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Abstract

In this study the drift prediction models currently used in search and rescue(SAR) operations -are
introduced and the basic differences among them are analyzed by comparing the target classification,
the treatment of environmental conditions, leeway equations and the determination of search area. In
addition the new methods under development including AP98 of U.S. Coast Guard are compared and

studied to improve the efficiency of SAR operation.

1. M 2 & 24971 A4 s 8 FPRAAR
Agale] g A5 QgL Ags A

4 8 72 el A4HE 2L & o kel met BY PeiAL YU £4F
FAH A2Ede AL PAANHLEYE A7 32 WAE AYAED o $AFAY WAL
of Aol wet A WoiAe 2dEAY 914 290 3% EFTA Yo, 4 B gl

¢ Fsjreta SR TAY

~111—



ute} Zeix]ed AA) AtndAeA A2 F4-
Hu 9+ =292 1) "= National SAR
manual, 2) GDOC(Geographic Display Operation
Computer) AMM(Automated Manual Method),
3) CASP(Computer Aided Search Planning)
version 1.1X, 22]3® 4) CANSARP(Canadian
Search And Rescue Planning) ¢} 47}Ajelc}.

A 4

wt al ru

o84 o]E Rdd AMEHZ e FASS
9 07F 1960 Chaplinfl}®) o473 AxE F2o

2 aed 19703909} 1980 ddle) dF ARES

2712 AR Holch webd o5 Ao 9

W, leeway WA

a7 A Sl o

df Ay, A 7HH‘2°J CASP 2.0, AP9%8 =
9, B4 o] AT #Xnd F
"451 2. Az P4 ¥ 7}11 g
ol +4H3 Q& ut AFelA ARFA 2d
o 543 AT BF
% o159 d3% F4aleiol ¥ Acich

.8 7t

gus

A3 e 2

2. ERAH ofs =2

4 ¥geletm ¥ 4 9t leeway FAEE OF AL A EFARE FAEY B
AY B ALARE AS oAs A 4% AT e PHoR ABdN dFT 414
o 2 e e sbA SAF WEel ¥ARR  BdE 7Y 4 ot o]Ee A¥Ae A%

<

7

I AR eg AT g 2A4x W9 &
Aeg wusEw gt o2 a5 Fold:e

=3 dfteg FHTde JA AYH v st

AZE olgd AR Buel AAHD 3,
fAGRH o 2ol WL F ZISE 753
AFHT Yk oS BITE ok AF DA
A% A3 olFo] Ax 4%l 24D Al

1

RAe A Aol

Fiﬂ

Table 1 National SAR Manual Target Classes, Values and References
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Type of Craft

National SAR Manual
Leeway Speed(knots)
(U is wind speed in knots)

Reference

Light displacement cruisers, outboards,

rubber raft without drogue 007-U + 0.4 Hufford & Broida(1974)
Light displacement cruisers, outboards, 005-U - 0.12 Hufford & Broida(1974);
rubber rafts with drogue ) ’ Scobie & Thompson(1977)
Large cabin cruisers 005-U Chapline(1960)

Medium displacement §a11boats, fishing 004-U Chapline(1960)

vessels

Heavy displacement deep draft sailing 003-U Chapline(1960)

vessels

Surfboards 002U Chapline(1960)
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Table 2 USCG GDOC AMM Leeway Target Classes and Values.

GDOC" Automated Manual Method

Type of Craft Leeway Speed(knots) .
(U is wind speed in knots) Divergence Angle(degree)

Light displacement cruisers, outboards, . "
rubber raft without drogue 007-U + 004 %
Light displacement cruisers, outboards, . _ +
rubber rafts with drogue 005U - 012 5
Large cabin cruisers 005-U +
Medium displacement sailboats, fishing 004-U + 60
vessels
Heavy displacement deep draft sailing 003 - U + 45
vessels ’ B
Surfboards 002-U £ 35
PIW 0.00
Anchored to Land 0.00
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Table 3 USCG CASP 1.1X Leeway Target Classes and Values.

CASP 11X
Type of Craft Leeway Speed(knots) .
(U is wind speed in knots) Divergence Angle(degree)
Light displacement cruisers, outboards, . . . + a2
rubber raft without drogue 0.07 - U(0.047 - U to 0.097 - U) 35
Light displacement cruisers, outboards, . . ] + 2
rubber rafts with drogue 0.05 - U(0.034 - U to 0.067 - U) + 35
Large cabin cruisers 0.05 - U(0.034 - U to 0.067 - 1) * 60
Medium displacement sailboats, fishing | o4 . 13¢0,027 - U to 0.053 - U) + 60
vessels
Heavy displacement deep draft sailing | 3. 15(0.020 - U to 0.040 - U) + 4
vessels
Surfboards 0.02 - U(0.013 - U to 0.027 - U) 35
PIW 0.00 0
Anchored/Land 0.00 0
User defined leeway
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Table 4 CANSARP. Leeway Target Classes, Leeway Speed & References.
L‘eew.ay Speed(l_(nots) Leeway
Type of Craft (U is wind speed in knots) Divergence | Reference
No Drogue Reference | With Drogue| Reference Angle(deg.)

PIW 0.026U 0.0%U 0 None
Surfboard 2.0%U Chapline(1960) 2.0%U 0 Nane
Baft(any Sia) CopSZE | 1 396U-0.12 | pymien wiory | 13%6U-012 | Mmoo None
1 Person Raft 3.7%U+0.04 2.8%6U-0.12 35
4 Person Raft 3.79%U+0.04 | Fitzgerald(1994) | 2.8%U-0.12 |Fitzgerald1993)| 35
6 Person Raft 3.7%U+0.04 2.83%U-0.12 3H
8 Person Raft 3.7%6U+0.04 2.8%U-0.12 K]
10 Person Raft 3.7%U+0.04 2.8%U~0.12 K3 Hufford and
15 Person Raft 3.79U+0.04 31%U-0.12 % |Broida@974)
20 Person Raft 3.7%U+0.04 3.1%6U~-0.12 | Fitzgerald(1994) RS
25 Person Raft 3.7%U+0.04 3.1%U-0.12 35
Power boat < 15 ft | 7.0%U+0.04 | firford and | 90%U-0.12 1 Husford and =
Power boat 15-25 ft | 7.09%U+0.04 | Broida(974) | 500415-0,12 | Broida1574)
Power boat 25-40 ft 5.0%U Chapline(1560) 5.0%U 5
Power boat 40-65 ft 5.0%U 5.0%U
Power boat 65-90 ft 4.0%U Chapline(1960) 4.0%U Chapline(1960) 45
Sailboat 15 ft TO%U00 | gyt and | 599U-012 | mugtora and |
Sailboat 20 ft 7.096U+0.04 | Broida1974) | 5.09415-0,12 | Broida(1574)
Sailboat 25 ft 4.0%U 4.0%U 45
Sailboat 30 ft 4.0%U Chapline(1560) 4.0%6U 45 e
Sailboat 35 ft 4.0%U N/A Chapline(1960) 45 Broida(1974)
Sailboat 40 ft 4.0%U 4.0%U Chapline(1960) 45
Sailboat 50 ft 3.0%U 3.0%U
Sailboat 65-75 ft 3.0%U Chapline(1960) 3.09%U Chapline(1960) 45
Sailboat 75-90 ft 3.0%U 3.0%U
Ship 90-150 ft 3.0%U 3.0%U 45
Ship 150-300 ft 3.0%U 3.0%U 45
Ship > 300 ft 3.0%U 3.0%U 45
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WlOm = Wind velocity adjusted to 10m height

L- Leeway vector
L 2 = Leeway angle

Ll
l WlOm |

DWL = Downwind Leeway Component
CWL = Crosswind Leeway Component

= Leeway Rate

Fig. 1 Relationship between the Leeway Speed
& Angle and the Doenwind & Cross-
wind Components of Leeway
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Table 5 Leeway Classes and Value Proposed for CASP 2.0

Class Leeway Rate Leeway Angle T:ﬁ?ﬁg ,II‘;?;?‘};I d T;iﬁﬁf; I{,ii‘::}fol q
Anchored on Land Default to zero 0.0 0.0 995 )
Empty PFD Default to zero 0.0 0.0 999
Flotsam Default to zero 0.0 0.0 995
Surfboard Default to zero 5.0 100 40.0
Qil Slick Default to zero 0.0 0.0 999
PIW w/PFD Default to zero 0.0 0.0 999
PIW w/o PFD Default to zero 0.0 0.0 40.0
Raft w/ Canopy Default to zero 5.0 100 40.0
Raft w/o Canopy Default to zero 5.0 100 40.0
Power Boat Default to zero 100 100 40.0
Sail Boat Default to zero 15.0 100 40.0
Fishing Vessel Default to zero 15.0 100 40.0
Ship Default to zero 20.0 100 40.0
User Defined Default to zero 0.0 0.0 999
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Table 5 Downwind and Crosswind Component of Leeway Values for AP98 Model

Leeway Target Category DWL +CWL -CWL
J IR |Jb
‘Lelvel Le;el Le:;rel Le:el Stope| Y | Sy [Slope| Y | Sy |Stope| Y | Sy J
096 00 | 120{054] 00 | 94 |-054[ 00194 1{ 0 0| 1
Verti. 0481 00 } 83 |015| 00 | 67 |-015}00 |67 | 0 | 0| 1
PIW | Sitting 160 [-398] 242 10131033 | 2.11 |{-013(-033(2.111 0 | 0| 1
Survival Suit 171 1112 1 393 | 1.36 [-3.30| 1.71 |-0.13|-265(162| O | 0| 1
Horiz | Scuba Suit 06300 | 53 |1031 | 00 ] 45 {-031100 |45 0 {01} 1
Deceased 1301 00 | 83 ]074) 00 | 67 |-074/ 00167 | 0 1
No 3701 00 1120|198 00 | 94 [-198100 |94 | 0 |0 [ 1
no can [ 534 | 991 | 982 {226 | 1.04 | 908 {-226(-1.04{9.08; 0 | 0| 1
Ballast jno dro
Mariti no can | 3.15 (-447{ 40 | 151 | 0.0 50 {-151100 50| 001
me w/ dro
System ican 3391 00 | 24 |149| 00 | 24 [-149|100 (24| 0| 0| 1
no dro
Surviv can 265( 00 |1207142] 00 | 94 (-1421 0094 0 [0 1
al no dro
Life | Shallow 2681 00 1120|110 00 { 94 {-110j00 |94} 0 |01} 1
Ballast nodro (296 00 ( 15 {121 00 | 1.7 {-121{ 00 {17 { 0 | O
Syste {w/dro 231 0.0 40 [ 095 | 0.0 35 [-0951 00135 0|0 1
Craft
Ms &
Rafts | Canopy \capsiz | 165 | 00 | 24 [024 | 00 | 24 [-024{ 00 [ 24| 0 |0 | 1
Deep Ballast
Systems & 352 -251 61 |062(-30} 35 [-045|-02] 36 |262]-1}{ 2
Canopies

Slope=Slope of Wiom(%); Y=Y-intercept(cm/s); Syx=Std. Error of Estimate(cm/s);

J=Junction Wigm(m/s)for +/- CWL equations;

R=Rule(-1, 0, +1) for applying CWL equation below Junction Wiom;
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Fig. 4 The Leeway Drift Areas for AMM,
CASP1.1X and AP98.
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