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ABSTRACT

The development of the Radiological Emergency Response Health and Safety Manual is
highlighted. This multi-agency document is nearing completion and publication. The manual
applies to offsite monitoring during a radiological accident or incident. Though written for multi-
agency offsite monitoring activities, the manual is generic in nature and should be readily
adaptable for other emergency response operations. Health and Safety issues for emergency
response situations often differ from normal operations. Examples of the differences and
methodologies to address these issues are addressed. Challenges in manual development,
including lack of regulatory and guidance documentation, are also included. One overriding
principle reviewed in the Radiological Emergency Response Health and Safety Manual
development is the overall reduction of risk, not just dose. The manual is divided into the
following chapters: Responsibilities, Health Physics, Industrial Hygiene, Safety, Environmental
Compliance, Medical, and Record Maintenance.  A set of generic forms is included in the
appendix.

I. INTRODUCTION

The Radiological Emergency Response Health and Safety Manual  (RER H&S Manual) was
originally intended to serve as the Health and Safety Manual for Federal Radiological
Monitoring and Assessment Center (FRMAC) operations. The manual has been under
development for several years and has undergone much controversy and many revisions before
evolving to its present form. Upon review of the FRMAC Health and Safety Manual’s initial
draft, the U.S. Department of Energy, Nevada Operations Office (DOE/NV) Emergency
Management Division expressed a desire to develop a generic manual, which could be used for
all DOE/NV emergency response deployments. Though this presented difficulties, the end
product is a stand-alone RER H&S Manual that can be supplemented by additional specific
documentation to customize the manual to more specifically apply to each organization’s unique
needs and requirements.

It should be noted that the RER H&S Manual is designed for emergency response personnel, not
the general public. Though much of the manual may be applicable to all types of radiological
emergency response, there is a “slant” toward recovery operations (not first responders).

The Federal Radiological Emergency Response Plan (FRERP)1 describes the role of the FRMAC
during a radiological emergency response. The FRMAC is responsible for offsite monitoring and
assessment during a large-scale release of radioactive material. The FRMAC consists of a
management cell, liaisons, assessment, monitoring, support, and health and safety divisions
(Figure 1). The Assessment Division evaluates acquired data and presents the data in terms of
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consequences for the general public. The Monitoring Division is responsible for field monitoring
and sampling activities. The Support Division supplies all necessary supplies and resources
needed (logistics, communications, mechanical, electrical, etc.). The Health and Safety Division
is responsible for the health and safety of response personnel integrated into FRMAC2.

Figure 1. FRMAC Division Organizational Chart

The FRMAC responders may include personnel from multiple organizations. There are 17
agencies included in the FRERP. There are multiple response organizations within each federal
agency (e.g., the U.S. Department of Energy has FRMAC resources from DOE/NV, Radiological
Assistance Program [RAP] resources, the Accident Response Group [ARG], etc.). In addition,
the impacted states and adjacent states may also be integrated into the FRMAC. The Health and
Safety Manual must be able to address the concerns of all the response organizations.
Unfortunately, organizational procedures and policies may conflict and complicate the response.
This problem is compounded by the lack of applicable guidance documentation. Existing
regulations are primarily written for facilities, not offsite emergency response. Therefore,
adapting existing regulations to apply to emergency response activities can lead to some rather
unworkable implications. An example is 10 CFR 835, Subpart G, Posting and Labeling. It would
be impractical to properly post a plume, which could extend many miles. However, it is
appropriate to properly label and post areas under the control of the responding organization3.
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Another problem is the general lack of health and safety guidance documents for emergency
response. There are a few including the American Nuclear Society (ANS) – American National
Standards Institute (ANSI) standards on emergency response activities, but these are for reactor
scenarios. The U.S. Environmental Protection Agency’s (EPA) “Protection Action Guidelines
for a Radiological Response” address emergency worker radiation exposure limits, but its
primary focus is protective action guidelines for the general public. The Federal Emergency
Management Administration (FEMA) has the Radiological Emergency Plans (REP) series, but
these are also designed to evaluate reactor emergency response activities. Guidance
documentation from other organizations, such as the International Committee on Radiation
Protection (ICRP), the National Council on Radiation Protection and Measurements (NCRP),
and the International Atomic Energy Association (IAEA) is minimal and typically has limited
applicability.

II. DEVELOPMENT METHODS

The RER H&S Manual has been in development for several years, with no published interim
document. This deficiency has been a growing concern. As such, milestones and deadlines were
established for development of the manual. These milestones and deadlines are critical in
document development, otherwise, the refinement process could continue indefinitely. The
FRMAC Health and Safety Working Group, developed this manual, recognized the document
was needed as quickly as possible. Regular updates to the manual are planned over the next few
years as use of the manual increases.  Lessons learned, problem resolution, and the development
of increasingly effective safety methods will be identified and included on an ongoing basis.  As
a result, this published version is only the “first step” toward the ultimate goal of developing an
H&S Manual that can be confidently used by many organizations.

The makeup of the FRMAC Health and Safety Working Group includes representatives from the
EPA, Nuclear Regulatory Commission (NRC), Council of Radiation Control Program Directors
(CRCPD), resources from DOE/NV, RAP, ARG, representatives from several national
laboratories, and Bechtel Nevada (the DOE contractor currently operating the Nevada Test Site).
This group presented a diverse set of concerns and varying methods to approach health and
safety during a radiological emergency response. The various organizations also operate under
different regulations (e.g., 10 CFR 20 and 10 CFR 835), which brought different compliance
concerns to the table.

The issue of regulatory applicability has been a major obstacle in manual development because it
is multi-faceted.  Radiological regulatory requirements will be used as an example of this
complexity. First, does either 10 CFR 20 or 10 CFR 835 apply? Both are written for facilities,
but do not address emergency response when the spread of radioactive material extends beyond a
facility’s boundary. Second, which of these apply during an offsite multi-agency radiological
emergency response? Each agency (or agreement state) has different answers to these questions.
The overriding problem is not which set of regulations applies, because they are not mutually
exclusive. The real problem is that each set of regulations requires the facility or licensee to
establish a radiation protection program describing how the site will comply with the applicable
regulation. Each site interprets what must be done then establishes a Radiation Protection
Program (RPP) that is most suited for that site. The methods, policies, and procedures for
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implementing the RPP for each site may not be compatible with those from other sites and can
cause implementation problems when resources are combined. The ideal solution to this
dilemma might be the development of an ANSI standard or other multi-agency document for the
health and safety of emergency responders during a radiological emergency response. Just as
ANSI N323 has been helpful in standardizing how radiation detection instruments are calibrated,
a similar document addressing health and safety during a radiological emergency response could
do the same.3,4

III. POTENTIAL HAZARDS

Potential hazards for FRMAC or other emergency response activities include those encountered
by field monitoring teams during any large-scale deployment of personnel and equipment. The
primary focus during a radiological emergency response is typically radiological hazards.
Unfortunately, the radiological hazards probably deserve the least amount of attention, with
regard to actual risk. Radiological concerns are usually based on regulatory compliance concerns
and are typically out of proportion to risks from other hazards. To quote the staff from the
Radiological Emergency Assistance Center and Training Site (REAC/TS), “We don’t get any
points for clean cadavers.” This principle needs to be considered when prescribing work controls
and attending to contaminated, injured people.

Traffic safety is a health and safety concern in a field environment. Responders need to be aware
that the same traffic hazards exist, regardless of location and precautions must be taken.  For
example, seatbelts must be worn by all passengers in the vehicle and field teams should pull off
the road to take measurements rather than stopping on the road.  Personal safety is paramount.
Responders must be aware of the potential for crime and how to interact with homeowners and
the public. Methods of reporting looting and other emergencies need to be established. This
includes developing alternatives to the 911 system when the system becomes overloaded.
Sampling efforts need to be coordinated with property owners. Responders need to beware of
fauna, wild or domestic, such as snakes, alligators, and dogs or other pets, and any dangers they
may introduce to the situation.

Environmental conditions and their consequences need to be evaluated for the response.
Response personnel need to be prepared to respond in a variety of weather conditions. Climatic
conditions could include temperature extremes, rain, snow, high humidity, etc., and barometric
pressure changes. Responders must be familiar with signs of heat and cold stress. Appropriate
clothing items need to be available and work/rest routines may have to be instituted. Climatic
effects on monitoring instruments and results also need to be considered. For example, if it is
raining, how does that affect exposure rate measurements? How does that affect contamination
surveys? Also, how effectively can the available instruments operate in extreme environments?
Liquid Crystal Displays (LCDs) may freeze in extreme cold. Another example is barometric
pressure and the severe effects it can have on air sampling activities. Not only does the volume
sampled need to be corrected to Standard Temperature and Pressure (STP), but the generators
used to power the air samplers may not perform consistently at differing atmospheric pressures
or in different climates.
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Fatigue can also be a major health and safety factor during the response. In the drive to acquire
data, ensuring responders get sufficient rest may be overlooked. Work/rest schedules must be
implemented from the start of a response, but that can be very challenging. There are limited
personnel available, there is a desire to quickly assess the situation, and many responders will be
arriving after already being awake for some time or being awakened after only a brief rest
period. Extra consideration is required to make responders aware of signs of fatigue.

Interaction with the local emergency responders is also a requirement and a number of issues
may arise. How are contaminated patients evacuated? If someone is injured and contaminated,
where are they to be taken and how are they to be transported? Can the local ambulance service
and hospital facilities handle contaminated patients? What are procedures for fire and police
responses to contaminated areas? For a terrorist event, special procedures may need to be
implemented in support of the investigation or evacuation of a crime scene. Local and federal
emergency responders or investigators may need radiological support during an evacuation or
investigation.

Upon arrival at the site, additional concerns will arise from the lack of knowledge of the
situation. Initially, the public is going to be very aware of the situation and probably very
panicky. There will be a strong possibility of media interactions with field teams, people in the
operations center, or people traveling to the location. There will be a potential for traffic
congestion if people are evacuating. Local resources may be depleted or there may be challenges
in getting resources, such as vehicles, hotel rooms, meal service, portable toilets, etc.  Expect that
both personnel and supplies will be limited upon arrival.

At first, knowledge of radiological conditions will be limited. For a large-scale response, a
predictive plot will be available initially, but actual ground measurement data will be minimal.
For smaller-scale responses, the amount of information available will depend on the capabilities
of the initial responders and the availability of that data. Climatic conditions of the site may not
be known, particularly if the responders are deployed from a site some distance away. Local
orientation is an important requirement for non-local responders. Details on how to contact fire,
medical, and police support are essential. Other local information requirements include road
conditions (such as construction or impassable conditions), and communication “dead” zones
(locations where cell phones, pagers, and radios do not work).

The first priority is assessing possible hazards and developing a site-specific health and safety
plan. The plan is initially very general. Some default planning can be performed based upon
whether the incident requires a weapons response, a reactor response, a weapons of mass
destruction (WMD) response, etc. The plan will develop as more information becomes available.
The site-specific health and safety plan should be based on information found in the RER H&S
Manual.5

Other initial health and safety priorities include performing initial instrument Quality Control
(QC) checks and performing initial surveys to ensure operations are not setup in a contaminated
area. Dosimetery, (such as Thermoluminescent Dosimeters [TLDs] and Self-Reading Dosimeters
[SRDs], and Personal Air Samplers [PAS] are issued [as required]), and baseline bioassay
samples are collected, as applicable.
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IV. MANUAL CONTENTS

The RER H&S Manual begins with an Overview, which includes information regarding
applicability and introduces regulatory issues. The following Responsibilities chapter describes
health and safety concerns and duties. Primarily, Health and Safety personnel are responsible for
hazard identification, assessment, communication, and mitigation. The hazard information is
shared with responders during periodic health and safety briefings. A health and safety plan is
developed to address and mitigate identified hazards.

The RER H&S Manual is then separated into chapters to address specific areas, beginning with
Health Physics. Though radiation hazards do not typically represent the highest risk to
responders, they generally receive the most attention. The chapter begins by establishing
radiation dose limits for responders. Radiation doses acquired during the response will typically
be considered occupational dose and are subject to the 5 rem Total Effective Dose Equivalent
(TEDE) limit. Emergency worker limits can be implemented, as needed. A “default”
Administrative Level was established at 2.5 rem (TEDE) for the response, which is consistent
with IAEA recommendations. An Investigation Level (the level at which an investigation is
required to determine why this dose level was reached) was set at 1.5 rem (TEDE). It is
understood that the diverse population of response organizations on site may use several various
dose levels. Site-specific dose limits and levels may be agreed upon at the response, but the
“default” limits and levels establish a starting point.

All responders with the potential to exceed 100 mrem TEDE will require dose monitoring.
Responders will be asked to provide an estimate of annual year-to-date TEDE when dosimetry is
requested. Any responder with a TEDE estimate greater than 2.5 rem or without any knowledge
of dose history will be limited to 100 mrem TEDE for response activities, until such time that an
official dose report is obtained from their home organization. Thermoluminescent Dosimeters
will be used as the Effective Dose Equivalent (EDE) “dose of record.”  Direct Reading
Dosimeters (DRDs), such as pocket ion chambers or electronic dosimeters, will be used for
estimating EDE in the field.

For a FRMAC response, a dosimeter (TLD) will be provided to all FRMAC participants and will
be processed by a Department of Energy Laboratory Accreditation Program (DOELAP)
accredited processor. The FRMAC will provide a dose report to each participant’s home
organization after the conclusion of the individual’s activities. Each participant should wear their
home organization’s dosimeter in accordance with their home organization’s policy.

Committed Effective Dose Equivalent (CEDE) will be determined through bioassay samples.
The type of bioassay used will be dependent upon the type of contaminant. Thyroid and whole-
body counting may be used for reactor scenarios, while urine and/or fecal bioassays may be used
for weapons scenarios.

Field estimates of CEDE will be performed based upon ground measurements, assumed or
measured resuspension factors, or any available air monitoring data. Personal Air Samplers will
be used, when practical, to estimate airborne exposure. Area air sampling will also be performed
in locations routinely occupied by responders (mobile laboratories, hotlines, etc.). Though
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directed primarily toward monitoring of airborne radiological contaminants, much of the air
monitoring section also applies to toxicological hazards. Material is included to assist in guiding
H&S personnel to choose the appropriate method of air sampling, evaluating results, and
estimating CEDE based upon air sampling results.

A section on contamination control includes a discussion on performing surveys (area,
equipment, personnel, etc.). The section also includes guidance on area access control, posting
and labeling, administrative and engineering controls, hotline procedures, decontamination, and
release limits.

For an emergency response, contamination control refers to both an impacted area and support
resources. Field teams will have a high probability of encountering radioactive contamination.
Field teams would incorporate contamination control in performing their tasks to minimize their
potential dose, prevent contamination of their equipment, and to reduce cross-contamination of
samples. Contamination control is also an integral part of support resource operations.
Operations conducted at the hotline (personnel, sample, equipment, etc.), decontamination
activities, and laboratory activities can be impacted by the spread of radioactive contamination.

Once the presence of radioactive material has been identified, the basic goal underlying any
effective contamination control program is to minimize contaminated areas and maintain
contamination levels as low as reasonably achievable (ALARA). In some situations, this is not
always possible due to: economic conditions (where the cost of time and labor to decontaminate
a location out-weighs the hazards of the contamination present), and/or hazardous conditions,
(where radiation dose rates or other conditions present hazards far exceed the benefits of
decontamination).

Posting/control of the impacted area is the responsibility of the local authorities. Posting and
labeling of hazards and hazardous material will be performed by the response team, when
practical. It may be impractical to post all radiological areas due to mission or size restraints.
However, those radiological areas and activities routinely controlled by participants should be
posted, as practical, according to applicable regulations (e.g., 10 CFR 835, 10 CFR 20, etc.).
These areas may include source storage areas, laboratory areas, sample-receiving areas, hotlines
and decontamination areas. As resources increase, posting of access control points will be
performed, as practical.

The H&S Manager will identify areas of potential contamination. A hotline will be established at
the most practical location adjacent to the contamination control area. The hotline should be
located where field teams can process through the hotline without the possibility of tracking
contamination into “clean areas” or areas of lower contamination.  A secondary hotline may be
set up adjacent to the incident area to assure that no contaminated personnel, equipment, or
vehicles can enter a “clean” area.  The H&S and Operations Managers will determine the hotline
location.

The hotline should be established at a location that can accommodate a field sample preparation
area, decontamination equipment and facilities, and the entire hotline operation that includes
personnel, vehicles, equipment, and frisking areas. The hotline will be stocked with appropriate
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personal protective equipment (PPE), and equipment for counting swipes and performing
contamination surveys.  The H&S personnel will staff and control the hotline(s).

Factors that determine the type and extent of protective clothing required include the type, form,
and level of contamination present and the type of work being performed. Some additional
factors to consider include the potential for increased levels of contamination, the area of the
body at risk, and competing hazards, i.e., heat stress, asbestos, etc. Once the types of required
protection are established, the most efficient protective clothing must be selected from the
different articles of protective clothing available for use.

All instrumentation used for the health and safety of response personnel will be calibrated and
maintained according to appropriate standards and guidance documents (e.g., ANSI N323).
Calibration must be current and appropriate for the types, levels, and energies of radiation
encountered. In addition to standard calibration and maintenance procedures, instruments must
be able to perform in the geographic area where they will be used. This concern is especially true
for emergency response organizations that may be deployed in a variety of weather conditions.

Methodology for decontamination of personnel, equipment, and vehicles is included. The
methods in the decontamination section also apply to toxicological decontamination. The
Contamination Control Chief has authority over the decontamination process. Decontamination
will continue until contamination levels are below values established in the RER H&S Manual or
alternate values that have been agreed upon by responsible parties. A Decontamination Plan
should be developed for all applicable responses. Details of the plan will vary based on a variety
of factors impacting the response (resources, location, type of contaminant, etc.).  However, the
general principles outlined above will form the basis for decontamination planning. A sample
Decontamination Plan is included in the RER H&S Manual as well as sample turn-around (or
turn-back) level calculations and sample bioassay plans.

The Industrial Hygiene and Safety Chapters address hazards that are present because of the
nature of the event site as well as a consequence of the work being performed. Several factors
distinguish the environment of an emergency event site from other occupational situations
involving hazardous materials. The major dynamic is the uncontrolled condition of the site.
Hazardous substances that do not customarily endanger human health and safety, when
contained and properly handled, may pose a severe threat to responders and the general public
during emergencies.

Responders are not only subject to the hazards of direct exposure to hazardous materials, but also
to dangers posed by the disorderly physical environment of the emergency event site and the
stress of working in protective clothing. This combination may result in a working environment
that is characterized by numerous and varied hazards which may pose an immediate danger to
life or health, may not be immediately obvious or identifiable, may vary according to location
and the task being performed, and may change as emergency activities progress.

A hazard analysis will be conducted during transit time, and updated upon arrival and throughout
the duration of the response, as needed. Information about the event site will be obtained by
responders, through direct contact with site personnel and relayed to the response team. Safety
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hazards, such as confined spaces, unstable structures, traffic, extreme temperatures, water, fire,
etc., need to be identified to the fullest extent possible, prior to arrival at the site. A general
checklist to help identify these hazards is in the RER H&S Manual. This checklist is intended for
use while in transit to the site. The Health and Safety Manager will have the responsibility to
acquire the appropriate information to complete the checklist and to assist in developing a plan
for the initial on-site investigation.

Biological, chemical, physical, and confined space hazards may be encountered during
deployment.  Anticipated biological hazards may include viral, bacterial, fungal, and parasitic
agents.  Interaction with certain mammals, reptiles, insects, and poisonous plants is also a
concern.  Chemical hazards may include toxic metals (e.g., beryllium, lead), asbestos, solvents,
corrosives, fuels, sealants, compressed gasses, and cryogenics.  Anticipated physical hazards
may include temperature extremes, non-ionizing radiation and elevated noise levels.

Activities may present a broad range of safety hazards and concerns to all participants involved.
Any participant may identify hazards and make appropriate recommendations to ensure
participant safety at all times. Specific operations in which safety concerns are apparent include:
Setup Operations, Helicopter Operations, Traffic Control/Operations, Field Team Operations,
and Night Operations. All participants have a role to play in protecting themselves and their
fellow employees by serving as safety observers during activities. If a safety problem is
observed, any person is authorized to stop all activities immediately and contact a member of the
H&S staff. If emergency medical, fire, and/or other emergency response support are needed for
an incident, lights and sirens will be used to provide visual and audible signals to participants.  In
the event that lights or sirens are seen and/or heard, participants will clear the area for emergency
crews.

An Environmental Compliance chapter is included to outline how hazardous materials are stored
at the response location. Hazardous waste generated as a part of the response is considered the
responsibility of the custodial party. However, wastes must be appropriately documented and
stored until disposal is arranged.

A Medical chapter focuses on medical support needs. The need and availability of medical
support will vary depending on the type, size, and location of the emergency response. In some
cases, the response may be large enough to have a staff physician. In all cases, a procedure must
be identified for attending to major and minor injuries or illnesses. Patient transport methods and
neighboring medical facilities need to be identified when arriving at the location.

All injuries will be promptly reported to the Medical Director and/or H&S Manager or their
designee. Personnel who take medication on a routine basis should bring at least a seven-day
(preferably 14 day) supply when deployed. Special needs will be identified to the Medical
Director, H&S Manager or their designee. Personnel with pre-existing, potentially serious
medical conditions (i.e., cardiac problems, recent surgery, etc.) should inform the Medical
Director or H&S Manager. A detailed medical history is not required. If a serious doubt exists
concerning the responder’s condition, the individual’s personal or company physician will be
consulted.
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The final chapter on Record Maintenance contains the prescribed practices for preparing and
retaining H&S records.  All H&S records will be maintained, as necessary, to document the H&S
aspects of a deployment. Records will be maintained in accordance with applicable regulations
(e.g., 10 CFR 835, 10 CFR 20, etc.). Records should be handled in a manner that protects
personal privacy.

The types of H&S records generated for an exercise or call-out should be clearly defined.  An
appropriate records management program will ensure that audit-defensible records and reports
are controlled from creation, distribution, use, arrangement, storage, retrieval, media conversion
(if applicable), through disposition. Where radiological and/or industrial hygiene services (i.e.,
dosimetry and laboratory analyses) are purchased, there should be a clear agreement regarding
records responsibility during the performance of the services. Records of the results should
reside in the custody of the organization. Information concerning an individual’s exposure or
medical information shall be made available to that individual, upon request, which is consistent
with the Privacy Act of 1974.

Samples of forms used for Health and Safety activities during a response are included in an
appendix. Any organization adopting this manual can add separate supplements that are unique
to their organization and operations. This provides responders with a general manual when
multiple organizations are on site, while allowing some customization for unique activities.

V. SUMMARY

The Radiological Emergency Response Health and Safety Manual was developed as a “generic”
manual, to be used by many different emergency response organizations. This is the first edition
of the manual and it will be revised as needed. At the time this article was generated, the manual
was undergoing final review by the DOE. The manual is expected to be available on the
DOE/NV web site (www.nv.doe.gov/programs/frmac) in the fall of 2000.
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