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Search and rescue (SAR), medical evacuation, medical emergencies, and
fire rescue are few of the many on-demand operations where
iﬁﬁa dynamically changing contextual variables contribute to mission hazard
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CREW ENDURANCE MANAGEMENT (CEM)

A method of identifying and controlling hazards that
degrade crewmember alertness, rest, and recovery:

— Assess operations to identify crew endurance
hazards

— Implement shipboard and organizational practices
to protect crewmember endurance




CREW ENDURANCE RISK FACTORS

* Core Endurance Risk Factors — directly impact
the ability to produce and restore physical and
cognitive resources:

— Insufficient Daily Sleep
— Poor Sleep Quality
— Fragmented Sleep
— Main sleep during the day — night work
— Changing work/rest schedules
— Long work hours
“,“'«v— No Opportunities to Make Up Lost Sleep
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Schedule Entry Instructions

File Name: 12 hrrotating

Description: 12 hour rotating

Number of Days: | 31 3: @ Initial Wakeup: | 05:00 %@
First Day of Week: |Sunday j (D Average sunrise: | 0630 - @

{This option may be set when at least 85% of
the days have sleep times entered)

Crew Endurance Management: |'.:'. mplemented J

Click a time period column heading to expand or collapse the column dispiay.
Click a risk factor column heading for information about the risk factor and the color codes.
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Schedule Entry Instructions

File Name: 12 hrrotating

Description: & hour nighttime with rotating start time

Number of Days. | 23 3: @ Initial Wakeup: | 06:00 %@
First Day of Week: | Sunday j @ Average sunrise: | 06:30 = (D
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Click a time period column heading fo expand or collapse the column dispiay.
Click a risk factor column heading for information about the risk factor and the color codes.
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The Crew Endurance
Management
System (CEMS)

Environment




The Crew Endurance

Management
System (CEMS)

Environment

: *Mission
Demands
*Operational
Safety

24/ 7
Operations
*Area of
Operations




The Crew Endurance

Management
System (CEMYS)

*Sleep

management
Environment *Body clock

*Physical fitness

Organization *Stress
management

: *Mission
Demands
*Operational
Safety

24/ 7
Operations
*Area of
Operations




Light/Noise
levels

*Vibration
*Temperature
*Work
environments

L eisure facilities
*Sleeping
quarters

eWatch schedules ¢
eNighttime
adaptation
eQOvertime policy
eNapping policy
eBerthing courtesy
policy

The Crew Endurance
Management
System (CEMS)

*Sleep

management
Environment *Body clock

*Physical fitness

Organization *Stress
management

Personnel

: *Mission
Demands
*Operational
Safety

24/ 7
Operations
*Area of
Operations




The Crew Endurance Management System

— Processes/Guidelines

* Organizational and
vessel implementation

 Crew Endurance Risk
Factors Assessment

— Knowledge
« Education program
— Practices/Controls

« Controls to mitigate the
Incidence of endurance
risk factors in
operations

— Equipment/Tools
« CEMS tool

 Crew Endurance Risk
Factors Assessment

 Schedule Evaluation
Tool

« CEMS Guide
— Develop Expertise
— Provide Assistance




HUMAN ENERGY
REQUIREMENTS

e Studies of brain function have shown that seven to
eight hours of continuous sleep are necessary to
restore cell function to normal levels




DAILY SLEEP
REQUIREMENTS

e Varies with age

— Elementary students normally require 10-12 hours per
day;

— Pre-teens 9-11 hours;
— Teens 8%-10 hours;
— Most adults 7-8 hours per day

(For sleep to be restorative, it must be continuous and
uninterrupted)




Dally Mlnlmum Sleep Requirement

7-8 Continuous Hours

Awake—-
REM —
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Figure 4. Meoan number of lapscs on the
psychomotor vigilance task {and standard
error) aass days as a function of time in bed
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Sep’én Health

* Obesity
 Cardiovascular Disease
* Hypertension

» High Blood Pressure

* Diabetes

* Depression

 Stroke

. Immune Deficiencies




CREW ENDURANCE
RISK FACTORS

* Modulating Endurance Risk Factors — contribute to “sap”
energy levels and worsen the effects of the “core” risk
factors

— High Workload

— Lack of Control Over Work Environment or Decisions

— Poor Diet

— No Opportunity for Exercise

— High Work Stress

— Family Stress

— |solation From Family

”’: Excessive exposure to extreme environments




Contributing Factors

 Sleep deprivation
 Sleep cycle disruption

* Working at
inappropriate times
of day

* Job role and life stress
* Physical stress

e Environmental stress

Symptoms

DECLINING ENDURANCE RESULTS IN
HUMAN ERROR

Human Errors

Physical Symptoms

Difficulty focusing eyes
*Clumsy
*Sore muscles

Mental Symptoms

 Forgetful

* Hard to do mental
arithmetic, recognize
codes/symbols

* Less motivated
» Slow to respond
» Tasks out of sequence

*Unable to recognize
input (e.g. nav aids,
radio calls, gauges)

*Forget to check
critical info (e.qg.,
fathometer, fuel
levels)

Fail to secure
equipment (e.g., cargo
transfer)

*Alter something that
did not need to be
changed (e.g., course,
fuel transfer)
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Mission Hazard Assessment

Mission Setup

Crew Setup

Hazard Analysis

Total Hazard Exposure

DEVELOPMENTAL COPY. NOT FOR DISTRIBUTION.
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High alertness
10:00

Highest testosterone secretion 14:30

09:00 Fastest reaction time
Bowel movement likely 08:30,4 15:30

Best coordination

Melatonin secretion stops

07 Greatest cardiovascular efficiency
30

and muscle strength

Sharpest rise 17:00

in blood pressure06:45

18:00

18:30Highest blood pressure
19:00 Highest body temperature

21:00 Melatonin secretion starts

D2:00
Deepest sleep 22:30

0700 Bowel movements suppressed

Midnight
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Sleep and Performance

Logical Reasoning

Mental Arithmetic

Aircraft Piloting
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Qutput Rhythms:
v Physiology
4 Behavioe
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Pituitary and Pineal Glands

Pineal gland
Cerebellum

Pituitary gland

Pons

Medulla oblongata —— |
-«———— Spinal cord
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Light Induced Delays
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Light Induced Delays

app. 1 hr/ day
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Light Induced Advances
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Hazard Exposure as a
Function of Operational
Complexity

* Each operational environment involves specific

— Operational objectives,

— Crew operational proficiency,
— Crew State

— Response platform capacities,

— Platform tolerance thresholds for varying
environmental conditions,

— Variation in coordination of multiple (e.g.,
shipboard, afloat, aviation, command and control,
T etc.) assets, and in some cases inter-agency

’"“*’f coordination.

ez~
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Hazard Assessment Tool

Mission Setup Crew Setup

PIC Name

Mission Date:

Take-Off Time [y ~[|uw ~]|

Sunrise:
sunset

Tail Number|CG-

— Mission Type

MNight-time PIW.

(I Fery Flight
few to nNo SUrprises on route

long flights/long days

Simple- Searches: flare, PIW, kayak, overdue.
(@ saR Mo hoisting; Daytime medevac- flat, unobstructed terrain.

Medium- Adeguate time/information to plan; Adeguate fuel margin; Adequate time to prep boat
onscene. Hoisting; Simple/known hoisting area; Daytime medevac from or to ship; Nighttime
medevac to anopen field; RS ops; Rougher/maore mountainous terrain.

(CIEsternalLoad  Simple- Weight well within platform limits; size, shape and materials of ext. load not challenging

() Training: Recon (1 BWw Al Operational

1 Training: GURES, () Training: R Al

(I RT-10ay Land
() Training: Tactics

Hard- 5trict fuel management (long range); Limited time to prep boat on scene; Terrain includes ™) BT-2 Dau W ater
obstructions- towers,cliffs/power lines; Limited time/information to plan; Low margin of error. (I LEIPWES !
Complex hoist — boat rigging, type of boat, unstable platform, vertical surface (e.g. cliff face); ("I RT-3 Might LandihvGHUD

() Surveillance Recon
(I BiT-4 Might water

Simple- Flying a known route, e g. E-city to Atlantic City; close to AOR, know course rules;

() Training: Formations
(1 RBT-6 Instrument!Cross Country

Complex- Cross-country, e.g. North Bend to Atlantic city; unfamiliar areas; a lot of mapwork;

() Training: Demonstrations (I RT-6 ShipdHelo Operations

() Test Flight ("I RT-7 Confined ArealEst. Load ops

Complex- Weight may come closer to platform limits; size, shape and material of ext. load
prone to sailing, other maneuvering/aerodynamic challenges

— Environmental Flight Conditions

[ mc
r Numination

O Low % Adequate W Good
Aircraft Status

Al equipment operational. ACMS up ba date.

Loading: What is the expected loading condition during the

mission?

Mormal Load, no extra equipment or passengers expected.

w

r ‘weather Conditions

@ ‘weather Simple-

G wheather Hard-

G ‘Weather Extreme-

G ‘weather Moderate-

*Within local mins (i.e. local 3710/ read and initial file) and CG 3710 mins

*Exceeding local mins (i.e. local 3710/read and initial file) , but within CG 3710

mins

*Exceeding local mins (i.e. local 3710/read and initial file) andapproaching but NOT
exceeding CG 3710 mins

=Any of the following | predicted/known/forecasted): moderate turbulence; light
icing; IVO thunderstorms; high seas; high winds

*Exceeding both local mins (i.e. local 3710/read and initial file) and CG 3710 mins

*Require waiver from Command to beginor continue mission

*Amy of the following | predicted/known/forecasted): severe turbulence; severe icing;
embedded thunderstorms; extreme sea conditions; approaching/at hurricane-force winds




Operational Proficiency

(OPNL Experience (w) + Skill Decay(w)+ AOR Fam(w) + Platform Qual(w)+ Last
Flight(w))
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0.5 0.7
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0.423077 0.607552
0.403845 0.584515
0.384615 0.561538
0.365385 0.538462
0.346154 0.515385
0.326523 0.452308
0.307852 0.4585231
0.288462 0.446154
0265231 0.423077
0.25 0.4
0.230769 0.384615
0.211538 0.365231
0.192308 0.353845
0173077 0.338462
0.1538456 0.323077
0.134515 0.307592
0.115385 0.252308
0.096154 0.276823
0.076823 0.261538
0.057552 0.246154
0.038462 0.2307659
0015231 0.215385
0 0.2
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0207852
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0.161538
0.146154
0.1307659
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0.185284
0.185714
0182143
0.178571
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015
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Hazard Assessment Tool

DEVELOPMENTALCOPY. NOTFOR DISTRIBUTION.

Crew Setup
Required Position: R Seat [v]pic L Seat [ Jpic BA Flight Mech RS
E 1D | All Coast Guard =] || all Coast Guard | =]
m
P <Enter EmpllD> <Enter EmpllD> <Enter EmplID> <Enter EmpllD>  |<Enter EmpllD>

Dper_at_lnnal E;perlence: Estimate years of 4 years w ||[ 4 years w ||| 4 years w || 4 years w ||| 4 years -
CG aviation experience
RE.I:EHI:'Y. E_Stlma_t? mnmhs_ SIHFE 1_-"”:”" last used =,5 Months - <, 5 Months w» ||| =.5 Months w || =.5 Months w || <.5 Months -
perishable skills critical to this mission
Mission Management: Rate cognitive / able 90-100% w ||| able 90-100% = ||| less than 50% w || able 90-100% wr | | able 90-100% W
emotional state and ability to fulfill role in crew
coordination, situational awareness, on-scene
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* Dr. Carlos Comperatore

e carlos.a.comperatore@uscg.mil
e 202-475-5182
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