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Background: Qil and gas extraction (OGE) workers in the United States experience high fatality
rates, with motor vehicle crashes the leading cause of death. Land-based OGE workers drive
frequently to remote and temporary worksites. Limited information is available on factors that may
influence crash risk for this workforce.

Methods: A cross-sectional survey of 500 land-based OGE workers examined work schedules
and hours, commuting, sleep, employer policies, and their relationship to potentially harmful
events while driving.

Results: Over 60% of participants worked 12 or more hours per day. The mean daily roundtrip
commuting time was 1.82 h. Longer daily commutes, nonstandard work schedules, less sleep on
workdays, and lack of employer policies were associated with one or more risky driving-related
outcomes.

Conclusions: Implementation and evaluation of OGE employer policies and programs to limit
long work hours, reduce long daily commutes, promote sufficient sleep, and reduce drowsy
driving among U.S. OGE workers are needed.

Keywords
commuting; drowsy driving; employer safety policies; fatigue; long work hours

1| INTRODUCTION

As of 2019, the United States was the world’s largest oil producer,® in part due to
technological advances such as horizontal drilling and hydraulic fracturing, which allow the
extraction of crude oil and natural gas from hydrocarbon-rich shale formations. In 2019, the
U.S. oil and gas extraction (OGE) workforce was composed of 471,772 workers employed
by operators that develop and operate properties, contractors that drill oil and gas wells, and
support contractors that provide a wide range of services to bring new wells into production
and service existing wells.2 Additionally, thousands more contractors and self-employed
workers from transportation, construction, and other industry sectors work at oil and gas
worksites, completing tasks such as hauling water used in the hydraulic fracturing process,
constructing new oil and gas well pads, and servicing existing wells.

The OGE industry is a dangerous industry. During 2003-2013, the OGE worker fatality rate
was almost seven times that of all U.S. workers (average annual fatality rate of 25.1 vs. 3.7
per 100,000).3 Transportation incidents are the leading cause of death for OGE workers,
accounting for 55% of all fatalities in 2019.4 Not using a seat belt and falling asleep at

the wheel have been identified as contributing factors to driving-related fatalities in OGE.>
Furthermore, oil and gas well sites are often located in remote areas, resulting in long daily
commutes and extensive site-to-site travel on rural roads with fewer safety features such as
lighting and rumble strips.®

Industry-wide data on commuting distances are not available. Data on commuting patterns
and their association with on-the-job motor vehicle crashes or onsite injuries are also
lacking, as U.S. statistics on work-related injuries and fatalities exclude incidents that occur
while commuting.” For OGE specifically, information is needed about the extent to which
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workers experience extreme commutes, defined by the U.S. government as a round-trip daily
commute of more than 3 h,8 so that recommendations for preventing commuting-related
crashes can be developed. To reduce the number of long commutes, some companies
provide onsite or nearby temporary lodging (often referred to as “man camps”) for workers
while they are on duty.

OGE workers also face long working hours. While U.S. workers work 34.5 h per week on
average, oil and gas operator employees work 41-43.9 h per week,® and workers engaged
in drilling or oil and gas support activities work 45.8-49.5 h.10 A small pilot study among
well-servicing workers found that the workers’ daily average work hours and commuting
time combined was 15.4 h per day.1!

Information about employer policies for motor vehicle safety, risky driving behaviors,
work hours and schedules, miles driven, and the working environment of land-based

OGE workers is limited. Furthermore, federal safety regulations covering many facets

of this working environment are limited. Although the Occupational Safety and Health
Administration (OSHA) regulates safety on oil and gas well sites, motor vehicle crashes on
public roads are outside OSHA’s jurisdiction. Pickup trucks are widely used in the OGE
industry but are typically not covered by the Federal Motor Carrier Safety Regulations

that specify maximum hours of driving and other aspects of operations. In this limited
regulatory environment, individual companies are left to determine the best approaches for
reducing crash risk. In response, industry-wide recommendations on motor vehicle safety
and fatigue management have been developed by international industry associations.12:13
Consistent with these recommendations, OGE operators and contractors have implemented
interventions such as seat belt policies, journey management, invehicle monitoring systems,
mobile phone restrictions, driver safety orientations, pretrip vehicle inspections, and near-
miss reporting.14 However, the extent to which each of these has been implemented in the
U.S. or among companies of varying sizes is not known.

Several characteristics of the industry present challenges for research, including high
employee turnover, the temporary nature of well sites, and the movement of workers from
one well site to another over time. In addition, in 2020, only 6% of workers in mining,
quarrying, and OGE were union members,1° limiting the use of unions’ organizational

and communication networks to support research. Moreover, where OGE-specific data are
reported, the sample size is small, leading to wide confidence intervals and less confidence
in the estimates.

The purpose of this study is to better understand OGE worker schedules and hours,
commuting times, self-reported sleep, and employer safety policies to determine
relationships between these factors and driving-related outcomes. The study findings will
serve as a launching point to better determine and evaluate strategies to mitigate crash risk
for OGE workers.
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2| METHODS
2.1| Survey design

OGE employers were recruited at industry health and safety meetings, conferences, and
through informal contacts. Companies that agreed to participate were in Colorado, North
Dakota, and Texas. Companies and researchers jointly identified survey sites based on
logistical considerations, including the location of active well sites and the number of
workers available to be surveyed on the site. The survey used in this study covered
worker demographics, employer characteristics, worker health, work hours and schedules,
commuting times, and employer safety policies. Workers who drove for work completed
an additional module with questions about driving patterns; history of work-related near
misses, motor vehicle crashes, and injuries; driving behaviors; and their employer’s motor
vehicle safety programs and policies. Many questions in the survey were obtained from
the National Survey of U.S. Long-Haul Truck Driver Health and Injury,16 the National
Health Interview Survey (NHIS; a cross-sectional household survey that yields national
estimates on the health of the U.S. civilian noninstitutionalized population), and the NHIS
occupational health supplement.}” The question on commuting was adapted from the
American Community Survey. Motor vehicle safety program and policy questions were
developed based on OGE literature and in consultation with subject matter experts,14.18
Survey questions and response options can be viewed in Supporting Information: 1. The
primary outcomes of interest in this study were 1) frequency of feeling very drowsy while
driving at work, 2) having ever fallen asleep while driving a work vehicle, and 3) having
experienced a “near miss” in the past week. A “near miss” was described in the survey

as a driving incident in which “you felt lucky not to have been in a crash.” The study
protocol, which included the survey, was reviewed and approved by the National Institute for
Occupational Safety and Health Institutional Review Board (IRB). The IRB did not require
written consent because it would be the only participant identifier if recorded.

A pilot test was conducted with employees from an oil and gas company in Colorado to
determine whether questions were understood as intended and to test the length of the
survey. Pilot testing showed that many workers’ primary language was Spanish. Based on
this, all study materials were translated into Spanish, and a Spanish-speaking researcher
attended all survey administrations unless informed that all participants on-site were
proficient in English.

2.2| Survey administration

Surveys were administered at sites that were being drilled, completed, or serviced; monthly
contractor meetings; and company field offices. All workers on site were invited to
participate, that is, contractor employees as well as employees of the participating employer.

Workers were screened verbally for eligibility based on two questions: 1) “Have you worked
in OGE for at least 1 month during the past year?” and 2) “Do your work duties take you to
a well site at least 2 days per week or more?” Workers with less than 1 month of experience
in the OGE industry were excluded to ensure all respondents had sufficient knowledge about
the work environment and their employer’s policies. Workers who agreed to participate
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were given the informed consent form, which was also explained to them verbally. The
informed consent process included assurances that no personally identifiable information
would be recorded or disclosed and that responses would be aggregated for presentation

or publication. Eligibility to take the driving module was based on a “yes” response to the
question “Do you drive a vehicle as part of your work duties?” Participants had the option
to take the survey using a paper copy, digitally on a tablet using the Qualtrics platform, or
administered verbally and recorded digitally by a member of the research team. Open-ended
responses in Spanish were translated into English. Participating workers were given gift
cards in nominal amounts ($10 if on-duty and $30 if off-duty) as tokens of appreciation for
completing the survey.

2.3 | Data analysis

Statistical analysis was performed using R.19 For analysis, workers whose company type
was reported as “drilling contractor,” “servicing company,” or “other” were grouped into a
“contractor” category for comparison with workers who reported working for an operator.
Analyses of employer safety policies compared those who responded “yes” to those who
responded “no” or “don’t know.” The rationale for this was that if workers were unaware
of a particular policy, it would be unlikely for that policy, even if there was one, to affect
driving-related outcomes.

Responses for the question on work schedule were grouped into two categories for analysis:
daytime schedules and nonstandard schedules (evening shift, swing or rotating shift, on-call
24/7, and other). Responses to the question “How often do you feel very drowsy when you
are driving at work?” were collapsed into two categories: “never (or almost never)” and
“about once a month” combined, and all other response categories (i.e., feeling drowsy more
than once a month).

Two individuals who reported having less than 1 month of experience, despite having passed
the screening criteria, were removed from the dataset used for analysis. Responses of 12 h
or more of daily sleep, daily work hours of 4 or less or 20 or more, and daily roundtrip
commutes of 5 min or less or 6 or more hours were treated as outliers. These outliers were
included in frequency distributions but excluded from the calculation of means, #tests for
differences between means, and logistic regression.

Descriptive statistics were calculated. 7-tests were used to assess differences in means by
company type (i.e., operator or contractor) for daily work hours, usual hours of sleep on
workdays, daily commuting time, and work hours plus commuting time. Bivariate )(2 tests
were performed for all categorical variables. Multivariable logistic regression was used to
assess each of three driving-related outcomes: feeling very drowsy while driving at work;
having ever fallen asleep while driving a work vehicle; and having experienced a near

miss in the past week. The intraclass correlation coefficient (ICC) was estimated for each
outcome using the Fleiss—Cuzick kappa type estimate in the /CCbin package.29-21 All three
ICC estimates were less than 0.05, indicating little agreement within the 13 participating
companies. Demographic and occupational variables that were significant (p < 0.1) in the
bivariate analysis were included in the initial regression model. The STEP function in R was
used to build the final model based on the Akaike information criterion.22 Observations with
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missing values for any variable were removed before performing the stepwise procedure.
The STEP function performed both backward and forward search directions. Adjusted odds
ratios (ORs) were calculated for all variables included in the final models.

3| RESULTS

Surveys were conducted between October 2017 and February 2019. Of 528 workers
screened and determined eligible to participate, 500 completed the survey, for a response
rate of 94.7%.

3.1| Descriptive results

A total of 498 eligible worker responses were included in the analysis. Most of the
respondents were male (96.8%), and 35.7% reported Hispanic ethnicity (Table 1). The
largest proportion of workers was between 25 and 34 years of age (39.9%). Overall, 80.6%
of respondents worked for contractors, primarily servicing companies (55.4%). A large
proportion of respondents drove as a part of their work duties (72.9%).

Over three-fourths of respondents who drove for work used a pickup truck (75.9%), with

an additional 11.5% using a single-unit medium-weight truck and 7.7% using a heavy truck
(Table 1). Nearly 10% drove more than 100,000 miles for work each year, and another
19.3% drove 50,001-100,000 miles. Most respondents who drove for work reported that
their employer had a vehicle safety policy (93.0%) and required reporting of near miss
crashes (82.0%). Considerably lower proportions reported that their employer had a journey
management policy (46.7%), fatigue management policy (42.3%), or maximum work hours
policy (38.5%). Notable proportions of respondents did not know whether their employer
had certain policies, 19.9% for journey management and 35.1% for fatigue management
(data not shown, available upon request).

Overall, 61.8% of respondents reported working 12 or more hours per day (mean = 11.87
h) (Table 2). These long workdays were more common for contractors than for operator
employees (69.7% vs. 33.7%), and mean work hours for contractors were significantly
higher than for operators (12.17 vs. 10.8 h, p< 0.001). In addition, 23.7% of respondents
reported that they worked a nonstandard schedule (data not shown, available upon request).

For 14.6% of respondents, daily roundtrip commuting time was 5 min or less, primarily
because they stayed on location during their work rotations (Table 2). For all other
respondents, the mean daily roundtrip commuting time was 1.82 h, with 16.7% of
respondents reporting a roundtrip commute of more than 3 h. Mean commuting time for
contractors was significantly longer than for operator employees (1.92 vs. 1.5 h, p< 0.01).
The mean combined daily working and commuting time was 13.52 h, with 20.5% of
workers spending more than 16 h workings and commuting on a typical workday. Mean
combined working and commuting time was significantly higher for contractors than for
operator employees (13.97 vs. 12.34 h, p< 0.001).

A substantial number of workers (7= 136, 27.3%) reported staying in “man camps” or other
types of company-provided housing during their work rotations (data not shown, available
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upon request). These workers commuted a median of 7 h each way at the beginning and end
of their work rotations (data not shown, available upon request).

Overall, 46.0% of workers reported less than 7 h of daily sleep on workdays (Table 2). Mean
hours of sleep did not differ significantly by company type.

3.2 | Bivariate results: Driving-related outcomes

Overall, 27.2% of respondents reported having ever fallen asleep while driving a work
vehicle, 26.1% reported feeling very drowsy more than once a month while driving at work,
and 17.2% had experienced a “near miss” in the past week (Table 3). None of the three
driving-related outcomes differed significantly by company type.

Policies significantly associated with a greater likelihood of feeling very drowsy while
driving at work more than once a month were: not having a maximum work hours policy
(32.7% vs. 16.3%, p < 0.001); not having a journey management policy (31.7% vs. 19.2%,
p<0.01); and not having a fatigue management policy (31.3% vs. 18.9%, p < 0.05) (Table
3). Mean daily roundtrip commuting time was significantly greater for workers who reported
feeling very drowsy more than once a month while driving at work, compared to workers
who felt drowsy less often (2.38 vs. 1.69 h, p < 0.001). Mean sleep hours were significantly
lower for workers who reported feeling drowsy while driving more than once a month (6.24
vs. 6.85 h, p<0.001).

Those who worked normal business hours or day shifts were significantly less likely to have
ever fallen asleep while driving their work vehicle as compared with workers assigned to
nonstandard schedules (24.1% vs. 39.4%, p < 0.01) (Table 3). Having fallen asleep while
driving a work vehicle was also associated with not having a journey management policy
(32.8% vs. 20.4%, p < 0.01). Workers who had fallen asleep while driving a work vehicle
also had significantly greater means for number of hours worked per day (12.21 vs. 11.61 h,
p < 0.05) and daily commuting time (2.21 vs. 1.74 h, p < 0.01) compared to those who had
not fallen asleep, and significantly lower mean sleep hours (6.42 vs. 6.80 h, p< 0.05).

Finally, workers who reported a near miss in the past week had longer daily mean
commuting time (2.24 vs. 1.81 h, p < 0.05) and fewer hours of sleep per day (6.39 vs.
6.74 h, p< 0.05), compared to those who had not had a near miss (Table 3).

3.3| Regression results

The final regression models for the three driving-related outcomes are reported in Table 4.
Three variables were significant predictors of feeling very drowsy more than once a month
while driving at work: getting less sleep (OR = 0.66, p < 0.01), with each additional hour
of sleep decreasing the odds by 34%; having a long daily commuting time (OR = 1.49, p<
0.001), with each additional hour of commuting time increasing the odds by 49%; and the
employer not having a maximum work hours policy (OR = 3.35, p< 0.01). On the other
hand, those employed by a contractor were less likely to report feeling very drowsy more
than once a month while driving at work (OR = 0.48, p< 0.05).
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Two variables were significant predictors of having fallen asleep in a work vehicle: having
a nonstandard schedule (OR= 2.10, p < 0.01), and the employer not having a journey
management policy (OR = 1.80, p <0.05) (Table 4). The only significant predictor of having
had a near miss crash in the past week was commuting time, with each additional hour of
daily roundtrip commuting time associated with a 25% increase in the likelihood of a near
miss in the past week (OR = 1.25, p< 0.05).

4| DISCUSSION

This study is the first to examine land-based OGE workers’ commuting times, work
hours, work schedules, sleep, and employer safety policies in the context of driving-related
outcomes.

Results of this study showed that a high proportion of this OGE workforce drove substantial
miles for work purposes, thus increasing their exposure to traffic hazards and crash risk.
Nearly 30% of workers who drove for work reported driving more than 50,000 work-related
miles each year. These levels of annual driving exposure are greater than those reported
elsewhere: an average of 16,447 miles for workers in multiple industries,?® and 24,411 miles
for employees of a healthcare company.24 Yet, the driving aspects of OGE workers’ jobs are
largely unregulated, the driving environment is different, and motor vehicle safety risks go
unmitigated unless an effective program is put in place by their employers.

41| Long commuting times

This study adds to the literature by supplementing data on shift work and work hours with
data on commuting time. Over 16% of survey respondents reported extreme daily commutes
of greater than 3 h, compared to 2.4% of U.S. commuters in the general population in
2010.8 For OGE workers, these extended daily commutes may be due to the remote
locations of well sites. Driving home immediately after a night shift puts workers at risk

of a fatigue-related crash. Night workers driving home after their work shift in a rural
mining region in Australia reported significantly shorter sleep duration and higher levels of
subjective sleepiness.2> Other research has linked driving home after night shifts or extended
shifts directly to increased risk of crashes or near-crashes for medical residents, interns, and
nurses.26-28 Commutes during early morning hours can also pose risks because the body’s
circadian rhythms are at their lowest and the body’s drive or propensity for sleep is at its
strongest.29:30

Daily commuting time was significantly associated with having a near miss in the past week.
This result is consistent with a simulator study that established that risk of crashes and
near-crashes after working a night shift increased as driving time increased.3? The mean
commuting time in our study was 1.82 h (about 55 min each way), a length twice that of the
average round-trip commute in the U.S.3! Thus, OGE workers in our study have more hours
of crash exposure than workers in other industries, along with greater susceptibility to the
dose—response pattern identified by the previous research.28

For 20.5% of survey respondents, work time and commuting time summed to more than 16
h. Some rural roads in oilfield regions can be extremely congested, with few alternate routes,
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further inflating commuting times. For example, traffic congestion on 56 road segments

in the Midland/Odessa area (i.e., the Permian Basin) led to over 6 million hours of delay

in 2019.32 Long work hours, long commutes, or a combination of these limit workers’
opportunities to obtain the recommended 7-9 h of daily sleep and to attend to personal needs
such as eating, hygiene, and family responsibilities.33 In addition, long commutes have been
found to adversely affect self-reported mental health status3* and to reduce quality of life

by causing workers to forego pleasurable off-work activities.3® In this study, longer daily
commuting times were also significantly associated with more frequent drowsy driving,
which increases the risk of a motor vehicle crash.36-38

To mitigate the risks of fatigue-related crashes during commuting, interventions are needed
to shorten commuting times, such as offering alternative accommodations or providing a
rested driver.3% Some employers may consider nonwork time to be outside of their scope

of responsibility. Nonetheless, any motor vehicle crash involving a worker, even during
nonwork hours, affects the employer. Employers bear the burden of the costs of finding

and training replacements for injured workers, the repair or replacement of fleet vehicles,
and the weakened morale of coworkers. Employers should explore increased use of onsite
company-provided housing for workers whose daily commuting times extend beyond a
specified time limit, especially when combined with working hours that result in insufficient
time for sleep and other necessary activities. Some employers offer reimbursement for hotel
stays or hotel vouchers to employees who determine they are too fatigued to drive safely, but
hotel rooms may not be available or located where workers need a place to rest. Employers
may also offer transportation between population centers and well sites. However, workers
may choose not to take advantage of these options because they want to return home to the
family as quickly as possible. Interventions to mitigate fatigue during commuting need to be
identified and evaluated, including incentives and barriers to their effective implementation.
Employers should also consider interventions for workers who sleep on-site or in nearby
accommodations during their work rotations but have extended commutes home (median of
7 h each way) before and after their rotation.

Research is needed to further quantify the types and lengths of OGE worker commutes,
and how commuting contributes to fatigue levels in OGE workers. The impact of long
daily commutes on the risk of injuries at the workplace also needs to be examined. Further
research is also needed to validate survey questions on commuting in the OGE industry.

4.2 Work schedules, work hours, sleep, and drowsy driving

Findings pertaining to the relationships between drowsy driving and work schedules, work
hours, and hours of sleep were mixed. Some were broadly consistent with other research
findings while others diverged. In a few instances, expected significant relationships were
found but others that would also seem to be associated with an outcome were not.

4.2.1| Work schedules—In this study, a total of 23.7% of respondents reported
working a nonstandard work schedule. A large body of research has linked shift work in
the OGE industry to psychosocial problems, impaired sleep quality and duration, declines
in performance, and objective and subjective fatigue.49-42 However, this body of research
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was done in an offshore environment, primarily in the North Sea; further, very little of
it addressed injuries as an outcome of interest, and none of it addressed driving-related
outcomes.

Our study did not find a significant relationship between work schedule (day shifts vs.
nonstandard work schedules) and feeling very drowsy while driving for work. This result

is not consistent with studies done in non-OGE worker populations. For example, research
based on interviews of drivers who had recently been involved in sleep- or fatigue-related
crash (although not necessarily a work-related crash) were significantly more likely to work
a night or “other” non-day shift,37 and a study of fatigue-related crashes during the night
shift involving police officers reported that prolonged wakefulness was a more important
contributor than the circadian phase.* Another study showed that early-morning drivers
who worked the night shift were significantly more likely to have gotten less than 5 h of
daily sleep in the past 24 and 48 h, to have longer weekly work hours, and to be driving long
distances, all of which may increase their crash risk.** In addition, a meta-analysis of 14
studies judged to be high-quality concluded that shift work has substantial negative effects
on safety.4>

On the other hand, our study did show that those who worked nonstandard shifts were
significantly more likely to have fallen asleep while driving a work vehicle. It is not clear
why nonstandard work schedules were significantly associated with having fallen asleep
while driving a work vehicle but not with self-reported drowsiness while driving for work.
These mixed results point to a need for additional research among land-based OGE workers
to establish which specific work schedules are associated with drowsy driving. Because all
nonstandard work schedules were grouped together for analysis and compared with day
shifts, it is possible that the results reported here obscured differences between individual
work-schedule types and drowsy driving. A larger survey would have allowed us to examine
outstanding research questions; for example, the effects of unpredictable on-call schedules
are largely unknown, even in the widely studied offshore OGE work environment.*6 A larger
survey would also make it possible to identify any links between work schedules and rare
outcomes such as motor vehicle crashes among OGE workers.

4.2.2 | Work hours—More than 60% of survey respondents worked 12 or more hours

a day. This has safety implications for the OGE industry, as transport workers’ crash risk

has been shown to increase significantly as on-duty time increases beyond 12 h.4” Long
work hours have been associated with declines in performance, poorer perceived general
health, increased injury rates, and increased mortality.#8:4° Other research has found that
working 60 or more hours per week, which was common for workers in our study, was
significantly associated with crash involvement in general and involvement in a sleep-related
crash, compared to working 40-49 h per week.3’

Respondents were more likely to report feeling very drowsy more than once a month while
driving to work when their employer did not have a maximum work hours policy, or the
respondent was unaware of a policy. In the U.S., workers who drive a truck weighing less
than 10,000 pounds are not covered by federal hours-of-service (HOS) regulations that limit
driving and on-duty hours, and in our survey, 75.9% of the respondents who drove for work
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indicated that they used a pickup truck. It is important to acknowledge, however, that HOS
is just one factor that contributes to the likelihood of a fatigue-related incident, and HOS
regulations do not account for differences in individuals’ experience of fatigue or differences
in work environments.>0:51 Thus, whether or not OGE workers are covered by federal HOS
regulations, employer policies on maximum work hours are a means to reinforce or exceed
the levels of protection afforded by federal regulations.

4.2.3| Sleep—Overall, 46.0% of respondents reported getting less than the
recommended 7 h of sleep per day,32 and 17.5% got less than 6 h on days they worked.
Other surveys provide national or multi-state data on daily sleep hours by occupation or
industry, but these data are not specific to OGE. An analysis of the 2010 NHIS estimated
that 40.6% of workers in the mining sector, which includes OGE, got 6 or fewer hours

of daily sleep, compared to 30.0% in all industries.>2 An analysis of BRFSS data for
2013-2014 found that 45.3% of workers in extractive occupations (which includes some
occupations in OGE but also many occupations in coal and metal mining) got fewer than

7 h of daily sleep.53 An analysis of 2018 NHIS data reported that 36.3% of workers in
construction and extraction occupations got fewer than 6 h of daily sleep, a 22% increase in
the prevalence of short sleep since 2014.54 Because workers in many different occupations
are found within the OGE industry, analysis by occupation does not provide the best
comparison with our data. Nonetheless, the proportion of respondents to our survey getting
fewer than the recommended 7 h of sleep is consistent with these larger surveys.

Among respondents who drove for work, less sleep was associated with feeling very drowsy
while driving for work, falling asleep while driving a work vehicle, and experiencing a near
miss in the past week. Fewer daily hours of sleep was a significant contributor to having

felt drowsy while driving at work. The inverse relationship between hours of sleep and
impaired driving performance and motor vehicle crashes is well-documented in the scientific
literature, both in work and nonwork settings.38:55:56 Further, the finding that a substantial
proportion of respondents reported that they usually got less than 7 h of daily sleep also
implies the accumulation of “sleep debt” over long periods of time in this worker population.
Although one can recover fairly quickly after a few days of insufficient sleep, performance
impairment increases as the period of time without adequate sleep increases®’+28 or the
opportunity for sleep decreases.>®

Nonstandard work schedules and long work hours in OGE make it difficult for workers

to obtain adequate sleep. Interventions focused on commuting safety and shift work (e.g.,
employer-provided sleeping accommodations on or near the worksite or allowing workers
to self-report fatigue and get restorative rest) may help workers obtain more sleep. This
study found that despite contractor workers having longer work hours and commuting times,
there were no significant differences in sleep quantity between contractor and operator
workers. Therefore, creating sufficient sleep opportunities may not be enough to increase
sleep among workers. Fatigue and sleep education for workers and their families may help
promote adequate sleep. Other approaches to increase the total amount of daily sleep are
incorporating scheduled naps during the work shift or using naps to counteract drowsy
driving, both of which are recommended to increase alertness in real-time.59-62 Although
the current study did not address it, sleep quality is also important. Interventions such as
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darkened, quiet sleeping areas with comfortable temperatures can improve sleep quality,
whether implemented at home or at employer-provided accommodations.53

Employer motor vehicle safety policies and practices

Nearly all workers who participated in the study and drove for work worked for companies
with some type of vehicle safety policy (93.0%). The components of vehicle safety programs
and their associated policies vary widely, but a comprehensive program integrated into

an organization’s overall occupational safety and health framework is critical to reducing
the risk of work-related-motor vehicle crashes and associated injuries.54:65 Small OGE
companies experience the highest crash rates,® and they also have the fewest resources

to implement multi-faceted programs that address a range of driving-related risk factors.
Research is needed to identify the effectiveness of individual motor vehicle safety policies
so that scalable programs based on employer resources can be suggested. The current study
examined the prevalence of policies relevant to three driving-related conditions: feeling very
drowsy while driving at work, falling asleep while driving a work vehicle, and experiencing
a near miss.

4.3.1] Journey management—Journey management, an approach to managing crash
risk by systematically evaluating the necessity of road travel, is widely implemented
internationally in the OGE industry.12 When necessary trips are taken, employers select

the safest method, route, vehicle, and driver.%6 In this analysis, workers whose employers did
not have journey management policies were more likely to report feeling drowsy more than
once a month while driving at work (only in bivariate analysis) or having fallen asleep while
driving at work. There is some evidence that journey management combined with other

road safety approaches reduces miles driven and crash exposure.1464 A deeper analysis of
the individual components of journey management in reducing miles driven and crashes is
needed to further assess the effectiveness of this approach.

4.3.2 | Fatigue risk management—Our study found a relationship between employer
fatigue management policies and self-reported drowsy driving, but this relationship was

not statistically significant in the regression analysis. Other research using data from 70
companies from a variety of industries found that companies using fatigue mitigation
practices experienced significantly lower rates of collisions and injuries, especially for
light-vehicle fleets.23 In that study, practices such as fatigue training for new hires, medical
screenings for fatigue, and restrictions on night driving were all associated with significantly
lower percentages of collision-involved fleet vehicles and rates of collisions and injuries per
million miles driven.

Company type

A previous analysis found that contractor employees accounted for 85% of OGE worker
fatalities and that fatal crash rates for contractors were three times greater than for
operators.® In the descriptive results reported here, the three driving-related outcomes did
not differ significantly by company type, although contractor employees had significantly
longer daily work hours and roundtrip commuting times than operators. In addition,
contractor employees were significantly less likely to report drowsiness while driving at
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work, even after the data were adjusted for daily sleep hours and the presence of several
employer safety policies. It is unclear why contractors in this study did not show poorer
driving-related outcomes than operators, in light of the higher crash fatality rates for
contractors reported elsewhere.® Differences between contractors” and operators’ driving
patterns (e.g., solitary vs. crew driving) or other work practices not examined in this study
might have contributed to differences in drowsiness while driving. This finding suggests
the need for research to explore differences in driving patterns and other factors that might
account for differences in motor vehicle crash risk, such as speed, by company type.

45| Strengths and limitations

This study was the first to gather preliminary information about work schedules and hours,
sleep, commuting, and driving-related outcomes for the land-based OGE workforce in the
United States. Despite the barriers to recruiting OGE workers as study participants, this
study achieved a high (94%) response rate, suggesting that the methodology used is a viable
approach for successfully collecting safety and health data for workers in this industry.
Further, workers who spoke only Spanish, a substantial part of the OGE workforce, were
able to participate fully.

Several limitations must be acknowledged. Companies that agreed to participate in the
study invited the research team to their sites to administer the survey. Although worker
participation was strictly voluntary, employers may have encouraged their teams to
participate. Thus, potential respondents were not selected randomly, and it is not possible to
generalize the results to the industry or the United States as a whole. Although the states in
which data were collected have high levels of OGE work activity, other areas with similarly
high activity were not included in the survey. Lastly, most data collection occurred during
daylight hours, limiting the number of workers with non standard work schedules who were
available to participate.

Because respondents were asked to self-report driving-related outcomes, it is possible that
they may have been reluctant to report undesirable outcomes. Responses may also have been
subject to social desirability bias. These potential biases were mitigated by using tablets and
paper to administer surveys, collecting no personally identifiable information, and assuring
participants that their responses would be aggregated with other participants’ data. Recall
bias may have also affected the accuracy of some responses.

Another limitation of our study is that because crashes are a relatively rare event, our
survey was not large enough to assess crashes as an outcome of interest. Instead, the
survey ascertained driving-related outcomes that are associated with crash risks, such as
having felt very drowsy while driving and having experienced a near miss in the past week.
This limitation is common in many studies of drowsy driving. In addition, sample sizes

are often too small to detect significant relationships. As a result, researchers often use
drowsiness as an endpoint instead of a risk factor and focus on ascertaining conditions and
behaviors known to be associated with it. Thus, the role of drowsy driving as an antecedent
to outcomes such as crashes or injuries is not adequately addressed in research projects.
This lack of outcome-focused research could be addressed through in-depth assessments of
individual crashes. Such assessments would allow other factors known to be associated with
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drowsiness- and sleep-related crashes to be considered (e.g., time on task, time on shift, time
of day, amount of sleep in the past 24 h, sleep quality).3847

5| CONCLUSION

This study of land-based OGE workers found that a substantial portion drove as a part

of their work duties, worked long shifts, experienced long daily commutes, and did

not get sufficient sleep. OGE employers should implement and evaluate interventions

to limit long work hours, reduce long daily commutes, and promote quality sleep.
Promising interventions include providing on-site sleeping accommodations or a rested
driver, incorporating scheduled naps during long work shifts, and training workers about the
importance of sufficient and quality sleep. Further evaluation of the influence of employer
safety interventions such as fatigue management, journey management, and maximum work
hours policies on motor vehicle crash risk is needed.
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TABLE 1

Demographic and employment characteristics, vehicle use, and employer safety policies, for all respondents
and those who drive for work

All respondents (n = 498) 0% Drivefor work (n = 363) %2
Gender
Male 482 96.8 349 96.1
Female 16 32 14 3.9
Ethnicity
Hispanic 176 35.7 107 29.6
Age group
<25 years 56 113 33 9.1
25-34 years 197 39.9 143 39.6
35-44 years 120 243 89 24.7
45-54 years 66 13.4 50 13.9
55+ years 55 11.1 46 12.7
Company type
Contractor 394 80.6 266 74.5
Servicing company 271 55.4 195 54.7
Drilling contractor 106 21.7 56 15.7
Other 17 35 15 4.2
Operator 95 194 91 255
Years of oilfield experience
1 month to 1 year 70 142 40 111
>1-5 years 104 211 70 19.5
>5-10 years 134 27.2 104 29.0
>10 years 184 374 145 40.4
Type of vehicle driven for work
Pickup truck (<10,000 Ibs.) nla 265 75.9
Single-unit medium truck (10,000~ 26,000 Ibs.) 40 115
Heavy truck, single-unit, or semitrailer (>26,000 Ibs.) 27 7.7
Passenger car 10 29
Single-unit truck (unknown weight) or van 7 2.0
Annual miles driven
25,000 or less miles n/a 117 33.2
>25,000-50,000 miles 133 37.8
>50,000-100,000 miles 68 19.3
>100,000 miles 34 9.7
Employer safety policies
Has maximum work hours policy n/a 138 385
Has vehicle safety policy 330 93.0
Has journey management policy 164 46.7
Has fatigue management policy 148 42.3
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All respondents (n = 498) a Drivefor work (n =363)

%

Requires reporting of near miss crash 287

a
%

82.0

Abbreviation: n/a, not applicable.

a . . s . .
Missing or don’t know responses were removed from the denominator for percent calculations.
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TABLE 3

Driving-related outcomes by work schedule and hours, commuting time, sleep hours, and employer safety
policies among respondents who drive for work (7= 363)

Feeling very drowsy whiledriving at Ever fallen asleep whiledriving a

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

work (morethan once a month) work vehicle Near missin the past week
No Yes No Yes No Yes
Total (%) 73.9 26.1 72.8 27.2 82.8 17.2
Company type (%)
Operator 67.4 326 75.6 244 86.0 14.0
Contractor 77.2 22.8 725 275 82.0 18.0
Work schedule and hours, commuting, and sleep
Work schedule (%)
Daytime (day shift/ 74.2 258 75.9 241*" 82.2 17.8
normal business hours)
Nonstandard (evening 74.3 25.7 60.6 39.47% 84.1 15.9
shift, swing or rotating
shift, on-call 24/7, and
other)
Mean number of hours worked per day
11.73 11.86 11.61 12217 11.72 12.18
Mean daily roundtrip commuting time (hours)
1.69 238" 1.74 2217 181 224"
Mean usual hours of sleep on workdays
6.85 6.24™*" 6.80 6.42" 6.74 639"
Employer safety policies
Has maximum work hours policy (%)
Yes 83.7 1637 75.8 24.2 82.7 173
No or don’t know 67.3 30,77 713 28.7 82.6 17.4
Has vehicle safety policy (%)
Yes 74.5 255 73.7 26.3 82.1 17.9
No or don’t know 64.0 36.0 68.0 32.0 91.7 837
Has journey management policy (%)
Yes 80.8 19.2%* 79.6 20.4* 84.1 15.9
No or don’t know 68.3 31.77%* 67.2 32.87%% 81.1 18.9
Has fatigue management policy (%)
Yes 81.1 189% 72.8 27.2 81.9 18.1
No or don’t know 68.7 313" 73.6 26.4 82.8 17.2
Requires reporting of near miss crash (%)
Yes 74.4 25.6 73.8 26.2 83.8 16.2
No or don’t know 71.0 29.0 72.6 27.4 76.7 23.3

a . . .
/1/2 tests results for expected cell sizes <5 in these cells may be unreliable.

*
p<0.05, based on ;(2 tests and £tests.

Am J Ind Med. Author manuscript; available in PMC 2023 April 06.



1duosnuepy Joyiny 1duosnue Joyiny 1duosnuepy Joyiny

1duosnue Joyiny

Hagan-Haynes et al.

Ak
p<0.01, based on 12 tests and ~tests.

Aok

£ <0.001, based on ;(2 tests and £tests.
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