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FOREWORD

We all recognize that Coast Guard personnel endure challenging work environments
that can compromise aleriness and performance. Long work hours, harsh working conditions,
extreme temperatures, frequent separation from loved ones and fatigue are all too familiar
demands that our people encounter on a regular basis. Despite the steadfast dedication and
motivation our people have for the mission, exposure to these factors may compromise crew
endurance, increase operational risk, and reduce mission readiness. As we confront current
challenges, and prepare for new opportunities that technology and operational demands will
bring, we must acknowledge that the protection of our people remains our highest priority and
do our best to ensure that crew endurance limits are not exceeded. This Guide will help you
understand what crew endurance risk is, recognize the factors that compromise endurance, and
develop strategies to manage and control crew endurance risk.

The information offered in the Guide was developed specifically for, and tested on,
Coast Guard assets. A number of operational units are currently using the Guide to control
crew endurance risk and improve operational readiness. It is an easy to read, step-by-step tool
for identifying and managing crew endurance risk. The “Risk Assessment” section provides an
objective and simple method of identifying crew endurance risk factors. If risk is identified, it
guides you toinformation on how to manage the risk. The “Controls” section provides concise
information on a variety of issues (e.g., sleep, caffeine, stress, motion sickness, etc.) that can
compromise endurance. This information is ideal for all-hands and safety stand-down meetings
to educate our people on how crew endurance risk factors degrade work as well as personal
heatth, safety, and well-being. The “Implementation” section provides a step-by-step process
to institute and test crew endurance management efforts.

Responsibility for managing crew endurance risk factors is shared at three distinct
levels; the Coast Guard, the command, and the individual. The Coast Guard, at the Service
level, develops policy and sets standards of performance. Our increasing knowledge of crew
endurance risk factors will be incorporated as we review existing and develop new policies and
standards. The Coast Guard has developed this Guide, and will continue to update and refine
the guidance it provides. Commands transform policies and standards inte action. Commands
shall read and apply the information in the Guide. It provides information needed to protect our
most valuable asset, our people, and shall be used to predict and plan proactively to prevent
crew endurance risk factors that can compromise operational readiness. The individual Coast
Guard crew member is the final critical link to mitigating risk factors. Every crew member must
assume individual responsibility to develop and comply with a personal endurance plan to
ensure they are ready and able to stand the watch.

The Guide provides the tools you need to manage crew endurance risk factors, but it will
only help if it is employed as part of the daily operational planning process.

Use it! It works!

Rear AdmirafTerry M. Crs .
Assistant Commandant for Operations
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EXECUTIVE SUMMARY

Crew endurance — the ability of crewmembers to maintain a normal level of performance
within established safety constraints — is affected by several operational factors, including
sleep quality and duration; body-clock stability; environmental conditions (temperature,
noise, ship motion, etc.); emotional state; stress level; diet; and physical conditioning.
Just as a ship’s endurance determines how long it can support operations at sea, crew
endurance determines how effectively personnel can perform their jobs.

Recent studies of Coast Guard (CG) crews conducted on cutters, small-boat stations,
and air stations have shown that some of the Coast Guard’s traditional work practices
can lead to decreased alertness, which can then compromise readiness. In fact, 70% of
the CG personnel studied exhibited signs of compromised alertness. While we might like
to believe we can be Semper Paratus under any conditions, this simply is not the case:
Long work days, frequent schedule rotations, insufficient sleep, and extreme
environmental conditions take their toll on the human body, leaving even Coast Guard
personnel less-than-ready for duty. If we are to be Always Ready, we must make crew
endurance a top priority.

Any CG unit experiencing one or more of the following among its personnel is at risk of
compromised endurance and readiness:

e Insufficient sleep duration (< 7-8 hrs.)

e Poor sleep quality (awakenings)

e Breaking sleep into multiple “naps”

e Main sleep during the daytime

e Rotating between day and night work

e Long work days (>12 hr.)

e No opportunities to make up lost sleep

e Poor diet (high fat, sugar, caffeine)

e High workload

e High work stress

e Lack of control over work environment or decisions

e EXxposure to extreme environment (cold, heat, high seas)
e No opportunity to exercise

e High family stress (child and parent care, divorce, finances)
e Isolation from family

The good news is that crew endurance can be managed. Through research studies
conducted on CG cutters, small-boat stations, and air stations, we have developed
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practical, proven methods for identifying and managing the operational hazards that
could compromise the safety and effectiveness of Coast Guard operations.

This guide takes you step-by-step through the process of understanding what endurance
is, identifying specific endurance risk factors within a unit, exploring possible methods for
controlling these risk factors, and successfully implementing a crew endurance
management (CEM) plan within a unit. The methods discussed in this guide are not
theoretical; they are practical, workable methods that have been successfully
implemented and proven on Coast Guard cutters, air stations, and small-boat stations, as
well as on commercial vessels. In short: they work.
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Start Here!

Purpose of This Guide

This guide provides proven “how to” methods for controlling the operational risk factors
that can degrade crew endurance and safety in the United States Coast Guard.

How to Use This Guide

It is recommended that you approach this guide by scanning it, paying particular attention
to the information contained in the framed boxes, in order to familiarize yourself with the
general content, the approach taken, and the overall structure. If your unit has an
immediate need, scanning the guide can also be an efficient way gaining cues on
possible areas for immediate focus. (Of particular interest to leaders are the boxes
labeled ‘Management Nuggets’.)

After scanning the guide, it is recommended that you read it in its entirety, paying
particular attention to the assessment checklists. These checklists are designed to help
you identify and address ‘problem areas’ in specific operations.

Organization of This Guide

This guide is organized as follows:

Chapter 1 introduces the concepts of crew endurance and crew endurance
management (CEM).

Section I: Implementation Process

Chapter 2 describes the five steps in CEM implementation process: (1) forming a
CEM Working Group, (2) conducting a crew endurance risk assessment, (3)
developing a CEM plan, (4) deploying a CEM plan, and (5) assessing the
effectiveness of a CEM plan.

Chapter 3 identifies and describes two categories of crew-endurance risk factor.

Section |l: Educational Resources

Chapter 4 discusses the relationship of sleep physiology to crew endurance.

Chapter 5 provides detailed information on watch schedules and light
management.

Chapter 6 discusses the impact of caffeine and certain medications (OTC and
prescription) on crew endurance.

Chapter 7 discusses the impact of stress (personal and work-related) on crew
endurance.

Chapter 8 discusses the impact of temperature extremes and wave motion on
crew endurance.
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Chapter 9 discusses the impact of diet and exercise on crew endurance.

Section Ill: Addenda

Appendix A contains The Berthing Guide, a set of guidelines for optimizing crew
guarters for sleeping.

Appendix B contains The Light Management Guide, a set of guidelines for
adapting crewmembers to night work.

Appendix C contains a list of references.

It is recommended that pertinent parts of these chapters be distributed to all unit
personnel as a way of educating them on crew-endurance hazards and on the methods
individuals can use to control these hazards.

CEMS Tool

For best results, it is recommended that you use this guide in conjunction with the CEM
Tool, which automates many of the procedures involved in implementing a successful
CEM program.

Help

For assistance on any aspect of implementing a CEM program, or to make suggestions
concerning this guide, please contact:

Antonio Carvalhais, Ph.D.

United States Coast Guard

Office of Safety and Environmental (CG-113), Room 5308
2100 2nd Street SW

Washington, DC 20593-0001

Tel: 202-267-2244

E-mail: acarvalhais@comdt.uscg.mil

Web: http://www.uscg.mil/safety/cem.htm
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1. Optimizing Crew Endurance

Recent studies of Coast Guard (CG) crews on cutters, small-boat stations, and air
stations have shown that some of our traditional work practices may lead to decreases
in crew alertness that could compromise readiness. In fact, 70% of the CG personnel
studied exhibited signs of compromised alertness. While we might like to believe we can
be Semper Paratus under any conditions, this simply is not the case: Long work days,
insufficient sleep, and extreme environmental conditions take their toll on the human
body, leaving even Coast Guard personnel less-than-ready for duty. If we are to be
Always Ready, we must make crew endurance a top priority. This guide provides
specific instructions on how to identify and manage crew-endurance risk factors in CG
operations.

If your unit experiences any of the following, your crewmembers are at risk for
compromised endurance and readiness:

¢ Insufficient sleep duration (< 7-8 hrs.)

e Poor sleep quality (awakenings)

e Breaking sleep into multiple ‘naps’

e Main sleep during the daytime

e Rotating between day and night work

e Long work days (>12 hr.)

e No opportunities to make up lost sleep

e Poor diet (high fat, sugar, caffeine)

e High workload

e High work stress

e Lack of control over work environment or decisions

e EXposure to extreme environment (cold, heat, high seas)
e Little opportunity to exercise

e High family stress (child and parent care, divorce, finances)

e |solation from family

1.1 What Is Crew Endurance?

Crew endurance refers to the ability of crewmembers to maintain a normal level of
performance within established safety limits. Crew endurance is a function of several
factors, called crew endurance risk factors, including:

e Sleep quality and duration
e Biological clock attunement

1-1



e Psychological state (stress level)

e Level of heat/cold, noise, ship motion, etc.
e Personal diet

e Physical conditioning

This guide provides specific instructions on how to identify and manage crew endurance
risk factors in CG operations.

1.1.1 Endurance: It’s All About Energy

Energy is the capacity to do work. Simply put, if we have energy, we can work; if we do
not have energy, we cannot work. Energy is needed by every cell in the human body in
order to function properly. In our bodies, energy is packaged as a molecule called
adenosine tri-phosphate, or ATP.

In order to make ATP, the body requires food, water, oxygen, and sleep. In fact,
restoring energy, by producing ATP, is one of the main functions of sleep. Studies have
shown that 7 to 9 hours of continuous sleep are necessary for the body to produce the
ATP required for crewmembers to maintain normal levels of alertness and performance.

Insufficient Sleep = Insufficient Energy

Unfortunately, ATP cannot be acquired through dietary supplements; it can only be
produced internally, within the cells of the body. One needs to be wary, therefore, of any
advertisement for a nutritional supplement that claims to boost energy resources. In
truth, such supplements can only provide the raw materials (nutrients) with which the
body cam then produce ATP.

Bottom line: The only way to produce sufficient energy is by getting the right amount of
sleep and the right amount of the proper nutrients.

1.1.2 When Energy Demand Exceeds Production

The way the human body creates and uses energy is similar to the way an electric
company makes and distributes energy. Just as the electric company’s production
capacity limits the amount of electricity that a town can use each day, the amount of
ATP our bodies produce limits the amount of energy we can spend. If the human body
does not produce sufficient ATP, the brain, the nervous system, and all our other body
systems cannot function effectively. Research clearly shows that when humans
experience energy deficits, their physical and mental abilities are significantly reduced.
Under these conditions:
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e We do not think clearly

e We become irritable

e We do not communicate well with each other

e We become withdrawn and less willing to resolve issues and problems
e Our ability to ward off disease is impaired

e We experience fatigue throughout our work and leisure hours; and,
because we cannot compensate for our lack of energy, our ability to carry
out physical and mental tasks is compromised

e Thus, we compromise our safety and the safety of those around us

1.1.3 Keeping Energy Levels High

Adequate sleep, proper nutrition, and regular exercise are essential not only for
maintaining good health and fitness, but also for producing the energy the body
requires. Sometimes, however, the hectic pace of Coast Guard life tempts
crewmembers into postponing exercise for another day, or into opting for a greasy
cheeseburger instead of a fresh salad.

In fact, one of the negative effects of chronic stress and fatigue is to challenge one’s
resolve to exercise regularly, eat nutritious foods, and obtain sufficient sleep. The
following checklist can help crewmembers meet this challenge head on:

Personal Guidelines for Maintaining Energy

U Exercise daily: any form of regular exercise helps: 20-minute walks,
jogging, weight lifting, 10-minute aerobic workouts, etc.

U Consume a balanced diet: low sugar, low fat, low starch, high in green
and yellow vegetables, high in chicken, turkey, and fish (no turkey before
watch)

U Get 7 to 8 hours of continuous, uninterrupted sleep daily

U Manage personal stress: Use relaxation methods

1.2 What Is Crew Endurance Management?

The Coast Guard (CG) operates a large fleet of vessels and aircraft in performing its
mission. The CG also influences the operations of commercial maritime vessels,
including shipping and supply vessels, ferryboats, and barge tows. A key element to the
safe and efficient operation of these vessels and craft is the ability of crewmembers to
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perform duties within safety limits while enduring environmental, psychological,
physiological, and organizational stressors.

In maritime environments, many factors affect crewmember endurance, including sleep
deprivation, job-related stress, fatigue, and extreme weather conditions. Reduced crew
endurance can result in performance errors and significant loss, such as spills,
groundings, collisions, and injuries. Adding to the risk in the maritime industry is
increasing competitive pressure to reduce cost by minimizing crew levels

In response to this situation, the CG’s Research and Development Center developed
the Crew Endurance Management System (CEMS). CEMS is designed to prevent the
impact of fatigue, workload, stress, and environmental stressors on the performance
and health of crewmembers working in Coast Guard Units. In these environments,
personnel work in around-the-clock operations and experience frequent transitions from
daytime-to-nighttime duty hours; long work days (for example, 12-16 hours per day);
exposure to extreme environmental conditions (for example, noise, vibration, heat,
cold); high workload; and frequent separation from family and friends. These operational
demands are naturally incompatible with human physiology and ultimately result in
reduced crew endurance and morale, increased performance errors, high rates of
personnel turn over, low workforce experience, and reduced operational safety.

Endurance management has a key advantage over "fatigue management" in that the
latter only controls factors that cause fatigue or sleepiness. CEMS focuses on any
stressor, factor, or system of factors that might adversely affect crew performance
and/or cause human error (for example, loss of situational awareness due to stress;
performance error caused by workload; degraded performance caused by engine
fumes, etc.).
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Section I: Implementation Process

Section | provides specific instructions on how to identify and manage crew-endurance
risk factors in CG operations:

e Chapter 2 describes the five steps in CEM implementation process: (1)
forming a CEM Working Group, (2) conducting a crew endurance risk
assessment, (3) developing a CEM plan, (4) deploying a CEM plan, and (5)
assessing the effectiveness of a CEM plan.

e Chapter 3 identifies and describes two categories of crew-endurance risk
factors.






2. Implementing a CEM Program

In this section, you will learn:

e The 5-step process for implementing a Crew Endurance Management
(CEM) program

e How to get started implementing a successful CEM program

2.1 The CEM Implementation Process

The process for implementing a successful CEM program consists of the following
tasks:

Step 1: Form a CEM Working Group

Step 2: Conduct a crew-endurance risk assessment

Step 3: Develop a CEM plan for controlling crew-endurance risk factors
Step 4: Deploy the CEM plan

Step 5: Assess the effectiveness of the CEM plan

2.2 Step 1-Form a CEM Working Group

The first and most important step in implementing a successful CEM program is forming
a CEM Working Group. The CEM Working Group is responsible for the timely and
effective completion of all the other steps in the implementation process. The Working
Group:

e Conducts an initial risk assessment
e Develops a CEM plan
e Supervises plan deployment and assessment

The Working Group is especially effective when it includes members from every
functional area in the target unit. While a few representatives might be able to make a
good first cut at identifying the risk factors affecting a unit, and at developing an
appropriate CEM plan around these factors, it is unlikely that they would be able to
identify the risk factors affecting every department or group within the unit.

As a case in point, managers in a commercial maritime organization were recently
asked to list the CE risk factors their personnel were facing. In a separate session,
vessel crewmembers were asked to list the CE risk factors they were facing in their
departments. When the two lists were compared, there were striking differences. This
example underscores the need for a Working Group to represent every major group or
function within a unit.

If a unit is very small, or if resources are not available to support a Working Group, a
Working Group of one well-chosen member can be charged with identifying as many of
the unit’s risk factors as possible. In such a case, it is highly recommended that this
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Working Group of one hold informal discussions with other unit members toward
ensuring that the most important risk factors are in fact identified, as well as,
subsequently, to get feedback on a draft CEM plan before it is implemented.

All members of the CEM Working Group should be educated in the concepts and
science underlying CEM, and in the process for developing and implementing a CEM
plan. In this regard, each Working Group member should read this guide in its entirety.

2.3 Step 2 - Conduct a Crew Endurance Risk Assessment

The second step in implementing a successful CEM program is to identify the specific
CE risk factors that are affecting current operations, and to explore possible controls.

2.3.1 Risk Factor Assessment

Studies by the CG Research & Development Center (R&DC) have identified several
crew-endurance risk factors common in CG operations. These risk factors have been
compiled into an easy-to-use rating form (the Crew Endurance Risk Factors
Assessment Form) to facilitate crew-endurance risk assessments. See next page.

The Working Group uses this form to identify all the crew-endurance risk factors
currently affecting their unit, and to assess how frequently these factors are affecting
operations. The references in bold map the user to additional information (including
management and control information) concerning the listed risk factors.

Each member of the Working Group should be asked to use the Crew Endurance Risk
Factors Assessment Form to identify all the risk factors he or she believes are currently
affecting unit operations (all operations, not just the operations in his/her own
department or group).

If a risk factor is present, the Working Group member rates, on a scale of 0-7, how often
the risk occurs each week (for example, if it occurs three times per week, the Working
Group member places a 3 in the space provided).

If the unit has more than one mission or operational tempo, it is recommended the
Working Group conduct a risk assessment for each one. For example, a unit might have
a hectic summer search and rescue (SAR) season, versus a low-tempo winter season.
Or a cutter crew might experience different endurance risks at sea than they do in port.

When the Working Group completes an assessment, the results should be displayed as
a bar chart in order to give a visual appreciation for the relative amount of exposure to
the identified risk factors.

Figure 2-1 shows hypothetical data for a cutter crew during extended law-enforcement
(LE) missions (A), and for the same crew while in port (B).

The requirements of the law enforcement mission would likely put the crew under a
different set of watch schedules, operational activities, and stressors such as reduced
communication with family than it would under the in-port scenario.

Studying the effects of different operational scenarios and tempos on the Deck,
Operations, Engineering, and Support departments can help to identify the types of
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endurance risks to which the crew is subjected, as well as when these risks are most
likely to occur. The plots make it easy to see not only how exposure to risk factors might
vary with operating conditions, but also how resources might be allocated to manage
the risk.

Using these plots, the Working Group can begin to define the circumstances that
expose the unit to the various identified risk factors. In this regard, the Working Group
should consider the following questions for each risk factor identified:

e To which people or departments does the risk factor apply?
e Under what conditions does the risk factor occur?

e How frequently does the risk factor occur?



CREW ENDURANCE RISK FACTORS ASSESSMENT FORM

Write in the number of days per week (0-7) that each risk factor (Insufficient Daily
Sleep, for example) occurs in your unit. Also note: (1) to which people or
departments they apply; and (2) under what conditions they occur.

___Insufficient daily sleep duration (less than 7-8 hours of uninterrupted sleep;
Ch. 4)

___Poor sleep quality (awakenings during main sleep period due to work-related
disruptions, ship motion, or noisy environment; Ch. 4)

___ Sleep fragmentation (breaking sleep into multiple rest periods—"naps”—
because unable to take a single, 7-8 hour sleep; Ch. 4)

___Scheduling main sleep period during the day (the human body is designed to
sleep at night; Ch. 4)

___Changing work/rest schedules (rotating between working days and working
nights one or more times per week; Ch. 5)

___Long work days (exceeding 12 hours; Ch. 5)

___No opportunities to make up lost sleep (napping during the day is not
possible; Ch. 4)

___Poor diet (menu includes frequent fried foods, high fat and sugar content,
frequent caffeine consumption; Ch. 9, Ch. 6)

___High workload (high physical and-or mental effort requirements; Ch. 7)

___High work stress (caused by extreme environment, high sustained physical or
mental workload, rotating work schedules, and-or authoritarian leadership
style; Ch. 7)

___Lack of control over work environment or decisions (workers are isolated and
not allowed to contribute in problem identification and resolution; Ch. 7)

___ Excessive exposure to extreme environmental conditions (cold, heat, high
seas; Ch. 8)

___No opportunity for exercise (not enough time or no equipment/facilities; Ch. 7,
Ch.9)

___High Family stress (child and parent care, divorce, finances; Ch. 7)
__Isolation from family (need to know how family is doing; Ch. 7)
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Figure 2-1. Relative Exposure to CE Risk Factors

For example, if the Working Group members identify the first factor (Insufficient daily
sleep duration), they should discuss under what conditions and how frequently
insufficient sleep occurs. Does it occur everyday, because normal work schedules do
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not allow for nine or more consecutive hours off (to accommodate sleeping, showering,
and eating)? Or do crewmembers only experience insufficient sleep once or twice a
week, when they rotate watch schedules or have a special assignment. Or does
insufficient sleep occur very rarely, due to an unusually long SAR case or other mission
requirement. Understanding the sources of these risk factors, and how frequently they
occur, allows the unit to determine which factors are the more important contributors to
crew endurance risk, and which are sufficiently under the unit’s control to do something
about them.

Notice that any of the endurance risk factors can significantly degrade performance and
compromise operational safety and effectiveness. The detection of several risk factors
affecting unit operations is of great concern because two or more endurance risk factors
will interact and impact performance more adversely than would be predicted by the
impact of the factors singly (that is, the negative influence of the whole is greater than
the sum of its parts).

In addition to the Working Group assessment, it is recommended that Working Group
members discuss the endurance risk factors with the department or work-unit members
they represent in order to ensure that all crew endurance risk concerns are identified.
Besides improving the accuracy of the endurance risk assessment, such
communication will build ownership in the CEM process for the entire unit.

2.4 Step 3 - Develop a CEM Plan

After compiling a list of risk factors, the Working Group is ready to begin developing a
plan for controlling these risk factors. This plan should identify the risk factors, suggest
possible controls for each risk factor, and lay out a detailed implementation strategy.

The what/why/how questions posed earlier will be useful to defend the plan and answer
questions from senior cadre members. Getting buy-in from all command staff and
department heads is critical to the success of the plan.

Once the senior cadre approves the plan, unit members should be briefed on the plan
and afforded an opportunity to ask questions. This is a very critical step. If unit members
perceive they are part of the process, and have a voice, they are more likely to support
the plan.

Before developing a CEM plan, the Working Group should have:
e Studied this guide thoroughly
e Completed a Crew Endurance Factors Risk Assessment

e Analyzed the results of the risk factors assessment to prioritize the unit’'s
crew-endurance hazards

The risk assessment conducted in Step 2 identifies the specific crew-endurance
hazards that currently exist in an operational unit. The next step is to consider the types
of controls (discussed in detail in Chapter 3) that can be implemented to reduce or
eliminate these hazards. One tool that is especially useful in this regard is the Crew
Endurance Management Model discussed in Section 2.4.2.
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2.4.1 Risk Factor Controls

At this point, the Working Group (WG) should have a good measure of their unit’s
exposure to crew-endurance risk. It is time now to explore and assess possible controls
for each risk identified.

In exploring possible controls, it is recommended that the Working Group record each
potential control and answer the following questions concerning it:

e What risk factor does it control?

e Why will it control this risk factor?
e How will it control this risk factor?
e How will it be implemented?

The answer to these questions will help the WG determine if and how the control might
affect other levels of the system.

It is also helpful to categorize potential controls into three groups: immediate, mid-
range, and long-term.

Immediate controls can be implemented on the spot and do not require much
effort or resources. Examples include installing door-assists to prevent slamming
in berthing areas, hanging signs that mandate ‘quiet areas’, and reducing or
eliminating pipes during specific times of day.

Mid-range controls require significant time to plan and/or resources to
implement. Examples include installing new mattresses, curtains, and air
conditioning/filtration systems in sleep environments.

Long-term controls often require substantial resources or the kind of
infrastructure changes that can only be accomplished during yard or refurbishing
periods. Examples of controls include improving ventilation systems or berthing
areas, and adding exercise and recreational facilities.

2.4.2 Exploring & Assessing Risk Factor Controls

Making changes in one area of a system is likely to have a ripple effect on other areas.
For example, during the transfer season, many units find themselves short of
experienced personnel qualified to stand watch and to train other personnel. This
shortfall often requires that remaining personnel work longer work hours, with the result
that these personnel get less sleep and suffer disruptions to their body clock (from
changing the watch rotation from a 1-in-6 to a 1-in-5 or 1-in-4).

In this scenario, USCG policies determining the frequency and timing of personnel
transfers ripple out to affect the number of qualified personnel available, the watch
regimes used, the length of work hours, the level of crew endurance, and the degree of
unit readiness. This larger view of interrelatedness is called a “systems approach”.

The Crew Endurance Management Model is designed to help Working Groups select
the best possible controls (refer to Chapter 3) for reducing or eliminating the effects of
specific risk factors.
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Under this Model, for each risk factor (Insufficient Sleep, for example), there are four
levels of contributing elements to consider when selecting controls (see Figure 2-2):

e Mission

e Personal

e Organizational
e Environmental
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Figure 2-2. Crew Endurance Management Model

The Crew Endurance Management Model first identifies contributing elements related to
mission that might be controlled toward decreasing endurance risk. The second level
addresses contributing elements that individual crewmembers can control. The third
level addresses such contributing elements as watch schedules, patrol schedules, and
sleeping quarters. These elements are under the control of the command staff, and
directly support (or detract from) the ability of crewmembers to maintain endurance. The
fourth level addresses such environmental elements as shipboard temperature &
humidity, lighting, berthing-quarters conditions, fumes, and noise.

The outer two levels are the most flexible, and are likely where most controls will be
deployed.



2.4.2.1 Mission Level

The first level in the crew-endurance management model includes such contributing
elements as B-0 operations, night ops, and long work days. Because of their close
relationship to core elements of mission, these contributing elements are often
immutable to any significant degree of control.

2.4.2.2 Personal Level

The second level in the crew-endurance management model includes such personal-
related contributing elements as poor sleep habits, high stress, poor diet, lack of
exercise, and misuse of caffeine and other stimulants.

Although this level provides some degree of flexibility (versus mission objectives), it is
constrained by human physiology. For example, any changes in individual regimens
and routines, including changes to nighttime duty, must take into consideration the
human body’s requirements for 7-8 hours of uninterrupted daily sleep, nutritious foods,
and regular exercise.

The success of changes to individual regimens and routines depends heavily on
command and department-head support, as well as on alignment with mission
objectives. Thus, management personnel must understand that to endure job-related
challenges, crewmembers must consume a healthy diet, maintain a consistent exercise
program, manage stress, manage sleep and the body clock, and limit exposure to
environmental stressors such as extreme temperatures, noise, and vibration. Chapter 3
provides specific controls for these endurance risk factors.

In cases where operational requirements interfere with execution of a personal
endurance plan, the goal should be to return to the plan as soon as possible. For
example, when SARs disrupt sleep an average of two days a week, obtaining 7 to 8
hours of quality sleep in five of seven consecutive days would go a long way toward
maintaining a high level of endurance.

2.4.2.3 Organizational Level

The third level of the crew-endurance model consists of such organizational-related
contributing elements as early-morning ‘pipes’, early-morning all-hands evolutions,
sleep-depriving watch schedules, little time off, and no opportunity for napping.

A unit’s policies and procedures have a direct influence not only on the unit’'s overall
mission objectives but also on crewmember personal endurance. Examples of crew-
endurance organizational support include the following actions:

e Analyzing tradition-driven events that can adversely impact endurance.

For example, on several CG cutters, limiting the use of loudspeakers between
1800-1000, and not piping reveille, have been shown to improve the duration of
crewmember sleep. Similarly, berthing-area cleanups can be done in the
afternoon, rather than in the morning when night workers are trying to sleep.



e Making policy changes that promote napping under certain situations (see
napping guidelines in Section 4.7).

e Making modifications to sleeping quarters (such as adding light-blocking
curtains and sound insulation) that directly support efforts by crewmembers
to obtain quality sleep.

e Providing separate berthing quarters for daytime sleepers.

e Providing access to leisure facilities and exercise equipment that offer
stress reduction, better health, and improved morale.

e Making modifications to watch schedules to optimize crew rest, and to
avoid chronic sleep loss (details in this section).

e Instituting light management through increased lighting in operational
spaces to improve alertness (see light management suggestions in Section
5.6).

e Implementing shipboard crew-endurance training for both management
staff and personnel.

e Coordinating routines (briefings, planning sessions, meal schedules,
training schedules) to prevent disruption of rest periods.

e Providing entrees of broiled or grilled chicken, turkey, and fish, as well as
vegetables and low-starch foods, to help maintain an energy-efficient diet.

e Reducing fried foods and high-sugar snacks will also improve energy
efficiency and availability.

e Disseminating nutrition information to help personnel make the right
choices.

Ultimately, command officers and department heads should agree on supporting the
implementation of a plan that includes watch-schedule modifications, sleep and light
management schedules, crew-endurance education for all personnel, and plans that
optimize sleep and maintain proper timing of the biological clock.

2.4.2.4 Environmental Level

The fourth level of the crew-endurance management model consists of such
environmental-related contributing elements as engine noise and vibration, light in the
berthing quarters, uncomfortable ambient conditions (temperature and humidity), fumes,
and uncomfortable bedding.

Unavoidable environmental elements such as motion sickness and temperature
extremes are addressed with specific training; for example, on how to avoid or lessen
the effects of motion sickness.
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2.4.3 Selecting Risk Controls

Developing a crew-endurance plan involves selecting appropriate controls for the risk
factors identified in the Crew Endurance Risk Assessment (refer to Chapter 3). Some
controls are relatively easy to implement (especially in the outer levels of the CE
management model), and even though these usually involve making only small
changes, such as eliminating “pipes” or improving sleeping quarters, they can have
highly beneficial effects. Some changes, such as instituting new watch schedules, or
implementing a napping policy, might meet with some resistance at first, but can reap
large endurance rewards if encouraged into full acceptance.

Controls should be selected that will eliminate or mitigate as many of high-priority
hazards as possible. To accommodate this goal, the Working Group should make a
table consisting of (1) all the risk factors, (2) the possible controls identified for each
risk, and (3) whether the controls can be implemented immediately, in short-term (6-12
months), in or long-term (>12 months). Also included in this table should be mention of
any constraints on the use of any of the possible controls. Table 2-1 is an example.

Table 2-1. Sample Crew Endurance Plan Format

Endurance Risk

Control(s)

Time to Implement

Constraint(s)

Poor quality sleep

Reduce pipes

Change work

Immediate

Immediate — 6 months

None

Insufficient qualified

schedules 6-12 months personnel
Insulate berthing Expense
spaces

No exercise Provide PT time Immediate None
Purchase equipment Immediate — 6 months | Expense

Designing a CEM plan is likely to stimulate some lively discussions on the pros and

cons of various potential “improvements”. Working Group members are urged to keep
an open mind to all suggestions, and to embrace the attitude that no one likes change,
but nothing is ever improved without it.

Once the Working Group has developed a complete CEM plan, the plan should be
reviewed by other key personnel to ensure that none of its elements is potentially
harmful to any of the unit’'s missions. This is particularly important when the Working
Group does not have representation from all departments in the unit. It is also
recommended that the risk assessment checklist be applied to the new CEM plan as a
double check on whether the plan might inadvertently introduce new risks.
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MANAGEMENT NUGGETS: Crew Endurance Management requires the
development of work and rest management plans (and enabling actions)
that optimize alertness and performance during duty hours. This goal is
accomplished by:

e Forming a ship/unit Working Group to coordinate training, to
document crew rest during implementation of new work schedules,
and to support overall implementation of crew endurance practices

Providing information to department heads on how to design and
implement work schedules that meet the operational objectives of the
vessel while maintaining a stable body clock

Providing information to personnel on how to maximize
the benefits of rest opportunities

Implementing crew-rest evaluations that document: (1) the timing and
number of rest opportunities available for crewmembers, and (2)
crewmembers commitment to taking advantage of rest opportunities.

2.4.4 Example Plan

This section provides the thoughts, activities, and documentation of one WG concerning
step 3 of the CEM implementation process.

How the CEM implementation process is executed depends on the personality and
makeup of the responsible WG. The following example demonstrates a very systematic,
objective, and deliberate action plan.

This WG began by establishing specific objectives to focus and coordinate their actions.
Their objectives were:

Be willing to fail; try new things

Learn to recognize signs of endurance risk — use the RFA for clues
Show ties between OPTEMPO and endurance

Mesh the "research” on endurance with "real life" experience
Create a system and climate at the unit that maximizes endurance

Maintain mission orientation — don't focus so much on endurance issues
that we forget why we are here

Better define what we expect of watchstanders
Establish "bag limits" — people know what they are and respect them

Keep the crew informed of what we are doing
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In addition to the objectives, the WG identified potential barriers that could jeopardize
the success of their efforts. These barriers included:

e Having enough qualified people aboard

e Tradition — holding onto ideas "because we've always done it that way"
e Mission requirements

e External environment — weather, tasking from Operational Cdr, etc.

e Internal environment — our own willingness to try new things

e Resistance to change

e Individual/departmental rivalries

e Lack of communications (spawns rumors)

e Lack of support

The WG realized that while some of the barriers are beyond their control (for example,
SPEAR process), the unit owns most of the barriers and needs to work to overcome
them.

With the objectives and barriers as a foundation, the WG used their RFA results to
begin exploring controls. The RFA showed a high incidence of all the core risk factors,
so the WG focused their attention on controls to improve sleep. The WG knew from
reading the COMDTINST, and parts of the online CEM Guide, that sleep is most
restorative if: (1) it's taken in a continuous period of at least 6 hours (ideally 8 hours) in
duration, (2) occurs at approximately the same time each day, and (3) is not disrupted
by noise, temperature, light, poor bedding, etc. Using this information, the WG
brainstormed a list of potential controls that could improve sleep. These controls were
categorized into short-term (ST), those that could be implemented virtually immediately;
and long-term (LT), those that required additional study or resources.

Keep in mind that this is just a brainstormed list; the WG did not necessarily do all of
these things — they are just a starting point:

e Create ‘pipe free’ time periods (prior to 1015 or after 1945) (ST)

e Berthing areas based on watch schedule versus departments (LT)

e Watchstations modify their own watches to meet sleep objectives (LT)

e Weekly berthing area cleanups Friday afternoon versus Sat morning (ST)
e Keep training within core hours of 1015-1600 (ST)

e Authorize Saturday late rack (LT)

e Eliminate ‘reveille’ and ‘taps’ pipes (ST)

e Daily berthing cleanups in the afternoon vice morning (ST)

e Adjust length of watches (LT)

e Change lighting — examine research around lighting and sleep patterns (LT)
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e Designate ‘night workers’ (LT)
e Examine boarding/boarding team process (LT)

e Establish 1-3 watch rotations for watchstanders in which their only work is
to stand watches. Other qualified personnel are day workers. Rotate
through watchstanding/daywork on a 2-week schedule. (LT)

e Examine all hands evolutions (LT)

e Modify crew entertainment options. Separate crew lounges from sleeping
areas (LT)

e Increase cross-training (LT)
e Reduce noise in berthing areas (ST/LT)

e Assign people to watches based on personal desires (that is,
acknowledging that some people are ‘night people’ and some are ‘day
people’) (LT)

e Seek ways to improve attitude and morale as ways to increase endurance
(LT)

e Examine patrol lengths (LT)
e Balance admin/watchstanding requirements (LT)

This list provided a good starting point for the WG to explore options to control
endurance risk. Not all of these ideas were used. The WG explored the best
combination of ideas to achieve a risk exposure profile that was acceptable to the unit
toward achieving their mission responsibilities and controlling endurance risk.

2.5 Step 4 — Deploy the CEM Plan

Once a CEM implementation plan has been approved and unit buy-in has been
attained, the individual controls called for in the plan can be implemented.

In this regard, it is vital that the WG work diligently to provide everyone in the unit with
accurate information concerning all the impending changes as soon as possible.
Hopefully, the WG has been providing and soliciting information from unit members
throughout the earlier steps in the implementation process. However, those members
most stressed by the impending changes will have a tendency to misrepresent these
changes in order to reinforce their personal resistance. These misrepresentations must
be challenged and corrected early on so they do not become instilled in the unit as
reality.

Successful implementation of crew endurance management (CEM) plans requires the
execution of 5 tasks (Table 2-2).
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Table 2-2. Tasks for Implementing an Endurance Management Plan.

Task 1 | Education

Task 2 | Environmental Changes

Task 3 | Light Management

Task 4 | Endurance Coaches

Task 5 | Schedule Changes

For best results, these five tasks must be executed in sequence. It is very common for
WGs to identify work schedules as the primary endurance risk and move to make
changes prior to conducting the previous steps. Previous efforts have shown that
executing the tasks a la carte is not successful. Tasks build upon each other, so it's
essential to complete each task in sequence, as follows:

Task 1 - Education is the cornerstone to any CEM plan. The focus should be on
the dissemination of accurate information on the factors that affect endurance,
with an emphasis on dispelling misconceptions and misinformation. Education
should be directed at all levels of the unit — command, supervisory, and crew.
Recommended education topics include the physiological need for sleep, how
sleep is disrupted, the consequences of disrupted sleep, approaches to promote
and protect sleep at work and home, and diet considerations, as well as various
personal and work-environment issues, including stress, exercise, alcohol and
medication use, and ambient environmental factors.

A patrticularly effective way of introducing CEM principles and concepts is to
make CEM a topic at unit safety training. The basics of CEM can be taught in this
context at a gradual pace. After the training is complete, the CEM plan developed
by the WG in step 3 can be introduced and discussed at length. Topics and
detailed information from this Guide should be distributed to all personnel prior to
the training, so they can familiarize themselves with the subject matter to be
covered, and thereafter have CEM reference material readily available to them.

The specific elements of a new CEM plan should not be deployed until all
personnel have been fully educated, and have had an opportunity to comment on
the details of the plan. The latter consideration in particular will build ownership
and improve acceptance of the CEM plan. Depending on the number and types
of changes proposed in the CEM plan, it might be useful to phase-in the changes
gradually in order to limit the amount of change that personnel need to deal with
at any one time. Remember: Change is stressful!

Task 2 - Environmental change is directed at removing, or minimizing, barriers
that expose individuals to endurance risk factors. Under Task 1, the members of
a unit learn that certain environmental factors compromise endurance; under
Task 2, they implement measures to control these factors. For example, let’s say
that the members of a unit have learned, under Task 1, that noise, light,
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temperature, bedding are risk factors that disrupt sleep and compromise
endurance. The unit would then use Steps 2 and 3 of the CEM process to
determine whether these risk factors were currently impacting crewmembers. If it
were determined these factors were currently impacting the unit, the unit would
then execute, under Task 2, the necessary measures to control them.

Task 3 - Light management is essential if endurance-management efforts
include physiological adaptation to nighttime work schedules. The education task
(task 1) informs crewmembers that light is the primary cue to the biological clock
that influences circadian rhythms, and that exposing themselves to specific light
sources at prescribed times improves alertness and promotes physiological
adaptation to nighttime schedules. Refer to Section 5.6 for details on light
management.

Task 4 - Endurance coaches provide on-site guidance concerning endurance
management activities; they also observe and correct any behavior that can
compromise the endurance management plan. WG members are typically also
endurance coaches; however, additional people can participate in the process.
These individuals play a critical role in promoting and advancing endurance
management efforts.

Task 5 - Schedule changes are often necessary for aligning human physiology
with operational/mission requirements. Many work schedules in use today
unknowingly place crewmembers at risk for endurance lapses. However, most of
these schedules can be corrected without causing any adverse effect to
operational or mission response capabilities. In fact, these corrections tend to
improve operational readiness.

Note: WGs should avoid placing schedule changes as the first task in a CEM
plan, because schedule changes can easily be viewed as the only task
necessary for solving sleep and fatigue problems, with the result that all the other
tasks listed in the plan are either greatly discounted or bypassed altogether.

The success of any CEM plan depends on active participation and encouragement by
leaders at all levels of an organization. If a unit is making significant organizational
changes (such as instituting a napping policy, or changing work schedules), proactive
leadership advocacy is an absolute requirement. These principal players must, above
all other personnel, master how to control crew-endurance risks, and how to create a
collaborative network throughout a unit. Ultimately, these leaders must teach, support,
encourage, and lead personnel to a consistent practice of sound endurance practices.

The WG should continuously monitor the changes called for by their CEM plan in order
to identify and correct any problems. In this regard, the WG should encourage
personnel to provide feedback on any problems they encounter. Once the CEM plan is
completely deployed and appears to be running smoothly, the WG should wait at least
30 days before initiating any evaluations of the plan’s overall effectiveness.
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MANAGEMENT NUGGET: Successful implementation of a CEM plan to
improve endurance requires an aggressive education program designed to

educate the command staff and department chiefs on how to implement and
coordinate the specific terms of the plan.

2.6 Step 5- Assess the CEM Plan

Assessing a CEM plan consists of:
e Evaluating the effectiveness of the CEM plan

e Periodically reassessing the plan; continuing the education process

2.6.1 Evaluating a CEM Plan

CEM plans should be evaluated periodically to ensure they are working as effectively as
possible. The Working Group can perform this assessment informally by querying
personnel concerning their reactions to the CEM plan. For example:

e Are they getting additional sleep, and is that sleep of better quality (that is,
fewer disruptions)?

e Do they have more energy on the job; do night-watch personnel feel more
alert?

e Have department heads noticed any changes in performance?

Asking such questions is a simple way to determine whether the CEM plan is having the
desired effect. It is also a good way to identify any unanticipated consequences that are
having a negative effect.

Another method of evaluation is to use the Crew Endurance Risk Factors Assessment
Form to determine if the number and/or frequencies of the risk factors have decreased.
Any risk factors still occurring two or more times per week should be addressed with
appropriate modifications to the current plan.

Realizing only modest improvements during the initial stages of CEM plan deployment
is normal. In fact, improvements are usually realized iteratively, with each periodic
evaluation leading to yet more improvements. For example, a periodic evaluation may
reveal that some crewmembers are not getting sufficient sleep even though their watch
schedules, as well as the unit’s training and other schedules, have been appropriately
modified. In this case, it may be that individuals identified are not making responsible
choices to get the sleep they need (for example, they may be staying up late to watch
TV). A discussion with personnel concerning the direct link between maintaining a high
level of endurance and responsibly managing one’s schedule may solve the problem.

The Working Group should continue to discuss endurance issues with personnel and to
identify additional variables that might be contributing to lower-than-desired endurance
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levels. Such oversight will lead to an improved CEM plan and to satisfactory endurance
levels for most personnel. Because Coast Guard service is 24-by-7, 365 days per year,
occasions requiring prolonged duty periods, to the detriment of maintaining endurance,
will always occur; however, if personnel will make an effort to average 7 to 8 hours of
good-quality sleep per 24-hour period, week over week, this practice alone will go a
long way toward providing personnel with the endurance necessary to make it through
temporary periods of extended work hours and elevated stress.

2.6.2 Reassessing a CEM Plan

The Coast Guard is a dynamic and evolving organization. This means that many units
will see changes in their missions over time. When operational requirements change,
the Working Group should consider whether these changes will impact crew endurance,
and to seek adjustments to the unit's CEM plan accordingly. Even when the unit’s
mission stays relatively the same, it is a good idea to periodically reassess crew
endurance to ensure that personnel are maintaining satisfactory controls over stressors
and sleep needs.

It is strongly suggested that the Crew Endurance Risk Factors Assessment be
performed periodically to check on whether crew endurance is satisfactory, and to
identify any new risk factors that might be reducing endurance. If the results appear to
be unsatisfactory, then appropriate modifications to the CEM plan should be made.

Annual refresher training on crew endurance is needed to remind personnel of the goals
of the unit's CEM plan, and of their responsibilities within the plan. And, of course, any
new members to the unit should be provided with education on crew endurance and the
unit's CEM plan.

Following these steps will help the Working Group develop, implement, and monitor a
successful CEM plan. Unit personnel will benefit by achieving better sleep, lower stress,
better overall health, and higher energy. The unit will benefit by having better
performance and morale, better safety, and improved readiness and mission
effectiveness.

2.7 Further Information

Further information on equipment, development, and implementation of CEM plans can
be obtained by contacting Crew Endurance Team members at U.S. Coast Guard
Headquarters’ Office of Safety and Environmental Health (G-WKS),or:

Antonio Carvalhais, Ph.D.

United States Coast Guard

Office of Safety and Environmental (CG-113), Room 5308
2100 2nd Street SW

Washington, DC 20593-0001

Tel: 202-267-2244

E-mail: acarvalhais@comdt.uscg.mil

Web: http://www.uscg.mil/safety/cem.htm
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3. Crew Endurance Risk Factors

A review of the scientific literature, and results from assessments of specific CG
operations, produced a list of risk factors that can promote or compromise crew
endurance. These risk factors can be categorized into two groups: (1) core and (2)
modulating. Core risk factors have a direct effect on endurance levels. They determine
directly whether energy stores are replenished. Modulating risk factors by themselves
may or may not compromise endurance. These factors are often associated with the
physical and emotional state of ‘burnout’, because these factors can sap energy stores
and at the same time retard the ability of core factors to replenish energy.

3.1 Core Risk Factors

Most of the core risk factors are sleep-related and can be better understood and
appreciated by being familiar with the physiology of sleep. Before proceeding further,
therefore, it is recommended the reader refer to Chapter 4: Sleep.

e Insufficient Daily Sleep. It is well established that the human body needs
approximately 7-8 hours of sleep per 24-hour period in order to replenish
physical and mental functions. Some people may require more or less than
the 7-8 hour norm, but these are exceptions and may underlie disorders
(for example, sleep apnea) that affect sleep.

e Poor Sleep Quality. The quality of the sleep is as important, if not more
important, than how long one sleeps. Sleep environments that are hot,
noisy, or bright, or that have uncomfortable bedding, compromise the
guality, and by extension, the restorative value, of the sleep.

e Fragmented Sleep. Sleep is fragmented when the physiological ideal 8-
hour sleep period is split into two or more episodes. For example, a person
standing the mid-watch typically has one sleep episode before watch and a
second sleep episode after watch. Split sleep is not as restorative as a
single continuous sleep period of 8 hours because of the physiology of
sleep: During sleep, the brain cycles several times through five different
stages, with different restorative functions occurring during each cycle. If
the sleep period is less than 8 hours, the brain cannot go through all the
cycles, resulting in some restorative functions not being achieved.

For example, the sleep stage of Rapid Eye Movement (REM) that is associated
with dreaming activities, and commonly thought to replenish cognitive functions,
appears in all sleep cycles but is the dominate activity in the later cycles of sleep,
typically after hour 3 of the 8-hour sleep period. Splitting sleep into two episodes
of 3 to 4 hours would deprive the crewmember of REM and cognitive function
restoration.

e Main Sleep During the Day. Human physiology is programmed for sleep
during night hours (2200 to 0600) and wakefulness during day hours (0600
to 2200). During these times, specific biochemical activities occur that
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3.2

promote sleep and alertness. Day sleep disrupts these biochemical cycles
with predictable consequences: Loss of attention and alertness, sleepiness,
and fluctuations in mood. Adapting to night work requires adjusting the
release of biochemicals, but this adjustment can take weeks, and might not
occur at all, depending on how much control crewmembers have over their
work/home environment.

Changing Work/Rest Schedule. Switching from day to night work produces
physiological disruptions very similar to those experienced in ‘jetlag’.
Standing a watch schedule that rotates is like crossing multiple time zones
every time the schedule rotates.

Long work days. Human performance begins to decrease approximately 12
hours after one arises from sleep. After 24 hours, performance is reduced
by 25 percent. Twenty-five percent might not seem like much, but when you
factor in the type of task, the environmental conditions, the ability to
replenish energy stores with sufficient good quality sleep, and the
frequency of exposure to long work days, the decrease can accumulate
well beyond 25%. Also, for certain tasks (for example, evaluating how to
engage a potentially hostile situation, or analyzing an unknown biochemical
agent), a 25 % reduction in performance can mean the difference between
success and failure, or even between life and death.

No Opportunities to Make Up Sleep. If individuals require 8 hours of sleep
per day to fully restore their energy stores, but they only get 6 hours per
day, they accumulate two hours of sleep debt per day. This sleep debt
continues to accumulate until these individuals are able to extend their
sleep periods to at least 8 hours per 24-hour period.

Because human physiology requires that sleep debt be paid back, unpaid sleep
debt can result in chronic incidences of performance degradation, mood
fluctuation, and unpredictable behavior.

Modulating Risk Factors

The modulating risk factors tend to exacerbate the effects of the core risk factors. For
further information on these risk factors, refer to Chapters 6 — 9.

High Workload. Sustained high workload compromises endurance because
higher energy expenditure is needed to fulfill task demands. Research also
shows that maintaining high workload for sustained periods of time can
lead to ‘burnout’, which is a chronic state of endurance compromise.

Lack of Control over Work Environment. Research shows that individuals
who have (or perceive) little control over their work conditions experience
higher levels of stress, lower performance, and lower job satisfaction, and
are detached from their job. As a result, they expend greater amounts of
energy to perform their job.
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Exposure to Extreme Environments. The body must expend higher
amounts of energy to protect itself from extreme conditions. For example,
the body uses energy to heat itself when cold, and to maintain balance in
heavy seas. Sustained exposure to extreme environments requires more
energy, and increases the potential for injury and negative health
consequences.

Poor Diet. Certain types of food can actually induce drowsiness and
promote sleepiness. Potatoes, dairy products, turkey, and foods high in
sugar can induce a biochemical reaction in the brain that promotes
sleepiness. These foods should be avoided during night operations, when
sleepiness is already elevated due to physiology.

Exercise. Physically fit individuals burn less energy when performing their
job, and more efficiently replenish expended energy. Exercise promotes
sleep and therefore aids in replenishing energy stores.

High Stress. Three sources of stress are particularly relevant for CG
operations: (1) work, (2) family, and (3) isolation. All three require higher
amounts of energy to maintain focus and performance; hence, if they are
sustained over long periods, they can compromise endurance. Also,
although stress can actually improve performance in the short term, by
releasing hormones that prepare an individual to act, these same
hormones, sustained at high levels, can actually debilitate and paralyze an
individual.

e Work Stress. Time pressure, pace of work, volume of work, communication,
interpersonal relations, and environmental conditions all contribute to work
stress. These sources of stress can degrade endurance and job performance.

e Family Stress. Child and parent care, finances, marital problems, conflict with
others, and poor support systems are examples of family stress that can
compromise endurance. Crewmembers confronting these stressors should be
identified and offered support programs.

e Isolation from Family. The uncertainty of what is happening to family
members, and the inability to be present to comfort or support their activities,
is one of the greatest sources of stress for some individuals. Efforts to
improve or maintain contact with family (by e-mail or telephone) have been
shown to reduce stress and to improve performance.
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Section Il: Educational Resource

Section Il serves as a resource for information on the core and modulating risk factors:

e Chapter 4 discusses the relationship of sleep physiology to crew
endurance.

e Chapter 5 provides detailed information on watch schedules and light
management.

e Chapter 6 discusses the impact of caffeine and certain medications (OTC
and prescription) on crew endurance.

e Chapter 7 discusses the impact of stress (personal and work-related) on
crew endurance.

e Chapter 8 discusses the impact of temperature extremes and wave motion
on crew endurance.

e Chapter 9 discusses the impact of diet and exercise on crew endurance.
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4. Sleep

In this chapter you will learn:
e How many hours of uninterrupted sleep the average person requires daily
e How the body replenishes its energy supply
e How the biological clock regulates energy and alertness
e Why keeping regular sleep and light-exposure schedules is important
e How to manage personal sleep
e How napping can help maintain endurance on night watch

e How napping can help maintain endurance under continuous operations

4.1 Introduction

Sleep is a basic physiological function without which the human body cannot survive.
Similar to breathing, eating, and drinking, sleep provides the body with the energy it
requires to maintain physical stamina and mental alertness, to defend against infectious
agents, and to recuperate from injuries.

Although sleep has a fundamental role in human survival, it's often misunderstood,
overlooked, or disregarded. How often do you hear negative references associated with
basic survival functions? Not often, but with sleep, it's common to hear such references
as “lazy”, “underachiever”, and “weak,” just to name a few. Also, no one would consider
reducing a basic physiological need like breathing, but how often do we voluntarily
choose to reduce sleep? In fact, Homo sapiens is the only species in the animal
kingdom that chooses to reduce sleep, often with dire consequences.

In this chapter, we discuss the basic sleep needs for humans, and explore opportunities
to enhance and promote getting the sleep we require for safety and endurance.

4.2 Sleep Requirements

Human beings, on average, require 7 to 8 hours of uninterrupted sleep daily. During
these 7 to 8 hours, the brain cycles through phases of light sleep, deep sleep, and
dream sleep, with each cycle lasting about 90 minutes. This 90-minute cycle repeats
until the sleep period terminates either naturally or by some form of interruption.

The body replenishes its energy resources during sleep. Therefore, any interruption —
due to noise, bright light, sudden movement, or the like — that disrupts the normal sleep
cycles will tend to reduce the amount of energy replenishment and thereby to degrade
subsequent performance.
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FACT: Energy is optimally produced during uninterrupted sleep periods

(lasting 7 to 8 hours) that are facilitated by comfortable beds, dark and
guiet rooms, and ambient temperatures between 60-75 °F.

Reductions in sleep duration to below 7 to 8 hours per day will result in an accumulation
of sleep debt. Sleep debt degrades alertness, decision-making ability, and logical
reasoning. Persistent sleep debt increases daytime sleepiness and degrades hand-eye
coordination and reaction times.
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4.3 Determining Sleep Debt

You can use the Epworth Sleepiness Scale (see Figure 4-1) to determine your current
level of sleep debt.

How likely are you to doze off or fall asleep in the following
situations? Score yourself using the following scale:

0 = Would never doze off

1 = Slight chance of dozing

2 = Moderate chance of dozing
3 = High chance of dozing

Sitting and reading
Watching TV

Sitting, inactive in a public place (for example, a theater or a
meeting)

___As apassengerin acar for an hour without a break
_____Sitting and talking to someone

_____Sitting quietly after a lunch without alcohol
_____Inacar, while stopped for a few minutes in traffic

Total score

Figure 4-1. Epworth Sleepiness Scale

If your score is over 20, you should seek medical advice. If your score is between 6 and
20, you should examine your daily work/sleep schedule for specific conflicts to getting 7-
8 hours of uninterrupted sleep per 24-hour period. If your score is 5 or less, you do not
have a serious sleep debt, but it would probably be worthwhile to assess your daily
work/sleep schedule for ways to improve sleep quality.
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4.4 The Biological Clock and Energy Availability

The body’s level of immediately available energy varies in a predictable pattern over the
course of a 24-hour period. This pattern of available energy is controlled by an internal
‘device’ referred to as the biological (body) clock. Figure 4-2 shows how energy level
normally varies over the course of a day.

The biological clock regulates the daily energy cycle to the effect that alertness:
e Increases after wake-up time
e Peaks in the mid-morning hours
e Dips in the afternoon hours (‘post-lunch dip’)
e Peaks again in the early evening hours
e Begins to decrease at night

e Reaches its deepest lows in the mid-nighttime to early-morning hours
(approximately midnight to 0600) [check this]

The actual occurrence of these peaks and valleys depends on the timing of specific
inputs to the biological clock: Wake-up time, bedtime, and exposures to bright light
(natural or artificial). As we shall see later, measured exposures to bright light can be
used to set (or reset) the body clock for adapting personnel to night work (or back to day
work).

FACT: Keeping aregular daily schedule — maintaining consistent work,
sleep, and light-exposure times day to day — allows daily energy-

replenishment cycles to take place on a consistent basis, thereby
making sufficient energy available during normal work periods.
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Figure 4-2. Daily Energy Cycle as a Function of Time of Day

4.5 Sleep Stages

Sleep consists of certain brain activities that progress predictably through five distinct
stages (see figure below):

Stage 1 is the transition from awake to asleep. This stage is characterized by a slowing
of brain activity. When aroused from this stage, many people believe they were never
asleep. After about five to ten minutes of stage 1 sleep, a person progresses to a
deeper sleep, stage 2.

Stage 2 is characterized by brain activity slower than that typical of stage 1, and is
considered by many to be the true beginning of sleep. Within 10 to 15 minutes, brain
activity slows even further and progresses into the deepest sleep, stages 3 and 4.

Stages 3 and 4 are referred to as slow-wave sleep (SWS). It can be very difficult to
arouse a person from SWS, and once awake, the person can feel sluggish for several
minutes. After 20 to 30 minutes of slow-wave sleep, brain activity reverts briefly back to
stage 2 sleep, and is then followed by rapid eye movement (REM) sleep (stage 5).

REM - stage 5 or dream sleep — is characterized by quick eye movements, little or no
muscle tone, and very active brain patterns. The first REM period of the night is
relatively short, lasting five to ten minutes. After REM sleep, the sleep cycle repeats
itself, returning to stages 2, 3, 4, and 5.

Each sleep cycle lasts approximately 90 minutes, with approximately five to six cycles
occurring each night. Most SWS occurs during the first half of the sleep period, while
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most REM sleep occurs during the second half of the period. Overall, stage 2 sleep
occupies the majority of the sleep period, followed by REM sleep, and then SWS.

Awake»
REM>
Stage
Stage 2
Stage 3™
Stage 2>
o 1 2 3 4 5 6 7
Elapsed Hours of

The normal sleep cycle can be disrupted by such factors as schedule changes, frequent
awakenings, and medications. Any disruption bringing on full wakefulness will cause the
brain to start the sleep cycle from the beginning, with the result that the full cycle might
not then be completed, because of time constraints. When chronic disruption occurs,
endurance degradation ensues.

4.6 Sleep Management

Achieving 7 to 8 hours of uninterrupted daily sleep is largely a function of good sleep
management. The proven principles and practices of good sleep management are
summarized in the box on the following page.
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Sleep Management

Planning for sleep

¢

¢

Daily sleep requirements vary: While the average person requires 7-8
hours of sleep per day, some people need only 5-6 hours, while others
need 9-10 hours. If, after sleeping your normal amount, you feel very
sleepy during your afternoon (or equivalent) hours, you need more
sleep.

Try to sleep (go to bed, get up) at the same time every day, including on
days off.

Avoid heavy meals prior to sleep periods, as well as foods and drinks
that contain caffeine (for example, coffee, tea, soda, chocolate) four to
five hours before bedtime.

Avoid exercise one hour before bedtime —revving up the body at the
very time you should be calming it for sleep.

If a sleep aid was taken the previous night, the first and possibly the

second night of sleep without medication may be disrupted. However,
this disruption should subside within two nights.

Alcohol should never be used to promote sleep. Although alcohol can
induce sleep, the overall quality of sleep will be degraded.

Good sleep habits

*

When needing to sleep outside your usual sleep period (during daytime,
for example), prepare as if for a normal sleep period: Wear normal sleep
clothes, darken the room as much as possible, keep noise to a
minimum, and use a white-noise generator, such as a fan, to mask
surrounding noise.

Use bed only as a place to sleep: Do not read, work, or do other similar
activities in bed. Associating bed with sleep will eventually allow sleep
to come more easily.

If you must stay awake for 24 to 48 hours, do not sleep more than 10
hours in the subsequent sleep period. Sleeping too long can interfere
with the normal sleep schedule, and cause significant daytime lethargy.
A normal sleep period for an individual is usually sufficient to recover
from 24 hours without sleep.

4-7



When personnel cannot fall asleep within 30 minutes, they should not remain in bed
awake. They should get up in order to avoid associating wakefulness and anxiety with
being in bed. They should remain out of bed, engaged is some kind of passive activity,
such as reading, until sleepiness finally develops. Also, personnel who have trouble
falling asleep during their normal sleep period should not nap during the day, as
napping may delay normal sleep onset.

4.6.1 Personal Choice

Getting sufficient, good-quality sleep is often a matter of the personal choices
crewmembers make. Here are some measures crewmembers can take toward ensuring
they get sufficient, good-quality sleep:

e Minimizing moonlighting

Financial pressures can understandably lead CG personnel to working an
additional job (moonlighting). However, the sleep and leisure time sacrificed to
working additional hours can adversely affect not only personal safety and
performance but also the overall quality of personal and family life.

e Getting family support/cooperation for day-sleeping

Crewmembers needing to sleep when family members are normally awake face
a much greater challenge in obtaining adequate sleep than do crewmembers
who work and sleep on a normal schedule. In such cases, family members
should be asked to enter into some kind of agreement to support the
crewmember who must sleep while they are themselves awake.

e Working around family obligations/issues

CG personnel are often the primary support system for spouses and children. As
such, there are added pressures on crewmembers to manage family obligations
and issues as they perform their CG missions. Sometimes, for example,
crewmembers coming off watch become involved in child care and other
household duties or chores instead of going to bed. Therefore, it might
sometimes be in everyone’s best interest to organize family life around the work
schedule of the crewmember versus the other way around.

4.6.2 Berthing Quarters

Getting adequate sleep is at least partly a function of the conditions in the berthing
quarters.

e Controlling climate (temperature and humidity)

Although external temperatures cannot be controlled, ambient temperatures
inside sleeping quarters can be regulated toward optimizing crew endurance:

e Insulate portholes and windows against drafts

¢ Insulate hatches and doors to keep heat out, coolness in
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e Provide proper ventilation; crewmembers should be able to open hatches,
doors, and portholes for more air

e Locate sleeping areas away from areas that typically radiate or leak heat; for
example, avoid placing bunks just above the engine room or the galley

e Use heaters, air conditioners, and fans to control temperature; allow
crewmembers to control the thermostat in their quarters; install small fans
over bunks

Controlling noise, fumes, and lighting

Noise, fumes from the engine room, and bright lights can interfere with
crewmember sleep. Specific measures to control these elements include:

¢ Installing automatic door hinges to prevent doors from slamming
e Installing stripping to prevent lockers from vibrating

e Closing porthole covers to simulate a darkened environment during daytime
sleep periods, or conditions where daylight is present for extended periods
(as in the case of arctic summers)

Controlling interruptions

To help control needless interruptions, the berthing quarters should be declared
a quiet zone. In addition, access should be restricted to sleepers only during
sleep and nap periods:

Controlling bedding quality

To help promote sleep, mattresses and bed covers should be comfortable
Controlling berthing conditions

The berthing quarters should be kept clean and as dust-free as possible.

Refer to The Berthing Guide in Appendix 1.1.1.1A.

4.6.3 Organizational Policy
Whenever possible, departmental and vessel-wide policies should be sleep-friendly.

Curtailing early-morning evolutions

Early morning all-hands evolutions can disrupt night watchstanders/late sleepers

from obtaining their necessary 7-8 hours of uninterrupted sleep.
Allowing late sleeping after watch and off hours

Some CG watch/work schedules require crewmembers to work until the early
morning hours before being relieved. Personnel on these schedules are often
provided little or no opportunity to sleep a minimum of 7 hours. Over time, this
inability to obtain adequate sleep results in sleep debt and chronic fatigue. To
minimize the impact of these risks, a policy to extend sleep periods to allow
crewmembers to obtain a minimum of 7 hours sleep is recommended.
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4.7

Curtailing pipes and other shipboard broadcasts

In around-the-clock operations, there are periods during the night/day (2200-
0700, 0400-1000) when crewmembers are asleep. Broadcasting pipes during
these periods can disrupt and thereby fragment crewmember sleep.

Allowing schedule self-selection

The timing of the human biological clock varies from one person to another.
Some people are larks (wake up early and turns in early), while others are owls
(wake up late and turn in late). Taking these differences into consideration, it is
prudent to allow crewmembers to select watch schedules that are aligned with
their body clock rhythms. By allowing self-selection, department heads can
maximize the natural performance capabilities of the crewmembers and reduce
the risk of alertness decrements associated with body-clock desynchronosis.

Minimizing/eliminating live watches

Live watches can strain the human resources of a unit and force the use of
extended work periods and/or rotating schedules. These, in turn, can result in
fatigue, burn-out, and maladjustment to nighttime schedules. It is important,
therefore, for CEM working groups to evaluate the need for live watches in all
situations, and, when appropriate, to develop alternative methods for performing
the functions of live watches.

Minimizing participation in outreach programs

Although outreach activities are valuable to all concerned, they can cause
personnel to extend their work periods. In addition, morale can be impacted if
participation in these activities is non-voluntary and interferes with personal time-
off. Unit policymakers must be aware of these ramifications and plan accordingly.

Minimizing on-call, B-0 operations, and night ops

On-call personnel often suffer adverse effect resulting from unmanaged or un-
prioritized communications, multi-tasking, and inappropriate use of resources.
Unit decision makers must monitor the risks involved with these types of actions
and make adjustments, such as assigning non B-0 status personnel to stand
nighttime radio watch, to preserve the readiness of response crews.

Maximize cross-functional training/qualification

During times of surge ops or high operational tempo, multi-capable personnel
within a unit can relieve one another as needed toward minimizing the impact on
sleep opportunities of additional duties.

Napping

There are two primary uses of naps:

To help personnel adjust to a new, nighttime work schedule
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e To help restore energy when personnel are exposed to high-tempo operations
for long periods (greater than 12 consecutive hours per day).

Napping is never a substitute for sleep; however, napping can be very helpful in partially
restoring the energy level of personnel who do not have time or opportunity for a full
sleep period.

Naps should be taken during the afternoon low point in the daily energy cycle in order to
coincide with a normal period of sleepiness (see Figure 4-2). Research has shown that
a 2-hour nap taken in mid-afternoon (around 1500 hours during the ‘post-lunch dip’)
results in greater restoration of alertness than a 2-hour nap taken in the evening (at
around 1900 hours, for example, when the energy cycle is on the rise).

Naps should not be taken after midnight. Although it is easier to fall asleep after
midnight, it is much harder to wake up: Personnel often feel groggy, and may suffer
performance degradations for more than a full hour after waking.

4.7.1 Napping and Change of Work Schedule

When personnel need to shift their work schedule from daytime to nighttime, naps can
facilitate adjusting the body clock to the new regimen. Naps are recommended if:

e Personnel rotate from day to night duty, and

e They cannot sleep more than four or five hours during the sleep period
following the first night work, and

e The next night is going to be another work period
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Napping to Adjust to Night Work

When transitioning to nighttime duty hours, opportunities for naps occur
during the following time periods:

e During the mid-afternoon (around 1500 hours, for example)

e During the evening prior to reporting for work: Nap from 1600 to 1900
hours, for example, when reporting for duty at 2100 hours

When rotating to the night watch, personnel should be encouraged to use
naps during time-off to compensate for sleep lost during the transition to
nighttime duty hours.

When transitioning from daytime duty hours to nighttime duty hours later
that same day, a nap at 1500 hours can compensate for sleep lost during
the assigned sleep period.

Daytime naps longer than one hour are not recommended if the next sleep
period will occur that same night. In this case, naps taken during the day
can interfere with the onset and duration of that night’s sleep.

4.7.2 Napping and Continuous Operations

If personnel are subjected to continuous operations, or to very long work periods
(greater than 12 hours), napping can help restore dwindling energy levels. Napping
during continuous operations can reduce performance impairment but cannot totally
alleviate the effects of sleep deprivation.

Individual differences in sleep needs must be considered in determining nap length.
Other factors that should be taken into consideration are: whether or not the
crewmember has sleep debt, the intended length of the nap, and the time of day.

Command and department heads should allow time for napping, and should provide a
quiet, comfortable place for short naps as circumstances permit. In addition, they should
educate personnel about the benefits of napping, and should emphasize that naps are
not a substitute for sleep.
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Napping and Continuous Operations

Pre-existing Sleep Loss

U The best time to nap is before significant sleep loss has occurred.
Personnel who nap for one to four hours prior to night work will show
improved late-night and early-morning performance and alertness
compared to those who do not nap. Preventive napping may be better than
a nap taken during the sleep-deprivation period.

Naps do not totally eliminate the energy-cycle dip experienced in the early
morning (between 0000 and 0600); however, they do moderate degradation
in both cognitive performance and alertness.

Nap Length

O Naps should be one to two hours in length.

U A single two-hour nap during a 24-hour continuous work period can cause
performance to be close to pre-sleep-loss levels.

U If longer naps are not possible, several naps of as little as ten minutes each
can help personnel endure continuous operations.

Timing of Naps

Q Itis easier to nap when the energy cycle is at its lowest (approximately 0300
and 1500); more difficult when the energy cycle peaks (around 1000 and
1900).

Early-morning naps (0000 to 0600, during the energy cycle “low period”) are
beneficial in restoring alertness and performance. However, post-nap
sleepiness will be higher and performance will be lower for an hour or more
after awakening from a nap at this time. Therefore, personnel should be
awakened from early-morning naps at least an hour before reporting for
duty, in order to allow them to fully recover from the nap.

Naps should be timed such that crewmembers are awakened during an
energy rise or peak (between 1000 and 1400, for example, or between 1700
and 2000) in order to minimize post-nap sleepiness. Even so, at least 20
minutes should be allowed for post-nap recovery.
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4.7.3 Determining a Napping Strategy

Figure 4-3 provides a process for determining whether napping is needed, and for
implementing a napping plan.

Continue normal
routine with
no nap

Normal sleep

is disturbed Did you sleep fewer

than 6 hours?

Determine nap
schedule and duration

l

Determine nap
location and contents of
nap sack

extend main sleep

Extend main sleep
to 7-8 hours

Implement
napping plan

Figure 4-3. Process for determining napping strategy
A nap sack would typically contain some or all of the following items:

e Eye shade

e Ear plugs

e Inflatable neck support
e Pillow

e Blanket

e Portable alarm clock
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4.8 Sleep Disorders

Sleep disorders (such as apnea) compromise alertness no matter what other measures
might be taken to improve endurance and alertness. Sleep disorders require medical
attention.

The following check list can help crewmembers determine if they have a sleep disorder
requiring medical attention.

Sleep Disorder Checklist

U You are told that you snore loudly and often.

U You are told that you stop breathing or sound as though you are having
difficulty catching your breath when asleep.

O You find yourself becoming sleepy or actually falling asleep when
performing your daily activities, especially those that are sedentary, like
reading, watching TV, and driving.

U You are having trouble falling or staying asleep, or are waking up early or
un-refreshed, three or more nights per week

U You experience a nervous, creeping, or tingling feeling in your legs when
trying to sleep.

O Your sleep is regularly interrupted due