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SUMMARY 
 

In its Notice of Proposed Rulemaking in this proceeding, the Commission solicited 

comment on its tentative conclusion to reinstate its June 2010 Order prohibiting certification, 

manufacture, importation, sale, or use of 121.5 MHz-only emergency locator transmitters 

(ELTs).  The Commission also requested comment as to the appropriate effective dates for such 

prohibitions.  Based on NTIA’s review of the record, and the impact on federal search and rescue 

(SAR) agencies if continued use of 121.5 MHz-only ELTs is permitted, we believe that public 

policy supports the measured elimination of 121.5 MHz-only ELTs.  Continued use of 121.5 

MHz-only ELT technology increases the risk and cost of search and rescue operations. 

As demonstrated below, 406 MHz ELTs are superior to 121.5 MHz-only equipment in 

their ability to increase the efficiency and accuracy of search and rescue operations, thereby 

minimizing threats to life and property, reducing costs of federal and state search and rescue 

operations, and improving the likelihood that such operations will be successful.  There is also 

strong support in the record for prohibiting the certification, manufacture, importation, sale, and 

use of 121.5 MHz-only ELTs after reasonable transition periods. 

The costs to aircraft owners to transition from 121.5 MHz-only to 406 MHz ELTs have 

declined in recent years and likely will continue to do so in the years to come.  These costs are 

significant but must be balanced against other compelling factors in this proceeding, such as 

social costs.  SAR service organizations estimate that replacing 121.5 MHz-only ELTs with 406 

MHz devices will lead to significantly reduced risk to SAR service personnel (and SAR 
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equipment) and fewer passenger deaths.  These public policy benefits outweigh potential costs to 

individual owners where costs also have the ability to be amortized over multiple years.     

Based on the information and arguments set forth below, NTIA respectfully requests that 

the Commission prohibit:  (1) certification of 121.5 MHz-only ELTs as of the effective date of a 

final order in this proceeding; (2) manufacturing and importation of such devices 12 months after 

the effective date of a final order in this proceeding; and (3) sale and use of 121.5 MHz-only 

ELTs 96 months after the effective date of a final order in this proceeding. 
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Before the 
 FEDERAL COMMUNICATIONS COMMISSION 
 Washington, D.C.  20554 
 
 
In the Matter of     )  
       ) WT Docket No. 01-289 
Review of Part 87 of the Commission’s  )  
Rules Concerning the Aviation Radio Service ) 
 
 
  EX PARTE COMMENTS OF THE  
 NATIONAL TELECOMMUNICATIONS AND INFORMATION ADMINISTRATION 
 

 The National Telecommunications and Information Administration (NTIA) respectfully 

submits these comments on the Third Further Notice of Proposed Rulemaking (Notice) in the 

above-captioned proceeding1 in its capacity as the President’s principal adviser on 

telecommunications and information policies.  NTIA is authorized to coordinate the 

telecommunications activities of the executive branch and to assist in the formulation of policies 

and standards for those activities, including, but not limited to, considerations of interoperability, 

privacy, security, spectrum use, and emergency readiness.  It also has the responsibility to ensure 

that the views of the executive branch on telecommunications matters are effectively presented 

to the Commission.2  These comments include contributions and input from the United States 

                                                           
1 Review of Part 87 of the Commission’s Rules Concerning the Aviation Radio Service, Third Further 
Notice of Proposed RuleMaking, 28 FCC Rcd. 512 (Jan. 8, 2013) (Notice).  For convenience, unless 
otherwise indicated, all citations herein to comments and letters shall refer to documents filed in WT 
Docket No. 01-289. 
 
2 47 U.S.C. § 902 (b)(2)(D), (H), (J). 
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Search and Rescue Satellite Aided Tracking (SARSAT) program3 and the Federal Aviation 

Administration (FAA), and reflect the views of the Executive Branch on the issues raised in the 

Notice.4 

I. INTRODUCTION AND STATEMENT OF POSITION 

In June 2010, the Commission amended section 87.195 of its Rules to prohibit 

certification, manufacture, importation, sale or use of emergency locator transmitters (ELTs) that 

operate solely on frequency 121.5 MHz (121.5 MHz-only ELTs).5  Because Federal law requires 

most multipassenger “fixed wing powered civil aircraft” to have an installed ELT,6 the 

                                                           
3 SARSAT members are the Coast Guard, the Air Force, the National Oceanic and Atmospheric 
Administration, and the National Aeronautics and Space Administration. 
 
4 The Federal Aviation Administration (FAA) is an operating administration of the U.S. Department of 
Transportation. These comments represent the position of the Executive Branch on this matter, taking into 
consideration the positions presented in the letter from Kathryn B. Thomson, U.S. Dep’t of 
Transportation, to Marlene H. Dortch, FCC, filed in this docket on August 5, 2013, 
http://apps.fcc.gov/ecfs/document/view?id=7520936189. 
 
5 Review of Part 87 of the Commission’s Rules Concerning the Aviation Radio Service, Third Report and 
Order, 25 FCC Rcd. 7610, 7619-21, ¶¶ 16-18 (June 15, 2010) (Third Report and Order).  ELTs are 
radiobeacons that are activated manually or automatically to alert search and rescue personnel that an 
aircraft has crashed and to identify the location of that aircraft.  Notice, at ¶ 1; Third Report and Order at 
n. 66. 
 
6 See 49 U.S.C. § 44712(a),(d) (2011) (providing that an “aircraft meets the requirements of subsection (a) 
if it is equipped with an [ELT] that transmits on the 121.5/243 megahertz frequency or the 406 megahertz 
frequency or with other equipment approved by the Secretary…”); see also Letter from Robert Hackman, 
Aircraft Owners & Pilots Ass’n (AOPA), to Marlene Dortch, FCC, at 2 (Apr. 1, 2013) (AOPA Letter) 
(stating that “[b]y statute, an ELT must be installed in virtually every U.S.-registered civil aircraft”), 
http://apps.fcc.gov/ecfs/document/view?id= 7022283007.  Section 44712, however, specifically exempts 
“aircraft equipped to carry only one individual.”  49 U.S.C. § 44712(c)(1)(H) (2011). 
 

http://apps.fcc.gov/ecfs/document/view?id=7520936189
http://apps.fcc.gov/ecfs/document/view?id=%207022283007
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Commission’s Order would have required aircraft owners, over time, to install alternative 

devices, such as ELTs operating at frequency 406 MHz (406 MHz ELTs).7 

Following that Order, NTIA conveyed to the Commission a stay request from the FAA, 

which questioned whether the then-existing supply of 406 MHz ELTs was sufficient to replace 

all 121.5 MHz-only devices and expressed concern about the cost of equipping aircraft with 406 

MHz equipment.8  In January 2011, the Commission stayed its June 2010 Order, and the rules 

adopted therein.    

In the Notice, the Commission solicited comment on its tentative conclusion to reinstate 

the June 2010 Order, as well as on the appropriate effective dates for the proposed prohibitions 

                                                           
7 The term “406 MHz ELT” is somewhat misleading because a 406 MHz ELT typically includes an 
auxiliary beacon operating at frequency 121.5 MHz.  The device’s 406 MHz signal is monitored by 
satellite and is used to identify, with considerable precision, the approximate location of a crash site.  
Search and rescue personnel then “home” in on the 121.5 MHz signal to find the crash site.  See Letter 
from Robert Hackman, Aircraft Owners & Pilots Ass’n, to Marlene Dortch, FCC, at 2-3 (June 24, 2010) 
(AOPA June 2010 Request), http://apps.fcc.gov/ecfs/document/view?id=7020922423.  For convenience, 
NTIA will use the term “406 MHz ELTs” to refer to these multi-band devices. 
 
8 See Review of Part 87 of the Commission’s Rules Concerning the Aviation Radio Service, Order, 26 
FCC Rcd. 685-86, at ¶ 4 (Jan. 11, 2011); see also Letter from Karl Nebbia, NTIA, to Julius Knapp, FCC, 
Attach. at 1 (July 14, 2010) (transmitting letter from James Eck, FAA) (FAA July 2010 Request), 
http://apps.fcc.gov/ecfs/document/view?id=7020549761.  The FAA, echoed by AOPA, also noted that 
even after the international search and rescue satellite system, Cospas-Sarsat, ceased monitoring 121.5 
MHz distress signals, 121.5 MHz ELTs continued to have some air safety benefits because their signals 
are still monitored by search and rescue organizations, including the Civil Air Patrol.  Id.; see also AOPA 
June 2010 Request at 2.  This monitoring is very limited, however.  First, the Federal Aviation 
Regulations Aeronautical Information Manual, Section 6-2-5 Emergency Locator Transmitter (paragraph 
(d)), states only that pilots are “encouraged” to monitor 121.5 and or 243.0 MHz while in-flight to assist 
in identifying possible ELT transmissions.  Second, there is no formal Civil Air Patrol monitoring nor is 
there any monitoring station.  CAP pilots, if they have an extra radio, will monitor 121.5 MHz when they 
are in flight.  If they are not flying, they will not be monitoring.  See also Letter from Deborah A.P. 
Hersman, Chairman, National Transportation Safety Board, to FCC, at 4 (filed Feb. 27, 2013) (NTSB 
Letter) (stating that 121.5 MHz-only ELTs have no residual value to the general aviation community), 
http://apps.fcc.gov/ecfs/document/view?id=7520960120. 

http://apps.fcc.gov/ecfs/document/view?id=7020922423
http://apps.fcc.gov/ecfs/document/view?id=7020549761
http://apps.fcc.gov/ecfs/document/view?id=7520960120
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on certification, manufacture, importation, sale, or use of 121.5 MHz-only ELTs.9  Based on our 

review of the record and the impact on the SARSAT program if continued use of 121.5 MHz-

only ELTs is permitted, we believe that public policy supports the measured elimination of 121.5 

MHz-only ELTs.  Continued use of 121.5 MHz-only ELT technology increases the risk and cost 

of search and rescue operations.  As demonstrated below, 406 MHz ELTs are superior to 121.5 

MHz-only equipment in their ability to increase the efficiency and accuracy of search and rescue 

operations, thereby minimizing threats to life and property, reducing costs of Federal and state 

search and rescue operations, and improving the likelihood that such operations will be 

successful.  There is also strong support in the record for prohibiting the certification, 

manufacture, importation, sale, and use of 121.5 MHz-only ELTs after reasonable transition 

periods.10 

The costs to aircraft owners to transition from 121.5 MHz-only to 406 MHz ELTs have 

declined in recent years and likely will continue to do so in the years to come.  These costs are 

significant but must be balanced against other compelling factors in this proceeding, such as 

                                                           
9 Notice at ¶ 8. 
 
10 See, e.g., NTSB Letter at 2-3; RTCM Comments at 3-5; Comment of Laurence Gilliam (pilot and AOPA 
member) (filed Apr. 12, 2013), http://apps.fcc.gov/ecfs/document/view?id=7022274601; Comments of 
Aircraft Electronics Ass’n, at 1 (filed Apr. 1, 2012) (AEA Comments) (supporting ban on manufacture and 
importation), http://apps.fcc.gov/ecfs/document/view?id=7022137026; Comments of the National 
Business Aviation Ass’n (filed Apr. 1, 2013) (grandfather use of installed 121.5 MHz ELTs until end of 
their useful life), http://apps.fcc.gov/ecfs/document/view?id=7022136816; Comments of ACR 
Electronics, Inc., at 2 (filed Mar. 29, 2013) (ACR Comments), 
http://apps.fcc.gov/ecfs/document/view?id=7022135776; Comments of Experimental Aircraft 
Association, at 1 (filed Mar. 29, 2013) (EAA Comments) (opposing ban on sale or use),  
http://apps.fcc.gov/ecfs/document/view?id=7022136732; Comments of Emerging Lifesaving 
Technologies, at 1 (filed Jan. 29, 2013) (ELT Comments), 
http://apps.fcc.gov/ecfs/document/view?id=7022119477; Comments of ACK Technologies, at 2 (filed 
Jan. 26, 2013) (ACK Comments), http://apps.fcc.gov/ecfs/document/view?id=7022112939. 

http://apps.fcc.gov/ecfs/document/view?id=7022274601
http://apps.fcc.gov/ecfs/document/view?id=7022137026
http://apps.fcc.gov/ecfs/document/view?id=7022136816
http://apps.fcc.gov/ecfs/document/view?id=7022135776
http://apps.fcc.gov/ecfs/document/view?id=7022136732
http://apps.fcc.gov/ecfs/document/view?id=7022119477
http://apps.fcc.gov/ecfs/document/view?id=7022112939
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social costs.  Search and Rescue (SAR) service organizations estimate that replacing 121.5 MHz-

only ELTs with 406 MHz devices will lead to significantly reduced risk to SAR service 

personnel (and SAR equipment) and fewer passenger deaths.  These public policy benefits 

outweigh potential costs to individual owners where costs also have the ability to be amortized 

over multiple years.     

Based on the information and arguments set forth below, NTIA respectfully requests that 

the Commission prohibit:  (1) certification of 121.5 MHz-only ELTs as of the effective date of a 

final order in this proceeding; (2) manufacturing and importation of such devices 12 months after 

the effective date of a final order in this proceeding; and (3) sale and use of 121.5 MHz-only 

ELTs 96 months after the effective date of a final order in this proceeding. 

II. 406 MHz ELTs’ ADVANCED TECHNOLOGY ELIMINATES RISK 
ATTRIBUTABLE TO 121.5 MHz-ONLY ELT TECHNOLOGY. 

 
A key reason to phase out use of 121.5 MHz-only ELTs is that the available alternatives 

have features and capabilities that better safeguard the public safety personnel who are called 

upon to locate and rescue downed or missing aircraft, as well as the pilots and passengers of 

those aircraft.  The superiority of 406 MHz ELTs over 121.5 MHz-only equipment is well 

established: 

• Improved notification:  406 MHz ELTs are monitored by Cospas-Sarsat 
geostationary and low earth orbiting satellites with global coverage, which enables 
prompt alerts to SAR services.11  Since February 2009, Cospas-Sarsat has not 

                                                           
11 See Federal Aviation Administration, Technical Standard Order (TSO)-C91a, Emergency Locator 
Transmitters (ELTs), 77 Fed. Reg. 28668 (May 15, 2012), (TSO-C91a Order), available at 
http://www.gpo.gov/fdsys/pkg/FR-2012-05-15/pdf/2012-11678.pdf; see also ELT Comments at 10-11. 
Between 1997 and 2000, for example, 121.5 MHz beacons were responsible for 350,000 false alerts. See 
Amendments of Parts 13 and 80 of the Commission’s Rules Concerning Maritime Communications, 

http://www.gpo.gov/fdsys/pkg/FR-2012-05-15/pdf/2012-11678.pdf
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monitored 121.5 MHz-only ELTs.  Because of this action, for those aircraft that are 
equipped only with 121.5 MHz-only ELTs, no one may know that an aircraft is down 
unless the incident occurs near an airport, the plane’s 121.5 MHz signal is detected by 
an overflying aircraft, or the downed plane fails to arrive at its intended destination.  
In any of these circumstances, SAR organizations may not be notified for hours after 
the crash. 
 

• Reduction in false alerts:  406 MHz ELTs transmit a digital signal which typically 
contains unique information about the aircraft and its owner.12  SAR organizations 
can use that information to verify quickly that a possible incident has occurred.  In 
contrast, 121.5 MHz-only ELTs transmit an analog signal that cannot contain any 
information about the aircraft involved.  As a result, 121.5 MHz-only ELTs have been 
plagued by false distress alerts,13 leading to risky, costly, and unnecessary search 
efforts.  That was a major reason why Cospas-Sarsat chose to cease monitoring 121.5 
MHz signals.14 

 
• More precise location of crash sites:  Satellite detection and the enhanced 

transmission characteristics of 406 MHz ELTs enable greater position accuracy, 
which reduces the search area for a crash to less than two nautical miles (3.7 km) in 
radius, or approximately 43 square kilometers.15  Additionally, a 406 MHz device, 
unlike a 121.5 MHz-only ELT, can be equipped with a GPS chip that can refine the 
search area to within 100 meters of a crash.  In the absence of satellite monitoring, 
SARSAT calculates that the majority of all detections of 121.5 MHz distress signals 
comes via commercial airliners, which typically fly at altitudes in excess of 20,000 
feet.  The U.S. SARSAT program estimates that, if a commercial airliner flying at 
30,000 feet detects a 121.5 MHz signal, the probable search area would have a radius 
of 198 miles (about 317 km), and an area of 123,163 square miles (315,696 km2). 

 

                                                                                                                                                                                           
Notice of Proposed Rulemaking and Memorandum Opinion and Order, 15 FCC Rcd. 5942, ¶ 30 (Mar. 24, 
2000) (citing Coast Guard data). 
 
12 See National Oceanic and Atmospheric Administration, 406 MHz Delta Study: Advantages of 406 MHz 
Emergency Locator Transmitters (ELTs) over 121.5/243 MHz ELTs, at 4 (July 1996), (NOAA Delta 
Study) (copy attached hereto as Appendix 1). 
 
13 See TSO-C91a Order at 28668; ELT Comments at 11-12. 
 
14 See Third Report and Order at ¶ 16; TSO-C91a Order at 28668. 
 
15 TSO-C91a Order at 28668; see also NOAA Delta Study at 5 (controlled tests indicated that 85 percent 
of 406 MHz ELT location results were less than 2 km in radius, or about 12.6 km); ELT Comments at 11 
(search radius of 2-5 km, or 12.6-78.5 km).  
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In light of the clear superiority of 406 MHz ELTs, industry and regulators have been 

moving away from 121.5 MHz-only ELTs for over fifteen years.16  All general aviation aircraft 

produced since 2006 have been equipped with 406 MHz ELTs.17  In May 2012, the FAA 

precluded certification of any new or substantially modified 121. 5 MHz-only ELTs, “which will 

effectively phase out the 121.5 MHz ELTs over time.”18  In October 2010, the FAA proposed to 

require all helicopters conducting extended over-water operations to be equipped with 406 MHz 

ELTs because they “provide[] an enhancement and more life-saving benefits” than 121.5 MHz-

only ELTs.19  Available evidence indicates that there is only one domestic manufacturer of such 

equipment,20 reflecting the declining viability of 121.5 MHz-only ELTs.  In light of the risks and 

                                                           
16 As the Notice points out, Cospas-Sarsat satellite system announced plans to cease monitoring 121.5 
MHz distress signals in 2000.  Notice at ¶ 4.  In 2002, the Commission prohibited maritime vessels from 
using 121.5 MHz emergency beacons after December 31, 2006. Amendment of Parts 13 and 80 of the 
Commission’s Rules Concerning Maritime Communications, Report and Order and Further Notice of 
Proposed Rule Making, 17 FCC Rcd. 6741, 6761-62, ¶ 47 (Apr. 9, 2002).  In 2007, the National 
Transportation Safety Board (NTSB), an independent Federal Agency with the statutory responsibility to 
promote transportation safety by formulating safety improvement recommendations, urged the FAA to 
require 406 MHz ELTs for all applicable aircraft at the earliest possible opportunity.  Letter from Mark V. 
Rosenker, NTSB, to Honorable Marion C. Blakely, Administrator, FAA (Sept. 4, 2007), available at 
http://www.ntsb.gov/doclib/recletters/2007/A07_51.pdf. 
 
17 Comments of Office of Advocacy, U.S. Small Business Administration, at 5 (filed Apr. 24, 2013) 
(Advocacy Comments), http://apps.fcc.gov/ecfs/document/view?id=7022294100; Comments of General 
Aviation Manufacturers Ass’n, at 2 (filed Apr. 1, 2013), 
http://apps.fcc.gov/ecfs/document/view?id=7022136804; TSO-91a Order at 28668. 
 
18 TSO-91a Order, supra; Advocacy Comments at 5. 
 
19 Federal Aviation Administration, Air Ambulance and Commercial Helicopter Operations, Part 91 
Helicopter Operations, and Part 135 Aircraft Operations; Safety Initiatives and Miscellaneous 
Amendments, 75 Fed. Reg. 62640-58 (Oct. 12, 2010), available at http://www.gpo.gov/fdsys/pkg/FR-
2010-10-12/pdf/2010-24862.pdf. 
 
20 Advocacy Comments at 5; ELT Comments at 15 (no manufacturer currently trying to certify any 121.5 
MHz ELT; only one model currently for sale in the U.S.); ACR Comments at 4 (company has not 
manufactured, imported, or sold a 121.MHz ELT since 2008). 

http://www.ntsb.gov/doclib/recletters/2007/A07_51.pdf
http://apps.fcc.gov/ecfs/document/view?id=7022294100
http://apps.fcc.gov/ecfs/document/view?id=7022136804
http://www.gpo.gov/fdsys/pkg/FR-2010-10-12/pdf/2010-24862.pdf
http://www.gpo.gov/fdsys/pkg/FR-2010-10-12/pdf/2010-24862.pdf
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costs imposed on federal and state rescue personnel, the Commission should ratify its June 2010 

Order and prohibit the certification, manufacturing, importation, sale, and use of 121.5 MHz-

only ELTs. 

III.  THE BENEFITS OF PHASING OUT 121.5 MHz-ONLY ELTs OUTWEIGH THE 
COSTS. 
 
Much of the debate concerning the Commission’s June 2010 Order has focused on its 

costs for aircraft owners. The Commission must also consider the risks and costs inherent in the 

continued use of an inferior technology that burdens the first responder community more than is 

necessary.  One could argue that aviators should be allowed to retain their 121.5 MHz-only 

ELTs, because they bear the risks of doing so.  That argument is true only if they are flying solo, 

only so long as their planes remain in the air, and only so long as false alarms are not signaled.  

When disaster strikes, the effects and costs ripple far beyond the pilot.  Every year, state and 

federal SAR agencies conduct several thousand operations involving personnel in the air and on 

the ground.21  The hardships and dangers for those rescuers posed by weather and terrain are 

magnified if a search is prolonged or if the rescuers are not sure where the crash site is.  As noted 

above, the principal benefits of 406 MHz ELTs over 121.5 MHz-only ELTs are (1) significantly 

more rapid notification and verification that a crash has occurred, and (2) a dramatic reduction in 

the size of the search area.  To the extent that 406 MHz ELTs can reduce the risks of injury and 

death for SAR personnel and aircraft passengers, greater use of those devices will produce real 

benefits that must be weighed against the costs to aircraft owners and operators. 

 
                                                           
21 See NTSB Letter at 4 (in 2004, the Air Force and Civil Air Patrol alone conducted more than 2,500 
missions involving 121.5 MHz ELTs).  
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A. The Potential Benefits Are Significant. 

In 1996, the National Oceanic and Atmospheric Administration (NOAA) conducted an 

extensive analysis of the search and rescue benefits resulting from the replacement of 121.5 

MHz-only ELTs with 406 MHz equipment.  It concluded that 406 MHz ELTs would reduce 

SAR organization operating costs by $802,000 per year.22   NOAA also estimated that use of 406 

MHz ELTs would save 111 lives per year.  Assuming a value of $2.5 million per life saved, the 

agency calculated a benefit of approximately $278 million.23 

The benefits estimated by NOAA may be understated, because estimates of the value of 

human life have risen significantly since 1996.  The Department of Transportation, for example, 

recently updated its valuation to $9.1 million, with provisions for future inflation adjustments.24  

Applying this figure to the 111 additional lives saved calculated in the NOAA’s 1996 Study 

generates a benefit of approximately one billion dollars, in addition to the estimated annual 

savings in operating costs.  

NTIA recognizes that the NOAA study is nearly two-decades old, and that developments 

in the intervening years may call into question the lives saved as estimated in that study.  For 

example, flying is safer today.  In 1996, according to the National Transportation Safety Board, 

there were 1,907 general aviation accidents, with 614 fatalities among onboard passengers.  In 

                                                           
22 NOAA Delta Study at 19, Table 4.  The annual savings would be approximately $1,180,000 in current 
dollars. 
 
23 Id. at 23 and n.28. 
 
24 See, e.g., Dep’t of Transportation, 2013 Guidance on Treatment of the Value of Preventing Fatalities 
and Injuries in Preparing Economic Analysis, available at http://www.dot.gov/regulations/economic-
values-used-in-analysis.  

http://www.dot.gov/regulations/economic-values-used-in-analysis
http://www.dot.gov/regulations/economic-values-used-in-analysis
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2012, there were 1,471 accidents, with 432 passenger deaths (reductions of 22.9 and 29.6 

percent, respectively).25 The reduction in accidents and fatalities since 1996 suggests that the 

earlier estimate of lives saved by the use of 406 MHz ELTs may be substantially overstated.  

Notably, however, in a 2008 unpublished study, an FAA analyst estimated that “mandatory 

equipage of 406 MHz ELTs” could potentially save 31 lives each year.  Applying a value of $5.8 

million for each life, the analyst calculated an annual benefit of $179.8 million.26  Using the 

Department of Transportation’s recent figure of $9.1 million would increase that annual benefit 

to $282.1 million. 

The U.S. SARSAT program also recently prepared an estimate of the costs and duration 

of a Civil Air Patrol (CAP)-conducted search over open, level terrain for two hypothetical 

aircraft – one equipped with a 121.5 MHz-only ELT and the other with a 406 MHz device.27  

The U.S. SARSAT program estimated that a 121.5 MHz signal, detected by a commercial 

aircraft at an altitude of 30,000 feet, would yield a search area with a radius of 198 miles 

(encompassing approximately 123,163 square miles), roughly the size of New Mexico.  

SARSAT estimates that it would take four CAP Cessna aircraft at least 10.5 hours combined to 

search that area.  At a CAP’s standard estimate of $277 per flight hour, the total cost of the 

search would be $2,908. 

                                                           
25 NTSB, “2012 Aviation Statistics,” Table 1, http://www.ntsb.gov/data/aviation_stats.html; National 
Transportation Safety Board, 1997 Annual Report to Congress, at 51, Table 10, 
http://www.ntsb.gov/doclib/agency_reports/SPC9902.pdf. 
 
26 Michael Lenz, Analysis: Satellite Monitoring of 121.5 MHz Emergency Locator Transmitters, at 2 
(FAA Oct. 2, 2008). 
 
27 A copy of that estimate is attached to these comments as Appendix 2. 

http://www.ntsb.gov/data/aviation_stats.html
http://www.ntsb.gov/doclib/agency_reports/SPC9902.pdf
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For a hypothetical 406 MHz search, SARSAT calculated that satellite detection of the 

distress signal would produce a search area less than two miles in radius, or approximately  

11 square miles, roughly the size of Los Alamos, New Mexico.  A single Cessna aircraft could 

complete the search in about 1.5 hours at a cost of $415.  In this scenario, use of a 406 MHz ELT 

would reduce the duration of a search, and thus search and rescue risks and costs, by more than 

85 percent.28  In 2004, the Air Force and Civil Air Patrol devoted 5,458 flights hours to 121.5 

MHz-related aircraft searches, at a cost of approximately $1.3 million.29  If use of 406 MHz 

devices would reduce flights times by 85 percent, the cost savings would exceed $1.1 million 

and reduce the aggregate time during which search and rescue aircraft must be in the air by more 

than 4,600 hours.   

If the same search posited above occurred over water, in the 121.5 MHz case, the Coast 

Guard would have to dispatch one fixed-wing aircraft to find the crash site and then one 

helicopter to conduct the rescue operation.  The U.S. SARSAT program estimates that the entire 

operation would take at least 8.5 hours – 5.5 hours for the search and 3 hours for the rescue – and 

cost between $56,795 and $69,363.  In the 406 MHz case, the greater locational precision would 

obviate the need to dispatch a search plane; the operation would therefore require only a rescue 

helicopter, take 3 hours, and cost between $15,732 and $20,985, a reduction of approximately 70 

percent. 

                                                           
28 Looking beyond the reduced risk and cost to the search personnel (and relying on the survivability data 
used in the 1996 NOAA Study), decreasing search time from 10.5 hours to 1.5 hours would also increase 
living crash victims’ probability of survival from approximately 40 percent to more than 80 percent.  See 
NOAA Delta Study at B-12. 
 
29 NTSB Letter at 4. 
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B. The Estimated Replacement Costs Are Likely Overstated. 

In the Notice, the Commission cites estimates that mandatory replacement of 121.5 MHz-

only ELTs with 406 MHz devices would affect about 200,000 aircraft, with the aggregate cost 

ranging from $300 million to $500 million, or between $1,500 and $2,500 per aircraft.30  

Although phasing out 121.5 MHz-only ELTs would unquestionably impose significant costs on 

the general aviation industry as a whole, the costs are very unlikely to approach those levels.  

First, it appears that the change would affect fewer than 200,000 aircraft.  One commenter 

suggests that the number may be only 180,000 aircraft,31 and there is some evidence for an even 

lower figure.  According to its most recent statistical publication, the General Aviation 

Manufacturers Association projected that there would be 222,985 general aviation aircraft in the 

United States in 2013.32  About 11,000 of that number are “rotorcrafts,” non-fixed wing aircraft 

that are not required by law to have an installed ELT.  The U.S. SARSAT program believes, 

based on registration data, that 75,000 aircraft are already equipped with 406 MHz ELTs.  These 

figures suggest that the number of planes affected by the phasing out of 121.5 MHz-only ELTs 

may be lower than 150,000. 

Similarly, the costs to equip an aircraft with a 406 MHz ELT is likely less than the 

$1,500-$2,500 (equipment plus installation) cited in the Notice.  One ELT manufacturer 

estimates that it would cost between $620 and $830 (including installation) to replace a 121.5 

                                                           
30 Notice at ¶ 12 (citing estimates from AOPA and FAA). 
 
31 Advocacy Comments at 5. 
 
32 GAMA 2012 Statistical Databook, at 56. 
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MHz-only ELT with a 406 MHz device (without GPS) in a single engine aircraft.33  Another 

manufacturer estimates that it will cost $1,330 per aircraft to retrofit the entire fleet with  

406 MHz ELTs.34  Multiplying these figures ($725 to $1,330 per plane) by the revised figures 

for the number of planes affected (150,000 to 180,000) yields total costs in the range of $108 

million to $239 million.35  Although not trivial, these are one-time costs that, when spread over 

an eight-year transition period, amount to between $22 million and $48 million per year.  As 

such, the costs of phasing out 121.5 MHz-only ELTs for the aircraft industry are outweighed by 

the reduction in risk and costs for the SAR community and the increase in pilot and passenger 

safety. 

IV.  THE COMMISSION SHOULD ESTABLISH A REASONABLE TRANSITION 
PERIOD FOR PHASING OUT 121.5 MHz-ONLY ELTs. 

 
Because the benefits of replacing 121.5 MHz-only ELTs outweigh the costs, the 

Commission should establish a transition period for phasing out those devices.  As for 

certification, the Commission should follow the FAA’s lead and ban certification of new 121.5 

MHz-only ELTs on the effective date of the order in this proceeding.  With respect to 

                                                           
33 ACK Comments at 2.  See also Reply Comments of ACK Technologies Inc. at 2 (filed Apr. 25, 2013) 
(cost to retrofit 200,000 aircraft with 406 MHz ELTs would be $175-225 million, implying a cost per 
plane of $875-1125), http://apps.fcc.gov/ecfs/document/view?id=7022307421. 
 
34 ELT Comments at 18. 
 
35 These equipment and installation costs would have to be adjusted upward to some degree to account for 
such factors as maintenance costs and loss of use while a plane is being retrofitted.  See Comments of 
Alaska Airmen’s Ass’n, Inc. at 1 (filed Mar. 1, 2013). 
 

http://apps.fcc.gov/ecfs/document/view?id=7022307421
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manufacture and importation,36 the Notice reasonably suggests a one-year delay to minimize 

economic burdens associated with stranded inventory.37  A case could be made for a more 

aggressive deadline, such as six months.38  As noted above, there appears to be only a single firm 

producing 121.5 MHz-only ELTs, and only one model being sold.  Accordingly, the adverse 

impact of a more accelerated manufacturing ban would likely be minimal.  Further, companies 

have known for nearly three years that a manufacturing prohibition was on the horizon, so they 

have had ample opportunity to mitigate any adverse impacts.39 

As for a use prohibition, NTIA believes that an eight-year transition would minimize the 

impact on aircraft owners.40  Manufacturers commenting in this proceeding assert that there is 

enough manufacturing capability and qualified mechanics to equip all aircraft with 406 MHz 

ELTs within 2-4 years.41  Extending the transition to eight years would provide additional 

assurance that the supply will be there if aircraft owners opt for 406 MHz equipment to satisfy 

their legal obligation to have an installed ELT.  In some instances, especially with regard to 

                                                           
36 The prohibitions on manufacturing and importation should have the same effective date; so long as the 
manufacture of 121.5 MHz-only ELTs is permitted, foreign manufacturers should be allowed to export 
those devices to the United States, consistent with other applicable laws. 
 
37 Notice at ¶ 10. 
 
38 See ACR Comments at 4 (immediate manufacturing ban would prevent firms from flooding the market 
with 121.5 MHz-only ELTs during a transition period). 
 
39 Assuming the Commission prohibits the use of 121.5 MHz-only ELTs, there is no need also to ban the 
manufacture, sale, or installation of replacement components (such as batteries) for existing devices.  See 
Notice at n.30. 
 
40 Cf. NTSB Letter at 3 (proposing 3-year transition for a use prohibition). 
 
41 ACR Comments at 5 (“sufficient manufacturing capability and depth in supply chain to meet the 
demand” over 2-3 years); ELT Comments at 3 (“four years to handle the 300,000 aircraft worldwide that 
have not been modified to date”). 
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vintage aircraft, it may not be feasible to retrofit the aircraft with 406 MHz ELT.  We 

recommend that Commission take into account this issue in determining the applicability of any 

use prohibition.42   

V. PHASING OUT 121.5 MHz-ONLY ELTs WILL NOT DETER DEPLOYMENT OF 
ALTERNATIVE AVIATION SAFETY TECHNOLOGIES.  

 
The Aircraft Owners and Pilots Association (AOPA) asserts that a Commission order 

phasing out 121.5 MHz-only ELTs would, in effect, mandate use of 406 MHz devices.  It claims 

that would deter manufacturers from investing in new and more efficient technologies and 

preclude aircraft owners from using newer devices should they appear.43  AOPA contends that 

personal locator beacons (PLBs - portable devices that transmit a radio signal), GPS-equipped 

mobile phones, and the Automatic Dependent Surveillance – Broadcast (ADS-B) are adequate 

substitutes for 406 MHz ELTs.44  AOPA’s claims overstate the capabilities of those technologies 

and misunderstand the effects of a Commission decision to phase out 121.5 MHz-only ELTs. 

 The technologies that AOPA cites have features that limit their effectiveness in a distress 

situation.  Wireless service is not available in some parts of the country and mobile phones are 

not designed to survive aircraft crashes.  PLBs do not activate automatically; a pilot may not 

have time or the presence of mind to active a PLB when a plane is going down, and may not be 

                                                           
42 Notice at ¶ 1.  See Comments of Paige Hoffart (filed Mar. 31, 2013), 
http://apps.fcc.gov/ecfs/document/view?id=7022136432; see also Comment of Richard Scott (filed Mar. 
29, 2013),  http://apps.fcc.gov/ecfs/document/view?id=7022136145. 
 
43 AOPA Comments at 4. 
 
44 Id. at 4-5. 

http://apps.fcc.gov/ecfs/document/view?id=7022136432
http://apps.fcc.gov/ecfs/document/view?id=7022136145
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capable of doing so after the crash.  Further, if a PLB lacks an external antenna, its signal may be 

too weak to alert rescuers effectively. 

ADS-B, which the FAA has required most U.S. aircraft to have by 2020, may have some 

promise.45  Among other things, ADS-B will provide the last known position of an equipped 

aircraft within one second of flight time.46  Depending on the aircraft altitude and airspeed before 

a crash, ADS-B information may establish a search area similar to that fixed by a 406 MHz ELT.  

As the NTSB points out, however, ADS-B, is a “line-of-sight” technology; “an ADS-B-equipped 

aircraft must be in sight of a ground-based receiver in order to be ‘seen.’ Therefore, it is 

undisputed that there will be numerous coverage gaps in a terrestrial ADS-B system, especially 

in remote and mountainous areas.”47  And in any event, the FAA has stated that the ADS-B 

system may not be operable after a crash and is not compatible with SAR distress alerting 

technology and, therefore “currently cannot replace the ELT function.” 48 

Should a superior distress alert technology emerge, a Commission order in this 

proceeding will not prevent aircraft owners from using it.  Although the Notice occasionally 

speaks of transitioning to 406 MHz ELTs, this proceeding concerns only the treatment of 121.5 

MHz-only devices.  Section 44712(d) ensures that if an aircraft is equipped with a 406 MHz 

                                                           
45 See Federal Aviation Administration, Automatic Dependent Surveillance – Broadcast (ADS-B) Out 
Performance Requirements To Support Air Traffic Control (ATC) Service, 75 Fed. Reg. 30160 (May 28, 
2010), available at http://www.gpo.gov/fdsys/pkg/FR-2010-05-28/pdf/2010-12645.pdf. 
 
46 EAA Comments at 10. 
 
47 NTSB Letter, at 4-5. 
 
48 TSO-C91a Order at 28669.  See also NTSB Letter at 5 (“there will be numerous coverage gaps in a 
terrestrial ADS-B system, especially in remote and mountainous areas”). 

http://www.gpo.gov/fdsys/pkg/FR-2010-05-28/pdf/2010-12645.pdf
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406 MHZ DELTA STUDY: 
ADVANTAGES OF 406 MHZ 

EMERGENCY LOCATOR TRANSMITTERS (ELTS) 
OVER 121.5 MHZ ELTS 

1.0 INTRODUCTION 

1.1 SCOPE AND PURPOSE 

This study compares the benefits using a 406 MHz EL T over those of a 121.5 MHz ELT. The 

benefits are quantified in terms of dollars and lives saved. 

1.2 BACKGROUND 

A National Aeronautics and Space Administration (NASA) study1 examined the causes of 121.5 
MHz ELT2 failures based on a review of National Transportation Safety Board (NTSB) data. Data 
from accidents for calendar years 1983 through 1987 were analyzed. Of the 12,744 accident reports 
during this period, 3,270 contained information concerning the ELT. In the accidents where ELT 
data was available, the ELT failed to operate 75% of the time. The causes for these failures were 
available in I ,319 cases. These causes were then analyzed by a group of experts to estimate the 
reduction in failures that could be expected from an improved 121.5 MHz ELT3. This resulted in an 
expected crash survival rate of 73% for the improved 121.5 MHz ELT. 

The 406 MHz Delta Study follows the same approach to estimate the additional reduction in failures 
to be expected from the use of 406 MHz ELT4. 

1. 3 SYSTEM OVERVIEW 

The Cospas-Sarsat system receives and processes signals in three frequency bands: 121.5 MHz, 
243.0 MHz5, and 406 MHz. Because the Cospas-Sarsat satellites are in low earth orbit they are not 
always in view of the distress site. Each satellite makes a pass over a given area from 4 to 6 times a 
day. On the average there is a satellite pass every 1.5 to 2 hours with the normal constellation of 4 
satellites. For 121.5 and 243.0 MHz data, the Doppler-shifted frequency is placed on the satellite 
downlink and transmitted back to earth in real time (no processing is done on the satellite) where it · 

1 NASA Contractor Report 4330 entitled "Current Emergency Locator Transmitter (ELT) Deficiencies and Potential 
Improvements Utilizing TSO-C91a ELTs," October 1990. 
2 ELTs built to TSO-C91 specifications. 
3 ELTs built to TSO-C91a (RTCA-D0-183) specifications. 
4 ELTs built to TSO-Cl26 (RTCA-D0-204) specifications. 
5 Cospas satellites do not receive the 243 MHz frequency. 
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is received and processed when a ground station (Local User Terminal) is in view. For 406 MHz 
transmissions, spacecraft equipment measures the Doppler-shifted frequency and detects the ELT 
digital data message. The data is time tagged and stored in the spacecraft as well as being 
transmitted in real time to ground stations that may be in view. Thus, real-time 121.5/243.0 MHz 
data and 406 MHz data may be received by a ground station within view of the satellite; however, 
only the 406 MHz system provides full earth coverage (i.e., when the satellite is not in view of a 
ground station). The processed alerts are forwarded to a Mission Control Center (MCC) where they 
are distributed to the appropriate Rescue Coordination Center (RCC) according to the location 
determined by Doppler. 

With the recent launch of Geostationary Search and Rescue (GEOSAR) satellites carrying 406 MHz 

repeaters, the signals from 406 MHz ELTs are received in real time, processed by the GEOSAR 

ground stations and forwarded to the search and rescue MCC. Since no Doppler is available from 

the GEOSAR satellites, a registration data base is used to route the GEOSAR alerts. Based upon 
the location of the point of registry, the GEOSAR alert is forwarded to the appropriate RCC, where 

calls to the emergency point of contact are made to determine the most probable area of the distress. 

In the future, location information is expected to be added to the GEOSAR 406 MHz alert message 
by the use of GPS or other sources of location information. This location information will then be 

used to route the alert to the appropriate RCC, allowing immediate action by the RCC. 

2.0 ADVANTAGES OF THE 406 MHZ SYSTEM 

The advantages of the 406 MHz System will be examined from two perspectives: the advantages of 

the 406 MHz ELT (Section 2.1) and the advantages of the 406 MHz satellite system (Section 2.2). 

2.1 ADVANTAGES OF THE 406 MHZ ELT 

The advantages of the 406 MHz ELT are: 

• Improved Survivability (including fire protection) 

• A Built-in Self Test Requirement 
• Both Aural and Visual Monitors 

2.1.1 Improved Survivability 

Examination of Table 7, Page 12 from the NASA ELT Study reveals that a large number of ELT 

failures will still occur even when using the improved 121.5 MHz ELT. Specifically the failures 

due to fire, impact damage, and internal failures account for 345 of the expected 481 failures. 
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The specific survivability advantages of the 406 MHz ELTs (over and above the requirements in the 

TSO-C9la) are: 

• Requirement for Fire Survival Tests (TSO-C91 a has none) 

• Additional Shock Tests While the ELT is Operating 

• Operation of the ELT During the Protrusion and Pressure Survival Tests 

• More Stringent Temperature Soak Test 

• Additional Thermal Shock Endurance Test 

• Decompression Requirement Simulating Actual Operating Conditions 

• Requirement to Ensure Waterproof Enclosure After Replacing Battery 

2.1.2 A Built-in Self Test Requirement 

The 406 MHz ELT has a built-in self-test feature. This feature alerts the pilot that maintenance, 

such as battery replacement, is required. This feature will accrue the preventive maintenance 

advantages that are indicated in Table 7 of the NASA study. 

2 .1. 3 Both Aural and Visual Monitors 

The improved 121.5 MHz ELT requires either an aural or visual monitor in the cockpit to alert the 

pilot that the ELT transmitter has been activated. Generally, the visual monitor is employed as a 

standard feature. The 406 MHz specification requires both aural and visual monitors. The audio 

monitor would complement the visual monitor and insure early detection of the ELT, especially 

when no one is in the plane and ground personnel need to find the location of an inadvertent EL T 

activation. Early discovery by the pilot or airport ground personnel of an inadvertent ELT activation 

will help terminate false alarms sooner and possibly eliminate some of the dead battery problems. 

2.2 SYSTEM ADVANTAGES 

The 406 MHz ELT has a number of significant system advantages over the improved 121.5 MHz6 

ELTs. These advantages are: 

• Identification Contained Within the Message 

• No False Alerts 7 

• Greater Accuracy of Location 
• High Probability of Ambiguity Resolution on First Satellite Pass 

6 For convenience purposes in this report, the term "121.5 MHz ELT' will also include the 243 MHz frequency. 
7 A "false alert" is a distress alert notification generated by the Cospas-Sarsat system from other than distress 
transmitters. They are generated by other RF signals in the band or from noise. 
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• Higher Power Transmitter 
• Capability of Detection from GEOSAR Satellites 

• Global Coverage 
• Greatly Increased System Capacity 
• 406 MHz Band Allocated for Satellite-Aided Search & Rescue 

2.2.1 Identification Contained Within the Message 

One of the main advantages of the 406 MHz system is the digital data message. The digital message 
contained in the 406 MHz beacon transmission can provide RCCs with identification data, 
nationality, type of user, and various other options such as type of emergency, etc. Among the 
many improvements in rescue operations that result from positive identification, the following are 
significant to both improving rescue response and reducing SAR forces' workload: 

1. When the beacon is registered in a data base, 8 the RCC is able to immediately start a 
communications cross-check with the owner and/or home airport to determine if an 
emergency exists. False alarms9 can be dealt with quickly and in many cases this will 
avert the launching of SAR forces. In real distress situations this will enable earlier 
launching of the SAR forces. 

2. Multiple distress messages in the same area can be dealt with more effectively than 
121.5 MHz messages where there is no precise way of segregating one case from 
another. 

3. The digitally encoded message allows the detection of 406 MHz ELT/ Emergency 
Position Indicating Radio Beacon (EPIRB) signals from GEOSAR satellites which 
provide nearly immediate notification to the RCC when a beacon is activated. 

2.2.2 No False Alerts 

The satellite system will look for the required signal format before it will process a 406 MHz 
transmission. This provides the ability to determine that the signal is coming from an ELT or 
EPIRB and not from an interfering source. Hundreds of 121.5 MHz incident locations received by 
the Cospas-Sarsat satellite system are generated by radio frequency (RF) radiation from sources 
other than ELTs or EPIRBs. For instance, there have even been cases where pizza vending 
machines have generated 121.5 MHz alerts which resulted in the needless launching of SAR 
missions. 

Spec regulations require registration of all 406 MHz emergency beacons. 
9 False alarms are signals from non-distress situations which are radiated by a distress transntitter. A "false alarm" 
occurs when an actual ELT or EPIRB is transmitting in a non-distress situation. 
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2.2.3 Greater Accuracy of Location 

The improved oscillator stability of the 406 MHz ELT results in a significant improvement in 
accuracy. Results of controlled engineering tests during the Cospas-Sarsat Demonstration and 
Evaluation Phase (D&E)10 demonstrated that 406 MHz had a ten-fold improvement in accuracy 
when compared to the 121.5 MHz location results (85% less than 2 Km vs. 68% less than 20 Km). 
Therefore, the area to be searched is 13 square kilometers vs. 1300 square kilometers. 

2.2.4 High Probability of Ambiguity Resolution on First Satellite Pass 

The improved oscillator stability of the 406 MHz ELT also allows resolving the ambiguity of 
location on the first satellite pass with a high probability of success. Data taken during the D&E 
showed that the ambiguity of 406 MHz signals were resolved more than 95% of the time. This 
factor alone will save on the order of two hours in the rescue time line since 121.5 MHz 
transmissions must wait for a second pass to resolve the ambiguity of location. 

2.2.5 Higher Power Transmitter 

With an output power offive watts (vs. 75 milliwatts for the 121.5 MHz ELTs) the 406 MHz ELTs 
provide a greater reception margin to the Cospas-Sarsat low orbiting satellites which, under some 
crash conditions, could mean the difference between detection and non-detection of the distress 
signal. The higher power also allows detection by GEOSAR satellites which significantly shortens 
the rescue response time. 

2.2.6 Capability of Detection by GEOSAR Satellites 

Because of its higher power, the 406 MHz ELT can be detected by GEOSAR satellites. (The 121.5 

MHz ELTs can only be detected by the low orbit Cospas-Sarsat satellites.) A GEOSAR operational 

capability is already in place in a number of countries and a global system should be available within 

a few years. In the U.S. the GOES satellite service is in operation with a 406 MHz repeater and 

will continue to have the 406 MHz capability into the foreseeable future. With location data added 

to the digital message II and/or with the data contained in the MCC data base, the RCC can begin 

immediate actions to validate the emergency and launch rescue forces. 

2.2.7 Global Coverage 

The digitally encoded format of the 406 MHz ELT allows processing and storage of the messages 

on-board the satellite, which provides for complete global coverage. Thus, a plane carrying a 406 

MHz EL T will have the ability to be detected and located anywhere on the earth. This is not true in 

10 · Cospas-Sarsat Project Report, August 1984, page 4-4 through 4-7. 
ll. A location protocol message will allow the insertion of location in the distress message using a GPS receiver or 
other source of in-situ location. 
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the case ofthe 121.5 MHz signals which are only relayed through the satellite, requiring a Local 

User Tenninal (LUT) to be in view of the satellite to receive the distress message. 

2.2.8 Greatly Increased System Capacity 

The 406 MHz ELT transmits a burst message of approximately 112 second every 50 seconds. 
Through a combination of frequency spreading and random time sharing of the spectrum, the 
capacity of the 406 MHz satellite system can accommodate hundreds of distress signals within the 
field of view of the satellite. The continuous transmission mode of the 121.5 MHz ELTs limits the 
capacity of that system to current usage, thus not allowing for any substantial growth in the number 
of users. 

2.2.9 406 MHz Band Allocated for Satellite-Aided Search and Rescue 

The 406 MHz ELT was specifically designed to take advantage of the satellite detection system. 
The use of the band from 406.0 to 406.1 MHz has been assigned by the International 
Telecommunications Union (ITU) Radio Regulations, Nos. 649 and 2998A. These regulations 
limit the band to low-power, satellite emergency locator transmitters/beacons. Although there is 
currently some interference in the 406 MHz band, these interfering transmitters do not produce 
locations at the RCCs as in the case of 121.5 MHz interferers because of the ID feature in the 
distress messages. Once existing sources of interference are eliminated, the band should be almost 
free from interference in the future. In the 121.5 MHz frequency band, transmitters of much higher 
power are allowed which can suppress the lower power ELT signals. 

3.0 OPERATIONAL ADVANTAGES OF THE 406 MHZ SYSTEM 

A fully successful search and rescue operation can be viewed as one in which everyone that 
survives the distress is recovered alive in the least amount of time. The percentage of survivors 
who continue to survive after an aircraft accident decreases with the passage of time. According to a 
Department of Transportation (DOT) paper, 12 less than 60% of the initial survivors would still be 
alive when recovered eight hours after the distress. The number of survivors still alive drops to less 
than 10% when recovered two days after the distress. After five days, the number of survivors 
approaches zero. The sooner rescue personnel reach a distress site, the more likely it is that they 
will find and recover survivors. 

The 406 MHz ELT has definite advantages when used with the Cospas-Sarsat system which can 
provide significant reductions in the time between accident occurrence and arrival of the rescue 
forces at the distress site. 

A typical SAR operation normally progresses through five stages: notification, evaluation, transit, 
search, and recovecy. The notification stage begins with the aircraft crash and ends when either the 

12 DoD and NSC data given in C. Mundo. L. Tami & G. Larson, Final Report Program Plan for Search and Rescue 
Electronics Alerting and Locating System, DOT-TSC-73·42, February 1974. 

6 



RCC is notified of the crash or when the aircraft is reported overdue. The planning/evaluation stage 
begins when the RCC is notified and ends when a mission is opened and rescue forces are 
dispatched to the search area. The transit stage begins when the resources depart for the search and 
ends when the resources arrive in the search area. The search stage begins when the resources 
arrive in the search area and ends when the crash site and/or survivors are located or when the 
search is terminated. The recovery stage begins when rescue forces have located the survivors and 
ends when the survivors are en route to a medical facility. 

The three stages which can be influenced by the Cospas-Sarsat system are: notification. 
planning/evaluation. and search. The following discussion, therefore, is limited to these three 
stages. 

3.1 NOTIFICATION STAGE 

Before a SAR operation is initiated, there must be some notification of a distress situation. In the 
aviation community, notification of a possible distress is generally received by a declared emergency 
when the aircraft fails to land at its destination or when the Cospas-Sarsat satellite system detects and 
locates the aircraft's ELT signal. Depending on the type of flight plan (or lack of one) and 
destination airfield, hours can elapse between the time the aircraft crashes and when the aircraft is 
reported overdue. Since there is no data available for the time between actual crash and Air Force 
Rescue Coordination Center (AFRCC) notification, the best indication of elapsed time is the time 
from last known position (LKP) to AFRCC notification. Table I shows the average time lapse for 
121.5 MHz ELTs from the LKP of the aircraft to when the RCC was notified of a possible distress. 
Even when the aircraft had a working ELT, there was an average delay in excess offour hours 
between the time of the last known position and when the AFRCC was notified. 

13 Data is from 121.5 MHz ELT missions only. 
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As the table shows, there is a significant difference in notification time when the ELT worked and 

when the ELT did not work. When the EL T worked, the average time from LKP to AFRCC 

notification was 5.57 hours. When it did not, the average time was 12.34 hours. Unfortunately, 

only 25% of the old 121.5 MHz ELTs work after a crash. The projected rate for the improved 

121.5 MHz ELT is 73%. An even greater improvement can be expected from the use of 406 MHz 

ELTs. When a 121.5 MHz ELT signal is the only notification of an accident that the AFRCC 

receives, there is an additional delay due to the need for a second satellite pass before any action can 

be taken. The additional satellite pass is required to confirm that the ELT is still transmitting and to 

resolve the ambiguity of location. 

When a 406 MHz ELT is employed the notification time can be reduced by the time between the first 

and second pass since the ambiguity of location is usually determined on the first satellite pass. In 
addition, the alert signal is known to be from an emergency beacon due to the coded data 

transmission. The GEOSAR satellite capability will provide almost instant notification of the alert 

and, with the ELT ID in the data base and/or location in the message, immediate action can be taken 

by the RCC to begin the Planning-Evaluation Stage. 

3.2 PLANNING/EVALUATION STAGE 

In any SAR operation, there is a period of time when information must be evaluated and a course of 

action decided. Only after this period are resources dispatched to locate and recover survivors. The 

406 MHz ELT is expected to effect a significant decrease in the time the AFRCC spends in this 

stage. 

The high incidence of false alarms/alerts with the current 121.5 MHz ELT has resulted in 

operational procedures that require the RCC coordinator to walt until additional information is 

received before committing resources. The RCC investigates the validity of an "alert" by requesting 

the FAA to check aircraft ELT reports and call airports within the vicinity of the alert location. 

When a possible distress situation is confirmed by the FAA, the RCC determines a search area and 

allocates resources. 

The 406 MHz ELT with its unique beacon ID, improved accuracy and false alert eliminator will 

reduce the time spent evaluating and planning a search and rescue mission. 

3.2.1 Impact of Identification Code on Planning/Evaluation Time 

The unique identification code assigned to each beacon will rapidly provide "who" is in distress. 

With this information, the RCC can query FAA facilities for specific flight information. In coastal 

areas, the ID will provide immediate differentiation between aviation and maritime alerts. The U.S. 
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Coast Guard experience with 406 MHz EPIRBs14 shows a dramatic reduction in the planning and 
evaluation time. In addition, the number of false alarm missions will be reduced. 

3.2.2 Impact oflmproved Accuracy on Planning/Evaluation Stage 

The increased accuracy of the 406 MHz ELTwill generally reduce the "search area" from 1300 
square Km to less than 13 square Km. As a result, the amount of resources required to search for 

the aircraft will be reduced. 

3.2.3 Impact of Eliminating Interferers as Possible Distress Alerts 

Noise or other RF radiation cannot produce false "alerts" since a valid 406 MHz ELT/EPIRB signal 
must pass the required ID check. 

3.3 SEARCH STAGE 

The time required to search and locate a downed aircraft depends on ruggedness of the terrain and 

the size of the search area. The more rugged the terrain, the longer it will take to search the area to 
achieve a high probability of locating the crash. The larger the search area, the greater the time 
required to search it. The size of the area is influenced by the type of ELT employed. When 406 

MHz ELTs are in use, the reduction of the search area by a factor of 100 will reduce the amount of 
search resources needed and the time required to locate the downed aircraft. 

4.0 APPROACH TO DERIVING BENEFITS 

The benefits to be obtained from the use of 406 MHz ELTs vice the 121.5 MHz ELTs will result 
from. 

• Increased ELT Survivability 
• Reduction of the Search and Rescue Mission Stages 
• Reduction of Resources used for SAR Missions and for Handling False Alarms 

The first two are analyzed below in terms of" lives saved," while the third is analyzed in Section 
5.1 in terms of cost savings. 

4.1 INCREASED ELT SURVIVABILITY 

A paragraph by paragraph comparison (Appendix A) was made between the specification 
requirements contained in RTCA D0-183 (121.5 MHz ELTs) and D0-204 (406 MHz ELTs). The 

14 The EPIRB is the maritime version of the EL T. Its RF characteristics are identical to those of the EL T. 

9 



improvements/enhancements expected by D0-204 were noted. Following this comparison, each 
specification improvement was examined by a team of experts15 to assess the impact on the "Reason 
for Failure" shown in Table 7 of the NASA ELT study. The team of experts concluded that 
implementation of the D0-204 specification would result in improvements in three areas: Fire 
Damage, Impact Damage and Internal Failure. 

Table 2 shows the degree of improvement in each of the three areas identified above. Table 3 
shows the projected reduction in the number of failures when the 406 MHz ELT is employed. The 
expected ELT survival rate for 406 MHz ELTs is 81%.16 

4.2 REDUCTION OF THE SEARCH AND RESCUE MISSION STAGES 

Three months of mission folders (484 missions) from the AFRCC were analyzed to develop a 
baseline for detailed analysis of the current mission stages for 121.5 MHz ELTs. The times for 
each stage of the mission were plotted in histogram form so that the average time could be computed 
without being skewed by exceptional cases. Analysis of the mission folders was also used to 
validate our understanding of the actions taken at the RCC before a mission was launched. The 
intent of this portion of the study is to estimate improvements to personnel 
survivability when a 406 MHz ELT is used. 

4.2.1 Notification Stage 

The notification stage can be divided into two time periods: 1) the time from the distress occurrence 
to ·the first Cospas-Sarsat alert and 2) the time between the first alert and the "merge." I? The first 
period is a function of the number of satellites and the geometry of the distress transmitter; 
therefore, the 406 MHz ELT cannot offer any improvement in the low orbit satellite case. 
However, the GEOSAR system can virtually eliminate this time period. 

A time savings in the second time period can be realized by the 406 MHz Cospas-Sarsat low orbit 
satellite system. Figure 1 shows a histogram derived from the AFRCC records of 121.5 MHz 
missions for the time between the first alert and the merge of data from the second pass . 

The average time between first alert and merge is 1.8 hours. Since the 406 MHz system resolves 
the ambiguity in over 95% of the cases on the first pass and since the ID in the message identifies 
the signal as coming from either an ELT or an EPIRB, the RCC can start working the mission when 
the first alert is received. As a result, 1.8 hours will be saved by the 406 MHz system. 

IS The team of experts consisted of former members of the ELT RTCA committee, including an experienced crash 
investigator and an experienced Search and Rescue Operations Officer. 
16 New survival rate= I- new failure rate= I- .27(331)/481, where .27 is the failure rate for the 121.5 MHz (TSO 
C9la) ELT. 
17 Two satellite passes must be available so that the ambiguity of the Doppler location can be resolved. No action 
can be taken by the RCC on the first alert because of the ambiguity factor and the large number of false alerts. The 
"merge" refers to the combination of data from the two satellite passes. 
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TABLE 2 
Expected Additional Improvements 

from the Use of 406 MHz EL Ts 

ADDITIONAL IMPROVEMENTS EXPECTED IMPROVEMENTS 
FROM RTCA D0-183 (Table 6 of NASA Study*) ... I ... FROM 

RTCAD0-204 

REASONS FOR ELT 
FAILURE 

1. Insufficient G's 
2. Improper installation 
3. Battery dead 
4. Battery corroded 

EXPECTED 
IMPROVEMENT 

% 

95% 
95% 
95% 
50% 
45% 

APPLICABLE* 
IMPROVEMENTS 

A.7, A.9, B.2, D.8, E.l, E.4 
E.l, E.3, E.4, E.5 
A.9, E.5, E.6 
A.10,E.5 
A.9, E.2, E.3, E.4, E.5 

Expected 
Improv. 

% 

APPLICABLE* 
IMPROVEMENTS 

b 5. B~"'Y irurnlfurioo i~ocrect 
6~ ~o~ct.ll;J.ttm' _ _ _ _ _ 75% 1PJ:.4,_E,i ____ t __ 

8 
______ 

7 ~ Fil:!! ®nlage _ _ _ _ _ _ = =10%= = B.3..J3.1,_D.J.4, D.l_i _ _ 50%_ B6 ______ 
8~ IIJlPad;. d<Ulla~ _ _ _ _ _ - _75%_ - jp..J3.2...B..l, 11...4 _ _ _ .!!§%_ Blz!3,B4 _ _ _ _ 

9. Antenna broken/disconnected 85% B.2, B.5 
10. Water submersion 0 
11. Unit not armed 98% A.9, E.l, E.2, E.4, E.5 
12. Shielded by wreckage 10% A.3 

1-l:i....Shield!:d.llyts:rraiu ______ lQ% __ .1}..3 _______ 

1 
__ 

8 
______ 

14. Internal failure 75% B.2, B.3, B.4, C.2, D.l, D.9, 85 '!1 A11,Bl,B3,C2,C9, 
________________ D.l.Q.D.Jl,J).U. _ _ _ _ "_ D1~4 _____ 

15. Signal direction altered by terrain 10% A.3 
16. Packing device still installed 98% E.1, E.3, E.4, E.5 
17. Remote switch off 100% E.1, E.2, E.4, E.5 

* The paragraph numbers listed in the Applicable Improvements column refer to the ELT 
Performance Specifications Comparison chart in Appendix A of this report. The paragraphs 
identified provide the basis for predicting the expeded percent improvement for each reason of EL T 
failure. 
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TABLE3 
Expected Additional Performance 

Improvement Using 406 MHz EL Ts 

From Table 7 NASA Report 
Analysis of 1319 ELT Failures (where data was available) 1983-1987 and Expected 

Improvement from TSO-C91a and Expanded Inspection!Maintenance Program 

#OFELT EXPECTED EXPECTED 
REASONS FAILURES IMPROVEMENT #OFELT 

% FAILURES 

I. Insufficient G's 245 95% 12 
* 2 Improper installation 12 95% 1 
* 3. Battery dead 42 95% 2 

* 4. Battery corroded 2 50% 1 
* 5. Battery installation incorrect 3 45% 2 

* 6. Incorrect battery 4 75% I 
7. Fire damage 280 10% 252 

8. Impact damage 356 75% 89 
9. Antenna broken/disconnected 180 85% 27 

10. Water submersion 62 0 62 
* 11. Unit not armed 70 98% 1 

12. Shielded by wreckage 17 10% 15 
13. Shielded by terrain 9 10% 8 
14. Internal failure 14 75% 4 
15. Signal direction altered by terrain 4 10% 4 

*16. Packing device still installed 3 98% 0 

*17. Remote switch off 16 100% 0 
Current Total of ELTs not Activated I 319 
Expected Total of ELTs not Activated 481 

* Preventable with an Expanded Maintenance/Inspection Program 

• ADDED IMPROVEMENT IN 
PERFORMANCE WITH 

406MHZELTS 

EXPECTED 
EXPECTED NUMBER 

IMPROVEMENT 

WITH406MHZ 
OF FAILURES 

WITH 406 MHZ ELTS 
% 

12 
1 

2 
1 

2 
1 

50% (Fire Damage) 140 
85%(lmpact Damage) 53 

27 
62 

I 
15 

8 
85% (Internal Damage) 2 

4 

0 
0 

331 
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Figure 1. Distribution of Times from First Alert to Merge18 

4.2.2 Planning/Evaluation Stage 

The planning/evaluation stage can be divided into two time periods. The first time period is between 
ambiguity resolution and when the mission is opened. The second time period is from the time the 

mission is opened to when the aircraft are launched. The latter is not expected to improve with the 

use of the 406 MHz ELT. 

The first time period can be greatly reduced when 406 MHz ELTs are used. It was determined from 
the analysis of AFRCC 121.5 MHz mission folders that the average time from ambiguity resolution 

to "mission opened" was 3.9 hours. Figure 2 shows the distribution of this time period. This time 
is spent primarily on communications checks to attempt to determine if the "distress location" is from 
a real ELT or EPIRB and if a real emergency exists. This effort involves numerous cross checks 

with the FAA to obtain overflying aircraft reports and with airports in the vicinity to attempt to isolate 
the location of the transmitter. 

This extensive cross checking with a number of sources is necessitated by the large number of false 
alerts and false alarms, as well as the fact that the location accuracy obtained from 121.5 MHz ELTs 

18 The data in Figures 1 through 3 were derived from the AFRCC Mission Records for the months of January, July 
and October 1989 to take into account the various seasons. 
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can include a number of airports within a metropolitan area of uncertainty. The U.S. Coast Guard's 
experience using a 406 MHz EPIRB has demonstrated that a savings of approximately 3.2 
hours can be achieved in ELT searches.I9 
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Figure 2. Distribution of Times from "Merge" to "Mission Opened" 

4.2.3 SearchStage 

Data from the AFRCC 121.5 MHz mission folders indicates that the average time spent during this 
stage is 2.2 hours. Figure 3 shows a histogram of the data from the AFRCC mission folders. Civil 
Air Patrol (CAP) personnel who have conducted 121.5 MHz ELT searches conservatively estimate it 
would only take .5 hours to locate a 406 MHz EL T signal. This assumption would mean a 
reduction of 1.7 hours in the 121.5 MHz timeline. 

19 If the Coast Guard data is used as a ratio to determine the time required for 406 MHz missions in the inland area, 
then the USAF savings equals 3.93- (3.93 x .5) /2.7, where 2.7 and .5 are the USCG average 121.5 MHz and 406 
MHz times to open a mission respectively. 
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of AFRCC Mission Folders 

4.2.4 Total Timeline Reduction 

By adding the estimated time saved in each phase of the SAR mission, the total time saved is 
6.7 hours, derived as follows: 

Saving from first Alert to Ambiguity Resolution 
Saving in Mission Planning 
Saving in Search time 

TOTAL 

15 

1.8 hours 
3.2 hours 
1.7 hours 
6.7 hours 



4.2.5 GEOSAR Alerts 

Reduction in the SAR time line can be expected in most cases when the alert is received through a 
GEOSAR satellite. This results because the registration data base contains points of contact (owner, 
marina, airport, etc.) to allow the RCC to take immediate action to determine the validity of the alert. 
This action can be taken without waiting for the low orbiting satellites to provide a location of the 
signal. It is estimated that a GEOSAR 406 MHz alert would save 1.6 hours from the 
SAR timeline. 

4.2.6 Derivation of Lives Saved from SAR Timeline Reduction 

Figure 4 shows Survival versus Time curves which were drawn from data presented in a DOT 

study20 and in a Coast Guard Study.21 The DOT survival curve has been further supported by 

DeHart and Beers 22 which states: "Within the first 8 hours the survival rate is more than 50%. 

Should a rescue be delayed beyond 2 days, however, the survival rate drops to less than I 0%." 

Figure 4 also shows a curve based upon actual data from NTSB accident reports.23 Although this 

curve is displaced in time from the DOT curve, the slope is parallel to the curves from the DOT study 

and the Coast Guard Study. The improved survivability of 50% (vice 34% when 121.5 MHz ELTs 

are used) is derived from the reduction in the SAR timeline when 406 MHz ELTs are used with the 

Cospas-Sarsat low orbit system. This indicates an improvement in survivability of 16% derived by a 

reduction in the timeline (6.7 hours due to the advantages of the 406 MHz ELT) and projecting the 

new average time to rescue on the "survival time" curve. In those cases where a GEOSAR alert is 

received, with beacon registration in the registration data base, the estimate of survivability is 64% 
(for an additional increase in survivability of 30% over 121.5 MHz ELTs). 

5.0 STUDY RESULTS 

As discussed in Chapter 4, the benefits to be obtained from the use of 406 MHz ELTs will be 

derived from three areas: 1) improved survivability; 2) reduction in the SAR timeline; and 

3) improved SAR operations including the handling of false alarms. 

20 DoD & NSC data given in C. Mundo, L. Tami & G. Larson, Final Report Program Plan for Search & Rescue 
Electronics Alerting and Locating System. DOT-TSC-73-42, February 1974. 
21 US Coast Guard Cost Benefit Analysis, Study of Alerting and Locating Techniques and Their Impact, by Computer 
Sciences Corporation, 18 September 1975. 
22 DeHart RL, Ed. Fundamentals of Aerospace Medicine, Philadelphia: Lea & Febinger, 1985: 862-67. 
23 NASA Contractor Report 4330 entitled "Current Emergency Locator Transmitter (ELT) Deficiencies and Potential 
Improvements Utilizing TSO-C9la ELTs", October 1990 
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DOD & NSC data given in C. Mundo, L. Tami & G. Larson, Final Report Program Plan for Search & Rescue 
Electronics Alerting and Locating System, DOT-TSC-OST-73-42, February 1974. 

U.S. Coast Guard Cost Benefit Analysis, Study of Alerting Locating Techniques and Their Impact (SAL TTl), 
18 September 1975, pg. 4-29, Table 4-11. 

Figure 4: Survivability in Aircraft Crashes Projected from Use of 
406 MHz EL Ts Based on NTSB Data 
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5.1 BENEFIT FROM IMPROVED ELT SURVIVABILITY 

Paragraph 4.1 discussed the improved survivability of the 406 MHz ELT (81 %) vs. the improved 
121.5 MHz ELT (73%) which would translate to additional lives saved per year if 406 MHz ELTs 

were in general use. The results contained in Chapter Vll of the NASA study were used as a basis. 
The number of searches with Supplement M data was normalized to reflect the actual number of 
searches conducted each year (based on AFRCC and CAP data) which doubled the number of 

people involved. In the NASA study it was projected that approximately 25 Jives per year could be 
saved (page 29) using improved 121.5 MHz ELTs. This projection took into account an adjustment 

due to Jack of Supplement M data in half of the search missions. 

The benefits from improved ELT survivability are a reduction in SAR operations costs (as shown in 
Table 4) and the additional Jives saved. These benefits result from turning non-ELT search 

missions into ELT search missions and the increased survivability of the occupants due to the 
decrease in the SAR timeline. Annendix B nrovides a detailed analysis of the lives to be 

saved. 

5.2 BENEFIT FROM REDUCTION IN THE SAR TIMELINE 

Paragraph 4.2 developed the rationale for reducing the average SAR timeline using the operational 
performance advantages of the 406 MHz system. It was shown that 6.7 hours could be saved using 
the Cospas-Sarsat 406 MHz Low Earth Orbit (LEO) system and an additional 1.6 hours could be 

saved using the 406 MHz GEOSAR system. This time saving was projected on the probability of 
survival versus time to rescue curve and the result was shown to be an increase from 34% to 50% 
survivability (an increase of 16% over the 121.5 MHz ELTs) with the 406 MHz LEO 

system and 64% survivability (an increase of 30% above 121.5 MHz ELTs) with the 
GEOSAR system. The analysis in Appendix B takes into account the people that could be saved in 
past cases where the ELT worked 

18 



.. 
< u 
~ 
~ .. 
< 
\2 
~ 
~ 

.. 
< 
12 
~ 
~ .. 
< 
\2 
~ 
"' ., 
.. 
~ .. 
~ 

e 
~ 

" u 
~ 

TABLE4 
Resources Saved by Complete Retrofit with 

Improved 121.5 MHz ELTs or 406 MHz ELTs 

DESCRIPTION IMPROVED 406MHZELT OF SAVING 121.5 MHZ ELT 

IMPROVED ACTIVATION 123 SEARCHES (2) 143 SEARCHES (3) 
RATE CONVERTS NC 

SEARCHES TO ELT 7503 HRS 8723 HRS 

SEARCHES (I) $487,695 $566,995 

SAVING IN FALSE REDUCTION BY 75% SAME REDUCTION AS 
C9la PLUS 80% OF ALARM COSTS IN 46% OF MISSIONS 

54% OF MISSIONS (6) CURRENTLY AVG. 680 MISSIONS (5) 
1531 MISSIONS 1970 MISSIONS/YR (4) 1088 HRS = $70,720 

2450 HRS= $159,250 

SAVING OF FEDERAL 
123 MISSIONS 143 MISSIONS RESOURCES 

(C-130 & HELIC.) 246HRS 286HRS 

A VG. 2 HRS/MISSION $369,000 $429,000 

CAP PERSONNEL 
113,399 HRS SAVINGS FROM 97,539 HRS 
$1,474,107 IMPROVED $1,170,463 

ACTIVATION RATE 

CAP PERSONNEL 
SAVINGS FROM 4080HRS 9312HRS 

IMPROVED FALSE $48,960 $111,744 
ALARMS 

IMPROVED ACTIVATION 
35 OUT OF 48 LAND 39 OUT OF 48 LAND RATE CONVERTS 

NON-ELT MISSIONS CASES EACH YR. CASES EACH YEAR 

TO ELT MISSIONS DELTA OF$12,073/ CASE DELTA OF $12,073 I CASE 

(48 LAND CASES/YR.) SAVING= $422,555 (2) SAVING= $470,847 (3) 

75% REDUCTION IN SAME REDUCTION AS 
SAVINGS IN FALSE FALSE ALARM MISSIONS C91a PLUS 80% (7) 

ALARM COSTS (720UTOF96TOTAL) REDUCTION OF OTHERS 
SAVING = $225,072 91 MISSIONS= $284,466 

SAVING IN NOAA 
COMMUNICATIONS MINIMAL ~ $100,000 
COSTS FOR ALERT 

MESSAGES 

TOTAL RESOURCES $2,794,470 $3,596,409 
SAVED 

Ml1:!lS. 

12/3/93 

NOTES 

AVERAGEOFI92 
MISSIONS/YR. 
$65/HR OF CAP 
FLYING TIME 

AVERAGE CAP 
FLYING TIME PER 
MISSION =1.6 HRS; 

COST = $65/HR 

C-130= $!800/HR 
HEL!COP= $1200/HR 

AVG.=$1500/HR 

$12/HR 
13 PERSONS/MISSION 

$12/HR 
3 PERSONS/MISS. 

USCG SEARCH COSTS 
W/0 ELT= $18,305/CASE 
WITH ELT= $6,232/CASE 
DIFFERENCE= $12,073 

USCG COST OF 
HANDLING FALSE 

ALARMS IS 
$3,126 PER CASE 

ELIMINATION OF 
FALSE ALERTS, 

SPURIOUS & 
IMAGES 

DELTA 
$801,939 

1. Based on 6 yr. average of AFRCC missions for actual missing aircraft without ELT; 192 missionsfyr. and 12,033 hrs. flown by CAP 
2. Assumed ELT activation rate of73% 
3. Assumed ELT activation rate of81% 
4. Based on 6 yr. average of 1970falsealarm missions per year; 3071 hrs flown by CAP 
5. False alarm cases where ELT was found in aircraft 
6. With identification and beacon registration, Coast Guard has shown that 80% of false alarms can be handled by phone. 
7. 80% of false alarms can be handled by telephone without launching a mission 
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5.3 SUMMARY OF LIVES TO BE SAVED WITH 406 MHZ ELTS 

There are two basic factors that affect the life saving capability of the 406 MHz ELT: improved 
survivability of the 406 MHz ELT in aircraft crashes and the reduction in the SAR 
timeline. (A detailed explanation of the rationale and determination of performance advantages 
and time saved by the 406 MHz ELT is given in Sections 2, 3 and 4 and Appendix B.) 

POTENTIAL FOR LIVES SAVED USING 406 MHZ ELTS24 

FROM IMPROVED ELT SURVIVABILITY 
AND REDUCED TIMELINE 

FROM REDUCED TIMELINE IN CASES 
WHERE ELT WORKED IN THE PAST 

TOTAL 

5.4 REDUCTION OF SAR RESOURCES 

81 LIVES PER YEAR25 

53 LIVES PER YEAR 

134 LIVES PER YEAR 

As discussed in Chapter 3, there are many features of the 406 MHz system which will improve SAR 
operations. A number of these features will not only improve SAR operations in distress cases, but will 
also help to prevent and/or mitigate the problems of false alerts and false alarms. 

5.4.1 Resources Saved by Reducing the Number of Non-ELT Missions 

The improved activation rate of the 406 MHz ELT results in 143 of the 192 aircraft missions per year being 
converted from non-ELT missions to ELT missions. 26 The resultant savings by the United States Air 
Force (USAF)/CAP and the United States Coast Guard (USCG) are shown in Table 4 and compared to the 
savings from the improved 121.5 MHz ELT. 

5.4.2 Savings in NOAA Communications Costs 

As a result of the elimination of ELT false alerts, the communications costs for NOAA will be reduced by 
approximately $100,000 according to experts in the Sarsat Operations Division of NOAA (as shown in 
Table 4). There will be no savings expected from the use of improved 121.5 MHz ELTs. 

24 Data reflects reduction of 10% in potential lives to be saved due to adverse weather conditions that would prevent 
rescue despite timely notification. 
25 Data reflects saving 3 Civil Air Patrol lives each year which are now lost during searches for aircraft crashes where 
no ELT was operating. 
26 Aircraft missions are searches for missing aircraft where no ELT is transmitting. ELT missions are searches for a 
transmitting EL T which could be a distress or a false alarm. 

20 



5.4.3 Resources Saved From Improved False Alarm Mitigation 

False alerts will be eliminated due to the coding of the message. 27 In addition, problems with false alarms 
will be mitigated due to the greater ease of handling the 406 MHz alerts. The features in the 406 MHz 
system which will lead to mitigation of false alarms are: 

1) Identification in the Message and 
2) the Accuracy of Location. 

5 .4.3.1 Identification (ID) in the Message. The use of ID in the message will completely eliminate false 
alerts from sources other than an emergency beacon as the satellite will not recognize or process RF signals 
that are not appropriately coded. In addition, the message will allow the RCC controllers to know the type 
of aircraft (e.g., airliner or small plane) and will allow communications checks with the owner, home 
airport or other points of contact to determine if an emergency exists. 

5.4.3.2 Accuracy of Location. The accuracy of location (within approximately 2 Km) will be of 
particular help when valid data base information is not available. This accuracy should allow the RCC to 
contact the closest airport (within the 13 square kilometers) to see if the signal is originating from an airport 
(e.g., from an aircraft or an avionics shop). This is greatly improved over the case of 121.5 MHz alerts 
where there could be a number of airports within the 1 ,300 square kilometers location accuracy. 

5.4.3.3 Assumptions for Saving Resources in Handling ELT False Alarms. The NASA Study 
estimated a reduction in false alarms by 75% due to the improvements in the 121.5 MHz ELT. This 
improvement applies to ELTs mounted in aircraft and does not cover false alerts from other sources. 
If we assume that the Coast Guard experience in silencing 406 MHz false alarms (80% silenced 
without launching a mission) will be similar in the inland area, we have a basis for forecasting the 
savings due to using the 406 MHz ELTs. In addition to eliminating 80% of the false alarm/false 
alert SAR missions, the cost of the remaining false alarm missions will be dramatically reduced by 
the timeline saving discussed in Paragraph 4.2. The saving of resources from improved handling of 
false alarms with the 406 MHz system are shown in Table 4 "Resources Saved by Complete 
Retrofit with Improved 121.5 MHz ELTs or 406 MHz ELTs." Cost reductions are projected for 
USAF/CAP operations, savings of federal resources and savings in NOAA communications costs. 

5.4.4 USAF/CAP Savings 

Table 4 projects USAF/CAP operational savings in three areas: SAR operations, use of federal 
resources and CAP personnel savings. These savings are the benefit of the improved ELT 
activation rates that will convert aircraft searches to ELT searches, and reduced false alert/alarm 
processing that will reduce the need for federal resources and CAP personnel. 

27 Identification as a distress message is required for the Cospas-Sarsat system to accept the message; therefore, RF 
signals from other sources will not be treated as an alert. 
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5.4.4.1 Savings from Improved Activation Rates. Currently, when distress situations not involving 
ELTs occur, SAR operations are conducted by aircraft visual searches that survey flight plan areas 
looking for downed aircraft. Analysis of AFRCC Annual SAR reports for the period 1987 through 
1992 shows an average of 192 of this type of mission occurred per year. This resulted in an annual 
average of 12,033 hours of flight time. At a USAF/CAP cost of $65 per hour of flight time, the cost 
associated with using aircraft for non-ELT missions resulted in an average annual cost of $782,145. 
Table 4 shows that increased ELT survivability projections (81% activation with 406 MHz ELTs vs. 
73% activation with improved 121.5 MHz ELTs) will convert 123 searches (in the case improved 
121.5 MHz ELTs) and 143 searches (with 406 MHz ELTs) to ELT missions for substantial cost 
savings. The table also shows that the reduction of 123 aircraft searches (for improved 121.5 MHz 
ELTs) or 143 searches (for 406 MHz ELTs) would result in a reduction of federal resources (C-130 
and helicopter) required. 

5.4.4.2 Savings from Reduced False Alarm Processing. CAP mission folders were analyzed to 
identify and categorize the origin of false alarms that result in SAR activities. False alarm categories 
and percentages from that analysis are presented below. 

Description 
a) Non-distress ELTon civil aircraft at airport or private landing site 
b) ELT/EPIRB AFRCC mission issued but no signal source found 
c) Non-distress EPIRB on boat or ship 
d) Non-distress ELT/EPIRB removed from aircraft or boat 
e) U.S. Government non ELT/EPIRB signals 
f) Non-distress ELT found on DoD aircraft of federal facility 
g) Civilian non ELT/EPIRB signals not coming from beacon source 

Percentage 
41.3% 
25.7% 
08.3% 
08.2% 
07.3% 
04.6% 
04.6% 

Review of this data shows that 46% of the missions (items a and f) would be helped by the use of 
improved 121.5 MHz ELTs. Table 4 shows that a reduction of 75% in false alarm processing for 46% of 
the cases would result in a savings of 1,088 hours or $70,720 per year. However, due to the positive 
identification data contained in the 406 MHz system messages, it was determined that the remaining 54% 
of the false alarm cases would be helped by implementation of 406 MHz ELTs. Using the USCG current 
success rate at resolving false alarms by telephone (80% ), applied to those cases not helped by improved 
121.5 MHz ELTs (54% of missions), cost savings in false alarm processing for the 406 MHz system were 
ealculated at 2,450 hours or $159,250 annually. CAP personnel savings from improved false alarm 
processing are also shown in Table 4. 

5.4.4.2 CAP Lives Saved by Reduction ofNon-ELT Searches. According to CAP an average ofthree 
CAP persons lose their lives each year searching for crashes where no ELT is operating. There have been 
no lives lost in searches where an ELT was operating. Because ofthe improved activation rate of both the 
improved 121.5 MHz ELT and the 406 MHz ELT, the CAP feels that these lives will be saved. 
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5.4.5 USCG Savings 

The average number of land SAR cases supported by the USCG was used to derive cost benefits 
associated with improved activation rates and reduced false alarm processing when the 406 MHz system is 
used. Table 4 shows that the projected activation rates result in a reduction of 35 USCG searches for 
121.5 MHz ELTs and 39 USCG searches for 406 MHz ELTs, resulting in a cost savings of $422,555 and 
$470,847 respectively per year. Cost savings for reduced false alarm processing were calculated using the 
same formula used to derive USAF/CAP benefits. 

6.0 CONCLUSIONS AND SUMMARY OF POTENTIAL BENEFITS 

The saving of lives that can be expected from the use of 406 MHz ELTs vice the improved 121.5 
MHz EL Ts has been derived in Appendix B and summarized in Section 5 above. The lives saved 
are shown to be due to both an expected improvement in survivability of the 406 MHz ELTs (see 
Table B-1) and the reduction in the search and rescue timeline because of the improved operational 
capability of the 406 MHz satellite system (see Attachment 2 from Appendix B). The use of 406 
MHz ELTs results in operational cost savings from the improved efficiency in SAR operations and 
in the handling of false alarms. In summary the replacement of all121.5 MHz ELTs with 406 MHz 
ELTs is projected to provide the following benefits: 

USE OF 406 MHz ELTs RESULTS IN A SAVINGS 
OF 

RESOURCES OF $3.6 MILLION PER YEAR 
AND 

134 LIVES PER YEAR, REPRESENTING 
A TOTAL OF 

$339 MILLION 28 SAVED PER YEAR 

THE ADDED BENEFITS 
OF 

406 MHZ ELTS 
OVER THE 121.5 MHZ ELTS IS AS FOLLOWS: 

$802,000 SAVED PER YEAR IN OPERATING COSTS 
AND 

111 LIVES PER YEAR, REPRESENTING 
A TOTAL OF 

$278 MILLION SAVED PER YEAR 

28 Costs include resources saved and cost of lives saved at current cost/benefit accepted rates of $2.5 million per life. 
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APPENDIX A 

COMPARISON OF 
ELT PERFORMANCE SPECIFICATIONS 

RTCA D0-183 (121.5 MHz ELTs) 

and 
RTCA D0-204 (406 MHz ELTs) 

A-1 
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SPECIFICATION 
REQUIREMENT 

3. Frequency Stability 

4. Peak EITective Radiated 
Power 

A. I'EilFOilMANCE REQUIIlEMENTS (cont.) 

RTCA/D0-183 
(MAY 1983) 

Para 2.2.2.1 
Re<1uires stability to be within 
±0.005% under all envitomnental 
condilions. 

Para 2.2.2.5 
Reference 2.3.1.1 & 2.3.1.2 
llequires the ELT to meet one or Ute 
following power/time comLiuatious: 
(a) at least 50 mW (17d0m) over a 
50 hour period. 
(bJ at least 25 mW (1-tdDm) over a 
I 011 ltont period. 
(c) not less titan any lineally extrap
olated power level vs. time period 
between (a) an<l (h) above. 
In addition to (a), (b), or (c) above, 
Ute Et:r may operate over a 50 hour 
petio<l al -40" C with a PERP o£ 
at least 5 mW (7<1Um). 

RTCA/D0-201 
(SEP 1989) 

Para 2.2.2.1, Table 2-4 
Sltort Term: S 0.002 Patls/oniUion 
in 100 IUS. 

Medium Term ( 15 min): 
Mean slope: S 0.001 

parts /million /min. 
Residual: S 0.003 parts/million. 

Long Te11n: ±0.005 Mils within 5 
years, including initial offset. 

Para 2.2.2.4 (Output Power) 
Para 2.2.2.5 (VSWR) 
Para 2.2.2.7 (Spurious Emissions) 
Uefercuce Figure 2-4 
Uequires output power to be within 
limits of 5 waUs ±2 dB measured 
into a 30-ohm load with a VSWR 
::; 1.25 : I. Output power rise time 
shall not be less lhan 5 ms measured 
between 10% and 90% power poinls. 
Mmlulator and hanslllitter shall be 
a.hle lo meet all requirements ex:cet>l 
Cot output power at any VSWR be
tween I: I and 3: I and shall not be 
damaged by any load hom an open 
circuit to a short circuit. Transmit· 
let power output spechulll should 
remain within limits o( Figure 2-4. 

11mptonmenl Factor: 0 = No lmpronment; + = lmpronment; S+ = SJslem lmpronmeal; 

I. F.' 

S+ 

0 

COMMENTS 

More demanding frequency toler
ances should result in greater sys
tem location accuracy, typically I -
2 km versus 15 - 20 bu. 

N/ A = Caa'l be Compared 
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SPECIFICATION 
REQUIREMENT 

4. Peak Effective Radiated 
Power (cont.) 

5. Transmitter Modulation 
Characteristics 

A. PERFORMANCE REQUIREMENTS (cont.) 

RTCA/D0-183 
(MAY 1983) 

Para 2.2.9 (Transmitter Tum-on) 
Reference 2.2.2.3 
Requires that wilhin 5 minutes of 
activation (auto or manual), the 
PERP sbnU be al least 50 mW (17 
dDm) or that selected hy the mnn~ 
u(nduter. 

Para 2.2.2.2 (Audio Swept Tone) 
Requires emission to be type A9, 
having a distinct a11<1io c:haracler
istic achieved hy amplitude modu
lating the carrier with an audio fre
quency, sweeping downward over a 
range of not less than 700 liz, within 
the range 1600 to 300 liz, and with a 
sweep repetition rate between 2 and 
4 liz. The modulation (actor shall 
be at least 0.85. Allows optional 
chnraderistics to improve SAR ca
pabilities: 
(a) SAlt Detection and l101ning Ca
pabilities - a hurst of unmodnlated 
C\¥ power for a duration of 2.0 
±0.25 seconds and repeat the burst 
every 8.0 ±0.25 seconds. 

(cont. on next page) 

RTCA/D0-204 
(SEP 1989) 

Para 2.2.8 (Warm-up Time) 
Requires ELT to be capable of meet
ing all performance requirements 
within 15 minutes of activation. 

Para 2.2.2.2 (Digital Message) 
Requires digital message generator 
to key mo<lnlalor and transmitter 
with a repetition period of 50 sec
onds ±5% (so that any two -trans
mitters will not appear to he syn
chronized closer limn a few secOnds 
over a 5 minute period) and a to
tal transmission lime of 440 ms ± 1 
percent (short message) or 520 ms 
±I percent (loug message). The iui
tinl ltiO ms ±1 percent of transmit
ted signal shall be an unmodulated 
carrier at the transmitter frequency 
(measured at the 90% power point); 
the fiual280 ms ±1 percent of trans
mitted signal shall contain 112 bit 
message at rate of 400 bps ±I per
cent (short message); 

(cont. on next page) 

11mprovement Factor: 0 = No Improvement; + = Improvement; S+ = System Improvement; 

I. F.• 

0 

S+ 

COMMENTS 

Longer warm-up time for 406 bea
con (15 minutes vs. 5 minutes) 
increases probability that the unit 
will {unction in extreme environ
ments without significantly length
ening the pedod between activation 
and react.ing fuU power. 

Identification and global coverage 
enable early commencement of a 
SAR mission. 
D0-204 incorporates all require
ments of C/S T.OOI (Nov 88). 

N/ A = Can't be Compared 
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SPECIFICATION 
REQUIREMENT 

5. Transmitter Modulation 
Characteristics (coni.) 

6. Modulation Duly Cycle 

A. PERFORMANCE REQUIREMENTS (cont.) 

RTCA/D0-183 
(MAY 1983) 

Para 2.2.2.2 (Audio Swept Tone) 
(cont.) 
(b) SAR Satellite Detection - pro
vide cleatly defined canier with at 
least 30% of power within ±30 liz 
of the carrier at 121.5 Mhz and ±60 
liz at 213.0 Mllz. 
(c) Voice Modulation (A3) - is al
lowaiJle provided it will not consume 
energy from the power supply at 
rate greater titan normal EI~T swept 
tone modulation (A9). 

Para 2.2.2.3 
Requires modulation applied to car
rier to have a minimum duty cycle 
or 33% and a maximum duty cycle 
of 55%. Emission ~esignator is A9. 

RTCA/D0-204 
(SEP 1989) 

Para 2.2.2.2 (Digital Message) 
(cont.) 
the final 360 ms ±I percent of 
transmitted signal shall contain 144 
bit message at rate of 400 bps ±I 
percent {long message). Re<tuires 
bit synch pattern ("l's") to oc
cupy first IS bit positions. Re
quires frame synch pattern e'o 0010 
1111"-nonnal or "0 1101 0000"
test) to occupy positions 16 through 
21. Frame Rag will he bit 25 ( "0"
short message, "1"-loug message), 
and remaining 87 bits (short utes~ 

sage) or 119 bits (long message) are 
defined in C/S documents. 

Para 2.2.2.3 
Requires the carrier to be phase 
modulated 1.1 ±0.1 radians peak 
referenced to the unmodulated car
rier. Rise and rail limes of mod
ulated waveform are required to 
be 150 mictoseconds ±100 mi
croseconds. Emission designator is 
16KOGld-

I. F.' 

N/A 

COMMENTS 

Although the very shot! duly cycle 
("- 1%) of the 406 Mllz transmis
sion is not well suited to homing by 
aircraft, the beacon will be carried 
in conjunction with a 121.5/213.0 
beacon. 

L-------------------~----------------------J_-----------------------L----J_----------------------~ 

11mprovement Factor: 0 = No Improvement; + = Improvement; S+ = System Improvement; N /A = Can 'I be Compared 
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SPECIFICATION 
REQUIREMENT 

7. Transmiller Duty Cycle 

8. Antenna Radiation Char
acteristics 

A. PERFORMANCE ltEQUlllEMENTS (cont.) 

RTCA/D0-183 
{MAY 1983) 

Para 2.2.2.3 
Reference 2.2.2.2 
Reqnires the transmission to not be 
interrupted, except as specified in 
para 2.2.2.2. 

Para 2.2.4 
Requires that boUt the fixed and 
auxiliary antennas {if (>rovided) 
shall ratliate on 121.5 and 243.0 
Mllz. Radiation shall be vertically 
polarized and omni-diredional iu 
tlte horizontal plane, but only when 
lite antenna is itt its normal orienta
tion. 

RTCA/D0-204 
{SEP 1989) 

Para 2.2.2.2 
Para 2.2.2.6 (Max Continuous 
Transmission) · 
Requires repetition period of 47.5 to 
52.5 seconds. 
Inadvertent continuous t.ransmis· 
sion be equipment failure shall be 
limited to a maximum of 45 seconds. 

Para 2.2.4 
Allows circular (RIICP) or linear 
polarity. Requires antenna gain 
(antenna in normal mountil•g con· 
figuration and on ground plane of 
1/2 wave-length ratlius) to he be
tween -3 dlli anti +4 <llli over 90% 
or rollowing range: 
Azimuth: full 360" 
Elevation: 5° < elevation < 60° 

11mprovement Factor: 0 = No Improvement; + = Improvement; S+ = System Improvement; 

I. F.' 

N/A 

0 

COMMENTS 

Incorporates all requirements of 
C/S T.001 (Nov 88). 

/ 

N /A = Can 'I b'e Compared 
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SPECIFICATION RTCA/00-183 RTCA/D0-204 l. F.' COMMENTS 
REQUIREMENT (MAY 1983) (SEP 1989) 

9. Automatic Crash Activa- Para 2.2.3 Para 2.2.3 0 Carries D0-183 requirements for-
!ion of Sensor Reference Figure 2-1 Reference Figure 1-1 ' ward, providing significant improve-

ltequires the crash activation sen~ Same as D0-183 ment to crash sensor which should 
sor to activate witlt a threshold yield an increase in number of 
force level o[ 2.0 ± 0.3 G 's and a crashes detected and a correspond~ 
minimum velocity change of 3.5 ± ing decrease in non-crash activa-
0.5 £!/sec (but not under less sev- tions. 
ers conditions) and when simultaue-
ously subjected to 30 G's of cross-
axis acceleration. 

Para 2.2.3c (Sensor Packaging) Para 2.2.3b 0 
Reference 2.2.1 Same as D0-183 
Requires, if the sensor is packaged 
ns a separate unit, that no com-
bination of short circuits and/or 
open circuits in the interconnecting 

:r 
a.. 

wiring shall result in a reduction of 
operating life or in deactivation of 
the transmitter after it bas been ac-
!iva ted. 

/ 

1lmprovement Factor: 0 = No Improvement; + = Improvement; S+ = System Improvement; N/A =Can't be Compared 
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A. PERFORMANCE REQUIREMENTS (cont.) 
-- I I I I 

SPECIFICATION 
REQUIREMENT 

RTCA/D0-183 
(MAY 1983) 

RTCA/D0-204 
(SEP 1989) 

9. Automatic Crash Acliva-~ Para 2.2.3d (Crash SensorfELT In-~ Para 2.2.3c 
lion o£ Sensor (coni.) lerface) Same as D0-183 

Requires, if a separate unit is used, 

11mptovement Factor: 

that the interface wiring is nol re-
quired to survive the crash arter it 
transmits the activation signal. Dis-
conuecting the interface (or mainte-
nance shall not cause a false activa-
tion. 

Para 2.2.3e (Optical Sensors) 
Reference 2.2.3b & 2.2.1 

Para 2.2.3<1 
Reference 2.2.3a 

Allows optional alteruate crash sen- I Same as D0-183 
sots, and requites that switches 
must be mounted in sufficient num-
bers and locations to detect a crash 
as describe in 2.2.3b. Using oper-
ational parameters, such as engine 
pressure or engine vacuum to indi-
cate crash situations is another ac-
ceptable method provided that ELT 
activation shall not occur during 
normal operational procedures and 
special action on the part of the pi-
lot to disarm the device at the end 
of the flight is not required. 

0 = No lmptovementi + = lmprovementi S+ = System Improvement; 

I. F.t 

0 

0 

COMMENTS 

Carries forward provision for alter
nate crash sensors with caveat that 
they not activate during normal op
erations and not requite pilot action 
to disarm device at end of flight. 

/ 

N I A = Can't be Compared 
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SPECIFICATION 
REQUIREMENT 

10. Activation Monitor and 
Remote Control 

A. l'ERFORMANCE ItEQUlllEMENTS (cont.) 

RTCA/D0-183 
(MAY 1983) 

Para 2.2.6 a &: b 
Requires an aural ami/or visual 
monitor (integral or separate from 
the ELT) to alert the pilot to the 
fact that the EL'F has been acti
vated and is transmitting. The au
ral monitor if not integral to the 
gLT must be installed in the air
craft and must have a mininuuu sig
nal intensity level or 90 dBm mea
sured 1 meter hom the sonr<'.e. The 
visual monitor must be in view of 
the pilot's position, and it shall be 
visible nuder normal daytime ambi
ent light conditions at 1 meter. He
mole controls shall be provided if 
the local controls ate not accessible 
rrom the pilot's position. 

RTCA/D0-204 
(SEP 1989) 

Para 2.2.6 a &: b 
lle<(uires both au aural and visual 
monitor to alert the I•ilot to the fact 
tltat the ELL has beeit activated. 
The aural monitor shall provide a 
distinct signal with a minimum htw 
tensity o( 75 Dbm but not exceed
ing 85 Obm at the pilot's position, 
and is required to operate wlten the 
aircraft 1S primary electrical system 
is "Oli'F''. Tlte visual monitor must 
he operable at all times and must 
be visible from tlte pilot's position 
under normal daytime ambi~ut light 
conditions. 

11mprovement Factor: 0 = No Improvement; + = Improvement; S+ = System Improvement; 

I. F.l 

+ 

COMMENTS 

Aural and visual monitors ate re
quired witlt specific operational pe
riods, intproving pilot and ground 
crew capability to detect in ad vet
tent transmitter operation. 

/ 

N/A =Can't be Compared 
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. A. PERFOillviANCE REQUIUEMENTS (cont.) 
r- I I I I I 

SPECIFICATION 
REQUIREMENT 

10. Activation Monitor and 
Remote Control (cont.) 

11. Power Supply 

llTCA/D0-183 
(MAY 1983) 

Para 2.2.6c 
For botlt tuonitors1 the remote con
trol mode will be Manual On, 
Armed, and Reset. OII wiD not be 
available. 
Further requires that the power sup
ply, eiiher a dedicated or alternate 
power supply, may not detract from 
the El:f operating life. For fault 
tolerance, no combination of short 
circuits between the remote con
hoi, monitor(s), associated wiring 
and the airframe shall either inhibit 
the equipment from being automat
ically activated, or deactivated, or 
cause a power drain. 

Para 2.1.11 
Requires that gas or liquid seepage 
from power supply shalt not effect 
internal ELT components (separa~ 
lion of battery comparhuent from 
electronics within Elfl' case). 

RTCA/D0-204 
(SEP 1989) 

Para 2.2.6c 
Same as D0-183. 

Para 2.1.12 (llallery) 
Requires that ELT not be hazardous 
to personnel and that toxic or cor~ 
rosive products not be released out* 
side the case during or following 
storage at temperatures between 
-55° C and +85° C. If Ruids can 
be vented, they must be contained 
so thai they shall not elfect internal 
ELT components. 

1 lmprovemenl Factor: 0 = No Improvement; + = Improvement; S+ =System lmpronment; 

I. F.l 

0 

+ 

COMMENTS 

Remote conhol requirements · of 
D0-183 are carried forward enhanc· 
ing potential for pre-Right detec· 
lion that ELT is not armed. Fa· 
cilitates ground crew deactivation 
of inadvertent ELT transmissions 
when ELT is not located in the cock· 
pit area. 

Prevents couosiou electronics due 
to Ruid leakage. Enhances safety 
or personnel handling or servicing 
ELTs. 

N /A = Can't be Compared 



A. I'EilFOilMANCE REQUIREMENTS (cont.) 

SPECIFICATION RTCA/D0-183 RTCA/D0-204 I. F.' COMMENTS 
REQUIREMENT (MAY 1983) (SEP 1989) 

12. Sel£ Test Not Addressed Para 2.1.9 + Adds requirement for a self test ca- 1 

The ELT shall include a sel£ lost de- pability whiclt will adequately test I 

signed lo test, as a minimum, the the ELT nnd not generate a false 
capability of the battery to power alarm position. 
the unit and to activate the co-ckpit 
El/1' monitor. Any modulated sigw 
ual transmitted from the ELT <lur~ 
ing the self test shall have a special 
frame synchronization patteut and 
shall not transmit more than one 
burst to ensure that the signal is not 
processed by Ute sateUites. 

'---· -----··-····- __________ ~,_ _______ 

:r ,... 
0 

/ 

11mprovemcnt Factor: 0 = No Improvement; -t = Improvement; S+ = System Improvement; N/A =Can't be Compared 
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. --- ·- -- --B. CRASIIWOirflllNESS 

SPECIFICATION RTCA/D0-183 RTCA/D0-204 
REQUIREMENT (MAY 1983) (SEP 1989) 

L Shock Impulse Survival Para 2.3.4.1 Para 2.3.4.1 
Level Requires that ELT must survive 1 Reference 2.4.2.4 

shock impulse of 500 G's (4 ± 1 ms Requires I hal Elff he operating and 
duration) in eaclt of six directions. that ELT must continue to operate 
This impulse is based on aircraft im- following a sltock impulse of 500 G's 
pact velocities of 190 mph. (4.0 ± 1.0 ms dmation) in each of 

six directions and then continue to 
operate following a shock pulse of 
100 G's with a duration of 23.0± 2.0 
IllS. 

2. System Integrity Associ- Para 2.2.5 Para 2.2.5 
ated with Crashworthiness Reference 2.4. 2.4 Reference 2.4. 2. 4 

Requires that attachment and/or Same as D0-183 
mounting normally used to mount 
the ELT in lite aircraft shall with-
stand a shock test of 100 G's in 
nil directions in the non-operating 
mode without the ELT breaking 
loose, damaging the equipment, or 
otherwise resulting in the ELT's not 
being able to activate. 

----- - -····- --- -------

1 lmprovement Factor: 0 = No Improvement; + = lmprovementi 8+ = System Improvement; 

I. F.l COMMENTS 

+ Adds requirement for ELT to be op-
ernting during test and adds sec-_ 
ond lest at 100 G's. Should signifi-
cantly improve ELT survival follow-
iug a crash. 

0 Improves survivability of ELT in its 
mount. 

' 

N/A =Can't be Compared 
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SPECIFICATIOI'I 
REQUIREMENT 

3. Crash Protruding Surviv
ability 

4. Crash Pressure Survivabil
ity 

D. CRASIIWOUTJIINESS (cont.) 

RTCA/D0-183 
(MAY 1983) 

Para 2.3.4.2 
Rec1uires that ELT withstand a drop 
of 25 kg (55 lb) mass with a pene
tralor of 0.64 em (0.25 in) x 2.5 em 
(I in) from a height of 15 em (6 in) 
on the most vulnerable area of tltree 
or four requited areas of the EL'l'. 

Para 2.3.4.3 
Requires that ELT must withstand 
a crushing pressure o£6.9 x 105 new
tons per m 3 ( 100 psi) not to ex
ceed 150 kg ( IOOOib) successively 
over three or four required surface 
areas of the ELT. 

RTCA/D0-204 
(SEP 1989) 

Para 2.3.4.2 
Requires that ELT be operating 
during test and that ELT con4 

tintte to operate following test. Ac
tual test teqniremeuls/ procedures 
are same as D0-183. 

Para 2.3.4.3 
Requires that ELT be operating 
during test and that EI,T con
tinue to operate following test. Ac~ 
lunl test requiremeutsfpro~edures 
are same as DO-183. 

I. F.' 

+ 

+ 

COMMENTS 

Requirement for ELT to be operat
ing during test is more restrictive 
titan D0-183 and should result in 
a more survivable ELT. 

Requirement [or ELT to be operat
ing during test is more restrictive 
!han D0-183 and should result in 
a more survivable ELT. 

~----------+- -------------r---------------+--~--------------~ 
5. Antenna and Coaxial Ca~ 
ble 

Para 3.1.10 &: 3.1.11 
Provides spe~ 

cific requirements for antenna polar
ization ( vertical)i proximity of ex
ternally mounted antenna to ELT 
(3.1.10.2); static load test of 100 x 
weight (3.1.10.3); internal antenna 
installation (3.1.10.4); an<l cable in
stallation (3.1.11) requiring slack in 
cable, application of fires resistant 
material around cable, and prohibit~ 
ing cable installalion across aircraft 
production breaks. 

'Para 3.1.10 &: 3.1.11 
Same as D0-183 with exception of 
antenna polarization which can be 
either circular (RIICP) or linear. 

1 lmprl"vement Factor: 0 = No Improvement; + = Improvement; S+ = System Improvement; 

0 Provides greater potential for an~ 

tenua and interconnecting cables to 
survive a crash. 

NfA =Can't be Compared 
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SPECIFICATION 
REQUIREMENT 

6. Fire Protection 

1 Improvement Factor: 

IJ: CRASIIWORTIIINESS (cont.) 

RTCA/D0-183 
(MAY 1983) 

Para 2.1.5 
Requires that except for small parts 
that would not significantly con
tribute to propagating a fire, all ma
terials used shall be self extinguish
ing. 

RTCA/00-204 
(SEP 1989) 

Para 2.3.7 
Requires that except for small parts 
that wouhl not significantly con
tribute to propagating a fire, all ma
terials used shall be self extinguish
ing, and tllat Elf!' is expected to 
survive post-crnsb fires. 
(a) AU ELTs will be subjected to a 
flame lest by placing the ELT di
redly over the center of a fire hay 
at a heigt.t of lm ± 0.025 111 (39± 1 
inch) for a minimum of l5 seconds. 
(b) AF type EI,Ts will be subjected 
to a fire test of at least 1100° C, pro
ducing a thermal dnx of 20H'/crn1 

for a continuous and uninterrupted 
period of at least 2 minutes. 
Arter removal from tbe Rame or fire 
test, the equipment wiU be allowed 
to coolnatutally and tl1en meet the 
aliveness test. 

0 = No Improvement; + = Improvement; S+ = System Improvement; 

I. F.' 

+ 

COMMENTS 

Provides a specific requirement and 
establishes tests for post-crash ftre 
survivability yielding a more reli· 
able ELT that will operate following 
a post-crash fire. 

N /A = Can't be Compared 
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C. ELECTROMAGNETIC ENVI!lONMENT REQUIREMENTS 

SPECIFICATION RTCA/D0-183 RTCA/D0-204 I. F.t 
REQUIREMENT (MAY 1983) (SEP 1989) 

1. Radio Frequency Inter- Para 2.2. 7a-b Not Addressed N/A 
moclulation Reference 2.4.2.6, Figures 2-2, & 2- .. 

3; Tables 2-1 & 2-2 
When the E!ff unit is in the Armed 
mode, the application of any two 
frequencies in the 54-108 MHz band 
at +10 to +14dDM to the ELTsltall 
not result in reradiation of a third 
frequency in the 108-137 Mltz band 
exceeding the following levels: 
(a) direct coupling to the RF output 
tenuinal - the third frequency shall 
not exceed 83 dDm. 
(b) radiation coupling to external 
surface o£ the aircraft test configu-
ration - shall not result in a third 
field with an intensity greater that 
7 microvolts/meter at au apptopri-

ate receiving antenna 2 meters from 
the ELT antenna . 

1 Improvement Factor: 0 = No Improvement; + = Improvement; S+ = System Improvement; 

COMMENTS 

lntermodulation is not considered a 
factor with the 406 Mllz Deacon • 

/ 

N/ A = Can't be Compared 
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SPECIFICATION 
REQUIREMENT 

2. Radio Frequency Suscepti
bility (not applicable to ELT 
(S)) 

3. Normal Variation of the 
Electrical Power Supply In
puts 

RTCA/D0-183 
(MAY 1983) 

Para 2.2.8 
When the ELT unit is in the Arme.l 
motle, it shall not he activated or 
damaged when a signal in the 108-
137 Mllz band a +23 dllm is di· 
rectly coupled to the gJ~T antenna 
terminal of for ELTs that employ 
externally mounted antennas, when 
a vertically polarized electromag
netic field of 9.6 volt/meter is ap
plied to the external surface of the 
aircrafl lest configuration. 

Para 2.3.12.1 
Reference 2.2.6 k D0-160A, 16.5.1 
and/or 16.5.2 
(( applicable, the ELT Remote 
Monitor shall operate and meet 
11 Activation Monitor" requirements 
(para 2.2.6) under normal varia
tion (surges, peaks, or ripple volt· 
age variations, interruptions, etc.) 
of the aircraft elechical system, as 
specified in 16.5.1 and/or ·16.5.2. 

RTCA/D0-204 
(SEP 1989) 

Para 2.2.7 k 2.3.17 
Reference D0-160C, Section 20 
When the El/1' unit is in the Armed 
mode, it shall not be activated or 
tlamaged when a signal in each of 
the 108-121 Mllz, 122-137 Mllz 
and 120-160 Mllz bands al a +23 
dDm level is direcUy coupled to the 
gJ.,T antenna lenninal or for Elfl's 
that employ integrally-mounted au~ 
leunas, when a vertically polar~ 

ized electromagnetic field of 200 
volts/meter is applied to the exter
nal surface of the aircraft te:st con· 
figuration. 

Para 2.3.13.1 
Reference 2.2.6 &: DO-l60C, 16.5.1 
and/or 16.5.2 
Same as D0-183. 

1 1nnprovennent Factor: 0 = No Improvement; + = Improvement; S+ = System Improvement; 

I. F.l 

+ 

0 

COMMENTS 

Reduces lite potential for internal 
failures of the ELT and false acti
vations due to external. high power 
transmissions. Adds additional con
ditional rectnirement of RTCA/D0-
160C. 

Reduces the potential [or electrical 
power variations to cause iuadver~ 
lent activation of remote monitor. 

N/A =Can't be Compared 
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SPECIFICATION RTCA/D0-183 RTCA/D0-204 I. F.' COMMENTS 
REQUIREMENT (MAY 1983) (SEP 1989} 

4. Abnormal Conditions of Para 2.3.12.2 Para 2.3.13.2 0 Same as above. 
the Electrical Power Supply Reference 2.2.6 k D0-160A, 16.5.3 Reference 2.2.6 k DO-l60C, 16.5.3 
Input an<l/or 16.5.4 and/or 16.5.4 

If applicable, the ELT Remote Mon- Same as D0-183. 
itor shall withstand abnormal con-
ditions of the aircraft electrical sys· 
tem, as specified in 16.5.3 and/or 
16.5.4. 

5. Voltage Spike Protection Para 2.3.13 Para 2.3.14 0 Reduces Ute potential for electrical 
Reference 2.2.6 k D0-160A li.3 Reference 2.2.6 k D0-160C 17.3 power variations lo cause inad ver-
(Category A} or 17.4 (Category B) (Category A} or 17.4 (Category B) tent activation of remote monitor. 
If applicable, the EI:f Remote Mon- Same as D0-183. 
itor shall withstand the effect of 
voltage spikes arriving on its power 
leads as specified in 17.3 or 17.4. 

'r 
~ 

The ELT shall not activate as are-
sui! of these tests. 

"' -- --- ---- - -- ---- ---- ~------~~-

/ 

11mprovement Factor: 0 = No Improvement; + = Improvement; S+ = Syste~ Improvement; N /A = Can't be Compared 
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SPECIFICATION 
REQUIREMENT 

6. Conducted Audio-
Harmonics SusceJ>tibili!y 

RTCA/D0-183 
(MAY 1983) 

Para 2.3.14 
Reference 2.2.6 &; D0-!60A, Sec
lion 18 

RTCA/D0-204 
(SEP 1989) 

Para 2.3.15 
Reference 2.2.6 &: DO-l60C, Sec
tion 18 

The ELT Remote Monitor shallop- I Same as D0-183. 
etate and meet "Activation Moni-
tor" re<tnitements when it is sub-
jected to audio frequency compo-
nents that are ltarmouically related 
to !he power supply fundamental 
frequency as specified in Section 18. 
The ELT shall uo! activate under 
these conditions. 

7. Induced Audio-Signal I Para 2.3.15 
Susceptibility Reference 2.2.6 &; D0-160A, Sec

tion 19 

Para 2.3.16 
Reference 2.2.6 &; D0-160C, Sec
lion 19 

'Improtement Factor: 

The ELT Remote Monitor shall op- I Same as 00-183. 
erate and meet "Activation Moni-
tor" requirements when its intetcon-
nectiug wire bundle is subject to in-
duced audio spikes and electric and 
magnetic fields as specified in Sec-
tion 19. The EI:r shall not activate 
under these cotulitious. 

0 = No Improvement; + = Improvement; 8+ = System Improvement; 

I. F.' 

0 

0 

COMMENTS 

Reduces probability of inadvertent 
activation of remote monitor due to 
improper equipment design. 

Reduces !he probability of inad· 
verteut activation of remote moni
tor due to induced voltages iu the 
wiring. 

/ 

N/ A =Can't he Compared 



C. ELECTROMAGNETIC ENVIRONMENT REQUillEMENTS (cont. 
. 

SPECIFICATION RTCA/00-183 lrfCA/00-204 I. F.' COMMENTS 
REQUIREMEN'f (MAY 1983) (SEP 1989) 

8. Radio Frequency Energy Para 2.3.16 Para 2.3.18 0 Reduces the potential [or the ELT 
Emission Reference 00-160A, Section 21 Reference 00-IGOC, Section ~~ lo interfere with ollter avionics sys-

The equipment shall O(>erate within Same as 00-183. tems in the aircraft and iu other 
the RF conducted and radiated per· nearby aircraft. 
tnissible levels specified in Section 
21. 

9. Lightning Induced 'l'ran- Not Addressed Para 2.3.19 + Increases ability of ELT to with-
sient Susceptibility Reference DO-l60C, Section 22 stand the induced elfecls o[ lighting. 

The ELT shall not activate as a re-
suit of lightning iuduced transients, 
and mnst comply with Ellf con-
trois, Self Test, and Aliveness re-
qnirements. All mechanical devices 
shall operate salis[aclorily. 

--
'I ,.... 
co 

/ 

1 lmprovement Factor: 0 = No Improvement; + = Improvement; S+ = System Improvement; N/ A =Can'! be Compared 
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SPECIFICATION 
REQUIREMENT 

D. ENVIItoNMEN'fAL REQUIREMENTS 

RTCA/D0-183 
(MAY 1983) 

RTCA/D0-204 
(SEP 1989) 

I. F.t COMMENTS 

r--------------~------------------r----------------~----r-----------------1 
I. Ground Survival (Non
Operating) Temperature 

2. Operational Temperature 

3. Operational Temperature 
Variation 

Para 2.3. Ll & 2.3.1.2 
Requires that ELT survive stabi
lized low temperature of -55° C 
±3° and stabilized high tempera
hue of +85° C ±3°. 

Para 2.3.1-la, 2.3.1.1b, & 2.3.1.2 
Requires that ELT activate and 
meet operational requirements at 
-20°±.3° with full PERP, at -40'± 
3° with a reduce PERP of 5 mW 
(±7 dUm) during a 50 hour period, 
and at +55° ± J• with full PERP. 

Para 2.3.2 
Reference D0-160A, Section 5 
Requires that ELT must operate at 
maximum duty cycle during tem
perature variations of 2 to 5° C min
imum per minute between operat
ing temperature extremes of +55° 
C and -20° C. 

Para 2.3.1.1 & 2.3.1.2 
Ref(Uires equipment to soak a~ high 
and low temperatures for three 
hours vice stabilize at those temper
nhues; otherwise same as D0-183. 

Para 2.3.1.1 &: 2.3.1.2 (Activation) 
Para 2.3.2.1 & 2.3.2.2 (Aliveness) 
Essentially the same as D0-183, 
Category Cl must activate and op
erate at -20 and at +55° C dtu
iug the 24-hour operational life; ex
tended Category Ct low teiupeta
ture is -40° C. 

Para 2.3.2.3 &: 2.3.2.4 
Reference Figure 2. 7 
Requires specific temperature gra
dient and frequency stability with 
thermal shock test procedures in 
lieu of D0-160C, Section 5. EL'l' 
must Of,erate dming temperature 
variations of 5° ± 1.0° C per hour 
hetween temperature extremes, and 
alter thermal shock of +30° C £rom 
lowest operating temperature. 

1 Improvement Factor: 0 = No Improvement; + = Improvement; S+ = System Improvement; 

+ 

0 

0 

Soaking units at high and low tem
peratures is a more stringent test 
than simply stabilizing the units al 
the temperature extremes. lligh 
temperature limit should reduce tl1e 
number of internal failures. 

Lower operating temperature limit 
in both specifications provides for 
equipment 
operation in extreme environments 
found in Alaska and northern states 
during winter mouths. 
D0-204 does not include C/S T.OO I 
(Nov 88) requirement that oper
ating temperature be permaneuUy 
marked on beacon. 

Provides improved capability (or 
ELT to operate following rapid !em
perature changes~ 

N fA = Can't be Compared 
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D. ENVIllONMENTAL REQUIREMENTS (cont.) 

SPECIFICATION RTCA/D0-183 lri'CA/D0-204 
REQUIREMENT (MAY 1983) (SEP 1989) 

4. Thermal Shock Endurance Not Addressed Para 2.3.2.4, Table 2-1 
Requires a thermal shock . from 
the minimum operating tempera-
lure ( -40° Cor -20° C), depending 
on category, to 30° C above the min-
imum operating tentperature (i.e., 
either -10° Cor +10° C). 

5. Humidity Para 2.3.3 Para 2.3.3 
Reference D0-160A, 6.3.1, Cale- Reference D0-160C, 6.3.1, Cale-
gory A gory A 
Requites that ELT must withstand Same as D0-183 with exception of 
48 hours (two cycles) of exposure in added statement that ELT will not 
a standard humidity environment. activate as a result of test. 
A cycle is defined as follows: 
(a) 8 hours exposure to an ahuo--
sphere o{ 50° C and a relative hu~ 
mitlity of at least 95%, and 
(b) 16 hours exposure to an almo-
sphere of 38° Cor lower an a relative 
humidity of at least 85%. 

-----------····-- -- ~-----·····---- -- - ---------~ 

L_ _____ 

11mprovernent Factor: 0 = No Improvement; + = Improvement; S+ = System Improvement; 

I. F.' COMMENTS 

+ 

0 

/ 

N/A =Can't be Compared 
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SPECIFICATION IUCA/00-183 RTCA/00-204 
REQUIREMENT (MAY 1983) (SEP 1989) 

6. lligh Altitude Sur- Para 2.3.1.3 Para 2.3.1.3 
vivnl [or lnstnllation in Non- Reference 00-160A, Tables 1-1 & Provides specific test require~nents 
Pre~snrized Compartments 4-2 in lieu o[ D0-160C 

Requires EL'l' equipment to with- requirements. Re<tuites EL'f equip-
stnn<l a low temperature of -55° meut to withstand a low-pressure, 
C and a low-presstue Cflllivalent to low-temperature environment, anti 
the maximum operational allilmle a compression equivalent to a drop 
of the aircraft on which it is in- from au altitude of 50,000 feet above 
stalled. mean sea level in uo more than 2.5 

minutes. 

7. Decompression Survival Para 2.3.1.4 Para 2.3.1.4 
Requirement ltelerence 00-IOOA, 4.6.2 Provides specific lest requirements 

Requires the EL'f to withstand an in lieu o£ D0-160C requirements. 
absolute pressme reduction hom Requires ELT to operate at tU psia 
8,000 It MSL (i52.6 mbars) to the anti then withstand an absolute 
equivalent of the maximum oper- pressure reduction to 1 psia within 
ational altitude of the aircraft on 25 seconds. 
which it is installed. 

8. Overpressure Survival for Para 2.3.1.5 Para 2.3.1.5 
Installations in Ptessurized Relerence D0-160A, 4.6.3 Same as D0-183. 
Cmnparhuents Re<!'lires the ELT to withstand an 

absolute pressure o[ 1697.3 mbars 
( 15,000 feel below mean sea level). 

' --- L. .. -- --- ---

1 Improvement Factor: 0 = No Improvement; + = Improvement; S+ = System Improvement; 

I. F.' COMMENTS 

+ Adds a compression requirement, 
making test more realistic o£ actual 
conditions. 

0 

0 

/ 

N/A =Can't be Compared 
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SPECIFICATION 
REQUIREMENT 

9. Vibration Endurance 

I 0. Waterproofness 

11mprovernent Fndor: 

-- --·. --~~-···- -' ----- -- -" ~ --~ -·- --- ... ,----··, 
llTCA/00-183 R:fCA/00-204 I. F.' 

(MAY 1983) (SEP 1989) 

Para 2.3.5 Para 2.3.5 0 
In lieu of D0-160A, requires that Reference DO-l60C, Seclion ~ 
lloe ELT will not activate during ex- Same as D0-183. 
posme to a vibratory motion (vary-
ing at a rate not to exceed 1.0 oc.:. 
lave/minute) in aU three major or-
thogonal ELT axes. 

Para 2.3.7.2 (Spray Proof) Para 2.3.8.1 (Drip Proof when re- 0 
Para 2.3.7.1 (Drip Proof when re- <(Uire<l) 
<(uired) Para 2.3.8.2 (Spray Proof) 
Reference D0-160A, 10.3.1 & Reference D0-160C, 10.3.1 & 10.3.2 
10.3.2 Same as D0-183. 
Requires that ELT in operating 
mode shall withstand 15 minutes o£ 
spray water on all six sides and, if 
required, falling drip water as spec-
ifted in 10.3.1 and 10.3.2. Compli-
ance is tested after the 15 minute 
water spray. 

--- I -- -- ----

0 = No lmprovementi + = Improvement; S+ = System Improvement; 

COMMENTS 

Both specifications provide for im-
proved capability to withstand wa-
ter penetration. 

- ----

/ 

N /A = Can 'I be Compared 
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0. ENVIRONMENTAL llEQUillEMENTS (cont.) 
r-· I I I -, 

SPECIFICATION 
REQUIREMENT 

II. Salt Water Resistance 
(Corrosion l 

12. Fluids Susceptibility 

RTCA/D0-183 
(MAY 1983) 

Para 2.3.11 (Salt Water Spray- Op
tional for AF) 
Reference D0-160A, Section 14, 
Category S 
Requires that ELT must withstand 
a salt (og atmosphere at 35° C (or a 
48-ltour period and 48-ltour drying 
period at ambient temperatures. 

Para 2.3.8.2 (Salt Water Immersion 
- Optional for A F) 
Reference D0-160A, Para 11.2.2, 
14.3.4, & 14.3.4.1 
Requires that ELT must withstand 
a 24-ltour salt water iuunersion at 
30" C to 40° C and a 160-ltonr dry
ing period at 65° C. 

Para 2.3.8.1 (Fluid Spray when re
quired l 
Reference D0-160A, 11.4.1 
Requires that EL'r must withstand 
a 24-hour fine mist wetted condition 
and 160-hotu drying period at 65° 
c. 

lrfCA/D0-204 
(SEP 1989) 

Para 2.3.12 (Salt Water Spray- Op
tional [or AF) 
Reference D0-160C, Section 14, 
Category S 
Same as D0-183. 

Para 2.3.9.2 (Salt Water Immersion 
- Optional [or AF l 
Para 2.3.9.4 (Post Crash Immersion 

l 
Reference D0-160C, Para 11.4.2, 
14.3.4, & 14.3.4.1 
Salt water immersion test is same 
as IJ0-183. Post crash immersion 
is added requiring ELT to be acti· 
vated and then survive a 1-hour hn· 
mersion, submerged greater than 3 
feel in salt solution 30° C to 40° C. 

Para 2.3.9.1 (Fluid Spray when re
quired) 
Reference D0-160C, 1 1.4.1 
Requires that EL'f must withstand 
a 21-hour inuuersion period and 
160-hour drying period at 65° C. 

I. F. I 

0 

+ 

0 

COMMENTS 

Both specifications provide for im
proved capability of ELT to operate 
in a salt water environment. 

Post crash test specification pro· 
vides for improved capability of 
ELT to operate in a salt water en vi~ 
roument. 

Doth specifications provide im· 
proved performance of ELT instal
lations in areas where Rnid contam
ination could be encountered. 

~-·-----------------L-------------------------L ________________________ J_ ____ J_ ______________________ __J 

11mpronment Factor: 0 = No lmprove1nent; + = Improvement; S+ = System Improvement; N/ A =Can't be Compared 
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D. ENVIRONMENTAL REQUutEMENTS (cont.) 

SPECIFICATION RTCA/00-183 RTCA/00-204 
REQUIREMENT (MAY 1983) (SEP 1989) 

12. Fluids Susceptibility Para 2.3.8.3 (Fluid Immersion when Para 2.3.9.3 (Fluid Immersion wloen 
(cont.) required) required) 

Reference 00-160A, 11.4.2 Reference 00-160C, 11.4.2 
Requires ELT to withstand a 24- Same as 00-183. 
hour immersion periotl n.nd a 160-
hour drying period at 65° C. 

13. nlowiug Saud and Oust Para 2.3.9 Para 2.3.10 
Resistance Reference 00-160A, Section 12 Reference D0-160C, Section 12 

When required, ELT must with· Same as 00-183. 
stand a dust and sand jet between 
0.5 and 2.5 mfsec during a !-hour 
period at 25° C and 30% relative lm-
midity along each major orthogoiial 
axis. 

14. Fungus Resistance Para 2.3.10 Para 2.3.11 
Reletence 00-160A, Section 13 Reference 00-160C, Section 13 
When required, ELT must with- Same as 00-183. 
stand a 28-day fungus growth pe-
tiod at 305° C aud 97% relative ltu-
midity followed by a 48-botu drying 
period at room temperature. 

11mprovement Fador: 0 = No Improvement; + = Improvement; S+ = System Improvement; 

I. F.' COMMENTS 

0 

0 Both specifications provide im~ 

proved reliability of ELT under en-
vironmental conditions where blow-
ing sand and dust are prevalent. 

0 

' 

N fA = Can 'I be Compared 



D. ENVIRONMENTAL REQUIREMENTS (c011t.) 

SPECIFICATION RTCA/D0-183 RTCA/D0-204 I. F.l COMMENTS I 
REQUIREMENT (MAY 1983) (SEP 1989) 

15. Explosion Proofness Para 2.3.6 Para 2.3.6 0 Both specifications provide im-
Reference D0-160A, Section 9 Reference D0-160C, Section ~ proved reliability of ELT regarding 
Re<111ires that when activated in a Same as D0-183. potential to canse in-Right or post-
lest chamber the EL'f will not cause crash explosions. 
detonation of tile chamber explosive 
mixture (when required). 

~ 
N 

"' 

/ 

1 lmprovement Factor: 0 = No Improvement; + = Improvement; S+ = System Improvement; N/A =Can't be Compared 



· E. INSTALLED EQUIPMENT PERFORMANCE & OPERATIONAL TESTS 

SPECIFICATIOH RTCA/D0-183 RTCA/D0-204 I. F.l COMMENTS 
REQUIREMENT (MAY 1983) (SEP 1989) 

l. Equipment Installation Para 3.1 Para 3.3 0 Botlt specifications provide major 
Provides specific requirements for Same as D0-183 with Ute exception improvement in survivability and 
ELT installation in aircrall which of antenna polarity which may be pedormattce of aircraft mounted 
takes in to account accessibility, air- either circular or vertical. ELTs. 
craft environment, display visibil-
ity, dynamic response, failure pro-
tedion, inadvertent turn-off, ELT 
location, crash sensor orientation, 
antenna installation and location, 
and coaxial cable installation and 
integrity. 

2. htstalled Equipment Para 3.2 Para 3.2 0 
Supplements paragraph 2.1 atul 2.2 Same as D0-183 
by adding installed equipment re-
<(ttiremeuts of dynamic response and 

"' 
interference effects. 

N . 

"' 
3. Condition of Test Para 3.3 Para 3.3 0 Both specifications provide for im-

Requires testing with other avionics Same as D0-183 proved compatibility of ELT equip-
equipment operating. meut witb aircraft equipment. 

/' 

11mpro•emenl Factor: 0 = No Improvement; + = Improvement; S+ = System hnprovement; N /A = Can 'I be Compared 
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--· E. INSTALLED EQUIPMENT PERFORMANCE & OPERATIONAL TESTS( cont.) 

SPECIFICATION trfCA/D0-183 trl'CA/D0-204 I. F.' COMMENTS I 
REQUIREMENT (MAY 1983) (SEP 1989) 

! 

4. Test Procedures for Para 3.4 Para 3.4 + Botb specifications add specific re-
lnstnlled Equipment Perfor- Requires visual and operational in- Requires visual ami operation.al in- quiremenl to lest both the visual 
mance spection of installed equipment to sped ion of installed equipment with and the remote monitors which will 

meet requirements of Section 2 with specific requirements to test Remote provide greater reliability of in-
specific requirements to test H.etuole Monitor (audio anti visual) and Re- stalled equipment. 
Monitor (andio and/or visual) and mote Control, and equipment acces-
Remote Control, accessibility aud sibility. Does not tC((Uite tests for 
interference effects. interference effects. 

--
5. Operational Tests Para 4.0 Para 4.0 + Improves overall reliability by pro-

Provides pre-Right and post-Oight Amplifies on the procedures con~ viding enhanced confidence checks 
procedures, operational checks and lained in D0-183, nnd requires use of ELT on a regular basis. 
inspection requirements. of self test function during_ pre-

llight and activation monitois dur-
ing post-Right. 

/ 

11mprovement Factor: 0 = No Improvement; + = Improvement; S+ = System Improvement; N/ A =Can't be Compared 



:r-
N 
co 

SI'!':CIFICATION 
1\EQUIIlEMENT 

6. Power Supply 

. 

1 ltnprovem~nt Factor: 

E, INSTALLED EQIJII'MENT I'EHFOIIMANCE & OPERATIONAL TESTS (cont~ 

1\TCA/D0-183 
(MAY 1983) 

Pnrn 2.1.11 
Specifies thai battery shelf life shall 
not be greater thnn one-half Ute cell 
nHmufacluret's slate<J shelf life and 
that the expiration <late be dearly 
marked on an external lahel. 
Provides for use of nironfl hat
tery or other supplemental power 
supply [or Remote Monitor/Control 
and/or charging. 

lrt'CA/D0-201 
(SEP 1989) 

Para 2.1.12 
Reference IJ0-188 
ltetpdres the EVl' to lmve its own in
tegral hattery a1ul not depend upon 
nuy external source o£ power for its 
operation once activated. Requires 
provisions to ensure the watertight 
integrity of EI:I' following lmttery 
replacement. Requires that EI:r 
not he hazardous to personnel when 
F.:LT is haudled 1 operated, or ser~ 
vicecl; and lltat ELT will not release 
toxic or corrosive products outside 
case during or suhsequeut to stor
age at temperatures hehveei1 -55° 
(! and +85° C. Defines useful life 
ns t1H! period afler manufacltne Utat 
tlte battt"ry will continue to mecl in
put power requirements sn1>se<tucul 
to storage nt +20° C. lteftnires tltnt 
hat tcries he protected against polar· 
ily reversal, shorting, and the effects 
of self-heating, cell-to-cell charging 
and forced discharging . 

0 = No Improvement; + = Improvement; S+ = System Improvement; 

I. F.' 

+ 

COMMENTS 

Extends on requirements of D0-
183 with regard to: battery use
ful life, shelf life, and internal 
battery protection. Provides for 
increased personal safety when 
handling battery. Ensures ELT 
water-tight integrity following 
battery replacement. 

/ 

N/A =Can't be Compared 
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APPENDIX B 

DERIVATION OF LIVES SAVED WITH 406 MHz ELTs 
(TSO-C126) 

I. BACKGROUND: 

The NASA Study1 examined the survival rate of accidents where a search was required based on a 

six year period using information derived from NTSB accident folders containing Supplement M 

data (aircraft accidents where a search was required). The total number of accidents in the six year 

data set was 662, (see Table 14, Attachment 1); however, AFRCC records indicate that an average 

of 192 searches for aircraft crashes are conducted each year for missing aircraft (where no ELTwas 

transmitting) and approximately 30 ELT search missions involving actual crashes, for a total of 222 

searches a year. The NASA study (p. 28) noted that the number of NTSB accident records was 

significantly lower than the actual number of searches. Consequently, an adjustment was made to 

the number of lives actually lost each year by looking at the total NTSB data base during the same 

period of time (p. 27 of Ref.). This adjustment appears to be justified on the basis that the 662 

cases is approximately 1/2 the number of actual searches conducted for the period. 

Discussions with NTSB crash investigators, have verified that the recorded Supplement M data is 

an optional form subject to the discretion of the crash investigator whose focus is more on the 

causes of the crash rather than the aftermath. This explains the inconsistency in the number of 

search cases reported by NTSB vs. the number of actual searches conducted. As a result, we 

assume a total of 222 searches each year and multiply the NTSB data (number of persons involved) 

in Table 14 (Attachment 1) by a factor of 2. This adjustment is reflected in Tables B-2 and B-3. 

(Attachments 2 and 3) 

A survivability curve was drawn (Attachment 4) based upon data from the NTSB data base and 

consistent with the slope of the data in the Mundo report2 and the Coast Guard SAL TTl Study3. 

The Mundo curve was also supported in a statement by DeHart and Beers: 4 "Within the first 8 

hours the survival rate is more than 50%. Should the rescue be delayed beyond 2 days, however, 

the survival rate drops to less than 10%." The approach and survival curve was reviewed by 

persons from the NTSB; the National SAR School; the Aircraft Accident Research Center; Civil 

Aeronautical Medical Institute; FAA, Oklahoma City; and the US Army Aeromedical Research Lab, 

I "Current Emergency Transmitter (ELT) Deficiencies and Potential Improvements Utilizing TSO-C91a ELTs", 
NASA Contractor Report 4330 dated October 1990. 
2 DoD & NSC data given in C. Mundo, L. Tami & G. Larson, Final Report Program Plan for Search & Rescue 
Electronics Alerting and Locating System, DOT-TSC-OST-73-42, February 1974. 
3 Study of Alerting and Locating Techniques and Their Impact (SAL TTl), prepared for U.S. Coast Guard by Computer 
Sciences Corp, 18 September 1975 
4 DeHart RL, Ed. Fundamentals of Aerospace Medicine, Philadelphia: Lea & Febinger, 1985: 862-67. 
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Ft. Rucker, Alabama. All reviewers found the curve to be a reasonable estimating tool to predict 

survivability of persons involved in an aircraft crash. 

The representative from Ft. Rucker was concerned that the accidents in the NTSB data set, where 
the ELT did not operate, might reflect the severity of those accidents. Therefore, the survivability of 

the ELT, as well as the people involved in those accidents, could be questioned. As a result of this 
comment, the data from accidents (with Supplement M data) was reviewed. This review revealed 
that 31% of the non-ELT accidents had survivors while 43% ofthe ELT-aided accidents had 
survivors. This 12% difference was used to adjust the number of expected survivors 

from the data set where no EL T was involved. 

II. APPROACH TO DERIVING LIVES SAVED 

The expected saving of 25 lives per year (from the NASA study) due to the carriage of the improved 
121.5 MHz ELTs has already taken into account the limited data set in the NTSB data base because 

of lack of Supplement M data in approximately half of the search cases. (See page 28 and 29 of 
NASA Report). Making this 12% adjustment reduces the improved 121.5 MHz ELT 
benefit to 22 lives per year .s 

The expected saving of lives due to the carriage of 406 MHz ELTs is calculated below based on the 
data developed in Table B-1 and B-2 which projects the total number of accidents and people 

involved by using a factor of 2 times the NTSB data. This represents the ratio between the number 
of actual searches conducted over a six year period (1,332) over the number of accidents from 
Supplement M reported accidents (662). 

Table B-1 examines the Jives lost each year based on the failure of the old 121.5 (C91) ELTs. Table 
B-2 examines the lives lost each year due to improved human survivability in cases where the ELT 
worked in the past. Both the Low Earth Orbit case and the GEOSAR Orbit case are examined. 

The logic flow for calculation of lives saved is depicted in the flow diagram of 
Attachment 5. 

III. DERIVATION OF LIVES SAVED USING 406 MHZ ELTS WITH THE 

LEO SYSTEM. 

1. NINETY-SIX LIVES ARE LOST EACH YEAR AS A RESULT OF THE CURRENT 

FAILURE RATE OF 75% (SEE TABLE B-1) BASED UPON THE IMPROVED 406 MHz 
SAR TIMELINE. 

5 The NASA study indicated a possible savings of 25 lives per year with the use of TSO c-9la, 121.5 MHz ELTs. 
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2, BY REDUCING THE FAILURE RATE TO 19% THE NUMBER OF LIVES LOST GOES 
TO 24 PER YEAR. FOLLOWING IS THE CALCULATION: 

75%= 19% 
96 X 

X= 24 LIVES LOST/YEAR 

3 • TO GET THE NUMBER OF LIVES SAVED EACH YEAR YOU SUBTRACT 24 FROM 
96 RESULTING IN 72 LIVES SAVED EACH YEAR. THE 12% ADJUSTMENT (DUE 
TO THE SEVERITY OF SOME ACCIDENTS) REDUCES THIS TO 63 LIVES PER 
YEAR. 

IN SUMMARY IT IS ESTIMATED THAT 
63 LIVES PER YEAR (1) 

WOULD BE SAVED DUE TO THE IMPROVED ELT EQUIPMENT 
AND THE REDUCED 406 MHZ SAR TIMELINE 

WITH THE LEO SYSTEM 

IV. DERIVATION OF LIVES SAVED WITH 406 MHZ ELTS WITH GEOSAR 
SYSTEM. 

1. ONE HUNDRED THIRTY-NINE LIVES ARE LOST EACH YEAR AS A RESULT OF 
THE CURRENT FAILURE RATE OF 75% (SEE TABLE B-1 FOR GEOSAR SYSTEM.) 
BASED UPON THE IMPROVED 406 MHZ TIMELINE. 

2. BY REDUCING THE FAILURE RATE TO 19% THE NUMBER OF LIVES LOST 
REDUCES TO 35 PER YEAR. FOLLOWING IS THE CALCULATION: 

75% = 19% 
139 X 

X= 35 LIVES LOST/YEAR 

3 • TO DETERMINE THE NUMBER OF LIVES SAVED EACH YEAR SUBTRACT 35 
FROM 139 AND GET 104 LIVES SAVED EACH YEAR. APPLICATION OF THE 12% 
FACTOR REDUCES THIS TO 92 LIVES PER YEAR. (AN INCREASE OF 29 LIVES 
DUE TO GEOSAR). TO CONTINUE THE CONSERVATIVE APPROACH REDUCE 
THE NUMBER OF LIVES DUE TO THE GEOSAR SYSTEM (29) BY THE 
EFFECTIVENESS OF THE GEOSAR SYSTEM TO 80% (DUE TO REGISTRY ERRORS 
AND OTHER FACTORS) WHICH RESULTS IN 86 LIVES PER YEAR. 
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IN SUMMARY IT IS ESTIMATED THAT 
86 LIVES PER YEAR (2) 

WOULD BE SAVED DUE TO THE IMPROVED ELT EQUIPMENT AND THE 406 
MHZ SAR TIMELINE WITH THE GEOSAR SYSTEM ADDED 

V. DERIVATION OF LIVES SAVED DUE TO IMPROVED HUMAN 
SURVIVABILITY FROM 406 MHZ ELT USE WITH LEO SYSTEM. 

1. FROM TABLE B-2, 1,296 PEOPLE WERE INVOLVED IN ACCIDENTS WHERE THE 
ELT WORKED. THE RESULTANT SURVIVABILITY RATE WITH 121.5 MHZ ELTS 
WAS 34%. 

2. FROM THE SURVIVABILITY RATE IMPROVEMENT TO 50% DUE TO 406 MHZ 
ELTS USED WITH THE LEO SYSTEM, AN ADVANTAGE OF 16% IS ACHIEVED. 
THIS RESULTS IN A POTENTIAL OF 35 LIVES SAVED PER YEAR. THE 
CALCULATION FOLLOWS: 

SURVIVABILITY ADVANTAGE WHEN 406 MHZ ELTS ARE USED WITH THE 
LEO SYSTEM IN CASES WHERE ELT WORKED IN THE PAST6: 

16%X 1296PEOPLEINVOLVED= 
207 LIVES OVER 6 YEARS 
OR 35 LIVES PER YEAR (3) 

VI. DERIVATION OF LIVES SAVED DUE TO IMPROVED 
SURVIVABILITY FROM 406 MHZ ELT USE WITH GEOSAR SYSTEM. 

1. FROM TABLE B-2, 1,296 PEOPLE WERE INVOLVED IN ACCIDENTS WHERE THE 
121.5 MHZ ELT WORKED. THE RESULTANT SURVIVABILITY RATE WAS 34%. 

2. FROM THE SURVIVABILITY RATE IMPROVEMENT TO 64% DUE TO 406 MHZ ELT 
USE WITH THE GEOSAR SYSTEM, AN ADVANTAGE OF 30% IS ACHIEVED. THIS 
RESULTS IN A POTENTIAL OF 65 LIVES SAVED PER YEAR. THE 
CALCULATION FOLLOWS: 

6 In cases where the ELT worked in the past (par. v & vi) the 12% reduction factor is not applicable. 
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SURVIVABILITY ADVANTAGE WHEN 406 MHZ ELTS ARE USED WITH THE 
GEOSAR SYSTEM IN ACCIDENTS WHERE THE ELT HAS WORKED IN THE 

PAST: 
30% X 1296 PEOPLE INVOLVED= 

389 LIVES OVER 6 YEARS 
OR 65 LIVES PER YEAR 

APPLY A REDUCTION TO THE ADDED LIVES SAVED FROM THE GEOSAR SYSTEM (30) 
TO ACCOUNT FOR THE EFFECTIVENESS OF THE GEOSAR SYSTEM TO 80% THE 

RESULTIS 
59 LIVES PER YEAR (4) 

VII. SUMMARY OF CALCULATIONS OF ADDITIONAL LIVES SAVED USING 
406 MHZ ELTS 

FROM LEO SYSTEM ALONE 
98 LIVES PER YEAR 7 

WITH ADDED BENEFIT FROM GEOSAR SYSTEM 
A TOTAL OF 145 LIVES PER YEAR 8 

VIII. ADJUSTMENT OF TOTAL LIVES TO BE SAVED BASED UPON 
EXPERIENCE THAT THE WEATHER FACTOR IN 10% OF SEARCHES 
WOULD PREVENT RESCUE. 

A total of 556 NTSB records were studied to examine the effects of the weather on the potential for 
saving lives when the ELT worked and the timeline was reduced. The assumption was made that 
despite the efficiency of the ELT, there are cases where weather prevents rescue efforts. The 
percentage of cases where weather hampered the rescue was estimated to be 10%. This was 
determined by the number of rescues less than 12 hours (15%) and the number less than 24 hours 
(9% ). This factor was then applied to the total lives to be saved. 

TOTAL OF 131 LIVES PER YEAR 
TO BE SAVED USING 406 MHZ ELTS 

AND 
20 LIVES PER YEAR USING IMPROVED 121.5 MHZ ELTS 

7 From the addition of (1) and (3) results. 
8 From the addition of (2) and (4) results. 
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IX. ADDITION OF THREE LIVES LOST EACH YEAR DUE TO CAP LOSES IN 
SEARCHES WHERE AN ELT IS NOT TRANSMITTING 
BRINGS TOTAL LIVES TO BE SAVED EACH YEAR TO: 

FINAL TOTAL OF LIVES TO SAVED BY 406 MHZ ELTS 

134 LIVES PER YEAR 

FINAL TOTAL OF LIVES TO BE SAVED 
BY TSO-C91a 121.5 MHz ELTs 

23 LIVES PER YEAR 
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A. 

B. 

Table 14* 
NTSB Survivor Data Where a Search Was Required 

( 1 January 1983 through 17 October 1988) 

#of #People #of Survival 
Accidents Involved Survivors Rate 

Accidents where 255 648 222 34% 
EL T was operating 

Accidents where 407 928 179 19% 
ELT was not operating 

Survivability Advantage When EL T is Operating 
34%-19%= 

15% 

Lives lost from 1983 through 17 October 1988 due to ELT not operating 
15% x 928 people involved= 

139LIVES 

Number of lives lost per year due to ELT failure 
139 I 6 years= 

23 LIVES I YEAR 

*From NASA Report 

ATTACHMENT 1 
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TABLE B·l* 
Lives Lost due to EL T Failures Using 406 MHz 
ELT Improvements and 406 MHz SAR Timeline 

1115196 

#of #of Survival 

B. Accidents where 
ELTwasnot 

814 1856 358 

Survivability Advantage When 406 MHz ELT is Operating 
With COSPAS-SARSAT LEO System 

50%-19%= 
31% 

19% 

Lives lost from 1983 through 17 October 1988 due to ELT not operating 
31 % x 1856 people involved = 

575 LIVES 

Number of lives lost per year due to ELT failure 
575 I 6 years= 

96 LIVES I YEAR 

Survivability Advantage When 406 MHz EL T is Operating 
With Geostationary System 

64%-19 %= 
45% 

Lives lost from 1983 through 17 October 1988 due to ELT not operating 
45 % x 1856 people involved = 

835LIVES 

Number of lives lost per year due to ELT failure 
8351 6 years = 

139 LIVES I YEAR 

*Modified to estimate data for 
total number of accidents 

**Same survival rate as NTSB Data Set 
is assumed 
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TABLEB-2* 
Lives Lost based on Reduced SAR Timeline 

Using 406 MHz in Accidents 
Where the ELT Worked in the Past 

1115196 

# of # People # of 
Accidents Involved Survivors 

Survival 
Rate** 

A. Accidents where 
ELT was operating 

510 1296 444 

Survivability Advantage From 406 MHz when 
121.5 MHz ELT Operated in Past 

With COSPAS-SARSAT LEO System 
50%-34% = 

16% 

34% 

Lives lost from 1983 through 17 October 1988 due to Delays in Rescue 
16 % x 1296 people involved = 

207LIVES 
Number of lives lost per year due to Rescue Delays 

with 121.5 MHz ELTs 
207 I 6 years = 

35 LIVES I YEAR 

Survivability Advantage From 406 MHz ELT Where 121.5 MHz ELT 
Operated in Past 

With Geostationary System 
64%-34%= 

30% 
Lives lost from 1983 through 17 October 1988 due to Delays in Rescue 

30% x 1296 people involved= 
389LIVES 

Number of lives lost per year due to Delays in Rescue 
3891 6 years = 

* Modified to estimate data for total 
number of accidents 

65 LIVES I YEAR 

**Same survival rate as NTSB Data Set is 
assumed forl21.5 MHz ELTs 
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100 

80 

Survivability in Aircraft Crashes Projected from Use 
of 406 MHz EL Ts Based on NTSB Data 

USCG DATA FROM SALTTI REPORT 

NTSBDATA 
WITHELT' 
34% SURVIVAL 
12 HOURS TO LOCATE 

0 

LEGEND 

2Days 
10% Survival 

Recovery Time 

2 
(Hours) 

8 

T 
1 

= Timeline saving due to use of 406 
'

0 
MHz ELTs = 6.7 hrs using 

COSP AS-SARSA T LEO system 

= Timeline saving due to use of 
406 MHz ELTs = 1.6 hrs using 
406 MHz GEO system 

REFERENCES: 

32 128 512 

DOD & NSC data given in C. Mundo, L. Tami & G. Larson, Final Report Program Plan for Search & Rescue 
Electronics Alerting and Locating System, DOT~TSC~OST~73-42, February 1974. 

U.S. Coast Guard Cost Benefit Analysis, Study of Alerting Locating Techniques and Their Impact (SAL TTl), 
18 September 1975, pg. 4-29, Table 4-1 I. 

ATTACHMENT 4 
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Fl!.OMNTSB ACCIDEllil 
FILES WHERE SEARCH, 

WAS REQUIRED, 
DETERMINESURVIV AL 
RATEW.ANDWO.ELT 
(SEE TABLE 14.REF.l) 

DEI'ERMINENUMBER H BECAUSE THE TABLE 14 
OF PEOPLE LOST DATA IS BASED ON 

o~!I~~=) o~:ms~~~c:i.s J Jia 
(BOTIOMOFTABLE14 AREJlllDATABASE 

REFERENCE 1 snlDY + 406~?;"~TA''~Y 

DEl'ERMINETIIEAVERAGE 
TIME REQUJRED TO START 

SARMISSION ATTHEAFRCC 
FORUt.SMH,ELTS 

FROM MISSION FOLDERS 

EXA.\fiNEEACH PHASE 1--1 FROMNTSB FILES 
OF THE Jzt.S MlhELT DETERMINE AVERAGE 

MISSIONS TO DETERMINE TIME TO LOCATE AIC 
TIMETOBESAVEDWITH WITH &WITHOUTELT"' 

406MHzELTs lZHRSW&t03HRSW/O 

ANALYSIS CONCLUDES 
THAT AN 

ADDITIONAL 1.8 HRS 
COULD BE SAVED USING 
A GEOSTATIONARY SfC 

SURVEY NTSB lNVEST • 
IGATORSTOVERI.FY 
IF REASONS FOR NON 

SOPPV M ARE RANDO.VI 
RESVLT·YES 

CONSTRUCf 

~~GlVr::~T~~~ I lit I 
SLOPE FROM MUNDO 
AND SAL Ttl SIUDtES • 

VALIDATESURV. 
CtJRVEFROMOTHER 

SOURCES 

FROM 12. HOUR POINT 
TO DETERMINE 

PROBABILITY OF 
WITH 

EXPAND DATA BASE 
(TABLE14,REF.l) 

BASEDO.'l 
PRIOR ASSUMPTION 

EXPA.."'D DATA BASE 
(TABLE t.t,REF. 1) 

TO DOUBLE THE NO. 
OF ACCII)E.'IITS AND 
PEOPLE INVOLVED 

(TABLE S.2 & S.3) 

FROM U HOUR POINT 
TO DETERMINE 

PROBABJLTIY OF 
SURVIVAL WrrH 

406 MHz LEO SYSTEM 

APPLY 64% TO ELT 
MISSIONS FROM 

EXPANDED DATA BASE 

lN REFllltSNCE 1 
THIS EXPANSION 
RESULTED IN AN 
:ESTIMAT£041 

LIVES LOST PER YEAR 

1Ul6//93 

RATIOTUE I21.5Miiz 
ELTIMPROVEMENT 

TO DETERMINE LIVES 
TOBESAVED ,_, 

* NOTE: SEE EXPANDED TABLES 5·2 & 5.3 

SQ% 

APPLY50%TOELT 
MISSIONS" TO FJNl> 
ADDITIONAL UVES 

SAVED (S6-34 
TIMES PEOPLE INVOLVED) 

APPLY 64% TO NON 
ELT MISSIONS TO FlND 

NtlMBER OF LIVES LOST 

RATIOTRE406MHz 
IMPROVEMENT TO 

Dl'.IERMJNE LIVE'l TO 
BESAVED; 

APPLY 12% REDUCTION FOR 
NON.SURVIV ABLE CRASHES 

ADD UVES SAVED 
FROMELT AND NON 

ELTMISSIONS 

RATIOTHE406MHz 
ELT IMPROVEMENT TO 
DETERMINE LIVES TO 

BE SAVED; 
APPLY 12 % REDUCTION FOR 
NON.SURVlV ABLE CRASHES 

ADD LIVES 
FROM 

ELTCASESAND 
NON·ELT CASES 

SAVEDBYFACfOROF 
.S TO COMPENSATE 

FOR LACK OF 
LOCATION 

WBENPOCNOT AVAIL 
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APPENDIX 2 

Hypothetical search times and costs of 121.5 MHz/243.0 MHz ELT airborne alert 
notification versus 406 MHz ELT satellite alert notification  

1. BACKGROUND.  Currently, 121.5/243.0 MHz ELTs are not detected by the Cospas-Sarsat 
system.  The only way that the SAR services are made aware of a 121.5/243.0 MHz ELT 
activation is through aircraft or ground station detection.  If a ground station reports a 
121.5/243.0 MHz activation, the source is typically, based on line of sight, within view of the 
ground station.  If an airborne report is received, the search area is defined, based on theoretical 
line of sight tables, on the reporting aircraft’s altitude. Although General Aviation (GA) aircraft 
comprise approximately 90% of the civil aircraft registered in the United States, they are 
responsible for less than 10% of airborne 121.5/243.0 MHz ELT reports received by Coast 
Guard Command Centers and the Air Force Rescue Coordination Center (AFRCC).  The 
overwhelming majority of all 121.5/243.0 MHz ELT reports are provided by commercial air 
carriers.  The following assumptions are provided in considering this hypothetical search 
scenario. 

a. The ELT signal is detected on flat open terrain. 

b. Notification is received by the AFRCC. 

c. U.S. Air Force Auxiliary, Civil Air Patrol (CAP)1 Cessna C-182 aircraft and Ground 
Search and Rescue (SAR) Teams will conduct the search. 

d. The Cessna C-182 aircraft conducts the electronic signal search at an altitude of 10,000 
feet, with a search ground speed of 110 knots, and can remain on station for 2.5 hours. 

e. CAP Ground SAR Teams localize the electronic signal through a combination of 
vehicular electronic surveillance and on-foot direction finding.   

f. For this hypothetical scenario, the Cessna C-182 aircraft will remain in the "search area" 
at all times (i.e., turns inside the search area).2 

2. 121.5 MHZ ANALYSIS.  

a. For the purpose of this hypothetical scenario, a single airborne report has been received 
from a commercial aircraft reporting a 121.5 MHz ELT activation at an altitude of 30,000 
feet, yielding a search area with a radius of 198 miles.3 

πR2 = Area of a circle. 
3.14 X 198 miles = 123,163 square mile search area (Figure 1). 

                                                           
1 As one of the most cost effective resources available, CAP flies more than 85 percent of all Federal inland SAR 
missions as directed by the AFRCC.  The CAP is a voluntary service so no salary or compensation costs are 
involved. 
2 This keeps up the efficiency, but would also complicate the flight routes. 
3 National Search and Rescue Committee, Land Search and Rescue Addendum to the National Search and Rescue 
Supplement to the International Aeronautical and Maritime Search and Rescue Manual, Version 1.0 (October, 
2011): 5-31; available on the Internet at: 
http://www.uscg.mil/hq/cg5/cg534/nsarc/Land_SAR_Addendum/Published_Land%20SAR%20Addendum%20(111
8111)%20-%20Bookmark.pdf.  
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b. For comparison purposes, a 123,163 square mile 
search area is just larger than New Mexico. 

c. The hypothetical scenario would require four CAP 
Cessna C-182 aircraft to conduct an electronic signal 
search at 10,000 feet, at a ground speed of 110 knots.  
The search would require a minimum of 10.5 hours 
cumulative search time.  For all search operations, 
CAP estimates the Cessna C-182 cost is $277 dollars 
per hour.  For 10.5 search hours, the total cost for this 
single, hypothetical search by four CAP aircraft is 
$2908.50.4  This number, of course, represents only 
basic operational costs and does not consider risk to 
life and property of rescuers and those being rescued.   

(1) In addition to CAP flight operations, involving four 3-person aircrews and an Incident 
Command Staff appropriate for the search effort, CAP Ground SAR Teams are 
deployed and respond to the localized search area to isolate the source of the signal.  
CAP Ground SAR Teams are typically the first response element on scene.  These 
teams are comprised of 4 to 10 persons, typically an adult Ground Team Leader and 
both adult and Cadet Ground Team Members.  CAP Cadets that serve on Ground 
SAR Teams range in age from 13 to 17 years old.  The number of Ground SAR 
Teams deployed by the Incident Commander will depend on the situation as it 
unfolds.  Typical initial deployment for an unassociated 121.5 MHz Distress Signal 
begins with two or more teams. 

(2) This scenario assumes that the environment supports CAP flight operations.  When 
weather restrictions prohibit flight operations, the Incident Commander will deploy 
additional Ground SAR Teams commensurate with the operational area and 
environment.   

d. However, if a comparable hypothetical detected signal scenario occurred offshore, based 
on the hazardous nature of the environment in the conduct of maritime SAR operations, 
the time required to be on scene, the unique nature of Coast Guard search aircraft, and the 
fact volunteers are not used, the Coast Guard cost is much greater than CAP aircraft costs 
per hour.  In this hypothetical scenario, it is anticipated that for a 121.5 MHz ELT 
activation, the Coast Guard would use one fixed wing aircraft (HC-144 or HC-130) to 
search for the distress position and one helicopter (H-60 Jayhawk or H-65 Dolphin) to 
conduct the rescue operation.  The 121.5 MHz ELT electronic search could be conducted 
by either fixed wing aircraft in approximately 5.5 hours.  Costs associated with the search 
are calculated as per the following: 

                                                           
4 This does not include costs associated with the transit time for each of the aircraft and Ground SAR Teams to and 
from the search area.  It also needs to be understood that this hypothetical scenario is on flat terrain.  Locating an 
aircraft, even with an activated ELT, in mountainous terrain or an environment with trees or other obstacles, makes 
locating the aircraft difficult, especially with the weaker 121.5 MHz ELT. 

Figure 1: Hypothetical Search Area 

Commercial Aircraft 
Altitude: 30,000 feet 

Search Area Radius: 
198 miles 

Search Area: 123,163 square miles 
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(1) HC-144 CASA fixed wing aircraft costs $7,466 per hour.5  To conduct a 5.5 hour 
electronic signal search, the cost of using a HC-144 would be: 5.5 hours X 7,466 per 
hour = $41,063. 

(2) HC-130H fixed wing aircraft costs $8,796 per hour.6  To conduct a 5.5 hour 
electronic signal search, the cost of using a HC-130H would be: 5.5 hours X $8,796 
per hour = $48,378. 

(3) Once the location of the distress is obtained by the Coast Guard fixed wing aircraft, 
the Coast Guard Command Center may launch either the H-65 Dolphin or H-60 
Jayhawk helicopter to rescue the persons in distress. 

(a) In this hypothetical scenario, if the Coast Guard H-60 Jayhawk was launched to 
conduct the rescue operation, it would require 1.25 hours transit time to the 
distress location offshore, 0.5 hours on scene to rescue the person(s) in distress, 
and 1.25 hours transit time to return to base – three hours total time for the rescue.  
The H-60 Jayhawk helicopter costs $6,995 per hour.7  The cost of using an H-60 
Jayhawk for the conduct of the rescue would be: 3 hours X $6,995 per hour = 
$20,985. 

(b) If the Coast Guard H-65 Dolphin helicopter was launched to conduct the rescue 
operation, the transit to and from the distress location and time on scene would be 
approximately the same as the H-60 Jayhawk helicopter: 3 hours total time for the 
rescue.  The H-65 Dolphin helicopter costs $5,244 per hour.8  The cost of using 
an H-65 Dolphin for the conduct of the rescue would be: 3 hours X $5,244 per 
hour = $15,732. 

(4) In this hypothetical scenario, the total Coast Guard cost to conduct the 121.5 MHz 
ELT signal search by a fixed with aircraft (either HC-144 or HC-130H) and then to 
conduct the rescue operation with a helicopter (either H-60 Jayhawk or H-65 
Dolphin) would be: $56,795 to $69,363. 

e. The above hypothetical ‘unassociated detection’ scenarios are both predicated on the 
detection of a 121.5 MHz/243.0 MHz Distress Signal by an overflying aircraft.  That 
scenario typically involves the least number of resources and most often results in a False 
Alert.  A characteristically more serious scenario is a Missing Aircraft that has only a 
121.5 MHz ELT.  In those incidences, the CAP deploys all available resources to conduct 
air and ground electronic and visual searches.  Historically, 121.5 MHz Distress Signal 
levels are so weak, that Ground SAR Teams have to be within a few hundred yards of the 
source to detect a signal.  This is very the best case; often the antenna and/or transmission 
cable is damaged during the crash, further limiting the range of the already restricted 
121.5 MHz ELT signal level (0.025 to 0.1 watts).  Other factors that further reduce the 
detection range of these low-power ELTs include terrain, foliage, weather, and 
orientation of the antenna (e.g. when the aircraft is not in a ‘top-up’ orientation or in a 
crevasse).   

                                                           
5 United States Coast Guard, Coast Guard Reimbursable Standard Rates, Commandant Instruction 7310.1N (March 
28, 2012): Enclosure (1), page 3. 
6 Ibid, Enclosure (1), page 3. 
7 Ibid, Enclosure (1), page 3. 
8 Ibid, Enclosure (1), page 3. 
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(1) If the weather does not support CAP air operations (and typically these incidences are 
precipitated by foul weather), the AFRCC and the Incident Commander will deploy a 
significantly greater number of Ground SAR Teams to perform a more encompassing 
terrestrial visual and electronic search.  Ground SAR Teams conduct the majority of 
their missing aircraft searches on foot in aggressive terrain and inclement weather.  
Historically, those searches introduce the greatest risk of serious personal injury to 
the Ground SAR Team Members. 

3. 406 MHZ ANALYSIS. For the purposes of this hypothetical scenario:  

a. Assume a single satellite 406 MHz distress alert is received by a Cospas-Sarsat satellite. 

b. The 406 MHz distress alert, without a GPS chip, will provide a search area with a radius 
of 1.86 miles.  

πR2 = Area of a circle. 
3.14 X 1.86 miles = 11 square mile search area.  

c. For comparison purposes, an 11 square mile search area is comparable to Los Alamos, 
New Mexico. 

d. Using only one U.S. CAP Cessna C-182, at an average cruise speed of 110 knots flying 
an electronic search parallel pattern would require a minimum of 1.5 hours at $277 
dollars an hour for a search cost to the CAP of $415.50. 

e. If this hypothetical scenario occurred offshore, the 406 MHz ELT would provide the 
Coast Guard with an accurate distress position.  The Coast Guard would normally launch 
a helicopter to conduct the rescue operation, saving the cost of conducting a search using 
a fixed wing aircraft.  As a result, the Coast Guard cost would be $15,732 (H-65 Dolphin) 
or $20,985 (H-60 Jayhawk). 

f. This is in fact a rare occurrence.  Typically, the 406 MHz Distress Beacon transmits a 5 
Watt data-burst every 50 seconds.  Each transmission includes an identification number 
and a highly accurate position, based on its embedded GPS.  That position accuracy is 
well within 100 yards.  The 406 MHz ELT’s positional information is passed to air, 
ground and surface SAR assets.  For inland SAR cases involving 406 MHz ELTs with an 
embedded GPS capability, this high level accuracy allows the AFRCC and the CAP 
Incident Commander to immediately direct First Responders (EMS, fire, police, park 
rangers, etc) to the known location.  First Responders are provided a position within 
minutes of the initial data-burst transmission.  This significantly reduces the time that it 
takes to affect a rescue and provide potentially lifesaving care.  For a 121.5 MHz ELT, 
delays are incurred as search assets are notified, deployed, transit to the search area and 
begin searching.   Due to the lack of an automated 121.5 MHZ ELT detection, geo-
location and reporting system, the initial time that it takes to localize the crash site and 
notify first responders is over 4 hours and may easily extend to days. 

4. CONCLUSION. This hypothetical scenario demonstrates that there are significant 
operational cost savings to the SAR services, a reduction in SAR personnel safety risks, and an 
improved probability of success if the 406 MHz ELT, as opposed to the 121.5/243.0 MHz ELT, 
is used. 




