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Abstract

Human factors are causal or contributory in 80% of Class A mishaps in the Air
Force. Risk management tools are used throughout the service in every aircraft to help
mitigate the risk of those human factors occurring. The F-15E Strike Eagle community
was selected for analysis on the effectiveness of its risk management program but the
data was comprised on Class A mishaps from Accident Investigation Boards since 2000
between the F-15 (all models), F-16 (all models), and F-22. Cases were selected if there
were human factors root causes or contributory. A fault tree analysis coupled with the
Department of Defense’s Human Factors Analysis and Classification System guidelines
were used to determine the underlying factors which lead to a degradation in the
aircrew’s ability to avoid catastrophes resulting in the loss of aircraft or life. These results
were compared with existing risk management programs in the form of unit worksheet
assessments. This study found all risk management programs within the F-15E
community to be effective but inadequate for addressing all the risk factors and a new
assessment tool was developed to properly manage risk to aircrew. Finally, the F-15E
training program was found to be contributory to managing risk to aircrew through its

proficiency and currency annual program and requirements.
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ANALYSIS OF THE EFFECTIVENESS OF F-15E RISK MANAGEMENT
DURING PEACETIME OPERATIONS

I. Introduction

General Issue

In April 2000 the Air Force published Air Force Instruction (AFI) 90-901 which
directed all personnel to begin implementing risk management procedures titled
Operational Risk Management (ORM). Just recently in February 2012, the Air Force
updated this document to redefine the ORM process, eliminating the term ORM and
simplifying it to just Risk Management (RM). There are now five steps to the RM

process:

1. Identify the Hazards

2. Assess the Hazards

3. Develop Controls and Make Decisions
4. Implement Controls

5. Supervise and Evaluate

One of the goals of the directive was an attempt to reduce the number of Class A mishaps
that resulted in the loss of personnel or significant damage to property. Since its
inclusion, the Air Force has seen a measurable decline in the number of peacetime
aviation related mishaps (see Figure 1). Anyone who has ever been connected to losses
from a training accident understands there is inherent risk flying fighter aircraft. Losing

an aircraft and the lives of its aircrew are just too high a cost for the Air Force to bear



during peacetime operations. Unfortunately, according to the DoD, 80% of flying
mishaps are caused by human errors, not from technical causes.

40 1.6
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Figure 1: Class A Aviation Flight Mishaps FY14 (thru 04 May)*

In 2002, the Secretary of Defense Robert Gates set a goal for each of the services
to reduce its number of Class A mishaps by 75%? over the next six years. In 20086,
Secretary of Defense Donald Rumsfeld extended this goal to 2012°. A “Class A” mishap
is defined as an accident that results in fatality or total permanent disability, loss of an
aircraft, or property damage of $2 million or more. FY2010 saw the lowest flying mishap
number in Air Force history: 14, 5 of which were fighter/attack aircraft. In 2011, that
target number was 10. There were 15 mishaps that occurred, up from the previous year
with 10 of those from fighter/attack aircraft. In 2012, the target number was 8.
Unfortunately, 20 mishaps occurred across the Air Force. To be fair, the ten year average
has been decreasing with each passing year but that’s mainly due to the higher number of

mishaps at that time. Since the goal was first stated the Air Force has only been able to



meet it 30% of the time. During FY2013 19 class A mishaps occurred across the Air
Force. In FY2014 there were only 7 Class A mishaps.

These annual reports also list the specific types of human errors that were
responsible for the mishaps. The list includes channelized attention, cognitive task
oversaturation, checklist error, complacency, overconfidence, task misprioritization, and

cross-monitoring performance, to name a few.

Problem Statement

The fighter community still experiences a significant number of mishaps, mostly
due to human factors. Nearly all of the causes are preventable. Risk management does not
eliminate risk but it does manage it. The risk management program needs to be evaluated
to determine if the current measures are effective against these causes.

In FY13 (the latest published list), the top causal human factors categories

resulting in Class A mishaps across all Air Force aircraft were the following:

- Performance-Based Errors: knowing what to do but performing the actions
incorrectly

- Mental Awareness: alertness, active engagement in the situation, non-
complacent

- Sensory Misperception: creating a false perception due to sensory inputs,
incorrectly identifying the situation or environment

- Policy and Process Issues

- Judgment & Decision Making Errors: correctly identifying the situation or
environment but performing the incorrect actions in response

- Teamwork/Crew coordination

- State of Mind: distraction, fatigue, training level, experience level



- Inadequate Supervision

The risk management program needs to target these contributors, as well as historical
trends, in order to manage current risks to flying, where possible.

In the F-15E Strike Eagle community, each flight lead is directed by the Air Force
Instruction (AFI) 11-202 Volume 3 to perform a risk assessment prior to each training
mission. In the United States Air Forces Europe (USAFE), the guidance can be found in
the AFI11-202V3 USAFE supplement, General Flight Rules. The form is USAFE IMT
32, 20050515 Version 1; however, the other F-15E bases use nearly identical forms for
their RM assessment, but they are not standardized between the operational/flight training
units across three bases. At Mountain Home Air Force Base, Idaho both the F-15E units
use unit created assessments. At Seymour Johnson Air Force Base, North Carolina the
risk management sheets are part of a Flight Crew Information File (FCIF) for the entire
Wing. An FCIF is a type of directive file that all aircrew are required to read and adhere.
These checklists are specifically directed at identifying risks from the aircrew. Even
though this is a requirement for each flight, no consistent changes are implemented based
on the assessment results. Furthermore, the checklists are vague, do not account for most
health risks, do not identify specific risky aircrew in the formation, and, worse of all,
make no recommendations if a “risky” score is calculated. The checklist should include
strategies to manage risk in problem areas.

Risk management checklists may not be the only contributor towards improper
risk management. Each aircrew member is required to log training events after each
flight. These are tracked to ensure each aircrew member receives their monthly/annual

training requirements. Some of these include Night Vision Google (NVG) events, low



altitude flying, and air to air combat maneuvering. The training events need to not only
satisfy tactical objectives but also risk concerns, given the causes of most fighter aircraft
Class A mishaps. In other words, the risks associated with each tactical training event

need to be managed in some manner by the training program.

Research Objectives/Questions/Hypotheses

The goal of this thesis is to answer the following questions:

- Isthe F-15E’s RM program effective at reducing the risk of Class A mishaps
resulting in the loss of personnel or property during peacetime operations?

- Are fighter flight training requirements addressing the human factors risks
aircrew face?

The hypothesis is that the F-15E RM program is ineffective for isolating
operational risks because it does not address all the factors that have been known to result
in Class A mishaps based on the existing worksheets in use within the fighter squadrons.
Furthermore, the flight requirements do not properly consider the human factors risks in

its program because it only discusses specific maneuvers and training profiles.

Research Focus

This research focused on evaluating the F-15E training requirements in the
context of risk management. Because the primary threats to aircrew safety are caused by
human factors | focused on training requirements that manage those risks. This involved
comparing the Air Force Instruction (AFI) manuals to the human factor causes.
Furthermore, the effectiveness of the RM checklist in monitoring risks within flying

formations was evaluated.



Assumptions/Limitations

One of the main limitations of this research is that only training data from the F-
15E community was utilized. Since 2000, of all the other fighter/attack aircraft the F-15E
has the lowest number of mishaps resulting in the loss of personnel or aircraft. This may
make it challenging to find a correlation between the data. Additionally, the F-15E is the
only Air Force platform that has two crew members of all the fighter/attack aircraft.
Arguably, this may be one of the reasons it has such lower numbers than the other aircraft
communities. With two aircrew members in the same aircraft there is a redundancy factor
which increases their safety. However, it is possible to expand the criteria to the F-15
community at large (F-15C/E) or fighter aircraft in total but special care about the
differences between aircraft in order to not skew the data and results. Lastly, the analysis
only used Class A mishap data. Class A data was chosen because it is the most costly of
the mishaps in terms of loss of aircraft/engines lives. These types of mishaps also require
a formal investigation into their cause whereas the other classes do not so the data has
been more carefully developed. The other classes are defined by their dollar amounts
with class B below $2M and so forth down to class E.

One of the main assumptions of this thesis is that the results from the evaluation
of the F-15E community can be applied to all fighter/attack aircraft. In today’s Air Force
there is a greater emphasis on flying missions integrated with dissimilar aircraft.
Publications and training manuals have been rewritten to include common brevity terms
and tactics. Additionally, all aircrew face the same human factor risks while flying,

independent of the technological capabilities of their specific aircraft. The training



requirements will differ between the different aircraft but they will be similar because
they are all derived from the same source directives.

In every case, there are external influences that will affect the data. With respect
to this thesis, these factors are the ones that could affect all military flying and aviation
training. These factors include government shutdown, budget changes such as

sequestration, maintenance, weather, and aging equipment.



I1. Literature Review

Chapter Overview

This section extensively discusses the Department of Defense (DoD) regulations
establishing the risk management program, roles and responsibilities and helpful
definitions. Air Force specific guidance relating to risk management is also discussed and
defined. Lastly, aircrew training requirements and unit training responsibilities are

outlined in this section.

DoD Guidance and Air Force Regulations

In 1998, the DoD issued Instruction Number 6055.1: DoD Safety and
Occupational Health (SOH) Program to refocus on safety concerns across the military. It
formally establishes the requirement that each service develop a risk management
program in conjunction with aviation safety, ground safety, traffic safety, occupational
safety, and occupational health®.

Every safety-conscience organization defines risk differently. DoD Instruction
Number 6055.1 is the basis for all USAF risk associated definitions. The following are
the list of terms pertinent to this study®:

Risk Management: the Department of Defense’s principal structured risk
reduction process to assist leaders in identifying and controlling safety and health hazards
and making informed decisions.

Risk Assessment Code (RAC): an expression of the risk associated with a hazard

that combines the hazard severity and accident probability into a single Arabic numeral.



Risk: chance of adverse outcome or bad circumstance; such as illness, injury, or
loss. Risk level is expressed in terms or hazard probability and severity.

Hazard Severity: an assessment of the expected consequence, defined by degree
of injury or occupational illness that could occur from exposure to a hazard.

Accident Probability: an assessment of the likelihood that, given exposure to a
hazard, an accident will result.

The ultimate goal directed by DoD Instruction Number 6055.1 is to have zero
safety accidents®. The DoD expects the different services to accomplish this using risk
management tools’. Some of these risk management tools include assessment worksheets,
probability/severity/impact matrices, and recurring training requirements. According to
the document, the heads of each service department are responsible for establishing a risk
management program that satisfies their unique challenges®. In the USAF, this document
is the Air Force Policy Directive (AFPD) 90-8: Environment, Safety & Occupational
Health Management and Risk Management.

The AFPD 90-8 formally establishes the Air Force’s Risk Management (RM)
program providing policy guidance and requirements for all service personnel to utilize.
It further expounds on the program by listing its principles and processes that facilitate a
safe, risk conscious environment that accomplishes the mission. The RM principles are as
follows:

1. Accept no unnecessary risk: the most logical choices for accomplishing a

mission are those that meet all mission requirements while exposing personnel
and resources to the lowest acceptable risk.



2. Make risk decisions at the appropriate level: the appropriate level for risk
decisions is the one that could allocate the resources to reduce the risk or
eliminate the hazard and implement controls.

3. Integrate RM operations into operations, activities, and planning at all levels:
to effectively apply risk management, commanders, leaders and personnel
must dedicate time and resources to integrate RM principles into planning,
operational processes and day-to-day activities.

4. Apply the process cyclically and continuously: RM is a continuous process
applied across the full spectrum of military training and operations, base

operations functions, and day-to-day activities/events both on- and off-duty.’

These four principles are integrated into the five RM process steps:

1. Identify the hazards.

2. Assess the hazards.

3. Develop controls and make decisions.
4. Implement controls.

5. Supervise and evaluate.'

s —
SUPERVISE

IDENTIFY

&
EVALUATE RAZARDS

ASSESS
HAZARDS

IMPLEMENT
CONTROLS

3
x DEVELOP
| coNTROLS

&
MAKE
DECISIONS

Figure 2: 5-Step Risk Management process™
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AFPD 90-8 also defines some additional terms pertinent to this study of risk
management. Together with the terms from DoD Instruction Number 6055.1 these
complete our risk management definitions.

Hazard — any active or latent condition that can cause mission degradation;
injury, illness, or death to personnel; or loss or, or damage to, equipment or property.

Impact — any change to the environment, whether adverse or beneficial, wholly
or partially resulting from organizational activities. Activities can have tangible impacts
on the environment either directly or indirectly.*

By outlining the RM principles and steps the Air Force’s goal is to develop a
culture of risk aware personnel empowered to manage risk at their appropriate level both
on- and off-duty. The AFPD 90-8 merely introduces the governing guidance on how to
accomplish this goal but also includes directions on environmental safety, etc. For more
detailed explanations on risk management implementation there are two more Air Force
Instructions (AFIs) that we must review.

AFI 90-802: Risk Management focuses solely on how all Air Force organizational
levels and personnel are supposed to incorporate the programs’ principles. Furthermore,
the document outlines more detailed explanations on the program, specifically
introducing RM tenets and goals.

The RM tenets are as follows:

1. cITisk is inherent in all missions, operations and activities, both on- and off-

uty.

2. Risk can be effectively mitigated if understood and appropriate action is
taken.

11



3. All personnel are responsible for utilizing RM concepts, tools and techniques.

4. The RM process outlined herein applies to risk-related decisions when such
decisions are not governed via separately established requirements/guidelines
(i.e. statutes, regulations, or DoD/AF policy/guidance that address personal
health and safety or environmental matters and dictate particular decisions or
outcomes within these requirements/guidelines).*®

The RM goals are as follows:

1. Enhance mission effectiveness at all levels, while preserving assets and
safeguarding health and warfare.

2. Create an Air Force cultural mindset in which every leader, Airman, and
employee is trained and motivated to manage risk in all on- and off-duty
activities.

3. Integrate RM into mission and activity planning processes, ensuring decisions
are based upon risk assessments of the operation/activity.

4. ldentify opportunities to increase AF warfighting effectiveness in all
environments, and ensure success at minimal cost of resources. The RM
Process shall be institutionalized and be an inherent part of all military
operations to address safety, occupational and environmental health risks.**

It is important to note that the document also states that RM does not remove risk
altogether or support a “Zero Defect” mindset."® The Air Force clearly understands that
risk is part of every decision and every decision carries with it some level of risk.
Additionally, it also states commanders are responsible for ensuring all personnel are
trained to implement RM principles and tools.

The Air Force directs all military and civilian personnel to complete RM training
through the Advanced Distributed Learning Service (ADLS) computer based training
website. The training module is called the Air Force Risk Management Fundamentals
Course. Completing the module is a one-time requirement for all personnel and each

MAJCOM has the authority to require more frequent or additional training. For most

12



MAJCOMs the risk management program is managed through the safety office. In the F-
15E community the requirements are to complete the ADLS module and receive annual
refresher training once every year through the unit Safety Officer.

AFI 90-802: Risk Management covers most of the RM tools described in the
ADLS module. In addition to restating the goals and principles of RM found in AFPD
90-8 and DoD Instruction 6055.1 the document introduces two levels of risk
management: deliberate and real-time.

Deliberate RM is an in-depth, pre-planning strategy for managing risk. It involves
the 5-step RM process steps and is selected for complex, short and long term timelines,
and high visibility projects or activities. Real-time RM is a limited-time or no-time
strategy for managing risks. It usually applies to the “execution” phase of tactical
employment as well as emergency situations or off-duty activities.*® Because of the
dynamic nature of the execution phase of operations the Air Force has developed a

mnemonic to assist with Real-time RM: ABCD.
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Figure 3: ABCD model superimposed on the 5-Step process'’
Assess the Situation: Using one’s available situational awareness an individual must use
this to identify a perception of what is happening, integration of information and goals,
and projection into the future
Balance Control: Consider all available resources/controls to eliminate or mitigate
potential risks
Communicate: Establish communication with leadership or within the team to discuss
options to eliminate or mitigate risk hazards; a loss of situational awareness may be
identified by an inability to effectively communicate

Decide & Debrief: Select and implement a near immediate course of action™®

The ABCD model is continuously utilized during flying operations. This model is

implemented routinely during flight given the dynamic environment of F-15E training.
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Aircrew flight training requirements

In USAFE, AFI 11-202 Volume 3 (USAFE Supplement) directs all MDSs to
conduct a risk assessment when flying in Europe.™® As stated earlier, the F-15E version of
this form is the USAFE BASE IMT 32, 20050515, but is very similar to other checklists
in operation. | will assess the effectiveness of this form in the next section and also
highlight any differences from the other forms from other bases.

The Ready Aircrew Program (RAP) tasking memorandum (RTM) outlines the
requirements each aircrew must accomplish in order to meet combat mission ready
(CMR) status. CMR status identifies an individual as fit and trained to deploy to perform
their primary duty Air Force specialty code (DAFSC), or job. The RTM is updated
annually or as required and aligns with other directives including Component-Numbered
Air Force (C-NAF) expectations and Designed Operational Capability (DOC)
statements.”® It becomes filed as an official document at the end of AFI 11-2F-15E
Volume 1 once it is published and applies to the entire combat Air Force (CAF). The
RTM defines the minimum number of required annual sorties, simulator missions, and air
and ground training events for each aircrew. It does not specifically discuss ways to
reduce risk. It is implied through the RTM that if an aircrew meets all the annual
requirements for a particular training event then that individual is at an acceptable risk
level for successfully completing that task, in other words, they are proficient. However,
the requirements are tabulated annually. They do not assess the individual’s preparation
on any given day. For example, each CMR F-15E aircrew is required to complete 3 DCA
(Defensive Counter-Air) night sorties per year. If an individual completes them all in a

single week in January the individual is considered proficient for the year. Common
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sense would dictate that if the individual did not fly another sortie of this type until April
of the same year they may not be as proficient as they were in January. There is another
parameter that is measured in order to account for this discrepancy: currency.

AFI 11-202 Volume 1 defines different requirements to meet qualification levels,
such as CMR, BMC (Basic Mission Capable), or MQT (Mission qualification training)
and the different proficiency expectations for each.”* Furthermore, this AFI identifies
further instruction in another F-15E-specific publication, AFI 11-2F-15E Volume 1.

AFI 11-2F-15E Volume 1 thoroughly describes the requirements for maintaining
and regaining currency for each of the training events outlined in the RTM. Of note, there
are different currency durations between experienced and inexperienced aircrew—
delineated by the number of flight hours of the individual—and day and night events.?
It’s implied that remaining current in these events reduces the risk to an acceptable level
for performing the task without significant incident.

It is clear the Air Force takes both risk management and combat capability
seriously. There are numerous publications and directives that dictate the details
establishing the guidelines for aircrew qualifications and maintaining them in accordance
with annual training requirements. Indeed, they are the basis for unit training plans and
tactical focus. With respect to risk management, the Air Force has also laid the
groundwork for proper implementation. However, unlike the training program, the risk
management program expects each MDS to produce its own assessment program as long
as it incorporates the risk management models. Although USAFE BASE IMT 32,
20050515 satisfies this basic criterion, it falls short on capturing all the data associated

with Class A mishap human factors causes.
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Outside the DoD in the United States the Federal Aviation Administration (FAA)
dictates how aviation agencies will conduct risk assessments. The FAA System Safety
Handbook is the source document for these procedures. The FAA principles of risk
management closely mirror the DoD and Air Force instructions discussed above with

slight changes in definitions and management cycles.?

Conclusion

This investigation supports the hypothesis that the flight training program does
not properly address human factors. The RAP Tasking Message combined with the
requirements in AFI 11-2-F-15E Volume lregarding proficiency and currency do account
for risk, though not explicitly. One of the best ways it does this is through the supervision
requirements for each of the upgrade sorties or currency requalification.

According to AFPD 90-8, the first step in the Risk Management process is to
identify the hazards. Without a thorough completion of this step the following tasks in the
cycle will also be incomplete. In the next chapter the ro qot causes of class A mishaps
and their underlying factors are compared to the risk management programs at the unit

levels, specifically their worksheets, to validate the hypothesis in chapter 1.
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I11. Methodology

Chapter Overview

This chapter discusses the different tools available to identify the root causes of
class A mishaps and how to use them. There is a detailed explanation on the Fault Tree

Analysis tool as the appropriate choice for this investigation.

Analysis Tools

This research will assist in determining which underlying reasons affect the
probability of a debilitating human factor occurrence. There are many different methods
and tools available to identify faults and root causes within a system. The failure mode
and effects analysis (FMEA) is an inductive, bottom-up analysis method aimed at
analyzing the effects of a single component of function failures on equipment or
subsystems.?* The FMEA is not an appropriate choice for this study because the Class A
results are already know: loss of life/aircraft. The failure in one of the human factors
components leads to a Class A mishap (worse case), within the confines of our study.
Additionally, an FMEA is not able to analyze how multiple failure components (i.e.
different human factors) affect the outcome.

A reliability block diagram (RBD) is a diagrammatic method for showing how
component reliability contributes to the success of failure of a complex system. RBD is
also known as a dependence diagram (DD).?> % When we compare our results between

different aircraft we could use an RBD to identify redundant systems and their effect on
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the outcome. The most obvious differences between the four aircraft frames considered
are the number of engines and the number of aircrew members. Having two engines or
two aircrew or both decreases the likelihood of an overall system failure due to the
redundancy components. However, human factors are more complicated for this type of
analysis. For example, a failure of a pilot due to channelized attention combined with task
saturation will not always result in a mishap. Numerous internal and external factors can
affect the outcome of the failure of this type. For instance, an experienced wingman
(other pilot/aircrew part of the flight formation) may be able refocus the disabled pilot
through effective communication. Also, on that particular flight the disabled pilot may
have developed symptoms of illness and is unable to perform at their best for that reason
potentially resulting in a mishap. When you consider these issues an RBD would be too
complicated to be useful.

Root cause analysis (RCA) is a method of problem solving used for identifying
the root causes of faults or problems.?” RCA is utilized by Accident Investigation Boards
(AIBs) and Safety Investigation Boards (SIBs) alike. The premise is the analysis
determines a cause which, if removed, would not result in an undesired effect. The case
studies applied to this analysis used RCA to determine which human factors were found
causal in the mishaps. An RCA may be used to discover these factors but a significant
disadvantage of this approach is its effectiveness. The quality of RCA is dependent on the
accuracy of the input data. Also, users tend to select and interpret data to support their
predispositions. Lastly, it lacks a scale to measure the severity and impact of each cause.

That being said it could be used to analyze my hypothesis as well.

19



A Why-because analysis (WBA\) is a method for accident analysis.?® The result
from a WBA analysis is a why-because graph (WBG) which details the casual factors
leading to an accident. It is an objective look at identifying root causes of accidents.
WBA is not an appropriate choice for this analysis because human factors is incredibly
subjective. The subjective nature of this type of analysis is an important quality for
further expansion of this research which is discussed later.

Fault Tree Analysis (FTA) is a deductive, top-down method aimed at analyzing
the effectiveness of initiating faults and events on a complex system. Similarly to the
RCA, the FTA is also used to identify root causes. This analytical tool is appropriate to
this study because it permits the investigation to filter down to whichever level one
selects. It requires a thorough understanding of the system being studied to account for all
the factors affecting the fault. FTA is best suited for safety engineering and reliability
engineering to understand how a system can fail or how to reduce the risk of failure. The
difficulty with an FTA in this case is that human factors are very subjective but
identifying underlying factors that affect the likelihood of those events occurring will
overcome this obstacle. This information will be compared to the risk management
worksheet USAFE BASE IMT 32, 200505015, with highlights from the other
worksheets, and identified how it can be improved.

An FTA is illustrated using a diagram with specific symbols, called events,
transfer lines, and gates, to describe the causal factors for the fault. Table 1 shows the

symbols and their meanings. Figure 4 illustrates a basic example of its process.

20



Table 1: Fault tree analysis symbols and meanings®

Symbol Name Meaning
And gate Event above happens only
if all events below happen.
Event above happens if
Or gate one or more of events
below are met.
Event above happens if
- event below happens and
‘ @ Inhibit gate conditions described in
oval happen.
| Event that results from
E Combination combination of events
wert .
gate passing through gate
below it.
: Event that does not have
Basic event

any contributory events.

Undeveloped

Event that does have
contributory events, but

same diagram.

basic event which are not shown.
Event that does have
Remote contributory events, but
basic event which are shown in
another diagram.
-y, Out A link to another diagram
Transferred
& or to another part of the
In event
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Used to include or exclude
other parts of the diagram
which may or may not
apply in specific situations.

Switch

Person demotivated
by evaluation

Process causes

Dispute over
demaotivation evaluation
Q Process not

| followed

Forced
Distribution

Bad evaluation

-

FPoar
tearmwork

Competitive
ranking

Manager

untrained

Faor
Management

Figure 4: Fault tree analysis subjective example®
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In the next section the data from the Class A mishaps will be listed along with the
human factors causes or contributors. The FTA tool shows the underlying causes behind
these human factors. Using this information the F-15E risk management worksheets are
compared to each other and then evaluated on their effectiveness to determine whether

changes need to be implemented.
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IV. Analysis and Results

Chapter Overview

As previously discussed a fault tree analysis was used to determine the causes of
F-15E Class A mishaps as they relate to human factors. Since human factors have been
shown to contribute to 80% of Class A mishaps the focus has been tailored to understand

how to minimize risk of their occurrence or eliminate it altogether.

Case Studies

After a Class A mishap there are two investigations that are started, a safety
investigation board (SIB) and an accident investigation board (AIB). The SIB results are
privileged information released only to aircrew for safety reasons to avoid future
incidents of the same type. This information is protected from prosecution. The AIB
results are a legal finding releasable for public record. The two board results almost
always coincide. For security purposes this investigation only used AIB results.

According to DoD Human Factors Analysis and Classification System (HFACS)
7.0, all human factors can be classified into two general categories: Mishap-level factors
and Person-Level factors. This analysis focuses solely on the latter category because the
mishap-level factors are beyond the control of the aircrew, mostly concerned with
maintenance and the mechanical workings of the aircraft. Person-Level factors are further

subcategorized into three lower levels shown in figure 5 below.

24



Persor-Level Factors

L

Physical Envircnment

PE101 Envirormentsl Concitians Affecting Vision
PELG Viaration Effects Vision or Bziance

PELDS Heat/Cold Stress Impers Ferformance
PELOE Extarnal Farce or Ooject Imaeded an
Inciividuals Mavement

PELD Lights of Other VehicheVessal Xicmaf
Aftzcted Viien

PEL14 Hoise Interference

B

Technolagicel Environment

PRECONDITIONS

PEZ01 Zest and Restreint System Froblems
PE20Z Instrumentation & Warmirg System Issues
PEZ03 Wisiaility Restrictizrs (Hat Westher Aeiste]
PEZ04 Cantros anc Saitchas are inagecuste
PE205 Automated Systern Creates Unsafie
Situstion

PEZ06 Werkspace Incompatible with Dperstion
PEZ07 Fersorl Equinment Inksrfanence

PE208 Communicaticn Equipment Inadequate

| Teamwork

PRADY Failure of Crew,Team Leadersnia

P03 Inad=quate Task Deizgation

PF104 Renky/Fasition Intimidstion

PRA05 Lack of Aszartivenass

PP06 Critical Infarmaticn Mot Communiczied
PFRA07 Seanderd/Froper Terminciogy Mot Usee
P08 Friled tm Efectively Communicate

P05 Txzi/Missian Flanning/Eriefing Inedeguate

Physical Froblem

PC202 Substane Effacts |4lconol, Supplaments,

State of Mind

PC202 Psychoiogicsl Frobiem

Sensary Misperczgtion

Mental Awarsness

FS0A Mctian Husicn - Kinesthasic

PCA04 ot Faying Ate=ntion

Mecications, Drugs)

PCS0Z Turning Blusion,'S=ince - vestioulsr
P304 Lass of F conscicus ness (Sudden or Fralonged i

PCL02 Fikatian

PS03 Wisus! likusion PCA03 Task OverUinger Saturation
omset) PS04 Misperception of Changing PCL04 Cont,
305 Frygsical Mness/Irjury Environenent PCL0S Negative Hat Transner
PC307 Fatigue PCSAS Misinterpretec) Misnesd Instrument PC106 Distr:

P10 Trapped Gas Discroers

FCEL1 Suntved Gas Disarders

PL312 Hypoxia/Hyperventiation

P21 imacequate Acaptetion to Duckness

FL315 Denyartion

PC217 Body Size/Mavement Limitstions:

P31 Pripsicel Strength & Coardinetion |inapproprinte
far Task Demands)

PCI18 Potritiony Diet

PCSO7 Misimberpretation af Auditonyy/Sound PCL07 Gzagraphically Lest

Cues PCL02 Inzerference/|nbarmuption

FICSOE Spatinl Ciscrizntztian PC09T=chnical or Procedursl Krermecge Mat
FiCS11 TemparalTime Distortian Retrined After Training

PCLL0 Inacourmte Expectatian

PC245 Motieticral Exhaustion [Bumaut]

|
Performance-Based Errars Judgment & Decision-Making Errars | | Viclatians |
|
|

AELMH Unintentes Operation of Equipment
ANELOZ Crsckiist Mot Folicwed Cormactiy
AELE Frocecure Not Followed Carrectly
AE108 Duer-Contralie/Under-Controlisd
AirCrafL/Wehicie/System

AELOS Eneakaawn in Visusl Scan L |
AEL07 Fushed or Delyec s Maceszary Actian

AE204 Inadequate eal-Time Risk Assessment
AE0D Feilure to Prioritize Tasks Adecustely
onfWaing

ME206 Wrong Choios of Actian During an Opersticn

| AwD01 Pertarms Wars-Arounc vicition
AWDO2 Commits Wicesoreag/Foutine Wicistion
AMDUE Extreme Yioltian - Lack of Discinine

Figure 5: Person-Level Factors®

There are 10 categories of contributing factors to mishaps: Physical environment,
technological environment, teamwork, physical/medical problem, state of mind, sensory
misperception, mental awareness, performance-based errors, judgment & decision-
making errors, and violations. All these categories have been contributing factors to Class
A mishaps over the past five years across all Air Force aircraft. The root causes according
to Accident Investigation Boards have been spatial disorientation, environmental and
procedural factors®?, misperception of the operational conditions, erroneous expectation
for a night event, inexperience by the crew®®, channelized attention, an improper
crosscheck®®, not in compliance with restrictions, and low altitude bird strikes™.

Unfortunately (and fortunately), there have only been 4 F-15E cases since FY2000 that
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resulted in Class A mishaps due to human factors. For this reason the data was expanded
to include all F-15 model Class A mishaps since FY2000 as well. With this expansion the
count is 15 cases total. All fighter aircraft since FY2000—which encompasses F-15, F-
16, and F-22 data—was included in the data pool in order to gather significant data.
There are 62 recorded Class A mishaps that fit this criteria since FY2000. The main
assumption is that despite the different fighter aircraft and training all aircrew are
affected by the same human factors. For example, task saturation can happen to any
aircrew regardless of the platform in which he or she flies. The frequency of this human
factor example occurring can vary between aircraft but that isn’t relevant to this study.
Furthermore, the data pool was constricted to these aircraft because they are still being
flown today. Table 2 displays this data for all the cases in which human factors were the
root cause or found casual to a mishap. Appendix B shows an example of an AIB report

used to gather the data in the analysis.
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Table 2: AIB findings for Class A Mishaps since FY2000%

Aircraft Date Root Cause Causal Factors
F-16C (2) | 17 Nov 99 Loss of situational awareness, Night, Lights out
cross-check breakdown
F-16C] | 19 Mar 00 Channelized attention Strong winds
F-15E | 31 May 00 Experience level
F-16C | 16 Jun 00  Checklist compliance, crew
resource management
F-15C | 03 Aug 00 Pilot error
F-16C (2) | 08 Aug 00 Channelized attention, loss of
situational awareness,
complacency
F-16C | 28 Aug 00 Pilot error, flight discipline Channelized attention
F-16CJ] (2) | 13 Nov 00 Pilot error
F-16CG | 16 Nov 00 Loss of situational awareness
F-15C (2) | 26 Mar 01 Low altitude, fog
F-16CG | 12Jun 01  Spatial disorientation Channelized attention, night
F-16C] | 06 Jul 01  G-force induced Loss of
Consciousness (G-LOC)
F-16B | 17Jul01  Channelized attention Loss of situational awareness
F-16C | 10 Jan 02  Pilot error Spatial disorientation
F-16CJ] | 20 Mar 02 Inadequate cross check Night, weather
F-15C | 21 Aug 02 Pilot error
F-15C | 03 Sep 02  Pilot error
F-16C | 09 Sep 02  Loss of situational awareness, Night, low illumination, weather,
task saturation spatial disorientation
F-16CG (2) | 25 0ct 02  Pilot error Loss of situation awareness, task
misprioritization, channelized
attention, expectancy
F-16C | 13 Nov 02 Loss of situational awareness, Visual illusions
channelized attention
F-16CG (2) | 18 Dec 02  Task misprioritization, Night
channelized attention
F-15C (2) | 17 Mar 03  Pilot error
F-16CG | 12 Jun 03  Inadequate cross check Checklist error, task
misprioritization
F-16CG | 09 Sep 03  Loss of situational awareness
F-16C | 14 Sep 03  Pilot error
F-16B | 25 Sep 03  Loss of situational awareness  Channelized attention, lack of
proficiency/experience, task
misprioritization, complacency
F-16CJ (2) | 09 Mar 04  Task misprioritization, Fini flight, aircraft configuration
channelized attention
F-15E | 06 May 04 Bird strike Low altitude
F-16C (2) | 17 May 04 Loss of situational awareness  Task misprioritization
F-16C | 19 May 04 G-LOC, spatial disorientation
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F-15C (2)

F-16D
F-16

F-16C]

F-16CG
F-16D
F-15C/F-16C
F-16CG

F-16CG

F-16C

F-15C(2)
F-16C
F-16D

F-15D
F-15C
F-224
F-16CM

F-15E

F-16CM (2)
F-22A
F-16C

F-16CM
F-15E
F-224

F-224
F-16C

04 Oct 04

18 Mar 05
05 Apr 06

14 Sep 06

27 Nov 06
12 Mar 07
11 Jun 07
15 Jun 07

18 Sep 07

15 Jan 08

20 Feb 08
14 Mar 08
02 Apr 08

30 Jul 08

13 Nov 08
25 Mar 09
22 Jun 09

18 Jul 09

15 Oct 09
16 Nov 10
28 Jun 11

29 Jul 11
28 Mar 12
31 May 12

15 Nov 12
27 Dec 12

Task misprioritization,
channelized attention
Checklist error
G-LOC

Visual illusions,
misperception, task
misprioritization, inattention
Channelized attention

Channelized attention
Spatial disorientation,
inadequate cross check

Spatial disorientation

Pilot error
G-LOC
Procedural error

Pilot error
Loss of situational awareness
Inadequate cross check

Procedural error
Channelized attention
G-LOC

Breakdown in visual scan

Visual illusion
Pilot error

Checklist error, complacency,
Procedural error
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Loss of situational awareness,
unplanned aircraft congestion
Pilot discipline

Extended break from flying,
fatigue from multiple flights,
upgrade sortie

Combat

Low altitude

Loss of situational awareness
Night, weather, low altitude

Severe weather including
thunderstorms and icing, spatial
disorientation, upgrade sortie
Inadequate cross check, night,
weather

Surge operations

Inexperience, proficiency, task
misprioritization, channelized
attention, fatigue, task
oversaturation

Low altitude

Inexperience, channelized
attention, expectancy, night, low
illumination

Expectancy, inexperience,
channelized attention, inadequate
cross check, night

Channelized attention

Spatial disorientation

Aircraft configuration, upgrade
sortie

Task misprioritization, channelized
attention

Night, inadequate cross check
Task misprioritization, distraction,
misperception, decision making
error

Weather

Lack of discipline, spatial
disorientation, channelized
attention, misperception



F-16CM | 28 Jan 13  Spatial disorientation Night, weather, breakdown in

visual scan

F-16C | 03 Apr 13  Night, weather

F-15C | 28 May 13 Emergency procedure proficiency,
expectancy

F-16D | 26 Jun 13  Decision-making error Bird strike, channelized attention,

breakdown in visual scan

F-16C (2) | 01 Aug 13 Misperception, channelized Overconfidence, inadequate crew
attention, task rest, fatigue, lack of discipline
misprioritization

Results of Case studies review

A compiled list of the factors is shown below. These coincide with the DoD
HFACS 7.0 list of person-level factors.

- Channelized attention/Inadequate cross-check

- Loss of situational awareness

- Task misprioritization/task saturation

- Pilot error/decision-making errors/breakdown in visual scan/expectancy
- Night operations/low illumination/lights out

- Spatial disorientation/visual illusions/misperception

- Weather/thunderstorms/icing/strong winds

- Low altitude

- Flight discipline/lack of discipline/complacency/overconfidence/inattention
- G-LOC

- Crew rest/fatigue/surge operations

- Upgrade sortie

- Inexperience/break from flying

- Plan changes

- Aircraft configuration

- Fini flight

- Bird strikes

- Checklist discipline/crew resource management

Channelized attention and loss of situational awareness are by far the human
factors most often identified as the root cause or supporting causes of a Class A mishap.

Aircrew are trained to reduce the likelihood of the effects of these human factors by
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performing an adequate cross check of aircraft sensors in order to avoid fixation and to
help build situational awareness. Complacency can lead to a breakdown in visual scan,
expectancy, decision-making errors including a lack of checklist/flight discipline, and
pilot execution errors. Complacency can be overcome by mental fortitude to remain
engaged in aircraft/mission activities, proper training, physical fitness, effective crew
resource management and proper cross check to increase situational awareness.*’

Task misprioritization is another human factor that has contributed to many Class
A mishaps. Some of the reasons this may occur are related to the aircrew’s experience
level, inadequate mission planning, and aircrew lack of proficiency. Task saturation
causes performance to decrease and errors to increase, made worse with an increase in
stress. It leads to channelized attention or even complete shutdown of performance in
extreme cases. It can be overcome with a proper cross check, checklist discipline, and
effective crew resource management, similar to combating complacency.

All fighter aircrew are required to attend and graduate from centrifuge training
prior to attending their formal training course for their particular airframe. At this training
aircrew are taught how to properly perform an Anti-G force Straining Maneuver
(AGSM). Additionally, they are instructed on the physiological factors affecting one’s
ability to perform the maneuver. The factors that degrade G-LOC protection are fatigue,
muscular endurance, not smoking, and proper hydration/nutrition.*®

Training requirements also introduce increased risk. Low altitude operations are
potentially dangerous due to the decrease in reaction time available prior to hitting the
ground. Flying low to the ground also increases the probability of a bird strike. Increases

in flying operations in the form of surges, multiple flights within the same day, duty day
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length, experience level, and minimum crew rest. Also, stressors from upgrade flights,
extended breaks from flying, late planning changes, and overconfidence from fini
flights—the last flight of an aircrew member prior to permanent change of station or
separation/retirement—need to be addressed as well.

The remaining factors are mainly environmental: night operations, low
illumination (<2.2 millilux), lights out (external aircraft lighting during off for training),
and weather. Air Force regulations dictate the weather requirements for takeoff, landing,
and training operations. Each pilot has their own weather category indicating the
minimum cloud ceiling and visibility for takeoffs and landings. Also, each aircraft has its
own safety restrictions based on winds and configurations. Environmental factors can
also increase the probability of spatial disorientation and visual illusions. These can be
overcome with proper training, focused briefing, and proper cross check.

When we fit all these factors into the FTA we get an extensive diagram that
highlights underlying conditions that degrade human components. These include
stressors, weather at legal minimums or close to it, experience level, mission complexity,
late changes, sleep issues, ops tempo, and proficiency/currency levels, to name a few. See
Figure 6 for the complete breakdown.

The FTA was developed using the person-level factors as a road map. The first
step towards constructing the FTA is to begin with the fault, in this case the Class A
mishap. The next step is to create contributory branches from this fault. Based on the
person-level factors diagram there are three main branches that contribute to this fault:
unfavorable environment, inappropriate actions, and degraded physical and mental state

(individual issues). Teamwork is mentioned as a person-level factor but this is captured

31



elsewhere under one of the other categories. The three branches are related to the three
phases of the aircrew’s interaction with their environment: perception, decision, and
execution factors.

The unfavorable environment encompasses external influences. The external
influences, although not controlled by aircrew, do affect the potential for a debilitating
human factor to occur, namely the environment which influences the aircrew’s
perception. These are weather, light conditions, and the aircraft readiness itself. The
aircraft readiness is labeled “technical issues” and is beyond the scope of human factors.
They were ignored for the sake of this analysis which is why they were designated by a
diamond—event that does have contributory events, but which are not shown. The
weather hazards to aircrew include thunderstorms, icing, strong winds, temperature, and
birds (as related to seasonal migrations and historic patterns). When these hazards
increase in their impact factor or frequency it increases the risk of a Class A mishap
occurring. They were indicated by circles because they are basic events. Visual illusions
and bird activity were designated by diamonds because there is more depth to each of
these categories but not needed for this level of analysis. With respect to the night
operations the illumination level can play a factor in spatial disorientation. External
aircraft lighting is controlled by the aircrew. If the training calls for reduced lighting or
lights out (no external lighting) there are associated risk factors with these conditions.
These are basic events designated by circles.

The internal environment is the aircrew’s physical and mental abilities. These can
affect the decision making ability of the aircrew. When human factors are present they

can lead to the degradation of the aircrew’s physical and mental state. The physical
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problems that can be present if aircrew is able to fly, not on DNIF (duty not including
flying) status, are a G-LOC or physical fatigue. The FTA shows the factors that
contribute to these two physical conditions as it relates to flying in fighter aircraft.
Diamonds are used for both poor fitness and nutrition because the depth of these issues is
not required to illustrate their impact. Excessive stress, circadian rhythm issues, and lack
of sleep are basic events that contribute to physical fatigue. IlIness is a diamond because
not all illnesses degrade the physical ability for aircrew to perform their flying duties.
Their inclusion implies that the illness is either being treated by flight doctor safe-for-
flying prescription medications or is not deemed serious enough to completely degrade
the aircrew’s ability to perform their flying duties. The latter is completely subjective and
not always correct. Lastly, the high ops tempo is a diamond because there are affected by
many other influences outside the human factors scope. Some of these high ops tempo
factors related to fatigue include the length each aircrew is working daily (related to crew
rest), weekly (related to the fighter scheduling timeline), and monthly (related to required
aircrew proficiency).

Distraction causes a degraded mental state for aircrew. The elements of
distraction include task saturation/channelized attention, complacency, and mental stress.
These all result in a loss of situational awareness, designated by an oval. The hexagon
was used to show that distraction would occur if the rest of the branches below it also
occurred. Mental stress was selected as a basic event for simplification. The existence of
stress is enough to affect an individual’s risk, regardless of where is stems from.

Assessing the amount of stress is necessary for managing individual risk.
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Task saturation and channelized attention are the top two human factors that are
root causes or contributory to Class A mishaps and their understanding is crucial to
managing their likelihood. As such, aircrew face four dimensions that contribute to this
likelihood: lack of experience, poor crew resource management (CRM), upgrade sorties,
and lack of proficiency. Lack of experience is a compound dimension and thus
designated with a diamond. The fighter community makes this distinction by the number
of flight hours attained unique to each airframe. This demarcation is beyond the scope of
this study but it’s enough to understand there is one stated and restrictions are placed
upon each category. Similarly, poor CRM, or teamwork, is beyond the scope as well but
is related to experience level. It is difficult to predict how well a team will work together
and thus those details are left out of this investigation. The FTA reveals that it plays a
part and should be considered. Upgrade sorties and lack of proficiency are basic events
defined by the flight syllabi and AF111-2F-15E Volume 1, thus represented as circles.

Complacency is a result of a breakdown in visual scan, lack of discipline, and
inadequate crosscheck. Both visual scan and crosscheck are basic events. A lack of
discipline is not as basic and thus represented by a diamond.

Lastly, the third branch is based on the aircrew’s actions or behaviors, the
execution portion of interaction with the environment. These are subdivided by
misperception and insufficient training. Misperception stems from a lack of experience,
discussed above, and ignored warnings. Ignored warnings are a result of overconfidence,
a basic event, and a distracted state of mind, discussed in another branch. These both

contribute to inappropriate checklist use.
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The other branch of inappropriate action is because of insufficient training.
Insufficient training, in turn, is a result of lack of knowledge, proficiency, and inadequate
mission planning, all of which contribute to a loss of situational awareness. Lack of
knowledge can be caused by many factors not considered for this study so it is designated
by a diamond. Inadequate mission planning is a result of low altitude operations,
unfamiliar aircraft configurations, lack of coordination, late changes, and mission
complexity resulting in task misprioritization. All of these are basic events except for
mission complexity which is composed of mission events, number of aircraft involved,
training airspace required, etc. The FTA analysis was able to reveal this deeper level of

causal factors that must be addressed.

Comparison

The USAFE BASE IMT 32, 20050515, V1 form assesses flight risk by 12
categories (see Appendix A-1). They are weather, experience level, mission complexity,
training level, flight planning/mission preparation, estimated duty day/night (at last
engine shutdown), pilot/aircrew rest, schedule, lookback/proficiency, schedule
notification, ops tempo: sorties within the last 7 days, and step timing—the time aircrew
receive their brief from the operational supervisor about aircraft status, current weather

conditions, and mission execution notes.
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Figure 6: Fault tree analysis of Class A mishaps
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The form used at Seymour Johnson Air Force Base (Appendix A-3/4) takes the
risk assessment a step further by assessing the factors by each individual aircraft within
the formation (rather than just the overall flight). Additionally, it expands the weather

category to include not just takeoff conditions but also training airspace weather
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conditions, bird conditions, and runway conditions. It also elaborates on the different
types of training missions including aircraft configurations and assigns point totals based
on their complexity. The Mountain Home Air Force Base (Appendix A-2) squadrons use
a form nearly identical to the USAFE one.

Comparing these forms to the results of the FTA yields many deficiencies (see
Table 3). Although appropriate for single seat aircraft it’s important to assess each
individual’s risk score, rather just combine them into one score. In this way supervisors
can better determine how to manage risk individuals. Assessing an individual’s personal
stress level and physical readiness is severely lacking in the existing worksheets.
Accounting for the effects of the ops tempo is included but not assessed over time
adequately. The forms definitely address aircrew training proficiency and currency quite
effectively but add a new category called “schedule notification” which has no bearing on
risk, unless it’s after the normal mission planning timeline has begun.

Table 3: Comparison of fighter unit risk management worksheets

WORKSHEET PROS CONS
USAFE BASE IMT 32 Accounts for different weather Erroneous schedule notification
categories, some circadian field/step timing, does not break
rhythm change mitigation out for individual aircrew, does
not account for environment
factors
S] AFB OPS/FTU Different scores for different Does not break out for individual
aircraft within the formation, aircrew, no stress indicators or fit

accounts for environment factors,  for duty factors, erroneous

breaks out different mission sets schedule notification, does not
allow for the effects of mission
changes

391STOPS Attempts to identify risky Erroneous schedule notification

individuals, closely standardized  field/step timing, does not

to USAFE some circadian rhythm  account for environment factors

change mitigation

The table was created by comparing the existing forms to the results of the FTA.
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Proposed solution

Figure 7 is a new worksheet that accounts for all these factors and assigns a risk
score to both each individual aircrew member and the flight as a whole. The form is
broken up into three categories: human, environmental, and mission factors. The human
factors have their own individual risk score to identify higher risk individuals. This new
form incorporates stress levels, circadian rhythm factors, sleep levels, ops tempo,
proficiency/currency level, and duty day (including non-flying events). In the
environmental factors section the takeoff weather, landing fuel, bird condition,
temperature condition (FITS), illumination for night flying, and winds. Furthermore, the
runway condition and airspace weather is included as well. These are accessed per
aircraft because the pilot weather category can vary within the same formation; it’s the
same with the aircraft configuration in the mission factors section.

The mission factors section addresses the different types of training missions
available to the F-15E. It includes inputs for reducing external lighting or external lights
out during night operations as well. In the planning subcategory the form permits risk
assessments for late changes to the plan assessed by the operations supervisor described
in AFI 11-218.

Scores are tabulated down the sheet to give the flight an overall risk score. The
human factors section tabulates individual scores in this way as well but the flight is
given the highest score in each category for its overall risk score. This score is given a
rating and may require further approval for the sortie to continue as planned. There are

ways to reduce risk within the aircrew of a particular aircraft or even changing the
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mission profile. These mitigations tactics are available to the flight leads and operational

supervisors based on the assessments within the flight.

F-15E RISK MANAGEMENT WORKSHEET (TRAINING)

CALLSIGN: DATE: TIME [L): LAKENHEATH VERSION | HISHEST
RATING
Individual WITHIN
@ ) @ ]
EEEIHE EIHEIE L
Fatigue
Usuzl sleep 1 hr = Usual sleep 2 hrs « Usual sleep r.'u. feiple s.leep poar slesp over pazt
interruptions T2 hrs
Stress (Physical, Emotional, and Mental factors)
Lerwe {01 Mederate [1): High (2): Affects daily | Extreme [3): Affects Persistent: Affects
w (0} Manageable tasks personal life psnilfprof life
Show time (local
1500 - 1955
0700 - 1055 1100 - 1455 2000 - 2259 2300 - 0425
0430 - D652
Ops Tempao within past 7 days
1-4 sorties = sorties <1 or =6 sorties | 2 dbl turns this wk | 3+ dbl turnis this wk
Duty day at last engine shutdown
1st event | 2nd event | double tumn | duty day limit | waiver reg
Experience
Inst/50 Sup | Experiencad | Inewperisrnicad | NQT/Fit doc | FAMIncentive
RAP as of this sortie [flying only)
CMR/CMR rate | EMC /M, [ Probatian [ Mon-ChMR | Kon-BRC
Currency
Current | Nor-ourrent | Upzradecheck | X-ride | XN-ride or greater
Crew rest
12 hrs | Min12hs | | |
Schedule during work week [not just flying)
no switching | day fiying swaps | day to night | night to day multiple switches
|Individual ORM INDIVIDUAL
Low threat: £5 pts | Medium threat: 6-11 pts High threat: 2 12 pts TOTALS:
Environmental Factors Formation
Weather Alt req: Landing fuel <10K lbs Alt req: Landing fuel 210K Ibs
500'(1 above PWE [ | 20075 above PWE /
. w20kcts w-wimd / FITS »25kts w-wind f FITS PWC miins [/ wind
- 200073  FITS normal +15kts wowind caution / Birds danger / Birds Severe /| limits £ FTS extreme
Moderste / Hi llum Loy llum
Runway
Diry/Diry or Dry/Wet WetWet ‘Wet, standing CAT 3 waiver loy
Airspace
NSTR -waivel-ibl-: for thunderstorms in area »30kts land) »20kts i
winds,icing in area water
Ordnance
MHone / chaf¥ [ flare | SUU/hat gun Inert hpat: lives |
Type Reduced light Lights out
Inzt f AHC / BFM / LAD| ACM 7 CAS / SCAR / d"’g "ﬂéﬂ :‘;‘;:'CF 24 ACT-N / BSAN
1wl f 2v2 ACT /BSA | MAS/ BSA <SKCAGLS | SEAGL ¢ off station |5 MELS Night low fy|  LFE night / FLAG
5K AGL ocFyaaract | PO SEEON | CaSN f LFE day
surtg J fani -
Planning Major planning changes - Top 3 inputs
Di=tailed Abbreviated since rally | since brief tima | at step [ takeoff
Green (£ 15 pts) Yellow [16-22 pts) Red [z 23 pts) GRAND
Fit lead initials Top 3 initials 5q CC/DO initials TOTAL:

CAOD:23 Mar 15

Figure 7: F-15E Risk Assessment worksheet
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Summary

The risk management forms from the operational and fundamental training units
are inadequate to address all the factors from the FTA analysis. A complete overhaul was
necessary to mitigate these possible factors in flight operations. The key points left out
concerned an individual’s personal fit to fly readiness. Each aircrew needs to conduct an
honest assessment of their abilities and manage the risks associated with those
limitations. There are certainly times when accepting that risk is an acceptable action but
it must be weighed against other risk factors as well. The question of whether the benefits

outweigh the risks must always be addressed.

Investigative Questions Answered

Across the CAF the F-15E risk management programs are inadequate in
addressing all the human factors that have led to Class A mishaps across the Air Force
but they have been effective in managing some risk. This was shown by the hazards
identified as the root causes of a case studies investigation, performing a fault tree
analysis to determine their underlying factors, and comparing them to existing risk
assessment worksheets. The F-15E community has experienced the fewest number of
Class A mishaps from human factors than the other F-15 models, F-16, and F-22. Some
of this may be due to its system redundancy or its risk management program or both.
Although effective it needs to be improved with the intention of proliferating these
improvements across all fighter aircraft communities.

Fighter flight training requirements do provide some risk management for these

human factors albeit indirectly. The requirements achieve this through the requirements
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for proficiency and maintaining current in certain flight tasks and profiles. If aircrews
lose their proficiency or currency there are regulations in place to regain it safely with

proper supervision or additional training. It is assumed that risk is at an acceptable level

when these conditions are met.
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V. Conclusions and Recommendations

Chapter Overview

This section outlines the ramifications of the investigation as well as
recommendations for implementation and future studies to develop the risk management

program within F-15E units and beyond.

Conclusions of Research

This investigation has revealed that the F-15E community has an inadequate
deliberate level risk management program. The risk assessment worksheets currently in
use across the CAF do not properly account for the underlying factors causal or
contributory in human factors related Class A mishaps since FY2000. The data only
encompassed fighters still active in the Air Force but since human factors affect all
aircrew these findings could be extrapolated to other airframes. The focus of the study
was the F-15E programs but the findings suggest the risk management program
inadequacies are more widespread. Using the results of the fault tree analysis the
pertinent factors were identified and included in the construction of a new risk
management worksheet appropriate for its management.

The F-15E training program, directed by MAJCOM, includes some risk
management but its underlying assumptions have not been investigated. This study

merely revealed the presence of some mitigation.
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Significance of Research

This investigation is significant because it reveals shortcomings within the F-15E
risk management program. With the help of this new worksheet units are better equipped
to assess their flight risk. Aircrew are still responsible for completing using the real-time
risk management tool: ABCD to manage their risk in a dynamic environment. The goal is
always to identify hazards that may result in, at worse, a Class A mishap.

Constructing a program that identifies the hazards is the first step to an effective

program. There are still more opportunities to refine the program and make it stronger.

Recommendations for Action

Based on this study the new worksheet should be implemented immediately
within the CAF. Not only would this be an effective way to manage risk but also
standardize the programs across all units. Additionally, with minor modifications, this
program can be implemented quickly within the F-15C units. Further study would allow
it be implemented across all fighter units as well. Since human factors is common to all
aircrew the differences between the worksheet versions would be restricted to mission
sets, configurations, and MDS-specific requirements. The intent would be to standardize
the Air Force risk management program across all fixed-wing aircraft. Rotary wing
aircraft will have their own unique challenges. However, for all its successes this current
worksheet based program has its shortcomings and requires further development to

strengthen its effectiveness.
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The worksheet will be maintained and updated at the Air Force Safety Center.
This organization will be responsible for future changes. The Human Factors Division

already exists under its control so access to more data would be easily accessible.

Recommendations for Future Research

The main way in which to develop this study would be to include trend data. Each
individual aircrew will have their own baseline. Because these baselines will differ a
program which identifies individual deviations from their baseline may be indicators of
increased risk or underlying factors not normally found. In this way individual strengths
and weaknesses can be categorized by mission sets when compared to an averaged
baseline within the unit or across all active aircrew in the MDS community.

Finally, closing the loop on the risk management flight assessment would help to
evaluate the program itself. If aircrew were given the opportunity to assess the actual risk
the flight experienced it would help to refine the program and the baselines of the
individuals involved. This is best done through an electronic assessment that records and

analyzes the data at regular intervals.

Summary

By using the fault tree analysis tool to study Class A mishaps for the F-15 (all
models), F-16, and F-22 since FY 2000 (screened for human factors) a comprehensive list
of root causes and contributory factors was determined and compared against the
programs designed to combat those risks. In the F-15E community the programs in place
were proved to be inadequate for managing those risks in accordance with Air Force

defined risk management tools. The deliberate risk management tool was not adequately
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followed to identify existing hazards to aircrew and was in dire need of an overhaul. This
study identified those hazards and proposed a new program to manage those risks. From
this point the F-15E community can begin to implement the program with the plan to

reconfigure it to other similar F-15 models and other fighters.
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Appendix A
1. USAFE BASE IMT 32, 20050515, V1

DESIGNED ONLY FOR USE AT RAF LAKENHEATH, ENGLAND

C. FLIGHT LEAD RISK ASSESSMENT

ITEM POINTS
'WEATHER
0 pt- Better than 2000 3nm
1 pt- Within 50071nm of highest weather category in flight
2 pt - Within 2007.5nm of highest weather category in flight
EXPERIENCE LEVEL
0 pt- Experienced
1 pt- Inexperienced
2pt- 1QT or MQT
MISSION COMPLEATY
O pt- Instrument / AHCS BFM /1wl Intercept / 2v2 ACT
1 pt- ACM/J7BSA Day ! SAT Day / OCF ! 2vwX DACT
2 pt- 4vX DACT / BSA Might / SATN / FCF ! Fini / Live / Heavyweights
TRAINING LEVEL
Opt- CT/{All current and qualified
1 pt- Upgrade ! Mon-current | Off Station LAO
2 pt- ¥ride rehack ! Unqualified
FLIGHT PLANHING/MISSION PREPARATION
O pt- Detailed
1pt- Adeguate
2 pt- Minimal
ESTIMATED DUTY DEYMNKEHT (Al \351 enging Shitoowm)
Opt- & hours /& hours
1pt- Bto10 hours /G to B hours
2pt- 10to 12 hours | B te 10 hours
PILOTIAIRCREW REST
O pt- =12 hours since last duty day
1pt- 12 hours minimum pilot rest
2 pt- Ower last 3 days: > 30 hours duty or return from CONUS { Any TDY
SCHEDULE
0 pt- Days or nights all week with no switching
1 pt- Switched from one to the other with at least one day in-between
2 pt - Switched from night to day with ne break in-between
LOOKBAC KIPROFICIENCY
0 pt- Meets 1 month lockback requirements
1 pt- Not 1 month, but mests 3 months lockback requirements
2 pt - On probation
SCHEDULE HOTIFICATION
O pt- Atleast 12 hours prior warning
1 pt- 4to 12 hours prior warning
2 pt- <4 hours prior waming
OPS TEMPOC SORTIES WITHIN THE LAST 7 DAYS
2pt- 1orlessor > than 7
STEP TIMING N
O pt- Step ontime
1 pt- Steplate.. [Note: To be flled out by Ops Sup for each Might)
TOTAL POINTS 0
GREEN YELLOW RED
| (0 - & Points) O {7 - 13 Points) O (14 - 25 Points)
FLIGHT LEAD APPROVAL INITIALS TOPR3 APPROVAL INITIALS S0 CCDO APPROVAL INITIALS

USAFE BASE IMT 32, 20050513, WM (REVERSE)

46

FOR OFFICIAL USE OMNLY (When Filed In)




2. 391° Fighter Squadron, Mountain Home Air Force Base, ID RM sheet

‘ﬂﬁ@ ‘nmi - Bold Tiger ORM Workshast

Tight Leai:!

Call Sign:

Date:

lission Overview: {mlssiun type, alrspace, threat erﬁiﬁers, rangs, deconﬂi‘cﬂans made}

T [BASE & CEILIN . WHO: .
0 -~ BETTER: THAM 3000730 ' -
1 — WITHIN 500 NM OF HIGHEST WEATHER GATEGDR‘( M FGRI'U'IATIDM
2 —WITHIM 300'0.5 MM OF HFGHE%T WEATHER CATEGORY [N FORMATICN

EXPERIENCE LEVEL - : WiHO:
0 — EXPERIENCEDR ‘ .
S = IMEXPERIEMCED
- 2--MaT |

SDRTIE TYPE . - T
—INST, AHC, BEM1 V1 INT, 2V 2 INT : :
1 ACM, BSA, SAT, 2 V 2(DJACT, OCF
2~ 4V X{DJACT, FCF, FINL LIVE, HEAVYWEIGHT, XC
3~ CWT, FLAG

SORTIE TIME
_ 0-DAY
1~ WIGHT

| TRAIMING LEVEL WHO:
© G- CTICURRENT IM ALL TASKS o
1 - UPGRACEMNON-CURRENT

- X EDRT|E.I'LINQU..'-‘!.LEF!E}

|FLIGHT PLANNING

Cr |LOOKBACK : WWHO:
' 0 - MEETS 1 MONTH LDDKBACK

1 - MEETS 3 MONTH BUT MOT UNE MONTH LUGKEAEI{

2 - 0N PROBATION

3 -- ON REGRESSION

1--DETAILER
2-- ADEQUATE

3 == MINBAL o
DUTY DAYINIGHT | I'[DIJRS AT ENGIME 5HUTDOWN1 WHO: )
I

1—-BTODETOSE

210 TOA2ETO 10

CREW REST (HOURS) wui:a:

0—==13
J—12TO3 ' : '
| 2 DURING LAST 3 DAYS;>36 HOU HS OF DUTY OR HETIJRN FROM DEPLOYED LDGATIGN
SCHEDULING WHO:

0-- DAYS OR MIGHTS F'.LL WEEK (NO SWITCHING) .
1 - SWITCHED FROM DAYS TO NIGHTS {OR VIGE VERSA) WITH ONE DAY IN BETWEEN
2. EWITCHED FROM NIGHT TO DAY WITH MO DAY [-BETWEEHN ]

SCHEDULING NOTIFICATION . WHO: '
0 — =12 HOURS WARMIMG '
1 =4TO 12 HOURS WARMING

. 2 — =4 HOURS WARNING

OPS TEMPO [SORTIES WITI'EIN LAST 7 DAYS! TWHO:
2—-=10R>7
[TOTAL
Green [0-6) o  yaliow (7-13) Red (214)
Flight Laad Initlals o Top 3 Initlals S CCIDO Inftlals

CiETent B g 2 J0 0
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3. Seymour Johnson Air Force Base, NC Ops RM sheet

4 OG OPS (335™/336™)

OPERATIONAL RISK MANAGEMENT CALCULATOR

To be complated at fiight rally. Top-3/D0/CC approval must be given BEFORE brief,

Flight Callsign Flight Lead Fit Plan
Mote: Points are cumulative.
#1 #2 #3  #
FLIGHT COMDITIONS

W < 1300° f 3 Miles (1 pt) / W wiin 200° / 0.5 Miles of PWC (2 pts)

T-storms in working area (1 pt)

Wet Rumway (1 pt)

Icing in working area (1 pt)

Bird Condition Moderate (1 pt)

Might (1 pt)

MISSION PROFILE (0 pts for AHC/Instrument sorties )

BFM, B5SA (assumes low-fiyTF/Range Ops) (1 pi)

CAS | Maritime Ops / SCAR / CSAR (1 pt)

AF Form 8 Checkride (1 pt)

XIC or Offi-Station, Unfamiliar Airfield {1 pt)

Crientation/Fam Sortie, Fit Doc in jet, FINI Flight (1 pt)

Mountain Low Level {1 pt)

Off-Station Coordination/Integration (Telecon, WTC) {1 pt)

OCF (1 pt), FCF (2 pts)

ACM, OCA-AIIAD, DCA, (2 pts)

Heawvyweight: Inert {1 pt), Live (2 pts)

Diry Strafe {1 pt), Live Strafe (2 pts)

4y, CWT, LFE (=10 Aircraft) (3 pts)

| HUMAN FACTORS & EXPERIENCE LEVEL

Upgrade, Either / Both Aircrew Mon-Current in planned events (1 pt)

Both Aircrew in jet Inexperienced (1 pt)

MQT Crew Solo (1 pt)

PIC out of jet = 2 weeks (2 pis)

Hot Pit {1 pt), Double Tum (2 pts), 3 sortie surge (3 pts)

Lookback: Mot 1 month, but meets 3 month (1 pt), not 3 month (2 pts)

Scheduling Notification: 4-12 hours prior notice (1 pt), <4 hours (2 pis)

Estimated Duty Day/Might (at last engine shutdown)
8-10 hrs#6-8 hrs (1 pt); 10-12 hrei8-10 hrs (2 pts)

X" Ride (2 pt), "*0U Ride (3 pts)

GRAND TOTAL

*Grand Totals are per Jet (i.e. each jet may have different point totalRisk Assessment)*™™

Top 3 approval required for Medium
DONCC approval required for High

CATEGORY

LOwW MEDIUM
0-6

Grand Total 713

Top 3 approval {initials)
DOCC approval (initials)
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4. Seymour Johnson Air Force Base, NC FTU RM sheet

4 OG FTU (333™/334™)

OPERATIONAL RISK MANAGEMENT CALCULATOR
To be completed at flight rally. Top-3/DOVCE approval must be approved BEFORE brief.

Flight Callsign Flight Lead Fit Plan
MNote: Painfs are cumulative.
#1 #2 #3 #4
FLIGHT CONMDITIONS

W = 1500 /3 Miles (1 pt)/ Wx wiin 200" / 0.5 Miles of PWC {2 pts)

T-storms in working area (1 pt)

Wet Runway (1 pt)

Icing in working area (1 pt)

Bird Condition Moderate (1 pt)

Might (1 pt)

MISSION PROFILE (0 pis for TRIAHC/Instrument sorties)

BFM, BSA (azsumes LASDT/low-flyTF/Range Ops) (1 pt)

DTICAS (1 pt)

AF Form 8 Checkride (1 pt)

Pilot RCP upgrade (1 pt)

XIC or Off-Station, Unfamiliar Airfield {1 pt)

Crientation/Fam Sortie, Fit Doc in jet, FINI Flight (1 pt)

Mountain Low Level {1 pt)

Ofi-5Station Coordinationdintegration (Telecon, WTC) {1 pt)

OCF (1 pt), FCF (2 pts)

ACM, ETR, SAT, DCA, (2 pts)

Heavyweight: Inert (1 pt), Live (2 pts). Strafe: Dry (1 pt), Live (2 pts)

4yX, LFE (=10 Aircraft) (3 pts)

HUMAN FACTORS & EXPERIENCE LEVEL

Upgrade, Either / Both Aircrew Mon-Current in planned events (1 pt)

FTU Crew Solo (2 pts)

PIC out of jet = 2 weeks (2 pte)

Hot Pit (1 pt), Double Tum {2 pts), 3 sortie surge (3 pts)

Lookback: Not 1 month, but meets 3 month (1 pt), not 3 month (2 pts)

Scheduling Motification: 4-12 hours prior notice (1 pt), =4 hours (2 pis)

Day-of Schedule Change to put IP in RCP for Wx (2 pis)

Estimated Duty Day/Might (at last engine shutdown)
8-10 hrsf6-8 hrs (1 pt); 10-12 hrs/8-10 hrs (2 pt=)

“X¥* Ride (2 pt), “XX* Ride (3 pts)

GRAND TOTAL

**5rand Totals are per Jet (i.e. each jet may have different point total/Risk Assessment)*™™

Top 3 approval required for Medium
DOYCC approval required for High

CATEGORY LOW MEDIUM

Grand Total 713

Top 3 approval {initials)

DOVCC approval (initials)
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Appendix B

EXECUTIVE SUMMARY
AIRCRAFT ACCIDENT INVESTIGATION
F-15E, S/N 88-1682
Seymour Johnson AFB, NC

31 May 2000

Cmn 31 May 00, at 1130 local time (1530 Zulu), an F-13E, S/N 88-1682, was damaged
following an aborted takeoff at Seymour Johnson AFB, NC. The F-15E, assigned to the
336" Fighter Squadron, 4 Fighter Wing, Seymour Johnson AFB, NC was part of a
surface attack training mission. The crew ground egressed the aircraft ard were not
injured. The aircraft suffered fire/heat damage to the main landing gear and damage to
the engines due to fire retardant ingestion. No other damage or injurics cocurred,

There is clear and convincing evidence that the cause of the hot brakes was the mishap
pilot's decision to abort the takeoff near rotation speed, due to his lack of experience.
During a formation takeoft, the mishap pilot determined that the mishap aircraft was not
going to rotate and take off when he could not match the lead aircrafi pitch attitude. The
mishap pilot initiated an abort of the takeofT and taxied clear of the runway and into the
designated hot brake area. Shortly after arriving at the aircraft, fire-fighting personnel
noted smoke and flames from the main landing gear area, extinguished the fire and
directed the mishap crew to shutdown and egress the aircrafi,

Analysis of the aircraft discovered no anomalies that would have prevented this aircrafi
from flying. Due to variations in aireraft performance and pilot technigque, it is possible
the lead aircraft could have begun to rotate before the wingman's jet was able 1o rotate.
There is no clear evidence to show the wingman’s aircraft had reached nose wheel lift off
speed prior to aborting,

The most significant portion of the cost associated with this mishap was te exposure of
the engines to foam (AFFF) fire retardant.

Under 10 1.5.C. 2254(d), any opinion of the accident investigators as to the cause of, or
the factors contributing to, the accident set forth in the accident investigation report may
not be considered as evidence in any civil or criminal proceeding arising from an aircraft
accident, nor may such information be considered an admission of liability by the United
States or by any person referred to in those conclusions or statements,

All remaining reports can be found on the USAF AIB Reports website:

http://usaf.aib.law.af.mil/
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