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This report describes a series of experiments by the Coast Guard

Oceanographic Unit in the study of small craft leeway. The report tabu-
lates the data collected during the experiments and reports on a pre-
liminary analysis of the relationship between small craft leeway speed
and wind speed. This preliminary analysis indicates that leeway of boats

less than 30 feet in length is about 6% of the wind speed at 20 to 30

knots wind speed.

BY.....

ACCESSION for

s White Section 38
006 Buff Sectin O
UNANNOUNCED O
JUSTIFIGATION. .o .

DISTRIZUTION/AVAILARILITY CODES

Dist.  AVAIL and,or SPEGIAL

Editor's note:

this publication does not indicate,
publication in whole, or in part or otherwise,
endorsed, authorized, or

Reference to a product or comment with respect to it in
or permit any person to hold out by re-
that the product has been
approved by the Coast Guard.




q
TABLE OF CONTENTS
Page
AbStract----=emmmmmm===smmmmemsm-s—ssmmmmseseoSsSosoooosoocsosossososs 3
Table Of CONtENLS -w----m--====mm-=co--=m=-c-coscmsomosoocoscsooooooss 5
List of I11ustrations --------=-~-===-=-----s=s---o-oo-osooooosoosoSoSs 5
List Of Tableg~=--e-civmmccccccmsenmmcemmmomeorencossosanossssssomoas 5
INtroduction----m--esmmmmm-c--m=mm-mocsssssssscosoSsSSSSoooSSTETTTOT 7
Data Collection-----=-~====---====-m-====c=-s-oocoooosSooooooSEoEoTT 8
Dt ROPOYt--r-=m--rmrorcesmmmmemamsmasesnomosnemmsamnsmnsmnSnnmRTnToS 9
Preliminary Leeway vs. Wind Speed Graph-----~---------cso-ccocoocos- 9
Appendiz 1 - Dete Listing-rererrroramnranconsnammmenmmnoansmmrmm e I~1
Appendix 2 - FORTRAN Leeway Program--------=====-=-=----==-===co-ooss I1-2
LIST OF ILLUSTRATIONS
Figure 1 - Life raft leeway fadapted from Pingree, 1944)---==--=-=-= 15
Figure 2 - Surface Current drogue€s--------------~c=--=-=--cooooosoo=s 16
Fignre 3 - Mark-7 inflatable life raft.cccccccccmmmmcc—mmmm—mm—eeee- 17
Fioure 4 - Sixteen foot outboard motor boat.e--e----------=-o-oo-e- 17
Figure 5 - Eighteen foot motor 12NCh.cmcmcccccccmmmmc—m—mmm—m—me——— 18
Figure 6 - Thirty foot utility boat.--------------soo---omsmossmomos 18
Figure 7 - Sample leeway graph SegmentSe----------------------=- —— 19
Figure 8 - Sample smoothed leeway graphem-cmcmcmmmececmommmmcmmaomee 19
Figure 9 - Preliminary leeway vs. wind speed graph-------------~c=e- 20
LIST OF TABLES
1. Leeway rates (adapted from Chapline)-a---~-aoo-mmem-moommooccoo-s 11
2. SARR CTUiS€S.—mm---=c-=mmmmm--ccmm-o-—-o-ssosomooooossoosooooosss 12-13

R T NN g R —




h..—n B3 L a3 s

*

ki i

MRSy e o

EXPERIMENTS IN SMALL CRAFT LEEWAY
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|
l
!
INTRODUCTION i
‘ |

Leeway as described in the National Search and Rescue (SAR) Manual, CG-308, i

{

is the effect of wind on a drifting craft. There has long been an interest
in providing better data for the computation of leeway in search planning.
F | Early efforts in this area include the work of Woods Hole Oceanographic
Institute (Pingree, 1944) on life raft leeway during World War II (fig. 1),
and experiments conducted by Chapline (1959) in Hawaii (Table 1). The SAR

Manual, however, only presents leeway curves for life rafts. More complete

curves of leeway were recognized as a development which could improve search

planning. Accordingly, in 1967 the Coast Guard Oceanographic Unit undertook
to develop and conduct controlled experiments to measure small craft leeway.
The persons most directly concerned with planning and carrying out these

experiments include J. H. Seabrooke (1967 - 1968), R. C. Clasby (1967 - 1968),

DRSNS S

A. W. Garcia (1969 - 1970) H. B. Gehring (1970), R. Still (1970 - 1971), R. C.
Murrell (1970 - 1971). These experiments began in January 1968 with the first ‘ !

search and Rescue Research (SARR) cruise. A total of three cruises were made

that year. The result of these cruises established guidelines to follow for

future cruises. In June 1969 Barbados Oceanographic and Meteorological Experi-

E | ment (BOMEX) successfully utilized the established methods to obtain many hours
of drift data on the 7-man life raft. Valuable data on a variety of drift
objects were collected during a series of cruises during the period January
1970 to March 1971. The primary purposes of this report are to present the

4 | data collected on these cruises and to present a preliminary analysis, based

on the January 1970 to March 1971 data, of the relationship hetween leeway and b3

wind speed for various small craft. In 1975 this preliminary analysis, i




and similar work by the Coast Guard R&D Center, Groton, Conn. (Hufford and
Broida, 1974) revealed that the tables found in CG 308 are suspect at mod-
erate to high wind velocities, and confirmed that various types of survival
craft have different leeway characteristics.
DATA COLLECTION

Since leeway is the motion of a floating object relative to the water,
a particularly simple and effective way to collect leeway data is to track
the trajectories of drifting craft relative to a surface current drogue.
Additionally, tracking the current drogue relative to a fixed target or
navigational fixes of the research vessel will yield information on the sur-
face current. The drifting craft and surface current drogue used in these
experiments are illustrated in figures 2 through 6. The drift ohjects were
tracked by recording the ranges and bearings of the drift obiects and the

current drogue. Range was measured by the ship's radar; bearing was measured

e il

visually (preferably) or by radar. Wind speed and direction were measured

by the vessel's anemometer or a Bendix Frieze wind speed sensor. Data was

collected nomally every 20 minutes, although the period sometimes varied
from this. Ship's speed and course were recorded from the engineering log

and the gyro compass respectively.

Model SST-119XA radar transponders manufactured by Motorola Inc. of
Scottsdale, Arizona were installed on the drift objects and current drogue.
The power pack consisted of twe 12-volt DC lead acid batteries connected in
series and attached to the transponder by Marsh and Marine connectors. To pro-
vide visual identification in the dark, each object was fitted with a
distinctive xenon flashing light, model 300-100R, manufactured by Guest
Corp., W. Harford, Conn. The drifting craft were generally weighted with

surplus anchor chain to simulate occupancy and missing machinery.




DATA REPORT
General information on all the cruises carried out under this project
are shown in Table 2. Apvendix 1 contains all the raw data collected on
these cruises. These forms are basically self-explanatory, but for complete
clarification, the columns are explained at the beginning of Appendix 1. The
dataare also on file at the Coast Guard Oceanographic Unit in the form of com-

puter cards in a similar format as Appendix 1.

PRET.IMINARY LEEWAY V&, WIND SPEED GRAPH

With the objective of preparing a preliminary leeway vs. wind speed
graph for use in SAR,the data from five cruises were reduced as described
below.

First, leeway speed was computed trigonometrically from the change in
displacement of the small craft relative to the surface current drogue
during the observation period; then the observed leeway and the observed wind
were used to compute leeway speed as a percent of wind speed.

Finally, for each type of small craft, the observations were sorted into
intervals centered on 2.5, 7.5, 12.5, 17.5, 22.5, and 27.5 knots, and the
average leeway percent was found for each interval. The speed of leeway was then
plotted against the wind speed in knots to attain the leeway of each type of small
craft within the intervals, producing a series of graph segments (figure 7) which
were then smoothed (figure 8) to produce the preliminary graph (figure 9).
Figure 9 also shows the results of similar experiments conducted by the Coast
Guard Research and Development Center (Hufford and Broida, 1974). The general
agreement between the two sets of results, particularly for winds above 18 knots,
is fairly good. The apparent relatively high leeway associated with low wind

speeds might be an artificiality resulting from leeway speed data scatter remaining

above a threshold value even when wind speed becomes quite low.




iy e gl e T i ks i o y Xy S s = » " o g
s R N R e Pt ey S e B - ot sttt o T e B e =i =L S

b REFERENCES

Chapline, W. E. (1959) Estimating the Drift of Distressed Small Craft.
j Coast Guard Alumni Association Bulletin, USCG Academy, New London, CT.
b | p. 39-42.

Hufford, G. L. and S. Broida (1974). Determination of Small Craft Leeway.
CGREDC Technical Report 39/74. U.S. Coast Guard.

Pingree, F. deW., (1944) Forethoughts on Rubber Rafts, Woods Hole Oceanographic
, Institution. 26 pp.

10




DEEPERINE S gt -

TABLE 1

LEEWAY RATES (ADAPTED FROM CHAPLINE (1959))

TYPE OF BOAT
Surfboards

Heavy displacement, deep draft
sailing vessels

Moderate displacement, moderate
draft sailing vessels and fishing
vessels such as trawlers, trollers,
sampans, draggers, seiners, tuna
boats, halibut boats, etc.

Moderate displacement cruisers
Light displacement cruisers,

outboards, planing hull types,
skiffs, etc.

LEEWAY AS PERCENT OF WIND

2%

3%

4%
5%

6%




TABLE 2 - SARR CRUISES

DRIFT
¢ CRUISE VESSEL DATES LOCATION OBJECTS RESULTS
- SAR Research #1 USCGC 4-12 JAN Vicinity X 38 hr of
EVERGREEN 1968 Nantucket Liferafts drogue
Lightship intended observations
but heavy
weather
prevented
deployment
SAR 9/68 USCGC 19-23 Vicinity X 10 hr
Research #2 EVERGREEN SEPT Nantucket 7 tracking
1968 Lightship 20 drift
objects
SAR 10/68 USCGC 21-25 OCT Cape Cod X 212 hr
Research #3 YVERGREEN 1968 Bay 7 tracking
20 drift
objects
BOMEXC USCGC 22-29 17° 35'N X 160 hrs
COURAGEQUS JUNE 54° 35'W 7 (83 hrs use-
| 1969 BOMEX able)
L STATION BRAVO
BOMEXL USCGC 11-15 15% 23'N X 83 hrs
{ LAUREL JULY 56° 35'W 7
1969 BOMEX
STATION BRAVO
ROSARR 1-70 USCGC 15-18 JAN 35N 72w X 169 sampling
ROCKAWAY 1¢70 100 mi east 7 periods of
of Cape 16 20 minutes
Hatteras each
ROSARR 5-70 USCGC 5-10 MAY Argus Island X 206 sampling
ROCKAWAY 1970 Tower 22 mi 7 periods of 20
SSW of Bermuda 16 minutes each
EVSARR 9-70 USCGC 11-25 SEP 37N 71w X 1539 sampling
EVERGREEN 1970 125 mi east 7 periods of 20
of Cape 16 minutes each
Hat teras 18
EVSARR 12-70 USCGC 4-12 DEC Argus Island X 394 sampling
EVERGREEN 1970 Tower 22 mi 7 periods of 20
SSW of Bermuda 16 minutes each
18
30
EVSARR 2-71 USCGC 25 FEB - Argus Island X 939 sampling
EVERGREEN 4 MAR Tower 22 mi 7 periods of 20
1971 SSW of Bermuda 16 minutes each
18
30
Drift Objects: X - Surface Current drogue 30 - Thirty foot wooden boat
1 - One man life raft hull
7 - Seven man life raft

16

Sixteen foot plastic boat hull

18 - Eighteen foot plastic boat hull
20

Twenty man life raft

12
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Table 2 (continued)
The drift craft in all cases, except for the rafts, are presumed not to have
been attached to a sea anchor. For the rafts, on 5 of 8 cruises there is a
definite statement that the rafts were attached to sea anchors; on the other
3 cruises there is no definite statement. It is presumed that the rafts were

attached to sea anchors in all cases.




i Figure 1—LIFE RAFT LEEWAY (adapted from Pingree, 1944).
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8 Figure 2—SURFACE CURRENT DROGUE.
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Figure 3—MARK-7 INFLATABLE LIFE RAFT.
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Figure 4—SIXTEEN FOOT OUTBOARD MOTOR BOALT.
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Figure 5—EIGHTEEN FOOT MOTOR LAUNCH.
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Figure 6—THIRTY FOOT UTILITY BOAT. |
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1 Appendix 1
This appendix contains a listing of the observational data used in

technical report.
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