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Summary
The U.S.-JHSAT analyzed 174 U.S.-registered helicopter accidents that occurred in

CY2001. This report contains both the analysis of these accidents and recommendations
that may have prevented these accidents and future similar accidents.




In Memoriam

The members of the JHSAT dedicate this report to the memory of
John R. Kemp. John passed away March 20, 2009. A consummate
safety professional, John served as the Director of Safety for Era
Helicopters LLC and as a valued member of the Joint Helicopter
Safety Analysis Team. John's knowledge, wit, and straight-talk
were instrumental in the analysis that is contained in this report.

Aviation Safety has lost a powerful proponent. He will be deeply
missed by everyone who knew him.
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Executive Summary

The INTERNATIONAL HELICOPTER SAFETY TEAM (IHST) was formed in late
2005 in response to a consensus of government regulators, manufacturers,
and helicopter operators at the International Helicopter Safety Symposium
(IHSS) in Montreal, Canada that the rate of worldwide helicopter accidents
was unacceptably high, and must be reduced. The earlier COMMERCIAL
AVIATION SAFETY TEAM (CAST) had been successful in motivating a reduction
of the large air carrier (United States 14 CFR Part 121) fatal accident rate by
80% in 10 years. The IHST accepted this accident-reduction mandate and
formed industry and government teams to conduct a similar effort to reduce
the worldwide helicopter accident rate by 80% in 10 years (by 2016). The
process adopted was data-based and focused on identifying and removing
links in the accident causal chain, rather than focusing on “probable cause”
determinations.

The IHST formed the JOINT HELICOPTER SAFETY ANALYSIS TEAM (JHSAT) to
analyze helicopter accident reports and produce recommendations, and the
JOINT HELICOPTER SAFETY IMPLEMENTATION TEAM (JHSIT) to implement cost-
effective strategies and action plans to reduce accidents. The JHSAT initiated
its effort by adapting the CAST process of using government/industry groups
to analyze helicopter accidents reports.

The JHSAT has met monthly, typically in 4-day meetings, since early 2006.
To date, it has completed an analytical review of two years of U.S. helicopter
accident data and advanced hundreds of recommendations intended to
reduce the international helicopter accident rate. It has also promoted
expansion and standardization of the IHST initiatives and processes
internationally. This is the second report of the U..S JHSAT; it describes the
Team’s analysis of U.S. helicopter accidents occurring in CY2001. The first
JHSAT report, delivered in September 2007, addressed U.S. helicopter
accidents occurring in CY2000.

JHSAT Methodology
The JHSAT modified the original CAST process to better account for

helicopter accident data, which is considerably less detailed than commercial
accident data. In helicopter accidents, there is often lack of recorded data from
the helicopters and lack of in-depth government investigation of the
accidents. The report addresses these data deficits and makes
recommendations to address them. IHST representatives have also met with
the U.S. National Transportation Safety Board to suggest methodologies for
improving helicopter accident investigations.

In its second year the JHSAT used best practices previously developed,
with modifications suggested by IHST partners who had initiated helicopter
accident analysis in Europe. The JHSAT process now uses helicopter-specific
Problem Categories and Statements, and helicopter-specific Intervention
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Categories and Statements. The scoring criteria previously used to determine
the most accurate Standardized Problem Statements (SPS) and most effective
Intervention Recommendations (IRs) were dropped. It was found that those
qualitative criteria were less significant than frequency of occurrence. In this
report, the JHSAT used “occurrence” categories (e.g.: loss of control,
system/control failure, autorotations, etc.) instead of “mission” categories to
group similar accidents. By assigning up to four occurrence categories to each
accident, the team categorized accidents according to where the accident
happened, what the pilot or crew was doing, the result, and the
environmental conditions under which the accident occurred. This analysis
methodology is intended to allow a better understanding of the data, and
promote effective safety implementation strategies by the U.S. JHSIT and
others.

The data set of accidents of the U.S.-registered helicopter fleet for the
CY2000 and CY2001 were analyzed using National Transportation Safety
Board (NTSB) accident report dockets. Accidents involving kit-built
helicopters and foreign registered helicopters were not included in this study.
The JHSAT investigated 197 accidents in the CY2000 dataset and 174
accidents from CY2001.

JHSAT Analysis Results

The JHSAT found in its first year of analysis that a major factor
contributing to helicopter accidents was the failure to adequately manage
known risks. Due to the lack of a systematic process, including leadership and
accountability, operators did not adequately prioritize and mitigate the risks
that led to accidents. Analysis of the CY2001 accidents revealed continuing
operational safety issues that could be corrected by more effective and
systematic management of risk, and by better training.

The JHSAT plans to continue to analyze accident data to identify
underlying contributors to evolving safety issues and to refine its safety
recommendations. When the helicopter community adopts IHST safety
recommendations, the JHSAT will make rate-based assessments of their
effectiveness and evaluate proposed implementation plans. The team will
then generate future recommendations based on the new accident analyses

and refinement of previous recommendations, as necessary.
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IHST Overview

Key representatives from the Helicopter Association International (HAI),
the American Helicopter Society (AHS) International, the Federal Aviation
Administration (FAA), and leading U.S. helicopter manufacturers engaged in
collaboration to solidify the core International Helicopter Safety Team (IHST).
The IHST formed the Joint Helicopter Safety Analysis Team (JHSAT) to
analyze helicopter accident reports and produce recommendations to reduce
the accident rate. In parallel, it formed the Joint Helicopter Safety
Implementation Team (JHSIT) to implement cost-effective strategies and
action plans to reduce accidents. These teams were staffed by government
and industry experts and stakeholders, and targeted team members with
substantial work experience in the following disciplines: Engineers, pilots,
aircraft accident investigators, trainers, type certification and power plant
experts, and persons experienced in helicopter safety research. The JHSAT
initiated its effort by adapting the CAST process of group analysis of
helicopter accidents.

JHSAT Charter and Process

Following receipt of its mandate from the 2005 International Helicopter
Safety Symposium (IHSS), the IHST Executive Committee selected industry
and government co-chairs of the (U.S.) JHSAT in early 2006 and authorized
the formation of the team that would begin the helicopter accident analysis
and mitigation project. JHSAT members were selected from volunteers
representing the U.S. Federal Aviation Administration, a broad cross-section
of helicopter airframe and engine Original Equipment Manufacturers (OEMs),
and major U.S. helicopter operators.

While a future goal of the JHSAT was international expansion of the IHST
effort, an early task was development of a Charter that would accomplish the
following:

e Authorize the work of the JHSAT

o Commit its members to the 80% accident rate reduction

goal

e Require development of intervention strategies to

maximize the likelihood of meeting the IHST rate
reduction goal

¢ Require evaluation of the effectiveness of JHSAT

recommendations and measure the IHST progress
toward achievement of its 80% goal.

The JHSAT Charter also required the development and use of a structured
analytical process similar to that used successfully by the Commercial
Aviation Safety Team (CAST) to reduce the worldwide air carrier fatal
accident rate. The CAST process utilizes a data-driven approach to

characterize and develop safety interventions that mitigate risk.
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The JHSAT has met monthly, typically in 4-day meetings, since early 2006.
In doing so, it has now completed its analytical review of two years of U.S.
helicopter accident data and advanced hundreds of recommendations
intended to reduce the international helicopter accident rate. It has also
promoted expansion and standardization of the IHST initiatives and
processes internationally.

The U.S.-JHSAT tailored the CAST methodology to its analysis of
helicopter accidents. In this process, it maintained basic tenets of the CAST
process:

e Solutions must be based on actual accident data (i.e.,

data-driven)

o Helicopter community stakeholders must perform the

analyses

e Performance of the safety improvement

recommendations must be measurable.

We provide an overview of the process in the following discussion. The
JHSAT created a handbook, Accident Analysis Process for a Joint Helicopter
Safety Analysis Team, detailing the process it developed to analyze helicopter

accidents.
Charter Establish Select Review 23Vl
Development  Team Data Set AIrEE SEs
p Docket Data Sequence
Develop Roll Up Score Develop Identify
Recommendations _ Problemand _  Validity, _ Probleme& _ W
by Mission — Ranked Intervention Importance, Intervention (what/why)
by Frequency Pairs Ability, Usage  Statements Y
Report
Results
Identify Technical Yes
Mission Rank Fleet Wide Review
Recommendations — Recommendations — & No
with Fleet Wide By Frequency Expert Conflicts? IHST
Applicability Validation l
} JHSIT

Figure 1. Overview of Initial JHSAT Process

The JHSAT recognizes that its analysis method is dependent on the quality
of the data reports utilized, and hence is vulnerable to missing or incomplete
data. Accordingly, the JHSAT modified the original CAST process to better
account for helicopter accident data, which is considerably less detailed than
commercial accident data. Several factors led to this decision: Lack of
helicopter onboard Helicopter Flight Data Monitoring (FDM) equipment; lack
of investigative resources for helicopter accidents; limited documentation of

accident facts and circumstances; absence of witnesses or destruction of the
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evidence by fire, leading to loss of ability to reconstruct event sequences;
absence of radar data or recorded radio communications (on most flights);
and the wide range of helicopter types and missions.

The JHSAT process now contains helicopter-specific Problem Categories
and Statements, and helicopter-specific Intervention Categories and
Statements. The early JHSAT practice of using customized scoring criteria to
determine the most accurate Standardized Problem Statements (SPSs) and
most effective Intervention Recommendationss (IRs)was not used for the
current analysis. The JHSAT found these customized criteria were less
significant than frequency of occurrence.

Figure 1 illustrates the initial JHSAT analysis methodology. In the second
year of data analysis, the JHSAT did not use the scoring criteria described
above and, instead of “mission” groups, used “occurrence” types to group
accidents. We based this decision on a discovery that large number of
Interventions crossed mission lines and became fleet-wide concerns. The
JHSAT also thought that Interventions based on accident types would be
more effective than grouping problems by mission categories.

Even with these methodology changes, the JHSAT process largely mirrors
the CAST process, but with two significant exceptions. First, the IHST effort is
much broader in scope by virtue of its analysis of all accidents (minor and
major) in varied missions, including military, as compared to the CAST effort,
which focused strictly on fatal accidents of fixed wing commercial air
transport aircraft. Also, the CAST process used an arithmetical relationship of
the scoring components to prioritize the entire list of safety recommendations.
The U.S. JHSAT did not consider economic feasibility; this is, however, a
consideration for the JHSIT.

The JHSAT analyzed the data set of accidents of the U.S.-registered
helicopter fleet for the CY2000 and CY2001 using the process described above
and National Transportation Safety Board (NTSB) accident report dockets,
including pilot/operator provided statements and data, witness statements,
documentation of onsite and subsequent test or teardown data, and any other
factual documentation placed into the public record by the investigation
team. Accidents involving kit-built helicopters and foreign registered
helicopters were not included in this study. The JHSAT investigated 197
accidents in the CY2000 dataset and 174 accidents in CY2001.

In 2006 the JHSAT began analyzing helicopter accidents that occurred in
the year 2000. The IHST selected CY2000 as a good starting point for analysis
because it was considered to be representative when compared with 24 years
of previous helicopter accidents. The IHST also believed the CY2000 accident
reports were a complete set and that none of the cases were in litigation (a
circumstance that would have precluded participation in the group analysis
by some of the JHSAT members). The JHSAT found in this first year of
analysis that a major factor contributing to helicopter accidents was the failure
of operators to adequately manage known risks. Due to the lack of a
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systematic process, including leadership and accountability, operators did not
adequately prioritize and mitigate the risks that lead to accidents. As a result
of this finding, the JHSIT created and recommended use of a Safety
Management System (SMS) Tool Kit, which was publicly released with the
CY2000 JHSAT report at IHSS 2007.

The process has evolved in the second year of accident analysis to
incorporate best practices learned by the first U.S. JHSAT, as well as those
suggested by our IHST partners in the European Helicopter Safety Team
(EHEST) who had initiated helicopter accident analysis in Europe. In late
2007, the JHSAT began its analysis of the CY2001 helicopter accident data.
This report is a culmination of that effort. Each accident in the CY2001 data set
was categorized by its primary operation or mission, but also by “occurrence”
type. By assigning up to four occurrence types to each accident, the team was
able to group accidents according to where the accident happened, what the
pilot or crew was doing, the accident result, and the environmental conditions
under which the accident occurred. Each of these categories allowed grouping
of accident data by common circumstances that the team believes will allow
more effective implementation strategies by the U.S. JHSIT and others.

For example, the “Where” categories (Aerodrome, Landing Zone, or
Ramp) allow a proactive look for factors that are common to accidents
occurring at those locations. Similarly, “What” categories (Abrupt/ Abnormal
Maneuver, Forced or DPractice Autorotations, Fuel Problems,
System/Component Failures, accidents specific to External Load Operations)
allow a preventive focus on these common occurrence types. “Result”
categories (Abnormal Runway Contact, Loss of Control, CFIT - Controlled
Flight Into Terrain, Fire, Ditching, and Object Strike) allow a focus on these
categories. Environment occurrence codes allow a focus on weather and
visibility factors.

It is important to note that there are 10 sub-categories of Loss of Control
events and these events are numerous in the CY2001 data set (82 events). In
contrast, CFIT and Inadvertent Entry into IMC are small in number, but
particularly deadly.

To illustrate the analysis process used by the JHSAT, we will examine an
accident analysis from the CY2001 data set. In this accident, a pilot of a single-
engine light turbine helicopter experienced a Loss of Tail Rotor Effectiveness
(LTE) while he was air-taxiing over a parallel taxiway and turning into a
parking area. There was a thunderstorm in the area and he experienced a
strong gust of wind that caused him to lose control of the helicopter. This
accident was grouped into both the thunderstorm (WSTRW) and the Loss of
Control - LTE (LOC-LTE) occurrence categories. It should be noted that an
accident may have been grouped into as many as four separate accident
occurrence categories, if applicable.

The pilot in this case had 3,900 hours total time, 3,800 in helicopters, but
only 8 hours in the make and model of the helicopter he was flying. The
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helicopter was substantially damaged but the pilot was not injured. The team

selected the following Standard Problem Statements for this accident:

Pilot situation awareness  Visibility/Weather Local and enroute weather
Pilot Judgment & actions Human Factors - Pilot's Decision Pilot misjudged own limitations/capabilities
Pilot Judgment & actions  Procedure Implementation Inadequate response to Loss of tail rotor effectiveness

Pilot Judgment & actions Human Factors - Pilot's Decision Disregarded cues that should have led to termination of
current course of action or manoeuvre

As the team selected SPSs, it also identified an Intervention that best
addressed that particular SPS.

Infrastructure Wx info Better pilot availability/access to Wx information
Training/Instructional M/M transition Model specific transition training
Training/Instructional Advanced Maneuver Training LTE Training Program

Safety Management Risk Assessment/Management ~ Personal Risk Management Program (IMSAFE)

The thunderstorm’s gusty winds in this case caused the pilot with limited
experience in make and model to experience LTE and lose control of his
helicopter. Weather was the first SPS selected since the wind from
thunderstorm was the initial cause of the pilot’s problems. As a solution, the
team felt that the pilot should have obtained better weather information, or
had better access to weather information. Since the pilot had very low time in
make and model the team felt that the pilot’s judgment and actions were a
problem and that he had misjudged his own limitations or capabilities.
Specific Interventions for these problem areas were more model-specific
transition training and more advanced maneuver training, specifically LTE
training. The team also felt that the pilot disregarded cues that should have
led to the termination of his current course of action or maneuver; if he had
been exposed to some type of personal risk management program (or
IMSAFE) checklist, perhaps the accident could have been prevented.

This case is illustrative of many cases analyzed in CY2001, and thus the
SPSs and Interventions selected, allowed the team to formulate specific
conclusions and offer recommendations to the JHSIT to prevent similar
accidents in the future. More than likely, the recommendations submitted for
JHSIT consideration would not be based on one case but on repetition of SPSs
and Intervention proposals based on a collection of similar occurrences or
factors.

Looking ahead, the JHSAT plans to continue analyzing accident data that

will allow for development and refinement of its safety recommendations.
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When the helicopter community adopts these safety recommendations, the
JHSAT will have the means to make rate-based measurements of the
effectiveness of its safety recommendations and implementation plans. It will
generate future recommendations based on new accident analyses and
refinement of previous recommendations, as justified by the feedback that it

receives.

Metrics

Safety is defined as freedom from occurrence or risk of injury, danger, or
loss. Thus, to improve safety, one must reduce the level of risk or manage the
existing risks. The term “safety” has no inherent metric and therefore has little
meaning unless the JHSAT can add metrics. We need to measure the number
of risk management failures to determine how IHST efforts are affecting the
level of safety and what progress has been made towards the IHST goal. We
must measure progress often, and make course corrections as needed.
Therefore, the JHSAT will aggressively measure risk and changes of risk on
an annual basis. This will provide a timely means to:

¢ Determine progress toward meeting the 10-year goal

o Identify successes and obstacles to success early in the effort

e Refocus efforts on problem areas

¢ Allow new information gained during those years to be used to reduce
the risk of additional accidents.

The commonly used accident rate of number of accidents/100,000 flight
hours is used for all IHST metrics toward meeting the goal.

This U.S. JHSAT report for CY2001 continues that effort. More details on
the IHST metrics approach can be found in the U.S. Joint Helicopter Safety
Analysis Team Year 2000 Report to the International Helicopter Safety Team, dated
September 2007.

IHST Accident Rate Reduction Goal

International Goal

The IHST primary goal is to achieve an 80% reduction in helicopter
accident rates by 2016. Achievement of this primary goal will be determined
by calculating a worldwide accident rate using accident count and worldwide
fleet hours. Additionally, as the JHSAT function matures, we expected to
continue to conduct accident analyses, develop safety recommendations, and
ramp up our ability to provide measurements of the effectiveness of the safety
recommendations and implementation levels in all regions. This will require
development of secondary metrics that will give the JHSAT, JHSIT and IHST
better ability to understand and manage the results of the recommendations
and implementation actions. The IHST concept is to have all regions

performing their own analyses and implementation using a consistent data-
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driven approach. If each region establishes an 80% accident rate reduction
goal and meets that goal, the worldwide goal will also be met. The IHST will
provide common metrics across all regional efforts.

U.S. Fleet

The U.S.-registered helicopter fleet accounts for more than half of the civil
helicopters worldwide. For CY2001, the U.S.-registered helicopters accounted
for 44.6% of the worldwide helicopter accidents, as shown in Figure 2.

This report focuses on U.S.-registered helicopters. The initial accident rate
was set using NTSB and FAA data, as presented on the HAI website, for the
5-year period (2001 through 2005) prior to the formation of IHST. The
accident rate was calculated as 9.1 accidents/100,000 flight hours, as
discussed in JHSAT CY2000 report. Thus the U.S. target goal in 2016 is 1.8
accidents/100,000 flight hours.

The 2001 JHSAT used this average rate of 9.1 accidents/100,000 hours prior
to IHST initiation as the starting point for this analysis.

The starting point and target goal for the worldwide civil helicopter
accident rate have been established for the same 5-year period (2001-2005)
prior to IHST. During that period, worldwide civil helicopters experienced
2,018 accidents while flying 21,494,948 hours. This results in an average
accident rate of 9.4 accidents/100,000 flight hours, which becomes the starting
point rate for worldwide civil helicopters. Their CY2016 target rate thus
becomes 1.9 accidents per 100,000 flight hours.

CY2001 Accident Rate.

The accident rate for U.S.-registered helicopters for CY2001 was
8.0/100,000 flight hours. This is a decrease of 12.1% over the CY2000 accident
rate of 9.1/100,000 flight hours. This rate data was calculated using the latest
“data mining” efforts to determine the actual flight hours.

1 NOTE: The combined 5-year period numbers stated in the JHSAT CY2000
report contained a typographical error which does not affect the starting point for
this analysis.
1. From the CY2000 Report: “Totals for the 2001 through 2005 time period,
were 984 accidents, a total of 10,663,000 flight hours, 53 fatalities from the 412
occupants onboard.”
2. The correction is: “Totals for the 2001 through 2005 time period, were 974
accidents with a total of 10,663,000 flight hours with 267 fatalities from the
2,059 occupants onboard.”
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Figure 2. Civil Helicopter Accidents CY2001 Worldwide by Registry/Region

Demographics

Helicopter Fleet/Accident Demographics

NOTE: As a means of comparing the CY2001 data with the CY2000
report, we present the following demographics data by ‘Mission’
category.

Helicopters are divided into Normal and Transport Categories. Normal
Category helicopters are certified under 14CFR Part 27 and are defined as
having a maximum gross weight of 7,000 lbs. Transport Category helicopters
are certified under the 14CFR Part 29 and are defined as helicopters with a
gross weight of more than 7,000 lIbs. Additionally, there are helicopters in the
civil fleet that were surplused from the U.S. armed forces. The vast majority
of the U.S. helicopter fleet is composed of models with 7,000 pounds
maximum gross weight that account for 90.8% of all helicopter accidents in
2001. Figure 3 shows the aircraft weight distribution of the helicopters of the
CY2001 accidents. Of interest is that helicopters below 4,000 pounds gross
weight were involved in 54% of the CY2001 accidents. Flight hour exposures
of the various weight increments do not exist to determine the significance.
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Figure 3. Accidents and Fleet Weight Group Distributions

Type of Operations
The FAR Part 91 operational category had the largest percentage of
accidents, with 66% of all accidents that occurred in CY2001. Table 1

provides a summary of accidents by operational category.

Type of Operation Number of Accidents % of Accidents
Part 91 115 66%
Part 135 18 10%
Part 137 (Restricted Ag Ops) 15 8.6%
Public Use 15 8.6%
Part 133 — External Load 11 6%

Table 1. Accidents by Operation

Aircraft Damage

The majority of aircraft, 137 (79%), were substantially damaged. Of the
remaining, 32 (18%) were destroyed, one (0.6%) had minor damage and four
(2.3%) had no damage reported. Figure 4 depicts the categories of helicopter
damage.

Page 22 of 214 CY2001 JHSAT Report



Helicopter Damage

160

140

120

100

80

Number

60

40

i .
o I . . .

None Minor Substantial Destroyed

Figure 4. Helicopter Damage

Engine Configuration
Of the 174 helicopters in the accident group, 84 (48%) were single-turbine
helicopters, 76 (44%) were single-piston helicopters, and 14 (8%) were twin

turbines.

Number of Accidents by Mission Flown

Although the relative percentages changed from the 2000 accident data, the
majority of CY2001 accidents occurred during Personal/Private flying, 38
missions (22%) and Instructional/Training, 29 missions (17%), as shown by
Figure 5. These mission categories also dominated the accident data analysis
in CY2000.
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Figure 5. Number of Accidents by Operator’s Primary Mission
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Phase of Flight

The landing phase accounted for 45 (26%) of the accidents, hover 30 (17%)
and maneuvering 29 (17%). Figure 6 depicts the number of accidents by

phase of flight.
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Figure 6. Phase of Flight vs. Accident Count

Lighting Conditions
Most accidents occurred during daylight hours in Visual Meteorological
Conditions (VMC), as shown in Figure 7.
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Figure 7. Accidents by Light and Weather Conditions
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Pilot/Accident Demographics

Pilot Experience

Pilot experience was generally high, with an average total time of 6,026

hours, average helicopter time of 4,099 hours, and average make/model time

of 1,210 hours. Looking at the missions with the highest number of accidents

reveals that experience in the make/model of helicopter were relatively low.

Table 2 presents the data on pilot experience.

Mean Hours
Mission Total Hours Rotorcraft Hours Make/Model Hours
Aerial Application 7826 4252 1721
Aerial Observe/Patrol 4963 4129 1489
Air Tour 5712 3832 1688
Business 6617 5014 312
Commercial 7586 5801 1950
ENG 12801 6771 2861
HEMS 6685 5868 800
External Load 9333 6652 2267
Firefighting 8159 6889 1569
Instructional/ Training 3336 2210 565
Law Enforcement 5082 2588 1126
Logging 12745 12018 4449
Offshore 9482 9262 1217
Personal/Private 4202 1144 404
Utilities/Patrol/Const. 4297 4164 1754

Table 2. Average Pilot Flight Experience

Examining the median flight time of pilots involved in accidents (Table 3)

shows that the groups with most total accidents also have the lowest median

experience in the specific make/models in which the accident occurred. For

examples, the group with the most accidents, Personal/Private, also has very

low median time in rotorcraft. The Business group, with 10 accidents, four of

them fatal, also has a low median make/model flight time.

CY2001 JHSAT Report
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Mission Total Hours Rotorcraft Hours Make/Model Hours
Aerial Application 9447 4106 750
Aerial Observe/Patrol 2495 2000 1800
Air Tour 2955 2794 1030
Business 6188 2411 256
Commercial 4999 4445 585
ENG 12800 6770 2860
HEMS 5140 5140 293
External Load 9599 4405 1746
Firefighting 7250 5200 1315
Instructional/ Training 1835 1244 310
Law Enforcement 5366 1770 463
Logging 12565 11210 4600
Offshore 9732 9022 576

Personal/Private 2116 275 89

Utilities/Patrol/Const. 4840 4530 1922

Table 3. Median Pilot Flight Experience

Injuries

Most accidents 91 (52%) produced no injuries. There were 38 accidents
(22%) with minor injuries, 17 (10%) with serious injuries, and 28 accidents
(16%) that resulted in fatal injuries. Figure 8 presents the data on level of
injury.
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Figure 8. Level of Injury vs. Frequency of Occurrence

Page 26 of 214 CY2001 JHSAT Report



Of the 174 accidents in the data set, 28 resulted in at least one fatality
(16.1%), as shown in Table 4. Of the 174 accident helicopters, there were a
total of 373 people on board at the time of the accident with a total of 48
fatalities (12.9%), as depicted by Table 5.

None Minor Serious Fatal Total % Fatal
Primary Operation

Aerial Application 13 4 0 1 18 5.6%
Aerial Observe/Patrol 8] 1 1 1 16.7%
Air Tour 4 3 1 1 11.1%
Business 5 1 0 4 10 40.0%
Commercial 7 3 2 2 14 14.3%
ENG 0 1 0 1 2 50.0%

HEMS 4 3 4 3 14 21.4%
External Load 3 1 0 0 4 0.0%
Firefighting 4 0 1 1 6 16.7%
Instructional/ Training 18 8 1 2 29 6.9%
Law Enforcement 6 3 0 1 10 10.0%
Logging 1 0 2 4 50.0%
Offshore 0 2 1 7 14.3%
Personal/Private 19 8 4 7 38 18.4%
Utilities/Patrol/Const. 0 1 1 1 3 33.3%
Total 91 38 17 28 174 16.1%

Table 4. Distribution of Injury and Percentage of Fatal Accidents vs. Mission.

Fata Seri Min Non Tot
I ous or e al
Number of Injuries 48 33 74 218 373
Percentage of Injuries 12.9% 8.8% 19.8% 58.4% 100%

Table 5. Helicopter Occupant Injuries

Incomplete Data Issues

Definition

The JHSAT noted incomplete data issues in 80% of the CY2001 accident
reports. Data Issues primarily included information not available to the
investigator, or cases in which the JHSAT considered the investigation as
incomplete or inadequate. While data problems do not directly cause
accidents, the lack of answers to the actual cause of an accident may lead to
similar accidents occurring needlessly in the future. Lack of data at the
operator level can lead to improper decision-making and missed
opportunities to reduce operational risks.
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Characteristics

The analysis team identified two primary types of data issues: inadequate
information available to the investigators (69 accidents or 50%); and
inadequate information in the investigation report (49 accidents or 35%).
Other data SPSs accounted for the remaining (15%, or 21) accidents. Figure 9
depicts the data issues in terms of Standard Problem Statements.

Information Unavailable Information
to Investigators Missing/Incomplete in
50% Report

35%

Inadequate Investigation

Use and Availability of 9%

Flight Path Information
Unknown

Inadequate Information -
1%

Other
1%

Inadequate Human
Factors Information
4%

Figure 9. Data Issues as Standard Problem Statements

Standard Problem Statements

The second most frequently selected Level 1 SPS was lack of data in the
report (SPS Level 1 selected 190 times). The JHSAT recognizes that the root
cause of an accident may not always be determined. However, that should be
the exception, not the norm.

In 50% of the cases where the team noted Data Issues, information was not
available to the investigator. The team cited inadequate investigation or
insufficient documentation in the accident reports in 35% of these cases. As an
example, in 11 accidents where the investigator or pilot suspected power loss,
there was no evidence in the dockets to suggest that the NTSB performed a
run-test to determine if the engine was capable of producing power. In one
fatal crash, the investigator suspected a developmental autopilot system
might have caused the accident, but the case docket contained no information
about the autopilot system. In other cases, a phone call or written follow-up
inquiry by the investigator might have answered important and unresolved
questions.
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In cases where Human Factors issues may have contributed to the
accident, there was no indication in the docket that these issues were
explored. For instance, in one particular wire strike accident, the
investigation concentrated on eliminating aircraft malfunctions. There was no
information in the record that the investigator had attempted to find out the
root cause, or “why” the accident happened. The investigation stopped when
the investigator determined that there were no mechanical problems with the
helicopter, and that the helicopter hit wires while operating in a reduced
visibility environment (less than one-mile visibility). Questions the JHSAT
had, and feel the investigator should have asked were: 1) Was the pilot aware
of the wires? and 2) Were the wires specifically noted in the pre-mission
briefing?

The NTSB does not perform on-site investigations for all accidents. The
NTSB only dispatches personnel to perform major (MA) and field (FA)
accidents investigations on-site. These accident dockets contain much more
information than the limited (LA) investigations performed by other
personnel or by telephone interviews. In CY2001, the NTSB performed 27
“field” and two “major” helicopter accident investigations, which accounts
for just 17% of the total helicopter accidents in CY2001.

The team acknowledges that the NTSB has personnel and funding
limitations. However, in order to prevent future accidents, the root causes of
accidents need to be determined. This can only happen if the investigators go
beyond the obvious probable cause.

Interventions Recommendations

As was the case in CY2000, the second most frequently selected
Interventions in the CY2001 analysis were those targeting Data Issues (209), as
shown by Figure 10. The most selected “Data” Intervention
Recommendations that came out of both years’ analyses was the installation
of Helicopter Flight Data Monitoring (FDM) equipment (Figures 10 and 11).
In 98 accidents (56% of the total accidents), the JHSAT recommended the
introduction of flight data monitoring devices (preferably an audio and video
recording device). Since the majority of accidents in the CY2001 data set were
directly attributed to a pilot judgment or action error (SPS Level 1 selected 311
times), a flight data monitoring device would have provided unequivocal
information to the investigator in determining what occurred in the cockpit
just prior to the accident. A flight data monitoring device also enables the
helicopter owner, Chief Pilot, or safety/risk management representative to
see how the helicopter is being flown. Finally, if the accident sequence is
accurately documented, effective corrections are possible.
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Figure 11. CY2000 Data Intervention

Recommendations

In 11 cases, the JHSAT recommended development and installation of
FDM equipment including Engine-Monitoring Systems (EMS) to monitor the
health of the engine, Health and Usage Monitoring Systems (HUMS) to detect
part failures, or Helicopter Operations Monitoring Programs (HOMP) to
monitor how the helicopter is flown. Monitoring devices can identify part or
system irregularities, or improper operational trends, before problems
escalate into an accident. FDM should become an integral part of companies’
Safety Management System (SMS). While not specifically designed for
accident investigation, they would assist the investigator in understanding
what initiated the accident sequence.
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The second most frequently selected CY2001 Intervention (81 cases) was to
improve the quality and depth of the NTSB investigation and reporting (see
discussion above). Other recommendations include disseminating safety
information to increase awareness of common accident causes, and
developing stand-alone risk assessments tools and management handbooks
for the Part 91 community, similar to the Rotorcraft Flying Handbook
(recommended in 13 cases).

Occurrence Type Relationships

All occurrence categories and mission types had Data Issues, with the
“limited” accident investigations containing the majority.

Conclusions

JHSAT members recognize that the NTSB is heavily tasked and has a
limited number of investigators. However, more complete investigations and
documentation, especially during “limited” investigations, is needed. The
Code of Federal Regulations, Title 49, Section 800.3 defines the “Functions” of
the NTSB. Subparagraph (a) states: “The primary function of the Board is to
promote safety in transportation. The Board is responsible for the
investigation, determination of facts, conditions, and circumstances and the
cause or probable cause or causes of: all accidents involving civil aircraft, and
certain public aircraft...”

If a thorough initial investigation is carried out, accident analysis teams
like the JHSAT in the future can conduct a more thorough in-depth analysis.
Better investigations will ultimately improve safety: more specific and
relevant safety documentation will justify safety improvements, enhance
safety education, and produce more useful accident data to improve quality

and focus of training.

Recommendations
The JHSAT believes the NTSB should improve its helicopter accident

investigations in the following ways:

1. Pursue the cause of suspected component failures through teardown
analysis, search/documentation of maintenance history, or other
means

2. Probe more deeply into contributing factors, including Human Factors

3. Perform more on-site investigations, particularly in instances of fatal
crashes, allowing for improved quality of investigations.

4. If the on-site investigation will be conducted by agencies other than
the NTSB, a checklist of necessary information should be provided to
the investigator.

Additionally, the JHSAT firmly believes installation of FDM equipment
would greatly improve the information available to investigators, resulting in
better accident reports, and indirectly aviation safety.
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SPS vs. IR Pairs

Definition

This section examines the use of Standard Problem Statements (SPSs) and
the Intervention Recommendations (IRs) in the analysis of the 174 accidents
for CY2001. Through JHSAT analysis of the CY2000 helicopter accidents, a
fairly complete taxonomy emerged to describe helicopter accident causes.
The CY2001 JHSAT analyses used these taxonomies to assign SPSs in 14
groups and 58 subgroups. The CY2001 JHSAT structured an Intervention
taxonomy similar to the SPS taxonomy. To address the problems stated in the
1,044 SPSs, the analysis team issued 1,083 Intervention Recommendations in 8
categories and 34 sub-categories. More than one Intervention can be assigned
to an SPS, resulting in the additional 39 IR items. If there was no
Recommendation, this was specifically listed as “No Recommendation.” An
example is the case of a pilot performing an emergency autorotation (in this
case, the SPS was noted to allow a count of similar events). If an accident
cause could not be described by an existing SPS, the subgroup closest to it
was chosen with an “Other” designation and a comment describing the
specific problem or cause.

The number of SPSs assigned to each accident were not limited and were
based solely on problems that could be identified from the NTSB accident
report. Because each accident can have multiple SPSs, the numbers in the
accident column do not match the total usages.

The tables presented in this section reflect the number of times the analysis
team used an SPS or Intervention in the CY2001 analysis, in addition to the
number of accidents in which the team listed a SPS or Intervention at least
once. The team used each Level 3 (detailed) SPS or Intervention only once per
accident, but Levels 1 and 2 could be used multiple times per accident. The
table entries are shown in descending order of usage.

Characteristics

Data Issues in the SPSs and Interventions. as well as the Intervention “No
Recommendation,” will be included in tables for completeness, but will not be
discussed here as they are not accident causal factors. They were a special
case in the analysis process. Improved data monitoring and investigations
will provide data for more accurate future analysis and better intervention
recommendations. We discuss this further in the “Incomplete Data Issues”
section of this report.

Initially, we will discuss SPSs and IRs separately. Later in this section, we
will examine and discuss Problem-Intervention pairs, as well. The discussion
of SPSs and IRs starts by listing the number of times we used the top-level,
most general SPS groups and IR categories. This top-level listing is in
descending order by frequency and reflects all statements and the 174

Page 32 of 214 CY2001 JHSAT Report



accidents analyzed. The second level lists the top ten most frequent SPS and
IR sub-categories. This second level examination shows the number of usages,
the number of accidents that had the statement mentioned at least once, and
the percentage of total accidents. The third and final level of examination uses
the detailed Standard Problem  Statements and Intervention
Recommendations. The tables here present the 20 most frequent statements
from the top ten Level 2 subgroups and sub-categories. Since each level 3 SPS
or IR can only be used once per accident, the number of usages and the
number of accidents where each was used is the same at this level. A
complete list of SPSs and IRs for each level is presented in the Appendix.

Standard Problem Statements
Table 6 presents the CY2001 Problem Statements for all 14 Level 1 groups

in descending order of total SPS usage. The accident column shows how
many accidents had at least one SPS listed for each of the groups. As an
example, SPSs that were within the “Pilot Judgment & Actions” (PJA) group
were used in 146 of the 174 accidents analyzed. There were accidents that had
more than one PJA Problem Statement, as indicated in 311 usages. The SPS,
Pilot Judgment and Actions, dominated the problems, appearing in over 80%
of the accidents analyzed.

The dominance of Pilot Judgment & Actions factors is similar to the
conclusions of previous studies. The pilot is the last link in the chain of events
leading to an accident—he or she is the only one who can affect the outcome
once the sequence of event problems has started. If the pilot’s judgment and
actions in response to problems, whether pilot-initiated or not, can be
improved, there is the potential for more than 80% of the accidents to be
mitigated, either prevented entirely or reduced from fatal to minor injury.

Sometimes, the mission or activity that the pilot is performing places the
helicopter in circumstances that allow no margin for recovery if a problem
occurs. Usually these missions are justified; however, at other times the risk
assessment does not appear to support the mission. If the pilot had made a
preflight risk assessment and sounder decisions about helicopter position
relative to hazardous conditions, it is possible that the precipitating event
could have resulted in a nearly uneventful precautionary or forced landing
rather than an accident.
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Count of Count of % of
SPS Group (Level 1) All Accidents Accidents
Pilot Judgment & Actions 311 147 84.5%
Data Issues 190 139 79.9%
Safety Management 110 79 45.4%
Pilot Situation
Awareness 82 64 36.8%
Ground Duties 79 65 37.4%
Mission Risk 63 50 28.7%
Part/System Failure 61 43 24.7%
Maintenance 48 29 16.7%
Post-Crash Survival 35 25 14.4%
Communications 19 16 9.2%
Regulatory 17 17 9.8%
Safety Systems & Equip 12 12 6.9%
Infrastructure 10 10 5.7%
Personnel - Non Crew 7 7 4.0%

Table 6. Level 1 Standard Problem Statements by Accident

Precipitating events may be beyond the pilot’s control, such as system
component failures, or they may be pilot-induced, such as loss of engine
power due to lack of fuel. Other pilot-induced precipitating events include
the results of poor piloting skills and poor decision making. Piloting skills
include physical stick and rudder actions, visual scans, situation awareness,
recognition of environmental factors, and the knowledge and proper control
of aircraft performance in that environment. Poor decision making includes
the pilot's making a conscious decision to put the aircraft in a
situation/environment that is outside his/her ability to control, or outside the
aircraft’s performance limits, thereby eliminating recovery options. These
situations include improper airspeed, altitude, assessment of weather
conditions, aircraft loading and crew fatigue. The risk of a pilot-caused
accident is increased further when “Pilot Situation Awareness” and “Ground
Duties” (37% each) are combined with PJA problems and Safety Management
deficiencies.

The JHSAT identified Data Issues in 139 accidents (80%). We discussed
these issues in the previous section. Safety Management problems contributed
to almost half of the accidents. Part/System Failure (32%) and Mission Risk
(29%) each contributed to nearly a third of the accidents. Maintenance (19%)
contributed to about a fifth, and Post-Crash Survival to about a seventh of the
CY2001 accidents.

Table 7 presents the most frequently occurring second-level SPSs. This list
by subgroup (minus Data Issues) accounts for 475 usages. These SPS
subgroups represent 163 of the 174 CY2001 accidents. Table 7 presents
subgroups in descending order of frequency with the associated Group Level
name.
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SPS Subgroup SPS Group Count Count of % of
(Level 2) (Level 1) of All Accidents Accidents
Inadequate Data Issues 190 139 79.9%
Information in Report
Human Factors - Pilot Judgment 93 70 40.2%
Pilot's Decision & Actions
Landing Procedures Pilot Judgment 79 75 43.1%
& Actions
Procedure Pilot Judgment 55 48 27.6%
Implementation & Actions
External Environment Pilot Situation 46 40 23.0%
Awareness Awareness
Flight Profile Pilot Judgment 40 36 20.7%
& Actions
Mission Planning Ground Duties 39 35 20.1%
Pilot Experience Safety 37 34 19.5%
Management
Performance of MX Maintenance 30 24 13.8%
Duties
Human Factors - Pilot Judgment 27 26 14.9%
Pilot/Aircraft Interface & Actions

Table 7. Level 2 Standard Problem Statements by Accidents

Even at Level 2, some issues have a very high profile, appearing in more
than 40% of the accidents: Human Factors - Pilot’s Decision, and Landing
Procedures. Procedure Implementation (28%) and External Environment
Awareness (23%) affect roughly a quarter of the accidents. Flight Profile
(21%), Mission Planning (20%), and Pilot Experience (20%) all contribute to
about a fifth of the accidents. Performance of Maintenance Duties (14%),
Part/System Failure-Powerplant (15%), and Human Factors - Pilot/ Aircraft
Interface (15%) each contribute to about a seventh of the accidents. All but
two the Level Two subgroups (Performance of Maintenance Duties and
Part/System Failure - Powerplant), involve the pilot.

The team sorted the SPSs associated with the top 10 subgroups by usage.
The top 20 are listed in Table 8. These 20 items account for 326 SPSs and are
used in 147 of the total 174 accidents. The detailed Level 3 SPSs are presented
with their associated second-and top-level group names. In addition to causal
factor SPSs, two SPSs were used to identify a phase of flight critical to
accidents. These are “ Autorotation - Forced” and “ Autorotation - Practice.”

Autorotations are not necessarily causal factors, but identifying these cases
allowed the JHSAT to identify which accidents were associated with
autorotations, and possibly make Intervention Recommendations. The
frequent involvement of autorotations also demonstrates that the action of last
resort in trying to prevent an accident, is not always performed well.
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Information Missing/Incomplete Inadequate
in Report Information in Report

Disregarded cues that should Human Factors -
have led to termination of Pilot's Decision
current course of action or

maneuver

Pilot Control/Handling Procedure
Deficiencies

Implementation

Inadequate Investigation Inadequate
Information in Report

Pilot Lacking Experience in Pilot Experience
Make/Model

Aircraft Position and Hazards External Environment

Awareness

Mission involves flying near Terrain/Obstacles
hazards, obstacles, wires

Data Issues

Pilot Judgment 34
& Actions

Pilot Judgment
& Actions

Data Issues 18

Safety 15
Management

Pilot Situation 14
Awareness

Mission Risk

Pilot Decision Making Human Factors -
Pilot's Decision

Perceptual Judgment Errors Human Factors -
Pilot/Aircraft Interface

Pilot misjudged own Human Factors -
limitations/capabilities Pilot's Decision

Pilot Judgment
& Actions

Pilot Judgment
& Actions

Pilot Judgment
& Actions

Table 8. Level 3 Standard Problem Statements by Accidents
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In addition to “Data” issues and autorotation counters, pilots most
frequently made poor decisions. Most notably, they disregarded cues (34)
and known safety risks (14), made perceptual errors (12), made other
generally poor decisions (12), misjudged their own abilities (11), misjudged
weather risks (11), responded improperly to dynamic rollover (11), and failed
to follow procedures (11). They also had trouble with the physical aspects of
flying, including poor flight control handling (21), completing pre-flight
inspection improperly (19), misjudging aircraft position in relation to hazards
(14), and flying unsafe altitude profiles (13). Problems also arose due to
pilots” lack of experience in make & model (15) and the instructors’ inability
to prevent students from causing an accident (13). Non-pilot related
problems included improper maintenance (18), mission risks (13), and engine
problems (11).

Intervention Recommendations
After the JHSAT established the SPSs for each accident, they then made

Intervention Recommendations (IRs) which, had they been implemented,
would likely have neutralized the SPS and consequently prevented or
mitigated the accident.

Table 9 presents CY2001 data for all eight Level 1 categories in
descending order of total IRs for each category. The accident column shows
how many accidents had at least one Intervention listed for each of the
categories. As an example, an IR that is part of the “Training/Instructional”
category was used in 139 of the 174 accident analyzed. However, some
accidents used a “Training/Instructional” IR more than once, resulting in 339
IRs for this category. The data in this table reflect the 1,083 IRs for all 174
accidents.

IR (Level 1) Count of All Count of Accidents % of Accidents
Training/Instructional 339 139 79.9%
Safety Management 225 114 65.5%

Data/Information 209 143 82.2%
Systems and Equipment 102 66 37.9%
No Recommendation 71 71 40.8%
Regulatory 34 31 17.8%
Maintenance 85 29 16.7%
Infrastructure 18 16 9.2%

Table 9. Level 1 Intervention Category by Accidents

Taken together, the “Training/Instructional” and the “Safety
Management” categories amounted to more than half of all IRs. Theoretically,
if all of the Training/Instructional IRs had been successfully implemented,
80% of the accidents for CY2001 could have been prevented. Similarly 65% of
the accidents could have been prevented if the Safety Management IRs had
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been successfully implemented. Obviously, 100% effectiveness is rarely
possible, but improving pilot skills, whether physical or mental, can have a
dramatic effect on the number of accidents. Implementing the Safety
Management IRs by providing training, oversight and risk assessment tools
can also have substantial effects on reducing accidents. The following tables
provide more detail into the Level 2 breakdowns and the Level 3 Intervention
Recommendations.

Table 10 presents the list of the top 10 subgroup (Level 2) IRs. The “Data/
Information” and “No Recommendation” categories are shown for reference
and are not counted in the top 10. As stated previously, Data/Information
issues are not causal factors in the accidents, nor can additional information
provided “after-the-fact” prevent those accidents. A “No Recommendation”
category was used primarily with SPSs that identified mission characteristics
and events that did not require interventions. This list by subcategory
accounts for 530 usages.

Of the 174 CY2001 accidents, 159 are represented by these 20 intervention

sub-categories.

Count of # of % of
IR Subgroup (Level 2) IR (Level 1) All Accidents Accidents

Recorder Data/Information 109 103 59.2%
Investigation Data/Information 87 85 48.9%

Advanced Maneuver
Training Training/Instructional 83 70 40.2%
Safety Training Training/Instructional 78 59 33.9%

No

No Recommendation Recommendation 71 71 40.8%
Basic Training Training/Instructional 65 54 31.0%
Risk Assessment/Mgmt Safety Management 61 56 32.2%
CFI Training Training/Instructional 56 30 17.2%
SOP - Ops Pilot Safety Management 39 37 21.3%
Mission-specific Training/Instructional 38 29 16.7%
QA Maintenance 37 28 16.1%
SOP - Ops Management Safety Management 37 27 15.5%
Flight Ops Management Safety Management 36 32 18.4%

Table 10. Intervention Recommendation Level 2 by Accidents

The top 20 Level 3 IRs are listed in Table 11. These 2,214+ items account
for 291 IRs. Of the total 174 accidents, 130 have one of these IRs.
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Improve quality and depth of NTSB Investigation Data/Information 81
investigation and reporting

Autorotation Training Program Advanced Maneuver Training | Training/Instructional

Follow ICA procedures with Instructions for Continued Maintenance 19
confirmation of compliance Airworthiness (ICA
CFI judgment and decision making CFI Training Training/Instructional 18
training to follow student more
closel

Training emphasis for maintaining Safety Training Training/Instructional 17

awareness of cues critical to safe

fliiht

Establish risk assessment program Safety Culture Safety Management 14
to eliminate culture of non-

compliance

Flight training on common Safety Training Training/Instructional 12

oierational iilot errors

Establish oversight to ensure SOP - Compliance Safety Management 12

compliance with published
rocedures in AFM

Enhanced Aircraft Performance & Basic Training Training/Instructional 11

Limitations Trainin

Increase CFl training on cues for CFI Training Training/Instructional 11

low RPM, airspeed issues

Pilot judgment training risk Safety Training Training/Instructional 11

assessment

Table 11. Intervention Recommendation Level 3 by Accidents
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When the SPSs are compared to the IRs, the most prominent pairing is of
the “Pilot Judgment and Actions” SPS to “Training/Instructional” IR. This
amounts to 202 recommendations, as shown in Table 12. We will examine the

top pairings in more detail later.

Communications 2 1 7 1 9] O

Ground Duties 1 1 1 3] 0 6

Maintenance 1 9 4 3 3 1] 1

Part/System Failure

Pilot Judgment & Actions 2 1 1 7 1 3 7] 02 34

Post-Crash Survival 7 4 0 6] 7

Safety Management 3 6 1 8 1| 6 5 0 20

2 1 8 1 3 2 1 3 1
Total 09 8 6 09 4 26 02 48 132
Table 12. Standard Problem Statements by Intervention Recommendations

The next two tables detail the relationships of SPSs to IRs and depict the
number of Level 2 (subcategory) pairings found in the CY2001 data. Table 13
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shows the Pilot Judgment and Actions Level 2 SPS against the Level 2
Training/Instructional IRs. The most frequently used IR is “Advanced
Maneuver” training (65) - primarily to counter shortcomings in Landing
Procedures (35) and Procedure Implementation (24).

Safety training (44) is the second most frequent Intervention
Recommendation. This IR was assigned to mitigate problems with Human
Factors-Pilot Decision (18), Flight Profile (11), and Procedure Implementation
(8).

CFl Training (42) is another frequently assigned Intervention
Recommendation. This IR was selected to solve problems with Crew
Resource Management (19) and Pilot Decision Making (11). Looking at Level
3 pairs reveals that the CRM SPS in this last Level 2 pairing with CFI training
refers in large part to “Inadequate and untimely CFI action to correct student
action” (10). Basic training IRs (26) focus on Procedure Implementation
problems (11) and a few Pilot Decisions (6) and Flight Profile issues (5).
Mission-specific training IRs (21) are spread across most of the Pilot Judgment
and Actions problems.

SPS Level 2 IR -Training/Instructional
o
S
|_ —_—
) [
> S
= LB o
5| 2 s| S =2
= £ o | 2 o € B
£ £ i o [@ C
3 8 c | 2 Q= = =
°e| F| €| 8| s 2 g
IS 9 = = e %‘ = E
3| &| | 2| 2z S
< m (@) = = 0 =
1
Crew Resource Management 9 1 20
1
Flight Profile 3 5 5 3 1 27
Human  Factors -  Pilot/Aircraft
Interface 1 3 2 5 3 14
1 1
Human Factors - Pilot's Decision 2 6 1 3 7 8 47
Landing Procedures 35 1 2 3 41
1
Procedure Implementation 24 1 5) 1 4 8 53
2 4 2 4
Pilot Judgment & Actions Total 65 6 2 4 1 4 202

Table 13. Pilot Judgment & Actions SPS vs. Training/Instructional IR

Since the next most frequent SPS-IR pairing drops to almost a third of the
top pair, the frequency of Level 2 pairings within it drop dramatically, as well.
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Table 14 shows the Level 2 subcategory pairs between the Pilot Judgment
and Actions SPSs and the Safety Management IRs (73). The Risk
Assessment/Management IRs are the most common subcategory (22) with
more than half assigned to mitigate Pilot’s Decision (12), and more than a
quarter to Flight Profile (6). SOP - Ops Management (14) is the second most
common IR, assigned more evenly across several SPSs. The next most
frequent Level 2 pairs were the Landing Procedure SPS with SOP - Ops Pilot
IR (8) and Pilot's Decision SPS with Flight Ops Management IR (7).
Considering that these numbers are already fairly small, and the three Level 3
pairings with frequency of 10 or greater have been mentioned, no further
Level 2 or Level 3 pairings will be presented.

Page 42 of 214 CY2001 JHSAT Report



Crew Resource

Management 1 1
Human Factors -

Pilot/Aircraft Interface 3 3

LandingProcedres | | | | | | | a4 |s |1

Pilot Judgment & Actions Total 1] 10 1 22 8 3 2 14 12| 73

Table 14. Pilot udgment & Actions SPSs vs. Safety Management IRs.

CY2000 Compared to CY2001 Analysis Data

Figure 12 offers a visual comparison of the CY2000 and CY2001 SPSs.
Data, Safety Management, and Part/System Failure issues were mentioned
significantly more frequently in CY2001 than in CY2000. This may be due to a
heightened awareness of those particular issues. Overall, the SPSs were very
much in line with what the JHSAT found in CY2000.
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The Problem Categories for CY2000 and CY2001 Accidents

70%

60%

B CY 2001
I CY 2000

50%

40%

30%

Problem Categories

Figure 12. CY2000 and CY2001 SPS Comparison

Conclusions

The Pilot Judgment and Actions SPS is the most used SPS; the second most
used is Safety Management, with Pilot Situational Awareness third, and these
three amount to nearly a third of all SPSs used. It is apparent that the pilot
plays a significant part in the accidents analyzed. The Intervention Category
“Training and Instructional” is the most used IR, with Safety Management
second, and Systems and Equipment as third. These account for over 60% of
all Intervention Recommendations. Improving the pilot’s mental skills for
decision-making and risk analysis should have a positive impact by reducing
the number of accidents and perhaps reducing the severity of those that
occur. The challenge may be to reach the 1 to 5 aircraft operators with a right-
sized Safety Management System.

Recommendations

1. The JHSAT analysis indicates the need for more attention to the training
of judgment and decision-making skills. This training should be broad-
based and start with the basic ground school and be reinforced
throughout pilots” careers.

2. Safety Management is not a separate independent concept in an
organization. Improved oversight of pilots and operations by
management is also highlighted by this analysis. This oversight can be
obtained by using some variation of a formal integrated Safety
Management System (SMS). Among other things, the SMS would require
training for specific missions, establish standard operating procedures
and enforce their use, provide and train personnel to use risk assessment
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tools, but most importantly, change the safety culture to ensure that all
personnel put “safety” first. The cost benefit of remaining “accident free”
needs to be understood and shared with the organization. Having an
accident with your prime customer is not only costly in the short term, but
may have long-term effects if that customer no longer uses operator
helicopter services later. Table 15 presents the Top 10 IRs for 2001.

Autorotation training program 30
Personal Risk Management Program (IMSAFE) 27
Follow ICA procedures with confirmation of compliance 19
Simulator Training — Advanced Maneuvers 19
CFI judgment and decision making training to follow student more 18
closely
In-flight power/energy management training 17
Training emphasis for maintaining awareness of cues critical to 17
safe fight
Dynamic rollover training 14
Establish risk assessment program to eliminate culture of non- 14
compliance
Improved supervisory and operational oversight 13

Table 15. Top 10 Intervention Recommendations for CY2001

CY2001 Analysis Methodology

Occurrence Type Analysis
In the CY2000 report, the JHSAT analyzed the accident data by helicopter

mission type. While this yielded valuable information, in retrospect most of
the recommendations formed were not specific to any particular mission, but
rather applied to the helicopter fleet in general. This proved problematic in
prioritizing safety enhancements. The Joint Helicopter Implementation Team
(JHSIT) wanted to know how the accidents were occurring so that a more
effective implementation priority plan could be developed. In response to
this request from the JHSIT, the JHSAT studied several methods to analyze
the CY2001 accident data differently.

The CAST ICAO Common Taxonomy Terms (CICTT) provided an
accepted means of categorization, but the CICTT was written exclusively for
transport category aircraft. Coordination between the JHSAT and the
European Helicopter Safety Analysis Team (EHEST) provided a possible
solution.

The EHEST proposed an amendment to the CICIT to incorporate
Helicopter operations. Their proposal was shared with the U.S.-JHSAT for
consideration. The U.S.-JHSAT attempted to categorize the “Occurrences” in
accordance with the EHEST proposal, but due to operational differences,
elected to modify the proposed list. Table 16 details the Occurrence Types
used by the U.S.-JHSAT.
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Although the Occurrence Type Analysis was a productive change to the
JHSAT analysis method, the U.S.-JHSAT felt the Occurrence list could be
improved by future analysis teams.

Coincidently, the CICTT team approved EHEST’s proposal to modify the
CICIT to incorporate Helicopter operations. An International team, co-
chaired by an EHEST member, was formed to finalize the proposal. The
JHSAT will also have a member serving on this team.
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ADRM Aerodrome Heliport/airport (H), Platform (P), Fixed helipad (F), Mobil

helipad (M)
LZ Landing Zone Off-airport landing site - prepared (P), unprepared (U)
RAMP Ramp Ground handling (preflight prep of acft, servicing, boarding,

deboard, rotorwash, doors/latches not secured, rotor contact to
persons; excludes external |oads)

VIS Visibility Reduced visibility WhiteOut/BrownOut (W/B), windscreen (WS),
fog/glare (FG), flat light (FL), glassy water (GW), Night/Darkness
(N) Inadvertant IMC (IIMC),

Ice Icing Icing (snow/ice on ground or inflt, includes rotor and windshield
ice; and inlet ice leading to loss of power). Not carb ice (see fuel).
WSTRW  Thunderstorm Windshear/thunderstorm

Table 16. JHSAT Occurrence Type Listing
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Figure 13 shows a top-level breakdown of the Occurrence Types assigned
during the CY2001 analysis and the second-level breakdown of the top three
Occurrence Types assigned.

Overall Results of CY2001 Occurrence Type Analysis

Autorotation

Practice
Autorotations,
18

Emergency
Autorotations
,41

CY2001 Occurrence Types

Fire, 12

Reduced Visibiliy, 16 .
Autorotations, 59

Strike, 34-

Sys/Comp Failure, 43
Loss of Control, 83

Loss of Control System/Component Failure

Ground Settling
Resonance, 2 [wiPower, 1 Unconfirmed Mission Eq, 2
§ / Percieved, 6
Tie-Downs, 1
Performance Helicopter,
Mt, 30 D/ 20
Engines, 15
nnnnn

Dy!
Rollover, 12

P 9
Limitations, 11

Figure 13. CY2001 Occurrence Types Assigned

Specific OccurrenceTypes

Autorotations

Definition
An autorotation is a descending maneuver in which the engine is
disengaged from the main rotor system, and the rotor blades are driven solely
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by the upward flow of air through the rotor. The freewheeling unit is a special
clutch mechanism that disengages anytime the engine rpm is less than the
rotor rpm. If the engine fails, the freewheeling unit automatically disengages
the engine from the main rotor allowing the main rotor to rotate freely.

The most common reason for an autorotation is an engine malfunction or
failure, but an autorotation can also be performed in the event of a complete
tail rotor failure, since there is virtually no torque produced in an
autorotation. And, if altitude permits, an autorotation is also prescribed to
recover from settling with power. Autorotations were divided into two
categories —emergency/forced (AUTO-E) and practice autorotations (AUTO-
P).

It should be noted that the JHSAT analyzed autorotation accidents
differently in the CY2000 report. In the CY2000 report, the team considered
autorotations landing phase maneuvers that were involved in 17 of the 20
landing phase accidents out of a total of 197 accidents reviewed and analyzed.
Six of the accidents occurred during hover maneuvers (16%), four during the
approach phase (11%), three during takeoff (8%), two in maneuvering flight
(5%), and one each occurred in cruise or during ground operations (3% each).

Autorotations occurred in 65 (37%) of the CY2001 174 accidents analyzed.
Thirty-five (20%) of the 174 accidents analyzed occurred during the execution
of emergency autorotations that were induced as the result of
system/component failures (27), and fuel problems such as contamination or
starvation (10). Thirty accidents (17.2%) occurred during practice
autorotations. The autorotation was initiated by the student pilot or Certified
Flight Instructor (CFI), and for various reasons the maneuver was not
properly executed, resulting in the accident. These include abnormal runway
contact (6), loss of control (9), abrupt maneuver(2), and a system/component
failure (1).

Characteristics

During analysis of the 174 accident reports, 65 (37%) accidents were a
result of an improperly executed autorotative landing. The most common
characteristic of these accidents is that all occurred in visual meteorological
conditions (VMC) with 59 (91%) of the 65 occurring during daylight hours.
Four of the 65 autorotation accidents occurred at night, and information on
the light conditions for two of the autorotation accidents was not reported. Of
the 65 accidents, there were 3 fatalities, 7 serious injuries, 12 minor injuries,
and 43 accidents with no injuries reported. In 59 of the 65 accidents, the
aircraft received substantial damage, and in the 6 remaining accidents, the
aircraft was destroyed.

The JHSAT reviewed demographics and included the mission being flown
at the time of the accident, engine type installed on the aircraft, the phase of
flight when the mishap occurred, and pilot flight time. A review of these
demographics shows that the mission being flown at the time of the accident
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and the phase of flight at the time of the accident provide a connection to the
accident type (Figure 14). Together, the training mission (20) and
personal/private mission (11) account for 31 (48%) of the 65 autorotation
accidents. Other missions included aerial application (5), aerial
observation/patrol (1), air tour (3), business (2), commercial (3), emergency
medical service (5), external load (2), firefighting (2), law enforcement (6),
logging (2), offshore operations (2), and utilities patrol/construction (1). The
mission being flown at the time of the accident has a very strong connection
to this accident type.

Number of Accidents by Mission Flown

Util Ptrl/Constr —

Pers/Prvt |
Offshore —
Logging —

Law Enfrcmt |

Instrct/Train
Firefighting —
Extrl Load —
EMS
Commercial —

Business —
Air Tour —

Aerial Obs/Ptrl —

Aerial Appl

Number

Figure 14. Autorotation Occurrences by Mission Type

The aircraft involved in the accidents were equipped with a variety of
engine types including a single-piston engine (29), a single-turbine engine
(31), and multiple-turbine engines (5). The aircraft were also certified under
FAR Parts 27 (57) and 29 (3), with five restricted category aircraft. The aircraft
were also operated under various FARs including FAR Part 91 (42), Part 133
(5), Part 135 (6), Part 137 (4); and there were eight Public Use aircraft as shown
in Table 17. There was no connection between accident type, and type
certification or engine type.

Pilots’ total flight time (all aircraft) ranged from 160 hours to 18,930 hours
with an average of 6,021 hours and a mean of 5,111 hours. Total rotorcraft
hours had a range of 105 hours to 18,850 hours. Eight accidents that didn’t
have this information reported. The average number of total rotorcraft hours
is 4,778 hours with a mean of 4,775 hours. Total rotorcraft hours make and
model ranged from 4 hours to 6,350 hours and averaged 1,259 hours.
Additionally, there was a mean of 1,640 hours in make and model. It must
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also be noted that the pilot had a total time of 100 hours or less in make and
model in 7 of the accidents, and the pilot had 1,000 hours or less in make and
model in 39 (60%) of the 65 autorotation accidents.

Engine Configuration
Operational | Certification | Multi-Turbine | Single-Piston | Single-Turbine | Total
FAR 91 FAR 27 2 24 13 39
FAR 29 2 0 0 2
Restricted 0
FAR 133 FAR 27 0 0 3 3
FAR 29
Restricted
FAR 135 FAR 27 0 0 6 6
FAR 137 FAR 27 0 3 1 4
Public Use FAR 27 0 1 4 5
Restricted 0 1 2
Subtotal 5 29 31 65

Table 17. Aircraft Configuration and Certification

Standard Problem Statements (SPSs)

This paragraph identifies factors that contributed to unsuccessful
autorotative landings, regardless of whether they were initiated as a forced
autorotation (resulting from a system/component failure or other problem) or
a practice/training maneuver.

Twelve separate Level 1 Standard Problem Statements accounted for these
accidents, as shown in Figure 15. The four most frequently cited SPSs
include Pilot Judgment and Actions (138), Data issues (68), Part/System
Failure (38), and Maintenance (29). However, there are significant differences
in the most-cited SPSs between the emergency/forced autorotation accidents
and the practice autorotation accidents.

The four most-cited SPSs for emergency forced autorotation accidents are:
1) Pilot Judgment and Actions, 2) Data issues, 3) Part/System Failure, and 4)
Maintenance. For practice autorotations, the most often cited SPSs in the
practice autorotation accidents are: 1) Pilot Judgment and Actions, 2) Data
issues, 3) Safety Management, and 4) Pilot Situation Awareness.

It should be noted that the top two most-cited SPSs are the same for both
Forced and Practice autorotation.
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Figure 15. Level 1 SPS for Accidents Involving Autorotations.

Intervention Recommendations

To prevent the further occurrences of autorotation accidents, the analysis

cited eight different Level 1 Interventions (totaling 401 Intervention

Recommendations), as shown in Figure 16.

The most frequently cited

Intervention was Training (136) in both types of autorotation accidents.

Following Training, in descending order, are Data Issues (71), Safety

Management (59), Maintenance (56), Systems and Equipment (25), Regulatory

(13), and Infrastructure (2).

The figure also shows these Interventions as

emergency/forced autorotation accidents or practice autorotation accidents.
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Figure 16. Interventions for Accidents Involving Autorotations
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Occurrence Type Relationships

In 30 of the 65 autorotation accidents, the autorotation was the initiating
event (practice autorotation). The remaining 35 autorotations were a result of
a system/component failure, loss of control, abnormal runway contact, or fuel
problems. Specifics of these initiating events are discussed in other sections of
this report.

Conclusions

After reviewing the accident data, the JHSAT concluded that human error
on the part of the pilot was the leading cause of autorotation accidents.
Human error accounts for 251 (64%) of the 389 autorotation-related SPSs. Pilot
Judgment and Actions were cited 138 times (35%). Other SPSs that can be
classified as human error are Maintenance (29), Ground Duties (25), Safety
Management (35), Pilot Situation Awareness (19), Regulatory (7), and
Communications (5). Part/System Failures (37) and Safety Systems and
Equipment (3) accounted for 40 (10%) of the SPSs. The remaining SPSs are
categorized under Mission Risk (16) and Data Issues (67). To prevent future
occurrences of these mishaps, Training Interventions comprised 136 (34%)
times of the total 401 Intervention Recommendations.

We concluded that organizational management and leadership, to include
maintenance supervisors and certified flight instructors, in addition to
regulatory agencies, must play an important role in accident prevention.
There are 136 training interventions, 56 maintenance interventions, 59 safety
management interventions, and 71 data interventions, all requiring action by
organization and regulatory agency management and leadership. These four
Intervention categories account for 322 (80%) of the 401 total Intervention
Recommendations.

Recommendations
The following recommendations are made to prevent further autorotation
accidents.

1. Improve autorotation training by making use of flight simulators to ensure
students gain procedural skills coupled with knowledge of aircraft
performance characteristics.

2. Ensure basic training programs include aircraft preflight procedures,
performance and limitations training, advanced systems training, in-flight
power management training, and simulator training.

3. Ensure make/model transition training includes classroom and type
simulator training, application of risk assessment models, systems
familiarization, and specialized training for pilots migrating from fixed-
wing aircraft to rotary wing aircraft.

4. Ensure mission-specific training programs include types of maneuvers
performed during that specific operation, known hazards in the
operational area, and simulator training.

5. Establish a safety training program which includes Aeronautical Decision
Making (ADM) training, Cockpit Resource Management (CRM) training,
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pilot judgment training, situational awareness, and aircraft operation
regimes during an in-flight emergency.

6. Establish CFI training programs, with initial and recurring requirements,
for CFI judgment and decision-making, advanced handling techniques,
cues for low rpm and airspeed issues, and advanced maneuvers training.

7. Establish SOPs for specific missions and environments, risk management,
compliance with SOPs, refueling, and pilot procedures.

8. Install FDM equipment in all aircraft in order to improve the quality of
accident investigations.

Loss of Control (LOC)

General

For this analysis, the Loss of Control accidents are those accidents in which
the helicopter was put in a flight condition that was beyond the skill level of
the pilot to control or that was well outside the performance limits of the
aircraft.

In the CY2001 accidents, 82 accidents (47 % of the 174 total) were identified
with the LOC Occurrence Type. The JHSAT further subdivided these LOC
Occurrence Types into ten subsets. These are listed in Table 18.

Characteristics

All LOC accidents occurred during VMC conditions, with the majority 74
(90%) occurring during the day.

LOC Type Acronym # of % of % of
Accidents LOC Accidents
Performance PM 30 37% 17%
Management
Dynamic Rollover DR 12 15% 7%
Operating Limitations oL 11 13% 6%
Exceeded
Loss of Tail Rotor LTE 8 10% 5%
Effectiveness
Emergency Procedures EP 10 12% 6%
Ground Resonance GR 4 5%, 2%
Control Interference INT 2 2%, 1%
Tie-downs not removed D 1 1%, 1%
Settling with Power SP 1 1% 1%
Unknown UNK 4 5%. 2%

Table 18. Subdivision of LOC Occurrence Types

Tables 19 and 20 show the LOC injury severity and aircraft damage,
respectively. The Performance Management (PM) category had the highest
number of serious (4) and fatal (2) injuries, and was also the category with the

most substantial aircraft damage (27).
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Injury Level DR | EP | GR | INT | LTE | OL | PM | SP | TD | UNK | Total
Fatal 1 2 2 8 10
Minor 3 10 1 1 21
None 7 4 1 3 S 8 14 1 41

Serious 2 2 1 1 4 10
Total Accidents | 12 | 10 2 3 8 11 | 30 1 1 4 82

Table19. LOC Occurrence Injury Severity

Aircraft Damage | DR | EP | GR | INT | LTE | OL | PM | SP | TD | UNK | Total
Destroyed 1 1 2 2 3 1 4 14
Substantial 11 9 2 3 6 9 27 1 68

Total Accidents | 12 | 10 2 S 8 11 | 30 1 1 4 82

Table 20. LOC Occurrence Aircraft Damage

Demographics of LOC Accidents. The pilot’s flight times indicate that
half of these accidents involved a pilot with less than 355 hours in make and
model (Table 21). Make and model flight hours reported for the 8 LTE
accidents (all pilots less than 700 hours) indicate a lack of experience in this
subset.

Aver Med
age ian
Total Flt Hours 5028 2794
Rotorcraft Flight Hrs 3036 1852
M&M Flight Hours 1099 355

Table 21. Pilot’s Flight Time (LOC) - All Aircraft

Figure 17. Reserved

Light conditions do not appear to be a significant factor, as 74 of these
accidents occurred in daylight conditions, 5 at night and 2 in twilight
conditions.

Aircraft Configurations. Thirty-nine single-turbines, 36 single-piston and 7
twin-turbines were involved in Loss of Control accidents. There were 4 Part
29 certified aircraft in this group. Sixty of these accidents happened during
Part 91 operations, 5 occurred during FAR 135 operations, 5 occurred during
external load Part 133 operations, and 6 each were Public Use and FAR 137
Agricultural application.

Phase of Flight. Fifty-seven of the Loss of Control accidents occurred
during approach, landing, hover, taxi or takeoff —in other words, while the
aircraft was being operated near the ground or other obstructions. Of
significant note, the PM group with 30 events had 14 cases in the landing
phase (Table 22.)

CY2001 JHSAT Report Page 55 of 214



Mission at Time of Accident. The largest number of accidents by mission
were the Personal/Private operations with 20 (24%), and the
Instructional / Training operation, with 16 (19.5%). The next most common
missions were EMS and Aerial Application, with 7 (8.5%) each. Again of note
in the PM group, 11 cases were during Instructional / Training and 9 occurred
in the Personal/Private operations (Table 23).
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Flt Phase DR | EP | GR | INT | LTE | OL | PM | SP | TD | UNK | Total
Approach 1 1 2
En route 2 5
Landing 2 1 1 1 14 1 22
Maneuvering | 1 4 7 1 23
Standing 2 1 1 1 6
Take-off 7 2 2 6 1 19
Taxi 1 1
Unknown 2 1 1 4
Total 12 | 10 | 2 8 8 11 | 30 1 1 4 82
Table 22. Type of LOC by Phase of Flight
Mission DR | EP [ GR | INT | LTE | OL | PM | SP | TD | UNK | Total
Aerial Appl 1 1 1 2 1 1 7
Aerial Obs/Ptrl 1 1 1 4
Air Tour 1 1 1 1 4
Business 1 3
Commercial 1 1 1 1 1 6
EMS 1 1 1 1 2 1 7
Extrl Load 1 1 2
Firefighting 1 1 1 3
Instrct/Train 3 2 11 16
Law Enfrcmt 1 1 1 2 5
Logging 1
Offshore
Pers/Prvt 8 3 1 1 1 9 2 20
Util Ptrl/Constr | 1 1 2
Total 12 |10 | 2 3 8 11 | 30 | 1 1 4 82

Table 23. Type of LOC by Mission Type

Standard Problem Statements

Figure 18 illustrates the Standard Problem Statements (SPS) Level 1
attributed to LOC Occurrences. A table of all SPS and Occurrence Types is
located in Appendix C. The most common SPS Level 1 entry was Pilot
Judgment and Actions, with 170 entries. Of this Group there were 53
Subgroup (Level 2) Human Factors-Pilot’s Decisions, of which 21 statements
(Level 3) were “Disregarded cues that should have led to termination of
current course of action or maneuver.” There were also 46 Subgroup (Level 2)
Procedure Implementations, of which 18 were “Pilot control/handling
deficiencies.” The second most used SPS Group (Level 1) entry was Safety
Management, with 61 entries. Of this group there were 24 Subgroup (Level 2)
Pilot Experience, of which 10 were “Pilot lacking experience in make/model,”
and 7 “Student Pilot”
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Figure 18. Level 1 SPS for LOC Accidents

Intervention Recommendations

Figure 19 illustrates the Intervention Recommendations (IR) Level 1
attributed to LOC Occurrences. A table of all IRs and Occurrence Types is
located in Appendix D. The most common IR (Level 1) is Training and
Instructional, with 206 usages. In this category the subcategory (Level 2)
Advance Maneuver Training item is most used at 54 usages, with the most
used (Level 3) recommendation of “Simulator Training” selected 15 times.
There were also 42 subcategory (Level 2) Basic Training recommendations
with Level 3 recommendations, of which 12 were “In-flight Power/Energy
Management Training” and 10 “Enhanced Aircraft Performance &
Limitations Training” recommended as mitigations.

The next highest count of Level 1 IRs is Safety Management, with 93
usages. In this category, the Level 2 recommendation of Risk
Assessment/Management was used 28 times, with the Level 3
recommendation “Personal Risk Management Program IMSAFE” used 13
times. The second most-used Level 2 recommendation with 17 entries was
SOP-Ops Pilot, with the Level 3 recommendation “SOP directed prefight
planning procedures” used 5 times, and 6 other entries citing preflight
planning of some kind.
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Figure 19. Level 1 IR for LOC accidents

Occurrence Type Relations

Thirty-four accidents (41% of the LOC group and 19.5% of total accidents)
had only one Occurrence Type listed. In the remaining 48 events the other
Occurrences mentioned, in addition to the LOC Occurrence Type, incuded:
AUTO P (11 usages), SCF (9 usages), ADRM (7 usages), ARC (7 usages), VIS
(6 usages), AUTO E (5 usages), FIRE POST (5 usages), EXTL (4 usages), LALT
(4 usages), LZ (4 usages), AMAN (1 usages), FUEL (1 usage), DITCH (1
usages), RAMP (1 usage) and WSTRW 1.

CY2000 vs CY2001

Comparison with CY2000 data cannot be made for the entire group, as the
JHSAT did not use LOC fully in the CY2000 analysis. The team noted LTE
and DR in the CY2000 analysis, with DR identified in 9.1% of CY2000
accidents and in 6.9% of CY2001. LTE was identified in 7% of the CY2000
accidents and in 10% of the CY2001 accidents.

Conclusions

The problems identified with LOC accidents are primarily Pilot Judgment
and Actions and Safety Management issues. Both are primarily human, one
the pilot and the other the oversight of the pilot and operations. The Loss of
Control during Emergency Procedures in which the leading SPS was
Maintenance Issues is the only group with different SPS rankings.

The most prominent Interventions associated with LOC accidents are
Training/Instructional and Safety Management. Training mitigations deal
primarily with increased training of the pilot, including simulators for
advanced maneuvers, various judgment and decision-making training, CFI
training, numerous make/model training interventions, and risk assessment
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and management training. Safety Management interventions are directed at
providing SOPs and risk assessment tools for management and pilots to
recognize hazards and take appropriate steps to reduce the consequences of
exposure to them. Mitigations to improve maintenance and recognition of
maintenance issues were the leading SPS in the EP category.

Recommendations

1. Improve and expand advanced maneuver training throughout training
cycles to include recurrent training exposure and emphasize autorotations.

2. Develop and promote use of simulator products for exposure to advanced
maneuvers such as Dynamic Rollover and LTE identification and recovery
techniques.

3. Improve Basic Training to highlight physical requirements to remain
within operational limits established by the OEM including proper
power/energy management.

4. Increase training for pilots in identifying hazards and risk
assessment/management of those hazards.

5. Implement more effective preflight planning processes to support hazard
identification and risk management.

6. Increase CFI training in judgment and decision making regarding student
monitoring and techniques to manage common student mistakes.

7. Develop and implement training to provide recognition of cues critical to
flight safety and provide techniques for maintaining awareness.

Loss of Control - Power Management (LOC-PM)

Definition

Loss of Control accidents in which the event was precipitated by the pilot
maintaining insufficient power or rotor rpm, but without a mechanical
failure, occurred with relatively high frequency in the CY2001 and CY2000
data sets. Like autorotation accidents or those involving Dynamic Rollover or
LTE, these accidents are all preventable with adequate planning, alertness,
risk assessment, airmanship, and appropriate in-flight decision making.

There were 30 LOC-PM helicopter accidents in the United States in
CY2001, representing 17% (30/174) of the overall data set and 37% (30/82) of
all Loss of Control accidents.

Characteristics

LOC-PM accidents occurred in almost all mission categories addressed in
the CY2000 JHSAT Report. In CY2001, they occurred most often in the
mission categories involving Instruction (11 accidents, 37%), Personal (9
accidents, 30%), Law Enforcement (2 accidents, both involved training), and
Air Medical (2 accidents, 7%). Six other mission categories experienced one
LOC-PM accident each. Most of the accidents (24) resulted in minor or no
injuries. Two accidents resulted in fatal injuries and four others resulted in

serious injuries. Of these 30 accidents, 17 (57%) involved reciprocating-engine
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powered helicopters; 11 (37%) involved single-turbine helicopters; and two
involved twin-turbine helicopters. Three of the helicopters were reportedly
destroyed; the other 27 were reported to have sustained substantial damage.
Two (7%) of the accidents occurred in darkness. All of the accidents occurred
in Visual Meteorological Conditions.

Of the 11 Instructional accidents with an LOC-PM outcome, six (20%)
involved practice autorotations where rotor rpm and/or airspeed were not
maintained in a safe range, and the CFI failed to detect this in time to prevent
the accident (or the CFI was demonstrating the maneuver). The others
involved improper control handling (an abrupt incorrect control movement)
in a hover by the student and late/improper intervention by the CFI; a loss of
control that followed the inadvertent securing of the engine by a designated
pilot examiner; LOC that followed an 18t practice autorotation; and LOC by a
CFI candidate who got behind the aircraft while attempting a 180-degree auto
initiated from 300 feet AGL. Another flight ended abruptly when the
instructional flight took off into an overhead wire. The two Law Enforcement
training accidents were similar; one involved late intervention by a non-CFI
safety pilot.

The Personal Flying LOC-PM accidents included scenarios such as a low-
time pilot taking off into a strong headwind, then losing control when he
turned downwind at low altitude; an inadvertent descent into a lake when
returning home on a dark night; a low-experience pilot who allowed a
reduction in rotor rpm and a steep descent to occur at night (possible spatial
disorientation); a loss of directional control while hovering (3 events); two
events into a tailwind; a loss of control while attempting a slope landing; and
a loss of control precipitated by the main rotor striking the tailboom when the
pilot initiated rotor spin-up when oriented tail-first into a strong wind.

The other events included scenarios such as LOC while hovering out of
ground effect while trimming trees; a departure from an off-airport LZ in
darkness after completing helicopter maintenance (lost visual reference and
became disoriented); LOC during a downwind takeoff in heavy-hot
conditions; LOC during takeoff from a service truck (energy-power
management); LOC while herding cattle in a high/hot environment with
minimal power margin; and LOC by an unqualified pilot who performed a
functional check flight incorrectly.

Pilot In Command (PIC) inexperience probably did not play a significant
role in most of these accidents. Average PIC time in the reciprocating-engine
powered helicopters was 3,073 hours; total rotorcraft time and make/model
time for that group was 1,688 and 597 hours, respectively (for those
reporting). Only seven (of 17) of those pilots had fewer than 1,000 reported
hours experience in rotorcraft and only six had 100 or fewer hours experience
in make/model, respectively, in the reciprocating-engine group. The single-
turbine pilot group (11 accidents) averaged 5,529 total hours (three had more
than 10,000 hours), 3,739 rotorcraft hours, and 1,168 hours in make/model.
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Only three of the single-turbine pilots had fewer than 1,000 rotorcraft hours
and one reported fewer than 100 hours in make/model. The (2) multi-turbine
pilots averaged 4,513 total hours; only one of them reported his rotorcraft
hours (3,703 hours), neither had low experience in make/model.

Standard Problem Statements

As in other Occurrence Types, “Standard Problem Statements (SPSs)
illustrate the issues that characterized or led to the accidents. There were 179
SPSs for these 30 accidents. Prominent among them were 41 findings that
indicated needed information was not contained in the accident reports
(information that would have led to a better understanding of the accident
circumstances and ability to define how the accident contributors might have
been eliminated or mitigated). In the LOC-PM accidents there were 24
findings of “information not available to investigators,” 14 findings of
“information missing in the report” and 3 findings of inadequate
investigation. The “Data” Problems and Interventions are addressed
elsewhere in this report.

Most prominent among the other SPSs in LOC-PM accidents were a variety
of Pilot Judgment and Actions (PJA) factors (cited 77 times in 30 accidents).
Some of the more prominent PJA SPSs are listed below (similar codes are
listed together). On a high level, pilot decision-making was noted 22 times;
safety management was cited 20 times, and procedural implantation was
noted 19 times. Unless the issue was considered prominent or relevant to
other factors noted, the problems identified only once are not noted here.

The most frequently noted PJA problems (with their frequencies) were:

¢ Landing Procedures, autorotation practice (13)

e  Procedures Implementation, pilot control/handling deficiencies (10)

e  Human Factors, pilot decisions, disregarded cues that should have led

to intervention (9)

e CRM, inadequate/untimely CFI action to intervene (5)

e CRM, inadequate/untimely action by another crewmember (1)

e Flight Profile unsafe (altitude, power margin, rotor rpm, terrain,

takeoff conditions) (8)

e  Procedure Implementation, inappropriate energy/power management

®)

e  Procedure Implementation, critical controls selected inadvertently (3)

e  Human Factors, pilot decision, failed to follow procedures (3)

e  Human Factors, pilot decision, willful disregard of rules/SOPs (2)

e  Human Factors, pilot decision-making (3)

e  Human Factors, pilot decision, pilot misjudged own limitations (3)

e  Human Factors, pilot-aircraft interface, diverted attention (2).

Similarly, repeated Pilot Situational Awareness factors included
environment; lack of knowledge of aerodynamic state (3); and internal aircraft
awareness (airspeed, power required, or unsure when to intervene) (3).
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Problems with Ground Duties were addressed nine times, as follows:
weather wind (3); inadequate consideration of aircraft performance (2);
mission contingency planning (2); aircraft power margin (1); and density
altitude (1).

Mission Risk was identified six times (high density altitude, high
frequency operations, flying near hazards, and unsuitable terrain).

Safety Management codes related to pilot inexperience were selected 11
times, most often addressing pilot inexperience in make/model or with the
mission, and resultant poor planning or decision making. Problem codes also
identified deficiencies in make/model transition training (2), and self-induced

pressure applied by the pilot (2).

Intervention Recommendations
There were 185 Intervention Recommendations suggested to address LOC-
PM problem findings. Ninety-three (50%) of the Interventions identified
training/instruction needs; 24 (13%) suggested improvements in safety
management; and 9 (5%) suggested systems or equipment improvements.
Only 5 (less than 3%) suggested regulatory changes. Corrective actions that
would address the identified primary “problems” are ranked below, starting
with those that would address the need for better data from the aircraft or
from the investigative report so that corrective action might be better directed
to root causes in the future. The “Data” recommendation areas are discussed
further in another section of the report.
The suggested Data Interventions were: install FDM equipment (26); and
improve quality and depth of investigation (16).
The most frequently mentioned Training Interventions were as follows:
e Simulator training for autorotations, pilot control/handling, and
transition training (8);
e Simulator training for new students, control/handling, and
perceptual/judgment training (4);
e  Autorotation training (7);
e In-flight power/energy management training (7);
e CFI training and refresher training on control/handling technique,
cues, and best practices for CFls (6);
e CFI judgment and decision-making training to address following the
student more closely (6);
e  CFl training to address low rotor rpm and airspeed issues (6);
e  Enhanced safety limit training (5);
e  Flight training to address common accident/ pilot errors (5);
e Training emphasis on maintaining awareness of cues critical for safe
flight (4);
e  Training to address use of a risk assessment make/model currency
requirement (2);
e  Enhanced mission planning training (2);
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e  Make/model transition training (4);
e More comprehensive systems familiarization in make/model
transition training (2);

e  Use of simulators for make/model transition and mission training (2).

Safety Management recommendations included personal risk management
training (to mitigate inadequate consideration of, misjudgment of, or
disregard of risk) (6); use of an operator risk management program to
improve preflight and in-flight decision making (3); and improvement of
company flight operations oversight (2).

Occurrence Type Relations

Thirteen (43%) LOC-PM accidents occurred as the first significant event
noted by the team; ten (33%) LOC-PM events occurred secondary to
autorotation practice (one following an abrupt maneuver). Two (7%) LOC-PM
accidents occurred secondary to an abrupt maneuver.

Conclusions

Based on the repetitive nature of some of the Interventions suggested by
the team, and recognizing that some of the concerns expressed above are
addressed in other sections of this report, it was considered that the LOC-PM
recommendations should focus on the following:

e The need for flight simulator use to improve training quality while
removing some of the risks associated with training in the helicopter —
both for basic and advanced/mission training;

e  The need for specific power/energy management training;

e Comprehensive CFI training on handling technique, recognition of
cues critical for safe flight, and decision-making training in regard to
when and how to intervene when a student is on the controls;

e Improved training regarding aircraft limitations; training regarding
common errors in accidents; better systems training; and personal and
company/mission risk management training.

Recommendations

1. Acquire and use simulators, when available, to reduce risk in flight
training and to improve the quality of training of advanced
control/handling and transition training maneuvers; for autorotation
training; for basic training of new and transitioning students (from other
aircraft types); and for perceptual/judgment training. Use simulators
when available for make/model transition and mission training.

2. Provide improved training on autorotations and in-flight power/energy
management, with emphasis on common pilot errors seen in industry
accidents.

3. Provide enhanced CFI initial and recurrent training on control/handling
techniques, the recognition and proper use of cues, and best instructional
practices. The training should include judgment and decision-making
training to address following the student more closely (and deciding when
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to intervene), with a special focus on the importance of, and techniques
for, avoiding low rotor rpm and maintaining correct speeds in
autorotations.

4. Provide in basic and recurrent training enhanced safety training to include
emphasis on safety limitations, in-depth discussion of common pilot
errors resulting in accidents, and emphasis on the importance of
maintaining awareness of cues critical for safe flight.

5. Provide risk awareness/safety management training to pilots in
make/model currency and enhanced mission training; provide more
comprehensive systems familiarization in make/model transition training.

6. Provide company-wide risk assessment management and personal risk
assessment management requirements and training (to improve preflight
and in-flight decision making and to mitigate inadequate consideration of,
misjudgment of, or disregard of operational risks).

7. Ensure that flight operations standards adequately address assessment
and management of risk and that company flight operations oversight
ensures that risk management standards are met.

Loss of Control Occurrence Type Dynamic Rollover, DR

Definition

Dynamic Rollover is the tendency of a helicopter to roll about one of its
skids. This occurs during slope operations and on level ground when one of
the skids is in some manner restricted from moving. This restriction may
result either from a physical attachment, such as being tied down, or from the
helicopter sinking into asphalt, snow or other substance. It may also be
started with a lateral motion of the aircraft, sometimes in a hover, along with
a restriction to a skid, such as an obstruction or simply contacting the ground.
The thrust from the rotor continues to pull the airframe, which pivots about
the restrained skid and results in the aircraft rolling over and striking the
ground.

Frequency of Occurrence. Dynamic Rollover occurred 12 times in CY2001
data, representing 6.9% of total accidents. Dynamic Rollover occurred 18
times in CY2000 data or 9.1% of the total accidents.

Characteristics

For CY2001 all operations were day VMC. There was one landing in fresh
snow which created a white-out condition, and one takeoff from an EMS
landing site which resulted in a brown-out condition and an unsuccessful
attempt to land.

Consequences. Within the LOC Dynamic Rollover group, there were no
fatal accidents. Two accidents produced serious injuries, four minor injury,
and there were six accidents with no injury. Aircraft were substantially
damaged 11 times, and one was destroyed.

Demographics. Three accidents occurred during instructional flight. One
of these was a solo student. Two accidents can best be described as occurring
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during personal flight practice. There were five accidents directly related to a
work mission. Two accidents occurred while on mobile helipads, one of these
on a trailer.

Eleven of the accident reports had complete pilot flight time records, but
one had only a total time listed. The distribution of pilot time involved a
wide variation in total time, the highest time being 18,994 hours and the
lowest time 29 hours. Five of the 12 pilots had less than 335 hours in
helicopters. Of the 11 accident dockets reporting make/model time, the
highest time in make/model was 8,550 hours with a low of 29 hours; seven
pilots reported less than 500 hours make/model. The median flight time in
make/model was 335 hours. Table 24 presents the data on pilot experience.

Dynamic Rollover Total Time |Rotor Time| M&M Time

#1 1903 1903 357
#2 3750 3685 275
#3 13000 200 760
#4 2330 2000 1800
#5 18994 275 89
#6 29 29 29
#7 2961 2872 1922
#8 700 unk unk
#9 2232 265 265
#10 335 335 335
#11 9800 8580 8550
#12 2217 2217 226

Average Time 4854 2033 1328

Median Time 2281 1903 335

Table 24. DR Accidents by Pilot Experience

Standard Problem Statements

A complete list of SPS groups and statements for the LOC Type is in the
Appendix and includes the listing of subsets. The most common SPS used in
this subset was Pilot Judgment and Actions (21). Safety Management was
second with 10 usages, and Pilot Situation awareness was third with 7. At the
Level 3 statements, “Improper recognition and response to dynamic rollover”

was used 8 times.

Intervention Recommendations
A complete list of Intervention categories and Recommendations for the
LOC Type is in the Appendix and includes a listing of subsets.
Training/Instructional was the most used Intervention Category, used 22
times. Second most-used was Safety Management, with 21 citations. The
most prominent Level 3 Recommendations were “Dynamic Rollover
Training” with 10 recommendations, and “Personal Risk Management
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Program (IMSAFE) with 3. “Simulator Training-Advance Maneuvers” was
also mentioned 3 times.

Occurrence Type Relationships

This category of accident also had related Occurrence Types mentioned.
Five accidents had no other category mentioned. Six had one other category
mentioned, and one had two other categories mentioned. Other categories
mentioned were 3 LZ “U” unprepared, 2 VIS “W/B” white-out /brown-out, 1
Ramp and 2 ARDM “M” mobile helipad.

Conclusions

The tables show that Dynamic Rollover is a combination of several
problems. The SPSs show that Pilot Judgment and Actions (21), Safety
Management (10), and Pilot Situation Awareness (7) are significant factors.
Low pilot experience represented by helicopter flight time and time in
make/model are also significant issues.

Recommendations
Intervention Recommendations focus mainly on the areas of Training and
Instruction (22) and Safety Management (21). Anytime the aircraft is in close
proximity to the ground, the pilot must have increased awareness and have
made good decisions before pulling pitch.
1. Increase training in DR recognition and recovery; use of simulators is
proposed.
Increase pilot awareness training.
3. Improve SOP and oversight of missions requiring operations close to the
ground.
4. Improve/increase CFI training on techniques to monitor students and
maintain control.

n

Loss of Control - Operational Limits (LOC-OL)

Definition

Loss of Control accidents where the event is precipitated by operation near
the operational limitations of the helicopter occurred in the CY2001 and
CY2000 data sets. Like autorotation accidents or those involving Dynamic
Rollover or LTE, these accidents were usually preventable with adequate
planning, alertness, risk assessment, airmanship, and in flight decision-
making.

There were 11 LOC-OL helicopter accidents in the United States in CY2001,
representing 6% (11/174) of the overall data set and 13% (11/82) of all Loss of
Control accidents.

Characteristics
The LOC-OL accidents occurred in 10 mission categories addressed in the
CY2001 JHSAT Report. Only aerial application, with two accidents, had more
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than one LOC-OL accident. Eight (73%) accidents resulted in no injuries. Two
(18%) accidents resulted in fatal injuries, and one resulted in serious injuries.
Of the 11 LOC-OL accidents, seven (64%) involved single-turbine helicopters,
four (36%) involved reciprocating-engine powered helicopters. Two of the
helicopters were destroyed; the other 9 were reported to have sustained
substantial damage. All of the accidents occurred in day, Visual
Meteorological Conditions.

The CY2001 accidents in this category consistently demonstrated the pilot’s
willingness to operate at the edge of the performance envelope and with little
apparent regard for the risks associated with doing so. Perhaps the worst-case
scenario was a commercial pilot who apparently entered a very high-risk
maneuver in a high, hot environment and failed to complete a proper
recovery at great peril to his passengers. One of the accidents involved a
downwind approach to a high altitude, snow-covered landing site in flat light
conditions. Three accidents involved high, hot, downwind takeoffs (one of
which was also attempting to take off upslope). One pilot failed to maintain
rotor rpm while lifting a heavy bucket from a pond; another pilot lost rotor
rpm while practicing a stuck anti-torque pedal scenario. One pilot lost control
while demonstrating a high risk tight-turn maneuver; one lost control when
he stuck his head out an open door and lost his headset and glasses; and
another inadvertently applied full pedal in cruise, resulting in a door opening
and an unsecured cargo strap fouling the tail-rotor. The last accident was the
result of the pilot not anticipating the lateral Center of Gravity (CG) shift that
occurred when his passengers were allowed to board while he was in a low
hover. While it is likely that each pilot entered the maneuver that led to his
demise with expectation of a more positive result, the results demonstrate
that as a group these pilots did not adequately assess the risks of their
intended operations, they were not adequately aware of their power and
performance margins, and they did not or could not exercise proper control
handling necessary to prevent the accidents.

Pilot In Command inexperience probably did not play a role in the LOC-
OL accidents. Average total flight experience of the pilots was high, at 5,551
hours; total average rotorcraft time and make/model time were 3,052 and
1,064 hours, respectively. Three (27%) pilots reported fewer than 1,000 hours
in rotorcraft and five (45%) had 300 or fewer hours in make/model,
respectively. The team noted that one pilot did not meet his employer’s
currency/proficiency standards, and the same pilot had high airplane time
and only 381 hours in rotorcraft. A combination of high overall pilot
experience and relatively low experience in make/model may have made
some of the pilots susceptible to pushing aircraft limitations.

Standard Problem Statements
As in other Occurrence Types, Standard Problem Statements” (SPSs)
illustrate the issues that characterized or led to the accidents. There were 81
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SPSs for these 11 accidents. Prominent among them were 16 findings
indicating that needed information was not in the accident reports
(information that would have led to a better understanding of the accident
circumstances and ability to define how the accident contributors might have
been eliminated or mitigated). In the LOC-OL accidents there were nine
findings of “information not available to investigators,” three findings of
“information missing in the report,” and two findings of inadequate
investigation. The “Data” problems and Interventions are addressed
elsewhere in this report.

Most prominent among the other SPSs in LOC-OL accidents were a variety
of Pilot Judgment and Action (PJA) factors (cited 24 times in 11 accidents). On
a high level, Ground Duty deficiencies were noted nine times; Pilot
Situational Awareness was noted eight times; Pilot Decision Making was
noted eight times; Safety Management was cited nine times, and Procedural
Implementation was noted four times.

The most frequently noted PJA problems (with their frequencies) were
Human Factors, pilot decision (8); Flight Profile Unsafe (5); Human Factors,
pilot decision, disregarded cues that should have led to intervention (4);
Human Factors, pilot-aircraft interface (3); Procedures Implementation, Pilot
Control/Handling Deficiencies (2); CRM, inadequate/untimely CFI action to
intervene (1); and Procedure Implementation, inappropriate energy/power
management (1).

Similarly, repeated Pilot Situational Awareness factors included
environment, lack of knowledge of aerodynamic state (4), and other external
awareness deficiencies (3). Ground Duty problems were most often related to
Mission Planning (8). Mission Risk was identified 7 times—high density
altitude (3), operation with limited power margins (2), high frequency
operations (1), and flying near hazards (1). Safety Management codes related
to pilot inexperience were selected 2 times. Problem codes identified company
(2) and pilot safety management (1) deficiencies.

Intervention Recommendations

Eighty-four interventions were suggested to address LOC-OL problem
findings.  Thirty-three ~ (39%) of the Interventions identified
Training/Instruction needs; 20 (24%) suggested improvements in Safety
Management; and 6 (7%) suggested Systems or Equipment improvements.
Only 4 (less than 5%) suggested regulatory changes. Corrective actions that
would address the identified primary “problems” are discussed below,
starting with those that would address the need for better data from the
aircraft or in the investigative report so that corrective action might be better
directed to root causes in the future. The “Data” recommendation areas are
discussed further in another section of the report.

The suggested Data Interventions were to install FDM equipment (10), and
Improve quality and depth of investigation (6).
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The most frequently suggested Training Interventions included the
following: enhanced basic performance limits training (5); training emphasis
on maintaining awareness of cues critical for safe flight (3); simulator training
for advanced maneuvers (2); in-flight power/energy management training
(1); mission training on maneuvers required for the mission operation and
known mission hazards (3); wind/night/low/slow and snow operations (3);
mountain flying (2); mission planning (2); settling with power (1); and
training on mission best practices (1).

CFI judgment and decision-making training Interventions addressed
following the student more closely and improving flight safety margins (2);
CFI training to address preflight planning briefings (1); and low rotor rpm
and airspeed issues (1). Safety Training Interventions included judgment and
risk assessment (1); techniques for maintaining visual alertness (1); common
accident/pilot errors (1); the importance of maintaining flight in optimum
ranges in emergencies (1); and training in operations with doors removed (1).

Safety Management recommendations included: improve company flight
operations oversight (3); establish/improve company risk management
programs (4); establish mission-specific and personal risk management
programs (2); use risk management to eliminate a culture of non-compliance
and to proactively correct known safety hazards (2); and establish operational
performance monitoring programs (2).

The variety of accidents in this category suggested a variety of
Interventions (1 each), including the following: establish operational control;
establish SOP for remote operations; require reconnaissance of and pre-
approve use of remote LZs; and establish SOP for all hot/expedited flight
operations.

Three (75%) of the proposed regulatory interventions suggested regulatory
enforcement actions against pilots who accepted unwarranted flight risks.

Systems and Equipment proposals included the addition of “power
available versus power required” indicators (2), EVS/SVS/NVG equipment,
and greater use of nets to secure loose cargo.

Occurrence Type Relationships

Seven (64%) of the LOC-OL occurrences were the only such occurrences
noted in those accidents; two (18%) of the LOC-OL events were secondary to
abrupt maneuvers (AMAN). The other two LOC-OL events occurred in low
visibility and during low altitude external load operations (which are
Occurrence Types).

Conclusions

Based on the repetitive nature of some of the Interventions suggested by
the team, and recognizing that some of the concerns expressed above are
addressed in other sections of this report, the team considered that LOC-OL

recommendations should provide the following: improvements in training to
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include emphasis on power/energy management, aircraft-specific
performance limitations, and cues critical for safe flight; mission training
focus on preparation for avoidance of unwarranted high-risk aspects of the
mission; improved CFI training to address judgment and decision making in
regard to when to intervene, assurance of proper flight profiles, and
maintaining appropriate safety margins; emphasis in individual pilot training
on risk recognition and avoidance, and maintaining visual alertness; and
greater operator oversight and control of flight operations geared to
managing and reducing flight risks —particularly those involving remote or

expedited operations.

Recommendations

1. Improve training by putting greater emphasis on aircraft-specific
performance limitations, cues critical for safe flight, and in-flight
power/energy management.

2. Reduce mission risk by giving a higher training priority to maneuvers
required to safely accomplish the mission; avoid known mission risk,
wind/night/low/slow flight operations, mountain flying, and snow
operations; and emphasize known mission best practices.

3. Improve CFI performance by providing CFl training on judgment and
decision making, particularly in regard to following the student closely and
providing appropriate safety margins. This includes guidance on when to
intervene, preflight preparation briefings, and training specific to
maintaining proper airspeed and rotor rpm.

4. Ensure that individual pilot safety training includes judgment and risk
assessment, techniques for maintaining visual alertness, instruction
regarding common pilot errors that lead to accidents, and flight operations
with doors removed.

5. Ensure that operators manage safety by establishing/improving mission
and personal risk assessment/management programs, providing flight
operations oversight, establishing flight crew performance monitoring
programs, using risk management to eliminate any culture of non-
compliance with rules or SOPs, and correcting known safety hazards.

6. Regarding remote operations: operators should establish/maintain
operational control, establish SOPs for remote operations, require
reconnaissance before use of LZs and pre-approve use of remote LZs
whenever possible, and establish SOPs for all hot/expedited flight
operations.

7. Ensure regulatory or company intervention against pilots who accept
unwarranted flight risks.

8. Encourage development/installation of power-available versus power-
required indicators; encourage greater use of EVS/SVS/NVG equipment
and nets to secure loose items to prevent their inadvertent release in flight.
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Loss of Control - Loss of Tail Rotor Effectiveness, LTE

Definition

Loss of Tail Rotor Effectiveness, or Unanticipated Yaw, is the occurrence
of an uncommanded yaw rate that does not subside of its own accord and
which, if not corrected, can result in the loss of helicopter control. This
uncommanded yaw rate occurs to the right in helicopters with a
counterclockwise rotating main rotor and to the left in helicopters with
clockwise main rotor rotation. LTE is not related to an equipment or
maintenance malfunction and may occur in any single-rotor helicopter at
slow airspeeds, at or near gross weight, and near translational lift or less. It is
the result of more anti-torque being demanded than the tail rotor can provide
to maintain directional control. The high power demands of flight at speeds
less than translational lift are present in all LTE accidents. Sudden initiators of
uncommanded yaw are usually caused by certain wind azimuths (directions)
that cause the need for additional tail rotor thrust beyond what is available.

LTE was a factor in 10% of all Loss of Control accidents in CY2001, or in 8
accidents total.

Characteristics

Each accident helicopter got into LTE under different circumstances:
hovering; approach to hover; approach to an oil rig platform; aerial spraying
at 200 to 250 feet AGL at 30 to 40 knots; climb-out and right turn; out-of-
ground effect hover taxi with a quartering left tailwind; and low
airspeed/low altitude maneuvering. One pilot experienced LTE while he was
air-taxiing over a parallel taxiway and turning into a parking area. There was
a thunderstorm in the area and he experienced a strong gust of wind that
caused him to lose control of the helicopter.

Two helicopters were completely destroyed, and the rest substantially
damaged. One accident resulted in two fatalities, one resulted in serious
injuries, and three had minor occupant injuries.

Of particular interest in this area was that three of the accident pilots had
less than 100 hours in make and model. The range of total flight time of all
eight pilots was between 531 and 9,100 hours, for an average total flight time
of 3,759 hours. The average of all helicopter total time for this group was 2,456
hours. However, the average make and model time for this group was only
302 hours. The lowest make and model time was zero hours prior to the
accident flight, contrasted with as much as 700 hours prior to the accident
flight. The pilot mentioned above who lost control of his helicopter after a
gust of wind from a thunderstorm had only eight (8) hours and recently
transitioned into the make and model helicopter he was flying. Interestingly,
all eight accidents were in light single-turbine engine helicopters of various
manufacturers.
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Standard Problem Statements

Pilots are still losing control of helicopters due to LTE. Most helicopter
pilots are aware of the concept of LTE, but until they experience it, really
don’t know what it is or how to get out of it. In all cases, the most common
Level 1 SPS called the Pilot's Judgments and Actions into question (

Figure 20.)

The pilots” inadequate response to LTE resulted in the loss of control of the
helicopter in all eight of these accidents. Pilots also either disregarded cues
that should have led to a termination of their current course of action or
maneuver (4 cases); inappropriately managed energy or power (4 accidents);
or willfully exceeded aircraft limitations (2 cases). Contributing factors also
included pilot handling or control deficiencies (1 case) or misjudging one’s
own limitations and capabilities (1 case). In two cases the pilot's lack of
sufficient make and model transition training was a contributing factor. In
two cases the pilot’s flight profile was unsafe. In one case a factory pilot
allowed the customer pilot to perform a low airspeed/low altitude maneuver
typically used in aerial application operations. In the second a pilot entered a
high hover (40 feet AGL) due to rough/uneven terrain and hover-taxied to a
level area. As he did so, the aircraft began to yaw to the right.

SPS Level 1

Pilot Judgment & actions |18

Data issues |10

Safety Management ]9
Mission Risk 6
Post-crash survival 2

Count

Pilot situation awareness [ ]2

Regulatory []1
Ground Duties []1

Figure 20. Level 1 SPS for LOC-LTE

Intervention Recommendations

The most common Intervention Recommendation is for more training and
instruction; specifically to provide ground and flight or simulator training for
recognition and recovery from LTE.
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Occurrence Type Relationships

All but one accident in this Occurrence category was the direct result of
LTE. One pilot lost control of his helicopter due to thunderstorm in the area.
He experienced a strong gust of wind from the storm that caused him to lose
control and experience LTE. One accident helicopter had to ditch in the water
after experiencing LTE.

Comparison between CY2000 and CY2001
LTE was a factor in 14 accidents in CY2000.

Conclusions

Since LTE is generally a by-product of operating a helicopter at the limits
of its power margins in adverse or unfavorable wind conditions, the JHSAT
particularly recommends in-flight power/energy management training for all
pilots. The helicopter pilot community is not sataic —ongoing LTE recognition
and power/energy management training is essential. Operators should
provide introductory and recurrent CFI training on advanced handling
techniques and procedures to avoid LTE accidents. All pilots should evaluate
the risk of operating in gusty or high wind conditions, know from which
direction the wind is blowing at all times, and turn into the wind when
appropriate for conditions. Also, pilots should not attempt to hover or
maneuver at slow speeds with unfavorable wind conditions under hot or high
conditions where loss of control could occur.

Recommendations

1. Provide training in advanced maneuvers and recognition of LTE.

2. Provide more power management (performance planning) and aircraft
limitation training.

3. Give pilots more make and model simulator training.

Emergency Procedures (EP) Accident Occurrence

Definition

If an accident occurred because of, or as a result of, some kind of loss of
control during the initiation of an emergency procedure, it was grouped into
this accident occurrence. EP issues occurred in 10 accidents in CY2001, or in
7.4% of all accidents.

Characteristics

In eight accident helicopters, the pilots experienced some sort of
part/system failure which immediately required them to initiate an
emergency procedure. Control was lost at some point during the emergency.
In the remaining two accidents, the emergencies were self-induced. One pilot
ran out of fuel, then lost control during the autorotation. The other pilot had
an empty fire bucket strike the tail rotor. He jettisoned the bucket, rolled the
throttle to idle and entered an autorotation. He then determined no suitable
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forced landing areas existed so he rolled the throttle back to “fly” and tried to
make it to a suitable landing area, doing a “needles joined” autorotation. The
helicopter hit the ground in a right spin and rolled over on its right side. In six
cases, the pilots responded incorrectly to the emergency. In two cases the
pilots responded correctly, but still lost control and damaged their helicopters
in circumstances essentially beyond their control; and in two cases the pilots
did not have time to react to their emergency situations.

Nine helicopters were substantially damaged, and one was destroyed.
There were two fatalities, two serious injuries, two minor injuries and four
accidents resulted in no injuries.

Of significance, three of the accident helicopters were personally or
privately owned. The remaining accidents in this group encompassed one
each of the following mission types: aerial application, law enforcement,
commercial, air tour, EMS, firefighting and logging. Flight time was not an
issue in this area. The average total time was 8,392 hours, average rotorcraft
time was 6,069 hours and average make-model time was 2,778 hours.

Standard Problem Statements

Maintenance Issues (11) and Parts/System failures (8) were the main
Standard Problem Statements in this area. The Maintenance and
Parts/Systems failure issues that led to the emergency procedure are covered
in Systems/Component Failure (SCF) area. Of note is that in at least four
cases, the team felt that the preflight of the helicopter was inadequate. In
many cases, proper maintenance procedures and a more thorough preflight
would have prevented these accidents.

Intervention Recommendations

Recommended Interventions in this area include Maintenance Duties (11),
Training and Instructional (10), and Parts/System failure recommendations.
There were also Pilot Judgment and Actions and Safety Management
recomendations, specifically in the area of risk assessment management (6).

Occurrence Type Relationships

Loss of control, Emergency Procedures, was the second highest occurrence
type in half the accidents and third highest in the other half. In eight
accidents, the pilot was forced to initiate an emergency procedure after some
sort of system/component failure. In one case the EP was a result of an
externally loaded fire bucket striking the tail rotor, followed by a forced
autorotation.

Conclusions

The first conclusion the analysis team drew from the EP data is that pilots
flew machines that were borderline airworthy or had not been maintained
properly. Then when they had an emergency, they incorrectly responded to

the emergency, or didn’t have time to adequately respond to the emergency.
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Increased attention to proper maintenance procedures to identify faulty
maintenance practices, preflight duties, and increased emergency procedures
training might have given these pilots the edge they needed to adequately
respond to the emergencies experienced.

Recommendations

1. Pilots who own and operate their own helicopters have a much greater
need to be totally familiar with the maintenance requirements and
procedures for their particular machines. They must supervise their own
maintenance and act as their own quality control managers during and
after any maintenance performed on their helicopters. Also, if they fly
infrequently, they must pay particular attention to the effects of time and
the elements on critical helicopter systems and components, and visually
check or inspect accordingly.

2. Since 80% of all pilots in this area responded incorrectly to an emergency
procedure, additional EP and decision making training is especially
warranted.

3. Increased use of simulators for training emergency procedures is also
recommended.

LOC - Misc.

Definition

The Loss of Control Occurrence Type includes several other subsets with
fewer events in each category. The remaining subsets totaled 11 accidents
classified as follows: Control Interference (INT), four events; Aircraft Tied-
Down (TD), one event; Ground Resonance (GR), one event; and Loss of
Control for Unknown Causes (UNK), five events.

Characteristics

These events are similar to the rest of the LOC Occurrence group. There
were three fatal accidents (all were in the UNK subset); there were no
accidents with serious injuries; three with minor injuries; and five with no
injuries. Five aircraft were destroyed, and six sustained substantial damage.
Mission  categories  were  varied, with  three accidents in
Instructional / Training, three Personal/Private, two in EMS operations, one
on a Part 135 check ride, one Firefighting, and one Aerial Observation (fish
spotting from a ship). Four of the helicopters in this Occurrence group were
powered by reciprocating engines; four were single-turbine helicopters, and
three were twin-turbine powered helicopters. Two of the accidents occurred
in darkness; all of the others occurred in daylight. All of the accidents
occurred in Visual Meteorological Conditions.

The Control Interference (INT) category included three accidents where the
student froze on the controls or failed to relinquish control to his instructor,
and one event where the instructor prevented the pilot flying from making
full use of the anti-torque pedals. The UNK group included two accidents that
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were complete unknowns - because of fatal injuries and/or lack of sufficient
information to make a sound determination. The other two accidents occurred
in brownout conditions (one event) and when a helicopter descended into a
lake during a night personal flight. With a little more information, these
accidents might have been classified in the VIS and CFIT occurrence
categories. The TD event occurred during takeoff from a ship for fish-
spotting. In this accident, the tempo of operations may have created
distractions, but was an insufficient reason to attempt departure with one skid
still tied to the deck. The Ground Resonance event occurred when the pilot of
a twin turbine-powered helicopter left the helicopter with power on and
rotors turning to attend to a nuisance door-ajar warning light. Pilot experience
was generally high in the LOC-Misc. Occurrence group. These LOC-Misc.
accidents, despite their variety, demonstrate many of the same problems seen
in other Occurrence category accidents.

Standard Problem Statements

Because of the variety of accidents in this category, only Level 1 Problem
Statements are addressed here. The team identified Pilot Judgment and
Action deficiencies most frequently (20) and Safety Management deficiencies
second most often (12).

Intervention Recommendations

The JHSAT recommended Training most often (25) to eliminate the specific
problems identified in these 11 occurrences. In addition, the team suggested
improvements in Safety Management 14 times in its analysis of these

occurrences.

Occurrence Type Relationships

Six of the LOC-Misc. accidents were identified only as LOC Occurrence
Types, which is unusual because up to four occurrence types could be
selected if applicable in the analysis of the entire data set. Two of the LOC
events were preceded by abnormal runway contact (ARC), one by a practice
autorotation; and two were followed by post-crash fire (F-POST). One event
was preceded by visibility restricted by brownout (VIS-W/B).

Conclusions

In general, the same Problems were present and similar Interventions
identified in these accidents as in the other LOC accidents. Unquestionably, a
high percentage of the accidents could have been prevented, regardless of
pilot experience or the model helicopter, by better preflight and in-flight risk
assessment and planning, improved communications, and better decision-
making.
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Recommendations

1. Increase pilot training on risk assessment and management, aeronautical
decision making, and situational awareness and recognition of cues
necessary to prevent an unsafe outcome.

2. Improve CFI training and oversight on how to more effectively instruct
and monitor students, especially with regard to knowing when and how
to intervene.

3. Increase/improve advanced maneuver and emergency procedures
training.

4. Provide SOPs and oversight to ensure flight operations are conducted
safely and consistent with operator standards, industry best practices, and
in accordance with aircraft limitations.

System Component Failures (SCF)

Definition

System/Component failure is defined as an occurrence in which a system
or component on the helicopter did not function correctly. It could be a
mechanical failure or an intermittent electrical/system malfunction. In some
cases, a failure may have been perceived or reported by the flight crew but
was not able to be confirmed or substantiated by the investigation team.

System or component failure was cited in 43 of the 174 accidents (24.7%).
The System/Component failures were further broken down as engine failure,
airframe component failure (including the rotor system), special mission
equipment failure, and unconfirmed failures, as depicted in Table 25.

Type of Failure # of Failures % of Accidents
Engine 15 8.6%
Helicopter 20 11.5%
Mission Equipment 2 1.2%
Unconfirmed 6 3.5%
Total 43 24.7%

Table 25. Type of System Component Failure
Characteristics

The Part/System failure accident category includes all accidents where
there was a reported part or system failure within the NTSB report and/or
probable cause findings. Within this section, the JHSAT assesses and reports
the factors contributing to the Part/System failure. Pilot handling of the
failure and accident circumstances after the failure event, such as
Autorotation or Loss of Control, are reported in other sections of this report.
The focus of this section is to address the actual Part/System failure and
potential mitigations, and not the consequences of the failure. In the CY2001

Page 78 of 214 CY2001 JHSAT Report



accident analysis, the JHSAT identified some accidents as “unconfirmed”
when the evidence clearly did not support the NTSB or pilot report of a
system failure. This distinction was not made in reporting the CY2000 data.
The result is that there were actually 37 Part/System failure related accidents,
or 21.3% of the CY2001 accidents.

Maintenance problems were identified as the primary contributing factor
in 29 of the 37 confirmed Part/System failure accidents (78.4%). Three of the
37 accidents had insufficient information in the NTSB file to make a
determination of the contributing causes of the Part/System failure. This
effectively lowered the confirmed Part/System failure accidents to 34, with
maintenance then contributing to 85.3% of the accidents. Table 26 illustrates
the dominance of maintenance as the primary contributing factor to the
part/system failure.

Total Identified Part/System Failure Accidents 43

Part/system failures not confirmed by JHSAT analysis -6

Part failure identified but insufficient data to determine cause -3

Total System /Component Failures with cause determined 34

Total Confirmed Maintenance related part/system failures 29
Component failures mitigated by design approval holder design change

System failure related to pilot(s) not following AFM system checks

All main rotor blades found damaged post flight insp. (LOC overstress).

Table 26. System Component Failures Analyzed

Preflight

In 8 of the 34 Part/System failure accidents (24%), the conditions indicating
impending failure should have been detectable during a properly conducted
helicopter preflight inspection. Improvement in the conduct of the helicopter
and equipment preflight can have a significant impact on reducing part
failure accidents. Preflight inspection missed impending failures on 7 aircraft

parts and 1 mission equipment component.

Monitoring Systems

During the accident analysis the JHSAT determined in six of the 34
accidents (18%) that condition/maintenance monitoring equipment may have
been effective in detecting impending failure of the component or system. In
four accidents, vibration monitoring may have detected impending failures
within the tail-rotor system. The other two situations involved
recommendations for a power-available vs. power-demand system in one
instance, and in the other engine turbine temperature monitoring.

The dominant factor in the 34 confirmed accidents was maintenance,
occurring in 29 of the 34 accidents with known failure causes, or 85.3%. A
breakdown of the top Interventions for the 29 accidents involving
maintenance problems is listed in Table 27.

CY2001 JHSAT Report Page 79 of 214



Total % of

Maint. Maint

Improved quality assurance procedures / oversight 23 79%
Assure compliance with ICA 22 76%

Improved record keeping 5 17%

Use of HUMS, EMS, impending failure detection 4 14%

equipment

Civil ICA for Military Surplus 3 10%
Investigate adequacy of ICA 2 7%
Regulatory action on AD compliance criteria 2 7%

Table 27. Top Interventions for Maintenance Related Failures

Standard Problem Statements

Table 28 presents the Level 1 SPSs for system component failure. Not
surprisingly, Part/System Failure shows up first in this section. What may be
considered unusual is that Pilot Judgement and Actions shows up as the
second leading SPS. This results from the actions the pilot took after the SCF.
In one case, for instance, the pilot did not comply with the flight manual’s
emergency procedures and the pilot elected to perform a precautionary
landing in an unsuitable environment, resulting in being added to the CY2001

data set.

Part/System Failure 55
Pilot Judgment & Actions 46
Data Issues 44
Maintenance 43
Mission Risk 17
Safety Management 16
Ground Duties 15

Pilot Situation Awareness 12

Regulatory 4

Post-Crash Survival

Safety Systems and Equip. 2

Total 257

Table 28. Level 1 SPS for System Component Failure

Intervention Recommendations

Table 29 lists the top Interventions which could have prevented the SCF
accidents. Again, the leading recommendation is to improve the quality and
depth of the accident investigation. This is of particular interest when a
helicopter is involved in an accident where a SCF is suspected. The
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investigator should confirm whether or not an SCF was the cause. This is the

only way to assure the same SCF is not the cause of future accidents.

Improve quality and depth of NTSB investigation and reporting 27
Follow ICA procedures with confirmation of compliance 20
Install Cockpit Recording Devices 13
Better Mx QA oversight to ensure adherence to the ICA/Manual 12

Improve preflight and/or Mx inspections

Install part failure detection system (HUMS)

Evaluate adequacy of published ICA

Aircraft Preflight Procedures

Design approval holder implement corrective action and mitigate field risk

Install data recording devices

Audit of Mx record-keeping and actions taken

Enhanced Aircraft Systems Training

Operator require pilot emphasis on proper preflight check procedures

QA — Other
Regulations/Standards — Other

Adopt civil aircraft Mx standards and applicable ICA's for military surplus aircraft

Establish Mx records systems, enhance retention requirements

Establish operator SOP to ensure functional preflight of mission equipment

Establish/Improve Maintenance Risk Management Program

FAA order 8110.56 Restricted Cat Type Cert (2/27/06)
Follow procedures in Mx/installation manual
ICA — Other

NN (NN NN NN W W W W w|s (>~ oo |

Procedures to prevent release of Aircraft in unairworthy status

Table 29. Top Intervention Recommendations for System Component Failures

Occurrence Type Relationships

Twenty-four of the 43 SCFs were associated with an autorotation. In most
cases the SCF failure resulted in an emergency procedure (forced
autorotation). Nine of 43 events were associated with a Loss of Control;, 7
Strikes; 3 Low Altitude Mission and 3 Object Strikes, 1 TakeOff/Landing
Strike; 4 associated with fires; 3 in-flight 1 post-impact; 3 Abnormal Runway
Contacts, 2 Ditchings, 2 External Load, Other categories include 1 fuel
related, 1 Landing Zone (Unprepared), 1 Visibility (White-Out/Brown-Out)

The total is more than 43 as some accidents had multiple occurrences.

CY2000 vs. CY2001

System/Component Failure related accidents make up about the same
percentage of accidents for each year. In Table 30, the earlier CY2000 chart is
duplicated with the addition of CY2001 data for comparative purposes.
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Type of Failures 2001 2000 2001 2000
Engine 15 18 8.6% 9.1%
Airframe 20 31 11.5% 15.7%
Special Mission 2 2 1.2% 1.0%

Unconfirmed 6 * 3.5% *
Total 43 il 24.7% 25.9%

* CY2000 analysis did not annotate unconfirmed failures

Table 30. Comparison of SCF for CY2000 and CY2001

The CY2001 data identified 37 accidents with confirmed Part/System
failures. This constitutes 21.3% of the accidents. The CY2000 data, if analyzed
on the same basis as the CY2001 data, may have identified some unconfirmed
Part/System failure accidents and led to a similar percentage of the total
accident data base. Overall the contribution of Part/System failures is likely
to be similar for each year.

Another difference between the two years’ data is the number of accidents
where analysis determined that vibration or engine monitoring systems may
have detected impending component failures, leading to a maintenance
intervention. In the CY2000 data set, 24 accidents or 47% of the total
Part/System failure accidents were identified as potentially benefitting from
utilization of Health and Usage Monitoring Systems (HUMS) or Engine
Monitoring Systems (EMS). The CY2001 data set had only 4 or 14% of
Part/System failure accidents where application of HUMS or EMS would
have had the potential to mitigate the accident. The difference in applicability
of HUMS and EMS between the two years is primarily due to the high
number of tail rotor system failures (12) and engine turbine over-temperature
failure modes (3) in the CY2000 data set versus only (4) tail rotor system
failures and (1) turbine over-temperature failure in the CY2001 data set. Use
of data for assessment of monitoring system effectiveness should be based on
multi-year data, which would yield 32% applicability to CY2000 and CY2001
Part/System failure accidents

One new set of accident circumstances and intervention recommendations
surfaced in the CY2001 accident data that did not occur in CY2000. There
were two accidents where critical parts failed that were covered by
Airworthiness Directives relying on periodic inspections. In both cases, the
design approval holder had introduced a design change to eliminate the
failure risk, yet there was no mandatory installation requirement in the AD.
In each accident, the owner operators elected to rely on periodic inspections
for more than 20 years rather than installing an available corrective design
component. The two components involved were a tail-boom structural
attachment fitting and a main rotor mast. The JHSAT recommended that the
FAA consider a suspense date for mandatory installation of a design remedy
based on failure mode consequence and only rely on maintenance inspections
as interim failure risk mitigation means.
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Recommendations

The recommendations derived from the CY2001 accident analysis are an
extension of the recommendations for the maintenance category published in
the CY2000 JHSAT final report. Maintenance error or omission remains the
primary contributing factor in Part/System failures. The CY2000 report
emphasized use of HUMS and/or EMS monitoring systems to detect
impending failure conditions as a means of Part/System failure mitigation.
This mitigation has a lessened impact in relation to the CY2001 data, but is
still considered a beneficial long-term mitigation with introduction of modern
low-cost systems on new helicopter and engines designs.

JHSIT emphasis will need to focus on the maintenance error issues.
Solutions are not obvious because of the lack of definitive supporting data to
conclusively identify the maintenance error(s) in most accidents. The JHSAT
has gathered additional data from its analysis to provide the NTSB with
specific data-supported recommendations on how to improve their
investigations and documentation to address maintenance areas.

The following recommendations reflect a combination of Interventions
from both the CY2000 and CY2001 analyses:

1. Maintenance error attributable to non-adherence to published Instructions
for Continued Airworthiness (ICA) needs to be addressed by increased
awareness of these errors through better NTSB investigations and
publication of data on maintenance error. Improved FAA oversight and
improved operator maintenance quality assurance and record-keeping
functions could aid in reducing maintenance error rates.

2. Industry should pursue inclusion of HUMS and EMS monitoring systems
for new helicopter and engines designs. Assess the practicality and
effectiveness of electronic maintenance monitoring systems for the
existing fleet. The JHSAT will need to better identify the helicopter fleet
segments to which monitoring system recommendations were applied in
the analysis in order to enable this assessment. The JHSIT will need to
evaluate the economic feasibility of applying monitoring technology to
existing small and older model helicopters. Introduction of maintenance
monitoring systems in new helicopters would provide a long-term benefit
and should be accomplished on a voluntary basis by TC/STC holders.

3. SMS training should include some emphasis on the importance of
thorough preflight procedures for both the helicopter and mission
equipment as necessary means of reducing part failure risk.

4. Provide the NTSB with sufficient JHSAT analysis data to identify the
maintenance areas that are deficient in current helicopter investigations
and provide specific recommendations on what to improve in
maintenance information gathering and documentation.

5. The FAA should consider including a suspense date for installation of
available corrective design components in Airworthiness Directives
covering critical failure modes, so that reliance on inspections alone for
failure risk mitigation would not be permitted long term.
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6. Maintenance-related failures in public use helicopters continued in the
CY2001 accident data. We recommend that military surplus and/or
government use helicopters be maintained in compliance with civil ICA
(or equivalent) standards and civil regulatory requirements be applied to
these operations.

Strike Category

Definition

The general “Strike” accident category is related to helicopters striking
various objects for various reasons. It includes helicopter and rotor blade
strikes that occur during take-offs, landings, low altitude operations, or
during flight. The taxonomy coding (ICAO CICTT) had to be modified due to
significant differences of where and how helicopter are operated. It was
difficult to fit a new helicopter-useful taxonomy into the taxonomy for the
large air transport airplane environment that only operates at high altitudes
and from runways. Future JHSAT studies will likely refine the taxonomy for
helicopters and allow more realistic comparisons across various aviation
segments. But for this first attempt, the helicopter taxonomy of Table 16 is
used through this CY2001 report.

The general Strike category was present in 33 or 19.0% of all 174 accidents
in CY2001. The Strike category is a significant helicopter type of accident.
Some pilots were required to operate at low altitudes due to their specific
missions, whereas other flights did not require low altitude operations prior
to the accident.

The large Strike category includes accidents related either to low-level
flight or striking objects. Those two areas are discussed below. The categories
were coded as:

1. HTOL - Strike during a takeoff or landing.

2. OBJ-H - Object strike (wire, tree, etc.) when a low-level mission was not
being conducted.

3. LALT - Object strike (wire, tree, etc.) when a low-level mission was being
conducted

The first two categories are specifically related to striking objects, whereas
the last one is related to the flying close to the terrain, which can eventually
results in striking something. Of the 33 accidents, LALT accounted for 15
accidents (45.5%), OBJ-H accounted for 14 accidents (42.4%), and HTOL
accounted for 4 accidents (12.1%).

The majority of the Strike category, 19 accidents or (57.6%), involved the
helicopters specifically striking objects (trees, wires, poles, rails, etc.) as the
initiating event. Four additional object strike accidents occurred, but were
initiated by engine failure (including a dual engine power loss) and the
helicopters subsequently struck trees (the object) before coming to rest. The
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remaining 10 accidents involved events that were subsequent to other
initiating factors, or were quite varied. These 10 accidents included actual part
failures (3), “claimed” power loss (2), hung-up-in-a-pond water bucket (1),
main rotor blade strike into snow slope during landing touchdown (1), a poor
turn-around during Agricultural spray run (1), and two unknown causes of
flying low in good visibility.

The objects struck in these 19 strike-initiating accidents are discussed
below. These 19 accidents, in combination of the remaining Strike category
accidents noted in the previous paragraph (e.g. 33 Strike accidents), are
discussed further in the following section.

Obstacle strikes that “initiated” the accident sequence from OBJ-H and
HTOL codes, included 19 accidents, or 57.6% of all Strike accidents. The
objects struck are detailed in Table 31. These initiating obstacle strikes as a
group need to be understood to allow development of common intervention

approaches.
Objects Number Percentage

Wires 9 47.4%

Trees 5 26.3%

Poles 2 10.5%

Long line 1 5.3%

Trash Can 1 5.3%

Platform Hand Rail 1 5.3%
Totals 19 100.0%

Table 31. Object Struck Initiating Accident

Other than the one Long Line object strike accident, the objects struck were
all attached to, or sitting on, the earth. The Long Line accident is unique to
two helicopters operating close to each other while doing external load
operations, and is a very rare accident.

Of the nine accidents involving a wire strike, none of the helicopters had
(nor were they required to have) a Wire Strike Protection System (WSPS) kit
installed. Seven of the nine wire strikes occurred on helicopter models for
which no WSPS kits exist. All wire strikes were to helicopters certificated
under Part 27. This is not unexpected since the vast majority of helicopters
operate under Part 27 certification.

The prior year CY2000 accident history of obstacle strikes initiating
accidents (22) was compared to the CY2001 accidents (19). The prior year
object strike involved 10 wire strikes versus 9 in CY2001; 9 tree strikes versus
5 in CY2001; and 3 other objects versus 5 in CY2001. The same types of object
strikes occur year after year and need to be addressed to meet the IHST 80%
accident rate reduction goal.

Visibility was unrestricted (e.g., 10 plus miles) in seven (77.8%) of the nine
wire strike accidents. The other two (22.2%) accidents occurred in reduced
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visibility (e.g., 1 mile). Wire strikes are low-altitude hazards that generally
occur in good visibility.

The height above ground level (AGL) where the wire strike occurred was
identified in 7 of the 9 wire strike accidents and is shown in Table 32.

Four (57.1%) of the 7 known wire strikes occurred at heights from 15 feet to
less than 50 feet, and the remaining 3 wire strikes occurred between 100-150

feet.

Height AGL (Feet) Number of Wire Strikes
0-25 1
26-50
51-75
76-100
101-125
126-150
Unknown Heights
Table 32. Wire Strike Height

N (N [P (O |0 W

Characteristics

The common characteristic of the Strike Category accidents is that an object
was struck initiating the accident, the accident occurred while at a low
altitude (including takeoff and landings), or a secondary low altitude problem
was experienced subsequent to an emergency occurring at a higher altitude.

Strike category accidents occurred during all types of missions, as shown
by Table 33.

Visibility and weather conditions were not significant factors within this
Strike Category group. Unrestricted visibility conditions were present in 25
(75.8%) of the accidents, followed by reduced visiblity (4 accidents for 12.1%),
fair visibility (3 accidents for 9.1%), and one accident (3.0%) with some
smoke/dust obscuration in otherwise 10-mile visibility conditions. Only five
(15.2%) of the accidents occurred in IMC. Likewise, only 4 (12.1%) of the
Strike accidents occurred at night.
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Mission Number | Percentage
Ariel Application 7 21.2%
Aerial Observation/Patrol 1 3.0%
Business 1 3.0%
Commercial 3 9.1%
Emergency Medical Services 4 12.1%
Firefighting 4 12.1%
Instructional/Training 1 3.0%
Law Enforcement 2 6.1%
Logging 1 3.0%
Offshore 1 3.0%
Personal/Private 7 21.2%
Utility Patrol/Construction 1 3.0%

Table 33. Mission Type at Time of Strike Accident

The flight phase in process during the accidents is shown in Table 34. The
Maneuvering flight phase has the highest percentage of strike accidents
(39.4%), which is to be expected as helicopters operate close to terrain or
obstructions. The advantage of using a helicopter over an airplane is the
helicopter’s ability to operate and maneuver close to terrain at low to no

speed.

Phase of Flight | Number | Percentage

Take-Off 1 3.0%

Hover 5 15.2%

En Route 7 21.2%

Maneuvering 13 39.4%

Approach 2 6.1%

Landing 5 15.2%

Table 34. Strike Category Phase of Flight

Overall, the consequence of the Strike category accidents is similar to that
of the overall CY2001 accidents. We present specific comparisons below.

From an injury standpoint, there were 11 fatalities (15.1%) among the 73
people onboard the Strike category group of 33 accident helicopters. That
151% (11/73) fatality-to-people-onboard ratio of the Strike category was
higher than the overall average of 13.2% (50/379) ratio of all helicopter
accident occupants for CY2001. The ratio of Post-Crash Fires for all Strike
category accidents was 6.1% (2/33) as compared to 9.2% (16/174) for all
helicopter CY2001 accidents.

The aircraft damage within the Strike category group was 27 cases (81.8%)
of substantial damage, with 6 helicopters (18.2%) destroyed. This is
comparable to the aircraft damage rate that occurred in all helicopter
accidents of CY2001—78.7% substantially damaged, 18.4% destroyed, and
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minor/no damage of 2.9% aircraft. There were two (6.1%) of the Strike
category group that had a post-crash fire as compared to 9.6% for all
helicopters.

The relative pilot experience level is best noted by pilot flight hours in the
make/model of helicopter involved in the accident. The average flight hours
in make/model was 1,304 flight hours (32/33 pilots reporting) for the Strike
category Pilot In Command, which is close to, but slightly higher than, the
make/model flight hours average of 1,210 hours for all pilots (159/174 pilots)
in all types of accidents.

Standard Problem Statements
Level 3 SPSs are the most detailed SPS that describes the actual problem.

Grouping similar SPSs into more general levels allows a better overall
understanding and helps identify common problems. There were 225 Level 3
SPSs identified for the 33 accidents in the Strike Category. The frequency of
the Level 1 SPSs within the Strike Category are depicted in Figure 21. The
most frequent Level 3 SPSs and their frequency (noted 4 or more times) in this
category are shown in Table 35. Overall, there were poor Pilot Judgment and
Actions, and Data Issues. Operations near wires trees, and other obstacles,
and low altitude operations (including takeoff and landing) require extra care,
vigilance, standardization, and overall risk management.

Level 1 SPS: STRIKE Category (225)
\ \

Pilot Judgment & Actions

Dataissues

Pilot Situation Awareness

Mission Risk ]

Safety Management ]

Ground Duties

Safety Systems & Equipment

Part/system Failure
Post-Crash Survival 7:|
Maintenance 7:|
Regulatory 7\:|
Infrastructure 7:|

0 10 20 30 40 50 60

Figure 21. Level 1 SPSs for STRIKE Category
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Standard Problem Statement Frequency
Used
Information unavailable to investigators 20
Information missing/incomplete in report 11
Pilot’s flight profile unsafe for conditions 11
Aircraft position and hazards 9
Autorotation - Forced 9
Low flight near wires 7
Mission involves flying near hazards, obstacles, wires 7
Disregarded cues that should have led to termination of current course of | 6
action or maneuver
Disregard of known safety risk 5
Intolerance to wire strike 5
Perceptual judgment errors 5
Selection of inappropriate landing site 5
Diverted attention, distraction 4
Inadequate consideration of obstacles 4
Inadequate human factors information 4
Inadequate investigation 4
Mission involves repetitive/high frequency tasks 4
Mission requires low/slow flight 4
Reduced visibility-darkness, night 4
* Frequencies less than 4 are not shown

Table 35. Most Frequent Level 3 STRIKE SPSs

Intervention Recommendations

Likewise, there are many specific Level 3 Interventions recommended to
handle a specific accident scenario. Similar Interventions need to be grouped
into more general Interventions (Level 1) to help identify commonalities.
There were 220 Level 3 Intervention Recommendations (IRs) identified for the
33 accidents. The Level 1 IRs within the Strike Category are shown in Figure
22. The most recommended Intervention at Level 1 was for more Safety
Management through improved SOP operations management, operational
risk management, improved supervisory and operational oversight, and
training/recognition of suitable landing sites. Operations at low altitudes and
near hazardous objects require extra care and planning. The second most
frequent Level 1 IR was Training/Instructional. Although there were many
different training recommendations, the key ones were advanced maneuver
and autorotation training programs, emergency procedural training and
critical cues, mission-specific training (especially for known hazards), and
judgment training. The third most frequent IR was Data/Information, which
included installation of FDM equipment and improvement of the
quality/depth of NTSB investigations to understand the accident conditions
and why the strike occurred.
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The specific Interventions are at Level 3. The most frequent Level 3
Intervention Recommendations for the STRIKE category are presented in
Table 36.

Level 1 Interventions: STRIKE Category (220)

Safety Management

Training/Instructional

Data/Information

Systems & Equipment

No Recommendation

Maintenance

Regulatory

Infrastructure

T T T

0 10 20 30 40 50 60

Figure 22. Recommended Interventions (Level 1) for Strike Category
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Intervention Statement Frequency
Used

Install cockpit recording devices 22

Improve quality and depth of NTSB investigation 16

=
w

No Recommendation

Use operational risk management program (inflight)

Install proximity detection systems

Wire detection systems for low altitude operations

Personal risk management system (IMSAFE)

Training emphasis on techniques for maintaining visual alertness

Autorotation training program

Install EVS/SVS/NVG

Pilot judgment training risk assessment

Install WSPS

Conduct site recognizance at safe altitude

Increase nearby hazard awarness

Establish mission-specific SOP and Flight Ops oversight program

Follow ICA procedures with confirmation of compliance

Improved supervisory and operational oversight

Enhanced training in type of maneuver being performed in this operation

Mission-specific risk management program

Training emphasis on techniques for maintaining visual contact

W W W WwWww|w w|w|wi(sd | oo (NN |

Push “nearby object awareness” best practice into existing company and
customer training programs

Develop stand-alone risk assessment/management handbook for Part 91 3
community similar to Rotorcraft Flying Handbook, include decision making

* Frequencies less than 3 not shown

Table 36. Most Frequent Strike Level 3 Intervention Recommendations

Occurrence Type Relationships

There are up to 4 Accident Type Codes for the same accident within the
Strike Category group of 33 accidents, which is also true of all other groups of
Accident Types. Other than Object Strikes, most of the accidents were not
initiated by the code factor but were related to an earlier
event/ decision/condition or occurred as a subsequent event.

Conclusions

The Strike Category accidents are a significant portion (19%) of all CY2001
helicopter accidents. They include initiating an accident by striking an object
during flight and takeoffs/landings, as well as strike accidents related to low-
altitude flight. Ability to see a wire, or looking for wire, is certainly an issue.
All wire strikes occurred below 150 feet AGL. Failure to avoid a tree/obstacle
is likely related to not being aware of the locations of the helicopter
extremities relative to nearby objects. Poor selection/planning for an
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emergency landing site is also a factor in this group of accidents. Other than
strikes that occurred during a forced landing, all the accidents in this category
exemplified poor human judgment for being too close to obstacles. Risk
Assessment, Aeronautical Decision Making training, company SOPs,
standardization, and various types of training which are all part of a SMS, are
needed.

Recommendations

Avoidance of accidents within the Strike category will require different
means due to the wide variety of issues. These include:
1. Develop an SMS (Safety Management System) program that includes
significant strike-related recognition and avoidance training (including
simulators).

2. Provide mission-specific training.

3. Install future obstacle detection systems.

4. Standardize operations (including company monitoring and enforcement).

5. Recognize that Risk Management training is crucia for safe low-altitude
operations, and provide this training.

6. Instal a WSPS where possible — a WSPS does not stop a wire strike but

does makes the outcome only an in-flight incident rather that an accident
with costly damages and occupant injuries.

7. Fly at a safe height. Some missions require flying at low altitudes, but
many missions do not and should operate at a higher level.

Abnormal Runway Contact

Definition

Abnormal Runway Contact (ARC) is defined as landings that result in
collapsed or spread gear, main rotor blade contact with the airframe, or
tailboom damage. These accidents are not limited to abnormal contact with a
prepared runway, but include unprepared surfaces as well. Abnormal
Runway Contact (ARC) events occurred in 22 (12.6%) of the 174 accident
reports analyzed. ARC was never an initiating event (Level 1) in an accident,
but was always a secondary (Level 2) event or tertiary (Level 3) event.

The main category of initiating event which resulted in an ARC accident
was practice autorotation. Nine of the 22 ARC accidents resulted from the
improper execution of a practice autorotation landing. Other events that
contributed to or resulted in ARC accidents were system/component failures.
This occurred in two accidents, while one ARC occurred as a result of an
object strike.

Characteristics

The most common characteristics of these accidents is that all occurred in
Visual Meteorological Conditions (VMC), as shown in Figure 23.
Additionally, this figure shows that 19 of the 22 ARC accidents occurred
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during daylight hours and the pilot had unrestricted visibility in 19 of the 22
accidents. There were no fatalities associated with this category of accident;
however, the aircraft received substantial damage in all 22 ARC accidents.
There were no occurrences of the aircraft being destroyed.

Light Conditions x IMC/VMC

oimc

Unk - HVMC

Dusk/Dawn/Twilight .

0 5 10 15 20

Number

Figure 23. Light Conditions for ARC Accidents

The team reviewed demographics and included the mission being flown at
the time of the accident, as shown in Figure 24. The group also reviewed
engine type installed on the aircraft; the phase of flight when the mishap
occurred; and pilot flight time. A review of these demographics shows that
the mission being flown at the time of the accident and the phase of flight at
the time of the accident provide a strong connection to this accident type.
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Number of Accidents by Mission Flown
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Law Enfrcmt

Instrct/Train
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Commercial

Business

Aerial Obs/Ptrl

Aerial Appl
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Figure 24. Number of ARC Accidents by Mission Flown

During 9 of the 22 ARC accidents, training was being conducted and
personal/private missions were being conducted during another 4 ARC
accidents. Other missions included Aerial Application (2), Business (1),
Commercial (2), Law Enforcement (3), and Electronic News Gathering (1). A
graphical breakdown of the type of mission being flown, shown in Figure 24,
reveals a strong relationship between ARC accidents and training missions.

Figure 25 depicts a breakdown of the accidents by the phase of flight in
which the accident occurred. ARC accidents occurred during the landing
phase in 17 (77%) of the 22 accidents, while one accident occurred during the
en route phase of flight. Two other accidents occurring while maneuvering,
one occurred during a hover, and one occurred during the approach phase of
the flight. Figure 25 also shows that there is a strong relationship between
ARC and the landing phase of flight, which is to be expected.
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Phase of Flight In Which Accident Occurred
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Figure 25. Phase of Flight for ARC Accidents

Pilot flight times, shown in Figure 26, were also reviewed. The team
determined that the total time ranged from 406 hours to 14,415 hours, with an
average of 5,638 hours and a mean of 4,494 hours. Total rotorcraft hours had a
range of 50 hours to 11,250 hours. There was one accident in which this
information was not reported. The average number of total rotorcraft hours is
4,411 hours with a mean of 3,693 hours. Total rotorcraft time in make and
model ranged from 24 hours to 6,350 hours and averaged 1,256 hours.
Additionally, there was a mean of 1,742 hours in make and model. The team
noted that the pilot had a total time of 100 hours or less in make and model in
3 of the accidents, and the pilot had 1,000 hours or less in make and model in
12 of the 22 ARC accidents, almost 55%.
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Figure 26. Pilot Experience in ARC Accidents

Standard Problem Statements

Abnormal Runway Contact (ARC) accidents accounted for 22 of the 174
accidents and 278 standard problem statements (SPS) as shown in Figure 27.
There were a total of 12 Level 1 SPSs with 4 of the 12 accounting for 204
(~73%) of the 278 total SPSs. The most cited SPS was Pilot Judgment and
Actions, which was cited 121 (~44 %) times out of the 278 total SPSs. This was
followed by Data Issues (55), Safety Management (24), and Ground Duties
(20).

Level 1 SPS for AR

Pilot Judgment & action

Data issues

Safety Managemen

Ground Duties

Part/system failur
Maintenance

Pilot situation awarenes:
Mission Risk
Communications

Safety Systems and Equipme

Regulatory

Post-crash survival
t

0 20 40 60 80 100 120 140

Figure 27. Level 1 Standard Problem Statements
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Pilot Judgment and Actions was the most cited SPS during this analysis,
which shows that human error continues to be a leading cause of rotary-wing
aircraft accidents. It was cited 121 times. It was broken into Level 2 SPSs of
Crew Resource Management (15), Unsafe Flight Profile (12), Pilot/Aircraft
Interface (4), Pilot’s Decisions (27), Landing Procedures (45), and Procedure
Implementation (18).

Data Issues, cited 55 times, comprised the next largest group of SPSs.
These included Inadequate Human Factors Information (2), Inadequate
Investigation (4), Information Missing/Incomplete in report (16), and
Information Unavailable to Investigators (33).

Safety Management was cited 24 times and was broken down into Level 2
SPSs of Flight Procedure Training (6), Pilot Experience (12), Crew/Crew
Matching (2) and Transition Training (2). Ground Duties is the last of the four
major SPSs cited during the analysis, with 20 citations. It is broken down into
Level 2 SPSs of Aircraft Preflight (7), Mission Planning (4), and Preflight
Briefings (9). The remaining Level 1 Standard Problem Statements include
Part/System failure (13), Maintenance (12), Pilot Situation Awareness (10),
Mission Risk (8), Communications (6), Safety Systems and Equipment (4),
Regulatory (2), and Post-Crash Survival (2).

Intervention Recommendations

Intervention categories to prevent future occurrences of ARC accidents
include Training, Data/Information, Maintenance, Regulatory, Safety
Management, and Systems and Equipment as shown in Figure 28. In some
cases, the team did not make a recommendation.

Level 1 Interventions for ARC

Regulatory

Maintenance

Systems and Equipment

No Recommendation

Safety Management

LLL

Data/Inforamation

Training/Instructional |

0 10 20 30 40 50 60 70

Figure 28. Level 1 Interventions for ARC
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Training accounted for 61 (~44%) of the 138 Interventions listed during the
analysis of the ARC accidents. This included 21 (~15%) Interventions for CFI
Training, 18 (~13%) Interventions for Advanced Maneuvers Training, and 11
(~8%) for Safety Training. Additionally 13 (65%) of the 20 CFI training
Interventions recommended more training in CFI judgment and decision
making, training to follow students more closely, and training on cues for low
RPM and airspeed issues.

The JHSAT also cited Data Issues during the analysis of these accidents. Of
the 28 total Interventions for Data Issues, 11 Interventions recommended an
improvement in the quality and depth of NTSB investigation and reporting,
along with an additional 17 Interventions recommending the installation of
FDM equipment.

The team listed six Maintenance Interventions to alleviate the ARC
problem. Better maintenance quality assurance was cited four times, with one
Intervention recommending compliance with ICA procedures. The only other
Intervention recommended better records management .

Safety Management accounted for 17 (~12%) of the 138 ARC Interventions.
Recommendations included oversight to ensure compliance with published
procedures in the aircraft flight manual (3), use of an operational risk
management program and personal risk management program (5), and
training and recognition of suitable landing site selection.

Systems and Equipment accounted for 10 (7.3%) of the 137 Interventions
with their focus predominantly on the design approval holder implementing
corrective action and mitigating risk.

The team cited Regulatory Interventions five times. Three of these
recommended disciplinary action, with one of the remaining two
Interventions recommending the identification of the government agency
responsible for mitigating the field risk. The remaining Intervention
recommended regulatory oversight but was not specific as to how this was to
be accomplished.

Finally, there were 11 (~8%) instances of a Standard Problem Statement not
having a related Intervention.

Occurrence Type Relationships

Abnormal Runway Contact is the result as opposed to a cause of an
accident, and as such has many relationships with the accident types that are
discussed in detail in other sections of this report. There is a strong
relationship between ARC accidents and autorotation accidents, specifically
practice autorotations. In nine cases, the landing from the autorotation was
improperly executed, resulting in the Abnormal Runway Contact. Another
section of this report discusses Autorotation accidents in detail.
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Conclusions

After reviewing these data, the JHSAT concluded that human error was
the leading cause of Abnormal Runway Contact accidents. Improper
decisions on the ground and in the air by the pilot and others resulted in these
accidents. Of the total 278 Standard Problem Statements (SPS), 195 (~70%)
SPSs can be classified as human error. The Level 1 SPSs include
Communications, Ground Duties, Maintenance, Pilot Judgment and Actions,
Pilot Situation Awareness, Regulatory, and Safety Management Systems.
Materiel failures accounted for 19 (~7%) of the 278 SPSs. The Level 1 SPSs
include Part/System Failure, Safety Systems and Equipment, and Post-Crash
Survival. The Environment, those things inherent to the performance of the
mission, account for 8 of the 278 total SPSs. Fifty-six Level 1 SPSs could not be
classified as human error, materiel failure, or an environmental factor. These
included the Data Issues. Those SPSs specified that the investigation was
inadequate or information was missing in the accident report.

Recommendations

The JHSAT made the following recommendations to prevent further ARC
accidents.

1. Install FDM equipment in all aircraft in order to improve the quality of the
accident investigation.

2. Ensure that maintenance programs adhere to instructions for continued
airworthiness, provide adequate quality assurance oversight, and establish
and comply with record management systems.

3. Establish SOPs for specific mission, risk management, and operational
pilot procedures.

4. Require installation of cockpit indication and warning devices (automate
carburetor anti-ice) and situation awareness enhancers (radar altimeter,
wire detection system) by the PAH.

5. Ensure that basic training programs include aircraft preflight procedures,
performance and limitations training, advanced systems training, mission
planning, in-flight power management training, and simulator training.

6. Ensure that make/model transition training includes application of risk
assessment model, model specific transition training, and specialized
training for pilots migrating from fixed-wing aircraft to rotary-wing
aircraft.

7. Ensure that mission-specific training programs include training in
recovery from settling with power and known environmental hazards in
the operational area.

8. Establish a safety training program which includes training on common
operational pilot errors, cockpit resource management (CRM) training,
pilot judgment training and risk assessment, and situational awareness.

9. Establish CFI training programs, with initial and recurring requirements,
for CFI judgment and decision-making, advanced handling techniques,
cues for low RPM and airspeed issues, and advanced maneuvers training.
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Aerodrome, Ramp, and Landing Zone

Aerodrome (ADRM)

Definition

ADRM accidents are those occurring on or near the ground which involve
factors associated with an airport, heliport, platform, fixed or mobile helipad
or its operating area. Such accidents occur with relatively low frequency, but
seem to occur each year across mission categories. They could usually be
avoided by better risk assessment and planning and better communications
between the flight crew and support personnel. There were five (5) ADRM
helicopter accidents in the United States in CY2001, representing 3% of the
accident data set.

Characteristics

ADRM accidents occurred in three different mission categories in CY2001
(three “Personal” flights and one accident each associated with Offshore and
Air Tour flights). There was one ADRM fatal accident; three accidents
produced minor injuries, and two had no injuries but resulted in substantial
damage to the helicopter. One helicopter was destroyed and the other four
(80%) had substantial damage. Two of the accidents (40%) involved single-
engine turbine-powered helicopters and three (60%) involved reciprocating-
engine powered helicopters. Just one of the accidents (20%) occurred in
darkness, and all of the accidents occurred in Visual Meteorological
Conditions.

The five accidents occurred during three flight phases. Two (40%) occurred
during takeoff, one during an approach to land, and two occurred during
landing. The takeoff accidents occurred when an unqualified person
attempted to take off from a trailer and rolled over, and when another pilot
attempted to depart from between two T-hangars and struck an unseen
overhead wire. One landing accident occurred aboard an offshore platform
after the pilot made an approach into the wind adjacent to the platform and
slid laterally until striking a railing on the platform with the tail-rotor. The
other occurred when the helicopter landed on a poorly designed dolly/trailer
and the boards of the bed of the dolly spread. A landing skid then began to
fall through a gap in the platform and the helicopter entered a dynamic
rollover. The approach phase accident was the only night and the only fatal
accident; the pilot was returning to a small privately owned helipad after
dark, in reduced visibility, when he lost control.

Total pilot experience probably played no role in the ADRM accidents, but
low time in type may have played a role. The five pilots averaged 3,997 total
flight hours with the highest reporting 11,716 flight hours, with 6,136 hours in
helicopters. Average reported helicopter experience was 3,160 hours, and
average time in make/model was 235 hours. All four pilots reporting
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make/model experience had 350 or fewer hours in the make/model involved
in the accident.

Standard Problem Statements

Twenty-four (24) Problem Statements defined the issues the JHSAT found
in the ADRM occurrence category and are summarized in Figure 29. In broad
terms, the JHSAT most often categorized problems as errors of Pilot
Situational Awareness (6), Pilot Judgment and Actions (5), Safety
Management (3), Infrastructure (2), and “Data” (4). (Data deficiencies relate to
information not available to complete the investigation or analysis of the
accident and are addressed elsewhere in this report.) Some of the Situational
Awareness deficiencies were lack of awareness of the aircraft position relative
to hazards (2), failure to recognize cues to terminate the maneuver, and pilot
unawareness that the helicopter was restrained. Pilot Judgment and Actions
deficiencies included perceptual judgment errors, the pilot not in possession
of an airman certificate, pilot misjudgment of personal limitations, and willful
disregard of aircraft limitations. Safety Management deficiencies included
pilot disregard of known risk and inadequate operator oversight.

Level 1 SPS for Al

Pilot situation awarerjess

Pilot Judgment & actions

Data issues

Safety Management

Infrastructure

Ground Dutigs

Mission Risk

Part/system failure

Post-crash surviyal

Figure 29. ADRM Level 1 Standard Problem Statement Total

Intervention Recommendations

The JHSAT suggested twenty-five Interventions to reduce the hazards
indicated by the Problem Statements, as depicted in Figure 30. Safety
Management corrections (8, 32%) were the most frequent, followed by
improvements in Training (6, 24%), “Data” (4, 16%), Systems and Equipment
improvements (3, 12%), and Infrastructure changes (3, 12%). The Safety
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Management corrections emphasized establishment of personal risk
management programs such as IMSAFE (2), improvements in safety culture,
the use of operational risk management programs and programs to eliminate
a culture of non-compliance, establishment of operator SOP to ensure
functional preflight of mission equipment, and decision-making training for
operations in (strong) wind. Proposed Training included flight training on
common operational errors, techniques for maintaining visual alertness,
hazard/proximity awareness, and mission-specific training to include best
practices and awareness when operating near operational limits. Proposed
Infrastructure changes included making available direct air-to-ground radio
communications (2). Proposed Systems and Equipment improvements
included proximity detection and tail-rotor protection systems.

Level 1 Intervention for A

Safety Management

Training/Instructional

Data/Information

Systems and Equipment

Infrastructurg

Regulatory
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Figure 30. ADRM Level 1 Intervention Statements

Occurrence Type Relationships

One of the ADRM occurrences was not associated with any other
occurrence type. Two of the five (40%) ADRM occurrences led to Dynamic
Rollover (LOC-DR) events. One ADRM occurrence was associated with
restricted visibility (night), and the other was secondary to a collision with
objects (Strike).

Conclusions

The ADRM accident circumstances suggested a need for Interventions that
would address preflight preparation and planning, particularly with regard to
operations that involved landing on dollies, trailers, or platforms in night and
high wind conditions. The team identified the following needs: improvement
to safety culture; risk management and planning on a personal and
operational basis; implementation of standardized procedures; and training to
address risk assessment based decision-making, visual alertness, proximity
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detection and awareness. Suggested systems improvements should include
greater use of two-way air-ground communications, proximity detection
devices, and tail-rotor protection.

Recommendations

1. Establish safety management programs that include a proper operator
safety culture, and personal/operator risk assessment and management
programs to improve operational decision making and eliminate any
culture of non-compliance with rules, SOP, or regulations.

2. Establish SOPs to ensure appropriate preflight planning and functional
preflight of mission equipment.

3. Provide mission-specific best practices training, particularly regarding
flight operations near aircraft operational limits.

4. Provide flight crew training regarding common operational errors,
techniques for maintaining visual alertness, and hazard/proximity
alertness.

5. When practical, provide direct flight crew-to-ground radio
communications for airdrome operations.

6. When practical, provide hazard proximity detection equipment.

7. When practical, provide improved tail-rotor protection equipment.

RAMP

Definition

Ramp accidents are those occurring on or near the ground that involve
ground handling factors (e.g., preflight preparation of aircraft, servicing,
boarding, deboarding, rotorwash, doors/latches not secured, or rotor contact
to persons). Such accidents occur with relatively low frequency, but seem to
occur each year and across mission categories. They could usually be avoided
by better risk assessment and planning, better communications between the
flight crew and their passengers and support personnel, and by giving greater
consideration to the perceived need to conduct certain “hot” loading and
servicing functions. There were six (6) Ramp helicopter accidents in the
United States in CY2001, representing about 3% of the accident data set.

Characteristics

Ramp accidents occurred in six different mission categories in CY2001
(one in each). Two of the accidents (33%) resulted in fatal injuries; two (33%)
produced serious injuries; and two (33%) had no injuries but resulted in
substantial damage to the helicopter. Five (83%) of the accidents involved
turbine-powered (one twin-turbine), and one (17%) involved a reciprocating-
engine powered helicopter. Two (33%) of the helicopters sustained substantial
damage; one sustained minor damage; and two helicopters were undamaged.
Just one of the accidents (17%) occurred in darkness, and all (100%) occurred
in Visual Meteorological Conditions.

Three of the six (50%) accidents involved rotor contact to persons, resulting
in two fatal injuries and one serious injury. In one instance a security guard,
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who was allowed to assist without supervision in the positioning of the
helicopter and to man the fire bottle for engine/rotor start, walked into the
turning tail rotor as he attempted to remove the fire bottle from the start-up
area. In another instance, after landing on a trailer, the pilot allowed his
passengers to deplane with the rotors turning; a passenger outside the pilot’s
view was struck in the head by a main rotor. The third rotor contact-to-person
accident occurred when a pilot was surprised after landing on an offshore
platform when an unescorted embarking passenger emerged from a stairwell
and walked into the turning main rotor. A fourth accident resulted in main
rotor contact to a taxiing business jet as it passed too close to the helicopter
when taxiing under the guidance of wing-walkers. Neither the helicopter
pilot, nor the marshallers were adequately attentive to the developing close-
clearance operation.

The other two Ramp accidents occurred when the pilots attempted ill-
advised and pre-mature takeoffs - one while a service hose was still attached
to the helicopter, and the other before a deplaning passenger had cleared the
aircraft; the deplaning passenger fell off the skid as the helicopter lifted off.

Total pilot experience probably played no role in the Ramp accidents, but
time in type or in mission may have played a role. The six pilots averaged
7,463 total flight hours with the highest reporting over 16,000 hours, all in
helicopters. Average reported helicopter experience was 6,055 hours, and
average time in make/model was 2,200 hours. Two pilots had 1,500 hours or
less in rotorcraft; four of the five (80%) pilots reporting had less than 1,000
hours in the make/model involved in the accident.

Standard Problem Statements

Thirty-four (34) Problem Statements defining the issues the JHSAT found
in the Ramp accidents are summarized in Figure 31. In broad terms, the
problems were most often categorized as errors of Safety Management (6),
Non-Flight (Ground) Crew Actions (5), Communication (5), Pilot Judgment
and Actions (4), and (pilot) Ground Duties (4). Some of the Safety
Management deficiencies noted were inadequate training and supervision of
ground crews, disregard of risk, and inadequate oversight of flight
operations. Ground Crew deficiencies included diverted attention,
disregarded cues, inadequate crew resource management, and improper
procedure implementation. Communications problems ecompassed
inadequate hot loading procedures, coordination (or lack thereof) with other
(ground) crewmembers, and improper handoff of controls from one pilot to
another. Pilot Ground Duty problems ranged from inadequate preflight
preparation to inadequate passenger/crew briefings. Pilot Judgment and
Actions deficiencies included diverted attention, disregarded cues, and
inadequate coordination. Passenger and Non-Crew deficiencies consisted of
failing to follow instructions. Situational Awareness problems included lack
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of awareness of the hazard. Mission Risks included night operations and
pressure on the crew to fly when factors suggested otherwise.

Level 1 SPS for RAMP

Safety Management

Personnel - Non Crew

Communications

Pilot Judgment & actions

Ground Duties

Data issues

Pilot situation awareness

Mission Risk

Infrastructure

Regulatory

o) 1 2 3 4 5 6 7

Figure 31. Level 1 Standard Problem Statements for Ramp Accidents

Intervention Recommendations

The JHSAT suggested thirty-seven (37) Interventions to reduce the hazards
indicated by the Problem Statements (Figure 32). The analysis team
suggested Safety Management corrections (16) most often, followed by
improvements in Training (9), and Infrastructure changes (5). The Safety
Management corrections emphasized establishment of programs to identify
and manage risk in ground operations; correction of known hazards;
establishment of Standard Operating Procedures (SOPs) to ensure compliance
with established rules and procedures; and establishment of rules and
training to address preflight preparation, decision-making, hot/expedited
loading, platform operations, remote operations, operational briefings, and
interrupted and conditional checklists. Proposed training included mission
training to address known risks, techniques for maintaining operational
alertness, hazard awareness, and development of mission-specific best
practices.

Proposed Infrastructure changes included making available direct air-to-
ground radio communications, LZ training, and marshals or markings to aide
platform landings.
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Figure 32. Level 1 Intervention Recommendations for Ramp

Occurrence Type Relationships

Five of the six (83%) Ramp accidents were the sole accident type. The other
accident was initiated by a Ramp event and followed by a Loss of Control -
Dynamic Rollover (LOC-DR). We discuss LOC-DR events elsewhere in this
report, as well as the issue of lack of “Data.”

Conclusions

The circumstances of the Ramp accidents, their associated Problems, and
the Interventions to reduce the risk of the problems recurring suggest a need
for safety improvements. Specifically, Safety Management programs should
address safety culture and risk management and should address Ramp
operations comprehensively. SOPs should provide protections against the
possibility of rotor-to-person accidents. Operators should provide mission-
specific best practices training and they should address unique risks likely to
be encountered during Ramp operations. They should evaluate hot and
expedited loading practices to reduce risk where practical and to ensure that
safeguards exist to ensure the safety of persons onboard or in close proximity
to the aircraft. They should provide regular training and briefings to
passengers and all persons operating near helicopters to ensure that all are
aware of the risks and alert to the best procedures for reducing that risk when
boarding, deboarding, or operating in close proximity to turning rotor blades.

Recommendations

1. Establish Safety Management programs that address Ramp operations
comprehensively. Such programs should promote a culture that evaluates
risk routinely, involves the entire work force, establishes and ensures
compliance with SOPs, and provides safety educational to address known
safety hazards associated with ground operations of aircraft. Programs
should provide a method by which hazard reports are routinely collected
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and evaluated, hazards are eliminated or mitigated, and employees are
informed of the results and safety implications of those actions.

2. Where mission risks are involved, provide a mission-specific risk
management program. Establish mission-specific risk-based best practices
and provide training to ensure crews are aware of these practices.

3. Provide flight crew and Ramp employees initial and recurrent training to
ensure adequate knowledge of routine and unique mission-related ramp
operation procedures, methods for improving risk-based decision-
making, and methods by which new hazards may be reported and
corrected.

4. Establish Standard Operating Procedures (SOPs) to ensure compliance
with established Ramp-related rules and procedures; and establish rules
and training to include preflight preparation, decision-making,
hot/expedited loading, platform operations, remote operations,
operational briefings, and interrupted and conditional checklists.

5. Provide mission training to address Crew Resource Management (to
include ground personnel), effective communication techniques and
requirements, known risks, techniques for maintaining operational
alertness and hazard awareness, and development of mission-specific best
practices.

6. When practical, provide direct flight crew-to-ground radio
communications for Ramp operations.

7. When practical, provide and train marshals and provide ground markings
to reduce the hazard of operating on Ramps and in other confined areas to
include LZ and platform operations.

8. Provide specific training in rotor-to-person hazards to airmen and anyone
else with responsibilities for operating helicopters or services that cause
them to be near helicopters during turn-up, taxiing, takeoff, landing,
loading or disembarking passengers, or shutdown. Do not allow non-
qualified persons to perform any of these roles without direct supervision.

9. Provide all passengers with training and reminders before loading or
disembarking of the dangers associated with turning rotor blades. Do not
allow passengers to load or disembark with rotors turning unless
providing direct supervision. Require that rotors be shut down before
loading or disembarking passengers when direct supervision is not
available to assist and supervise the passengers.

LZ- Landing Zone

Definition

This accident occurrence deals with where the accident occurred. The
CAST International Civil Aviation Organization (ICAO) Common Taxonomy
Terms (CICTT) only included Aerodromes or improved surface airports.
Because helicopter operations are so varied, the JHSAT had to modify this
“accident occurrence” to fit helicopter operations. Therefore, the team created
an off-airport landing zone (LZ) occurrence. This LZ occurrence consists of
both improved and unimproved landing surfaces.
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Eight accidents fit into this accident occurrence. Three were Commercial,
two Personal/Private, and one each in Instruction/Training, EMS, and Aerial
Application.

Characteristics

Although helicopters are capable of landing just about anywhere, this
capability doesn’t mean they can land safely anywhere. And in retrospect, all
of the pilots in this accident group would probably admit they chose an
undesirable LZ. Two accidents in this group occurred while hovering, two on
takeoff, and each of the remaining four accident helicopters were landing.
Three helicopters experienced Dynamic Rollover in the LZ. One pilot was
hovering toward a landing area, experienced a white-out condition from
blowing snow, became disoriented, and a skid struck a snow bank and the
helicopter rolled over. Another pilot was hovering around a cow pasture at
one foot above the ground; a skid contacted high grass and subsequently
rolled over. Another pilot hooked a skid on a snow bank while trying to take
off from the ground and subsequently rolled over.

The four landing accidents resulted because an unsuitable Landing Zone
was selected. An EMS helicopter pilot, while landing on a paved traffic
turnout drive, stopped at a hover, did a pedal turn to facilitate an easier on-
load of a patient, then hit a 55-gallon trash barrel that was partially obscured
by a snow bank. A Commercial pilot found himself in a reduced visibility
environment, at night, and attempted to land in an open field. His tail rotor
struck unseen trees. Another pilot, while conducting an approach to a remote
snow-covered mountain site, encountered a rapid descent that he couldn’t
arrest with available power. The helicopter sunk into the snow, the rotors
eventually contacted the snow, and the helicopter rolled over. The fourth pilot
elected to make a “precautionary landing” in an irregular and wet ground
cotton field after a perceived power problem. The helicopter’s right skid
settled into the wet soil and the helicopter rolled over. In his report to the
NTSB, the pilot checked the “No” box in the section entitled “Mechanical
Malfunction Failure.”

In the remaining takeoff accident, a private pilot landed in a field, hovered
for a few minutes, then while taking off hit a wire that went unnoticed during
the earlier landing.

All eight helicopters were substantially damaged. In half of these
accidents, the occupants sustained minor injuries, and in the other half there
were no injuries. There were 23 souls on board the accident helicopters in this
type, but no fatalities occurred.

Pilot inexperience was not a significant factor in this category, either total
time or in make and model. And most accidents occurred in daylight.
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Standard Problem Statements

The most common SPS in this category was Pilot Judgment and Actions,
which includes human decision making ( Figure  33).  Pilots  either
disregarded cues that should have led to the termination of their current
course of action, chose a flight profile that was unsafe, a landing site that was
unsafe, or the pilot misjudged his own or the aircraft’s limitations. The second
most frequent SPS, beside Data Issues, was lack of pilot Situational
Awareness, specifically external environment awareness to include the
aircraft position and hazards, flying near or in vicinity of wires, and
awareness that that the aircraft was restrained by the ground or a ground
obstruction/ obstacle.
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Figure 33. Level 1 Standard Problem Statements for LZ

Intervention Recommendations

The most recommended Intervention in this area (Figure 34) is for more
basic, advanced and mission training, specifically Dynamic Rollover training.
The team also frequently recommended enhanced Safety Management
through improved SOP operations management, formalized operations
oversight programs, improved supervisory and operational oversight, and
procedural intentional non-compliance (PINC) training. Pilots should receive
increased written guidance to insure that they give adequate consideration to
weather conditions during preflight planning, and identify appropriate
landing sites and hazards during the preflight planning or from higher

CY2001 JHSAT Report Page 109 of 214



altitudes when they arrive over the specific landing site. The team frequently
recommended mission-specific safety training and risk awareness training
under the Safety Management Level 1 Interventions.
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Level 1 Interventions for LZ
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Figure 34. Level 1 Intervention Statements for LZ

Occurrence Type Relationships

The team grouped five accidents in this category into the LZ occurrence
first, with object strike, visibility issues, and dynamic rollover as a secondary
cause or consequence. Three accidents in unimproved landing areas resulted
in dynamic rollover.

Conclusions

The majority of recommended Interventions in this area point to the need
for more supervision on the part of operators or management to prevent LZ
accidents. SOPs that prohibit landings in specific landing areas, describe an
appropriate or approved landing area, and then define the conditions under
which a pilot may land in those areas have proven to be successful in
preventing off-site landing accidents. Some operators, especially in the HEMS
industry, have developed written procedures that require positive radio
contact with a landing site observer before an off-site or scene response
landing. Written procedures and training on how to conduct a ‘high LZ
reconnaisance’ to appropriately identify a suitable landing area, and specific
procedures on how to conduct or perform the landing have also proven very
successful in reducing accidents.

In the HEMS industry, for instance, some operators have adopted a slow,
near-vertical descent or steep approach profile into LZs to prevent obstacle
strikes. Many operators have also adopted a vertical takeoff to 150 feet or
above the highest obstacle during LZ departures to prevent striking obstacles
that went unnoticed during the landing phase. These techniques may help
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prevent striking unseen obstructions like wires or trees, but the tradeoff is
conducting operations within the height velocity diagram of most single-
engine helicopters and outside the OEI fly-away capability of some twin-
engine models. Some operators have determined that the risk of hitting an
object or obstruction outweighs the time spent inside the height velocity
diagram during an approach or departure from an LZ.

A thoroughly conducted risk analysis will help identify the hazards
(engine power loss/stoppage in OGE and obstacle strike risks), establish a
criticality (worst case scenario) and the probability (occurrence odds), and
separately take into account the time spent exposed to the hazards. At some
ranking threshold, top management must perform this cost-benefit analysis
and subsequently decide if they want to accept the steep approach profile risk
and identify the training and other mitigations that need to be put in place.
This is what an SMS formalizes. The key is to reduce risk by as much as
possible through documented procedures that are practiced by pilots and
enforced by management.

The JHSAT also often recommended Situational Awareness enhancers in
this area. These included rearward camera video systems, short-term auto-
hover recovery systems, tail rotor strike protection, and wire detection
systems for low-altitude operations. Electronic Situational Awareness
systems, however, can never take the place of sound decision making, good
judgment and piloting skills, or proper prior planning before the mission
even begins.

Recommendations

1. Provide basic and advanced maneuver training on Dynamic Rollover.

2. Provide basic training on ground hazard awareness to include proximity
to obstructions.

3. Increase pilot training in Situational Awareness.

Provide training in and recognition of suitable landing site selection.

5. Provide simulator training on basic maneuvers, including Dynamic
Rollover.

6. In training, emphasize maintaining awareness of cues critical to safe flight
and techniques for maintaining visual contact with the ground or objects.

7. Increase safety training and emphasize maintaining awareness of cues
critical to safe flight and selection of suitable landing areas.

8. Increase/improve CFI training on monitoring students.

9. Increase flight operations management to establish or assert operational
control, oversight, and compliance with published procedures in the
AFM.

10. Develop a formalized operations oversight program.

11. Provide improved supervisory and operational oversight.

12. Develop a procedural intentional non-compliance (PINC) training
program and non-punitive incident reporting system.

13. Develop a personal risk assessment and management program, to include
preflight and inflight risk assessments (IMSAFE).

L
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14. Establish or modify existing company SOPs for selection of off-airport or
remote landing zones (LZ).

15. Establish SOPs or procedures for remote operations pilots to ensure all
preparations are completed before commencing startup and takeoff.

16. Insure adequate training on aircraft operations in snow or mountain
flying.

17. Provide mission-specific training focused on in wind, night, low, slow, at
or near maximum gross weight and orbiting operations, and for known
hazards in the area.

18. Emphasize precautionary landing decision making in training.

19. Install situational awareness enhancers: rearward camera/video; tail rotor
strike protection; and wire detection system for low altitude operations.

Weather/Visibility

Visibility Issues (Loss of Situational Awareness)

Definition

If a helicopter crashed in CY2001 as a result of, or in part due to, a pilot’s
loss of situational awareness due to reduced visibility, the accident was
included in this accident category. Visibility issues were an accident factor 16
times in CY2001, or in 9.2% of all accidents. There were also 16 accidents in
CY2000 which fit into this category (8.3%).

Characteristics

It was difficult to group these 16 accidents into just one visibility issues
sub-category because multiple factors were involved in nearly all of them, as
shown in Figure 35. Six of the accident helicopters were attempting to
continue VFR flight into IMC conditions (38%). One struck a radio tower,
another struck a mountain, and another struck power lines. One flew into the
ground and another flew into a swamp. One attempted to land in a field after
not being able to fly any farther, and the tail rotor struck trees. Of significance
is that four of these accidents occurred at night and only two during the
daylight hours.
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Figure 35. Visibility Occurrences

The remaining 10 accidents occurred in VMC, but under less than ideal or
severely reduced visual conditions. Four pilots encountered a white-out
(snow) or brown-out (dust) condition and subsequently crashed (25%). Three
accidents occurred because the pilots lost visual reference with the ground or
the horizon (18%). One of these pilots lost a visual horizon while landing at
night, another while taking off, and both subsequently hit the ground or trees.
The third pilot lost all visual references to the ground while landing in a spot
near a frozen lake at dusk. Two pilots, one landing on a snow-covered
mountain and the other in a snow-covered valley, encountered flat light
conditions, lost visual reference, and their helicopter rotors subsequently
struck snow banks (13%). And one pilot flew into the water due to glassy
water conditions while maneuvering in unrestricted daylight conditions (6%).

Of the 16 accident rotorcraft, one was maneuvering, six were in the en
route phase of flight, three were on approach, three were in the landing
phase, and three were taking off (Figure 36).
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Figure 36. Phase of Flight for Visibility

Seven accidents occurred at night, one at dusk, and the other eight
occurred during daylight hours (Figure 37).

Lighting Conditions

6%

44% O Night
B Day
O Dusk
50%

Figure 37. Lighting Conditions

Seven aircraft were destroyed and nine substantially damaged. Seven of
the accidents were fatal, two were serious, two had minor injuries, and five
accidents resulted in no injuries (Figure 38). Of the seven helicopters
destroyed, all but one accident was fatal. Of the forty-five souls on board the
accident helicopters in this group, 12 perished (27%). Nine of the 12 (75%)
perished in accidents where pilots continued VER flight into IMC conditions.
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Figure 38. Accident Severity - Injury for Visibility Accidents

The average of total aircraft hours for the 16 pilots involved was 7,087
hours. Average rotorcraft hours of the 16 pilots were 4,040. The average hours
in make and model of accident rotorcraft were only 882. Three pilots had less
than 200 hours in make/model. Seven had between 201 and 500 hours, two
had 501 to 1,000 hours, and only three had more than 1,001 hours. One pilot’s
rotorcraft hours in make/model were unknown.

Standard Problem Statements

Pilot Judgment and Actions and Pilot Situational Awareness were the most
frequently selected Level 1 SPS’s (Figure 39). The team chose these SPSs 63
times out of a total 132 (48%). The team felt that in nine cases the pilot’s flight
profile was unsafe, and in seven cases the pilot disregarded cues that should

have led to termination of their current course of action or maneuver.
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Figure 39. Level 1 Standard Problem Statements for Visibility Accidents

Intervention Recommendations

The  team  most  frequently  selected  Safety = Management,
Training/Instructional and Systems and Equipment Intervention
Recommendations, as shown in Figure 40. These Interventions were chosen
111 times out of 141 (79%). The team also considered Data Issues significant
in the Visibility occurrences.

Level 1 Intervention for VIS

Safety Management

Training/Instructional

Systens and Equipment

Data/Information

No recommendation

Meaintenance

Regulatory

Infrastructure

o
a

10 15 20 25 30 35 40 45 50

Figure 40. Level 1 Intervention Recommendations for Visibility Accidents
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Occurrence Type Relationships
Not surprisingly, loss of control and strikes were associated with accidents
where Visibility was a factor, depicted in Table 36.

Accident 1st Type 2nd Type 3rd Type
ANCO1TAO035 VIS-FL LOC-OL

DENO01LA060 VIS-FL HTOL

SEA02FA008 VIS-FL CFIT

CHI02FA049 VIS-IIMC LALT-NM

FTWO1FA069 VIS-IIMC OBJ-H

IADO1FAQ66 VIS-IIMC

MIA02GA011 VIS-IIMC

NYCO01LA144 VIS-IIMC LZ-U OBJ-H
LAX02FA020 VIS-N ADRM-F

SEA02LA014 VIS-N LOC-PM F-POST
LAX01LA283 VIS-W/B LOC-DR

LAX01LA304 VIS-W/B LOC-UNK

CHIO1LA327 CFIT VIS-GW

ANCO01LA139 LZ-U VIS-W/B LOC-DR
ANCO1TAO076 SCF-E VIS-W/B OBJ-H
CHIO1LA075 LOC-PM LALT-NM VIS-N

Table 36. Visibility Occurrence Type Relationships

Conclusions

When a pilot encounters inadvertent Instrument Meteorological
Conditions (IMC), it is usually because the pilot chose to continue a VFR
flight into poor or reduced visibility. When an accident occurs after continued
flight in poor visibility conditions, it is usually the result of hitting an unseen
object or obstruction. The key is to avoid this situation in the first place.

The majority of recommended Interventions in this area point to the fact
that more supervision on the part of operators or management is needed to
prevent reduced visibility accidents. SOPs that specifically prevent takeoff
and flight into adverse weather conditions, or establish strict weather
minimums, have proven to be successful in preventing these types of
accidents.

Basic, advanced, and mission training is the next most frequent
recommendation to reduce accidents in this area. Pilots must continually be
reminded just how dangerous and risky it is to continue VER flight into IMC
conditions. Of the six accidents where pilots continued VFR flight into IMC
conditions, all but one was deadly. When pilots find themselves in a white-
out or brown-out environment, they need to know how to get out of the
situation. Training will not only show them how to do this, but could also
have the desired effect of showing them how to not get into a white/brown-
out, flat light, or IMC condition in the first place. Again, all sixteen helicopters
in this accident type were either destroyed or substantially damaged, proving
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that when pilots lose their situational awareness, bad things happen fast. Of
the seven helicopters that were destroyed in these accidents, all but one
accident was fatal.

The JHSAT also recommended situational awareness enhancers in this
area. Recommended Interventions include night vision devices, Terrain
Avoidance Warning Systems (TAWS), radar altimeters, weather radar, short-
term auto-hover recovery systems, tail rotor strike protection and wire
detection systems for low altitude operations. However, we should note that
these detection systems, instruments, and gauges may also increase the pilot’s
workload and divert the pilot's attention to the inside of the cockpit.
Electronic situational awareness systems can never take the place of sound
decision making, good judgment and piloting skills, or proper prior planning
before the mission even begins.

Recommendations

1. Encourage flight operations management to establish or assert operational
control, oversight, and compliance with published procedures in the
AFM.

2. Develop a formalized operations oversight program.

Improved supervisory and operational oversight.

4. Develop a Procedural Intentional Non-Compliance (PINC) training
program and non-punitive incident reporting system.

5. Develop a personal risk assessment and management program, to include
preflight and in-flight risk assessments (IMSAFE).

6. Change the safety culture within the company by using a top-down, lead-
by-example approach to safety. The concept and buy-off of safety and risk
management has to come from and be promoted by the highest levels
within the organization. Without high-level organizational support, safety
or risk assessment programs that seek to eliminate a culture of non-
compliance will never be successful.

7. Develop or modify existing company SOPs that establish or define
weather minimums, minimum en route altitudes, or minimum height
above highest obstacle in sector altitudes, then strictly enforce those SOPs
to eliminate a culture of non-compliance and unnecessary risk.

8. Establish or modify policies to reduce risk of VFR flight into adverse
weather conditions and establish a risk assessment program that
addresses the potential for VFR flight into adverse weather and night
flight operations. Train pilots how to react properly should they launch or
fly inadvertently into an IMC condition.

9. Encourage the adoption and use of Night Vision Goggles in missions or
flights at night where ambient or ground lighting is limited and the risk of
loosing a visible horizon increases.

10. Establish a mission-specific SOP for Night Vision Goggle operations.

11. Establish SOP or procedures for remote operations pilots to ensure all
preparations are completed before commencing startup and takeoff.

12. Establish SOP for the selection of off-airport or remote landing zones (LZ).

@
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13. Implement a company flight following system to include updated
weather, location, and risk evaluation.

14. Provide weather training to emphasize mission abort criteria in
deteriorating weather conditions.

15. Emphasize training for maintaining awareness of cues critical to safe
flight, and emphasize techniques for maintaining visual contact with the
ground or objects.

16. Insure adequate training on aircraft operations in snow or mountain
flying.

17. Provide mission-specific training focused on operations in wind, at night,
low altitudes, slow flight, flight at or near maximum gross weight and
orbiting, and for avoidance of known hazards in the area.

18. Provide training in decision making for precautionary landings.

Thunderstorms/Winds

Definition
If a helicopter crashed as a result of either flying into a thunderstorm or as
a result of the effects of a thunderstorm, it was grouped into this accident
type. There was only one accident in the CY2001 data set that can be directly
linked to the effects of a thunderstorm.

Characteristics

A pilot of a single-engine light turbine helicopter experienced LTE while
he was air-taxiing over a parallel taxiway and turning into a parking area.
There was a thunderstorm in the area and he experienced a strong gust of
wind that caused him to lose control of the helicopter. The thunderstorm was
essentially the first link in the chain which caused this accident. The
helicopter was substantially damaged, but the pilot was not injured. The pilot
in this case had 3,900 hours total time, 3,800 hours in helicopters, but only 8

hours in the make and model of the helicopter he was flying.

Standard Problem Statements

Pilot Situational Visibility/Weather Local En Route Weather
Awareness

Pilot Judgment & Human Factors — Pilot's | Pilot misjudged own limitations/capabilities

Actions Decision

Pilot Judgment & Procedure Inadequate response to Loss of Tail Rotor

Actions Implementation Effectiveness

Pilot Judgment & Human Factors — Pilot's | Disregarded cues that should have led to

Actions Decision termination of current course of action or

maneuver

Table 37. Stanard Problem Statements for Thunderstorms/Winds
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Intervention Recommendations

Infrastructure Weather Information Better Pilot Availability & Access
to Weather Information
Training/Instructional | M/M Transition Model specific transition training
Training/Instructional | Advanced maneuver | LTE training program
training
Safety Management | Risk Personal risk management program
Assessment/Management (IMSAFE)

Table 38. Intervention Recommendations for Thunderstorms/Winds

Occurrence Type Relationships

The thunderstorm’s gusty winds in this case caused the inexperienced pilot
in make and model to lose control of his helicopter and experience LTE.

Conclusions

The pilot misjudged his own limitations and capabilities and disregarded
cues that should have led to a termination of the flight before the
thunderstorm approached the area. The pilot should have been increasingly
cautious since he had just recently transitioned into the helicopter. He only
had eight hours in the machine. The closest weather services for the
destination airport were 52 miles away and it could not be determined from
the accident docket if the pilot received a weather briefing before departure. A
personal risk management program (IMSAFE), a detailed area-wide weather
briefing, and additional training in make or model or more experience in type
before an active mission to another airport, could have prevented this
accident.

Recommendations

1. Provide more training in advanced maneuvers and recognition of LTE.

2. Provide more make and model simulator training.

3. In weather training, emphasize mission-abort criteria in deteriorating
weather conditions.

4. Develop a personal risk assessment and management program, to include
preflight and in-flight risk assessments (IMSAFE).

External Load

Definition

As stated in the United Kingdom Civil Aviation Authority’s Civil Aviation
Publication (CAP) CAP 426 Helicopter External Load Operations (2006):

“The normal method of carrying external cargo by helicopter is to suspend
it from the helicopter by means of an external cargo hook or hooks.

CY2001 JHSAT Report Page 121 of 214



Depending upon the helicopter type, the cargo hook is either suspended by
cables and/or a frame from the belly of the helicopter, or is attached to
mountings on a connection panel within the belly of the
helicopter....Helicopter flying with underslung loads requires special
precautions to be taken if both the helicopter crew and third parties are to be
protected from undue risk.”

External loads may be carried at a relatively short distance below the
helicopter or attached to long cables. Long line operations, where a load is
slung more than 25 feet below the aircraft and frequently in excess of 100 feet,
are demanding on both the pilot and aircraft.

Situational awareness is critical in external load operations, as the
helicopter is often operated in confined areas and around obstacles.

External load operations are conducted under 14 CFR Part 133, a specific
regulation for external load rotorcraft operations.

External load accidents (8) comprised 4.6% of all CY2001 accidents
analyzed. Of the eight accidents, three (37.5%) occurred during logging
operations, two (25%) occurred during fire suppression operations, two (25%)
occurred during power line inspection and patrol, and one (12.5%) occurred
while moving drilling equipment.

Characteristics

Five External Load-related accidents (62.5%) occurred while hovering and
two (25%) occurred while maneuvering. One (12.5%) occurred during an
unreported phase of flight.

All eight accidents (100%) occurred during daylight hours in Visual
Meteorological Conditions.

Three (37.5%) of the eight External Load-related accidents were a
precipitated by mechanical problems, including loss of engine power, loss of
tail rotor control, and separation of an external cable. Two (25%) accidents
were the result of the pilot’s failure to maintain control of the aircraft. Two
others (25%) were precipitated by an in-flight collision with an object,
including a “Bambi” bucket and trees. One other (12.5%) was the result of the
use of improper procedures, which resulted in a person falling to his death.

Four (50%) of the External Load-related accidents resulted in emergency
landings, three resulted in collisions with terrain, and one resulted in an
uneventful landing.

A total of ten people were onboard during the eight External Load
accidents; three (30%) sustained fatal injuries, one (10%) sustained serious
injuries, two (20%) sustained minor injuries, and two (20%) were uninjured.

One (12.5%) of the eight helicopters was destroyed, six (75%) received
substantial damage, and one (12.5%) was undamaged.

The average number of total pilot flight hours was 9,324 with a low of
2,934 hours and a high of 20,150 hours. The average number of pilot flight
hours in rotorcraft was 8,586 with a low of 2,272 hours and a high of 20,150
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hours. The average number of pilot flight hours in make and model was 3,159
with a low of 900 hours and a high of 6,094 hours.

Of the eight pilots involved in External Load-related accidents, six (75%)
had accumulated over 5,000 hours of total time and time in rotorcraft, four
(50%) of which had over 5,000 hours in make and model of the accident
aircraft type. Three pilots (37.5%) had accumulated over 10,000 hours of total
time, and two pilots (25%) had accumulated more than 10,000 hours of time in
rotorcraft. Of the eight pilots, two (25%) had less than 1,000 hours in make
and model.

Six of the eight (75%) aircraft were operated under 14 CFR Part 133 and
two (25%) were operated as public-use aircraft. Seven (87.5%) of the eight
aircraft were single-engine turbine-powered rotorcraft, of which five (62.5%)
were Part 27 certified and two (25%) were in the Restricted category. The one
(12.5%) multi-engine turbine-powered rotorcraft was Part 29 certified.

Standard Problem Statements

Almost 27% (14 of 52) of the problems identified in the External Load-
related accidents involved Mission-Specific Risks, including aircraft, pilot,
and crew intensive operations, and flight over unsuitable terrain and flight
near obstacles. Data Issues accounted for about 15.4% (8 of 52) of the
problems identified, Part or Systems Failures accounted for about 11.5% (6 of
52), and Pilot Judgment and Actions, Maintenance, and Post-Crash Survival
each accounted for about 9.6% (5 of 52) of the problems identified (Figure 41).

Level 1 SPS for EXT

Mission Risk

Data issues

Part/system failure

Post-crash survival

Pilot Judgment & action:

Maintenance

Safety Management] 1

Regulatory

Pilot situation awarenesg

Communications

(0] 2 4 6 8 10 12 14 16

Figure 41. Level 1 Standard Problem Statements for External Load

Intervention Recommendations

The most frequent Interventions identified for External Load-related
accidents involved Maintenance (8 or 19.9%) and Data/Information (8 or
19.9%), followed by Training and Instruction (7 or 16.7%), Systems and
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Equipment (6 or 14.3%), and Safety Management (6 or 14.3%). It should be
noted that in eight (19.9%) instances, no recommendations were made (Figure
42).

Level 1 Intervention for EXTL

No recommendation

Maintenance

Data/Information

Training/Instructional

Systems and Equipment

Safety Management

Regulatory |

Figure 42. Level 1 Intervention Recommendations for External Load

Maintenance Interventions targeted the adequacy of the instructions for
continued airworthiness (ICW) and quality assurance oversight to ensure
adherence to the ICW and maintenance manuals. Interventions also
addressed the installation of a part failure detection system.

Data/Information Interventions addressed the need for improved quality
and depth of NTSB investigations and reporting. In addition, the team
recommended the installation of FDM equipment which would provide
additional information to the investigator.

Training and Instruction interventions addressed the need for mission-
specific maneuvers training and mission-specific risk assessment training, as
well as advanced maneuvers training, including autorotation and emergency
procedures training.

Systems and Equipment Interventions addressed post-crash survival
equipment, including the use of shoulder harnesses by all occupants on
board, and ways to enhance situational awareness, including proximity
detection systems and hover drift indicators.

Safety Management Interventions addressed the need for a mission-
specific risk management program and a risk assessment program to
eliminate a culture of noncompliance. Other Interventions included the
implementation of a flight data monitoring program.

Occurrence Type Relationships

Of the eight External Load-related accidents, four were also addressed in
Autorotations, four in Loss of Control, three in System Component Failures,

and three in Inflight Collisions with Objects.
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Comparison between CY2000 and CY2001 Data

Of the CY2001 accidents analyzed, 4.6% involved External Load-related
accidents; of the CY2000 accidents analyzed, 3.6% involved External Load-
related accidents. Three fatalities occurred in External Load-related accidents
in CY2001 versus one fatality in CY2000. Of the total External Load-related
accidents, 37.5% were attributable to System or Component failures in
CY2001, and 28.6% in CY2000.

Conclusions

External Load accidents accounted for a very small percentage (4.6%) of
the overall accidents in CY2001; however, the recommendations for External
Load operations apply equally to all types of helicopter operations.

Recommendations

1. Improve the quality and depth of NTSB investigations and reporting.

2. Install FDM equipment.

3. Evaluate adequacy of maintenance instructions for continued
airworthiness.

4. Improve and follow maintenance procedures, and provide better quality
assurance oversight of maintenance operations.

5. [Install parts failure detection systems for aircraft monitoring.

6. Implement training in the following areas:
B Flight profile-specific maneuvers and best practices

Flight profile-specific risk assessment

Autorotation training

Emergency procedures and optimal aircraft operating regimes during

emergencies.

7. Install systems and equipment to enhance:
B Post-crash survivability, including shoulder harnesses
B Situational awareness, including a hover-drift indicator and proximity

detection systems.

8. Implement a risk-management program, including a risk assessment
program to eliminate a culture of noncompliance.

9. Establish a crew monitoring system.

Controlled Flight Into Terrain (CFIT)

Definition

Controlled Flight into Terrain (CFIT) is defined as unintended contact with
ground or water. During CY2001, of the 174 total accidents, there were 2
accidents (1%) classified as Controlled Flight into Terrain (CFIT). CFIT occurs
when an airworthy aircraft under the control of the flight crew is flown
unintentionally into terrain or water, usually with no prior awareness by the
crew. This type of accident can occur during most phases of flight, but CFIT is

CY2001 JHSAT Report Page 125 of 214



more common during the approach-and-landing phase. However, in these
two accidents, one accident occurred while on approach to landing, and the
other occurred during descent from altitude to commence low-level flight.
The initiating event for both of theses accidents was loss of situational
awareness.

Characteristics

The common characteristic for these accidents are that both occurred
during daylight hours, Visual Meteorological Conditions (VMC), and during
descent.

In one of the accidents, the pilot and two passengers were fatally injured,
and two passengers incurred serious injuries, while in the other accident the
three occupants incurred only minor injuries. One aircraft was totally
destroyed and the other suffered substantial damage.

The JHSAT group reviewed demographics, including the mission being
flown at the time of the accident, engine type installed on the aircraft, the
phase of flight when the mishap occurred, and pilot flight time. Commercial
air taxi was the primary operation being performed at the time of the
accident. The aircraft involved in these accidents were equipped with a
single-turbine engine and were certified under FAR Part 27. The group also
reviewed pilot flight times and determined that total times for the two pilots
involved were 3,032 and 10,000 hours. Their total time in rotorcraft was 2,992
and 10,000 hours, with 538 hours and 8,000 hours in make and model.

Standard Problem Statements

Controlled Flight Into Terrain occurred twice in the 174 accidents. The
team considered CFIT an initiating event in both accidents. There were nine
Standard Problem Statements associated with CFIT accidents. Ground Duties
were cited twice, along with Pilot Judgment and Actions and Post-Crash
Survival. Ground Duties focused on mission planning. Pilot Situational
Awareness was cited once along with Infrastructure, which focused on
regulatory oversight. Safety Management and equipment was cited once.

Intervention Recommendations

Fifteen Interventions were associated with Controlled Flight Into Terrain.
These include four Systems and Equipment Interventions recommending the
installation of HTAWS equipment, a radar altimeter, and a personal locator
device. The JHSAT recommended safety training three times with its focus
on pilot judgment and risk assessment, common operational pilot errors,
maintaining situational awareness, and using visual cues to maintain
awareness. Additional Interventions included safety management (1), flight
operations management (1), risk assessment and management (1), post-

incident survivability (1), and situational awareness (1).
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Occurrence Type Relationships

A review of the CFIT accidents found no relationship with other accident
types.

Comparison between CY2000 and CY2001 accidents

There is no viable comparison to the CY2000 accidents as they were
classified in a different manner.

Conclusions

There were so few of these accidents that there was no way to draw any
viable conclusions from the data. However both of theses accidents were
avoidable if the pilots had maintained situational awareness relative to the
terrain and related existing hazards.

Recommendations

Three recommendations may prevent further losses of situational
awareness resulting in CFIT. They include:

1. An organizational policy requiring the implementation of a risk
management process that specifically addresses and identifies terrain
hazards.

2. Implementation of standard and in-depth pre-mission plans and briefings
that include identification of terrain hazards along the route or mode of
flight, and the mission risk management controls to avoid those hazards.

3. Installation on helicopters of Ground Proximity Warning Systems
(GPWS).

lcing

Definition

Icing-related accidents are those where “ice” was an occurrence type
noted in the accident, either restricting air flow to the engine or forming on
the airframe. Icing was a factor in one accident in the CY2001 NTSB database.

Note that Carburetor Ice is counted as a Fuel Occurrence Type.

Characteristics

The single Icing accident involved engine power-loss due to flameout
caused by instantaneous ingestion of accumulated ice/snow from a
contaminated helicopter engine air inlet system. The accidents experienced in
the CY2000 and CY2001 NTSB database (one each) were both due to a similar
set of circumstances. Each involved a helicopter exposed on the ground to
snow and/or ice accumulation in its air inlet system to the engine. Each
helicopter was on the ground without inlet covers during the snow/ice
weather event. Each accident involved inadequate clearing of ice/snow
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accumulation from the helicopter engine air induction system prior to flight.
Engine flameout power-loss and forced autorotation from 50 to 70 ft. AGL
occurred during takeoff climb. The CY2001 accident resulted in 3 serious
injuries and substantial aircraft damage. The pilot had 2,630 hrs. rotorcraft
and 8147 hrs. total. Time in make/model was not reported.

Standard Problem Statements

Safety Pilot
Management

Disregard of Known
Safety Risk
Inlet covers not installed

Ground Duties Postflight Duties

Ground Duties

Aircraft Preflight

Aircraft Preflight — Other

Safety Systems and
Equipment

Safety Systems and
Equipment (Level 2)

Engine flameout from
snow/ice ingestion

Safety Systems and

Safety Systems and

Engine flameout from

Equipment Equipment (Level 2) snow/ice ingestion
Pilot Judgment & Landing Procedures Autorotation — Forced
Actions
Pilot Judgment & Flight Profile Pilot’s flight profile unsafe —
Actions Takeoff
Data Issues Inadequate information in Inadequate Investigation

report
Table 39. Standrd Problem Statements for Icing Accidents

Intervention Recommendations

Training/Instructiona | Safety Training Pilot Judgment Training & Risk
| Assessment
Safety Management

Flight Operations Expand cold weather operations

Management procedures to include precautions to
prevent engine inlet snow/ice

accumulation

Safety Management Safety Culture Proactive correction of known safety

risks

Systems and Equipment | Post Incident Install engine auto relight kit

Survivability

Regulatory Regulations/Standards Regulations/Standards — Other

No Recommendation No Recommendation No Recommendation

Safety Management Safety Culture Establish risk assessment program to

eliminate culture of non-compliance

Data/Information Investigation Improve quality and depth of NTSB

investigation and reporting

Table 40. Intervention Recommendations for Icing Accidents

Occurrence Category Relationships

The only other related occurrence category is Autorotation. This category
addresses the handling of the emergency following the engine power-loss and
associated risk factors.
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Comparison between CY2000 and CY2001

Each year had a single accident under very similar circumstances.

Conclusions

Takeoff with an ice/snow-contaminated air inlet leads to sudden release of
contaminants sufficient to cause engine flameout. The inlet contamination is
the result of inadequate post-flight action to protect the inlets from snow/ice
by use of inlet covers, and inadequate inlet inspection and clearing of
snow/ice contamination during the helicopter preflight inspections after
having been exposed to snow/ice accumulation.

Recommendations

1. Intervention Recommendations emphasized both post-flight care to
protect engine air inlets from snow/ice accumulation, and assuring
thorough preflight.

2. The OEM recommends installation of engine auto-relight systems, and
this recommendation should be considered by all operators in cold
climates.

3. The JHSAT recommended that the FAA consider rulemaking to require
certification of turbine-engine auto-relight systems for rotorcraft engines.

Ditching

Definition

Ditching is defined as the intended landing in water during or after an
emergency with intent to abandon the helicopter. In CY2001, there were 6
recorded accidents that involved ditching. These accidents occurred as a
result of system/component failure (2), loss of control (1), and fuel issues (2),
with the initiating event in one accident being unknown. Ditching occurred in
6 (~3.5%) of the 174 accidents analyzed. Ditching always occurred as a
secondary event (3 accidents) or a tertiary event (3 accidents), as a prior event
had to occur in order for the pilot to resort to ditching the helicopter.

Characteristics

The most common characteristics of Ditching accidents is that all occurred
in Visual Meteorological Conditions (VMC) during daylight hours.
Additionally, five (~83%) of the accidents occurred when the pilot had
unrestricted visibility, with three (50%) of the six occurring during landing.

Three of the six accidents resulted in no injuries, with the other three
resulting in serious injuries. In four of the six accidents, the aircraft received
substantial damage and in the other two accidents, the aircraft was destroyed.

The JHSAT reviewed demographics, including the mission being flown at
the time of the accident, engine type installed on the aircraft, the phase of
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flight when the mishap occurred, and pilot flight time. Commercial offshore
air taxi was the primary operation being conducted in four of the six
accidents, with the primary operation being commercial air taxi and business
in the remaining two accidents.

All aircraft involved were equipped with a single-piston turbine engine
and were certified under FAR Part 27, with one exception. One aircraft was in
the Restricted category. The accidents occurred primarily during the landing
phase, with two accidents occurring while en route and the other occurring
during the approach phase of the flight.

The group also reviewed pilot flight times and determined that the total
time ranged from 2,341 hours to 15,175 hours, with an average of 8,933 hours
and a mean of 7,171 hours. This information was not reported in one accident.
Total rotorcraft hours ranged from 2,019 hours to 15,175 hours. This
information was not reported in two accidents. The average number of total
rotorcraft hours was 7,020 hours with a mean of 10,012 hours. Total flying
hours in make and model ranged from 450 hours to 3,800 hours with an
average of 1,906 hours. Additionally, there was a mean of 1,660 hours in make
and model. This information was not reported in one accident.

Standard Problem Statements

Twenty-three Standard Problem Statements (SPSs) were associated with
the six ditching accidents, as shown in Figure 43. Ditching accidents
accounted for 6 of the 174 accidents analyzed. Ditching was not an initiating
event in any of the accidents, but the result of another event. The SPSs
included Pilot Judgment and Actions (5), Part/System Failure (4), Data Issues
(3), Post-Crash Survival (3), Ground Duties (2), Regulatory (2), and Mission
Risk (2).

These initiating events included system/component failures (2), fuel issues
(2), loss of control (1), and the initiating event in one accident was unknown.
Other sections of this report discuss these events in detail. Ditching was a
Level 2 event in three of the six accidents, and a Level 3 event in the other

three accidents.
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Figure 43. Level 1 Standard Problem Statements for Ditching Accidents

Intervention Recommendations

For these 6 accidents, there were 31 Intervention Recommendations,
depicted in Figure 44. The majority of Interventions involved training, which
accounted for 8 (42%) of the 31 Interventions. This included four (20%)
Interventions recommending advanced maneuver training, two Interventions
recommending basic training, one Intervention recommending mission-
specific training, and the final Intervention recommending safety training.

Interventions analysis also cited Data Issues in these accidents. Two
Interventions recommended an improvement in the quality and depth of
NTSB investigation and reporting, along with an additional Intervention
recommending the installation of FDM equipment.

The team cited seven Maintenance Interventions to alleviate the problem
that initiated the Ditching. Better maintenance quality assurance was cited 5
times, with one Intervention recommending compliance with ICA
procedures. The only other Intervention recommended installation of a part
failure system (HUMS).

Safety Management accounted for 2 of the 31 Interventions.
Recommendations included establishment of oversight to ensure compliance
with published procedures in the aircraft flight manual.

Systems and Equipment accounted for 5 (163%) of the 31 interventions
with their focus predominantly on the design approval holder implementing
corrective action and mitigating risk.

The team cited Regulatory Interventions twice. These were not specific in
their meaning as they fell into the “Other” category.

Finally, there were 4 (~13%) instances of a Standard Problem Statement not
having a related intervention.
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Figure 44. Level 1 Intervention Recommendations for Ditching Accidents

Occurrence Type Relationships

Ditching accidents accounted for 6 of the 174 accidents analyzed. Ditching
was not an initiating event in any of the accidents, but the result of another
precipitating event. The SPSs included Pilot Judgment and Actions (5),
Part/System Failure (4), Data Issues (3), Post-Crash Survival (3), Ground
Duties (2), Regulatory (2), and Mission Risk (2).

Each of these initiating events is discussed in more detail in another
section of the report.

Conclusions

After reviewing this data, the analysis group concluded that Ditching
accidents are preventable only through the mitigation of other hazards.
Additionally, it is imperative that operators implement training interventions
to reduce the accident rate.

Recommendations

There were no specific recommendations for Ditching accidents.

Abrupt Maneuver (AMAN)

Definition

The Abrupt Maneuver Occurrence Type is described as mishaps involving
rapid control motions that resulted in the aircraft assuming abnormal
attitudes, including control motions during evasive maneuvers. There were
eight Abrupt Maneuver accidents for CY2001. This Occurrence Type is
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characterized by control motions that were extreme and contributed to the
accident.

Characteristics

All accidents occurred during VMC. Six accidents were not in hover, and
all were small single-engine aircraft certified under either FAR 6 or FAR 27.
Consequences included one fatal accident with six fatalities, three accidents
with injuries, and four with no injuries.

These eight accidents resulted in one aircraft that was destroyed and seven
that were substantially damaged. There were two post-crash fires, one of
which was the only fatal accident in this Occurrence Type.

Pilot flight times ranged from a high of 9,732 hours to a low of 26 hours.
The median time in make and model was low at 177 hours, as shown in Table
41.

Total | Average 2,682 | Median 1,676 | Low 580
Heli Average 1737 Median 789 Low 99
MM Average 316 Median 177 Low 26

Table 41. Pilot Experience for Abrupt Maneuvers

Four single-piston and four single-turbine helicopters were involved in
seven Part 91 operations, with only one operation classified as Part 135.

Standard Problem Statements

For this Occurrence Type, Pilot Judgment and Actions was the most used
SPS, at 22 times (Figure 45). The highest Level 2 SPS was Human Factors -
Pilot’s Decision with 6 usages, and the highest Level 3 statements were
“Disregarded cues that should have led to termination of current course of
action or maneuver” and “Willful disregard for rules and SOPs,” with 2 each.
Safety Management was the second most cited with eight usages and Ground
Duties third, with six usages.
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Figure 45. Level 1 Standard Problem Statements for Abrupt Maneuvers

Intervention Recommendations

For the AMAN Occurrence Type Intervention Recommendations, the
Training and Instructional category was the most cited at 18 usages (Figure
46). Its Level 2 sub-category recommendation of CFI Training was used seven
times, and its Level 3 recommendation of “CFI judgment and decision making
training to follow student more closely” was selected three times. Other Level
2 sub-category recommendations under Training and Instructional were
Advanced Maneuver Training, and Basic Training and Safety Training, each
with three uses. The second most-cited Level 1 recommendation category
was Safety Management with six usages, and Regulatory third with four

usages.

Level 1 Intervention for A
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Figure 46. Level 1 Intervention Recommendations for Abrupt Maneuvers
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Occurrence Types Relationships
There were two post-crash fires (F-POST); six Loss of Control (LOC)

events, including three each of exceeding Operating Limits (OL) and Power
Management (PM); two Autorotations-Practice (AUTO-P) events; and one
Abnormal Runway Contact (ARC) associated with the Abrupt Maneuver
Occurrence Type .

Conclusions

In several cases, Abrupt Maneuvers appear to have resulted from a lack of
experience or skill. Six of the cases resulted in Loss of Control. Judgment and
decision making errors were present or involved in these accidents. Potential
hazards were not recognized, or if seen, were disregarded. There were two
cases of willful disregard of rules and SOPs.

Recommendations

1. Increase transition training on make and model to include in-depth
training on Flight Manual limitations and hands-on stick and rudder
experience.

2. Increase pilot decision making training to include recognition of hazards
and risk analysis and management.

3. Require more training of CFI pilots on how to follow students more
closely to prevent student actions that lead to accidents.

Fuel

Definition

Fuel-related accidents are those in which adequate and suitable fuel was
not provided to the powerplant(s), leading to total power loss and an
autorotation-related accident. Fuel-related accidents account for 14 of the 174
accidents, or 8.0%. The fuel-related accidents involved several types of fuel
problems leading to engine(s) power loss. Top level breakdown of fuel-
related accidents includes fuel exhaustion, fuel contamination, fuel starvation,
and carburetor icing. A summary of the CY2001 data is listed in Table 42.

Fuel Problem Type Occurrences % of Accidents
Exhaustion 5 2.9%
Starvation 4 2.3%
Contamination 3 1.7%
Carburetor Icing 2 1.1%
Total Fuel Related 14 8.0%

Table 42. Fuel Occurrence Types
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Characteristics

Each of the fuel-related accidents involved a cessation or interruption of
fuel being delivered to the powerplant(s), leading to engine(s) power loss and
an unsuccessful forced autorotation landing. This section provides analysis of
the fuel supply problems, but not the consequences of the resulting power
loss. The pilot performance factors in handling the emergency landing from
time of the power loss to the accident are addressed in the “Autorotation”
section of this report. Each of the four fuel problem subsets listed above will
be examined in this section’s analysis.

Fuel Exhaustion

Fuel Exhaustion is a situation in which the fuel supply is depleted in-flight,
leading to total engine power loss. In each accident, the analysis group
assumed the pilots were not aware of actual fuel state. In two accidents the
pilot departed in a low fuel state, indicating lack of preflight verification of
fuel quantity on board. In one of these accidents, there was a false fuel
quantity indication due to a stuck sensor probe. The pilot in this accident did
not verify fuel quantity before flight.

In two other accidents the pilots simply flew beyond the initially planned
flight time and were not tracking time/fuel consumption as a back-up to fuel
quantity indications. In one accident, a fault in the helicopter fuel quantity
indicating system may have contributed to lack of awareness of fuel quantity,
but was not a substitute for flight time/fuel consumption tracking.

Two of the Fuel Exhaustion accidents had fatal consequences. In both of
these fatal accidents the pilots were low-time and neither was legal to fly. In
one accident the pilot had 23 hours on a student ticket but had no
endorsement for solo flight. The other fatal Fuel Exhaustion accident involved
a less than 200-hour student pilot flying with an expired medical certificate.

Fuel Starvation

Fuel Starvation accidents involved helicopters with fuel on board, but
with supply to the engine(s) ceasing or being interrupted while in flight. Two
Fuel Starvation accidents were attributed to the pilot’s failure to follow
checklist procedures. One of these power loss events occurred during takeoff
with the main fuel valve off. That particular flight was a maintenance FCF
requiring use of a full checklist rather than the abbreviated thru-flight
checklist used by the pilot which omitted the emergency fuel valve position
check.

Another accident involved multiple failures to follow checklist procedures
with fuel transfer pumps off and caution panel lights dimmed for night flight,
and therefore not visible to alert the crew during the accident daylight flight.
Another contributing factor was an improper caution light dimming resistor
which was a suspected unapproved part. This accident involved low time in
make/model for a twin turbine helicopter.
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The remaining two Fuel Starvation accidents involved aggressive
maneuvering or severe turbulence in combination with a low fuel state. These
flight conditions are covered by AFM cautions regarding the potential to
momentarily un-port the fuel supply pickup and introduce air into the fuel
supply line.

Fuel Contamination

Fuel Contamination involves situations in which a foreign contaminant in
the fuel affects continued operation of the engine(s). The three Fuel
Contamination accidents in the CY2001 data all shared common
circumstances, in that each had the same contaminant and engine model
involved. Two of the three accidents involved the same operator. The
contaminant was a biological growth associated with the use of a new anti-
icing inhibitor in combination with water in the fuel. This situation had been
experienced and reported by the U.S. Military. The contaminant would pass
through the normal aircraft fuel filtration system, yet accumulate in the
engine fuel nozzle filter and cause the filter screen to collapse, leading to an
abrupt decrease in fuel flow and engine flameout. The risk was addressed by
the FAA issuing an ASB on the topic and the TC holder changing the fuel
filter design to prevent its collapse when blocked with contaminant.

Carburetor Icing

Carburetor Icing, which affects reciprocating engines and occurs in
ambient conditions of low temperature and high humidity, is a condition in
which the carburetion system can accumulate ice and restrict air flow.
Carburetor heat is available and must be selected by the pilot to prevent icing.
In two accidents engine power was lost due to carburetor icing. In one
accident the pilot selected carburetor heat in-flight after the engine began to
operate rough due to icing. In the other accident, the pilot had not selected
carburetor heat.

With the exception of the Fuel Contamination accidents, each of the other
fuel problem subsets can be traced to errors by the crews in understanding
their fuel state or fuel system operation. Inadequate preflight fuel planning
and fuel quantity confirmation were contributing factors. Another common
factor was lack of flight time fuel endurance tracking as a back-up procedure
to quantity measurement. Each of these areas can be stressed in pilot training.

The consequence of each fuel-related accident was a total power loss
leading to a forced landing. See Figures 47 and 48 for the injuries and
damage resulting from the forced landings. Factors contributing to the

autorotation failures are assessed separately in the Autorotation section.
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Figure 48. Aircraft Damage in Fuel-Related Accidents

The only flight experience factors were student pilots in two fatal accidents
flying illegally, and an accident in which a low-time pilot in make/model did
not follow the checklist and lacked knowledge of aircraft fuel system
operation. Otherwise, the fuel-related accidents involved relatively high-time
pilots, as indicated by Figure 49.
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Figure 50. Level 1 Standard Problem Statements for Fuel-Related Accidents
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Figure 51. Level 1 Intervention Recommendations for Fuel-Related Accidents

Occurrence Type Relationships

Occurrence Relationships are listed in Table 43 below. The primary event
is fuel, and secondary categories deal with the handling of the emergency and

other risk factors.

13 Autorotation
Low Altitude Mission
ARC
Ditching
Object Strike H
LOC (Loss of Control)
1 SCF (System Component Failure)
Table 43. Occurrence Type Relationships

PN N (W W

Comparison between CY2000 and CY2001

A check of the CY2000 JHSAT database indicates that there were the same
number of fuel-related accidents (14) in both CY2000 and CY2001.
Comoparative data are listed in Table 44.

Page 140 of 214 CY2001 JHSAT Report



Fuel Problem CY2001 % of CY2001 CY2000 % of CY2000 Table 44,

Type Occurrences Accidents Occurrenceg Occurrences Comparison
Exhaustion 5 2.9% 6 3.0% of CY2000 and
Y2001 Fuel
Starvation 4 2.3% 3 1.5% ¢ .00 ue
Accidents
Contamination 3 1.7% 1 5%
Carburetor icing 2 1.1% 4 2.0% .
A brief
Total Fuel Related 14 8.0% 14 7.1%

review of the
accidents from the earlier CY2000 database identified many of the same
contributing factors for Fuel Exhaustion and Starvation as occurred in the
CY2001 accidents. Most CY2000 accidents were related to inadequate fuel
planning and in-flight fuel tracking. Like the CY2001 data, one CY2000
accident involved fuel transfer management as a primary factor. Again, in
another CY2000 accident a contributing factor was improper brightness
setting of the caution warning lights.

The CY2000 data had one accident due to fuel contamination by foreign
material in the fuel cell of an agricultural spraying mission helicopter. The
CY2001 contaminated fuel accidents all resulted from the combination of
water in fuel with a specific anti-icing inhibitor.

The Carburetor Icing events in each year resulted from the same pilot flight
planning and situation awareness problems, although the frequency of this
category of accident was higher in CY2000.

Conclusions

The causes of fuel-related accidents are not new and have been recurring
since the beginning of aviation. The primary contributors to Fuel Exhaustion
continue to point to fundamental pilot errors in mission planning, lack of in-
flight fuel state awareness, and failure to back-up fuel quantity indication by
flight time fuel endurance tracking/awareness. Secondary contributing
factors are false fuel quantity indication due to system/part failure, and the
lack of caution warning system effectiveness due to improper dimming of
alert lights during daylight operation.

Recommendations

Fuel-related accident Interventions primarily focus on addressing the
human factors issues related to mission planning, preflight, in-flight
awareness of fuel state, and compliance with checklist procedures.
Contributing factors in a few of the fuel-related accidents could potentially
benefit from some system design features. The following recommendations
derived from the analysis of fuel-related accidents from both CY2001 and

CY2000.
1. SMS and training packages developed by the JHSIT need to emphasize the
basics regarding fuel state and in-flight management. Adherence to the
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following basics would have prevented the Fuel Exhaustion and

Starvation accidents:

e Mission plan the fuel required for intended flight, plus reserve and
potential contingencies.

e Follow preflight checklist procedures that include verification of fuel
quantity during helicopter preflight and positioning of all fuel valves
prior to flight.

e In flight be aware of flight time and estimated fuel remaining as a
back-up to the fuel quantity indications, which may be unreliable.

e Strictly adhere to AFM checklist procedures for use of boost pumps
and fuel transfer procedures.

e Be aware of low fuel state and potential for fuel pickup un-porting in
severe maneuvers or turbulence. Conditions can exceed AMF
published limitations.

e Provide training emphasis for pilots operating reciprocating engines
to be aware of potential for carburetor icing.

¢ The following design features were recommended by the JHSAT as a
means of potentially reducing risk of fuel interruption power-loss
events:

e Automate the carburetor heat function for reciprocating-engine
powered helicopters.

e Require turbine engine auto-relight systems as a potential to relight
engines flamed out due to momentary interruption of fuel to the
engine by air or contaminates in the fuel supply line.

e Helicopter TC holders consider design of annunciation provisions for
low fuel state warning lights that reset the lights to “bright” during
each helicopter power-up.

Other / Unknown

Definition

There was insufficient information to categorize or otherwise draw
conclusions from two accidents in the CY2001 data set. The very nature of
classifying accidents as unknown presupposes a lack of useful information.
The third accident, classified as “Other,” was such that the analysis team does
not believe it is likely to recur, thus the JHSAT was unable to determine

determine useful information for preventing similar accidents.

Characteristics

Two of the accidents were classified as Unknown. One was a certificated
helicopter flying in Experimental R&D; the other was a U.S. registered
helicopter flying outside the U.S. and ditched with no further information
given. The accident classified as “Other” was an Agriculture Operations
helicopter running at 100% RPM when the pilot exited the aircraft,

inadvertently releasing the collective lock as he exited.
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There were a total of three people onboard these helicopters. These
accidents resulted in one fatality, but no other injuries. Two of the three
helicopters were destroyed and the other helicopter received substantial
damage.

Occurrence Type Relationships

One of the three accidents was associated with Ditching. The other two
had no relationships associated.

Conclusions

One of these accidents may have yielded useful information if there had
been some type of cockpit imaging system. The other two accidents may not
have benefited from such systems.

Recommendations

By their very nature, accidents without known causes can have no
recommendations to prevent similar accidents in the future. The best we can
hope for is to make recommendations that may yield more information about
the accident. The installation of FDM equipment would allow accident

investigators to determine what went wrong in the accident sequence.

Comparison Between CY2000 and CY2001
Accidents

There were 10% fewer accidents in CY2001 than in CY2000 (174 vs. 197),
however the characteristics of the environments in which the accidents
occurred, missions flown, pilot experience, and the factors that caused them
were similar.

Consequences

Injury Level

In CY2000, 34 accidents involved at least one fatality (17%). In CY2001, a
similar percent of the accidents (28, or 16%) involved at least one fatality. On
the other hand, slightly more than 50% of the accidents that occurred in
CY2000 and slightly less than 50% involved no injury, and 20% resulted in
only minor injuries. See the comparison of the highest levels of injury
depicted in Figure 52. In CY2000, the accident vehicles transported 387 crew
and passengers, 62 of whom died as a result of the accident. In CY2001, 379
people were involved, 50 of whom died as a result of the accident.
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Figure 52. Highest Level of Injury (CY2000 vs. CY2001)

Figure 53 depicts the distributions of helicopter accidents with at least one

fatality that occurred in CY2000 and CY2001 by mission.

In CY2000, more

than 30% of the Firefighting, ENG, EMS, and Offshore and Law Enforcement
accidents resulted in at least one fatality. In contrast, only 10% of Aerial

Application, Business-owned, and Instructional /Training accidents involved

a fatality, In CY2001, the pattern was somewhat different.

More than 30% of

Business-owned, ENG, Logging, and Utilities Patrol/Construction accidents

involved a fatality. Less than 10% of Aerial Application, Air Tour, External

Load, Instruction Training, and Law Enforcement accidents resulted in no

fatality.
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Figure 53. Accident Fatalities By Mission (CY2000 vs. CY2001)
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Aircraft Damage

In CY2001, the majority of accidents (137) were classified as “serious.” In
32 accidents, the helicopter was completely destroyed. Only five accidents
were classified as resulting in no damage (4) or minor damage (1). The most
interesting finding was that in a disproportionate number of the EMS
accidents (6 out of 14, or 43%), the aircraft was completely destroyed. At the
other end of the spectrum, only 3% of the helicopters involved in
Instructional / Training accidents were destroyed (1 out of 29). Figure 54
illustrates aircraft damage in CY2001 by mission flown.
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Figure 54. Aircraft Damage by Mission (CY2001)

Demographics

Aircraft Characteristics

In CY2000 40% of the helicopters involved in accidents had reciprocating
engines and 60% had turboshaft engines. In CY2001, the percentages were
similar: 44% (reciprocating) and 56% (turboshaft). Most of the accidents that
occurred in CY2001 involved single- engine helicopters: 76 were single-engine
piston and 84 were single-engine turbine.

Pilot Characteristics

In both CY2000 and CY2001 the flying experience of the pilots in command
of the accident vehicles ranged widely (Figure 55). In both years, the majority
of the pilots” flight hours were in helicopters, although most pilots had

accumulated fixed-wing hours as well.
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Figure 55. Total Flight Hours by Mission (CY2000 vs. CY2001)

Total Flight Hours

The average total flight hours of the Pilots In Command of accident
helicopters was slightly more than 6,000 hours in CY2000, ranging from a low
of 13 hours to a high of 30,000 hours. The average total flight time was only
slightly lower in CY2001, and the low-high range was similarly great (23 to
22,300 hours).

Rotorcraft Flight Hours

The average number of helicopter flight hours was somewhat higher in
CY2000 (4,600 hours) than in CY2001 (4,057 hours), but again, the ranges were
enormous: in CY2000, the range extended from 13 to 23,000 hours and in
CY2001 from 23-22,000 hours.

Make and Model Flight Hours

In general, pilots had considerably less experience in the make and model
of the accident vehicle than in all vehicles. In CY2000, pilots’ average
Make/Model flight hours were 1,700 with a range from 6-14,500 hours. In
CY2001, average Make/Model experience was 1,172 hours with a range from
2-9,255 hours.

Pilot Experience by Mission

In both CY2000 and CY2001, there were significant differences in pilot
experience among missions. For example, in CY2000, the pilots who were
involved in Aerial Application, External Load, and Logging missions had
more than 10,000 hours total flying experience, on the average, and more than
6,500, 12,000, and 10,000 hours in helicopters, respectively. As a group,
Certified Flight Instructors in command of Instructional/Training flights
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involved in CY2000 accidents had the least total flying experience. Most of the
total flying experience of EMS, Fire Fighting, Offshore, and Ultility
Patrol/Construction pilots in CY2000 was in helicopters. Aerial Application,
External Load, Logging, and Ultility Patrol/Construction pilots had more
Make/Model hours in the accident vehicle than did pilots flying other types
of operations. On the other hand, Make/Model hours for pilots flying EMS
(538 hours) and Personal/Private (193 hours) missions that ended in an
accident were considerably lower than the norm in CY2000.
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Figure 56. Rotorcraft Flight Hours by Mission (CY2000 vs. CY2001)

Figure 56 compares average rotorcraft flight experience by mission for
accidents that occurred in CY2000 and CY2001. The pattern of flight hours
across mission was similar for some of the missions (e.g., Law Enforcement,
Personal/Private, Instruction/Training, Air Tour, Aerial Observation/Patrol,
Commercial, Firefighting, and EMS). In contrast, total flight hours were
considerably lower in CY2001 than in CY2000 for External Load, Utilities
Patrol/Construction, Aerial Application and Air Tour. In contrast, total flight
hours were considerably higher in CY2001 and in CY2000 for Offshore and
ENG missions. Note, however, that the elevated average ENG hours actually
reflects the combination of few accidents in that category and one very high-
time pilot.

Operating Rules

In both CY2000 and CY2001, the majority of accident flights (71% and 66%,
respectively) were flown under 14 CFR-Part 91 (Table 45). Since the majority
of helicopter flights are conducted under Part 91, it is not surprising that these

are the conditions under which the majority of accidents also occur.
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Operating Part Part Part Part Public NUSC | NUSN
Rules 91 133 135 137 Use
2000 71% 1% 9% 13% 1% 1% 2%
2001 66% 6% 10% 9% 9% 0% 0%

Table 45: Operating Flight Rules When Accidents Occurred

Phase of Flight

The phases of flight in which accidents occurred in CY2000 and CY2001 are
shown in Figure 57. In CY2001, as in CY2000, most of the accidents occurred
during the Cruise/Enroute Phase (36 and 27 accidents, respectively),
Maneuvering (50 and 29 accidents, respectively), and Landing (38 and 45
accidents, respectively) phases of flight. Comparing the two years, relatively
more accidents occurred during Landing in CY2001 than CY2000, and
relatively fewer accidents occurred during Maneuvering, Standing/Ground,
and Emergency Descent/Landing in CY2001 than in CY2000, and there were
more accidents coded as “miscellaneous.” While these differences could be
genuine, they may also be an artifact of the slightly different coding schemes
used by the group in CY2000 (the NTSB codes) and CY2001 (a new set of
codes developed for use across aviation by EASA) and modified by the team
to include Hover.

Unknown i
Landing
Descent/Approachﬁ—L\
Maneuvering ]

Cruise/En Route

Takeoff/Climb M

Taxi

Standing/Ground

i
0% 5% 10% 15% 20% 25% 30%
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Figure 57. Phase of Flight in Which Accidents Began (CY2000-CY2001)

Table 46 summarizes the phases of flight by the type of mission in which
accidents occurred in CY2001. The combinations of mission and phase of
flight that stand out (indicated by bold valued) are: (1) 100% of External Load
and Utility Patrol/Construction accidents occurred in hover; (2) more than
50% of Aerial Application, Aerial Observation/Patrol, and Firefighting
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accidents occurred during maneuvering; (3) between a third and a half of Air
Tour, Business, Commercial, ENG, and Law Enforcement accidents occurred
en route; and (4) 33% of Aerial Observation/Patrol and Air Tour accidents
occurred during Takeoff.

En Table  46.
Mission Approach | Route | Hover | Landing | Maneuv | Standing | Takeoff | Taxi | Misc | Phase of
Aerial Appl 6% 6% 61% 6% 22% Flight in
Aerial Obs/Ptrl 0% 17% 50% 33% Which
Air Tour 11% 33% 0% 11% 11% 33% CY2001
Business 40% 20% 20% 10% 10% Accidents
Commercial 29% | 21% 21% 14% % | 1% Occurred
EMS 21% 0% 36% 14% 14% 14% By Mission
ENG 50% 50% 0%
External Load 100%
Firefighting 17% 0% 67% 17%
Instrct/Training 3% 17% 59% 10% 10% 100%
Law Enfrcmt 40% 0% 40% 20% 90%
Logging 75% 25%
80%
Offshore 14% 29% 14% 29% 14%
Pers/Prvt 11% 13% 21% 26% 8% 3% 16% 3% 70%
Util Ptrl/Constr 100%
60%
-
c
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Figure 58. Light Conditions In Which Accidents Occurred (CY2000-CY2001)

Visibility Conditions

In CY2000 and CY2001, most of the accidents occurred during daylight
hours (84% and 86%, respectively). In CY2000, 23 of the accidents (12%)
occurred between dusk and dawn. In CY2001, 19 (or 11%) occurred during
the same time period. See Figure 58 for a summary. These results are not
surprising, as the preponderance of helicopter missions are flown during
daylight hours.

Far more CY2001 accidents occurred in VMC (167 or 93%) than IMC (7 or
7%), as depicted by Figure 59. This was similar to the CY2000 findings (184
vs. 13), but the percentage of CY2000 accidents that occurred in IMC was
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lower (4%). Despite the fact that few accidents occurred in true IMC, reduced
visibility due to brown/white-out or other conditions were implicated in
several other CY2001 accidents.
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Figure 59. Operating Conditions When Accidents Occurred (CY2000-CY2001)

Mission Flown

There were similarities, as well as differences, in the number of accidents
involving different types of missions in CY2000 and CY2001 (Figure 60). In
both years, the missions in which the most accidents occurred were Aerial
Application, Instructional/Training, and Personal/Private. However, these
were also the three types of missions in which the JHSAT observed the
greatest differences between CY2000 and CY2001 data: In C:Y2001 Aerial
Application  accidents  decreased from 28 to 18  accidents,
Instructional /Training  accidents decreased from 37 to 29, and
Personal/Private increased from 27 to 38 accidents. The remaining types of
missions involved fewer accidents (less than 15/year) and remained roughly
the same.
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Figure 60. Number of Accidents by Mission (CY2000-CY2001)

Standard Problem Statements

During the team’s analysis of each accident, a number of problems were
identified that the team felt had contributed directly or indirectly to the cause
of the accident. In CY2000, 1,110 such problems were identified that were
grouped into 50 (Level 2) sub-categories that were further grouped into 14
(Level 1) categories. The same set of Standard Problem Statements and a
similar set of Level 1 and 2 roll-up categories were used to analyze CY2001
accidents.

Problems associated with a Part or System Failure (e.g., “Electrical system
component failure”) were often easier to identify than problems associated
with the Mission (e.g., “Mission requirement places pressure on crew to fly” ),
Organization (e.g., “Lack of local supervision of remote operations”, or
Infrastructure (e.g.,  “Weather information for flight inadequate or
unavailable”). On the other hand, these less concrete factors tended to repeat
in accident after accident. They seemed to be the factors that set up a
situation in which one or more additional problems with a human, the
helicopter, or the mission resulted in an accident.

In CY2001, the group identified 1,133 problems, again grouped into higher-
level categories to make it to make it easier to create illustrative tables and
graphs. Figure 61 compares the number of Level 1 Problems identified in
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CY2000 and CY2001 accidents using the CY2001 Level 1 categories. (Because
the Level 1 Categories were redefined slightly, the CY2000 results look
slightly different than those in the earlier report.) As Figure 61 shows, the
types of problems were similar in CY2000 and CY2001 (e.g., Pilot Judgment
and Actions predominated, followed by Data Issues).
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Figure 61. Percent of Accidents In Which Each Level 1 Problem Category Was
Identified At Least Once (CY2000 vs. CY2001)

Pilot Judgment/Actions

The most frequently occurring category of problems involved Pilot
Judgment and Actions. At least one of the problems represented by this
category (e.g.,, Crew Resource Management, Human Factors, Procedure
Implementation, etc.) was cited at least once in 78% of the CY2000 accidents
and 82% of the CY2001 accidents. This finding is completely consistent with
most previous analyses of aircraft accidents. Looked at another way,
approximately 20% of the unique problem categories identified within each
type of operation involved Pilot Judgment/ Actions in CY2001, approximately
the same results as found in the CY2000 accidents.

Data Issues

This group of problems were related to insufficient information in the
report. However, since the Data Issues category focused on the difficulty of
obtaining complete data with which to investigate past accidents or prevent
future accidents, it was treated somewhat differently than problems more
closely tied to the causal chains of the accidents. Data Issues were even more
prevalent in CY2001 (80% of the accidents) than in CY2000 (60% of the
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accidents; EMS, External Load, and Logging missions were the primary
source of this CY2001/2000 difference. )

Safety Management

Safety Management is a broad category that encompasses the level and
type of training provided for pilots and passengers, the way an operation is
managed, a company’s safety program, and so on; the tangible and intangible
factors that ensure a safe operation or, when missing, create an environment
in which an accident might be more likely. The percent of accidents in which
Safety Management problems were identified at least once was moderately
high, and virtually identical in CY2000 (45%) and CY2001 (45%).

Pilot Situation Awareness

Pilot Situation Awareness problems reflect the quality of pilot’s knowledge
of the external environment (e.g., terrain, visibility weather) as well as aircraft
state. Pilot Situation Awareness problems were identified in significantly
fewer accidents in CY2000 (50 accidents, or 25%) than in CY2001 (62 accidents,
or 36%).

Ground Duties

Ground Duty problems refer to tasks pilots should perform before (or, in a
few cases, after) a flight that could influence the safety of the flight. There
were approximately the same number of accidents in which Ground Duties
problems were identified in CY2000 (76 accidents, or 39%) vs. CY2001 (65
accidents, or 37%)

Mission Risk

Mission Risk refers to factors that are intrinsic to the operating
environment or requirements typical of a specific segment of the helicopter
community. Mission risks were identified less than half as often in CY2000
(21 accidents, or 11%) as in CY2001 (50 accidents, or 29%).

Part/System Failure

This group of problems includes failures of helicopter parts or systems as
well as possible design inadequacies. Part/System Failures occurred with
similar frequencies in CY2000 (58 accidents, or 29%) and CY2001 (55
accidents, or 32%).

Maintenance

Maintenance problems include not only the way in which maintenance
personnel perform their duties, but also the adequacy of equipment used to
detect impending part failures, management and procedural issues, and the
quality of the materials used. Maintenance problems occurred with about the
same frequency in CY2000 (48 accidents, or 24% as in CY2001 (33 accidents, or
19%).
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Post-crash Survivability

While this group of problems do not relate to the causes of accidents, they
do reflect the consequences of an accident once it has occurred. (e.g., post-
crash fire, vehicle sinking or capsizing). Post-crash survivability problems
occurred with similar, low frequencies in CY2000 (24 accidents, or 12%) and
CY2001 (25 accidents, or 14%).

Communications

Communications problems include exchange of information and
coordination between pilots, with other crew members, ground or landing
zone personnel, and company dispatch/flight-following. Communications
problems occurred with similar, low frequencies in CY2000 (19 accidents, or
10%) and CY2001 (16 accidents, or 9%).

Regulatory

Regulatory problems ranged from inadequate oversight to the need to
develop and/or apply standards and regulations and a more efficient way to
disseminate pertinent flight safety information. Regulatory problems
occurred with the same, low frequency in CY2000 (17 accidents, or 9%) and
CY2001 (17 accidents, or 10%).

Safety Systems & Equipment

Delayed rescue caused by inoperative ELT, inadequate communications or
flight following, and missing safety equipment were not identified in any
CY2000 accidents and in only 12 or 7% of CY2001 accidents.

Infrastructure

Infrastructure problems included those related to equipment (e.g.,
instrument navigation systems incompatible with the mission), unavailable
weather information, oversight of training and operations, and regulations.
This type of problem was identified in 7 (4%) of CY2000 accidents and 10 (6%)
of CY2001 accidents.

Personnel-Non-Crew
These problems focused on people who flew in or supported the work

conducted by the helicopters. They did not occur in many accidents in either
CY2000 accidents (1 accident, or 1%) or CY2001 (7 accidents, or 4%).

Recommendations

The team identified 1,217 Interventions for the CY2000 accidents, and 1,133
for CY2001 accidents. The same classification scheme was used with eight
Level 1 categories (i.e., Data/Information, Infrastructure, Maintenance,
Regulatory, Safety Management, Systems and Equipment, Training/
Instructional, None) that were further subdivided into as few as 1 and as

many as 9 sub-categories. These Level 2 Interventions were, in turn,
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subdivided into a number of very specific recommendations. The high-level
groupings of Level 1 Interventions suggested for CY2000 and CY2001
accidents are presented below:

As shown by Figure 62, the general pattern is quite similar between the
two groups of accidents. Of the total number of Interventions proposed by the
team for CY2000 and CY2001 accidents, 399 (33%) and 348 (31%) focused on
some kind of Training solution, respectively. Improvements in Safety
Management or safety culture were suggested 275 times (23%) and 226 times
(20%), respectively. Ways to improve the quality of data from the cockpit,
investigation, and report were proposed 174 times (14%) and 209 times (18%),
respectively. Maintenance-related Interventions were suggested 143 times
(12%) for the CY2000 accidents but only 86 times (8%) for the CY2001
accidents. System and Equipment Interventions were proposed 120 times
(10%) and 102 times (9%), respectively. The remaining types of Interventions
were proposed infrequently and represented less than 4% of the total.
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Figure 62: Percent of High-Level Interventions Proposed (CY2000 vs. CY2001)

Conclusions

Although the accidents in CY2000 and CY2001 occurred in different places,
involved different pilots and helicopters, and the specific collection of
circumstances surrounding each accident were unique, the underlying
problems and proposed solutions were remarkably similar. Similarly, the
characteristics of the accidents (e.g., time of day, pilot experience, missions
flown, etc.) were similar on the average. On the other hand, significant
differences were found between CY2000 and CY2001 data with respect to the
phases of flight in which the accidents occurred (e.g., maneuvering and
landing) and the types of missions being flown (the greatest differences
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between CY2000 vs. CY2001 accident frequencies were found for Aerial
Application (28 vs. 18), Instruction/ Training (37 vs. 29) and Personal/Private
(27 vs. 38 accidents), respectively.
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Research Engineering & Development / Future
Technology
While analyzing the CY2001 accident set, the JHSAT sought to identify not

only what caused the accidents, but also ways to prevent future accidents.
The means to prevent accidents was not limited to existing technology. The
following were identified as technologies that either require further
development or are not yet in existence, but could become available within
the 10-year scope of the IHST charter.

Maintenance and Impending Failure Detection
1. Health and Usage Monitoring Systems (HUMS)

Low altitude Operations

Proximity detection systems

Cost-effective wire detection system for low-altitude operations
Tail rotor strike protection systems

LTE indicating system

Tail rotor Stability Control Augmentation System (SCAS) system
Dynamic Rollover Warning System

SENUE NS

Weather and Visibility

1. Micro-Climate information system in aircraft
2. Auto-hover system to assist in white-out/brown-out conditions
3. Synthetic/Enhanced/Night Vision Systems

Mitigation/Survivability Technology

Data

Although the following would not have prevented any accidents that
occurred in CY2001, the JHSAT firmly believes that better accident
investigations will lead to a better understanding of WHY accidents are
occurring, leading to better accident intervention strategies. Thus, better

accident data will prevent future accidents.

1. FDM equipment, both video and audio

2. Cost effective “flight following” equipment

3. Health and Usage Monitoring Systems (HUMS)

4. Helicopter Operation Monitoring Systems (HOMP)

Survivability

While not specifically preventing helicopter accidents, survivability
equipment mitigates the severity of the accident; allowing those surviving the
initial impact the best possible chance of surviving the accident.

1. Helicopter specific Emergency Locator Transmitters (ELT)
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Future JHSAT Efforts

Background

The U.S. JHSAT plans to continue its effort beyond the analysis of the CY2000 and
CY2001 accidents until after the target year of 2016. The overall plan of action was
described in the JHSAT CY2000 report. The exact nature of these continuing efforts will
have some variations from year to year. CY2000 JHSAT analysis emphasis was on type
of missions. This report, CY2001, has placed emphasis on the types of occurrences
resulting in accidents. We expect different emphases in future JHSAT analyses as we
adjust to the needs of the time. These different views are valuable and provide better
insight into helicopter safety, especially the operational influences. Prior to JHSAT
efforts to analyze root causes of accidents, typical analysis of helicopter fleet accidents
in any given year generally provided similar high level results year to year.
Comparison of JHSAT CY2000 and CY2001 within this report, are showing some
similarities as well.

The analysis is labor-intensive and requires several months, but is necessary for the
outcomes to be “data driven.” The availability of NTSB finalized reports is a major
factor in selecting the year to be analyzed. CY2000 and CY2001 data were available. As
there was no change in the regulatory or operational environment, some feel that the
analysis will not be significantly different for years 2002 through 2005 (prior to IHST).
However, the JHSAT will need to analyze years 2006 and subsequent years, as the
IHST efforts need to be measured.

Future Needs

There are many needs and uses of the results of JHSAT annual analyses. They

include:

U.S. JHSIT for implementation

IHST Executive Committee

Metrics of periodic progress toward goal
Other Regional JHSATSs

Operators

Related organizations.

XN

This continuing annual effort is needed to:
1. Identify new problems
9. Determine new interventions
10. Identify changing patterns of accidents from year-to-year
11. Measure the effectiveness of Interventions
12. Recommend course corrections
13. Share lessons-learned among the different regional JHSATSs
14. Refine the JHSAT analysis process.




Future JHSAT Approaches

There are two segments of analysis that will used for the next JHSAT effort due to
different needs.

The primary JHSAT effort will continue with the same basic approach for the
accident year of 2006. NTSB has greatly reduced its backlog of final accident reports,
and accident reports of 2006 are now available. We need to start analyzing time periods
(2006 and beyond) after the IHST initiation. Although the same analysis approach and
grouping by “types of occurrence” will be the primary focus, additional analysis efforts
will be expended on specific/similar types of accidents.

The other segment will be to analyze the accidents within the intervening years of
2002 through 2005 to ensure that those accidents are similar to CY2000 and CY2001, or
identify where they are not. This will be a high-level analysis process primarily
identifying the Occurrence and Mission types for comparison purposes. This higher-
level annual analysis is needed for the IHST Metrics effort. The Metrics will identify
what mitigations are working and which may need modification. The Metrics analysis
is expected to continue each year through 2015.

Conclusions/Recommendations

The following are the Top 20 Recommendations that came from the CY2001 accident
analysis. All of the Intervention Recommendations were prioritized by the number of
times the team determined that the proposed IR, had it been in place, might have
prevented the accident from occurring. The number following the IR code and
description is the number of accidents where the Intervention was recommended. The
complete list of Recommendations, also shown by occurrence type, can be found in
Appendix D. While the JHSAT believes that all of the Intervention Recommendations
are valid and important, we also realize that a focused approach will yield the greatest
benefit. If all of the Recommendations below had been in place in CY2001,
approximately 82% of the accidents might not have occurred. While it may be argued
that the first two Recommendations would not have prevented any accidents, the
JHSAT believes that had they been in place in CY2001, the number of accidents in the
following years would have been affected.

1. D2010 - Install Cockpit Recording Devices, 98
Develop and install FDM equipment to record the actions of the flight
crew. Data can be used as local immediate feedback to trainers,
operators, and fight crews. The data could also be used in
investigations to support more complete analysis and future
recommendations.

2. DO10 - Improve Quality and Depth of NTSB Investigation and Reporting, 81
Many accidents are not receiving in-depth, onsite investigation by NTSB
investigators. Investigations are being performed by telephone interview
or by personnel whose primary function is not accident investigation.
The investigations need to provide more information on the human
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Appendix A - U.S. JHSAT Members

aspects of the accident chain, more personnel information, and assess
the extent of operator oversight.

. T2010 - Autorotation Training Program, 30
Improve autorotation training in both primary and advanced flight
training and develop simulator programs to improve autorotation skills.

S8050 - Personal Risk Management Program, 27
Develop and establish a program that gives operators and independent
pilots a usable tool to evaluate hazards and associated risks of the flight
and pilots’ fitness for flight. Tool should be simple, straightforward, and
widely distributed.

M3010 - Follow Instructions for Continued Airworthiness (ICA) Procedures
with Confirmation of Compliance, 19
Ensure that maintainers and operators are aware of the importance of
following the manufactures maintenance manuals and practices.
Require Regulators to enforce the regulations that require use of the
manufacture’s maintenance manuals and practices.

. T2060 - Simulator Training — Advanced Maneuvers, 19

Develop and use simulators that train pilots in advanced maneuvers
such as Autorotations, Dynamic Rollovers, Emergency Procedures, Loss
of Tail Rotor Effectiveness (LTE), Systems Faults and Operating
Limitations.

. T3030 - Certified Flight Instructor (CFI) Judgment and Decision Making
Training to Follow Students More Closely, 18
Require CFIs to participate and show proficiency in Aeronautical
Decision Making (ADM) training programs and typical student errors
training before they exercise the privileges of their certificate.

. T1050 - In-flight Power/Energy Management Training, 17

Require more training and documented proficiency evaluation of
power/energy management issues. This should include detailed
training on flight manual information related to density altitude, and
weight and performance issues of each aircraft the pilots will operate.

. T6019 - Training Emphasis for Maintaining Awareness of Cues Critical to
Safe Flight, 17

Establish training programs that train and evaluate proficiency of

critical issues such as systems failures, impending weather concerns,

effects of density altitude, and wind and surface conditions that can

become critical to safe fight.

10. T2040 - Dynamic Rollover Training, 14

Develop training programs that explain the concepts of Dynamic
Rollover. Promote recurrent exposure to Dynamic Rollover training.
Develop simulator programs to allow simulation of Dynamic Rollover.

11. S9010 - Establish Risk Assessment Program to Eliminate Culture of Non-

Compliance, 14
Establish a program that incorporates a risk assessment tool and
encourages operators to implement and monitor its use.
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12.

13.

14.

15.

16.

17.

18.

19.

20.

S1030 - Improved Supervisory and Operational Oversight, 13
Encourage operators to provide increased supervision of pilots and
operations.

T6007 - Flight Training on Common Operational Pilot Errors, 12
Develop a list of typical helicopter pilot errors, such as those found in
this report, and increase awareness of them during initial and recurrent
training.

S7020 - Establish Oversight to Ensure Compliance with Published
Procedures in Approved Flight Manual (AFM), 12
Encourage operators to improve oversight of operations and require
pilots operate in accordance with Aircraft Flight Manual (AFM)
information.

M1010 - Better Maintenance/Quality Assurance Oversight to Ensure
Adherence to the Instructions for Continued Airworthiness (ICA) and the
Maintenance Manual, 12
Encourage operators and maintainers to implement a robust Quality
Assurance program that ensures the use of the manufacturer’s
maintenance manuals, service bulletins, and procedures.

T1020 - Enhanced Aircraft Performance & Limitations Training, 11
Operators should require more robust training and evaluation of their
pilots on aircraft performance. This training should include the effects
of density altitude, gross weight and flight manual limitations of each
helicopter the pilot will fly.

M1030 - Improve Preflight and/or Maintenance inspections, 11
In both primary and recurrent training, incorporate specific preflight
inspections of aircraft to detect non-airworthy conditions. Provide
maintenance crews detailed training on inspections. Include this
training on make/model transition training for pilots.

T3070 - Increase Certified Flight Instructor (CFI) Training on Cues for Low
RPM, Airspeed Issues, 11
Increase CFI awareness training to include timely recognition of rotor
RPM and airspeed variations. Timely recognition of these conditions
will allow the CFI to intervene before the condition becomes
unrecoverable.

S$8020 - Use Operational Risk Management Program (In-flight), 11
Develop and incorporate into flight operations, a risk management tool
that provides pilots and crews with a method of evaluating the various
hazards and risk of each mission. Include a check-list for use while
airborne on the use of risk-based decision making.

T6014 - Pilot Judgment Training Risk Assessment, 11
Develop a training program and use a risk assessment tool in
operational briefings (offshore operators already have this program in
place) that provides a hazard assessment and go/no-go decision-
making process before accepting missions.
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Appendices
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Appendix B - Standard Problem Statements Summary
Appendix C - Intervention Recommendations Summary
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Appendix F - CY2001 NTSB Helicopter Accident Docket Files
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U.S. JHSAT Members

Jim Grigg FAA Co-Chair
Jack Drake Helicopter Association International Co-Chair
Barry Rohm Rolls-Royce Corp.

Curt De Keyrel Bell Helicopter Textron

D Smith Transportation Safety Institute

Gary Braman
Joan Gregoire
Jack Suttle
John Kemp

Joe Syslo
Lindsay Cunningham
Laura Iseler
Mark Colborn
Munroe Dearing
Roy Fox

Steve Gleason
Sandy Hart
Terry Kaufman
Clark Davenport

Sikorsky Aircraft
Turbomeca USA

Bell Helicopter Textron

Era Helicopters LLC
American Eurocopter Corp.
American Eurocopter Corp.
American Helicopter Society
Dallas Police Dept.

NASA Ames Research Center
Bell Helicopter Textron
Schweizer Aircraft Corp.
NASA (Retired)

PHI

FAA
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Appendix B - Standard Problem Statements Summary

558 o
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SPS Standard Problem 082 <
Code Statements (SPS) <<=
Ground Duties 154 65 37.4%
Mission/Flight Planning 65 35  20.1%
101010 Inadequate consideration of 2 2 2 1.1%
aircraft operational limits
101012 Inadequate consideration of 2 2 2 1.1%
density altitude
101014 Inadequate consideration of 3 3 3 1.7%
aircraft power margins
101020 Inadequate consideration of 4 1 1 6 4 2.3%
aircraft performance
101030 Inadequate consideration of 1 1 1 1 1 5 3 3 5 21 11 6.3%
weather/wind
101040 Pilot experience leadsto 2 1 1 2 6 3 1.7%
inadequate planning
regarding weather/wind
101050 Mission 1 2 1 1 2 7 4 2.3%
requirements/contingencies
planning inadequate
101060 Pilot did not adequately 0 0.0%
consider and plan for
aternate
101070 Incorrect fuel 2 3 1 1 7 3 1.7%
planning/cal culations
101080 Weather — Accurate weather 0 0.0%
information not available to
Flight Crews and dispatchers.
101090 Inadequate consideration of 1 1 4 6 5 2.9%
obstacles
101099 Mission/Flight Planning — 1 1 1 2 5 2 1.1%
Other
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Appendix B - Standard Problem Statements Summary

101100 Use of out of date or 0 0.0%
inadequate operationd data
Weight and Balance 6 3 1.7%

102010 Incorrect weight and balance 0 0.0%
calculations

102020 Incorrect aircraft loading, out 1 2 3 2 1.1%
of CG/weight limits

102030 Company procedures not 1 1 3 1 0.6%
followed

102099 Weight and Balance — Other 0 0.0%
Aircraft Preflight 54 22 12.6%

103010 Published Aircraft Preflight 0 0.0%
procedure inadequate

103020 Performance of Aircraft 2 12 2 2 8 5 43 19 10.9%
Preflight procedures
inadequate

103030 Doors/cowlings not properly 1 2 1 0.6%
secured

103040 Diverted attention, distracted 0 0.0%
during preflight

103050 Tie-downs not removed 1 1 1 0.6%

103099 Aircraft Preflight — Other 1 2 1 1 1 8 3 1.7%
Preflight Briefings 25 11 6.3%

104010 Passenger safety briefing 1 1 1 1 2 10 5 2.9%
inadequate

104020 Inadequate flight crew 3 4 1 2 11 4 2.3%
briefing

104099 Preflight Briefings— Other 1 1 4 2 1.1%
Postflight Duties 4 2 1.1%

105010 Inlet covers not installed 1 1 2 1 0.6%

105099 Postflight Duties - Other 1 2 1 0.6%
Safety Management 199 79 454%
Management 32 16 92%

201010 Non-aviation 0 0.0%
dispatcher/communication
center

201020 Management 3 1 3 1 1 12 6 3.4%
policies/oversight inadequate
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Appendix B - Standard Problem Statements Summary

201030

201040

201050

201060

201070

201080
201090
201099
201100

201110

201115

201120

201125

202010
202020

202030
202040

202050

202060

Failure of company to realize
the unintended consequences
of new flight operations
policies

Failure to enforce company
SOPs

Management disregard of
crew aeromedical factors
Management disregard of
human performance factors
i.e. duty/flight time, fatigue
Management disregard of
known safety risk
Customer/company pressure
Crew hiring criteria
Management - Other

Lack of loca supervision of
remote operations

Lack of supervision of
remote maintenance
Management of combined
fixed wing and rotary ground
operations

Public-Use operating below
civil regulatory standards
Inadequate provision of
operational information
Safety Program

Safety program inadegquate
Lack of aformal system for
threat-free reporting of
safety-related incidents
within the company/industry.
Risk Management inadequate
Insufficient employee
performance monitoring
Inadequate | essee risk
awareness

Customer risk awareness
(See Matt re: A06)

1 1

1 1

1 1 2
3 1

1 1

2 1
1 2 2
1 2

N
N

N

18 8

»
w

o O h~O
N

0.0%

1.1%

0.0%

0.0%

1.1%

0.0%
1.1%
0.0%
2.3%

0.6%

0.6%

0.0%

0.0%

4.6%
1.7%
0.0%

0.0%
2.3%

0.0%

1.1%
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Appendix B - Standard Problem Statements Summary

202099

203010

203020

203099

204010

204020

204099

205010
205020
205030
205040

205099

206010
206020
206030
206040
206050
206060

206065

206099

Safety Program - Other
Equipment (Safety
Management)

Helicopter inadequately
equipped for mission
Personal Protection
Equipment inadequate or not
provided

Equipment — Other

Pilot

Disregard of known safety
risk

Pilot-In-Command self -
induced pressure

Pilot — Other
Scheduling/Dispatch

Crew assignment

Crew — crew matching
Crew — mission assignment
Lack of monitoring of flight
ops data
Scheduling/Dispatch — Other
Training Program
Management

Training vehicle too
unforgiving for use
Training inadequate for
inadvertent IMC

CFI preparation and planning
Inadequate flight crew
training due to
cultural/economic factors
Inadequate CRM training
Inadequate crew-mission
training

Inadequate crew-mission
equipment training

Training Program
Management — Other

1 1
4 1 2 1 4
1 1 2
1 1

1
1 2

32

OO wo>Oo

w

w

o

16
14

0.0%
1.1%

0.0%

0.6%

0.6%
9.2%
8.0%

1.7%

0.0%
1.1%
0.0%
0.6%
0.0%
0.0%

0.6%
1.1%

0.0%

0.0%

1.1%

0.0%

0.0%

0.0%

0.0%

0.0%
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Appendix B - Standard Problem Statements Summary

207010

207020

207022

207024

207026

207030

207040

207050

207099

208010
208020

208030

208040

208050

208060
208070

208099

Flight Procedure Training
Emergency training
inadequate

Inadequate avoidance,
recognition, and recovery
training: Vortex ring state
(“settling with power”)
Inadequate avoidance,
recognition, and recovery
training: Loss of Tail Rotor
Effectiveness (LTE)
Inadequate avoidance,
recognition, and recovery
training: Dynamic Rollover
Inadequate avoidance,
recognition and recovery
training: Ground Resonance
Inadequate systems failure
training

Autorotation Training
Inadequate

Special operationstraining
inadequate

Flight Procedure Training —
Other

Transition Training

Pilot transition training
Transition to aircraft
make/model

Transition from one engine
type to another

Transition from one
geographic area to another
Transition between fixed
wing and rotary

Transition to new crew role
Transition to new mission
(e.g. EMSto External Loads)
Transition Training — Other

1 1
5
2

1

1

3 2

2 3

18

11

6.3%
1.1%

0.0%

2.9%

1.1%

0.0%

1.1%

0.6%

0.0%

0.0%

4.6%
0.0%
2.3%

0.0%

0.0%

2.3%

0.0%
0.0%

0.0%
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Pilot Experience 67 34 19.5%

209010 Pilot inexperienced 1 2 2 1 14 7 4.0%

209020 Pilot inexperienced with 1 2 1 0.6%
geographical area

209025 Pilot inexperienced with 1 2 3 2 1.1%
mission

209030 Pilot lacking experiencein 2 6 1 1 10 25 15 8.6%
make/model

209040 Student Pilot 1 2 2 1 1 7 14 8 4.6%

209050 Inadequate pilot knowledge 1 1 2 1 0.6%

209099 Pilot Experience — Other 1 1 1 1 2 7 3 1.7%
Ground Personnel Training 6 4 2.3%

210010 Inadequate Ground Crew 1 3 3 1.7%
training

210020 Inadequate Landing Zone 1 1 3 1 0.6%
personnel training

210099 Ground Training — Other 0 0.0%
Survival training 0 0 0.0%

211010 Egresstraining land 0 0.0%

211020 Egresstraining water 0 0.0%
(dunker)

211099 Survival training — Other 0 0.0%
Maintenance 109 33 19.0%
Maintenance 28 12 6.9%
Procedures/Management

301010 Failure of QA or supervisory 1 1 3 1 0.6%
oversight

301020 Inadequate documentation of 1 3 7 3 1.7%
aircraft records

301030 Mechanic insufficient 1 1 3 1 0.6%
training/experience

301040 Aircraft released in 1 1 1 5 3 1.7%
unairworthy condition

301050 Pre-Functiona Check Flight 0 0.0%
mai ntenance settings lead to
hazardous conditions

301060 No post-maintenance 0 0.0%
Functional Check Flight
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301070 Lack of Functional Check 2 1 4 2 1.1%
Flight procedures

301099 Maintenance 1 1 1 1 6 2 1.1%
Procedures/M anagement —
Other
Performance of MX Duties 66 24 138%

302010 Maintenance did not detect 3 3 9 2 19 9 5.2%
impending failure

302020 Failureto perform proper 12 4 17 3 1 39 18 10.3%
maintenance procedure

302025 Improper instalation of 2 1 1 5 2 1.1%
equipment

302030 Failure of personnel to 0 0.0%
coordinate

302040 Maintainer interrupted 0 0.0%

302050 Intentiona non-compliance 1 1 3 1 0.6%

302060 Maintenance induced Foreign 0 0.0%
Object Damage

302070 ** DO NOT USE** 0 0.0%
L oss/degradation of flight
control system dueto
inadequate maintenance

302080 ** DO NOT USE** 0 0.0%
L oss/degradation of Tail
Rotor drive system dueto
inadequate maintenance

302099 Performance of MX Duties— 0 0.0%
Other
Maintenance Tools 3 1 0.6%

303010 Lack of airborne equipment 1 1 3 1 0.6%
to detect impending part
failure

303020 Lack of ground equipment to 0 0.0%
detect impending part failure

303099 Maintenance Tools (related 0 0.0%
to maintenance)- Other
Quality of Parts 12 4 2.3%

304010 Unapproved parts (e.g. 1 1 3 1 0.6%
Bogus or surplus) used
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304020

304030
304035
304040

304050

304060

304099

405010

405020

405030

405099

406010

406020

406030

406040

406050

406060

Tracking/cert
military/surplus parts

Fuel Contamination

Other Fluid Contamination
Manufacturing non-
conformance
Overhauled/Repaired part
non-conformance
Previous damage to part or
system

Quality of Parts— Other

Infrastructure

Oversight/Regulation
(Infrastructure)

** DO NOT USE ** (see
1305040) Fixed-wing to
rotary wing transition
training requirements
Inadequate
oversight/regulations
Inadequate tower/wire
markings

Infrastructure
Oversight/Regul ation — Other
Equipment (Infrastructure)
Lack of compatible
air/ground communication
equipment

IFR system incompatible
with helicopter missions
Weather information for
departure/enroute/destination
inadequate or not available
Improper modification of
weather/navigational aids
Lack of navigation/approach
aids

Failure of non-aircraft based
navigation/approach aids

o ©
w

0.0%

1.7%
0.0%
0.0%

0.0%

0.0%

0.0%
5.7%

2.3%

0.0%

0.0%

1.7%

0.6%

3.4%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%
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406070 Aerodrome/landing site 4 1 2 8 4 2.3%
related factor

406075 Dirty landing site/Foreign 2 1 0.6%
objects at landing site

406099 Infrastructure Equipment — 1 1 1 0.6%
Other
Pilot judgment & 626 147 84.5%
actions
Human Factors - Pilot's 168 70  40.2%
Decision

501010 Poor resource management 0 0.0%

501020 Disregarded cuesthat should 7 2 1 21 3 1 1 7 1 58 34  19.5%
have led to termination of
current course of action or
maneuver

501030 Pilot decision making 5 1 1 6 2 21 12 6.9%

501040 Willful disregard of aircraft 3 2 7 5 2.9%
limitations

501050 Willful disregard for rules 2 3 3 5 1 2 23 10 57%
and SOPs

501060 Used unauthorized 0 0.0%
equipment

501070 Failedto follow procedures 6 1 1 7 1 2 26 12 6.9%

501080 Disregard for rules and SOPs 1 1 1 3 2 1.1%

501090 Pilot disabled warning 0 0.0%
system

501099 Human Factors—Pilot’s 1 1 0.6%
Decision — Other

501100 Pilot misudged own 1 7 1 3 1 18 11 6.3%
limitations/capabilities

501110 Not in possesion of valid 1 2 1 4 11 6 3.4%
airman/medical certificate
Human Factors - 47 26 14.9%
Pilot/Aircraft Interface

502010 Sense of urgency led to risk 1 1 2 2 1.1%
taking

502020 Diverted attention, 1 4 1 1 12 9 5.2%
distraction

502030 Perceptua judgment errors 3 1 1 1 7 4 25 12 6.9%
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502040 Visual Illusions 0 0.0%

502050 Crew Disregard of crew 1 1 1 3 1 0.6%
aeromedical factors

502060 Crew Disregard of human 1 1 1 3 1 0.6%
performance factorsi.e.
duty/flight time, fatigue

502099 Human Factors— 1 2 1 0.6%
Pilot/Aircraft Interface —
Other
Flight Profile 82 36  20.7%

503010 Pilot’sflight profile unsafe 2 2 3 1 1 12 6 3.4%
for conditions

503020 Pilot’sflight profile unsafe — 1 3 3 1 1 3 1 6 29 13 7.5%
Altitude

503030 Pilot’sflight profile unsafe — 1 2 1 3 7 3 1.7%
Airspeed

503040 PFilot'sflight profile unsafe — 1 2 1 1 2 7 4 2.3%
Unsuitable terrain

503050 Pilot'sflight profile unsafe — 1 3 1 2 3 1 12 6 3.4%
Approach

503060 Pilot’sflight profile unsafe — 1 1 3 2 1.1%
Takeoff

503070 Pilot’sflight profile unsafe — 1 2 3 1 7 4 2.3%
Rotor RPM

503080 Pilot’sflight profile unsafe — 1 3 5 3 1.7%
Power margins

503099 Flight Profile — Other 0 0.0%
Landing Procedures 191 75 43.1%

504010 Selection of inappropriate 3 4 2 4 3 2 25 11 6.3%
landing site

504020 Landing site reconnaissance 1 3 1 8 4 2.3%

504030 Misperception of stability 1 1 3 1 0.6%
and motion cuesin hover

504040 Autorotation — Forced 4 36 3 2 1 13 4 20 94 38  21.8%

504050 Autorotation — Practice 13 23 15 1 54 23 132%

504060 Improper termination of 1 1 3 1 0.6%
precautionary landing

504099 Landing Procedures— Other 1 1 1 4 2 1.1%
Crew Resource 33 17 9.8%
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505010

505015

505020

505099

506010

506020

506030

506040

506050

506060

506070

506099

601010

601020
601099

602010

Management

Inadequate and untimely PIC
action to correct 2nd pilot
action

Inadequate and/or untimely
intervention by other crew
member

Inadequate and untimely CFl
action to correct student
action

Crew Resource Management
— Other

Procedure Implementation
Pilot improper action due to
misdiagnosis

Pilot control/handling
deficiencies

Inadequate response to Loss
of Tail rotor Effectiveness
(LTE)

I nappropriate Energy/power
management

Improper recognition and
response to dynamic rollover
Lack of Inflight fuel quantity
monitoring

Critical controls selected
inadvertantly/inappropriately
Procedure Implementation —
Other

Communications
Controlling Agencies
Coordination with
Ground/Landing Zone
personnel

Coordination with ATC
Controlling Agencies — Other
Other Crew Members
Coordination with other

1
2 2
8 1 8
1
2 1
8 1 2 2 18 1
1 4
4 1 1 1 8 1
1 3 1
4 1 4
2 2

25

105

40

23

14

27

0
0
22
5

13

48

21

10

11

16

14
3

0.6%

1.1%

7.5%

0.6%

27.6%
1.1%

12.1%

2.3%

5.7%

6.3%

0.0%

3.4%

0.0%

9.2%

0.0%
0.0%

0.0%
0.0%
8.0%
1.7%
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pilots

602020 Coordination with other crew 1 1 1 4 10 7 4.0%
members

602030 Handoff of helicopter from 1 1 0.6%
one pilot to another pilot on
ground

602040 Lack of positive transfer of 2 2 6 3 1.7%
control

602099 Other crew members — Other 0 0.0%
Inadequate Procedures 5 5 2.9%

603010 Hot expedited loading 1 3 3 1.7%
process inadequate

603020 Inadequate flight 0 0.0%
following/operational
company communications

603030 Inadequate coordination with 0 0.0%
tactical operations control

603099 Inadequate Procedures— 1 1 2 2 1.1%
Other
Pilot situation 158 64 36.8%
awareness
Visibility/Weather 48 18  10.3%

701005 Flightinto IMC 1 2 4 2 1.1%

701007 Flight into icing conditions 0 0.0%

701010 Reduced visibility - darkness, 1 1 2 1 5 16 6 3.4%
night

701020 Reduced visibility--fog, rain, 4 8 5 2.9%
snow, smoke

701030 Reduced visibility—white- 3 1 4 10 4 2.3%
out, brown-out

701040 Reduced visibility--sun/glare 1 1 1 0.6%

701050 Local and enroute weather 1 1 2 1 0.6%

701099 Visibility/Weather - Other 1 1 1 1 2 7 3 1.7%
External Environment 78 40 23.0%
Awareness

702010 Aircraft position and hazards 1 4 1 3 22 14 8.0%

702015 Failureto detect and/or avoid 1 2 1 0.6%
conflicting traffic
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702020 Altitude 0 0.0%
702030 Aircraft state 2 1 1 5 2 1.1%
702040 Lack of knowledge of 2 2 9 17 10 57%
aircraft's aerodynamic state
(envelope)
702050 Pilot unaware aircraft 4 1 7 4 2.3%
restrained by the ground or
ground obstruction/obstacle
702060 Failed to recognize cuesto 1 1 3 1 10 6 3.4%
terminate current course of
action or maneuver
702070 Low flight near wires 1 1 1 1 1 13 8 4.6%
702080 Use of Enhanced Vision 0 0.0%
Systemsin inappropriate
environmental conditions
702090 Use of thermal imaging in 0 0.0%
inappropriate environmental
conditions
702099 External Environment 1 2 1 0.6%
Awareness — Other
Internal Aircraft 30 13 7.5%
Awareness
703010 Unaware of low fuel status 3 4 1 9 4 2.3%
leading to fuel
starvation/exhaustion
703099 Interna Aircraft Awareness— 6 3 4 1 21 9 5.2%
Other
Crew Impairment 2 1 0.6%
704010 Pilot/crew impaired 1 1 2 1 0.6%
Part/system failure 138 55 316%
Aircraft 55 23 13.2%
801010 Airframe component failure 1 1 1 5 2 1.1%
801015 **DO NOT USE** (See 0 0.0%
8030200 - Failure of aircraft
component dueto lighting
strike
801017 **DO NOT USE** (See 0 0.0%
304040) Failure of aircraft
component dueto
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Manufacturing defect

801018 Failure of aircraft 1 1 4 2 1.1%
component/system due to
improper design
801020 Main Rotor Drive system 3 2 11 5 2.9%
component failure
801030 Main Rotor blade failure 2 3 2 1.1%
801035 Main rator hub failure 0 0.0%
801040 Tail Rotor drive system 3 2 10 4 2.3%
component failure
801050 Tail Rotor blade Failure 0 0.0%
801055 Tail rotor hub failure 0 0.0%
801060 Tail Rotor gearbox failure 0 0.0%
801065 Intermediate gearbox failure 0 0.0%
801070 Transmission system 1 2 1 0.6%
component failure
801080 Main gearbox failure 0 0.0%
801090 Flight control system failure 1 2 1 0.6%
(mechanical systems)
801095 Main rotor control failure 0 0.0%
801097 Tail rotor control failure 1 1 3 1 0.6%
801099 Aircraft - Other 1 1 1 6 4 2.3%
801100 **DO NOT USE** (See 0 0.0%
3040xx) Components used
did not conform to type
design
801110 Avionics system component 0 0.0%
failure (includes AFCS)
801120 Electrica system component 0 0.0%
failure
801130 Hydraulic system component 0 0.0%
failure
801140 Hydraulicfluidloss 0 0.0%
801150 Fuel System Failure 2 1 6 2 1.1%
801160 Landing Gear/Skids 0 0.0%
801170 Fuel Quantity System Failure 1 1 3 1 0.6%
801180 Failure of datarecording 0 0.0%
equipment
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Powerplant 68 26 14.9%

802010 Engine component failure 9 1 2 12 2 1 27 12 6.9%

802015 Failure of powerplant dueto 1 1 1 0.6%
improper design

802020 Engine oil starvation 1 1 2 1 0.6%

802025 Enginefuel starvation 4 3 2 3 12 4 2.3%

802099 Powerplant — Other 8 2 1 3 1 7 3 26 11 63%
Operational 3 1 0.6%

803010 Part/system failure dueto 0 0.0%
Operational FOD (not
mai ntenance-rel ated)

803020 Failure of aircraft component 0 0.0%
dueto lighting strike

803030 Failure of part/system dueto 0 0.0%
bird strike

803099 Part/System Failure - Other 1 1 3 1 0.6%
Mission Specific 12 6 3.4%
Equipment

804010 Mission specific equipment - 1 2 1 2 1 9 5 2.9%
civil

804020 Mission specific equipment - 0 0.0%
military

804099 Mission specific equipment - 1 1 1 3 1 0.6%
Other
Mission Risk 120 50 28.7%
Terrain/Obstacles 50 25 14.4%

901010 Mission involves flying near 4 3 6 4 7 24 13 7.5%
hazards, obstacles, wires

901020 Mission involves selection of 1 2 1 4 2 1.1%
remote landing sites

901030 Missioninvolvesflight over 6 1 1 1 2 5 1 17 8 4.6%
unsuitable emergency
landing terrain

901035 **Do not use** See 904020 0 0.0%
Mission involves operations
at high density altitudes

901037 **Do not Use** See 101014 0 0.0%
Mission involves operations
with limited power margins
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901040 **Do not Use** See 504020 0 0.0%
Lack of operating site
reconnaissance

901099 Terrain/Obstacles - Other 1 1 5 2 1.1%
Pilot Intensive 43 22 12.6%

902010 Missioninvolved flyingin 0 0.0%
inclement weather conditions

902020 Mission involvesflight in 0 0.0%
high traffic areas

902030 Mission requirements place 1 1 1 0.6%
pressure on crew to fly

902040 Mission requires low/slow 1 1 2 1 14 7 4.0%
flight

902050 **Do not use** See 904020 0 0.0%
Mission involves operations
at high density altitudes

902060 Mission involves operations 5 1 6 5 2.9%
with limited power margins

902070 Mission involves operations 0 0.0%
to moving decks

902080 Mission involves 3 3 6 1 19 9 5.2%
repetitive/high frequency
tasks

902099 Pilot Intensive - Other 1 1 1 3 2 1.1%
Aircraft Intensive 5 2 1.1%

903010 Mission involves repeated 1 2 5 2 1.1%
heavy lift

903099 Aircraft Intensive — Other 0 0.0%
Environment 18 9 5.2%

904010 Mission involves operations 0 0.0%
in high turbulence and/or
temperature fluctuations

904020 Mission involves operations 1 5 1 1 10 5 2.9%
at high density altitudes

904030 **Do not use** See 902070 0 0.0%
Mission involves operations
to moving decks

904040 Mission involves operations 1 1 1 5 3 1.7%
at night or darkness
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904099 Environment — Other
Crew Intensive ( e.g.
winching, HEMS, load
lifting etc.)

905010 Mission introduced crew
member hazard

905020 Mission involves high level
crew interaction - e.g.
winching, short haul

905099 Crew Intensive — Other

Post-crash survival

Safety Equipment

1001010 Safety equipment not
installed

1001020 Safety equipment installed by
OEM removed/disabled

1001030 Safety equipment
failed/malfunctioned

1001033 ** DO NOT USE **

1001035 ** DO NOT USE **

1001037 Safety equipment not
deployed/operated by crew

1001040 Passenger/crew survival gear
not used (e.g. Includes
helmetg/restraints, etc.)

1001045 Persona Safety Equipment
not provided

1001099 Safety Equipment — Other
Crashworthiness

1002005 ** DO NOT USE **

1002010 Vehicle sank and/or capsized

1002015 Emergency egressdifficulties
(Change from EASA
wording)

1002020 Post-crash fire

1002030 ** DO NOT USE **

1002099 Crashworthiness — Other

Delayed rescue

1 1
1
2
1 1 1
1 1
1 1 1 1 1 1
1 2 1
1
1 1 3 1 1 3
2
2 7 5

76
27

35

=Y

13

18
0
0

14

25
10

15

o

0.6%
1.1%

0.6%

1.1%

0.0%
14.4%

5.7%
1.7%

0.0%

0.6%

0.0%
0.0%
1.7%

2.9%

0.6%

0.0%
8.6%
0.0%
3.4%
1.1%

4.6%
0.0%
0.0%
2.9%
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1003010 ELT inoperative/damaged by 1 1 1 3 6 3 1.7%
impact

1003020 Inaccessible accident site 1 1 2 1 0.6%

1003030 Bad Weather 1 1 1 0.6%

1003040 No flight following - slow to 1 1 1 3 1 0.6%
locate site

1003050 Night-Darkness 0 0.0%

1003060 Inadequate communications 0 0.0%
between survivor(s) and
rescue

1003099 Delayed rescue — Other 1 1 2 1 0.6%
Data issues 369 139 79.9%
Inadequate information in 369 139 79.9%
report

1101010 Information 1 5 8 24 1 3 5 4 34 2 1 3 21 11 4 127 66 37.9%
missing/incomplete in report

1101020 Information unavailable to 2 6 16 34 1 1 3 6 8 56 4 1 15 20 12 185 95 54.6%
investigators

1101025 Incomplete data from 0 0.0%
recorder

1101030 Inadequate human factors 1 1 1 4 1 1 4 1 14 8 4.6%
information

1101040 Inadequate control of 0 0.0%
accident scene

1101050 Useand availability of info 2 1 1 1 5 3 1.7%
for flight path unknown

1101060 Inadequate Investigation 1 2 7 2 2 1 3 1 7 1 1 6 4 38 18 10.3%

1101099 **Do Not Use** See 0 0.0%

1101010 Inadequate
information in report — Other

Personnel - Non Crew 7 7 40%
Ground personnel 3 3 1.7%
1201010 Failure to disconnect all 1 1 1 0.6%
ground/aircraft connections
1201020 Fuel servicing 0 0.0%
1201030 Marshalling 1 1 1 0.6%
1201040 Aircraft Internal/Externd 0 0.0%
Loading
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1201099

1202010

1202099

1301010

1301020

1301099

1302010

1302020

1302099

1303010

1303020

Ground personnel — Other
Passengers

Passenger failed to follow
instructions

Passenger - Other
Regulatory

Accident Prevention

Failure to require data
recording capability
sufficient to understand
accident sequence.
Insufficient analysis of
previous incidents and lack
of availableincident
information to the operators
dueto lack of oversight on
the part of the regulator(s).
Regulatory Accident
Prevention — Other

Safety Systems and
Equipment (level 2)

Lack of aformalized system
for threat-free reporting of
safety-related incidents from
operators to manufacturers.
Lack of aformalized system
for threat-free reporting of
safety-related incidents from
operators to the Authority
Regulatory Safety Culture —
Other

Safety System

Lack of areliable process for
reviewing/revising safety
decisions based on field data
collected after certification.
Failed to disseminate
pertinent flight safety
information.

I
~

32 17
15 7

15 7

o
o

0.6%
2.3%
1.1%

1.1%
9.8%

4.0%
0.0%

0.0%

4.0%

57%

0.0%

0.0%

0.0%

0.0%
0.0%

0.0%
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1303030 Inadequate regulatory
oversight/regulations for
Sightseeing Ops not
regulated as Commercial Air
Transport

1303099 Regulatory Safety System -
Other
Oversight and Regulations
(Regulatory)

1304010 Inadequate application of
government/industry
standards and regulations

1304020 Inadequate
government/industry
standards and regulations

1304030 ** DONOT USE ** - (see
1304020) Regulations
inadequate to ensure proper
flight crew proficiency for
the type of operations being
conducted.

1304040 Inadequate oversight by the
Authority

1304050 Inadequate Authority control
of military surplus
aircraft/parts

1304060 GSA control of military
surplus aircraft/parts (US
Only)

1304099 Regulatory Oversight and
Regulations — Other
Operations

1305010 General Avidtion vs.
Commercial Air Transport
pax-carrying operations

1305020 Training requirements for
transition from one engine
type to another

1305030 Transition training
requirements - General

1 2 3
2 1
1

17

10

0.0%

0.0%

5.7%

0.0%

4.0%

0.0%

1.1%

0.0%

0.0%

0.6%

0.0%
0.0%

0.0%

0.0%
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1305040

1305099

1401010

1401020

1401030
1401040

1401050

1401060

1401070

1401080

1401090

**Do not Use** See
1305030 Fixed-wing to
rotary wing transition
training requirements
Regulatory Operations —
Other

Safety Systems and
Equipment

Safety Systems and
Equipment (level 2)

**Do not Use* See new
506070 Cockpit design
allowed critical controlsto be
selected
inadvertently/inappropriately
Safety assessments did not
adequately identify system
failure consequences
Intolerance to wire strike
Lack of
annunciation/caution/warning
of critical condition
(including low rotor RPM)
Engine flameout from
snow/ice ingestion

**Do not Use** Lack of
warning of incipient flight
critical failures

**Moved to 803030* *
Intolerance to bird strike
**Do not Use** See 80xxxX
Intolerance to directional
control failure (e.g. tail rotor,
fenestron, NOTAR)

**Do not Use** Design of
helicopter does not permit
recovery from flight into
degraded visual
environments (e.g. IIMC, low
textual environment,

18

15

©

12

10

0.0%

0.0%

6.9%

5.7%

0.0%

0.0%

3.4%
0.0%

0.6%

0.0%

0.0%

0.0%

0.0%
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insufficient light sources at
night)

1401099 Safety Systemsand
Equipment — Other
RFM

1401100 **Do not Use** Certification
requirement Intervention
times for time-critica
emergencies do not reflect
“human performance
limitations’

1401110 **Do not Use** See
Crashworthiness Emergency
exits do not permit
evacuation within ‘breath
hold’ time

1401120 **Do not Use** See 701007
- Inadequate airframe
protection from flight in icing
conditions
Human Machine Interface
(HMI)

1402010 Inadequate or missing
procedures

1402020 Missing or inadequate
performance data

1402030 Limitations absent from
Flight Manual

1402040 Required RFM Supplement
not present

1402099 RFM - Other

1403010 System failure indication

1403020 **Do not Use** See
1403010 System failure/alert
warning inadequate

1403099 HMI - Other
Grand Total

24

48

133 379

27

26

52

67

96

493

58

10

35

o o

1 2
234 224 132 4 2049

1.1%

0.0%
0.0%

0.0%

0.0%

0.6%

0.0%

0.6%

0.0%

0.0%

0.0%
0.0%
0.0%

0.6%
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Appendix C - Intervention Recommendation Summary

=
. 3§ if
S Z ¢y 9 k T a4 g @ a 0 o8 L & e 0.8
L. & [ = o=
Code Description g E % E:'; E E) & = ) E) 8 N 2 E 9 ) E H ® E &
< = < g = = > = &5 z E z=A
o 0 o
To2e
D0000 Data/Information 400 143
D1000 Investigation 171 85
D1010 Improve quality and depth of
NTSB investigation and reporting 5 4 1 30 1 5 6 6 1 40 3 1 5 7 16 4 159 81
D1020 Provide feedback to the NTSB
through Academy on need for
root cause analysis and more
thorough documentation
D1030 Require assessment of student
training adequacy when student
pilots are involved in accidents 1 1 2 4 2
D1040 Require standard log book format
and identification
D1050 Require further investigation of
flight critical parts failures 1 1 1 1 4 5
D1060 Maintain a tight chain of custody
on event evidence
D1070 Congress to provide adequate
field accident investigation
resources 1 1 1 3 1
D1099 Investigation - Other 1 1 1
D2000 Recorder 209 103
D2010 Install cockpit recording devices 2 7 15 32 1 1 3 6 7 58 6 1 1 13 22 13 188 08
D2020 Install data recording devices 2 6 1 4 4 19 10
D2030 Install platform video recording
devices 1 1 2 1
D2040 Real time performance
monitoring via satellite
D2099 Recorder - Other
D3000 Disseminate safety info 20 13
Page C-1 CY2001 JHSAT Report

Accident %

82.2%
48.9%

46.6%

1.1%

1.1%

0.6%
0.6%
59.2%
56.3%
5.7%

0.6%

7.5%



Appendix C - Intervention Recommendation Summary

D3010

D3020

D3030

D3040

D3050

D3060

D3099

E0000
E1000

E1001
E1002

E1003

E1004

E1005

E1006

E1007
E1008
E1009
E1010

Establish means to disseminate
safety critical information to
pilots, i.e., web site

Increase awareness of common
accident causes

Increase awareness of common
risks associated with ground
support equipment via
“traveling” workshops

Update Rotorcraft Flying
Handbook

Develop stand-alone risk
assessment/management
handbook for Part 91 community
Similar to Rotorcraft Flying
Handbook, include decision
making

National Ag A/C Association
(NAAA) develop Best Practices

Disseminate safety info - Other

Systems and Equipment
Cockpit Indication/Warning
Add external load meter

Requirement for recorded load
cell

Automated cyclic load measuring
equipment

Automate carb anti-ice function,
early warning alert function

Ground equipment/Tie Down
still attached Warning or break-
away capability

Install door/cowl positive latch
warning indication

Install low rotor warning

Low airspeed indicator/warning
LTE indication system

Fuel System improvements

6
1 1
1 2 2

2

1 1

1

2

1 2 1

206
37

N =N

66
17

N N ==
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0.6%

4.6%

2.3%

0.0%
0.0%

37.9%
9.8%

1.1%

1.1%

0.6%
0.6%
1.1%
1.1%



Appendix C - Intervention Recommendation Summary

E1011
E1012

E1013

E1014

E1015

E1099

E2000

E2010
E2020
E2030

E2040
E2050

E2060
E2070
E2080

E2090

E2099

E3000
E3010

E3020
E3030
E3040
E3050

E3060

Hover drift indicator

Modify cockpit design - add
switch guard

Modify cockpit design - change
annunciation system

Provide power avail vs. power
required indicator

Recommend functional attitude
indicator for night flight

Cockpit Indication/Warning -
Other

Situational Awareness
Enhancers

Install EVS/SVS/NVG

Install HTAWS equipment

Train and equip with HTAWS,
radar altimeter, EVS, SVS
Install radar altimeter

Install proximity detection
system
TR strike protection

Install rearward camera/video

Short-term auto-hover recovery
system

Wire detection system for low
altitude ops

Situational Awareness Enhancers
- Other

Post Incident Survivability

Install / use shoulder harnesses
for all occupants
Install WSPS

Install engine auto relight kit
Crash resistant fuel systems

Improve helicopter specific ELT
practices/standards

Use EPIRB or personal location
device

1 1
1 6
1 1 3
1
1
1 1 1 2
1 1 1
3
1 1 1
1
1
1
2 1 1
6 4
1 1
2

1 1 5
1 2 12
1
71
4 6 19
2 3

1 2

1 3 9
1 13

4

1 2
3 7
7 11
1
56

1 2
3 1 6
1 5
1 16
2 3 9
3 6

N

Juny

28
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1.1%

4.0%

0.6%

16.1%
4.0%
1.1%

0.6%
2.3%

4.0%
1.1%
0.6%

1.7%

4.6%

0.6%
14.4%

0.6%
2.3%
1.1%
4.0%

2.3%

1.7%



Appendix C - Intervention Recommendation Summary

E3099 Post Incident Survivability -

Other 1 1 1 2 2 2 1 12 6
E4000 PAH corrective action 42 12
E4010 Design approval holder

implement corrective action and

mitigate field risk 3 7 3 1 4 1 1 24 10
E4020 Improved OEM manufacturing

quality assurance 1 1
E4030 Modify RFM - add warning to

emergency procedure 1 1 1 2 6 3
E4040 Recall affected components once

hazard/failure is identified
E4099 PAH corrective action - Other 1 3 2 3 1 11 4
10000 Infrastructure 30 16
11000 Communications 12 7
11010 Establish radio frequency

compatibility standards
11020 Use of direct ground to AC

communication 2 1 8 5
11030 FAA installation of ADS-B in

GOM to facilitate IFR operations

in adverse Wx and at night
11099 Communications - Other 1 1 1 1 4
12000 Ground support 10 ”
12010 LZ training for ground/LZ

personnel 3 1 6 4
12020 Improved first responder training
12030 Operator mark/ paint intended

touchdown point on platform;

and/or provide marshaller to

guide platform landings 1 1
12040 Scheduled Mx check on windsock

and fix on first failure noticed
12099 Ground support - Other 1 1 3
13000 Pilot history 5 3
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3.4%
6.9%

5.7%

0.6%

1.7%

2.3%

9.2%

4.0%

0.0%

2.9%

1.1%
4.0%

2.3%

0.6%

1.1%
1.7%



Appendix C - Intervention Recommendation Summary

13010

13020

13030

13099

14000
14010

14020

14030

14099

MO0000
M1000
M1010

M1020
M1030

M1040

M1045

M1050

M1060

Develop industry standards for
data collection and sharing of
pilot history for hiring/screening
Expand the Pilot Records
Improvement Act to include
rotorcraft pilots

Aviation Medical Examiner cross-
check all available medical
records before issuing Medical
Certificate

Post Incident Survivability -
Other

Wx info

Better pilot availability /access to
Wx information

Implement local Wx PIREP
system for intra/inter company
flights

Prevention of improper
modification of Wx/nav aids
Pilot history - Other

Maintenance
QA

Better Mx QA oversight to ensure
adherence to the ICA /Manual

Training for Mx supervisor

Improve preflight and/or Mx
inspections

Mx Ops foreign debris/object
safety review

Follow procedures in
Mx/installation manual
Procedures to prevent release of
Aircraft in unairworthy status

Require maintainer certification
for TOT system Mx

1 1
1 1
1
1
1 8 1 1 2
1 7 2 1 2 4 2
3 1 1 3
1 1 1

200
91

42
28

12

11
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0.6%

0.6%

0.6%

1.1%

0.6%

0.6%

24.1%
16.1%

6.9%

6.3%

2.3%

1.7%



Appendix C - Intervention Recommendation Summary

M1070

M1099
M2000

M2010

M2020
M2030

M2099
M3000

M3010

M3020

M3030

M3040

M3099
M4000
M4010

M4020

M4030

M4040
M4099
M5000

M5010

M5020

Use only FAA-approved
airworthy parts with known
history

QA - Other

FCF

Establish company SOPs for
conduct of Mx FCF
Conduct Mx FCF risk assessment

Clarify Mx FCF requirements for
RTS

FCF - Other

Instructions for Continued
Airworthiness (ICA)

Follow ICA procedures with
confirmation of compliance

Evaluate adequacy of published
ICA

Automated component life
monitoring

Adopt civil aircraft Mx standards
and applicable ICA's for mil
surplus aircraft

ICA - Other

Recorder/Monitor

Engine Monitoring System (EMS)
- impending failure warning
Install part failure detection
system (HUMS)

Install performance trending
equipment, HOMP

Install HUMS/HOMP

Recorder/Monitor - Other

Records Management

Establish Mx records systems,
enhance retention requirements

Audit of Mx record keeping and
actions taken

1
1 5 2 2
1 1
1
1 13 1 5
3 2 2
1 1
1
1 1 1 3
1 1
2
3

19

1 3
16

6

4

2

66

3 1 43
1 13
1 5
5
21

2
1 13
1 1 6
16

1 5
6

24

19
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0.6%
3.4%
1.1%

1.1%
0.6%

13.8%

10.9%

2.9%

1.1%
1.1%
5.2%

0.6%

3.4%

1.1%

3.4%

1.1%

1.7%



Appendix C - Intervention Recommendation Summary

M5030

M5099

N0000

R0O000
R1000
R1010

R1020

R1030

R1040

R1050

R1060

R1070

R1080

R1090

R1099
R2000

R2001

R2002

Establish system to allow for
reliable surplus parts
tracking/identification

Records Management - Other 1
No Recommendation 5 1
Regulatory

Oversight

Suspected Un-approved Part
(SUP) investigation and
enforcement actions

Improve Government oversight
of critical part Mx records

Establish risk-based process for
military surplus part oversight

Improved government oversight
of Public Use operations

Require applicants to

demonstrate engineering

knowledge and capability to meet

same design requirements as TC

holders

Identify gov't agency responsible

for mitigating field risk (recall) 1

Improve design/system safety on
field approval installation

Increased Government oversight

of Operations

Increased Government oversight

of Maintenance

Oversight - Other 1 1

Regulations/Standards

Accelerate rulemaking and policy
on HTAWS, SVS, EVS

Adopt new ICAO Annex 14

29

24

13 3 157

69
20

25

71

31

14
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0.6%
0.6%

40.8%

17.8%
5.2%

0.6%

0.6%

0.6%

0.6%

0.6%

0.6%

0.6%
1.1%
8.0%



Appendix C - Intervention Recommendation Summary

R2003

R2004

R2005

R2006

R2007

R2008

R2009

R2010

R2011

R2012

R2099
R3000

R3010

R3020
R3030

helideck standards

Improve BLM/MMS standards
and oversight of landing
platforms on offshore rigs and
production platforms
Recommend Public Use comply
with civil standards

Review FAA practice for
approval of restricted to normal
category aircraft

Review and update regulatory
requirements regarding
Inadvertent IMC recovery
training

Enhanced regulation or guidance
for external load ops to minimize
overloading (update AC133-1a ?)
FAA order 8110.56 Restricted
Category Type Certificate
(2/27/06)

Require Public Use aircraft to
adopt Inter-agency Committee
for Aviation Policy

Review and update responsibility
of POIs to identify and help
operators mitigate hazards
Update AC 150/5345-27D, Spec
for Windcones, to preclude
improper modifications

Review and update Part 135 ops
HBATSs/regulations that cover
requirements for training
Regulations/Standards - Other

Disciplinary action

Recommend enforcement action -
certificate suspension/revocation
FAA remedial action

Disciplinary action targeted at the
individual actually performing

1 1 1

4 2 1 1 2 1 2

2 2 3 1 6
1 1

5
1 2 20
24
1 19
2

2

12
11
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Appendix C - Intervention Recommendation Summary

R3099
R4000
R4010

R4099

50000
51000
51010

51020

51030

51040

51050

51060

51070

51099
52000

52010

52020

the Mx

Disciplinary action - Other
Aircraft Registry

Easily accessed database of
aircraft serial number, history,
use, etc

Aircraft Registry - Other

Safety Management
Flight operations management

Formalized ops oversight
program

Establish/assert operational
control/oversight by operator

Improved supervisory and
operational oversight

Establish mission-specific SOP
and flight ops oversight program

Expand cold Wx operations
procedures to include
precautions to prevent engine
inlet snow /ice accumulation
Increased company briefing

requirements regarding local area

obstructions to include on-board
charts

Procedural intentional non-
compliance (PINC) training
Flight ops management - Other
New Employees

Improve company ability to
assess risks of low-time pilot
assignment

Improve company ability to
assess risks of new employees

1 1
1 1 1
1 1 1 2
6 2 3 8
1 1 1 4
1 1
1 1 1
1 1 1

416
65

114
32

13
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0.6%
0.0%

65.5%
18.4%

1.7%

3.4%

7.5%

5.2%

0.6%

2.3%

1.1%

1.1%



Appendix C - Intervention Recommendation Summary

52030

52040

52099
53000
53001

53002

53003

53004

53005

53006

53007

53008

53009

53010

53011

53012

Practice - Require demonstrated
proficiency before solo operation
to remote platforms

Preliminary screening in
simulator

New Employees - Other

SOP - Ops Mgt

Develop pilot decision aid
regarding Wx and alternate
routing while inflight

Ensure company SOPs establish
Wx ops minimums

Establish company SOPs to
disallow flying in adverse Wx at
night except under IFR

Establish SOP / procedure for
continuing from interrupted
checklist event

Establish HOMP monitoring
program

Establish more comprehensive
inflight communication for group
movement of aircraft

Establish more comprehensive
preflight planning SOP for group
movement of aircraft

Establish policy to reduce risk of
VER into adverse Wx

Establish pre-approved
designated LZ

Establish preflight maneuver
briefings

Establish procedures to evaluate
risk reduction benefits merits of
installing optional equipment
Establish refueling SOP that
provides for proper refueling and
fuel quantity measurement (of all
fuel tanks)

58 27 15.5%

1 3 4 3 1.7%
1 1 0.6%

2 9 4 2.3%
1 2 1 0.6%

1 1 0.6%

2 1 0.6%
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Appendix C - Intervention Recommendation Summary

53013

53014

53015

53016

53017

53018

53019

53020

53021
53022

53023

53024

53025

53026

53027

Establish risk assessment
program that addresses the
potential for VFR into adverse
Wx and night flight ops
Establish risk assessment
program to address adverse Wx
flight ops

Establish SOP / procedure for
remote ops pilots to ensure all
preps complete before
commencing startup for takeoff
Establish SOP for selection of off
airport or remote LZ

Establish standardized training
for platform ops/SOPs

Hot/expedited loading SOP
briefings and conditional
situation checklists

Implement a company flight
following system to include
updated WX, location, risk eval
Implement pilot/dispatch clrnc
procedures with required items

Obtain standard Wx briefing

Operator require pilot emphasis
on proper checklist procedures

Require proficiency check for
low-time helicopter pilots

Revise company checklist to be
consistent with OEM checklist

SOP requirement for landing site
recon before landing at any
remote site

Standardized operational
briefings and conditional
situation checklists

Strengthen SOPs relative to gear
loose in aircraft cabin

1 1 2
1 1
1 4

1 2 5
1

5

1 1 3
1 3
2 4

2
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0.6%

0.6%

1.7%

1.1%

0.6%

2.9%

0.6%

0.6%

1.1%

1.1%



Appendix C - Intervention Recommendation Summary

53028

53099
54000

54010

54020

54030

54035

54040

54050

54060

54070

54080

54090

54099
55000

55010

55020

55030

Wx training to emphasize
mission abort in deteriorating Wx
conditions

SOP - Ops Mgt - Other

SOP - Ops Pilot

SOP directed preflight planning
procedures

Enforce use of published
preflight planning procedures

Insure adequate consideration is
given to Wx during preflight
planning

Formal Preflight Briefing Guide
for flight procedures

Conduct site reconnaissance at
safe altitude

Conduct a ground survey for an
unimproved field site prior to
being used for autorotation
training

Training and recognition on
suitable landing site selection

Decision making training for
operations in wind

Increase nearby hazard
awareness

Clean glare free windscreen
fundamental checklist item for
Ag ops

SOP - Ops Pilot - Other

SOP - MX

Terminate FCF test when
acceptable parameters exceeded

Adopt civil aircraft Mx standards
and applicable ICA’s for public
use aircraft

Follow requirements laid out in
the flight manual - install both

1

1
1 5
1 2 1
1 2
1 2 1 1 2
1 1 1 2

1 1
2 1 1 2
2
1

1 4 6

1 3

74

1 12

5

1 3 10

1 9

3 9

2

3 1 13

1 6

3 1 6
1

0

Page C-12

CY2001 JHSAT Report

2.3%
1.1%
21.3%

4.0%

1.1%

2.3%

2.3%

2.9%

0.6%

3.4%

2.3%

2.3%

0.6%
0.0%



Appendix C - Intervention Recommendation Summary

55099
56000
56010

56015

56020

56099
57000

57010
57020

57030

57040

57099
58000

58005

58010

58020

58030

58040

58050

particle separator and deflector

SOP - MX - Other
SOP - Mission-specific

Establish operator SOP to ensure
functional preflight of mission
equipment

Establish SOP for Night Vision
Goggle operations

Improved power/ performance
margin planning for specific
mission

SOP - Mission-specific - Other
SOP - Compliance

Enforce company SOP

Establish oversight to ensure
compliance with published
procedures in AFM

Operator require pilot emphasis
on proper preflight check
procedures

Follow SOPs for departing into
wind

SOP - Compliance - Other

Risk Assessment/Management

Establish/Improve Company
Risk Management Program

Use Operational Risk
Management Program (Preflight)
Use Operational Risk
Management Program (Inflight)
Establish/Improve Maintenance
Risk Management Program

Mission-specific Risk
Management Program
Personal Risk Management
Program (IMSAFE)

1 1 1 1

2

1 2

1

3 8 2 1 3 4
1 3 2 2
2 2 4

1 1 5
2 4 1 2 1
3 1

1 1 1 3

2 6 1 3 5 13

15
7
1 1
1 3
4
47
2 2 6
1 1 28
1 12
1
116
11
1 1 12
7 3 26
6
3 11

6 4 1 48

18

12

27
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5.2%

1.7%

0.6%

1.1%
1.1%

10.3%
1.7%

6.9%

3.4%

0.6%
32.2%

3.4%

4.0%

6.3%

1.7%

4.0%

15.5%



Appendix C - Intervention Recommendation Summary

58060

58099

59000
59010

59020

59030
59099

T0000
T1000
T1010

T1020

T1030

T1035
T1040

T1050

T1060

T1099
T2000
T2010
T2020
T2030
T2040
T2050
T2060

Enforce Compliance with Risk
Management Program

Risk Assessment/Management -
Other

Safety Management

Establish risk assessment
program to eliminate culture of
non-compliance

Proactive correction of known
safety risks

Periodic Safety Audit of heliport

Safety culture - Other

Training/Instructional

Basic Training

Enhanced Aircraft Systems
Training

Enhanced Aircraft Performance &
Limitations Training

Enhanced Mission Planning
Training

Aircraft Preflight Procedures
Ground Hazard
Awareness/Proximity Training
Inflight Power/Energy
Management Training
Simulator Training - Basic
Maneuvers

Basic Training - Other

Advanced Maneuver Training
Autorotation Training Program
LTE Training Program
Inadvertent IMC Training
Dynamic Rollover Training
Emergency Procedures Training

Simulator Training - Advanced

5
1
1 3
1
4
1 3
2 8
1 1
9 30
3
11

10

12

10

13

15

11

2
37
1 3 27
1
657
119
1 9
1 16
1 17
2 1 17
2 9
2 2 33
11
7
179
4 73
1 10
2 3 6
1 22
2 1 21
2 2 41

1
20

14

139
54

11

17

70
30

14

19
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0.6%
11.5%

8.0%

2.9%
0.6%
0.6%

79.9%
31.0%

2.3%

6.3%

4.6%
4.6%

3.4%

9.8%

3.4%
2.3%
40.2%
17.2%
4.6%
1.7%
8.0%
4.6%
10.9%
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T2099

T3000
T3010

T3020

T3030

T3040

T3050

T3060

T3070

T3080

T3099
T4000

T4001

T4002

T4003

T4004

T4005

T4006
T4007

Maneuvers

Advanced Maneuver Training -
Other
CFI Training

Improve preflight planning /
briefings

Training and Refresher training
on advanced handling techniques
/ cues / procedures for CFlIs

CFI judgment and decision
making training to follow student
more closely

CFI training to take charge
despite age or total experience
differences

CFI utilization of Risk
Management techniques

Change training program to
improve safety margin

Increase CFI training on cues for
low RPM, airspeed issues

Require CFI endorsement for
advanced maneuvers by students

CFI Training - Other
M/M transition

Application of risk assessment
model, currency requirement

Classroom and in type simulator
training

Ensure use of adequate transition
training program

Establish new equipment training
program

Model specific simulator training
for low-time-in-type pilots

Model specific transition training
Require systems familiarization,
increased requirements for M/M

1 2
3 3
2 8
7 12
1 2

1
1 1
5 9
2 3
1 1

1

1
1 3

1

11

114

18

36

23

35

1 1 13

4

3
31

18

11

17
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1.7%
17.8%

3.4%

4.6%

10.3%

1.1%

0.6%

3.4%

6.3%

2.3%
9.8%

1.1%

1.1%

1.1%

0.6%

4.0%
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T4010

T4011

T4012

T4013

T4060
T4099
T5000

T5001

T5002

T5003

T5004
T5005

T5007

T5008

T5009

transition training

Specialized training for pilots
migrating from fixed to rotor
wing aircraft

Systems familiarization, increas
requirements for transition
training from turbine to piston
Type familiarization pilot
training

Use Pilot Handbook/Guide for
Mission Planning, Risk
Assessment Handbook could be
aircraft/engine class-specific
(single/ piston, etc.)

Simulator training - M/M specific
M/M transition - Other
Mission-specific

Company- Ensure new pilot
training includes Back to Basics
elements and a mandatory
review of the Rotorcraft Flying
Handbook

Company new employee ops
training

Enhanced training in type of
maneuvers being performed in
this operation

External load / LZ training

Insure adequate training on
aircraft operations in snow

Mission-specific training focused
on wind, night, low, slow, at or
near maximum gross weight and
orbiting

Operational training for known
hazards in event area
Proficiency training night aerial
application and landings

64

11

2

1

29
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T5010 Push “mission-specific” best

practice info into existing

company training programs for

elevated helipads 1 2 1
T5011 Push “mission-specific” best

practice into existing company

training program 1 4 2 8 7
T5012 Push “nearby object awareness”

best practice info into existing

company and customer training

programs 3 4 3
T5013 Require proper training and

proficiency before allowing pilots

taking off and landing on

trailers/dolly. Add to Basic

Helicopter Handbook
T5014 Standard approach training for

rooftop helipads
T5015 Training in long line SOPs
T5016 Training in mountain flying 2 1 1 5 3
15017 Training in recovery from settling

with power situations and the

hazards of landing and or

maneuvering in tailwinds and

mountainous terrain 1 1 2 6 2
T5060 Simulator Training - Mission-

Specific Training 2 1 1 1 5 2
T5099 Mission-Specific - Other
T6000 Safety Training 146 59
T6001 ADM training 2 2 1 1 8 3
T6002 AMRM training and

utilization(AC00-64)
T6005 CRM training 3 3 2 1 11 6
T6006 Develop a “Rotorwings” program

similar to the “Wings” program 1 > 1
T6007 Flight training on common

operational pilot errors 2 3 1 1 7 2 2 22 12
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Appendix C - Intervention Recommendation Summary

T6008 Increase student training on cues

for low RPM airspeed issue 1 1 5 1 0.6%
T6009 Mission-specific risk assessment

training 1 1 2 2 1.1%
T6010 Mission-specific risk assessment

training - Ag Ops 1 1 1 1 1 1 6 3 1.7%
T6011 Mission-specific risk assessment

training - EMS dispatch/comm
center personnel

T6012 Mission-specific risk assessment

training - external load 1 1 1 3 1 0.6%
T6013 Mission-specific risk

management training 1 1 1 3 1 0.6%
T6014 Pilot judgment training - risk

assessment 1 1 1 1 3 1 1 3 4 4 20 11 6.3%
T6015 Precautionary landing decision

making training 1 1 1 3 1 0.6%
T6016 Recurrence training
T6017 Risk assessment/ management

training 1 1 2 1 0.6%
T6018 SMS specialized EMS ADM

training

T6019 Training emphasis for
maintaining awareness of cues

critical to safe flight 2 5 1 4 10 2 4 4 32 17 9.8%
T6020 Training emphasis on techniques

for maintaining visual alertness 1 1 9 1 1 9 8 6 3.4%
T6021 Training emphasis on techniques

for maintaining visual contact 1 1 1 3 o 8 4 239

T6022 Training for awareness of flight
time/waypoint progress

T6023 Training on optimum aircraft

operating regimes during an

impending emergency situation 2 1 1 1 3 8 4 2.3%
T6099 Safety Training - Other 1 1 1 1 1 1 6 3 1.7%
Total 25 51 138 394 26 32 45 72  ## 8 523 66 10 38 243 220 140 4 2135 937
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Appendix D - Occurrence Category by Mission Summary
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Appendix C - Intervention Recommendation Summary

0
1
2

LOC-INT

LOC-LTE

11
30

LOC-OL

11

LOC-PM
LOC-SP

LOC-TD

LOC-UNK
LZ-U

RAMP
SCF-E

16

19

SCF-H
SCF-M
SCF-U
HTOL

11

LALT-M
LALT-

NM

15

OBJ-H

OTHR
Unk

VIS-FL

VIS-GW
VIS-IIMC

VIS-N

0

0

VIS-W/B

WSTRW

CY2001 JHSAT Report

Page D-2



Appendix E - NTSB Investigation Nomenclature

NTSB Investigation Codes

Regional Office Code
Fiscal Year

Investigation Code
,// Regional Annual Sequence Number

NYC 00 LA 001

Investigation Codes (to indicate scope and type of investigation):

LA - aviation limited accident investigation

FA - aviation field accident (usually fatal)

CA- aviation data collection, very limited (used when causes are already known at notification)
|A - aviation incident

MA - aviation major accident investigation (usually ateam investigation because of complexity or high public interest)
TA - aviation public use, limited investigation

GA - aviation public use, field investigation

WA - aviation foreign accident, no U.S. investigation, Accredited Representative travelled

RA - aviation foreign accident, U.S. investigation, Accredited Representative travelled

AA - aviation go-team magjor investigations (old code — no longer used)

DA - aviation accident investigation delegated to FAA

SA - aviation special investigation (not an accident)
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Appendix F - CY 2001 NTSB Helicopter Accident Docket Files

ANCO01LA030 ATLO1LA108 FTWO01FA048 LAX01FA252 MIAQ1LAQ76
ANCO01LA109 ATLO01TAO081 FTWO01FA069 LAXO01FA277 MIAOQO1LA085
ANCO01LA139 | ATLOIWA107 | FTWO1FA115 LAX01FA306 MIAO01LAQ97
CHIO1LA119 ATLO02FA003 FTWO01LA053 LAX01LA079 MIAO1LA101
CHIO1LA325 ATL02LAO11 FTWO01LA073 LAX01LAO083 MIAQO1LA153
CHIO1LA327 ATL02TA021 FTWO01LAO081 LAX01LAQ093 MIAO1LA231
CHIO2LA008 CHIO1FA231 FTWO01LA087 LAX01LA098 MIAO1TA121
CHIO2LA021 CHIO1FA257 FTW01LA121 LAX01LA120 MIAQ1ITA194
DENO1LA125 CHIO1LAQ70 FITW01LA124 LAX01LA121 MIAQ02FA026
DENO01LA144 CHIO1LAQ075 FTWO1LA166 LAX01LA125 MIA02GAO011
DENO1LA154 CHIO1LA145 FTWO01LA172 LAX01LA156 MIAQ02LA029
FITWO01LAQ076 CHIOILA178 FITWO01LA176 LAX01LA157 NYCO01LAO086
FTWO01LA109 CHIO1LA215 FTWO01LA182 LAX01LA172A NYCO01LA087
IADO1FA089 CHIO1LA223 FTWO01LA195 LAX01LA196 NYCO01LAO88
TIADO1LA071 CHIO1LA238 FTWO01LA202 LAX01LA216 NYCO01LA130
LAXO01LA190 CHIO1LA243 FTWO01LA205 LAX01LA219 NYCO01LA131
LAX01LA211 CHIO1LA259 FTWO01LA214 LAX01LA232 NYC01LA144
LAX01LA227 CHIO1LA293 FTWO02FA017 LAX01LA243 NYCO01LA167
LAX02LA039 CHIO1LA324 FTWO02FA028 LAX01LA245 NYCO01LA168
MIAO1FA075 CHIO2FA001 FTWO02LA006 LAX01LA255 NYC01LA179
MIAO1LA084 CHIO2FA049 FTWO02LA019 LAX01LA276 NYCO01LA204
MIAQ1LA172 DENO01FA058 FTWO02LA026 LAX01LA283 NYCO02TA026
MIAQ02LA040 DENO1LAO60 | FTWO02LA033 LAX01LA292 SEAO01FAQ085
NYCO01LA206 DENO1LAO67 | FTWO02LAO038 LAX01LA304 SEAO01FA089
NYC02TA029 DENO1LAO77 | FTWO02LA044 LAX01LA305 SEA01LA043
SEA(01LA061 DENO1LA084 | FTWO02TA060 LAX0IMA272 SEA01LA044
SEAQ1LA082 DENO01LA106 IADO1FA066 LAX01TAQ092 SEAQ01LA046
SEAO01LA121 DENO1LA141 IADO1LA031 LAX01TA119 SEA01LA054
SEAO01LA173 DENO1LA150 TAD01LA041 LAXO02FA020 SEA(01LA118
SEAQ0IWAO048 DENO01LA156 IADO1LA095 LAX02LA007 SEAO01IMA163
ANCO01TAO035 DENO01TAQ095 IADO1LA101 LAX02LA016 SEA01TA143
ANCO01TAO076 | DEN(01TA134A | TADO1TAQ051 LAX02LA032 SEA01TA172
ATLO1LAO47 DENO02GAO16 | LAXO01FA127 MIAQ01FA169 SEA02FAQ008
ATLO1LAO070 DENO02LA010 LAX01FA200 MIAO1LA055 SEA02LA014
ATLO1LAO75 DENO02LAO013 LAX01FA236 MIAO01LA064
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