | 33 33 58 11 16 10
i a Powering Accident 14 50 54 25 i3 24

yte: 128 unknowns

TABLE 3-6.

POWER RATIO By TYPE OF ACCIDENT FOR PRE-1972 BOATS

POWER RATIO

0-0.510.5-0.75] 0.75-1}1-1.25}1.25-1.5| Over 1.5
d a Non-Powering Accident | 21 22 38 8 i0 4
d a Powering Accident 6 31 35 16 i C i0

TABLE 3-7.

POWER RATIO BY TYPE OF ACCIDENT FOR PQOST-197C BOAIS

POWER RATIO

0-0.5]0.5-0.75! 0.75-1 } 1-1.25 | 1.25-1.5 | Over 1.5
d a Non-Powering Accident { 12 1 20
d a Powering Accident 8 193 19 4

e analysis atove leads to similar analyses for various requlatory criteria using

1 same formula.

in other words, does multiplying the formu:a by a constant

‘uivalent to changing the power ratio criteri = for compliance from 1.0 to the
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nstant) result in a more effective standard in terms of accident frequency. The
ialyses performed in Tables 3-3 and 5-4 were repeated for varying power ratio
*iteria. In each case, the relationship was observed and compared to the ideal
*Tationship shown in Table 3-1. Figure 3-2 presents the results of those

ipeated statistical comparisons, and includes the data presented earlier for

e current standard. On this figure, the low points (near 0.05 or below on the
‘dinate) indicate that the corresponding regulation criterion (abscissa) differ-

tiates powering and non-powering accidents well,

1e pre-1972 data in Figure 3-2 indicate that the formula had moderate or stronger
ffectiveness at several criteria (0.25, 0.5, 1.0, 1.5, 1.75, 2.0). The low

iTues {0.25 and 0.5 to some extent) correspaond to severely limiting horsepower

n small boats. Obviously, if horsepowers were severely Timited {(say to the order
f a few pounds of thrust), fewer powering accidents would result. Thus, the
tatistical significance of those data points is not important. The upper points
1.75 and 2.0) correspond *to reguiating only against severely overpowered boats.
bviously, if a boater could not meet these lenient criteria, then he would be

ery likely to have a powering accident. Here again, the results are statistically
ignificant, out not important. The data for the current standard, as reported
efore. also show moderate effectiveness, and this result is important. It shows
hat the coserved relationship (ir Table 3-3) between the standard and having a

owering or non-powering accident w~as unlikely to have happened by chance.

or tne post-1977 data, only one point is in the significant region (0.05 or less),
nd that 13 for tne power ratic criterion of 0.25. This corresconds to saying that
owering accidents would be orevented if all post-1972 boats were allowed only one-
uarter of their rated horsepower. This result is statistically significant, but

ot important since such a criterion would be impractical,

‘nally, if the current standard is effective, then a larger percentage of the
re-requlation boats should be in the powering sample than the percentage of
ost-requlation boats in that sample. The data in Table 3-8 indicate that such a
olationship does not exist in the PRAM data. The breakdowns of pre- and post-
egulation boats for the powering and non-powering accident samples were nearly

dentical (corrected Xf]) = 3.315, 2 -~ 7.5).
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TABLE 3-8. Tve{ IF ACCIDENT BY AGE OF BOAT

AdAu A POWERING HAD A NON-POWERING
ACCIDENT ACCIDENT
egulation Boats 72 81
Regulation Boats 46 43

Table considers oniy those boats witn ratio one being less than unity.

, No matter how the criterion is changed, using the present powering standard

formula), compliance with the standard does not differentiate powering and
owering accident frequency, nor the power ratios for boats in those acci-
3, for boats manufactured after the promulgation of the standard.

3.4.2 The Current Standard and Powering Accident Severity

g from the question of preventing or reducing the frequency of powering
dents, the effectiveness of the current standard in reducing the severity of
ring accidents must be explored. This jssue can be addressed by comparing
powering accident severity to the observed power ratio. I[f the standard
mula) correlates well with powering accident severity, then the accidents
Tving boats with high ratios should be more severe than those involving low
os. Ideally, if the standard were a perfect measure of severity, then those
comoly with it would survive, and those that did not comply would be more
1y to die. Table 3-3 presents the theoretical distribution of data for the
I standard.  The current stangard 1s evaluated in succeeding tables against

1Ge1,
TABLE 3-9. IDEAL DISTRIBUTION OF SEVEFITY DATA
(IN TERMS OF FATALITIES) FOR POWERING ACCIDENTS
_ i COMPLTANCE NOT IN COMPLIANCE
Had a Ngn-ratal Accident X x
Had 3 atal Accident 0 X

hese analyses, severity is dealt with in torms of fatalities. Data were
d 'n PRAM on the property damace. injuries, and other lnsses associated with
ring accidents. However, using 1 nucber  of 480,007 per life, the non-

Tity iosses arounted to ies. than the o5, ilent 5f Tuc |ives lost, while
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ities for powering accidents in PRAM totalled 204 lives lost. Thus,
:s other than lives lost represent less than 1.5% of the severity of
accidents. Therefore, only fatalities are included in these analyses.

10 shows the distribution of fatal and non-fatal accidents for pre-1972
the PRAM sample that are outboards, less than 20 ft, and in powering
;. No statistically significant relationship exists in these data
sxact p = 0.359). Similarly, Table 3-11 shows the same breakdown for

? boats. These data are also statistically insignificant (Fisher exact
3).

TABLE 3-10. SEVERITY DATA FOR POWERING ACCIiDENTS
FOR CURRENT STANDARD FOR PRE-1972 BOATS

IN COMPLIANCE NOT IN COMPLIANCE
A Non-Fatal Aczident 48 22
a4 ratal Accident 24 i4

TABLE 3-11. SEVERITY DATA FOR POWERING ACCIDENTS
FOR CURRENT STANDARD FOR PQOST-1972 BOATS

IN CCMPLIANCE NOT IN COMPLIANCE
4 wn-7atal Accident 29 14
! fa.., Accident 17 12

nens 1 f the regulation criterion is viried? Figure 3-3 shows the statis-
“1*i.orce (ordinates near 0.05 or below are significant) of using dif-
e ratin criteria in terms of differentiating leveis of severity. For
1277 data, the power ratio of 1.25 (= mounted horsepower : formula rated
er) correlates well with severity. The boats that exceeded this ratic
~2-717/2 data were much more likely to have a fatal accident than those
not.  However, no criterion even asproaches statistical significance

nost-rejuiation (post-1372) data.

ere was some indicanicn that a modl s .atian of fhe current standard

Gunted ngrates Ny 1.25 du Cempliancs o0 LeriIR) might provide a 2000
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relationship with powering accident severity, the same kind of analyses were
performed for non-powering accidents. There is no a priori reason to expect any
relationship between compliance with a modification of the current standard and
non-powering accident severity. Figure 3-6 presents the results cf the non-powering
accident severity analyses for outboards less than 20 ft in length, for pre- and
post-requlation craft. For the post-1972 data, only the criterion of 1.75
generates a statistically significant result (ordinate < 0.05). This result is
difficult to interpret since a boater who has more than 1.5 times the rated
horsepower on his boat may violate other safety precepts which result in his
being in a non-powering fatal accident. In any case, there is no relationship
between the current standard (a criterion of 1.0) and severity in the pre- or
post-regulation data.

Severity and frequency analyses can be combined by analyzing the pre- and post-
regulation data for fatal accidents only. Ideally, if the current standard were
extremeiy effective, then there wouid be no fatal accidents for boats which
compliea with it, as shown in Table 3-12. The data for pre- and post-regulation
outboard boats of 20 fL or less were analyzed by varying power ratio criteria.
Tnese ugata were statisticaliy compared to the i-eal shown in Table 3-12. This was
done by comparing tne actual 2x2 contingency data with the "ideal" (meaning no
fatalities for tnose in compliance) ¢v2 contingency table hdaving the same marginal
totals.  Tne test statistic (or measure: uysed was a x - goodness-of-fit test, where
tre Tiaesl” tatle was considered the null nypothesis {i.e., the "expectad" distri-
bution; e resyits ase shown in Fiqure 3-5, where a lcw ardinate ineir or below
5.05, seans irat the corresponding oriterion (abscissa; has a strong association

0" the -vJe indicated in Table 3-12 for fatai accidents.
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TABLE 3-12. THEORE v AL FATAL ACCIDENT DiSTRIBUTION
FOR DZAL STANDARD

HAD A POWERING HAD A NON-POWERING
ACCIDENT ACCIDENT

In Compliance 0 X
Not In Compliance X X

Figure 3-5 indicates that the current standard has a weak (marginally statisti-
cally significant) relationship of the type described in Table 3-12 for the pre-
1972 data, and no relationship for the post-1972 data. for other reguiatory
criteria (0.5, 1.75, and 2.0), stronger associations are indicated in the pre-
1972 data. However, as explained previously, these criteria are impractical.
Therefore, the statistical significance of their associations is not important.
None cf the criteria are statistically significant for the post-i1972 data.

Tne conclusion of these analyses is that tne current powering standard does not

nave a significant relationship to severity data (in terms of fatalities) for

post-rejuiation boats. Certain moditications to the standard show some indica-

tions of associations with severity for pre-1972 data. These results seem to
Conteil el one recllts statead in the Srevious section, where boats i powering
4O Lo WnTen 16 ot compiy witn tre current standard were shown to have a
Shomc s eabanility ot edperiens ing a fatality. However, tnat anaiysis did

5f less than

(73

NAT Teega Sut ONLe TNGse hcats covered by toe standard (outboar:

Se . iapgtr L oang ood not differentiate pre- and post-requiation crafu.  The
B b 4

cLhAtoumt o tAan wds reported previously did not nold up wnen these additicnal
T1ITors wera cneluced inotne analyses.  The conclusion stated in the Tirst sentence 1
SFotnt ouriora,s stales tnat the Current powering standard does not bear a signif-
TIEnt oo rtaor .t o powertng accident fatalities Yor post-1972 boats. This does
VT ke gk e gl trere are not other factors [(vesides powering proplems;
STt Tttt tnpse YAt ities tnat weve found in the iccident

(IR T/ a0rR SOwRrIing acotdent yveItaims who did not wear FEOs. 414 not know

POt s, w0 tadn JICTIRS QcCurred in both the pre-reguiation and post-requla-
TLor ot Grdg get . the stinddrd aspedrs $o onave a significant relationship to

Tewer T dre-rat gt N taaty o and nort fue ppst-reaulation hoats.
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3.4.5 The Current Standard and Risx

As menticned earlier, there are several ways to evaluate tne effectiveness of the
current standard. One of those ways was to anaiyze the risk associated with dif-
terent power ratios. In this <section, risk will be defined as number of boats in
powering accidents per 1,000,000 boat hours at each power ratio, and the numner

of Ta*tairties in powering accidents per 1,000,000 boat hours at eacn power ratio,
ine plots of risk versus power ratio for these two types of risks would then be
calied risk tunctions. Regardless of the type of risk, the risk should increase

a5 the power ratio increases if the current powering standard is effective. Figure
3-6 shows some possible relationsnips between risk and the power ratio (as deter-
mined by the formula). Curve C, with the upward bend occurring at or near a ratig

of 1.0, would indicate that the current standard is very effective.

CURVE A
CURVE 8
CURVE C

(Fatalit, Rate)

Risk

_ Mountea hf

Powering Ratic = v =
’ rarmuia hr

T

IGURE 3-6. ALTERNATIVE RISK VS. POWERING RATIG CURVES
‘re relationsnio between risk and powering ratio in Figure 3-§6 is:

COoRVE A = healiqible - Intuition tells us that, tor a given boat, there is
>ome point above wnich the ri.k of an accident occurring increases
capstantially with increasing norsepower. However, it i. quite
cossitle that peonle intuitively recognize that lTimit and only
tne rate "NUT" approaches it. The other possibility is tnat even
boats which are overpowered into the potentially high risk ranae
under certain conditions are not operated at full power unger
those conditions by the prudent boating public. Certainly most
boats are over-powered in some conditions which are regularly
encountered {maneuvering in crowded anchorages). vet most ceople
proceed at less t-an full tnrottie in ¢ ywded dreas.

A
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CURVE B = Positive, but Line ./ increasing with Hoercsutwe: - . 251 -
biiity is particuiar:, plausible. It couiu Le trat <he rise of
powering acciderts increases with increasing power, if for no
otner reason than tnc irncrease in potential for serious damage
from ccllisions at nign speeds; yet, due to increasing driver
attentiveness and prudence with increasing speed, a dramatic
increase in risk rever occurs.

CURVE € = Positive, Aith an fxcesSive Increase at Some Point - Tnis possi-
D111ty coula ve breuqgnt an 1f people "push™ their poats into
ranges of dynamic snstanility witnout consideration of the risks;
or 1f coiiision accicent risk is a function of speed raised to
some power figher than cre.

The PRAM data were used to genera*te the number of fatalities and number of boats
in powering accinents. The Nationwide Boating Survey for 1973 was used to
generate estimates tor the tota: numoer of boating hours (exposure) *tor all
powered boats, and ail outbuards under 20 ft in length. The latter number was
estimated by adding tne exposure dats for motorized canges, autbeards, and
motorized rowboats and johnooat:.

There ave severa: assJrotions 14 Treso andiyses. One is fnat tre 1973 Nationwide
Boating Survey pxposurs “ata are accurate and trat they represent tne boats from
tne PUAN tamrie.  Tre non-powerac aclidert poats in PRAM were uted to estimate

tre percentace of hoating ex30suLits A0urL 4T each power ralio 1n the population,

then tae NGBS dat owere Daoken Own Dy JGwer ritin dccording to fne percentages in

e MON-DOWRTITG SaTa. LNTS Gy iy Tl daSSUMpLIens.  one 15 Trat Ine non-sower-
LG aRAT oy e et codated S Gt Citin and reflosol Loouit oan character-
SO, AT 2 sarpt o wa . a0t tas s Coexcaan Section so 0 a0t aas rol
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outboards less tnan 20 ft in lengin for the latter curve,. 7Tnhe Sc.. i’ ...5G
exponential curve is plotted for eacn set of points.*

The data show that the risk function for all boats in the powering sample (includ-
ing pre-1972 boats) is much like curve C in Figure 3-6. It indicates that the

standard is effective. The risk function for post-1972 boats less than 20 ft in
length is much like curve A in Figure 3-6, indicating minimal, if any, effective- L J

ness. The results in Figure 3-7 agree with previous sections: the current stan-

dard has shown no effectiveness since it was promulgated.

Figure 3-: presents the rick versus power ratio curves for tne number of boats °
in powering accidents per 1,000,000 hours of exposure. As before, the data are

snown tor 11 bcats in tne powering sample and for only outboards under 20 ft in

lendth. The pest fitting e«ponential cur.es for each set of data are niotted.

Figure 3-8 also aqrees with all previous results. it shows a strongly increasing ®

risk function for all boats {including pre-1972 toats; and a n=giigible function

for boats to wnich tne standard appliies (post-197%Z outboards less than 20 ft in

ienagtn).  Figur

"

[O%]

-6 4150 shows thdt =ne current standard has not been erfective

—

sinve “ederal Tiplementation in i97.. L

* Figures 3-7 and 3-8 contain "pest-fittina” curves that were obtained using
standarc regression analyses, such as might be found in Statistical Principles
in Experimental Design, 8.5 winer, New York: McGraw-HilT, 7571 Regression
Anaiysis by Example, €. Chatterjee aind 3. Rice, New York: Wiley and Sors, o
1977, and introduction to Mathemacical Statistics, P.G. tHoel, New York:
Wiley and Sons, 1965, As was stated i tne Hoel reference ‘pace 1750, "if a
scather nlaqram in tre x, y plane indicates that 2 straight one will not fit
a set 2 a0Irts satisfactort.y pecidse ofF tne nonlinearity of the relationsnip.
1t omay Lo p0siTdie to find some sinyle curve tnat Wi yiol:oa satisfactory fit.
since gn ymvestisator alwyas strives Lo explain relationsni,: as siapiy as ®
pessibie, «witn tne restrict on that nis axplanatior be consistent with previous
knowiedge, ne will prefer to use a simple Zype of curve. It foliows, therefore,
tnat the type oF curve te use will depend iarqely on the amount of theoretical
nformation one na< concerning the relationsnip, iad thereafter on convenience.”
Tne statictic r< 15 thne coefficient af uetermination ang indicates the quality
af Tit achiesved py tne reqgrescsion.  TRis staristic can obtain values between ®
St Y owntn tne sfatienic Indicdarirg a betier and better fit of the regres-
5106 as 10 agprcacnes 1. The vaiue af r+ corresponds *o the oroportion of tne
JATiance in oy oaccounted tor Dy mne reaqression on x.  .ne type of exponential

curve that has been fit to the Jata {using an HP-97 proqgrammable calculator)
hx . . o . ) . .
was ;= e in Figures 2-7 and 3-5 the exponential curves Jave a4 hetter fit ® 1
- . 9

to tre data than a 1inear Y, Laled LJpon tne statistic e
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should be noted that none of the curves in Figures 3-7 ana 3-3 fit tne aata ]

ry well; 1.e., they do not account ftor much of the variance in risk values. ]
g trends and differences in the curves are obvious, however. The fact that 1
e computed curve in Figure 3-8 for the boats to which the standard apply approxi-

tes a linear relationship with a slightly negative slope snould not be inter-

eted literally, since the precise values in the regression equation for that

irve {or the other curves in Figures 3-7 and 3-8) are not meaningful. What
. important is the shape of that curve (relatively flat) and the others, and the

:aning of those shapes as described above.
3.4.4 Accounting for Differences in Pre- and Post-Regqulation Zata

moughout these analyses, it has become very clear that there are vast differ-
e in othe 2ffectiveness of the current stendard for pre- and post-regulation
caty. If one were to look only at the pre-reqgulation data, then it would

Spear that the standard had some potential for measuring the frequency ang °
gverity of powering accidents., I[f one were to look at the post-reculation

ata, the standard appears to have little or no relationship with tne powering

roblen.,

nere are wany pocsible reasons for the iack of effectiveness of the current

candard on post-1972 boats. Older boat: may be used less often or in a differ-

't omanner than newer boats. Boaters mav have more experience with olcer boats,

ind rerefore, have fewer accidents. Many similar post hoc explanatioans can be °

in tarms of activity, use, experience, and behavior. hkowe..:, 1t is

RERAREMETe!

© fficuit to conceive of such variables accounting for the large ooserved d:°f-

wrences o oa few years.

neoaxplanation is that engine and boat manufacturers may have found ways to
sorease the horsepower on the boat that were not anticipated i the current
canadra. Frgure -9 shows the same huli with two different ceck arrangenents.
reotop et of grawings might represent tre toat before the standard was onacted
1972, The votton set of drawings mignt represent the same boat after tne
tar fard was 2nac:ed. Although the hu'" shape 1s essentially the same for botn

~ats, the lowsr boat would de ratsd four 3 laraer engi.e because of the meayure- : f"';

er s ousea ir the formula (o, and e, ). Jnese heesdrements are incredsed in the o

\L?
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e
.G Averil CUrsepower Dy Re . oo
“acie 4-€ presents Lne cata “or LhE 1 edr NOrSEower Oy re,iofh M0 oo ROWCT IR J
eiated accident data.  Tre roroepower distribution TOr edcn reqlon 1S Snown in o
“igure 4-5, by gercentiace o7 Tne foweting reiated accicent boats in that region , 4
AG Dy tne freguency (number 0f Cases). Tne ddita C.eariy show tnal the Soutn-
a5t powering rerated acciaents Tnvolve 5Cats WITn SNELLEr NOrsepewer wudn Wmore
“reyuently tnan 1n other regions. RIS 15 SNOWR Dy (o€ nunber of cases wnere ¢
Tne norsesower was Jess than or egual Lo 25 np and Sy tne percentage of ail
powering related cases 1n tne region where this was true. The Soutneast was the
unly regicn in anicn tne mean horsepower of tne poats in power:ing related acci-
gents was yess than 100 np {see Taole 4-6 ). Tne West 1is shown 0 have more nighly ¢
sower=3 bdoats 1n 1ts regional powering acciaents. This 1s shown oy the large
R NGrsepower in the West (see Tabie 4-6) and dy Figure 4-6. Nearly 304 of ali
ne ocats that were involved in powering reiated accidents in tne West had horse- o
sowers of over ZJ0 np.
TAsic 6-6. nORSEPOWER 8Y REGION FOR BCATS IN POWERING RELATED ACCIDENTS
T ! T 1 |
NO.OOF JASES j HEAN | NO. OF CASZS | NO. OF CASES A
TG ‘ NOWh RORCEDPCWER, T SORSEZFOWER 00 wP ; 25 P
] !
o L 177,33 | ET-RNCTA B 7 I
oot cLra 3 106.53 % 50 (54 j 21 24
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4.5 fatalities Resuiting 7o Course Cnanges. o/ <eyil

Cu

23sinie reason for regional differences in fatality rates for rowerirg reiaten

)

taents is tne type of water oeing navicated. FOr Smaii rivers ana narvca waLer-
3, a3 larger number ¢ course cnanges {turns; may resait in falls witnin tne ooat,
1> overpoard, and capsizings. It was notea earlier that thess types of accidents

Cooe Jdud

e very common in tne powering reiatec samplie. Regional differences cou
sone regions naving aore narrow waterways (run-off waters) and requiring more

rse changes.

PRAM fatality data were oroken down by regian for those iccidents whicn involv-
ar intentionel cnange of course on the part of the operator (see Figure 4-5).
re were 24 s on fatalities (neariy nat® of ail powering related fatalites). Tre
thedu T oaccounted for over 41 of trne puwering related fatalities assoc ated with
entional course changes, while tne West accounted for less tnan 11.. This sug-
»t5 that the use of streams, small rivers, and other narrow and winding waterways
the Southeast may contribute to the nigh powering related fatality rate for that

ot beoat and activity a.so play a roie in now the intentional cnange

coarse affects tne boat's occupants, but tne data are suggestive of the course

1L propiem.
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novis that the percentage of boats nol in compliance witn re Zurrent
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CLoTrens valcnes the trend in Tatality rates shown in Secticn Sl
foLons an ficure d-4 snow tnatb, for gll regions, tne S0st Trequent Lower ratio
Try Thr e D0dtS in powering related accidents was .5 to 1.0, The mos:
Yooort o iagte vatue was .0, wnicn was obtained when the boater rad mounted an
2otnat gioned tne bodt's rated horsepower Capacity. re distribations for
oLzs T, horta Centrai, andg LorttedSo reglions are very sisliar.  Tne fiitricution
Theme gutneast 1y a1stinGuisnadie because there were Tewer L04ts In fral reqion
e clraliance Categories (0-3.5 anc 0.5-1.90, and more bcats ‘n the nen-contii-
Cocateoactes (particuiariy 1.0-1.3 and 1.5-c. )
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TABLE 4-3.

POWERING ~ILATE

FATALITIES BY ACCIDENT °

Number of
Powering Related
Fatalities

Percent of Total
Powering Related
Fatalities

~e

colitsion/urounding 25 13

Swamping/Capsizing/Fiooding/Sinking 85 42

Fails QOverdboard or Within tne Boat 85 42,

Struck by Boat or Propeller 3 1.

All Others 0 | 0.

ynknown 5 : 25

TOTAL 204 10075
TABLE 4-4. ACCIDENT TYPE BY BOAT TYPE FOR POWERING RELATED FATALITIES
Accident Type
| R ‘ i Capsizings/ Falls Overnoard Struck Oy
Q doat Type Coliisions Swampings or Within Boat or Pron
| Jonnboits 1 47 25 O
| =ign Performance 30ats 1 ] 3 0
[)Jen POWersoats 20 ! 20 41 3
fC;bin Hetorooats | 2 { i3 > C
| 3ussocats | 2 | 2 5 3
L L 4
IJ}

i i

I Y




®
TABLE 4-2. POWERING RELATED FATALITIES BY DOUAT TYPE
Number of Percent of Total
Boat Type Poasering Related Powering Related ®
Fatalitieo Fatalities
Johnboats 73 36
High Performance 20a‘s 5 2
Open Powerboats o4 a1, ®
Cabin Motorboats 20 10,
Bassboats 14 7
Unknown P 4
A1l Others 0 0 °
TOTAL 204 J 1607
Tne data indicate that over one-third of all the boats invoived in powering reiated
. . . . . o
470 i1ents are johnboats, which are prevaient in the Southeast. High performance
mnats, which are prevalent in the Southwest, represent oniy 2. ¢f the powering
related accidents.
4.3 Fatality Oistribution by Type of Accident °
Tre *fa*alitv data for PRAM were broken down by accigent */pe, av <nown in fabie 3-3,
Taills overtodard and capsizings/swampings account for 34 o° the nowering rejited
fataiities. "
Tavies-d snows the crosstabulation of powering relized fatalizies by tozn tyne
ind Ao ident type for those that were known on botn variables (196 of the Zid
powering relaced fatalities). The tatie shows that over hair of the powering
. - . . L , . [ )
relared cepsizings and swampings involve jonnboats. OJver 43 of tne capsizinag/ 1
swaimping and falls overboard accidents combined {the accident types tnat account ]
far 3+ of the fatalities) invalve johnboats.
 J
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0.147 Powering
Fatalities per ®
0.141 Powering 1,000,000 “8']95i
Fatalities per Boating Hours Foze;."g
I,OO0,000 atalities
Boating Hours ?egoo 000
: . Boating
Reqgion 1 Region 2 Hours L

0.244 Powering

Fatalities per }
1,000,000 ®
Boating Hours

Region 4

[ )
°
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Data from otrer LES regions were sinilarly broken down o jererat oo e °
mates for the four regions in “his report.
Fiqure 4-3 shcws the resulting powering fatalily rates ffyr it
scating ncurs) for each region. The ordering of the reqior, wito 1o (o i
Tetolity rate is the same as it was for fatalities 10 torogee S0 ooy b
tne "worst," West was the "best," etc.;. However, CThe incba aon ot o gty
shows that the regional differences are not as aredt . :igury - w0l et
Tnat 15, one of the reasons that the Southeast erperiseucy, o om0 o g .
fatalities than the wWest is that there 1s imore exposure in the oot ot
reqinonal differences do persist in Figure 4-3, and the unal, e tnat toilow in shis
section will attempt to demonstrate some of tne possible rea on, wis “ne o ceonpiang]
differznces in powering fatalities occur. ¢
4.2 Fatality Distribution by Boat T.pe
Reqgicnal differences in fatality rates in powering related accidents ray be due °
to any of several reasons. Boat types vary by regions [(sse Table 3-1)and pover-
ing related accidents could be more deminant in some boat types thar in cthers.
Tne PRAM fatality data were broken down by beat type. The rasuits are snown in
Table 4-2. ‘o
TABLE 4-1. BOAT TYPE DISTRIBUTION RBY REGION (PERCEZNT,
Region
- - iy | : o Total of
soat T/pe Pacific Great Lakes New tngland SR S Reqione ®
113n Performance 7.6 4.2 2.7 - 3.2
Open Powerbcat 01.9 61.1 6d ., s 3 rZ.
Cabin Motorboat 16.2 7.4 i3.5 s 5.2
J0NRDcat 5.7 25.3 16.2 Y RS °
Bass Boat - 1.1 1.4 5.3 _.4
Auxiliary 5ail, 4.8 1.1 - C.7 1o
Powered Canone/Kayak
Houseonat
inflateble (pewered) A
mnknnan _ 3.8 - RS e SO ;
Tyral to. of 195 95 11 15 o5 ;
Loat. in Reqion i g
1
Perrentace of 2.7 0.5 205 jo.n A ® 4
| A17 Powering Boats oo
* Note: A total of sis boats were not in one of the srascribed raciong,
.6 ® 1




20.0% of 24.3% of

All Fatalities All Fatalities
Region 2
" Region 1
32.1% of

All Fatalities

Region 4

FIGURE 4-1. ALL FATALITIES BY GEOGRAPHIC REGION
(INCLUDES 1975 AND 1976 CG-357 DATA FOR THE 48 STATES)

- >
7.15 of the 19.1% of the
Pawering Powering
Fatalities Fatalities / o
== cs.% - 0V TNe
2owering
2egion | Region 2 Fataiities
46.4% of the
Pewering

Fatalities

Reqgion 4

-2, POWERING FATALITIcS 3Y GEOGRAPHIC REGION
LJDES ALL 1975 AND 1976 POWERING FATALITIES)
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6.0 ADDITIONAL ANALYSES AND RESULTS

r~ naoresuits Of tne Task 1i: effort to evaiuate the ertfectiveness of tne _urrent

i}

r

;tancard forpula in precicting risk with 1ncreasing ncdnted nOrsepower 2ave ris

10 severai Juestione. Tne guestions centered on issues related to the T4t tnat

‘me current standara appeared to be mure ervftective for some Loat types than for
Juners.  The varldtions in grominent bodt types dacross regions would suggesc
regional differences in powering accidents., These issues are investijated asing

s SrAN data inotnis section.

i, 4.1 Fatality Qistrisution By Region

LI ‘3 “
i

! Figures d-7 ana 4-2 show tne distribution of aii fatalities (in CG-357) oy gec-

Lragnic region, and the agistribution of powering related fatalities by gecgraphic

reqgion, respectively. The data for two regions are strikingly different in

L Siqure 4-2 tran tne data for the same regions in Figure 4-1: the wWest and the o
Soutreasc. Tnere are relativeiy few powering relarted deaths n the west, consider-

ing Tne percentage of all fatalities that occur there. The Scutheast account: for

near.y ha'f of all powering related fata.ities, despite the ract trat less than

Sre-chira of al) Tatalities occur there. ®
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TABLE 3-15. COMPL.MCE VS. TYPE OF ACCIDENT FOR
ALL B80ATS JF 16 FT GR LESS

HAD A POWERING HAD A NON-POWERING
ACCIDENT ACCIDENT
in Compliance 92 101
Not In Compliance 58 34

33
3

P N R A PP N




TABLE 3-13. TYPE OF ACC.o.n" VS. COMPLIANCE FOR JOHNEC,™

HRD A POWEPING | HAD A NON-POWERING
ACCIDEN) l ACCIDENT
' 3
% Iin Compiiance 45 ‘ 59
| Not in Compliance | 19
— 1

note:  Tnese data include 1972 boats.

Tabie 3-14 presents the data for ali other outbuards less than 20 ft in iength
(non-johnboats). The data indicate no significant relationship between compli-
ance and type of accident for outboards that are not johnboats (corrected «

]‘ \
\ /
5.162, p - 0.75).  Tnis result, combined with Table 3-13, inagicates that tne

veeralloerviectiveness of the current standarg 1s refiected primarily 1n 143

sTiectivenesss Tor johnboats, Since 1T shows no reijationship in other ouidoards.

TABLE 3-14. TYPE OF ACCIiDENT VS. COMPLIANCE FOR CUTBUARDS
LESS THAN 28 FT IN LENGTH THAT ARE NOT JOHNBOATS

HAD A PCWERING HAD A NCN-POWERING
ACCIDENT ACCIDENT

{ . - . Ja

i in Compliance 90 ol

§ Yot in Compliiance | 43 B

- P |
Voteo  nese dacad 1aciude no 1972 boats.

Tan.e S-1a gresents data for ail doats less taen or equal to i€ Tt L2enin, ana

S G Sladisaiodaiy Significant reiationsnip between ComuLitanié 4 L/pe of
Coohaent {carracted ‘f‘) = 07, o < 0.G25). Tnis means tnat woat: uwnder 16
el wilen comoly witnh the current stancard are more ikely to oe In e
SLaepcwe i sample, while tnose tnat co sot comply are more iikely L0 Le in e

CLee g savel e The relationship for toats under 16 Tt ois rerated o the
o3t oropnrted Lrevigusty for sonnboats, Since MOSt Jonnoocats are under oot
A

TernThL o nts TOMDATison 1S very Simiidr t0 Tabdie 3«7 1n Secticn 1 4.0, wnign

P TR ¢ - ~ YL < i -
Lootuatys e o tman 28 L in ienath.

]()L

W




iower set of drawings without crencing the boat's performance appreciabl: .
Measures such as L2 and wz, howev. - do not change. Thus, a manu’e:: .

sides, without changing its performance characteristics. In effect, this cir-
cumvents the intent of the formula.

increase the horsepower capacity of .3s boat by flaring its tow and transom
l
}l

Similarly, engine manufacturers can rate their engines at a non-maximal rpm

enabling tne boater to buy an engine that is capable of more than the rated
norsepower at higher rpm.

Consequently, the passage of the powering standard may have resulted in Creating

an opportunity to increase power ratings that are not reflected in the formula.

Tne formuia wouid then not be effective for those post-regulatory boats and ®
engines, since it would not appiy.

Trese issues will be discussed briefiy in the next section, and in greater
getas: n the evaluation of alternative concepts. ®

5.4.5 Current Stancard tffectiveness By Boat Type

Previous data anaiyses have indicated that the current stancard is not effective
for outvoards jess than 20 ft in length built after 1972. However, it may be
2vTective for scme boat types or lengtns and not for others. For example, does
“re current stancard retflect powering accident likeiinood for johnboats and
gtrer thatbottomed boats?

“e dats fur jonnpcats were separated from the outboard data. An analysis simi-
.rotootnatoan Section 3,407 was then performed, where all jornouats were categor-

Toec aCcording to whetner the poat was in compiiance with the current standara

inc “ne «ing of accident that the boat was in (powering or nor-powering). The b
3deta are lnown 1n Table 3-13. Tnese data snow a statistically significant rela-

Tlonsnys 07 the type indicated in Table 3-7 between type of accident and compli-

o Sonndeats.  That is, In powering accidents, johnboats are much more

Tixe s To Nave peen overpowered {according to tne formula) than in non-powering ®
aCo aen's  Fisaer exact u = 0.027%). Jonnopats are not as susceptidie 1o desian

Irarass taat Artificiaiy tacredse rated norsepower {see Section 3.4.4) a4, utner

Jual T/hes.




4.7 Risk Versus twer Ratio for Johnpcat:

w@%a reported in earlier sections incicazed tnat powering related accidents are
rore prevaient n the Soutneast anc cn 0cats witn reiatively small horsepower

\

JwWien conpared 1o Otner Doat tynec,. Thece data sugggest that johnboats, which

are prevaient in tne Soutneast, mav reLresent & J4arge portion of tne powering

o)
related @ccraent proplem.

“ne oowering resated accident sambie wds screened to select those eccidents that

invo.ved ‘crnocats (from ail regions;. Risk functions for those btoats were

SL0tTed ver,uSs tne boats' power ratios mounted horsepower/rated norsepcower). In

Fijure o7, tne numter of fataiities per 1,000,000 boating nours ‘from Hationwide b
Soat nl Turvey, 1373, at each osower ratic was plotted separately Taor jonnboats

AP 1 TCali YN Ine powering relateq accident sample.  The best TitUIng expo-

cerntial tor tre Jonnboat data is not 3 very good fit (r< = (.3}, but it 1s petter

Tt Dest iinear or jogaritnnic it (r--0.2 in potn cases - See footnote con- ®

lernicn Figures -7 anc 3-5). Tre data points are oased upon a relativeiy small

-

sampie JF ;0nndcats at each power ratio.  Jespite the fact that the Curve qoes not

2CC0urnt Tar tuch of tne variation in tne 4ata. tne risk assgciatsed witn Jonnonoats

toLwering reiated accidents 15 Grzater than tnat for all DOats AT almoSt every

SOWEY C3RTIG. 1S 1T DarticCuiariy True CCr Tnose Johnocats tnat dre 1ot in com-
Tanl s wiIn oTne Larrent standacc (ower ratic - .00, wnicn experience severa)
TUoeS tn2 fuue 5T oan Mgyargae” bdoat oo Ire 5ame power ratio. Hindr ‘ne Soutneast

et aparcaimately 400 0f Tne sonnocat, inotne ULS. Natihiwlol Soiting Survey,

CEMSL, e nan powering rmalated fatdiltty riik aS$s0Ciated wILh i fLats Mdy 3CC0un

cr

TOY Tt LT Lnat S0WerinG reratec Tatailities oCCur more STLan in Tre Soutnedst. As
LetLro 1 o gures -0 and 3-8, the precise parameter Vaiugs TOr Caese Surves dre not

25 TULCTArt Ll Lre snaones of tne curves, ang tne aiffar2nces 1n shape, anh.ch are

T LT .= lrenonta Dre e Gatad Tor onnsodss ara for oan Soats o n sowering related

e T L 3T The AurDer 07 LGalh GaVING @ poweriac re.ated roougent ner e
Lol Daating f0uri. U0 TS Caee, TP GOTICENT rate TOr JORNEoat 2aeeds

INe et Toroan Tanverdadt’ ©oat Al SVery DowWer ratic.  As Terore, the sy gnes

Goo AL TNt Tor e, Cnrngats tngt were not o oin SOTDN1ance wWltn o ire current

Snan T ¢
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4.3 Powering Accigent Severity Dy Power Ratio for Jonacuits ® J
Tne pewering reiated accident aata were sorted by boat type and power ratig. Tnen .
the severity of each accident was computec (using the iower values <or £acn severity o]

codej. Thus, Teble 4-7 pelcw shows tne total severity of accidents at each power

ratin S mounted horsepower/rated norsepower; for eacn boat type. Tnis table dces
3G present ar accurate picture of the severity data, unless it is tempered with
exposure data. Tne severity was divided by the boating exposure at each power
ratio for jonnboats and all boats compired. The result was the set of graons

in rijure 3-3 (tnousanas of dollars in severity of powering related 4ccidents

i per 1,000 boating hours of exposure by power ratic). For these computations, a
numan life was valued at $480,000. T7he graphs show a marked increase in ceverigy

with increasing power ratio for johnboats. This function was much steeger tnan

the same piot for all boats. In both cases. an exponential curve fit was better

than either linear or logarithmic (greater r=), but still accounted for only

about 25 percant of the variaticn in the data. (See footnote corresponding to

Figures 3-7 and 3-8). As before, the general shape and differences in the curves
e

are nuch more important than the precise parameter values. -
TABLz 4-7. SIVERITY (IN S3,500 [NCREMENTS) BY BOAT TYPE AND POWER R4710
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S.o Conciusions 20 Regionie Analyses and Oiner resulilh
Tre prececing pag2s nave shown tnat regional differences exist in the rrwering
re.ated accilert 2ata.  Subsequent anaivses attempted to account for these
regicnal aiftrererces 1n terms of doat type differences, water type difierences
Cwne nuoter OF Churse changes necessary to navigate tne waters), and accident type
1T Taranies rPe 1r2sults wers
. Tne distribution of powering related fatalities by geographic region is
very different from the distribution of all fatalities by geographic re-
gion. The wWest accidents nad relatively few powering fatalities wniie
tne Soutneast accounted For nearly half of tne powering fatalities.
. The Ssutneast had a nign powering fatality rate (the number of fatai-
iriey per 1,000,006 boating nours, when compared to other regions.
[ ounticats accounted Tor over ane-tnird of the boats involved in powering
related 2ocidents, wnile opern powerboats accounted for over 40 percent.
. TwaTDIRGS Jnd capsiZiags (&0 Y and falls overtoard or within the hoat
"A0 . were the dominant accirdent types in powering ralated incidents,
) Syers gt T of the powering reiatel  apsizings, ana over 43 percent of
coeroapsizings ana falis overtoert fcombined! invoived johnpoats.
. o rean sower vatio cmounted noruodower Jivided Dy CatliTt ndrLcpcwer
ags L nignest In the SouTneast, and the mean Dower ratio Tor a 30dl
4 aowering related accident in the Nortneast and Lne Southeast was
vt n corpliance witn the curren’ powering $landird.
. Tre Soutneast accounted for over A1 sercent 0f tne powerinag fatalities
A Chated witn antentional oo nanges (t‘lms,, wnite the weet
Pl oy Te tnan 0 Seetent L Cedrciy ndnt of tne fowertriig relgton
. : AT UG RN, T g TRTERTION 3 LOurhe SR e
) e regn prennaiwnrs DY recing e The DOWering relatad aCCiaenty gern
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100 np.  However, different types of boats are used in adirre.ent
regions, and scie perfor i fferently tnan others wnen 2Guipped with
norsepowers aoove their formuia rated norsepower,

in terms of risk of an accident. risk of a fatality, and severity of

an accident, as the power ratio increases on johnboats in the powering
related accidents, tne r:sk or severity increases. The risks {acciden's
or fatalities per 1,300,000 boating nours) for jonnboats were much nigner

than for an "average" boat in the data base.
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5.0 PRELININARY IDENT.TICATION OF ALTERNATIVE ArPROACHES
Tne RBS R&D development process, as depicted in Figure 5-1, calls for the identi- °

Ticatinn, feasipility analysis, ana preliminary effectiveness analysiz of alter-

nate solution caoncepts after the compietion of the cause identification phase.

In tne present efrort, it was decided to include a preliminary identifizction of
alternate approaches task 1n the cause identification pnase, in craer to ensure e
tnat any concepts identified by the researchers working with tne accident data

were properly documented for use in the alternative concepts phase of the project.

Tnis section documents the concepts we have identified, and provides any readily
availaoie data we had concerning the rough magnitude of tne accidents to wnich ™

eacn iaea i% applicabie.

A3 a means of structuring inis section, Figure 5-2 depicts the interreiationship

of tne man, tne machine, and the environment in an accident situation.

In most accidents, a cnange in the environment, tne operator, or the boat could

nave "broken" the accident cnain and thus prevented tne accident. Since tnere i

I1ttie tnat the Coas” Guard can directiy do tc "regulate" the environment, we

nave organized our a:ternative concepts into standards concensis aimed it the boat,
31d 0055ibie educatiorg: ar enforcernent approaches aimed at tne dperator. Lt

$704.2 oe ncted tnal tne CnoOICe 0T aporodacnes is not easy.  Lnere iy a oig 2if-
TArencs Delweedn Lr0duwsgdting d STancard Or 2ducation Prograt and acni2ving tne
“onange” I Toal Ur SIeratar Jerfomiance Gesired.  Factors oo Se lunsiderea tagiude:
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Sodard in omoOst accidents witn jarger Loats.  Therefore, at d practioa. L, wven
Large =30 ) percentage increases 10 power, probabiy do not SI1gntiicant.Ly salredte

allldent of Jecreise reccvery probeciiicies. MNevertneiess, ir tne z29hsence o7 PY

t
fu
n

Se@ra. Tornaiaticn or otner reguired means of determining norsepower “apacity,
£

-
1
.

LL € LI, Lion Tor Consumer antornatien iabeling of tne safe horsepower Or <a

. weTONT Liea In o determining 103Q capacity ana fiotation capadility woula
Taul O o odroviaed. ®

wWitn tnz rreceding in mind, we have identified the following aiternatives for
Sapeling of outboard norsepower capacity Tor boats other tnan johnooats (as the

Jresent standard appears effective for johnboats):

3 c.aminate tne present formula ctandard but require iapbelinc of @dnu-

'S

acturer determined norsepower capacity. This approach would assume

tnat nc cost-effective capacity discriminator (test course or formuia,

cousu pe identified. As tn2 loading and flotatiocn reguiations require
4 norsesower, or engine weight 1imitation of some sort, safe horse-
Jower Zapacity intformation wouid stiil be required, but the iimi® wou.id
e set oy tne vanufacturer wusing any method he cnooses. nis 15 Chen-
“laliy/ D@ System wnicn presantly exists for inboards - tne manutaciurer
2STE0I T s0Es N1S Own M0rsepower 1imit, DUt MUST USE TNE CUTrESIOn Il
raliTe welGnt In detertininag Joad capacity and flotation ceguireoments.
TeonTArLiate outcome L7 s approacn mignt Se tnat t Coutd resails
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A fcrmuia couid, theorevically. derived

[gres
T
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¢ Vaiid predictor 0T rioe was

ARSI ST TUeNs I0Te Lnedretical Considerdation or oLl Lourse °
TESuL L owore used to Tirst icentify cendicate ratios, tnis would
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TAEe L TTTdtIors of tng accigent data also wouid ot tnis approacn
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A5 TRACT
Tne cowering fro-ect will “nclude: d2fining powertrg-retatet it iercl, °
COTIRCTING i 5amDTe 0F SuCh aCCigents and <coding them tNrsuGh i ower -
relatedq acorcent moce: (IRAM), vgentifying accicent melnantims, 2t Tort,-
13TUAd ang 2vd’Lattng Cowering standarc COrCepts, TNCLuCTNG Tte Sredc T
$anzars Jragyess Tnreugn tne gevelopment of PRAM s rfepgortel o Tho °
tecnnical ori2®. (perationally, deftining a powering-related acIoen”t
1S equivaient %o cefining the sampie to be coded througn PRAM.  Tnis aas
accompiisned tnrougn engineering analysis of the probiem in corseitation
witn Coast Guara persconnel. A decision tree was cdeve'opesc wn In f5 Jre-
} [
3entad and 1iscussec in this report. A preliminary PRAM 4as Jeve noed
and ftested =y tne coding of 20 accicents. The resy’ts of tnat IsaTnl oers
sresented, 310Rg wYIn recommendaticns Tor tne fiaal form a7 TRAM ang for
tne oracassing 0f the remainder 27 tne aCcsTaents TnoTne t3%al samp.e.
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PRIFACE
®
Tnis gocument is the first of two voiumes constituting a technical brief
on the Powering-Related Accident Model (PRAM). Since the coding of tne
2C accident sampie tnrough PRAM, several new developments in the powering
oroject have occurred, necessitating & secona volume. Voiume 2 will ®
dJetail these further developments in the areas of the powering-related
accident decision tree, the nature of the total sample in terms of
severity, and PRAM. In addition, the data needs for the evaluation of
sowering accidents will be reviewed in terms of the event and seguencing °
“nformation that can only be obtained “rom in-depth investigations, some
“ata’ accident renorts, and Tield studies.
[
o
e
°
°




APPINDIA A, Tr: *CAIRING RELATED ACTIUENT MUTEC
VOLUMES T AND 11

WYLE  LABORATCRIZ

MARINE TECANOLOGY STAFF

F77-3 ®

(24}

TECHNICAL 3RI

THE POWERING-RELATED ACCIDENT MCODE.

VOLUME

Sy
z SrtLTrar Lioen,
RuterT L. A0TTR
* 1
AR
. 1
o 1
4
]
~ <. I Pt | R
WOrv Carfapmes naes 1onTol0 Tl NS sy muasmCedlies ]
. -
G- |
R
o
B
° 1
1
. {
. . .. . . ‘.'.‘
s T e -‘-‘i‘ ‘i‘l.*i~i~.'.' - - e e T SR U




MNTTe, Rooa., oo J. Bownan, 5. L. ratrick, Standacrd Analiysis Powering/
Perroriance Tvaidaticn osing Test Course Metnods - Volumes [ and 17,
Contract 007-CG-40072-A, March 1574,

"Rb

(V2]

K&T Background information for Bidaers," uSCG, December 1574,

iveness Metnodoiogy - Phase 1.

Conen, 5. ., et al, Reguiatory zffectd
Re.earcn.  First Interim Report to USCG. <lontract D07-CG-42333-A.

Zoren, 5. u., Regulatory Effectiveness iletnodology - Phase [ Researcn,
Contract O07-CG-42333-A, July 1976.

“cae. Lonn, mign Speed Motor Boats, Nautical Publishing Co., 1969.

winnes, francis, S., Skere's EZiements of Yacht Design, DJodd, Meac ang

o cinasay. "Cost-cffective Propelier Size," Motorboat MagazZine,

sy NG 0, danuary 1677,

T4

T T

had

PP U U Y T Y

e A a A




Vo aat 1S the ratel spower capacity stated .o e S

2 Andat i3 the rorsepower rating o¥ the engine yCu current.y nave P

mounted on your poat?
3 Is your boat ciassifiea as a bass boat or fisn and 5x1 toat?

were your boat and engine purchased separately Or d$ & pdikaGe!

N

A comprenensive definition of a bass boat and a jonnboat should be
developed and the BAR form and NBS questionnaire snou.g be modifiec o
include these as *wO additional types of boats. The detinition should ()

inciude considerations for future design changes.

-

tngines snhouid pe avnamometer tested and rated under the same constraints

regardiess of manufacturer. ®

A sensitivity analysis 07 <ne safe powering formuia snould be Condulted
Lsing test courses relateg t0 fthe powering relates accident scenarios

for empirical varification. It 1S possidie that the formuia can he

adcusted to reflect tS potential effectiveness as demonstratea in

The oJre-requidation Jdata.

Tne geacent formuia SNOUd e retained for estabiisning tne aorsendwer
“obt ror o lonnboate, and possi.oy otnher poat types. ®
“roopentdent data bdse snouid 0@ 2xcanded *o inCluce LT Lor Tatow

3C_1Gents 10 arger to defermine tne evfects of larae, power-Tereied

25025, and the incr-ease in tne DAss J0at Dopu.ahinn. [ ]

Piei1 crvestizations witnin the identifthed regions snould se _cnducted
WD UG ar D04nirC Seasans Ty overify o tne 4ssumptions mads on
Aot ot during T

> oonase of tme Droject (1.8, SonLEst red . -warin

SOEr Pt S Satdr . rene Jaty anoud provide vaidduie ndLi ot
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“rne cuarrent standard formula was derived empiricaily from tests involving ciassicaiiy
styled boats running small (less than 380 np) outboard engines. This innerentiy
indicates non-effectiveness for systems not included in the empirical derivation
.1.e., flared-hull boats and/or high horsepower engines).

Test course methods (tnemselves extrapolated beyond their derivation criteria con-
siderations; do not substantiate the point of "safeness” for cutboards less thar 20
feet in lengtn. This is substantiated in the results of the tests conducted by

tre BiA and ABYS in Naples, Florida, in October, 1977 on boats equipped with V-6

Suthoard motors.

Trere are regional variances in the probability of having a powering related
accicent and the probability of having a powering related fatality. The South-
easti region was the region with the highest risk. The regional differences can
oe accounted for in terms of boat types (johnboats, prevalent in the Southeast,
navirg consideradly nigher powering accident and fatality risk than other boat
t/pes) and water types (rany powering accidents and fatalities result from
intertionai course changes, such as might be required on the small streams and

~ivers of whicn there are many in the Southeast.

Sletoottom/nard chine boats witn relatively low internal freeboard (passenger
oroartment £i00r to gunwaie) dimensions are tne most frequently encountered
Soats oonvo wed in falls overboard during meaneuvers. The most significant
~esiting an tne most fatalities; accident mechanisms identified by the sampie
1171 Tnvoived nign iongrtudinat or iateral accelerations and unexpectad boat

Sierents,

ot n

2 oroperty damanes are reportediy due to coilisions in whicn tne opera-

s st control of the soat. This appears to be a result of accident report-

©, ThCe, n UGSt cases, nsurance ciaims are involved.
Crowoan e ceaLing of tnty study, several recommendations are urged:
. Tre NEU guestionnaire should oe revisead to include several guestions

“rat wrlio o suppiy mucn of tne needed but missing boatina information.

Teo recoraended juestions are:

150
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6.0 I3NCoovil 7 AND RECOMEENDATIONS ]
e cetiniior 9f @ p0werine celated cloicent is 4 Compiicatec Tatric o 1alicion:, g
Bulh requliring a juagmental d2C1sion on powev invelvement Sucn a d="inis cn nan ¢ 1
Leen g2rived and appliec tC iil recorted accidents for 1975 art to il TEN0rLAg ,;
Tatal aetieents for 1976, Powerirg related accicunts, as we have defined tnen, ,:
WL2Lnt for aoproximately six (5 percent of 3] LCried accidents.  This 4
~ercentage lnvolves, on ine average, the loss of over 60 livec per ,=ar or tne *
L. 5. waterways. Tnis i3 @ conservative estimate, as tne cefinitvicn filters out
SuCh accidents as "grouncing” and "nit submergec object." Altnhcugn these Tygzec
0T acCigents are not initiated (in moLt C3SES) DY eXCessive power, neweriid may 3
Lneredse Tne severity of tnese tvpes o the loss of life leval. ¢

several comparisens of ore- and nost-reculation 0oats in the Santle wers made

s7Ln The gata indicating that tne ratic of mounted horsepower to formula rateq

LOTIepOWer wWas ine same for Sre- and post reguidtion craft.  Tnts ingdicates taat, after
Ceing SrOPUTLated a5 a gsovernment standard, the present Tormula nad little effect

0n Lnanygirg tne powering tendencies of tne average boater in tne accident sampie.

was TOuNG That compliance witn {he current standard was no more frequent 7or P
cperienced poaters tran for non-excerienced. However, boating safety education

35S snGwWr. LG ead TS o Gréeater campitlance.

Cof Lurelnt o arancacd Toerula s onet 4o a0od sredictor of risk usTirsd 45 e srop- ';'
Sobst T i n fatat ity o the orouadtlity of having ar acoitiot, Tor most
s ToUoolnr e nel monit. o nwowever, the formule sredrlinn seens T ne
R R R A - Ty e SO TLL o The formula d0es not ored ot the imoact o
AT M Sen o cmances slave tne water Line Anc a. L ows nigrer narsepower rartings °
LU areT g T L et iney D0aLS Trrecdrcless oF e apsence Jr cnange in
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o
If sound ladeiing criteria .re developed ang related .0 oowering related
accliaents eitner through test courses and/or formulas based on test
. . 4
course results or accident risk data: ®
1. Change overpowering to prima racie evidence of negligent opera-
tion arn federal waters
z fncourage states to folliow suit on state and joint jurisaiction ;
waters
[T no sound labeling criteria are developed relative to powering
acciagents but a tabeling criterion remains:
_ o
i Agvise states tnat federal horsepower 1imitaticns are important
“~i3tive 10 overigading and flotation only, except for Johnboats.
Sor jonnboats, 1n any event:
e
i Encourage states to step up passage or enforcement 5f overpowering
regulations for ligntweignt, nard chine boats [use definition in
powering standards; as mwost Jjohnboats accidents gccur on inland,
jolat and state jurisdiction waters. ®
[
®
. <
]
®
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5.2 Education/Inforcement Alternatives

Two sets of education and enforcement related alternatives were identified a5 part
of this effort. Tne first set are alternatives aimed at maximizing the effective-
ness of the powering capacity labeling alternatives, the second set identifies
common operator errors in powering related accidents which may or may not be

addressed in present ecucation or enforcement programs.

5.2.1 Education Related Alternatives to
Enhance Powering Capacity Labeling Effectiveness

Tne following alternatives were 1dentified under this category:

aj I[f a sound labeling criterion s developed and related to powering
related accidents either througnh test courses and/or formulas based on

test course results or accident risk data and in any event for johnboats:

1. Advise on the dangers of overpowering beyond tne capacity stated
on the label, including tne susceptibility to powering, loading,
and flotation recovery reiated accidents. °

if a new, relatively simple, formula is developed, advise owners of

ro

ex1sting boats on how they can caiculate their new, improved,
maximum norsepower capacity. Be careful to note dangers of increas-
ing capacity as a result ot the calcuiation due to Joading and

+ioTation considerations.

b} (f no sound iabeling criterid can ue developed:

P Advise on tne aangers of naving engine weignts acdve tnose snown
nn o tre capacity piates relative *o loading and fiotation related
accidents.

Acvise on means of avoiding or recovering from "powering relatea’ °

acclruents,

5.2.2 ©nforiesient Relatea Alternatives to
innance Powering Capaci*ty rapeling fffectiveness

ol Tow i nd At orndtives were 1dentitied under this category:

T
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Zor trose accicents accepted at noce 14, possible approaches other tnan improved
rai’s and guards can be identified. One possible approach is imposition of pro-
aor=ional steering ratios. This would result in a softer initiated turn and
Jermads forewarn the passencers of the forthcoming change in direction allowing
Tret e time %o initiate restraining actions, The maximum Senefit to te realized
“nis approach according to our sampie is approximateiy seven 1ives per year.
“ri. medans that in order to be cost effective, the one-time cost per boat must
e 1ess tnan $6.90. This approach nas some disadvantages in tnat the avoidance
aneuver 15 nampered by the additicnal movements required of tne cperator. This
"ears tnat any benefits realized here may be offset by an increase in the

ucer of coilisions.

< 3t o1 several standard approaches that could be investigated in a future effort
1L ovresented in Tanle 5-1 along with tne number of possibie lives to ve saved as

STCatet A Gur sample data.

Sy ‘.‘".A“.A L




@ °
.'
{ gncasement 1S not the soiution. ... leaves 29 tofta: 11ves 0 LE 3dved in ta0
vears.
1 °
L ow, one must consider that by their nature, guard rails will result in a certain
q armount of bodity injury to tne persons tnat are being kept in the boat. This must
[ D¢ deducted from tne denefit., However, we wili aisregard tnis aeduction nere.
FE Tne disadvantage to this alternative lies in tne costs tO the consumer. An esti- ¢
mate of the cost of adding hand rdails (cased on whoiesale catalog pricing of pres-
] ently available railing hardware ard including nuts, boits, screws and a nominal
i, labor estimate) runs on the order of $150 to 5200 per boat corsicering an average
' tengtn of 16 ft. Using the number of bcats soid in 1977 as & Sate, tne cCsts *or ¢
oduttoards (per year; is somewhere between $50.4 miliion and 367.2 »illion ane <or
inboard/outdrives netween $12.6 million and $16.8 miilion.*
i
t. Tne total cost per year to the consumer is then between $63 ana 584 million doliare. ®
[ Tne costs would nave to be reauced to approximately S16 per boat i crder o de
. Lost etfective.
.7 tne nenefit to society is to be compared U0 thne €oSt, TNEn botr must Se =xpresied °
in terms of coliars. Various doilar values nave been assigned to a huma: .ife dur-
A6 7arious resedrcn programs.  ror tne purpose of 3llustration, a vaiue of $450,000
iuocnosen.
] o
CToTag waTire ol e tian of ragistered D0aTd 9 ASSUMEC IO Na e TR L rTved il
and adris, tnen
P e A SN VIR IS
Lo DaVEQ BT JRar S MEiue 0T cIT3) L 055t suv gear
20al POPpuialion Jer Doat o
MlToL L aand Tt L nLmber 0y tne expecieG (ife of a boat 1% /€ars), d onhe-tine
CanT oL S0a&T T, 00Tained, )
®
L ADOL s Toe cDove Tationd.e To tme TildLities a0 2acn n0de oF acoestanes and
aeterone Lne oelertisiuosts oFf various otner standdrd aporoacnes.
T TR e nunlers dee Sased onoLne EOAT 0y andustey Marine MNareet Suive, Tor i) ®
L
T e R R IR e e i .



v e e e
[

Ts N0t Lo oe construed as proncTicng a thegry tnat lives of bLoaters are

curtant in a monetary sense only.)

Trere are two approaches to standard promulgation wnen attempting to save boaters'
o .=5. Basically standards fali into one of twc categories: 1) standards to pre-
accigents, and 2) standards that preserve tne capabiiity to recover from tne

“Tent.  3otn categories have been investigated by the Coast Guard. Obviously,

ary of ne boaters counted as fatalities in the powering related accident sample

. +a.d have peen saved tnrough recovery medsures such as would exist through recovery

“,oe stanagards such as PFD usage, mandatory swimming instruction, Tevel flotation,
3mers.  However, the primary attention nere should be placed on accident pre-

athon instead of recovery.

“ro o Jrevention category, there are alternative approaches that cross over the
~. o7 sesaration hetween various nodes of acceptance and may therefore save 4

T tnose lives sjocumenteg in aiftferent nodes., Examples of these are:

ates rucation, 2) improved nand rails/guards, and 3) beverage control laws.

~gucanion ras been aadressed eariier. Beverage controi is a state enforce-

LOOL e Wi TA extremely hign costs

o ratt o guards coudd be considered a viable alternative.  Recuiring

LT, L ACOTROraTe TNesSe iNTo the Gesigqn of thelr boat: Coutd L Cusiog

; Coetiar 3T tnose fataiities listec under nodes 14 and 8.

inT Lanpie tnere were 26 fatalities iisted uncer noce TLoand ZY 05 led

- Sotn ot tnese AoGes nava i we Talios QVernoiard.  npowever, Tner-e qre
LTSS AT Al 0T Tre Lwo nedes. Tne total numper o7 fatalttics

LU T At Lotn nodes 15 B ATSY, Since tne present formuia works tor

Sl we LDl ANose (27 fataiilies) from Lne nunder.  (These Casey wore
LTt Lotne farnieia S0 Decome accldents.,  dart ot tnose 53 rexaining 0.

LT 0T LTINS Gna SWAMP TGS TRdavTAg (453, Lndl COuid JOSSILIY Nave
= LuJE fde Lney n0t gone over tne sige.  nowever, approximately 3C., of tnese
oaten Lo tmeir fall oy peing o4 Loor poasttion. [t omust e assumen tng!
caf WULG 0D Sdde Deen R h el dnyess they were onca el

L GO e . v N : N ) N
3! , veowd /o TOr Lnem NG Do 3T )0 T LOMIRON Sense L taten (NG
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4 THE POWTRING-a: . ATED ACCIDENT MCOZ.
» .

{ 1.0 INTRQDUCTION

Tne objectives of tre safe powering oroiect are: 1) to determine the

Camn umn o

~eed for a stardargs limiting tne norsenower of recreationa’ boats, ing

; 10 getermine whether there 15 a need <0 improve Sne present stancdard

o

Zr Jeveiop a new one.

3asically, there are two major work elements 1in obtaining each of the

objectives listed above. First, powering-related accigents must de defined.
This tvpe of accident is not as easily defined as others, and “his work

)

elament is critical in determining tne need for a nowering standard and
2v3iuating ditarnative standard concepts. Second, througn acciient data
inaiysis, he need for a powering stancdard should be determined. The
deTinition cptained in the first work element {s used to define tne sample
0¥ 1ata to be analyzed. The powering r2lated accident model [PRAM) is
leveicped as onart of the second work element. [T is an anmalytical tool

o e Jsed to summarize and maniouiate tne accident data. Provided a
siantTtigant number of cowering accidents do occur, PRAM will enatle “re

Jescription of these iaccidents in terms of the prominent accident mechanizms.

3:20:e xr20 0 T evaludie tne 2tfectivenes: of the Jresant Jowering requ-
e etvectivensss 2f onner 20ssibie Zowering
21T CAs. TRrcdGn tnis Spase o7 tne oroject guesticns such ac, 'COoes

#oIr.ocent sTancard orevent Jowering accidents?”, ang 'WouiZ arciher
3NCErs Srevent ICwering aciicents anicn MiIcNT 3Clur under tne Jresens
an

23757317700 Thouis oe answered.

t2chniCil or.ef srovides an acoounting av the Iragrecs fto date n
“ deterining tre ne2d ‘or i dowering
tariancy. ng 1Ayeagment ST tne 18T niticn 0F 4 Jowerna-relarted accigent
TSoIRTAT e ang tne Yna’ Ttrm a7 tne ‘e inaition fa decisien tra2e far
20PN a0ITients TN TUe samn e Cor TRAMD I3 cescrogoes, ¢ ugng

50274rT 38 2T AcoTgents tnat wou)d Te included. The Zevalapmens nf 20AM

TioouTiomel st otme otat of Tre codint oF D0 accedents o test The mede .
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Tne resuits and implications of tne cooing of that sample are analyzed.
Suggestions and revisions for PRAM are discussed, along with the proposed
approacn to the cocing of the entire powering-reiated accident sample.

2.0 DEFINITION OF A POWERING-RE'.ATED ACCIDENT

The ‘important first step in the powering project was to define a powering-
related accident. This task was complicated by the fact that powering-
related accidents occur in many, if not all, of the common accident types
le.g., collisions, falls overboard, capsizings, etc.).

A5 a start toward the definition of powering-related accidents, a 1ist
of situations wnich were significantiy or tangentially related to powering
was race. This 115t 15 snown below:

(e

iari<icantly d9cuwerina-Related

‘nose accidents where tne operator iost directional co.trol of the
vesser while it was underway and under power.
2. Tnpse acciacents where the boat did not respond to the helm as the

Goerator intended wnile it was under power.

Trose accidents wnere persons fell overboard or the boat capsized or
swarmped auring 2 maneuver.

4. Those accigents where the boat capsizea or swamped and indications
ex st trhat its seaworthiness had been degraded by the speed at which
Tt was cperating.

s, Thosooaccidents where a sudden appiication of thrust initiatec the
alllcent, L4

<. Trnose accigents where the vessel's kinetic energy contributed signifi-
centiy o tne <everity of tne accident and no other viable regulatory

1PUYOach appears o exist.

“grcentialT s Powering-Relatec

nCie accidents wnere kinetic energy was a ractor but other viabie
reGuiatory aporoaches exist.
Tnose accidents involving a materia: or subsystem failure. o

roae AcC o dents wnere tne operator ~3s unabie to detect an obijec:,

e e 8 e e S S ~ PGPS WP WY Wl W WA Wy S Y
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and a collision occurred, due to visibility problems involving <he
vessel's trim or heel angle.

4. Those accidents where the operator was impaired by pcwering-reiated
siressors.

Not Pcwering-Related

Al7 others.

2.1 Initial Sorting of the 1975 Accidents

Through consultations with the Coast Guard and further analysis of the
protlem, a decfsion tree was develgped for the sorting of the 1975 boating
accidents reported to the Coast CGuard into the potantially powerinc-related
accidents and all others. This tree is shown in Figure 1. [t rejects

a large number of accidents at the top of the tree that are not powering-
relatec (those involving boats that were not powered or were not underway,
etc.;. The later decisions in the tree involve the accident mechanisms

ana tne invoivement of speed, power, and thrust in those mechanisms.

This tree was used to perform an initial sort of the 1975 accident data,
and to seiect the potentially powering-reiated accidents from those data.

n order o minimize the numter of accidents to he read and sorted, the
Cocast Guard's computerized data svstem was used to cull those accident:s
which were gasily eliminated from consideration. If the boat had no
encine, or rorsepower was unknown, or {in scme cases) tne boat was not
uncerway, <nen tne computer could eliminate these accidents from consider-
ation guickly.

«r1e personnel applied the decisfon tree shown in Figure 7 to the accidents
tna*t survived the computer sort. A sample of approximately 1200 acciaents
were “accested" frem the initial pepulation (before the cemputer sort) of
asoroxmately SICC reportad cases. Records were keot of the number of
acc-cents accepted/rejected at each ncde,

>
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2.2 The Ffinal QJefinitic: cf a Fowering-Pelated ~ccident

Jpon further analysis and consuitatiorn with USCG personnel, ft was deciced
that the cefinition of a powerirg-related accicent needed further refine-
ment; i.e., the sampie neeced %o be reduced further, particularly in the
areas of collicions and loading-relatec accidents where the involvement
cf nowering was tangential or secondary in nature.

The result of the further analysis was the final definition of a powering-

related accident. The final decisicn tree is shown in Figure 2. Any

accident which is processed to an "accept" node in this decision *tree

is considered a powering-related accident. o

The differerces between Figure i and Figure 2 are subtle. The first four
decisicns in the tree are not different. On the non-collision tranch
‘noge 13 and below), the change in Figure 2 was the addition of the top
gecision in that branch. This was inserted to reject those accidents
where uynderpowering may have teen a significant causal facter, and other
accidents that were not related to overpowering. Note tha* accidents
‘nvciving Doats gperating at less than nalf throttle can be included in
~he samplie, but only if their norsepower cer oot of boat length ratioc
2 onigh. Thus, a 3mail toat with a iarge engine, which could experience
2 Jowering probiem at low tnratiie setiings, is included in the samcle;
1.2, 1% Zan ce accepted.

T, e
"L .-

® 210 C5TCNn 2rancn of tnhe tree, severit cnanges were mace. e

ISACeNT tAnIng Tne decisions in the tree fr Figure 2 was to inciuae tnage

iccolents anere: 1, the operitor thecreticaily nad a crance %o avaid She

26 iyren he detecsed tne other boat, etc.), and 2] nis speea [lacx o7 °
“ime. areciudeda tne axecut'on af an effect:-ve avoidance maneuver. ises

s
accepted. Cases

L
i

aPer2 Ine gperitor 10S%t control oF the zoat are sti

AREer TR 253eCT 5% tne C01.7sion was not Jda2rtectes, or tne operator 4i:

Q

ATT UesdCna TN fime 32ciuse 9F ai20not ar o ather SIr2ssors, or wners tna

.Y ooraciuced voiudance aere ¢3)l7sTons wniar

o

anyt-esnment lwaterwav. oTc

The leciscten Traee vetegted. (T o3ncu.d Je noted tnat tne Jecision tree

17 cws fOr some engineering ‘udgment in ases w~here tne decisions zan
r0o

WoGLrmiI2d sutoare t a'rectiy «<ngwn.
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This gecision tree (Ffigure 2) was usec to code the node of acceptance

for tne 20 accidents in the PRAM evaluation sample (see next section) and
wlli 2 used prior to and during the coding of all accidents reviewed by
the anaiysts for PRAM.

2.3 Accident Scenarios Whicn Would B3e Accented

Example scenarios nave been developed for each of the "accept" nodes

in zhe decision tree (Figure 2). These are iisted below in order to
illustrate the meanings of each of the decisions in the tree. The examplies
are not intended to be all-inclusive but illustrative.

NOCE  5: A motorboat was proceeding at a fast rate of speed. While
attempting to pass a boat which it was overtaking it nit the wake of
tne other Doat, causing :tne overtaking boat to go out of controi and
strike the boat that was being overtaken,

NODE 8@ A boat enters a marina area at 3/4 throttle. While gro-
.eeding past several dockea boats, the operator notices one vessel
oacking out aof its dock, directly in his path. Befcre he can react
tS tnhe situat:on, the coliision occurs.

CE 'Z2: 4 motorboat was procseding up a river at a fast rate of

NGO
spead. As ‘1 ~ounded a 2end in Ine river, the gperator noticed another

3]

5027 1eading towards nim. Zoth hoavs attempted to turn away from
sne impencding collision, out could not. The boats colliged 35 tne
turns were deing executed.

WOCT 1. An operator is proceeding up a narrow waterway at niqgn
eed. “e rounds a bend and finds a boat in nis path. In turning

O

5
0 avoid tne otner boat, ne loses ccntrol ana capsizes. 0One occu-
Jant Irowns or axiensive property damage occurs.

v

JO0E T5: An operazor apolies TulT tnrottle suddenly while a passen-
er 7L snITeing “rom one sRat tn anothewr, The rassenger fills over-

coard ind drowns pefore te ooerator cCan return tc 2ick nim o up.

NCDE 6. An operater is oroceeding at nigh speed across a lake.
4@ nits 3 w~ave ind 10ses cConitrnil of tne boat, wnicn glres into

..
g s s s

A
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"dynamic instability" and capsizes. One occupant drowns either due

to "sudder drowning," being a non-swimmer, or being nit on the head

during the capsizing.

NODE 17: A boat proceeding at high speed encounters a large wave
whicn enters over the bow and swamps .3ie boat. One or more occupants
darown prior tC rescue.

NODE 12: A boat is on plane, and while it is traversing a large
wave at an angle, one passenger is knocked down, causing a severe

neag injury.

' ”

.002 1wt A boat proceeding at nigh speed encounters a wave or wake
~f3Cr Zapsizes the boat. One or more occupants drown prior to rescue.

3.0 PRELIMINARY PRAM

.zon tnme comgietion of the sorting of the 1975 accidents, the powering-
re 27ac 3czicent model {PRAM) was developed. This model was designed to
Tumma-ze tne accigent data in an organizecd *ashion to allow for the
igenti¢izaticn of powering-relatea accident mechanisms and the evaiuation
o€ *na potuntial denefits atiributadble to alternative powering regulation

IoNCe TS,

arouaon oa cevies 6f the dowering acciaent decision tree and the resuiting
sampie 29 1100 accidents, 3as well as severa'! consul:tations with ysls
cersonne’, several xey decisions were made as to %the content, form, and
ourpose of PPAM.  PRAM was built using analytical tecnnigues simitar %o
tnose Lsed in previous successful data modeling efforts (CAM - the collision
accidert mcael, and ARM - the accident recovery model). Three purposes
wgre tent “ied for PRAM: 1) to summarize/crganize powering-relatec
accoaent daéta and droviae scenarios of common powering-related acciaents,
7 2 dentify the 4dominant mechanisms of these accidents, and 3) to
Jrovtos 55atistics ang probabilities on all relevant factors and combi-
nations cf factors in %hese accidents in order to facilitate the estima-
<inn 7 potential penefits attributahie to alternative powering requlation
conce21s.  [n reviewing the ancident aata and purposes of PRAM, it was

PRI VR IPCIEIOAE P8 VLIPS VR VDT U VI VT VT D S T U P R il S u i I S St W
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. .
determined that sequential depenicncies in powering-reiated accicents
woula be difficult to identify, if tney were present. This suggested
that PRAM snould be a matrix-iike mode , concentrating on the conditions ° !
surrcunding the powering-related accidents and their interrelationships,
rather than upon seguential dependencies (a more tree-1*ke‘approach).] ‘ _~f
Thus, from the outset, PRAM was caonceived as a model with many variables T
€odez as separate entities and relationships indicated by %he ability ‘ "
to organize tne data in many ways. Tnis approach allows PRAM to be
flexible in tne ways that information can be categorized, which should )
prove to be beneficial when the benefit estimations are performed. X
1
Af-er aaditicnal analysis of the accident data and further consultaticns e 4
Ww1tn JSCS personnel, a preiiminary PRAM (including coding instructions)

#as designed. This model included information in each of the following

areas:

Acz-gent .dentification Number

Loaer {Wyle analyst)

‘sar ;7 YMipyfacture 2F tne Jcat

Speed (at the time of accident)
Trim Tabs? {(yes or no)
Motorwel1? (yes or na)

Heim Location

Type of Steering Controls

Tune of Throttle Controls

Tyze of Propeiler

Mo*tor Manufacturer

dor<epower (in use!

Mgtar weight

Macimum fngine RPM

F202’e an 3o0arc

Activity ‘at tne time of accigent,

Titaec Horoenowe-
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Visibility Rated Weight of People on Board

Aing Rated Total Weight

Number of Survivors Rated Motor Weight

Number of Fatalities Powering Ratios: #HP: 1/10 ft.
Onerator Skill/Experience HP: 10 1b. Boat Wt.
Operator Fatigue/Stress HP: 10 1b. Total Wt.
Aeignt of Gear on Board HP: Rated HP

Course Tree (a decision tree to code information on course changes prior
to and during the accident).

°owering 3ehavior Tree (a decision tree to code information on throttle
settings used prior to and during the accident).

_oad Distribution Tree (a decision tree to code information about possible
loading procblems and the engine's involvement in
them).

“oae of Leceptance ‘+the node in Figure 2 whicn was the "accept" node for
snis accident).

“n+s information was %0 be coded using the computer cading sheet shown in
Figure 3. Instructions for tne proper ways to code each of these variables
J34 ne faund in the PRAM Analyst's Guide {Appendix A). This guide includes
-no 3maering-relited zccident decision tree, a copy of the cocing shest,

4ns A3t led tnstructions on the coding ¢f each variable. The version of
SUA tmat ‘s ‘ound in Appendix A was used in the trial coding of 20 powering-

ralateg ascdents.
4.7 CODING OF 20 ACCIDENT SAMPLE

L oee 4l samole 0f 00 oowering-relatea accicents was processed through the
sreemar, DRAM n order to test the approoriateress of the model. It

wa aiticisated that the preliminmary PRAM would need to e refined in order
- -cce’ “ne dccigent zata. some variapies may have reguested information
=nas ~as 5imply unavailacle in the data base. The sample of 20 accidents

was aracesied in graer t0 identify tnose areas wnere PRAM snouid be revised.
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Pesults of the coding of these 20 accidents are reported below, and their
implications for PRAM are outlined in the next section (5.0 Tne Powering-
Related Accident Model).

lomputer

Coiumn(s)

NT.oe

1132

(98]
1
-
+

Pretiminary PRAM Results

Number of Accidents Coded:

variable

States: Aiabama
Arizona
IT1linois
Indiana
Iowa

— et el et —md

Massachusetts

Montns: March 1
April 1
May 1
June 3
Year: 20 from 1975

Time:

00:01-03:00
03:01-06:00
06:01-09:00
09:01-12:00

— O — O

Accident Type:

~1

Collisions ]
Fills Qverncard 2

8oat Tvpe:

sen Power 12

20

New York

North Carolina
Oregon
Pennsylvania
Tennessee

N — NN D W B

Virginia

July 5
August 6
September 3

12:01-15:00 8
15:01-18:00 7
18:01-21:00 3
21:01-24:00 O

truck by Boat or Prop. |

Cabin Cruiser 1




Lomputer
Qiumnis Jariable

17-33 2cat iength:

17 fe.
18 ft. 2

14 7t 1
15 fr.

S A

13 80at Width:

0-3 ft. 1 6 ft. 1
ft. 8 unknown 7

F &

[WA]
“h
[ad

1358-50 5
1RG5 7
Caie 7q - °
1965-712 !

e oY Pawer: 20 LutrLicds
[ ]
- g2l
20-320 mon i
LAKNOWN, Sut Tncreasing <
InKNown 12 L4
3 T otne 5CdT nave Srim o tans? 20 Jnknaown
o= 3 te onat o nave & motorwet 1?2 20 unknown
o
b =2 _scatichr DT Lunkacwn
23 Cteertng Lontroats: D inxacwn
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Type oF Controls: 20
Type of Prope.ier:

Motor Manufacturer:

ontrod

Levers: 20 unknown

unKnown

20 unknown

Mercury 3 Chrysler 1
Johknsen 2 Unknown 9
tvinrude £ Other 3
Horsepower:
9-30 5 91-120 1
31-60 6 121-150 3
oi-40 7 157+ 0
Motor deiant
37-10C ns. N
TS0 be 7
UNETOWT N
Yevimur Ingine RPM
SEQR z
SB3C 2
LNKNOWNR 15
Soarnsa 318 Qoeratar atteTst 12 Zhange course?
LPKNOwWr >
‘o ;
T h
-¢ scerator tose control?
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_0SS A< “ontrol lue Lo
Teo oifFcult @ manuevar 5
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vs wariacie Name  Jescriziio . .oc Coging Instructions
Year Inter tne Last two cigits of tne sear in wnich tne accident

: occurred

3 Time Coce tne two cigiss (in military time; i.e., 20-24 nours)

b corresponding to the Time, to tne nearest nour, that tne
accident pecan. (ode tne time of tne capsizing, for example,
whnen a C0at €ansizes anc tne peobie are not recovered for
L nours.

: Accigert Type Coce tne primary (Tirst) accident type. for exampie, if there
is a collision causinc somegne %0 fail out of the boat, all
oeople 2n 2oard are coded as victims of a coilision, not a
fails overocard. Svmlarly, if a personfalls out ¢f a johnpoas
causing it tc capsize, throwing a se*onc Jerson into the
waser, <h victims are coded as falls overboard, since that
was tne or.mar/ cause of the accident. Uccassionally more
than gne accicernt hapgpens consecutiveiy in time. A person
might f3.° cvarocard, anc a second person (coming %o nis aid!
TIghT se $hruck oy the boat or prop. These two incidents
WCU 1 SesSt he Z0Cer &S separate acctidents. These fypes of
accicents w~°i7 require iudgment, and otner analiysts should
Ce CInsu-ted it there is any Joubdb:t.

T o= 1377 s3aas5/sroundings

2 = swampings’cansizinegs/flcodings/sinkings
1= fires ang 2x2.8s10NS

L= fa77s averscard/falls within the ooat

S = 377.Ck 2y 204z or crocpeller

To= atner

b zcas Tupoe lzde tnhe Single 2iZiIoTnat correspends tCotne best Zescriztiot

¥ tne SGéY tavevec
= Rtorn LerTorTirca sdal
Zo= o2z SoWErLCaT
D% oIastnh mouoroicar
L= 3uxyTtany osan’
T T IANCEKELzKk  DOaRral
T T mouSescat
= T LTabe
Z o= L mkncwn
= yLner
inat Lenote Joe tre Tamott o tne o noat 20 & Twe 227t number meagsured T
TrE aeLtest foot Taeoa0 7 zlIclznts, zoce ncat ganit T
Tme AZsomoe it otact . for Falls 2verst0amT, TnTIoACu I e e
30da% tnhat Tne LT tTty Tefs, sar titoDyvotne Cat 2roIrsoc, TtUs
NCL 3 T Ttk DAY TTiT 3L tne m1TTng.

- it phele e tne tre o T onumies Tnat ISr7messerls T8 tne et s
TaaTTul WTITT  Teallred SIotne neares:t Yoot
D R R
o= - To= D e
T R < = Ny nowrn
<o - D= oaraz3ter tran LD 7T
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“AAM Loding Instructions
nce you nave ceciced tha. scent is acceptabie Yor PRAM, wl
row 3N Tne ICcing sneet comp.e.... for tnat accident using Lo L.l
Tructiens.
umn(s) Variadble Name Clescrizticn nd Coding Instructions

a1
32

a3

Accicdent #

Coded 3y

This 1is =he numper of the accident in cur sample

used %o

to rerer %2 it acain.

will ce UGOYY ana

Gt The wapronr

an acgestadie accijent is Youna,
next saguenticl a

black printing

The ana’lys: who codes each particular acc

enter n1s perscnal one digit code here. Coces are:

It is

identify the accident in case we shouid ever need
The first iccicent coded
the next wild
“ate accidents have been coded.

into PRAM
etc., until all
zach time

it should have the

be "002."

¢cident number written on it in bold

ident should

3= Marx Perry 4= Bob white
Ts Stoart durrel) E= Jack Bowmar
2= Zerny Smoin 5= 01ivia Corger
3= Chris Stiam) 7= Nona wha<lay
e State tnter Tate two di 91‘ code focr tne state where
o tre acs rrec, according to tne ist below:
1laname o ATiska 02 Arizona 04
Areansas Z tatTornig 76 Colarado 0g
totorado b annecticut g% Jelaware 10
Jist. ot leiumpra “orida 12 Genrgia 13
“awa’ " . lzanro 16 D hingis 17
naiana : Towa '3 Kansas 20
(BATLORY 7 LaLisiana 22 Mzine 23
Aa et ang R 4assacnusetts 25 Miznigan 25
¥natona K V*fsiss*ppi 29 415 scuri 29
RV ke Sriska ER Nevada 32
ww maTOSNY TR 03 Seew JRY 3@y 34 New Maxico 35
it In e Carolina 37 dorvn Jakota 38
L P Ixlaroma a3 r20sA 4
Senniylarta - Aroce I3anrG 44 _iulno Laroiina 45
1uTn Zavata - Tearnassee 7 2y 48
‘- S PRvmon® zC Teninia 31
NASTT N o aast {trainta T4 Arsconsin 53
w00 5e
e 1UTEr TTe GI.rTorTite Ta0 1TITT 222 Tor Lo TCNIR when tne
E ISR L A SR 3':-aﬂuaf}. 2<2., I=Tecemger . NOTZ: FIR
oL TUME DRIINTEIZ MARIAZLIS, TICE THT TUMz TRAT THE lCCI::WT
I0TAN
L3 Tav Tntem tnme sIltcortaTe Te0 31I°Y Izce Tor tre Zav o7 the
3 3CCTent L CT=ine 13t 07 Ine Tentn, eis.. Jon't forget the O
SoroalT 320703 4373t e oLnenown s 3, SE, 3r 2E8. 0 for scme of the
Irees 3 olned TGT IAFTRSIIN. D LTeTUwn
;
L L O it iaintiaintnisami st et N

ok e







o ;
{
i
3
;
\PPENDIX A ]
. {
P.R.AM.* ANALYST'S GUIDE '
4
vune 1977 B
USCG 61700 o
C. Christian Stieni ®
{(* an abbreciation for Powering-Related Accident Model;
The paces tnat foliow contain much of the information you will need to
analyze accidents for PRAM and filil out the code sheets. °
The first npage has a decision tree that you should use to decide whether
an accident should be coced in PRAM or not. Whatever your decision may be,
you should write "rejected at node ' or "accepted at node " on the ®
front of the BAR. If the accident was rejected, set it aside. If the
accident was accepted, then continue coding the information for that accident
until tne coading has been completed.
SuC.2eding pages show you exact'y now to code all of the information reguired
oy PRAM. A row on the coding sheet is to be filled out for each accident
2odedq ‘ntc PRAM.  The first page of rn's section is a reduced sample coding
sneet fn;s JRAM,
o
The T33% CIud'e 9T Jages show the aual ity assurance procedures for PRAM,
Tres2 snca’yote read and uncerstocd berore coding begins.
®

. ]
: 5
F=25 R
SN

o




project leaders, and 3) has all tne necessary information to do nis

Job. It should also be noted that all accidents (BARs) are retained,
including those that are not accepted by the powering-related accident
dgecision tree. The rejectea accident reports are retained, and the node
of rejection ic¢ recordad. This is done so that particular kinds of
accidents may be used in future comparisons with PRAM data, and so that
an overall comparison of powering-reiated accidents to other kinds of
accidents can be made. PRAM wiil have many uses, even beyond those
described in this technical brief. The major conclusion of this phase

of the powering project is that a viable Powering-Related Accident Model

nas been constructed and modified through engineering judgment and test
on tne data. Once the approval of the Coast Guard is obtained, PRAM will
oe complete and the coding of the overall sample will commence.
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The motorwell and steering contro. coding iastructions will be changed ]
to allow the judgment of the analysts to be used. for example,it is ]
unlikely that a twelve foot johnboat nas a motorwell. Similarly, it ° ]
is very likely that the steering controls for an outboard of over 30 HP
will te remote. The new codings will be:
Code
®
Did the boat have a motorwell? 0=No 1 = Yes
2 = Unknown, but pretty sure
"o
3 = Unknown, but pretty sure ®
"Yeg!
8 = Unknown
Staering Controls Code the Approoriate One-digit Code °
0 = Controlled from engine
1 = Remote Steering Wheel (oush-pull type of connection)
2 = Remote Steering Wheei (other)
1= Tiller o
4 = Other
S = Jnknown, but prefty sure "Remote"
5 = Jnxnown, but pretty sure "Controlled from engine”
302 nknown o
“ina’ly. 4.1 3ccidents involving more tnan one boat, wherein mcre :than
Jne toat wili be processed through PRAM, will be numbered s*arting from
30C. AT1 atner accidents coded into PRAM will be numbered from 007. o
“hese Inanges and arercments will be incorporated into the PRAM Anaiyst's
Sutrde <ee Apgenaic AL. 'Upon the approval of tne final version of FRAM '
dy tre 7Cast Guard, tne cading of tne =ntire dati case of powering-reiated
3czitents wiill oraceeq. o )
. 9
The qual- iy assurance Jrocedures for tne PRAM coding can be found at <re B 'J
2nd 3f the PRAM Ana’vst's Guide (Appendix 4). Briefly, these procedures R
a334r2 “N2T Tne anraisst: L, s well-trained, 2, 15 checked by qualified ° 'm
1
4
A-23 L
]
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J
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®
Speac (Coiumn 22, now has tne following codes:
J = 0-1C miles per hour
Vo= 11-20 mpn
2 = 21-30 mph ®
3 = 31-40 mph
4 = 41-50 mph
5 = 57-60 mph -l
5 = greater than 60 mph B
7 = unknown, but increasing speed -
3 = unknown ®
5 = unknown, but decreasing speed

Tne instructions for coding the motor weight capacity have been revised to include
representative weignts for outboards that are given in the Coast Guard's level

$70%ation test procedures. The analysts will be instructed to code the motor weight ¢
Cadacity as onefore, if it is known. [f the motor weight capacity is unknown, but
~ne norsecower capacity (outboard) is known, then the following codes will be used:
morsapower Capacity Motor weight Capacity Code ¢
Ut 2 25 03
2.7 te 3.8 35 04
.0 16 7.0 55 06
7.1 %0 15.0 75 08 ¢
15.1 0 25 100 10
257 to 45 155 16
45.1 to 80 240 24
0.7 0 V50 135 32 L
180 T o 280 420 42
Tne instructions fo- COQING tne motor weignt have alsc been revised. The new codes
are 3, 707 swe [engines weighing 87 1bs. or less are coded as cefore, see Appendix A): °
4
54 = LNRNGwWN o
1% = 12477 pounds E
30 = T50-150 pounas ;
: 27-2u0 pounds g j
27 = 2Ul-230 pounas
o= 155-300 pounas
32 ¢ 325-350 pouncs .
45 = areater than 353 jounds L 1
77 = not agolicabie [1/0, or inboarad) ]
*1
° ‘
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New Coding procedures have been developed for these two variables. If the
new procedures do not result in fewer unknowns, then these two variables
may be aeleted in the future.

The objectives for this project incluae not only the evaluation of the present
powering standard, but also the evaluation of alternative concepts. This is
why several powering ratios are incluged in PRAM. One may prove to be a

more predictive indicator of the potential for a powering-related accident
than tne others. A1l powering ratios wili be calculated fall listed in the
oreliminary PRAM) for each accident by the computer, when the relevant
information is avaiiable. Thus, the ratios will no longer be cdiculated or
coded by tne accident analysts.

Transom height and maximum transom width were considered as variables

which could be added to PRAM. However, a quick inspection of the 20 sample
accidents revealed that these variables would be unknown in all cases. Also,
the numper of engines in use at the time of the accident will be added to PRAM.

Tne coding of speec will be changed to allow incrementing the speed by 10
mor up %o o0 mpn. The coding of motor weights will be revised to agree
~ =h current standard-zed criteria by norsepower; i.e., 150 HP = 310 1b.
“rg zourse variabie tree will be revised to inciude information as to

wn,/ tne operator lcst controil of tne bocat. Finally, accidents involving

~cre *har 9ne boat, when two (or more, of these boats will be included in

0
I
4

o , w11 5@ numpered in a special way. The specific coding changes are

SNOowWr 0€.0w.

onances 11 PRAM Cacding

5 nce severa, Jartables nave peen deletea “rom the preliminary PRAM, fewer columns
of tne compyter cocing sreet are needed 0 code ail of the information. The finai
‘seing sneet 35 snown in roigure 4 witn tne columns iabelea appropriately. For
et 3f tMe gartianies tnat remaitn, from the oreliminary PRAM, the coding instruc-

s1ars 3re tne ame a3 they were previousiy; nowever, some have been modifiec.

‘re new variadle of "Numter of Engines In uUse" {Column 61 on the coding sheet) is
20220 as foilows: 1 =1 engine in use, 2 = 2 engines in use, 3

3 or more engines
TnoJS2, T UNKNown.

AP P PP

‘a8 8’2 4 A




N 4
®
FORMAL 70~TING EDUCATION :
None Aux. Red Cross Other  Unknown ° ]
poweriNG RaTig 00 - 0-80 32 0 0 0 j
(KP/Rated HP) 0.7 - 0.30 2 0 0 1 1 ~
6.9 -1.00 2 0 0 0 0 R
1.5 - 1.60 0 ] 0 0 0 ° J
3.3 - 3.40 ] 0 0 0 0
Unknown 4 0 ] 2 0

invoiving associaiiors between variables. The next section will describe
the final version of PRAM, after modifications suggested by the Coast Guard ®
and by the processing of the sample of 20 accidents.

5.0 THE POWERING-RELATED ACCIDENT MODEL

The variables listed below were inciuded in the preliminary PRAM, but little ®
or no information was available in the boating accident reports for these

variables:
2ty Shape Speed ‘®
Trim Tacs Motorwell -
H4eim Location Steering Controls
Tarottle/Shift Levers Type of Propeller
LJdaq Jistripution Fatigue/Stress °
at2a Totai weignt Capacity Rateq Persons Capacity
Jatel Motar Weignt Powering Ratig: HP/.17 10. 2cat Wt. ) ]
dawering Wt1o HP/.Y TH. Total at. A 3
S5ince tne cading af infarmation with respect to these variables requires L 1
Cime and e#Tfsrt on the part of the analysts, without significant return
“in zerms of ysabie information), most af :hem will pe deleted from the
fina. versicn of JRAM. Speed, Rated Persans Weight (apacity, Rated Total 1_ )
#€1:n% Tapacity, ana Rated Motor seight wiil pe retained. These variabies ) j
are )f daramount importance in understarding the powering preblem, and in |
comouting sowering ratios. Also, the motorwell and steering control variabies QQ
w111 e retained, at 'east “or <ne coding of the first one hundred accidents. '}
o J
)
A-149 q
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’ °
:omputer‘
{ coiumn{s) variables L
73-74 Powering Ratios:
‘ He/10 fto 0.1 2 9.3 1
0.2 4 . 2 ¢
£.3 3 1.0 )
0.4 7
. 75-7€ HP/.1 1t. Boat Weight Unknown 17 ®
7.9 1
1.0 ]
1.2 H
® o
77-7¢ HP/ . ] Unknown 18
0.3 )
0.6 1
—
a 7540 ~P/Rated WP Unknown 7 °
C.5 - G.% 5
3.7 - 0.8 ¢
| 0. -1.0 2
" “ 5 1.6 ] o

1
3.2 - 3.4 0

Tre Lurngse 0f tnis section was to present the preiliminary PRAM ana snow the

rasuits 3T the socing of a sampie of 20 azcidents. It is not intended that

any medring se ascribed to the resultc basec upon such a small sample, other
ne

“nmar Tnecromeaning in terms o7 tne appropriateness and usefulness of tne model.

Tencs Tinulaticns or w0 or more variables are easily accomplished using 9RAM. T
~p2¢gTrIe T3 snown below, using tne fourtn powering ratio (HP/rated HP) anc 4
° “ne aperator c ‘ormai hoatirg educaticn 3s the cross-tabulated variables. * 1
- - . - - . <
SUCh A tanie Tignt e usec o evasuate the erfects of aifferent types of 1

22aTins safefty equcaticn an tne tendency to se overpowered (HP/rated HP>i) o
4n3 'r o2 tewering-reiated acciZent. In tnis manner, PRAM can provide B i
® “2oulaTionc af 3ata that relate to many questions, particularly those L 1
4
.\
R
Y
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Computer
Cotumn(s) Yariable
} o 1
56-58 o
4 (continued)  Formal Boating fducation: none 12
i Auxiliary Course 3 .
[ Power Squadron 0 o
Red Cross ] C
[
State O
b Other 3
f More than One 0
Unknown 1
®
Operator Fatigue/Stress:
Unknown 18 None 2
S _“#
Rated Horsepower: ® _
Unknown 7 121 - 150 0 '{i
0-3 1 151 - 180 1 {
. .4
31 - 60 7 ®
§1 - 30 2 1
91 - 120 2 ;,3 1
Rated Weignt Capacity of P0B: 20 unknown "_'~‘E
* |
Rated Total Weight Zapacity: 20 unknown ]
1
Rataed Weignt Capacicy of the Motor: 20 unknown
weight of Gear on Scard (estimate): L4 )
1000 - 1100 2
1701 - 1200 10
1201 - 1300 5 o |
1307 - 1450 2
1401 - 150C 1
®
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'. Zomputer
Columnis) yariable

30 Visibility:
Good 17
Fair 1
Poor Z

g3 Wind:
None 7
Light 8
Moderate 5

5¢ Number of Recoveries:

3-20 3-8
7.2 4 -3
2 -7

(%)

numoer of Fataiities: 0 - 20 (No fatalities]

(S 2]

54-%5 Node of Acceptance:
5 - 12 15 -1
g -~ 2 18 - 2
12 - 3

AR .38 Jperazor Skill/txperience:

WNith this Boat: under 20 nrs. 3
20-100 hrs. 3

100-500 hrs. 3

unknown 11

wi%n 8oats of tnis type: unger 20 hrs. 4
20-300 hrs. 3

100-500 nrs. 2

over 500 hrs. &

L

unknown

A-16




computer
Coiumn(s; VYarijables
)

. 41-42 Powering Sehavior: 0id the operator change the throttie?
t Unknown 13
e No 3 Final throttle setting was..unkncwn 3
FI , Operator increased power, final
| throttle setting was...unknown 2
Yes 4 < high 1
!
i Operator decreased power, final
\ throttle setting was...unknown 1
43-42 Load Distribution: 20 unknown
43-46 feople on Board:
1 -2 3-28
2 -7 4 -3
37 Activity:
Pleasure Cruising 13
Water Skiing
docking i

Leaving dock, getting underway 2
+C 36ay 97 Watevr:

River, (reek, Channel 10

Lake, Swamp

3ay, 'nlet, Harbdor 2
Jnknaown 1
< daer Londitions:
Caim 32 Chcpoy/Rougn 8

T
]
wH
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Sotumr s lariaste herte —escrigtion and Coding Instructions

oo =577 Shaze Zcce tne cre digt
tne scat s null,

that Sest corrasponds wit "hoe of
i ' -

c ot
w

tnE year tnat Tne coat «as

[ 2V ]
’

)
.
1]

i T/ce I Power Ccae Ire dig‘% corresgonding to t-e tv/pe of zower in use.

-

J 3 Cenar ! Juzhoard za /0 2 = Incoard

ot lzasa <CGe Cré LT3 wNnich Dest corraessencs 1o wnatl 15 knNown acoul
The el L S.@eq,
Sos 2.1 miTzs per hour o= Unknown, Tuh Sreactar tnan 20mon
: I z , - ! -
= L l-limon o4 Lrknewn, Sut racucing speeg
2= 20-10m0 ;= Unengwn, Tul ingra2asing 3ceed
3= Ll-<limon 2 = _rknguwn
. . ~oa . - - N -
s ¥ trectge tnan A0mpn 3 = Jncroan, SuT crancing speed
: JTToTTe ZLalomass Too Tl Code 2 = Mo = lac 2 = _nxncwn
o TUIore it N3se 3 TCInram 7 oce T o= 'c o= es 2 = nrnswn
- -2 T _ic:ton 3Tt ot Tiaure selsw, IZC€e e Ine it owntt onesst
2,07 Ces TR Tncatica oF Tne telm ostattcn Tnet was s ouse.
it thrtotos frogre Itvices Tne Zcat s tricds, 3nc 11/t
e - = sacticons oF Tna 202t fatl tatezs. Floorigges
P . -~
To= MERCR ghalo¥-elor
- Sz TR
P oty
iz L. T B!
N v - N - - - -
. ~ e L 3~
“rhtIzecs, TatEe:loositoIn
LSTAT W
—— LT
2= tres TlouotIiz, o2l
- T SLTA e iTo ootz otea U7t 1nIa
) ~c T e Lmteea
2 Ltreetn L ared Tuit ozl T.oe T lonractin
o= itiefirl anes IThen
.
- 3 !
STl
- < - ~ . o 2 =
: Sz oina e Tt tre LaTeEued ltce oo EER
oY
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hoa A

Column(s; Variabie “ame  Descriptii. znd Coding Instructions
3 Throttie/Snife Code tne one digit which best cescribes the tnrotzie and
snift contrels.
J = Manual
Y= Zlectric L4
2 = rfygrauiic
3 = Ctner
S = Jnknown
®
3 Tsce of Propelier Code the cne aigit which best describes the type of
propeiier in use, using the decision tree shown below.
If the purpose of tne prop is unknown,
ds 1T nramarily tnen code the number of tlades anc blade
a Speed Prop o- type (if known).
a rower Prop? ®
Speed |Power linknowr —] Was it..
-
S
2| < o
< L
= =
&
<
-t
| o3
< .
~ s »®
A =
‘ o
'- d/
2 Mcior MaryTacturer Tode <ne 2ne dizit tnat corresponas %o the meIor ®
Tenutacturer.
3 = Mercyry Marine Mercruiser) 2 = Iiintzn oor Mclullocn
T o= .onrnscn 6 = Zska
2= Iyinryde 7 = Jolve Penza
Tz lnrysler § = Unknown
L= IMC 9 = Otner (inciuding Sears, 2:c. °
~Croantwer loce tne acrsezower ¢©F tne engine’s n ouse. € mgre Than Irs
anutre wat N ou3é, Lhen Coge tne Comroisaec norsenower.
Vot wetInt lzce Tne wet it f oTne motor (in pourcs . Reramier ngt ‘IR ®
T|eans Lnkmowr. Tar Tnts vartabie, odes ‘weignts  above &7
SPA.L D€ uSel as Toilows: .
T3 = nkngwn N
2€ = 32-777 20uncs ‘ - :
DT GOlnj, \ote: Toce Ine Camnined
IO ;;;)L;; jﬂ;r“f:a S ~eignt 17 mere tnan @
L - oIl one engine was Lses. o
e 2 nCT 220 .7C3C1e (WL, Or : N ) -
A'B‘;‘ ‘» ‘-
- - ',:AA',_.. A-'.A' ..Al' .A.?'A.L. - A'. > '- re k'S -F-L = o < - n- "y : A“l-- . oS : A .‘L- - “-L _i‘h: S . r A;‘:‘:




m“(4‘\ P — - e e SRR Atne Seun hom e <

b
X
® ]
>
coiumn(s) Variable Yame  Jescri;:ion and Coding Instructicn.
38 Maximum tngine RPM Code the maximum engine r2m ds a two digit numper
i‘ 39 by cetermining the maximum engine rom anad <then dividing it P
oy 100 . Remember that "38" is unknown. For any maximum
{ rom over 3700, use tne foiiowing codes:
b
- 8707 - 1G,2C0 use 89
} “ -
! greater than 10,300, uce 9C
FI 49 Course Choose tne appropriate one 2igit ccde from tne cecision tree ®
SNCWN Seicw:
:
- Did The Qperator
i ttempt To °
*
Change Course?
Jid The Operator

> Lose Contral Of ®
The 30at”

i |
} .
! ‘ Loss 0¢ - :
i ‘ Control ‘las P
’ Jue To... .
|
|
'}
: 1 -
[
!
i !
! |
o

P/ Ttner \ '

) M PR

) ecnanilat ; s ®

, Protiam ' Ttner/ 1
nkncwn .

|
3
|
' ) Y
O ole

i i ' N -
| ! ! T
1 ! "
i =

! ®

Y

hdhoat o
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IRl Lartic.e lare ZJescUiatiun anag T.atag Jastruotions
< 2raerng leravinr srcose The aporooriate Twe0 4icit code from che Zectcton
s sree 3nown >elow:

Jr.ertnl lanavicr Trae

The
Joerat.r

“re "0 Chances The v2s “he
h . - .
, 3m Thrott'e nroti.e Joerator L
letting -as Settina?
< - e
R - <
R ey ,

] S
T ¢
Jnkngwn >
By

Fina'
“hrotsle
Setsing

_28¢ rvitreerytoon Li60se “he idpropriate 2oce from tne Jectcion tree

3hown telnw:

<
Al Ratel™in . )
. ]
4

®
J
~d

A
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@
T imd Jariazie lame  Descripticn and loding instructUons
e -, Snace Coce tne one cigit that dest corresponds witn Tne sraze of ®
ne 203t's r 411, using the €13ure D€’ ow.
C = Deep ¥ (3 greater tnan 127,
_ 1= Semi V{3 less tnan 1E°)
2 = Zathedrai or trienu.! .
A :L 3= Flatpotior
T 4 = Roundbetzom o
S = Dther
& = unknown
2 vear of lcde tne l2st two digits of tne year taat tne oAt was
22 Manufacture manufactured( mogel year)
-
boat) ®
23 Tioe of Power  Coce one ligit corresponding to the type 07 fower in useE.
J = Ctner 1 = Qutboard 2= 1/0 2= Incoars
. Soeeq Coae cne cigit wnicn best correspencs Lo wnat IS X1Own 2D0uT
“ne ooet's soeed. ®
%= 2-70 miles ger mour 3 = Unknown, DLT grealar trar [ITon
To= 10-20mon 5 = Lnknown, Dut racucing zoeed
2 = 2C0-ilmon 7 = unknown, DUT increzsing sooed
3= 30-llaon 8 = .nknown
4 = greater nan 4Jmon 8 = Unknrown, Sut changing sozel
i N - - - 2 - [ b - - t .
i3 2i¢ tne 20&% nave trim o taps? Code ) = No = Yaj £ o= Jnkrown
= 392 =ne 5cet nave & Toitrwe’l?  loce T = No L= Yes 2 = _axntwr
27 -8 m .acatton J$iAg Tre TYgurs ae aw, coCe tne oJne 291 L wnteon lesst
zesIvtoes ne jocation oF the me T $TEiiOn Tnat ~3s Cs use L
NotE trat in2 "gure givides tne oScét MTH Tmircgs, 3nl 2h/tIE: ®
sre ™2 an: et sec‘ions 53¢ <ne ncat ‘nto snirzs. FUooreisges
273 72Ze2 23 "CTner.
= Forwars
U= Amidsntoislarogerce
Amizgnio AF Z o= Amiggnta carTan
Starboara 3o Amiasnty Tort °
. ; & x 194 gmzrsged
=orward . D . t6et mimeae
Center - T el emhes
£ = A% o0-%
\‘-~4, Sgrt 7 s Amigs»rtan, tataral IosiTicr
SNK™Own
3@ UNKNOWD
3 s Ttner Tlgsridze, =2tz ® )
s lteertrz lintens <ol the 2a5vopriates one ZhTht Clle j
D= lgniesilac fromoerzine
Toa 3emcte si2ercag whee’ ouinfoull o tyte oF IiaresiUlc A
2 = Zgmeta sieerin: wneel [otner’ :
R -"T:E" ® ]
o= lirer
3z nxnown . ‘_1
o Teelit o oanc o ircde o iriect. 24 the 3ame eves 7 loce DT NG T ocEE 2 AT :
Aol *
I .-
: . . ]




Toiumnys, varfacle Name  Jescripuion anc Coding instructions Y
if <ne ooerator had 50 hours of experience or Su... .
this type. 150 hours of experience con other zcats, ang
had nad nc fcrmai ooating safety courses, then ne would
be cogec "120."

Tor Ixperience {botn types): For tducation:

3 = Uncder 20 nours 0 = None L

1 = 20-73C nours 1 = USCG Auxiliary Course

2 = 100-500 hours 2 = Power Squaaron Course

3 = Qver 500 nours 2 = Red Cross Course

& = gxact numper unknown, DUT 4 = State Course
operator is known to nave 5 = Otner Clourse .
considerable experience £ = More than one course »

8 = Unknown 8 = Unknown

53 Operator Fatigue/stress Choose the one digit code €rom the iist that

best describes the environmental conditions to whicnh the
operator nhad been exposed.

3 = No known stressors 5 = Fatiguing activities {swimming, »
T = Fign noise leveis etc.) on tne boating suting
2 = Tnree nours or more 6 = Fatiguing activities before <re
exposure to the sun. boating outing
some amount of alconol = (ther
ingested 8 = Unknown
& = Considerable snhock & & = More tnan one o “he stiressors
viorazion ‘isted apove in 1-6. »

)
1]
f ~J "

Rates Horsesower Ctce two ¢igits corresponaing to tne rated norsapower
divigec oy 10G.

oty
)

Ratac aeignt Capacity of P0B Csae two cigits corresponding t0 the rated .
S ratec weight oF the people on board (persons capacity) »

divided by 13, up to a code of 88. "88" s use¢ for

unknown. "89" For this variable means a persons capacity

of from 1CC0Y <o 1500 pounds. "99" stands for not
appiicaole [boats wnich are not rated,.

[S A0S B}

(N

BINeH
RIRNT

Rated Total seight Capacity Todge tnree digi%ts ccorresponging tc the razed
total weight capacizy of tne beat, dividec bv 1C. Reczl! »
trnat “888" stanags for unknown, anc "998" mears nct 3agpii-
cab’a [hoats whicn are not ratad). "88%" is usec for
coass whese total weignt capacity excescs SE70 pouncs.

- Ratec weignht Capacity of the Mctor Code two dgits corresponcing 2o tne

ne ranec weight 0¢ tne motor Jdivicec by 1C. Recall thaz o
“38" stands for unknown, and "G9" stancs Tor net »
appiicabie (1/0, inpoards;.

Tz w8 IrT 2f jear In Soars lode tne weignt oY Ine zear cn tgarst 3
e Coas 2 tnree 715t numper. [nCtuce Tne weionts 7
17aMmg On 30ard Jtner than tne deople anc tne motor. As
2xamD.es: TTSTIMATE,

-

.

]
[SININNG 4
O v

g

3%
$

(9}

(9]

v

s 4

2aztery
Anchor Trne ang cener iine )
2K oequisrens

v

<
Fisnirg 2nutIrent,/nNLntTne 2gutoment and laten 2
PElc anc lavicational Atds [compass, flasniignt, cnarts, et 5
.J

A~31’; e
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‘{ariapie Name

Powering Ratio #]

Powering Ratio #2

Pcwering Ratio #3

drwering xatis ad

A At B —— ~

Description and Coding Instructiens

Code the appropriate digits for each of four powering
ratios as shown below. For all of the oowerinc ratios
"88" {s unknown, and "8%" means a value Jreater than

8.749.

Code horsepawer per J.1 ft as a two 4137t number where
the decimai point is between ihe two coged numbers.
For exampie, a SC np engine on a 12 ft coat would be:

o
T

2 (.75 and gets coced "08"

The same engine on an 8 ft boat would be coded "11°.
The code for horsepower per (.1 ft should be written
in columns 73 and 74.

Horsepaower per sSound of bcat weignt is coded in columns
75 and 76, wnere the horsapower per 10 pounds of beat
weight. Code this information 2s a two digit numter,
where a decimal point is between <ne two numbers. For
exampie, if a 120 np engine were on 2 tass boat which
weighed 850 pounds {boat weight only), then:

an 1A

== X ﬁi = 1.41 whicn woulc e coded 14"

oY1V
Similarly, ‘7 ine same engine were on 31 boat wnich weigned
136C oounds, it wouic be coded "08." Recall tnat 38" ‘<
used o ccde unknown, anc "838" codes any numcer jrealcr

than 3.749.

Horsepower ger total boat weignt ang
weignt is csceed in columns 77 ang 73.
Sy divicing the norsepower Sy Sne 15730 30ateets. weign
and muttizising oy (0. For axame'e, “or <he 120

j8ar‘angine/nencis

u4sed 30¢ve, Ine t02t mav weign 280 aouncs, e carrying
30T ccuncs 97 zas and zear, anag 230 councs oF cecpla. Thu
AR b
=5 4 == 3 J.77 Wnicn aculd ze coces "l

on osne 1300 scung scat, witn tne same o0

385 3NG Deco. 2 Smozoard, Iats ratio woutd e J.3% ang
wouid De coces 'TA". Recai. tnat 38" s un<ncwn, and

'3G" means a ratiQ greatar than 2.743.

tnally, tne riTig 0F the acTudl reriancwer n use
tad ncrcecower Yar tne Doat s liced Un
"I7 o ocutscars tnoc T,

Cat nacd 31 TIo
g 2ngine, ou’3 e

3 )

2ng vas

*

!
O <. -ue
3 .37

RT3 t3the

N -

2
“

=E s .2 ind wcu's e z:icec 2

3roaii T tnese it g
15 used Tar iny ~3c

Q" 135 sSed ~hen Ind

L4CN 33 when 2gg°ne crfarmatiop Car i

$ 10 “Crsetower ~iTtac Lrol z

, N0 iZtudriratiqg nCrsescwer riziy o,

.
. -
soiumns T3 an
-

-
-

10 angine

Soungs o7 jear,

Code tnis informac<ion

S .

L

.




PRAM Quality Assurance Procedures

Tne accicents +hat are coded into PRAM will be processed by one analyst. That )
is, eacn indiviaual accident report wiil be coded by only one person. At the early -
onases ¢F coding (Tor approximately the first 20 accidents; the analysts' work will
oe theroughly reviewed by the project leaders (R. White and C. Stiehl) for quality
ang acherence to tne intent and instructions of the model. Thereafter, a sample of
““ve from each group of fifty accidents that are coded will be reviewed by the .
oroiect eaders. ®

When all of the accidents have been coded, two decks will be independentiy
keypunched. These two decks will be compared using Wyle's "Check Decks" program
to find xeypuncning discrepancies. The discrepancies will be reviewed by the
oraject leaders and analysts to arrive at a consensus coding. Then both decks
will be corrected. The final product of this procedure will be a complete set
0 cocea data, relatively free of keypuncning errors. The only way that a keypunching
grror COu.d survive this procedure wouid be if <he exact mistake were made twice
incecendently. The aiagram on the next page depicts the entire process.

Coaing Steps for PRAM
I° vou 2re <ne analyst, about to coce data for PRAM, you should:
. Check with the project leaders to make sure you have the correct
samsle of accidents %o code.

2. Check each accident against the decision tree Tor acceptance. If the o
accident is rejected, write the node of rejection on it. I¥ it i3
jccented, write the next sequential accident number in tne PRAM sampie
on it, and the node of acceptance.

L ge ]

the required ‘nformation on the data sheet for tne accicent,

f
to the instructions on previous pages, and consuiting wit: -
t jeaaers if any guestions arise.

19
n
3

Tode aid
azcording
tne orajlec
i. Wnen you have cempieted a Group of accidents to Se coced, take tne
comoietec data sheets and tne 3ARs <nat were accepted to tne project
ieaders for review. Then ouroceed with the next group 0f accicents <o e
orocessed.

e

anen er+wors are mace (either ir coding or xeypunching, the proiect “eaders
«111 review tnese with the analyst in order to make sure tha: :t-e

i3rrect information is coded on the computer ¢ards. Tnis mav reguirs some
rere3ding o9Ff tne 8ARS on your nart, and perhaps some recoding.
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At Bafh n S Sk aed tam o

p——————

Analyst s Given

Select
Another
BAR

Select

A Group of BARs To A“g;ger
Process, Select One
4
4
- Is This Accident -
Acceptable To PRAM Nog . | Note Rejection
Node And
’Yes Hold (Store)
Code PRAM Data
y
Is This The
No / End 0OF The
7_\\\‘ Group?
Yes
\

ive Coded Data And
Rejected BARs To
Proiect Leaders

t

Project Leaders Review Jata,
Consult anaiysts Concerning
Errors, Have Jata Xey Puncred,
Have Cecks (ross Checxken,
And Correct Key Punching
Errors.

{

'

Data Are Acceotable Tog PRAM -
Return "o Stare

A-37/8-75

15 may he ar iterative

tne oro‘fect leaders are
satisfied that the da<a
ire comclete and 3ccurate.

v
orncess, 1t continues unti’

o a o a
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FREFACE
. . - . . . . L
This document is tne second of two voiumes constituting a technical
brief on the Powering-Related Accident Model (PRAM). It details
furtner developments in the powering-relatec 2ccident decision tree
and PRAM, after the initial coding of a sampie of 20 accidents. Severity
variables and other information needs for PRAM are dfiscussed, along with bt
tne sequential event trees which have been developed.
e
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AESTRACT

®

The powaring project will ‘nclude: derining powering-related accidents,

collecting a samole of such accidents and coding them througn a powering-

relatec accident model {(PRAM), identifying accident mechanisms, and formu-

lating and evaluating powering standard concepts, including the present °

standard. Additional progress in the development of PRAM since tne first

volume of this technical brief is reported in this document. Operationally,

jefiring a powering-related accident is equivalent to defining the sample to

be coded through PRAM. This was accomplished through engineering anaiysis o

of the preblem in consultation with Coast Guard personnel. A decision tree

~as deveioped in Volume [, which is amended and discussed in this report.

Significant improvements in PRAM are discussed in this volume, including:

tne aadition »f accident severity information, the inclusion of sequential ®

event trees for accidents and other detailed accident scenario information,

the 2niarging of the FRAM sample to include 1976 fatalities, ana the im-

crovement 27 tne quality assurance procsdures.
®
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THE POWERING-RELATED ACCIDENT MCCEL

7.0 INTRODUCTION

he zoiectives of the safe powering project are: 1) to determine the
vead fir a stardard imiting the horsepower of recreational boats, and
) t¢ determine whether tnere jis a need to improve the present standard

Ir deveiop a new one.

As part of at*aining the first objective, powering-related accidents

vere defined using a decision tree. Most of the development of this tree
~as 2iscussed in Yolume I. Volume ! will oresent some minor modifications
=5 *ne Zecisicn tree and discussion of the reasons for these changes.

Ca<a are presented concerning tne nodes of the decision tree where fatal and
ron-fatal accidents from 1575 tenjed to be accepted. The fact tnat 96 fatal
ac-icents (involvinc 117 deaths) and "85 ncn-fatal accidents were accepted,
‘ncizates that tnere is a s'gnmificant potential benefit to be aained dy
reducing these accidents. [t remains to e determined if for hrow) limizing

ncrsedgwer mignht 5lay @ role in tne reduction of these accigents.

“ne Jnwering-Related Accident Mocel (PRAM) has been devised in oraer
“s rooe’ tne oowersing accicents, ailow “cr the develooment of scenarics
“agt iecorebae $iInificant numoers oF .necse accidents. anc crovide cate
~o 5 mw seasfor o asTimaciors foo g t2rmative Jowering recuiatliry Concents.
~ . rzTsrt snows tnat stanificantiv mere ‘nTormation foavatliac.@ lor-

tS ol use<yl tn Troviding the

~

Iw-mcet o tne fanal oaccigents. In orade

1iesctian for engineertng soluticns To tne dowering Irociams, PRAM

[val

mLIT o imnTuge sCre 3CTounting ¢ tne avearmtcs of tne :cctcenTs, wavend
-e2 qeqzrt2tior 3€ tre Circumstances.  Tre Suik of tnmis tvoe o tnformation

~' 7 28 qatnereg orimacity fram SiviloalTigaents.

P A I I R D R S s R
e - " Senbinthtneteivnk FIREITN R SRS SN




“AD-A152 579 R STUDY TO DETERNINE THE NEED FOR A STRNDRRD LIHITING 3/3
THE HORSEPOWER IJF RECRERTIONHL BORTS(U)
NTSV!LLE ALA T AL. SEP 78 M

UNCLASSIFIED USCG -36-83 DOT-~ CG 62655- F/G 13/12




“W .0 & I=
= -2
o

[ L "

[
[

. [
——
—
——
——
——

My

MICROCOPY RESOLUTION TEST
NATIONAL BUREAL OF STANDARD=

22

122

j20

L

1.6

CHART

190 &




- Attt

2.0 THE POWERING-RELATED ACCIDENT DECISION TREE

[
i - =
i .+
1 Figure 1 shows the powering-related accident decision tree as shown in .
Y Volume I of this technical brief. A problem exists in this tree in the R
& decisions made in the vicinity of nodes 13 and 9. The decisions {as :

- snown in Figure 1) are based upon throttle setting and horsepower per

foot of boat jength. The intent of these nodes was to allow those boats

that were operating at more than half throttle and those invoiving boats
wnich were at l1ess than half throttle but perhaps overpowered to be passed
on trrough the tree. The basic thought was to include heavily overpowered
tcats even thougn they might be at Tess than half throttle. The problem
»2in tne gezision tree shown in Figure 1 is that it might reject accidents
that shouic de included.

Zonsiger tne following twe cases:

case | Case 2

Tn 2a

2 7+ Ionnboat 12 ft{ johnboat
Y0 rrooercine 20 hp engine ®
“L00 throttie slightly less than 1/2 throttle

~

zse 1 wou'd »e accepted by the tree in Figure 1, and Case 2 would be ,
re‘acted.  However, Case 2 probably represents a more severe powering PR,
orodiem. To correct this, the tree has beer changed to: 1) still

acsett a’ tnose greater tnan /2 throttle, 2) if less than 1/2 throttie,
ThEn Tneca t0 ee 1T horsapower in use is greater than 1/2 of rated
narsesower “azceot € “ves'Y, 3) if throttle setting is urknown, then
iczert 37 mounted ny: rated np -~ 1. This makes tne tree more complicated
1T T7To 007, out Ssoives tne propblem iilustrated by tnhe example. Figure
3nCws Tne crnanges that wouid be incorborated at roae 13. riqure 3 shows

1

ne Inances o o Incoroaritec 'n the vicinity of noce S,

Tro onew cectoion tree cal s for the analyst to use a pocket-sized cimputer
Tomro1gs23. ThRese are actcidents wrere the throttle setting w

a
ie. The c¢critical decision then is whether or

B
|

“ezs wnan 507 tnreit

1t
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not haif of the rated horsepower was in use. For example, a boat that

is rated for 3C horsepower may have a 120 horsepower motor mounted on it.
The analyst would input these two numbers and the calculator would display
a tnrottle seiting (0.468 in this case). 1if the tnrottle setting in the
accident was greater tnan or equal to that in the display, then the ac-
cident wouid be passed on to the next node. Otherwise, it would be re-
Jected. The calculator is programmed to use a simple exponential relation-
ship beiween rpm and horsepower in use to compute the throttle setting
needed (witn the mounted horsepower) to exceed one-half of the rated horse-
power. A fiow chart for this program is shown in Figure 4 (see also
dppencic 2. PRAM Throttle Setting Program).

“ne formuia tnat was used was derived from the boating literature and
tzleonone conversations with Mr. David Beach of BIA and Mr. Lys'e Gray

of tne USC5. Tyopical horsepower and prop load curves are shown in Figure
S (se2 Reference 1). These curves aliow the calculation of the norsepower

~
1
i

'r. wse for a giver engine ana tnrottie setting.

The final nowering-related decisior tree, including the cnanges at nodes
#and 13, 1s shown in Figure 2. Accidents which are accepted by this
secision drocess ara defined to be powering-related.
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3.0 THE POWERING-RE_ATZD ACCIDENT MCOEL
4
2KAY nas peen modifiea since <tne comgietion of Volume I of this tecnnica: »i
arief. Severity information has been added, so benefit estimates can be ;i
zeneratecd at a later date, and so tnat other variabies can be correlated E
witn saverits. A1l of Tne accidents in the sampie that were accepted at 1
noces 12, 13, 15, 16, 17, 18, and 19 will be processed through the revised d 1
powering-related accident cecision tree (Figure 5) during coding. It is ;
aftizizated “hat a percentage (pernaps as much as 5%) of these accidents
will now be rejected at nodes 9, 13, 21, and Z2. Those accidents which 1
we~2 nreviously rejected at noges @ and 13 of Figure 1 will be recheckec e
<> 1°tzwmine i€ tney should remain rejected under the new decision tree.
It +c o np% anticicated tnat the overall sample size will change appreciably,
sutl trese accidents must be recnecked since the decision tree has been
et ied, @
¥as- s+ =ne information -coded in PRAM in the versign in Vsiume I of this
sacmnccn Droef wis D0DUYELION and dackground Information corcarning the
“twertal oa7iZenti. rew 2f the varlapies included detatled seguential in- "o
Seemaetan 1mguT e accoident causes.  Ore reaseon for tnis was that over 3CC
S thw apthierts 1 tne PPAM sampie were non-Tatal accidents, and iittie . B
ooy nformétion was évailapie. fvent trees have been deve'gped <or ."j
“ar< npzes wnicn processac @ sigrificant number of accidents. un L
¢ rogec wnere fow fatalities wers accepted. zetalied event Treas ¢
- © - sos T anes secalse tne nTormeTtion neegec was N0% avas.ac.g.  ine
<o +mzt owere geveicnec are presencted in section 3.0 -
T.7 Severt:tv Vartap.es o )
SLoLea AT wIIR o Tnfurtes, fatalities, and Jrdperty damade suifered
‘ S SgweriTS acctoerto nave Deen ncorsoratec nto PRAM. These
e Lnen o onerfsre Jost,oenefrt anallses tov tne Survent ’ E
SC el LGWETID mEa l2NI0nS, ANG A0LLTh s for @vaiuations 2F evfective- * ]
: SOTLTLTe TRAT o Lne Current Of Droposec, fhancard Tay reddCe Lne i
ese . ,F Zower Aa-r2iated 1CCIJENTS rstEad 0 Or N acciiton o orevent- ]
Lo et . ‘
fom Al
]
. 4
‘;Lu:_¢Lgf;;gﬁ;;;_:;v:;.-::ﬂdﬁ.o}{wjﬁ_;£,¥i;§;:g.Q;i;; R




For the hoat that has been accepted *through the powering-related accident
decision tree, the damage to the vessel and the number and extent of the
injuries o persons on %hat vessel are coded. Tne codes and ¢3ding instruc-
tions for these variables can te found in Appendix A (Revised PRAM Analyst's
Suide). They are coded in columns 66 through 63 on the PRAM coding sheet
{(Figure 7;.

Severity information is also coaced for other vessels wnich may have been
involved in the accident but are not included in the PRAM sample. The
number of fatalities, damage to vessel(s), and injuries are coded. The
coces and coding instructions for these variables are found in Appendix A,
for columns 70 through 74. If the accident involved only one vessel,

tnen <hese columns are ccded all zeros. If the second {or other) vessel

is also included in the PRAM sample, then severity information reijevant

to 't {s inciuded in its coding, and a “9" in c¢olumn 70 indicates that

fact for this bcat.

3.2 Zvent Trees

ceruentia  even: trees nave been ceveloped for nodes 14, 13, 17. 18 and 19,
%CT 2rsucn Gata was ivailabie at otner nodes of the cowering-reiated accident
1ecisian tree !see Section 3.3 PRAM Sample). These event trees were deve’lop-

i¢ in srser t3 capture some of tne ‘etailea sequential informaticn concerning

Jnwe-ing-re’atad accidents tnhat 15 avasladie orimarily in fatal accicert recorts.

“ae -rees were Jeveloped t0 enable angineering solutions TS oowerin: sraciems
Sy aravtacac casa of 1 detatled nature 30Cut the causes Of Tresa gllidents ana

-np walazioncnios Detween avents, Solutions (in tne form ¢f orogoced srandarcs,

-3 e drocosed ind tested for dreaxing sne or several :icCftlent seduencet.

“ap affaceiueness ot tne current standard can de simriarly ana'vzeaq. ne
1T

Svye moces indicated i1bove were the nodes of acceptance ‘or or more *a‘%a.

dcoCtents 2acn feom the 1975 “azta, and therefcore droviced 3 s572nificant amcunt

)

S€ 333 “9r 20nsteLCting avent trees, More treds mav e CINsirucled. 3nd <nese

mg/ te refipel. wren Tne ©3ta) cower‘ng-related accigents Trom TS nave Zewn

will e °n

. . f et N Y L U B ~he =yoc < a
SrhTLESSE T Lted eI Lo L TE SRAM Tamoi=, . ne Tree

[

L JdCE

&)
(8]

L)
44

< .

2RAM arg c2ced tn 1 manner very SIMTar 0 otner varia
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®
Noce 4 ]
Accidents accepted at this node invcive capsizings, swampings. and 7a .5 over- ]
board during intentional changes in direction (course changes). For these 4
. L - , )
accidents, three additiona’ tvces of information are coded: the type of turn. )
tne type of event that caused boaters' iives to be at risk, and the significant ]
. . . o — . » N ) J
contributing factars in tne accicent. The coding instructions are shown on o
tre foilowing pages and will pe added %0 tne PRAM Anaiyst's Guide.
®
FOR ACCIDENTS ACCEPTED AT NODE 14:
Column's) Variable Jescription/Codes
75 Turn Choose the best description. The turn was: ;
e
1) “Normal" - often iess than 30°, not “snarp”
for the boat's speed.
2) “Sharp" - often near 90°, sharp for “ne
toat's speed.
3) "Turn around" - a turn of 130° to 260° °
1)  Unxnown
T Node 14 Tres Process tne acciden?t as “ar down this <ree ag
T ocesisla, and enter tne anorooriate code. (¥
%ne accicent invoived muitiple victims, cade
tne two best descriotors side oy side in columris [
7% ane 77, If tre accident involued ore fati -
ity and one or more otners, COaAe tne “3itaiity
as tne code in column T8, If only one viciim
was ‘nvoived, tnen coae 7 in ¢olumn T.  fgnsul:
3ro’2ct leader before Jusing any ‘sitrer’ coces.
e
CANTEATIN 1Y oNonE
i i ®
- i {
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APPENDT L A, PRAM* ANALYST'S 5L

P

—
O
m

[

[Revised)
Aygust 1977
USCA 81700
C. Christian Stiehl
(* an abbreviation <or Powering-Related Accident Model)

The pages that follow contain much 3F the information you will need to
analyze accidents fcr PRAM ang fill sut the code sneets.

The first page has a decision tree that you should use to decide whether
p

a
an accident should be coded in PRAM or not. Whatever vour decision may be,
you should write “rejacted at rode " or "acceoted at node __ " on tne
front of the BAR. [f the accident was rejected, set i%t aside. If the
accident was accepted, then continue coding the information for thet acciders

until the codirg has been completed.

Succeeding Dages sMcw you 2xactiy now bt ocode all of “he in‘ormatisn renuirac
ov PRAM. A row on thne codind sne2t 1 to se filled aut for 2acn acticaenc
ccoed intg FEAM. The rirst sgle Lt tnts section s 3 raduced sampie Ioging

gnae*t fnor PRAM,

-

.
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257

123 Accidents 125 Azciagents vl
5C ratals 50 Fatals :
75 Mon-Fatals 75 Non-fatals 52
75
25
125 Accigcen*s
50 Fa<als
75 llon-Fa*tais
FIGURE 2. NON-POWERING ACCIDENTS BY SEOQGRAPHIT REGION

orocass will continue until two complete duplicate decks of correctly coded

data 3re ontained. The oanlv wav that a kevpunchinc cr coding error ccuid

survive sucn a verification process would be if the exact mistake were made

wai7e ‘nnenandently 2r tne same variatle in the same accident. The nrobability

0€ such an occurrence is remcte. As before, a further check is proviaec

ty since the project leaders (R. ihite. Stieni, and

~ .

acairst =nis 2053101l
.

-

whatlev' will review a sample of 10° of each batch of accidents that 0
-5ges. When errors in coding or interpretation are discovered. there wiil be

re.lewes with Tne ana:ivsts Dy tne oroject leaaers.
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The comparisons of the non-powering sample to the powering-related sample
wi®l se mage cnly for those bcat types which are currently covered by the
standard. Provided enough Zetailed data is available from the accident
reports, “hese comparisons may be made within individual boat types (or
atner sub-categories of variabies) in order to evaiuate the relative ef-
“activeness of ftne standard in various domains.

Exposure aata will be gained from several sources and estimated from others.
The exposure data is critical for a cetailed evaluation of risk and standard
effectiveness. The non-powering accident sample wiil provide some data
cencerning exposure, and allow a comparison to the exposure data estimated
from cthe - scurces. Tnis comparison will indicate the tendency (or lack

of %) €or overpowered boats to be in non-powering accidents. After the
complation of PRAM ard the analyses of powering ratios for boats in power-
ing-related and non-powering accidents, the coilection, estimation, and
anaivses of exposure data represent the next significant step in the
ang.ysis of tne effectiveness of the current powering ::andard.

A <03l of 3CC non-powering accidents wiil oe sampied, including 20C f3tal
accicents anc 300 ron-fatal accidents {-hese are tne approximate tctail sample
s5izes for fa*ii and non-fatal oowering-related accidents). Accidents w~ill

ce se.acted 1n order o ce renresentative in terms of geographic region and

J0at tsoe. Frigure B snows the sampiing oian by geograpnic region.

a4

er<s will ze sampled sucn <nat 57.5% are ouzboardas arg 7.7

2

T

Tre 0D ac

(@]

are otner 302t T/hes.  These oercentages match the Dreaxklown witatn tne
Jnwer nag-retated sample for those 2¢a<s covered by the oresent stancar:

inG Incse trnat are not covered. FM;U)“

)

3 gepices tne samp.ing oian Tor the

IoC non-cowering 4cclaents.

)

3.4 yaiits djsyarince 2racagures

The IKAM L3 T4y 3STurinCce Irocecures Jus.cned in Veoiume I 27 tnts technioad
Jree” nave ceen amengeqd <) inciuce “urcner ver <icaticn 2f <ne c2des intsrma-
SLlnL 12CN 3CCrcent wi ol e orpcesced 'ndecendentiy v TwC ana. /o, ne
‘rgagencent ITCI1MGS w1 T1en e <2vjuncred and Comdarec Dy 2 Compul2r Tra-
ICAT Car 1tolrenanctRs. Tne 1150renranctes wili e Cnecked Tor «evouncrina

4P ICIRg ervars, and rec/cied f0r «evdunciing the Jarrestes 0U€s. R
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probabilities of death, injury, anc property damage when tne accidents do occur.
Sucn a standard may or may not demonstrably reduce accident freguency, but 1%
Ty reguce acctiaent saverity significantly. The analyses of fatal ano non-
“3ta. accidents will ailow results such as those descrived to surface wren they
are presert.

Table 1 indicates that tnere are several fatalities at nodes 14, 15, 17, &,

and 19. Accident Event Trees nave been deveioped to code important sequential
information for accidents accepted at these nodes. The event :trees were described
gariier in tnis technicel brief. The fatal accidents provide much cf tne informa-
1ion neegec for processing data in tne event trees, while the non-fatal accidents
v go not. For *this reason, al’ powering related fatal accidents from

i oe sampied and coced. This will provide detailed input for the event
~re2s anc may previde a ‘arge enough sampie size at other accept nodes to in-
Crease tre number ¢f event trees in PRAM,

The Non-Powering Accident Sampie

sampie o° nor-ocwering-related accidents will be collected and analyzed

T

Sar twe reaschc: 1, tnese daza will be compared to the powering-related
cample irn tewms of the ratic of mounted horsepower to rated horsepower,

irc 20 zomza=isions may he mace involving other powering ratios or otner

<re surrent gowering standard measures the risk of involvement ir :
weirs-redatec accident to a significant degree, tnen the powering
riiiac €ov Tme boats in the powering-related 3ampie should be higrer
more sverdowered” pcats) than in tne non-powering-reiated sampie (Yor
Toat tvoes covered by the stancdara). If there is no significant difference

'noTne sowerinc ratios for the twe samoies, then eitner the standard

ot

2oes mnt ef<ec*iselv measure the risk of involvement in a powering-related
alllIenn, or Loals Thet ire gverdowered gre just as likeiy tc be in a nor-
Sowertac acaiaent as 3 pewerina accigent.  The second expianation means
ThuT Tme STAnIarc may measw.re a zenera. accident oropensity, measures CF

-

sxorsure _acurs of cperation, number of overpowerea boats, eic. ) may e

T
‘D
[p}
[

o norTalize tne comrarisons.
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3.3 The PRAM Sample ®

The sample of powering related accidents to be used in °RAM includes all 1975
accidents in the Coast Guard files that survive the decision tree (Figure 47,
and all 1976 fatal accidents that are accepted by tnat decision tree. At the
writing of this technical orief, oniy the 1975 data haa been sampled. Table 1
snows that a totail of 38] accidents were accepted from the 1975 data as powering
related, inciuding 96 fatal accidents (involving 117 fatalities) and 285 non-
fatal accidents.

TABLE 1. 1975 PRAM SAMPLE B8Y NODE OF ACCEPTANCE

Number of Number
Fatal Accidents Non-Fata! Accidents

{Lost control) ] 93 ®

PFAM Node of Acceptance

N

No attempt to avoid collision) 1 19
33
23
i1
24
5

S

oy o

~4

‘Attempted to avoid, not enough time;

i
£a

{(Fall overboard/capsizina during maneuver)

y
"Ny
ro

P

[ V)

12 <Sudden application of power);

T

L0ss of directional control)

~J

ra

N2VR JVer cow)

-
w

[¥'e]

Fall ovarpoard due o wave,

[

l

n
™~ W
~4

WO,

"Capsizing’

f

~ray
M

(1
N
(A9
(g
[83)

Seom o tPe Ta5.e 1T 153 clear +nat the fatal accidents are not distriIutec in tne

3GME Tianner as the non-Tatil accidents 5y noGe 3T acceptance.  FOr EXamD]

[{/]

, neariy
ana-sri~g ¥ Zre non-<atal accidents were 3ccepted at node I, arite only 1% ocC
accidents were 3accested at that node. Collisions acccunt “or 3corox’-

Tat2iv 30% 3T the non-fatal sampie. Sut onty 0% of the fatal sample. Tris

1ecessiTates the nclusicn oFf 2otnh ‘ata. ang non-fatil accidents in the aha.vses

o7 tne powering orodiem, since thne octential 2x1STs Tor different fauses anc

IlupnaTmeasures Yor eacn. anile to1s trye tnat in terms 2f cotentiil cernefits

S

38 C31730 3CCIGeNT AV e wetanhted as eocuiva.ent T0 as Tany ac 30 aor-“3ta’

1027 3ents. tne 2f¥T2rences 'n ACCesT ACces neTCite 119zvent dowering orogiEti.
aha< mav ce 1 557L%0n ) Tre ause LT Certatn Jowering iccicents Tay cave o o 4
LBATING A Tme 13USes )T Jnner JowerUng 1GIICenti.  Jne 2633 Te lenet T Seor - }

JulT NG s3@c o The Yttt 27 3 feay3tUan orosTancart Tral TmonimiZes Tre

A=3Y . -
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olumn’s)  variable Qescription/Coaes

3)  Improper or excessive loacing was & fac<or in
this accident.

3) Pocr equipment (poor condition; was a factor
in this accident.

18 hNode 19 Tree Process the daccident as Tar down the tree as
npossible. Do not use the “otner c¢ode witnout
consulting a project leader.
ACCEPTED AT NODE 16
Bcet ladsizea as ~ ; . Epen }
A Kesuit 07 ACtions ?aps ?Tn% Lrom
Causes 5v a S<ern ’Aave/ﬂa$e from Other )
\ G bow or Side, or 5
ave/Wake *
Aszumed so wnhen
Primary Cause was
! 2 { Speed z
b
NALE WA wave/ware wave/Wake
{ LAarsIel 30ac Swamoec boat, Turned Soaz,
i Tetiately Leading *o Tnen i+ Capsizec
j Capsizing, AS 3@ Resuit ¢f
i WitnouT Turning Beirg Abreast
i : it 2 CFf wavels: 2

re Lvaet TnhaT onave deen coanstructed are intencea 0 provide more detziiod TrTorma-
tToro1tCut tne accidents.  Tne trees wili undouttecly oe amended as more acchdents
are nwescesses tarouah PRAM Whenever an analyst oresents 3 Jase TO & orofect eagder
thgt L, cotentiaily coded as ‘other” p ane of tne trees, the project ‘eader wiii
TOrGCCer anenc a0 tne Lréc Lo inCiude @ NOQe Tor tnat particular type of scenariv.
T-e drgering 0f the contrinuting faciors for eacn accentance node feacn treel e
fepvent o Thegn f3ctors were orger=c s refizct their importance anc the avatia-

e
Tiott, o mtotne anformation at ealn noce, 2fter reading a samcie of accicents at

R=00




Parsonis) was
“hrown gut Dy
3nat ‘Mcvementsy
‘Due tc Soeen,
wave, wWake, etc.,
Jut was ‘n Gosd
dasition)

|
|

AFCISENT ACIIOTES
AT s
Fall Qverocari ’ Tet atnin

erson Ceﬂlr‘bn!eﬂ‘
Yo hr3 (ner) a0

Ry Sttiing an Seet:
Back, Riding on
3ow. Sitiing on
annel | Standing
Up (Cther than a

} o Strer |

L

‘ Sarsonts, «as
boThoar Arout by
{Jue to Soeed,
wave, sAke, AtC
But was in 3006
Position)

i

1

Fargon Contr dyuted
To nry [oer, Tal)
By 5itting sn Seat
Back, cing on
Jow, Sitt:ing on
Sunnel, Standing
Jo [Other than a
Stand-up Cocxpit):
Poor Positinn, atc

Tther
6

i?oor Fosition,etc.

|
' 304l “overments

Stand-up :actavt);’

L o 2 ¢ | 5
loge 19
®
The accidents tnat are accepted at node 19 inciude capsizings caused by a
x2ve or wake. QDetailed related factors and accident scenario descriptions
are coded. The coding instructions are snown on successive pages and will
te inciuded in the PRAM Apaiyst's Guide. ‘®
FOR ACTIDENTS ACCERTID AT NODE 2
Tolamn s Jariag'a _escription/Coges -
73 Contrinouting Choose zne contrituting fictors in this accicent. ®
~e “ictors T€ Tess rtnan four apciy, riagnt nanc justify anc
T ‘ncert 3's in ‘ef+ nand columni{s’. Reac Jown tre
7e Tist in orcer and code tne “°rsT Tiur Tnet asily,
- - -~z 7y -
n creer. Tnus, the codes rtrom /t-03 snodrd e
jscenaing.
o
e PROr Jcerdicr udgment. inekoerisnce. Ms-
juacment of nis or bcat's aciiities. etc.
2, Lack of PF3s or lack of PFD use was a <ac-or.
3; Jberator w~as unacle 0 outrun Or 2s:ale stern
Nave, waxe “hat ra <new was ciming ®
< xcesctive SCeed wdi 1 “3Ctsr n tne acctcent.
z cUGN water wasi 3 Taculr 1n tne :ctiient.
A Atlone was 3 factor n tne accilers. -
TY o Mgre Siotation [sevcna basic. or any T <nere ® ]
g NONE ! WOUZ have neldec. R
A-57 - u]?;}
NUEN
® 9
-
. : B
B T A A L R U LR R N e NEAGRON




Zolumn(s) Variable Description/Codes
' 75 Contributing Choose the contributing factors in this accident.
B Factors {f less tnan four aponiy, right nand jus:ti€y ana
o insert 0'; in Teft hand covumnis). Read cown tne
72 1ist in orde~ and code *the “irst four that apply,
in order. Thus, the coges from 75-7% snould be
ascending.
[ ]

1) HAit by tne boat or prop a‘ter faii.

2. Tne fail led to a capsizinc or swamping.

30 Improper lcading or excessive loading was a

. a factor in this accident.
J 4 Excessive gpeed was a Tactor in tnis accident.

S) Poor equipment {(poor congition) was a factor
n tnls accident.

57 cacn of PFDs or lack of PFD use was & <acicr

y in tnis accident.

7 Lack 0f “lotation for boat ‘or &7 T Tayel
flctation) was a factor: i.e.. more flstatior
wou'ld nave def:nitely nelnec

&' Lellision with another vesse: o~ o.lect a“ter
the 1nitial accident.

D . . . .

S:  Alcono) invoivement on tre part of operator
ar atners.

B Noge I Tracz “rgcess tne accrdent as far Qown Trhti otres s o 1Ci-

s 2ie. “o0te that no 'Y 15 used. J¢ nC*t coce 3

4 ToTrer’ withoul CISCUSSING tne accigent wfn i
oroject ie3ger
)
A=Y
)
: o T U OO R RN ST O S

Node 18

These accidents include falls witnin the poat znd falls overboard that resul:
from a wave or a wake. For these accidents, detailed codes have been develop-
22 for contrituting factors in the accidents anc for the nature cf %ne fall.
“ne coding Tnsiructions are on the pages tnat follow and will be incorporated
intc the PRAM Analyst's Guide.

FOR ACCIDENTS ACCEPTED AT NODE 13




——————

~4

w2

Noce 17 Tree

M Jaea S e mos Aen 4

~N

~N o O W
et e et e e

Strong current and/or rough water was a factor,
Operator inexperience was a factor.

Lack of PFCs or failure to use them was a factor.
Alcohol was a facter.

Poor operator judgment was a factor.

More flotation (beyond 0, or beyond basic)
would have helped.

A capsizing followed the swamping.

9) Poor equipment (pocr condition) was a factor
in this accident.

[d<)
~~

Process the accident as far down this tree as
possible. The loading cecisions iavolved primarily
loads at the bow ar junwale, but these decisions
may be pased upon the overai: load if the ioading
distribution withir the boat isn't known.

-
T0TONT NAS )
ACIgaTe v e !
J
1
sdees, b aneg Cwyoped Fiavey ies Twaties | ' C |
T4t “ver "re ?ia Vanet voar ~e e ! I
i | - . II
.} — b { ‘
. | ;
' - ! .
oy 53¢ ~as nat ! [ on e L A
14 t Tzt e/ : S Ak 3c a0 tee L te gr s el .
[ e e Tezrcoee nocne ) 1T 3ear aas ! 30410 was "% | .
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Solumnis; variasle Description/Codes
TE ~ontributing Cnocse the ”on’ribu‘ing factors in tnis ac-
TG facsors ident. f lecs than three apoply, right nand
°n sustify ano insert 0's in left hand column(s;.
Reac down “ne list in oraer ancd code the first
three tnat asply, in orcer. Thus, the coces
from 78-80 shou.d be ascending.
i) 4it by boat or orop after initial accident
2) Stood up, improperly seated, or otherwise
not in a praper pcsition.
3) Handling gear (engine, line, ancher,
fisning, etc.).
4;  Enaine trouble/control troubie, poor con-
diziors.
5) .ack of PFDs, or nct using PFOs.
€) Lack of flotation, more fiotation in hoat
would have heiped.
7Y Co%Yision occurred after initial accident.
€} Bcas was out of con rol atter :ne accident
ungerway, nNot drifting,.
S Alconcl was Invoivecs.

Tnese atZicents tnvolve 20ats whRicn weré Swamped Dy 3 wave Or wake sver the
OCw Ir Siie FOor tnese agcreents, the contributing factors anc come details
largernond e reasons for the swampings sre coded.  Tne €oging Lastructions

27e IroUne saces that foitow and trese 1. e incliuced in tnhe PRAM Analysi's

IV S
FOR ACCIOENTI ACTESTED AT NO2E
SovuT 3 varqagie Cescriction/Toaes
e Lontrinuting Cncose tne contricuting factors In tnts oaccident
- fac-srs 2 lezs Tnan “our aopiv. r~3n‘ &N Sustity o ann
-- ,ns»r‘ 2'y ir Tafs mand column ‘S) Reac gown oo
T3ET in order ang code tne ‘irst Tour tnat achiy.
in nprder. Tnys  tne codes from 75- 7r snnutd ne

ascencinc,
Y

i Speec was & factor, if was excessive censicering
tne ¢irgumstances
A-54
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[
k FOR ACCIDENTZ ACCEPTED AT 0. 1%:

Column(s) VariaDle Jescription/Codes

1) Just getting underway from a stopped or siow

= 73 Circumstances Aas the vessel:
%i speed situation (intentional or otnerwise) ®

2) Increasing speed, but already underway
i 3)  Unknown

* Intentions

Y

76 Operator Was the change in speed:
) Intentional o

(8]

w
— o~

Jnintentional

Jnkncwn

77 Node 15 Tree Process the accident as far Jown this tree as
possibie. Do not use an "otner’ ccde without ®
consuliting a project ieacer.

470EOTES LT NDDE s ®

Y
I

L 1

RORNTY !
- _ses Lf 24 ance PO
neryfoe Migectment Or re e e Taziies
Tasyger-enze, Yn oo Apg ; JTeE dens am AR Swh
e : L trew Timern dotletcr M - .
-~ AT AR 5 H
The Tne ; Mara in, 2 -r ®
Tooargtnieg Trsastenul {
{ |
'
A
Tause v ldusan v de-eon -
. "nterses e lrgneman emar [ ]
AR ingcmne, cayg, acen e !
1t BRCUNRT PR L {
———— ——————
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e
J
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‘s, Variaplie descriptior/Cozes

’| o contriputing Factors Zhoose the contributing factors in this
T3 accident. If Jess than three apcly, riont

ranc Justify anc insert O's in Jeft hanc
celumnis). Read down the 1ist in order
and coge the Tirst three tnat aopiy, ‘n
orger. Thus, ne coces fror 72-20 shoulc
be gscending.

) Hit by boat or prop after initia
cident.

) Lack of PFDs or Jack of PRl use.

3. Ixcescive speed was a Tactor in tne
ccigent.
L) Boa%t's own wake JCntriouted L3 tre

acligent.

ST A wave contriouteq T tne aclhaent.
&' Ln“emilarity woth Controis oronuman
Yactors problem witr Jontrols.
7% Zoliision with znother vessel or
otiectis. after invtial ncicent.
" rack 3° flgtation for coat or lack
ot level fiotation for hoctl: e
mere soat Fistation wouid cefinite],
rave neloen
2. Slccanl nvoivement on tne 23vT o7
3%erator or otners.
ST TRITEDZ AT SRS NCAE @re INYTIATLO D& sualen ADC0.ICETIN OF Towew
Trgs 3700 7BnTS. TTE COrCUMSTAnceS uncet WhICK Tre DOWer wit A1l iE”

T IETTOND UNGEerwWa Y. ETC. o, whelher Une SLSCen a00i 1 IAation 27 Iiwer Al
a

rehrmTonnL T setaties scenartto ntormallisn A2CLT Yne circumstances ¢

STOTUoLe 3t ostov . 3Ang Soamyftcart contracuting factors are o0 ccdec
S1UU0TTCRS Are Tresentel on tne fULUOWIng Cages ant w oL T
- me PRAM bna vTt oy Lot ae

B o
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PRAM CoG:nz Instructions

Once you have decided %hat an accident is acceptable for PRAM, then €il1]l out

one row on the coding sheet comp’etely for that accident using the following
inctructions,

CAKD 1

Column(s) Variadle ‘iame Jesc-'otion and Coding Iastructions

i Boat Number Tnis is the number of tne boat in our sample. It
is used to identify the accident in case we should
02 ‘ ever need to refer to it again. The first boat
coded into PRAM will be "001;" and the next wiil
be "002," etc., until all of the appropriate
.ccidents have been coded. Each time an acceptable
accident is found, it should have the next sequential
boat number written on it in bold black printing.
A1l accidents invclving more than one boat, wherein
more than one boat will be processed through PRAM,
will be numbered starting from 900. For each
acciagent of tnis type, skip to the next multiple
of 5 for the starting number. Thus, for the second
accicent nhaving more than one boat in PRAM, the
boat numbers would he 905, 9C6, etc. For the
thrd accident, 910, 911, etc. Therefore. €or
bcat numters under 90G, there was one Zoat per
accigent witn a powering-reiated problem. and
for numgers over 269, there were mul iple boats
Der als-lent with powering-related probdlems.

The and’ /v whc COdeS eacn Darsicular acloient nou-d
arter ~t. dersong. ane 4° 37T code ners.  loges are:

o
i
=
.
@]
v
(1
;
<

7 = Mark Parry
= Stuart Surnel’

.

-~

a
2 = 3enny Imitn .
3 = Chrds Stien” = Nana wnd
3 = ,ohn Askins

NS ANV TRy &
"

e e Zatar <ne azornpr-ate Twg 277170 ¢cade “or o tne state wners
i

c
Je the acgigent 3ccurrec. coiordinag to tne 1ist be

0Ot
b3




p= Caam T - ) . v TerT——" Ll sl o T M v Rl )
@
.
; SClanro o Variarie Name c2iviotion ang Cocting (nsIvutiions
b4
;P:G
(] 47 3pame o Alaska oy Arizona U4
lrxansas 03 Cai"formsa né Cohorado ne
“olorade 08 connecticut J% De’aware °C
2hst. o7 Columuie VT “lorids V2 Georcia T3
Hawa 'l 'g 1Ganc L& TTlincis V7
indiare T8 Lowe 16 Lansas 2¢
Kentulky 23 _CuYsiana g2 Maine 23
¥ary'anc 24 Massacnusetts 25 Michigan Z6
Minneccta 27 Mississiop? 28 Missouri 25
Mortena 20 Nesrash- CH Nevaoa 22
New mampshire 53 New _.rsey 34 New Mex-co K
evw York 20 North Zarglina 37 Nortn Davota e
- re3 z3 Ok*anoma 5C Oreacn 47
"' Ternzyiyania <z Rhoge s ang &a Touth Carciing 4z
LT Cadots ig Tenrezsese 47 Texas Lz
! _ar 45 Vermant &C Virginag R
i AzsniacTen £3 west Virzing 5d ATECOrsIn e
a.Cring 5¢ JNKNown 3¢
'.
b
o Mzntn Enter tne 3DLrodriate two $°Tit Ccde Tor the monir
T when tre acoiasnt cccurred (07 = January, e2ts.. ..
V2 = Decemger) NOTTe FOR ALL THE TIME JORIINTED
VARTASLZS, CZOOE THE TIME THAT THE AZZIDENT BEGAN
Jrknewr = 55
Zay Inter tne aopropriate twe digit code for tne ce, o
the accizent (01 = G5t of <re month, ets.). Dor'-
forges trne 7. UhKNOWn = 3%
fea intar tas Tast w0 A1GITS 0T TNE year rowhiln Tne
] accigert 20T.rves.  Jnknown = 38
, T loae the tal $iaits in mitiozey e i
: 24 nours, COrCeLTonciIng Tootne Time. YU TaE o neitec
nour. tNat tne accident pegéan.  [ode the Timw oY tne
€&a$72inGg, fOr examiole, wnen 3 DCat taltiIes and
tne D€92' 2 are ngt recovered “or TU nguns oo
ub from the nalt nour, T.e.. 2230 13 coosd as :
Unkncwn = C&
Loozent Tyvue Code tne orimars  fiest)oagiizent tvos. Tar e
TS oTnere 5 3 26 3Ien Z3LSIng Somesne o Tal ‘
S - B T Tooue0pia 9n o bcarc are 0ges 23
Sf oo titor, "ot g falis cverzoparc. Iim
20 oLt 0f a ?

tArawINT g
are LoCel a
maTs Ciuse
ne alTigen
A m -
T AT I T

onnooat causinz

valio

1eAnNI Der<on Tntn tne water ‘ -
2 3108 2verdboartl, ITNCE TNAT was tae Tvo-
¢ -ne accicert. Cclastoraly mere tran
rnl MadTent CorSecuiiyel, N 1iTe L o eraon
2y ornsard, and 3 SeConT Tevrsion o tamitT o
It 0@ SIrulK Dy tte D0at or nrel Llze




!— 5 — = T T T T T——— Ly T~ ERa e e s on o o

LA diot ek Bt et Bk San Gen S Gut Sus oe |

r' ]

@ -

k‘ Column{s) Variable Name Cescription and Coding instructions

4
= coitision/grounding ]
= swamping/capsizing/flcoding/sinking
= fires and explosions , 1
€317s overpoard/falls witnin the beat
= struck by boat or propeller
= Qther L
= unknown

15 Accident Type
(continued)

(0o > Loy —
u

16 Boat Type Code the single digit tnat corresponds to :he test
description of the boat involved.

high performance bcat ®
= open powerboat

cabin motorhoat
auxiliary sai’
cange/kayak {(powered)
nouseboat

inflataole (powered)
Jnkngwn

ather

u

OOV PN

3ca* Length Code <ne leng=n of tne coat as a two c¢igit number,

3 igno=iag inches. For example, z 15 11-1/2" boat
wouid oe coded "\S. or ai. accidtents, code ‘toat
da*a” for the aoprooriate hoat. Ffor Fails oversoard, L4
tn-s wOulQ be tne boat that the victim jeft. For nit
by tne L0at or Prop, Inis wouid de tre boat tha*
4id tne hitting. Unknown = EC.

13 goat Wigtr Ssce tne cne digit numeer that Corr2$i0nCs O tne i
Scat’s max mum wiain (medsured IO tne neirest fcot. ®
rounding LD from 6

[
t (ot
*,
(32
) (A
"
Lb ot

e
K SO BN 4
-t

= "1 f-
o -

1,

NPV IRV
H

= JeKNCWn PY
= Jreatar %hdn ol

~d LTy U de (0
(VSR CV IR I & TS A}

4 =

All
e

M)
or

L sul. Snaoe Coce “re ore dinit tnat Test corresoponds w'tn tne e
X Snaoe a° tne Doat's MubL, L3fag tne figure delcw.

- 3

asar <nan 27
5 mrar C 3
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[t}

o

£

t
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Vi o variabie Name el otion and Lot nn In§Tructiun:

)

‘ear of Manu- Jode tne lost o two ¢roits of trhe year that tne Lia”
act ¢ manutactured (mocel year.. Unkrown = =%

Tyoe of Power Coce wae gigit corresponding to the tiiw -7 »iuer

0 uie.

i

as ¢
"

. areed Code 2n2 cigit which dest corresponys 12 »n30 :
NowWn apcut tne poat’'s speec.

o= 0.2 mon o= 57-80 mpn

e 0T oy € = Unknown, Dut ariiliT tUirn TT o7 ®
Do 7 = Unknown. Syt Tncvesiinog flesd

ool = Unkncwn

S - S = UNKNOWn, UL deCrEd L n. w0ogs

2= Nk DT Yes. S = urknown
we7] »

= Lootedliel Teomoengine, TACiuding tnose whers
TTonUT reriain oyt tne ang . yst s LveTtll loTe
& 0F Ancone sIaering, ©F any Tyse. anciudin T Lroie »
wWhEr . T T N0t CerTatn dut Tae arc o L Dt

A Ten
“ -

_he In.o¢ ORNCTTE T S5¢ Tl
ToLe 2T _teertn iinttospectties o -
N T N S R - - - - " - - -
SET T dae TONAL03T . SUSCesTts t 2
e, Lo 20 one
ey . - . A e o apae aes
5T Yan - Lane T S ZTunh Lh@L o TLrvmeEnionis '
SLomnrer ~3r LTt ey
ToL s e BRI Ngwv e e R
. ~ .
;
® )
. e R R
L e
- 4
3 - - -7 ~ - L
~ e -
- AN L
. X
4
F
<
' 4

PP UG S S SOl P SO UL




TE— — v —— Rand —

®
Cotumn(s) Yariable Name Jdescription and Coding .nstrucsions
o
28 Horsepower Code tne norsepower of tne engine(s) in use. I¢
29 mcre than one engine was 1n use, then ccde tne
30 combined norsepower. Round down to the nearest
wnole numper. Jnknown = 888
31 Motor deight Code <ne weignt of the motor {in pounds). Remember °
32 that "88" means unknown. For this variable, if the
motor weight is known, then code the motor weight
divided by 10. If tne weignt is not known, but the
manufacturer is known, then use the outtoard blue
pook to determine the motor weight. (¥ the manu-
facturer is not known, use the chart beiow. For °
decimals, round to the nearest whole number, rounding
up for 0J.5.
NOTEZ:  CODE THE COMBIMED WEIGHT IF MORE THAN ONE
INGINE WAS USED.
Motor “P Motor Weicht 7h) L
2.3~ 4.3 3C
5.09- 3.3 3
5.7~ 15.¢C £0
12.1- 2¢.7 16C
30.3- 39.5 158
16.5- 33.¢ 120 ¢
£C0.0- 55.¢ T2g
8C.2- €2.8 260
7.0- 7503 227
30.0- 43 % 50
100.0-732.3 280G -
’ [
§ Macimum Ingine  Lode tne mEd1mum engine ram 33 2 twn 11Tt onumcer
e w M Oy deterTmining Tne maImum ANging “TT inC 21Tvr2ing
1T by V0. Rouna to the nearest .U UL cTuncing
4o if a2t 227 or TIC. T tme encTre TEe2 TS Lnenown.,
Thnen Luse toe gutde Je'Gw.  LnkrCwn T DS Tor 20y
rom gver 3700, use 25 L
1 OLne TCLOr manutactures ts <mQwh, uSé Tne JuLLdGarc
diue Sook.  f The mdnu®acturer C5 Lnknown, Lut tre
norsepower 1S xNOWNn, USe 172 T30 IOwIngG Tad. 2.
E“""":‘ -p "ﬂ( e JTM . i
- -
e 4 -,
orotver 2230 : X
®
3
]
A- ]
-]
° 1
.3
: ';~'\“\_‘-\' L"s."'~ > ‘k"k' 'ki‘ 'L':\”.\_l- P -;;_ L“.;.". et s . 1" e o ' e i — e X .- P 1




5 var-able Name se: - otion and Coofng arstrucToony
Tourse Thoose tne wopropriate one digit code ror tne

decisior trac. ®

*Note © Joae "No" if tre accident napoene:r wvers
GUICK Y and trere 1§ no evidence to the Cinirar,

Code "ves' 37 tnere is any intentional movemert <

*he stecrino wheel.  An operator who must tuen toe
wnee” (C smay on a heacing (oecause 0F waves, Tl . °
is intentionaily "¢nanging course” wit" respect o

the steer-ng wne<l,

*Note 2. For codes 4 through § the ana’ 9% must 12033¢
The de:t Tizting code when more tnar one ™ay atlly.
“or examtie, Zvnamic instabiiity might e CeuneT Ly ¢
iarge weve, and might pe best codec &. ¢ 1 tne” °
TarTicutar Case.  Great care Snouig T tavsr ot Tnel
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Coilurn{s) Variable Name
36 Powering
37 Behavior
THE

ST el

<

The NPERATIR
CHANGE TMRNTTLE

Description and Coding Instructiont

[ ]
Choose the appropriate two digit code from the
decision tree shown delow.
Starting the engine in gear 1s not a change in
tharottle setting., "Cruising" does not imply that
the throttle setting was over 3/4. The questions °

in the tree refer to the period of time immediately
orior to the accident, not several minutes before.
The word "gunned" is interpreted as a high throttle
setting. An operator who is attempting to get 2
water skier up is assumed to be at full throttle. If
the anaiyst knows the spead in mph and the totai
weight of the boat + people + gear (approximately), ®
then the throttle setting can be obtained by using

a computerscalculator program which can oe obtained

from a project leader {C. Stieh!. R. White. or il

Ahatley - see Appendix 3;.

SETTING
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o
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THROTTLE SETTING e e
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Variable Name

40

People on Board

Activity

~my - £ R
- -~ -
acner lonittion

R

~ction anc Cocdinn "-:

rLntinre

Coge two
The boat
code  a-

w2oits for the number of peonle or board

e sure %o right-hana dustify; 1.=.,
AT o

Tl For falls overhoard, the falis

avertoara victim s, is counted as one of the

eyl e

o
e DN

ar

9z
Do o

E S
e B
= a3
: A
- F Cmar
L s
“AA s
Lol o
FEERGED .-
) - AN -
'
) o
cULTT el

2 angropoiate digit for tre activ
C—'

o~

carc.  water skiers are not courted

are ary other peopi= who are net
et. 3% = unknowr.

“ne accident. lkater skiing i

che skier, manuevering to iCk U
Trving 1o take off anc cer
Proiect Geader approva
T~ Jrder to use a
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must be
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Columnis) VYariable !'lame Jescription and Codina Instructions

ficod

Fair i
Poor

tUnknown

Do O
[[]

“"

44 Wind Code tne appropriate digit.

= None ®
= Light (less than or eq. 6 mph)

= Moderate (7 thru 14 mph)

Strong (15 thru 24 moh)

= Storm (25 mph or more)

= Unkncwn

W WM — 0O
"

45 Mumber of Code with one digi* the number of peopl'e on
Recoveries the boat who survived “he accident, where "2
means unknown, and "9' stands for more than 7
Water skiers and others involved in the accident,
whether from this boat or not, are included
here,

46 Number of Code witn one digit the numper of peoole an
Fatalities the boat who died in the accident, wnere 'Z°
stands for unknown, and "9" means more than
7. vater skiers and others invoived in tne
accidert, whether from this beat or not ire
included here,

MOTE: Columns 15 and 46 shoula sum *o at
least the number of PNB, and orotanty more.

Node of Code 25 3 *we digit number the noge 2n *re . 4
Acceptance POAM j3cc-dent decision *trese wnere th°s 3Clicent ®
was acceptaa,

i [
[§¥]

[N
W

(=)
Ixperience tcit corvesacnds %0 the overator's
‘n this particular bcat, or hcats of
The second dicit corresronds t5 the o
total experiance in toats. The *third
corresoonds o what is known about the ¢
boatinag safety educaticrn of the operitor.
examp'e, 1f *he coerator nad 30 sours o
excerierce an dcats 2f tnis fype, 150 nours -7
tota’ experience or Scats, and nad hac no °
formal zoating saety tsurses, then ne wou'c

HN~A a

Joeritor Sk*11’ Cgqe <4ree 4igits “or trn¥s varian ». ne vz
q

IO
+ (D
b

i

. 17
3

©

U
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.
Column(s) Variable Number Description and Coding Instructions

For txperience (Tnis 2oat): ®

0 = Under 20 hours

1 - 20-100 hours

2 = 100-500 hours

3 = Qver 500 hours

8 = Unknown ®

For Experience (Total):

0 = Under 20 hours
1 = 20-100 hours
2 = 100-50C hours [ )
3 = Qver 500 hours
4 = Exact number unknown, but operater 1S
known to have considerable experience
8 = Unknown
For Education: Y
0 = None
i = USCG Auxiliary Course
2 = Power Squadron Course . E
2 = Ped Cross Course }
4 = State Courss ' )
2 = Other Course {inciuding professiorel licernses) ’ )
€ = More tnan one course .
7 = Yes, but particular course unknown »
8 = Unknown w0 ]
52 Rate” Code tnree diqits corresponding tC the rateqd o
23 Horseocwer hoYrseoower. A i 1
228 = _nwnown R
5% Rated deiznt “nde twec digits corressonding to tne riteg :
3% Canacity ¢ weiaht c* tne neoble on poard !(persars capacits) 1
FOB divided bv i7. up to a cede of SE. 83 is ®
used for unknown. "89" for this variable means ‘
a nersons cacacitvy of from T0CT <o TEAT nounds.
"09" stands ‘or not aoptizaple (socats wnich are
nnt rated!.
5: Razec Tetal Coce three digits correspencing to the ratec ]
§; defight Capacity <9%3al weiant caracity of the boat. civided v
S- A "e83" stands for unknown. ang 9263
means not asciicanle (hoa*s which are rot
r3% el "REQY s usec for pcats wness ioted
w2l7nT canacity excZeeds 2ETN pouncs.
®

576
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Zoiumn{s; Variable \ame Jescription and Codng Instructico: ]

Rated Weight Code twe cigits correspencding Lo the rated
Capacity of weignt of the motor divigea by 12, 28
The Motor stands for unknown, and "99" stards for nct
applicable {;/0. inboards). If <he motor weight
canacity 1s uinknown, but the horsenower capacity
(outboard) is  known, then the Following codes °
will be used:

Gy O
- O

Al s o

pa—ry

Rated Horsepower dotor Weight
Capacity Capacity Code

0.7 to 2 25 03 ®
2.7 o 3.6 35 54
4.9 =5 7.0 55 26
7.1 o 15.0 75 18
5.7 o 25 00 S
28,0 o 1% R N
48,7 o EC 24z 24
30.7 o T30 378 32 ®
10,0 o 286 220 2
- deignt of Gear  Code tne we'ant C©F fne ear SR 23&c lTvided Ty
- on 3pard 12as 3 taree z2izitorumrer,  TroT e tte seinnts
~a of all irtems or 2card atner "tir Tee Tecd e arg
tne moLor. 288 = unknown. 31 sxitn et ®
£ - - - -
FESTIMATE
Full ga: tarx azcrox. &7 7":o¢
Smal® -ce ¢rez=-<470 7
Larce “23 Ines=-"uylt 3 : :
Ancror v 20 T :os .
Samter, L 3% los.) e
drcrer T me ipg Jnrer v Ae no-
Skioezuiomers Y D Thel ser act-
Frgning aacy zment hunt e ooyt orer LR T B S
2835 anr¢ “avttaticnal g comIati, TLlist TimT, ocmanto
ete. 1313 Tas.
®
{
1S tre 1%ems 3In ICarT ire L0ernCwrn, Then Iallylit
tne weiInt o7 Zear Cn o ICATIT Ll T lows h
For sornoeats or T/57D est Tman To oure ]
23 ¢ PR = o 0s.  1f Zesv cnoIeart. .
. -
“ar 204TT 4 Sesr g Toncer e
28« = -7 v noCzs ~7lEar o otcars
ArO2CaTs o wtTT o TmCre Snhan LoPTn Lo
D« 775 2 4 37 cear on 20273
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variabc'e Name sercoTztion and foding [reTUuCTIONS

e tne rest
e injurac,
nen tne ‘ea
he sare. |
r *he ieas:

injured. -~or the tnira g 2¢
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Variacie Nare Sescription ana Cccing Instruction

o
'L/!

Numeer ot code with one digit the number of people on
Recoveries tne doat who survived the accident, where “8* 1
means unknown, and "9" stands for more than 7. }
Water sxiers and others involved in the accident, i
wnetner fram this boat or not, are inciuded ’ o
here. T ]

Wurper of Code with gne di51t tne number of people on

Fatalities the 50at wno died in the accicent, where "8"
stands for unknown, and "9" means more than
7. Water sxiers and cthers involved in tne
accident, wnetner from this boat or not are
included nere.

NOTZ: Columns 45 and 46 snould sum to at
ieast the number of POB, and probably more.

ot Code as 2 two digit number tne node on the °
tance PRAM accident decision tree where this accident
Wwas accented.

soevator Skali/  Code tnree digits for this variable. The first
txperience Gigit corresponds to the operator's experience
in this gsarticuiar boat, or boats of this type. ®
The second digit corresponds to the operator's
total =xperience in boats. The third digit
corresponds to what 1S known about the formal
co0ating safety education of the operator. For
2xampie, if <re operator had 50 hours of
axperience on boats of this type, 150 hours or ®
toval exger.ence on boats, and nad had -o
torma. Loating safety courses, then he wnois
Se Coded "0

WD FOY o 2perator total experieance finc median

A7 RaCn rance cneckad in the experience columns ®
30 The SAR ana aad ftne twe. LY oniy one exgerience

aiccx 15 snown an RAR, use tnat fiqure for tota’

experience and ¢ far experience this boat.

For Cxperience {This Boat':

ST ounder 2L noiurs
o= 20-000 nours

= 10N=-500 nours

= Jver 504 nours
Unknown

UAe ta
"n

Bt s A ST “1..---..">—‘~"‘A"<.l- . LT L . K . .
ettt Bd. — e e e e e e aTaT et .




UL, variable Nare Jescription and Coding ins<e. .
33 Leave tnese columns olank o
34
35
36
bt
S/
i Peopie on Board Code twn. u1iits for the nuimber of people on oeard ®
59 the hoat (Lo sure To riant-hand fustity; i.e.,
code 1 asx A7), For falls overhoard, the fali;
overtcard victim{s) is counted as one of the
people on board. Water skiers are not courzed
as P03, nor are any other people who are not
from this 20at. S8 = unknown. ®
a1 Activisy Code ~ne avoreopoiate digit for the artivity a°
tne “img o7 tne accident. Mater skiinc “nciutes
the todr, tne skiar, manuevering to nick a0 The
skier, ziC. Tryinc to take off and qet a water
skier uc < 7. Proiject leader approval mus: he ®
octained in order to use a "N",
5% Sametning other than those on tre list
[TJl underway)
= »leasure cruising, going from cne n.ace - °
anotner, etc.
2= Fisning
3 = nunting
17 darer skiing
5 = 5Kin qivine or swimming (princina: art’y vy,
TuToat the moment, the bodt was unde way ®
= Toter o
Jo=oceaving 1 dock, Or otnerwise Cust oot
underway
3 - Mot underwiy, docked, at anche~. v Ttina, of
di Leave *nis coiumn blank.
o
s woter conditicons Cose Loo apDnrodriate dicii
N = Caim
2 = Chopoy/roucn
3= ?wwft current °
d = ‘ery roucr
3 = inknown
42 ceave tnis column bilank.
44 Leave this coiumn blank. ° .
L
1-5 o ]
R ) . - 1
T . . P 4
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onLs, o Yariable Name Descri.vion and Coding Ins%rucTions
7 Year of Manu- Code the “as® two digits of the year that tne boat
2 facture of 50at was manufaciured (model year). Jnknown = 23
3 T f Po Cod TGt Co di tc the ty f power
23 Type of Power ode one ¢iyit corresponding tc the type of powe
in use. "Suner" inciudes Jet boats, air boats.
3 = Otner, v = Cutooara; 2 = 1/0; 3 = Inboard:
S = Unknown
s soeed Code one digit wnicn oest corresponds to what 1s
KNnown aocout the boat's speed.
¢ o= 3-10 mpn 5 = 57-60 mph
1= 77-20 mpr & = unknown, but greater than 60 iwph
¢ = J1-30 mon 7 = Unknown. but increasing speed
5= 21-40 mpn A = Unknown
4 = 41-3G mpn 9 = Unknown, out decreasing speed
) Leave this column blank
.0 Leave ihis column blank
o7 Leave tnis column blank
23 Horcepower Code tne norsepower of the engine(s; in use. If
2 more tnan one engine was in use, then code the
i combined horsepower. Round down to the nearest
whole nuitter. Unknown = 838
Mator wetont Code trne weign: af the motor (in pounds). Remember
’ tnat 83 ueans un<nown.  for tails variaoie. if tne
matar weignt 1. «nown, then code the motor weicht
drvided By 10, f the weight 15 not rnown . Gut the
manutacturer i ¥nown, then use tne ouLtidard DIUE
N0GK R0 determine the motor weight. Y tre many-
facturer 15 not Known, use the ¢nar~ helow.  For
decinaly, round o tne nearest whole number. rounding
4p for .5
SO DOCE THE COMBINED WEIGHT IF MORE THAN ONc
ENGINE wWAS USED
Mo tor P Motor deignt (ib)
2.0- 030 30
5 )" TJ.\,; DO
.- 5.0 50
15 1. a0 109
0L e el 135
MOV 150
PRI Lo
NG R 200
AN S0
ST 38
IRSOPROER I 20
.."-:; 8 ':n‘.nﬂ;. s 2 a2 .;‘ ro 'y F X - - 2 £~ ‘B“l ; = e & ¥ ey > o - i-' K4 = . N
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Coiumn(s) Variablie Name

-t e .
PSR

15 Accident Type
(continued)

i0 Boat Type
17 goat Length
18

T 0a% width
20 ‘{ull Snape

S5 = Jeep-y (3 araater than 37
Pz Semi-V Y less tnan 187)
2 = Catnedral or tri-hull

“insair f s 3= Flathattom
3 = Roundbottom

7\ 5 = Other
2 = Jnknown
5-3
e T e A s e 4 e e e

description and Coding insiruct . .

= collision/grounding

= swamping/capsizing/flooding/sinking

= fires and explosions

falls overboard/falls within the beat
= syruck by boat or propeiler

= gther

= ynknown

0O o OV & wihy —
u

Code the single digit that correspond: to tne best
description of the boat involived.

= high performance boat
= gpen powerboat

= cabin mctorboat

= auxiliary sail
canoe/kayak (powered)
= houseboat

= inflatable {powered)
= ynknown

= other

O O~NOTU &)
i

code tne ‘ength of the boat as a twc digit number,
ignoring incnes. For example, a 19" 11-1/2" boat
would pe coded "15." For all accidents, code boat

data" for the appropriate boat. For falis overboard,
this would be the boat that the victim left. rfor hit

by the noat or prop, this would be the boat tha:
dig the hitting. Unknown = 88.

Code tie 7ne digit number that corraspoaay Lo the
boat's “av.num width (measured to the ~farest foct,
rounding Lo from 6",

0= 2-3 ft 5= 8 ft

HEE 6 =9 ft

2 =3 ft 7 =170 ft

3 =0 ¢ 3 = ynknown

4 =7 ft S = areater than 10 7t

Code tne one digit that cest corresponds with tre
shape o7 the boat's nulil, using the figure e low.

e e )
4

®
i

®
. :
]
3

]
i

]

[ ]

@

™

o [
4

[

*
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NS, sariabie Nare Jescription and Coding listructions
Alabaira N Alaska 02 Arizona 04
arxansas 05 California 06 Colorado 0e
Coiorago 08 Connecticut 09 Jelaware 19
sist. of Columbia N Florida 12 Georgia 12
Hiwd o 5 idano 16 IMinois 17
ngiara 18 owd 19 “ansas 20
NIAAITINY 21 Louisiana 2 Maine 23
Marviand 24 Massacnusetts 25 Michigan 26
Mirnesota 27 Mississippi 28 Missours 29
Moritana 30 Nebraska 31 Nevada 32
New dampsnire 33 New Jersey 34 New Mexico 35
ew York 36 North Carolina 37 North Dakota 38
Jdniio 3 Oklanhoma a0 Oregon 41
Pennsylvania 4?2 rRhode Tsiand a4 South Carolina 45
outn Dakota 45 Tennessee 47 Texas 48
<tin 49 vermont 50 Virginia 51
Aasringten 23 West Virginia 54 Wisconsin 55
‘,«,'y(‘,;h}r,g 56 Unknown 38
Coast Guard
Controlled Water
But Not a State 63
Leave tnese coiumns blank
Leave these columns blank
Tear enter The 1d»t two a1gits of the year in whicn “ne
accident occurred.  Unknown = &8
Ledave these cowumns plank
Accraent Tyie Code the primary (first) accicent tyce. For examile.
1f tnere 1. a collision causing somecne to fall out
o7 the boat. ail deopie on board are coded as victims
of a collision, not a fa'is overnoard. Similarlyv. ¢
a pgerson falls out of a johnboat causing it to capsize.
throwing a second person into the water both victims
are coded as falis overboard, since tnat was tne pri-
mary cause of the accigent. Occasionally more £nan
one accrdent napoens consecutively in time. A poreon
fiant fallooverbdoard, and a second person (coning to
N5 a1dl might be struck bv tne hoat or pron. Code
the firgt ayent
— e . e N A I P R

PP AT N PP
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APPENDIX B. POWERING RELATED ACCIDENT MODEL (PRAM) CODING INSTRUCTIONS

FOR NON-POWERING RELATED ACCIDENTS

PRAM Coding Instructions

Once you have decided that an accident is acceptable for PRAM, then 7111 out
one row on the coding sheet completely for that accident using the following
instructions.

Columnis)

VYariable Mame

01
02
03

\{,‘

[V1¢)

Boat Number

...... et b e e e e e e A A aaa A

CARD 1

Description and Coding Instructions

This is the number of the boat in our sample. It
is used to identify the accident in case we should
ever need to refer to it again. The first boat
coded into PRAM will be "00%1;" and the next will

be "002," etc., until all of the appropriate
accidents have been coded. Each time an acceptable
accident is found, it should have the next sequentia:
boat number written on it in bold blacx printing.
A1l accidents involving more than one boat, wherein
more than one boat will be processed through PRAM,
will be numbered starting from 900. For each
accident of this type, skip to the next muitiple

of 5 for the starting number. Thus, for tne second
accident having more than one boat in PRAM. the
boat numbers would be 905, 906, etc. For the

third accident, 910, 911, etc. Therefore, for

boat numpers under 900, tnere was one toat per
accident with a powering-related problem, and

for numbers over 899, there were multiple boats

per accident with powering-relatea problems.

For two boat collisions in non-powerini, use
sequentia: numpbers in normal order, i.ef., Jo
not use 9XxX.

The analyst who coces each partic. 1r alciden:
should enter his personal one digit code nere.
Codes are:

Mark Perry
Fran Jrr
8enriy Smith
Chris Stien: .
9 = fob Douglas

2 2oL wnite

Paula wWhire
Gay rarrott
Nona ~nhatiey

~3 O N 4
oo

w o — O
oW

Leave these columns blank.
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STEP

KEY ENTRY

PRAM PROGRAM LISTING

(HP-97)
STEP

KEY ENTRY

——

YEy ey 4ty

KEY CO0E COMMENTS

111

oy

070

—4—

T“'

—4 44

O

b —}-

L

S Q.

IS0 0 O
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e.dlcadtpe zrogram | ) ) 3.90 °

. 2 _lE¢er wege ip conjunction with the PRAM aecision; Rated Hp
‘ € } : .
trea, input *he rated horsepower and press | (DL printet
_tzee, ippat th Tscpower and press | I N R
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Program Deseription

. Program Title PRANM

i name  C. Christian Stienl Date 3.2 T7 .
I Aacress Wyle Laboratories ,
! Ity State Ze Cocs

Program Desacription, Equations. Vanabies, etc.
This pregram serves two purposes. rirst, it allows the analyst to input the rated ;
aad mounted horsesowers for a boat, and calcuiate the critical throttle setting .in termy
2! Thihrottla) which must be exceeded for more than 1/2 of the rated nhorsepower to pe 7
in ase. The caiculator outputs this critical throttle setting with the first part of this
arogram. .f the analyst xnows that the throttle setting for this voat in the accident in
i zu:2s%ion was less than the calculateor's output, then the accident ‘boat. is rejectecd [rom
ne PRAN sample. f the throttle 3etiing execeeds that snown on the calculator, then
*le case 13 processed further in the PRAM decision tree. Zxample:

..

Action Cutput: Displav Frinter
. v ' v S !
.o oress A i2.5 28,3 '
- moeuntez Ho) sress 37 - 703
D. 438 ). 33
lne second of the proWram aLiows the anaivst 1o compute the tdrottie setiing ioT
1 .4t olanina Al when the speed, total doat welght, ana mounted norsenower are
o This tnlormation (3 1sed to Zetermine ‘he coding fur the Powering Senavior
sroeoun The analvst iaputs che thraee variabies listed adove, and "ne Ca.lulataw
oz tArsttie 3etiing. Zxamo.e:

Juatmur: 2iss.av

1m0 < !
- L9 = <.
vl o R PE)
s . :

-~ =

PN Y-

CL e a3 Thalt the D0ab o fuesilon TUSt nave Deen at aea Ly gLl JATOTILe TS nave Lol

s aveiiind 4% 02 statea 3IDeed witn (i@ 3Tared engine 3ile 24 TItLL DOAT welgnT.

Coerauna o mits and ‘Narnmings A
‘ Crir mart t:the ATCETAM ise3 tae relationsatp: Yhmoe | T.Tarcttin
~eoon
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APPENDIX B. PRAM THROTTLE SETTING PROGRAM

Ths Drogram was designed to be used by analysts in decicing wnether certain
accidents should be rejected or processed further in the powering-reieted ac-
cident gdecizicn tree, and in tne coding of some accidents. In accidents there
are cases where tre trrottle setting was xnown and was less than 1/2 throttle.
In these cases, the program will help with the decision tree. The orogram re- ®
Juires knowledge of the mounted and rated norsepower for the boat. The analys:

must, upon supplying tnis information to the calculator, decide if the boat's

throttle setting exceeded trat shown on the calculator’'s display. 1€ so, it is

orocessed furtner in the decision tree; otnerwise, it is rejected. L

Tne First 0art of the program uses the relationship that the percentage ¢ norie-
o2Cwer n use s approximately equal to the percentage of full tnrottle setting
ravsed to tne 2.5 power. Tris relationsnip can be expressed as shown in Sgua-

®

“ion 1, where tnrottle setting is replacea by rpm (up to maximum recommended
2, and cercentage of ncrsenower in use 1s replaced by the norsepower in use
{mroa. Gcad curvel, anc K is a constant.

i A= K. (rom)T i *
Tris relationsnip nas deen snown to be close to empirical data {see Figure Z). 1
-t wily aliow borcerline cases to de processea furnter in the powering-reiatad . ]

| 30CTIent CeCision tree since ~t crediis tne operator with using siignhtly ncre ® -4
~ceserower Zarticulariy at iow throttle setiings) than tne emprricai Lo l@

NIt R
Tre seconc part of this drogram aliows the analyst to code the final tnrottie ;
ce~<1ng for Zne variable "Powering Behavior® {columns 36 and 37) wnhen <Tne mount- ® )

neroedower . speed. and total weight of the boat are xnown. This sart 2Ff the ]
IragraT Uses tne approximate re.etionship showr in Equation 12, t0 caicuiate A -
e ngriefower a1 us2, ang uses tne reiationsnip shown in faquation (3 1T corouts f
Tre LnrotiiE osetting. L4 1
50evs - it
Joweignt/rorsescwer in LSe ’ .
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PRAM Quaii*y Assurance Procedures

1ients tnat are coded into PRAM will be processed to two analysts.
+ 13, eacn individua) ocadenL report will be cooed by oriy two people.
t the zariy pnases of cocing {for approximateiy the first 57 accidents’
ne anzivsts' worv will e tncrouchly reviewed by the project leaders

2 Wnite. N, Mhatlev, [, S=iehl) for guality and adherence to the intent
ene ‘rstrucsiors of the model. Thereafter, a sampie of five from each

crouc ~€ 30 a:xcidents that are coded will be reviewed by tre prociect leaders.

™

wher &1 of the accidants nave been coded, two decks will be independently
nevdurchea, ane for each ana. yst These two decks will be compared using

VV 23 'Cneck Dezks' program tc find keypunching and coding discrepancies.

Tne gicirepancies will ne reviewed by the project leaders and ana.ys s 0
ar=ive 2t 3 comsensus Saging. Then botr dest will be corrected. The Fina’
~ragust 0fF Tie nrocedure will be two compiete sets of coded data, reatively
“ese ~F ipvnynihing er~rars.  The onlv way hat a keypunchirg error Couid

irevve troS aroIedure wou'ld te 1 Tne exact mistake were made Twice
ingenencernti,. he 2jagram 2n tne next page depicts the entire procecs.

Coding Steps Tor PRAM

"¢ Jou are tne ana./st, apout to cooe data for PRAM. you snhould:

) Jneck wrin tne orofect leaaers to make Sure you have the correct
samp.2 ¢f accidents to coce.
o lcae g7 0 tne requ

red informzcion orn the deéta sheet Tor tre
trne instructions on previous paces, anc

:
accigert, actording b
2 T lezder if any cuestions aris=z.

CONnsu %Ing with tna

B LWher vou nave compietes g aroun of accidents to be coae?d, tave
e CInDletec cata sneets and the BARs that were acceptsc to
aroiezt leacders for review. Then proceed with the next
€ o7 3coidents tc be processac
: Laee prroee gre mace Jeltner in couing or keyounching e
aes et TLgcers wh L review tnese witn ‘ne analyst in nraer
mare SuTe *rd- the correct Intormation T COoded On Tne
SamnuTer Zards.  Tnis mavy reauire some rereadinz of Tne ohPY

Ar y0uLr Dart, and parnaps some recoding.
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Cotumnis) Variabie ‘ame Ceszripticn and Coding Instructions
{ o
3 = Injuries resulting in more than 24 nours
incapacitation, and up to one week
: 4 = Injuries resulting in one week to cne month
t of incapacitation
b 5 = Tnjuries resulting in cne %0 six monins of
incapacitation °
€ = More than s°x months, hut not permanent
7 = Fermanent disabiiity, but not blinaness
8 = Unknown
9 = Permanent disability, blindness or blindness
plus
#; - ‘ . e
74 No. of Code the total number of fatalities on the other
Fatalities vessel/s) using the codes oelow:
‘Other Vessel(s))
=0
1 =)
2=2
3«3 [ )
d = 2
5 = %
A= 2
I
8 = Unknown
S = More tran 7 ®
CARD 2
2i goat Numper This 15 tne PRAM case number
e ®
e Jonnpoat Code as foiiows:
J = Not a jonntoat
1 = Is a johnboat
2 = {5 a bass ovat °
8 = Unknown
i Boat welgnt Code the weignt of tre sca: ‘only, aivided b/ iU
A
d: 388 M:ang Unknown
999 Means greater tnan iU,J00 1D
®
r. ®
PRY-X
o [
-
b . . . R e o e




Variabie '

]
\l

ame

'r\ ft\]f‘

iRsse!

Tiner

e
)

- — . T ——

cescriztion and Codinc Instructions

~may he zerd ¢amage. The code “0" should not

ne usac uniess the analyst is certain that
ther: werz no damages. f no informatior is
given, ana the accident was a collision,
ther tre code "7" is assumed. THERE IS NO
CUNKNOWM" CODE FOR THIS VARIABLE. Consult
witn a nrosaect leader if you feel that
"unknown" 15 the proper code.

N = No camace
. = S - ant demage, scratched gelcoat, etc.,
§200 or less
2 = Mpgerave camace, 1ittle or no structural
damage. Perhaps several scratches and a
sent prao, some fiberglass work, etc., up
to £07
3 = Consinevacie camage, some Structural camace,
fiberciass and/or interior work, up to
52000
= Severe camage, bpat may be a total css,
to S42CC ,
vera darade, up to $62C0
vere Jamage, over S60CO
me famaae, but extent unknown

£
]
f[ m "

V2NV WV R

O

~otat loss of a jonnboat, for exampie,
assified as "3", or even "2," -7 i*
“ew huncred dollars.

‘uev data for the other vessells)
nottosoasoart, remembering the guideiines
257aotiiaes oo The arevipus cocing of iniurtes.
17 N0 ope was nured, code 0" in colurns
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Coiumn(s; Variable Name Description and Cogding lns'r... .i-
{ )
For experience (Totalj:
0 = Under 20 hours
: 1 = 20-700 hours
h 2 = 1006-520 hours
3 = Qver 500 nours g
4 = T act rumber unkrown, bdut operator is
.nown to have considerable experience
8 = Unknown
i‘ For f£ducation:
» ®
0 = None
1 = USCG Auxiiiary Course
2 = Power Sauadron Course
3 = Red Cross Course
} 4 = State Course
o 5 = Other Course (including professional licenses) d
! 6 = More than one course
: 7 = Yes, tut particular course unxnown
8 = Unknown
52 Rated Code three digits corresponding to the rated ®
. 53 Horsepower horsepower.
{ 54
: 888 = Unknown
S5 Rated Weight Code two digits corresponding to the ratad
56 Capacity of weignt ¢f tne people on board {perssrs ~apal 1, ®
P08 divided by " "88" is used for unkroen RN
for this variable means a persons cayec * 7
from 1001 to 500 pounds. "99" stand Cont
appiicable (boats which are not rate. . . se
code "37" for 380 to 899 lbs. and . .ode "9
for 380 to 1000 lbs. If given in ~u"he- of P
persons, multipiy by 160 los.
57 Rated Total Code tnree digits corresponging <o %o raed
55 deight Capacity total weignt capacity of the hoat, dividag v
59 0. "388" stands for unknown, and "S49" eans

not applicable (bcats which are not rateq). °
"839" is used for boats whose total weicnt
capacit, exceeds 3870 pounds.

- . - - - B . - . . T, . . PR . . . IR P AU . R i e D N B TSP R IR S SO S
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Column(s) Variable Name
oh Rated VWeight
ol Capacity of

The Motor
62 Weight of Gear
53 on Board
Al

Description and Coding Instructions

Coda two digits corresponding to the rated
weignt of the motor divided by 0. "E8"

stands for unknown, and "99" stends for not
applicanle (1,0, inboards). If the motor weignt
capacity 5 unknown, but the horsepower capacity
(outboard} is  known, tnen the followinag codes
will be used:

Rated Horsepower “otor VYeight
Capacity Capacity Code
0.1 to 2 25 03
2.1 to 3.9 35 04
4.9 to 7.0 55 06
7.1 to 15.0 75 03
5.7 te 25 100 0
25.1 to 45 155 i6
45.1 to 30 240 24
80.1 to 150 315 32
150.1 to 250 420 42

Code the weight of the gear on board divided by
10 as a three digit number. Incliude the weights
of all items on board other than tne people and
the motor. 888 = Unknown. As examples:
{ESTIMATE)

Full gas tank (aporox. 40 1bs.)
Small ice chest-full {@ 10-25 1bs.
Large ice chest-full (@ 30-50 1bs.
Anchor (B 2C ibs.)

Battery (@ 33 1bs.)

Anchor line and other line (% 5 1bs.)
Ski equipment (3 10 ibs. per pair)

~—r

Fishing equipment/hunting eauipment and Catin (3 25 1bs.’
°F0s and Navigational Aids (compass, flasnlight, chartc,

etc. (715 1bs.)

1f the items cn bcoard are unknown, tnen calculate
the weight of gear on board as foliows:

For jonnboats or %/8's less then 16' use:
25 « POR = “t. (in bs.) of aear on hoard.

For boats lo feet ar longer use:
(25 x PNB) + 179 = Wt. (in 1bs.) of aear on toard.

Tar hoats wizh more than 4 POB use:
(10 x PORY = Wt. of qear on board.

R R K . ..'-.‘..'-.‘. o - . ‘-'_.‘. o - .. - - e Y -~ - - e T . - - --.-‘- - " . - . - " .
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Coiumn(s)

Variable Name

UK SO S

65

O v N
RETN

No. of Engines
in Use

Damage to
This Vessel

iniuries
This Vessel

Description and Codina Instruction

1 Enaine in use

2 Engines 1in use

3 or more engines in use
Unknown

n

LN —
n

8

In coding the damage to the vessel, use the

code that corresponds to the cost of ~epairing

the vessel, if known; otherwisz, use ine ¢
wnich best corresponds to tne xnown camarce.
The "cost" refers to the cost at the time of
the accident, not what the cost would
For example, 1f the BAR states that +*n
was $100 in a 1970 accident, DO NGT *¢
inflation in that number, but code it
The cost includes any significantly vai.ed
personal property as well as damage to ne
boat, if any such loss is reported (inciudin
the loss of any valuable gear that may nave
been on board). The code "0" should te used
only when “no damage" is specifically stated
and not when such boxes in a BAR are left
biank., If the accident is a fall overboard,
with no subsequent mishaps (capsizina, etc.)
then assume zero damages unless there ig
evidence to the contrary. For collicions,
fires, and capsizings, assume a code o* 7

if no camage information is given. THE=E IS
NO UMKNOWN CODE FOR THIS VARIABLE. Ceonsuls
witn one of the project leaders if ycu ¥eoi
tnat "unknown” is the proper code for .
particuiar case.

-

<
Y

S.

t

d

No damage (specificallv statea®

Siight damacge, scratched qgelcne- T

§200 or less

Moderate damage, littie ¢r no .7 . " ira.

damage perhans severa. <cratisa, Gae !

bent prop, some fiberaiass wor<, 1o,

500 or less

3 = Considerable damage, some strucrt.rs’ oav
fiberglass and/or interior work, "0

4 = Severe damaqe, hboat may te 4 “otian oL,

4000 or less

Severe damage, $AN00 or less

= Savere namace, over $64500

Some Jdamage, but extent unknown

1]

[a]
1)

(& 5]
(1]

~ O
"

Tor the first diqgit, code the number of nenp
who were iniured (do NOT include *those who A
For the second digit, use the code ~arreszon
to the least severe injury among tnese wne o

ode

e roday.
damacnsa

1s)
f11ure the
3

G

s

A
i

Sl

g

@
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column{s)  Variable Name Description and Coding Instructions

{ injured. Ffor the third digit code the most ®
severe injury among those who were injured.
If only one person was injured, then the least
and most severe codes shouid be the same. If
no one was injured, then use O for the least
severe injury and for the most severe injury.

l Injuries include burns, broken 1imbs, effects °
of exposure/hypothermia, etc.

No. of People Injured (Column 67)

—- 0=0
. 1 =1 ®
2 =2
3 =3
4 = 4
5=35
6 =6 )
> 7 = 7 or more ®
5 = Unknown
9 = Unknown, but some were injured
Severity (Column 68 - "least" - and 89 - "most")
8 0 = Minor cuts and bruises, or less, no treatment »
1 = Cuts, abrasions, bruises requiring treatment
2 = Injuries resultina in 24 hours or less of
incapacitation (missing work, etc.)
: 3 = Injuries resulting in more than 24 hours
incapa.citation, and'up to one week .
4 = Injuries resulting in one week to one month »
or incapacitation
5 = Injuries resulting in one to six morins of
incapacitation
6 = More than six months, but nct permanent
) 7 = Permanent disability, but not biindness
8 = Unknown »
9 = Permanent disability, blindness or blindness plus
S cdrdae to Use the code that hest describes the damaco to
Stror Vessel’s)  tne other vessel{s) in this accident. *07Z:
) [T the otner vessei(s) in this accident are
1150 in PRAM, then code "$0600" in columns 70 ’
througn 74. [f *here is no other vessel(s® in
this accident, otner than the one being cnded,
then use "CNON0" in columns 70 through 74.
) As before, the loss of personal droperty or N
gear is included as damaage. !'Incomplicated : .
falls overboard resulting from a collision L
) )
. ! 1
B8-10
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Column(s)

Variable Name

g

Y o =

CE]

injuries (Other
yessel(s))

........
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Description and Coding Instructions

may be zero damage. The code "0" should not
be used uniess the analyst is certain that
there were no damages. If no information is
given, and the accident was a collision,
then the code “7" is assumed. THERE IS NO
"UNKNOWN” CODE FOR THIS VARIABLE. Consult
with a project leader if you feel that
“unknown" is the proper code.

0
1

No damage

Slight damage, scratched gelcoat, etc.,

$200 or less

2 = Moderate damage, little or no structural
damage. Perhaps several scratches and a
bent prop, some fiberglass work, etc., up
to $500

3 = Considerable damage, some structural damage,

fiberglass and/or interior work, up to

$2000
4 = Severe damage, boat may be a total loss,
up to 34000

5 = Severe damage, up to $6000
6 = Severe damage, over $6000
7 = Some damage, but extent unknown

Note that a otal loss of a johnboat, for exampie,
might be classified as "3", or even "2, At it
only cost a few hundred dollars.

Code tne iniury data for the cther vessei[s)

in this accicant, remembering the guideiines
established for the previous coding of ~aluries.
" no one was injured, code “0" ir coi.rns

71 through 73.

an D

it it

7 or more
Unkrnown
Unknown, but some were injuried

([

OO YU ity — O
[
o JNC2IE - IS

Severity (Columns 72 - "least" -, and 73 - "most")
0 = Minor cuts and bruises, or less, no treatment
1 = Cuts, abrasions, bruises recuiring treatment
2 = Injuries resulting in 24 hours or Tess of

incapacitation (missing work, etc.)
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coiumnis Variaple Name Description and Coding Inst-uciions
A S = 1
7 = [njuries resulting in more tnan 24 hours : ]

incapacitation, and up to one week ®

irjuries resultina in ore week to one menin

of incapacitation

= Iniuries resultina in one to six montns of .
incapacitation : .

= More than six mentns, but not cermanent )

= Permanent disability, but not tiindness

= Unknown

= Dapmanent disability, blindness or blindness
plus

[N
"
N Y

(S 2}

o

O 0D ~1 O
'

74 ‘o, of Code the total number of fatalities on the cther
Fatalities vessel(s) using the codes below:
{Other Vessel(s))

= Unknown
= More than 7 i._h

WO St MLy — O
n
O LN O

Leave tnese cclumns blank.

CARD ¢

o
NP

Boat Numbar This is the PRAM case Numper ’

()

(5]
o

e oonnboat Code as foilows:

= Not a johnboat ’
Is & johnboat ]
Is a bass boat
Unknown

G,y — O

J? S04t weight Coce the weinnt of the boat (only) divided by 10

33 383 means unknowWn
398 means qreater tndan 13,060 ibs
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