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Analysis of Drift Prediction Formula Used in the Search and Rescue Mission
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Abstract

In search and rescue mission the leeway formula based on the field experiments are
utilized for the estimation of wind effect on distressed targets. This paper summarized
the leeway formula from the available references. In the summary the environmental
data collection method and experimental conditions are described along with the formula.
Also the formula currently used in CASP of the U.S. Coast Guard and CANSARP of the

Canadian Coast Guard are discussed.
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Table 1 Leeway Studies Using the Indirect Method

%

6315 TFHAE(Givens)?) 3FF7t Ag=EES
2% 19354 AdeAE 4PA ey FHEdEE
(Switlik, Givens, Avons, Winslow)s} 339 434
i (Beachcomber, Aqua-sports, Boston Whaler)&
A MTSE EAH o2 AH3IT AHEA
e FHITEA 2 J1EAA, HAE dEle AF
AEAuEo] FaAE N, 2dAtE dAlste] o1 7
Adrze) Ak E5HYSe] ARG

8 dEJA) = Hiraiwa 52 AHY o}F 1977
Qe o)A 2 sfSAEaE o= BF AYS

Study » Current Measurement Wind Measurement Navigation of Target
Pingree(1944) upper 5 m at 3 m not reported
Chaplin(1960) 5x100 m drift net Buoy tender Radar & visual

Bearing & range

Hiraiwa et al.(1967)

Gill net several miles long

Ship’s anemograph

Bearing & range

Dye marker, aerial

Burke(1972) photography every 5 min.

Research vessel
(Bellows)

Loran(Bellow)
Aerial photographs

Hufford and Broida
(1974)

Dye patch, aerial
photography every 5 min.

Cup anemometer
at 2 m reading
at 5 min intervals

Scaling of aerial
photographs by
landmarks and altitude

85 m dia. parachute
drogue, tracked by ship,
20 min sampling

Morgan et al.(1977)

USCG ships

Range(radar)
Bearing(visual or radar)

Suzuki and Sato 3.9 m long drifter

Research vessel

Radar

1970 (bamboo pipe)
Scobie and 5 m buoy with 3x3 m USCG ship, hourly Visual & radar bearing,
Thompson(1979) window shade drogue reading range from the ship

Buoy with window

Osmer et al.(1982) shade drogue

USCG ship,
15 min reading

MRS for range, visual
bearing using ship’s
pelorouses, ship’s
position Loran A or C

Drifters(dia. 11.3 c¢m,

at 3 m

Decca

Suzuki et al.(1984) | Same as above

at 3 m

Decca

Surface drifters
tracked by MTS
at 2 min intervals

Nash & Willcox
(1985, 1991)

Anemometer, 2 m,
3 sec average, every
30 or 40 sec

Microwave Tracking
System

Fitzgerald et al. Surface drifter

R.M.Young anemometer

Loran-C, 5 min

3 m, 10 min

(1990) tracked by Loran-C Ship and Life raft

. C-MAN station Triangulization from
Su(1997) Surface drifters(board) anemometer, 7m hourly | shore using transit
Kang (1998) surface drifters(vinyl) Station anemometer, Triangulization from

shore using sextant
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Table 2 Leeway Studies Using the Direct Method

24

Study

‘Wind Measurement

Navigation of Target

Fitzgerald et al.
(1993)

Current Measurement

EMCM at 0.7 m depth,
10 min average

RM. Young anemometer
2mor 3 m, 10 min
average

Argos positions

Fitzgerald et al.
(1994)

EMCM at 0.7 m depth,
10 min average

R.M. Young anemometer
2 mor 3 m, 10 min ave.

Data loggers stored
GPS posttion, every 5 min

EMCM at 3 m depth,

Cup anemometer at 2 m,

10 min average

2m or 3 m, 10 min ave.

Kang(1995) 5 min average reading at 5 min intervals Loran C, every 10 min
- EMCM at 0.7 m depth, { RM. Young anemometer Data loggers stored
Fitzgerald(1995) 10 min average 2mor 3 m, 10 min ave. GPS position, every 5 min
Allen(1996) EMCM at 0.7 m depth, | RM. Young anemometer Data loggers stored
en 10 min average 2 m or 3 m, 10 min ave. GPS postition, every 5 min
Allen(1996) EMCM at 0.7 m depth, | RM. Young anemometer Data loggers stored

GPS position, every 5 min
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Table 3 Summary of the Leeway Experiments

. Target Description Ref. Crglfaxrilgg(tm Leeway Equation Lﬁfgg
Mark 1 life raft
Mark I life raft drogued
Mark IV life raft 7) & Expressed with Graph
Mark VII life raft undrogued
Ammy E 1 life raft
Surfboard L=002-W
Heavy-displacement deep—draft _ N
sailing vessels L =003-W
Moderate-displacement moderate- go tion
draft sailing vessels and fishing Wen
vessels such as trawlers, trollers, 8) mgze L=004-W
sampans, draggers, seiners, tuna
boats, halibut boats, etc. of the
Moderate—-displacement cruisers drogues | L =005-W
Light-displacement cruisers,
outboards, planing hull type, L=006-W
skiffs, etc.
605 m Fishery training vessel 9)
33.0 m Fishery training vessel
RFT-1 2/4-man life raft . 0.08~0.301 knots -65° ~7
- No differ- -
RFT-2 7-man life raft entiation 0.157~0.357 knots 57" ~12
RFT-3 25-man life raft greggggn & 0208~0.445 knots 69" ~6
16 ft Boston Whaler 1) no drogue | 0.325~0.371 knots -85 ~32
(data for - ‘
26 ft pleasure boat wind 6~ | 0.22~0.353 knots -85° ~24
16 knots) " N
65 ft Research vessel(Bellows) 0.109~0.369 knots -57° ~4
drogued = 0.06 - Winot — 0.12
21 ft Mariner ogued | Liow oot 46" ~44
undrogued | Linot = 0.06 «+ Winee + 0.01
drogued = 0.06 * Wimot — 0.02
162 ft Glastron ogued | Linx kot 36" ~46
undrogued | Lot = 0.05 * Wit — 0.09
15 ft Barge undrogued | Lot = 0.08 - Wimet - 0.08 -46° ~44
‘ 12) | drogued = 004 * Winot — 0.07
12 ft Silver Skif ogued | Lion koot 31" ~51
undrogued Lknot = 007 . Wknot + 011
drogued = 0.4 * Wit — 0.20
12 ft Rubber raft ogued | Lioa foot 35 ~25
undrogued | Linot = 0.06 » Wit + 0.17 ‘
L, - drogued | Lot = 0.05 * Winor = 0.12
Recomimendation(Small craft) ' “‘g d e
e ‘ o undrogued | Lins = 0.07 * Winae + 004
61.8 m Fishing vessel m Linet = 0.081 - Wiys
450 m Research vessel Linot = 0.054 - Wpys
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Table 3 Continued
Target Description "|Ref. c;ﬁfggﬁ Leeway Equation Lm?ey
Mark 7 7-man life raft
20 man life raft
16 ft Qutboard motor boat 10)
18 ft Outboard motor boat
30 ft Utility boat
Switlik oblong 6-man life raft Linot = 0.034 - Wi + 0.090
Givens 25 man life raft 13) Lot = 0.054 « Wigee = 0.177
Goodrich circular 20 man life raft Limot = 0.049 - Wit + 0.024
Recommendation(Life raft) : | Ling = 0.042 - Wiger + 0.060 +45°
AVOH_S 6-man canopy life raft drogued | Yyaa atter 15min = 479 — 6.3%Xumot 99+90°
Switlik 6-man canopy life raft
Switlik 4-man canopy life raft 14) undrogued| Yyad after 15min = 59.7 + 26.6Ximot BS5E28°
USCG Mark 7, 7-man non-canopy drogued | Yyard afer tomin = 559.2 = 1AXinr | 133103°
life raft undrogued| Yyard after 15min = —1303 - 109.6Xinee | BE21.5°
Life jacket
Life ring(od 76 cm, id 425 cm)
Glass ball with fishing net(4.6 kg)
Glass ball(lW 3.75 kg, d 30.25 cm)
Fish box lid(121x61x10 cm) 18) Expressed with Graph
Bamboo(3.9 m long)
Wooden board(152x9.5x2.3 cm)
FRP boat(2.47x11.0x0.43 m)
PIW
uﬂ‘}r%ag‘ifgg Linot = 0113 + Wiysctom
MTB-8 4-man lifq raft & unloaded
TRB-13B 6-man life raft & drogued | 0-054 * Win/sienot<0.101 - Wiy
MTB-25 12-man life raft 19) 1 gd =
dr(())agued Lot = 0.084 * Wansaom
PIW vertical | Limot = 0.01 - Wiysaom + 0.061
RFD 6-man MKS3A life raft undrogued| Tin, = 0.0568 - Wigaaom + 0145 -30° ~75°
Switlik 4-man life raft 15) [undrogued| Lino: = 0.0083 * Winottiom + 0100 |-43° ~45°
Givens Buoy 6-man life raft undrogued| Loy = 0.0064 - Wigoraom + 0.100 -29° ~49°
. undrogued| Ling = 0.0471 - Winmaom - 01375 0" ~50°
Beavtort 4-man fife raft %) " Grogued | Lig = 00338 - Wigoiaom — 01 0 50
Switlik 4-man life raft undrogued| I(downwind)imet = 0.0183 - Winerom *+ 0.0393
Givens Buoy 6-man life raft undrogued| L(downwind)knet = 0.0102 * Wimetaomy — 0.0023
Avons 4-man life raft undrogued| L(downwind)ime: = 0.008 * Winou10m)
Winslow 4-man life raft . drogued | L(downwind)kme: = 0.070 - Winot1om
%I%;fsttogu%gr—type) 6 undrogued| L(downwindne = 0.0344 + Wigaaom + 0.0427
(21 Quboard. sport fisherman) undrogued| Ldownwind)im: = 0.0602 + Winoriom = 0.0851
20~ft Cabin cruiser undrogued| L(downwind)inot = 0.0090 * Wigottom ~ 0.0813
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Table 3 Continued

M

¥l

.. Target . Leeway
Target Description Ref. Condition Leeway Equation Angle
Beaufort 5-sided 4-man life raft undrogued| Ty, = 0.049 - Winetaom ~ 0.159 ~19° ~36"
Beaufort 5-sided 4-man life raft drogued | Liyo, = 0.021 - Wisoraom ~ 0.011 -9° ~28°
Beaufort 6-sided 4-man life raft undrogued| Tyno = 0.034 * Winotaom) ~ 0028 |-15° ~11°
Beaufort circular 20-man life raft undrogued| Line: = 0.039 « Wimotaom — 0059  [-21° ~19°
Beaufort circular 20-man life raft drogued | Liger = 0.031 * Wigeraom — 0070 |~18° ~30°
56 m open plank boat undrogued| Ligy = 0.029 « Winoiom + 0.077  |-28° ~19°
SOLAS approved 22-man life raft undrogued| Ly, = 0.038 * Winotiom —~ 0.082 -7 ~37°
11011 Aircraft evacuation slide undrogued| Liny = 0.028 * Wiettiom —~ 0.011 ~35 ~17"
USCG sea rescue kit 2(:53))’ undrogued| Ligy = 0.025 « Winetom ~ 0.044 ~-12° ~¢°
Tulmar 4-man life raft undrogued| Ly = 0.032 * Winotaom + 0035 |-27° ~18°
Tulmar 4-man life raft drogued Lot = 0.019 - Wigoriom) + 0014 |~15" ~9”
‘ R 1 Model g1v1n hest Ieeway -speed: SR
2 | undrogued :Model %iu% Wimettom - 0159 -7
e Y o Lkngl aw&ﬁ%)‘lfeeway 53&8035
"Recommendation(Life raft) - : TV = - l{mt(wm)
n i Lo L ] gwm est leeway -speed:
drogued Niolh Linot = %:“jv y\I’km«mm) ﬁegdmo -
T i (& gle% owesl leeway S !
e Do 9 « Winotaiomy +-0.013
Switlik G—Derson life raft with 24) undrOgued Ilknot; = 0.032 - Wknot(l()m) ~ 002
4 small ballast bags drogued | 1, . = 0.019 - Winoiom * 0.035
125 m Korean fishing vessel 27) |undrogued| 1, = 0.01 + Wiysaom + 0.061 -5 ~ -15°
Cuban refugee raft with sail Lenvs = 8.0%Waysaiom 0x45°
Cuban refugee raft without sail ) Lews = 1.5%Waystiom 0£30°
15 m fishing vessel with rear-reel 30+15°
for net fishing Lows = 4.0%Whystom 230+15°
Lems = 3651 1.66%Wivs (wio-10me) -6x11°
55 m wooden-planked open boat: empty _ 88
(upright and empty) and (swamped) Lemss = 36855 1.66%Waws wioams | _g5g:
swamped| Lems = 1.7310.46%Wawsaom 0x£10°
Switlik 6-person life raft with full empty | Lems = 1.9570.42%Woiysaom) 8%5°
toroidal ballast bag: (upright and
empty) and (swamped) %) | swamped| Lews = 0.79%0.17%Waysciom 0£10°
Switlik 6-person life raft with empty | Lens = 2.82F70.449Woystiom 0£10°
4 small ballast bags: (upright and
empty) and (capsized) swamped| Lewvs = 1.1320.23%Wivstiom) 0t10°
Beaufort 5-sided 4-man life raft: empty | Lows = 1.937058%Wavsom 12+8°
(upright and empty) and (capsized) swamped| Lews = 0.89%0.12%Waystom 0+10°
PIW 21) Lcm/s = 0.0126(Wair_wwater)
PIW in survival suit horizontal | Lews = 0.0323(Wair~Wivater) 18£45°.
PIW with diving wetsuit - vertical | Lenys = 0.4%Wiystiom ‘
PIW(Scuba diver) horizontal | Leqys = 1.3%Wavsom)
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Table 4 USCG CASP 1.1B Leeway Target Classes and Leeway Formula

Type of Craft Leeway in knots Reference
Light displacement cruisers, outboards, . . . \
rubber Taft without drogue 0.047 * Winot to  0.097 - Winer | Hufford & Broida(1974)
Light displacement cruisers, outboards, . . Hufford & Broida(1974);
rubber rafts with drogue 0.034 * Winor  to 0.067 * Wit Scobie & Thompson(1977)
Large cabin cruisers 0.034 - Winot to 0.067 * Winer | Chapline(1960)
Medium displacement sailboats, fishing | 057 . Wy, to 0.053  Wige | Chapline(1960)
Heavy displacement deep draft sailing | 6,090 . Wi, to 0.040 - Wiger | Chapline(1960)
Surfboards 0.013 - Winer to 0.027 * Wine:| Chapline(1960)
PIW 0.00

Table 5 Canadian Coast Guard Leeway Target Classes and Leeway Formula

Type of Craft No Drogue Reference ‘With Drogue Reference
PIW Linot = 2.0%Wimot Lot = 2.0%Winot
PIW - PFD Liot = 2.0%6Wigot Lot = 2.0%Winot
1 Person Raft Liget = 4.3% Wit + 0.04 Licot = 2.8%Wiger = 0.12
4 Person Raft Linot = 4.3%Winor + 0.04 |Fitzgerald1993) | Lot = 2.8%Winot — 0.12 |Fitzgerald(1993)
6 Person Raft Linot = 4.3%Winot + 0.04 | Limot = 2.8%Wine: — 0.12
8 Person Raft Linot = 4.3% Wit + 0.04 Liget = 2.8%Winor — 0.12
10 Person Raft Limot = 4.3%Wimot + 0.04 Linot = 2.8%Wiger — 0.12
15 Person Raft Lot = 4.3%Winet + 0.04 Linot = 3.1%Winee — 0.12
20 Person Raft Linot = 4.3% Wit + 0.04 Linot = 3.1% Wi — 0.12 |Fitzgerald(1994)
25 Person Raft Linot = 4.3%Winot + 0.04 Tinot = 3.1%6Winot — 0.12
Power boat < 15 ft | Liget = 7.0%Winet + 0.04 | Hufford and Linot = 5.0%Winot ~ 0,12 | Hufford and
Power boat 15-25 ft| Linor = 7.0%Winot + 0.04 | Broida(1974) | Liot = 5.0%Wimet — 0.12 | Broida(1974)
Power boat 25-40 ft| Linot = 5.0% Wit Chapline(1960) Linot = 5.0%Winat
Power boat 40-65 ft| Linot = 5.0%Winot Linot = 5.0%Winot
Power boat 65-90 ft| Linet = 4.0%Wimot Chapline(1960) | Linot = 4.0%Wimot Chapline(1960)
Sailboat 15 ft Linot = 7.0%Winot + 004 | Hufford and | Liot = 5.0%Winet — 0.12 | Hufford and
Sailboat 20 ft Lioot = 7.02%6Winot + 0.04 | Broida(1974) | Linot = 5.0%Winot = 0.12 | Broida(1974)
Sailboat 25 ft Liot = 4.0%6Winot Liwot = 4.0%Winot
Sailboat 30 ft Linot = 4.0%Wimot Chapline(1960) Linot = 4.0%Winot
Sailboat 35 ft Ligot = 4.02%6Wigot N/A Chapline(1960)
Sailboat 40 ft Lot = 4.0%6 Wit Linot = 4.09%Winot Chapline(1960)
Sailboat 50 ft Liot = 3.0%Wimot Liot = 3.0%Winot
Sailboat 65-75 ft Licot = 3.02%6Winot Chapline(1960) | Limot = 3.026Winot Chapline(1960)
Sailboat 75-90 ft Linot = 3.0%Witnot Lot = 3.0%Winot
Ship 90-150 ft Linot = 3.0%Winot Linot = 3.09%Winot
Ship 150-300 ft Lot = 3.0%6 Wit Linot = 3.096Wiot
Ship > 300 ft Lot = 3.02%6Wiknot Liwot = 3.0%Winot
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